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ȳɌɡɎɌɗəɔɢɌ  

ȹɑɔɓɘɑɜəɟ ɔ ɐɟɍɚɖɟ ɓɌɡɎɌɗəɚɝɞ ɐɟɏɟɳɑɘ ɛɜɚɠ. ɐɜ ȸɔɗɌəɟ ȽɞɑɎɔɶɟ, ɘɑəɞɚɜɟ ɚɎɑ ɐɚɖɞɚɜɝɖɑ 
ɐɔɝɑɜɞɌɢɔɳɑ, əɌ ɟɖɌɓɌəɚɘ ɛɚɎɑɜɑɵɟ, ɞɜɟɐɟ, ɛɜɑəɑɞɚɘ ɓəɌɵɟ ɖɚɳɑ ɳɑ əɑɝɑɍɔɣəɚ ɐɑɗɔɚ ɝɎɑ ɚɎɑ ɏɚɐɔəɑ ɔ 
ɝɗɚɍɚɐɔ ɖɚɳɟ ɘɔ ɳɑ ɐɌɚ ɟ ɔɝɞɜɌɒɔɎɌɣɖɚɳ ɔ əɌɝɞɌɎəɚɳ ɐɑɗɌɞəɚɝɞɔ. ȽɌɎɑɞɔ, ɍɑɓɜɑɓɑɜɎəɌ ɛɚɐɜɤɖɌ ɔ ɛɚɘɚɶ, 
ɚɐɗɟɣəɚɝɞ, ɖɚəɝɞɜɟɖɞɔɎəɚɝɞ, ɛɜɚəɔɢɴɔɎɚɝɞ, ɝɌɞɔ əɑɔɝɢɜɛəɑ ɐɔɝɖɟɝɔɳɑ, ɛɚɐɝɞɔɢɌɵɑ əɌ ɖɜɔɞɔɣɖɚ 
ɘɔɴɤɴɑɵɑ, ɐɑɗɚɎɌɗɔ ɝɟ ɘɚɞɔɎɔɤɟɶɑ ɔ ɔɘɌɗɔ ɝɟ ɖɚɗɚɝɌɗɌə ɟɞɔɢɌɳ əɌ ɘɚɳ ɛɜɚɠɑɝɔɚəɌɗəɔ ɔ ɗɔɣəɔ ɜɌɓɎɚɳ.  

ȹɌ ɛɚɘɚɶɔ, ɝɌɜɌɐɵɔ, ɌəɌɏɌɒɚɎɌɵɟ, ɔɓɐɎɚɳɑəɚɘ Ɏɜɑɘɑəɟ ɔ ɐɜɌɏɚɢɑəɔɘ ɝɟɏɑɝɞɔɳɌɘɌ, əɌɜɚɣɔɞɚ ɟ 
ɐɚɘɑəɟ ɘɚɗɑɖɟɗɌɜəɔɡ ɘɑɞɚɐɌ, ɖɚɳɑ ɣɔəɑ ɔəɞɑɏɜɌɗɌə ɐɑɚ ɚɎɑ ɐɚɖɞɚɜɝɖɑ ɐɔɝɑɜɞɌɢɔɳɑ, ɚɏɜɚɘəɟ ɓɌɡɎɌɗəɚɝɞ 
ɐɟɏɟɳɑɘ ɛɜɚɠ. ɐɜ ȸɔɗɌəɟ ȴɎɌəɚɎɔɶɟ. 

  Ȼɜɚɠ. ɐɜ Ȭɗɑɖɝɔ ȺɍɜɌɐɚɎɔɶɟ ɐɟɏɟɳɑɘ Ɏɑɗɔɖɟ ɓɌɡɎɌɗəɚɝɞ əɌ ɛɜɑɐɟɝɜɑɞɴɔɎɚɝɞɔ ɔ əɌ ɘɚɏɟɶəɚɝɞɔ 
ɐɌ ɐɑɚ ɝɎɚɳɔɡ ɔɝɞɜɌɒɔɎɌɵɌ ɟ ɝɖɗɚɛɟ ɐɔɝɑɜɞɌɢɔɳɑ ɚɍɌɎɔɘ ɟ ȷɌɍɚɜɌɞɚɜɔɳɔ ɓɌ ɠɔɞɚɍɌɖɞɑɜɔɚɗɚɏɔɳɟ.  
ȴɝɖɜɑəɟ ɓɌɡɎɌɗəɚɝɞ ɐɟɏɟɳɑɘ ɐɜɌɏɚɳ ɖɚɗɑɏɔəɔɢɔ, Ɍɝɔɝɞɑəɞɟ ȥɑɗɑəɔ ȬɐɌɘɚɎɔɶ, ɣɔɳɌ ɛɚɘɚɶ, ɘɌɜɴɔɎɚɝɞ ɔ 
ɝɌɎɑɞɔ ɟ ɗɌɍɚɜɌɞɚɜɔɳɝɖɚɘ ɜɌɐɟ ɝɟ ɚɘɚɏɟɶɔɗɔ ɜɑɌɗɔɓɌɢɔɳɟ ɘɚɗɑɖɟɗɌɜəɔɡ ɔɝɞɜɌɒɔɎɌɵɌ.   

ȹɌ ɞɜɟɐɟ, ɓɌɗɌɏɌɵɟ ɔ ɝɎɑɝɜɐəɚɳ ɛɚɘɚɶɔ ɞɚɖɚɘ ɔɓɎɚɭɑɵɌ ɚɏɗɑɐɌ ɟ ɛɚɴɟ, Ɏɑɗɔɖɟ ɓɌɡɎɌɗəɚɝɞ ɐɟɏɟɳɑɘ 
ɖɚɗɑɏɔ ȸɔɗɚɤɟ ȼɌəɖɚɎɔɶɟ, ɖɚɳɔ ɳɑ ɟ ɛɜɑɞɡɚɐəɔɡ ɛɑɞ ɏɚɐɔəɌ ɟ ɝɎɌɖɚɘ ɞɜɑəɟɞɖɟ ɍɔɚ ɐɚɝɞɟɛɌə ɔ ɝɛɜɑɘɌə 
ɓɌ ɝɌɜɌɐɵɟ ɔ ɛɚɐɜɤɖɟ.  

Ⱥɏɜɚɘəɟ ɓɌɡɎɌɗəɚɝɞ ɐɟɏɟɳɑɘ ɏɚɝɛɚɭɔ ȼɌɐɔ ȻɌɟəɔɶ, ɔɓ KɜɌɴɑɎɝɖɑ ɎɔəɌɜɔɳɑ (ȳɌɐɟɒɍɔəɌ ȶɜɌɴɌ 
ȻɑɞɜɌ I) ɟ Ⱦɚɛɚɗɔ, ɏɚɝɛɚɐɔəɟ ȯɚɜɌəɟ ȰɌəɔɣɔɶɟ, ɔɓ Ⱥȳȳ ăȽɜɑɘò ɟ ȹɑɤɞɔəɟ ɔ ɏɚɝɛɚɐɔəɟ ȰɜɌɏɚɴɟɍɟ 
ȸɔɗɚɎɌəɚɎɔɶɟ ɔɓ ȹɚɎɚɏ ȽɗɌəɖɌɘɑəɌ, ɖɚɳɔ ɝɟ ɛɜɑɛɚɓəɌɗɔ ɓəɌɣɌɳ ɔɝɞɜɌɒɔɎɌɵɌ ɔ ɍɑɓ ɔɖɌɖɎɑ ɓɌɐɜɤɖɑ, 
ɚɘɚɏɟɶɔɗɔ ɘɔ ɐɌ ɔɝɞɜɌɒɔɎɌɵɌ ɟ ɛɚɴɟ ɔ ɛɜɔɖɟɛɴɌɵɑ ɟɓɚɜɌɖɌ ɎɔəɚɎɑ ɗɚɓɑ ɚɍɌɎɔɘ əɌ ɛɚɘɑəɟɞɔɘ 
ɗɚɖɌɗɔɞɑɞɔɘɌ. ȳɌɡɎɌɗəɚɝɞ ɐɟɏɟɳɑɘ ɔ ɖɚɗɑɏɔ ȮɗɌɐɔɘɔɜɟ ȳɑɣɑɎɔɶɟ ɐɔɛɗ. ɔəɒ, ɝɌ ȺȰȻɀ ăȼɌɐɘɔɗɚɎɌɢò, 
əɌ ɚɍɑɓɍɑɭɔɎɌɵɟ ɗɚɖɌɗɔɞɑɞɌ ɓɌ ɔɓɎɚɭɑɵɑ ɚɏɗɑɐɌ ɑɠɔɖɌɝəɚɝɞɔ ɔ ɞɑɡəɔɣɖɟ ɛɚɐɜɤɖɟ.  

ȻɚɤɞɚɎɌəɔɘ ɖɚɗɑɏɌɘɌ ɔ ɛɜɔɳɌɞɑɴɔɘɌ ȴɎɌəɟ ȽɞɑɎɌəɚɎɔɶɟ ɘɌɝɞ. ɔəɒ. ɔ ȥɚɎɌəɟ ȷɌɓɌɜɑɎɔɶɟ ɘɌɝɞ. 
ɔəɒ, ɓɌɡɎɌɴɟɳɑɘ ɝɑ əɌ ɛɚɘɚɶɔ ɔ ɛɚɐɜɤɢɔ ɞɚɖɚɘ ɔɓɎɚɭɑɵɌ ɚɏɗɑɐɌ ɟ ɛɚɴɟ. ȴɝɖɜɑəɟ ɓɌɡɎɌɗəɚɝɞ əɌ ɝɌɜɌɐɵɔ,  
ɖɚɗɑɏɔɳɌɗəɚɝɞɔ ɔ ɛɚɘɚɶɔ, ɐɟɏɟɳɑɘ ɐɜɌɏɚɳ ɖɚɗɑɏɔəɔɢɔ Ɍɝɔɝɞɑəɞɟ ȹɌɭɔ ȸɔɗɟɞɔəɚɎɔɶ. ȶɚɗɑɏɔ ɔ ɛɜɔɳɌɞɑɴɟ 
ȰɌəɔɳɑɗɟ ȸɔɗɔəɣɔɶɟ, ɓɌɡɎɌɴɟɳɑɘ ɝɑ əɌ ɝɌɜɌɐɵɔ ɔ ɖɚəɝɞɜɟɖɞɔɎəɔɘ ɜɌɓɏɚɎɚɜɔɘɌ, ɖɚɳɔ ɝɟ ɛɚɘɚɏɗɔ ɐɌ ɐɌəɔ 
ɛɜɚɎɑɐɑəɔ ɟ ɜɌɐɟ əɌ ɠɌɖɟɗɞɑɞɟ ɍɟɐɟ ɛɗɚɐɚəɚɝəɔ. ȽɎɔɘ ɐɜɌɏɔɘ ɖɚɗɑɏɌɘɌ ɔ ɛɜɔɳɌɞɑɴɔɘɌ, ɖɚɳɔ ɝɟ ɘɔ 
ɛɜɟɒɌɗɔ ɛɚɐɜɤɖɟ ɔ ɟɖɌɓɌɗɔ əɑɔɓɘɑɜəɚ ɛɚɎɑɜɑɵɑ, ɓɌɡɎɌɴɟɳɑɘ ɝɑ ɚɐ ɝɜɢɌ.  

ȭɑɝɖɜɌɳəɟ ɓɌɡɎɌɗəɚɝɞ ɐɟɏɟɳɑɘ ɝɎɚɳɚɳ ɛɚɜɚɐɔɢɔ, ɜɚɐɞɔɞɑɴɔɘɌ ȰɜɌɏɚɎɌəɟ ɔ Ȭəɔɢɔ, ɍɜɌɞɟ ȟɚɜɭɟ ɔ 
ɍɌɖɔ ȰɟɍɜɌɎɖɔ, ɓɌ ɍɑɓɜɑɓɑɜɎəɟ ɛɚɐɜɤɖɟ ɔ ɍɑɓɟɝɗɚɎəɟ ɛɚɘɚɶ ɖɚɳɟ ɝɟ ɘɔ ɛɜɟɒɌɗɔ ɞɚɖɚɘ ɣɔɞɌɎɚɏ ɒɔɎɚɞɌ 
ɔ ɤɞɚ ɝɟ ɟɎɑɖ ɍɔɗɔ ɘɚɳ ɞɑɘɑɴ ɔ ɚɝɗɚəɌɢ. 

ȹɌ ɖɜɌɳɟ, ɓɌ ɍɑɓɏɜɌəɔɣəɟ ɴɟɍɌɎ ɔ ɛɚɐɜɤɖɟ, ɖɚɳɟ ɘɔ ɳɑ ɛɜɟɒɌɗɌ ɞɚɖɚɘ ɔɓɜɌɐɑ ɚɎɑ ɐɚɖɞɚɜɝɖɑ 
ɐɔɝɑɜɞɌɢɔɳɑ, ɛɚɝɑɍəɟ ɓɌɡɎɌɗəɚɝɞ ɐɟɏɟɳɑɘ ɘɚɳɚɳ Ɏɑɜɑəɔɢɔ ȸɔɜɔ. ɁɎɌɗɌ əɌ ɝɞɜɛɴɑɵɟ, ɜɌɓɟɘɑɎɌɵɟ, 
ɝɌɚɝɑɶɌɳəɚɝɞɔ ɔ ɍɜɔɒəɚɝɞɔ, ɞɎɚɳ ɚɝɘɑɡ ɔ ɞɎɚɳɌ ɑəɑɜɏɔɳɌ ɍɔɗɔ ɝɟ ɘɔ ɎɑɞɌɜ ɟ ɗɑɭɌ ɔ əɌɳɎɑɶɌ ɘɚɞɔɎɌɢɔɳɌ.  

 

 

 

 

 



ʆʉɽʊɲʀɺʆʉʊ ʇʆʇʋʃɸʎʀɱɸ ERYSIPHE NECATOR ʅɸ 

ʌʋʅɻʀʎʀɼɽ ʈɸɿʃʀʏʀʊʀʍ ʄɽʍɸʅʀɿɸʄɸ ɼɽʃʆɺɸɳɸ ʋ ʉʈɹʀɱʀ 

ʉʘʞʝʪʘʢ  

ʎʠˀ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʙʠʦ ʿʝ ʜʘ ʩʝ, ʧʨʠʤʝʥʦʤ ʩʪʘʥʜʘʨʜʥʠʭ ʠ ʤʦʣʝʢʫʣʘʨʥʠʭ 

ʤʝʪʦʜʘ, ʫʪʚʨʜʠ ʜʘ ʣʠ ʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʘ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ Erysiphe necator ʥʘ 

ʬʫʥʛʠʮʠʜʝ ʢʦʿʠ ʯʠʥʝ ʦʢʦʩʥʠʮʫ ʩʫʟʙʠʿʘˁʘ ʦʚʦʛ ʧʘʪʦʛʝʥʘ ʫ ʉʨʙʠʿʠ. ʆʛʣʝʜʠ ʫ ʧʦˀʫ, 

ʙʠʦʪʝʩʪʦʚʠ ʠ ʤʦʣʝʢʫʣʘʨʥʝ ʘʥʘʣʠʟʝ ʩʧʨʦʚʝʜʝʥʝ ʩʫ ʫ ʧʝʨʠʦʜʫ ʦʜ 2019. ʜʦ 2023. ʛʦʜʠʥʝ. ʋ 

ʮʠˀʫ ʠʟʚʦʹʝˁʘ ʙʠʦʪʝʩʪʦʚʘ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ, ʢʘʦ ʠ ʤʦʣʝʢʫʣʘʨʥʠʭ ʘʥʘʣʠʟʘ, ʫʟʦʨʮʠ 

ʟʘʨʘʞʝʥʠʭ ʣʠʩʪʦʚʘ ʚʠʥʦʚʝ ʣʦʟʝ ʧʨʠʢʫʧˀʝʥʠ ʩʫ ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʠʭ, ʝʢʩʪʝʥʟʠʚʥʠʭ ʠ 

ʥʝʪʨʝʪʠʨʘʥʠʭ ʚʠʥʦʛʨʘʜʘ, ʢʘʦ ʠ ʿʝʜʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʟʘʩʘʜʘ. ɿʘ ʤʦʣʝʢʫʣʘʨʥʫ ʜʝʪʝʢʮʠʿʫ 

G143A ʠ Y136F ʤʫʪʘʮʠʿʝ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ E. necator, ʨʝʟʠʩʪʝʥʪʥʠʭ ʥʘ QoI ʠ DMI ʬʫʥʛʠʮʠʜʝ, 

ʢʦʨʠʰ˂ʝʥʘ ʿʝ ARMS-SYBR Green qPCR ʪʝʭʥʠʢʘ ʩʘ ʩʧʝʮʠʬʠʯʥʠʤ ʧʨʘʿʤʝʨʠʤʘ.  

ʅʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ QoI ʬʫʥʛʠʮʠʜʘ (ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʘ, ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ ʠ 

ʧʠʨʘʢʣʦʩʪʨʦʙʠʥʘ) ʫ ʦʛʣʝʜʠʤʘ ʫ ʧʦˀʫ, ʫʪʚʨʹʝʥʘ ʿʝ ʥʘ ʩʚʘ ʯʝʪʠʨʠ ʣʦʢʘʣʠʪʝʪʘ, ʜʦʢ ʿʝ ʥʘ 

ʧʦʿʝʜʠʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʠ ʥʝʛʘʪʠʚʥʘ ʝʬʠʢʘʩʥʦʩʪ ʦʚʠʭ ʬʫʥʛʠʮʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ 

E. necator. ʋ ʙʠʦʪʝʩʪʦʚʠʤʘ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ, ʢʦʜ ʦʩʘʤ ʦʜ ʫʢʫʧʥʦ ʜʚʘʥʘʝʩʪ ʪʝʩʪʠʨʘʥʠʭ 

ʧʦʧʫʣʘʮʠʿʘ, ʨʘʩʪ ʠʟʦʣʘʪʘ E. necator ʟʘʙʝʣʝʞʝʥ ʿʝ ʧʨʠ ʜʚʘ ʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʘ ʠ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ, ʪʝ ʿʝ ʫʩʪʘʥʦʚˀʝʥʦ ʜʘ ʠʟʤʝʹʫ ʦʚʘ 

ʜʚʘ ʬʫʥʛʠʮʠʜʘ ʧʦʩʪʦʿʠ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ. ʆʜ ʫʢʫʧʥʦ 110 ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ, 

ʜʝʪʝʢʮʠʿʘ G143A ʤʫʪʘʮʠʿʝ > 95% ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʢʦʜ 61%  ʠʟʦʣʘʪʘ 

ʢʦʿʠ ʩʫ ʦʟʥʘʯʝʥʠ ʢʘʦ ʨʝʟʠʩʪʝʥʪʥʠ, ʜʦʢ ʩʫ ʠʟʦʣʘʪʠ ʩʘ < 5% G143A ʘʣʝʣʘ ʦʟʥʘʯʝʥʠ ʢʘʦ 

ʦʩʝʪˀʠʚʠ, ʩʘ ʫʢʫʧʥʠʤ ʫʜʝʣʦʤ ʦʜ 9%. ʇʨʝʦʩʪʘʣʠʭ 29% ʠʟʦʣʘʪʘ ʩʚʨʩʪʘʥʦ ʿʝ ʫ ʢʘʪʝʛʦʨʠʿʫ 

ʤʝʰʘʥʠʭ (Ămixñ). ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫʛʝʨʠʰʫ ʜʘ ʿʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ QoI ʬʫʥʛʠʮʠʜʝ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘˁʝʥʘ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ E. necator ʫ ʉʨʙʠʿʠ. 

ʅʘ ʩʚʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʢʚʠʥʦʢʩʠʬʝʥʘ, ʜʦʢ ʿʝ 

ʧʨʦʢʚʠʥʘʟʠʜ ʠʩʧʦˀʠʦ ʫʛʣʘʚʥʦʤ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator. ʆʜ ʫʢʫʧʥʦ ʦʩʘʤ 

ʪʝʩʪʠʨʘʥʠʭ ʧʦʧʫʣʘʮʠʿʘ, ʢʦʜ ʧʝʪ ʿʝ ʫʪʚʨʹʝʥ ʧʦʨʘʩʪ ʧʨʠ ʜʚʘ ʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʢʚʠʥʦʢʩʠʬʝʥʘ ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ, ʜʦʢ ʿʝ ʧʨʦʢʚʠʥʘʟʠʜ ʧʦʢʘʟʘʦ ʟʥʘʪʥʦ ʿʘʯʫ 

ʠʥʭʠʙʠʮʠʿʫ, ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ ʥʠʿʝ ʧʨʠʩʫʪʥʘ ʫʢʨʰʪʝʥʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪ, ʠ ʜʘ ʩʝ ʧʨʦʢʚʠʥʘʟʠʜ ʤʦʞʝ ʫʩʧʝʰʥʦ ʢʦʨʠʩʪʠʪʠ ʟʘ ʩʫʟʙʠʿʘˁʝ ʨʝʟʠʩʪʝʥʪʥʠʭ 

ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʢʚʠʥʦʢʩʠʬʝʥ.  

ʄʝʪʨʘʬʝʥʦʥ ʠ ʧʠʨʠʦʬʝʥʦʥ ʠʩʧʦˀʠʣʠ ʩʫ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʠ 

ʅʝʰʪʠʥ, ʜʦʢ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʈʘʜʤʠʣʦʚʘʮ ʠ ʊʦʧʦʣʘ ʟʘʙʝʣʝʞʝʥʘ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ. ʇʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ, ʢʦʿʝ ʩʫ ʜʚʘ ʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʝ ʦʜ ʧʨʝʧʦʨʫʯʝʥʠʭ, 

ʟʘʙʝʣʝʞʝʥ ʿʝ ʧʦʨʘʩʪ ʢʦʣʦʥʠʿʝ ʢʦʜ ʠʟʦʣʘʪʘ ʢʦʿʠ ʚʦʜʝ ʧʦʨʝʢʣʦ ʩʘ ʯʝʪʠʨʠ ʦʜ ʫʢʫʧʥʦ ʰʝʩʪ 

ʪʝʩʪʠʨʘʥʠʭ ʣʦʢʘʣʠʪʝʪʘ, ʯʠʤʝ ʿʝ ʧʦʪʚʨʹʝʥʦ ʜʘ ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ, ʢʦʿʠ ʧʨʠʧʘʜʘʿʫ 

ʛʨʫʧʠ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʘ, ʧʦʩʪʦʿʠ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ.  

ʉʤʘˁʝʥʘ ʝʬʠʢʘʩʥʦʩʪ DMI ʬʫʥʛʠʮʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʫʪʚʨʹʝʥʘ ʿʝ ʛʦʪʦʚʦ ʥʘ 

ʩʚʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ. ʅʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʠ 

ʧʝʥʢʦʥʘʟʦʣʘ, ʜʦʢ ʿʝ ʥʝʰʪʦ ʚʠʰʘ ʫʪʚʨʹʝʥʘ ʧʨʠʤʝʥʦʤ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʠ ʪʝʙʫʢʦʥʘʟʦʣʘ, ʘ 

ʥʘʿʚʠʰʘ ʧʨʠʤʝʥʦʤ ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʠ 

ʈʘʜʤʠʣʦʚʘʮ, ʧʦʚʝ˂ʘˁʝʤ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʨʠʤʝʥʝ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʦʩʪʚʘʨʝʥʘ ʿʝ ʚʠʩʦʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʜʦʢ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʅʝʰʪʠʥ 

ʪʦ ʥʠʿʝ ʙʠʦ ʩʣʫʯʘʿ. ʂʦʜ ʠʟʦʣʘʪʘ ʢʦʿʠ ʚʦʜʝ ʧʦʨʝʢʣʦ ʩʘ ʜʝʩʝʪ ʦʜ ʫʢʫʧʥʦ ʜʚʘʥʘʝʩʪ ʣʦʢʘʣʠʪʝʪʘ, 



ʟʘʙʝʣʝʞʝʥ ʿʝ ʧʦʨʘʩʪ ʤʠʮʝʣʠʿʝ ʧʨʠ ʜʚʘ ʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʦʜ 

ʧʨʝʧʦʨʫʯʝʥʝ, ʦʜʥʦʩʥʦ ʧʨʠ ʜʚʘ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʪʝʙʫʢʦʥʘʟʦʣʘ ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ, ʜʦʢ 

ʿʝ ʧʨʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʪʝʙʫʢʦʥʘʟʦʣʘ ʦʩʪʚʘʨʝʥʘ ʧʦʪʧʫʥʘ ʠʥʭʠʙʠʮʠʿʘ. 

ɼʠʬʝʥʦʢʦʥʘʟʦʣ ʿʝ ʠʩʧʦˀʠʦ ʟʥʘʪʥʦ ʿʘʯʫ ʠʥʭʠʙʠʮʠʿʫ, ʪʘʢʦ ʜʘ ʿʝ ʟʥʘʯʘʿʘʥ ʧʦʨʘʩʪ ʠʟʦʣʘʪʘ ʩʘ 

ʰʝʩʪ ʦʜ ʫʢʫʧʥʦ ʜʚʘʥʘʝʩʪ ʣʦʢʘʣʠʪʝʪʘ ʟʘʙʝʣʝʞʝʥ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ, ʘ ʧʨʠ ʜʚʘ 

ʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʫʪʚʨʹʝʥʘ ʿʝ ʚʠʩʦʢʘ ʠʥʭʠʙʠʮʠʿʘ.  

ʆʜ 106 ʪʝʩʪʠʨʘʥʠʭ, Y136F ʤʫʪʘʮʠʿʘ ʜʝʪʝʢʪʦʚʘʥʘ ʿʝ ʢʦʜ 45 ʠʟʦʣʘʪʘ. ʋ ʦʢʚʠʨʫ 

ʧʦʧʫʣʘʮʠʿʘ ʛʜʝ ʩʫ ʠʟʚʝʜʝʥʠ ʦʛʣʝʜʠ ʝʬʠʢʘʩʥʦʩʪʠ, ʩʘʤʦ ʢʦʜ ʧʦʿʝʜʠʥʠʭ ʠʟʦʣʘʪʘ ʿʝ ʜʝʪʝʢʪʦʚʘʥʘ 

ʦʚʘ ʤʫʪʘʮʠʿʘ, ʜʦʢ ʿʝ ʫ ʪʨʠ ʢʦʤʝʨʮʠʿʘʣʥʘ ʚʠʥʦʛʨʘʜʘ, ʢʦʜ ʩʚʠʭ ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ ʫʪʚʨʹʝʥʦ 

ʧʨʠʩʫʩʪʚʦ ʦʚʝ ʤʫʪʘʮʠʿʝ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʢʦʣʠʢʦ ʿʝ ʤʫʪʘʮʠʿʘ ʨʘʩʧʨʦʩʪʨʘˁʝʥʘ ʫ ʦʢʚʠʨʫ 

ʿʝʜʥʝ ʧʦʧʫʣʘʮʠʿʝ, ʟʘʚʠʩʠ ʠ ʨʘʟʚʦʿ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʧʘ ʿʝ ʟʘʢˀʫʯʝʥʦ ʜʘ ʜʝʪʝʢʮʠʿʘ 

Y136F ʤʫʪʘʮʠʿʝ ʥʝ ʟʥʘʯʠ ʥʫʞʥʦ ʜʘ ˂ʝ ʜʦ˂ʠ ʜʦ ʨʘʟʚʦʿʘ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʫ ʦʢʚʠʨʫ 

ʿʝʜʥʝ ʧʦʧʫʣʘʮʠʿʝ, ʚʝ˂ ʿʝ ʟʘ ʪʘʿ ʧʨʦʮʝʩ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʦʜʛʦʚʦʨʥʘ ʩʧʨʝʛʘ ʥʘʿʤʘˁʝ ʜʚʘ 

ʤʝʭʘʥʠʟʤʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ.   

ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʘ ʠ ʬʣʫʦʧʠʨʘʤʘ, ʧʦʪʚʨʹʝʥʘ ʿʝ ʥʘ ʩʚʠʤʘ 

ʣʦʢʘʣʠʪʝʪʠʤʘ ʠ ʧʨʠʤʝʥʦʤ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ ʦʩʪʚʘʨʝʥʘ ʿʝ ʥʘʿʚʠʰʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ 

E. necator. ʅʘ ʜʚʘ ʣʦʢʘʣʠʪʝʪʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʠʩʢʘ, ʘ ʥʘ ʜʚʘ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʙʦʩʢʘʣʠʜʘ ʫ 

ʩʫʟʙʠʿʘˁʫ E. necator. ʉʧʠʨʦʢʩʘʤʠʥ ʠ ʮʠʬʣʫʬʝʥʘʤʠʜ ʫʛʣʘʚʥʦʤ ʩʫ ʠʩʧʦˀʠʣʠ ʚʠʩʦʢʫ 

ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ ʩʚʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ.  

ʀʩʧʠʪʠʚʘˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ, 

ʫʪʚʨʹʝʥʘ ʿʝ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 3, 4 ʠ 5, ʢʦʿʠ ʩʝ ʥʠʩʫ ʨʘʟʣʠʢʦʚʘʣʠ ʧʦ 

ʝʬʠʢʘʩʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʪʘʥʜʘʨʜʥʠ ʧʨʦʛʨʘʤ ʟʘʰʪʠʪʝ. ʊʘʢʦʹʝ, ʠʤʧʣʝʤʝʪʘʮʠʿʦʤ ʦʚʠʭ 

ʤʦʜʝʣʘ ʫ ʧʨʦʛʨʘʤʝ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ, ʤʦʞʝ ʩʝ ʨʝʜʫʢʦʚʘʪʠ ʙʨʦʿ ʪʨʝʪʠʨʘˁʘ ʠ ʧʦʩʪʠ˂ʠ 

ʟʥʘʯʘʿʥʦ ʝʢʦʥʦʤʠʯʥʠʿʘ ʠ ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʠʿʘ ʧʨʦʠʟʚʦʜˁʘ.  
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SENSITIVITY OF ERYSIPHE NECATOR POPULATIONS IN SERBIA TO 

FUNGICIDES WITH DIFFERENT MODES OF ACTION  

 
Abstract  

 

The aim of this doctoral thesis was to investigate, using standard and molecular methods, 

whether the sensitivity of E. necator populations to the main fungicides used to control this 

pathogen in Serbia has changed. Field trials, bioassays and molecular analyses were carried out 

frʦm 2019 to 2023. Samples of infected grapevine leaves were collected from an experimental site 

and several commercial, extensive and baseline vineyards to perform leaf disc bioassays and 

molecular analyses. For molecular detection of the mutations G143A and Y136F, which are typical 

for populations of E. necator resistant to QoI and DMI fungicides, the ARMS-SYBR Green real-

time PCR technique with specific primers was used. 

Low efficacy of QoI fungicides (kresoxym-methyl, trifloxystrobin and pyraclostrobin) was 

observed in field trials at each site, and negative efficacy was even observed at two sites. In leaf 

disc bioassays, eight of twelve populations of E. necator tested, grew significantly on two and four 

times recommended concentrations of kresoxym-methyl and trifloxystrobin, and cross-resistance 

was found between them. Of the 110 isolates, the G143A mutation was detected in 61% of isolates 

with >95% of the G143A allele, while 9% of isolates with <5% of the G143A allele were classified 

as sensitive and 29% of isolates were classified as mixed. These results indicate that E. necator 

populations are widespread in Serbian vineyards.  

At each site, quinoxyfen showed low efficacy in controlling grapevine powdery mildew, 

while proquinazid showed high efficacy. Of eight populations tested, isolates from five 

populations grew significantly on two and four times higher concentrations of quinoxyfen than 

recommended, while proquinazid showed more significant inhibition than quinoxyfen, suggesting 

that there is no cross-resistance between them and that proquinazid could be used to control 

quinoxyfen-resistant populations.  

Metrafenone and pyriofenone showed high efficacy in the control of grapevine powdery 

mildew at Slankamenaļki Vinogradi and Neġtin sites, while low efficacy was observed at 

Radmilovac and Topola sites. Colony growth was observed in isolates from four out of six tested 

sites at concentrations two and four times higher than the recommended concentrations of these 

two fungicides, suggesting that cross-resistance between aryl-phenyl ketone fungicides exists. 

Reduced efficacy of DMI fungicides in the control of E. necator was observed at each site. 

Low efficacy was observed after the application of myclobutanil and penconazole, while higher 

efficacy was obtained with difenoconazole and tebuconazole and the highest with 

mefentrifluconazole. At Slankamenaļki Vinogradi and Radmilovac sites, an increase in 

difenoconazole concentration resulted in higher efficacy in the control of powdery mildew, while 

this was not the case at Topola and Neġtin sites. Out of twelve populations tested, isolates from 

ten grew readily on two and four times higher concentrations of myclobutanil than the 

recommended one, i.e. on two times higher concentration of tebuconazole than the recommended 

one, while on four times higher concentration of the same fungicide the inhibition was complete. 

Difenoconazole showed significantly higher inhibition, i.e. significant growth was observed in 

isolates from six out of twelve populations only in the test with the recommended concentration, 

while the inhibition of difenoconazole was high at two- and fourfold higher concentrations. 

Of 106 isolates tested, the Y136F mutation was detected in 45 isolates. In the populations 

where field trials were conducted, only several isolates carried this mutation, while in three 



commercial vineyards this mutation was detected in every isolate tested. Depending on how 

widespread the mutation is in the population, the development of cross-resistance usually depends 

on it. It can therefore be concluded that the detection of the Y136F mutation does not necessarily 

mean that cross-resistance will develop within a population, but that the coupling of at least two 

resistance mechanisms is probably responsible for this process.  

Within the SDHI fungicides, high efficacy of fluxapyroxad and fluopyram was confirmed 

at each site, and the application of these two fungicides resulted in the highest efficacy among all 

fungicides tested. For boscalid, low efficacy was observed at two sites (Topola and Radmilovac), 

while high efficacy in E. necator control was achieved at two other sites (Slankamenaļki 

Vinogradi and Neġtin). Spiroxamine and cyflufenamid showed mostly high efficacy in control of 

grapevine powdery mildew at all sites.  

When the various models for grapevine powdery mildew control were examined, a high 

efficacy was found for models 3, 4 and 5, which generaly did not differ from the efficacy of the 

standard spraying program. In addition, the use of these models in grapevine protection programs 

can reduced the number of annual treatmens and achieve significantly more economical and 

profitable production.  
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1. ʋɺʆɼ  

ɻʘʿʝˁʝ ʚʠʥʦʚʝ ʣʦʟʝ ʧʨʝʜʩʪʘʚˀʘ ʚʝʦʤʘ ʟʥʘʯʘʿʥʫ ʢʫʣʪʫʨʥʫ ʠ ʠʩʪʦʨʠʿʩʢʫ ʪʝʢʦʚʠʥʫ, ʢʦʿʘ 

ʜʘʪʠʨʘ ʿʦʰ ʠʟ ʧʝʨʠʦʜʘ ʘʥʪʠʯʢʝ ʢʫʣʪʫʨʝ ʠ ʩʪʘʨʠʭ ʈʠʤˀʘʥʘ. ʇʨʚʠ ʥʘʣʘʟʠ ʦ ʛʘʿʝˁʫ ʚʠʥʦʚʝ 

ʣʦʟʝ ʩʪʘʨʠ ʩʫ ʧʨʝʢʦ 6000 ʛʦʜʠʥʘ, ʰʪʦ ʿʝ ʩʚʨʩʪʘʚʘ ʫ ʨʝʜ ʙʠˀʥʠʭ ʚʨʩʪʘ ʢʦʿʝ ʠʤʘʿʫ ʥʘʿʜʫʞʫ 

ʠʩʪʦʨʠʿʫ ʛʘʿʝˁʘ (ʊʝrral et al., 2010). ɺʝʢʦʚʠʤʘ, ʛʨʦʞʹʝ ʠ ʚʠʥʦ ʩʫ ʠʟʚʦʨ ʧʘʩʠʿʝ ʟʘ ˀʫʜʝ 

ʰʠʨʦʤ ʩʚʝʪʘ, a ʦʩʠʤ ʪʦʛʘ, ʨʝʟʫʣʪʘʪʠ ʙʨʦʿʥʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫʢʘʟʫʿʫ ʥʘ 

ʨʘʟʣʠʯʠʪʘ ʣʝʢʦʚʠʪʘ ʠ ʙʣʘʛʦʪʚʦʨʥʘ ʩʚʦʿʩʪʚʘ ʧʨʦʠʟʚʦʜʘ ʦʜ ʛʨʦʞʹʘ (Delmas et al., 2005). ʇʨʝʤʘ 

ʧʦʩʣʝʜˁʠʤ ʧʦʜʘʮʠʤʘ ʠʟ 2021. ʛʦʜʠʥʝ, ʧʨʦʠʟʚʦʜˁʘ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ ʩʚʝʪʩʢʦʤ ʥʠʚʦʫ, ʦʜʚʠʿʘ 

ʩʝ ʥʘ ʦʢʦ 6,7 ʤʠʣʠʦʥʘ ʭʝʢʪʘʨʘ, ʘ 5 ʟʝʤʘˀʘ (ʂʠʥʘ, ʐʧʘʥʠʿʘ, ʌʨʘʥʮʫʩʢʘ, ʀʪʘʣʠʿʘ ʠ ʊʫʨʩʢʘ) 

ʟʘʫʟʠʤʘʿʫ 50% ʫʢʫʧʥʝ ʧʨʦʠʟʚʦʜˁʝ. ʋʢʫʧʘʥ ʧʨʠʥʦʩ ʛʨʦʞʹʘ ʠʟʥʦʩʠ ʦʢʦ 74 ʤʠʣʠʦʥʘ ʪʦʥʘ 

ʛʦʜʠʰˁʝ, ʜʦʢ ʿʝ ʮʝʣʦʢʫʧʥʘ ʧʨʦʠʟʚʦʜˁʘ ʚʠʥʘ ʧʨʦʮʝˁʝʥʘ ʥʘ 267 ʤʠʣʠʦʥʘ ʭʝʢʪʦʣʠʪʘʨʘ 

(FAOSTAT, 2023). ʋ ʉʨʙʠʿʠ, ʧʦʩʣʝʜˁʠ ʧʦʜʘʮʠ ʠʟ 2021. ʛʦʜʠʥʝ ʧʦʢʘʟʫʿʫ ʜʘ ʩʝ 

ʚʠʥʦʛʨʘʜʘʨʩʢʘ ʧʨʦʠʟʚʦʜˁʘ ʦʜʚʠʿʘ ʥʘ ʥʝʰʪʦ ʚʠʰʝ ʦʜ 20000 ʭʝʢʪʘʨʘ, ʩʘ ʛʦʜʠʰˁʠʤ ʧʨʠʥʦʩʦʤ 

ʠʟʤʝʹʫ 155000 ʠ 160000 ʪʦʥʘ (ʈʝʧʫʙʣʠʯʢʠ ʟʘʚʦʜ ʟʘ ʩʪʘʪʠʩʪʠʢʫ, 2022). ʆʜ ʫʢʫʧʥʝ 

ʧʨʦʠʟʚʝʜʝʥʝ ʢʦʣʠʯʠʥʝ ʛʨʦʞʹʘ, ʚʠʰʝ ʦʜ 70% ʩʝ ʠʩʢʦʨʠʩʪʠ ʟʘ ʧʨʘʚˀʝˁʝ ʚʠʥʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ 

ʝʢʦʥʦʤʩʢʠ ʟʥʘʯʘʿ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘ ʥʘʰʫ ʟʝʤˀʫ. ʇʨʝʤʘ ʚʠʥʦʛʨʘʜʘʨʩʢʦʿ ʨʝʿʦʥʠʟʘʮʠʿʠ ʉʨʙʠʿʝ, 

ʫʢʫʧʥʦ ʧʦʩʪʦʿʝ 22 ʨʝʿʦʥʘ, ʦʜ ʢʦʿʠʭ ʩʫ ʧʨʦʠʟʚʦʜʥʦ ʥʘʿʟʥʘʯʘʿʥʠʿʠ: ɱʫʞʥʦʙʘʥʘʪʩʢʠ, ʉʨʝʤʩʢʠ, 

ʄʣʘʚʩʢʠ, ɹʝʦʛʨʘʜʩʢʠ, ʐʫʤʘʜʠʿʩʢʠ, ʂˁʘʞʝʚʘʯʢʠ, ʅʠʰʢʠ, ʃʝʩʢʦʚʘʯʢʠ, ʨʝʿʦʥ ʅʝʛʦʪʠʥʩʢʝ 

ʂʨʘʿʠʥʝ, ʨʝʿʦʥ ʊʨʠ ʄʦʨʘʚʝ ʠ ʄʝʪʦʭʠʿʩʢʠ ʨʝʿʦʥ (ʀʚʘʥʠʰʝʚʠ˂ ʠ ɱʘʢʰʠ˂, 2012).     

ɺʠʥʦʚʘ ʣʦʟʘ ʿʝ ʠʟʣʦʞʝʥʘ ʥʘʧʘʜʫ ʚʝ˂ʝʛ ʙʨʦʿʘ ʧʘʪʦʛʝʥʘ ʤʠʢʦʟʥʝ, ʚʠʨʦʟʥʝ ʠ ʙʘʢʪʝʨʠʦʟʥʝ 

ʧʨʠʨʦʜʝ ʢʦʿʠ ʫ ʤʘˁʦʿ ʠʣʠ ʚʝ˂ʦʿ ʤʝʨʠ ʤʦʛʫ ʨʝʜʫʢʦʚʘʪʠ ʧʨʠʥʦʩ ʠ ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ, ʪʝ ʿʝ 

ʟʘʰʪʠʪʘ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʙʠˀʥʠʭ ʙʦʣʝʩʪʠ ʚʝʨʦʚʘʪʥʦ ʠ ʥʘʿʚʝ˂ʠ ʠʟʘʟʦʚ ʟʘ ʧʦˀʦʧʨʠʚʨʝʜʥʝ 

ʧʨʦʠʟʚʦʹʘʯʝ (ɼʝʣʠʙʘʰʠ˂ ʠ ʩʘʨ., 2006; Moyer, 2011). ʅʘʿʚʝ˂ʫ ʰʪʝʪʫ ʫ ʧʨʦʠʟʚʦʜˁʠ ʚʠʥʦʚʝ 

ʣʦʟʝ ʧʨʠʯʠˁʘʚʘʿʫ ʬʠʪʦʧʘʪʦʛʝʥʝ ʛˀʠʚʝ ʠ ʧʩʝʫʜʦʛˀʠʚʝ ʧʦʧʫʪ: Erysiphe necator, Plasmopara 

viticola, Botrytis cinerea, Phomopsis viticola, Guignardia bidwelli ʠ ʜʨ (Wilcox et al., 2015; 

ɼʝʣʠʙʘʰʠ˂ ʠ ʩʘʨ., 2018). ʇʝʧʝʣʥʠʮʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʠʟʘʟʚʘʥa ʦʙʣʠʛʘʪʥʠʤ ʙʠʦʪʨʦʬʦʤ 

Erysiphe necator (ʩʠʥ. Uncinula necator (Schw.) Burr), ʝʢʦʥʦʤʩʢʠ ʿʝ ʚʨʣʦ ʟʥʘʯʘʿʥʦ ʠ 

ʜʝʩʪʨʫʢʪʠʚʥʦ ʦʙʦˀʝˁʝ, ʠ ʫʢʦʣʠʢʦ ʩʝ ʥʝ ʩʧʨʦʚʝʜʝ ʘʜʝʢʚʘʪʥʘ ʭʝʤʠʿʩʢʘ ʟʘʰʪʠʪʘ, ʤʦʞʝ 

ʜʦʚʝʩʪʠ ʜʦ ʠʟʨʘʞʝʥʠʭ ʛʫʙʠʪʘʢʘ. ʆʚʘʿ ʧʘʪʦʛʝʥ ʧʨʝʜʩʪʘʚˀʘ ʜʚʦʩʪʨʫʢʫ ʧʨʝʪˁʫ, ʪʝ ʦʩʠʤ ʰʪʦ 

ʫʤʘˁʫʿʝ ʧʨʠʥʦʩ, ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʠ ʥʘ ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʚʠʥʘ. 

ʅʘʠʤʝ, ʩʚʦʿʦʤ ʧʦʿʘʚʦʤ ʥʘ ʙʦʙʠʮʘʤʘ, ʧʘʪʦʛʝʥ ʜʦʚʦʜʠ ʜʦ ʦʙʝʟʙʦʿʘʚʘˁʘ, ʥʘʢʫʧˀʘˁʘ ʢʠʩʝʣʠʥʘ, 

ʧʨʦʤʝʥa ʦʨʛʘʥʦʣʝʧʪʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʠ ʘʨʦʤʝ, ʧʘ je ʚʠʥʦ ʥʘʧʨʘʚˀʝʥʦ ʦʜ ʪʘʢʚʦʛ ʛʨʦʞʹʘ, ʦʜ 

ʩʪʨʘʥʝ ʪʝʭʥʦʣʦʛʘ, ʦʢʘʨʘʢʪʝʨʠʩʘʥʦ ʢʘʦ ʜʝʬʝʢʪʥʦ (Darriet et al., 2002; Calonnec et al., 2004; 

Gadoury et al., 2007; Deliere et al., 2010). ʏʘʢ ʠ ʫʤʝʨʝʥʘ ʧʦʿʘʚʘ ʩʠʤʧʪʦʤʘ ʦʙʦˀʝˁʘ ʥʘ 

ʙʦʙʠʮʘʤʘ ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʚʠʥʘ, ʘʣʠ ʠ ʩʤʘˁʝˁʝ ʪʨʞʠʰʥʝ ʚʨʝʜʥʦʩʪʠ ʩʪʦʥʦʛ 

ʛʨʦʞʹʘ (Calonnec et al., 2004). ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʫʩʣʝʜ ʧʨʠʩʫʩʪʚʘ ʧʘʪʦʛʝʥʘ, ʧʦʚʝ˂ʘʥʘ ʿʝ 

ʦʩʝʪˀʠʚʦʩʪ, ʘ ʩʤʘˁʝʥʘ ʚʠʪʘʣʥʦʩʪ ʣʘʩʪʘʨʘ ʪʦʢʦʤ ʟʠʤʩʢʠʭ ʤʝʩʝʮʠ, ʧʘ ʩʫ ʠ ʧʫʧʦˀʮʠ 

ʧʦʜʣʦʞʥʠʿʠ ʠʟʤʨʟʘʚʘˁʫ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʥʠʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ (Halleen and Holz, 2001). 

ɼʦʜʘʪʥʦ, ʨʘʥʘ ʠʥʬʝʢʮʠʿʘ ʙʦʙʠʮʘ ʠ ʧʦʿʘʚʘ ʩʠʤʧʪʦʤʘ ʧʝʧʝʣʥʠʮʝ ʥʘ ˁʠʤʘ, ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘ 

ʧʫʮʘˁʝ ʪʘʢʚʠʭ ʙʦʙʠʮʘ, ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʣʘʟʥʘ ʤʝʩʪʘ ʟʘ ʧʨʦʫʟʨʦʢʦʚʘʯʝ ʪʨʫʣʝʞʠ (Gadoury 

et al., 2007).  

ʇʘʪʦʛʝʥ ʫ ʚʝ˂ʠʥʠ ʝʢʦʩʠʩʪʝʤʘ ʰʠʨʦʤ ʩʚʝʪʘ ʧʨʝʟʠʤˀʘʚʘ ʫ ʦʙʣʠʢʫ ʢʘʟʤʦʪʝʮʠʿʘ ʥʘ 

ʟʘʨʘʞʝʥʠʤ ʣʠʩʪʦʚʠʤʘ, ʯʦʢʦʪʠʤʘ ʠʣʠ ʟʝʤˀʠʰʪʫ, ʘ ʜʨʫʛʠ ʚʠʜ ʦʜʨʞʘʚʘˁʘ ʧʘʪʦʛʝʥʘ (ʫ 

ʫʩʣʦʚʠʤʘ ʪʦʧʣʠʿʝ ʢʣʠʤʝ) ʿʝ ʫ ʚʠʜʫ ʤʠʮʝʣʠʿʝ ʫ ʩʧʘʚʘʿʫ˂ʠʤ (ʤʠʨʫʿʫ˂ʠʤ) ʧʫʧʦˀʮʠʤʘ. ʋ 

ʢʘʟʤʦʪʝʮʠʿʘʤʘ ʩʝ ʦʙʨʘʟʫʿʫ ʘʩʢʫʩʠ ʩʘ ʘʩʢʦʩʧʦʨʘʤʘ ʢʦʿʝ ʚʨʰʝ ʧʨʠʤʘʨʥʝ ʠʥʬʝʢʮʠʿʝ, ʠ ʪʦ 

ʥʘʿʯʝʰ˂ʝ ʫ ʧʝʨʠʦʜʫ ʠʟʤʝʹʫ ʧʫʮʘˁʘ ʧʫʧʦˀʘʢʘ ʠ ʮʚʝʪʘˁʘ ʚʠʥʦʚʝ ʣʦʟʝ. ʇʨʠʤʘʨʥʝ ʠʥʬʝʢʮʠʿʝ 
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ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʢʠʜʘʯ ʟʘ ʰʠʨʝˁʝ ʙʦʣʝʩʪʠ, ʦʜʥʦʩʥʦ ʟʘ ʧʦʿʘʚʫ ʩʝʢʫʥʜʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ, ʢʦʿʝ ʩʝ 

ʢʘʩʥʠʿʝ ʦʜʚʠʿʘʿʫ ʧʦʤʦ˂ʫ ʢʦʥʠʜʠʿʘ. ʂʦʥʠʜʠʿʝ ʩʝ ʰʠʨʝ ʚʝʪʨʦʤ ʠ ʢʦʣʦʥʠʟʫʿʫ ʧʦʚʨʰʠʥʩʢʘ ʪʢʠʚʘ 

ʚʠʥʦʚʝ ʣʦʟʝ, ʘ ʥʘʿʚʝ˂ʝ ʰʪʝʪʝ ʥʘʩʪʘʿʫ ʠʥʬʝʢʮʠʿʦʤ ʙʦʙʠʮʘ, ʢʦʿʝ ʩʫ ʥʘʿʦʩʝʪˀʠʚʠʿʝ ʪʦʢʦʤ 

ʟʘʤʝʪʘˁʘ, ʪʿ. ʥʝʧʦʩʨʝʜʥʦ ʥʘʢʦʥ ʬʝʥʦʬʘʟʝ ʧʨʝʮʚʝʪʘʚʘˁʘ (Gadoury et al., 2012).  

ʉʘʚʨʝʤʝʥʘ ʟʘʰʪʠʪʘ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʪʝʤʝˀʠ ʩʝ ʥʘ 

ʧʨʠʥʮʠʧʠʤʘ ʠʥʪʝʛʨʘʣʥʝ ʟʘʰʪʠʪʝ ʙʠˀʘ, ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘ ʠʥʪʝʛʨʘʮʠʿʫ ʩʚʠʭ ʜʦʩʪʫʧʥʠʭ ʤʝʨʘ. 

ʄʝʹʫʪʠʤ, ʧʨʠʤʝʥʘ ʬʫʥʛʠʮʠʜʘ (ʩʠʩʪʝʤʠʯʥʠʭ ʠ ʧʨʦʪʝʢʪʠʚʥʠʭ) ʫ ʪʦʤ ʩʠʩʪʝʤʫ ʿʝ ʛʣʘʚʥʦ ʠ 

ʥʘʿʝʬʠʢʘʩʥʠʿʝ ʦʨʫʞʿʝ ʫ ʩʫʟʙʠʿʘˁʫ E. necator (Kunova et al., 2016; Warres, 2021). ʆʙʠʯʥʦ ʩʝ 

ʛʦʜʠʰˁʝ ʧʨʘʢʪʠʢʫʿʝ ʧʨʠʤʝʥʘ 6-9 ʪʨʝʪʠʨʘˁʘ, ʥʘʿʯʝʰ˂ʝ ʦʜ ʬʝʥʦʬʘʟʝ 4-5 ʨʘʟʚʠʿʝʥʠʭ ʣʠʩʪʦʚʘ, 

ʜʦ ʟʘʪʚʘʨʘˁʘ ʛʨʦʟʜʦʚʘ (BBCH 14-79) (Lorenz et al., 1995), ʘ ʨʝʜʫʢʦʚʘˁʝ ʧʨʠʤʘʨʥʦʛ 

ʠʥʦʢʫʣʫʤʘ ʠ ʩʧʨʝʯʘʚʘˁʝ ʧʨʠʤʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ ʩʫ ʢʨʫʮʠʿʘʣʘʥʠ ʩʝʛʤʝʥʪʠ ʫʩʧʝʰʥʝ ʟʘʰʪʠʪʝ 

ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʿʝʨ ʿʝ ʩʝʢʫʥʜʘʨʥʝ ʠʥʬʝʢʮʠʿʝ ʟʥʘʪʥʦ ʪʝʞʝ 

ʟʘʫʩʪʘʚʠʪʠ (Caffi et al., 2012). ʆʜ ʧʨʦʪʝʢʪʠʚʥʠʭ ʬʫʥʛʠʮʠʜʘ, ʥʝʠʟʦʩʪʘʚʘʥ ʜʝʦ ʛʦʪʦʚʦ ʩʚʠʭ 

ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʿʝ ʩʫʤʧʦʨ, ʘ ʦʩʠʤ ˁʝʛʘ ʢʦʥʪʘʢʪʥʠʤ ʩʚʦʿʩʪʚʠʤʘ ʩʝ ʦʜʣʠʢʫʿʝ ʠ ʤʝʧʪʠʣ-

ʜʠʥʦʢʘʧ. ʀʧʘʢ, ʧʨʠʤʝʥʘ ʩʠʩʪʝʤʠʯʥʠʭ ʬʫʥʛʠʮʠʜʘ ʯʠʥʠ ʦʩʥʦʚʫ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ. ʆʚʠ ʬʫʥʛʠʮʠʜʠ ʢʘʨʘʢʪʝʨʠʰʫ ʩʝ ʢʫʨʘʪʠʚʥʠʤ ʠ ʝʨʘʜʠʢʘʪʠʚʥʠʤ 

ʜʝʣʦʚʘˁʝʤ, ʘ ʠʩʧʦˀʘʚʘʿʫ ʚʠʩʦʢʫ ʙʠʦʣʦʰʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʤʘʣʠʤ ʢʦʣʠʯʠʥʘʤʘ ʧʨʠʤʝʥʝ. 

ʅʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʝ ʬʫʥʛʠʮʠʜʠ ʠʟ ʩʣʝʜʝ˂ʠʭ ʛʨʫʧʘ: DMI ʬʫʥʛʠʮʠʜʠ (ʤʠʢʣʦʙʫʪʘʥʠʣ, 

ʪʝʙʫʢʦʥʘʟʦʣ, ʜʠʬʝʥʦʢʦʥʘʟʦʣ, ʧʝʥʢʦʥʘʟʦʣ, ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣ), ʘʤʠʥʠ-ʤʦʨʬʦʣʠʥʠ 

(ʩʧʠʨʦʢʩʘʤʠʥ), QoI ʬʫʥʛʠʮʠʜʠ (ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ, ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ, ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ), 

SDHI ʬʫʥʛʠʮʠʜʠ (ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ, ʬʣʫʦʧʠʨʘʤ, ʙʦʩʢʘʣʠʜ), ʘʟʘʥʘʬʪʘʣʝʥʠ (ʢʚʠʢʦʩʠʬʝʥ ʠ 

ʧʨʦʢʚʠʥʘʟʠʜ) ʠ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʠ (ʤʝʪʨʘʬʝʥʦʥ, ʧʠʨʠʦʬʝʥʦʥ) (Colcol, 2008; Moyer, 2011; 

Gadoury et al., 2012; Graf, 2017; Warneke, 2018; Kunova et al., 2021; Warres, 2021; FRAC, 

2023).  

ʉʚʝ ʥʘʙʨʦʿʘʥʝ ʛʨʫʧʝ ʩʧʝʮʠʬʠʯʥʠʭ ʬʫʥʛʠʮʠʜʘ, ʧʨʝʤʘ FRAC-ʫ (2023), ʩʚʨʩʪʘʥʝ ʩʫ ʫ 

ʢʣʘʩʫ ʩʨʝʜˁʝ ʜʦ ʚʠʩʦʢʦ ʨʠʟʠʯʥʠʭ ʩʘ ʘʩʧʝʢʪʘ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʘ ʙʨʦʿʥʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʰʠʨʦʤ ʩʚʝʪʘ ʫʢʘʟʫʿʫ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʘ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʠ ʨʘʟʚʦʿʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʥʘʨʦʯʠʪʦ ʥʘ QoI, DMI, SDHI ʬʫʥʛʠʮʠʜʝ, ʘʟʘʥʘʬʪʘʣʝʥʝ ʠ ʬʫʥʛʠʮʠʜʝ ʢʦʿʝ 

ʧʨʠʧʘʜʘʿʫ ʛʨʫʧʠ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʘ (Dèlye et al., 1997; Baudoin et al., 2008; Colcol 2008; 

Rallos 2012; Frenkel et al., 2015; Kunova et al., 2016; Feng et al., 2018; Cherrad et al., 2018). 

ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʦʚʝ ʯʠˁʝʥʠʮʝ, ʧʦˀʦʧʨʠʚʨʝʜʥʠʤ ʧʨʦʠʟʚʦʹʘʯʠʤʘ ʠ ʩʪʨʫʯʥʠʤ ʣʠʮʠʤʘ ʿʝ 

ʘʿʢʦ ʪʝʰʢʦ ʜʘ ʦʜʘʙʝʨʫ ʘʜʝʢʚʘʪʥʝ ʬʫʥʛʠʮʠʜʝ ʠ ʜʘ ʠʭ ʧʦʟʠʮʠʦʥʠʨʘʿʫ ʫ ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ. 

ʉʪʦʛʘ ʿʝ ʚʨʣʦ ʚʘʞʥʦ ʚʦʜʠʪʠ ʦʧʩʝʞʘʥ ʤʦʥʠʪʦʨʠʥʛ, ʢʘʢʦ ʙʠ ʩʝ, ʩ ʿʝʜʥʝ ʩʪʨʘʥʝ, ʫ ʧʨʦʛʨʘʤʝ 

ʟʘʰʪʠʪʝ ʠʥʪʝʛʨʠʩʘʣʠ ʬʫʥʛʠʮʠʜʠ ʢʦʿʠ ʩʝ ʦʜʣʠʢʫʿʫ ʚʠʩʦʢʦʤ ʝʬʠʢʘʩʥʦʰ˂ʫ ʠ ʩ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʢʨʝʠʨʘʣʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʘʥʪʠʨʝʟʠʩʪʝʥʪʥʘ ʩʪʨʘʪʝʛʠʿʘ ʠ ʦʜʣʦʞʠʣʘ ʧʦʿʘʚʘ ʨʝʟʠʩʪʝʥʪʥʠʭ 

ʧʦʧʫʣʘʮʠʿʘ.  

ʋ ʉʨʙʠʿʠ, ʧʦʩʣʝʜˁʠʭ ʜʝʩʝʪʘʢ ʛʦʜʠʥʘ ʝʚʠʜʝʥʪʘʥ ʿʝ ʧʦʨʘʩʪ ʧʦʚʨʰʠʥʘ ʧʦʜ ʚʠʥʦʚʦʤ 

ʣʦʟʦʤ, ʩʘ ʩʦʨʪʠʤʝʥʪʦʤ ʢʦʿʠ ʿʝ ʫʛʣʘʚʥʦʤ ʦʩʝʪˀʠʚ ʧʨʝʤʘ ɽ. necator. ʈʝʟʫʣʪʘʪʘ ʠ ʧʦʜʘʪʘʢʘ ʦ 

ʝʬʠʢʘʩʥʦʩʪʠ ʬʫʥʛʠʮʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʧʨʝʪʭʦʜʥʠʭ 

10 ʛʦʜʠʥʘ ʫ ʥʘʰʦʿ ʟʝʤˀʠ ʠ ʩʫʩʝʜʥʠʤ ʟʝʤˀʘʤʘ ʛʦʪʦʚʦ ʜʘ ʥʝʤʘ, ʘ ʧʦʩʣʝʜˁʠ ʨʝʟʫʣʪʘʪʠ 

ʜʘʪʠʨʘʿʫ ʿʦʰ ʩ ʧʦʯʝʪʢʘ 21. ʚʝʢʘ (ʄʠʣʘʜʠʥʦʚʠ˂ ʠ ʩʘʨ., 2007ʘ; 2008). ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ 

ʩʝ  ʧʦʿʝʜʠʥʝ ʢʨʠʪʠʯʥʝ ʛʨʫʧʝ ʬʫʥʛʠʮʠʜʘ ʝʢʩʧʣʦʘʪʠʰʫ ʜʫʞʠ ʥʠʟ ʛʦʜʠʥʘ ʫ ʥʘʰʦʿ ʟʝʤˀʠ, ʘ ʜʘ 

ʥʝʜʦʩʪʘʿʫ ʧʦʜʘʮʠ ʦ ˁʠʭʦʚʦʿ ʝʬʠʢʘʩʥʦʩʪʠ, ʘʣʠ ʠ ʦ ʩʪʘʪʫʩʫ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. 

necator ʥʘ ˁʠʭ, ʦʩʥʦʚʥʠ ʮʠˀʝʚʠ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʩʫ ʫʪʚʨʹʠʚʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ 

ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʨʘʟʣʠʯʠʪʝ ʬʫʥʛʠʮʠʜʝ, ʠʜʝʥʪʠʬʠʢʘʮʠʿa ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ 
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2. ʇʈɽɻʃɽɼ ʃʀʊɽʈɸʊʋʈɽ 

2.1. Erysiphe necator ï ʪʘʢʩʦʥʦʤʩʢʘ ʧʨʠʧʘʜʥʦʩʪ ʠ ʧʦʨʝʢʣʦ 

Erysiphe necator Schw. (ʩʠʥ.. Uncinula necator (Schw.) Burr.), ʘʥʘʤʦʨʬ Oidium tuckeri 

Berk. ʿʝ ʦʙʣʠʛʘʪʥʠ, ʙʠʦʪʨʦʬʥʠ ʧʘʨʘʟʠʪ ʢʦʿʠ ʧʨʠʧʘʜʘ ʨʘʟʜʝʣʫ Ascomycota, ʢʣʘʩʠ 

Leotiomycetes, ʨʝʜʫ Erysiphales ʠ ʬʘʤʠʣʠʿʠ Erysiphaceae. ɻˀʠʚʘ ʿʝ ʦʪʢʨʠʚʝʥʘ ʫ ɸʤʝʨʠʮʠ 

1834. ʛʦʜʠʥʝ (Schweinitz). ʋ ɽʚʨʦʧʫ ʿʝ ʧʨʝʥʝʪʘ 1845. ʛʦʜʠʥʝ. ɸʥʘʤʦʨʬʥʠ ʩʪʘʜʠʿʫʤ ʦʧʠʩʘo 

ʿʝ 1847. ʛʦʜʠʥʝ ɺʠʣʠʿʘʤ ʊʘʢʝʨ (William Tucker), ʘ ʧʨʠʩʫʩʪʚʦ ʢʣʝʠʩʪʦʪʝʮʠʿʘ (ʢʘʟʤʦʪʝʮʠʿʘ) 

ʦʧʠʩʘʦ ʿʝ 1892. ʛʦʜʠʥʝ G. Couderc. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʨʦʜʘ ʧʨʝ 1980. ʛʦʜʠʥʝ ʙʘʟʠʨʘʥʘ ʿʝ ʥʘ 

ʦʜʣʠʢʘʤʘ ʟʨʝʣʦʛ ʘʩʢʦʢʘʨʧʘ: ʘ) ʙʨʦʿ aʩʢʫʩʘ; ʙ) ʤʦʨʬʦʣʦʛʠʿʘ (ʪʠʧ) ʘʧʝʥʜʠʮʝʩʘ  (Gadoury and 

Pearson, 1991; Gadoury et al., 2012). ʆʚʘʢʘʚ ʥʘʯʠʥ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʢʘʩʥʠʿʝ ʿʝ ʧʨʝʚʘʟʠʹʝʥ, ʧʘ 

ʿʝ ʥʦʚʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʠʟʚʨʰʝʥʘ ʥʘ ʦʩʥʦʚʫ ʬʠʣʦʛʝʥʝʪʩʢʝ ʘʥʘʣʠʟʝ ʩʝʢʚʝʥʮʝ ITS ʨʝʛʠʦʥʘ 

ʨʠʙʦʟʦʤʘʣʥʝ DNK ʢʦʿʘ ʿʝ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʦʥʪʦʛʝʥʝʟʦʤ ʠ ʤʦʨʬʦʣʦʛʠʿʦʤ ʢʦʥʠʜʠʿʘ (Braun, 

2011).  

 

2.2. ɼʦʤʘ˂ʠʥʠ, ʨʘʩʧʨʦʩʪʨʘˁʝʥʦʩʪ ʠ ʝʢʦʥʦʤʩʢʠ ʟʥʘʯʘʿ  

ʇʘʪʦʛʝʥ E. necator ʥʘʧʘʜʘ ʙʠˀʢʝ ʠʟ ʬʘʤʠʣʠʿʝ Vitaceae, ʫʢˀʫʯʫʿʫ˂ʠ ʨʦʜʦʚʝ Vitis, 

Cissus, Partenocissus i Ampelopsis. ɽʢʦʥʦʤʩʢʠ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʜʦʤʘ˂ʠʥʠ ʩʫ ʩʚʘʢʘʢʦ ʠʟ ʨʦʜʘ 

Vitis, ʩʘ ʪʠʧʠʯʥʠʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ, ʝʚʨʦʧʩʢʦʤ ʚʠʥʦʚʦʤ ʣʦʟʦʤ (Vitis vinifera) ʢʦʿʘ ʿʝ ʿʘʢʦ 

ʦʩʝʪˀʠʚʘ ʧʨʝʤʘ E. necator. ʐʪʘʚʠʰʝ, ʚʝ˂ʠʥʘ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʩʦʨʘʪʘ (Chardonnay, Riesling, 

Frankovka, Malvasia ʠ ʜʨʫʛʝ) ʢʦʿʝ ʩʝ ʛʘʿʝ ʰʠʨʦʤ ʩʚʝʪʘ ʠʩʧʦˀʘʚʘʿʫ ʠʟʨʘʞʝʥʫ ʦʩʝʪˀʠʚʦʩʪ 

ʧʨʝʤʘ ʦʚʦʤ ʧʘʪʦʛʝʥʫ (Pearson and Gadoury, 1992; Miazzi et al., 2010). 

ʇʘʨʘʟʠʪ ʿ ʝ ʨʘʩʧʨʦʩʪʨʘˁʝʥ ʛʦʪʦʚʦ ʫ ʩʚʠʤ ʨʝʿʦʥʠʤʘ ʛʘʿʝˁʘ ʚʠʥʦʚʝ ʣʦʟʝ. ʆʩʠʤ ʰʪʦ ʤʦʞʝ 

ʜʦ˂ʠ ʜʦ ʚʝʣʠʢʠʭ ʛʫʙʠʪʘʢʘ ʫ ʧʨʠʥʦʩʫ (ʥʘʿʯʝʰ˂ʝ ʩʫ ʛʫʙʠʮʠ 50-80%), ʟʥʘʪʥʦ ʿʝ ʫʤʘˁʝʥ ʠ 

ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʚʠʥʘ. ʋ ʉʨʙʠʿʠ (ʫ ʚʨʰʘʯʢʦʤ, ʬʨʫʰʢʦʛʦʨʩʢʦʤ ʠ ʢʦʩʦʚʩʢʦ-

ʤʝʪʦʭʠʿʩʢʦʤ ʚʠʥʦʛʦʨʠʿʫ) ʠ ʎʨʥʦʿ ɻʦʨʠ (ʦʢʦʣʠʥʘ ʇʦʜʛʦʨʠʮʝ) ʟʘʙʝʣʝʞʝʥʝ ʩʫ ʚʝʣʠʢʝ ʰʪʝʪʝ 

50-ʠʭ ʠ 60-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ, ʘ ʛʫʙʠʮʠ ʫ ʧʨʠʥʦʩʫ ʩʫ ʩʝ ʢʨʝʪʘʣʠ ʦʜ 50 ʜʦ 100% 

(ʄʠʣʘʜʠʥʦʚʠ˂ ʠ ʩʘʨ., 2007a). ɺʝʣʠʢʝ ʰʪʝʪʝ ʟʘʙʝʣʝʞʝʥʝ ʩʫ ʠ ʰʠʨʦʤ ɽʚʨʦʧʝ, ʥʘʨʦʯʠʪʦ ʫ 

ʉʝʚʝʨʥʦʿ ʀʪʘʣʠʿʠ ʠ ʦʢʦʣʠʥʠ ɹʦʨʜʦʘ, ʛʜʝ E. necator ʯʝʩʪʦ ʧʨʘʚʠ ʚʝ˂ʝ ʰʪʝʪʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ 

ʧʣʘʤʝˁʘʯʝ (P. viticola) ʠ ʦʟʥʘʯʝʥ ʿʝ ʢʘʦ ʝʢʦʥʦʤʩʢʠ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʧʘʪʦʛʝʥ ʚʠʥʦʚʝ ʣʦʟʝ 

(Bruneli et al., 1998; Jailloux, 1999). ʆ ʟʥʘʯʘʿʫ ʧʘʪʦʛʝʥʘ ʩʚʝʜʦʯʠ ʠ ʯʠˁʝʥʠʮʘ ʜʘ ʩʝ ʟʘ 

ʢʫʧʦʚʠʥʫ ʬʫʥʛʠʮʠʜʘ ʟʘ ˁʝʛʦʚʦ ʩʫʟʙʠʿʘˁʝ, ʫʪʨʦʰʝ ʩʪʦʪʠʥʝ ʤʠʣʠʦʥʘ ʜʦʣʘʨʘ ʛʦʜʠʰˁʝ 

(Miazzi et al., 2003).  

ɻʨʦʟʜʦʚʠ ʩʘ ʩʠʤʧʪʦʤʠʤʘ ʧʝʧʝʣʥʠʮʝ ʩʫ ʿʘʢʦ ʣʦʰʝʛ ʢʚʘʣʠʪʝʪʘ, ʿʝʨ ʧʘʪʦʛʝʥ ʫ ʚʝʣʠʢʦʿ 

ʤʝʨʠ ʫʪʠʯʝ ʥʘ ʩʤʘˁʝˁʝ ʩʘʜʨʞʘʿʘ ʰʝ˂ʝʨʘ, ʬʝʥʦʣʘ ʠ ʘʥʪʦʮʠʿʘʥʘ, ʢʘʦ ʠ ʧʦʚʝ˂ʘˁʝ ʩʘʜʨʞʘʿʘ 

ʢʠʩʝʣʠʥʘ ʠ ʭʠʜʨʦʩʫʣʬʠʜʘ ʫ ʙʦʙʠʮʘʤʘ, ʪʝ ʜʦʣʘʟʠ ʜʦ ʜʠʩʢʦʣʦʨʘʮʠʿʝ ʠ ʧʦʛʦʨʰʘˁʘ 

ʦʨʛʘʥʦʣʝʧʪʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ, ʥʘʨʦʯʠʪʦ ʘʨʦʤʝ (ʨʝʜʫʢʮʠʿʘ 3-ʤʝʨʢʘʧʪʦʭʝʢʩʘʥʦʣʘ) ʠ ʢʚʘʣʠʪʝʪʘ 

ʚʠʥʘ (Calonnec et al., 2004). ɺʠʥʦ ʦʜ ʟʘʨʘʞʝʥʠʭ ʙʦʙʠʮʘ ʯʝʩʪʦ ʧʦʧʨʠʤʘ ʥʝʧʨʠʿʘʪʘʥ ʤʠʨʠʩ 

ʢʦʿʠ ʧʦʜʩʝ˂ʘ ʥʘ ʤʠʨʠʩ ʧʝʯʫʨʘʢʘ, ʢʦʿʠ ʩʝ ʘʿʚˀʘ ʥʘʿʯʝʰ˂ʝ ʥʘʢʦʥ ʘʣʢʦʭʦʣʥʝ ʬʝʨʤʝʥʪʘʮʠʿʝ 

(Darriet et al., 2002; Deliere et al, 2010). ʇʦʿʝʜʠʥʠ ʘʫʪʦʨʠ ʥʘʚʦʜʝ ʜʘ ʧʦʿʘʚʘ ʩʠʤʧʪʦʤʘ 

ʧʝʧʝʣʥʠʮʝ ʥʘ ʚʠʰʝ ʦʜ 3% ʛʨʦʟʜʦʚʘ ʫ ʚʠʥʦʛʨʘʜʫ ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʠ ʫʢʫʩ ʚʠʥʘ, ʧʘ 

ʧʦʿʝʜʠʥʝ ʚʠʥʘʨʠʿʝ ʫ ʉʿʝʜʠˁʝʥʠʤ ɸʤʝʨʠʯʠʤ ɼʨʞʘʚʘʤʘ (ʉɸɼ) ʧʨʠʣʠʢʦʤ ʦʪʢʫʧʘ ʛʨʦʞʹʘ 

ʪʦʣʝʨʠʰʫ ʤʘʢʩʠʤʘʣʥʦ ʜʦ 3% ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ, ʜʦʢ ʿʝ ʫ ɱʫʞʥʦʿ ɸʬʨʠʮʠ ʛʨʘʥʠʮʘ 

ʧʦʩʪʘʚˀʝʥʘ ʥʘ 5% ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ (Halleen and Holz, 2001; Calonnec et al., 2004). ʋ 

ʧʨʦʠʟʚʦʜˁʠ ʩʪʦʥʦʛ ʛʨʦʞʹʘ, ʫʢʦʣʠʢʦ ʜʦʹʝ ʜʦ ʨʘʥʠʭ ʠʥʬʝʢʮʠʿʘ, ʪʢʠʚʦ ʙʦʙʠʮʘ ʿʝ ʧʦʜʣʦʞʥʠʿʝ 
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ʧʫʮʘˁʫ, ʥʘʨʦʯʠʪʦ ʢʘʢʦ ʩʝ ʙʣʠʞʠ ʧʝʨʠʦʜ ʩʘʟʨʝʚʘˁʘ, ʰʪʦ ʜʨʘʩʪʠʯʥʦ ʩʤʘˁʫʿʝ ʜʫʞʠʥʫ 

ʩʢʣʘʜʠʰʪʝˁʘ ʩʪʦʥʦʛ ʛʨʦʞʹʘ. ʐʪʘʚʠʰʝ, ʫ ɱʫʞʥʦʿ ɸʬʨʠʮʠ, ʧʨʦʠʟʚʦʹʘʯʠ ʩʪʦʥʦʛ ʛʨʦʞʹʘ 

ʧʣʘ˂ʘʿʫ ʥʦʚʯʘʥʝ ʧʝʥʘʣʝ ʫʢʦʣʠʢʦ ʩʝ ʪʦʢʦʤ ʠʟʚʦʟʘ ʫʩʪʘʥʦʚʠ ʧʨʠʩʫʩʪʚʦ ʛʨʦʟʜʦʚʘ ʩʘ 

ʩʠʤʧʪʦʤʠʤʘ ʧʝʧʝʣʥʠʮʝ (Halleen and Holz, 2001).  

ʋʩʣʝʜ ʠʥʬʝʢʮʠʿʝ, ʟʘʙʝʣʝʞʝʥ ʿʝ ʠ ʩʣʘʙʠʿʠ ʧʦʨʘʩʪ ʣʘʩʪʘʨʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʥʘ ʟʘʨʘʞʝʥʦʤ 

ʣʠʰ˂ʫ ʩʤʘˁʝʥ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʬʦʪʦʩʠʥʪʝʟʝ, ʘ ʩʤʘˁʝʥʝ ʩʫ ʠ ʨʝʟʝʨʚʝ ʙʠˀʥʠʭ ʭʨʘʥʠʚʘ ʟʘ ʠʜʫ˂ʫ 

ʩʝʟʦʥʫ ʠ ʫʦʯʝʥʦ ʿʝ ʩʣʘʙʠʿʝ ʩʘʟʨʝʚʘˁʝ ʣʘʩʪʘʨʘ. ʂʘʦ ʧʦʩʣʝʜʠʮʘ, ʪʦʢʦʤ ʟʠʤʩʢʠʭ ʤʝʩʝʮʠ 

ʧʦʚʝ˂ʘʚʘ ʩʝ ʦʩʝʪˀʠʚʦʩʪ ʣʘʩʪʘʨʘ ʧʨʝʤʘ ʥʠʩʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʧʘ ʩʫ ʠ ʧʫʧʦˀʮʠ ʧʦʜʣʦʞʥʠʿʠ 

ʠʟʤʨʟʘʚʘˁʫ (Halleen and Holz, 2001). ʋ ʫʩʣʦʚʠʤʘ ʿʘʯʝʛ ʥʘʧʘʜʘ, ʟʘʨʘʞʝʥʝ ʙʦʙʠʮʝ ʧʫʮʘʿʫ ʠ 

ʥʘ ʪʘʿ ʥʘʯʠʥ ʤʦʛʫ ʧʨʝʜʩʪʘʚˀʘʪʠ ʫʣʘʟʥʘ ʤʝʩʪʘ ʟʘ ʧʘʪʦʛʝʥʝ ʧʦʧʫʪ B. cinerea ʠ ʜʨʫʛʝ, ʢʦʿʠ 

ʜʦʚʦʜʝ ʜʦ ʪʟʚ. Ăʢʠʩʝʣʝ ʪʨʫʣʝʞʠñ (Gadoury and Pearson, 1991). ʊʘʢʦʹʝ, ʧʦʚʝ˂ʘʥ ʿʝ ʩʘʜʨʞʘʿ 

ʠʩʧʘʨˀʠʚʠʭ ʿʝʜʠˁʝˁʘ ʧʦʧʫʪ ʝʪʠʣ-ʘʮʝʪʘʪʘ ʠ ʩʠʨ˂ʝʪʥʠʭ ʢʠʩʝʣʠʥʘ, ʢʦʿʠ ʧʨʠʚʣʘʯʝ ʠʥʩʝʢʪʝ 

ʢʦʿʠ ʩʝ ʢʘʩʥʠʿʝ ʭʨʘʥʝ ʥʘ ʙʦʙʠʮʘʤʘ (Gadoury et al., 2007).  

 

2.3 ʉʠʤʧʪʦʤʠ ʦʙʦˀʝˁʘ  

ʆʙʦˀʝˁʝ ʩʝ ʤʦʞʝ ʤʘʥʠʬʝʩʪʦʚʘʪʠ ʥʘ ʩʚʠʤ ʟʝʣʝʥʠʤ ʙʠˀʥʠʤ ʜʝʣʦʚʠʤʘ ʚʠʥʦʚʝ ʣʦʟʝ: 

ʣʠʩʪʦʚʠʤʘ, ʛʨʦʟʜʦʚʠʤʘ, ʮʚʝʪʦʚʠʤʘ, ʨʘʰˀʠʢʘʤʘ ʠ ʙʦʙʠʮʘʤʘ. ʋ ʫʞʝʤ ʩʤʠʩʣʫ, ʧʨʠʩʫʩʪʚʦ 

ʚʠʜˀʠʚʝ ʧʝʧʝˀʘʩʪʝ ʢʦʣʦʥʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʢ ʧʨʠʩʫʩʪʚʘ ʧʘʪʦʛʝʥʘ, ʘ ʥʝ ʩʠʤʧʪʦʤ ʠʥʬʝʢʮʠʿʝ, 

ʘʣʠ ʩʝ ʟʥʘʢʦʚʠ ʠ ʩʠʤʧʪʦʤʠ ʫ ʩʣʫʯʘʿʫ ʦʚʦʛ ʧʘʨʘʟʠʪʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʘʿʝʜʥʠʯʢʠ. ʂʦʣʦʥʠʿʝ 

ʧʦʨʝʢʣʦʤ ʦʜ ʘʩʢʦʩʧʦʨʘ ʥʘʿʯʝʰ˂ʝ ʩʝ ʩʨʝ˂ʫ ʥʘ ʜʦˁʠʤ, ʧʨʚʠʤ ʣʠʩʪʦʚʠʤʘ, ʙʣʠʞʝ ʯʦʢʦʪʫ, ʘ 

ʩʠʤʧʪʦʤʠ ʩʝ ʤʦʛʫ ʤʘʥʠʬʝʩʪʦʚʘʪʠ ʠ ʫ ʚʠʜʫ ʩʣʘʙʦ ʧʨʠʤʝʪʥʠʭ, ʭʣʦʨʦʪʠʯʥʠʭ ʧʝʛʘ ʥʘ ʛʦʨˁʦʿ 

ʧʦʚʨʰʠʥʠ ʣʠʩʪʦʚʘ. ʋ ʧʦʯʝʪʢʫ, ʤʣʘʜʝ ʢʦʣʦʥʠʿʝ (ʢʦʿʝ ʥʠʩʫ ʩʧʦʨʫʣʠʩʘʣʝ) ʩʫ ʙʝʣʠʯʘʩʪʝ ʙʦʿʝ ʩʘ 

ʤʝʪʘʣʠʟʠʨʘʥʠʤ ʩʿʘʿʝʤ, ʦʢʨʫʛʣʝ, ʚʝʣʠʯʠʥʝ ʥʝʢʦʣʠʢʦ ʤʠʣʠʤʝʪʘʨʘ ʜʦ ʥʝʢʦʣʠʢʦ ʮʝʥʪʠʤʝʪʘʨʘ. 

ʄʦʛʫ ʩʝ ʿʘʚʠʪʠ ʫ ʛʨʫʧʘʤʘ ʠʣʠ ʙʠʪʠ ʧʦʿʝʜʠʥʘʯʥʦ ʨʘʩʧʦʨʝʹʝʥʝ ʠ ʟʘʭʚʘʪʠʪʠ ʤʘˁʠ ʠʣʠ ʚʝ˂ʠ ʜʝʦ 

ʣʠʩʪʘ. ʂʘʩʥʠʿʝ, ʢʦʣʦʥʠʿʝ ʧʦʩʪʘʿʫ ʩʠʚʢʘʩʪʝ ʠ ʫ ʦʢʚʠʨʫ ˁʠʭ ʩʝ ʩʪʚʘʨʘʿʫ ʢʘʟʤʦʪʝʮʠʿʝ. ʅʘ 

ʥʘʧʘʜʥʫʪʠʤ ʣʠʩʪʦʚʠʤʘ ʫʦʯʘʚʘʿʫ ʩʝ ʥʝʢʨʦʪʠʯʥʝ ʟʦʥʝ ʟʘʨʘʞʝʥʠʭ ʝʧʠʜʝʨʤʘʣʥʠʭ ˂ʝʣʠʿʘ ʠ 

ʫʩʣʝʜ ʿʘʯʝ ʠʥʬʝʢʮʠʿʝ ʣʠʩʪʦʚʠ ʩʝ ʩʫʰʝ ʠ ʧʨʝʚʨʝʤʝʥʦ ʦʧʘʜʘʿʫ. ʃʠʩʪʦʚʠ ʩʫ ʥʘʿʦʩʝʪˀʠʚʠʿʠ 

ʧʨʝʤʘ ʠʥʬʝʢʮʠʿʠ ʢʘʜʘ ʩʫ ʨʘʟʚʠʿʝʥʠ ʜʦ ʧʦʣʦʚʠʥʝ ʦʜ ʫʢʫʧʥʝ ʚʝʣʠʯʠʥʝ ʠ ʦʩʝʪˀʠʚʦʩʪ ʫʛʣʘʚʥʦʤ 

ʦʧʘʜʘ ʩʘ ʩʪʘʨʝˁʝʤ ʣʠʩʪʘ. ʄʝʹʫʪʠʤ, ʣʠʩʪʦʚʠ ʥʝ ʤʦʛʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʙʠʪʠ ʠʤʫʥʠ ʧʨʝʤʘ 

ʠʥʬʝʢʮʠʿʠ, ʪʘʢʦ ʜʘ ʩʝ ʠ ʥʘ ʩʪʘʨʠʿʠʤ ʣʠʩʪʦʚʠʤʘ ʤʦʛʫ ʫʦʯʠʪʠ ʩʠʤʧʪʦʤʠ ʧʘʪʦʛʝʥʘ ʫ ʚʠʜʫ 

ʧʝʧʝˀʘʩʪʝ ʧʨʝʚʣʘʢʝ (Haalen and Holz, 2001; Gadoury et al., 2012). 

ʋʢʦʣʠʢʦ ʩʝ ʦʩʪʚʘʨʠ ʟʘʨʘʟʘ ʤʣʘʜʘʨʘ, ʩʠʤʧʪʦʤʠ ʩʝ, ʫ ʧʦʯʝʪʢʫ, ʫʦʯʘʚʘʿʫ ʫ ʦʙʣʠʢʫ ʪʘʤʥʦ 

ʟʝʣʝʥʢʘʩʪʠʭ ʜʠʬʫʟʥʠʭ ʟʦʥʘ ʥʘ ʤʣʘʜʘʨʠʤʘ, ʢʦʿʠ ʢʘʩʥʠʿʝ ʧʦʧʨʠʤʘʿʫ ʙʨʘʦʥʢʘʩʪʦ-ʮʨʚʝʥʢʘʩʪʫ 

ʙʦʿʫ, ʘ ʫ ʢʘʩʥʠʿʠʤ ʩʪʘʜʠʿʫʤʠʤʘ ʩʠʤʧʪʦʤʠ ʩʝ ʤʘʥʠʬʝʩʪʫʿʫ ʫ ʚʠʜʫ ʤʨʝʞʘʩʪʠʭ ʦʞʠˀʘʢʘ ʥʘ 

ʧʦʚʨʰʠʥʠ ʣʘʩʪʘʨʘ (ʥʘʢʦʥ ʧʨʦʮʝʩʘ ʣʠʛʥʠʬʠʢʘʮʠʿʝ). ʀʟʫʟʝʪʥʦ ʿʘʢʝ ʠʥʬʝʢʮʠʿʝ ʤʦʛʫ ʜʦʚʝʩʪʠ 

ʜʦ ʧʦʪʧʫʥʦʛ ʛʫʙˀʝˁʘ ʚʠʪʘʣʥʦʩʪʠ ʣʘʩʪʘʨʘ, ʥʝʨʘʚʥʦʤʝʨʥʦʛ ʩʘʟʨʝʚʘˁʘ ʠ, ʫ ʥʘʿʛʦʨʝʤ ʩʣʫʯʘʿʫ, 

ˁʠʭʦʚʦʛ ʦʜʫʤʠʨʘˁʘ (Halleen and Holz, 2001; Gadoury et al., 2012; Fernandez-Gonzales et 

al, 2013). ɿʘʨʘʟʘ ʩʝ ʤʦʞʝ ʦʩʪʚʘʨʠʪʠ ʥʘ ʮʚʘʩʪʠʤʘ ʠ ʙʦʙʠʮʘʤʘ, ʘ ʙʦʙʠʮʝ ʩʫ ʥʘʨʦʯʠʪʦ ʦʩʝʪˀʠʚʝ 

ʪʦʢʦʤ ʨʘʥʠʿʠʭ ʬʘʟʘ ʨʘʟʚʠ˂ʘ ʠ ʪʦ ʫ ʧʝʨʠʦʜʫ ʟʘʤʝʪʘˁʘ ʠ ʬʦʨʤʠʨʘˁʘ ʙʦʙʠʮʘ (2 mm ʫ 

ʧʨʝʯʥʠʢʫ), ʠ ʥʘ ˁʠʤʘ ʩʝ ʫʦʯʘʚʘ ʧʝʧʝˀʘʩʪʘ ʧʨʝʚʣʘʢʘ (Stark-Urnau and Kast, 1999; Gadoury 

at al, 2003). ʋʢʦʣʠʢʦ ʩʝ ʦʩʪʚʘʨʠ ʿʘʢʘ ʟʘʨʘʟʘ ʙʦʙʠʮʘ ʠ ʨʘʥʦ ʿʘʚʝ ʩʠʤʧʪʦʤʠ ʧʝʧʝʣʥʠʮʝ, 

ʝʧʠʜʝʨʤʘʣʥʦ ʪʢʠʚʦ ʟʘʦʩʪʘʿʝ ʫ ʧʦʨʘʩʪʫ, ʰʪʦ ʢʘʩʥʠʿʝ ʫʟʨʦʢʫʿʝ ʧʫʮʘˁʝ ʙʦʙʠʮʘ. ʅʘ ʙʦʙʠʮʘʤʘ 

ʩʝ ʿʘʚˀʘ ʜʠʬʫʟʥʘ ʢʦʣʦʥʠʿʘ, ʢʦʿʘ ˁʠʭʦʚʠʤ ʩʪʘʨʝˁʝʤ ʠ ʩʘʟʨʝʚʘˁʝʤ ʦʜʫʤʠʨʝ, ʘ ʥʘʨʦʯʠʪʦ 

ʥʘʢʦʥ ʩʧʠʨʘˁʘ ʢʠʰʦʤ, ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʤʨʝʞʘʩʪʘ ʥʝʢʨʦʟʘ ʝʧʠʜʝʨʤʘʣʥʠʭ ˂ʝʣʠʿʘ ʠ ʪʘʢʚʝ 

ʙʦʙʠʮʝ ʩʫ ʩʢʣʦʥʠʿʝ ʧʫʮʘˁʫ (Gadoury et al., 2007). ʆʥʪʦʛʝʥʝʪʩʢʘ ʦʪʧʦʨʥʦʩʪ ʠʩʧʦˀʘʚʘ ʩʝ 

ʦʪʧʨʠʣʠʢʝ 3-4 ʥʝʜʝˀʝ ʥʘʢʦʥ ʟʘʚʨʰʝʪʢʘ ʮʚʝʪʘˁʘ ʚʝ˂ʠʥʝ ʩʦʨʘʪʘ ʚʠʥʦʚʝ ʣʦʟʝ (Ficke et al., 
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2003; 2004; Frenkel et al., 2010). ʋʢʦʣʠʢʦ ʧʘʨʘʟʠʪ ʧʨʝʟʠʤʠ ʤʠʮʝʣʠʿʦʤ ʫ ʧʫʧʦˀʮʠʤʘ, 

ʠʟʜʘʥʮʠ ʢʦʿʠ ʩʝ ʨʘʟʚʠʿʘʿʫ ʠʟ ʪʘʢʚʠʭ ʧʫʧʦˀʘʢʘ ʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʧʨʝʢʨʠʚʝʥʠ ʙʝʣʦʤ ʧʨʝʚʣʘʢʦʤ 

(ʩʠʤʧʪʦʤ ʧʦʟʥʘʪ ʢʘʦ ʪʟʚ. Ăʙʝʣʠ ʤʣʘʜʘʨʠñ), ʤʘʜʘ ʩʝ ʦʥʠ ʿʘʢʦ ʨʝʪʢʦ ʩʨʝ˂ʫ (Gadoury et al., 

2012), ʥʘʨʦʯʠʪʦ ʫ ʥʘʰʠʤ ʘʛʨʦʝʢʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ.  
 ʉʩʩ                                                                                                                                             

ʉʣʠʢʘ 1. ʉʠʤʧʪʦʤʠ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ: ʘ) ʛʨʦʟʜʫ; b) ʣʠʩʪʫ; c) ʤʣʘʜʘʨʠʤʘ (ʦʨʠʛ.) 

2.4. ɽʧʠʜʝʤʠʦʣʦʛʠʿʘ  

ɻˀʠʚʘ ʤʦʞʝ ʧʨʝʟʠʤʝʪʠ ʥʘ ʜʚʘ ʥʘʯʠʥʘ: ʫ ʚʠʜʫ ʤʠʮʝʣʠʿʝ (ʠʣʠ ʢʦʥʠʜʠʿʘ) ʫ ʜʦʨʤʘʥʪʥʠʤ 

(ʩʧʘʚʘʿʫ˂ʠʤ) ʧʫʧʦˀʮʠʤʘ  ʠ/ʠʣʠ ʫ ʚʠʜʫ ʢʘʟʤʦʪʝʮʠʿʘ ʥʘ ʟʘʨʘʞʝʥʠʤ ʣʠʩʪʦʚʠʤʘ, ʟʝʤˀʠʰʪʫ ʠ 

ʯʦʢʦʪʠʤʘ, ʘ ʦʜ ʪʠʧʘ ʧʨʠʤʘʨʥʦʛ ʠʥʦʢʫʣʫʤʘ ʟʘʚʠʩʠ ʠ ʧʦʯʝʪʘʢ ʝʧʠʜʝʤʠʿʘ ʫ ʚʠʥʦʛʨʘʜʫ. 

ʀʥʬʝʢʮʠʿʘ ʘʩʢʦʩʧʦʨʘʤʘ ʫ ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ ʢʣʠʤʘʪʩʢʠʭ ʬʘʢʪʦʨʘ, ʧʦʧʫʪ ʢʠʰʥʠʭ 

ʧʘʜʘʚʠʥʘ ʢʦʿʝ ʩʫ ʥʝʦʧʭʦʜʥʝ ʟʘ ʨʘʟʥʦʰʝˁʝ ʠʥʦʢʫʣʫʤʘ, ʜʦʢ ʧʨʝʟʠʤˀʫʿʫ˂ʘ ʤʠʮʝʣʠʿʘ ʫ 

ʤʠʨʫʿʫ˂ʠʤ ʧʫʧʦˀʮʠʤʘ ʤʦʞʝ ʢʦʣʦʥʠʟʦʚʘʪʠ ʠʟʜʘʥʢʝ ʠ ʫ ʤʘˁʝ ʨʝʩʪʨʠʢʪʠʚʥʠʤ ʫʩʣʦʚʠʤʘ 

ʩʧʦˀʘʰˁʝ ʩʨʝʜʠʥʝ (Pearson and Gadoury, 1987; Gadoury and Pearson, 1991; Cortesi et al., 

1997).  

 

2.4.1. ʂʘʟʤʦʪʝʮʠʿʝ ʢʘʦ ʠʟʚʦʨ ʧʨʠʤʘʨʥʦʛ ʠʥʦʢʫʣʫʤʘ  

ʂʘʟʤʦʪʝʮʠʿʝ ʩʫ ʟʘʪʚʦʨʝʥʝ, ʣʦʧʪʘʩʪʝ ʧʣʦʜʦʥʦʩʥʝ ʪʚʦʨʝʚʠʥʝ ʪʠʧʠʯʥʝ ʟʘ ʛˀʠʚʝ - 

ʧʨʦʫʟʨʦʢʦʚʘʯʝ ʧʝʧʝʣʥʠʮʝ. ʆʥʝ ʥʘʿʯʝʰ˂ʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʠʤʘʨʥʠ ʠʟʚʦʨ ʠʥʦʢʫʣʫʤʘ, ʘ ʥʝʛʜʝ 

ʠ ʿʝʜʠʥʠ, ʧʦʛʦʪʦʚʦ ʫ ʧʦʜʨʫʯʿʠʤʘ ʛʜʝ ʧʘʪʦʛʝʥ ʥʝ ʤʦʞʝ ʧʨʝʟʠʤʝʪʠ ʤʠʮʝʣʠʿʦʤ, ʪʿ. ʫ ʦʙʣʘʩʪʠʤʘ 

ʩʘ ʥʝʰʪʦ ʭʣʘʜʥʠʿʠʤ ʟʠʤʘʤʘ (Sall, 1980; Gadoury and Pearson 1988; Cortesi et al., 1997, 

2008; Gee et al., 2000; Grove, 2004). ʇʘʨʘʟʠʪ ʩʪʚʘʨʘ ʩʠʪʥʝ, ʩʬʝʨʠʯʥʝ ʢʘʟʤʦʪʝʮʠʿʝ, 

ʧʨʝʚʘʩʭʦʜʥʦ ʥʘ ʧʦʚʨʰʠʥʠ ʟʘʨʘʞʝʥʠʭ ʣʠʩʪʦʚʘ, ʘʣʠ ʠ ʥʘ ʙʦʙʠʮʘʤʘ, ʨʘʰˀʠʢʘʤʘ ʠ ʣʘʩʪʘʨʠʤʘ. 

ʋ ʤʦʤʝʥʪʫ ʧʫʥʝ ʟʨʝʣʦʩʪʠ, ʢʘʟʤʦʪʝʮʠʿʝ ʩʝ ʨʘʟʥʦʩʝ ʢʠʰʥʠʤ ʢʘʧʠʤʘ ʥʘ ʯʦʢʦʪʝ ʚʠʥʦʚʝ ʣʦʟʝ, 

ʟʝʤˀʠʰʪʝ ʠʣʠ ʜʦʩʧʝʚʘʿʫ ʥʘ ʧʦʚʨʰʠʥʫ ʟʝʤˀʠʰʪʘ ʫ ʦʩʪʘʮʠʤʘ ʟʘʨʘʞʝʥʦʛ ʣʠʰ˂ʘ (Gadoury 

and Pearson, 1991; Cortesi et al., 1995; Rossi et al., 2010). ʅʘʿʚʝ˂ʠ ʙʨʦʿ ʢʘʟʤʦʪʝʮʠʿʘ ʧʨʝʟʠʤʠ 

ʫ ʧʫʢʦʪʠʥʘʤʘ ʢʦʨʝ ʯʦʢʦʪʘ ʠ ʪʘʢʚʝ ʢʘʟʤʦʪʝʮʠʿʝ ʩʫ ʥʘʿʚʠʪʘʣʥʠʿʝ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʦʥʠʭ ʢʦʿʝ ʩʝ 

ʦʜʨʞʘʚʘʿʫ ʫ ʦʩʪʘʮʠʤʘ ʟʘʨʘʞʝʥʦʛ ʣʠʰ˂ʘ ʠ ʥʘ ʣʘʩʪʘʨʠʤʘ (Grove, 2004). ʌʦʨʤʠʨʘˁʝ ʠ 

ʨʘʟʥʦʰʝˁʝ ʢʘʟʤʦʪʝʮʠʿʘ ʜʝʰʘʚʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʥʘʢʦʥ ʙʝʨʙʝ ʠ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʦʧʘʜʘˁʘ ʣʠʰ˂ʘ 

(Cortesi et al., 1995), ʘʣʠ ʿʝ ʫʦʯʝʥʦ, ʫ ʀʪʘʣʠʿʠ, ʜʘ ʩʝ ʤʦʛʫ ʨʘʟʥʦʩʠʪʠ ʚʝ˂ ʦʜ ʧʦʣʦʚʠʥʝ ʘʚʛʫʩʪʘ 

ʘ) b) ʩ) 
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ʧʘ ʩʚʝ ʜʦ ʧʦʪʧʫʥʦʛ ʦʧʘʜʘˁʘ ʣʠʰ˂ʘ, ʛʦʪʦʚʦ ʜʦ ʩʨʝʜʠʥʝ ʥʦʚʝʤʙʨʘ (Rossi et al., 2010). ʇʘʪʦʛʝʥ 

ʤʦʞʝ ʧʨʦʜʫʢʦʚʘʪʠ ʦʛʨʦʤʘʥ ʙʨʦʿ ʢʘʟʤʦʪʝʮʠʿʘ, ʢʘʦ ʰʪʦ ʿʝ ʩʣʫʯʘʿ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʩʧʨʦʚʝʜʝʥʦʤ 

ʫ ʩʝʚʝʨʥʦʤ ʜʝʣʫ ʀʪʘʣʠʿʝ, ʛʜʝ ʩʝ ʙʨʦʿ ʥʦʚʦʥʘʩʪʘʣʠʭ ʢʘʟʤʦʪʝʮʠʿʘ, ʧʨʝʤʘ ʧʨʦʮʝʥʘʤʘ ʘʫʪʦʨʘ, 

ʢʨʝʪʘʦ ʫ ʨʘʩʧʦʥʫ 18-40 ʤʠʣʠʦʥʘ ʧʦ ʭʝʢʪʘʨʫ (Legler et al., 2012).  

ʋ ʢʘʟʤʦʪʝʮʠʿʘʤʘ ʩʝ ʦʙʨʘʟʫʿʝ 4-6 ʘʩʢʫʩʘ ʩʘ 4-8 ʘʩʢʦʩʧʦʨʘ ʫ ʘʩʢʫʩʫ (Gadoury and 

Pearson, 1990), ʢʦʿʝ ʩʝ ʦʩʣʦʙʘʹʘʿʫ ʥʘʿʯʝʰ˂ʝ ʫ ʧʝʨʠʦʜʫ ʠʟʤʝʹʫ ʧʫʮʘˁʘ ʧʫʧʦˀʘʢʘ ʠ ʮʚʝʪʘˁʘ 

ʚʠʥʦʚʝ ʣʦʟʝ, ʘʣʠ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʫ ʚʠʥʦʛʨʘʜʫ ʯʘʢ ʠ ʪʦʢʦʤ ʿʝʩʝʥʠ, ʘ ˁʠʭʦʚʘ ʦʩʥʦʚʥʘ ʫʣʦʛʘ ʫ 

ʮʠʢʣʫʩʫ ʨʘʟʚʦʿʘ ʿʝ ʠʟʘʟʠʚʘˁʝ ʧʨʠʤʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ ʣʠʩʪʦʚʘ. ʆʙʠʯʥʦ ʩʝ ʧʝʨʠʦʜ ʠʟʙʘʮʠʚʘˁʘ 

ʘʩʢʦʩʧʦʨʘ ʦʜʚʠʿʘ ʜʦ ʧʦʯʝʪʢʘ ʮʚʝʪʘˁʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʘʣʠ ʪʘʿ ʧʝʨʠʦʜ ʤʦʞʝ ʙʠʪʠ ʧʨʦʜʫʞʝʥ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʫʩʣʦʚʘ ʢʦʿʠ ʜʠʢʪʠʨʘʿʫ ʨʘʟʚʦʿ ʧʘʨʘʟʠʪʘ ʫ ʧʦʯʝʪʥʦʤ ʜʝʣʫ 

ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ. ʇʨʠʤʘʨʥʝ ʠʥʬʝʢʮʠʿʝ ʧʨʦʫʟʨʦʢʦʚʘʥʝ ʧʦʣʥʠʤ ʩʧʦʨʘʤʘ - ʘʩʢʦʩʧʦʨʘʤʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʢʠʜʘʯ ʟʘ ʰʠʨʝˁʝ ʝʧʠʜʝʤʠʿʘ ʙʦʣʝʩʪʠ, ʢʦʿʝ ʩʫ ʢʘʩʥʠʿʝ ʚʦʹʝʥʝ ʘʩʝʢʩʫʘʣʥʠʤ 

(ʙʝʩʧʦʣʥʠʤ) ʩʧʦʨʘʤʘ, ʪʿ. ʢʦʥʠʜʠʿʘʤʘ (Caffi et al, 2012; Rossi et al., 2010; Legler et al., 2014). 

ʋ ʠʩʪʨʘʞʠʚʘˁʫ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ Rossi et al. (2010), ʦʙʨʘʟʦʚʘˁʝ ʢʘʟʤʦʪʝʮʠʿʘ ʟʘʧʦʯʠˁʝ 

ʢʨʘʿʝʤ ʘʚʛʫʩʪʘ ʠ ʟʘʚʨʰʘʚʘ ʩʝ ʩʨʝʜʠʥʦʤ ʥʦʚʝʤʙʨʘ, ʠ ʫ ʪʦʤ ʧʝʨʠʦʜʫ 34% ʢʘʟʤʦʪʝʮʠʿʘ ʩʘʜʨʞʠ 

ʟʨʝʣʝ ʘʩʢʦʩʧʦʨʝ, ʜʦʢ 48% ʠʤʘ ʥʝʟʨʝʣʝ. ʅʘʿʚʝ˂ʠ ʙʨʦʿ ʟʨʝʣʠʭ ʘʩʢʦʩʧʦʨʘ ʫʦʯʝʥ ʿʝ ʫ ʧʝʨʠʦʜʫ 

ʠʟʤʝʹʫ ʧʫʮʘˁʘ ʧʫʧʦˀʘʢʘ ʠ ʮʚʝʪʘˁʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʜʦʢ ʿʝ ʟʥʘʪʥʦ ʤʘˁʠ ʙʨʦʿ (<10%) ʧʨʠʤʝ˂ʝʥ 

ʥʘʢʦʥ ʮʚʝʪʘˁʘ. ʇʦʯʝʪʥʝ ʠʥʬʝʢʮʠʿʝ ʜʝʰʘʚʘʿʫ ʩʝ ʫ ʧʝʨʠʦʜʫ ʦʙʨʘʟʦʚʘˁʘ ʙʘʟʘʣʥʦʛ ʣʠʰ˂ʘ ʢʦʿʝ 

ʙʠʚʘ ʟʘʨʘʞʝʥʦ ʘʩʢʦʩʧʦʨʘʤʘ, ʘ ʟʘʪʠʤ ʩʝ ʟʘʨʘʟʘ ʰʠʨʠ ʥʘ ʜʨʫʛʝ ʟʝʣʝʥʝ ʙʠˀʥʝ ʜʝʣʦʚʝ. ʇʨʝʤʘ 
ʨʝʟʫʣʪʘʪʠʤʘ ʠʩʪʨʘʞʠʚʘˁʘ Moyer et al. (2014), 50% ʫʢʫʧʥʠʭ ʘʩʢʦʩʧʦʨʘ ʫ ʚʠʥʦʛʨʘʜʠʤʘ 

ʦʩʣʦʙʦʜʠ ʩʝ ʧʨʝ ʥʝʛʦ ʰʪʦ ʟʘʧʦʯʥʝ ʬʝʥʦʬʘʟʘ ʧʫʮʘˁʘ ʧʫʧʦˀʘʢʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʘ ʜʨʫʛʠ ʜʝʦ ʩʝ 

ʦʩʣʦʙʦʜʠ ʠʟʤʝʹʫ ʬʝʥʦʬʘʟʝ ʧʫʮʘˁʘ ʧʫʧʦˀʘʢʘ ʠ ʮʚʝʪʘˁʘ. ʂʘʜʘ ʩʝ ʘʩʢʦʩʧʦʨʝ ʦʩʣʦʙʦʜʝ, ʦʥʝ 

ʢʣʠʿʘʿʫ ʠ ʬʦʨʤʠʨʘʿʫ ʢʦʣʦʥʠʿʝ, ʥʘ ʢʦʿʠʤʘ ʩʝ ʢʘʩʥʠʿʝ ʩʪʚʘʨʘʿʫ ʢʦʥʠʜʠʦʬʦʨʝ ʩʘ ʢʦʥʠʜʠʿʘʤʘ 

ʢʦʿʝ ʚʨʰʝ ʩʝʢʫʥʜʘʨʥʝ ʠʥʬʝʢʮʠʿʝ (Gadoury and Pearson, 1990).  

ʌʠʟʠʦʣʦʰʢʠ ʟʨʝʣʘ ʢʘʟʤʦʪʝʮʠʿʘ ʧʫʮʘ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʩʣʦʙʦʜʥʦʤ ʚʦʜʦʤ, ʧʘ ʩʝ ʥʘ ʪʘʿ 

ʥʘʯʠʥ ʦʩʣʦʙʘʹʘʿʫ ʘʢʩʫʩʠ ʩʘ ʘʩʢʦʩʧʦʨʘʤʘ, ʢʦʿʝ ʠʟʣʝ˂ʫ ʧʦʜ ʧʨʠʪʠʩʢʦʤ ʢʨʦʟ ʦʪʚʦʨ ʥʘ ʚʨʭʫ 

ʘʩʢʫʩʘ (Gadoury and Pearson, 1990). ʆʧʪʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʧʨʦʜʫʢʮʠʿʫ ʢʘʟʤʦʪʝʮʠʿʘ 

ʠʟʥʦʩʠ 20 Áʉ, ʜʦʢ ʩʝ ʥʝʰʪʦ ʤʘˁʠ ʙʨʦʿ ʬʦʨʤʠʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʤʘ 15 ʠ 25 Áʉ, ʘ ʚʨʣʦ ʤʘʣʠ 

ʙʨʦʿ ʢʘʟʤʦʪʝʮʠʿʘ ʿʝ ʧʨʠʤʝ˂ʝʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʤʘ 10 ʠ 30 Áʉ (Legler et al., 2012). ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠʟʤʝʹʫ 20 ʠ 25 Áʉ, ʧʦʪʨʝʙʥʦ ʿʝ 25 ʜʘʥʘ ʜʘ ʙʠ 50% ʢʘʟʤʦʪʝʮʠʿʘ ʥʝʢʝ 

ʧʦʧʫʣʘʮʠʿʝ ʧʦʩʪʘʣʦ ʬʠʟʠʦʣʦʰʢʠ ʟʨʝʣʦ, ʜʦʢ ʩʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 16 Áʉ, ʪʘʿ ʧʝʨʠʦʜ 

ʧʨʦʜʫʞʘʚʘ ʥʘ 33 ʜʘʥʘ (Gadoury and Pearson, 1991). ʂʘʢʦ ʙʠ ʩʝ ʘʩʢʦʩʧʦʨʝ ʦʩʣʦʙʦʜʠʣʝ 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʧʘʜʥʝ ʥʘʿʤʘˁʝ 2,5 mm ʢʠʰʝ ʠ ʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʙʫʜʝ ʠʟʥʘʜ 10 Áʉ (ʫ 

ʧʨʦʩʝʢʫ 11Áʉ ʠ ʚʠʰʝ) ʩʘ ʧʝʨʠʦʜʦʤ ʚʣʘʞʝˁʘ ʜʫʞʠʤ ʦʜ 2,5 ʯʘʩʦʚʘ, ʢʘʜʘ ʜʦʣʘʟʠ ʜʦ ˁʠʭʦʚʝ 

ʫʙʨʟʘʥʝ ʜʠʩʧʝʨʟʠʿʝ (Gadoury and Pearson, 1991; Jailloux et al., 1999). Rossi et al. (2010) ʧʘʢ 

ʫʢʘʟʫʿʫ ʜʘ ʩʝ ʤʘʣʠ ʧʨʦʮʝʥʘʪ ʘʢʩʦʩʧʦʨʘ ʤʦʞʝ ʦʩʣʦʙʦʜʠʪʠ ʯʘʢ ʠ ʢʘʜʘ ʩʫ ʧʘʜʘʚʠʥʝ ʤʘˁʝ ʦʜ 2 

mm, ʘ ʢʘʜʘ ʿʝ ʧʝʨʠʦʜ ʚʣʘʞʝˁʘ, ʢʦʿʠ ʥʠʿʝ ʠʥʠʮʘʨʘʥ ʢʠʰʦʤ, ʜʫʞʠ ʦʜ 3,5 ʯʘʩʦʚʘ. ʇʨʝʤʘ 

ʨʝʟʫʣʪʘʪʠʤʘ ˁʠʭʦʚʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʧʨʝʢʦ 90% ʘʩʢʦʩʧʦʨʘ ʧʦʩʪʘʥʫ ʟʨʝʣʝ ʢʘʜʘ ʜʦʹʝ ʜʦ 

ʘʢʫʤʫʣʘʮʠʿʝ, ʠ ʪʦ ʧʨʦʩʝʯʥʦ 153 ʩʪʝʧʝʥ ʜʘʥʘ ʥʘʢʦʥ ʙʫʙʨʝˁʘ ʧʫʧʦˀʘʢʘ (100-210 ʩʪʝʧʝʥ ʜʘʥʘ), 

ʜʦʢ Jailloux et al. (1999) ʥʘʚʦʜʝ ʜʘ ʿʝ ʦʜ ʥʦʚʝʤʙʨʘ ʜʦ ʧʨʚʦʛ ʠʟʙʘʮʠʚʘˁʘ ʘʩʢʦʩʧʦʨʘ (ʥʘ 

ʧʨʦʣʝ˂ʝ) ʥʝʦʧʭʦʜʥʦ ʜʘ ʜʦʹʝ ʜʦ ʘʢʫʤʫʣʘʮʠʿʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʧʨʦʩʝʢʫ ʦʜ 1100 Áʉ. ʆʧʪʠʤʘʣʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʦʩʪʚʘʨʠʚʘˁʝ ʠʥʬʝʢʮʠʿʝ ʘʩʢʦʩʧʦʨʘʤʘ ʢʨʝ˂ʝ ʩʝ ʫ ʨʘʩʧʦʥʫ ʦʜ 20 ʜʦ 25 Áʉ ʠ 

ʨʝʣʘʪʠʚʥʦʿ ʚʣʘʞʥʦʩʪʠ ʚʘʟʜʫʭʘ ʦʜ 100%, ʜʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠʩʧʦʜ 5 Áʉ ʠ ʠʟʥʘʜ 31 Áʉ ʥʝ 

ʜʦʣʘʟʠ ʜʦ ʠʥʬʝʢʮʠʿʝ ʠ ʬʦʨʤʠʨʘˁʘ ʘʧʨʝʩʦʨʠʿʘ ʢʦʜ ʘʩʢʦʩʧʦʨʘ (Gadoury and Pearson, 1991). 

ʅʠʩʢʝ ʧʨʦʩʝʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ (<12 °ʉ) ʠ ʚʝ˂ʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ (> 90 mm) ʦʜ ʙʫʙʨʝˁʘ 

ʧʫʧʦˀʘʢʘ ʜʦ ʮʚʝʪʘˁʘ ʥʝ ʧʦʛʦʜʫʿʫ ʨʘʟʚʦʿʫ ʧʨʠʤʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ, ʜʦʢ ʫ ʛʦʜʠʥʘʤʘ ʩʘ 
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ʫʤʝʨʝʥʦʤ ʢʦʣʠʯʠʥʦʤ ʧʘʜʘʚʠʥʘ (15-65 mm) ʠ ʚʠʰʦʤ ʧʨʦʩʝʯʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ (> 12Áʉ) 

ʧʦʿʘʚʘ ʙʦʣʝʩʪʠ ʿʝ ʟʥʘʯʘʿʥʦ ʚʝ˂ʘ (Jailloux et al., 1999). ʌʘʢʪʦʨʠ ʢʘʦ ʰʪʦ ʩʫ ʤʘʛʣʘ ʠ ʧʨʦʜʫʞʝʥʘ 

ʨʦʩʘ ʪʘʢʦʹʝ ʩʫ ʜʦʚʝʜʝʥʠ ʫ ʚʝʟʫ ʩʘ ʜʠʥʘʤʠʢʦʤ ʦʩʣʦʙʘʹʘˁʘ ʘʩʢʦʩʧʦʨʘ (Halleen and Holz, 

2001).  

 

2.4.2 ʂʦʥʠʜʠʿʝ ʢʘʦ ʠʟʚʦʨ ʧʨʠʤʘʨʥʦʛ ʠ ʩʝʢʫʥʜʘʨʥʦʛ ʠʥʦʢʫʣʫʤʘ 

ʋ ʧʦʜʨʫʯʿʠʤʘ ʩʘ ʨʝʣʘʪʠʚʥʦ ʙʣʘʛʦʤ ʟʠʤʦʤ, ʧʘʪʦʛʝʥ ʧʨʝʟʠʤˀʘʚʘ ʫ ʚʠʜʫ ʤʠʮʝʣʠʿʝ (ʠʣʠ 

ʢʦʥʠʜʠʿʘ) ʫ ʤʠʨʫʿʫ˂ʠʤ ʣʘʪʝʨʘʣʥʠʤ ʧʫʧʦˀʮʠʤʘ. ʋ ʧʨʦʣʝ˂ʝ, ʠʟ ʟʘʭʚʘ˂ʝʥʠʭ ʧʫʧʦˀʘʢʘ, 

ʨʘʟʚʠʿʘʿʫ ʩʝ ʣʘʩʪʘʨʠ ʢʦʿʠ ʙʠʚʘʿʫ ʩʠʩʪʝʤʘʪʩʢʠ ʟʘʭʚʘ˂ʝʥʠ ʤʠʮʝʣʠʿʦʤ ʛˀʠʚʝ, ʘ ʢʦʿʠ ʩʫ ʫ 

ʣʠʪʝʨʘʪʫʨʠ ʦʧʠʩʘʥʠ ʢʘʦ ʙʝʣʠ ʣʘʩʪʘʨʠ. ɻˀʠʚʘ E. necator ʢʦʣʦʥʠʟʫʿʝ ʩʧʦˀʥʫ ʧʦʚʨʰʠʥʫ 

ʤʣʘʜʠʭ ʧʫʧʦˀʘʢʘ, ʢʘʦ ʠ ʦʢʦʣʥʘ ʪʢʠʚʘ ʩʪʚʘʨʘʿʫ˂ʠ ʥʘ ʪʠʤ ʜʝʣʦʚʠʤʘ ʤʠʮʝʣʠʿʫ. ʇʫʧʦˀʮʠ ʩʫ 

ʥʘʿʦʩʝʪˀʠʚʠʿʠ ʧʨʝʤʘ ʠʥʬʝʢʮʠʿʠ ʫ ʬʝʥʦʬʘʟʠ 3-6 ʨʘʟʚʠʿʝʥʠʭ ʣʠʩʪʦʚʘ (BBCH 13-16), ʢʘʜʘ 

ʜʦʣʘʟʠ ʜʦ ʠʥʪʝʥʟʠʚʥʝ ʢʦʣʦʥʠʟʘʮʠʿʝ ʫʥʫʪʨʘʰˁʦʩʪʠ ʧʫʧʦˀʘʢʘ ʧʨʝʢʦ ʟʘʨʘʞʝʥʝ ʧʦʚʨʰʠʥʝ 

(Rugner et al., 2002; Rumbolz and Gubler, 2005). ʋʙʨʟʦ ʥʘʢʦʥ ʦʪʚʘʨʘˁʘ ʧʫʧʦˀʘʢʘ, ʤʣʘʜʘʨʠ 

ʙʠʚʘʿʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʧʨʝʢʨʠʚʝʥʠ ʙʝʣʦʤ ʤʠʮʝʣʠʿʦʤ, ʘ ʥʘ ˁʠʤʘ ʩʝ ʦʙʨʘʟʫʿʫ ʢʦʥʠʜʠʿʝ ʢʦʿʝ 

ʠʟʘʟʠʚʘʿʫ ʩʝʢʫʥʜʘʨʥʝ ʠʥʬʝʢʮʠʿʝ ʩʫʩʝʜʥʦʛ ʣʠʰ˂ʘ ʠ ʛʨʦʟʜʦʚʘ (Cortesi et al, 1995). ɹʝʣʠ 

ʣʘʩʪʘʨʠ ʥʘʿʯʝʰ˂ʝ ʩʝ ʫʦʯʘʚʘʿʫ 3-8 ʥʝʜʝˀʘ ʥʘʢʦʥ ʧʫʮʘˁʘ ʧʫʧʦˀʘʢʘ. ʀʩʪʨʘʞʠʚʘˁʝ ʢʦʿʝ ʩʫ 

ʩʧʨʦʚʝʣʠ Hajjeh et al. (2008) ʫ ʿʫʞʥʦʿ ʀʪʘʣʠʿʠ ʫʢʘʟʫʿʝ ʜʘ ʦʩʠʤ ʢʘʟʤʦʪʝʮʠʿʘ, ʫ ʚʠʰʝ ʦʜ 50% 

ʚʠʥʦʛʨʘʜʘ ʧʘʪʦʛʝʥ ʧʨʝʟʠʤˀʘʚʘ ʧʦʤʦ˂ʫ ʤʠʮʝʣʠʿʝ. ʉʣʠʯʥʝ ʨʝʟʫʣʪʘʪʝ ʫ ʩʚʦʿʠʤ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʧʫʙʣʠʢʦʚʘʣʠ ʩʫ Rugner et al. (2002), ʢʦʿʠ ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʿʝ 

ʧʨʝʟʠʤˀʘʚʘˁʝ ʫ ʤʠʨʫʿʫ˂ʠʤ ʧʫʧʦˀʮʠʤʘ ʜʦʤʠʥʘʥʪʘʥ ʥʘʯʠʥ ʦʜʨʞʘʚʘˁʘ ʧʘʪʦʛʝʥʘ ʫ 

ʚʠʥʦʛʦʨʿʠʤʘ ʫ ʿʫʞʥʠʤ ʦʙʣʘʩʪʠʤʘ ʅʝʤʘʯʢʝ. ʅʘʢʦʥ ʧʨʠʤʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ, ʢʦʥʠʜʠʿʝ ʧʘʨʘʟʠʪʘ 

ʰʠʨʝ ʩʝ ʩʘ ʧʦʚʨʰʠʥʝ ʪʢʠʚʘ ʚʠʥʦʚʝ ʣʦʟʝ. ɻˀʠʚʘ ʘʧʩʦʨʙʫʿʝ ʥʫʪʨʠʝʿʥʪʝ ʠ ʧʦʣʘʢʦ ʫʙʠʿʘ 

ʝʧʠʜʝʨʤʘʣʥʝ ˂ʝʣʠʿʝ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʩʣʝ 5-32 ʜʘʥʘ, ʛˀʠʚʘ ʩʧʦʨʫʣʠʰʝ ʠ 

ʥʦʚʦʥʘʩʪʘʣʝ ʙʝʩʧʦʣʥʝ ʩʧʦʨʝ - ʢʦʥʠʜʠʿʝ ʰʠʨʝ ʩʝ ʚʝʪʨʦʤ ʠ ʠʟʘʟʠʚʘʿʫ ʩʝʢʫʥʜʘʨʥʝ ʠʥʬʝʢʮʠʿʝ 

(Halleen and Holz, 2001). ʂʦʥʠʜʠʿʝ ʩʘ ʣʠʩʪʘ ʩʣʫʞʝ ʢʘʦ ʠʥʦʢʫʣʫʤ ʟʘ ʠʥʬʝʢʮʠʿʫ ʮʚʝʪʦʚʘ ʠ 

ʙʦʙʠʮʘ (Savary et al., 2009). ʆʩʠʤ ʰʪʦ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʠʤʘʨʥʠ ʠʟʚʦʨ ʠʥʦʢʫʣʫʤʘ, ʢʦʥʠʜʠʿʝ, 

ʫ ʚʝ˂ʠʥʠ ʘʛʨʦʝʢʦʣʦʰʢʠʭ ʩʠʩʪʝʤʘ ʛʜʝ ʩʝ ʧʨʠʤʘʨʥʝ ʠʥʬʝʢʮʠʿʝ ʜʦʤʠʥʘʥʪʥʦ ʦʩʪʚʘʨʫʿʫ 

ʘʩʢʦʩʧʦʨʘʤʘ, ʠʤʘʿʫ ʤʥʦʛʦ ʟʥʘʯʘʿʥʠʿʫ ʫʣʦʛʫ ʫ ʩʝʢʫʥʜʘʨʥʠʤ ʠʥʬʝʢʮʠʿʘʤʘ (Moyer et al., 2014, 

2016).  

ʊʝʤʧʝʨʘʪʫʨʝ ʢʦʿʝ ʬʘʚʦʨʠʟʫʿʫ ʢʣʠʿʘˁʝ ʢʦʥʠʜʠʿʘ ʢʨʝ˂ʫ ʩʝ ʠʟʤʝʹʫ 20 ʠ 27 Áʉ, ʩʘ 

ʦʧʪʠʤʘʣʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ ʦʜ 25 Áʉ (Halleen and Holz, 2001; Bendek et al., 2007). ʂʣʠʿʘˁʝ 

ʩʝ ʧʨʝʢʠʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʦʜ 5  ʠ 35 Áʉ, ʘ ʩʧʦʨʝ ʠʟʫʤʠʨʫ ʥʘʢʦʥ 4 ʯʘʩʘ ʠʟʣʘʛʘˁʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 40 Áʉ (Gadoury et al., 2012), ʜʦʢ Peduto et ʘl. (2013) ʥʘʚʦʜʝ ʜʘ ʿʝ 

ʢʨʘʪʢʦʪʨʘʿʥʦ ʠʟʣʘʛʘˁʝ ʢʦʥʠʜʠʿʘ ʧʘʪʦʛʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠʟʤʝʹʫ 36 ʠ 38 ÁC ʣʝʪʘʣʥʦ. 

ʀʥʬʝʢʮʠʿʘ ʢʦʥʠʜʠʿʘʤʘ ʤʦʞʝ ʩʝ ʦʜʚʠʿʘʪʠ ʫ ʦʧʩʝʛʫ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ 6 ʜʦ 32 ÁC, ʘ  ʠʟʥʘʜ 32 ÁC 

ʢʦʥʠʜʠʿʘ ʥʝ ʤʦʞʝ ʦʩʪʚʘʨʠʪʠ ʠʥʬʝʢʮʠʿʫ (Gadoury et al., 2012). ʇʝʨʠʦʜ ʠʥʢʫʙʘʮʠʿʝ ʚʘʨʠʨʘ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʘ ʦʧʪʠʤʫʤʦʤ ʦʜ 13 ʜʦ 14 ʜʘʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠʟʤʝʹʫ 20 ʠ 

23 °C (Bendek et al., 2007). ɻˀʠʚʘ E. necator ʧʦʩʝʜʫʿʝ ʦʛʨʦʤʘʥ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʙʨʟʫ 

ʨʝʧʨʦʜʫʢʮʠʿʫ, ʩʪʚʘʨʘʿʫ˂ʠ ʠʟʤʝʹʫ 1300 ʠ 2270 ʢʦʥʠʜʠʿʘ ʧʦ ʣʠʩʪʫ ʧʦ ʛʝʥʝʨʘʮʠʿʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠʟʤʝʹʫ 22 ʠ 26 ÁC. ʊʦʢʦʤ ʚʝ˂ʝʛ ʜʝʣʘ ʚʝʛʝʪʘʮʠʿʝ, ʧʘʪʦʛʝʥ ʩʝ ʰʠʨʠ ʢʦʥʠʜʠʿʘʤʘ, 

ʧʨʦʩʝʯʥʦʤ ʙʨʟʠʥʦʤ ʚʝʪʨʘ ʦʜ 2,3 m/s, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʰʠʨʝˁʝ ʢʦʥʠʜʠʿʘ ʩʘ ʣʠʰ˂ʘ, ʥʘʨʦʯʠʪʦ 

ʤʣʘʜʠʭ ʢʦʥʠʜʠʿʘ (12-24 ʜʘʥʘ ʩʪʘʨʦʩʪʠ), ʜʦʢ ʩʝ ʩʪʘʨʠʿʝ ʩʧʦʨʝ ʪʝʞʝ ʨʘʟʥʦʩʝ (Halleen and Holz, 

2001). ʉʝʤ ʚʝʪʨʘ, ʠ ʜʨʫʛʝ ʘʛʨʦʪʝʭʥʠʯʢʝ ʠ ʧʦʤʦʪʝʭʥʠʯʢʝ ʤʝʨʝ ʢʦʿʝ ʩʝ ʩʧʨʦʚʦʜʝ ʫ ʚʠʥʦʛʨʘʜʫ 

ʤʦʛʫ ʫʪʠʮʘʪʠ ʧʦʟʠʪʠʚʥʦ ʥʘ ʰʠʨʝˁʝ ʩʧʦʨʘ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ Willocquet and Clerjeau (1998), 
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ʪʨʝʪʠʨʘˁʝ ʚʠʥʦʛʨʘʜʘ ʦʨʦʰʠʚʘʯʠʤʘ (ʘʪʦʤʠʟʝʨʠʤʘ) ʢʦʿʠ ʬʫʥʢʮʠʦʥʠʰʫ ʧʦ ʧʨʠʥʮʠʧʫ ʚʠʩʦʢʦʛ 

ʨʘʜʥʦʛ ʧʨʠʪʠʩʢʘ, ʜʦʚʦʜʠ ʜʦ ʩʪʚʘʨʘˁʘ ʿʘʢʦʛ ʚʝʪʨʘ ʠ ʠʥʪʝʥʟʠʚʥʦʛ ʩʪʨʫʿʘˁʘ ʚʘʟʜʫʭʘ ʢʦʿʠ 

ʫʟʨʦʢʫʿʝ ʧʦʿʘʯʘʥʫ ʜʠʩʧʝʨʟʠʿʫ ʩʧʦʨʘ.  

ʂʣʠʿʘˁʝ ʢʦʥʠʜʠʿʘ ʦʩʪʚʘʨʫʿʝ ʩʝ ʫ ʰʠʨʝʤ ʦʧʩʝʛʫ ʚʨʝʜʥʦʩʪʠ ʨʝʣʘʪʠʚʥʝ ʚʣʘʞʥʦʩʪʠ 

ʚʘʟʜʫʭʘ. ʇʨʠ ʨʝʣʘʪʠʚʥʦʿ ʚʣʘʞʥʦʩʪʠ ʠʟʤʝʹʫ 47 ʠ 90%, ʢʣʠʿʘˁʝ ʢʦʥʠʜʠʿʘ ʩʝ ʧʦʚʝ˂ʘʚʘ, ʜʦʢ ʩʝ 

ʠʟʥʘʜ 90% ʩʤʘˁʫʿʝ. ʇʨʝʤʘ Carrol and Wilcox (2003), ʦʧʪʠʤʘʣʥʘ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ ʟʘ ʨʘʟʚʦʿ 

ʩʝʢʫʥʜʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ ʿ ʝ 85%  ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 20 Áʉ, ʢʦʥʠʜʠʿʘ ʤʦʞʝ ʢʣʠʿʘʪʠ ʯʘʢ ʠ ʧʨʠ 

ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʦʿ ʚʣʘʞʥʦʩʪʠ ʚʘʟʜʫʭʘ (33-35%) (Bendek et al., 2007). Gadoury and Pearson 

(1990) ʥʘʚʦʜʝ ʜʘ ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ ʠʤʘ ʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ ʩʧʦʨʫʣʘʮʠʿʫ ʥʝʛʦ ʥʘ ʢʣʠʿʘˁʝ 

ʢʦʥʠʜʠʿʘ. ʂʦʥʜʠʿʩʢʠ ʩʪʘʜʠʿʫʤ E. necator ʫʢʘʟʫʿʝ ʥʘ ˁʝʛʦʚ ʢʩʝʨʦʬʠʪʥʠ ʢʘʨʘʢʪʝʨ. ɼʘʢʣʝ, 

ʢʦʥʜʠʿʘ ʿʝ ʘʜʘʧʪʠʨʘʥʘ ʜʘ ʢʣʠʿʘ ʫ ʨʝʣʘʪʠʚʥʦ ʩʫʰʥʠʤ ʫʩʣʦʚʠʤʘ ʟʘʭʚʘˀʫʿʫ˂ʠ ʭʠʛʨʦʩʢʦʧʥʦʩʪʠ 

ʩʘʤʝ ʢʦʥʜʠʿʝ, ʢʦʿʘ ʩʘʜʨʞʠ ʚʝʣʠʢʫ ʢʦʣʠʯʠʥʠ ʨʘʩʪʚʦʨˀʠʚʠʭ ʩʫʧʩʪʘʥʮʠ ʫ ʚʘʢʫʦʣʘʤʘ, ʟʘ 

ʨʘʟʣʠʢʫ ʦʜ ʘʩʢʦʩʧʦʨʘ ʯʠʿʘ ʿʝ ʮʠʪʦʧʣʘʟʤʘ ʛʨʘʥʫʣʠʨʘʥʘ ʠ ʦʢʨʫʞʝʥʘ ʚʝʣʠʢʠʤ ʢʘʧˀʠʮʘʤʘ 

ʤʘʩʪʠ, ʧʘ ʠʤ ʿʝ ʩʧʦˀʘʰˁʘ ʚʦʜʘ ʥʝʦʧʭʦʜʥʘ ʟʘ ʢʣʠʿʘˁʝ (Gadoury and Pearson, 1990). 

ʉʣʦʙʦʜʥʘ ʚʦʜʘ ʙʠʣʦ ʧʦʨʝʢʣʦʤ ʦʜ ʢʠʰʝ, ʤʘʛʣʝ ʠʣʠ ʥʘʚʦʜˁʘʚʘˁʘ (ʦʨʦʰʘʚʘˁʘ), ʤʦʞʝ 

ʠʟʘʟʚʘʪʠ ʥʝʥʦʨʤʘʣʥʦ ʢʣʠʿʘˁʝ ʢʦʥʠʜʠʿʘ ʠ ˁʠʭʦʚʦ ʧʫʮʘˁʝ (Blaich et al., 1989), ʘ ʦʩʠʤ ʪʦʛʘ 

ʤʦʞʝ ʩʧʠʨʘʪʠ ʢʦʥʠʜʠʿʝ ʩʘ ʧʦʚʨʰʠʥʝ ʣʠʩʪʦʚʘ ʠ ʙʦʙʠʮʘ. ʉʧʦʨʫʣʘʮʠʿʘ ʧʘʨʘʟʠʪʘ ʦʩʠʤ 

ʧʨʠʩʫʩʪʚʘ ʩʣʦʙʦʜʥʝ ʚʦʜʝ, ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ, ʧʘ ʫ ʫʩʣʦʚʠʤʘ ʢʘʜʘ ʿʝ 

ʧʨʠʩʫʪʥʘ ʩʣʦʙʦʜʥʘ ʚʦʜʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʦʜ 19 ʠ 30 Áʉ, ʟʥʘʪʥʦ ʿʝ ʩʤʘˁʝʥʘ ʩʧʦʨʫʣʘʮʠʿʘ, 

ʜʦʢ ʩʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠʟʤʝʹʫ 22 ʠ 26 Áʉ ʩʧʦʨʫʣʘʮʠʿʘ ʜʨʘʩʪʠʯʥʦ ʧʦʚʝ˂ʘʚʘ (Halleen and 

Holz, 2001). ʋ ʟʘʩʝˁʝʥʠʤ ʫʩʣʦʚʠʤʘ, ʠ ʫ ʫʩʣʦʚʠʤʘ ʩʣʘʙʝ ʜʠʬʫʟʥʝ ʩʚʝʪʣʦʩʪʠ, ʧʦʚʝ˂ʘʥʦ ʿʝ 

ʢʣʠʿʘˁʝ ʢʦʥʠʜʠʿʘ ʠ ʨʘʟʚʦʿ ʤʠʮʝʣʠʿʝ, ʫ ʦʜʥʦʩʫ ʥʘ ʫʩʣʦʚʝ ʜʠʨʝʢʪʥʝ ʠʟʣʦʞʝʥʦʩʪʠ ʧʘʪʦʛʝʥʘ 

ʩʫʥʮʫ, ʿʝʨ ʩʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʧʘʪʦʛʝʥ ʰʪʠʪʠ ʦʜ ʰʪʝʪʥʦʛ ʫʣʪʨʘˀʫʙʠʯʘʩʪʦʛ ʟʨʘʯʝˁʘ (Austin and 

Wilcox, 2012). ʉʚʝʪʣʦʩʪ ʿʝ ʥʝʦʧʭʦʜʥʘ ʢʘʢʦ ʙʠ ʩʝ ʠʥʠʮʠʨʘʣʘ ʩʧʦʨʫʣʘʮʠʿʘ, ʜʦʢ ʫ ʫʩʣʦʚʠʤʘ 

ʧʦʪʧʫʥʝ ʪʘʤʝ ʧʘʪʦʛʝʥ ʥʠʿʝ ʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʧʦʨʫʣʠʰʝ. ʉʧʦʨʫʣʘʮʠʿʘ ʿʝ ʦʧʪʠʤʘʣʥʘ ʫ 

ʫʩʣʦʚʠʤʘ 12 ʩʘʪʠ ʜʘʥ, 12 ʩʘʪʠ ʥʦ˂ (Gadoury et al., 2012). ʊʘʢʦʹʝ, ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʜʠʨʝʢʪʥʘ 

ʠʟʣʦʞʝʥʦʩʪ UV ʟʨʘʯʝˁʫ ʫʟʨʦʢʫʿʝ ʩʤʘˁʝʥʦ ʢʣʠʿʘˁʝ ʢʦʥʠʜʠʿʘ, ʬʦʨʤʠʨʘˁʝ ʘʧʨʝʩʦʨʠʿʘ ʠ 

ʩʧʦʨʫʣʘʮʠʿʫ ʧʘʪʦʛʝʥʘ, ʥʘʨʦʯʠʪʦ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʚʠʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ (Willocquet et 

al., 1996).  

 

2.5. ʄʦʛʫ˂ʥʦʩʪʠ ʩʫʟʙʠʿʘˁʘ ɽ. necator  

ɿʘʰʪʠʪʘ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʪʝʤʝˀʠ ʩʝ ʥʘ ʧʨʠʥʮʠʧʠʤʘ 

ʠʥʪʝʛʨʘʣʥʝ ʟʘʰʪʠʪʝ ʙʠˀʘ, ʢʦʿa ʫʢˀʫʯʫʿʫ ʢʘʢʦ ʧʨʝʚʝʥʪʠʚʥʝ ʪʘʢʦ ʠ ʜʠʨʝʢʪʥʝ ʤʝʨʝ ʩʫʟʙʠʿʘˁʘ. 

ʆʜʘʙʠʨ ʘʜʝʢʚʘʪʥʠʭ ʤʝʨʘ ʩʫʟʙʠʿʘˁʘ ʦʚʦʛ ʧʘʨʘʟʠʪʘ ʿʝ ʧʨʝʜʫʩʣʦʚ ʟʘ ʢʨʝʠʨʘˁʝ ʩʪʘʙʠʣʥʝ ʠ 

ʧʨʦʬʠʪʘʙʠʣʥʝ ʧʨʦʠʟʚʦʜˁʝ, ʢʦʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʜʦʙʠʿʘˁʝ ʚʠʩʦʢʦ ʢʚʘʣʠʪʝʪʥʦʛ ʛʨʦʞʹʘ. ɼʘ ʙʠ 

ʩʝ ʩʧʨʦʚʝʣʝ ʤʝʨʝ ʩʫʟʙʠʿʘˁʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʟʥʘʚʘʪʠ ʩʧʝʮʠʬʠʯʥʫ ʧʨʠʨʦʜʫ ʧʘʪʦʛʝʥʘ, ʢʦʿʘ 

ʟʘʰʪʠʪʫ ʚʠʥʦʚʝ ʣʦʟʝ ʯʠʥʠ ʠʟʫʟʝʪʥʦ ʢʦʤʧʣʝʢʩʥʦʤ ʠ ʠʟʘʟʦʚʥʦʤ. ʄʝʨʝ ʩʫʟʙʠʿʘˁʘ ʩʝ ʤʦʛʫ 

ʧʦʜʝʣʠʪʠ ʫ ʥʝʢʦʣʠʢʦ ʦʩʥʦʚʥʠʭ ʛʨʫʧʘ: 

¶ ʉʝʣʝʢʮʠʿʘ ʦʪʧʦʨʥʠʭ ʩʦʨʪʠ; 

¶ ʇʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ï ʘʛʨʦʪʝʭʥʠʯʢʝ ʠ ʘʤʧʝʣʦʪʝʭʥʠʯʢʝ; 

¶ ɹʠʦʣʦʰʢʝ ʤʝʨʝ; 

¶ ʍʝʤʠʿʩʢʝ ʤʝʨʝ; 

¶ ʄʦʜʝʣʠ ʟʘ ʧʨʦʛʥʦʟʫ ʧʦʿʘʚʝ ʙʦʣʝʩʪʠ ʠ ʧʨʝʮʠʟʥʦ ʦʜʨʝʹʠʚʘˁʝ ʠʥʪʝʨʚʘʣʘ ʟʘ ʧʨʠʤʝʥʫ 

ʬʫʥʛʠʮʠʜʘ. 
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ʅʘʿʚʝ˂ʠ ʬʦʢʫʩ ʫʩʤʝʨʝʥ je ʥʘ ʭʝʤʠʿʩʢʝ ʤʝʨʝ, ʢʦʿʝ ʩʫ ʠ ʜʘʥʘʩ ʦʩʪʘʣʝ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʚʠʜ ʟʘʰʪʠʪʝ 

ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ. 

ʉʣʠʢʘ 2. ʎʠʢʣʫʩ ʨʘʟʚʦʿʘ E. necator (ʘʜʘʧʪʠʨʘʥ ʮʨʪʝʞ Sticht-a ʫ ʧʫʙʣʠʢʘʮʠʿʠ Pearson and 

Goheen, 1988) 

 

2.5.1 ʉʝʣʝʢʮʠʿʘ ʦʪʧʦʨʥʠʭ ʩʦʨʪʠ  

ɻʘʿʝˁʝ ʤʘˁʝ ʦʩʝʪˀʠʚʠʭ ʠʣʠ ʪʦʣʝʨʘʥʪʥʠʭ ʩʦʨʪʠ ʝʿʜʥʘ ʿʝ ʦʜ ʤʝʨʘ ʢʦʿʘ ʩʝ ʧʨʝʤʘ 

ʣʠʪʝʨʘʪʫʨʥʠʤ ʧʦʜʘʮʠʤʘ ʧʨʝʧʦʨʫʯʫʿʝ ʫ ʦʛʨʘʥʠʯʘʚʘˁʫ ʨʘʟʚʦʿʘ E. necator. ɻʝʥʝʨʘʣʥʦ 

ʧʦʩʤʘʪʨʘʥʦ, ʚʝ˂ʠʥʘ ʢʦʤʝʨʮʠʿʘʣʥʦ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʦʨʪʠ ʢʦʿʝ ʩʝ ʛʘʿʝ ʫ ʩʚʝʪʫ ʿʝ ʫ ʤʘˁʝʤ ʠʣʠ 

ʚʝ˂ʝʤ ʩʪʝʧʝʥʫ ʦʩʝʪˀʠʚʘ ʧʨʝʤʘ ʧʨʦʫʟʨʦʢʦʚʘʯʫ ʧʝʧʝʣʥʠʮʝ. ʆʙʟʠʨʦʤ ʜʘ ʪʝ ʩʦʨʪʝ ʧʨʠʧʘʜʘʿʫ 

ʚʨʩʪʠ V. vinifera, ʧʦʪʝʥʮʠʿʘʣʥʦ ʨʝʰʝˁʝ ʫ ʩʪʚʘʨʘˁʫ ʦʪʧʦʨʥʠʭ ʩʦʨʪʠ ʪʨʝʙʘ ʪʨʘʞʠʪʠ ʫ 

ʛʝʥʝʪʠʮʠ ʜʨʫʛʠʭ ʚʨʩʪʘ ʨʦʜʘ Vitis (V. labrusca, V. ripestris, V.routundifolia, V.riparia ʠ ʜʨ.), 

ʢʦʿʝ ʩʫ ʟʥʘʪʥʦ ʦʪʧʦʨʥʠʿʝ, ʘʣʠ ʩʫ ʜʨʫʛʝ ʧʦʞʝˀʥʝ ʦʩʦʙʠʥʝ (ʩʘʜʨʞʘʿ ʰʝ˂ʝʨʘ, ʬʝʥʦʣʘ, 

ʘʥʪʦʮʠʿʘʥʘ, ʦʨʛʘʥʦʣʝʧʪʠʯʢʘ ʩʚʦʿʩʪʚʘ) ʢʦʜ ʦʚʠʭ ʚʨʩʪʘ ʣʠʤʠʪʠʨʘʿʫ˂ʝ ʫ ʦʜʥʦʩʫ ʥʘ V. vinifera. 

ɱʝʜʥʦ ʦʜ ʤʦʛʫ˂ʠʭ ʨʝhʝˁʘ ʙʠʣʘ ʙʠ ʫʢʨʰʪʘˁʝ V. vinifera ʠ V. labrusca (Qiu et al., 2015; Atak 

et al., 2017). ʂʘʜʘ ʿʝ ʨʝʯ ʦ ʝʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʦ ʫʪʠʮʘʿʫ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʠ ʟʜʨʘʚˀʝ ˀʫʜʠ, 

ʛʘʿʝˁʝ ʦʪʧʦʨʥʠʭ ʩʦʨʪʠ ʙʠ ʩʚʘʢʘʢʦ ʙʠʣʘ ʥʘʿʮʝʣʠʩʭʦʜʥʠʿʘ ʦʧʮʠʿʘ, ʘʣʠ ʜʘ ʙʠ ʩʝ ʜʦʙʠʣʝ ʩʦʨʪʝ 

ʩʘ ʚʠʩʦʢʦʤ ʦʪʧʦʨʥʦʰ˂ʫ ʥʝʦʧʭʦʜʥʦ ʿʝ ʩʪʚʦʨʠʪʠ ʩʦʨʪʝ/ʭʠʙʨʠʜʝ ʢʦʿʝ ˂ʝ ʟʘʜʦʚʦˀʠʪʠ ʩʚʝ 

ʢʦʤʝʨʮʠʿʘʣʥʝ, ʦʜʥʦʩʥʦ ʪʨʞʠʰʥʝ ʢʨʠʪʝʨʠʿʫʤʝ, a ʧʨʠ ʪʦʤ ʠʤʘʪʠ ʩʪʘʙʠʣʥʫ ʠ ʜʫʛʦʪʨʘʿʥʫ 

ʦʪʧʦʨʥʦʩʪ, h ʪʦ ʿʝ ʠʟʫʟʝʪʥʦ ʪʝʞʘʢ ʠ ʠʟʘʟʦʚʘʥ ʧʦʩʘʦ (Gadoury et al., 2012).  

 

2.5.2 ɸʛʨʦʪʝʭʥʠʯʢʝ ʠ ʘʤʧʝʣʦʪʝʭʥʠʯʢʝ (ʧʨʝʚʝʥʪʠʚʥʝ) ʤʝʨʝ  

ʄʝʨʘʤʘ ʧʨʝʚʝʥʪʠʚʥʝ ʟʘʰʪʠʪʝ, ʤʦʛʫ˂ʝ ʿʝ ʩʤʘˁʠʪʠ ʠʥʪʝʥʟʠʪʝʪ ʧʦʿʘʚʝ ʩʠʤʧʪʦʤʘ 

ʧʝʧʝʣʥʠʮʝ. ɱʝʜʥʘ ʦʜ ʧʨʝʚʝʥʪʠʥʠʭ ʤʝʨʘ, ʥʘʨʦʯʠʪʦ ʫʢʦʣʠʢʦ ʩʝ ʧʣʘʥʠʨʘ ʩʘʜˁʘ ʦʩʝʪˀʠʚʠʭ 

ʩʦʨʪʠ ʧʨʝʤʘ E. necator, ʿʝʩʪʝ ʧʦʜʠʟʘˁʝ ʚʠʥʦʛʨʘʜʘ ʥʘ ʧʨʦʚʝʪʨʝʥʠʤ ʣʦʢʘʮʠʿʘʤʘ ʩʘ 

ʦʨʠʿʝʥʪʠʩʘˁʝʤ ʨʝʜʦʚʘ ʧʨʝʤʘ ʩʫʥʮʫ (ʄʠʣʘʜʠʥʦʚʠ˂ ʠ ʩʘʨ., 2007a). ɿʝʣʝʥʘ ʨʝʟʠʜʙʘ ʠ 
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ʩʤʘˁʝˁʝ ʙʫʿʥʦʩʪʠ ʚʠʥʦʚʝ ʣʦʟʝ, ʫʢʣʘˁʘˁʝ ʣʠʩʪʦʚʘ ʦʢʦ ʛʨʦʟʜʦʚʘ ʢʦʿʝ ˂ʝ ʧʦʚʝ˂ʘʪʠ 

ʧʨʦʚʝʪʨʘʚʘˁʝ ʫ ʟʦʥʠ ʛʨʦʟʜʦʚʘ, ʤʦʛʫ ʜʘ ʩʤʘˁʝ ʤʠʢʨʦʢʣʠʤʘʪʩʢʫ ʚʣʘʞʥʦʩʪ ʠ ʧʦʚʝ˂ʘʿʫ 

ʦʩʫʥʯʘʥʦʩʪ ʛʨʦʟʜʦʚʘ, ʰʪʦ ʫ ʦʜʨʝʹʝʥʦʿ ʤʝʨʠ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʜʝʣʦʚʘʪʠ ʥʘ ʨʘʟʚʦʿ ʧʘʪʦʛʝʥʘ 

(Gadoury et al., 2012). ʆʧʰʪʝ ʿʝ ʧʦʟʥʘʪʥʦ ʜʘ ʫ ʟʘʩʝʥʠ ʜʦʣʘʟʠ ʜʦ ʬʘʚʦʨʠʟʦʚʘʥʦʛ ʢʣʠʿʘˁʘ 

ʢʦʥʠʜʠʿʘ ʠ ʨʘʩʪʘ ʤʠʮʝʣʠʿʝ ʧʘʪʦʛʝʥʘ, ʜʦʢ ʜʠʨʝʢʪʥʘ ʠʟʣʦʞʝʥʦʩʪ UV ʟʨʘʮʠʤʘ ʩʤʘˁʫʿʝ ʢʣʠʿʘˁʝ 

ʢʦʥʠʜʠʿʘ, ʬʦʨʤʠʨʘˁʝ ʘʧʨʝʩʦʨʠʿʘ ʠ ʩʧʦʨʫʣʘʮʠʿʫ ʧʘʪʦʛʝʥʘ. ʈʝʜʦʚʥʠʤ ʦʨʝʟʠʚʘˁʝʤ ʪʨʝʙʘʣʦ ʙʠ 

ʦʙʝʟʙʝʜʠʪʠ ʰʪʦ ʚʠʰʝ ʩʫʥʯʝʚʝ ʩʚʝʪʣʦʩʪʠ ʟʘ ʣʠʩʪʦʚʝ, ʣʘʩʪʘʨʝ ʠ ʛʨʦʟʜʦʚʝ ʯʠʤʝ ʩʝ ʩʪʚʘʨʘ 

ʤʠʢʨʦʢʣʠʤʘ ʢʦʿʘ ʥʝ ʦʜʛʦʚʘʨʘ ʧʘʪʦʛʝʥʫ, ʘ ʦʙʝʟʙʝʹʫʿʝ ʩʝ ʙʦˀʘ ʧʦʢʨʠʚʝʥʦʩʪ ʦʚʠʭ ʦʨʛʘʥʘ 

ʬʫʥʛʠʮʠʜʠʤʘ (Austin and Wilcox, 2012; ʀʚʘʥʦʚʠ˂ ʠ ʀʚʘʥʦʚʠ˂, 2017). ʄʝʹʫʪʠʤ, ʢʦʜ 

ʧʨʠʤʝʥʝ ʤʝʨʝ ʜʝʬʦʣʠʿʘʮʠʿʝ ʪʨʝʙʘ ʙʠʪʠ ʚʨʣʦ ʦʙʘʟʨʠʚ, ʿʝʨ ʧʨʝʨʘʥʦ ʩʢʠʜʘˁʝ ʣʠʩʪʦʚʘ ʤʦʞʝ 

ʫʪʠʮʘʪʠ ʥʘ ʧʦʚʝ˂ʘʥʫ ʠʟʣʦʞʝʥʦʩʪ ʛʨʦʟʜʦʚʘ ʩʫʥʮʫ, ʰʪʦ ʧʦʚʝ˂ʘʚʘ ʨʠʟʠʢ ʦʜ ʧʦʿʘʚʝ ʦʞʝʛʦʪʠʥʘ 

ʠ ʧʨʝʚʨʝʤʝʥʦʛ ʩʘʟʨʝʚʘˁʘ ʛʨʦʟʜʦʚʘ ʫʩʣʝʜ ʥʘʛʣʦʛ ʥʘʢʫʧˀʘˁʘ ʰʝ˂ʝʨʘ. ɱʝʜʥʘ ʦʜ ʤʝʨʘ ʢʦʿʘ ʩʝ 

ʧʨʝʧʦʨʫʯʫʿʝ ʿʝ ʠ ʠʟʙʘʣʘʥʩʠʨʘʥʦ ʹʫʙʨʝˁʝ ʘʟʦʪʦʤ ʠʣʠ ʨʝʜʫʢʦʚʘˁʝ ʘʟʦʪʥʠʭ ʹʫʙʨʠʚʘ, ʥʘʨʦʯʠʪʦ 

ʢʦʜ ʿʘʢʦ ʙʫʿʥʠʭ ʩʦʨʪʠ ʢʘʦ ʰʪʦ ʿʝ Chardonnay, ʢʘʢʦ ʙʠ ʩʝ ʫʪʠʮʘʣʦ ʥʘ ʩʤʘˁʝˁʝ ʠʥʪʝʥʟʠʚʥʦʛ 

ʧʦʨʘʩʪʘ ʤʣʘʜʦʛ ʪʢʠʚʘ ʢʦʿʝ ʿʝ ʦʩʝʪˀʠʚʦ ʥʘ E. necator (ʄʠʣʘʜʠʥʦʚʠ˂ ʠ ʩʘʨ., 2007ʘ).   

 

2.5.3 ɹʠʦʣʦʰʢʝ ʤʝʨʝ  

ʇʨʘʢʪʠʯʥʘ ʧʨʠʤʝʥʘ ʙʠʦʣʦʰʢʠʭ ʘʛʝʥʘʩʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʿʝ 

ʧʨʠʣʠʯʥʦ ʦʛʨʘʥʠʯʝʥʘ. ʅʝʢʦʣʠʢʦ ʠʩʧʠʪʠʚʘˁʘ ʫʢʘʟʫʿʝ ʥʘ ʜʝʣʦʚʘˁʝ ʧʨʠʨʦʜʥʠʭ ʥʝʧʨʠʿʘʪʝˀʘ 

ʥʘ ʩʫʧʨʝʩʠʿʫ ʧʘʪʦʛʝʥʘ ʫ ʧʦˀʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʘʣʠ ʥʝ ʜʦ ʥʠʚʦʘ ʢʦʿʠ ʙʠ ʨʝʟʫʣʪʠʨʘʦ ʘʜʝʢʚʘʪʥʦʿ 

ʠ ʢʦʤʝʨʮʠʿʘʣʥʦ ʧʨʠʭʚʘʪˀʠʚʦʿ ʟʘʰʪʠʪʠ (Gadoury et al., 2012). ʅʘ ʪʨʞʠʰʪʫ ʩʝ ʥʘʣʘʟʠ ʠ 

ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʘʥ ʧʨʝʧʘʨʘʪ AQ10 ʥʘ ʙʘʟʠ ʛˀʠʚʝ Ampelomyces quisqualis, ʢʦʿʠ ʧʦʩʝʜʫʿʝ 

ʦʜʨʝʹʝʥʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator. ʅʘʠʤʝ, ʦʚʘ ʛˀʠʚʘ ʩʝ ʫ ʧʨʠʨʦʜʥʠʤ ʫʩʣʦʚʠʤʘ 

ʥʘʣʘʟʠ ʫ ʚʠʥʦʛʨʘʜʠʤʘ, ʦʙʠʯʥʦ ʧʘʨʘʟʠʪʠʨʘ ʢʦʣʦʥʠʿʝ ʧʘʪʦʛʝʥʘ, ʠ ʪʦ ʥʝʰʪʦ ʢʘʩʥʠʿʝ ʫ ʮʠʢʣʫʩʫ 

ʨʘʟʚʠ˂ʘ E. necator. ʇʦʤʦ˂ʫ ʭʠʬʝ ʢʦʿʘ ʩʝ ʦʙʨʘʟʫʿʝ ʥʘʢʦʥ ʢʣʠʿʘˁʘ ˁ ʝʥʝ ʢʦʥʠʜʠʿʝ, ɸ. quisqualis 

ʤʦʞʝ ʢʦʣʦʥʠʟʦʚʘʪʠ ʠ ʧʝʥʝʪʨʠʨʘʪʠ ʭʠʬʫ E. necator ʥʘʢʦʥ ʩʧʝʮʠʬʠʯʥʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʩʘ 

ʜʦʤʘ˂ʠʥʦʤ. ʅʘʢʦʥ ʪʦʛʘ, ʘʥʪʘʛʦʥʠʩʪʘ ʿʝ ʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʬʦʨʤʠʨʘ ʧʠʢʥʠʜʝ ʫʥʫʪʘʨ 

ʢʦʥʠʜʠʦʬʦʨʘ, ʢʦʥʠʜʠʿʘ ʠ ʥʝʜʦʟʨʝʣʠʭ ʢʘʟʤʦʪʝʮʠʿʘ ʧʘʪʦʛʝʥʘ. ʋ ʫʩʣʦʚʠʤʘ ʧʦʚʝ˂ʘʥʝ 

ʚʣʘʞʥʦʩʪʠ ʤʦʞʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʜʘ ʧʨʝʢʠʥʝ ʩʧʦʨʫʣʘʮʠʿʫ ʛˀʠʚʝ ʠ ʫʥʠʰʪʠ ʥʝʜʦʟʨʝʣʫ 

ʢʘʟʤʦʪʝʮʠʿʫ (Falk et al., 1995; Halleen and Holz, 2001). ʋ ʀʪʘʣʠʿʠ ʠ ʉɸɼ, ʢʦʤʝʨʮʠʿʘʣʥʠ 

ʧʨʝʧʘʨʘʪ AQ10 ʢʦʨʠʩʪʠ ʩʝ ʫ ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʪʨʝʪʠʨʘˁʝʤ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ 

ʠ ʥʘʢʦʥ ʙʝʨʙʝ, ʢʘʜʘ ʟʘʧʦʯʠˁʝ ʬʦʨʤʠʨʘˁʝ ʢʘʟʤʦʪʝʮʠʿʘ ʫ ʚʠʥʦʛʨʘʜʠʤʘ. ʋʧʨʘʚʦ ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ 

ʦʚʘʿ ʧʨʝʧʘʨʘʪ ʩʝ ʧʨʠʤʝˁʫʿʝ ʧʨʚʝʥʩʪʚʝʥʦ ʫ ʮʠˀʫ ʨʝʜʫʢʦʚʘˁʘ ʧʨʝʟʠʤˀʫʿʫ˂ʝʛ ʠʥʦʢʫʣʫʤʘ ʟʘ 

ʥʘʨʝʜʥʫ ʚʝʛʝʪʘʮʠʦʥʫ ʩʝʟʦʥʫ (Falk et al., 1995; Caffi et al., 2013).  

ʆʩʠʤ A. quisqualis, ʧʦʪʝʥʮʠʿʘʣ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ, 

ʧʨʦʥʘʹʝʥ ʿʝ ʠ ʢʦʜ ʿʝʜʥʝ ʚʨʩʪʝ ʢʚʘʩʘʮʘ ʠʟ ʨʦʜʘ ʊilletiopsis. ʄʦʛʫ˂ʥʦʩʪ ʩʫʟʙʠʿʘˁʘ E. necator 

ʧʦʩʪʦʿʠ ʠ ʢʦʜ ʥʝʢʠʭ ʙʠˀʥʠʭ (ʝʪʝʨʠʯʥʠʭ) ʫˀʘ, ʤʠʥʝʨʘʣʥʠʭ ʫˀʘ, ʢʘʣʠʿʫʤ ʠ ʥʘʪʨʠʿʫʤ 

ʙʠʢʘʨʙʦʥʘʪʘ, ʬʦʩʬʘʪʘ ʠ ʥʝʦʨʛʘʥʩʢʠʭ ʩʦʣʠ, ʘʣʠ ʿʝ ˁʠʭʦʚʘ ʢʦʤʝʨʮʠʿʘʣʥʘ ʫʧʦʪʨʝʙʘ ʿʘʢʦ 

ʦʛʨʘʥʠʯʝʥʘ (Halleen and Holz, 2001).    

ʄʠʢʦʧʘʨʘʟʠʪʥʘ ʛʨʠˁʘ Orthotydeus lambi, ʢʦʿʘ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʟʘ ʠʩʪʦʯʥʦ ʧʦʜʨʫʯʿʝ 

ʉʝʚʝʨʥʝ ɸʤʝʨʠʢʝ, ʤʦʞʝ ʜʝʣʦʚʘʪʠ ʩʫʧʨʝʩʠʚʥʦ ʥʘ ʢʦʣʦʥʠʿʝ ɽ. necator, ʘʣʠ ʿʝ ʧʦʧʫʣʘʮʠʿʘ ʦʚʝ 

ʛʨʠˁʝ ʫ ʧʨʠʨʦʜʠ ʧʨʠʣʠʯʥʦ ʤʘʣʘ ʜʘ ʙʠ ʤʦʛʣʘ ʟʥʘʯʘʿʥʠʿʝ ʜʘ ʫʪʠʯʝ ʥʘ ʩʤʘˁʝˁʝ ʠʥʦʢʫʣʫʤʘ 

ʦʚʦʛ ʧʘʪʦʛʝʥʘ (Gadoury et al., 2012).  
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2.5.4 ʍʝʤʠʿʩʢʝ ʤʝʨʝ  

ʈʝʟʫʣʪʘʪʠ ʙʨʦʿʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʩʧʨʦʚʝʜʝʥʠʭ ʫ ʧʨʝʪʭʦʜʥʠʭ 30 ʛʦʜʠʥʘ ʢʦʿʘ ʩʝ ʪʠʯʫ, ʧʨʝ 

ʩʚʝʛʘ, ʝʧʠʜʝʤʠʦʣʦʛʠʿʝ ʠ ʙʠʦʣʦʛʠʿʝ E. necator, ʫʪʠʮʘʣʠ ʩʫ ʥʘ ʧʨʦʤʝʥʝ ʠ ʠʟʚʝʩʥʘ ʫʥʘʧʨʝʹʝˁʘ 

ʫ ʩʪʨʘʪʝʛʠʿʘʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʦʚʦʛ ʧʘʪʦʛʝʥʘ. ʋ ʦʙʣʘʩʪʠʤʘ ʛʜʝ ʧʘʪʦʛʝʥ ʧʨʝʟʠʤˀʘʚʘ 

ʫ ʚʠʜʫ ʢʘʟʤʦʪʝʮʠʿʘ, ʧʨʦʛʨʘʤʠ ʟʘʰʪʠʪʝ ʫʩʤʝʨʝʥʠ ʩʫ ʢʘ ʩʫʟʙʠʿʘˁʫ ʧʨʠʤʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ, ʧʘ 

ʩʝ ʩʘ ʧʨʠʤʝʥʦʤ ʬʫʥʛʠʮʠʜʘ ʢʨʝ˂ʝ ʚʨʣʦ ʨʘʥʦ, ʛʦʪʦʚʦ ʥʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ 

(Gadoury et al., 1997; Gadoury et al., 2001; Carisse et al., 2009 a,b; Moyer, 2011). ʋ 

ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʧʦʤʠˁʝ ʠ ʘʧʣʠʢʘʮʠʿʘ ʬʫʥʛʠʮʠʜʘ ʥʘʢʦʥ ʙʝʨʙʝ, ʦʜʥʦʩʥʦ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝʜ 

ʦʧʘʜʘˁʝ ʣʠʰ˂ʘ ʫʧʦʪʨʝʙʦʤ ʤʠʥʝʨʘʣʥʠʭ ʫˀʘ ʠ ʢʨʝʯʥʦʛ ʩʫʤʧʦʨʘ, ʢʦʿʠ ʠʩʧʦˀʘʚʘʿʫ ʠʟʚʝʩʪʘʥ 

ʝʬʝʢʘʪ ʫ ʨʝʜʫʢʦʚʘˁʫ ʧʨʝʟʠʤˀʫʿʫ˂ʝʛ ʠʥʦʢʫʣʫʤʘ ʠ ʦʜʣʘʛʘˁʫ ʧʨʠʤʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ 

(Gadoury et al., 1994; Moyer, 2011).   

ʉʫʟʙʠʿʘˁʝ E. necator ʙʘʟʠʨʘ ʩʝ ʥʘ ʫʧʦʪʨʝʙʠ ʩʠʩʪʝʤʠʯʥʠʭ ʠ ʧʨʦʪʝʢʪʠʚʥʠʭ ʬʫʥʛʠʮʠʜʘ. 

ʋ ʮʠˀʫ ʩʫʟʙʠʿʘˁʘ ʦʚʦʛ ʧʘʪʦʛʝʥʘ ʧʦˀʦʧʨʠʚʨʝʜʥʠ ʧʨʦʠʟʚʦʹʘʯʠ ʚʨʰʝ ʧʨʠʤʝʥʫ ʬʫʥʛʠʮʠʜʘ 

ʧʨʝʪʝʞʥʦ ʫ ʬʠʢʩʥʠʤ ʠʥʪʝʨʚʘʣʠʤʘ ï ʢʘʣʝʥʜʘʨʩʢʠ ʠʣʠ ʫ ʦʜʥʦʩʫ ʥʘ ʬʝʥʦʬʘʟʫ. ʏʝʩʪʦ, ʪʘʢʚʠ 

ʧʨʦʛʨʘʤʠ ʟʘʰʪʠʪʝ ʫʢˀʫʯʫʿʫ ʪʨʝʪʠʨʘˁʘ ʢʦʿʘ ʩʫ ʠʣʠ ʥʝʧʦʪʨʝʙʥʘ ʠʣʠ ʩʫʧʨʦʪʥʦ, ʟʘʢʘʩʥʝʣʘ 

(Caffi et al., 2013). ʌʘʨʤʝʨʠ ʧʨʘʚʝ ʥʘʿʚʝ˂ʫ ʛʨʝʰʢʫ ʦʜʣʘʞʫ˂ʠ ʧʨʠʤʝʥʫ ʬʫʥʛʠʮʠʜʘ ʩʚʝ ʜʦ 

ʤʦʤʝʥʪʘ ʜʦʢ ʩʠʤʧʪʦʤʠ ʧʝʧʝʣʥʠʮʝ ʥʝ ʙʫʜʫ ʧʨʠʤʝ˂ʝʥʠ ʫ ʚʠʥʦʛʨʘʜʫ, ʢʘʜʘ ʿʝ ʢʘʩʥʦ ʟʘ ʙʠʣʦ 

ʢʘʢʚʫ ʠʥʪʝʨʚʝʥʮʠʿʫ, ʿʝʨ ʩʝ ʩʠʤʧʪʦʤʠ ʤʘʥʠʬʝʩʪʫʿʫ ʪʝʢ ʥʝʢʦʣʠʢʦ ʥʝʜʝˀʘ ʦʜ ʤʦʤʝʥʪʘ 

ʦʩʪʚʘʨʝʥʝ ʠʥʬʝʢʮʠʿʝ. ʂʘʜʘ ʩʝ ʥʘ ʪʦ ʥʘʜʦʚʝʞʫ ʠ ʩʝʢʫʥʜʘʨʥʝ ʠʥʬʝʢʮʠʿʝ ʧʨʦʫʟʨʦʢʦʚʘʥʝ 

ʢʦʥʠʜʠʿʘʤʘ, ʠʟʫʟʝʪʥʦ ʿ ʝ ʪʝʰʢʦ ʟʘʫʩʪʘʚʠʪʠ ʝʧʠʜʝʤʠʿʫ (Magarey and Moyer, 2010; Sozzani et 

al., 2010). Gubler et al. (1999) ʩʫ ʜʦʢʘʟʘʣʠ ʜʘ ʩʝ ʫʧʦʪʨʝʙʦʤ ʤʦʜʝʣʘ ʢʦʿʠ ʧʨʝʜʚʠʹʘʿʫ 

ʠʥʬʝʢʮʠʿʫ E. necator, ʙʨʦʿ ʪʨʝʪʠʨʘˁʘ ʤʦʞʝ ʩʤʘˁʠʪʠ ʫ ʧʨʦʩʝʢʫ ʟʘ 2 ʜʦ 3 ʛʦʜʠʰˁʝ ʫ ʦʜʥʦʩʫ 

ʥʘ ʩʠʩʪʝʤ ʢʘʣʝʥʜʘʨʩʢʦʛ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʨʝʤʘ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʜʨʫʛʠʭ 

ʘʫʪʦʨʘ, ʤʦʜʝʣʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʠʥʬʝʢʮʠʿʝ ʯʝʩʪʦ ʜʦʚʦʜʝ ʜʦ ʩʠʪʫʘʮʠʿʘ ʛʜʝ 

ʧʨʦʠʟʚʦʹʘʯʠ ʠʟʚʦʜʝ ʚʝ˂ʠ ʙʨʦʿ ʪʨʝʪʠʨʘˁʘ ʥʝʛʦ ʫ ʩʣʫʯʘʿʫ ʢʘʣʝʥʜʘʨʩʢʦʛ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ 

(ɽpstein and Bassein, 2003; Lybbert et al., 2016). ʆʙʠʯʥʦ ʩʝ ʛʦʜʠʰˁʝ ʧʨʘʢʪʠʢʫʿʝ ʧʨʠʤʝʥʘ 

6-9 ʪʨʝʪʠʨʘˁʘ, ʩʘ ʬʦʢʫʩʦʤ ʥʘ ʧʨʠʤʝʥʠ ʬʫʥʛʠʮʠʜʘ ʫ ʨʘʥʠʤ ʬʘʟʘʤʘ ʨʘʟʚʦʿʘ ʚʠʥʦʚʝ ʣʦʟʝ ʫ 

ʮʠˀʫ ʨʝʜʫʢʦʚʘˁʘ ʧʨʠʤʘʨʥʦʛ ʠʥʦʢʫʣʫʤʘ ʫ ʚʠʜʫ ʢʘʟʤʦʪʝʮʠʿʘ ʠ ʘʩʢʦʩʧʦʨʘ ʠ ʩʧʨʝʯʘʚʘˁʘ 

ʧʨʠʤʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ. ʉʧʨʝʯʘʚʘˁʝ ʧʨʠʤʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ ʿʝ ʢʨʫʮʠʿʘʣʘʥʠ ʩʝʛʤʝʥʪ ʫʩʧʝʰʥʝ 

ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʿʝʨ ʫʢʦʣʠʢʦ ʩʝ ʩʫʟʙʠʿʘˁʝ ʧʨʠʤʘʨʥʠʭ 

ʠʥʬʝʢʮʠʿʘ ʥʝ ʩʧʨʦʚʝʜʝ ʥʘ ʘʜʝʢʚʘʪʘʥ ʥʘʯʠʥ, ʢʘʩʥʠʿʝ ʿʝ ʟʥʘʪʥʦ ʪʝʞʝ ʟʘʫʩʪʘʚʠʪʠ ʩʝʢʫʥʜʘʨʥʝ 

ʠʥʬʝʢʮʠʿʝ (Emmet et al., 1997; Caffi et al., 2013).  

ʉʘ ʟʘʰʪʠʪʦʤ ʩʝ ʫ ʚʝ˂ʠʥʠ ʧʦʜʨʫʯʿʘ ʥʘʿʯʝʰ˂ʝ ʢʨʝ˂ʝ ʦʜ ʬʝʥʦʬʘʟʝ 4-6 ʬʦʨʤʠʨʘʥʠʭ 

ʣʠʩʪʦʚʘ (2-4 ʥʝʜʝˀʝ ʥʘʢʦʥ ʧʫʮʘˁʘ ʧʫʧʦˀʘʢʘ) ʧʘ ʜʦ ʟʘʪʚʘʨʘˁʘ ʛʨʦʟʜʘ ʩʘ ʦʩʥʦʚʥʠʤ ʮʠˀʝʤ 

ʟʘʰʪʠʪʝ ʙʦʙʠʮʘ, ʫ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ʦʜ 10 ʜʦ 14 ʜʘʥʘ, ʚʦʜʝ˂ʠ ʨʘʯʫʥʘ ʦ ʤʝʪʝʦʨʦʣʦʰʢʠʤ 

ʫʩʣʦʚʠʤʘ ʢʦʿʠ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʧʨʠʤʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ (Emmet et al., 1997; Hoffmann et al., 

2012). ʆʜ ʧʨʦʪʝʢʪʠʚʥʠʭ ʬʫʥʛʠʮʠʜʘ, ʥʝʠʟʦʩʪʘʚʘʥ ʜʝʦ ʩʚʠʭ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʿʝ ʩʫʤʧʦʨ, ʢʦʿʠ 

ʩʝ ʚʠʰʝ ʦʜ 150 ʛʦʜʠʥʘ (ʦʜ 50-ʠʭ ʛʦʜʠʥʘ 19. ʚʝʢʘ) ʫʩʧʝʰʥʦ ʢʦʨʠʩʪʠ ʫ ʩʫʟʙʠʿʘˁʫ E. necator.  

ʆʩʠʤ ʩʫʤʧʦʨʘ, ʧʨʦʪʝʢʪʠʚʥʠʤ ʩʚʦʿʩʪʚʠʤʘ ʦʜʣʠʢʫʿʝ ʩʝ ʠ ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧ, ʢʦʿʠ ʩʝ ʦʙʠʯʥʦ 

ʧʦʟʠʮʠʦʥʠʨʘ ʫ ʨʘʥʠʿʠʤ ʬʝʥʦʬʘʟʘʤʘ ʟʘʰʪʠʪʝ ʣʦʟʝ. ʋʧʦʪʨʝʙʘ ʩʫʤʧʦʨʘ ʫ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ 

ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʠ ʜʘʥʘʩ ʩʝ ʨʝʜʦʚʥʦ ʧʨʘʢʪʠʢʫʿʝ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʫʤʧʦʨ 

ʠʩʧʦˀʘʚʘ ʜʦʙʨʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʧʨʠʧʘʜʘ ʛʨʫʧʠ ʪʟʚ. Ămulti-siteñ ʬʫʥʛʠʮʠʜʘ, ʢʦʜ ʢʦʿʠʭ ʥʝʤʘ 

ʨʠʟʠʢʘ ʦʜ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʄʝʹʫʪʠʤ, ˁʝʛʦʚʘ ʧʨʠʤʝʥʘ ʠʤʘ ʠ ʠʟʚʝʩʥʠʭ ʦʛʨʘʥʠʯʝˁʘ, 

ʢʘʢʦ ʫ ʧʦʛʣʝʜʫ ʬʠʪʦʪʦʢʩʠʯʥʠʭ ʝʬʝʢʘʪʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʠʩʧʦˀʠʪʠ ʧʨʠ ʚʠʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ 

(> 30 Áʉ), ʪʘʢʦ ʠ ʫ ʧʦʛʣʝʜʫ ˁʝʛʦʚʝ ʠʟʫʟʝʪʥʦ ʩʣʘʙʝ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʠ ʥʠʞʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ 

(< 16 Áʉ), ʘʣʠ ʠ ʥʝʫʛʦʜʥʦʛ ʤʠʨʠʩʘ ʢʦʿʠ ʦʩʪʘʚˀʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʦʜ ʢʦʿʠʭ ʩʝ ʢʘʩʥʠʿʝ ʧʨʘʚʠ 
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ʚʠʥʦ (Gadoury et al., 1994; Warres, 2021). ɼʦʜʘʪʥʦ, ʢʦʥʪʘʢʪʥʠ, ʦʜʥʦʩʥʦ ʥʝʩʧʝʮʠʬʠʯʥʠ 

(multi-site) ʬʫʥʛʠʮʠʜʠ ʩʝ ʫʩʣʝʜ ʿʘʯʠʭ ʧʘʜʘʚʠʥʘ ʣʘʢʰʝ ʩʧʠʨʘʿʫ ʩʘ ʧʦʚʨʰʠʥʝ ʙʠˀʥʠʭ ʦʨʛʘʥʘ, 

ʘ ʫʢʦʣʠʢʦ ʩʝ ʪʦ ʜʦʛʦʜʠ ʫ ʥʘʿʢʨʠʪʠʯʥʠʿʠʤ ʬʘʟʘʤʘ, ˁʠʭʦʚʘ ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʜʨʘʩʪʠʯʥʦ ʩʤʘˁʫʿʝ. 

ʋʧʨʘʚʦ ʠʟ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʭ ʨʘʟʣʦʛʘ, ʫ ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʧʨʝʜʥʦʩʪ ʩʝ 

ʜʘʿʝ ʩʧʝʮʠʬʠʯʥʠʤ ʬʫʥʛʠʮʠʜʠʤʘ, ʪʿ. ʪʟʚ. Ăsingle-siteñ ʬʫʥʛʠʮʠʜʠʤʘ, ʢʦʿʠ ʯʠʥʝ ʦʩʥʦʚʫ 

ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ. ʅʘʿʯʝʰ˂ʝ ʩʫ ʪʦ ʬʫʥʛʠʮʠʜʠ ʠʟ ʩʣʝʜʝ˂ʠʭ 

ʛʨʫʧʘ: DMI ʬʫʥʛʠʮʠʜʠ (ʤʠʢʣʦʙʫʪʘʥʠʣ, ʪʝʙʫʢʦʥʘʟʦʣ, ʜʠʬʝʥʦʢʦʥʘʟʦʣ, ʧʝʥʢʦʥʘʟʦʣ), ʘʤʠʥʠ-

ʤʦʨʬʦʣʠʥʠ (ʩʧʠʨʦʢʩʘʤʠʥ), QoI ʬʫʥʛʠʮʠʜʠ (ʢʨʝʩʦʢʩʠʤ-ʤʝʪʠʣ, ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ, 

ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ), SDHI  ʬʫʥʛʠʮʠʜʠ (ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ, ʬʣʫʦʧʠʨʘʤ, ʙʦʩʢʘʣʠʜ), ʘʟʘʥʘʬʪʘʣʝʥʠ 

(ʢʚʠʥʦʢʩʠʬʝʥ ʠ ʧʨʦʢʚʠʥʘʟʠʜ) ʠ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʠ (ʤʝʪʨʘʬʝʥʦʥ, ʧʠʨʠʦʬʝʥʦʥ) (Colcol, 

2008; Gadoury et al., 2012; ʄʦyer, 2014; Kunova et al., 2016; Warres, 2021). ɽssling et al. 

(2021) ʥʘʚʦʜʝ ʜʘ ʩʝ ʫ ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʫ 

ɸʫʩʪʨʘʣʠʿʠ, ʥʘʿʚʠʰʝ ʢʦʨʠʩʪʝ DMI ʬʫʥʛʠʮʠʜʠ (ʥʘʿʤʘˁʝ 3 ʧʫʪʘ ʛʦʜʠʰˁʝ ʫ ʧʨʦʩʝʢʫ), ʟʘʪʠʤ 

ʩʣʝʜʝ QoI ʬʫʥʛʠʮʠʜʠ, ʘʟʘʥʘʬʪʘʣʝʥʠ ʠ ʤʦʨʬʦʣʠʥʠ, ʜʦʢ ʩʝ ʥʘʿʤʘˁʝ ʫʧʦʪʨʝʙˀʘʚʘʿʫ ʘʨʠʣ-

ʬʝʥʠʣ ʢʝʪʦʥʠ ʠ ʬʝʥʠʣ-ʘʮʝʪʘʤʠʜʠ (ʮʠʬʣʫʬʝʥʘʤʠʜ).  

 

2.5.5 ʄʦʜʝʣʠ (ʧʨʦʛʨʘʤʠ) ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ  

ɿʘʰʪʠʪʘ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʫʩʤʝʨʝʥʘ ʿʝ ʧʨʝ ʩʚʝʛʘ ʥʘ ʟʘʰʪʠʪʫ 

ʙʦʙʠʮʘ, ʦʜʥʦʩʥʦ ʛʨʦʟʜʦʚʘ, ʿʝʨ ʿʝ ʩʚʘʢʘʢʦ ʦʩʥʦʚʥʠ ʮʠˀ ʫ ʧʨʦʠʟʚʦʜˁʠ ʚʠʥʦʚʝ ʣʦʟʝ ʜʦʙʠʿʘˁʝ 

ʟʜʨʘʚʠʭ ʠ ʢʚʘʣʠʪʝʪʥʠʭ ʛʨʦʟʜʦʚʘ. ʇʨʘʚʠʣʥʦ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʬʫʥʛʠʮʠʜʘ ʫ ʧʨʦʛʨʘʤʠʤʘ 

ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʠ ˁʠʭʦʚʘ ʨʘʮʠʦʥʘʣʥʘ ʧʨʠʤʝʥʘ ʿʝ ʦʜ ʢʨʫʮʠʿʘʣʥʦʛ ʟʥʘʯʘʿʘ, ʧʘ ʿʝ ʠʟ ʪʦʛ 

ʨʘʟʣʦʛʘ ʥʝʦʧʭʦʜʥʦ ʜʦʙʨʦ ʧʦʟʥʘʚʘʪʠ, ʢʘʢʦ ʝʧʠʜʝʤʠʦʣʦʛʠʿʫ ʧʘʪʦʛʝʥʘ, ʪʘʢʦ ʠ ʙʠʦʣʦʛʠʿʫ 

ʚʠʥʦʚʝ ʣʦʟʝ. ʅʘʿʦʩʝʪˀʠʚʠʿʝ ʬʝʥʦʬʘʟʝ ʚʠʥʦʚʝ ʣʦʟʝ ʧʨʝʤʘ ʧʨʦʫʟʨʦʢʦʚʘʯʫ ʧʝʧʝʣʥʠʮʝ ʩʫ 

ʧʦʯʝʪʘʢ ʮʚʝʪʘˁʘ, ʧʨʝʮʚʝʪʘʚʘˁʝ, ʟʘʤʝʪʘˁʝ ʧʘ ʩʚʝ ʜʦʢ ʙʦʙʠʮʝ ʥʝ ʜʦʩʪʠʛʥʫ 2 mm ʫ ʧʨʝʯʥʠʢʫ 

(Gadoury et al., 2003). Kast and Bleyer (2011) ʩʫ ʫ ʧʝʨʠʦʜʫ ʦʜ 1999. ʜʦ 2010. ʛʦʜʠʥʝ ʫ 

ʅʝʤʘʯʢʦʿ ʠʩʧʠʪʠʚʘʣʠ ʝʬʝʢʪʝ ʨʘʟʣʠʯʠʪʠʭ ʬʫʥʛʠʮʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʢʨʦʟ ʜʚʘ ʨʝʞʠʤʘ 

ʟʘʰʪʠʪʝ. ʇʨʚʠ ʨʝʞʠʤ ʿʝ ʫʢˀʫʯʠʚʘʦ ʫʢʫʧʥʦ 3 ʪʨʝʪʠʨʘˁʘ ʪʦʢʦʤ ʥʘʿʦʩʝʪˀʠʚʠʭ ʬʝʥʦʬʘʟʘ ï ʦʜ 

ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʝ ʮʚʘʩʪʠ ʜʦ ʙʦʙʠʮʘ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʧʰʝʥʠʮʝ (BBCH 55-73), ʜʦʢ ʿʝ ʫ ʜʨʫʛʦʤ 

ʨʝʞʠʤʫ ʠʟʚʝʜʝʥʦ ʫʢʫʧʥʦ 7 ʪʨʝʪʠʨʘˁʘ ʦʜ ʬʝʥʦʬʘʟʝ ʨʘʟʚʠʿʝʥʠʭ 8-9 ʣʠʩʪʦʚʘ ʜʦ ʟʘʪʚʘʨʘˁʘ 

ʛʨʦʟʜʘ (BBCH 18-79). ʋ ʦʛʣʝʜʫ ʩʫ ʪʦʢʦʤ ʛʦʜʠʥʘ ʢʦʨʠʰ˂ʝʥʠ ʨʘʟʣʠʯʠʪʠ ʬʫʥʛʠʮʠʜʠ ʠ ˁʠʭʦʚʝ 

ʢʦʤʙʠʥʘʮʠʿʝ: ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ, ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ, ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ, ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ + 

ʙʦʩʢʘʣʠʜ, ʤʠʢʣʦʙʫʪʘʥʠʣ, ʧʨʦʢʚʠʥʘʟʠʜ, ʧʝʥʢʦʥʘʟʦʣ, ʢʚʠʥʦʢʩʠʬʝʥ + ʤʠʢʣʦʙʫʪʘʥʠʣ, 

ʢʚʠʥʦʢʩʠʬʝʥ + ʬʝʥʘʨʠʤʦʣ, ʤʝʪʨʘʬʝʥʦʥ ʠ ʩʫʤʧʦʨ. ʋ ʧʨʚʦʤ ʨʝʞʠʤʫ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʛʦʜʠʥʝ 

ʠʩʧʠʪʠʚʘˁʘ, ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʫ ʙʣʦʢʫ ʦʜ ʪʨʠ ʪʨʝʪʠʨʘˁʘ ʩʣʝʜʝ˂ʠ ʬʫʥʛʠʮʠʜʠ: 

ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ, ʢʚʠʥʦʢʩʠʬʝʥ + ʤʠʢʣʦʙʫʪʘʥʠʣ, ʧʝʥʢʦʥʘʟʦʣ, ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ + 

ʙʦʩʢʘʣʠʜ, ʧʨʦʢʚʠʥʘʟʠʜ, ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ, ʤʝʪʨʘʬʝʥʦʥ ʠ ʩʫʤʧʦʨ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ 

ʢʦʥʪʨʦʣʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 9 ʜʦ 68%, ʘ ʝʬʠʢʘʩʥʦʩʪ ʧʨʚʦʛ ʨʝʞʠʤʘ ʦʜ 78,6 ʜʦ 100%, ʜʦʢ ʩʝ ʢʦʜ 

ʜʨʫʛʦʛ ʨʝʞʠʤʘ ʢʨʝʪʘʣʘ ʦʜ 88,9 ʜʦ 100%. ʅʘʿʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʧʨʚʦʤ ʨʝʞʠʤʫ ʧʦʩʪʠʛʥʫʪʘ ʿʝ 

ʢʘʜʘ ʩʫ ʫ ʙʣʦʢʫ ʦʜ ʪʨʠ ʪʨʝʪʠʨʘˁʘ ʧʨʠʤʝˁʝʥʠ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ (ʪʨʠ ʧʫʪʘ ʫʟʘʩʪʦʧʥʦ), 

ʧʨʦʢʚʠʥʘʟʠʜ-ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ-ʧʨʦʢʚʠʥʘʟʠʜ ʠ ʤʝʪʨʘʬʝʥʦʥ-ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ-ʤʝʪʨʘʬʝʥʦʥ 

(95,5-100%), ʜʦʢ ʿʝ ʥʘʿʤʘˁʘ ʧʦʩʪʠʛʥʫʪʘ ʢʘʜʘ ʩʫ ʫ ʙʣʦʢʫ ʪʨʠ ʧʫʪʘ ʫʟʘʩʪʦʧʥʦ ʧʨʠʤʝˁʝʥʠ 

ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ ʠ ʢʦʤʙʠʥʘʮʠʿʘ ʢʚʠʥʦʢʩʠʬʝʥ + ʤʠʢʣʦʙʫʪʘʥʠʣ (78,6-90,5%). ʆʚʘ 

ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʩʪʘʪʠʩʪʠʯʢʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʜʚʘ ʨʝʞʠʤʘ ʛʦʪʦʚʦ ʠ ʜʘ ʥʝ ʧʦʩʪʦʿʝ, 

ʠ ʜʘ ʙʠ ʩʝ ʧʨʠʤʝʥʦʤ ʥʘʿʝʬʠʢʘʩʥʠʿʠʭ ʬʫʥʛʠʮʠʜʘ ʫ ʢʨʠʪʠʯʥʠʤ ʬʘʟʘʤʘ ʦʙʝʟʙʝʜʠʣʘ ʫʩʧʝʰʥʘ 

ʟʘʰʪʠʪʘ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ E. necator.  
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Deliere et al. (2010) ʩʫ ʠʩʧʠʪʠʚʘʣʠ ʝʬʝʢʪʝ ʢʚʠʥʦʢʩʠʬʝʥʘ, ʪʝʙʫʢʦʥʘʟʦʣʘ ʠ 

ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ ʫ ʨʘʥʠʤ ʬʘʟʘʤʘ ʠʥʬʝʢʮʠʿʝ E. necator. ʆʛʣʝʜʠ ʩʫ ʠʟʚʝʜʝʥʠ ʫ 

ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʠ ʧʦˀʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʩ ʪʠʤ ʜʘ ʩʫ ʦʛʣʝʜʠ ʫ ʧʦˀʫ ʠʟʚʝʜʝʥʠ ʫʟ ʚʝʰʪʘʯʢʫ 

ʠʥʦʢʫʣʘʮʠʿʫ ʮʝʥʪʨʘʣʥʠʭ ʤʣʘʜʘʨʘ ʥʘ ʯʦʢʦʪʠʤʘ. ʌʫʥʛʠʮʠʜʠ ʩʫ ʧʨʠʤʝˁʝʥʠ 28 ʜʘʥʘ ʥʘʢʦʥ 

ʠʥʦʢʫʣʘʮʠʿʝ, ʘ ʠʟʚʝʜʝʥʦ ʿʝ ʫʢʫʧʥʦ 3 ʪʨʝʪʠʨʘˁʘ ʫ ʨʘʟʤʘʮʠʤʘ ʦʜ 14 ʜʘʥʘ. ʀʥʪʝʥʟʠʪʝʪ 

ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʦʛʣʝʜʘ ʢʨʝʪʘʦ ʩʝ ʦʜ 20 ʜʦ 60 %. 

ʈʝʟʫʣʪʘʪʠ ʦʛʣʝʜʘ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ ʥʘʿʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʫʩʪʘʥʦʚˀʝʥʘ ʧʨʠʤʝʥʦʤ ʪʝʙʫʢʦʥʘʟʦʣʘ 

ʠ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ (ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ < 5%), ʜʦʢ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʢʚʠʥʦʢʩʠʬʝʥʘ ʙʠʣʘ 

ʥʝʰʪʦ ʥʠʞʘ (ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ 5-20%). ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʦʛʣʝʜʘ 

ʤʦʞʝ ʢʨʝʠʨʘʪʠ ʩʪʨʘʪʝʛʠʿʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʧʨʠʤʝʥʦʤ ʦʚʝ ʪʨʠ ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʠ ʪʦ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: ʟʙʦʛ ʢʫʨʘʪʠʚʥʠʭ ʠ ʧʨʦʪʝʢʪʠʚʥʠʭ ʩʚʦʿʩʪʘʚʘ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ ʠ 

ʪʝʙʫʢʦʥʘʟʦʣʘ, ʧʨʝʧʦʨʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʦʥʠ ʧʨʠʤʝˁʫʿʫ ʫ ʧʦʯʝʪʥʠʤ ʬʘʟʘʤʘ ʠʥʬʝʢʮʠʿʝ 

(ʢʫʨʘʪʠʚʥʘ ʧʨʠʤʝʥʘ), ʜʦʢ ʩʝ ʧʨʦʪʝʢʪʠʚʥʦ ʜʝʣʦʚʘˁʝ ʢʚʠʥʦʢʩʠʬʝʥʘ ʤʦʞʝ ʠʩʢʦʨʠʩʪʠʪʠ ʟʘ 

ʢʘʩʥʠʿʘ ʪʨʝʪʠʨʘˁʘ, ʥʘʢʦʥ ʪʝʙʫʢʦʥʘʟʦʣʘ ʠ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ ʢʘʢʦ ʙʠ ʩʝ ʟʘʰʪʠʪʠʣʠ ʣʠʩʪʦʚʠ 

ʠ ʠʟʙʝʛʣʦ ʬʦʨʤʠʨʘˁʝ ʢʦʣʦʥʠʿʝ ʧʘʪʦʛʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ.  

ʇʦʿʝʜʠʥʠ ʘʫʪʦʨʠ ʥʘʚʦʜʝ ʜʘ ʫʩʧʝʰʥʘ ʩʪʨʘʪʝʛʠʿʘ ʩʫʟʙʠʿʘˁʘ E. necator ʧʦʜʨʘʟʫʤʝʚʘ 

ʩʤʘˁʝˁʝ ʠʥʬʝʢʮʠʦʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ, ʪʿ. ʧʨʝʟʠʤˀʫʿʫ˂ʝʛ ʠʥʦʢʫʣʫʤʘ ʧʘʪʦʛʝʥʘ. Oʚʦ ʧʨʘʢʪʠʯʥʦ 

ʟʥʘʯʠ ʜʘ ʿʝ ʩʘ ʟʘhʪʠʪʦʤ ʥʝʦʧʭʦʜʥʦ ʢʨʝʥʫʪʠ ʦʜʤʘʭ ʥʘʢʦʥ ʟʘʚʨʰʝʥʝ ʙʝʨʙʝ, ʿʝʨ ʦʚʦʤ 

ʠʥʪʝʨʚʝʥʮʠʿʦʤ ʩʝ ʤʦʞʝ ʨʝʜʫʢʦʚʘʪʠ ʠ ʜʦ 90% ʧʨʝʟʠʤˀʫʿʫ˂ʠʭ ʢʘʟʤʦʪʝʮʠʿʘ ʠ ʦʜʣʦʞʠʪʠ ʧʦʿʘʚʘ 

ʠʥʬʝʢʮʠʿʝ ʫ ʚʠʥʦʛʨʘʜʫ ʟʘ ʥʝʢʦʣʠʢʦ ʥʝʜʝˀʘ (Gadoury et al., 1994). Caffi et al. (2013) ʩʫ 

ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧʘ ʠʣʠ ʢʦʤʙʠʥʘʮʠʿʝ ʙʦʩʢʘʣʠʜ + ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ 

ʥʘʢʦʥ ʙʝʨʙʝ ʩʤʘˁʫʿʝ ʠʥʬʝʢʮʠʦʥʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʠʜʫ˂ʫ ʛʦʜʠʥʫ, ʠ ʦʜʣʘʞʝ ʧʨʠʤʘʨʥʘ 

ʠʥʬʝʢʮʠʿʘ ʫ ʧʨʦʩʝʢʫ ʟʘ 14-21 ʜʘʥ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʨʠʤʝʥʘ ʩʧʠʨʦʢʩʘʤʠʥʘ, ʙʫʧʠʨʠʤʘʪʘ ʠ 

ʤʠʥʝʨʘʣʥʠʭ ʫˀʘ ʥʘʢʦʥ ʙʝʨʙʝ ʥʝʤʘ ʛʦʪʦʚʦ ʥʠʢʘʢʘʚ ʫʪʠʮʘʿ ʥʘ ʩʤʘˁʝˁʝ ʧʨʝʟʠʤˀʫʿʫ˂ʝʛ 

ʠʥʦʢʫʣʫʤʘ. ɼʦʜʘʪʥʦ, ʘʧʣʠʢʘʮʠʿʘ ʧʨʝʧʘʨʘʪʘ ɸQ10 (ʥʘ ʙʘʟʠ A. quisqualis) ʥʝʧʦʩʨʝʜʥʦ ʧʨʝʜ 

ʙʝʨʙʫ ʠ ʥʘʢʦʥ ʙʝʨʙʝ ʫʪʠʯʝ ʥʘ ʩʤʘˁʝʥʫ ʧʦʿʘʚʫ ʙʦʣʝʩʪʠ ʫ ʥʘʨʝʜʥʦʿ ʛʦʜʠʥʠ ʟʘ 50%. ʀʩʪʠ 

ʘʫʪʦʨʠ ʥʘʚʦʜʝ, ʜʘ ʙʠ ʩʝ ʘʧʣʠʢʘʮʠʿʦʤ ʧʨʝʧʘʨʘʪʘ ɸQ10 ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʠ ʥʘʢʦʥ ʙʝʨʙʝ ʠ 

ʧʨʠʤʝʥʦʤ ʩʫʤʧʦʨʘ ʥʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ ʚʝʛʝʪʘʮʠʿʝ (ʧʦʿʘʚʘ ʧʨʚʠʭ ʣʠʩʪʠ˂ʘ), ʩʤʘˁʠʣʘ ʧʦʪʨʝʙʘ 

ʟʘ ʧʨʠʤʝʥʦʤ ʩʠʥʪʝʪʠʯʢʠʭ ʬʫʥʛʠʮʠʜʘ ʫ ʠʜʫ˂ʦʿ ʛʦʜʠʥʠ, ʿʝʨ ʙʠ ˁʠʭ, ʫ ʪʦʤ ʩʣʫʯʘʿʫ, ʪʨʝʙʘʣʦ 

ʧʦʟʠʮʠʦʥʠʨʘʪʠ ʫ ʥʘʿʦʩʝʪˀʠʚʠʿʠʤ ʬʘʟʘʤʘ ʨʘʟʚʦʿʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʦʜʥʦʩʥʦ ʦʜ ʬʝʥʦʬʘʟʝ 

ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʝ ʮʚʘʩʪʠ ʜʦ ʬʝʥʦʬʘʟʝ ʢʘʜʘ ʩʫ ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʛʨʘʰʢʘ. ʉʣʠʯʥʠ 

ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʩʫ ʠ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʢʦʿʝ ʩʫ Hoffmann et al. (2012) ʩʧʨʦʚʝʣʠ ʫ ʄʘʹʘʨʩʢʦʿ 

ʩʘ ʮʠˀʝʤ ʫʪʚʨʹʠʚʘˁʘ ʠʥʜʠʨʝʢʪʥʦʛ ʝʬʝʢʪʘ ʨʘʟʣʠʯʠʪʠʭ ʬʫʥʛʠʮʠʜʘ ʥʘ ʧʨʝʟʠʤˀʫʿʫ˂ʝ 

ʢʘʟʤʦʪʝʮʠʿʝ E. necator. ʆʛʣʝʜʠ ʩʫ ʩʧʨʦʚʝʜʝʥʠ ʪʦʢʦʤ 2005. ʠ 2006. ʛʦʜʠʥʝ, ʘ ʫ ʠʩʪʨʘʞʠʚʘˁʫ 

ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʩʣʝʜʝ˂ʠ ʬʫʥʛʠʮʠʜʠ: ʤʝʪʨʘʬʝʥʦʥ, ʧʨʦʢʚʠʥʘʟʠʜ, ʙʦʩʢʘʣʠʜ, ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ, 

ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ, ʘʟʦʢʩʠʩʪʨʦʙʠʥ, ʬʣʫʢʚʠʥʢʦʥʘʟʦʣ, ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʠ ʢʦʤʙʠʥʘʮʠʿʘ 

ʪʝʙʫʢʦʥʘʟʦʣ + ʪʨʠʘʜʠʤʝʥʦʣ + ʩʧʠʨʦʢʩʘʤʠʥ. ʊʦʢʦʤ 2005. ʛʦʜʠʥʝ ʠʟʚʝʜʝʥʦ ʿʝ ʫʢʫʧʥʦ 6 

ʪʨʝʪʠʨʘˁʘ (BBCH 61-81), oʜʥʦʩʥʦ 5 ʪʨʝʪʠʨʘˁʘ ʪʦʢʦʤ 2006. ʛʦʜʠʥʝ (BBCH 61-81). ʋ 

ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ ʙʨʦʿ ʢʘʟʤʦʪʝʮʠʿʘ ʩʝ ʢʨʝʪʘʦ ʦʜ 115,2 ʜʦ 539,4 ʥʘ ʣʠʩʪʫ ʥʘ 10 ʩʤ2, 

ʦʜʥʦʩʥʦ ʦʜ ʜʦ 342 ʜʦ 2668,33 ʥʘ ʧʦʚʨʰʠʥʠ ʯʦʢʦʪʘ ʥʘ 10 ʛʨʘʤʘ ʫʟʦʨʢʘ. ʅʘʿʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ 

ʫ ʨʝʜʫʢʮʠʿʠ ʙʨʦʿʘ ʢʘʟʤʦʪʝʮʠʿʘ ʪʦʢʦʤ 2005. ʥʘ ʣʠʩʪʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʙʦʩʢʘʣʠʜʘ 

(0,04), ʧʠʨʘʢʣʦʩʪʨʦʙʠʥʘ (0,3), ʬʣʫʢʚʠʥʢʦʥʘʟʦʣʘ (1,58) ʠ ʤʝʪʨʘʬʝʥʦʥʘ (5,1), ʜʦʢ ʿʝ ʥʘʿʤʘˁʘ 

ʝʬʠʢʘʩʥʦʩʪ ʫʩʪʘʥʦʚˀʝʥʘ ʢʦʜ ʘʟʦʢʩʠʩʪʨʦʙʠʥʘ (76,7) ʠ ʧʨʦʢʚʠʥʘʟʠʜʘ (67,8). ʅʘʿʚʝ˂ʘ 

ʝʬʠʢʘʩʥʦʩʪ ʫ ʨʝʜʫʢʮʠʿʠ ʙʨʦʿʘ ʢʘʟʤʦʪʝʮʠʿʘ ʥʘ ʯʦʢʦʪʠʤʘ ʫʩʪʘʥʦʚˀʝʥʘ ʿʝ ʫ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ 

ʬʣʫʢʚʠʥʢʦʥʘʟʦʣʦʤ (65), ʧʠʨʘʢʣʦʩʪʨʦʙʠʥʦʤ (89,33), ʙʦʢʩʘʣʠʜʦʤ (104), ʤʝʪʨʘʬʝʥʦʥʦʤ 

(120,33) ʠ ʧʨʦʢʚʠʥʘʟʠʜʦʤ (109,67), ʘ ʥʘʿʤʘˁʘ ʢʦʜ ʘʟʦʢʩʠʩʪʨʦʙʠʥʘ (383,33). ʊʦʢʦʤ 2006. 
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ʛʦʜʠʥʝ, ʢʘʜʘ ʿʝ ʙʨʦʿ ʦʙʨʘʟʦʚʘʥʠʭ ʢʘʟʤʦʪʝʮʠʿʘ ʙʠʦ ʟʥʘʪʥʦ ʚʝ˂ʠ ʫ ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ 

ʥʘʿʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʨʝʜʫʢʮʠʿʠ ʙʨʦʿʘ ʢʘʟʤʦʪʝʮʠʿʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʦʩʪʚʘʨʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ 

ʙʦʩʢʘʣʠʜʘ (0,1) ʠ ʬʣʫʢʚʠʥʢʦʥʘʟʦʣʘ (0,4), ʘ ʥʘʿʤʘˁʘ ʧʨʠʤʝʥʦʤ ʘʟʦʢʩʠʩʪʨʦʙʠʥʘ ʠ 

ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ (539,4 ʠ 526,7). ʅʘ ʯʦʢʦʪʠʤʘ, ʥʘʿʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ ʩʫ ʠʩʧʦˀʠʣʠ ʪʘʢʦʹʝ 

ʙʦʩʢʘʣʠʜ ʠ ʬʣʫʢʚʠʥʢʦʥʘʟʦʣ (28, ʦʜʥʦʩʥʦ 46,33 ʫʪʚʨʹʝʥʠʭ ʢʘʟʤʦʪʝʮʠʿʘ), ʘ ʥʘʿʤʘˁʫ 

ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʠ ʘʟʦʢʩʠʩʪʨʦʙʠʥ (3120,67 ʠ 2668,33 ʫʪʚʨʹʝʥʠʭ ʢʘʟʤʦʪʝʮʠʿʘ). ʈʝʟʫʣʪʘʪʠ 

ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʙʦʩʢʘʣʠʜ ʠ ʬʣʫʢʚʠʥʢʦʥʘʟʦʣ ʤʦʛʫ ʠʥʪʝʛʨʠʩʘʪʠ ʫ 

ʧʨʦʛʨʘʤʝ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ. ɳʠʭʦʚʦʤ ʧʨʠʤʝʥʦʤ ʥʘʢʦʥ 

ʙʝʨʙʝ ʤʦʞʝ ʩʝ ʩʤʘˁʠʪʠ ʠʥʬʝʢʮʠʦʥʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʠʜʫ˂ʫ ʚʝʛʝʪʘʮʠʦʥʫ ʩʝʟʦʥʫ.  

ʄʠʣʘʜʠʥʦʚʠ˂ ʠ ʩʘʨ. (2007) ʚʨʰʠʣʠ ʩʫ ʠʩʧʠʪʠʚʘˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʧʘʨʘʪʘ ʥʘ ʙʘʟʠ 

ʜʠʥʠʪʨʦ-ʦʨʪʦ-ʢʨʝʟʦʣ-ʘ (DNOC) ʠ ʙʘʢʘʨ-ʦʢʩʠʭʣʦʨʠʜʘ ʩʘ ʮʠˀʝʤ ʩʤʘˁʠʚʘˁʘ ʠʥʬʝʢʮʠʦʥʦʛ 

ʧʦʪʝʥʮʠʿʘʣʘ ʧʘʪʦʛʝʥʘ ʟʘ ʠʜʫ˂ʫ ʚʝʛʝʪʘʮʠʦʥʫ ʩʝʟʦʥʫ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʩʧʨʦʚʝʜʝʥʠ ʦʜ 2002. 

ʜʦ 2004. ʛʦʜʠʥʝ, ʠ ʨʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ ʧʨʝʧʘʨʘʪʘ ʥʘ ʙʘʟʠ DNOC-a ʧʦʩʪʠʞʝ 

ʟʥʘʯʘʿʥʦ ʩʤʘˁʝˁʝ ʠʥʪʝʥʟʠʪʝʪʘ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ (ʠʥʪ. ʦʙʦˀʝˁʘ 28,3-

44,7%), ʯʘʢ ʠ ʫʢʦʣʠʢʦ ʩʝ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ ʥʝ ʚʨʰʠ ʩʫʟʙʠʿʘˁʝ ʧʝʧʝʣʥʠʮʝ (ʠʥʪ. 

ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ 62,2-97,4%), ʜʦʢ ʧʨʝʧʘʨʘʪʠ ʥʘ ʙʘʟʠ ʙʘʢʘʨ-ʦʢʩʠʭʣʦʨʠʜʘ ʛʦʪʦʚʦ ʜʘ 

ʥʝʤʘʿʫ ʫʪʠʮʘʿ ʥʘ ʨʝʜʫʢʮʠʿʫ ʧʨʝʟʠʤˀʫʿʫ˂ʝʛ ʠʥʦʢʫʣʫʤʘ (ʠʥʪ. ʦʙʦˀʝˁʘ 47,9-95,0%). ʋ 

ʚʘʨʠʿʘʥʪʠ ʢʦʿʘ ʿʝ ʧʨʝʜʩʪʘʚˀʘʣʘ ʤʦʜʝʣ ʟʘʰʪʠʪʝ ʫ ʢʦʿʦʿ ʿʝ ʠʟʚʝʜʝʥʦ ʫʢʫʧʥʦ 7 ʪʨʝʪʠʨʘˁʘ 

(BBCH 12-81) ʢʦʿʘ ʩʫ ʫʢˀʫʯʠʚʘʣʘ ʧʨʠʤʝʥʫ ʧʝʥʢʦʥʘʟʦʣʘ (ʜʚʘ ʪʨʝʪʠʨʘˁʘ), ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʘ 

(ʪʨʠ ʪʨʝʪʠʨʘˁʘ) ʠ ʩʫʤʧʦʨʘ (4 ʪʨʝʪʠʨʘˁʘ ʦʜ ʢʦʿʠʭ ʜʚʘ ʩʘʤʦʩʪʘʣʥʦ ʠ ʜʚʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ 

ʧʝʥʢʦʥʘʟʦʣʦʤ) ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ ʫ ʦʧʩʝʛʫ ʦʜ 97,4 ʜʦ 100%. ʋ ʤʦʜʝʣʫ ʟʘʰʪʠʪʝ ʛʜʝ ʿʝ ʧʦʨʝʜ 

ʦʚʠʭ 7 ʪʨʝʪʠʨʘˁʘ ʫʢˀʫʯʝʥʦ ʠ ʟʠʤʩʢʦ ʪʨʝʪʠʨʘˁʝ ʧʨʝʧʘʨʘʪʠʤʘ ʥʘ ʙʘʟʠ DNOC-a ʝʬʠʢʘʩʥʦʩʪ 

ʿʝ ʙʠʣʘ ʤʘʢʩʠʤʘʣʥʘ (100%).  

ɹʨʦʿʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʧʨʦʚʝʜʝʥʘ ʪʦʢʦʤ ʧʦʩʣʝʜˁʠʭ 20 ʛʦʜʠʥʘ, ʥʘʨʦʯʠʪʦ ʥʘ ʧʦʜʨʫʯʿʫ 

ʀʪʘʣʠʿʝ, ʫʢʘʟʫʿʫ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ (ʧʨʦʛʨʘʤʘ) ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ Sancassani and Rho (2002) ʫ ʧʝʨʠʦʜʫ ʦʜ 1999. 

ʜʦ 2001. ʛʦʜʠʥʝ ʠʩʧʠʪʠʚʘʥʠ ʩʫ ʝʬʝʢʪʠ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʫ ʮʠˀʫ ʩʫʟʙʠʿʘˁʘ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ. ʊʦʢʦʤ ʧʨʚʝ ʛʦʜʠʥʝ ʠʩʪʨʘʞʠʚʘˁʘ, ʠʩʧʠʪʘʥʘ ʩʫ ʪʨʠ 

ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʫ ʢʦʿʠʤʘ ʿʝ ʧʨʝʧʘʨʘʪ ʥʘ ʙʘʟʠ ʩʫʤʧʦʨʘ ʧʨʠʤʝˁʝʥ ʫ ʧʨʚʘ ʪʨʠ ʠ ʧʦʩʣʝʜˁʘ 

ʪʨʠ ʪʨʝʪʠʨʘˁʘ. ʇʨʦʛʨʘʤʠ ʩʫ ʩʝ ʨʘʟʣʠʢʦʚʘʣʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʧʘʨʘʪʝ ʢʦʿʠ ʩʫ ʧʨʠʤʝˁʝʥʠ 

ʠʟʤʝʹʫ ʪʨʝʪʠʨʘˁʘ ʩʘ ʩʫʤʧʦʨʦʤ: ʧʨʚʠ ʧʨʦʛʨʘʤ (4 ʪʨʝʪʠʨʘˁʘ ʧʨʝʧʘʨʘʪʦʤ ʥʘ ʙʘʟʠ 

ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ); ʜʨʫʛʠ ʧʨʦʛʨʘʤ (4 ʪʨʝʪʠʨʘˁʘ ʧʨʝʧʘʨʘʪʦʤ ʥʘ ʙʘʟʠ ʢʦʤʙʠʥʘʮʠʿʝ 

ʪʨʠʘʜʠʤʝʥʦʣ + ʪʝʙʫʢʦʥʘʟʦʣ); ʪʨʝ˂ʠ ʧʨʦʛʨʘʤ (4 ʪʨʝʪʠʨʘˁʘ ʧʨʝʧʘʨʘʪʦʤ ʥʘ ʙʘʟʠ ʧʝʥʢʦʥʘʟʦʣʘ). 

ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝʥʘ ʫ ʢʦʥʪʨʦʣʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʦ ʩʝ ʦʜ 13,1 ʜʦ 46,7% (45,5 ʜʦ 78,5 % 

ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ), ʘ ʫ ʩʚʘ ʪʨʠ ʧʨʦʛʨʘʤʘ ʠʩʧʦˀʝʥʘ ʿʝ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. 

necator (99,5-99,9%). ʊʦʢʦʤ 2000. ʛʦʜʠʥʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʥʠʿʝ ʙʠʦ 

ʨʝʣʝʚʘʥʪʘʥ ʟʘ ʦʮʝʥʫ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ ʪʦʢʦʤ 2001. ʛʦʜʠʥʝ ʠʩʧʠʪʠʚʘʥʘ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʿʦʰ ʪʨʠ 

ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ, ʩʘ ʦʜʨʝʹʝʥʠʤ ʤʦʜʠʬʠʢʘʮʠʿʘʤʘ. ʇʨʝʧʘʨʘʪ ʥʘ ʙʘʟʠ ʩʫʤʧʦʨʘ ʿʝ ʫ ʩʚʘ ʪʨʠ 

ʧʨʦʛʨʘʤʘ ʙʠʦ ʧʦʟʠʮʠʦʥʠʨʘʥ ʫ ʧʦʯʝʪʥʘ ʪʨʠ ʠ ʢʨʘʿˁʘ ʪʨʠ ʪʨʝʪʠʨʘˁʘ, ʘ ʧʨʝʧʘʨʘʪ ʥʘ ʙʘʟʠ 

ʢʦʤʙʠʥʘʮʠʿʝ ʪʝʙʫʢʦʥʘʟʦʣ + ʪʨʠʘʜʠʤʝʥʦʣ ʧʨʠʤʝˁʝʥ ʿʝ ʫ ʩʚʘ ʪʨʠ ʧʨʦʛʨʘʤʘ ʜʚʘ ʧʫʪʘ, ʥʘʢʦʥ 

ʧʦʯʝʪʥʘ ʪʨʠ ʪʨʝʪʠʨʘˁʘ ʧʨʝʧʘʨʘʪʦʤ ʥʘ ʙʘʟʠ ʩʫʤʧʦʨʘ. ʋ ʧʨʚʠ ʧʨʦʛʨʘʤ (ʥʘʢʦʥ ʪʨʝʪʠʨʘˁʘ 

ʢʦʤʙʠʥʘʮʠʿʦʤ ʪʝʙʫʢʦʥʘʟʦʣ + ʪʨʠʘʜʠʤʝʥʦʣ) ʠʥʪʝʛʨʠʩʘʥ ʿʝ ʧʨʝʧʘʨʘʪ ʥʘ ʙʘʟʠ 

ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ (3 ʪʨʝʪʠʨʘˁʘ ʫ ʙʣʦʢʫ), ʫ ʜʨʫʛʠ ʧʨʦʛʨʘʤ ʧʨʝʧʘʨʘʪ ʥʘ ʙʘʟʠ ʢʚʠʥʦʢʩʠʬʝʥʘ 

(3 ʪʨʝʪʠʨʘˁʘ ʫ ʙʣʦʢʫ) ʠ ʫ ʪʨʝ˂ʠ ʧʨʝʧʘʨʘʪ ʥʘ ʙʘʟʠ ʘʟʦʢʩʠʩʪʨʦʙʠʥʘ (3 ʪʨʝʪʠʨʘˁʘ ʫ ʙʣʦʢʫ). 

ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 11,7 ʜʦ 12,5 % (49-56,8 % ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ), 

ʘ ʫ ʩʚʘ ʪʨʠ ʧʨʦʛʨʘʤʘ ʠʩʧʦˀʝʥʘ ʿʝ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ (98,6-99,4).  
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Sozzani et al. (2008) ʩʫ ʠʩʧʠʪʠʚʘʣʠ ʪʨʠ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʬʫʥʛʠʮʠʜʠʤʘ 

ʥʘ ʜʚʘ ʣʦʢʘʣʠʪʝʪʘ ʪʦʢʦʤ 2007. ʛʦʜʠʥʝ. ʋʢʫʧʥʦ ʿʝ ʦʙʘʚˀʝʥʦ 5 ʪʨʝʪʠʨʘˁʘ ʠ ʪʦ ʦʜ ʬʝʥʦʬʘʟʝ 

ʧʦʯʝʪʘʢ ʮʚʝʪʘˁʘ (BBCH 61) ʜʦ ʬʝʥʦʬʘʟʝ ʟʘʪʚʘʨʘˁʝ ʛʨʦʟʜʘ (BBCH 79). ʈʘʩʧʦʨʝʜ ʪʨʝʪʤʘʥʘ 

ʫ ʧʨʦʛʨʘʤʠʤʘ ʙʠʦ ʿʝ ʩʣʝʜʝ˂ʠ - ʧʨʚʠ ʧʨʦʛʨʘʤ: ʤʝʪʨʘʬʝʥʦʥ (1) ï ʢʨʝʩʦʢʩʠʤ ʤʝʪʠʣ + ʙʦʩʢʘʣʠʜ 

(2 ʠ 3) ï ʤʝʪʨʘʬʝʥʦʥ (4 ʠ 5) ; ʜʨʫʛʠ ʧʨʦʛʨʘʤ: ʤʝʪʨʘʬʝʥʦʥ (1) ï ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ  (2 ʠ 3) ï 

ʙʦʩʢʘʣʠʜ (4) ï ʤʝʪʨʘʬʝʥʦʥ (5); ʪʨʝ˂ʠ ʧʨʦʛʨʘʤ: ʩʧʠʨʦʢʩʘʤʠʥ (1 ʠ 2) ï ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ (3, 

4 ʠ 5). ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 9,1 ʜʦ 25,63%. ʇʨʦʛʨʘʤʠ ʩʝ ʥʠʩʫ 

ʩʪʘʪʠʩʪʠʯʢʠ ʨʘʟʣʠʢʦʚʘʣʠ ʥʘ ʧʨʚʦʤ ʣʦʢʘʣʠʪʝʪʫ, ʘʣʠ ʿʝ ʥʘ ʜʨʫʛʦʤ ʣʦʢʘʣʠʪʝʪʫ ʤʘʢʩʠʤʘʣʥʘ 

ʝʬʠʢʘʩʥʦʩʪ ʧʦʩʪʠʛʥʫʪʘ ʩʘʤʦ ʫ ʧʨʚʦʤ ʧʨʦʛʨʘʤʫ, ʘ ʥʝʰʪʦ ʥʠʞʘ ʿʝ ʙʠʣʘ ʫ ʜʨʫʛʦʤ ʠ ʪʨʝ˂ʝʤ 

ʧʨʦʛʨʘʤʫ.  

ʋ ʧʝʨʠʦʜʫ ʦʜ 2004. ʜʦ 2007. ʛʦʜʠʥʝ ʥʘ ʿʝʜʥʦʤ ʣʦʢʘʣʠʪʝʪʫ ʫ ʀʪʘʣʠʿʠ, ɽgger (2008) je 

ʠʩʧʠʪʠʚʘʦ ʝʬʠʢʘʩʥʦʩʪ 9 ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʮʠˀʫ ʝʬʠʢʘʩʥʠʿʝʛ ʩʫʟʙʠʿʘˁʘ E. 

necator. ʉʚʘʢʠ ʧʨʦʛʨʘʤ ʟʘʰʪʠʪʝ ʫʢˀʫʯʠʚʘʦ ʿʝ ʠʟʚʦʹʝˁʝ ʫʢʫʧʥʦ 5 ʪʨʝʪʠʨʘˁʘ ʫ ʩʚʠʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʛʦʜʠʥʘʤʘ (BBCH 57-BBCH 79), ʩ ʪʠʤ ʜʘ ʿʝ 2004. ʠ 2007. ʠʟʦʩʪʘʚˀʝʥʦ 

ʯʝʪʚʨʪʦ, ʘ 2006. ʪʨʝ˂ʝ ʪʨʝʪʠʨʘˁʝ. ʈʘʩʧʦʨʝʜ ʬʫʥʛʠʮʠʜʘ ʫ ʧʨʦʛʨʘʤʠʤʘ ʙʠʦ ʿʝ ʩʣʝʜʝ˂ʠ: ʧʨʚʠ 

ʧʨʦʛʨʘʤ ï ʩʫʤʧʦʨ (1) ï ʙʦʩʢʘʣʠʜ+ʢʨʝʩʦʢʩʠʤ-ʤʝʪʠʣ (2 ʠ 3) ï ʩʫʤʧʦʨ (4 ʠ 5); ʜʨʫʛʠ ʧʨʦʛʨʘʤ 

ï ʩʫʤʧʦʨ (1) ï ʤʝʪʨʘʬʝʥʦʥ (2) ï ʙʦʩʢʘʣʠʜ + ʢʨʝʩʦʢʩʠʤ-ʤʝʪʠʣ (3 ʠ 4) ï ʩʫʤʧʦʨ (5); ʪʨʝ˂ʠ 

ʧʨʦʛʨʘʤ ï ʩʫʤʧʦʨ (1) ï ʤʠʢʣʦʙʫʪʘʥʠʣ (2 ʠ 3) ï ʩʫʤʧʦʨ (4 ʠ 5); ʯʝʪʚʨʪʠ ʧʨʦʛʨʘʤ ï ʩʫʤʧʦʨ (1) 

ï ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ (2) ï ʪʝʙʫʢʦʥʘʟʦʣ (3 ʠ 4) ï ʩʫʤʧʦʨ (5); ʧʝʪʠ ʧʨʦʛʨʘʤ ï ʩʫʤʧʦʨ (1) ï 

ʤʠʢʣʦʙʫʪʘʥʠʣ (2) ï ʧʨʦʢʚʠʥʘʟʠʜ (3 ʠ 4) ï ʩʫʤʧʦʨ (5); ʰʝʩʪʠ ʧʨʦʛʨʘʤ ï ʩʫʤʧʦʨ (1) ï 

ʘʟʦʢʩʠʩʪʨʦʙʠʥ (2) ï ʧʝʥʢʦʥʘʟʦʣ (3 ʠ 4) ï ʩʫʤʧʦʨ (5); ʩʝʜʤʠ ʧʨʦʛʨʘʤ ï ʩʫʤʧʦʨ (1) ï 

ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ (2) ï ʙʦʩʢʘʣʠʜ + ʢʨʝʩʦʢʩʠʤ-ʤʝʪʠʣ (3 ʠ 4) ï ʩʫʤʧʦʨ (5); ʦʩʤʠ ʧʨʦʛʨʘʤ ï 

ʩʫʤʧʦʨ (1) ï ʢʚʠʥʦʢʩʠʬʝʥ (2 ʠ 3) ï ʤʠʢʣʦʙʫʪʘʥʠʣ (4) ï ʩʫʤʧʦʨ (5); ʜʝʚʝʪʠ ʧʨʦʛʨʘʤ ï 

ʩʧʠʨʦʢʩʘʤʠʥ (1) ï ʪʝʙʫʢʦʥʘʟʦʣ (2 ʠ 3) ï ʩʫʤʧʦʨ (4 ʠ 5).  ʊʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʛʦʜʠʥʘ, 

ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʘʤʘ ʩʝ ʢʨʝʪʘʦ ʦʜ 14,5 ʜʦ 64,7% (25,3-77,4% ʟʘʨʘʞʝʥʠʭ 

ʛʨʦʟʜʦʚʘ). ʊʦʢʦʤ 2004. ʛʦʜʠʥʝ ʥʘʿʤʘˁʘ ʝʬʠʢʘʩʥʦʩʪ (79,2%) ʫʩʪʘʥʦʚˀʝʥʘ ʿʝ ʢʦʜ ʪʨʝ˂ʝʛ 

ʧʨʦʛʨʘʤʘ (ʩʫʤʧʦʨ-ʤʠʢʣʦʙʫʪʘʥʠʣ-ʩʫʤʧʦʨ), ʜʦʢ ʩʫ ʦʩʪʘʣʝ ʚʘʨʠʿʘʥʪʝ ʠʩʧʦˀʠʣʝ ʚʠʩʦʢʫ 

ʝʬʠʢʘʩʥʦʩʪ (97,6-99,7%). ʀ ʫ 2005. ʛʦʜʠʥʠ ʫ ʠʩʪʦʤ ʧʨʦʛʨʘʤʫ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʘʿʤʘˁʘ 

ʝʬʠʢʘʩʥʦʩʪ (93,9%), ʜʦʢ ʿʝ ʠʟʫʟʝʪʥʦ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʧʦʩʪʠʛʥʫʪʘ ʢʦʜ ʜʨʫʛʦʛ, ʧʝʪʦʛ, 

ʰʝʩʪʦʛ, ʦʩʤʦʛ ʠ ʜʝʚʝʪʦʛ ʧʨʦʛʨʘʤʘ (96,8-100%). ʊʦʢʦʤ 2006. ʛʦʜʠʥʝ ʢʦʜ ʩʚʠʭ ʠʩʧʠʪʠʚʘʥʠʭ 

ʧʨʦʛʨʘʤʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ (97,6-99,9%), ʘ ʠʩʪʘ ʩʠʪʫʘʮʠʿʘ ʩʝ ʧʦʥʦʚʠʣʘ ʠ 

2007. ʛʦʜʠʥʝ (98,1-100%).  

ʊʦʢʦʤ 2008. ʠ 2009. ʛʦʜʠʥʝ, DôArcangelo et al. (2010) ʩʫ ʚʨʰʠʣʠ ʠʩʧʠʪʠʚʘˁʝ 5 

ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ ʫ ʮʠˀʫ ʫʪʚʨʹʠʚʘˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʫ ʩʫʟʙʠʿʘˁʫ E. necator. ʊʦʢʦʤ 

2008. ʛʦʜʠʥʝ ʠʟʚʝʜʝʥʦ ʿʝ ʫʢʫʧʥʧʦ 8 ʪʨʝʪʠʨʘˁʘ (BBCH 53-79) ʘ ʫ ʧʨʚʦʤ, ʜʨʫʛʦʤ, ʪʨʝ˂ʝʤ ʠ 

ʯʝʪʚʨʪʦʤ ʧʨʦʛʨʘʤʫ ʩʫʤʧʦʨ ʿʝ ʧʨʠʤʝˁʝʥ ʫ ʧʨʚʦʤ ʪʨʝʪʠʨʘˁʫ, ʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʫ ʜʨʫʛʦʤ, 

ʪʨʝ˂ʝʤ ʠ ʧʦʩʣʝʜˁʝʤ ʪʨʝʪʠʨʘˁʫ. ʀʟʤʝʹʫ ʦʚʠʭ ʪʨʝʪʠʨʘˁʘ, ʜʘʢʣʝ ʫ ʯʝʪʚʨʪʦʤ, ʧʝʪʦʤ, ʰʝʩʪʦʤ 

ʠ ʩʝʜʤʦʤ ʪʨʝʪʠʨʘˁʫ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʦʛʨʘʤʘ ʧʨʠʤʝˁʝʥʠ ʩʫ: ʧʨʦʢʚʠʥʘʟʠʜ (ʧʨʚʠ ʧʨʦʛʨʘʤ), 

ʢʚʠʥʦʢʩʠʬʝʥ (ʜʨʫʛʠ ʧʨʦʛʨʘʤ), ʤʝʪʨʘʬʝʥʦʥ (ʪʨʝ˂ʠ ʧʨʦʛʨʘʤ) ʠ ʢʦʤʙʠʥʘʮʠʿʘ ʧʨʦʢʚʠʥʘʟʠʜ + 

ʪʝʪʨʘʢʦʥʘʟʦʣ (ʯʝʪʚʨʪʠ ʧʨʦʛʨʘʤ). ʇʝʪʠ ʧʨʦʛʨʘʤ ʩʘʩʪʦʿʘʦ ʩʝ ʦʜ ʩʣʝʜʝ˂ʠʭ ʬʫʥʛʠʮʠʜʘ: ʤʝʧʪʠʣ-

ʜʠʥʦʢʘʧ (1) ï ʤʠʢʣʦʙʫʪʘʥʠʣ (2 ʠ 3) ï ʢʚʠʥʦʢʩʠʬʝʥ + ʤʠʢʣʦʙʫʪʘʥʠʣ (4, 5, 6 ʠ 7) ï 

ʢʚʠʥʦʢʩʠʬʝʥ (8). ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ, ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʙʠʦ ʿʝ 71,2% (100% 

ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ), ʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 43,7%  (66,5 % ʟʘʨʘʞʝʥʠʭ ʣʠʩʪʦʚʘ). ʋ ʩʚʠʤ 

ʚʘʨʠʿʘʥʪʘʤʘ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (93,9 ï 95,8%), ʪʘʢʦ ʠ ʥʘ 

ʣʠʩʪʦʚʠʤʘ (99,2-99,6%). ʊʦʢʦʤ 2009. ʛʦʜʠʥʝ ʠʟʚʝʜʝʥʦ ʿʝ ʫʢʫʧʥʦ 9 ʪʨʝʪʠʨʘˁʘ (BBCH 53-79) 

ʩʘ ʛʦʪʦʚʦ ʠʩʪʠʤ ʧʨʦʛʨʘʤʠʤʘ, ʩ ʪʠʤ ʜʘ ʿʝ ʩʫʤʧʦʨ ʧʨʠʤʝˁʝʥ ʫ ʧʨʚʦʤ ʠ ʜʨʫʛʦʤ ʪʨʝʪʠʨʘˁʫ, ʘ 
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ʤʠʢʣʦʙʫʪʘʥʠʣ ʫ ʧʨʝʪʧʦʩʣʝʜˁʝʤ ʠ ʧʦʩʣʝʜˁʝʤ ʪʨʝʪʠʨʘˁʫ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʙʠʦ ʿʝ 37,2% (50% ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ), ʦʜʥʦʩʥʦ 32,1% ʥʘ ʣʠʩʪʦʚʠʤʘ (42,5 % 

ʟʘʨʘʞʝʥʠʭ ʣʠʩʪʦʚʘ). ʅʘʿʤʘˁʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʫ ʧʨʚʦʤ ʠ ʜʨʫʛʦʤ 

ʧʨʦʛʨʘʤʫ (94-94,6%), ʜʦʢ ʿ ʝ ʦʩʪʘʣʠʤ ʧʨʦʛʨʘʤʠʤʘ ʙʠʣʘ ʠʟʥʘʜ 95%. ʅʘ ʣʠʩʪʦʚʠʤʘ ʿʝ ʫʪʚʨʹʝʥʘ 

ʚʨʣʦ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʢʦʜ ʩʚʠʭ ʠʩʧʠʪʠʚʘʥʠʭ ʧʨʦʛʨʘʤʘ (98,8-100%).  

DôAscenzo et al. (2012) ʫ ʧʝʨʠʦʜʫ ʦʜ 2009. ʜʦ 2011. ʛʦʜʠʥʝ ʠʩʧʠʪʠʚʘʣʠ ʩʫ ʨʘʟʣʠʯʠʪʝ 

ʤʦʜʝʣʝ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʩʘ ʧʦʩʝʙʥʠʤ ʦʩʚʨʪʦʤ ʥʘ 

ʠʥʪʝʛʨʘʮʠʿʫ ʮʠʬʣʫʬʝʥʘʤʠʜʘ ʫ ʧʨʦʛʨʘʤʝ ʟʘʰʪʠʪʝ ʫ ʘʣʪʝʨʥʘʮʠʿʠ ʩʘ ʩʫʤʧʦʨʦʤ. ʋ ʚʘʨʠʿʘʥʪʠ 

ʛʜʝ ʿʝ ʩʫʤʧʦʨ ʧʨʠʤʝˁʝʥ ʫ ʧʨʚʦʤ, ʠ ʧʦʩʣʝʜˁʘ ʪʨʠ ʪʨʝʪʠʨʘˁʘ, ʘ ʮʠʬʣʫʬʝʥʘʤʠʜ ʠ ʧʝʥʢʦʥʘʟʦʣ 

ʠʟʤʝʹʫ ʦʚʠʭ ʪʨʝʪʠʨʘˁʘ, ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ 87,9 ʜʦ 90,8% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 85,7 ʜʦ 

98% ʥʘ ʣʠʩʪʦʚʠʤʘ.  

 

2.5.6. ʄʦʜʝʣʠ ʟʘ ʧʨʦʛʥʦʟʫ ʧʦʿʘʚʝ E. necator ʠ ʧʨʝʮʠʟʥʦ ʦʜʨʝʹʠʚʘˁʝ ʠʥʪʝʨʚʘʣʘ 

ʧʨʠʤʝʥʝ ʬʫʥʛʠʮʠʜʘ  

ʋ ʙʠˀʥʦʿ ʧʘʪʦʣʦʛʠʿʠ, ʿʝʜʘʥ ʤʦʜʝʣ ʟʘ ʧʨʦʛʥʦʟʫ ʧʦʿʘʚʝ ʙʦʣʝʩʪʠ ʠʤʘ ʟʘ ʢʨʘʿˁʠ ʮʠˀ ʜʘ 

ʦʧʦʥʘʰʘ ʨʝʘʣʥʦʩʪ, ʠ ʪʦ ʪʘʢʦ ʰʪʦ ʫ ʩʠʩʪʝʤ ʠʥʢʦʨʧʦʨʠʨʘ ʨʝʘʣʥʝ ʚʘʨʠʿʘʙʣʝ ʢʦʿʝ ˂ʝ ʧʦʩʣʫʞʠʪʠ  

ʢʘʦ ʦʩʥʦʚʘ ʟʘ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʧʨʠʢʘʟʠʚʘˁʝ ʧʨʠʨʦʜʥʠʭ ʧʦʿʘʚʘ. ʉʧʝʮʠʬʠʯʥʘ ʧʨʠʨʦʜʘ E. 

necator ʧʦʩʣʫʞʠʣʘ ʿʝ ʢʘʦ ʪʝʤʝˀ ʟʘ ʨʘʟʚʦʿ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʠ ʩʠʩʪʝʤʘ ʧʨʝʜʚʠʹʘˁʘ ʧʦʿʘʚʝ 

ʦʚʦʛ ʧʘʪʦʛʝʥʘ. ʆʥʦ ʰʪʦ ʪʨʝʙʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʿʝʩʪʝ ʠ ʯʠˁʝʥʠʮʘ ʜʘ ʚʠʥʦʚʫ ʣʦʟʫ ʥʘʧʘʜʘʿʫ ʠ 

ʜʨʫʛʠ ʝʢʦʥʦʤʩʢʠ ʚʨʣʦ ʟʥʘʯʘʿʥʠ ʧʘʪʦʛʝʥʠ, ʧʘ ʧʨʦʛʨʘʤʠ ʟʘʰʪʠʪʝ ʢʦʿʠ ʙʠ ʙʠʣʠ ʙʘʟʠʨʘʥʠ 

ʠʩʢˀʫʯʠʚʦ ʥʘ ʧʨʘ˂ʝˁʫ ʙʠʦʣʦʛʠʿʝ E. necator ʦʩʪʘʚʠʣʠ ʙʠ ʚʝʣʠʢʫ ʧʨʘʟʥʠʥʫ ʫ ʩʠʩʪʝʤʫ ʟʘʰʪʠʪʝ 

ʚʠʥʦʚʝ ʣʦʟʝ, ʦʪʚʘʨʘʿʫ˂ʠ ʧʨʦʩʪʦʨ ʟʘ ʜʨʫʛʝ ʧʘʪʦʛʝʥʝ ʠ ʯʠʥʝ˂ʠ ʪʘʢʘʚ ʩʠʩʪʝʤ ʥʝʩʪʘʙʠʣʥʠʤ. 

ʀʥʪʝʛʨʘʮʠʿʘ ʚʠʰʝ ʩʠʩʪʝʤʘ ʟʘ ʧʨʘ˂ʝˁʝ ʧʦʿʘʚʝ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʧʘʪʦʛʝʥʘ ʫ ʿʝʜʘʥ ʚʝʣʠʢʠ ʩʠʩʪʝʤ 

ʿʝ ʠʟʫʟʝʪʥʦ ʪʝʰʢʘ, ʧʘ ʿʝ ʠ ʩʘʤʘ ʟʘʰʪʠʪʘ ʚʠʥʦʚʝ ʣʦʟʝ ʿʘʢʦ ʢʦʤʧʣʝʢʩʥʘ ʠ ʠʟʘʟʦʚʥʘ. ʇʦʩʝʜʦʚʘˁʝ 

ʟʥʘˁʘ ʠ ʨʘʟʫʤʝʚʘˁʝ ʩʚʠʭ ʠʥʧʫʪʘ ʩʧʝʮʠʬʠʯʥʠʭ ʟʘ ʿʝʜʘʥ ʧʘʪʦʣʦʰʢʠ ʩʠʩʪʝʤ ʧʨʝʜʫʩʣʦʚ ʿʝ ʟʘ 

ʨʘʟʚʦʿ ʘʜʝʢʚʘʪʥʦʛ ʠ ʧʨʝʮʠʟʥʦʛ ʤʦʜʝʣʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʿʘʚʝ ʙʦʣʝʩʪʠ ʠ ʧʨʘʚʦʚʨʝʤʝʥʫ 

ʧʨʠʤʝʥʫ ʬʫʥʛʠʮʠʜʘ (Moyer, 2011).  

Kast (1997) ʿʝ ʨʘʟʚʠʦ ʿʝʜʘʥ ʦʜ ʧʨʚʠʭ ʤʦʜʝʣʘ ʢʦʿʠ ʩʝ ʙʘʟʠʨʘʦ ʥʘ ʧʨʠʢʫʧˀʘˁʫ 

ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʧʦʜʘʪʘʢʘ ʠ ʧʦʜʘʪʘʢʘ ʦ ʧʦʿʘʚʠ E. necator ʪʦʢʦʤ ʧʦʩʣʝʜˁʠʭ 50 ʛʦʜʠʥʘ ʫ 

ʚʠʥʦʛʦʨʿʠʤʘ ʅʝʤʘʯʢʝ. ʋ ʦʚʦʤ ʤʦʜʝʣʫ, ʜʘʪʫʤ ʧʨʚʦʛ ʪʨʝʪʠʨʘˁʘ ʦʜʨʝʹʫʿʝ ʩʝ ʧʫʪʝʤ ʛʨʫʙʦʛ 

ʠʥʜʝʢʩʠʨʘˁʘ ʠʥʪʝʥʟʠʪʝʪʘ ʦʙʦˀʝˁʘ ʠʟ ʧʨʝʪʭʦʜʥʝ ʛʦʜʠʥʝ ʠ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ ʥʘʿʥʠʞʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʧʨʝʪʭʦʜʥʝ ʜʚʝ ʟʠʤʝ. ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʠʥʬʦʨʤʘʮʠʿʘ, ʦʜ ʤʦʤʝʥʪʘ ʢʘʜʘ ʥʘʩʪʫʧʠ 

ʬʝʥʦʬʘʟʘ ʦʪʚʦʨʝʥʘ ʪʨʠ ʣʠʩʪʘ (BBCH 13) ʟʘʧʦʯʠˁʝ ʩʝ ʩʘ ʨʘʯʫʥʘˁʝʤ ʜʘʪʫʤʘ ʧʨʚʦʛ 

ʪʨʝʪʠʨʘˁʘ. ɼʨʫʛʠ ʤʦʜʝʣ, ʢʦʿʠ ʿʝ ʧʦ ʩʚʦʿʦʿ ʧʨʠʨʦʜʠ ʪʘʢʦʹʝ ʝʤʧʠʨʠʿʩʢʠ, ʿʝ ʤʦʜʝʣ ʨʘʟʚʠʿʝʥ ʦʜ 

ʩʪʨʘʥʝ Carisse et al. (2009b). ʆʚʘʿ ʤʦʜʝʣ ʫ ʦʩʥʦʚʠ ʩʝ ʩʚʦʜʠ ʥʘ ʠʩʢʫʩʪʚʝʥʝ ʚʝʰʪʠʥʝ 

ʩʪʨʫʯˁʘʢʘ ʟʘʰʪʠʪʝ ʙʠˀʘ ʠʣʠ ʧʨʦʠʟʚʦʹʘʯʘ, ʢʦʿʠ ʪʨʝʙʘ ʜʘ ʠʟʚʨʰʝ ʧʨʘʚʦʚʨʝʤʝʥʠ ʧʨʝʛʣʝʜ 

ʚʠʥʦʛʨʘʜʘ ʫ ʧʦʪʨʘʟʠ ʟʘ ʧʨʚʠʤ ʟʥʘʢʦʚʠʤʘ ʙʦʣʝʩʪʠ ʠ ʪʦ ʢʘʜʘ ʩʝ ʦʩʪʚʘʨʝ ʧʦʚʦˀʥʠ ʫʩʣʦʚʠ ʟʘ 

ʧʨʠʤʘʨʥʫ ʠʥʬʝʢʮʠʿʫ ʘʩʢʦʩʧʦʨʘʤʘ: > 2,5 mm ʧʘʜʘʚʠʥʘ ʪʦʢʦʤ ʥʘʿʤʘˁʝ ʯʝʪʚʦʨʦʯʘʩʦʚʥʦʛ 

ʧʝʨʠʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʦʜ 6 ʜʦ 24 Áʉ, ʠ ʫʢʦʣʠʢʦ ʩʝ ʫʪʚʨʜʠ ʧʨʠʩʫʩʪʚʦ ʩʠʤʧʪʦʤʘ 

ʧʨʠʤʘʨʥʝ ʠʥʬʝʢʮʠʿʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʠʩʪʫʧʠʪʠ ʠʥʪʝʥʟʠʚʥʦʿ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ. Caffi et 

al. (2011) ʩʫ ʧʦʢʫʰʘʣʠ ʜʘ ʨʘʟʚʠʿʫ ʤʝʭʘʥʠʩʪʠʯʢʠ ʤʦʜʝʣ ʢʦʿʠ ʩʠʤʫʣʠʨʘ ʧʨʠʤʘʨʥʝ ʠʥʬʝʢʮʠʿʝ 

ʘʩʢʦʩʧʦʨʘʤʘ ʠ ʢʦʿʠ ʙʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʪʨʝʙʘʣʦ ʜʘ ʧʦʤʦʛʥʝ ʧʨʦʠʟʚʦʹʘʯʠʤʘ ʜʘ ʧʨʘʚʦʚʨʝʤʥʦ 

ʠʟʚʝʜʫ ʭʝʤʠʿʩʢʝ ʤʝʨʝ ʟʘʰʪʠʪʝ. ʆʜ ʤʦʤʝʥʪʘ ʧʫʮʘˁʘ ʧʫʧʦˀʘʢʘ ʠ ʫʩʣʦʚʘ ʟʘ ʨʘʟʥʦʰʝˁʘ 

ʘʩʢʦʩʧʦʨʘ, ʤʦʜʝʣ ʢʦʨʠʩʪʠ ʤʝʪʝʦʨʦʣʦʰʢʝ ʧʦʜʘʪʢʝ ʟʘ: ʜʥʝʚʥʦ ʧʨʦʨʘʯʫʥʘʚʘˁʝ ʩʘʟʨʝʚʘˁʘ 

ʘʩʢʦʩʧʦʨʘ, ʨʘʟʥʦʰʝˁʘ ʘʩʢʦʩʧʦʨʘ, ʫʩʣʦʚʘ ʟʘ ʦʩʪʚʘʨʠʚʘˁʝ ʠʥʬʝʢʮʠʿʝ ʠ ʫʩʣʦʚʘ ʟʘ ʩʝʢʫʥʜʘʨʥʝ 

ʠʥʬʝʢʮʠʿʝ. ʇʨʝʜʠʢʮʠʿʝ ʤʦʜʝʣʘ ʥʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʠʨʘʥʠʭ ʧʦʜʘʪʘʢʘ, ʛʨʫʧʘ ʘʫʪʦʨʘ ʿʝ ʧʦʨʝʜʠʣʘ 
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ʩʘ ʨʝʘʣʥʠʤ ʩʪʘˁʝʤ ʫ ʚʠʥʦʛʨʘʜʠʤʘ. ʪʿ. ʩʘ ʧʦʿʘʚʦʤ ʧʨʚʠʭ ʩʠʤʧʪʦʤʘ ʫ ʚʠʥʦʛʨʘʜʠʤʘ. ʆʙʟʠʨʦʤ 

ʜʘ ʧʨʦʧʦʨʮʠʿʘ ʧʨʝʜʚʠʹʝʥʠʭ ʠʥʬʝʢʮʠʦʥʠʭ ʧʝʨʠʦʜʘ ʥʠʿʝ ʦʜʛʦʚʘʨʘʣʘ ʧʦʿʘʚʠ ʙʦʣʝʩʪʠ ʫ ʩʚʠʤ 

ʚʠʥʦʛʨʘʜʠʤʘ, ʩʠʛʫʨʥʦʩʪ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʿʝ ʙʠʣʘ ʤʥʦʛʦ ʚʝ˂ʘ ʟʘ ʥʝʠʥʬʝʢʮʠʦʥʠ ʥʝʛʦ ʟʘ 

ʠʥʬʝʢʮʠʦʥʠ ʧʝʨʠʦʜ. ɺʝʣʠʢʠ ʙʨʦʿ ʣʘʞʥʦ ʧʦʟʠʪʠʚʥʠʭ ʧʨʝʜʠʢʮʠʿʘ ʤʦʜʝʣʘ ʟʘ ʧʨʠʤʘʨʥʫ 

ʠʥʬʝʢʮʠʿʫ ʩʝ ʿʘʚʠʦ ʫʩʣʝʜ ʫʩʣʦʚʘ ʟʘ ʨʘʟʥʦʰʝˁʝ ʘʩʢʦʩʧʦʨʘ ʢʦʿʠ ʩʫ ʩʝ ʦʩʪʚʘʨʠʚʘʣʠ ʧʨʠʣʠʯʥʦ 

ʨʘʥʦ, ʯʘʢ ʠ ʧʨʝ ʨʘʟʚʦʿʘ ʣʠʰ˂ʘ, ʦʜʥʦʩʥʦ ʧʫʮʘˁʘ ʧʫʧʦˀʘʢʘ. ʅʘ ʦʩʥʦʚʫ ʩʚʠʭ ʧʦʜʘʪʘʢʘ, 

ʥʘʧʨʘʚˀʝʥʘ ʿʝ ʿʝʜʥʘʯʠʥʘ ʢʦʿʘ ʧʨʝʨʘʯʫʥʘʚʘ ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʘ ʧʨʝʜʚʠʹʝʥʠ ʧʝʨʠʦʜ ʠʥʬʝʢʮʠʿʘ 

ʨʝʟʫʣʪʠʨʘ ʧʦʿʘʚʦʤ ʙʦʣʝʩʪʠ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʬʝʥʦʬʘʟʫ ʚʠʥʦʚʝ ʣʦʟʝ (ʢʘʦ ʬʫʥʢʮʠʿʫ) ʫ ʚʨʝʤʝ 

ʧʨʝʜʚʠʹʘˁʘ. ɼʨʫʛʠ ʤʝʭʘʥʠʩʪʠʯʢʠ ʤʦʜʝʣ, ʢʦʿʠ ʩʫ ʨʘʟʚʠʣʠ Legler et al. (2014), ʥʘʧʨʘʚˀʝʥ ʿʝ 

ʜʘ ʩʠʤʫʣʠʨʘ ʨʘʟʚʦʿ ʢʘʟʤʦʪʝʮʠʿʘ ʫ ʚʠʥʦʛʨʘʜʠʤʘ ʢʘʢʦ ʙʠ ʧʨʘʚʦʚʨʝʤʥʘ ʧʨʠʤʝʥʘ ʙʠʦʣʦʰʢʠʭ 

ʘʛʝʥʘʩʘ (A. quisqalis) ʦʙʝʟʙʝʜʠʣʘ ʨʝʜʫʢʮʠʿʫ ʧʨʠʤʘʨʥʦʛ ʠʥʦʢʫʣʫʤʘ  ʪʿ. ʢʘʟʤʦʪʝʮʠʿʘ. ʄʦʜʝʣ 

ʩʪʘʨʪʫʿʝ ʩʘ ʨʘʜʦʤ ʫ ʤʦʤʝʥʪʫ ʦʙʨʘʟʦʚʘˁʘ ʧʨʚʦʛ ʘʩʢʦʢʘʨʧʘ ʫ ʚʠʥʦʛʨʘʜʠʤʘ, ʘ ʟʘʪʠʤ ʥʘ ʜʚʝʚʥʦʤ 

ʥʠʚʦʫ ʨʘʯʫʥʘ ʧʨʦʧʦʨʮʠʿʫ ʫ ʞʫʪʦʿ, ʙʨʘʦʥ ʠ ʮʨʥʦʿ ʬʘʟʠ ʜʦʟʨʝʚʘˁʘ ʢʘʟʤʦʪʝʮʠʿʘ. ɼʘʪʫʤ 

ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʝ ʫʪʚʨʹʝʥ ʿʝ ʠʪʝʨʘʪʠʚʥʠʤ ʧʦʩʪʫʧʢʦʤ ʢʦʿʠ ʤʠʥʠʤʠʟʠʨʘ ʦʩʪʘʪʢʝ 

ʧʨʦʿʝʢʪʦʚʘʥʠʭ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʩʤʘʪʨʘʥʝ ʚʨʝʜʥʦʩʪʠ. ʋ ʦʜʥʦʩʫ ʥʘ ʧʨʝʜʠʢʮʠʿʫ ʩʘʤʦʛ ʤʦʜʝʣʘ,  ʫ 

ʧʦʿʝʜʠʥʠʤ ʛʦʜʠʥʘʤʘ ʬʦʨʤʠʨʘˁʝ ʢʘʟʤʦʪʝʮʠʿʘ ʫ ʚʠʥʦʛʨʘʜʫ ʟʘʧʦʯʝʪʦ ʿʝ ʦʜ 2 ʜʘʥʘ ʜʦ ʜʚʝ 

ʥʝʜʝˀʝ ʨʘʥʠʿʝ ʥʝʛʦ ʰʪʦ ʿʝ ʤʦʜʝʣ ʧʨʝʜʚʠʜʝʦ. ʋʛʣʘʚʥʦʤ, ʫʪʚʨʝʹʝʥʘ ʿʝ ʜʦʚʦˀʥʘ ʧʨʝʮʠʟʥʦʩʪ 

ʤʦʜʝʣʘ ʩʘ ʚʠʩʦʢʦʤ ʧʦʫʟʜʘʥʦʰ˂ʫ, ʘʣʠ ʩʘ ʦʜʨʝʹʝʥʠʤ ʠʟʫʟʝʮʠʤʘ. ʅʘʠʤʝ, ʫ ʿʝʜʥʦʿ ʛʦʜʠʥʠ 

ʠʩʪʨʘʞʠʚʘˁʘ ʢʘʜʘ ʿʝ ʧʨʝʜʚʠʹʝʥʘ ʧʨʦʜʫʢʮʠʿʘ ʮʨʥʠʭ ʢʘʟʤʦʪʝʮʠʿʘ ʥʘ ʣʠʰ˂ʫ ʧʦʨʝʹʝʥʘ ʩʘ 

ʩʠʪʫʘʮʠʿʦʤ ʫ ʚʠʥʦʛʨʘʜʠʤʘ ʜʦʰʣʦ ʿʝ ʜʦ ʥʝʩʢʣʘʜʘ ʫ ʧʦʜʘʮʠʤʘ, ʿʝʨ ʿʝ ʥʝʜʦʩʪʘʪʘʢ ʧˀʫʩʢʦʚʠʪʠʭ 

ʢʠʰʘ ʫʪʠʮʘʦ ʥʘ ʤʘˁʝ ʨʘʟʥʦʰʝˁʝ ʢʘʟʤʦʪʝʮʠʿʘ ʫ ʚʠʥʦʛʨʘʜʠʤʘ. ɼʦʜʘʪʥʦ, ʫ ʜʨʫʛʦʿ ʛʦʜʠʥʠ 

ʠʩʧʠʪʠʚʘˁʘ ʢʘʜʘ ʿʝ ʙʨʦʿ ʢʘʟʤʦʪʝʮʠʿʘ (ʞʫʪʠʭ, ʙʨʘʦʥ ʠ ʮʨʥʠʭ) ʥʘ ʣʠʩʪʦʚʠʤʘ ʫ ʚʠʥʦʛʨʘʜʫ 

ʫʧʦʨʝʹʝʥ ʩʘ ʤʦʜʝʣʦʤ, ʠʩʧʦʩʪʘʚʠʣʦ ʩʝ ʜʘ ʿʝ ʤʦʜʝʣ ʧʨʝʜʚʠʜʝʦ ʚʠʰʝ ʢʘʟʤʦʪʝʮʠʿʘ ʥʝʛʦ ʰʪʦ ʿʝ 

ʫʪʚʨʹʝʥʦ ʧʨʝʛʣʝʜʦʤ ʚʠʥʦʛʨʘʜʘ, ʿʝʨ ʩʫ ʿʘʯʝ ʢʠʰʝ ʫʪʠʮʘʣʝ ʥʘ ʩʧʠʨʘˁʝ ʢʘʟʤʦʪʝʮʠʿʘ ʩʘ ʣʠʩʪʦʚʘ. 

ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʧʨʝʮʠʟʥʦʩʪ ʤʦʜʝʣʘ ʤʦʞʝ ʧʦʚʝ˂ʘʪʠ ʫʢˀʫʯʠʚʘˁʝʤ ʧʦʜʘʪʘʢʘ ʦ ʧʘʜʘʚʠʥʘʤʘ 

ʢʦʿʝ ʜʝʬʠʥʠʪʠʚʥʦ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʩʧʠʨʘˁʝ ʥʝʜʦʟʨʝʣʠʭ ʠ ʜʦʟʨʝʣʠʭ ʢʘʟʤʦʪʝʮʠʿʘ ʩʘ ʣʠʩʪʦʚʘ 

ʚʠʥʦʚʝ ʣʦʟʝ.  

Caffi et al. (2012) ʩʫ ʫ ʧʝʨʠʦʜʫ ʦʜ 2006. ʜʦ 2008. ʛʦʜʠʥʝ ʨʘʟʚʠʿʘʣʠ ʩʠʩʪʝʤ ʟʘ ʫʧʦʟʦʨʝˁʝ 

ʢʦʿʠʤ ʩʝ ʧʨʝʜʚʠʹʘ ʧʨʠʤʘʨʥʘ ʠʥʬʝʢʮʠʿʘ ʠʟʘʟʚʘʥʘ ʘʩʢʦʩʧʦʨʘʤʘ ʫ ʚʠʥʦʛʨʘʜʠʤʘ ʩʝʚʝʨʥʝ 

ʀʪʘʣʠʿʝ. ʉʠʩʪʝʤ ʿʝ ʨʘʟʚʠʿʝʥ ʟʘ ʨʘʥʘ ʪʨʝʪʠʨʘˁʘ, ʪʿ. ʥʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ ʠ 

ʙʘʟʠʨʘ ʩʝ ʥʘ ʩʣʝʜʝ˂ʠʤ ʧʘʨʘʤʝʪʨʠʤʘ: ʚʨʝʤʝʥʩʢʦʿ ʧʨʦʛʥʦʟʠ ʟʘ ʢʨʘʪʘʢ ʧʝʨʠʦʜ; ʤʦʜʝʣʫ ʟʘ 

ʩʠʤʫʣʘʮʠʿʫ ʧʨʦʛʥʦʟʝ ʧʦʿʘʚʝ ʠʥʬʝʢʮʠʿʝ ɽ.necator ʚʦ́ʝʥʫ ʘʩʢʦʩʧʦʨʘʤʘ; ʩʣʘˁʘ ʢʨʘʪʢʠʭ ʧʦʨʫʢʘ 

ʩʘ ʤʦʙʠʣʥʦʛ ʪʝʣʝʬʦʥʘ. ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʨʝʜʦʚʥʠʤ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʧʨʦʛʨʘʤʦʤ ʟʘʰʪʠʪʝ ʢʦʿʠ 

ʫʢˀʫʯʫʿʝ ʫ ʧʨʦʩʝʢʫ ʠʟʚʦʹʝˁʝ 5 ʜʦ 7 ʪʨʝʪʠʨʘˁʘ ʛʦʜʠʰˁʝ (221 ʝʚʨʦ/hʘ ʛʦʜʠʰˁʝ ʩʝ ʫʪʨʦʰʠ 

ʟʘ ʢʫʧʦʚʠʥʫ ʬʫʥʛʠʮʠʜʘ), ʩʠʩʪʝʤ ʟʘ ʫʧʦʟʦʨʝˁʝ ʤʦʞʝ ʩʤʘˁʠʪʠ ʫʧʦʪʨʝʙʫ ʬʫʥʛʠʮʠʜʘ ʟʘ 36% 

(ʫʰʪʝʜʘ 56 ʝʚʨʘ/ha ʛʦʜʠʰˁʝ). ʋ ʏʠʣʝʫ, ʫ ʧʝʨʠʦʜʫ ʦʜ 2010. ʜʦ 2013. ʛʦʜʠʥʝ ʚʨʰʝʥʦ ʿʝ 

ʠʩʧʠʪʠʚʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʝʢʦʥʦʤʠʯʥʦʩʪʠ ʩʠʩʪʝʤʘ ʟʘ ʧʦʜʨʰʢʫ ʫ ʦʜʣʫʯʠʚʘˁʫ ʟʘ 

ʧʨʘʚʦʚʨʝʤʥʫ ʧʨʠʤʝʥʫ ʬʫʥʛʠʮʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ 

(Valdez-Gomes et al., 2017). ʉʠʩʪʝʤ ʟʘ ʧʦʜʨʰʢʫ ʫʪʠʮʘʦ ʿʝ ʥʘ ʩʤʘˁʝˁʝ ʙʨʦʿʘ ʪʨʝʪʠʨʘˁʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʧʨʦʛʨʘʤ ʟʘʰʪʠʪʝ ʠ ʙʘʟʠʨʘʦ ʩʝ ʥʘ ʧʨʠʤʝʥʠ ʢˀʫʯʥʘ 2-3 ʪʨʝʪʠʨʘˁʘ 

ʪʦʢʦʤ ʥʘʿʦʩʝʪˀʠʚʠʭ ʬʝʥʦʬʘʟʘ ʚʠʥʦʚʝ ʣʦʟʝ ʠ ʪʦ ʬʫʥʛʠʮʠʜʠʤʘ ʢʦʿʠ ʠʤʘʿʫ ʠʟʨʘʞʝʥʘ 

ʩʠʩʪʝʤʠʯʥʘ ʩʚʦʿʩʪʚʘ (ʘʟʦʢʩʠʩʪʨʦʙʠʥ+ʜʠʬʝʥʦʢʦʥʘʟʦʣ, ʪʝʙʫʢʦʥʘʟʦʣ + ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʠ 

ʪʝʙʫʢʦʥʘʟʦʣ ʩʘʤʦʩʪʘʣʥʦ). ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʘʤʘ ʢʨʝʪʘʦ ʩʝ ʦʜ 10 ʜʦ 40%, ʜʦʢ ʿʝ 

ʫ ʪʨʝʪʤʘʥʠʤʘ ʙʠʦ < 3%. ɼʦʜʘʪʥʦ, ʛʦʜʠʰˁʘ ʟʘʰʪʠʪʘ ʦʜ E. necator ʫ ʩʠʩʪʝʤʫ ʧʦʜʨʰʢʝ ʙʠʣʘ 

ʿʝ ʠʟʤʝʹʫ 322 ʠ 415 ʜʦʣʘʨʘ ʧʦ ʭʝʢʪʘʨʫ, ʰʪʦ ʿʝ ʫ ʧʨʦʩʝʢʫ ʟʘ 40 ʜʦ 60% ʤʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʪʨʘʜʠʮʠʦʥʘʣʥʫ ʩʪʨʘʪʝʛʠʿʫ ʟʘʰʠʪʠʪʝ ʢʦʿʘ ʿʝ ʫʩʪʘˀʝʥʘ ʢʦʜ ʧʨʦʠʟʚʦʹʘʯʘ.   
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ʄʦʜʝʣ ʢʦʿʠ ʩʫ ʨʘʟʚʠʣʠ Thiessen et al. (2017) ʙʘʟʠʨʘ ʩʝ ʥʘ ʫʪʚʨʹʠʚʘˁʫ ʧʨʠʩʫʩʪʚʘ 

ʠʥʦʢʫʣʫʤʘ E. necator ʫ ʚʘʟʜʫʭʫ ʧʨʠʤʝʥʦʤ ʩʘʚʨʝʤʝʥʠʭ ʤʦʣʝʢʣʫʣʘʨʥʠʭ ʤʝʪʦʜʘ (real-time 

PCR). ʇʦʤʦ˂ʫ ʧʦʩʝʙʥʠʭ ʢʦʣʝʢʪʦʨʘ ʢʦʿʠ ʩʫ ʧʦʩʪʘʚˀʝʥʠ ʫ ʚʠʥʦʛʨʘʜʫ, ʫʟʠʤʘʿʫ ʩʝ ʫʟʦʨʮʠ ʠ 

ʜʦʥʦʩʝ ʫ ʣʘʙʦʨʘʪʦʨʠʿʫ ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʘ ʚʠʪʘʣʥʦʩʪ ʠ ʢʦʣʠʯʠʥʘ ʠʥʦʢʫʣʫʤʘ (ʢʦʥʠʜʠʿʘ ʠ 

ʘʩʢʦʩʧʦʨʘ). ʅʘ ʦʩʥʦʚʫ ʧʨʠʩʫʩʪʚʘ ʠʥʦʢʫʣʫʤʘ ʫ ʚʠʥʦʛʨʘʜʫ ʚʨʰʝ ʩʝ ʧʨʝʧʦʨʫʢʝ ʟʘ ʧʨʠʤʝʥʫ 

ʬʫʥʛʠʮʠʜʘ. ʇʨʚʦʙʠʪʥʦ ʿʝ ʫʪʚʨʹʝʥʦ ʜʘ ʧʨʦʣʦʥʛʠʨʘˁʝ ʧʝʨʠʦʜʘ ʟʘ ʧʨʠʤʝʥʫ ʬʫʥʛʠʮʠʜʘ ʩʚʝ ʜʦ 

ʤʦʤʝʥʪʨʘ ʜʝʪʝʢʮʠʿʝ ʠʥʦʢʫʣʫʤʘ ʫ ʚʠʥʦʛʨʘʜʫ ʩʤʘˁʫʿʝ ʙʨʦʿ ʪʨʝʪʠʨʘˁʘ ʟʘ 2,5 ʫ ʧʨʦʩʝʢʫ 

(Thiessen et al., 2016; Thiessen, 2016). ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʩʪʘʥʜʘʨʜʥʠʤ ʧʨʦʛʨʘʤʦʤ ʟʘʰʪʠʪʝ, 

ʜʦʢʘʟʘʥʦ ʿʝ ʜʘ ʿʝ ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ ʪʦʢʦʤ 2013. ʛʦʜʠʥʝ ʫ ʧʨʦʩʝʢʫ ʩʤʘˁʝʥ ʙʨʦʿ ʧʨʩʢʘˁʘ ʟʘ 

2,3, ʦʜʥʦʩʥʦ ʪʦʢʦʤ 2014. ʛʦʜʠʥʝ ʟʘ 1,6 ʠ ʜʘ ʫ ʧʦʨʝʹʝˁʫ ʝʬʠʢʘʩʥʦʩʪʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʛ 

ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ ʠ ʠʩʧʠʪʠʚʘʥʦʛ ʤʦʜʝʣʘ ʥʠʩʫ ʫʩʪʘʥʦʚˀʝʥʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ.  

 

2.6. ʉʚʦʿʩʪʚʘ ʬʫʥʛʠʮʠʜʘ ʦʜ ʟʥʘʯʘʿʘ ʟʘ ʩʫʟʙʠʿʘˁʝ E. necator  

ɿʘ ʩʫʟʙʠʿʘˁʝ E. necator ʫ ʩʘʚʨʝʤʝʥʦʿ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘʿʟʥʘʯʘʿʥʠʿʝ ʤʝʩʪʦ 

ʟʘʫʟʠʤʘʿʫ ʬʫʥʛʠʮʠʜʠ ʠʟ ʩʣʝʜʝ˂ʠʭ ʛʨʫʧʘ: DMI ʬʫʥʛʠʮʠʜʠ, QoI ʬʫʥʛʠʮʠʜʠ, SDHI 

ʬʫʥʛʠʮʠʜʠ, ʘʟʘʥʘʬʪʘʣʝʥʠ, ʘʨʠʣ-ʬʝʥʠʣ-ʢʝʪʦʥʠ, ʘʤʠʥʠ-ʤʦʨʬʦʣʠʥʠ, ʬʝʥʠʣ-ʘʮʝʪʘʤʠʜʠ. ʆʩʠʤ 

ˁʠʭ ʟʥʘʯʘʿʥʫ ʧʦʟʠʮʠʿʫ ʟʘʫʟʠʤʘ ʠ ʩʫʤʧʦʨ ʢʘʦ ʥʘʿʪʠʧʠʯʥʠʿʠ ʧʨʝʜʩʪʘʚʥʠʢ ʠʟ ʛʨʫʧʝ 

ʧʨʦʪʝʢʪʠʚʥʠʭ ʬʫʥʛʠʮʠʜʘ ʩʘ ʥʝʩʧʝʮʠʬʠʯʥʠʤ ʜʝʣʦʚʘˁʝʤ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʫ ʩʫʟʙʠʿʘˁʫ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ.  

 

2.6.1 Eʣʝʤʝʥʪʘʨʥʠ ʩʫʤʧʦʨ 

ʆʚʦ ʿʝ ʥʘʿʩʪʘʨʠʿʘ ʧʦʟʥʘʪʘ ʩʫʧʩʪʘʥʮʘ ʩʘ ʬʫʥʛʠʮʠʜʥʠʤ ʜʝʣʦʚʘˁʝʤ, ʯʠʿʘ ʧʝʩʪʠʮʠʜʥʘ 

ʩʚʦʿʩʪʚʘ ʩʫ ʫʦʯʠʣʠ ʩʪʘʨʠ ɻʨʮʠ ʠ ʪʦ 1000 ʛʦʜʠʥʘ ʧʨʝ ʥʦʚʝ ʝʨʝ. ʋ ʟʘʰʪʠʪʠ ʙʠˀʘ Forsyth (1802) 

ʿʝ ʧʨʚʠ ʜʘʦ ʧʨʝʧʦʨʫʢʫ ʟʘ ˁʝʛʦʚʫ ʧʨʠʤʝʥʫ ʫ ʩʫʟʙʠʿʘˁʫ ʙʠˀʥʠʭ ʙʦʣʝʩʪʠ (ɽmmett et al., 2003). 

ʉʫʤʧʦʨ ʿʝ ʩʧʝʮʠʬʠʯʘʥ ʧʦ ʪʦʤʝ ʰʪʦ ʩʝ ʢʘʦ ʬʫʥʛʠʮʠʜ ʿʝʜʠʥʦ ʦʥ ʧʨʠʤʝˁʫʿʝ ʫ ʝʣʝʤʝʥʪʘʨʥʦʤ 

ʦʙʣʠʢʫ. ʊʦ ʿʝ ʧʨʘʰʢʘʩʪʘ ʩʫʧʩʪʘʥʮʘ ʞʫʪʝ ʙʦʿʝ. ʅʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ (20 °C) ʿʝ ʩʣʘʙʦ 

ʠʩʧʘʨˀʠʚ (ʥʘʧʦʥ ʧʘʨʝ 9,8 x 10-2), ʘ ʟʥʘʪʥʦ ʙʦˀʝ ʠʩʧʘʨʘʚʘ ʧʨʠ ʚʠʠhʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ (ʥ.ʧ. 

0,527 mPa; 30 Áʉ). ɽʬʠʢʘʩʥʦʩʪ ʛʦʪʦʚʠʭ ʬʦʨʤʫʣʘʮʠʿʘ ʩʫʤʧʦʨʘ ʫ ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʠ ʦʜ 

ʬʠʥʦ˂ʝ ˁʝʛʦʚʠʭ ʯʝʩʪʠʮʘ, ʧʘ ʿʝ ʧʨʝʧʦʨʫʯˀʠʚʦ ʜʘ ʫ ʛʦʪʦʚʦʿ ʬʦʨʤʫʣʘʮʠʿʠ ʧʨʝʯʥʠʢ ʯʝʩʪʠʮʘ ʥʝ 

ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʚʝ˂ʠ ʦʜ 50 Õm. ʄʦʞʝ ʙʠʪʠ ʬʦʨʤʫʣʠʩʘʥ ʫ ʚʠʜʫ ʧʨʘʰʠʚʘ, ʢʚʘʰˀʠʚʠʭ 

ʧʨʘʰʢʦʚʘ, ʤʠʢʨʦʥʠʟʦʚʘʥʠʭ ʯʝʩʪʠʮʘ ʠ ʪʝʯʥʠʭ ʬʦʨʤʫʣʘʮʠʿʘ. ʋ ʧʨʘʢʩʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ 

ʢʚʘʰˀʠʚʠ ʩʫʤʧʦʨ, ʢʦʿʠ ʤʝʰʘˁʝʤ ʩʘ ʚʦʜʦʤ ʜʘʿʝ ʭʦʤʦʛʝʥʫ ʩʫʩʧʝʥʟʠʿʫ ʠ ʧʨʠʤʝˁʫʿʝ ʩʝ ʫ 

ʪʝʯʥʦʤ ʩʪʘˁʫ (Emmett et al., 2003; ʉʪʝʚʠ˂, 2020).  

ʉʫʤʧʦʨ ʧʨʠʧʘʜʘ ʛʨʫʧʠ ʪʟʚ. Ămulti-siteñ ʬʫʥʛʠʮʠʜʘ ʢʦʿʠ ʜʝʣʫʿʫ ʥʘ ʙʨʦʿʥʝ ʝʥʟʠʤʝ ʛˀʠʚʘ. 

ʊʦ ʩʫ ʬʫʥʛʠʮʠʜʠ ʩʘ ʥʝʩʧʝʮʠʬʠʯʥʠʤ ʠ ʧʨʝʚʝʥʪʠʚʥʠʤ ʜʝʣʦʚʘˁʝʤ, ʰʪʦ ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʠ ʜʘ 

ʩʫ ʝʬʠʢʘʩʥʠ ʠʩʢˀʫʯʠʚʦ ʫʢʦʣʠʢʦ ʩʝ ʧʨʠʤʝʥʝ ʧʨʝ ʦʩʪʚʘʨʠʚʘˁʘ ʠʥʬʝʢʮʠʿʝ. ʋʧʨʘʚʦ ʿʝ ʩʫʤʧʦʨ 

ʬʫʥʛʠʮʠʜ ʢʦʿʠ ʦʜʩʪʫʧʘ ʦʜ ʦʚʦʛ ʧʨʘʚʠʣʘ, ʿʝʨ ʠʘʢʦ ʿʝ ʠʟʨʘʟʠʪʠ ʥʝʩʠʩʪʝʤʠʢ, ʦʩʠʤ 

ʧʨʝʚʝʥʪʠʚʥʦʛ, ʠʩʧʦˀʘʚʘ ʠ ʠʟʚʝʩʥʦ ʢʫʨʘʪʠʚʥʦ ʜʝʣʦʚʘˁʝ. ʂʫʨʘʪʠʚʥʠ ʝʬʝʢʘʪ ʩʝ ʦʙʿʘʰˁʘʚʘ 

ʯʠˁʝʥʠʮʦʤ ʜʘ ʿʝ ˁʝʛʦʚʘ ʧʨʠʤʝʥʘ ʦʛʨʘʥʠʯʝʥʘ ʥʘ ʩʫʟʙʠʿʘˁʝ ʛˀʠʚʘ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ ʬʘʤʠʣʠʿʠ 

Erysiphaceae (ʧʨʦʫʟʨʦʢʦʚʘʯʠ ʧʝʧʝʣʥʠʮʝ) ʠ ʢʦʿʝ ʬʦʨʤʠʨʘʿʫ ʝʧʠʬʠʪʥʫ ʤʠʮʝʣʠʿʫ (ʥʘ 

ʧʦʚʨʰʠʥʠ ʙʠˀʥʠʭ ʦʨʛʘʥʘ). ʋ ʧʨʘʢʪʠʯʥʠʤ ʫʩʣʦʚʠʤʘ ʩʫʤʧʦʨ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʟʘ 

ʩʫʟʙʠʿʘˁʝ: E. necator, Podosphaerea leucotricha, Sphaerotheca pannosa var. persicae, Erysiphe 

cichoracearum ʠ ʜʨ. ʇʦʨʝʜ ʬʫʥʛʠʮʠʜʠʥʦʛ ʜʝʣʦʚʘˁʘ, ʠʩʧʦˀʘʚʘ ʠ ʠʟʚʝʩʥʦ ʘʢʘʨʠʮʠʜʥʦ 

ʜʝʣʦʚʘˁʝ ʥʘ ʧʘʫʯʠʥʘʩʪʝ ʠ ʝʨʠʦʬʠʜʥʝ ʛʨʠˁʝ (ʉʪʝʚʠ˂, 2020).  
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ʇʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʝ ʪʝʦʨʠʿʝ ʦ ʤʝʭʘʥʠʟʤʫ ʜʝʣʦʚʘˁʘ ʩʫʤʧʦʨʘ. ʅʘʿʚʝʨʦʚʘʪʥʠʿʝ ʿʝ ʜʘ 

ʩʫʤʧʦʨ ʜʝʣʫʿʝ ʧʦʤʦ˂ʫ ʩʚʦʿʠʭ ʦʢʩʠʜʘ ï ʩʫʤʧʦʨ-ʜʠʦʢʩʠʜʘ ʠ ʩʫʤʧʦʨ-ʪʨʠʦʢʩʠʜʘ. ʆʢʩʠʜʠ 

ʩʫʤʧʦʨʘ ʩʫ ʿʘʢʘ ʦʢʩʠʜʘʮʠʦʥʘ ʩʨʝʜʩʪʚʘ ʢʦʿʘ ʥʘʨʫʘhʚʘʿʫ ʨʝʜʦʢʩ-ʩʠʩʪʝʤʝ ʫ ˂ʝʣʠʿʘʤʘ ʛˀʠʚʝ. 

ʇʦʩʪʦʿʠ ʠ ʪʝʦʨʠʿʘ ʦ ʪʟʚ. Ăʜʠʨʝʢʪʥʦʤ ʜʝʣʦʚʘˁʫñ ʧʨʝʤʘ ʢʦʿʦʿ ʩʝ ʩʫʤʧʦʨ ʧʦʥʘʰʘ ʢʘʦ ʘʢʮʝʧʪʦʨ 

ʚʦʜʦʥʠʢʘ ʫ ʤʝʪʘʙʦʣʠʯʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʨʝʤʝʪʝ˂ʠ ʪʘʢʦ ʧʨʦʮʝʩʝ ʭʠʜʨʦʛʝʥʘʮʠʿʝ ʠ 

ʜʝʭʠʜʨʦʛʝʥʘʮʠʿʝ ʫ ˂ʝʣʠʿʘʤʘ ʛˀʠʚʘ, ʘ ʫʪʚʨʹʝʥʦ ʿʝ ʠ ʜʘ ʩʫʤʧʦʨ ʠʤʘ ʚʠʩʦʢ ʘʬʠʥʠʪʝʪ ʧʨʝʤʘ 

ʚʦʜʠ, ʪʝ ʢʦʥʢʫʨʠʰʝ ʢʠʩʝʦʥʠʢʫ ʫ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʥʩʢʦʛ ʪʨʘʥʩʧʦʨʪʘ. ʅʘʿʟʘʥʠʤˀʠʚʠʿʘ ʪʝʦʨʠʿʘ 

ʦ ʤʝʭʘʥʠʟʤʫ ʜʝʣʦʚʘˁʘ ʩʫʤʧʦʨʘ ʙʘʟʠʨʘ ʩʝ ʥʘ ʪʚʨʜˁʠ ʜʘ ʩʝ ʯʝʩʪʠʮʝ ʢʦʣʦʠʜʥʦʛ ʩʫʤʧʦʨʘ 

ʧʦʥʘʰʘʿʫ ʢʘʦ ʤʠʢʨʦ ʩʦʯʠʚʘ ʠ ʜʘ ʧʦʧʫʪ ʣʫʧʝ ʫʩʤʝʨʘʚʘʿʫ ʩʫʥʯʝʚʫ ʩʚʝʪʣʦʩʪ, ʧʦʚʝ˂ʘʚʘʿʫ˂ʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʫ ʩʘʤʦʤ ʬʦʢʫʩʫ, ʰʪʦ ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʪʝʨʤʠʯʢʫ ʜʝʩʪʨʫʢʮʠʿʫ ʭʠʬʘ ʛˀʠʚʘ ʢʦʿʝ 

ʬʦʨʤʠʨʘʿʫ ʝʧʠʬʠʪʥʫ ʤʠʮʝʣʠʿʫ. ɼʝʣʦʚʘˁʝ ʩʫʤʧʦʨʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʋʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʥʠʞʠʤ ʦʜ 16 Áʉ ʜʦʣʘʟʠ ʜʦ ʜʨʘʩʪʠʯʥʦʛ ʧʘʜʘ ʫ 

ʝʬʠʢʘʩʥʦʩʪʠ ʩʫʤʧʦʨʘ, ʜʦʢ ʿʝ ʦʧʪʠʤʘʣʥʠ ʪʝʤʧʝʨʘʪʫʨʥʠ ʠʥʪʝʨʚʘʣ ʟʘ ˁʝʛʦʚʫ ʧʨʠʤʝʥʫ ʠʟʤʝʹʫ 

18 ʠ 28 Áʉ (ʉʪʝʚʠ˂, 2020). ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʝ ʧʦʜ ʜʝʿʩʪʚʦʤ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʬʘʢʪʦʨʘ 

(ʥʘʨʦʯʠʪʦ ʧʘʜʘʚʠʥʘ) ʨʝʟʠʜʫʝ ʩʫʤʧʦʨʘ ʩʘ ʧʦʚʨʰʠʥʝ ʙʠˀʥʠʭ ʦʨʛʘʥʘ ʤʦʛʫ ʩʤʘˁʠʪʠ ʫ ʨʦʢʫ ʦʜ 

3 ʜʘʥʘ ʟʘ ʛʦʪʦʚʦ 58% ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʯʝʪʥʦ ʩʪʘˁʝ (Halleen and Holz, 2001). 

ʇʨʠʤʝʥʘ ʩʫʤʧʦʨʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʠ ʜʦ ʬʠʪʦʪʦʢʩʠʯʥʠʭ ʝʬʝʢʘʪʘ, ʠ ʪʦ ʫʢʦʣʠʢʦ ʩʝ 

ʪʨʝʪʠʨʘˁʘ ʠʟʚʦʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʚʠʰʠʤ ʦʜ 32 Áʉ, ʢʘʜʘ ʩʝ ʤʦʛʫ ʿʘʚʠʪʠ ʦʰʪʝ˂ʝˁʘ ʫ ʚʠʜʫ 

ʦʞʝʛʦʪʠʥʘ, ʢʦʿʘ ʧʦʩʝʙʥʦ ʤʦʛʫ ʙʠʪʠ ʟʥʘʯʘʿʥʘ ʥʘ ʧʣʦʜʦʚʠʤʘ. ʄʝʹʫʪʠʤ, Magarey et al. (2003) 

ʩʫ ʫʪʚʨʜʠʣʠ ʜʘ ʩʝ ʬʠʪʦʪʦʢʩʠʯʥʠ ʝʬʝʢʪʠ ʥʘ ʚʠʥʦʚʦʿ ʣʦʟʠ ʿʘʚˀʘʿʫ ʪʝʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʤʘ 

ʠʟʥʘʜ 40 Áʉ. ʅʘ ʚʠʥʦʚʦʿ ʣʦʟʠ ʩʠʤʧʪʦʤʠ ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʩʫʤʧʦʨʘ ʩʝ ʿʘʚˀʘʿʫ ʥʘ ʛʨʦʟʜʦʚʠʤʘ 

ʠ ʪʦ ʥʘ ʙʦʙʠʮʘʤʘ ʢʦʿʝ ʩʫ ʚʠʰʝ ʦʩʫʥʯʘʥʝ (ʩʣʠʢʘ 3), aʣʠ ʩʝ ʩʠʤʧʪʦʤʠ ʤʦʛʫ ʠʩʧʦˀʠʪʠ ʠ ʥʘ 

ʣʠʩʪʦʚʠʤʘ. ɼʦʜʘʪʥʦ, ʧʨʠʤʝʥʘ ʩʫʤʧʦʨʘ ʥʠʿʝ ʧʨʝʧʦʨʫʯˀʠʚʘ ʥʠ ʪʦʢʦʤ ʬʝʥʦʬʘʟʝ ʮʚʝʪʘˁʘ, ʿʝʨ 

ʟʨʥʮʘ ʩʫʤʧʦʨʘ ʫʢʦʣʠʢʦ ʧʘʜʥʫ ʥʘ ʞʠʛ ʪʫʯʢʘ ʤʦʛʫ ʠʥʭʠʙʠʨʘʪʠ ʢʣʠʿʘˁʝ ʧʦʣʝʥʦʚʠʭ ʟʨʥʘ, ʰʪʦ 

ʩʝ ʥʝʧʦʚʦˀʥʦ ʦʜʨʘʞʘʚʘ ʥʘ ʦʧʣʦʜˁʫ ʠ ʤʦʞʝ ʨʝʟʫʣʪʠʨʘʪʠ ʩʤʘˁʝˁʝʤ ʙʨʦʿʘ ʬʦʨʤʠʨʘʥʠʭ 

ʧʣʦʜʦʚʘ (ʉʪʝʚʠ˂, 2020). ʋʪʚʨʹʝʥʦ ʿʝ ʠ ʜʘ ʩʝ ʚʝʣʠʯʠʥʘ ʯʝʩʪʠʮʘ ʩʫʤʧʦʨʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʫ ʚʝʟʫ 

ʩʘ ʧʦʿʘʚʦʤ ʬʠʪʦʪʦʢʩʠʯʥʠʭ ʝʬʝʢʘʪʘ, ʧʘ ʪʘʢʦ, ʯʝʩʪʠʮʝ ʤʘˁʝ ʦʜ 1 Õm ʤʦʛʫ ʜʠʨʝʢʪʥʦ ʧʨʦʜʨʝʪʠ 

ʢʨʦʟ ʩʪʦʤʝ, ʠ ʪʘʜʘ ʜʦʣʘʟʠ ʜʦ ʦʢʩʠʜʘʮʠʿʝ ʩʫʤʧʦʨʘ ʠ ʩʪʚʘʨʘ ʩʝ SO2, ʢʦʿʠ ʧʦʜ ʫʪʠʮʘʿʝʤ ʚʣʘʛʝ ʫ 

ʩʪʦʤʘʤʘ ʧʨʝʣʘʟʠ ʫ SO3. ʂʘʜʘ SO3 ʜʦʹʝ ʫ ʢʦʥʪʘʢʪ ʩʘ ʚʦʜʦʤ ʫ ˂ʝʣʠʿʠ, ʩʪʚʘʨʘ ʩʝ ʩʫʤʧʦʨʥʘ 

ʢʠʩʝʣʠʥʘ (H2SO4) ʢʦʿʘ ʿʝ ʬʠʪʦʪʦʢʩʠʯʥʘ (Emmett et al., 2003). 
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ʉʣʠʢʘ 3. ʉʠʤʧʪʦʤʠ ʦʞʝʛʦʪʠʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ ʥʘʢʦʥ ʧʨʠʤʝʥʝ ʩʫʤʧʦʨʘ (ʦʨʠʛ.) 

 

 ʇʨʝʤʘ FRAC-ʫ, ʨʠʟʠʢ ʦʜ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢʦʜ ʩʫʤʧʦʨʘ ʧʨʘʢʪʠʯʥʦ ʠ ʜʘ ʥʝ 

ʧʦʩʪʦʿʠ, ʪʝ ʩʧʨʦʚʦʹʝˁʝ ʤʝʨʘ ʘʥʪʠʨʝʟʠʩʪʝʥʪʥʝ ʩʪʨʘʪʝʛʠʿʝ ʥʠʿʝ ʥʝʦʧʭʦʜʥʦ. ʉ ʦʟʙʠʨʦʤ ʥʘ ʪʦ 

ʜʘ ʿʝ ʨʝʯ ʦ ʧʨʦʪʝʢʪʠʚʥʦʤ ʬʫʥʛʠʮʠʜʫ, ʩʫʤʧʦʨ ʩʝ ʤʦʨʘ ʧʨʠʤʝʥʠʪʠ ʧʨʝ ʦʩʪʚʘʨʠʚʘˁʘ 

ʠʥʬʝʢʮʠʿʝ, ʘ ʦʙʠʯʥʦ ʩʝ ʪʨʝʪʠʨʘˁʘ ʠʟʚʦʜʝ ʫ ʠʥʪʝʨʚʘʣʠʤʘ ʦʜ 7 ʜʦ 10 ʜʘʥʘ (ʄʠʣʘʜʠʥʦʚʠ˂ ʠ 

ʩʘʨ., 2008). ʀʩʪʨʘʞʠʚʘˁʘ ʦ ʝʬʠʢʘʩʥʦʩʪʠ ʩʫʤʧʦʨʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ 

ʚʠʥʦʚʝ ʣʦʟʝ ʙʘʟʠʨʘʥʘ ʩʫ ʫʛʣʘʚʥʦʤ ʥʘ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʩʫʤʧʦʨʘ ʫ ʤʦʜʝʣʠʤʘ ʟʘʰʪʠʪʝ, 

ʧʨʝʪʝʞʥʦ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʩʠʩʪʝʤʠʯʥʠʤ ʬʫʥʛʠʮʠʜʠʤʘ, ʘʣʠ ʨʝʟʫʣʪʘʪʠ ʧʦʿʝʜʠʥʠʭ ʘʫʪʦʨʘ 

ʫʢʘʟʫʿʫ ʠ ʥʘ ˁʝʛʦʚʝ ʜʦʙʨʝ ʝʬʝʢʪʝ ʯʘʢ ʠ ʫ ʩʘʤʦʩʪʘʣʥʦʿ ʧʨʠʤʝʥʠ (Brunelli et al., 1992; Prandi 

et al., 2002; Emmett et al., 2003; Wicks et al., 2003; Braccini et al., 2010; Morando et al., 

2016;  DôArcangelo and Puccioni, 2018; Deandrea et al., 2020). ʋ ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ 

ʧʨʝʜʩʪʘʚˀʘ ʠʜʝʘʣʥʦʛ ʧʘʨʪʥʝʨʘ ʫ ʘʥʪʠʨʝʟʠʩʪʝʥʪʥʦʿ ʩʪʨʘʪʝʛʠʿʠ (ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ 

ʩʠʩʪʝʤʠʯʥʠʤ ʬʫʥʛʠʮʠʜʠʤʘ), ʘʣʠ ʤʦʞʝ ʩʝ ʧʦʟʠʮʠʦʥʠʨʘʪʠ ʠ ʧʨʠʤʝˁʠʚʘʪʠ ʩʘʤʦʩʪʘʣʥʦ 

ʦʙʠʯʥʦ ʫ ʧʦʯʝʪʥʠʤ ʬʝʥʦʬʘʟʘʤʘ ʠʣʠ ʬʘʟʘʤʘ ʧʨʝʜ ʙʝʨʙʫ ʚʠʥʦʚʝ ʣʦʟʝ (Sancassani and Rho, 

2002; Egger, 2008; DôArcangelo et al., 2010; Kast and Bleyer, 2011; DôAscenzo et al., 2012; 

Guario et al., 2014;). 

 

2.6.2 ɼʠʥʠʪʨʦʬʝʥʠʣ-ʢʨʦʪʦʥʘʪʠ  

ʇʨʠʧʘʜʘʿʫ ʛʨʫʧʠ ʪʟʚ. ʘʥʢʘʧʣʝʨʘ ʦʢʩʠʜʘʪʠʚʥʝ ʬʦʩʬʦʨʠʣʘʮʠʿʝ (ʉ5), ʦʜʥʦʩʥʦ 

ʠʥʪʝʨʬʝʨʠʨʘʿʫ ʫ ʧʨʦʮʝʩʠʤʘ ˂ʝʣʠʿʩʢʦʛ ʜʠʩʘˁʘ. ʆʩʠʤ ʜʠʥʠʪʨʦʬʝʥʠʣ-ʢʨʦʪʦʥʘʪʘ ʫ ʦʢʚʠʨʫ ʉ5 

ʛʨʫʧʝ ʥʘʣʘʟʝ ʩʝ ʠ 2,6-ʜʠʥʠʪʨʦ-ʘʥʠʣʠʥʠ. ɱʝʜʠʥʠ ʧʨʝʜʩʪʘʚʥʠʢ ʜʠʥʠʪʨʦʬʝʥʠʣ-ʢʨʦʪʦʥʘʪʘ, ʢʦʿʠ 

ʩʝ ʜʘʥʘʩ ʢʦʨʠʩʪʠ ʫ ʟʘʰʪʠʪʠ ʙʠˀʘ ʿʝ ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧ.  
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ʄʝʧʪʠʣ-ʜʠʥʦʢʘʧ 

ʋ ʦʢʚʠʨʫ ʦʚʝ ʛʨʫʧʝ ʬʫʥʛʠʮʠʜʘ ʧʨʚʦ ʩʠʥʪʝʪʠʩʘʥʦ ʿʝʜʠˁʝˁʝ ʙʠʣʦ ʿʝ ʜʠʥʦʢʘʧ, ʢʦʿʝ ʿʝ 

ʜʘʥʘʩ ʟʘʤʝˁʝʥʦ ˁʝʛʦʚʠʤ ʘʥʘʣʦʛʦʤ ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧʦʤ. ʉʫʧʩʪʘʥʮʘ ʿʝ ʨʘʟʚʠʿʘʥʘ ʦʜ ʩʪʨʘʥʝ 

DowAgroSciences GmbH ʠ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʜʠʥʦʢʘʧʘ, ʦʜʣʠʢʫʿʝ ʩʝ ʟʥʘʪʥʦ ʧʦʚʦˀʥʠʿʠʤ 

ʪʦʢʩʠʢʦʣʦʰʢʠʤ ʧʨʦʬʠʣʦʤ (Bacci et al., 2008). ʋ ʦʙʣʠʢʫ ʿʝ ʞʫ˂ʢʘʩʪʦ-ʥʘʨʘʥ˅ʘʩʪʝ ʪʝʯʥʦʩʪʠ, 

ʩʣʘʙʦ ʨʘʩʪʚʦʨˀʠʚʝ ʫ ʚʦʜʠ, ʘ ʦʜʣʠʯʥʦ ʩʝ ʨʘʩʪʚʘʨʘ ʫ ʛʦʪʦʚʦ ʩʚʠʤ ʦʨʛʘʥʩʢʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ. 

ʅʘ ʪʨʞʠʰʪʫ ʉʨʙʠʿʝ, ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧ ʿʝ ʬʦʨʤʫʣʠʩʘʥ ʫ ʚʠʜʫ ʢʦʥʮʝʥʪʨʘʪʘ ʟʘ ʝʤʫʣʟʠʿʫ ʠ 

ʥʘʣʘʟʠ ʩʝ ʫ ʧʨʝʧʘʨʘʪʫ Karathane Gold 350 EC (350 g/l ʘ.ʩ.).  ʆʚʦ ʿʝ ʧʨʦʪʝʢʪʠʚʥʠ, ʢʫʨʘʪʠʚʥʠ 

ʠ ʝʨʘʜʠʢʘʪʠʚʥʠ ʬʫʥʛʠʮʠʜ, ʢʦʿʠ ʩʝ ʥʝ ʪʨʘʥʩʣʦʮʠʨʘ ʫ ʙʠˀʢʘʤʘ (ʥʝʩʠʩʪʝʤʠʢ). ʅʘʢʦʥ ʧʨʠʤʝʥʝ, 

ʩʥʘʞʥʦ ʩʝ ʚʝʟʫʿʝ ʟʘ ʧʦʚʨʰʠʥʫ ʣʠʩʪʘ, ʰʪʦ ʛʘ ʯʠʥʠ ʧʨʠʣʠʯʥʦ ʦʪʧʦʨʥʠʤ ʥʘ ʩʧʠʨʘˁʝ ʢʠʰʦʤ. 

ʉʧʝʢʪʘʨ ʜʝʣʦʚʘˁʘ ʤʫ ʿʝ ʦʛʨʘʥʠʯʝʥ ʥʘ ʧʘʪʦʛʝʥʝ ʠʟ ʬʘʤʠʣʠʿʝ Erysiphaceae. ʋ ʧʨʘʢʩʠ, 

ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʠ ʩʘ ʩʫʟʙʠʿʘˁʝ E. necator ʠ P. leucotricha. ʇʦʩʝʜʫʿʝ ʠ ʩʧʦʨʝʜʥʦ ʢʦʥʪʘʢʪʥʦ 

ʜʝʣʦʚʘˁʝ ʥʘ ʛʨʠˁʝ (ʉʪʝʚʠ˂, 2020).  

ʇʨʝʤʘ ʣʠʪʝʨʘʪʫʨʥʠʤ ʧʦʜʘʮʠʤʘ, ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧ ʤʦʞʝ ʠʩʧʦˀʘʚʘʪʠ ʬʫʥʛʠʮʠʜʥʫ 

ʘʢʪʠʚʥʦʩʪ ʥʘ ʩʚʝ ʨʘʟʚʦʿʥʝ ʩʪʘʜʠʿʫʤʝ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʘ, ʘ ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʩʧʨʝʯʘʚʘˁʝ ʧʨʠʤʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ - ʩʧʨʝʯʘʚʘ ʦʙʨʘʟʦʚʘˁʝ ʠ ʩʘʟʨʝʚʘˁʝ ʢʘʟʤʦʪʝʮʠʿʘ ʠ 

ʠʥʭʠʙʠʨʘ ʨʘʟʥʦʰʝˁʝ ʘʩʢʦʩʧʦʨʘ. ʅʝʢʠ ʘʫʪʦʨʠ ʥʘʚʦʜʝ ʜʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʠ ʢʘʦ ʦʜʣʠʯʥʦ 

ʩʘʥʠʪʘʮʠʦʥʦ ʩʨʝʜʩʪʚʦ ʪʦʢʦʤ ʿʝʩʝʥʠ (ʥʘʢʦʥ ʙʝʨʙʝ ʚʠʥʦʚʝ ʣʦʟʝ), ʢʘʜʘ ʧʦʯʠˁʝ ʦʙʨʘʟʦʚʘˁʝ ʠ 

ʩʘʟʨʝʚʘˁʝ ʢʘʟʤʦʪʝʮʠʿʘ, ʪʝ ˁʝʛʦʚʘ ʧʨʠʤʝʥʘ ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʫ ʦʚʦʤ ʧʝʨʠʦʜʫ ʨʝʜʫʢʫʿʝ ʠʥʦʢʫʣʫʤ 

ʟʘ ʠʜʫ˂ʫ ʚʝʛʝʪʘʮʠʦʥʫ ʩʝʟʦʥʫ (Caffi et al., 2013). ʄʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʫ ʰʠʨʝʤ ʦʧʩʝʛʫ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʘʣʠ ʩʝ ʫʛʣʘʚʥʦʤ ʧʦʟʠʮʠʦʥʠʨʘ ʫ ʨʘʥʠʿʠʤ ʬʝʥʦʬʘʟʘʤʘ (ʥʘʨʦʯʠʪʦ ʢʦʜ ʚʠʥʦʚʝ 

ʣʦʟʝ), ʿʝʨ ʦʩʪʚʘʨʫʿʝ ʟʥʘʯʘʿʥʦ ʙʦˀʝ ʜʝʣʦʚʘˁʝ ʧʨʠ ʥʠʞʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʫʤʧʦʨ.  

ʄʝʧʪʠʣ-ʜʠʥʦʢʘʧ ʧʨʠʧʘʜʘ ʛʨʫʧʠ ʬʫʥʛʠʮʠʜʘ ʪʟʚ. ʘʥʢʘʧʣʝʨʘ ʦʢʩʠʜʘʪʠʚʥʝ 

ʬʦʩʬʦʨʠʣʘʮʠʿʝ (C5; FRAC). ʆʚʠ ʬʫʥʛʠʮʠʜʠ ʠʩʧʦˀʘʚʘʿʫ ʩʚʦʿʝ ʜʝʣʦʚʘˁʝ ʧʨʝʢʦ 

ʙʠʦʝʥʝʨʛʝʪʩʢʠʭ ʪʨʘʥʩʜʫʢʮʠʦʥʠʭ ʤʝʤʙʨʘʥʘ, ʥʝʧʨʦʧʫʩʥʠʭ ʟʘ ʧʨʦʪʦʥʝ ʫ ʧʨʦʮʝʩʫ ʦʢʩʠʜʘʪʠʚʥʝ 

ʬʦʩʬʦʨʠʣʘʮʠʿʝ. ʆʙʟʠʨʦʤ ʜʘ ʦʚʠ ʬʫʥʛʠʮʠʜʠ ʥʝʤʘʿʫ ʩʧʝʮʠʬʠʯʥʦ ʤʝʩʪʦ ʚʝʟʠʚʘˁʘ ʫ ˂ʝʣʠʿʠ 

ʛˀʠʚʘ, ʧʨʝʜʫʩʣʦʚ ʟʘ ˁʠʭʦʚʦ ʙʠʦʣʦʰʢʦ ʜʝʿʩʪʚʦ, ʿʝʩʪʝ ʜʘ ʩʝ ʣʘʢʦ ʤʝʪʘʙʦʣʠʰʫ ʫ 

ʤʠʪʦʭʦʥʜʠʨʿʘʤʘ. ʄʝʭʘʥʠʟʘʤ ʜʝʣʦʚʘˁʘ ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧʘ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʠʥʭʠʙʠʮʠʿʠ ʧʨʦʮʝʩʘ 

ʦʢʩʠʜʘʪʠʚʥʝ ʬʦʩʬʦʨʠʣʘʮʠʿʝ, ʰʪʦ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʧʨʦʜʫʢʮʠʿʫ ʝʥʝʨʛʠʿʝ ʢʦʜ ʛˀʠʚʘ. 

ʇʨʠʤʘʨʥʦ ʤʝʩʪʦ ʜʝʣʦʚʘˁʘ ʿʝ ʫ ʤʠʪʦʭʦʥʜʨʠʿʘʤʘ, ʢʘʜʘ ʜʦʣʘʟʠ ʜʦ ʧʨʝʢʠʜʘ ʧʨʦʮʝʩʘ ʩʪʚʘʨʘˁʘ 

ʝʥʝʨʛʠʿʝ ʠ ʝʣʝʢʪʦʭʝʤʠʿʩʢʦʛ ʜʠʩʙʘʣʘʥʩʘ ʧʨʝʢʦ ʜʝʢʫʧʣʫʿʫ˂ʝʛ ʝʬʝʢʪʘ ʥʘ ʦʢʩʠʜʘʪʠʚʥʫ 

ʬʦʩʬʦʨʠʣʘʮʠʿʫ, ʪʿ. ʦʥʝʤʦʛʫ˂ʘʚʘ ʩʝ ʢʦʨʠʰ˂ʝˁʝ ʦʩʣʦʙʦʹʝʥʝ ʝʥʝʨʛʠʿʝ ʟʘ ʩʠʥʪʝʟʫ ɸʊʇ-ʘ. 

ʄʝʧʪʠʣ-ʜʠʥʦʢʘʧ ʠʥʪʝʨʬʝʨʠʨʘ ʠ ʫ ʧʨʦʮʝʩʠʤʘ ʧʨʦʪʦʥʘʮʠʿʝ ʠ ʜʝʧʨʦʪʦʥʘʮʠʿʝ ʘʤʠʥʦ ʛʨʫʧʝ. 

ʇʨʠʤʝˁʫʿʝ ʩʝ ʩʘʤʦʩʪʘʣʥʦ ʠʣʠ ʫ ʢʦʤʙʠʥʘʮʠʿʘʤʘ ʩʘ ʜʨʫʛʠʤ ʬʫʥʛʠʮʠʜʠʤʘ (Bacci et al., 2008; 

ʉʪʝʚʠ˂, 2020). ʋ ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʦʙʠʯʥʦ ʩʝ 

ʧʦʟʠʮʠʦʥʠʨʘ ʫ ʨʘʥʠʿʠʤ ʬʝʥʦʬʘʟʘʤʘ (ʜʦ ʮʚʝʪʘˁʘ) ʠʣʠ ʥʝʰʪʦ ʢʘʩʥʠʿʠʤ ʬʝʥʦʬʘʟʘʤʘ (ʧʦʯʝʪʘʢ 

ʟʘʪʚʘʨʘˁʘ ʛʨʦʟʜʘ), ʠ ʧʨʝʤʘ ʜʦʩʪʫʧʥʠʤ ʣʠʪʝʨʘʪʫʨʥʠʤ ʧʦʜʘʮʠʤʘ ʠʩʧʦˀʘʚʘ ʜʦʙʨʫ ʝʬʠʢʘʩʥʦʩʪ 

ʫ ʩʫʟʙʠʿʘˁʫ E. necator (Bertocchi et al., 2008; Sozzani et al., 2008; Dongiovanni et al., 2010, 

2016; Guario et al., 2014; Viglione et al., 2014). 

 

2.6.3 QoI ʬʫʥʛʠʮʠʜʠ 

ɱʝʜʠˁʝˁʘ ʢʦʿʘ ʧʨʠʧʘʜʘʿʫ ʦʚʦʿ ʛʨʫʧʠ ʬʫʥʛʠʮʠʜʘ ʩʫ ʩʠʥʪʝʪʠʩʘʥʘ ʧʦ ʫʟʦʨʫ ʥʘ ʩʫʧʩʪʘʥʮʝ 

ʧʨʠʨʦʨʦʜʥʦʛ ʧʦʨʝʢʣʘ, ʢʦʿʘ ʩʫ ʠʟʦʣʦʚʘʥʘ ʠʟ ʜʚʝ ʚʨʩʪʝ ʛˀʠʚʘ ï Strobilurus tenacellus ʠ 

Oudemansiella mucida. Oʚʘ ʛʨʫʧʘ ʬʫʥʛʠʮʠʜʘ ʢʦʿʘ ʿʝ ʿʦʰ ʧʦʟʥʘʪʘ ʧʦʜ ʥʘʟʠʚʦʤ ʩʪʨʦʙʠʣʫʨʠʥʠ, 

ʜʦʙʠʣʘ ʿʝ ʠʤʝ ʙʘʰ ʧʦ ʨʦʜʫ Strobilurus. ʉʫʧʩʪʘʥʮʝ ʧʨʠʨʦʜʥʦʛ ʧʦʨʝʢʣʘ ʢʦʿʝ ʩʫ ʩʝ ʦʜʣʠʢʦʚʘʣʝ 
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ʠʟʨʘʞʝʥʦʤ ʬʦʪʦʜʝʛʨʘʜʠʙʠʣʥʦʰ˂ʫ, ʢʘʩʥʠʿʝ ʩʫ ʦʧʪʠʤʠʟʦʚʘʥʝ ʠ ʩʪʚʦʨʝʥʠ ʩʫ ʬʦʪʦʩʪʘʙʠʣʥʠ 

ʘʥʘʣʦʟʠ. ʆʚʘ ʛʨʫʧʘ ʬʫʥʛʠʮʠʜʘ ʧʦʜʝˀʝʥʘ ʿʝ ʫ ʥʝʢʦʣʠʢʦ ʧʦʜʛʨʫʧʘ: ʤʝʪʦʢʩʠʘʢʨʠʣʘʪʠ, 

ʤʝʪʦʢʩʠʢʘʨʙʘʤʘʪʠ ʠ ʦʢʩʠʤʠʥʦ ʘʮʝʪʘʪʠ, ʜʦʢ ʩʫ ʿʝʜʠˁʝˁʘ ʠʟ ʛʨʫʧʝ ʦʢʩʘʟʦʣʠʜʠʥʜʠʦʥʘ ʠ 

ʠʤʠʜʘʟʦʣʠʥʦʥʘ ʩʣʠʯʥʘ ʩʪʨʦʙʠʣʫʨʠʥʠʤʘ ʧʦ ʤʝʭʘʥʠʟʤʫ ʧʘ ʩʫ ʩʚʨʩʪʘʥʘ ʫ ʛʨʫʧʫ QoI 

ʬʫʥʛʠʮʠʜʘ (ʝʥʛ. Quinone outsite Inhibitors). ʇʨʚʘ ʿʝʜʠˁʝˁʘ ʠʟ ʦʚʝ ʛʨʫʧʝ ʢʦʿʘ ʩʫ ʫʚʝʜʝʥʘ ʫ 

ʢʦʤʝʨʮʠʿʘʣʥʫ ʫʧʦʪʨʝʙʫ ʩʫ ʘʟʦʢʩʠʩʪʨʦʙʠʥ ʠ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ (ʉʪʝʚʠ˂, 2020).  

ʆʚʠ ʬʫʥʛʠʮʠʜʠ ʜʝʣʫʿʫ ʪʘʢʦ ʰʪʦ ʠʥʭʠʙʠʨʘʿʫ ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʫ ʨʝʩʧʠʨʘʮʠʿʫ, ʚʝʟʫʿʫ˂ʠ 

ʩʝ ʟʘ ʩʧʦˀʘʰˁʠ ʢʚʠʥʦʣ ʦʢʩʠʜʘʮʠʦʥʠ ʮʝʥʪʘʨ (Qo), ʪʿ. ʮʠʪʦʭʨʦʤ bc1 ʝʥʠʟʠʤʩʢʠ ʢʦʤʧʣʝʢʩ 

(ʢʦʤʧʣʝʢʩ III). ʀʟʤʝʹʫ ʮʠʪʨʦʭʨʦʤʘ b i ʮʠʪʦʭʨʦʤʘ c1 ʜʦʣʘʟʠ ʜʦ ʙʣʦʢʘʜʝ ʪʨʘʥʩʧʦʨʪʘ ʝʣʝʢʪʨʦʥʘ 

ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʧʨʝʩʪʘʿʝ ʦʢʩʠʜʘʮʠʿʘ ʅɸɼʍ ʠ ʩʠʥʪʝʟʘ ɸʊʇ-ʘ,  ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʜʝʬʠʮʠʪʦʤ 

ʝʥʝʨʛʠʿʝ ʫ ˂ʝʣʠʿʘʤʘ ʛˀʠʚʘ ʠ ʧʨʝʢʠʜʘ ʩʝ ʧʨʦʮʝʩ ʨʝʩʧʠʨʘʮʠʿʝ. ʉʪʨʦʙʠʣʫʨʠʥʠ ʠʟʫʟʝʪʥʦ ʜʦʙʨʦ 

ʠʥʭʠʙʠʨʘʿʫ ʧʨʦʮʝʩ ʢʣʠʿʘˁʘ ʩʧʦʨʘ ʢʦʜ ʛˀʠʚʘ, ʘ ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʨʝʤʝʪʝ ʩʠʥʪʝʟʫ ʝʥʝʨʛʠʿʝ, 

ʧʨʦʮʝʩʠ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʤʘʢʩʠʤʘʣʥʠ ʫʪʨʦʰʘʢ ʝʥʝʨʛʠʿʝ ʢʦʜ ʧʘʪʦʛʝʥʘ, ʩʫ ʠ ʥʘʿʚʠʰʝ ʧʦʛʦʹʝʥʠ. 

ʀʘʢʦ ʧʦʿʝʜʠʥʘ ʿʝʜʠˁʝˁʘ ʠʟ ʦʚʝ ʛʨʫʧʝ ʠʩʧʦˀʘʚʘʿʫ ʢʫʨʘʪʠʚʥʠ ʠ ʠʟʚʝʩʥʠ ʝʨʘʜʠʢʚʘʪʥʠ ʝʬʝʢʘʪ, 

ʧʨʝʧʦʨʫʢʘ ʿʝ ʜʘ ʩʝ ʧʨʠʤʝˁʫʿʫ ʧʨʝʚʝʥʪʠʚʥʦ ʠʣʠ ʫ ʰʪʦ ʨʘʥʠʿʦʿ ʬʘʟʠ ʧʘʪʦʛʝʥʝʟʝ, ʢʘʢʦ ʙʠ ʩʝ 

ʠʩʧʦˀʠʦ ʤʘʢʩʠʤʘʣʥʠ ʬʫʥʛʠʮʠʜʥʠ ʧʦʪʝʥʮʠʿʘʣ. ʆʩʠʤ ʟʘʰʪʠʪʝ ʙʠˀʘʢʘ ʦʜ ʧʘʪʦʛʝʥʘ, ʧʨʠʤʝʥʘ 

ʩʪʨʦʙʠʣʫʨʠʥʘ ʠʤʘ ʠ ʜʨʫʛʝ ʙʝʥʝʬʠʪʝ, ʧʘ ʪʘʢʦ, ˁʠʭʦʚʦʤ ʧʨʠʤʝʥʦʤ ʙʠˀʢʝ ʜʦʙʠʿʘʿʫ ʩʚʝʞʫ 

ʟʝʣʝʥʫ ʙʦʿʫ, ʘ ʦʚʘʿ ʬʝʥʦʤʝʥ ʿʝ ʧʦʟʥʘʪ ʢʘʦ ʪʟʚ. Ăgreenñ ʝʬʝʢʘʪ. ʇʨʝʤʘ ʢʣʘʩʠʬʠʢʘʮʠʿʠ FRAC-

a, QoI ʬʫʥʛʠʮʠʜʠ ʩʧʘʜʘʿʫ ʫ ʛʨʫʧʫ ʩʘ ʥʘʿʚʝ˂ʠʤ ʨʠʟʠʢʦʤ ʦʜ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʧʘ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʩʪʨʠʢʪʥʦ ʩʝ ʧʨʠʜʨʞʘʚʘʪʠ ʤʝʨʘ ʘʥʪʠʨʝʟʠʩʪʝʥʪʥʝ ʩʪʨʘʪʝʛʠʿʝ (Bartlett et al., 2002; 

Balba, 2007; ʉʪʝʚʠ˂, 2020).  

 

ʇʠʨʘʢʣʦʩʪʨʦʙʠʥ  

ʌʫʥʛʠʮʠʜ ʫʚʝʜʝʥ ʫ ʧʨʠʤʝʥʫ 2000. ʛʦʜʠʥʝ, ʦʜʣʠʢʫʿʝ ʛʘ ʩʣʘʙʘ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʫ ʚʦʜʠ, 

ʥʠʟʘʢ ʥʘʧʦʥ ʧʘʨʝ (ʥʝ ʜʝʣʫʿʝ ʧʘʨʘʤʘ). ʇʨʝʤʘ ʢʣʘʩʠʬʠʢʘʮʠʿʠ FRAC-a ʧʨʠʧʘʜʘ ʛʨʫʧʠ ʤʝʪʦʢʩʠ-

ʢʘʨʙʘʤʘʪʘ. ʀʩʧʦˀʘʚʘ ʣʦʢʘʣ-ʩʠʩʪʝʤʠʯʥʘ ʩʚʦʿʩʪʚʘ, ʢʨʝ˂ʝ ʩʝ ʪʨʘʥʩʣʘʤʠʥʘʨʥʦ (ʉʪʝʚʠ˂, 2020). 

ʀʤʘ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʜʝʣʦʚʘˁʘ, ʝʬʠʢʘʩʥʠʿʠ ʿʝ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʘʚʠʭ ʛˀʠʚʘ, ʘʣʠ ʩʝ ʫ ʩʧʝʢʪʨʫ 

ʥʘʣʘʟʝ ʠ ʧʦʿʝʜʠʥʝ ʧʩʝʫʜʦʛˀ ʠʚʝ. ʋ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʩʫʟʙʠʿʘˁʝ E. 

necator ʠ P. viticola, ʜʦʢ ʠʩʧʦˀʘʚʘ ʥʝʰʪʦ ʩʣʘʙʠʿʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ B. cinerea. ʋ 

ʧʨʘʢʩʠ ʩʝ ʧʨʠʤʝˁʫʿʝ ʩʘʤʦʩʪʘʣʥʦ ʠʣʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʜʨʫʛʠʤ ʬʫʥʛʠʮʠʜʠʤʘ ʧʦʧʫʪ 

ʙʦʩʢʘʣʠʜʘ, ʤʝʪʠʨʘʤʘ, ʬʣʫʢʩʘʧʠʨʠʨʦʢʩʘʜʘ, ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣʘ ʠ ʜʨ. ʋ ʧʨʦʛʨʘʤʠʤʘ 

ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ ʩʝ ʢʦʨʠʩʪʠ ʥʘʿʯʝʰ˂ʝ ʫ 

ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʜʨʫʛʠʤ ʬʫʥʛʠʮʠʜʠʤʘ, ʘʣʠ ʤʦʞʝ ʠ ʩʘʤʦʩʪʘʣʥʦ (Manaresi and Coatti, 2002; 

Scannavini et al., 2006; Egger, 2008; Sozzani et al., 2008; Dongiovanni et al., 2010, 2016; Kast 

and Bleyer, 2011).   
 

ʂʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ 

ʋ ʧʨʠʤʝʥʫ ʿʝ ʫʚʝʜʝʥ 1998. ʛʦʜʠʥʝ. ʉʣʘʙʦ ʿʝ ʨʘʩʪʚʦʨˀʠʚ ʫ ʚʦʜʠ, ʥʠʩʢʝ ʠʩʧʘʨˀʠʚʦʩʪʠ. 

ʆʜʣʠʢʫʿʝ ʛʘ ʠʟʨʘʞʝʥʘ ʣʠʧʦʬʠʣʥʦʩʪ, ʧʦʩʝʜʫʿʝ ʚʠʩʦʢ ʘʬʠʥʠʪʝʪ ʟʘ ʢʫʪʠʢʫʣʘʨʥʝ ʚʦʩʢʦʚʝ, 

ʩʥʘʞʥʦ ʩʝ ʚʝʟʫʿʝ ʟʘ ʧʦʚʨʠʰʠʥʫ ʣʠʩʪʘ ʠ ʪʝʰʢʦ ʩʧʠʨʘ ʢʠʰʦʤ. ʇʨʝʤʘ ʢʣʘʩʠʬʠʢʘʮʠʿʠ FRAC-a 

ʧʨʠʧʘʜʘ ʛʨʫʧʠ ʦʢʩʠʤʠʥʦ-ʘʮʝʪʘʪʘ. Oʜʣʠʢʫʿʝ ʩʝ ʠʟʫʟʝʪʥʦ ʧʦʚʦˀʥʠʤ ʪʦʢʩʠʢʦʣʦʰʢʠʤ 

ʧʨʦʬʠʣʦʤ. ʅʘ ʪʨʞʠʰʪʫ ʥʘʰʝ ʟʝʤˀʝ ʤʦʞʝ ʩʝ ʥʘ˂ʠ ʫ ʧʨʝʧʘʨʘʪʠʤʘ ʫ ʦʙʣʠʢʫ ʯʚʨʩʪʠʭ (WG) ʠ 

ʪʝʯʥʠʭ ʬʦʨʤʫʣʘʮʠʿʘ (SC). ʅʘʢʦʥ ʜʝʧʦʥʦʚʘˁʘ, ʨʝʣʘʪʠʚʥʦ ʙʨʟʦ ʩʝ ʫʩʚʘʿʘ ʫ ʙʠˀʥʦ ʪʢʠʚʦ ʠ 

ʜʘˀʝ ʢʨʝ˂ʝ ʪʨʘʥʩʣʘʤʠʥʘʨʥʦ. ʅʘʨʦʯʠʪʦ ʜʦʙʨʦ ʩʫʟʙʠʿʘ ʧʨʦʫʟʨʦʢʦʚʘʯʝ ʧʝʧʝʣʥʠʮʘ, ʢʘʦ ʰʪʦ ʩʫ: 
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E. necator, P. leucotricha, Sphaerotheca fuligena, Erysiphe betae ʠ ʜʨ. (Politi et al., 1996; 

ʉʪʝʚʠ˂, 2020). ʋ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ  ʢʦʨʠʩʪʠ ʩʝ ʩʘʤʦʩʪʘʣʥʦ 

ʠʣʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʜʨʫʛʠʤ ʬʫʥʛʠʮʠʜʠʤʘ, ʥʘʿʯʝʰ˂ʝ ʙʦʩʢʘʣʠʜʦʤ (Bisiach et al. 1996; 

Capriotti et al., 2006; Sozzani et al., 2008; Egger, 2008; Dongiovanni et al., 2010; Kast and 

Bleyer, 2011; DôAscenzo et al., 2012).   
 

ʊʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ  

ʋʚʝʜʝʥ ʿʝ ʫ ʧʨʠʤʝʥʫ 1999. ʛʦʜʠʥʝ, ʫ ʚʦʜʠ ʿʝ ʧʨʘʢʪʠʯʥʦ ʥʝʨʘʩʪʚʦʨˀʠʚ, ʩʣʘʙʦ ʠʩʧʘʨˀʠʚ, 

ʩʘ ʠʟʫʟʝʪʥʦ ʧʦʚʦˀʥʠʤ ʪʦʢʩʠʢʦʣʦʰʢʠʤ ʧʨʦʬʠʣʦʤ. Kao ʠ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ ʠ ʦʚʦ ʿʝʜʠˁʝˁʝ 

ʧʨʠʧʘʜʘ ʛʨʫʧʠ ʦʢʩʠʤʠʥʦ-ʘʮʝʪʘʪʘ. ʊʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʩʝ ʥʘ ʪʨʞʠʰʪʫ ʤʦʞʝ ʥʘ˂ʠ ʫ 

ʬʦʨʤʫʣʘʮʠʿʘʤʘ ʧʦʧʫʪ ʚʦʜʦʜʠʩʧʝʨʟʠʙʠʣʥʠʭ ʛʨʘʥʫʣʘ, ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʩʫʩʧʝʥʟʠʿʘ ʠ 

ʢʦʥʮʝʥʪʨʘʪʘ ʟʘ ʝʤʫʣʟʠʿʫ. ɼʝʣʫʿʝ ʧʨʦʪʝʢʪʠʚʥʦ, ʢʫʨʘʪʠʚʥʦ ʠ ʫ ʠʟʚʝʩʥʦʤ ʩʪʝʧʝʥʫ 

ʝʨʘʜʠʢʘʪʠʚʥʦ. ʇʦʩʝʜʫʿʝ ʠʟʨʘʞʝʥʫ ʦʪʧʦʨʥʦʩʪ ʥʘ ʩʧʠʨʘˁʝ ʢʠʰʦʤ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʛʘ ʦʜʣʠʢʫʿʝ 

ʚʠʩʦʢ ʘʬʠʥʠʪʝʪ ʟʘ ʧʦʚʨʰʠʥʫ ʙʠˀʥʦʛ ʪʢʠʚʘ ʠ ʚʦʰʪʘʥʠ ʩʣʦʿʝʚʠ ʛʘ ʿʘʢʦ ʜʦʙʨʦ ʘʧʩʦʨʙʫʿʫ. ʅʘ 

ʧʦʚʨʰʠʥʠ ʙʠˀʥʦʛ ʪʢʠʚʘ ʤʦʞʝ ʜʘ ʩʝ ʨʝʜʠʩʪʨʠʙʫʠʨʘ, ʫ ʛʘʩʥʦʿ ʬʘʟʠ, ʫ ʦʙʣʠʞˁʝ, ʥʝʪʨʝʪʠʨʘʥʝ 

ʜʝʣʦʚʝ. ɹʨʟʦ ʧʝʥʝʪʨʠʨʘ ʫ ʙʠˀʥʦ ʪʢʠʚʦ, ʛʜʝ ʩʝ ʜʘˀʝ ʢʨʝ˂ʝ ʪʨʘʥʩʣʘʤʠʥʘʨʥʦ, ʩʘ ʿʘʢʦ 

ʦʛʨʘʥʠʯʝʥʠʤ ʚʘʩʢʫʣʘʨʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʪʝ ʩʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʦʟʥʘʯʘʚʘ ʠ ʢʘʦ ʤʝʟʦʩʠʩʪʝʤʠʢ. 

ʀʥʭʠʙʠʨʘ ʢʣʠʿʘˁʝ ʩʧʦʨʘ ʠ ʧʦʨʘʩʪ ʤʠʮʝʣʠʿʝ, ʘ ʠʩʧʦˀʘʚʘ ʠ ʘʥʪʠʩʧʦʨʫʣʪʘʚʥʦ ʜʝʣʦʚʘˁʝ. 

ʂʦʨʠʩʪʠ ʩʝ ʟʘ ʩʫʟʙʠʿʘˁʝ ʙʨʦʿʥʠʭ ʛˀʠʚʘ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʢʣʘʩʘ (Ascomycetes, Deuteromycetes, 

Basidiomycetes ʠ Oomycetes), ʘ ʥʘʨʦʯʠʪʦ ʜʦʙʨʦ ʩʫʟʙʠʿʘ ʧʨʦʫʟʨʦʢʦʚʘʯʝ ʧʝʧʝʣʥʠʮʘ (E. 

necator, P. leucotricha, B. graminis ʠ ʜʨ.). ʧʨʦʫʟʨʦʢʦʚʘʯʝ ʨʹʘ (Puccinia spp.), ʣʠʩʥʠʭ 

ʧʝʛʘʚʦʩʪʠ (Septoria tritici ), ʧʨʦʫʟʨʦʢʦʚʘʯʝ ʪʨʫʣʝʞʠ (Monilinia spp., Penicillium spp., 

Gleosporium spp. ʠ ʜʨ.) (Liguori et al., 2000; Deliere et al., 2010;  ʉʪʝʚʠ˂, 2020). 

ʊʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʩʝ ʫ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʧʨʠʤʝˁʫʿʝ ʠʣʠ 

ʩʘʤʦʩʪʘʣʥʦ ʠʣʠ, ʯʝʰ˂ʝ, ʫ ʢʦʤʙʠʥʘʮʠʿʘʤʘ ʩʘ ʜʨʫʛʠʤ ʬʫʥʛʠʮʠʜʠʤʘ. ʋ ʀʪʘʣʠʿʠ ʿʝ, ʫʟ 

ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ, ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʦ ʿʝʜʠˁʝˁʝ ʠʟ ʛʨʫʧʝ QoI ʬʫʥʛʠʮʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ E. 

necator (Liguori et al. , 2000; Sancassani and Rho, 2002; Prandi et al., 2002; Sozzani et al., 

2008; Egger, 2008; Dongiovanni et al., 2010, 2016, 2018; Rubboli et al., 2014; Valente et al., 

2018).   
 

2.6.4 SDHI ʬʫʥʛʠʮʠʜʠ 

ʀʥʭʠʙʠʪʦʨʠ ʩʫʢʮʠʥʘʪ ʜʝʭʠʜʨʦʛʝʥʘʟʝ (ʝʥʛ. Succinate Dehydrogenase Inhibitors) ʩʫ 

ʛʨʫʧʘ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʜʦʞʠʚˀʘʚʘ ʥʘʿʚʝ˂ʠ ʩʪʝʧʝʥ ʨʘʟʚʦʿʘ ʫ ʧʦʛʣʝʜʫ ʩʠʥʪʝʟʝ ʥʦʚʠʭ ʘʢʪʠʚʥʠʭ 

ʩʫʧʩʪʘʥʮʠ ʠ ˁʠʭʦʚʦʛ ʫʚʦʹʝˁʘ ʫ ʧʨʠʤʝʥʫ ʫ ʧʨʦʪʝʢʣʦʿ ʜʝʮʝʥʠʿʠ. ʋʚʝʜʝʥʠ ʩʫ ʫ ʧʨʠʤʝʥʫ ʿʦʰ 

60-ʪʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ (ʢʘʨʙʦʢʩʠʥ ʢʘʦ ʧʨʚʠ ʬʫʥʛʠʮʠʜ ʠʟ ʧʦʤʝʥʫʪʝ ʛʨʫʧʝ), ʘʣʠ ʿʝ ʪʘ 

ʧʨʚʘ ʛʝʥʝʨʘʮʠʿʘ ʦʚʠʭ ʬʫʥʛʠʮʠʜʘ ʠʤʘʣʘ ʿʘʢʦ ʫʟʘʢ ʩʧʝʢʪʘʨ ʜʝʣʦʚʘˁʘ ʠ ʚʨʣʦ ʦʛʨʘʥʠʯʝʥʫ 

ʧʨʠʤʝʥʫ (ʦʙʠʯʥʦ ʟʘ ʪʨʝʪʠʨʘˁʝ ʩʝʤʝʥʘ). ʂʦʥʪʠʥʫʠʨʘʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʜʦʚʝʣʘ ʩʫ ʜʦ ʩʠʥʪʝʟʝ 

ʥʦʚʠʭ ʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʩʘ ʟʥʘʪʥʦ ʰʠʨʠʤ ʩʧʝʢʪʨʦʤ ʜʝʣʦʚʘˁʘ ʠ ʧʦʙʦˀʰʘʥʠʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ, ʪʝ ʿʝ ʪʘʢʦ ʫ ʧʨʠʤʝʥʫ 2003. ʛʦʜʠʥʝ ʫʚʝʜʝʥ ʙʦʩʢʘʣʠʜ, ʩʘ ʢʦʿʠʤ ʿʝ ʧʦʯʝʦ 

ʨʘʟʚʦʿ ʜʨʫʛʝ (ʥʦʚʝ) ʛʝʥʝʨʘʮʠʿʝ SDHI ʬʫʥʛʠʮʠʜʘ. ʇʨʝʤʘ FRAC ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʨʘʟʚʨʩʪʘʥʠ ʩʫ 

ʫ ʥʝʢʦʣʠʢʦ  ʭʝʤʠʿʩʢʠʭ ʛʨʫʧʘ: ʧʠʨʠʜʠʥʠʣ-ʝʪʠʣ-ʙʝʥʟʘʤʠʜʠ, ʧʠʨʘʟʦʣ-4-ʢʘʨʙʦʢʩʘʤʠʜʠ, 

ʧʠʨʠʜʠʥ-ʢʘʨʙʦʢʩʘʤʠʜʠ ʠ ʬʝʥʠʣ-ʦʢʩʦ-ʝʪʠʣʪʠʦʬʝʥ ʘʤʠʜʠ. ʆ ʟʥʘʯʘʿʫ ʦʚʝ ʛʨʫʧʝ ʫ ʩʘʚʨʝʤʝʥʦʿ 

ʟʘʰʪʠʪʠ ʙʠˀʘ, ʩʚʝʜʦʯʝ ʠ ʧʦʜʘʮʠ ʠʟ ʅʝʤʘʯʢʝ ʠ ɺʝʣʠʢʝ ɹʨʠʪʘʥʠʿʝ, ʛʜʝ ʿʝ ʟʘʙʝʣʝʞʝʥ ʧʦʨʘʩʪ 

ʫʧʦʪʨʝʙʝ ʦʚʠʭ ʬʫʥʛʠʮʠʜʘ ʦʜ 2012. ʛʦʜʠʥʝ ʟʘ 25-60% ʫ ʟʘʰʪʠʪʠ ʩʪʨʥʠʭ ʞʠʪʘ (Scalliet et al., 

2010, 2012; Sierotzki and Scalliet, 2013, ʉʪʝʚʠ˂, 2020).  



25 
 

ʄʝʹʫ ʿʝʜʠˁʝˁʠʤʘ ʠʟ ʦʚʝ ʛʨʫʧʝ ʧʦʩʪʦʿʝ ʟʥʘʯʘʿʥʝ ʩʪʨʫʢʪʫʨʥʝ ʨʘʟʣʠʢʝ, ʘʣʠ ʠʤ ʿʝ 

ʟʘʿʝʜʥʠʯʢʘ ʘʤʠʜʥʘ ʚʝʟʘ. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʿʝ ʙʘʟʠʨʘʥʘ ʥʘ ʧʨʠʨʦʜʠ ʩʫʧʩʪʠʪʫʠʩʘʥʠʭ ʧʝʪʦʯʣʘʥʠʭ 

ʠʣʠ ʰʝʩʪʦʯʣʘʥʠʭ ʧʨʩʪʝʥʦʚʘ. Ăɱʝʟʛʨʦñ ʤʦʣʝʢʫʣʘ ʿʝ ʦʜ ʥʘʿʚʝ˂ʝʛ ʟʥʘʯʘʿʘ ʟʘ ʚʝʟʠʚʘˁʝ ʠ ʦʚʘʿ ʜʝʦ 

ʤʦʣʝʢʫʣʘ ʫʣʘʟʠ ʫ ʘʢʪʠʚʥʦ ʤʝʩʪʦ ʩʫʢʮʠʥʘʪ ʜʝʭʠʜʨʦʛʝʥʘʟʝ. ʇʦʨʝʜ ʿʝʟʛʨʘ, ʚʘʞʥʠ ʩʝʛʤʝʥʪʠ ʫ 

ʿʝʜʥʦʤ ʤʦʣʝʢʫʣʘ ʩʫ ʚʝʟʫʿʫ˂ʘ ʢʦʤʧʦʥʝʥʪʘ, ʢʦʿʘ ʤʦʞʝ ʥʦʩʠʪʠ ʩʫʧʩʪʠʪʫʝʥʪ ï ʬʝʥʠʣ ʛʨʫʧʫ (ʦʜ 

ʟʥʘʯʘʿʘ ʟʘ ʘʢʪʠʚʥʦʩʪ), ʠ ʭʠʜʨʦʬʦʙʥʠ ʜʝʦ ʢʦʿʠ ʠʤʘ ʫʪʠʮʘʿ ʥʘ ʙʠʦʣʦʰʢʠ ʩʧʝʢʪʘʨ ʠ ʘʢʪʠʚʥʦʩʪ 

ʿʝʜʠˁʝˁʘ (Sierotzki and Scalliet, 2013).  

ʄʝʭʘʥʠʟʘʤ ʜʝʣʦʚʘˁʘ ʩʝ ʛʝʥʝʨʘʣʥʦ ʟʘʩʥʠʚʘ ʥʘ ʠʥʭʠʙʠʮʠʿʠ ʝʥʟʠʤʘ ʩʫʢʮʠʥʘʪ 

ʜʝʭʠʜʨʦʛʝʥʘʟʝ. ʊʦ ʿʝ ʝʥʟʠʤ ʢʦʿʠ ʿʝ ʫ ʩʧʨʝʟʠ ʩʘ ʨʝʩʧʠʨʘʪʦʨʥʠʤ ʠ ʂʨʝʙʩʦʚʠʤ ʮʠʢʣʫʩʦʤ ʠ 

ʩʘʯʠˁʘʚʘʿʫ ʛʘ ʜʚʝ ʧʦʜʿʝʜʠʥʠʮʝ ʩʘ ʫʥʫʪʨʘʰˁʝ ʩʪʨʘʥʝ ʤʝʤʙʨʘʥʝ, ʦʢʨʝʥʫʪʝ ʢʘ ʤʘʪʨʠʢʩʫ 

ʤʠʪʦʭʦʥʜʨʠʿʝ (SDHA-ʬʣʘʚʦʧʨʦʪʝʠʥ ʠ SDHB-ʛʚʦʞʹʝ-ʩʫʤʧʦʨʥʠ ʧʨʦʪʝʠʥ) ʠ ʜʚʝ ʧʦʜʿʝʜʠʥʠʮʝ 

(SDHC ʠ SDHD) ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʥʪʝʛʨʘʣʥʠ ʜʝʦ ˂ʝʣʠʿʩʢʝ ʤʝʤʙʨʘʥʝ (Hagerhall 1997; 

Ackrell 2000; ɸvenot et al., 2009). ɽʥʟʠʤ ʩʫʢʮʠʥʘʪ ʜʝʭʠʜʨʦʛʝʥʘʟʘ ʚʨʰʠ ʪʨʘʥʩʬʝʨ ʝʣʝʢʪʨʦʥʘ 

ʜʠʨʝʢʪʥʦ ʥʘ ʫʙʠʢʚʠʥʦʥ, ʧʦʩʨʝʜʩʪʚʦʤ ʝʣʝʢʪʨʦʥ ʪʨʘʥʩʧʦʨʪʥʦʛ ʣʘʥʮʘ, ʠ ʠʤʘ ʝʩʝʥʮʠʿʘʣʥʫ 

ʫʣʦʛʫ ʫ ʨʝʩʧʠʨʘʪʦʨʥʦʤ ʣʘʥʮʫ (ʢʦʤʧʣʝʢʩ II). ʂʘʜʘ ʩʝ ʠʥʭʙʠʨʘ ʦʚʘʿ ʝʥʟʠʤ, ʧʨʝʢʠʜʘ ʩʝ 

ʨʝʩʧʠʨʘʮʠʿʘ ʫ ʤʠʪʦʭʦʥʜʨʠʿʘʤʘ (ʦʤʝʪʘ ʮʠʢʣʫʩ ʪʨʠʢʘʨʙʦʢʩʠʣʥʠʭ ʢʠʩʝʣʠʥʘ) ʠ ʜʦʣʘʟʠ ʜʦ 

ʩʤʨʪʠ ˂ʝʣʠʿʝ (Avenot and Michailides, 2010). ʅʘ ʥʠʚʦʫ ʤʦʣʝʢʫʣʘ ʠʥʭʠʙʠʨʘʿʫ ʨʝʜʫʢʮʠʿʫ 

ʫʙʠʢʚʠʥʦʥʘ ʯʠʤʝ ʩʝ ʧʨʝʢʠʜʘ ʪʨʘʥʩʧʦʨʪ ʝʣʝʢʪʨʦʥʘ ʩʘ [3Fe-4S] ʢʣʘʩʪʝʨʘ SDHB ʧʦʜʿʝʜʠʥʠʮʝ 

ʥʘ ʫʙʠʢʚʠʥʦʥ, ʠ ʫʧʨʘʚʦ ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʩʘʚʨʝʤʝʥʠʭ SDHI ʬʫʥʛʠʮʠʜʘ ʩʚʦʿʝ ʜʝʣʦʚʘˁʝ ʦʩʪʚʘʨʫʿʝ 

ʥʘ ʦʚʘʿ ʥʘʯʠʥ (Avenot and Michailides, 2010, Veloukas et al., 2013) . ɱʝʟʛʨʦ ʤʦʣʝʢʫʣʘ ʩʝ 

ʥʘʿʯʝʰ˂ʝ ʚʝʟʫʿʝ ʟʘ  SDHC ʠ SDHB ʧʦʜʿʝʜʠʥʠʮʫ, ʚʝʟʫʿʫ˂ʘ ʢʦʤʧʦʥʝʥʪʘ ʿʝ ʪʘʢʦʹʝ ʫ ʩʧʨʝʟʠ ʩʘ 

ʦʚʠʤ ʧʦʜʿʝʜʠʥʠʮʘʤʘ, ʘ ʭʠʜʨʦʬʦʙʥʠ ʦʩʪʘʪʘʢ ʿʝ ʫ ʠʥʪʝʨʘʢʮʠʿʠ ʩʘ SDHC ʠ SDHD 

ʧʦʜʿʝʜʠʥʠʮʘʤʘ. ʉʘ ʘʩʧʝʢʪʘ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʧʨʝʤʘ FRAC-ʫ, ʩʚʨʩʪʘʥʠ ʩʫ ʫ ʛʨʫʧʫ ʩʘ 

ʚʠʩʦʢʠʤ ʨʠʟʠʢʦʤ, ʧʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʨʠʤʝˁʠʚʘʪʠ ʠʭ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ 

ʘʥʪʠʨʝʟʠʩʪʝʥʪʥʝ ʩʪʨʘʪʝʛʠʿʝ (Sierotzki and Scaliett, 2013, ʉʪʝʚʠ˂, 2020).  

 

ɹʦʩʢʘʣʠʜ  

ʋ ʢʦʤʝʨʮʠʿʘʣʥʫ ʫʧʦʪʨʝʙʫ, ʙʦʩʢʘʣʠʜ ʿʝ ʫʚʝʜʝʥ 2003. ʛʦʜʠʥʝ. ʉʣʘʙʝ ʿʝ ʨʘʩʪʚʦʨˀʠʚʦʩʪʠ 

ʫ ʚʦʜʠ, ʜʦʙʨʦ ʩʝ ʨʘʩʪʚʘʨʘ ʫ ʦʨʛʘʥʩʢʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ, ʚʝʦʤʘ ʥʠʩʢʝ ʠʩʧʘʨˀʠʚʦʩʪʠ, ʪʘʢʦ ʜʘ ʥʝ 

ʜʝʣʫʿʝ ʧʘʨʘʤʘ, ʘ ʦʜʣʠʢʫʿʝ ʛʘ ʠ ʿʘʢʦ ʧʦʚʦˀʘʥ ʪʦʢʩʠʢʦʣʦʰʢʠ ʧʨʦʬʠʣ. ʇʨʠʧʘʜʘ ʛʨʫʧʠ 

ʧʠʨʠʜʠʥ-ʢʘʨʙʦʢʩʘʤʠʜʘ (C2, FRAC 7). ʆʟʥʘʯʝʥ ʿʝ ʢʘʦ ʿʝʜʥʦ ʦʜ ʚʦʜʝ˂ʠʭ ʿʝʜʠˁʝˁʘ ʠʟ ʛʨʫʧʝ 

SDHI ʬʫʥʛʠʮʠʜʘ, ʩʘ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʜʝʣʦʚʘˁʘ, ʥʘʨʦʯʠʪʦ ʥʘ ʬʠʪʦʧʘʪʦʛʝʥʝ ʛˀʠʚʝ ʠʟ 

ʢʣʘʩʝ Ascomycetes ʠ Deuteromycetes (ʉʪʝʚʠ˂, 2020). ʉʘ ʦʪʢʨʠ˂ʝʤ ʠ ʧʦʿʘʚʦʤ ʙʦʩʢʘʣʠʜʘ ʥʘ 

ʪʨʞʠʰʪʫ ʢʨʝʠʨʘʥʘ ʿʝ ʩʪʘʙʠʣʥʘ ʦʩʥʦʚʘ ʟʘ ʨʘʟʚʦʿ ʬʫʥʛʠʮʠʜʘ ʠʟ ʦʚʝ ʛʨʫʧʝ, ʧʘ ʿʝ ʫ ʧʦʩʣʝʜˁʠʭ 

ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʩʠʥʪʝʪʠʩʘʥʦ ʠ ʫʚʝʜʝʥʦ ʫ ʧʨʠʤʝʥʫ ʜʦʩʪʘ ʥʦʚʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʘʢʪʠʚʥʠʭ 

ʩʫʧʩʪʘʥʮʠ (ɸvenot et al., 2009). ʅʘ ʪʨʞʠʰʪʫ ʥʘʰʝ ʟʝʤˀʝ ʟʘʩʪʫʧˀʝʥ ʿʝ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʧʨʝʧʘʨʘʪʠʤʘ, ʩʘʤʦʩʪʘʣʥʦ ʠʣʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʧʠʨʘʢʣʦʩʪʨʦʙʠʥʦʤ ʠʣʠ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʦʤ.  

ɹʠʦʣʦʰʢʫ ʘʢʪʠʚʥʦʩʪ ʠʩʧʦˀʘʚʘ ʫ ʩʚʠʤ ʩʪʘʜʠʿʫʤʠʤʘ ʨʘʟʚʠ˂ʘ ʧʘʪʦʛʝʥʘ, ʘ ʜʝʣʦʚʘˁʝ ʿʝ 

ʧʨʝʚʘʩʭʦʜʥʦ ʫʩʤʝʨʝʥʦ ʥʘ ʠʥʭʠʙʠʮʠʿʫ ʢʣʠʿʘˁʘ ʩʧʦʨʘ, ʠʟʜʫʞʠʚʘˁʘ ʢʣʠʯʠʥʝ ʮʝʚʠ ʠ ʧʦʨʘʩʪ 

ʤʠʮʝʣʠʿʝ (Veloukas et al., 2013). ɹʦʩʢʘʣʠʜ ʿʝ ʪʨʘʥʩʣʘʤʠʥʘʨʥʠ ʬʫʥʛʠʮʠʜ, ʩʘ ʠʟʚʝʩʥʠʤ 

ʩʠʩʪʝʤʠʯʥʠʤ ʩʚʦʿʩʪʚʠʤʘ ʠ ʘʢʨʦʧʝʪʘʣʥʦʤ ʪʨʘʥʩʣʦʢʘʮʠʿʦʤ (Capriotti et al., 2004). ʀʩʧʦˀʘʚʘ 

ʧʨʦʪʝʢʪʠʚʥʦ ʠ ʢʫʨʘʪʠʚʥʦ ʜʝʣʦʚʘˁʝ. ʂʦʨʠʩʪʠ ʩʝ ʟʘ ʩʫʙʟʠʿʘˁʝ ʙʨʦʿʥʠʭ ʬʠʪʦʧʘʪʦʛʝʥʠʭ ʛˀʠʚʘ 

ʢʘʦ ʰʪʦ ʩʫ: E. necator, B. cinerea, A. solani, Dydimella applanata, Dydimella bryoniae, 

Monilinia spp., Podosphaera xanthii, Sclerotinia sclerotiorum ʠ ʜʨ. (ʉʪʝʚʠ˂, 2020). ʋ ʟʘʰʪʠʪʠ 

ʚʠʥʦʚʝ ʣʦʟʝ ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʩʫʟʙʠʿʘˁʝ E. necator ʠ B. cinerea. ʋʛʣʘʚʥʦʤ, ʟʘ ʩʫʟʙʠʿʘˁʝ 
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ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʧʨʠʤʝˁʫʿʝ ʩʝ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʜʨʫʛʠʤ ʬʫʥʛʠʮʠʜʠʤʘ 

(ʩʪʨʦʙʠʣʫʨʠʥʠʤʘ ʠ ʪʨʠʘʟʦʣʠʤʘ), ʨʝʹʝ ʩʘʤʦʩʪʘʣʥʦ (Capriotti et al., 2004; Capriotti et al . 

2006; Scannavini et al., 2006; Sozzani et al., 2008; Dongiovanni et al., 2010, 2016, 2018; 

DôAscenzo et al., 2012; Valente et al., 2018).  
 

ʌʣʫʦʧʠʨʘʤ  

ʅʦʚʠʿʝ ʿʝʜʠˁʝˁʝ, ʩʠʥʪʝʪʠʩʘʥʦ ʦʜ ʩʪʨʘʥʝ Bayer Crop Science, ʢʦʿʝ ʿʝ ʫ ʢʦʤʝʨʮʠʿʘʣʥʫ 

ʫʧʦʪʨʝʙʫ ʫʚʝʜʝʥʦ ʧʦʯʝʪʢʦʤ ʧʨʝʪʭʦʜʥʝ ʜʝʮʝʥʠʿʝ. ʉʣʘʙʦ ʩʝ ʨʘʩʪʚʘʨʘ ʫ ʚʦʜʠ, ʟʥʘʪʥʦ ʙʦˀʝ ʫ 

ʦʨʛʘʥʩʢʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ, ʧʦʩʝʜʫʿʝ ʥʠʟʘʢ ʥʘʧʦʥ ʧʘʨʝ, ʩʨʝʜˁʠ ʧʦʜʝʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʠ 

ʠʟʫʟʝʪʥʦ ʧʦʚʦˀʘʥ ʪʦʢʩʠʢʦʣʦʰʢʠ ʧʨʦʬʠʣ. ʇʨʠʧʘʜʘ ʛʨʫʧʠ ʧʠʨʠʜʠʥʠʣ-ʝʪʠʣ-ʙʝʥʟʘʤʠʜʘ (C2, 

FRAC). ɼʝʣʫʿʝ ʧʨʦʪʝʢʪʠʚʥʦ ʠ ʢʫʨʘʪʠʚʥʦ, ʘ ʥʘʢʦʥ ʧʨʠʤʝʥʝ ʚʝ˂ʠ ʜʝʦ ʩʫʧʩʪʘʥʮʝ ʩʝ ʚʝʟʫʿʝ ʟʘ 

ʣʠʩʥʫ ʧʦʚʨʰʠʥʫ ʜʦʢ ʩʝ ʤʘˁʠ ʜʝʦ ʫʩʚʘʿʘ ʠ ʪʨʘʥʩʣʦʮʠʨʘ ʫ ʙʠˀʢʘʤʘ ʥʘ ʢʨʘ˂ʘ ʨʘʩʪʦʿʘˁʘ. 

ʌʣʫʦʧʠʨʘʤ ʠʩʧʦˀʘʚʘ  ʪʨʘʥʩʣʘʤʠʥʘʨʥʫ ʘʢʪʠʚʥʦʩʪ, ʘ ʢʨʝʪʘˁʝ ʢʩʠʣʝʤʦʤ (ʘʢʨʦʧʝʪʘʣʥʦ) ʿʝ 

ʦʛʨʘʥʠʯʝʥʦ (Lazzari et al., 2010; ʉʪʝʚʠ˂, 2020). ʀʥʭʠʙʠʨʘ ʢʣʠʿʘˁʝ ʩʧʦʨʘ, ʠʟʜʫʞʠʚʘˁʝ 

ʢʣʠʯʠʥʝ ʮʝʚʠ ʠ ʧʦʨʘʩʪ ʤʠʮʝʣʠʿʝ (Veloukas and Karaoglanidis, 2012). ʂʦʨʠʩʪʠ ʩʝ ʟʘ 

ʩʫʟʙʠʿʘˁʝ ʝʢʦʥʦʤʩʢʠ ʚʨʣʦ ʟʥʘʯʘʿʥʠʭ ʧʘʪʦʛʝʥʘ ʢʘʦ ʰʪʦ ʩʫ: V. inaequalis, P. leucotricha, E. 

necator, P. xanthi, Monilinia spp., Alternaria spp., B. cinerea, D. applanata ʠ ʜʨ (ʉʪʝʚʠ˂, 2020). 

ʅʘ ʪʨʞʠʰʪʫ ʩʝ ʫ ʛʦʪʦʚʠʤ ʬʦʨʤʫʣʘʮʠʿʘʤʘ ʥʘʣʘʟʠ ʫʣʛʘʚʥʦʤ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʜʨʫʛʠʤ 

ʬʫʥʛʠʮʠʜʠʤʘ, ʧʦʧʫʪ ʪʝʙʫʢʦʥʘʟʦʣʘ (Luna Experience), ʩʧʠʨʦʢʩʘʤʠʥʘ (Luna Max), 

ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ (Luna Sensation) ʠ ʬʦʩʝʪʠʣ-ʘʣʫʤʠʥʠʿʫʤʘ (Luna Care). ʋ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ 

ʣʦʟʝ ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʪʝʙʫʢʦʥʘʟʦʣʦʤ ʠʣʠ ʩʧʠʨʦʢʩʘʤʠʥʦʤ (Valente et 

al., 2018).  

 

ʌʣʫʢʩʘʧʠʨʦʢʩʘʜ 

ʌʫʥʛʠʮʠʜ ʩʠʥʪʝʪʠʩʘʥ ʠ ʧʘʪʝʥʪʠʨʘʥ ʦʜ ʩʪʨʘʥʝ ʢʦʤʧʘʥʠʿʝ BASF, ʫ ʢʦʤʝʨʮʠʿʘʣʥʦʿ 

ʫʧʦʪʨʝʙʠ ʦʜ 2013. ʛʦʜʠʥʝ. ʂʘʨʘʢʪʝʨʠʰʝ ʛʘ ʩʣʘʙʘ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʫ ʚʦʜʠ, ʜʦʙʨʘ 

ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʫ ʦʨʛʘʥʩʢʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ, ʩʨʝʜˁʠ ʧʦʜʝʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ, ʩʣʘʙʘ 

ʠʩʧʘʨˀʠʚʦʩʪ ʠ ʧʦʚʦˀʘʥ ʪʦʢʩʠʢʦʣʦʰʢʠ ʧʨʦʬʠʣ (ʉʪʝʚʠ˂, 2020). ʇʨʠʧʘʜʘ ʭʝʤʠʿʩʢʦʿ ʛʨʫʧʠ 

ʧʠʨʘʟʦʣ-4-ʢʘʨʙʦʢʩʘʤʠʜʘ (C2; FRAC 7). ɼʝʣʫʿʝ ʧʨʦʪʝʢʪʠʚʥʦ, ʢʫʨʘʪʠʚʥʦ ʠ ʝʨʘʜʠʢʘʪʠʚʥʦ. 

ʀʥʭʠʙʠʨʘ ʢʣʠʿʘˁʝ ʩʧʦʨʘ, ʠʟʜʫʞʠʚʘˁʝ ʭʠʬʘ ʠ ʨʘʩʪ ʤʠʮʝʣʠʿʝ. ʆʜʣʠʢʫʿʝ ʛʘ ʠʟʚʨʩʥʘ 

ʩʠʩʪʝʤʠʯʥʦʩʪ, ʩʘ ʘʢʨʦʧʝʪʘʣʥʦʤ ʪʨʘʥʩʣʦʢʘʮʠʿʦʤ (ʧʫʪʝʤ ʢʩʠʣʝʤʘ). ʌʣʫʢʩʘʧʠʨʦʢʩʘʜ ʤʦʞʝ ʜʘ 

ʩʝ ʢʨʝ˂ʝ ʠ ʫ ʣʠʧʦʬʠʣʥʦʤ ʠ ʫ ʭʠʜʨʦʬʠʣʥʦʤ ʦʢʨʫʞʝˁʫ. ʂʘʜʘ ʿʝ ʥʘ ʣʠʩʥʦʿ ʧʦʚʨʰʠʥʠ ʜʦʣʘʟʝ 

ʜʦ ʠʟʨʘʞʘʿʘ ˁʝʛʦʚʘ ʣʠʧʦʬʠʣʥʘ ʩʚʦʿʩʪʚʘ, ʘ ʢʘʜʘ ʜʦʩʧʝ ʫ ʙʠˀʢʫ ʪʨʘʥʩʬʦʨʤʠʰʝ ʩʝ ʫ 

ʭʠʜʨʦʬʠʣʘʥ ʦʙʣʠʢ ʢʦʿʠ ʤʫ ʦʤʦʛʫ˂ʘ ʠʟʚʨʩʥʫ ʧʦʢʨʝʪˀʠʚʦʩʪ ʫ ʙʠˀʮʠ. ɸʧʩʦʨʙʫʿʝ ʩʝ 

ʧʦʚʨʰʠʥʩʢʠʤ ʚʦʰʪʘʥʠʤ ʩʣʦʿʝʤ, ʦʜʘʢʣʝ ʩʝ ʜʘˀʝ ʨʝʜʠʩʪʨʠʙʫʠʨʘ. ɼʝʦ ʩʫʧʩʪʘʥʮʝ ʦʩʪʘʿʝ ʥʘ 

ʧʦʚʨʰʠʥʠ ʣʠʩʪʘ, ʩʪʚʘʨʘʿʫ˂ʠ ʫʥʠʬʦʨʤʘʥ ʬʠʣʤ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ ʨʝʟʠʜʫʘʣʥʦʩʪ ʠ ʧʨʦʜʫʞʝʥʫ 

ʟʘʰʪʠʪʫ ʣʠʩʪʘ (Tabanelli et al., 2014). ʇʦʩʝʜʫʿʝ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʜʝʣʦʚʘˁʘ, ʘ ʥʘʨʦʯʠʪʦ ʜʦʙʨʦ 

ʜʝʣʫʿʝ ʥʘ ʧʨʦʫʟʨʦʢʦʚʘʯʝ ʧʝʧʝʣʥʠʮʘ (E. necator, P. lecotricha, B. graminis, S. pannosa ʠ ʜʨ.), 

ʘʣʠ ʠ ʥʘ ʜʨʫʛʝ ʝʢʦʥʦʤʩʢʠ ʟʥʘʯʘʿʥʝ ʧʘʪʦʛʝʥʝ ʢʘʦ ʰʪʦ ʩʫ V. inaequalis, V. pyrina, D. applanata, 

Septoria spp., P. teres, Cercospora beticola, Alternaria spp., Tilletia spp (Tabanelli et al., 2014; 

ʉʪʝʚʠ˂, 2020). ʋ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʦʜʣʠʢʫʿʝ ʩʝ ʚʠʩʦʢʦʤ 

ʝʬʠʢʘʩʥʦʰ˂ʫ ʠ ʧʦʩʣʝʜˁʠʭ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʿʝ ʥʝʠʟʦʩʪʘʚʘʥ ʩʝʛʤʝʥʪ ʤʦʜʝʨʥʝ ʟʘʰʪʠʪʝ 

ʚʠʥʦʚʝ ʣʦʟʝ (Tabanelli et al., 2014; Velente et al., 2018; Dongiovanni et al., 2016, 2018).  
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2.6.5 DMI ʬʫʥʛʠʮʠʜʠ  

ʆʚʦʿ ʛʨʫʧʠ ʬʫʥʛʠʮʠʜʘ ʧʨʠʧʘʜʘʿʫ: ʪʨʠʘʟʦʣʠ, ʠʤʠʜʘʟʦʣʠ, ʧʠʧʝʨʘʟʠʥʠ, ʧʠʨʠʜʠʥʠ, 

ʧʠʨʠʤʠʜʠʥʠ ʠ ʪʨʠʘʟʦʣʠʥʪʠʦʥʠ, ʠ ʦʟʥʘʯʝʥʠ ʩʫ ʢʘʦ ʢʣʘʩʘ I ʬʫʥʛʠʮʠʜʘ ʫ ʦʢʚʠʨʫ ʠʥʭʙʠʪʦʨʘ 

ʙʠʦʩʠʥʪʝʟʝ ʩʪʝʨʦʣʘ (FRAC, SBI I - G1). ɿʘʿʝʜʥʠʯʢʦ ʟʘ ʩʚʝ ʦʚʝ ʛʨʫʧʝ ʿʝ ʰʪʦ ʠʤʘʿʫ ʠʩʪʠ 

ʤʝʭʘʥʠʟʘʤ ʜʝʣʦʚʘˁʘ, ʦʜʥʦʩʥʦ ʩʧʨʝʯʘʚʘʿʫ ʦʜʚʘʿʘˁʝ ʤʝʪʠʣ ʛʨʫʧʝ (ʉH3), ʢʦʿʘ ʿʝ ʚʝʟʘʥʘ ʟʘ 

ʯʝʪʨʥʘʝʩʪʠ ʫʛˀʝʥʠʢʦʚ ʘʪʦʤ (ʉ14) ʫ Ŭ ʧʦʣʦʞʘʿʫ ʥʘ ʤʦʣʝʢʫʣʫ ʣʘʥʦʩʪʝʨʦʣʘ ʠʣʠ 24-ʤʝʪʠʣʝʥ 

ʜʠʭʠʜʨʦʣʘʥʦʩʝʪʨʦʣʘ. ɱʝʜʠˁʝˁʘ ʢʦʿʘ ʩʝ ʦʜʣʠʢʫʿʫ ʦʚʘʢʚʠʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʣʦʚʘˁʘ ʦʟʥʘʯʝʥʘ 

ʩʫ ʟʘʿʝʜʥʠʯʢʠʤ ʠʤʝʥʦʤ DMI ʬʫʥʛʠʮʠʜʠ (ʝʥʛ. DeMethylation Inhibitors). ʆʚʫ ʛʨʫʧʫ 

ʬʫʥʛʠʮʠʜʘ ʩʘʯʠˁʘʚʘʿʫ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʩʝ ʫʛʣʘʚʥʦʤ ʦʜʣʠʢʫʿʫ ʠʟʨʘʞʝʥʠʤ ʩʠʩʪʝʤʠʯʥʠʤ 

ʩʚʦʿʩʪʚʠʤʘ. ʉʚʘ ʿʝʜʠˁʝˁʘ ʠʤʘʿʫ ʩʧʦʩʦʙʥʦʩʪ ʧʨʦʜʠʨʘˁʘ ʫ ʙʠˀʥʦ ʪʢʠʚʦ ʢʨʦʟ ʢʫʪʠʢʫʣʫ ʥʘ 

ʣʠʩʪʦʚʠʤʘ. ʅʘʢʦʥ ʧʝʥʝʪʨʘʮʠʿʝ, DMI ʬʫʥʛʠʮʠʜʠ ʩʝ ʤʦʛʫ ʢʨʝʪʘʪʠ ʧʫʪʝʤ ʩʠʤʧʣʘʩʪʘ ʠʣʠ 

ʘʧʦʧʣʘʩʪʘ. ʇʝʥʝʪʨʘʮʠʿʘ ʢʨʦʟ ʤʣʘʜʝ, ʜʝʣʠʤʠʯʥʦ ʥʝʦʪʚʦʨʝʥʝ ʣʠʩʪʦʚʝ ʿʝ ʟʥʘʪʥʦ ʙʨʞʘ ʥʝʛʦ ʢʨʦʟ 

ʩʪʘʨʠʿʝ (Ziogas and Malandrakis, 2015; ʉʪʝʚʠ˂, 2020). 

ɿʘʭʚʘˀʫʿʫ˂ʠ ʩʠʩʪʝʤʠʯʥʠʤ ʩʚʦʿʩʪʚʠʤʘ, DMI ʬʫʥʛʠʮʠʜʠ ʠʤʘʿʫ ʠʟʨʘʞʝʥ ʢʫʨʘʪʠʚʥʠ 

ʝʬʝʢʘʪ ʫ ʩʫʟʙʠʿʘˁʫ ʙʨʦʿʥʠʭ ʧʘʪʦʛʝʥʘ, ʿʝʨ ʩʝ ʧʨʠʤʝʥʦʤ ʦʚʠʭ ʬʫʥʛʠʮʠʜʘ ʯʘʢ ʠ ʥʘʢʦʥ 

ʦʩʪʚʘʨʝʥʝ ʠʥʬʝʢʮʠʿʝ (24-72 ʯʘʩʦʚʘ) ʤʦʞʝ ʦʙʝʟʙʝʜʠʪʠ ʝʬʠʢʘʩʥʘ ʟʘʰʪʠʪʘ. ɱʝʜʠˁʝˁʘ ʧʦʧʫʪ 

ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʠ ʬʝʥʙʫʢʦʥʘʟʦʣʘ ʤʦʛʫ ʠ ʜʦ ʪʨʠ ʜʘʥʘ ʥʘʢʦʥ ʦʩʪʚʘʨʝʥʝ ʠʥʬʝʢʮʠʿʝ ʜʘ ʟʘʫʩʪʘʚʝ 

ʨʘʟʚʦʿ V. inaequalis. ʆʚʦ ʿʝ ʿʝʜʥʘ ʦʜ ʥʘʿʤʦ˂ʥʠʿʠʭ ʛʨʫʧʘ ʬʫʥʛʠʮʠʜʘ, ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʧʦʿʝʜʠʥʝ 

ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʢʦʨʠʩʪʝ ʫ ʜʦʟʠ ʦʜ 20 ʜʦ 50 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ. ʆʩʠʤ ʬʫʥʛʠʮʠʜʥʦʛ, ʦʚʠ 

ʬʫʥʛʠʮʠʜʠ ʠʩʧʦˀʘʚʘʿʫ ʠ ʝʬʝʢʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʘ ʨʝʛʫʣʘʪʦʨʝ ʨʘʩʪʘ (ʩʢʨʘ˂ʠʚʘˁʝ 

ʠʥʪʝʨʥʦʜʠʿʘ ʠ ʠʟʙʦʿʘʢʘ, ʧʦʪʘʤˁʠʚʘˁʝ ʣʠʩʪʦʚʘ), ʥʘʨʦʯʠʪʦ ʫ ʚʝ˂ʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 

ʧʨʠʤʝʥʝ, ʢʘʜʘ ʙʣʦʢʠʨʘʿʫ ʙʠʦʩʠʥʪʝʟʫ ʛʠʙʝʨʝʣʠʥʘ (ʉʪʝʚʠ˂, 2020).  

ʆʚʠ ʬʫʥʛʠʮʠʜʠ ʩʧʨʝʯʘʚʘʿʫ ʦʜʚʘʿʘˁʝ ʤʝʪʠʣ ʛʨʫʧʝ (ʉH3) ʢʦʿʘ ʿʝ ʚʝʟʘʥʘ ʟʘ ʯʝʪʨʥʘʝʩʪʠ 

ʫʛˀʝʥʠʢʦʚ ʘʪʦʤ (ʉ14) ʫ Ŭ ʧʦʣʦʞʘʿʫ ʥʘ ʤʦʣʝʢʫʣʫ ʣʘʥʦʩʪʝʨʦʣʘ ʠʣʠ 24-ʤʝʪʠʣʝʥ 

ʜʠʭʠʜʨʦʣʘʥʦʩʝʪʨʦʣʘ, ʢʦʿʠ ʩʫ ʧʨʝʢʫʩʦʨʠ ʫ ʙʠʦʩʠʥʪʝʟʠ ʝʨʛʦʩʪʝʨʦʣʘ, ʥʘʿʚʘʞʥʠʿʝʛ ʩʪʝʨʦʣʘ ʢʦʜ 

ʚʝ˂ʠʥʝ ʛˀʠʚʘ. ʂʘʦ ʧʦʩʣʝʜʠʮʘ ʥʝʦʜʚʘʿʘˁʘ ʤʝʪʠʣ ʛʨʫʧʝ, ʜʦʣʘʟʠ ʜʦ ʘʢʫʤʫʣʘʮʠʿʝ ʤʝʪʠʣʦʚʘʥʠʭ 

ʩʪʝʨʦʣʘ, ʢʦʿʝ ʛˀʠʚʘ ʥʝ ʤʦʞʝ ʜʘ ʠʩʢʦʨʠʩʪʠ ʟʘ ʠʟʛʨʘʜˁʫ ˂ʝʣʠʿʩʢʦʛ ʟʠʜʘ, ʰʪʦ ʟʘ ʧʦʩʣʝʜʠʮʫ 

ʠʤʘ ʧʨʝʩʪʘʥʘʢ ʨʘʩʪʘ ʭʠʬʘ ʠ ʤʠʮʝʣʠʿʝ. ɼʝʤʝʪʠʣʘʮʠʿʘ (ʉ14) ʣʘʥʦʩʪʝʨʦʣʘ ʩʝ ʦʜʚʠʿʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʝʥʟʠʤʘ ʮʠʪʦʭʨʦʤ P450 ʦʢʩʠʛʝʥʘʟʝ, ʢʦʿʘ ʿʝ ʿʝʜʥʘ ʚʨʩʪʘ ʭʝʤʦʧʨʦʪʝʠʥʘ. DMI 

ʬʫʥʛʠʮʠʜʠ ʩʝ ʚʝʟʫʿʫ ʟʘ ʭʝʤ-ʛʚʦʞʹʝ ʮʠʪʦʭʨʦʤʘ P450 ʩʘ ʘʪʦʤʦʤ ʘʟʦʪʘ ʠ ʠʥʭʠʙʠʨʘʿʫ ʚʝʟʠʚʘˁʝ 

ʢʠʩʝʦʥʠʢʘ ʠ ˁʝʛʦʚ ʪʨʘʥʩʬʝʨ ʥʘ C14 ʤʝʪʠʣ ʛʨʫʧʫ ʣʘʥʦʩʪʝʨʦʣʘ. ɱʝʜʠˁʝˁʘ ʠʟ ʦʚʝ ʛʨʫʧʝ ʥʝ 

ʠʥʭʠʙʠʨʘʿʫ ʢʣʠʿʘˁʝ ʩʧʦʨʘ, ʟʘʪʦ ʰʪʦ ʛˀʠʚʝ ʧʦʩʝʜʫʿʫ ʟʥʘʯʘʿʥʝ ʨʝʟʝʨʚʝ ʝʨʛʦʩʪʝʨʦʣʘ, ʢʦʿʝ ʩʝ 

ʪʨʦʰʝ ʪʦʢʦʤ ʢʣʠʿʘˁʘ, ʘʣʠ ʫʪʠʯʫ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʤʝʤʙʨʘʥʘ. ʀʟ ʦʚʦʛ ʨʘʟʣʦʛʘ, DMI 

ʬʫʥʛʠʮʠʜʝ ʪʨʝʙʘ ʢʦʨʠʩʪʠʪʠ ʥʘʢʦʥ ʢʣʠʿʘˁʘ ʩʧʦʨʘ, ʦʜʥʦʩʥʦ ʫ ʨʘʥʦʿ ʬʘʟʠ ʧʘʪʦʛʝʥʝʟʝ, ʢʘʜʘ 

ʠʩʧʦˀʘʚʘʿʫ ʤʘʢʩʠʤʘʣʘʥ ʬʫʥʛʠʮʠʜʥʠ ʫʯʠʥʘʢ (Burden et al., 1989; Ziogas and Malandrakis, 

2015; ʉʪʝʚʠ˂, 2020). ɿʘ ʩʫʟʙʠʿʘˁʝ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘʿʚʠʰʝ ʩʝ 

ʢʦʨʠʩʪʝ ʬʫʥʛʠʮʠʜʠ ʠʟ ʛʨʫʧʝ ʪʨʠʘʟʦʣʘ, ʦʜ ʢʦʿʠʭ ʩʫ ʥʘʿʟʥʘʯʘʿʥʠʿʠ: ʤʠʢʣʦʙʫʪʘʥʠʣ, 

ʜʠʬʝʥʦʢʦʥʘʟʦʣ, ʪʝʙʫʢʦʥʘʟʦʣ ʠ ʧʝʥʢʦʥʘʟʦʣ.  

 

 

ʊʝʙʫʢʦʥʘʟʦʣ  

ʋ ʧʨʠʤʝʥʫ ʿʝ ʫʚʝʜʝʥ 1986. ʛʦʜʠʥʝ, ʘ ʩʠʥʪʝʪʠʩʘʣʘ ʛʘ ʿʝ ʢʦʤʧʘʥʠʿʘ Bayer. ʉʣʘʙʦ ʩʝ 

ʨʘʩʪʚʘʨʘ ʫ ʚʦʜʠ, ʜʦʙʨʦ ʫ ʦʨʛʘʥʩʢʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ, ʧʦʩʝʜʫʿʝ ʚʠʩʦʢ ʧʦʜʝʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʠ 

ʥʝ ʜʝʣʫʿʝ ʧʘʨʘʤʘ. ʉʠʩʪʝʤʠʯʥʠ ʬʫʥʛʠʮʠʜ, ʩʘ ʧʨʝʚʝʥʪʠʚʥʠ ʠ ʢʫʨʘʪʠʚʥʠʤ ʜʝʣʦʚʘˁʝʤ, ʘʣʠ ʠ 

ʝʨʘʜʠʢʘʪʠʚʥʠʤ ʫ ʠʟʚʝʩʥʦʤ ʩʪʝʧʝʥʫ. ʅʘʢʦʥ ʧʨʠʤʝʥʝ ʙʨʟʦ ʩʝ ʘʧʩʦʨʙʫʿʝ ʠ ʪʨʘʥʩʣʦʮʠʨʘ 



28 
 

ʢʩʠʣʝʤʦʤ. ʄʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʬʦʣʠʿʘʨʥʫ ʧʨʠʤʝʥʫ ʠʣʠ ʪʨʝʪʠʨʘˁʝ ʩʝʤʝʥʘ. ɽʬʠʢʘʩʘʥ ʿʝ ʫ 

ʩʫʟʙʠʿʘˁʫ ʙʨʦʿʥʠʭ ʧʘʪʦʛʝʥʘ: ʩʪʨʥʠʭ ʞʠʪʘ (Puccinia spp., Blumeria graminis, S. tritici , Tilletia 

spp., Ustilago spp.), ʿ ʘʙʫʯʘʩʪʠʭ ʚʦ˂ʘʢʘ (V. inaequalis, P. leucotricha), ʚʠʥʦʚʝ ʣʦʟʝ (E. necator), 

ʢʦʰʪʠʯʘʚʠʭ ʚʦ˂ʘʢʘ (Monilinia spp.), ʰʝ˂ʝʨʥʝ ʨʝʧʝ (C. beticola) ʠ ʨʘʟʣʠʯʠʪʠʭ ʫʢʨʘʩʥʠʭ 

ʙʠˀʘʢʘ (ʉʪʝʚʠ˂, 2020). ʋ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʧʨʠʤʝˁʫʿʝ ʩʝ ʩʘʤʦʩʪʘʣʥʦ ʠʣʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ 

ʩʘ ʬʫʥʛʠʮʠʜʠʤʘ ʠʟ ʜʨʫʛʠʭ ʛʨʫʧʘ (Prandi et al., 2002; Bacci, 2006; Egger, 2008; Dongiovanni 

et al., 2010; Cavazza et al., 2018; Valente et al., 2018). 

 

ʇʝʥʢʦʥʘʟʦʣ 

ʋʚʝʜʝʥ ʫ ʧʨʠʤʝʥʫ ʩʨʝʜʠʥʦʤ 80-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ, ʦʜ ʩʪʨʘʥʝ ʢʦʤʧʘʥʠʿʝ 

Syngenta. ʉʣʘʙʦ ʩʝ ʨʘʩʪʚʘʨʘ ʫ ʚʦʜʠ, ʘ ʠʟʫʟʝʪʥʦ ʜʦʙʨʦ ʫ ʦʨʛʘʥʩʢʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ. ʀʤʘ ʚʠʩʦʢ 

ʧʦʜʝʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʠ ʥʝ ʜʝʣʫʿʝ ʧʘʨʘʤʘ. ʉʠʩʪʝʤʠʯʥʠ ʬʫʥʛʠʮʠʜ ʩʘ ʠʟʨʘʞʝʥʠʤ  

ʧʨʝʚʝʥʪʠʚʥʠʤ ʠ ʢʫʨʘʪʠʚʥʠʤ ʜʝʣʦʚʘˁʝʤ, a ʫ ʠʟʚʝʩʥʦʤ ʩʪʝʧʝʥʫ ʠʩʧʦˀʘʚʘ ʠ ʝʨʘʜʠʢʘʪʠʚʥʦ 

ʜʝʣʦʚʘˁʝ. ɹʨʟʦ ʩʝ ʫʩʚʘʿʘ ʧʨʝʢʦ ʣʠʩʪʦʚʘ ʠ ʪʨʘʥʩʣʦʮʠʨʘ ʫ ʙʠˀʢʘʤʘ ʘʢʨʦʧʝʪʘʣʥʦ. ʆʪʧʦʨʘʥ ʿʝ 

ʥʘ ʩʧʠʨʘˁʝ ʢʠʰʦʤ. ʅʘ ʪʨʞʠʰʪʫ ʿʝ ʜʦʩʪʫʧʘʥ ʫ ʚʠʜʫ ʬʦʨʤʫʣʘʮʠʿʘ ʢʦʥʮʝʥʪʨʘʪʘ ʟʘ ʝʤʫʣʟʠʿʫ 

ʠʣʠ ʝʤʫʣʟʠʿʝ ʫˀʘ ʫ ʚʦʜʠ. ʋʛʣʘʚʥʦʤ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʩʫʟʙʠʿʘˁʝ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʘ: E. 

necator, P. leucotricha, S. pannosa, E. cichoracearum, S. fuligena ʠ ʜʨ (Pose-Juan et al., 2010; 

Husak et al., 2017). ʋ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʩʝ ʧʨʝʪʝʞʥʦ ʧʨʠʤʝˁʫʿʝ ʩʘʤʦʩʪʘʣʥʦ ʠʣʠ ʫ 

ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʩʫʤʧʦʨʦʤ ʠ ʩʨʝ˂ʝ ʩʝ ʯʝʩʪʦ ʢʘʦ ʩʘʩʪʘʚʥʠ ʜʝʦ ʙʨʦʿʥʠʭ ʧʨʦʛʨʘʤʘ ʟʘʰʠʪʝ, 

ʥʘʨʦʯʠʪʦ ʫ ʀʪʘʣʠʿʠ (Brunelli et al., 1992; Aloi et al., 1998; Prandi et al., 2002; Bacci, 2006; 

Egger, 2008; Kast and Bleyer, 2011; Rubboli et al., 2014; Guario et al., 2014; Dongiovanni 

et al., 2016; Valente et al., 2018).  

 

ʄʠʢʣʦʙʫʪʘʥʠʣ 

ʋʚʝʜʝʥ ʿʝ ʫ ʧʨʠʤʝʥʫ 1987. ʛʦʜʠʥʝ, ʩʠʥʪʝʪʠʩʘʥ ʦʜ ʩʪʨʘʥʝ ʢʦʤʧʘʥʠʿʝ Rohm and Haas. 

ʉʣʘʙʦ ʨʘʩʪʚʦʨˀʠʚ ʫ ʚʦʜʠ, ʜʦʙʨʦ ʫ ʦʨʛʘʥʩʢʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ, ʠʤʘ ʚʠʩʦʢ ʧʦʜʝʦʥʠ 

ʢʦʝʬʠʮʠʿʝʥʪ. ʆʜʣʠʢʫʿʫ ʛʘ ʜʦʙʨʘ ʩʠʩʪʝʤʠʯʥʘ ʩʚʦʿʩʪʚʘ, ʠʩʧʦˀʘʚʘ ʠʟʨʘʞʝʥʦ ʧʨʝʚʝʥʪʠʚʥʦ ʠ 

ʢʫʨʘʪʠʚʥʦ ʜʝʣʦʚʘˁʝ. ʋ ʩʧʝʢʪʨʫ ʜʝʣʦʚʘˁʘ ʤʫ ʩʝ ʥʘʣʘʟʝ ʙʨʦʿʥʝ ʛˀʠʚʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʢʣʘʩʘ 

(Ascomycetes, Basidiomycetes ʠ Deuteromycetes) ʧʦʧʫʪ: E. necator, P. leucotricha, S. pannosa, 

Monilinia spp., Venturia spp., E. cichoracearum, Puccinia spp (ʉʪʝʚʠ˂, 2020). ʆʜ 2022. ʛʦʜʠʥʝ 

ʥʝ ʥʘʣʘʟʠ ʩʝ ʥʘ ʣʠʩʪʠ ʜʦʟʚʦˀʝʥʠʭ ʩʨʝʜʩʪʘʚʘ ʟʘ ʟʘʰʪʠʪʫ ʙʠˀʘ ʫ ɽʚʨʦʧʩʢʦʿ ʋʥʠʿʠ. ʋ ʟʘʰʪʠʪʠ 

ʚʠʥʦʚʝ ʣʦʟʝ ʢʦʨʠʩʪʠʦ ʩʝ ʩʘʤʦʩʪʘʣʥʦ ʠʣʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʜʨʫʛʠʤ ʬʫʥʛʠʮʠʜʠʤʘ (Brunelli 

et al., 1992; Bacci, 2006; Egger, 2008; Dongiovanni et al., 2010, 2018; DôArcangelo et al., 

2010; Kast and Bleyer, 2011; DôAscenzo et al., 2012; Guario et al., 2014; Cavazza et al., 2016).  

 

ɼʠʬʝʥʦʢʦʥʘʟʦʣ  

ʋʚʝʜʝʥ ʿʝ ʫ ʧʨʠʤʝʥʫ 1988. ʛʦʜʠʥʝ ʦʜ ʩʪʨʘʥʝ ʢʦʤʧʘʥʠʿʝ Ciba-Geigy. ʉʣʘʙʦ ʩʝ ʨʘʩʪʚʘʨʘ 

ʫ ʚʦʜʠ, ʜʦʙʨʦ ʫ ʚʝ˂ʠʥʠ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ, ʩʣʘʙʝ ʠʩʧʘʨˀʠʚʦʩʪ, ʘ ʦʜʣʠʢʫʿʝ ʛʘ ʠ ʚʠʩʦʢ 

ʧʦʜʝʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ. ʂʘʨʘʢʪʝʨʠʰʝ ʩʝ ʿʘʢʦ ʜʦʙʨʠʤ ʩʠʩʪʝʤʠʯʥʠʤ ʩʚʦʿʩʪʚʠʤʘ, ʠʤʘ ʠʟʨʘʞʝʥʦ 

ʧʨʝʚʝʥʪʠʚʥʦ, ʢʫʨʘʪʠʚʥʦ ʠ ʝʨʘʜʠʢʘʪʠʚʥʦ ʜʝʣʦʚʘˁʝ. ʇʨʠʤʝˁʫʿʝ ʩʝ ʬʦʣʠʿʘʨʥʦ ʠ ʟʘ ʪʨʝʪʠʨʘˁʝ 

ʩʝʤʝʥʘ. ɽʬʠʢʘʩʘʥ ʿʝ ʫ ʩʫʟʙʠʿʘˁʫ ʙʨʦʿʥʠʭ ʬʠʪʦʧʘʪʦʛʝʥʠʭ ʛˀʠʚʘ ʢʘʦ ʰʪʦ ʩʫ: E. necator, 

Guignardia bidwelli, P. leucotricha, V. inaequalis, Monilinia spp., Septoria spp., Alternaria spp., 

Mycosphaerella fragariae ʠ ʜʨ (ʉʪʝʚʠ˂, 2020). ʋ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʧʨʠʤʝˁʫʿʝ ʩʝ 
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ʩʘʤʦʩʪʘʣʥʦ ʠʣʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʜʨʫʛʠʤ ʬʫʥʛʠʮʠʜʠʤʘ (Brunelli et al., 1992; Rubboli et al., 

2014; Viglione et al., 2014; Valente et al., 2018; Cavazza et al., 2018).  

 

ʄʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣ 

ʅʦʚʘ ʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʨʘʟʚʠʿʝʥʘ ʦʜ ʩʪʨʘʥʝ ʢʦʤʧʘʥʠʿʝ BASF ʠ ʫʚʝʜʝʥʘ ʫ ʧʨʠʤʝʥʫ 

2018. ʛʦʜʠʥʝ. ʇʨʠʧʘʜʘ ʥʦʚʦʿ ʧʦʪʢʣʘʩʠ ʠʟʦʧʨʦʧʘʥʦʣ-ʪʨʠʘʟʦʣ ʬʫʥʛʠʮʠʜʘ. ʉʣʘʙʦ ʨʘʩʪʚʦʨʠˀʠʚ 

ʫ ʚʦʜʠ, ʧʫʬʝʨʩʢʠʤ ʨʘʩʪʚʦʨʠʤʘ ʠ ʢʩʠʣʝʥʫ, ʫʤʝʨʝʥʦ ʨʘʩʪʚʦʨˀʠʚ ʫ ʚʝ˂ʠʥʠ ʦʨʛʘʥʩʢʠʭ 

ʨʘʩʪʚʘʨʘʯʘ, ʥʠʿʝ ʠʩʧʘʨˀʠʚ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʧʨʠʩʫʩʪʚʫ ʠʟʦʧʨʦʧʘʥʦʣ ʛʨʫʧʝ, ʤʦʣʝʢʫʣ ʿʝ 

ʧʨʠʣʠʯʥʦ ʬʣʝʢʩʠʙʠʣʘʥ ʠ ʘʜʘʧʪʠʙʠʣʘʥ, ʪʝ ʩʝ ʿʘʢʦ ʜʦʙʨʦ ʚʝʟʫʿʝ ʥʘ ʮʠˀʘʥʦ ʤʝʩʪʦ ʜʝʣʦʚʘˁʘ. 

ʆʚʦ ʿʝ ʬʫʥʛʠʮʠʜ ʩʘ ʧʨʦʪʝʢʪʠʚʥʠʤ ʠ ʢʫʨʘʪʠʚʥʠʤ ʜʝʣʦʚʘˁʝʤ ʠ ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʩʫʟʙʠʿʘˁʝ 

ʧʘʪʦʛʝʥʘ ʩʪʨʥʠʭ ʞʠʪʘ (Septoria spp., Puccinia spp., Ramularia collo-cygni, Rhynchosporium 

secalis), ʿʘʙʫʢʝ (V. inaequalis, P. leucotricha), ʚʠʥʦʚʝ ʣʦʟʝ (E. necator, G. bidwellii), 

ʢʦʰʪʠʯʘʚʦʛ ʚʦ˂ʘ (Monilinia spp.), ʩʦʿʝ, ʰʝ˂ʝʨʥʝ ʨʝʧʝ, ʧʠʨʠʥʯʘ, ʢʨʦʤʧʠʨʘ ʠ ʜʨ. (Heinecke et 

al., 2019; Zappata et al., 2020; Hoffmeister et al., 2022; ʄʠʣʫʪʠʥʦʚʠ˂ ʠ ʩʘʨ., 2023; BASF, 

2023). ʇʦʩʪʦʿʝ ʦʜʨʹʝʥʠ ʧʦʜʘʮʠ ʦ ʧʦʪʝʥʮʠʿʘʣʥʦʿ ʫʢʨʰʪʝʥʦʿ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʩʘ ʜʨʫʛʠʤ DMI 

ʬʫʥʛʠʮʠʜʠʤʘ, ʘʣʠ ʩʘ ʦʜʨʝʹʝʥʠʤ ʚʘʨʠʿʘʮʠʿʘʤʘ ʫ ʧʦʛʣʝʜʫ ʦʩʝʪˀʠʚʦʩʪʠ (Ishii et al., 2021). 

Zappata et al. (2020) ʥʘʚʦʜʝ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣʘ ʫ ʩʫʟʙʠʿʘˁʫ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʀʪʘʣʠʿʠ.  

 

2.6.6 ʉʧʠʨʦʢʝʪʘʣ-ʘʤʠʥʠ 

ɱʝʜʠʥʠ ʧʨʝʜʩʪʘʚʥʠʢ ʠʟ ʛʨʫʧʝ ʩʧʠʨʦʢʝʪʘʣ-ʘʤʠʥʘ ʢʦʿʠ ʩʝ ʜʘʥʘʩ ʢʦʨʠʩʪʠ ʫ ʟʘʰʪʠʪʠ ʙʠˀʘ 

ʝʿ ʩʧʠʨʦʢʩʘʤʠʥ. ʉʧʠʨʦʢʝʪʘʣ-ʘʤʠʥʠ ʩʫ ʧʦʜʛʨʫʧʘ ʫ ʦʢʚʠʨʫ ʘʤʠʥʘ, ʢʦʿʠ ʩʫ ʧʨʝʤʘ FRAC-ʫ 

ʦʟʥʘʯʝʥʠ ʢʘʦ ʢʣʘʩʘ II ʬʫʥʛʠʮʠʜʘ ʢʦʿʠ ʠʥʭʙʠʨʘʿʫ ʙʠʦʩʠʥʪʝʟʫ ʩʪʝʨʦʣʘ (FRAC, SBI II - G2). ʋ 

ʦʢʚʠʨʫ ʘʤʠʥʘ, ʧʦʩʪʦʿʝ ʿʦʰ ʜʚʝ ʛʨʫʧʝ: ʤʦʨʬʦʣʠʥʠ ʠ ʧʠʧʝʨʠʜʠʥʠ. ʆʚʘ ʿʝʜʠˁʝˁʘ 

ʠʥʪʝʨʬʝʨʠʨʘʿʫ ʫ ʢʘʩʥʠʿʠʤ ʬʘʟʘʤʘ ʙʠʦʩʠʥʪʝʟʝ ʝʨʛʦʩʪʝʨʦʣʘ, ʙʣʦʢʠʨʘʿʫ˂ʠ ʝʥʟʠʤ ȹ14 

ʨʝʜʫʢʪʘʟʫ, ʦʜʥʦʩʥʦ ȹ7 ï ȹ8 ʠʟʦʤʝʨʘʟʫ. ʀʘʢʦ ʠʟʚʦʨʥʦ ʠʥʭʙʠʨʘʿʫ ʙʠʦʩʠʥʪʝʟʫ ʝʨʛʦʩʪʝʨʦʣʘ, 

ʪʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ ʫʩʣʝʜ ʩʧʝʮʠʬʠʯʥʦʛ ʤʝʭʘʥʠʟʤʘ ʠʥʭʠʙʠʪʦʨʘ ȹ14 ʨʝʜʫʢʪʘʟʝ, ʦʜʥʦʩʥʦ ȹ7 ï 

ȹ8 ʠʟʦʤʝʨʘʟʝ ʥʝʤʘ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʩʘ DMI ʬʫʥʛʠʮʠʜʠʤʘ, ʰʪʦ ʿʝ ʦʜ ʚʝʣʠʢʦʛ 

ʧʨʘʢʪʠʯʥʦʛ ʟʥʘʯʘʿʘ (ʉʪʝʚʠ˂, 2020).  

 

ʉʧʠʨʦʢʩʘʤʠʥ  

ʋʚʝʜʝʥ ʿʝ ʫ ʧʨʠʤʝʥʫ 1997. ʛʦʜʠʥʝ. ʋ ʢʠʩʝʣʦʿ ʩʨʝʜʠʥʠ (pH 3) ʜʦʙʨʦ ʩʝ ʨʘʩʪʚʘʨʘ ʫ ʚʦʜʠ, 

ʜʦʢ ʫ ʥʝʫʪʨʘʣʥʦʿ ʠ ʩʣʘʙʦ ʘʣʢʘʣʥʦʿ (pH 7-9) ʩʨʝʜʠʥʠ, ʚʝʦʤʘ ʩʣʘʙʦ. ʉʨʝʜˁʝ ʠʩʧʘʨˀʠʚ, ʠʤʘ 

ʨʝʣʘʪʠʚʥʦ ʚʠʩʦʢ ʧʦʜʝʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ. ʀʩʧʦˀʘʚʘ ʧʨʝʚʝʥʪʠʚʥʦ, ʢʫʨʘʪʠʚʥʦ ʠ ʝʨʘʜʠʢʘʪʠʚʥʦ 

ʜʝʣʦʚʘˁʝ. ʉʧʠʨʦʢʩʘʤʠʥ ʿʝ ʩʠʩʪʝʤʠʯʥʠ ʬʫʥʛʠʮʠʜ, ʢʦʿʠ ʩʝ ʥʘʢʦʥ ʧʨʠʤʝʥʝ ʙʨʟʦ ʫʩʚʘʿʘ ʠ ʫ 

ʙʠˀʮʠ ʪʨʘʥʩʣʦʮʠʨʘ ʘʢʨʦʧʝʪʘʣʥʦ (ʉʪʝʚʠ˂, 2020). ʆʚʘʿ ʬʫʥʛʠʮʠʜ ʩʝ ʥʘʣʘʟʠ ʫ ʦʙʣʠʢʫ ʜʚʘ 

ʜʠʘʩʪʝʨʝʦʤʝʨʘ, ʘ ʩʚʘʢʠ ʦʜ ˁʠʭ ʠʤʘ ʜʚʘ ʝʥʘʥʪʠʦʤʝʨʘ ʢʦʿʠ ʧʦʩʝʜʫʿʫ ʬʫʥʛʠʮʠʜʥʦ ʜʝʣʦʚʘˁʝ. 

ɽʥʘʥʪʠʦʤʝʨʠ ʦʩʠʤ ʰʪʦ ʠʥʭʙʠʨʘʿʫ ȹ14 ʨʝʜʫʢʪʘʟʫ ʠ ʠʟʦʤʝʨʘʟʫ, ʤʦʛʫ ʨʝʤʝʪʠʪʠ ʠ ʘʢʪʠʚʥʦʩʪ 

ʩʢʚʘʣʝʥ ʝʧʦʢʩʠʜʘʟʝ ʠ ʝʧʦʢʩʠʩʢʚʘʣʝʥ ʮʠʢʣʘʟʝ ʫ ʧʨʦʮʝʩʫ ʙʠʦʩʠʥʪʝʟʝ ʩʪʝʨʦʣʘ (Zappata et al., 

2002).  

ʅʘʢʦʥ 10 ʤʠʥʫʪʘ ʦʜ ʧʨʠʤʝʥʝ, 11% ʩʫʩʧʪʘʥʮʝ ʩʝ ʫʩʚʦʿʠ ʠ ʧʝʥʝʪʨʠʨʘ ʫ ʣʠʩʥʦ ʪʢʠʚʦ, a 3 

ʩʘʪʘ ʦʜ ʪʨʝʪʠʨʘˁʘ ʩʝ ʫʩʚʦʿʠ ʮʝʣʦʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʩʫʧʩʪʘʥʮʝ. ʉʧʠʨʦʢʩʘʤʠʥ ʙʣʦʢʠʨʘ ʨʘʩʪ 

ʢʣʠʯʠʥʝ ʮʝʚʠ ʠ ʬʦʨʤʠʨʘˁʝ ʘʧʨʝʩʦʨʠʿʘ. ʋ ʩʣʫʯʘʿʫ ʢʫʨʘʪʠʚʥʝ ʧʨʠʤʝʥʝ (1-2 ʜʘʥʘ ʥʘʢʦʥ 
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ʠʥʬʝʢʮʠʿʝ) ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʜʝʬʦʨʤʘʮʠʿʝ ʭʘʫʩʪʦʨʠʿʘ. ʆʜʣʠʢʫʿʝ ʛʘ ʠ ʝʨʘʜʠʢʘʪʠʚʥʦ 

ʜʝʣʦʚʘˁʝ, ʠʥʭʠʙʠʨʘ ʨʘʟʥʦʰʝˁʝ ʢʦʥʠʜʠʿʘ ʠ ʫʥʠʰʪʘʚʘ ʤʠʮʝʣʠʿʫ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʥʘ ʣʠʩʥʦʿ 

ʧʦʚʨʰʠʥʠ (Zappata et al., 2002).     

ʉʧʠʨʦʢʩʘʤʠʥ ʠʤʘ ʨʝʣʘʪʠʚʥʦ ʫʟʘʢ ʩʧʝʢʪʘʨ ʜʝʣʦʚʘˁʘ, ʦʛʨʘʥʠʯʝʥ ʧʨʝʪʝʞʥʦ ʥʘ 

ʧʨʦʫʟʨʦʢʦʚʘʯʝ ʧʝʧʝʣʥʠʮʘ, ʠ ʪʦ ʜʚʝ ʚʨʩʪʝ E. necator ʠ B. graminis, ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʿʝ ʠʩʧʦˀʘʚʘ 

ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ. ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʥʘʚʦʜʠ ʜʘ ʧʦʩʝʜʫʿʝ ʠ ʠʟʚʝʩʥʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ 

Puccinia spp., S. tritici, Pyrenophora teres ʠ Rhyncosporium secalis (Zappata et al., 2002; 

ʉʪʝʚʠ˂, 2020).  ʈʠʟʠʢ ʦʜ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʿʝ ʩʨʝʜˁʠ ʠ ʥʝʤʘ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʩʘ DMI ʬʫʥʛʠʮʠʜʠʤʘ. ʋ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʠʩʧʦˀʘʚʘ ʚʠʩʦʢʫ 

ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʦʨʠʩʪʠ ʩʝ ʢʘʦ ʥʝʠʟʦʩʪʘʚʥʠ ʜʝʦ ʚʝ˂ʠʥʝ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ (Bertocchi et al., 

2008; Egger, 2008; Sozzani et al., 2008; 2010; Dongiovanni et al., 2016, 2018; Cavazza et al., 

2018; Valente et al., 2018) 

 

2.6.7 ɸʟʘʥʘʬʪʘʣʝʥʠ  

ɸʟʘʥʘʬʪʘʣʝʥʠ ʩʫ ʩʠʥʪʝʪʠʩʘʥʠ 90-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ, ʠ ʪʦ ʥʝʧʦʩʨʝʜʥʦ ʥʘʢʦʥ 

ʦʪʢʨʠ˂ʘ ʩʪʨʦʙʠʣʫʨʠʥʘ. ʇʨʚʦ ʿʝʜʠˁʝˁʝ ʠʟ ʦʚʝ ʛʨʫʧʝ ʢʦʿʝ ʿʝ ʫʚʝʜʝʥʦ ʫ ʢʦʤʝʨʮʠʿʘʣʥʫ 

ʫʧʦʪʨʝʙʫ, ʙʠʦ ʿʝ ʢʚʠʥʦʢʩʠʬʝʥ. ʇʦʨʝʜ ʢʚʠʥʦʢʩʬʝʥʘ, ʫ ʦʚʫ ʛʨʫʧʫ ʬʫʥʛʠʮʠʜʘ ʩʧʘʜʘ ʠ 

ʧʨʦʢʚʠʥʘʟʠʜ. ʇʨʝʤʘ ʢʣʘʩʠʬʠʢʘʮʠʿʠ FRAC-a, ʘʟʘʥʘʬʪʘʣʝʥʝ ʩʘʯʠˁʘʚʘʿʫ ʜʚʝ ʧʦʜʛʨʫʧʝ: 

ʘʨʠʣʦʢʩʠʢʚʠʥʦʣʠʥʠ (ʢʚʠʥʦʢʩʠʬʝʥ) ʠ ʢʚʠʥʘʟʦʣʠʥʦʥʠ (ʧʨʦʢʚʠʥʘʟʠʜ). ɿʘ ʦʚʝ ʬʫʥʛʠʮʠʜʝ ʿʝ 

ʪʠʧʠʯʥʦ ʜʘ ʠʤʘʿʫ ʫʟʘʢ ʩʧʝʢʪʘʨ ʜʝʣʦʚʘˁʘ, ʦʛʨʘʥʠʯʝʥ ʥʘ ʧʘʪʦʛʝʥʝ ʠʟ ʬʘʤʠʣʠʿʝ Erysiphaceae, 

ʪʿ. ʧʨʦʫʟʨʦʢʦʚʘʯʝ ʙʦʣʝʩʪʠ ʪʠʧʘ ʧʝʧʝʣʥʠʮʘ (ʉʪʝʚʠ˂, 2020).   

ʄʝʭʘʥʠʟʘʤ ʜʝʣʦʚʘˁʘ ʦʚʠʭ ʬʫʥʛʠʮʠʜʘ ʠ ʜʘˀʝ ʥʠʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʨʘʟʿʘʰˁʝʥ. ʅʘʚʦʜʠ ʩʝ 

ʜʘ ʦʚʘ ʿʝʜʠˁʝˁʘ ʜʝʣʫʿʫ ʫ ʧʨʦʮʝʩʫ ʧʨʝʥʦʩʘ (ʪʨʘʥʩʜʫʢʮʠʿʝ) ʩʠʛʥʘʣʘ. ʀʩʪʨʘʞʠʚʘˁʘ ʩʫ 

ʧʦʢʘʟʘʣʘ ʜʘ ʩʝ ʥʘʢʦʥ ʧʨʠʤʝʥʝ ʢʚʠʥʦʢʩʬʝʥʘ ʧʦʚʝ˂ʘʚʘ ʪʨʘʥʩʢʨʠʧʮʠʿʘ ʛʝʥʘ ʦʜʛʦʚʦʨʥʠʭ ʟʘ 

ʬʫʥʢʮʠʿʫ ʧʨʦʪʝʠʥ ʢʠʥʘʟʝ ʉ ʠ ɸ ʫ ʧʨʦʮʝʩʫ ʬʦʨʤʠʨʘˁʘ ʘʧʨʝʩʦʨʠʿʘʣʥʝ ʢʣʠʯʠʥʝ ʮʝʚʠ. 

ʂʚʠʥʦʢʩʠʬʝʥ ʦʤʝʪʘ ʧʨʠʿʝʤ ʩʠʛʥʘʣʘ ʥʘʢʦʥ ʩʧʝʮʠʬʠʯʥʦʛ ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʘʪʦʛʝʥʘ ʠ ʙʠˀʢʝ 

ʜʦʤʘ˂ʠʥʘ, ʰʪʦ ʿʝ ʧʨʝʜʫʩʣʦʚ ʟʘ ʢʣʠʿʘˁʝ ʠ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʫ ʢʦʥʠʜʠʿʘ. ʊʘʢʦʹʝ, ʧʨʠʤʝ˂ʝʥʦ ʿʝ 

ʜʘ ʢʚʠʥʦʢʩʠʬʝʥ ʜʝʣʫʿʝ ʠ ʥʘ ʘʢʪʠʚʥʦʩʪ ʩʝʨʠʥ ʝʩʪʝʨʘʟʝ, ʰʪʦ ʦʧʝʪ ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʩʤʝʪˁʝ ʫ 

ʧʨʝʥʦʩʫ ʩʠʛʥʘʣʘ. ʆʚʠ ʬʫʥʛʠʮʠʜʠ ʩʫ ʩʚʨʩʪʘʥʠ ʫ ʛʨʫʧʫ ʩʘ ʩʨʝʜˁʠʤ ʨʠʟʠʢʦʤ ʦʜ ʨʘʟʚʦʿʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʪʝ ʿʝ ʧʨʝʧʦʨʫʢʘ ʜʘ ʩʝ ˁʠʭʦʚʘ ʧʨʠʤʝʥʘ ʧʨʠʣʘʛʦʜʠ ʤʝʨʘʤʘ ʘʥʪʠʨʝʟʠʩʪʝʥʪʥʝ 

ʩʪʨʘʪʝʛʠʿʝ (Wheeler et al., 2003; Lee et al, 2008; ʉʪʝʚʠ˂, 2020).  

 

ʂʚʠʥʦʢʩʠʬʝʥ  

ɱʝʜʠˁʝˁʝ ʩʠʥʪʝʪʠʩʘʥʦ ʠ ʨʘʟʚʠʿʝʥʦ ʦʜ ʩʪʨʘʥʝ ʢʦʤʧʘʥʠʿʝ Dow Agro Sciences 1994. 

ʛʦʜʠʥʝ. ʆʜʣʠʢʫʿʝ ʛʘ ʩʣʘʙʘ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʫ ʚʦʜʠ, ʜʦʙʨʘ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʫ ʚʝ˂ʠʥʠ ʦʨʛʘʥʩʢʠʭ 

ʨʘʩʪʚʘʨʘʯʘ, ʥʠʟʘʢ ʥʘʧʦʥ ʧʘʨʝ, ʘʣʠ ʩʝ ʧʦʤʠˁʝ ʜʘ ʤʦʞʝ ʫ ʠʟʚʝʩʥʦʤ ʩʪʝʧʝʥʫ ʜʝʣʦʚʘʪʠ ʛʘʩʥʦʤ 

ʬʘʟʦʤ. ʉʠʩʪʝʤʠʯʥʠ ʬʫʥʛʠʮʠʜ, ʢʦʿʠ ʩʝ ʫ ʙʠˀʢʘʤʘ ʢʨʝ˂ʝ ʘʢʨʦʧʝʪʘʣʥʦ ʠ ʙʘʟʠʧʝʪʘʣʥʦ. 

ʂʘʨʘʢʪʝʨʠʰʝ ʛʘ ʧʨʦʪʝʢʪʠʚʥʦ ʜʝʣʦʚʘˁʝ, ʘ ʫ ʠʟʚʝʩʥʦʤ ʩʪʝʧʝʥʫ ʤʦʞʝ ʦʩʪʚʘʨʠʪʠ ʠ ʢʫʨʘʪʠʚʘʥ 

ʝʬʝʢʘʪ (ʜʦ ʥʝʢʦʣʠʢʦ ʯʘʩʦʚʘ ʥʘʢʦʥ ʠʥʬʝʢʮʠʿʝ). ʆʤʝʪʘ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʫ ʘʧʨʝʩʦʨʠʿʘ ʠ 

ʩʧʨʝʯʘʚʘ ʨʘʟʚʦʿ ʩʝʢʫʥʜʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ. ʏʚʨʩʪʦ ʩʝ ʚʝʟʫʿʝ ʟʘ ʧʦʚʨʰʠʥʫ ʣʠʩʪʦʚʘ ʠ ʙʦʙʠʮʘ 

(ʦʪʧʦʨʘʥ ʥʘ ʩʧʠʨʘˁʝ ʢʠʰʦʤ), ʦʜʘʢʣʝ ʩʝ ʤʦʞʝ ʨʝʜʠʩʪʨʠʙʫʠʨʘʪʠ, ʜʝʣʦʤ ʠ ʧʫʪʝʤ ʛʘʩʥʝ ʬʘʟʝ, 

ʥʘ ʥʝʟʘʰʪʠ˂ʝʥʝ ʜʝʣʦʚʝ ʚʠʥʦʚʝ ʣʦʟʝ. ʂʦʨʠʩʪʠ ʩʝ ʠʩʢˀʫʯʠʚʦ ʟʘ ʩʫʟʙʠʿʘˁʝ ʧʨʦʫʟʨʦʢʦʚʘʯʘ 

ʧʝʧʝʣʥʠʮʘ (E. necator ʠ B. graminis) ʫ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʠ ʩʪʨʥʠʭ ʞʠʪʘ (Hollomon et al., 

1997; Wheeler et al., 2003; Lee et al., 2008; Feng et al., 2018; ʉʪʝʚʠ˂, 2020). ʆʜ 2019. ʛʦʜʠʥʝ 

ʥʝ ʥʘʣʘʟʠ ʩʝ ʥʘ ʣʠʩʪʠ ʜʦʟʚʦˀʝʥʠʭ ʧʝʩʪʠʮʠʜʘ ʫ ɽʚʨʦʧʩʢʦʿ ʋʥʠʿʠ. ʋ ʩʫʟʙʠʿʘˁʫ E. necator 
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ʢʦʨʠʩʪʠʦ ʩʝ ʩʘʤʦʩʪʘʣʥʦ ʠʣʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʜʨʫʛʠʤ ʬʫʥʛʠʮʠʜʠʤʘ, ʠ ʩʚʝ ʜʦʢ ʥʠʿʝ ʟʚʘʥʠʯʥʦ 

ʧʦʚʫʯʝʥ ʠʟ ʫʧʦʪʨʝʙʝ, ʙʠʦ ʿʝ ʿʝʜʘʥ ʦʜ ʢˀʫʯʥʠʭ ʬʫʥʛʠʮʠʜʘ ʫ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ (Aloi et al., 

1998; Prandi et al., 2002; Capella et al., 2006; Sozzani et al., 2008; Dongiovanni et al., 2010, 

2016; Kast and Bleyer, 2011; Guario et al., 2014).  

 

ʇʨʦʢʚʠʥʘʟʠʜ  

ʌʫʥʛʠʮʠʜ ʩʠʥʪʝʪʠʩʘʥ ʠ ʨʘʚʠʿʝʥ ʦʜ ʩʪʨʘʥʝ ʢʦʤʧʘʥʠʿʝ DuPont, ʫ ʢʦʤʝʨʮʠʿʘʣʥʫ ʫʧʦʪʨʝʙʫ 

ʫʚʝʜʝʥ ʿʝ 2005. ʛʦʜʠʥʝ. ʉʣʘʙʦ ʨʘʩʪʚʦʨˀʠʚ ʫ ʚʦʜʠ, ʜʦʙʨʦ ʫ ʚʝ˂ʠʥʠ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ, 

ʧʦʩʝʜʫʿʝ ʨʝʣʘʪʠʚʥʦ ʥʠʟʘʢ ʥʘʧʦʥ ʧʘʨʝ, ʘʣʠ ʩʝ ʥʘʚʦʜʠ ʜʘ ʫ ʠʟʚʝʩʥʦʤ ʩʪʝʧʝʥʫ ʤʦʞʝ ʜʝʣʦʚʘʪʠ 

ʛʘʩʥʦʤ ʬʘʟʦʤ. ʀʩʧʦˀʘʚʘ ʜʫʛʦʪʨʘʿʥʦ ʧʨʝʚʝʥʪʠʚʥʦ ʜʝʣʦʚʘˁʝ, ʩʘ ʦʛʨʘʥʠʯʝʥʦʤ ʢʫʨʘʪʠʚʥʦʤ 

ʘʢʪʠʚʥʦʰ˂ʫ. ʀʥʭʙʠʨʘ ʬʦʨʤʠʨʘˁʝ ʠ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʫ ʘʧʨʝʩʦʨʠʿʘ. ʋ ʙʠˀʢʘʤʘ ʩʝ ʦʛʨʘʥʠʯʝʥʦ 

ʢʨʝ˂ʝ (ʣʦʢʘʣʩʠʩʪʝʤʠʢ), ʫʛʣʘʚʦʤ ʪʨʘʥʩʣʘʤʠʥʘʨʥʦ. ʄʦʞʝ ʜʝʣʦʚʘʪʠ ʠ ʛʘʩʥʦʤ ʬʘʟʦʤ, ʰʪʦ 

ʦʤʦʛʫ˂ʘʚʘ ˁʝʛʦʚʫ ʨʝʜʠʩʪʨʠʙʫʮʠʿʫ ʫ ʥʝʟʘʰʪʠ˂ʝʥʝ, ʦʢʦʣʥʝ, ʜʝʣʦʚʝ ʙʠˀʢʝ. ʏʚʨʩʪʦ ʩʝ ʚʝʟʫʿʝ 

ʟʘ ʧʦʚʨʰʠʥʫ ʣʠʩʪʦʚʘ ʠ ʙʦʙʠʮʘ ʢʦʜ ʚʠʥʦʚʝ ʣʦʟʝ, ʰʪʦ ʛʘ ʯʠʥʠ ʦʪʧʦʨʥʠʤ ʥʘ ʩʧʠʨʘˁʝ ʢʠʰʦʤ. 

ʀʩʧʦˀʘʚʘ ʜʦʙʨʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʧʨʠ ʥʠʞʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ. ʆʜʣʠʢʫʿʝ ʛʘ ʠ ʿʝʜʥʘ 

ʩʧʝʮʠʬʠʯʥʦʩʪ, ʘ ʪʦ ʿʝ ʜʘ ʩʝ ʧʦʥʘʰʘ ʢʘʦ ʘʢʪʠʚʘʪʦʨ ʦʪʧʦʨʥʦʩʪʠ ʢʦʜ ʙʠˀʘʢʘ, ʪʿ. ʩʪʠʤʫʣʠʰʝ 

ʠʥʜʫʢʮʠʿʫ ʧʨʦʪʝʢʪʠʚʥʠʭ ʝʥʟʠʤʘ. ʋ ʩʧʝʢʪʨʫ ʜʝʣʦʚʘˁʘ ʥʘʣʘʟʝ ʩʝ ʧʨʦʫʟʨʦʢʦʚʘʯʠ ʧʝʧʝʣʥʠʮʘ ʠ 

ʪʦ: E. necator, E. cichoracearum, B. graminis, P. leucotricha (Selby et al., 2007; Genet and 

Jaworska, 2009; Gilbert et al., 2009; Rather et al., 2019; ʉʪʝʚʠ˂, 2020). ʅʘ ʦʩʥʦʚʫ ʜʦʩʪʫʧʥʠʭ 

ʣʠʪʝʨʘʪʫʨʥʠʭ ʧʦʜʘʪʘʢʘ, ʧʨʝʪʝʞʥʦ ʦʜ ʘʫʪʦʨʘ ʠʟ ʀʪʘʣʠʿʝ, ʧʨʦʢʚʠʥʘʟʠʜ ʠʩʧʦˀʘʚʘ ʚʠʩʦʢʫ 

ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator (Genet et al., 2004; Pianella et al., 2006; Sozzani et al., 

2008; DôArcangelo, 2010; Dongiovanni et al., 2010; Hoffmann et al., 2012; Rubboli et al., 

2014).  

 

2.6.8 ɸʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʠ 

ɼʦ 2018. ʛʦʜʠʥʝ, ʦʚʠ ʬʫʥʛʠʮʠʜʠ ʩʫ, ʧʨʝʤʘ FRAC-ʫ, ʩʚʨʩʪʘʚʘʥʠ ʫ ʛʨʫʧʫ ʩʘ ʥʝʧʦʟʥʘʪʠʤ 

ʤʝʭʘʥʠʟʤʦʤ ʜʝʣʦʚʘˁʘ, ʜʘ ʙʠ ʩʝ ʥʘʢʦʥ ʪʦʛʘ ʠʟʚʨʰʠʣʘ ˁʠʭʦʚʘ ʨʝʢʣʘʩʠʬʠʢʘʮʠʿʘ ʠ ʩʘʜʘ ʩʝ 

ʥʘʣʘʟʝ ʫ ʛʨʫʧʠ B6 (ʜʝʣʦʚʘˁʝ ʥʘ ʮʠʪʦʩʢʝʣʝʪ ʠ ʤʦʪʦʨʥʝ ʧʨʦʪʝʠʥʝ). ɸʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʝ 

ʩʘʯʠˁʘʚʘʿʫ ʜʚʝ ʧʦʜʛʨʫʧʝ: ʙʝʥʟʦʬʝʥʦʥʠ ʠ ʙʝʥʟʦʠʣʧʠʨʠʜʠʥʠ. ʇʨʚʦʿ ʧʦʜʛʨʫʧʠ ʧʨʠʧʘʜʘ 

ʤʝʪʨʘʬʝʥʦʥ, ʘ ʜʨʫʛʦʿ ʧʠʨʠʦʬʝʥʦʥ. ʆʚʠ ʬʫʥʛʠʮʠʜʠ ʩʝ ʩʧʝʮʠʬʠʯʥʦ ʢʦʨʠʩʪʝ ʟʘ ʩʫʟʙʠʿʘˁʝ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʘ, ʪʿ. ʛˀʠʚʘ ʠʟ ʬʘʤʠʣʠʿʝ Erysiphaceae (ʉʪʝʚʠ˂, 2020). 

ʄʝʭʘʥʠʟʘʤ ʦʚʠʭ ʬʫʥʛʠʮʠʜʘ ʥʠʿʝ ʜʦ ʢʨʘʿʘ ʨʘʟʿʘʰˁʝʥ. ʉʤʘʪʨʘ ʩʝ ʜʘ ʦʚʘ ʿʝʜʠˁʝˁʘ 

ʜʝʣʫʿʫ ʫ ʧʨʦʮʝʩʫ ʜʝʦʙʝ ˂ʝʣʠʿʘ, ʦʤʝʪʘʿʫ˂ʠ ʬʫʥʢʮʠʿʫ ʤʦʪʦʨʥʠʭ ʠ ʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʪʝʠʥʘ 

(ʘʢʪʠʥʘ, ʬʠʤʙʨʠʥʘ ʠ ʤʠʦʟʠʥʘ). ʀʟʘʟʠʚʘʿʫ ʜʝʣʦʢʘʣʠʟʘʮʠʿʫ ʘʢʪʠʥʘ, ʯʠʤʝ ʩʝ ʥʘʨʫʰʘʚʘ ʛʨʘʹʘ 

ʮʠʪʦʩʢʝʣʝʪʘ. ɸʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʠ ʜʦʚʦʜʝ ʜʦ ʤʘʣʬʦʨʤʘʮʠʿʘ ʠʥʬʝʢʮʠʦʥʠʭ ʩʪʨʫʢʪʫʨʘ ʢʦʜ B. 

graminis, ʟʘʪʠʤ ʜʝʬʦʨʤʘʮʠʿʝ ʘʧʨʝʩʦʨʠʿʘ, ʧʫʮʘˁʝ ʚʨʭʦʚʘ ʭʠʬʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʫ ʧʘʪʦʛʝʥʝʟʠ 

ʜʝʣʫʿʫ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʫ ʧʨʦʮʝʩʫ ʭʠʬʘʣʥʝ ʤʦʨʬʦʛʝʥʝʟʝ ʠ ʧʦʣʘʨʠʟʦʚʘʥʦʛ ʭʠʬʘʣʥʦʛ ʨʘʩʪʘ. 

ʇʨʝʤʘ FRAC-ʫ, ʩʚʨʩʪʘʥʠ ʩʫ ʫ ʛʨʫʧʫ ʬʫʥʛʠʮʠʜʘ ʩʘ ʩʨʝʜˁʠʤ ʨʠʟʠʢʦʤ ʦʜ ʨʘʟʚʦʿʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ (Schmitt et al., 2006; Opalski et al., 2006; ʉʪʝʚʠ˂, 2020).  

 

ʄʝʪʨʘʬʝʥʦʥ  

ɸʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʩʠʥʪʝʪʠʩʘʥʘ ʠ ʨʘʟʚʠʿʝʥʘ ʦʜ ʩʪʨʘʥʝ BASF ʧʦʯʝʪʢʦʤ 21. ʚʝʢʘ. ʉʣʘʙʦ 

ʨʘʩʪʚʦʨˀʠʚʘ ʫ ʚʦʜʠ, ʜʦʙʨʦ ʫ ʦʨʛʘʥʩʢʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ, ʦʜʣʠʢʫʿʝ ʩʝ ʥʠʩʢʠʤ ʥʘʧʦʥʦʤ ʧʘʨʝ ʠ 
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ʚʠʩʦʢʠʤ ʧʦʜʝʦʥʠʤ ʢʦʝʬʠʮʠʿʝʥʪʦʤ, ʘ ʠʤʘ ʠ ʧʦʚʦˀʘʥ ʪʦʢʩʠʢʦʣʦʰʢʠ ʧʨʦʬʠʣ. ʇʦʩʝʜʫʿʝ 

ʧʨʝʚʝʥʪʠʚʥʦ, ʢʫʨʘʪʠʚʥʦ ʠ ʫ ʠʟʚʝʩʥʦʤ ʩʪʝʧʝʥʫ ʝʨʘʜʠʢʚʘʪʠʚʥʦ ʜʝʣʦʚʘˁʝ. ʀʥʭʠʙʠʨʘ ʢʣʠʿʘˁʝ 

ʩʧʦʨʘ ʠ ʬʦʨʤʠʨʘˁʝ ʘʧʨʝʩʦʨʠʿʘ. ʀʩʧʦˀʘʚʘ ʠʟʨʘʞʝʥʦ ʘʥʪʠʩʧʦʨʫʣʘʪʠʚʥʦ ʜʝʣʦʚʘˁʝ. 

ʇʨʠʤʝˁʫʿʝ ʩʝ ʫ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ (E. necator), ʩʪʨʥʠʭ ʞʠʪʘ (B. graminis), ʙʠˀʘʢʘ ʠʟ 

ʬʘʤʠʣʠʿʝ Cucurbitaceae (E. cichoracearum) ʠ ʟʘʰʪʠʪʠ ʧʝʯʫʨʘʢʘ (Dactiylium denroides) 

(Kohle et al., 2004; Opalski et al., 2006; Capriotti et al., 2006; Felsenstein et al., 2010; Kunova 

et al., 2016; ʉʪʝʚʠ˂, 2020). ʇʨʝʤʘ ʜʦʩʪʫʧʥʠʤ ʣʠʪʝʨʘʪʫʨʥʠʤ ʥʘʣʘʟʠʤʘ, ʤʝʪʨʘʬʝʥʦʥ 

ʠʩʧʦˀʘʚʘ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʠ 

ʠʥʪʝʛʨʘʣʥʠ ʿʝ ʜʝʦ ʤʥʦʛʠʭ ʩʘʚʨʝʤʝʥʠʭ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ (Scannavini et al., 2006; 

DôArcangelo et al., 2010; Dongiovanni et al, 2010, 2016, 2018; Kast and Bleyer, 2011; 

Hoffmann et al., 2012; Rubboli et al., 2014; Viglione et al., 2014; Guario et al., 2014; Cavazza 

et al., 2018; Valente et al., 2018).  

 

ʇʠʨʠʦʬʝʥʦʥ  

ʌʫʥʛʠʮʠʜ ʦʪʢʨʠʚʝʥ ʠ ʨʘʟʚʠʿʝʥ ʦʜ ʩʪʨʘʥʝ ʢʦʤʧʘʥʠʿʝ ISK (ɱʘʧʘʥ), ʧʦʯʝʪʢʦʤ ʜʨʫʛʝ 

ʜʝʮʝʥʠʿʝ 21. ʚʝʢʘ. ʅʘʩʪʘʦ ʧʦ ʫʟʦʨʫ ʥʘ ʭʝʤʠʿʩʢʫ ʩʪʨʫʢʪʫʨʫ ʤʝʪʨʘʬʝʥʦʥʘ, ʩʘ ʦʜʨʝʹʝʥʠʤ 

ʤʦʜʠʬʠʢʘʮʠʿʘʤʘ. ʉʣʘʙʦ ʨʘʩʪʚʦʨˀʠʚ ʫ ʚʦʜʠ, ʜʦʙʨʦ ʫ ʦʨʛʘʥʩʢʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ, ʧʦʩʝʜʫʿʝ 

ʥʠʟʘʢ ʥʘʧʦʥ ʧʘʨʝ ʠ ʚʠʩʦʢ ʧʦʜʝʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ. ɼʝʣʫʿʝ ʧʨʝʚʝʥʪʠʚʥʦ ʠ ʢʫʨʘʪʠʚʥʦ. ʋ 

ʙʠˀʢʘʤʘ ʩʝ ʪʨʘʥʩʣʦʮʠʨʘ ʦʛʨʘʥʠʯʝʥʦ, ʠʩʧʦˀʘʚʘ ʣʦʢʘʣ-ʩʠʩʪʝʤʠʯʥʠ ʢʘʨʘʢʪʝʨ ʠ 

ʪʨʘʥʩʣʘʤʠʥʘʨʥʫ ʘʢʪʠʚʥʦʩʪ. ʀʥʭʠʙʠʨʘ ʬʦʨʤʠʨʘˁʝ ʘʧʨʝʩʦʨʠʿʘ, ʜʦʚʦʜʠ ʜʦ ʢʦʣʘʧʩʘ ʚʨʭʦʚʘ 

ʭʠʬʘ ʠ ʦʜʣʠʢʫʿʝ ʩʝ ʘʥʪʠʩʧʦʨʫʣʘʪʠʚʥʠʤ ʜʝʣʦʚʘˁʝʤ. ʅʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʩʫʟʙʠʿʘˁʝ ɽ. 

necator, ʤʘʜʘ ʩʝ ʥʘʚʦʜʠ ʠ ˁʝʛʦʚʘ ʫʧʦʪʨʝʙʘ ʫ ʟʘʰʪʠʪʠ ʩʪʨʥʠʭ ʞʠʪʘ ʠ ʙʠˀʘʢʘ ʠʟ ʬʘʤʠʣʠʿʝ 

Cucurbitaceae (Ogawa et al., 2012; Chung et al., 2017; Jeanmart et al., 2015; ʉʪʝʚʠ˂, 2020). 

ʂʘʦ ʠ ʤʝʪʨʘʬʝʥʦʥ, ʠ ʧʠʨʠʦʬʝʥʦʥ ʠʩʧʦˀʘʚʘ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator 

(Ogawa et al., 2012; Scannavini et al., 2012; Morando et al., 2014; Guario et al., 2014).   

 

2.6.9 ʌʝʥʠʣ-ʘʮʝʪʘʤʠʜʠ (ʮʠʬʣʫʬʝʥʘʤʠʜ) 

ʎʠʬʣʫʬʝʥʘʤʠʜ ʿʝ ʬʫʥʛʠʮʠʜ ʢʦʿʠ ʿʝ ʨʘʟʚʠʿʝʥ ʧʦʯʝʪʢʦʤ 21. ʚʝʢʘ ʦʜ ʩʪʨʘʥʝ ʢʦʤʧʘʥʠʿʝ 

Nippon Soda. ʋ ʟʝʤˀʘʤʘ ɽʚʨʦʧʩʢʝ ʋʥʠʿʝ ʫʚʝʜʝʥ ʿʝ ʫ ʧʨʠʤʝʥʫ 2007. ʛʦʜʠʥʝ. ʇʨʘʢʪʠʯʥʦ 

ʥʝʨʘʩʪʚʦʨˀʠʚ ʫ ʚʦʜʠ, ʜʦʙʨʦ ʨʘʩʪʚʦʨˀʠʚ ʫ ʚʝ˂ʠʥʠ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ, ʠʤʘ ʚʠʩʦʢ ʧʦʜʝʦʥʠ 

ʢʦʝʬʠʮʠʿʝʥʪ. ʈʝʣʘʪʠʚʥʦ ʿʝ ʠʩʧʘʨˀʠʚʦ ʿʝʜʠˁʝˁʝ, ʧʘ ʫ ʦʜʨʝʹʝʥʦʤ ʩʪʝʧʝʥʫ ʤʦʞʝ ʜʝʣʦʚʘʪʠ ʠ 

ʧʘʨʘʤʘ (ʛʘʩʥʦʤ ʬʘʟʦʤ). ʊʦ ʿʝ ʬʫʥʛʠʮʠʜ ʩʘ ʧʨʦʪʝʢʪʠʚʥʠʤ, ʘ ʫ ʠʟʚʝʩʥʦʿ ʤʝʨʠ ʠ ʢʫʨʘʪʠʚʥʠʤ 

ʜʝʣʦʚʘˁʝʤ. ʀʥʭʠʙʠʨʘ ʬʦʨʤʠʨʘˁʝ ʠ ʨʘʟʚʦʿ ʭʘʫʩʪʦʨʠʿʘ, ʧʦʨʘʩʪ ʭʠʬʘ, ʬʦʨʤʠʨʘˁʝ 

ʢʦʥʠʜʠʦʬʦʨʘ, ʩʧʨʝʯʘʚʘ ʨʘʟʚʦʿ ʤʠʮʝʣʠʿʝ, ʘ ʛʦʪʦʚʦ ʜʘ ʥʝʤʘ ʫʪʠʮʘʿʘ ʥʘ ʢʣʠʿʘˁʝ ʩʧʦʨʘ ʠ ʨʘʟʚʦʿ 

ʘʧʨʝʩʦʨʠʿʘ. ʅʘʢʦʥ 24 ʩʘʪʘ ʦʜ ʧʨʠʤʝʥʝ, ʧʨʠʤʝ˂ʝʥʦ ʿʝ ʜʘ ʜʦʣʘʟʠ ʜʦ ʧʫʮʘˁʘ ʚʨʭʦʚʘ ʢʣʠʯʠʥʠʭ? 

ʮʝʚʠ. ʃʦʢʘʣʩʠʩʪʝʤʠʯʥʦʛ ʢʘʨʘʢʪʝʨʘ, ʩʘ ʧʨʝʪʝʞʥʦ ʪʨʘʥʩʣʘʤʠʥʘʨʥʠʤ ʢʨʝʪʘˁʝʤ ʫ ʙʠˀʥʦʤ 

ʪʢʠʚʫ. ʄʝʭʘʥʠʟʘʤ ʜʝʣʦʚʘˁʘ ʿʝ ʠ ʜʘˀʝ ʥʝʨʘʟʿʘʰˁʝʥ, ʘʣʠ ʩʝ ʥʘ ʦʩʥʦʚʫ ʜʦʩʪʫʧʥʠʭ 

ʣʠʪʝʨʘʪʫʨʥʠʭ ʧʦʜʘʪʘʢʘ, ʛʦʚʦʨʠ ʜʘ ʦʚʘʿ ʬʫʥʛʠʮʠʜ ʥʝ ʠʥʪʝʨʬʝʨʠʨʘ ʫ ʧʨʦʮʝʩʠʤʘ ˂ʝʣʠʿʩʢʝ 

ʜʝʦʙʝ, ʩʠʥʪʝʟʝ ʩʪʝʨʦʣʘ ʠ ʣʠʧʠʜʘ, ʬʫʥʢʮʠʿʘʤʘ ˂ʝʣʠʿʩʢʠʭ ʤʝʤʙʨʘʥʘ ʠ ʧʨʦʮʝʩʠʤʘ ˂ʝʣʠʿʩʢʦʛ 

ʜʠʩʘˁʘ. ʆʚʠ ʧʦʜʘʮʠ ʫʢʘʟʫʿʫ ʜʘ ʥʠʿʝ ʫʪʚʨʹʝʥʦ ʧʦʩʪʦʿʘˁʝ ʫʥʘʢʨʩʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʩʘ ʥʝʢʦʤ 

ʦʜ ʚʘʞʥʠʿʠʭ ʛʨʫʧʘ ʬʫʥʛʠʮʠʜʘ ʢʘʦ ʰʪʦ ʩʫ DMI, QoI, SDHI ʬʫʥʛʠʮʠʜʠ ʠ ʜʨ. ʉʧʝʢʪʘʨ ˁʝʛʦʚʦʛ 

ʜʝʣʦʚʘˁʘ ʿʝ ʫʛʣʘʚʥʦʤ ʦʛʨʘʥʠʯʝʥ ʥʘ ʧʨʦʫʟʨʦʢʦʚʘʯʝ ʧʝʧʝʣʥʠʮʘ, ʪʿ. ʛˀʠʚʘ ʠʟ ʬʘʤʠʣʠʿʝ 

Erysiphaceae (E. necator, P. leucotricha, S. pannosa, E. cichoracearum, P. xanthi, Podosphaera 

macularis), ʩ ʿʝʜʥʠʤ ʠʟʫʟʝʪʢʦʤ, Monilinia fructicola ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʿʫ ʠʩʧʦˀʘʚʘ ʿʘʢʦ 
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ʠʥʭʙʠʪʦʨʥʦ ʜʝʣʦʚʘˁʝ (Hosokawa et al., 2006; Haramoto et al., 2006a,b; Sano et al., 2007; 

Cortesi et al., 2012; ʉʪʝʚʠ˂, 2020). ʎʠʬʣʫʬʝʥʘʤʠʜ ʠʩʧʦˀʘʚʘ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ 

ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʠ ʜʘʥʘʩ ʿʝ ʠʥʪʝʛʨʘʣʥʠ ʩʝʛʤʝʥʪ ʙʨʦʿʥʠʭ 

ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ, ʥʘʨʦʯʠʪʦ ʫ ʀʪʘʣʠʿʠ (DôAscenzo et al., 2012; Cortesi et al., 2012; Guario 

et al., 2014; Morando et al., 2014; Viglione et al, 2014; Rubboli et al., 2014; Dongiovanni et 

al., 2016, 2018; Valente et al., 2018).   
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ʊʘʙʝʣʘ 1. ʉʚʦʿʩʪʚʘ ʥʘʿʚʘʞʥʠʿʠʭ ʬʫʥʛʠʮʠʜʘ ʟʘ ʩʫʟʙʠʿʘˁʝ E. necator   

ʅʘʟʠʚ ʛʨʫʧʝ 

(FRAC ʢʦʜ) 
ɱʝʜʠˁʝˁʝ ʇʦʢʨʝʪˀʠʚʦʩʪ (ʨʝʜʠʩʪʨʠʙʫʮʠʿʘ) ʅʘʯʠʥ ʜʝʣʦʚʘˁʘ 

QoI ʬʫʥʛʠʮʠʜʠ 

(11) 

ʇʠʨʘʢʣʦʩʪʨʦʙʠʥ ʊʨʘʥʩʣʘʤʠʥʘʨʥʠ ʬʫʥʛʠʮʠʜ 
ʇʨʦʪʝʢʪʠʚʥʦ, ʫ ʠʟʚʝʩʥʦʤ 

ʩʪʝʧʝʥʫ ʢʫʨʘʪʠʚʥʦ 

ʂʨʝʟʦʩʢʠʤ-ʤʝʪʠʣ 

ʊʨʘʥʩʣʘʤʠʥʘʨʥʠ ʬʫʥʛʠʮʠʜ, ʫ 

ʠʟʚʝʩʥʦʤ ʩʪʝʧʝʥʫ ʜʝʣʫʿʝ ʫ ʛʘʩʥʦʿ 

ʬʘʟʠ 

ʇʨʦʪʝʢʪʠʚʥʦ ʠ ʢʫʨʘʪʠʚʥʦ 

ʊʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ 

ʊʨʘʥʩʣʘʤʠʥʘʨʥʠ ʬʫʥʛʠʮʠʜ, ʫ 

ʠʟʚʝʩʥʦʤ ʩʪʝʧʝʥʫ ʜʝʣʫʿʝ ʫ ʛʘʩʥʦʿ 

ʬʘʟʠ 

ʇʨʦʪʝʢʪʠʚʥʦ, ʫ ʠʟʚʝʩʥʦʤ 

ʩʪʝʧʝʥʫ ʢʫʨʘʪʠʚʥʦ 

SDHI ʬʫʥʛʠʮʠʜʠ 

(7) 

ɹʦʩʢʘʣʠʜ 

ʊʨʘʥʩʣʘʤʠʥʘʨʥʠ ʬʫʥʛʠʮʠʜ,  

ʩʠʩʪʝʤʠʯʥʘ ʧʦʢʨʝʪʠˀʠʚʦʩʪ ʧʫʪʝʤ 

ʢʩʠʣʝʤʘ 

ʇʨʦʪʝʢʪʠʚʥʦ ʠ ʫ ʠʟʚʝʩʥʦʤ 

ʩʪʝʧʝʥʫ ʢʫʨʘʪʠʚʥʦ 

ʌʣʫʦʧʠʨʘʤ 

ʊʨʘʥʩʣʘʤʠʥʘʨʥʠ ʬʫʥʛʠʮʠʜ, 

ʦʛʨʘʥʠʯʝʥʘ ʩʠʩʪʝʤʠʯʥʘ 

ʧʦʢʨʝʪˀʠʚʦʩʪ 

ʇʨʦʪʝʢʪʠʚʥʦ ʠ ʫ ʠʟʚʝʩʥʦʤ 

ʩʪʝʧʝʥʫ ʢʫʨʘʪʠʥʦ 

ʌʣʫʢʩʘʧʠʨʦʢʩʘʜ 
ʉʠʩʪʝʤʠʯʥʘ ʧʦʢʨʝʪˀʠʚʦʩʪ ʧʫʪʝʤ 

ʢʩʠʣʝʤʘ 

ʇʨʦʪʝʢʪʠʚʥʦ, ʢʫʨʘʪʠʚʥʦ ʠ ʫ 

ʠʟʚʝʩʥʦʤ ʩʪʝʧʝʥʫ ʝʨʘʜʠʢʘʪʠʚʥʦ 

DMI ʬʫʥʛʠʮʠʜʠ ï ʪʨʠʘʟʦʣʠ 

(3) 

ʊʝʙʫʢʦʥʘʟʦʣ 

ʊʨʘʥʩʣʘʤʠʥʘʨʥʠ ʬʫʥʛʠʮʠʜ, 

ʩʠʩʪʝʤʠʯʥʘ ʧʦʢʨʝʪˀʠʚʦʩʪ ʧʫʪʝʤ 

ʢʩʠʣʝʤʘ, ʫ ʠʟʚʝʩʥʦʤ ʩʪʝʧʝʥʫ ʜʝʣʫʿʝ 

ʠ ʫ ʛʘʩʥʦʿ ʬʘʟʠ 

ʇʨʦʪʝʢʪʠʚʥʦ, ʢʫʨʘʪʠʚʥʦ ʠ 

ʝʨʘʜʠʢʘʪʠʚʥʦ 

ʄʠʢʣʦʙʫʪʘʥʠʣ 

ʉʠʩʪʝʤʠʯʥʘ ʧʦʢʨʝʪˀʠʚʦʩʪ ʧʫʪʝʤ 

ʢʩʠʣʝʤʘ, ʫ ʠʟʚʝʩʥʦʤ ʩʪʝʧʝʥʫ ʜʝʣʫʿʝ 

ʠ ʫ ʛʘʩʥʦʿ ʬʘʟʠ 

ʇʨʦʪʝʢʪʠʚʥʦ ʠ ʢʫʨʘʪʠʚʥʦ 

ʇʝʥʢʦʥʘʟʦʣ 
ʉʠʩʪʝʤʠʯʥʘ ʧʦʢʨʝʪˀʠʚʦʩʪ ʧʫʪʝʤ 

ʢʩʠʣʝʤʘ 

ʇʨʦʪʝʢʪʠʚʥʦ, ʢʫʨʘʪʠʚʥʦ ʠ ʫ 

ʠʟʚʝʩʥʦʤ ʩʪʝʧʝʥʫ ʝʨʘʜʠʢʘʪʠʚʥʦ 

ɼʠʬʝʥʦʢʦʥʘʟʦʣ 
ʉʠʩʪʝʤʠʯʥʘ ʧʦʢʨʝʪˀʠʚʦʩʪ ʧʫʪʝʤ 

ʢʩʠʣʝʤʘ 

ʇʨʦʪʝʢʪʠʚʥʦ, ʢʫʨʘʪʠʚʥʦ ʠ 

ʝʨʘʜʠʢʘʪʠʚʥʦ 

DMI ʬʫʥʛʠʮʠʜʠ ï ʩʧʠʨʦʢʝʪʘʣ-

ʘʤʠʥʠ 

(5) 

ʉʧʠʨʦʢʩʘʤʠʥ 
ʉʠʩʪʝʤʠʯʥʘ ʧʦʢʨʝʪˀʠʚʦʩʪ ʧʫʪʝʤ 

ʢʩʠʣʝʤ 

ʇʨʦʪʝʢʪʠʚʥʦ, ʢʫʨʘʪʠʚʥʦ ʠ 

ʝʨʘʜʠʢʘʪʠʚʥʦ 

ɸʟʘʥʘʬʪʘʣʝʥʠ 

(13) 
ʂʚʠʥʦʢʩʠʬʝʥ 

ʊʨʘʥʩʣʘʤʠʥʘʨʥʠ ʬʫʥʛʠʮʠʜ, 

ʩʠʩʪʝʤʠʯʥʘ ʧʦʢʨʝʪˀʠʚʦʩʪ, ʫ 
ʇʨʦʪʝʢʪʠʚʥʦ 
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ʠʟʚʝʩʥʦʤ ʩʪʝʧʝʥʫ ʜʝʣʫʿʝ ʠ ʫ ʛʘʩʥʦʿ 

ʬʘʟʠ 

ʇʨʦʢʚʠʥʘʟʠʜ 

ʊʨʘʥʩʣʘʤʠʥʘʨʥʠ ʬʫʥʛʠʮʠʜ, ʫ 

ʠʟʚʝʩʥʦʤ ʩʪʝʧʝʥʫ ʜʝʣʫʿʝ ʠ ʫ ʛʘʩʥʦʿ 

ʬʘʟʠ 

ʇʨʦʪʝʢʪʠʚʥʦ ʠ ʦʛʨʘʥʠʯʝʥʦ 

ʢʫʨʘʪʠʚʥʦ 

ɸʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʠ 

(50) 

ʄʝʪʨʘʬʝʥʦʥ 

ʊʨʘʥʩʣʘʤʠʥʘʨʥʠ ʬʫʥʛʠʮʠʜ, ʫ 

ʠʟʚʝʩʥʦʤ ʩʪʝʧʝʥʫ ʜʝʣʫʿʝ ʠ ʫ ʛʘʩʥʦʿ 

ʬʘʟʠ 

ʇʨʦʪʝʢʪʠʚʥʦ, ʢʫʨʘʪʠʚʥʦ ʠ ʫ 

ʠʟʚʝʩʥʦʤ ʩʪʝʧʝʥʫ ʝʨʘʜʠʢʘʪʠʚʥʦ 

ʇʠʨʠʦʬʝʥʦʥ 
ʊʨʘʥʩʣʘʤʠʥʘʨʥʠ ʬʫʥʛʠʮʠʜ, ʩʘ  

ʣʦʢʘʣ-ʩʠʩʪʝʤʠʯʥʠʤ ʩʚʦʿʩʪʚʠʤʘ 
ʇʨʦʪʝʢʪʠʚʥʦ ʠ ʢʫʨʘʪʠʚʥʦ 

ɼʠʥʠʪʨʦʬʝʥʠʣ- ʢʨʦʪʦʥʘʪʠ 

(29) 
ʄʝʧʪʠʣ-ʜʠʥʦʢʘʧ ʅʝʩʠʪʝʤʠʢ ʇʨʦʪʝʢʪʠʚʥʦ ʠ ʢʫʨʘʪʠʚʥʦ 

ʌʝʥʠʣ-ʘʮʝʪʘʤʠʜʠ (U06) ʎʠʬʣʫʬʝʥʘʤʠʜ 
ʊʨʘʥʩʣʘʤʠʥʘʨʥʠ ʬʫʥʛʠʮʠʜ, ʜʝʣʫʿʝ 

ʫ ʛʘʩʥʦʿ ʬʘʟʠ 

ʇʨʦʪʝʢʪʠʚʥʦ ʠ ʫ ʠʟʚʝʩʥʦʤ 

ʩʪʝʧʝʥʫ ʢʫʨʘʪʠʚʥʦ 

ʅʝʦʨʛʘʥʩʢʠ ʬʫʥʛʠʮʠʜʠ 

(ʄ2) 
ʉʫʤʧʦʨ ʅʝʩʠʩʪʝʤʠʢ, ʜʝʣʫʿʝ ʫ ʛʘʩʥʦʿ ʬʘʟʠ 

ʇʨʦʪʝʢʪʠʚʥʦ, ʫ ʠʟʚʝʩʥʦʤ 

ʩʤʠʩʣʫ ʢʫʨʘʪʠʚʥʦ 
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2.7 ʈʘʟʚʦʿ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ E. necator ʥʘ ʨʘʟʣʠʯʠʪʝ ʬʫʥʛʠʮʠʜʝ   

ʋʚʦʹʝˁʝʤ ʩʧʝʮʠʬʠʯʥʠʭ ʬʫʥʛʠʮʠʜʘ ʩʘ ʩʠʩʪʝʤʠʯʥʠʤ ʜʝʣʦʚʘˁʝʤ 60-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ 

ʚʝʢʘ, ʟʘʧʦʯʝʣʘ ʿʝ ʥʦʚʘ ʝʨʘ ʫ ʟʘʰʪʠʪʠ ʙʠˀʘ, ʘʣʠ ʠʩʪʦ ʪʘʢʦ ʧʦʿʘʚʠʦ ʩʝ ʧʨʦʙʣʝʤ ʩʘ ʨʘʟʚʦʿʝʤ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʧʘʪʦʛʝʥʘ ʥʘ ʥʦʚʘ ʿʝʜʠˁʝˁʘ, ʧʨʚʝʥʩʪʚʝʥʦ ʟʙʦʛ ˁʠʭʦʚʦʛ ʫʩʢʦ ʩʧʝʮʠʬʠʯʥʦʛ 

ʤʝʭʘʥʠʟʤʘ ʜʝʣʦʚʘˁʘ. ʂʦʥʪʠʥʫʠʨʘʥʘ ʧʨʠʤʝʥʘ ʩʠʩʪʝʤʠʯʥʠʭ ʬʫʥʛʠʮʠʜʘ ʩʘ Ăsingle-siteñ 

ʜʝʣʦʚʘˁʝʤ ʠ ʧʦʚʝ˂ʘˁʝ ʩʝʣʝʢʮʠʦʥʦʛ ʧʨʠʪʠʩʢʘ, ʜʦʚʝʣʠ ʩʫ ʜʦ ʙʨʟʦʛ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ E. necator, ʥʘʿʯʝʰ˂ʝ ʠʥʜʫʢʦʚʘˁʝʤ ʧʦʿʝʜʠʥʘʯʥʠʭ ʤʫʪʘʮʠʿʘ ʥʘ ʮʠˀʘʥʠʤ 

ʧʦʟʠʮʠʿʘʤʘ ʚʝʟʠʚʘˁʘ ʬʫʥʛʠʮʠʜʘ ʫ ʦʨʛʘʥʠʟʤʫ ʧʘʪʦʛʝʥʘ (Dèlye et al., 1997; Baudoin et al., 

2008; Colcol 2008; Rallos 2012; Cherrad et al., 2018). ʂʘʦ ʧʦʩʣʝʜʠʮʘ ʿʘʚˀʘ ʩʝ ʟʥʘʪʥʦ 

ʩʤʘˁʝʥʘ ʝʬʠʢʘʩʥʦʩʪ ʪʠʭ ʿʝʜʠˁʝˁʘ ʫ ʧʨʘʢʪʠʯʥʠʤ ʫʩʣʦʚʠʤʘ ʧʨʠʤʝʥʝ, ʘ ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ 

ʩʝ ʫ ʩʚʝʪʫ ʠʥʪʝʥʟʠʚʘʨʘʿʫ ʙʨʦʿʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʘ ʟʘ ʦʚʫ ʧʦʿʘʚʫ (Frenkel et al., 2015; 

Colcol and Baudoin, 2016).  

 

2.7.1. ʈʝʟʠʩʪʝʥʪʥʦʩʪ E. necator ʥʘ QoI ʬʫʥʛʠʮʠʜʝ  

ɱʝʜʠˁʝˁʘ ʠʟ ʛʨʫʧʝ QoI ʬʫʥʛʠʮʠʜʘ ʩʫʟʙʠʿʘʿʫ ʚʝʣʠʢʠ ʙʨʦʿ ʧʘʪʦʛʝʥʘ, ʠʤʘʿʫ ʰʠʨʦʢʫ 

ʧʨʠʤʝʥʫ ʫ ʟʘʰʪʠʪʠ ʙʠˀʘ, ʦʜʣʠʢʫʿʫ ʩʝ ʧʨʦʪʝʢʪʠʚʥʠʤ, ʢʫʨʘʪʠʚʥʠʤ ʠ, ʫ ʦʜʨʝʹʝʥʦʤ ʩʪʝʧʝʥʫ, 

ʝʨʘʜʠʢʘʪʠʚʥʠʤ ʩʚʦʿʩʪʚʠʤʘ. ʊʦ ʩʫ ʧʨʝʪʝʞʥʦ ʦʛʨʘʥʠʯʝʥʠ ʩʠʩʪʝʤʠʮʠ ʩʘ ʿʘʢʦ ʩʧʝʮʠʬʠʯʥʠʤ 

ʤʝʭʘʥʠʟʤʦʤ ʜʝʣʦʚʘˁʘ ʢʦʿʠ ʩʝ ʦʛʣʝʜʘ ʫ ʧʨʝʢʠʜʫ ʪʨʘʥʩʧʦʨʪʘ ʝʣʝʢʪʨʦʥʘ ʦʜ ʮʠʪʦʭʨʦʤʘ b ʜʦ 

ʮʠʪʦʭʨʦʤʘ c1, ʚʝʟʫʿʫ˂ʠ ʩʝ ʟʘ ʫʙʠʢʚʠʥʦʣ ʦʢʩʠʜʘʮʠʦʥʠ ʮʝʥʪʘʨ (Qo) ʫʩʣʝʜ ʯʝʛʘ ʠʟʦʩʪʘʿʝ ʩʠʥʪʝʟʘ 

Aʊʇ-ʘ ʠ ʠʥʭʠʙʠʨʘ ʩʝ ʤʠʪʦʭʦʥʜʠʨʿʘʣʥʘ ʨʝʩʧʠʨʘʮʠʿʘ ʢʦʜ ʛˀʠʚʘ (Bartlett et al., 2002). ʋʧʨʘʚʦ 

ʿʝ ʪʘʿ ˁʠʭʦʚ ʫʩʢʦ ʩʧʝʮʠʬʠʯʘʥ ʤʝʭʘʥʠʟʘʤ ʜʝʣʦʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘʦ ʦʢʠʜʘʯ ʟʘ ʙʨʟʠ ʨʘʟʚʦʿ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʩʘʤʦ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʥʘʢʦʥ ʫʚʦʹʝˁʘ ʫ ʧʨʠʤʝʥʫ (1998. ʛʦʜʠʥʝ), ʢʦʜ 

ʧʦʧʫʧʣʘʮʠʿʘ B. graminis ʫ ʅʝʤʘʯʢʦ ʿ(Sierotzki et al., 2000). ʋʙʨʟʦ ʥʘʢʦʥ ʪʦʛʘ, ʦʪʢʨʠʚʝʥʝ ʩʫ 

ʠ ʜʨʫʛʝ ʨʝʟʠʩʪʝʥʪʥʝ ʧʦʧʫʣʘʮʠʿʝ ʙʨʦʿʥʠʭ ʧʘʪʦʛʝʥʘ ʥʘ QoI ʬʫʥʛʠʮʠʜʝ (V. inaequalis, P. 

viticola, Mycosphaerella fijenensis, Pseudoperospora cubensis, D. bryoniae), ʘʣʠ ʠ ʤʝʭʘʥʠʟʤʠ 

ʢʦʿʠ ʜʦʚʦʜʝ ʜʦ ʧʦʿʘʚʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ (Sierotzki et al., 2000; Gisi et al., 2000; Bartlett et al., 

2002). ʇʨʝʤʘ ʜʦʩʪʫʧʥʦʿ ʣʠʪʝʨʘʪʫʨʠ, ʧʨʚʠ ʥʘʣʘʟʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ E. necator 

ʥʘ QoI ʬʫʥʛʠʮʠʜʝ ʜʘʪʠʨʘʿʫ ʦʜ ʧʨʝ ʥʝʢʠʭ 15-20 ʛʦʜʠʥʘ ʠ ʦʜ ʪʘʜʘ ʩʝ ʦʚʘʿ ʧʨʦʙʣʝʤ ʰʠʨʠ 

ʠʟʫʟʝʪʥʦ ʙʨʟʦ ʥʘ ʛʣʦʙʘʣʥʦʤ ʥʠʚʦʫ (Wilcox et al., 2003; Baudoin et al., 2008; Dufour et al., 

2010; Milles et al., 2012; Rallos et al., 2014; Colcol and Baudoin, 2016; Beresford et al., 2016). 

ʋ ɽʚʨʦʧʠ, ʧʨʝʤʘ ʧʦʜʘʮʠʤʘ ʦʨʛʘʥʠʟʘʮʠʿʝ FRAC (2014, 2018, 2022ʘ) ʚʠʩʦʢʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ 

ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ QoI ʬʫʥʛʠʮʠʜʝ ʦʜ 2013. ʜʦ 2021. ʛʦʜʠʥʝ ʫʪʚʨʹʝʥʘ ʿʝ ʫ ɸʫʩʪʨʠʿʠ, 

ʍʨʚʘʪʩʢʦʿ, ʏʝʰʢʦʿ, ʌʨʘʥʮʫʩʢʦʿ, ʅʝʤʘʯʢʦʿ, ʄʘʹʘʨʩʢʦʿ, ʈʫʤʫʥʠʿʠ, ʉʣʦʚʘʯʢʦʿ, ʐʚʘʿʮʘʨʩʢʦʿ, 

ʀʪʘʣʠʿʠ, ɻʨʯʢʦʿ, ʇʦʨʪʫʛʘʣʫ ʠ ʊʫʨʩʢʦʿ.  

ʄʝʭʘʥʠʟʘʤ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʤʫʪʘʮʠʿʘʤʘ ʫ ʦʢʚʠʨʫ ʮʠʪʦʭʨʦʤ b ʛʝʥʘ (cyt b), 

ʢʦʿʝ ʜʦʚʦʜʝ ʜʦ ʧʨʦʤʝʥʘ ʫ ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʦʿ ʩʝʢʚʝʥʮʠ, ʦʜʥʦʩʥʦ ʜʦʣʘʟʠ ʜʦ ʩʫʧʩʪʠʪʫʮʠʿʝ 

ʿʝʜʥʝ ʘʤʠʥʦʢʠʩʝʣʠʥʝ ʜʨʫʛʦʤ ʥʘ ʦʜʨʝʹʝʥʦʿ ʧʦʟʠʮʠʿʠ, ʪʝ ʿʝ ʦʥʝʤʦʛʫ˂ʝʥʦ ʚʝʟʠʚʘˁʝ ʬʫʥʛʠʮʠʜʘ 

ʟʘ ʮʠˀʘʥʦ ʤʝʩʪʦ ʜʝʣʦʚʘˁʘ (Rallos, 2012). ʋ ʧʨʠʨʦʜʥʠʤ ʫʩʣʦʚʠʤʘ, ʜʝʪʝʢʪʦʚʘʥʝ ʩʫ ʪʨʠ 

ʤʫʪʘʮʠʿʝ ʢʦʜ ʧʘʪʦʛʝʥʘ ʨʝʟʠʩʪʝʥʪʥʠʭ ʥʘ QoI ʬʫʥʛʠʮʠʜʝ: G143A (ʟʘʤʝʥʘ ʛʣʠʮʠʥʘ ʩʘ ʘʣʘʥʠʥʦʤ 

ʥʘ ʧʦʟʠʮʠʿʠ 143); F129L (ʟʘʤʝʥʘ ʬʝʥʠʣ-ʘʣʘʥʠʥʘ ʩʘ ʣʝʫʮʠʥʦʤ ʥʘ ʧʦʟʠʮʠʿʠ 129) ʠ G137R 

(ʟʘʤʝʥʘ ʛʣʠʮʠʥʘ ʩʘ ʘʨʛʠʥʠʥʦʤ). ʄʫʪʘʮʠʿʝ F129L ʠ G137R ʨʝʟʫʣʪʠʨʘʿʫ ʧʦʿʘʚʦʤ ʫʤʝʨʝʥʦ 

ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ, ʠ ʜʦ ʩʘʜʘ ʥʠʩʫ ʜʝʪʝʢʪʦʚʘʥʝ ʢʦʜ ʧʨʦʫʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʘ. ɱʘʢʘ ʠ 

ʩʪʘʙʠʣʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʫʪʚʨʹʝʥʘ ʿʝ ʢʦʜ ʤʫʪʘʮʠʿʝ G143A, ʠ ʦʚʦ ʿʝ, ʩʚʘʢʘʢʦ, ʥʘʿʟʥʘʯʘʿʥʠʿʘ 

ʤʫʪʘʮʠʿʘ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ E. necator ʢʦʝʿ ʩʫ ʨʘʟʚʠʣʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ QoI ʬʫʥʛʠʮʠʜʝ (Gisi et 

al., 2002; Ma and Michailides, 2005; Siertotzki et al., 2007;; Baudoin et al., 2008; Rallos, 
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2012; Rallos et al., 2014). ʂʦʜ ʧʦʧʫʣʘʮʠʿʘ  E. necator ʛʜʝ ʿʝ ʫʩʪʘʥʦʚˀʝʥʦ ʧʨʠʩʫʩʪʚʦ G143A 

ʤʫʪʘʮʠʿʝ, ʨʘʟʚʠʿʘ ʩʝ ʿ ʘʢʘ ʠ ʩʪʘʙʠʣʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ, ʢʦʿʘ ʩʝ ʥʝ ʛʫʙʠ, ʪʿ. ʥʦʨʤʘʣʥʘ ʦʩʝʪˀʠʚʦʩʪ 

ʧʦʧʫʣʘʮʠʿʝ ʥʝ ʤʦʞʝ ʩʝ ʦʧʝʪ ʫʩʧʦʩʪʘʚʠʪʠ, ʯʘʢ ʠ ʢʘʜʘ ʩʝ ʫ ʧʨʦʛʨʘʤʠʤʘ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ 

ʫʟʘʩʪʦʧʥʦ ʠʟʦʩʪʘʚʝ QoI ʬʫʥʛʠʮʠʜʠ. ʆʚʠ ʥʘʣʘʟʠ ʫʢʘʟʫʿʫ ʜʘ, ʢʘʜʘ ʿʝʜʥʦʤ ʧʦʧʫʣʘʮʠʿʘ ʩʘ 

G143A ʤʫʪʘʮʠʿʦʤ ʨʘʟʚʠʿʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ QoI ʬʫʥʛʠʮʠʜʝ, ˁʠʭʦʚʘ ʜʘˀʘ ʧʨʠʤʝʥʘ ʥʠʿʝ 

ʤʦʛʫ˂ʘ ʠ ʪʨʝʙʘ ʠʭ ʫ ʧʦʪʧʫʥʦʩʪʠ ʝʣʠʤʠʥʩʘʪʠ ʠʟ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ (Rallos et al., 

2014).  

ʆʩʠʤ ʤʫʪʘʮʠʿʘ, ʧʦʩʪʦʿʠ ʠ ʜʨʫʛʠ ʪʠʧ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʧʘʪʦʛʝʥʘ ʥʘ QoI ʬʫʥʛʠʮʠʜʝ, ʢʦʿʠ 

ʩʝ ʧʦʚʝʟʫʿʝ ʩʘ ʠʥʜʫʢʮʠʿʦʤ ʘʣʪʝʨʥʘʪʠʚʥʠʭ ʦʢʩʠʜʘʟʘ (AOX), a ʦʚʘʿ ʬʝʥʦʤʝʥ ʩʝ ʯʝʩʪʦ 

ʧʦʿʘʚˀʫʿʝ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ (in vitro) ʠʩʧʠʪʠʚʘˁʠʤʘ (Ma and Michailides, 2005). ʅʘʚʦʜʠ 

ʩʝ ʫʛʣʘʚʥʦʤ ʜʘ ʦʚʘʿ ʪʠʧ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʠʿʝ ʦʜ ʟʥʘʯʘʿʘ ʟʘ ʧʨʘʢʪʠʯʥʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʘʣʠ 

Wood and Hollomon (2003) ʥʘʚʦʜʝ ʜʘ ʩʝ ʠʥʜʫʢʮʠʿʘ ʘʣʪʝʨʥʘʪʠʚʥʠʭ ʦʢʩʠʜʘʟʘ ʦʜʠʛʨʘʚʘ ʫ 

ʧʦʩʪ-ʛʝʨʤʠʥʘʪʠʚʥʦʿ ʬʘʟʠ, ʰʪʦ ʦʙʿʘʰˁʘʚʘ ʣʦʰʫ ʝʨʘʜʠʢʚʘʪʠʚʥʫ ʘʢʪʠʚʥʦʩʪ QoI ʬʫʥʛʠʮʠʜʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʙʨʦʿʥʝ ʛˀʠʚʝ. ʇʨʝʤʘ ʨʝʟʫʣʪʘʪʠʤʘ Rallos (2012) ʩʘʣʠʮʠʣʭʠʜʨʦʢʩʠʘʤʠʥʩʢʘ 

ʢʠʩʝʣʠʥʘ (SHAM) ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʩʧʨʝʯʘʚʘˁʫ ʠʥʜʫʢʮʠʿʝ AOX, ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ E. necator 

ʢʦʿʝ ʩʫ ʨʝʟʠʩʪʝʥʪʥʝ (ʩʘ G143A ʤʫʪʘʮʠʿʦʤ) ʫʪʠʯʝ ʥʘ ʧʦʚʝ˂ʘʥʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪ, ʘʣʠ ʠʩʪʦ ʪʘʢʦ 

ʢʦʜ ʦʩʝʪˀʠʚʠʭ (ʙʝʟ G143A ʤʫʪʘʮʠʿʝ) ʜʨʘʩʪʠʯʥʦ ʧʦʚʝ˂ʘʚʘ ʦʩʝʪˀʠʚʦʩʪ, ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʦʚʘʿ 

ʪʠʧ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʝʤʘ ʫʪʠʮʘʿʘ ʥʘ ʧʦʧʫʣʘʮʠʿʝ E. necator ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ in vivo 

ʠʩʧʠʪʠʚʘˁʠʤʘ, ʜʦʢ ʫ ʪʝʩʪʦʚʠʤʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʢʣʠʿʘʚʦʩʪʠ ʩʧʦʨʘ ʤʦʞʝ ʠʤʘʪʠ ʟʥʘʯʘʿ (Miles 

et al., 2012). 

ʇʦʩʪʦʿʘˁʝ ʤʫʪʘʮʠʿʝ G143A ʫ ʦʢʚʠʨʫ cytb ʛʝʥʘ ʢʦʿʘ ʜʦʚʦʜʠ ʜʦ ʨʘʟʚʦʿʘ ʚʠʩʦʢʝ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ ɽ. necator ʤʦʞʝ ʩʝ ʫʪʚʨʜʠʪʠ ʧʦʤʦ˂ʫ real-time PCR (Q-PCR) 

ʪʝʭʥʠʢʝ. ʇʨʚʠ ʢʦʿʠ ʩʫ ʨʘʟʚʠʣʠ ʦʚʫ ʪʝʭʥʠʢʫ ʟʘ ʜʝʪʝʢʮʠʿʫ G143A ʤʫʪʘʮʠʿʝ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ ɽ. 

necator ʙʠʣʠ ʩʫ Baudoin et al. (2008). ʆʚʘ ʪʝʭʥʠʢʘ ʙʘʟʠʨʘ ʩʝ ʥʘ ʩʧʝʮʠʬʠʯʥʠʤ ʧʨʘʿʤʝʨʠʤʘ, 

ʪʿ. ʩʝʪoʚʠʤʘ ʩʧʝʮʠʬʠʯʥʠʭ ʧʨʘʿʤʝʨʘ: ʧʨʘʿʤʝʨ ʟʘ ʪʟʚ. Ăwild-typeñ ʘʣʝʣ (ʧʦʧʫʣʘʮʠʿʘ ʢʦʜ ʢʦʿʝ 

ʥʠʿʝ ʜʦʰʣʦ ʜʦ ʤʫʪʘʮʠʿʝ ʠ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ), ʧʨʘʿʤʝʨ ʟʘ ʪʟʚ. Ămutantñ ʘʣʝʣ (ʧʦʧʫʣʘʮʠʿʘ 

ʢʦʜ ʢʦʿʝ ʿʝ ʜʦʰʣʦ ʜʦ ʤʫʪʘʮʠʿʝ ʠ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ) ʠ ʨʝʚʝʨʟʥʠ ʧʨʘʿʤʝʨ (ʢʦʿʠ ʿʝ 

ʟʘʿʝʜʥʠʯʢʠ ʟʘ ʧʨʝʪʭʦʜʥʘ ʜʚʘ). ɿʘ ʜʝʪʝʢʮʠʿʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʧʦʩʪʦʿʝ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʧʨʠʩʪʫʧʘ: 

1) ARMS (ʝʥʛ. Amplification Refractory Mutation System) ʢʦʿʠ ʧʦʯʠʚʘ ʥʘ ʫʧʦʪʨʝʙʠ SYBR 

Green ʪʝʭʥʦʣʦʛʠʿʝ ʢʦʿʘ ʿʝ ʦʙʠʯʥʦ ʿʝʬʪʠʥʠʿʘ; 2) TaqMAN qPCR/ddPCR (ʝʥʛ. digital droplet 

PCR) ʢʦʿʠ ʧʦʯʠʚʘ ʥʘ ʫʧʦʪʨʝʙʠ TaqMAN ʪʝʭʥʦʣʦʛʠʿʝ ʢʦʿʘ ʿʝ ʥʝʰʪʦ ʩʢʫʧˀʘ ʠ ʧʨʝʮʠʟʥʠʿʘ ʦʜ 

ʧʨʝʪʭʦʜʥʝ (Kunova et al., 2021). ʆʩʠʤ ʫʧʦʪʨʝʙʝ ʤʦʣʝʢʫʣʘʨʥʠʭ ʤʝʪʦʜʘ ʟʘ ʫʪʚʨʹʠʚʘˁʝ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ (ʦʩʝʪˀʠʚʦʩʪʠ) ʥʘ QoI ʬʫʥʛʠʮʠʜʝ ʢʦʜ E. necator, ʢʦʨʠʩʪʝ ʩʝ ʠ ʙʠʦʪʝʩʪʦʚʠ, 

ʦʜʥʦʩʥʦ ʪʟʚ. ʪʝʩʪ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ. ʈʘʟʚʠʿʝʥʠ ʩʫ ʨʘʟʣʠʯʠʪʠ ʧʨʦʪʦʢʦʣʠ ʠ ˁʠʭʦʚʝ 

ʤʦʜʠʬʠʢʘʮʠʿʝ ʟʘ ʠʟʚʦʹʝˁʝ ʦʚʦʛ in vivo ʪʝʩʪʘ ʠ ʜʘʥʘʩ ʩʝ ʢʦʨʠʩʪʝ ʫ ʙʨʦʿʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ 

(Baudoin et al., 2008; Colcol, 2008). Baudoin et al. (2008) ʩʫ ʦʢʪʨʠʣʠ ʧʦʩʪʦʿʘˁʝ G143A 

ʤʫʪʘʮʠʿʝ ʢʦʜ 3 ʦʜ 4 ʠʟʦʣʘʪʘ E. necator ʧʦʨʝʢʣʦʤ ʠʟ ʉʝʚʝʨʥʝ ʂʘʨʦʣʠʥʝ ʠ ɺʠʨ˅ʠʥʠʿʝ, ʜʦʢ ʿʝ 

ʤʝʪʦʜʦʤ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ ʫʩʪʘʥʦʚˀʝʥʦ 20 ʨʝʟʠʩʪʝʥʪʥʠʭ ʦʜ ʫʢʫʧʥʦ 22 ʪʝʩʪʠʨʘʥʘ 

ʠʟʦʣʘʪʘ ʥʘ ʘʟʦʢʩʠʩʪʨʦʙʠʥ, ʯʠʿʝ ʩʫ EC50 ʚʨʝʜʥʦʩʪʠ ʙʠʣʝ ʚʝ˂ʝ ʦʜ 1 ppm (ʧʦʨʘʩʪ ʟʘʙʝʣʝʞʝʥ ʠ 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 10 ʠ 30 ppm). ʋ ʠʩʪʨʘʞʠʚʘˁʫ Dufour et al. (2011) ʫ ʿʝʜʥʦʤ ʨʝʛʠʦʥʫ 

ʌʨʘʥʮʫʩʢʝ ʜʝʪʝʢʪʦʚʘʥʘ ʿʝ ʤʫʪʘʮʠʿʘ G143A, ʢʦʿʘ ʿʝ ʙʠʣʘ ʟʘʩʪʫʧˀʝʥʘ ʢʦʜ 20,3% ʠʟʦʣʘʪʘ, ʰʪʦ 

ʿʝ ʧʨʝʚʝʜʝʥʦ ʥʘ ʥʠʚʦ ʯʠʪʘʚʝ ʌʨʘʥʮʫʩʢʝ ʠʟʥʦʩʠʣʦ 5,3% ʦʜ ʫʢʫʧʥʦ 111 ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ. 

ʀʩʪʨʘʞʠʚʘˁʝ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ Miles et al. (2012), ʘ ʢʦʿʝ ʿʝ ʦʙʫʭʚʘʪʠʣʦ ʪʝʩʪʠʨʘˁʝ 172 

ʠʟʦʣʘʪʘ ʠʟ 21 ʚʠʥʦʛʨʘʜʘ ʥʘ ʧʦʜʨʫʯʿʫ ʄʠʯʠʛʝʥʘ (3 ʙʝʟ ʠʩʪʦʨʠʿʝ ʧʨʠʤʝʥʝ ʬʫʥʛʠʮʠʜʘ, 6 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠ 12 ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʚʠʥʦʛʨʘʜʘ), ʧʦʢʘʟʘʣʦ ʿʝ ʟʘʩʪʫʧˀʝʥʦʩʪ G143A 

ʤʫʪʘʮʠʿʝ ʢʦʜ ʫʢʫʧʥʦ 54 ʠʟʦʣʘʪʘ. ʉʚʠ ʠʟʦʣʘʪʠ ʢʦʜ ʢʦʿʠʭ ʿʝ ʜʝʪʝʢʪʦʚʘʥʘ ʦʚʘ ʤʫʪʘʮʠʿʘ ʙʠʣʠ ʩʫ 
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ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʫ ʙʠʦʪʝʩʪʫ ʠ ʠʤʘʣʠ ʩʫ EC50 ʚʨʝʜʥʦʩʪʠ > 1 Õg/ml. Colcol 

and Baudoin (2016) ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʫʢʦʣʠʢʦ ʿʝ ʧʨʦʮʝʥʘʪ G143A <1%, ʦʥʜʘ ʩʝ ʨʘʜʠ ʦ 

ʦʩʝʪˀʠʚʠʤ ʠʟʦʣʘʪʠʤʘ, ʜʦʢ ʚʠʩʦʢ ʧʨʦʮʝʥʘʪ G143A ʤʫʪʘʮʠʿʝ (ʦʙʠʯʥʦ 99%) ʫʢʘʟʫʿʝ ʥʘ ʚʠʩʦʢʦ 

ʨʝʟʠʩʪʝʥʪʥʝ ʧʦʧʫʣʘʮʠʿʝ. ʆʜ ʫʢʫʧʥʦ 112 ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ, 73% ʿʝ ʠʤʘʣʦ G143A > 1% (ʦʢʦ 

99%) ʠ EC50 ʚʨʝʜʥʦʩʪʠ ʟʘ ʘʟʦʢʩʠʩʪʨʦʙʠʥ ʙʠʣʝ ʩʫ > 10 µg/ml. ʇʨʝʦʩʪʘʣʠʭ 23% ʠʟʦʣʘʪʘ ʠʤʘʣʠ 

ʩʫ G143A < 1% ʠ ʢʦʜ 28 ʠʟʦʣʘʪʘ EC50 ʚʨʝʜʥʦʩʪʠ ʩʫ ʙʠʣʝ < 1 µg/ml, ʜʦʢ ʩʝ ʢʦʜ 14 ʠʟʦʣʘʪʘ 

EC50 ʢʨʝʪʘʣʘ ʠʟʤʝʹʫ 1 ʠ 10 µg/ml. Beresford et al. (2016) ʩʫ ʜʝʪʝʢʪʦʚʘʣʠ ʨʝʟʠʩʪʝʥʪʥʝ 

ʧʦʧʫʣʘʮʠʿʝ ɽ. necator ʥʘ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ, ʛʜʝ ʩʫ ʫʪʚʨʹʝʥʝ EC50 ʚʨʝʜʥʦʩʪʠ ʙʠʣʝ > 100 

µg/ml. ʋ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʢʦʿʘ ʩʫ ʩʧʨʦʚʝʜʝʥʘ ʫ ɷʦʨ˅ʠʿʠ (ʉɸɼ), Warres (2021) ʠ ʛʨʫʧʘ 

ʩʘʨʘʜʥʠʢʘ, ʫʪʚʨʜʠʣʠ ʩʫ ʫ 9 ʦʜ 12 ʚʠʥʦʛʨʘʜʘ ʧʨʠʩʫʩʪʚʦ ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ ʥʘ QoI 

ʬʫʥʛʠʮʠʜʝ ʩʘ G143A ʤʫʪʘʮʠʿʦʤ. ʋ 7 ʦʜ 9 ʚʠʥʦʛʨʘʜʘ, 100% ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ ʿʝ ʥʦʩʠʣʦ 

ʦʚʫ ʤʫʪʘʮʠʿʫ.  

 

2.7.2 ʈʝʟʠʩʪʝʥʪʥʦʩʪ ɽ. necator ʥʘ DMI ʬʫʥʛʠʮʠʜʝ  

ʋʩʣʝʜ ʜʫʛʦʛʦʜʠʰˁʝ ʧʨʠʤʝʥʝ ʿʝʜʠˁʝˁʘ ʠʟ ʛʨʫʧʝ DMI ʬʫʥʛʠʮʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ, ʜʦʰʣʦ ʿʝ ʜʦ ʧʨʦʤʝʥʘ ʫ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ ʠ 

ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʚʦʛ ʧʘʪʦʛʝʥʘ ʰʠʨʦʤ ʩʚʝʪʘ (Delye et al., 1997; Dufour et al., 2011; 

Frenkel et al, 2015; Colcol et al., 2012; Rallos and Baudoin, 2016; Ghule et al., 2019). DMI 

ʬʫʥʛʠʮʠʜʠ ʫʚʝʜʝʥʠ ʩʫ ʫ ʫʧʦʪʨʝʙʫ 1979. ʛʦʜʠʥʝ, ʩʠʥʪʝʟʦʤ ʪʨʠʘʜʠʤʝʬʦʥʘ, ʘ ʟʘʪʠʤ ʿʝ 

ʫʩʣʝʜʠʣʘ ˁʠʭʦʚʘ ʝʢʩʧʘʥʟʠʿʘ ʫ ʨʘʟʚʦʿʫ, ʧʘ ʩʫ ʟʘ ʩʫʟʙʠʿʘˁʝ ɽ. necator ʜʫʛʦ ʛʦʜʠʥʘ ʫʩʧʝʰʥʦ 

ʢʦʨʠʰ˂ʝʥʠ ʬʝʥʘʨʠʤʦʣ, ʪʨʠʘʜʠʤʝʥʦʣ, ʤʠʢʣʦʙʫʪʘʥʠʣ, ʪʝʙʫʢʦʥʘʟʦʣ, ʧʝʥʢʦʥʘʟʦʣ, 

ʜʠʬʝʥʦʢʦʥʘʟʦʣ ʠ ʜʨ. (Colcol et al., 2012). ɱʦʰ 1986. ʛʦʜʠʥʝ, ʟʘʙʝʣʝʞʝʥʠ ʩʫ ʩʣʘʙʠ ʝʬʝʢʪʠ 

ʪʨʠʘʜʠʤʝʬʦʥʘ ʫ ʩʫʟʙʠʿʘˁʫ ɽ. necator, ʘ ʢʘʩʥʠʿʝ ʿʝ ʠ ʧʦʪʚʨʹʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ (Gubler et al., 

1996). ɼʦ ʩʘʜʘ, ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʧʨʠʩʫʩʪʚʦ ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ DMI 

ʬʫʥʛʠʮʠʜʝ ʫ: ʉɸɼ (Gubler et al., 1996; Ericson and Wilcox, 1997; Colcol, 2008; Colcol et 

al., 2012; Rallos, 2012; Rallos and Baudoin, 2016; Warres, 2021), ɽʚʨʦʧʠ (Delye et al., 1997; 

Steinkellner and Redl, 2001; Dufour et al., 2011; Miazzi and Hajjeh, 2011), ɸʫʩʪʨʘʣʠʿʠ ʠ 

ʅʦʚʦʤ ɿʝʣʘʥʜʫ (Scott, 2001; Beresford et al., 2016), ʏʠʣʝʫ (Frenkel et al., 2015), ɱʫʞʥʦʿ 

ɸʬʨʠʮʠ (Haalen et al., 2000), ʀʥʜʠʿʠ (Ghule et al., 2019).  

DMI ʬʫʥʛʠʮʠʜʠ ʠʥʭʠʙʠʨʘʿʫ ʝʥʟʠʤ ʮʠʪʦʭʨʦʤ P450 ʩʪʝʨʦʣ 14Ŭ-ʜʝʤʝʪʠʣʘʟʫ (P45014dm), 

ʢʦʿʠ ʿʝ ʢʦʥʪʨʦʣʠʩʘʥ 14-ʝʙʫʨʠʢʦʣ ʜʝʤʝʪʠʣʘʟʘ ʛʝʥʦʤ (cyp51) ʠ ʢʦʿʠ ʿʝ ʦʜʛʦʚʦʨʘʥ ʟʘ ʧʨʦʮʝʩ 

ʙʠʦʩʠʥʪʝʟʝ ʝʨʛʦʩʪʝʨʦʣʘ. ʈʝʟʠʩʪʝʥʪʥʦʩʪ ʧʘʪʦʛʝʥʘ ʥʘ DMI ʬʫʥʛʠʮʠʜʝ ʿʝ ʤʫʣʪʠʛʝʥʩʢʝ ʧʨʠʨʦʜʝ 

ʠ ʠʤʘ ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʢʘʨʘʢʪʝʨ (Dufour et al., 2011; Rallos, 2012). ɻʝʥʝʨʘʣʥʦ, ʤʝʭʘʥʠʟʤʠ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʛˀʠʚʘ ʥʘ DMI ʬʫʥʛʠʮʠʜʝ ʤʦʛʫ ʩʝ ʧʦʜʝʣʠʪʠ ʫ ʪʨʠ ʢʘʪʝʛʦʨʠʿʝ:  

1) ʧʨʦʤʝʥʘ ʤʝʩʪʘ ʜʝʣʦʚʘˁʘ ï ʫ ʦʢʚʠʨʫ cyp51 ʛʝʥʘ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʪʘʯʢʘʩʪʠʭ ʤʫʪʘʮʠʿʘ, 

ʤʝʹʫ ʢʦʿʠʤʘ ʿʝ ʥʘʿʧʦʟʥʘʪʠʿʘ Y136F (ʟʘʤʝʥʘ ʪʠʨʦʟʠʥʘ ʩʘ ʬʝʥʠʣʘʣʘʥʠʥʦʤ ʥʘ ʧʦʟʠʮʠʿʠ 136). 

ɼʦ ʦʚʝ ʤʫʪʘʮʠʿʝ, ʜʦʚʦʜʠ ʟʘʤʝʥʘ ʥʫʢʣʝʦʪʠʜʘ ʥʘ ʧʦʟʠʮʠʿʠ 495 (ɸ495ʊ). ʄʫʪʘʮʠʿʘ Y136F ʿʝ 

ʦʜʛʦʚʦʨʥʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ DMI ʬʫʥʛʠʮʠʜʝ, ʠ ʦʪʢʨʠʚʝʥʘ ʿʝ ʢʦʜ 

ʠʟʦʣʘʪʘ ʨʝʟʠʩʪʝʥʪʥʠʭ ʥʘ ʪʨʠʘʜʠʤʝʥʦʣ, ʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʬʘʢʪʦʨ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ (RF) ʙʠʦ > 5 

(Delye et al., 1997). ʄʫʪʘʮʠʿʘ ʿʝ ʜʝʪʝʢʪʦʚʘʥʘ ʥʘ CR2 ʜʝʣʫ cyp51 ʛʝʥʘ, ʢʦʿʠ ʠʤʘ ʫʣʦʛʫ ʫ 

ʧʨʝʧʦʟʥʘʚʘˁʫ ʩʫʧʩʨʘʪʘ. ʅʘʠʤʝ, ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʦʚʘ ʤʫʪʘʮʠʿʘ ʩʤʘˁʫʿʝ ʘʬʠʥʠʪʝʪ ʝʥʟʠʤʘ ʟʘ 

ʬʫʥʛʠʮʠʜʝ ʠʟ ʛʨʫʧʝ ʪʨʘʠʟʦʣʘ, ʟʙʦʛ ʠʟʨʘʞʝʥʝ ʭʠʜʨʦʬʦʙʥʦʩʪʠ ʮʠˀʘʥʦʛ ʤʝʩʪʘ. ʊʦ ʩʝ ʜʝʰʘʚʘ 

ʿʝʨ ʬʝʥʠʣʘʣʘʥʠʥ ʠʤʘ ʥʝʧʦʣʘʨʘʥ ʩʧʦˀʥʠ ʣʘʥʘʮ, ʘ ʪʠʨʦʟʠʥ ʧʦʣʘʨʘʥ (Delye et al., 1998). 

Dufour et al. (2011) ʩʫ ʜʝʪʝʢʪʦʚʘʣʠ ʦʚʫ ʤʫʪʘʮʠʿʫ ʢʦʜ ʠʟʦʣʘʪʘ ʧʨʠʢʫʧˀʝʥʠʭ ʠʟ ʨʘʟʣʠʯʠʪʠʭ 

ʚʠʥʦʛʨʘʜʘ ʌʨʘʥʮʫʩʢʝ, ʛʜʝ ʿʝ ʧʨʦʮʝʥʘʪ ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ, ʫʪʚʨʹʝʥ ʥʘ ʥʘʮʠʦʥʘʣʥʦʤ 
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ʥʠʚʦʫ, ʙʠʦ 11,81% (ʦʜ ʫʢʫʧʥʦ 111 ʠʟʦʣʘʪʘ), ʘ ʫ ʿʝʜʥʦʤ ʨʝʛʠʦʥʫ ʢʦʜ ʚʠʰʝ ʦʜ 30% ʠʟʦʣʘʪʘ ʿʝ 

ʧʦʪʚʨʹʝʥʦ ʧʨʠʩʫʩʪʚʦ ʤʫʪʘʮʠʿʝ.  

2) ʧʨʝʢʦʤʝʨʥʘ ʝʢʩʧʝʨʩʠʿʘ cyp51 ʛʝʥʘ ï ʢʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʦʚʦʤ ʤʝʭʘʥʠʟʤʫ ʫ ʢʦʥʪʝʢʩʪʫ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ E. necator, ʠʣʠ ʜʦʣʘʟʠ ʜʦ ʧʨʝʢʦʤʝʨʥʝ ʝʩʢʧʝʨʩʠʿʝ ʠʣʠ ʧʦʚʝ˂ʘˁʘ ʙʨʦʿʘ ʢʦʧʠʿʘ 

ʦʚʦʛ ʛʝʥʘ ʢʦʜ ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ (Frenkel et al., 2014; Rallos and Baudoin, 2016). 

ʄʫʪʘʮʠʿʘ A1119C ʜʝʪʝʢʪʦʚʘʥʘ ʿʝ ʢʦʜ ʠʟʦʣʘʪʘ ʩʘ ʧʦʚʝ˂ʘʥʦʤ ʝʢʩʧʨʝʩʠʿʦʤ cyp51 ʛʝʥʘ, ʘʣʠ ʦʚʘ 

ʤʫʪʘʮʠʿʘ ʥʝ ʜʦʚʦʜʠ ʜʦ ʩʫʧʩʪʠʪʫʮʠʿʝ ʘʤʠʥʦʢʠʩʝʣʠʥʘ (ʧʨʦʤʝʥʘ ʫ ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʦʿ 

ʩʝʢʚʝʥʮʠ) ʫ ʦʢʚʠʨʫ cyp51 ʛʝʥʘ. ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ A1119C ʚʠʰʝ ʫʪʠʯʝ ʥʘ ʩʪʘʙʠʣʥʦʩʪ 

mRNK ʠʣʠ ʿʝ ʫ ʚʝʟʠ ʩʘ ʥʝʢʦʤ ʜʨʫʛʦʤ ʥʝʦʪʢʨʠʚʝʥʦʤ ʤʫʪʘʮʠʿʦʤ, ʦʜʛʦʚʦʨʥʦʤ ʟʘ ʧʨʝʢʦʤʝʨʥʫ 

ʝʢʩʧʨʝʩʠʿʫ (Frenkel et al., 2015; Kunova et al., 2021). ɼʦʜʘʪʥʦ, ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʝ ʧʦʚʝ˂ʘʥ 

ʙʨʦʿ ʢʦʧʠʿʘ cyp51 ʛʝʥʘ ʜʦʚʦʜʠ ʫ ʚʝʟʫ ʩʘ ʨʝʟʠʩʪʝʥʪʥʦʰ˂ʫ E. necator ʥʘ DMI ʬʫʥʛʠʮʠʜʝ, ʘ 

ʥʘʨʦʯʠʪʦ ʦʚʘʢʘʚ ʤʝʭʘʥʠʟʘʤ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʜʦʣʘʟʠ ʜʦ ʠʟʨʘʞʘʿʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ Y136F 

ʤʫʪʘʮʠʿʦʤ (Jones et al., 2014; Rallos and Baudoin, 2016).   

3) ʧʦʚʝ˂ʘʥʘ ʘʢʪʠʚʥʩʦʪ ʝʬʣʫʢʩʥʠʭ ʪʨʘʥʩʧʦʨʪʝʨʘ ï ʢʦʜ ʦʚʦʛ ʤʝʭʘʥʠʟʤʘ ʜʦʣʘʟʠ ʜʦ 

ʧʨʝʢʦʤʝʨʥʝ ʝʢʩʧʝʨʩʠʿʝ ʛʝʥʘ ʦʜʛʦʚʦʨʥʠʭ ʟʘ ʘʢʪʠʚʥʦʩʪ ʛʣʘʚʥʠʭ ʝʬʣʫʢʩʥʠʭ ʪʨʘʥʩʧʦʨʪʝʨʘ ʢʦʜ 

ʛˀʠʚʘ ʦʟʥʘʯʝʥʠʭ ʢʘʦ ABC (ʝʥʛ. ATP Binding Cassette) ʠ MFS (ʝʥʛ. Major Facilitator 

Superfamily). ʄʝʹʫʪʠʤ, ʦʚʘʿ ʤʝʭʘʥʠʟʘʤ ʥʠʿʝ ʫ ʘʩʦʮʠʿʘʮʠʿʠ ʩʘ ʨʝʟʠʩʪʝʥʪʥʦʰ˂ʫ ʢʦʜ E. necator, 

ʚʝ˂ ʿʝ ʤʥʦʛʦ ʟʥʘʯʘʿʥʠʿʠ ʢʦʜ ʜʨʫʛʠʭ ʧʘʪʦʛʝʥʘ ʧʦʧʫʪ: F. graminearum, M. fructicola, 

Mycosphaerella graminicola, B. cinerea ʠ ʜʨ. (Rallos, 2012; Frenkel et al., 2015).  

ʈʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ DMI ʬʫʥʛʠʮʠʜʝ ʿʝ ʦʢʘʨʘʢʪʝʨʠʩʘʥʘ ʢʘʦ ʧʦʣʠʛʝʥʩʢʘ, ʘʣʠ ʯʠˁʝʥʠʮʘ ʜʘ 

ʿʝ ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʢʦʜ ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʦʚʫ ʛʨʫʧʫ 

ʬʫʥʛʠʮʠʜʘ ʫʪʚʨʹʝʥʘ ʪʘʯʢʘʩʪʘ ʤʫʪʘʮʠʿʘ Y136F, ʯʠʥʠ ʦʚʫ ʢʦʥʩʪʘʪʠʮʠʿʫ ʧʨʠʣʠʯʥʦ 

ʢʦʥʪʨʦʚʝʨʟʥʦʤ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʦʿʝʜʠʥʠ ʘʫʪʦʨʠ ʦʚʝ ʪʚʨʜˁʝ ʧʦʪʢʨʝʧˀʫʿʫ ʭʠʧʦʪʝʟʦʤ ʜʘ 

ʦʩʠʤ Ămajorñ ʛʝʥʘ ʢʦʿʠ ʫʯʝʩʪʚʫʿʝ ʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʧʦʩʪʦʿʝ ʠ ʜʨʫʛʝ ʛʝʥʝʪʩʢʝ ʩʪʨʫʢʪʫʨʝ ʢʦʿʝ 

ʠʥʪʝʨʬʝʨʠʨʘʿʫ ʠ ʢʦʿʝ ʯʠʥʝ ʪʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʟʥʘʪʥʦ ʩʪʘʙʠʣʥʠʿʦʤ ʠ ʿʘʯʦʤ. ʅʘʠʤʝ, ʫʪʚʨʹʝʥʦ 

ʿʝ ʜʘ ʫʢʦʣʠʢʦ ʤʝʹʫ ʧʦʧʫʣʘʮʠʿʠʦʤ E. necator ʝʛʟʠʩʪʠʨʘʿʫ ʠʩʢˀʫʯʠʚʦ Y136F ʤʫʪʘʮʠʿʝ, ʪʦ ʥʝ 

ʟʥʘʯʠ ʥʫʞʥʦ ʜʘ ˂ʝ ʙʠʪʠ ʨʘʟʚʠʿʝʥʘ ʚʠʩʦʢʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ. ʐʪʘʚʠʰʝ, ʢʦʜ ʧʦʿʝʜʠʥʠʭ 

ʧʦʧʫʣʘʮʠʿʘ ʛʜʝ ʿʝ ʧʦʪʚʨʹʝʥʘ ʚʠʩʦʢʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ, ʥʠʿʝ ʙʠʣʦ ʜʦʤʠʥʘʥʪʥʦ ʧʨʠʩʫʩʪʚʦ Y136F 

ʤʫʪʘʮʠʿʘ, ʧʘ ʩʘʤʘ ʜʝʪʝʢʮʠʿʘ ʦʚʠʭ ʤʫʪʘʮʠʿʘ ʥʠʿʝ ʜʦʚʦˀʘʥ ʧʦʢʘʟʘʪʝˀ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʿʝʜʥʝ 

ʧʦʧʫʣʘʮʠʿʝ. ʊʝʦʨʠʿʘ ʢʦʿʘ ʿʝ ʤʥʦʛʦ ʧʨʠʭʚʘʪˀʠʚʠʿʘ ʿʝ ʜʘ ʿʝ ʨʘʟʚʦʿ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ E. necator 

ʥʘ DMI ʬʫʥʛʠʮʠʜʝ ʢʦʤʧʣʝʢʩʘʥ ʠ ʜʘ ʿʝ ʢʦʥʪʨʦʣʠʩʘʥ ʚʝ˂ʠʤ ʙʨʦʿʝʤ ʤʝʭʘʥʠʟʘʤʘ. ʉʪʦʛʘ ʿʝ ʚʨʣʦ 

ʚʘʞʥʦ ʠʤʘʪʠ ʫʚʠʜ ʫ ʤʝʭʘʥʠʟʤʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʪʿ. ʪʨʝʙʘ ʫʪʚʨʜʠʪʠ ʢʦʿʠ ʤʝʭʘʥʠʟʘʤ 

ʜʦʤʠʥʠʨʘ ʫ ʿʝʜʥʦʿ ʧʦʧʫʣʘʮʠʿʠ, ʠ ʩʧʨʘʤ ʪʦʛʘ ʙʠʨʘʪʠ ʘʜʝʢʚʘʪʥʝ ʬʫʥʛʠʮʠʜʝ ʟʘ ʟʘʰʪʠʪʫ, ʿʝʨ 

ʧʨʝʜʦʤʠʥʘʥʪʥʠ ʤʝʭʘʥʠʟʘʤ ʤʦʞʝ ʠʤʘʪʠ ʫʪʠʮʘʿʘ ʥʘ ʨʘʟʚʦʿ ʫʥʘʢʨʩʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ (Delye et 

al., 1997; Miazzi and Hajjeh, 2011; Frenkel et al., 2015; Kunova et al., 2021). 

ʈʝʟʠʩʪʝʥʪʥʦʩʪ E. necator ʥʘ DMI ʬʫʥʛʠʮʠʜʝ ʤʦʞʝ ʩʝ ʫʪʚʨʜʠʪʠ ʩʧʨʦʚʦʹʝˁʝʤ 

ʙʠʦʪʝʩʪʦʚʘ (ʪʝʩʪ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ) ʠʣʠ ʤʦʣʝʢʫʣʘʨʥʠʭ ʤʝʪʦʜʘ. ʉʫʰʪʠʥʩʢʠ, ʥʘʿʙʦˀʝ ʿʝ 

ʢʦʤʙʠʥʦʚʘʪʠ ʤʝʪʦʜʝ ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʠ ʧʨʝʮʠʟʥʠʿʠ ʨʝʟʫʣʪʘʪʠ, ʿʝʨ ʢʘʦ ʰʪʦ ʿʝ ʩʧʦʤʝʥʫʪʦ, 

ʜʝʪʝʢʮʠʿʘ Y136F ʤʫʪʘʮʠʿʝ ʥʝ ʟʥʘʯʠ ʥʫʞʥʦ ʠ ʚʠʩʦʢʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪ. ɿʘ ʜʝʪʝʢʮʠʿʫ Y136F, 

ʧʨʠʤʝˁʫʿʝ ʩʝ ʥʘʿʯʝʰ˂ʝ real-time PCR (Q-PCR), ʢʦʨʠʰ˂ʝˁʝʤ ʚʠʩʦʢʦ ʩʧʝʮʠʬʠʯʥʠʭ ʧʨʘʿʤʝʨʘ 

ʢʦʿʠ ˂ʝ ʧʦʪʚʨʜʠʪʠ ʜʘ ʣʠ ʿʝ ʧʨʠʩʫʪʥʘ ʠʣʠ ʦʜʩʫʪʥʘ ʤʫʪʘʮʠʿʘ ʫ ʦʚʢʠʨʫ ʧʦʧʫʣʘʮʠʿʝ, ʫʧʦʪʨʝʙʦʤ 

SYBR Green ʪʝʭʥʦʣʦʛʠʿʝ ʠʣʠ TaqMAN ʪʝʭʥʦʣʦʛʠʿʝ (Dufour et al., 2011; Rallos and Baudoin, 

2016; Pintye et al., 2020). ʇʦʨʝʜ  Q-PCR, ʤʦʛʫ˂ʘ ʿʝ ʠ ʧʨʠʤʝʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʛ ʠʣʠ ʪʟʚ. 

Ănestedñ PCR-a (Miazzi and Hajjeh, 2011; Frenkel et al., 2015; Rallos and Baudoin, 2016; 

Ghule et al., 2019). ɿʘ ʜʝʪʝʢʮʠʿʫ ʧʦʚʝ˂ʘʥʝ ʝʢʩʧʨʝʩʠʿʝ cyp51 ʛʝʥʘ ʢʦʿʘ ʿʝ ʫ ʚʝʟʠ ʩʘ ʟʘʤʝʥʦʤ 
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ʥʫʢʣʝʦʪʠʜʘ ɸ1119ʉ, ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ PCR ʫʟ ʢʦʨʠʰ˂ʝˁʝ ʘʜʝʢʚʘʪʥʠʭ 

ʧʨʘʿʤʝʨʘ (Frenkel et al., 2015).  

ɹʠʦʪʝʩʪʦʚʠ ʟʘ ʫʪʚʨʹʠʚʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ DMI ʬʫʥʛʠʮʠʜʝ ʩʫ 

ʩʘʩʪʘʚʥʠ ʜʝʦ ʙʨʦʿʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʣʘʟʥʫ ʦʩʥʦʚʫ ʟʘ ʜʝʪʝʨʤʠʥʠʩʘˁʝ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ Colcol et al. (2012) ʢʦʜ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʝ ʧʦʧʫʣʘʮʠʿʝ, 

ʧʨʦʩʝʯʥʝ EC50 ʚʨʝʜʥʦʩʪʠ ʟʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʠ ʪʝʙʫʢʦʥʘʟʦʣ ʙʠʣʝ ʩʫ 0,025 ʠ 0,089 µg/ml, ʜʦʢ 

ʩʫ ʢʦʜ ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ ʧʨʦʩʝʯʥʝ EC50 ʚʨʝʜʥʦʩʪʠ ʙʠʣʝ 3,58 (ʧʨʦʩʝʯʘʥ RF ʟʘ 

ʤʠʢʣʦʙʫʪʘʥʠʣ 144) ʠ 6,65 µg/ml (ʧʨʦʩʝʯʘʥ RF ʟʘ ʪʝʙʫʢʦʥʘʟʦʣ 75). Frenkel et al. (2015) ʩʫ 

ʠʩʧʠʪʠʚʘʣʠ ʦʩʝʪˀʠʚʦʩʪ ʧʦʧʫʣʘʮʠʿʘ E. necator ʠʟ ʉɸɼ ʠ ʏʠʣʝʘ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʛʜʝ ʩʫ ʩʝ 

EC50 ʚʨʝʜʥʦʩʪʠ ʢʨʝʪʘʣʝ ʫ ʦʩʧʝʛʫ ʦʜ 0,007 ʜʦ 3,54 µg/ml. ɿʘ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʝ ʧʦʧʫʣʘʮʠʿʝ 

ʧʨʦʩʝʯʥʘ EC50 ʙʠʣʘ ʿʝ 0,041 µg/ml, 0,7 µg/ml ʟʘ ʧʦʧʫʣʘʮʠʿʝ ʢʦʜ ʢʦʿʠʭ ʿʝ ʜʝʪʝʢʪʦʚʘʥʘ ʤʫʪʘʮʠʿʘ 

Y136F, ʘ 0,587 µg/ml ʟʘ ʧʦʧʫʣʘʮʠʿʝ ʢʦʜ ʢʦʿʠʭ ʿʝ ʫʪʚʨʹʝʥʦ ʧʨʠʩʫʩʪʚʦ ɸ1119ʉ ʤʫʪʘʮʠʿʝ ʢʦʿʘ 

ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘʥʝ ʝʢʩʧʨʝʩʠʿʝ cyp51 ʛʝʥʘ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ Mi azzi and Hajjeh (2011) ʢʦʜ 

ʧʦʧʫʣʘʮʠʿʘ ʢʦʿʝ ʩʫ ʚʠʩʦʢʦ ʨʝʟʠʩʪʝʥʪʥʝ ʥʘ ʪʨʠʘʜʠʤʝʥʦʣ EC50 ʚʨʝʜʥʦʩʪʠ ʙʠʣʝ ʩʫ >3 mg/l, ʢʦʜ 

ʫʤʝʨʝʥʦ ʨʝʟʠʩʪʝʥʪʥʠʭ 1-3 mg/l, ʢʦʜ ʩʣʘʙʦ ʨʝʟʠʩʪʝʥʪʥʠʭ 0,5-1 mg/l, ʠ ʢʦʜ ʥʦʨʤʘʣʥʦ 

ʦʩʝʝʪˀʠʚʠʭ < 0,5 mg/l. ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ Rallos and Baudoin (2016) ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ 

ʢʦʜ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʠʭ ʧʦʧʫʣʘʮʠʿʘ, ʯʠʿʠ ʩʫ ʬʘʢʪʦʨʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ < 3 ʥʠʿʝ ʜʝʪʝʢʪʦʚʘʥʘ 

ʤʫʪʘʮʠʿʘ Y136F. ʂʦʜ ʚʠʩʦʢʦ ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ, ʢʦʜ ʧʦʿʝʜʠʥʠʭ ʠʟʦʣʘʪʘ ʛʜʝ ʿʝ ʬʘʢʪʦʨ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʟʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʙʠʦ > 100, ʧʨʠʫʩʪʥʠ ʩʫ ʠʩʢˀʫʯʠʚʦ ʘʣʝʣʠ ʟʘ ʤʫʪʘʮʠʿʫ 

(ʯʠʩʪʠ ʤʫʪʘʥʪʠ), ʘ ʢʦʜ ʧʦʿʝʜʠʥʠʭ ʠʩʪʠʤ ʬʘʢʪʦʨʠʤʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʙʠʣʠ ʩʫ ʜʝʪʝʢʪʦʚʘʥʠ ʠ 

ʘʣʝʣʠ ʟʘ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʫ ʠ ʘʣʝʣʠ ʟʘ ʨʝʟʠʩʪʝʥʪʥʫ ʧʦʧʫʣʘʮʠʿʫ (mix Ăwild typeñ/ñmutantñ). 

Beresford et al. (2016) ʩʫ ʫʪʚʨʜʠʣʠ ʧʨʠʩʫʪʚʦ ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ 

ʤʠʢʣʦʙʫʪʘʥʠʣ ʠ ʧʝʥʢʦʥʘʟʦʣ, ʢʦʜ ʢʦʿʠʭ ʩʫ ʧʨʦʩʝʯʥʝ EC50 ʚʨʝʜʥʦʩʪʠ  ʙʠʣʝ 3-5 mg/l (ʟʘ 

ʤʠʢʣʦʙʫʪʘʥʠʣ), ʦʜʥʦʩʥʦ > 1 mg/l (ʟʘ ʧʝʥʢʦʥʘʟʦʣ). ʅʠʿʝ ʫʪʚʨʹʝʥʘ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ 

ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ ʠ ʮʠʧʨʦʢʦʥʘʟʦʣʘ (EC50 < 0,1 mg/l). ʋ ʠʩʪʨʘʞʠʚʘˁʫ Ghule et al. 

(2019) ʫʩʪʘʥʦʚˀʝʥʘ ʿʝ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʤʝʹʫ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ, ʘ 

ʠʟʦʣʘʪʠ ʩʫ ʛʨʫʧʠʩʘʥʠ ʫ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʝ ʫʢʦʣʠʢʦ ʿʝ ʤʠʥʠʤʘʣʥʘ ʠʥʭʙʠʪʦʨʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ < 1 µg/ml, ʫʤʝʨʝʥʦ ʨʝʟʠʩʪʝʥʪʥʝ ʫʢʦʣʠʢʦ ʿʝ ʦʜ 1 ʜʦ 10 µg/ml ʠ ʨʝʟʠʩʪʝʥʪʥʝ > 

10 µg/ml.    

 

2.7.3 ʈʝʟʠʩʪʝʥʪʥʦʩʪ E. necator ʥʘ SDHI ʬʫʥʛʠʮʠʜʝ  

SDHI ʬʫʥʛʠʮʠʜʠ ʜʝʣʫʿʫ ʫ ʨʝʩʧʠʨʘʪʦʨʥʦʤ ʢʦʤʧʣʝʢʩʫ II, ʠʥʭʙʠʨʘʿʫ˂ʠ ʝʥʟʠʤ ʩʫʢʮʠʥʘʪ 

ʜʝʭʠʜʨʦʛʝʥʘʟʫ ʢʦʿʠ ʠʤʘ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʫ ʮʠʢʣʫʩ ʪʨʠ ʢʘʨʙʦʢʩʠʣʥʠʭ ʢʠʩʝʣʠʥʘ ʠ 

ʨʝʩʧʠʨʘʪʦʨʥʦʤ ʣʘʥʮʫ. ʆʚʘʿ ʝʥʟʠʤ ʧʦʚʝʟʫʿʝ ʦʢʩʠʜʘʮʠʿʫ ʩʫʢʮʠʥʘʪʘ ʜʦ ʬʫʤʘʨʘʪʘ (ʫ ʮʠʢʣʫʩʫ 

ʪʨʠ ʢʘʨʙʦʢʩʠʣʥʠʭ ʢʠʩʝʣʠʥʘ) ʠ ʨʝʜʫʢʮʠʿʫ ʫʙʠʢʚʠʥʦʥʘ ʜʦ ʫʙʠʢʚʠʥʦʣʘ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤ ʣʘʥʮʫ 

ʝʣʝʢʪʨʦʥʘ. SDH ʢʦʤʧʣʝʢʩ ʿʝ ʠʟʛʨʘʹʝʥ ʦʜ ʯʝʪʠʨʠ ʧʦʜʿʝʜʠʥʠʮʝ, ʦʜ ʢʦʿʠʭ ʩʫ ʟʘ ʜʝʣʦʚʘˁʝ ʦʚʠʭ 

ʬʫʥʛʠʮʠʜʘ, ʥʘʿʟʥʘʯʘʿʥʠʿʝ SdhB, SdhC ʠ SdhD ʧʦʜʿʝʜʠʥʠʮʝ (Cherrad et al., 2018). ɺʝʣʠʢʠ 

ʙʨʦʿ ʤʫʪʘʮʠʿʘ ʜʝʪʝʢʪʦʚʘʥ ʿʝ ʫ ʦʢʚʠʨʫ ʦʚʠʭ ʧʦʜʿʝʜʠʥʠʮʘ ʢʦʜ ʨʘʟʣʠʯʠʪʠʭ ʧʘʪʦʛʝʥʘ. ʂʦʜ E. 

necator ʜʦ ʩʘʜʘ ʩʫ ʜʝʪʝʢʪʦʚʘʥʝ ʫʢʫʧʥʦ 4 ʤʫʪʘʮʠʿʝ ʫ ʦʢʚʠʨʫ SdhB ʠ SdhC ʧʦʜʿʝʜʠʥʠʮʝ: ɺ-

H242R, B-I244V, ʉ-G169D ʠ ʉ-G169S (Graf, 2017). ʇʨʝʤʘ ʧʦʜʘʮʠʤʘ FRAC-a (2022b), ʧʨʚʠ 

ʥʘʣʘʟ ʩʤʘˁʝʥʝ ʦʩʝʪˀʠʚʦʩʪʠ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ 

ʟʘʙʝʣʝʞʝʥ ʿʝ ʫ ʀʪʘʣʠʿʠ 2014. ʠ ʪʦ ʢʦʜ ʿʝʜʥʦʛ ʠʟʦʣʘʪʘ, ʛʜʝ ʿʝ ʜʝʪʝʢʪʦʚʘʥʘ ʤʫʪʘʮʠʿʘ ʉ-G169D 

(ʛʣʠʮʠʥ ʩʫʧʩʪʠʪʫʠʩʘʥ ʩʘ ʘʩʧʘʨʪʘʪʩʢʦʤ ʢʠʩʝʣʠʥʦʤ ʥʘ ʧʦʟʠʮʠʿʠ 169 ʫ ʦʢʚʠʨʫ SdhC 

ʧʦʜʿʝʜʠʥʠʮʝ). ʄʫʪʘʮʠʿʘ ʉ-G169D ʢʘʩʥʠʿʝ ʿʝ ʦʪʢʨʠʚʝʥʘ ʫ ɻʨʯʢʦʿ, ʄʘʹʘʨʩʢʦʿ ʠ ʊʫʨʩʢʦʿ. ɿʘʪʠʤ 

2016. ʛʦʜʠʥʝ ʜʝʪʝʢʪʦʚʘʥʘ ʿʝ ʠ ɺ-H242R ʤʫʪʘʮʠʿʘ (ʭʠʩʪʠʜʠʥ ʩʫʧʩʪʠʪʫʠʩʘʥ ʩʘ ʘʨʛʠʥʠʥʦʤ ʥʘ 
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ʧʦʟʠʮʠʿʠ 242 ʫ ʦʢʚʠʨʫ SdhB ʧʦʜʿʝʜʠʥʠʮʝ) ʢʦʜ ʠʟʦʣʘʪʘ ʠʟ ʉʣʦʚʘʯʢʝ, ʏʝʰʢʝ, ʄʘʹʘʨʩʢʝ ʠ 

ʌʨʘʥʮʫʩʢʝ.  ʆʚʘ ʤʫʪʘʮʠʿʘ ʩʝ ʪʦʢʦʤ 2017. ʠ 2018. ʛʦʜʠʥʝ ʧʦʿʘʚʠʣʘ ʠ ʢʦʜ ʠʟʦʣʘʪʘ ʠʟ ʀʪʘʣʠʿʝ 

ʠ ɻʨʯʢʝ, ʘ 2019. ʜʝʪʝʢʪʦʚʘʥʘ ʿʝ ʫ ʊʫʨʩʢʦʿ ʠ ʋʢʨʘʿʠʥʠ, ʘ ʚʨʣʦ ʙʨʟʦ ʠ ʫ ʅʝʤʘʯʢʦʿ ʠ ɸʫʩʪʨʠʿʠ. 

ʄʫʪʘʮʠʿʘ ʉ-G169S (ʛʣʠʮʠʥ ʟʘʤʝˁʝʥ ʩʝʨʠʥʦʤ ʥʘ ʧʦʟʠʮʠʿʠ 169 ʫ ʦʢʚʠʨʫ SdhC ʧʦʜʿʝʜʠʥʠʮʝ), 

ʜʦ ʩʘʜʘ ʿʝ ʜʝʪʝʢʪʦʚʘʥʘ ʫ ʅʝʤʘʯʢʦʿ ʫ ʤʘˁʝʤ ʧʨʦʮʝʥʪʫ, ʘ ʤʫʪʘʮʠʿʘ ɺ-I244V (ʠʟʦʣʝʫʮʠʥ 

ʟʘʤʝˁʝʥ ʚʘʣʠʥʦʤ ʥʘ ʧʦʟʠʮʠʿʠ 244 ʫ ʦʢʚʠʨʫ SdhB ʧʦʜʿʝʜʠʥʠʮʝ) ʧʦʪʚʨʹʝʥʘ ʿʝ ʢʦʜ ʿʝʜʥʦʛ 

ʠʟʦʣʘʪʘ ʠʟ ʋʢʨʘʿʠʥʝ ʠ ʫ ʤʘˁʝʤ ʧʨʦʮʝʥʪʫ ʢʦʜ ʠʟʦʣʘʪʘ ʠʟ ʅʝʤʘʯʢʝ. ʄʫʪʘʮʠʿʝ ʫ ʦʢʚʠʨʫ SdhB 

ʧʦʜʿʝʜʠʥʠʮʝ ʧʦʟʥʘʪʝ ʩʫ ʠ ʢʦʜ ʜʨʫʛʠʭ ʧʘʪʦʛʝʥʘ, ʜʦʢ ʩʫ ʿʝʜʠʥʦ ʢʦʜ E. necator ʦʪʢʨʠʚʝʥʝ 

ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʝ ʤʫʪʘʮʠʿʝ ʫ ʦʢʚʠʨʫ SdhC ʧʦʜʿʝʜʠʥʠʮʝ (Graf, 2017; Kunova et al., 2021).  

ɺʝʦʤʘ ʠʥʪʝʨʝʩʘʥʪʥʘ ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʢʦʿʘ ʿʝ ʤʫʪʘʮʠʿʘ ʧʨʠʩʫʪʥʘ ʫ 

ʧʦʧʫʣʘʮʠʿʠ, ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʠ ʨʘʟʚʦʿ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʪʿ. ʜʘ ʣʠ ˂ʝ ʜʦ˂ʠ ʜʦ ʨʘʟʚʦʿʘ 

ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʣʠ ʥʝ˂ʝ. ʋʢʦʣʠʢʦ ʜʦʹʝ ʜʦ ɺ-H242R ʤʫʪʘʮʠʿʝ, ʧʦʧʫʣʘʮʠʿʘ E. 

necator ʧʦʩʪʘʿʝ ʿʘʢʦ ʨʝʟʠʩʪʝʥʪʥʘ ʥʘ ʙʦʩʢʘʣʠʜ (RF > 100) ʠ ʜʦʣʘʟʠ ʜʦ ʫʢʨʰʪʝʥʝ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʩʘ ʠʟʦʧʠʨʘʟʘʤʦʤ, ʘ ʧʦʧʫʣʘʮʠʿʘ ʦʩʪʘʿʝ ʦʩʝʪˀʠʚʘ ʥʘ ʬʣʫʦʧʠʨʘʤ ʠ 

ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ. ʈʘʟʚʦʿ ɺ-I244V ʠ ʉ-G169S ʤʫʪʘʮʠʿʘ ʚʦʜʠ ʢʘ ʫʢʨʰʪʝʥʦʿ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʠʟʤʝʹʫ ʬʣʫʦʧʠʨʘʤʘ ʠ ʙʦʩʢʘʣʠʜʘ, ʘʣʠ ʥʠʿʝ ʥʘʨʫʰʝʥʘ ʝʬʠʢʘʩʥʦʩʪ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʘ. 

ʄʝʹʫʪʠʤ, ʫʢʦʣʠʢʦ ʜʦʹʝ ʜʦ ʠʥʜʫʢʦʚʘˁʘ ʉ-G169D ʤʫʪʘʮʠʿʝ ʫ ʧʦʧʫʣʘʮʠʿʠ, ʩʪʚʘʨʘ ʩʝ ʫʢʨʰʪʝʥʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʤʝʹʫ ʩʚʠʭ SDHI ʬʫʥʛʠʮʠʜʘ (ʙʦʩʢʘʣʠʜ, ʬʣʫʦʧʠʨʘʤ, ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ, 

ʠʟʦʧʠʨʘʟʘʤ, ʧʝʥʪʠʦʧʠʨʘʜ ʠ ʙʝʥʟʦʚʠʥʜʠʬʣʫʧʠʨ) (Graf, 2017; Cherrad et al., 2018; Kunova 

et al., 2021). 

ɿʘ ʫʪʚʨʹʠʚʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ ʠ ʧʨʘ˂ʝˁʝ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator  

ʥʘ SDHI ʬʫʥʛʠʮʠʜʝ ʫʣʛʘʚʥʦʤ ʩʝ ʢʦʨʠʩʪʝ ʙʠʦʪʝʩʪʦʚʠ (ʪʝʩʪ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ), ʘʣʠ  

ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʫʣʦʞʝʥʠ ʩʫ ʜʦʜʘʪʥʠ ʥʘʧʦʨʠ ʥʘ ʫʥʘʧʨʝʹʝˁʫ ʤʦʣʝʢʫʣʘʨʥʠʭ ʤʝʪʦʜʘ, ʢʦʿʝ 

ʩʫ ʟʥʘʪʥʦ ʙʨʞʝ ʠ ʝʬʠʢʘʩʥʠʿʝ. PCR ʪʝʭʥʠʢʘ ʿʝ ʧʨʠʤʝˁʠʚʘ ʢʦʜ ʜʝʪʝʢʮʠʿʝ ʤʫʪʘʮʠʿʘ ʫ ʦʢʚʠʨʫ 

SdhB ʧʦʜʿʝʜʠʥʠʮʝ (ɺ-H242R ʠ ɺ-I244V) ʢʦʨʠʰ˂ʝˁʝʤ ʩʧʝʮʠʬʠʯʥʠʭ ʧʨʘʿʤʝʨʘ ʫʟ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʦ ʩʝʢʚʝʥʮʠʦʥʠʨʘˁʝ (Cherrad et al., 2018). ʄʦʣʝʢʫʣʘʨʥʘ ʜʝʪʝʢʮʠʿʘ ʠ 

ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʉ-G169S ʠ ʉ-G169D ʤʫʪʘʮʠʿʝ ʤʦʛʫ˂ʘ ʿʝ ʧʨʠʤʝʥʦʤ ʩʘʚʨʝʤʝʥʝ ʪʟʚ. 

Pyrosʝquencing ʪʝʭʥʠʢʝ, ʫʧʦʪʨʝʙʦʤ ʚʨʣʦ ʩʧʝʮʠʬʠʯʥʠʭ ʧʨʘʿʤʝʨʘ (Graf, 2017). ɼʚʘ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʘ ʠʩʪʨʞʠʚʘˁʘ ʩʧʨʦʚʝʜʝʥʘ ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʧʨʫʞʘʿʫ ʫʚʠʜ ʫ ʦʩʝʪˀʠʚʦʩʪ 

ʨʘʟʣʠʯʠʪʠʭ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ SDHI ʬʫʥʛʠʮʠʜʝ. Cherrad et al. (2018) ʩʫ ʫʪʚʨʜʠʣʠ 

ʧʨʠʩʫʩʪʚʦ ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ E. necator, ʧʨʠʢʫʧˀʝʥʠʭ ʪʦʢʦʤ 2014. ʠ 2015. ʛʦʜʠʥʝ, ʥʘ 

ʙʦʩʢʘʣʠʜ. ʋ ʪʝʩʪʫ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ, ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʪʨʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʙʦʩʢʘʣʠʜʘ: 15, 30 

ʠ 100 mg/l, ʠ ʢʦʜ ʫʢʫʧʥʦ 9 ʠʟʦʣʘʪʘ ʫʪʚʨʹʝʥʝ ʩʫ EC50 ʚʨʝʜʥʦʩʪʠ > 100 mg/l, ʜʦʢ ʩʫ ʢʦʜ 

ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʠʭ ʠʟʦʣʘʪʘ EC50 ʚʨʝʜʥʦʩʪʠ ʙʠʣʝ < 0,4 mg/l. ʋʪʚʨʹʝʥʦ ʿʝ ʠ ʧʨʠʩʫʪʚʦ ɺ-

H242R ʤʫʪʘʮʠʿʝ, ʘʣʠ ʠ ʦʜʩʫʩʪʚʦ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʩʘ ʬʣʫʦʧʠʨʘʤʦʤ ʠ 

ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʦʤ. ʋ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ Graf (2017) ʜʝʪʝʢʪʦʚʘʥʝ ʩʫ ʩʚʝ 4 ʤʫʪʘʮʠʿʝ 

ʚʝʟʘʥʝ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ E. necator ʥʘ SDHI ʬʫʥʛʠʮʠʜʝ ʢʦʜ ʠʟʦʣʘʪʘ ʠʟ ʄʘʹʘʨʩʢʝ (H242R), 

ʅʝʤʘʯʢʝ (I244V), ɻʨʯʢʝ (G169D), ʉʣʦʚʝʥʠʿʝ (G169D) ʠ ʉʣʦʚʘʯʢʝ (G169S). ʋ ʪʝʩʪʫ 

ʢʣʠʿʘʚʦʩʪʠ ʩʧʦʨʘ, ʢʦʜ ʠʟʦʣʘʪʘ ʩʘ H242R ʤʫʪʘʮʠʿʦʤ, ʙʦʩʢʘʣʠʜ ʛʦʪʦʚʦ ʜʘ ʥʠʿʝ ʠʩʧʦˀʠʦ 

ʥʠʢʘʢʘʚ ʝʬʝʢʘʪ, ʜʦʢ ʩʫ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ ʠ ʬʣʫʦʧʠʨʘʤ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʥʭʠʙʠʨʘʣʠ ʢʣʠʿʘˁʝ 

ʩʧʦʨʘ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 30 mg/l. ʋ ʪʝʩʪʫ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ ʫʦʯʝʥʝ ʩʫ ʩʣʠʯʥʝ ʧʨʘʚʠʣʥʦʩʪʠ. 

ʂʦʜ ʠʟʦʣʘʪʘ ʩʘ I244V ʤʫʪʘʮʠʿʦʤ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʝʰʪʦ ʤʘˁʘ ʦʩʝʪˀʠʚʦʩʪ ʧʨʝʤʘ ʙʦʩʢʘʣʠʜʫ ʠ 

ʬʣʫʦʧʠʨʘʤʫ ʫ ʪʝʩʪʫ ʢʣʠʿʘʚʦʩʪʠ ʩʧʦʨʘ, ʜʦʢ ʿʝ ʫ ʪʝʩʪʫ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ ʫʩʪʘʥʦʚˀʝʥʘ 

ʚʠʩʦʢʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʧʨʝʤʘ ʬʣʫʦʧʠʨʘʤʫ (EC50 > 30 mg/l) ʠ ʫʤʝʨʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʧʨʝʤʘ 

ʙʦʩʢʘʣʠʜʫ (EC50 4,29 mg/l), ʜʦʢ ʿʝ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ ʠʩʧʦˀʠʦ ʟʥʘʪʥʦ ʙʦˀʝ ʜʝʣʦʚʘˁʝ. ʀʟʦʣʘʪʠ 

ʩʘ G169D ʤʫʪʘʮʠʿʦʤ ʙʠʣʠ ʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʙʦʩʢʘʣʠʜ, ʘ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ ʠ 
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ʬʣʫʦʧʠʨʘʤ ʩʫ ʿʝʜʚʘ ʫʪʠʮʘʣʠ ʥʘ 50% ʠʥʭʠʙʠʮʠʿʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 30 mg/l ʫ ʪʝʩʪʫ 

ʢʣʠʿʘʚʦʩʪʠ ʩʧʦʨʘ, ʘ ʩʣʠʯʘʥ ʪʨʝʥʜ ʿʝ ʟʘʙʝʣʝʞʝʥ ʠ ʫ ʪʝʩʪʫ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ. ʀʟʦʣʘʪʠ ʩʘ 

G169S ʤʫʪʘʮʠʿʦʤ ʧʦʪʧʫʥʦ ʩʫ ʠʥʭʙʠʨʘʥʠ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʦʤ (1 mg/l), ʜʦʢ ʩʫ ʙʦʩʢʘʣʠʜ ʠ 

ʬʣʫʦʧʠʨʘʤ ʠʩʧʦˀʠʣʠ ʧʦʪʧʫʥʦ ʠʥʭʠʙʠʮʠʿʫ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 10 mg/l ʫ ʪʝʩʪʫ ʢʣʠʿʘʚʦʩʪʠ 

ʩʧʦʨʘ. ʋ ʪʝʩʪʫ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ EC50 ʚʨʝʜʥʦʩʪʠ ʟʘ ʙʦʩʢʘʣʠʜ ʠ ʬʣʫʦʧʠʨʘʤ ʙʠʣʝ ʩʫ > 30 

mg/l.  ʂʦʜ ʦʩʝʪˀʠʚʠʭ ʧʦʧʫʣʘʮʠʿʘ E. necator ʫ ʪʝʩʪʫ ʢʣʠʿʘʚʦʩʪʠ ʩʧʦʨʘ ʧʨʦʩʝʯʥʝ EC50 

ʚʨʝʜʥʦʩʪʠ ʟʘ ʙʦʩʢʘʣʠʜ, ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ ʠ ʬʣʫʦʧʠʨʘʤ ʙʠʣʝ ʩʫ 0,53, 0,33 ʠ 0,82 mg/l. ʋ ʪʝʩʪʫ 

ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ EC50 ʚʨʝʜʥʦʩʪʠ ʢʨʝʪʘʣʝ ʩʫ ʩʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 0,3 ʜʦ 0,81 mg/l ʟʘ 

ʙʦʩʢʘʣʠʜ, < 0,3 mg/l ʟʘ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ ʠ 0,3 ʜʦ 1,6 mg/l ʟʘ ʬʣʫʦʧʠʨʘʤ.  

 

2.7.4 ʈʝʟʠʩʪʝʥʪʥʦʩʪ E. necator ʥʘ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʝ 

ɸʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʠ ʧʨʠʧʘʜʘʿʫ ʥʦʚʦʿ ʛʝʥʝʨʘʮʠʿʠ ʬʫʥʛʠʮʠʜʘ ʠ ʠʩʢˀʫʯʠʚʦ ʩʝ ʢʦʨʠʩʪʝ ʟʘ 

ʩʫʟʙʠʿʘˁʝ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʘ. ʋ ʦʢʚʠʨʫ ʦʚʝ ʛʨʫʧʝ ʜʘʥʘʩ ʩʝ ʢʦʨʠʩʪʝ ʜʚʘ ʬʫʥʛʠʮʠʜʘ ï 

ʤʝʪʨʘʬʝʥʦʥ (ʜʦʟʚʦˀʝʥ ʟʘ ʫʧʦʪʨʝʙʫ ʫ ɽʚʨʦʧʩʢʦʿ ʋʥʠʿʠ ʦʜ 2007. ʛʦʜʠʥʝ) ʠ ʧʠʨʠʦʬʝʥʦʥ 

(ʟʚʘʥʠʯʥʦ ʫ ʫʧʦʪʨʝʙʠ ʦʜ 2014. ʫ ɽʋ). ɼʦ ʩʘʜʘ, ˁʠʭʦʚ ʤʝʭʘʥʠʟʘʤ ʥʠʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ 

ʨʘʟʿʘʰˁʝʥ, ʘʣʠ ʩʝ ʟʥʘ ʜʘ ʜʝʣʫʿʫ ʫ ʧʨʦʮʝʩʫ ʜʝʦʙʝ ˂ʝʣʠʿʘ, ʦʜʥʦʩʥʦ ʦʤʝʪʘʿʫ ʬʫʥʢʮʠʿʫ ʘʢʪʠʥʘ, 

ʫʩʣʝʜ ʯʝʛʘ ʜʦʣʘʟʠ ʜʦ ʧʦʨʝʤʝ˂ʘʿʘ ʫ ʛʨʘʹʠ ʮʠʪʦʩʢʝʣʝʪʘ (Kunova et al., 2021). ʅʝʢʦʣʠʢʦ ʛʦʜʠʥʘ 

ʦʜ ʫʚʦʹʝˁʘ ʫ ʧʨʠʤʝʥʫ, ʜʝʪʝʢʪʦʚʘʥʘ ʿʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʢʦʜ ʧʦʧʫʧʣʘʮʠʿʘ B. graminis f. sp. tritici  

(Felsenstein et al., 2010), ʘ ʟʘʪʠʤ ʿʝ ʧʦʪʚʨʹʝʥʘ ʠ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ P. xanthii (Miyamoto et al., 

2020) ʠ E. necator (Kunova et al., 2016). ʈʝʟʠʩʪʝʥʪʥʠ ʠʟʦʣʘʪʠ E. necator ʧʨʠʩʫʪʥʠ ʩʫ ʫ 

ʥʝʢʦʣʠʢʦ ʜʨʞʘʚʘ ɽʚʨʦʧʝ, ʩʘ ʧʨʠʣʠʯʥʦ ʥʝʭʦʤʦʛʝʥʦʤ ʜʠʩʪʨʠʙʫʮʠʿʦʤ. ʅʘʿʚʝ˂ʘ ʬʨʝʢʚʝʥʮʠʿʘ 

ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ ʦʜ 2014. ʜʦ 2016. ʛʦʜʠʥʝ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʫ ʉʣʦʚʘʯʢʦʿ (52-64%), ʏʝʰʢʦʿ 

(38%), ʄʘʹʘʨʩʢʦʿ (15-88%), ʀʪʘʣʠʿʠ (15-24%) ʠ ɸʫʩʪʨʠʿʠ (10-37%). ʂʦʜ ʫʟʦʨʘʢʘ ʠʟ 

ʌʨʘʥʮʫʩʢʝ, ɻʨʯʢʝ, ʐʧʘʥʠʿʝ, ʇʦʨʪʫʛʘʣʘ ʠ ʉʣʦʚʝʥʠʿʝ ʥʠʿʝ ʫʪʚʨʹʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ (Graf, 

2017).  

ɿʘ ʩʘʜʘ, ʥʠʿʝ ʧʨʦʥʘʹʝʥ ʧʦʪʝʥʮʠʿʘʣʥʠ ʤʝʭʘʥʠʟʘʤ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ E. necator ʥʘ ʘʨʠʣ-

ʬʝʥʠʣ ʢʝʪʦʥʝ. ɹʠʣʦ ʿʝ ʧʦʢʫʰʘʿʘ ʜʘ ʩʝ ʫʪʚʨʜʠ ʜʘ ʣʠ ʧʦʩʪʦʿʠ ʧʦʪʝʥʮʠʿʘʣʥʘ ʤʫʪʘʮʠʿʘ ʫ ʛʝʥʦʤʫ 

ʢʦʿʘ ʙʠ ʙʠʣʘ ʦʜʛʦʚʦʨʥʘ ʟʘ ʥʘʩʪʘʥʘʢ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʠ ʪʦ ʩʝʢʚʝʥʮʠʦʥʠʨʘˁʝʤ ʢʦʤʧʣʝʪʥʦʛ 

ʛʝʥʦʤʘ. ʂʦʤʧʣʝʪʥʠʤ ʩʝʢʚʝʥʮʠʦʥʠʨʘˁʝʤ ʛʝʥʦʤʘ, ʢʘʦ ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʝʩʪʦ ʤʫʪʘʮʠʿʘ ʦʟʥʘʯʝʥ 

ʿʝ ʛʝʥ ʢʦʿʠ ʢʦʜʠʨʘ ʦ-ʘʮʠʣʪʨʘʥʩʬʝʨʘʟʫ. ʄʝʹʫʪʠʤ ʧʦʨʝʹʝˁʝʤ ʦʩʝʪˀʠʚʠʭ ʠ ʨʝʟʠʩʪʝʥʪʥʠʭ 

ʠʟʦʣʘʪʘ ʥʠʩʫ ʫʪʚʨʹʝʥʝ ʨʘʟʣʠʢʝ ʠ ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʤʫʪʘʮʠʿʝ ʥʘ ʦʚʦʤ ʛʝʥʫ ʠʧʘʢ ʥʠʩʫ ʦʜʛʦʚʦʨʥʝ 

ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʥʘ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʝ (Graf, 2017). 

ʆʙʟʠʨʦʤ ʜʘ ʥʠʿʝ ʜʝʪʝʢʪʦʚʘʥʘ ʤʫʪʘʮʠʿʘ ʢʦʿʘ ʙʠ ʧʦʪʚʨʜʠʣʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ E. necator ʥʘ ʘʨʠʣ-

ʬʝʥʠʣ ʢʝʪʦʥʝ, ʟʘ ʩʘʜʘ ʿʝ ʩʧʨʦʚʦʹʝˁʝ ʙʠʦʪʝʩʪʘ (ʪʝʩʪ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ) ʿʝʜʠʥʘ ʧʦʫʟʜʘʥʘ 

ʣʘʙʦʨʘʪʦʨʠʿʩʢʘ ʤʝʪʦʜʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ ʥʘ ʦʚʝ ʬʫʥʛʠʮʜʝ. ʋ 

ʠʩʪʨʘʞʠʚʘˁʫ Kunova et al. (2016) ʫʩʪʘʥʦʚˀʝʥʘ ʿʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʦʣʘʪʘ E. necator 

ʧʦʨʝʢʣʦʤ ʠʟ ʩʝʚʝʨʥʝ ʀʪʘʣʠʿʝ ʥʘ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʝ. ʆʜ 13 ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ, ʜʚʘ ʩʫ ʙʠʣʘ 

ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʘ, ʜʦʢ ʩʫ ʦʩʪʘʣʠ ʠʩʧʦˀʠʣʠ ʫʤʝʨʝʥʫ ʜʦ ʚʠʩʦʢʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪ. ʋ 

ʠʩʪʨʘʞʠʚʘˁʫ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʧʨʝʧʦʨʫʯʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʤʝʪʨʘʬʝʥʦʥʘ ʠ ʧʠʨʠʦʬʝʥʦʥʘ ʫ 

ʧʦˀʫ (125 ʠ 90 mg/l) ʠ 10 ʧʫʪʘ ʚʝ˂ʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʤʝʪʨʘʬʝʥʦʥʘ (1250 mg/l). ʂʦʜ ʚʝ˂ʠʥʝ 

ʠʟʦʣʘʪʘ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ, ʦʩʠʤ ʰʪʦ ʩʫ ʥʦʨʤʘʣʥʦ ʨʘʩʣʠ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

ʤʝʪʨʘʬʝʥʦʥʘ, ʯʘʢ ʠ ʧʨʠ 10 ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʥʠʿʝ ʙʠʣʦ ʨʘʟʣʠʢʝ ʫ ʧʦʨʘʩʪʫ ʠʟʤʝʹʫ 

ʢʦʥʪʨʦʣʥʠʭ ʜʠʩʢʦʚʘ ʠ ʜʠʩʢʦʚʘ ʪʨʝʪʠʨʘʥʠʭ ʤʝʪʨʘʬʝʥʦʥʦʤ. ʊʘʢʦʹʝ, ʫʪʚʨʹʝʥʘ ʿʝ ʠ ʫʢʨʰʪʝʥʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʤʝʹʫ ʤʝʪʨʘʬʝʥʦʥʘ ʠ ʧʠʨʠʦʬʝʥʦʥʘ. ʋ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ (Graf, 2017) 

ʧʨʦʩʝʯʥʝ EC50 ʚʨʝʜʥʦʩʪʠ ʫ ʪʝʩʪʫ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ ʟʘ ʦʩʝʪˀʠʚʝ ʧʦʧʫʣʘʮʠʿʝ ʥʘ 
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ʤʝʪʨʘʬʝʥʦʥ ʙʠʣʝ ʩʫ < 1,9 mg/l, ʜʦʢ ʩʫ ʢʦʜ ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ ʙʠʣʝ > 30 mg/l. ʆʩʠʤ 

ʪʦʛʘ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʤʝʪʨʘʬʝʥʦʥ ʥʝ ʠʥʭʙʠʨʘ ʢʣʠʿʘˁʝ ʩʧʦʨʘ (ʠ ʢʦʜ ʦʩʝʪˀʠʚʠʭ ʠ ʢʦʜ 

ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ) ʧʘ ʩʝ ʦʚʘ ʤʝʪʦʜʘ ʥʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʫʪʚʨʹʠʚʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ 

ʠʟʦʣʘʪʘ E. necator  ʧʨʝʤʘ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʠʤʘ.  

 

2.7.5 ʈʝʟʠʩʪʝʥʪʥʦʩʪ E. necator ʥʘ ʘʟʘʥʘʬʪʘʣʝʥʝ 

ʂʘʦ ʠ ʧʨʝʪʭʦʜʥʘ ʛʨʫʧʘ ʬʫʥʛʠʮʠʜʘ ʠ ʘʟʘʥʘʬʪʘʣʝʥʠ ʫ ʩʚʦʤ ʩʧʝʢʪʨʫ ʜʝʣʦʚʘˁʘ ʦʙʫʭʚʘʪʘʿʫ 

ʠʩʢˀʫʯʠʚʦ ʛˀʠʚʝ ʠʟ ʬʘʤʠʣʠʿʝ Erysiphaceae. ʆʚʦʿ ʛʨʫʧʠ ʧʨʠʧʘʜʘʿʫ ʜʚʘ ʿʝʜʠˁʝˁʘ -  

ʢʚʠʥʦʢʩʠʬʝʥ ʠ ʧʨʦʢʚʠʥʘʟʠʜ. ɼʘʥʘʩ ʿʝ ʫ ʫʧʦʪʨʝʙʠ ʠʩʢˀʫʯʠʚʦ ʧʨʦʢʚʠʥʘʟʠʜ (ʦʜʦʙʨʝʥ ʥʘ 

ʥʠʚʦʫ ɽʋ 2010. ʛʦʜʠʥʝ), ʜʦʢ ʿʝ ʢʚʠʥʦʢʩʠʬʝʥ ʧʦʚʫʯʝʥ ʠʟ ʫʧʦʪʨʝʙʝ ʫ ʤʘʨʪʫ 2020. ʛʦʜʠʥʝ ʫʩʣʝʜ 

ʧʨʦʙʣʝʤʘ ʩʘ ʚʠʩʦʢʦʤ ʙʠʦʘʢʫʤʫʣʘʮʠʿʦʤ ʠ ʧʨʦʜʫʞʝʥʦʤ ʧʝʨʟʠʩʪʝʥʪʥʦʰ˂ʫ (Kunova et al., 

2021). ɼʦ ʩʘʜʘ ʥʠʿʝ ʫʪʚʨʹʝʥ ʝʛʟʘʢʪʘʥ ʤʝʭʘʥʠʟʘʤ ʜʝʣʦʚʘˁʘ ʘʟʘʥʘʬʪʘʣʝʥʘ, ʘʣʠ ʦʥʦ ʰʪʦ ʿʝ ʜʦ 

ʩʘʜʘ ʧʦʟʥʘʪʦ ʿʝʩʪʝ ʜʘ ʦʥʠ ʦʤʝʪʘʿʫ ʪʨʘʥʩʜʫʢʮʠʿʫ ʩʠʛʥʘʣʘ (ʩʤʝʪˁʝ ʫ ʧʨʝʥʦʩʫ ʩʠʛʥʘʣʘ) ʠ 

ʠʥʪʝʨʬʝʨʠʨʘʿʫ ʫ ʨʘʟʚʦʿʫ ʘʧʨʝʩʦʨʠʿʘ ʠ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʠ ʩʧʦʨʘ (Lee et al., 2008).  

ʊʘʯʘʥ ʤʝʭʘʥʠʟʘʤ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢʦʜ ʛˀʠʚʘ ʧʨʝʤʘ ʘʟʘʥʘʬʪʘʣʝʥʠʤʘ ʥʠʿʝ ʦʢʪʨʠʚʝʥ, ʘ 

ʨʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʜʦʩʪʫʧʥʦʿ ʣʠʪʝʨʘʪʫʨʠ ʩʫ ʧʨʠʣʠʯʥʦ ʭʝʪʝʨʦʛʝʥʠ. ɿʘ ʜʝʪʝʢʮʠʿʫ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ E. necator ʥʘ ʘʟʘʥʘʬʪʘʣʝʥʝ, ʜʘʥʘʩ ʩʝ ʢʦʨʠʩʪʝ ʠʩʢˀʫʯʠʚʦ in vivo ʤʝʪʦʜʝ (ʪʝʩʪ 

ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ ʠ ʪʝʩʪ ʩʘ ʮʝʣʠʤ ʙʠˀʢʘʤʘ) (Green and Gustafson, 2006; Genet and 

Jaworska , 2009). ʇʨʚʠ ʧʦʜʘʮʠ ʦ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʧʘʪʦʛʝʥʘ ʥʘ ʘʟʘʥʘʬʪʘʣʝʥʝ ʜʘʪʠʨʘʿʫ ʿʦʰ ʩ 

ʢʨʘʿʘ 20. ʚʝʢʘ, ʢʘʜʘ ʩʫ ʜʝʪʝʢʪʦʚʘʥʠ ʤʘˁʝ ʦʩʝʪˀʠʚʠ ʠʟʦʣʘʪʠ B. graminis (Hollomon et al., 

1997; Wheeler et al., 2003). Green and Duriatti (2005) ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʥʦʨʤʘʣʥʫ ʦʩʝʪˀʠʚʦʩʪ 

ʠʟʦʣʘʪʘ E. necator ʥʘ ʢʚʠʥʦʢʩʠʬʝʥ, ʢʦʿʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 0,008 ʜʦ 2,6 mg/l. ʈʝʟʠʩʪʝʥʪʥʦʩʪ E. 

necator ʥʘ ʢʚʠʥʦʢʩʠʬʝʥ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʫ ʠʩʪʨʘʞʠʚʘˁʫ Green and Gustafson (2006), ʛʜʝ ʩʫ 

ʧʦʿʝʜʠʥʠ ʠʟʦʣʘʪʠ ʨʘʩʣʠ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʚʝ˂ʠʤ ʦʜ 30 mg/l. ɿʘʪʠʤ ʩʫ Genet and Jaworska 

(2009) ʫʪʚʨʜʠʣʠ ʧʦʩʪʦʿʘˁʝ ʿʘʢʦ ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ ʥʘ ʢʚʠʥʦʢʩʠʬʝʥ (EC50 > 100 mg/l) ʘ ʫ 

ʠʩʪʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʜʝʪʝʨʤʠʥʠʩʘʥʝ ʩʫ ʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʝ ʧʦʧʫʣʘʮʠʿʝ ʥʘ 

ʧʨʦʢʚʠʥʘʟʠʜ ʛʜʝ ʩʝ EC50 ʢʨʝʪʘʣʘ ʦʜ 0,0009 ʜʦ 0,25 mg/l, ʘ ʢʦʜ ʥʘʿʚʝ˂ʝʛ ʙʨʦʿʘ ʠʟʦʣʘʪʘ (> 85%)  

EC50 ʚʨʝʜʥʦʩʪʠ ʙʠʣʝ ʩʫ < 0,03 mg/l. ʀʟʦʣʘʪʠ ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʢʚʠʥʦʢʩʠʬʝʥ ʪʝʩʪʠʨʘʥʠ ʩʫ ʠ ʥʘ 

ʧʨʦʢʚʠʥʘʟʠʜ ʠ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʧʦʩʪʦʿʠ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ. 

ʋ ʠʩʪʨʘʞʠʚʘˁʫ Colcol and Baudoin (2016) ʜʝʪʝʢʪʦʚʘʥʘ ʿʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʢʦʜ ʠʟʦʣʘʪʘ E. 

necator ʧʦʨʝʢʣʦʤ ʠʟ ʚʠʥʦʛʨʘʜʘ ʫ ʢʦʿʠʤʘ ʿʝ ʛʣʘʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʨʝʜʦʚʥʝ ʟʘʰʪʠʪʝ ʙʠʦ 

ʢʚʠʥʦʢʩʠʬʝʥ. ʈʘʩʪ ʧʘʪʦʛʝʥʘ ʠ ʢʣʠʿʘˁʝ ʩʧʦʨʘ ʿʝ ʟʘʙʝʣʝʞʝʥʦ ʠ ʥʘ ʚʠʩʦʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 

ʢʚʠʥʦʢʩʠʬʝʥʘ (> 100 Õg/ml). ʋ ɽʚʨʦʧʠ ʿʝ ʫ ʧʝʨʠʦʜʫ ʦʜ 2013. ʜʦ 2017. ʟʘʙʝʣʝʞʝʥʦ ʧʨʠʩʫʩʪʚʦ 

Ăʚʠʩʦʢʦ ʘʜʘʧʪʠʨʘʥʠʭñ ʠʟʦʣʘʪʘ ʥʘ ʢʚʠʥʦʢʩʠʬʝʥ ʠ ʧʨʦʢʚʠʥʘʟʠʜ ʫ ʀʪʘʣʠʿʠ, ʌʨʘʥʮʫʩʢʦʿ, 

ʅʝʤʘʯʢʦʿ ʐʧʘʥʠʿʠ, ɸʫʩʪʨʠʿʠ, ʄʘʹʘʨʩʢʦʿ ʠ ʇʦʨʪʫʛʘʣʫ (FRAC, 2018). ʇʨʝ 2013. ʛʦʜʠʥʝ ʠ 

ʢʚʠʥʦʢʩʠʬʝʥ ʠ ʧʨʦʢʚʠʥʘʟʠʜ ʩʫ ʠʩʧʦˀʘʚʘʣʠ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ 

ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʧʨʝʧʦʨʫʯʝʥʠʤ ʢʦʣʠʯʠʥʘʤʘ ʧʨʠʤʝʥʝ ʫ ɽʚʨʦʧʠ. Feng et al. (2018) ʩʫ 

ʠʩʪʨʘʞʠʚʘʣʠ ʨʘʟʚʦʿ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ E. necator ʥʘ ʢʚʠʥʦʢʩʠʬʝʥ ʫ ɺʠʨ˅ʠʥʠʿʠ (ʉɸɼ). ʋ 

ʧʦˀʩʢʠʤ ʦʛʣʝʜʠʤʘ ʧʨʠʤʝ˂ʝʥʘ ʿʝ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʢʚʠʥʦʢʩʠʬʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʠ ʥʠʞʘ, 

ʘʣʠ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ. ʄʝʹʫʪʠʤ, ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʪʝʩʪʦʚʠʤʘ ʩʘ 

ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ, ʛʜʝ ʿʝ ʠʩʧʠʪʠʚʘʥʘ ʦʩʝʪˀʠʚʦʩʪ ʧʦʧʫʣʘʮʠʿʝ, ʢʦʥʩʪʘʪʦʚʘʥʦ ʿʝ ʧʨʠʩʫʩʪʚʦ 

ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ (EC50 > 30 mg/l). ʊʦʢʦʤ 2014. ʛʦʜʠʥʝ ʫʪʚʨʹʝʥʦ ʿʝ ʫʢʫʧʥʦ 65% 

ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ ʥʘ ʠʩʧʠʪʠʚʘʥʦʤ ʣʦʢʘʣʠʪʝʪʫ, ʘ 2016. ʛʦʜʠʥʝ ʟʘʙʝʣʝʞʝʥ ʿʝ ʧʘʜ ʫ 

ʧʨʦʮʝʥʪʫ ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ (ʩʘ 65 ʥʘ 46%) ʠ ʪʦ ʫ ʚʠʥʦʛʨʘʜʫ ʛʜʝ ʜʚʝ ʛʦʜʠʥʝ ʫʟʘʩʪʦʧʥʦ 

ʥʠʿʝ ʧʨʠʤʝˁʝʥ ʢʚʠʥʦʢʩʠʬʝʥ. ɸʫʪʦʨʠ ʥʘʚʦʜʝ ʜʘ ʿʝ ʧʦʪʧʫʥʦ ʥʝʿʘʩʥʦ ʢʘʢʦ ʢʚʠʥʦʢʩʠʬʝʥ 

ʦʙʝʟʙʝʹʫʿʝ ʜʦʙʨʫ ʟʘʰʪʠʪʫ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʧʦˀʫ, ʘ ʜʘ ʿʝ ʠʩʪʦʚʨʝʤʝʥʦ ʥʘ ʪʠʤ ʠʩʪʠʤ 
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ʣʦʢʘʣʠʪʝʪʠʤʘ ʛʜʝ ʩʫ ʩʧʨʦʚʝʜʝʥʠ ʦʛʣʝʜʠ ʧʦʪʚʨʹʝʥʦ ʧʨʠʩʫʩʪʚʦ ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ ʧʫʪʝʤ 

ʙʠʦʪʝʩʪʦʚʘ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ.  
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ʊʘʙʝʣʘ 2. ʇʨʝʛʣʝʜ ʥʘʿʚʘʞʥʠʿʠʭ ʬʫʥʛʠʮʠʜʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʩʫʟʙʠʿʘˁʫ ɽ. necator ʠ ʧʦʜʘʮʠ ʦ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʅʘʟʠʚ ʛʨʫʧʝ 

(FRAC ʢʦʜ) 
ɱʝʜʠˁʝˁʝ 

ʄʝʭʘʥʠʟʘʤ 

ʜʝʣʦʚʘˁʘ 

ʄʝʭʘʥʠʟʘʤ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʄʝʪʦʜʝ ʟʘ 

ʜʝʪʝʢʮʠʿʫ 
ʈʝʬʝʨʝʥʮʘ 

QoI ʬʫʥʛʠʮʠʜʠ (11) 

ʂʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ 
ʀʥʭʙʠʮʠʿʘ 

ʫʙʠʢʚʠʥʦʣ-ʦʢʩʠʜʘʟʝ ʫ 

ʢʦʤʧʣʝʢʩʫ III ʜʠʩʘˁʘ 

G143A ʤʫʪʘʮʠʿʘ ʫ 

ʦʢʚʠʨʫ ʮʠʪʦʭʨʦʤ b ʛʝʥʘ 

1) q-PCR (ARMS 

ʠ TaqMAN); 2) 

ʪʝʩʪ ʩʘ ʣʠʩʥʠʤ 

ʜʠʩʢʦʚʠʤʘ 

Baudoin et al. (2008); 

Dufour et al. (2011); Miles 

et al. (2012); Colcol and 

Baudoin (2016) 

ʇʠʨʘʢʣʦʩʪʨʦʙʠʥ 

ʊʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ 

SDHI ʬʫʥʛʠʮʠʜʠ 

(7) 

ɹʦʩʢʘʣʠʜ 
ʀʥʭʠʙʠʮʠʿʘ 

ʩʫʢʮʠʥʘʪ-

ʜʝʭʠʜʨʦʛʝʥʘʟʝ ʫ 

ʢʦʤʧʣʝʢʩʫ II ʜʠʩʘˁʘ 

1) ʤʫʪʘʮʠʿʝ ʫ ʦʢʚʠʨʫ 

SdhB ʧʦʜʿʝʜʠʥʠʮʝ ï 

H242R, I244V 

2) ʤʫʪʘʮʠʿʝ ʫ ʦʢʚʠʨʫ 

SdhC ʧʦʜʿʝʜʠʥʠʮʝ ï 

G169D/S 

1) PCR; 

2) ʪʝʩʪ ʩʘ ʣʠʩʥʠʤ 

ʜʠʩʢʦʚʠʤʘ ʠ ʪʝʩʪ 

ʢʣʠʿʘʚʦʩʪʠ ʩʧʦʨʘ 

Cherrad et al. (2018); Graf 

(2017) 

ʌʣʫʢʩʘʧʠʨʦʢʩʘʜ 

ʌʣʫʦʧʠʨʘʤ 

ɼʠʥʠʪʨʦʬʝʥʠʣ 

ʢʨʦʪʦʥʘʪʠ (29) 
ʄʝʧʪʠʣ-ʜʠʥʦʢʘʧ 

ɸʥʢʘʧʣʝʨʠ 

ʦʢʩʠʜʘʪʠʚʥʝ 

ʬʦʩʬʦʨʠʣʘʮʠʿʝ 

ʅʝʧʦʟʥʘʪ ʅʝʤʘ ʧʦʜʘʪʘʢʘ ʅʝʤʘ ʧʦʜʘʪʘʢʘ 

DMI ʬʫʥʛʠʮʠʜʠ ï 

ʢʣʘʩʘ I (ʪʨʠʘʟʦʣʠ) 

(3) 

ɼʠʬʝʥʦʢʦʥʘʟʦʣ 
ʀʥʭʠʙʠʮʠʿʘ C-14 

ʜʝʤʝʪʠʣʘʮʠʿʝ ʫ 

ʙʠʦʩʠʥʪʝʟʠ 

ʝʨʛʦʩʪʝʨʦʣʘ 

1) ʤʫʪʘʮʠʿʘ Y136F ʫ 

ʦʢʚʠʨʫ cyp51 ʛʝʥʘ 

2) ʤʫʪʘʮʠʿʘ ɸ1119ʉ ʢʦʿʘ 

ʜʦʚʦʜʠ ʜʦ ʧʨʝʢʦʤʝʨʥʝ 

ʝʢʩʧʨʝʩʠʿʝ cyp51 ʛʝʥʘ 

1) PCR, q-PCR; 

2) ʪʝʩʪ ʩʘ ʣʠʩʥʠʤ 

ʜʠʩʢʦʚʠʤʘ 

Dufour et al. (2011); 

Colcol et al. (2012); 

Frenkel et al. (2015); 

Rallos and Baudoin 

(2016); Pintye et al. (2020) 

ʊʝʙʫʢʦʥʘʟʦʣ 

ʇʝʥʢʦʥʘʟʦʣ 

ʄʠʢʣʦʙʫʪʘʥʠʣ 

DMI ʬʫʥʛʠʮʠʜʠ ï 

ʢʣʘʩʘ II 

(ʩʧʠʨʦʢʝʪʘʣ-ʘʤʠʥʠ) 

(5) 

ʉʧʠʨʦʢʩʘʤʠʥ 

ʀʥʭʙʠʮʠʿʘ ȹ14 

ʨʝʜʫʢʪʘʟʝ, ʦʜʥʦʩʥʦ ȹ7 

ï ȹ8 ʠʟʦʤʝʨʘʟʝ 

ʅʝʧʦʟʥʘʪ 
ʊʝʩʪ ʩʘ ʣʠʩʥʠʤ 

ʜʠʩʢʦʚʠʤʘ 
Miller and Gubler (2004) 

ɸʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʠ 

(50) 

ʄʝʪʨʘʬʝʥʦʥ ʈʝʤʝ˂ʝˁʝ ʬʫʥʢʮʠʿʝ 

ʘʢʪʠʥʘ, ʤʠʦʟʠʥʘ ʠ 

ʬʠʤʙʨʠʥʘ 

ʅʝʧʦʟʥʘʪ 
ʊʝʩʪ ʩʘ ʣʠʩʥʠʤ 

ʜʠʩʢʦʚʠʤʘ 

Kunova et al. (2016); Graf 

(2017) ʇʠʨʠʦʬʝʥʦʥ 

ɸʟʘʥʘʬʪʘʣʝʥʠ (13) 

ʂʚʠʥʦʢʩʠʬʝʥ 
ʆʤʝʪʘˁʝ 

ʪʨʘʥʩʜʫʢʮʠʿʝ ʩʠʛʥʘʣʘ 
ʅʝʧʦʟʥʘʪ 

ʊʝʩʪ ʩʘ ʣʠʩʥʠʤ 

ʜʠʩʢʦʚʠʤʘ 

Green and Gustafson 

(2006); Jenet and Jaworska 

(2009; Colcol and Baudoin 

(2016); Feng  et al. (2018) 
ʇʨʦʢʚʠʥʘʟʠʜ 

ʌʝʥʠʣ-ʘʮʝʪʘʤʠʜʠ 

(U06) 
ʎʠʬʣʫʬʝʥʘʤʠʜ ʅʝʧʦʟʥʘʪ ʅʝʧʦʟʥʘʪ ʅʝʤʘ ʧʦʜʘʪʘʢʘ ʅʝʤʘ ʧʦʜʘʪʘʢʘ 

ʅʝʦʨʛʘʥʩʢʠ 

ʬʫʥʛʠʮʠʜʠ 
ʉʫʤʧʦʨ Multi -site ʅʝʤʘ ʧʦʜʘʪʘʢʘ ʅʝʤʘ ʧʦʜʘʪʘʢʘ ʅʝʤʘ ʧʦʜʘʪʘʢʘ 



46 
 

3. ʎʀɲɽɺʀ ʀʉʊʈɸɾʀɺɸɳɸ  

ʇʨʦʫʟʨʦʢʦʚʘʯ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ, ʛˀʠʚʘ Erysiphe necator, ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʦʛ ʦʜ 

ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʧʘʪʦʛʝʥʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʢʘʢʦ ʫ ʩʚʝʪʫ, ʪʘʢʦ ʠ ʫ ʥʘʰʦʿ ʟʝʤˀʠ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ 

ʜʘ ʧʦʜʘʮʠ ʠ ʨʝʟʫʣʪʘʪʠ ʚʝʟʘʥʠ ʟʘ ʧʨʦʫʯʘʚʘˁʘ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ ʦʚʦʛ ʧʘʪʦʛʝʥʘ ʫ 

ʉʨʙʠʿʠ ʛʦʪʦʚʦ ʠ ʜʘ ʥʝ ʧʦʩʪʦʿʝ, ʠʣʠ ʜʘʪʠʨʘʿʫ ʩ ʧʦʯʝʪʢʘ 21. ʚʝʢʘ, ʩʚʘʢʠ ʥʦʚʠ ʨʝʟʫʣʪʘʪ ʤʦʞʝ 

ʙʠʪʠ ʦʜ ʠʟʫʟʝʪʥʦʛ ʟʥʘʯʘʿʘ. ʆʩʥʦʚʥʠ ʮʠˀʝʚʠ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʙʠʣʠ ʩʫ ʦʨʠʿʝʥʪʠʩʘʥʠ ʢʘ 

ʠʩʧʠʪʠʚʘˁʫ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʫ ʉʨʙʠʿʠ ʥʘ ʬʫʥʛʠʮʠʜʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʛʨʫʧʘ 

ʧʨʠʤʝʥʦʤ ʢʣʘʩʠʯʥʠʭ ʠ ʤʦʣʝʢʫʣʘʨʥʠʭ ʤʝʪʦʜʘ. ʎʠˀʝʚʠ ʩʫ ʫʩʤʝʨʝʥʠ ʧʨʚʝʥʩʪʚʝʥʦ ʢʘ 

ʠʟʚʦʹʝˁʫ in vivo ʙʠʦʪʝʩʪʦʚʘ, real-time PCR ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʠ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʠ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ ʦʚʦʛ ʧʘʪʦʛʝʥʘ ʠ ʪʦ ʥʘ ʬʫʥʛʠʮʠʜʝ ʠʟ ʛʨʫʧʝ ʩʪʨʦʙʠʣʫʨʠʥʘ (QoI 

ʬʫʥʛʠʮʠʜʝ), ʯʠʤʝ ʙʠ ʩʝ ʧʦʪʨʜʠʣʘ ʤʫʪʘʮʠʿʘ ʥʘ ʮʠˀʘʥʦʿ ʧʦʟʠʮʠʿʠ (G143A) ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ 

ʟʘ ʨʝʟʠʩʪʝʥʪʥʝ ʧʦʧʫʣʘʮʠʿʝ. ʆʩʠʤ ʜʝʪʝʢʮʠʿʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ QoI ʬʫʥʛʠʮʠʜʝ, ʿʝʜʘʥ ʦʜ 

ʮʠˀʝʚʘ ʙʠʦ ʿʝ ʜʘ ʩʝ ʢʦʤʙʠʥʘʮʠʿʦʤ ʙʠʦʪʝʩʪʦʚʘ ʠ ʤʦʣʝʢʫʣʘʨʥʠʭ ʤʝʪʦʜʘ ʜʝʪʝʢʪʫʿʝ ʠ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ DMI ʬʫʥʛʠʮʠʜʝ. ʋ ʠʩʪʨʘʞʠʚʘˁʝ, ʧʦʨʝʜ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʭ ʛʨʫʧʘ, 

ʫʢˀʫʯʝʥʝ ʩʫ ʛʨʫʧʝ ʬʫʥʛʠʮʠʜʘ ʢʦʿʝ ʩʝ ʜʘʥʘʩ ʠʥʪʝʥʟʠʚʥʦ ʢʦʨʠʩʪʝ ʫ ʩʪʘʥʜʘʨʜʥʠʤ ʧʨʦʛʨʘʤʠʤʘ 

ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ E. necator, ʧʘ ʿʝ ʿʝʜʘʥ ʦʜ ʮʠˀʝʚʘ ʙʠʦ ʜʘ ʩʝ ʫʪʚʨʜʠ ʠʤʘ ʣʠ ʧʨʦʤʝʥʘ ʫ 

ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ ʦʚʦʛ ʧʘʨʘʟʠʪʘ ʥʘ ʥʝʢʝ ʦʜ ʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ 

ʨʝʣʘʪʠʚʥʦ ʥʦʚʠʿʠʤ ʛʨʫʧʘʤʘ ʬʫʥʛʠʮʠʜʘ (ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʠʤʘ, ʘʟʘʥʘʬʪʘʣʝʥʠʤʘ, SDHI 

ʬʫʥʛʠʮʠʜʠʤʘ).  

ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʿʝ ʫ ʫʩʣʦʚʠʤʘ ʧʨʘʢʪʠʯʥʝ ʧʨʠʤʝʥʝ ʧʨʠʤʝʪʥʦ ʩʤʘˁʝˁʝ 

ʝʬʠʢʘʩʥʦʩʪʠ oʜʨʝʹʝʥʠʭ ʬʫʥʛʠʮʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ E. necator, ʠʩʧʠʪʠʚʘˁʘ ʝʬʠʢʘʩʥʦʩʪʠ 

ʬʫʥʛʠʮʠʜʘ ʨʘʟʣʠʯʠʪʠʭ ʤʝʭʘʥʠʟʘʤʘ ʜʝʣʦʚʘˁʘ, ʪʨʝʙʘ ʜʘ ʜʘʿʫ ʦʜʛʦʚʦʨ ʢʦʿʠ ʬʫʥʛʠʮʠʜʠ ʤʦʛʫ, 

ʘ ʢʦʿʠ ʥʝ ʙʠ ʪʨʝʙʘʣʠ ʜʘ ʙʫʜʫ ʧʦʟʠʮʠʦʥʠʨʘʥʠ ʫ ʙʫʜʫ˂ʠʤ ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ. 

ɼʦʜʘʪʥʦ, ʨʝʟʫʣʪʘʪʠ ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʜʘʿʫ ʠ ʧʨʝʣʠʤʠʥʘʨʘʥ ʫʚʠʜ ʜʘ ʣʠ ʿʝ ʜʦʰʣʦ ʜʦ 

ʧʨʘʢʪʠʯʥʦʛ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠ ʜʘ ʣʠ ʧʦʩʪʦʿʠ ʠ ʨʠʟʠʢ ʦʜ ʨʘʟʚʦʿʘ ʫʥʘʢʨʩʥʝ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʫ ʦʢʚʠʨʫ ʧʦʿʝʜʠʥʠʭ ʛʨʫʧʘ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʫ ʫ ʦʛʣʝʜʝ ʫ ʧʦˀʫ ʫʢˀʫʯʝʥʘ 

ʥʘʿʤʘˁʝ ʜʚʘ ʬʫʥʛʠʮʠʜʘ ʩʘ ʠʩʪʠʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʣʦʚʘˁʘ. ʀʩʧʠʪʠʚʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ 

ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ E. necator ʠʤʘʣʘ ʩʫ ʟʘ ʮʠˀ ʜʘ ʦʧʪʠʤʠʟʫʿʫ ʠ ʫʥʘʧʨʝʜʝ ʧʨʦʛʨʘʤʝ 

ʟʘʰʪʠʪʝ, ʧʨʝ ʩʚʝʛʘ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʝʬʠʢʘʩʥʠʿʝʛ ʩʫʟʙʠʿʘˁʘ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ. ʊʦ ʿʝ 

ʧʦʜʨʘʟʫʤʝʚʘʣʦ ʦʜʘʙʠʨ ʚʠʩʦʢʦ ʝʬʠʢʘʩʥʠʭ ʬʫʥʛʠʮʠʜʘ ʠ ˁʠʭʦʚʦ ʘʜʝʢʚʘʪʥʦ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʫ 

ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʿʝʜʘʥ ʦʜ ʮʠˀʝʚʘ ʦʙʫʭʚʘʪʘʦ ʿʝ ʠ ʝʢʦʥʦʤʩʢʠ 

ʘʩʧʝʢʪ ʫ ʩʤʠʩʣʫ ʨʝʜʫʢʦʚʘˁʘ ʙʨʦʿʘ ʪʨʝʪʠʨʘˁʘ ʠ ʫʧʦʪʨʝʙʝ ʝʢʦʥʦʤʠʯʥʠʿʠʭ ʬʫʥʛʠʮʠʜʘ ʩʘ 

ʮʠˀʝʤ ʰʪʦ ʝʬʠʢʘʩʥʠʿʝʛ ʩʫʟʙʠʿʘˁʘ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ. 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʥʦʚʠʿʠ ʧʦʜʘʮʠ ʦ ʩʪʘˁʫ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʫ ʉʨʙʠʿʠ 

ʥʝʜʦʩʪʘʿʫ, ʨʝʟʫʣʪʘʪʠ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʜʘ˂ʝ ʜʦʧʨʠʥʦʩ ʢʘʢʦ ʫ ʥʘʫʯʥʦʤ ʩʤʠʩʣʫ, ʫ ʧʦʛʣʝʜʫ 

ʫʪʚʨʹʠʚʘˁʘ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ ʥʘ ʨʘʟʣʠʯʠʪʝ ʬʫʥʛʠʮʠʜʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ 

ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ ʧʨʠʤʝʥʦʤ ʢʣʘʩʠʯʥʠʭ ʠ ʤʦʣʝʢʫʣʘʨʥʠʭ ʤʝʪʦʜʘ, ʪʘʢʦ ʠ ʩʘ 

ʧʨʘʢʪʠʯʥʦʛ ʘʩʧʝʢʪʘ, ʿʝʨ ˂ʝ ʧʨʫʞʠʪʠ ʦʩʥʦʚ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʠ ʦʤʦʛʫ˂ʠʪʠ 

ʢʨʝʠʨʘˁʝ ʘʜʝʢʚʘʪʥʠʭ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʢʦʿʠ ˂ʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʙʠʪʠ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ 

ʘʥʪʨʠʨʝʟʠʩʪʝʥʪʥʝ ʩʪʨʘʪʝʛʠʿʝ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʿʝ ʿʝʜʘʥ ʦʜ ʢˀʫʯʥʠʭ ʮʠˀʝʚʘ ʜʠʩʝʨʪʘʮʠʿʝ 

ʙʠʦ ʫʪʚʨʹʠʚʘˁʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ QoI ʬʫʥʛʠʮʠʜʝ, ʤʦʥʠʪʦʨʠʥʛ ʠ 

ʢʚʘʥʪʠʬʠʢʘʮʠʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʤʦʛʫ ʜʘʪʠ ʦʜʛʦʚʦʨʝ ʜʘ ʣʠ ʿʝ ʫ ʦʜʨʝʹʝʥʠʤ ʧʦʧʫʣʘʮʠʿʘʤʘ 

ʜʦʰʣʦ ʜʦ ʤʫʪʘʮʠʿʘ ʫ ʦʢʚʠʨʫ ʮʠʪʦʭʨʦʤ ʙ ʛʝʥʘ ʥʘ ʧʦʟʠʮʠʿʠ 143, ʠ ʫ ʢʦʿʝʤ ʧʨʦʮʝʥʪʫ ʿʝ 

ʨʘʩʧʨʦʩʪʨʘˁʝʥʘ ʪʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʫ ʩʘʤʦʿ ʧʦʧʫʣʘʮʠʿʠ, ʘʣʠ ʠ ʥʘ ʥʠʚʦʫ ʉʨʙʠʿʝ. ʀʩʪʠ ʮʠˀ ʿʝ 

ʧʦʩʪʘʚˀʝʥ ʠ ʟʘ DMI ʬʫʥʛʠʮʠʜʝ, ʢʦʿʠ ʩʫ ʜʫʛʦ ʫ ʫʧʦʪʨʝʙʠ ʫ ʉʨʙʠʿʠ, ʧʘ ʿʝ ʙʠʣʦ ʚʨʣʦ ʟʥʘʯʘʿʥʦ 

ʠʩʧʠʪʘʪʠ ʜʘ ʣʠ ʿʝ ʠ ʢʦʣʠʢʦ ʟʘʩʪʫʧˀʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ ʥʠʚʦʫ ʥʘʰʝ ʟʝʤˀʝ.  
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4. ʄɸʊɽʈʀɱɸʃ ʀ ʄɽʊʆɼɽ  

4.1. ʆʛʣʝʜʠ ʫ ʧʦˀʫ  

4.1.1 ʀʩʧʠʪʠʚʘˁʝ ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʬʫʥʛʠʮʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ E. necator  

ʀʩʧʠʪʠʚʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʨʘʟʣʠʯʠʪʠʭ ʬʫʥʛʠʮʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʚʨʰʝʥʦ ʿʝ ʫ 

ʧʝʨʠʦʜʫ ʦʜ 2019. ʜʦ 2023. ʛʦʜʠʥʝ ʥʘ ʯʝʪʠʨʠ ʣʦʢʘʣʠʪʝʪʘ ʫ ʉʨʙʠʿʠ (ʊʘʙʝʣʘ 3). ʆʛʣʝʜʠ ʩʫ 

ʧʦʩʪʘʚˀʝʥʠ ʫ ʩʢʣʘʜʫ ʩʘ EPPO/OEPP ʤʝʪʦʜʦʤ ʈʈ 1/4(4) (EPPO/OEPP, 2002) ʠ ʪʦ ʫ ʿʝʜʥʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠ ʪʨʠ ʢʦʤʝʨʮʠʿʘʣʥʘ ʚʠʥʦʛʨʘʜʘ. ʉʚʠ ʪʨʝʪʤʘʥʠ ʠʟʚʝʜʝʥʠ ʩʫ ʫ ʯʝʪʠʨʠ 

ʧʦʥʘʚˀʘˁʘ, ʘ ʢʘʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʣʘʥ ʢʦʨʠʰ˂ʝʥ ʿʝ ʧʦʪʧʫʥʦ ʩʣʫʯʘʿʥʠ ʙʣʦʢ ʩʠʩʪʝʤ. 

ɺʝʣʠʯʠʥʘ ʦʛʣʝʜʥʝ ʧʘʨʮʝʣʠʮʝ ʙʠʣʘ ʿʝ 8-10 ʯʦʢʦʪʘ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʣʦʢʘʣʠʪʝʪʘ ʥʘ ʢʦʿʝʤ ʿʝ 

ʦʛʣʝʜ ʧʦʩʪʘʚˀʝʥ.   

ʊʘʙʝʣʘ 3. ʇʦʜʘʮʠ ʦ ʦʛʣʝʜʠʤʘ  

ʃʦʢʘʣʠʪʝʪ 

ʈʘʜʤʠʣʦʚʘʮ 

(ʇʦˀʦʧʨʠʚʨʝʜʥʠ 

ʬʘʢʫʣʪʝʪ) 

ʊʦʧʦʣʘ 

(ʂʨʘˀʝʚʘ 

ʚʠʥʘʨʠʿʘ) 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ 

(ʀʥʹʠʿʘ) 

ʅʝʰʪʠʥ 

(ɹʘʯʢʘ 

ʇʘʣʘʥʢʘ) 

ʈʝʛʠʦʥ ɹʝʦʛʨʘʜ ʐʫʤʘʜʠʿʘ ʉʨʝʤ - ɺʦʿʚʦʜʠʥʘ 
ʉʨʝʤ ï 

ɺʦʿʚʦʜʠʥʘ 

GPS 

ʢʦʦʨʜʠʥʘʪʝ ʠ 

ʥʘʜʤʦʨʩʢʘ 

ʚʠʩʠʥʘ 

N: 44.75700 

E: 20.58397 

142 ʤʝʪʨʘ 

N: 44.24252; 

E: 20.68813 

251 ʤʝʪʘʨ 

N: 45.15483; 

E: 20.19597; 

164 ʤʝʪʨʘ 

N: 45.19588 

E: 19.45895 

138 ʤʝʪʘʨʘ 

Tʠʧ ʚʠʥʦʛʨʘʜʘ ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʂʦʤʝʨʮʠʿʘʣʥʠ ʂʦʤʝʨʮʠʿʘʣʥʠ ʂʦʤʝʨʮʠʿʘʣʥʠ 

ʉʦʨʪʘ Chardonnay Chardonnay Chardonnay Frankovka 

ʉʪʘʨʦʩʪ 18-20 ʛʦʜʠʥʘ 8-13 ʛʦʜʠʥʘ 7-10 ʛʦʜʠʥʘ 8-12 ʛʦʜʠʥʘ 

ɺʝʣʠʯʠʥʘ 

ʦʛʣʝʜʥʝ 

ʧʘʨʮʝʣʝ 

10 ʯʦʢʦʪʘ 10 ʯʦʢʦʪʘ 8 ʯʦʢʦʪʘ 8 ʯʦʢʦʪʘ 

 

ʋ ʩʪʫʜʠʿʘʤʘ ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ, ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʥʝ 

ʬʦʨʤʫʣʘʮʠʿʝ ʬʫʥʛʠʮʠʜʘ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʛʨʫʧʘ: QoI ʬʫʥʛʠʮʠʜʠ (ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ, 

ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʠ ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ), DMI ʬʫʥʛʠʮʠʜʠ (ʜʠʬʝʥʦʢʦʥʘʟʦʣ, ʪʝʙʫʢʦʥʘʟʦʣ, 

ʤʠʢʣʦʙʫʪʘʥʠʣ, ʧʝʥʢʦʥʘʟʦʣ, ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣ), SDHI ʬʫʥʛʠʮʠʜʠ (ʙʦʩʢʘʣʠʜ, 

ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ ʠ ʬʣʫʦʧʠʨʘʤ), ʘʤʠʥʠ/ʩʧʠʨʦʢʝʪʘʣ-ʘʤʠʥʠ (ʩʧʠʨʦʢʩʘʤʠʥ), ʘʟʘʥʘʬʪʘʣʝʥʠ 

(ʢʚʠʥʦʢʩʠʬʝʥ ʠ ʧʨʦʢʚʠʥʘʟʠʜ), ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʠ (ʤʝʪʨʘʬʝʥʦʥ ʠ ʧʠʨʠʦʬʝʥʦʥ), ʬʝʥʠʣ-

ʘʮʝʪʘʤʠʜʠ (ʮʠʬʣʫʬʝʥʘʤʠʜ), ʜʠʥʠʪʨʦʬʝʥʠʣ ʢʨʦʪʦʥʘʪʠ (ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧ). ʆʩʠʤ ʥʘʙʨʦʿʘʥʠʭ 

ʬʫʥʛʠʮʠʜʘ, ʢʦʨʠʰ˂ʝʥ ʿʝ ʠ ʩʫʤʧʦʨ ʫ ʦʙʣʠʢʫ ʜʚʝ ʬʦʨʤʫʣʘʮʠʿʝ (WG ʠ SC), ʘ ʧʦʿʝʜʠʥʝ 

ʠʩʧʠʪʠʚʘʥʝ ʚʘʨʠʿʘʥʪʝ ʫʢˀʫʯʠʚʘʣʝ ʩʫ ʠ ʛʦʪʦʚʝ ʬʦʨʤʫʣʘʮʠʿʝ ʥʘ ʙʘʟʠ ʢʦʤʙʠʥʘʮʠʿʘ ʜʚʝ 

ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ (ʊʘʙʝʣʘ 4). ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ 

ʠʩʧʠʪʠʚʘˁʘ ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʚʨʰʝʥʘ ʩʫ ʦʜ 2019. ʜʦ 2023. ʛʦʜʠʥʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ 

ʅʝʰʪʠʥ ʦʜ 2020. ʜʦ 2023. ʛʦʜʠʥʝ, ʜʦʢ ʩʫ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ ʠʩʧʠʪʠʚʘˁʘ ʚʨʰʝʥʘ ʦʜ 

2019. ʜʦ 2021. ʛʦʜʠʥʝ. ʇʨʝʛʣʝʜ ʠʩʧʠʪʠʚʘʥʠʭ ʚʘʨʠʿʘʥʪʠ ʧʦ ʣʦʢʘʣʠʪʝʪʠʤʘ ʜʘʪ ʿʝ ʫ ʊʘʙʝʣʠ 5.   
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ʊʘʙʝʣʘ 4. ʇʨʝʛʣʝʜ ʬʫʥʛʠʮʠʜʘ ʢʦʨʠʰ˂ʝʥʠʭ ʫ ʠʩʧʠʪʠʚʘˁʠʤʘ 

ʅʘʟʠʚ ʧʨʝʧʘʨʘʪʘ 
ʊʠʧ 

ʬʦʨʤʫʣʘʮʠʿʝ 
ɸʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʇʨʦʠʟʚʦʹʘʯ ʂʦʥʮ. (%) ʅʘʟʠʚ ʛʨʫʧʝ (FRAC) 

Vivando® SC ʄʝʪʨʘʬʝʥʦʥ (500 g/l) BASF 0,02 ɸʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʠ 

(B6; 50) Kusabi® SC ʇʠʨʠʦʬʝʥʦʥ (300 g/l) Belchim Crop Protection 0,03 

Lunar ® SC ʂʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ (500 g/l) 
ɻʘʣʝʥʠʢʘ ï

ʌʠʪʦʬʘʨʤʘʮʠʿʘ ʘ.ʜ. 
0,02 ʠ 0,03 

QoI ʬʫʥʛʠʮʠʜʠ 

(C3; 11) 
Zato® 50-WG WG ʊʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ (500 

g/kg) 
Bayer AG 0,015 

Cabrio® Top WG ʇʠʨʘʢʣʦʩʪʨʦʙʠʥ (50 g/kg) 

(+ ʤʝʪʠʨʘʤ) 
BASF 0,2 

CrystalTM 250 SC SC ʂʚʠʥʦʢʩʠʬʝʥ (250 g/l) 
Dow AgroSciences 

(Corteva Agriscience) 
0,02 

ɸʟʘʥʘʬʪʘʣʝʥʠ 

(E1; 13) 
Talendo® EC ʇʨʦʢʚʠʥʘʟʠʜ (200 g/l) 

DuPont  

(Corteva Agriscience) 
0,025 

Sekvenca® EC ɼʠʬʝʥʦʢʦʥʘʟʦʣ (250 g/l) 
ɻʘʣʝʥʠʢʘ ï 

ʌʠʪʦʬʘʨʤʘʮʠʿʘ ʘ.ʜ. 

0,013; 0,02 

ʠ 0,025 

DMI ʬʫʥʛʠʮʠʜʠ 

(G1; 3) 

Foton® EC ʄʠʢʣʦʙʫʪʘʥʠʣ (240 g/l) 
ɻʘʣʝʥʠʢʘ -  

ʌʠʪʦʬʘʨʤʘʮʠʿʘ ʘ.ʜ. 
0,015 

Folicur ® 250 EW EW ʊʝʙʫʢʦʥʘʟʦʣ (250 g/l) Bayer AG 
0,04; 0,06 ʠ 

0,075 

Topas® 100 EC  EC ʇʝʥʢʦʥʘʟʦʣ (100 g/l) Syngenta  0,025 

Revyona® SC 
ʄʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣ (75 

g/l) 
BASF 0,13 

Spirox® EC ʉʧʠʨʦʢʩʘʤʠʥ (500 g/l) Arysta Life Science 0,06 ɸʤʠʥʠ-ʩʧʠʨʦʢʝʪʘʣ-

ʘʤʠʥʠ 

(G2; 5) 
Strix EC ʉʧʠʨʦʢʩʘʤʠʥ (500 g/l) 

ɻʘʣʝʥʠʢʘ ï 

ʌʠʪʦʬʘʨʤʘʮʠʿʘ ʘ.ʜ. 
0,06 ʠ 0,08 

Cantus® WG ɹʦʩʢʘʣʠʜ (500 g/kg) BASF 0,12 

SDHI ʬʫʥʛʠʮʠʜʠ 

(C2; 7) 
Sercadis® SC ʌʣʫʢʩʘʧʠʨʦʢʩʘʜ (300 g/l) BASF 0,015 

Insajder SC ʌʣʫʦʧʠʨʘʤ (500 g/l) 
ɻʘʣʝʥʠʢʘ ï 

ʌʠʪʦʬʘʨʤʘʮʠʿʘ ʘ.ʜ. 
0,05 

Cyflamid 5 EW® EW ʎʠʬʣʫʬʝʥʘʤʠʜ (50 g/l) Nisso Chemical 0,05 
ʌʝʥʠʣ-ʘʮʝʪʘʤʠʜʠ 

(U, 06) 

KarathaneTM  Gold 

350 EC 
EC ʄʝʧʪʠʣ-ʜʠʥʦʢʘʧ (350 g/l) 

Dow AgroSciences 

(Corteva Agriscience) 
0,05 

ɼʠʥʠʪʨʦʬʝʥʠʣ 

ʢʨʦʪʦʥʘʪʠ (ʉ5; 29) 
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Kumulus® DF WG ʉʫʤʧʦʨ (800 g/kg) BASF 0,5 ʠ 0,7 
ʅʝʦʨʛʘʥʩʢʘ ʿʝʜʠˁʝˁʘ- 

ʩʫʤʧʦʨ (ʄ 02) 

Flosul® SC ʉʫʤʧʦʨ (800 g/l) Belchim Crop Protection 0,7 
ʅʝʦʨʛʘʥʩʢʘ ʿʝʜʠˁʝˁʘ- 

ʩʫʤʧʦʨ (ʄ 02) 

Luna® Max SE 

ʌʣʫʦʧʠʨʘʤ + 

ʩʧʠʨʦʢʩʘʤʠʥ 

(75 + 200 g/l) 

Bayer AG 0,1 

SDHI ʬʫʥʛʠʮʠʜʠ 

(C2; 7) 

ɸʤʠʥʠ-ʩʧʠʨʦʢʝʪʘʣ-

ʘʤʠʥʠ 

(G2; 5) 

Cidely® Top EC 

ɼʠʬʝʥʦʢʦʥʘʟʦʣ + 

ʎʠʬʣʫʬʝʥʘʤʠʜ 

(125 + 15 g/l) 

Syngenta 0,1 

DMI ʬʫʥʛʠʮʠʜʠ 

(G1; 3) 

ʌʝʥʠʣ-ʘʮʝʪʘʤʠʜʠ 

(U, 06) 

 

ʊʘʙʝʣʘ 5. ʇʨʝʛʣʝʜ ʠʩʧʠʪʠʚʘʥʠʭ ʚʘʨʠʿʘʥʪʠ ʧʦ ʣʦʢʘʣʠʪʝʪʠʤʘ  

ɺʘʨʠʿʘʥʪʘ 
ɻʦʜʠʥʘ ʠʩʧʠʪʠʚʘˁʘ  

2019. 2020. 2021. 2022. 2023. 

ʂʦʥʪʨʦʣʘ 

ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ 

ʊʦʧʦʣʘ  ʊʦʧʦʣʘ  ʊʦʧʦʣʘ  ʊʦʧʦʣʘ  ʊʦʧʦʣʘ  

ʉʣ. ɺʠʥʦʛʨʘʜʠ ʉʣ. ɺʠʥʦʛʨʘʜʠ ʉʣ. ɺʠʥʦʛʨʘʜʠ ʉʣ. ɺʠʥʦʛʨʘʜʠ ʉʣ. ɺʠʥʦʛʨʘʜʠ 

ʅʝʰʪʠʥ ʅʝʰʪʠʥ ʅʝʰʪʠʥ ʅʝʰʪʠʥ ʅʝʰʪʠʥ 

Vivando® 

ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ  

ʉʣ. ɺʠʥʦʛʨʘʜʠ / / ʊʦʧʦʣʘ  ʊʦʧʦʣʘ  

ʉʣ. ɺʠʥʦʛʨʘʜʠ ʉʣ. ɺʠʥʦʛʨʘʜʠ 

Kusabi® 

ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ 
ʉʣ. ɺʠʥʦʛʨʘʜʠ 

ʅʝʰʪʠʥ  / 
ʊʦʧʦʣʘ  ʊʦʧʦʣʘ  

ʉʣ. ɺʠʥʦʛʨʘʜʠ 
ʉʣ. ɺʠʥʦʛʨʘʜʠ 

ʅʝʰʪʠʥ 
ʅʝʰʪʠʥ 

Lunar ® 

ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ 
ʊʦʧʦʣʘ  

ʅʝʰʪʠʥ / 
ʊʦʧʦʣʘ ʊʦʧʦʣʘ 

ʉʣ. ɺʠʥʦʛʨʘʜʠ 
ʉʣ. ɺʠʥʦʛʨʘʜʠ ʉʣ. ɺʠʥʦʛʨʘʜʠ 

ʅʝʰʪʠʥ ʅʝʰʪʠʥ 

Zato® 50-WG 
ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ 

/ / / 
ʊʦʧʦʣʘ  ʊʦʧʦʣʘ  
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ʉʣ. ɺʠʥʦʛʨʘʜʠ ʉʣ. ɺʠʥʦʛʨʘʜʠ 

Cabrio® Top / 
ʊʦʧʦʣʘ 

/ / / 
ʉʣ. ɺʠʥʦʛʨʘʜʠ 

CrystalTM 250 SC 

ʈʘʜʤʠʣʦʚʘʮ  ʈʘʜʤʠʣʦʚʘʮ  

ʅʝʰʪʠʥ / / 
ʊʦʧʦʣʘ ʊʦʧʦʣʘ 

ʉʣ. ɺʠʥʦʛʨʘʜʠ 
ʉʣ. ɺʠʥʦʛʨʘʜʠ 

ʅʝʰʪʠʥ 

Talendo® 

ʈʘʜʤʠʣʦʚʘʮ  ʈʘʜʤʠʣʦʚʘʮ  ʈʘʜʤʠʣʦʚʘʮ  ʊʦʧʦʣʘ 

/ 
ʊʦʧʦʣʘ ʊʦʧʦʣʘ ʊʦʧʦʣʘ ʉʣ. ɺʠʥʦʛʨʘʜʠ  

ʉʣ. ɺʠʥʦʛʨʘʜʠ 
ʉʣ. ɺʠʥʦʛʨʘʜʠ ʉʣ. ɺʠʥʦʛʨʘʜʠ 

ʅʝʰʪʠʥ 
ʅʝʰʪʠʥ ʅʝʰʪʠʥ 

Sekvenca® 

ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ  ʈʘʜʤʠʣʦʚʘʮ  
ʊʦʧʦʣʘ ʊʦʧʦʣʘ 

ʊʦʧʦʣʘ ʊʦʧʦʣʘ ʊʦʧʦʣʘ 

ʉʣ. ɺʠʥʦʛʨʘʜʠ 
ʉʣ. ɺʠʥʦʛʨʘʜʠ ʉʣ. ɺʠʥʦʛʨʘʜʠ 

ʅʝʰʪʠʥ  ʉʣ. ɺʠʥʦʛʨʘʜʠ 
ʅʝʰʪʠʥ ʅʝʰʪʠʥ 

Foton® 

ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ  ʊʦʧʦʣʘ 

/ / 
ʊʦʧʦʣʘ ʊʦʧʦʣʘ ʉʣ. ɺʠʥʦʛʨʘʜʠ 

ʉʣ. ɺʠʥʦʛʨʘʜʠ 
ʉʣ. ɺʠʥʦʛʨʘʜʠ 

ʅʝʰʪʠʥ 
ʅʝʰʪʠʥ 

Folicur® 250 EW / 
ʊʦʧʦʣʘ ʊʦʧʦʣʘ 

ʊʦʧʦʣʘ / 
ʉʣ. ɺʠʥʦʛʨʘʜʠ ʉʣ. ɺʠʥʦʛʨʘʜʠ 

Topas® 100 EC / / 

ʈʘʜʤʠʣʦʚʘʮ  
ʊʦʧʦʣʘ 

/ 
ʊʦʧʦʣʘ 

ʉʣ. ɺʠʥʦʛʨʘʜʠ 
ʅʝʰʪʠʥ 

ʅʝʰʪʠʥ 

Revyona® / / / / 
ʊʦʧʦʣʘ 

ʅʝʰʪʠʥ 

Spirox® 

ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ  

/ / / 
ʊʦʧʦʣʘ ʊʦʧʦʣʘ 

ʉʣ. ɺʠʥʦʛʨʘʜʠ 
ʉʣ. ɺʠʥʦʛʨʘʜʠ 

ʅʝʰʪʠʥ 

Strix / / 

ʈʘʜʤʠʣʦʚʘʮ  
ʊʦʧʦʣʘ  ʊʦʧʦʣʘ 

ʊʦʧʦʣʘ 

ʉʣ. ɺʠʥʦʛʨʘʜʠ 
ʅʝʰʪʠʥ ʅʝʰʪʠʥ 

ʅʝʰʪʠʥ 
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Cantus® 

ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ 

ʉʣ. ɺʠʥʦʛʨʘʜʠ / / ʊʦʧʦʣʘ ʊʦʧʦʣʘ 

ʉʣ. ɺʠʥʦʛʨʘʜʠ ʉʣ. ɺʠʥʦʛʨʘʜʠ 

Sercadis® 

ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ 
ʅʝʰʪʠʥ 

ʅʝʰʪʠʥ 

ʊʦʧʦʣʘ ʊʦʧʦʣʘ ʊʦʧʦʣʘ ʊʦʧʦʣʘ 

ʉʣ. ɺʠʥʦʛʨʘʜʠ 
ʉʣ. ɺʠʥʦʛʨʘʜʠ ʉʣ. ɺʠʥʦʛʨʘʜʠ 

ʊʦʧʦʣʘ ʉʣ. ɺʠʥʦʛʨʘʜʠ 
ʅʝʰʪʠʥ ʅʝʰʪʠʥ 

Insajder / / / / 

ʊʦʧʦʣʘ 

ʉʣ. ɺʠʥʦʛʨʘʜʠ 

ʅʝʰʪʠʥ 

Cyflamid 5 EW® 

ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ ʊʦʧʦʣʘ 

ʅʝʰʪʠʥ / 
ʊʦʧʦʣʘ ʊʦʧʦʣʘ ʉʣ. ɺʠʥʦʛʨʘʜʠ 

ʉʣ. ɺʠʥʦʛʨʘʜʠ 
ʉʣ. ɺʠʥʦʛʨʘʜʠ 

ʅʝʰʪʠʥ  
ʅʝʰʪʠʥ 

KarathaneTM  Gold 350 EC / 
ʊʦʧʦʣʘ 

/ / / 
ʉʣ. ɺʠʥʦʛʨʘʜʠ 

Kumulus® DF 

ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ 
ʊʦʧʦʣʘ 

/ 
ʊʦʧʦʣʘ ʊʦʧʦʣʘ ʊʦʧʦʣʘ 

ʉʣ. ɺʠʥʦʛʨʘʜʠ 
ʉʣ. ɺʠʥʦʛʨʘʜʠ ʉʣ. ɺʠʥʦʛʨʘʜʠ 

ʅʝʰʪʠʥ 
ʅʝʰʪʠʥ ʅʝʰʪʠʥ 

Flosul® / / / / 

ʊʦʧʦʣʘ 

ʉʣ. ɺʠʥʦʛʨʘʜʠ 

ʅʝʰʪʠʥ 

Luna® Max / 

ʈʘʜʤʠʣʦʚʘʮ ʈʘʜʤʠʣʦʚʘʮ 
ʊʦʧʦʣʘ 

ʊʦʧʦʣʘ 

ʊʦʧʦʣʘ ʊʦʧʦʣʘ ʉʣ. ɺʠʥʦʛʨʘʜʠ 

ʉʣ. ɺʠʥʦʛʨʘʜʠ ʉʣ. ɺʠʥʦʛʨʘʜʠ 
ʅʝʰʪʠʥ ʅʝʰʪʠʥ 

ʅʝʰʪʠʥ ʅʝʰʪʠʥ 

Cidely® Top / / 

ʊʦʧʦʣʘ ʊʦʧʦʣʘ 

ʉʣ. ɺʠʥʦʛʨʘʜʠ ʉʣ. ɺʠʥʦʛʨʘʜʠ 
ʅʝʰʪʠʥ 

ʅʝʰʪʠʥ 
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4.1.1.1 ɸʧʣʠʢʘʮʠʿʘ ʬʫʥʛʠʮʠʜʘ  

ɸʧʣʠʢʘʮʠʿʘ ʬʫʥʛʠʮʠʜʘ ʠʟʚʝʜʝʥʘ ʿʝ ʫʧʦʪʨʝʙʦʤ ʣʝʹʥʝ ʧʨʩʢʘʣʠʮʝ ʪʠʧʘ Solo 425 ʫʟ 

ʫʪʨʦʰʘʢ ʪʝʯʥʦʩʪʠ ʦʜ 800 l/ha. ɻʦʜʠʰˁʝ ʿʝ ʫʢʫʧʥʦ ʠʟʚʝʜʝʥʦ 6-8 ʪʨʝʪʠʨʘˁʘ, ʧʦʯʝʚʰʠ ʦʜ 

ʬʝʥʦʬʘʟʝ 4-6 ʨʘʟʚʠʿʝʥʠʭ ʣʠʩʪʦʚʘ (BBCH 14-16) ʜʦ ʬʝʥʦʬʘʟʝ ʟʘʪʚʘʨʘˁʘ ʛʨʦʟʜʦʚʘ-ʧʦʯʝʪʘʢ 

ʟʨʝˁʘ (BBCʅ 79-81) (Lorenz et al, 1995). ʀʥʪʝʨʚʘʣ ʠʟʤʝʹʫ ʜʚʘ ʪʨʝʪʠʨʘˁʘ ʢʨʝʪʘʦ ʩʝ ʦʜ 10 ʜʦ 

14 ʜʘʥʘ (ʊʘʙʝʣʘ 6).  

ɿʘʰʪʠʪʘ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʣʘʤʝˁʘʯʝ (P. viticola) ʠʟʚʦʹʝʥʘ ʿʝ ʨʝʜʦʚʥʦ ʬʫʥʛʠʮʠʜʠʤʘ 

ʢʦʿʠ ʥʝ ʫʪʠʯʫ ʥʘ ʨʘʟʚʦʿ ɽ. necator: Acrobat® MZ (ʜʠʤʝʪʦʤʦʨʬ 90 g/kg + ʤʘʥʢʦʟʝʙ 600 g/kg, 

BASF), Ridomil Gold® MZ 68 WG (ʤʝʪʘʣʘʢʩʠʣ-ʄ 40 g/kg + ʤʘʥʢʦʟʝʙ 640 g/kg, Syngenta), 

Ridomil Gold® Combi 45 WG (ʤʝʪʘʣʘʢʩʠʣ-ʄ 50 g/kg + ʬʦʣʧʝʪ 400 g/kg, Syngenta), Mildicut 

(ʮʠʿʘʟʦʬʘʤʠʜ 25 g/l + ʜʠʥʘʪʨʠʿʫʤ ʬʦʩʬʦʥʘʪ 250 g/l, Belchim), ZorvecTM Vinabel® (ʟʦʢʩʘʤʠʜ 

300 g/l + ʦʢʩʘʪʠʘʧʠʨʧʦʣʠʥ 40 g/l, Corteva), Mikal Flash® (ʬʦʩʝʪʠʣ-ʘʣʫʤʠʥʠʿʫʤ 500 g/kg + 

ʬʦʣʧʝʪ 250 g/kg) ʠ Amaline Flow® (ʟʦʢʩʘʤʠʜ 40 g/l + ʙʘʢʘʨ ʠʟ ʪʨʦʙʘʟʥʦʛ ʙʘʢʘʨ ʩʫʣʬʘʪʘ 267 

g/l), ʫ ʧʨʝʧʦʨʫʯʝʥʠʤ ʜʦʟʘʤʘ (ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ) ʧʨʠʤʝʥʝ. ɿʘ ʟʘʰʪʠʪʫ ʦʜ B. cinerea 

ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʩʣʝʜʝ˂ʠ ʬʫʥʛʠʮʠʜʠ ʫ ʧʨʝʧʦʨʫʯʝʥʠʤ ʜʦʟʘʤʘ (ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ) ʧʨʠʤʝʥʝ: 

Pehar® (ʧʠʨʠʤʝʪʘʥʠʣ 400 g/l, Galenika Fitofarmacija), Flux® (ʬʣʫʜʠʦʢʩʦʥʠʣ 225 g/l, Galenika 

Fitofarmacija), Zenby® (ʠʟʦʬʝʪʘʤʠʜ 400 g/l, Belchim) ʠ Teldor® 500-SC (ʬʝʥʭʝʢʩʘʤʠʜ 500 g/l, 

Bayer Crop Protection). 

 

4.1.1.2 ʇʦʩʤʘʪʨʘʥʘ ʦʙʝʣʝʞʿʘ ʠ ʥʘʯʠʥ ʦʮʝʥʝ  

ʇʨʘ˂ʝʥʘ ʿʝ ʧʦʿʘʚʘ ʩʠʤʧʪʦʤʘ ʠ ʦʮʝˁʝʥ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʚʨʝʤʝ ʢʘʜʘ ʿʝ ʧʨʠʤʝ˂ʝʥʘ 

ʿʘʩʥʘ ʨʘʟʣʠʢʘ ʫ ʧʦʿʘʚʠ ʩʠʤʧʪʦʤʘ ʠʟʤʝʹʫ ʪʨʝʪʠʨʘʥʠʭ ʠ ʢʦʥʪʨʦʣʠʭ (ʥʝʪʨʝʪʠʨʘʥʠʭ) ʧʘʨʮʝʣʘ. 

ʊʦʢʦʤ ʩʚʘʢʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʩʝʟʦʥʝ, ʩʧʨʦʚʝʜʝʥʦ ʿʝ ʫʢʫʧʥʦ ʧʦ ʜʚʝ ʦʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 

ʿʝʜʥʘ ʦʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ. ʋʢʫʧʥʦ ʿʝ ʧʦ ʩʚʘʢʦʤ ʧʦʥʘʚˀʘˁʫ ʦʮʝˁʝʥʦ ʧʦ 50 ʛʨʦʟʜʦʚʘ ʠ 100 

ʣʠʩʪʦʚʘ ʢʦʿʠ ʩʫ ʥʘʩʫʤʠʯʥʦ ʦʜʘʙʨʘʥʠ. ʆʮʝʥʘ ʿʝ ʠʟʚʝʜʝʥʘ ʪʘʢʦ ʰʪʦ ʿʝ ʧʨʦʮʝˁʝʥʘ 

ʧʨʦʮʝʥʪʫʘʣʥʘ ʟʘʭʚʘ˂ʝʥʦʩʪ ʛʨʦʟʜʦʚʘ ʠ ʣʠʩʪʦʚʘ ʩʠʤʧʪʦʤʠʤʘ ʦʙʦˀʝˁʘ. ɻʨʦʟʜʦʚʠ ʠ ʣʠʩʪʦʚʠ 

ʢʦʿʠ ʩʫ ʧʘʞˀʠʚʦ ʚʠʟʫʝʣʥʦ ʧʨʝʛʣʝʜʘʥʠ, ʢʦʨʠʰ˂ʝˁʝʤ ʩʢʘʣʝ, ʫ ʦʜʥʦʩʫ ʥʘ ʩʪʝʧʝʥ 

ʟʘʭʚʘ˂ʝʥʦʩʪʠ, ʨʘʥʛʠʨʘʥʠ ʩʫ ʧʦ ʩʣʝʜʝ˂ʠʤ ʢʘʪʝʛʦʨʠʿʘʤʘ: 0 = ʥʝʤʘ ʩʠʤʧʪʦʤʘ; 1= 0,1-2,5%; 2= 

2,51-5%; 3= 5,1-10%; 4= 10,1-25%; 5= 25,1-50%; 6= 50,1-75%; 7= > 75-100% (Sozzani et al., 

2008). ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠʟʨʘʯʫʥʘʪ ʿʝ ʧʨʝʤʘ Townsend-Heuberger-ʦʚʦʿ ʬʦʨʤʫʣʠ 

(Townsend Heuberger, 1943): 

DS= 
Ɇ(nv)

NV
x100 

ɻʜʝ ʿʝ: DS - ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ (%); n- ʙʨʦʿ ʣʠʩʪʦʚʘ (ʛʨʦʟʜʦʚʘ) ʧʦ ʢʘʪʝʛʦʨʠʿʠ; v - ʚʨʝʜʥʦʩʪ 

ʢʘʪʝʛʦʨʠʿʝ; N - ʫʢʫʧʘʥ ʙʨʦʿ ʦʮʝˁʝʥʠʭ ʣʠʩʪʦʚʘ (ʛʨʦʟʜʦʚʘ); V - ʥʘʿʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʢʘʪʝʛʦʨʠʿʝ. 

ʋʯʝʩʪʘʣʦʩʪ ʧʦʿʘʚʝ ʩʠʤʧʪʦʤʘ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ:  

DI=
I

N
x100 

ɻʜʝ ʿʝ: DI - ʫʯʝʩʪʘʣʦʩʪ (%); I - ʫʢʫʧʘʥ ʙʨʦʿ ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ; N - ʫʢʫʧʘʥ ʙʨʦʿ ʦʮʝˁʝʥʠʭ 

ʛʨʦʟʜʦʚʘ.  

ɽʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʧʨʝʤʘ ʬʦʨʤʫʣʠ Abbott-a (Abbott, 1925):  
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Ef %= 
X-Y

X
x100 

ɻʜʝ ʿʝ: Ef (%) - ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ; X - ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ; Y - ʠʥʪʝʥʟʠʪʝʪ 

ʦʙʦˀʝˁʘ ʫ ʪʨʝʪʤʘʥʫ.  

ʄʝʪʝʦʨʦʣʦʰʢʠ ʧʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʩʫ ʩʘ ʤʝʪʝʦ ʩʪʘʥʠʮʘ Field Climate ʠ Meteos, ʠ ʧʨʠʢʫʧˀʝʥʠ 

ʩʫ ʟʘ ʩʚʘʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʩʝʟʦʥʫ.  

 

4.1.1.3 ʉʪʘʪʠʩʪʠʯʢʘ ʦʙʨʘʜʘ ʧʦʜʘʪʘʢʘ 

ʉʪʘʪʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʜʦʙʠʿʝʥʠʭ ʧʦʜʘʪʘʢʘ ʩʧʨʦʚʝʜʝʥʘ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʩʦʬʪʚʝʨʘ ARM 

2022.7 (GDM Solutions, Inc.), ʛʜʝ ʩʫ ʧʦʜʘʮʠ ʦʙʨʘʹʝʥʠ ʤʝʪʦʜʦʤ ʿʝʜʥʦʬʘʢʪʦʨʠʿʘʣʥʝ ʘʥʘʣʠʟʝ 

ʚʘʨʠʿʘʥʩʝ (ANOVA), ʘ ʟʥʘʯʘʿʥʦʩʪ ʨʘʟʣʠʢʘ ʪʝʩʪʠʨʘʥʘ ʿʝ Duncan-ʦʚʠʤ New multiple range 

ʪʝʩʪʦʤ (MRT) ʥʘ ʥʠʚʦʫ ʟʥʘʯʘʿʥʦʩʪʠ 5% (P=0.05). 

 

ʊʘʙʝʣʘ 6. ɼʘʪʫʤʠ ʘʧʣʠʢʘʮʠʿʝ ʬʫʥʛʠʮʠʜʘ  

ʃʦʢʘʣʠʪʝʪ 
ɼʘʪʫʤʠ ʘʧʣʠʢʘʮʠʿʝ (BBCH) 

2019. 2020. 2021. 2022. 2023. 

ʈʘʜʤʠʣʦʚʘʮ 

22/04 (15); 

04/05 (53); 

18/05 (55); 

30/05 (62); 

12/06 (71); 

25/06 (75); 

07/07 (77); 

22/07 (79) 

05/05 (15) 

18/05 (53) 

28/05 (55) 

10/06 (63) 

25/06 (71) 

12/07 (75) 

27/07 (77) 

11/08 (79) 

07/05 (53); 

19/05 (55); 

02/06 (62); 

14/06 (71); 

29/06 (75); 

10/07 (77); 

24/07 (79) 

ʆʛʣʝʜ ʥʠʿʝ 

ʠʟʚʝʜʝʥ 

ʆʛʣʝʜ ʥʠʿʝ 

ʠʟʚʝʜʝʥ 

ʊʦʧʦʣʘ 

22/04 (15); 

04/05 (53); 

18/05 (55); 

31/05 (62); 

13/06 (71); 

27/06 (75); 

08/07 (77); 

23/07 (79) 

24/04 (16); 

07/05 (53); 

19/05 (55); 

02/06 (63); 

13/06 (71); 

28/06 (75); 

09/07 (77); 

23/07 (79) 

18/05 (16) 

28/05 (55) 

10/06 (65) 

24/06 (71) 

08/07 (75) 

22/07 (77) 

05/08 (79) 

 

11/05 (16) 

20/05 (55) 

02/06 (65) 

17/06 (73-75) 

30/06 (75-77) 

11/07 (77-79) 

25/07 (79-81) 

28/04 (15) 

13/05 (53) 

24/05 (55) 

02/06 (57-61) 

09/06 (63) 

18/06 (69-71) 

30/06 (75) 

13/07 (77-79) 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ 

14/04 (14); 

25/04 (18); 

07/05 (53); 

21/05 (55); 

06/06 (65); 

21/06 (73); 

01/07 (75); 

15/07 (77) 

22/04 (16); 

05/05 (53); 

16/05 (55); 

28/05 (63); 

10/06 (71); 

24/06 (75); 

08/07 (77); 

22/07 (79) 

14/05 (16) 

27/05 (55) 

08/06 (65) 

22/06 (71) 

06/07 (75) 

18/07 (77) 

01/08 (79-81) 

ʆʛʣʝʜ ʥʠʿʝ 

ʠʟʚʝʜʝʥ 

26/04 (15) 

10/05 (53) 

23/05 (55) 

30/06 (57-61) 

08/06 (65) 

19/06 (73-75) 

03/07  (77) 

17/07 (79) 

ʅʝʰʪʠʥ  
ʆʛʣʝʜ ʥʠʿʝ 

ʠʟʚʝʜʝʥ 

22/04 (14); 

05/05 (53); 

16/05 (55); 

29/05 (62); 

11/06 (69); 

25/06 (73); 

13/05 (16); 

27/05 (55); 

08/06 (62); 

21/06 (71); 

06/07 (75); 

13/05 (15) 

25/05 (55) 

06/06 (68-69) 

18/06 (75) 

29/06 (77) 

12/07 (79) 

27/04 (15) 

10/05 (53) 

23/05 (55) 

01/06 (57-60) 

14/06 (63-64) 

27/06 (71-73) 
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08/07 (75); 

21/07 (77) 

20/07 (77); 

06/08 (79) 

11/07 (75) 

 

4.1.2 ʀʩʧʠʪʠʚʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ (ʧʨʦʛʨʘʤʘ) ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ 

ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ (E. necator) 

ʋ ʧʝʨʠʦʜʫ ʦʜ 2020. ʜʦ 2022. ʛʦʜʠʥʝ ʚʨʰʝʥʘ ʩʫ ʠʩʧʠʪʠʚʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ 

ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ. ʀʩʧʠʪʠʚʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʤʦʜʝʣʘ ʠʤʘʣʦ ʿʝ ʟʘ ʮʠˀ 

ʜʘ, ʩ ʿʝʜʥʝ ʩʪʨʘʥʝ, ʦʙʝʟʙʝʜʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʝʢʦʥʦʤʠʯʥʠʿʫ ʟʘʰʪʠʪʫ ʠ ʩʤʘˁʠ ʙʨʦʿ ʪʨʝʪʠʨʘˁʘ, 

ʠ ʩ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʫʥʘʧʨʝʜʠ ʧʨʦʛʨʘʤʝ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʦʚʦʛ ʧʘʪʦʛʝʥʘ. ʆʛʣʝʜʠ ʩʫ 

ʠʟʚʝʜʝʥʠ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ (2020. ʠ 2021. ʛʦʜʠʥʝ), ʠ 

ʅʝʰʪʠʥ (2021. ʠ 2022. ʛʦʜʠʥʝ), ʧʦ ʪʠʧʫ ʧʦʪʧʫʥʦ ʩʣʫʯʘʿʥʦʛ ʙʣʦʢ ʩʠʩʪʝʤʘ ʫ ʯʝʪʠʨʠ 

ʧʦʥʘʚˀʘˁʘ. ɸʧʣʠʢʘʮʠʿʘ ʬʫʥʛʠʮʠʜʘ ʠʟʚʝʜʝʥʘ ʿʝ ʫʧʦʪʨʝʙʦʤ ʣʝʹʥʝ ʧʨʩʢʘʣʠʮʝ ʪʠʧʘ Solo 425, 

ʫʟ ʫʪʨʦʰʘʢ ʪʝʯʥʦʩʪʠ ʦʜ 800 l/ha. ɿʘʰʪʠʪʘ ʦʜ P. viticola ʠ B. cinerea ʚʨʰʝʥʘ ʿʝ ʨʝʜʦʚʥʦ 

ʬʫʥʛʠʮʠʜʠʤʘ ʢʦʿʠ ʥʝ ʫʪʠʯʫ ʥʘ ʨʘʟʚʦʿ E. necator.  

  ʇʨʘ˂ʝʥʘ ʿʝ ʧʦʿʘʚʘ ʩʠʤʧʪʦʤʘ ʠ ʦʮʝˁʝʥ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʚʨʝʤʝ ʢʘʜʘ ʿʝ ʧʨʠʤʝ˂ʝʥʘ 

ʿʘʩʥʘ ʨʘʟʣʠʢʘ ʫ ʧʦʿʘʚʠ ʩʠʤʧʪʦʤʘ ʠʟʤʝʹʫ ʪʨʝʪʠʨʘʥʠʭ ʠ ʢʦʥʪʨʦʣʠʭ ʧʘʨʮʝʣʘ. ʋ ʩʚʘʢʦʿ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʿ ʛʦʜʠʥʠ, ʠʟʚʝʜʝʥʦ ʿʝ ʫʢʫʧʥʦ ʧʦ ʜʚʝ ʦʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʿʝʜʥʘ ʦʮʝʥʘ ʥʘ 

ʣʠʩʪʦʚʠʤʘ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʦʮʝˁʝʥ ʿʝ ʥʘ 50 ʛʨʦʟʜʦʚʘ ʠ 100 ʣʠʩʪʦʚʘ ʧʦ ʩʚʘʢʦʤ 

ʧʦʥʘʚˀʘˁʫ. ʆʮʝʥʘ ʿʝ ʠʟʚʝʜʝʥʘ ʪʘʢʦ ʰʪʦ ʿʝ ʧʨʦʮʝˁʝʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʟʘʭʚʘ˂ʝʥʦʩʪ ʛʨʦʟʜʦʚʘ 

ʠ ʣʠʩʪʦʚʘ ʩʠʤʧʪʦʤʠʤʘ ʦʙʦˀʝˁʘ. ɻʨʦʟʜʦʚʠ ʠ ʣʠʩʪʦʚʠ ʥʘ ʦʩʥʦʚʫ ʩʪʝʧʝʥʘ ʟʘʭʚʘ˂ʝʥʦʩʪʠ, 

ʩʚʨʩʪʘʚʘʥʠ ʩʫ ʫ ʩʣʝʜʝ˂ʝ ʢʘʪʝʛʦʨʠʿʝ: 0 = ʥʝʤʘ ʩʠʤʧʪʦʤʘ; 1= 0,1-2,5%; 2= 2,51-5%; 3= 5,1-

10%; 4= 10,1-25%; 5= 25,1-50%; 6= 50,1-75%; 7= > 75-100% (Sozzani et al., 2008). ʀʥʪʝʥʟʠʪʝʪ 

ʦʙʦˀʝˁʘ ʠʟʨʘʯʫʥʘʪ ʿʝ ʧʨʝʤʘ Townsend-Heuberger-ʦʚʦʿ ʬʦʨʤʫʣʠ (Townsend Heuberger, 

1943), ʘ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʧʨʝʤʘ ʬʦʨʤʫʣʠ Abbott-a (Abbott, 1925).   

ʄʝʪʝʦʨʦʣʦʰʢʠ ʧʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʩʫ ʩʘ ʤʝʪʝʦ ʩʪʘʥʠʮʘ Field Climate ʠ Meteos, ʠ 

ʧʨʠʢʫʧˀʝʥʠ ʩʫ ʟʘ ʩʚʘʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʩʝʟʦʥʫ.  

ʉʪʘʪʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʜʦʙʠʿʝʥʠʭ ʧʦʜʘʪʘʢʘ ʩʧʨʦʚʝʜʝʥʘ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʩʦʬʪʚʝʨʘ ARM 

2022.7) (GDM Solutions, Inc.), ʛʜʝ ʩʫ ʧʦʜʘʮʠ ʦʙʨʘʹʝʥʠ ʤʝʪʦʜʦʤ ʿʝʜʥʦʬʘʢʪʦʨʠʿʘʣʥʝ ʘʥʘʣʠʟʝ 

ʚʘʨʠʿʘʥʩʝ (ANOVA), ʘ ʟʥʘʯʘʿʥʦʩʪ ʨʘʟʣʠʢʘ ʪʝʩʪʠʨʘʥʘ ʿʝ Duncan-ʦʚʠʤ New multiple range 

ʪʝʩʪʦʤ (MRT) ʥʘ ʥʠʚʦʫ ʟʥʘʯʘʿʥʦʩʪʠ 5% (P=0.05). 

 

4.1.2.1. ʄʦʜʝʣʠ ʟʘʰʪʠʪʝ  

ʅʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, 2020. ʛʦʜʠʥʝ ʢʨʝʠʨʘʥʠ ʩʫ 

ʤʦʜʝʣʠ ʟʘʰʪʠʪʝ ʩʘ ʬʫʥʛʠʮʠʜʠʤʘ ʢʦʿʠ ʩʫ ʩʝ ʧʨʝʪʭʦʜʥʦ ʦʜʣʠʢʦʚʘʣʠ ʚʠʩʦʢʦʤ ʝʬʠʢʘʩʥʦʰ˂ʫ 

ʪʦʢʦʤ ʧʨʚʝ ʛʦʜʠʥʝ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʥʘ ʧʦʤʝʥʫʪʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ 

(ʊʘʙʝʣʘ 7). ʊʦʢʦʤ 2021. ʛʦʜʠʥʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, 

ʠʩʧʠʪʠʚʘʥʠ ʩʫ ʠʩʪʠ ʤʦʜʝʣʠ ʟʘʰʪʠʪʝ, ʘʣʠ ʩʘ ʥʝʰʪʦ ʜʨʫʛʘʯʠʿʠʤ ʠʟʙʦʨʦʤ ʠ ʨʘʩʧʦʨʝʜʦʤ 

ʬʫʥʛʠʮʠʜʘ ʥʘ ʦʙʘ ʣʦʢʘʣʠʪʝʪʘ (ʊʘʙʝʣʘ 8). ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʫ ʜʨʫʛʦʤ ʪʨʝʪʠʨʘˁʫ ʫ 

ʦʜʥʦʩʫ ʥʘ 2020. ʛʦʜʠʥʫ, ʫʤʝʩʪʦ ʧʨʝʧʘʨʘʪʘ Karathane Gold ʫʚʨʰʪʝʥ ʿʝ ʧʨʝʧʘʨʘʪ Spirox, ʜʦʢ 

ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʫʤʝʩʪʦ ʧʨʝʧʘʨʘʪʘ Karathane Gold ʫʚʨʰʪʝʥ 

ʧʨʝʧʘʨʘʪ Vivando. ʋ ʤʦʜʝʣ ʿʝ ʫʢˀʫʯʝʥ ʠ ʧʨʝʧʘʨʘʪ Talendo, ʥʘ ʦʙʘ ʣʦʢʘʣʠʪʝʪʘ. ɼʦʜʘʪʥʦ, 

ʠʩʧʠʪʠʚʘʥ ʿʝ ʿʦʰ ʿʝʜʘʥ ʤʦʜʝʣ (ʄʦʜʝʣ 6) ʛʜʝ ʿʝ, ʥʘ ʦʙʘ ʣʦʢʘʣʠʪʝʪʘ, ʫ ʧʨʝʪʧʦʩʣʝʜˁʝʤ ʠ 

ʧʦʩʣʝʜˁʝʤ ʪʨʝʪʠʨʘˁʫ, ʧʨʠʤʝˁʝʥ ʧʨʝʧʘʨʘʪ Kumulus DF.  

ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ ʪʦʢʦʤ 2021. ʛʦʜʠʥʝ ʠʩʧʠʪʠʚʘʥʠ ʩʫ ʠʩʪʠ ʤʦʜʝʣʠ ʢʘʦ ʥʘ 

ʧʨʝʪʭʦʜʥʘ ʜʚʘ ʣʦʢʘʣʠʪʝʪʘ, ʩ ʪʠʤ ʜʘ ʿʝ ʨʘʩʧʦʨʝʜ ʠ ʦʜʘʙʠʨ ʬʫʥʛʠʮʠʜʘ ʙʠʦ ʥʝʰʪʦ ʜʨʫʛʘʯʠʿʠ 
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(ʊʘʙʝʣʘ 9). ʌʫʥʛʠʮʠʜʠ ʩʫ ʦʜʘʙʨʘʥʠ ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʦʛʣʝʜʘ ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ 

ʠʟ ʧʨʝʪʭʦʜʥʝ, 2020. ʛʦʜʠʥʝ. ʀʩʪʠ ʤʦʜʝʣʠ ʟʘʰʪʠʪʝ ʠʩʧʠʪʠʚʘʥʠ ʩʫ ʠ ʪʦʢʦʤ 2022. ʛʦʜʠʥʝ ʥʘ 

ʦʚʦʤ ʣʦʢʘʣʠʪʝʪʫ, ʩ ʪʠʤ ʜʘ ʩʫ ʧʦʨʝʜ ʩʪʘʥʜʘʨʜʥʝ ʢʦʥʪʨʦʣʝ (ʂʦʥʪʨʦʣʘ 1) ʛʜʝ ʪʨʝʪʠʨʘˁʘ ʥʠʩʫ 

ʠʟʚʦʹʝʥʘ ʦʜ ʧʦʯʝʪʢʘ ʧʘ ʜʦ ʢʨʘʿʘ ʦʛʣʝʜʘ, ʫ ʦʛʣʝʜ ʫʚʨʰʪʝʥʝ ʠ ʜʚʝ ʜʦʜʘʪʥʝ ʢʦʥʪʨʦʣʝ. ʋ ʿʝʜʥʦʿ 

ʢʦʥʪʨʦʣʠ (ʂʦʥʪʨʦʣʘ 2) ʠʩʧʠʪʠʚʘʥ ʿʝ ʫʪʠʮʘʿ ʙʣʦʢʘ ʦʜ ʯʝʪʠʨʠ ʪʨʝʪʠʨʘˁʘ (ʦʜ ʬʝʥʦʬʘʟʝ 

ʥʘʙʫʙʨʝʣʝ ʮʚʘʩʪʠ ʜʦ ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʛʨʘʰʢʘ) ʠ ʫ ʪʦʿ ʢʦʥʪʨʦʣʠ ʥʠʩʫ ʠʟʚʦʹʝʥʘ 

ʪʨʝʪʠʨʘˁʘ ʫ ʪʦʤ ʧʝʨʠʦʜʫ, ʜʦʢ ʩʫ ʪʟʚ. Ăcoverñ ʪʨʝʪʠʨʘˁʘ ʠʟʚʦʹʝʥʘ ʧʨʝ ʠ ʥʘʢʦʥ ʪʦʛ ʧʝʨʠʦʜʘ 

(ʊʘʙʝʣʘ 10). ʋ ʜʨʫʛʦʿ ʜʦʜʘʪʥʦʿ ʢʦʥʪʨʦʣʠ (ʂʦʥʪʨʦʣʘ 3) ʥʠʩʫ ʠʟʚʦʹʝʥʘ ʪʨʝʪʠʨʘˁʘ ʜʦ 

ʧʨʝʮʚʝʪʘʚʘˁʘ, ʚʝ˂ ʩʝ ʩʘ ʧʨʦʛʨʘʤʦʤ ʟʘʰʪʠʪʝ ʢʨʝʥʫʣʦ ʦʜ ʬʝʥʦʬʘʟʝ ʧʨʝʮʚʝʪʘʚʘˁʘ ʧʘ ʜʦ 

ʬʝʥʦʬʘʟʝ ʟʘʪʚʘʨʘˁʘ ʛʨʦʟʜʦʚʘ-ʧʦʯʝʪʘʢ ʰʘʨʢʘ, ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʦ ʟʥʘʯʘʿ ʠ ʝʬʝʢʘʪ ʪʨʝʪʠʨʘˁʘ 

ʜʦ ʧʨʝʮʚʝʪʘʚʘˁʘ (ʦʜ ʬʝʥʦʬʘʟʝ 4-6 ʦʪʚʦʨʝʥʠʭ ʣʠʩʪʦʚʘ ʜʦ ʧʨʝʮʚʝʪʘʚʘˁʘ).  
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ʊʘʙʝʣʘ 7. ʇʨʝʛʣʝʜ ʠʩʧʠʪʠʚʘʥʠʭ ʤʦʜʝʣʘ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʪʦʢʦʤ 2020. ʛʦʜʠʥʝ 

ɹʨ. 

ʊʨʝʪʠʨʘˁʘ 

ʂʦʜ A B C D E F G H 

ɼʘʪʫʤ 
ʊʦʧʦʣʘ 24/04 07/05 19/05 02/06 13/06 28/06 09/07 23/07 

ʉʣ. ɺʠʥʦʛʨʘʜʠ 22/04 05/05 16/05 28/05 10/06 24/06 08/07 22/07 

ʌʝʥʦʬʘʟʘ (BBCH) 
14-16 55 57 63-65 69-71 75 77 79 

ɺʘʨʠʿʘʥʪʘ 

1. ʂʦʥʪʨʦʣʘ - - - - - - - - 

2. ʄʦʜʝʣ 1 - - Sercadis Sekvenca 
Luna 

Max 

Cyflamid 

5 EW 
- - 

3. ʄʦʜʝʣ 2 - 

Karathane 

Gold 350 

EC 

Sercadis Sekvenca 
Luna 

Max 

Cyflamid 

5 EW 
- - 

4. ʄʦʜʝʣ 3 
Kumulus 

DF 

Karathane 

Gold 350 

EC 

Sercadis Sekvenca 
Luna 

Max 

Cyflamid 

5 EW 
- - 

5. ʄʦʜʝʣ 4 
Kumulus 

DF 

Karathane 

Gold 350 

EC 

Sercadis Sekvenca 
Luna 

Max 

Cyflamid 

5 EW 
Sercadis - 

6. ʄʦʜʝʣ 5 
Kumulus 

DF 

Karathane 

Gold 350 

EC 

Sercadis Sekvenca 
Luna 

Max 

Cyflamid 

5 EW 
Sercadis 

Kumulus 

DF 

7. ʉʪʘʥʜʘʨʜʥʠ ʧʨʦʛʨʘʤ ʟʘʰʪʠʪʝ 

Sercadis 

+ 

Kumulus 

DF 

Sercadis 

Sekvenca 

+ 

Kumulus 

DF 

Sekvenca 

Talendo 

+ 

Kumulus 

Spirox 

Luna 

Max + 

Kumulus 

DF 

Kumulus 

DF 

*Sercadis ï 0,015%; Sekvenca ï 0,013%; Luna Max ï 0,1%; Cyflamid 5 EW ï 0,05%; Karathane Gold 350 EC ï 0,05%;  

Kumulus DFï 0,5%; Talendo ï 0,025%; Spirox ï 0,06% 
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ʊʘʙʝʣʘ 8.  ʇʨʝʛʣʝʜ ʠʩʧʠʪʠʚʘʥʠʭ ʤʦʜʝʣʘ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʪʦʢʦʤ 2021. ʛʦʜʠʥʝ 

ɹʨ. 

ʊʨʝʪʠʨʘˁʘ 

ʂʦʜ A B C D E F G H 

ɼʘʪʫʤ 
ʊʦʧʦʣʘ 06/05 18/05 28/05 10/06 24/06 08/07 22/07 05/08 

ʉʣ. ɺʠʥʦʛʨʘʜʠ 04/05 14/05 27/05 08/06 22/06 06/07 18/07 01/08 

ʌʝʥʦʬʘʟʘ (BBCH) 
14-16 55 57 63-65 69-71 75 77 79 

ɺʘʨʠʿʘʥʪʘ 

1. ʂʦʥʪʨʦʣʘ - - - - - - - - 

2. ʄʦʜʝʣ 1 - - Sercadis Sekvenca 
Luna 

Max 

Cyflamid 

5 EW 
- - 

3. ʄʦʜʝʣ 2 - 

Spirox 

(ʊʆ) 
Sercadis Sekvenca 

Luna 

Max 

Cyflamid 

5 EW 
- - 

Vivando 

(ʉʃɺ) 

4. ʄʦʜʝʣ 3 
Kumulus 

DF 

Spirox 

(ʊʆ) 
Sercadis Sekvenca 

Luna 

Max 

Cyflamid 

5 EW 
- - 

Vivando 

(ʉʃɺ) 

5. ʄʦʜʝʣ 4 
Kumulus 

DF 

Spirox 

(ʊʆ) 
Sercadis Sekvenca 

Luna 

Max 

Cyflamid 

5 EW 
Talendo - 

Vivando 

(ʉʃɺ) 

6. ʄʦʜʝʣ 5 
Kumulus 

DF 

Spirox 

(ʊʆ) 
Sercadis Sekvenca 

Luna 

Max 

Cyflamid 

5 EW 
Talendo 

Kumulus 

DF Vivando 

(ʉʃɺ) 

7. ʄʦʜʝʣ 6 
Kumulus 

DF 

Spirox 

(ʊʆ) 
Sercadis Sekvenca 

Luna 

Max 

Cyflamid 

5 EW 

Kumulus 

DF 

Kumulus 

DF Vivando 

(ʉʃɺ) 

8. ʉʪʘʥʜʘʨʜʥʠ ʧʨʦʛʨʘʤ ʟʘʰʪʠʪʝ 

Sercadis 

+ 

Kumulus 

DF 

Sercadis 

Sekvenca 

+ 

Kumulus 

DF 

Sekvenca 

Talendo 

+ 

Kumulus 

Spirox 

Luna 

Max + 

Kumulus 

DF 

Kumulus 

DF 

*Sercadis-0,015%; Sekvenca-0,02%; Luna Max-0,1%; Cyflamid-0,05%; Talendo-0,025%; Spirox-0,06%; Vivando-0,02%, Kumulus-0,5% 
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ʊʘʙʝʣʘ 9. ʇʨʝʛʣʝʜ ʠʩʧʠʪʠʚʘʥʠʭ ʤʦʜʝʣʘ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ (2021. ʛʦʜʠʥʘ) 

ɹʨ. 

ʊʨʝʪʠʨʘˁʘ 

ʂʦʜ A B C D E F G H 

ɼʘʪʫʤ 03/05 13/05 27/05 08/06 21/06 06/07 20/07 05/08 

ʌʝʥʦʬʘʟʘ (BBCH) 
14-16 55 57 63-65 69-71 75 77 79 

ɺʘʨʠʿʘʥʪʘ 

1. ʂʦʥʪʨʦʣʘ - - - - - - - - 

2. ʄʦʜʝʣ 1 - - Kusabi Sercadis 
Luna 

Max 
Talendo - - 

3. ʄʦʜʝʣ 2 - Spirox Kusabi Sercadis 
Luna 

Max 
Talendo - - 

4. ʄʦʜʝʣ 3 
Kumulus 

DF 
Spirox Kusabi Sercadis 

Luna 

Max 
Talendo - - 

5. ʄʦʜʝʣ 4 
Kumulus 

DF 
Spirox Kusabi Sercadis 

Luna 

Max 
Talendo Sekvenca - 

6. ʄʦʜʝʣ 5 
Kumulus 

DF 
Spirox Kusabi Sercadis 

Luna 

Max 
Talendo Sekvenca 

Kumulus 

DF 

7. ʄʦʜʝʣ 6 
Kumulus 

DF 
Spirox Kusabi Sercadis 

Luna 

Max 
Talendo 

Kumulus 

DF 

Kumulus 

DF 

8. ʉʪʘʥʜʘʨʜʥʠ ʧʨʦʛʨʘʤ ʟʘʰʪʠʪʝ 

Sercadis 

+ 

Kumulus 

DF 

Kusabi 

Luna 

Max 

+ 

Kumulus 

DF 

Talendo 

Cidely 

Top + 

Kumulus 

DF 

Spirox 

Sekvenca 

+ 

Kumulus 

DF 

Kumulus 

DF 

*Kusabi-0,03%; Sercadis-0,015%; Luna Max-0,1%; Talendo-0,025%; Spirox-0,06%; Sekvenca-0,02%; Kumulus DFï 0,5%; Cidely Top - 0,1% 
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ʊʘʙʝʣʘ 10. ʇʨʝʛʣʝʜ ʠʩʧʠʪʠʚʘʥʠʭ ʤʦʜʝʣʘ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ (2022. ʛʦʜʠʥʘ) 

ɹʨ. 

ʊʨʝʪʠʨʘˁʘ 

ʂʦʜ A B C D E F G 

ɼʘʪʫʤ 13/05 26/05 06/06 18/06 29/06 12/07 26/07 

ʌʝʥʦʬʘʟʘ (BBCH) 
14-16 57 65-66 69-71 75 77 79-81 

ɺʘʨʠʿʘʥʪʘ 

1. ʂʦʥʪʨʦʣʘ 1 - - - - - - - 

2. ʂʦʥʪʨʦʣʘ 2 Kumulus DF - - - - Talendo Kumulus DF 

3. ʂʦʥʪʨʦʣʘ 3 - - - - Luna Max Talendo Kumulus DF 

4. ʄʦʜʝʣ 1 - - Kusabi Sercadis Luna Max Talendo - 

5. ʄʦʜʝʣ 2 - Strix Kusabi Sercadis Luna Max Talendo - 

6. ʄʦʜʝʣ 3 Kumulus DF Strix Kusabi Sercadis Luna Max Talendo - 

7. ʄʦʜʝʣ 4 Kumulus DF Strix Kusabi Sercadis Luna Max Talendo Cidely Top 

8. ʄʦʜʝʣ 5 Kumulus DF Strix Kusabi Sercadis Luna Max Talendo Kumulus DF 

9. ʄʦʜʝʣ 6 Kumulus DF 
Kumulus 

DF 
Kusabi Sercadis Luna Max Talendo Kumulus DF 

10. 
ʉʪʘʥʜʘʨʜʥʠ ʧʨʦʛʨʘʤ 

ʟʘʰʪʠʪʝ 

Sercadis + 

Kumulus DF 
Kusabi 

Luna Max 

+ 

Kumulus 

DF 

Talendo 

Cidely Top + 

Kumulus 

DF 

Strix 
Sekvenca + 

Kumulus DF 

*Kusabi ï 0,03%; Sercadis ï 0,015%; Luna Max ï 0,1%; Talendo ï 0,025%; Strix ï 0,08%; Cidely Top ï 0,1%;  Sekvenca ï 0,02%;  

Kumulus DF ï 0,5%
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4.1.2.2 ɽʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ 

ʂʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʠ ʪʨʦʰʢʦʚʠ ʠʩʧʠʪʠʚʘʥʠʭ ʤʦʜʝʣʘ, ʘʥʘʣʠʟʠʨʘʥʝ ʩʫ ʮʝʥʝ ʬʫʥʛʠʮʠʜʘ 

ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʩʫʟʙʠʿʘˁʝ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʮʝʥʘ ʨʘʜʘ (ʜʥʝʚʥʠʮʘ ʨʘʜʥʠʢʘ) ʠ 

ʤʝʭʘʥʠʟʘʮʠʿʝ (ʛʦʨʠʚʦ). ʋ ʦʙʟʠʨ ʩʫ ʫʟʝʪʝ ʧʨʦʩʝʯʥʝ ʪʨʞʠʰʥʝ ʮʝʥʝ ʠʩʧʠʪʠʚʘʥʠʭ ʬʫʥʛʠʮʠʜʘ, 

ʧʨʦʩʝʯʥʘ ʮʝʥʘ ʜʥʝʚʥʠʮʝ ʠ ʛʦʨʠʚʘ (ʈʝʧʫʙʣʠʯʢʠ ʟʘʚʦʜ ʟʘ ʩʪʘʪʠʩʪʠʢʫ, 2023), ʟʘ ʩʚʘʢʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʛʦʜʠʥʫ (ʊʘʙʝʣʘ 11). 

 

ʊʘʙʝʣʘ 11. ʇʨʠʢʘʟ ʪʨʞʠʰʥʠʭ ʮʝʥʘ ʬʫʥʛʠʮʠʜʘ, ʮʝʥʘ ʩʘʪʥʠʮʝ ʠ ʛʦʨʠʚʘ  

ʎʝʥʝ ʬʫʥʛʠʮʠʜʘ 

ʇʨʝʧʘʨʘʪ (ʧʘʢʦʚʘˁʝ) ʎʝʥʘ ʧʘʢʦʚʘˁʘ (ʜʠʥ.) ʎʝʥʘ ʧʦ ʭʝʢʪʘʨʫ (ʜʠʥ.) 

 2020. 2021. 2022. 2020. 2021. 2022. 

Sercadis (100 ml) 1900 1950 2090 2850 2925 3135 

Luna Max (1L) 4090 4190 5450 4090 4190 5450 

Kusabi (100 ml) 1090 1090 950 3270 3270 2850 

Vivando (100 ml) 1050 1100 1250 2100 2200 2500 

Talendo (1 L) 8260 8360 9190 2065 2090 2298 

Spirox (1 L) 2900 2900 2900 2320 2320 2320 

Sekvenca (200 ml) 1090 1090 1090 1090 1090 1090 

Cyflamid  (1 L) 9250  9350 9850 4625 4675 4925 

Karathane Gold (1 L) 3390 3390 3590 1695 1695 1795 

Cidely Top (1 L) 7590 7690 7790 7590 7690 7790 

Kumulus (1 kg) 299 310 380 1145 1550 1900 

ʎʝʥʘ ʩʘʪʥʠʮʝ ʪʨʘʢʪʦʨʠʩʪʝ (ʜʠʥ.) 

ʉʘʪʥʠʮʘ (ʜʠʥ.) 
ʎʝʥʘ ʧʦ ʭʝʢʪʘʨʫ 

(45min/ha) 

2020. 2021. 2022. 2020. 2021. 2022. 

400 450 500 300 337,5 375 

ʎʝʥʘ ʛʦʨʠʚʘ (ʜʠʥ.) 

ʇʨʦʩʝʯʥʘ ʮʝʥʘ ʣʠʪʨʘ ʜʠʟʝʣ ʛʦʨʠʚʘ  ʎʝʥʘ ʧʦ ʭʝʢʪʘʨʫ (6 ʣʠʪʘʨʘ 

ʛʦʨʠʚʘ ʧʦ ʭʝʢʪʘʨʫ) 

2020. 2021. 2022. 2020. 2021. 2022. 

144,58 160,64 202,36 867,48 963,84 1214,16 

 

4.2. ʇʨʠʢʫʧˀʘˁʝ ʫʟʦʨʘʢʘ ʠ ʦʜʨʞʘʚʘˁʝ ʧʘʪʦʛʝʥʘ  

ʋ ʧʝʨʠʦʜʫ ʦʜ 2019. ʜʦ 2022. ʛʦʜʠʥʝ, ʚʨʰʝʥʦ ʿʝ ʧʨʠʢʫʧˀʘˁʝ ʟʘʨʘʞʝʥʠʭ ʣʠʩʪʦʚʘ ʠ 

ʙʦʙʠʮʘ ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʘ ʦʩʝʪˀʠʚʦʩʪ ʨʘʟʣʠʯʠʪʠʭ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʬʫʥʛʠʮʠʜʝ ʫ 

ʙʠʦʪʝʩʪʦʚʠʤʘ, ʘʣʠ ʠ ʩʘ ʮʠˀʝʤ ʤʦʣʝʢʫʣʘʨʥʝ ʜʝʪʝʢʮʠʿʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ QoI ʠ DMI 

ʬʫʥʛʠʮʠʜʝ ʢʦʜ ʪʠʭ ʧʦʧʫʣʘʮʠʿʘ ʧʦʤʦ˂ʫ real-time PCR ʪʝʭʥʠʢʝ. ʋʟʦʨʮʠ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʠʟ 

ʿʝʜʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠ ʪʨʠ ʢʦʤʝʨʮʠʿʘʣʥʘ ʚʠʥʦʛʨʘʜʘ ʛʜʝ ʩʫ ʠʟʚʝʜʝʥʠ ʧʦˀʩʢʠ ʦʛʣʝʜʠ 

(ʈʘʜʤʠʣʦʚʘʮ, ʊʦʧʦʣʘ, ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʠ ʅʝʰʪʠʥ). ʉʘ ʦʚʠʭ ʣʦʢʘʣʠʪʝʪʘ, ʟʘʨʘʞʝʥʠ 

ʣʠʩʪʦʚʠ ʠ ʛʨʦʟʜʦʚʠ, ʫʟʦʨʢʦʚʘʥʠ ʩʫ ʢʘʢʦ ʠʟ ʪʨʝʪʠʨʘʥʠʭ ʦʛʣʝʜʥʠʭ ʧʘʨʮʝʣʘ, ʪʘʢʦ ʠ ʠʟ 

ʢʦʥʪʨʦʣʥʠʭ ʚʘʨʠʿʘʥʪʠ. ʊʘʢʦʹʝ, ʚʨʰʝʥʦ ʿʝ ʧʨʠʢʫʧˀʘˁʝ ʫʟʦʨʘʢʘ ʠ ʠʟ ʥʝʢʦʣʠʢʦ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ 

ʚʠʥʦʛʨʘʜʘʨʩʢʠʭ ʨʝʿʦʥʘ, ʠ ʪʦ ʠʟ ʚʠʥʦʛʨʘʜʘ ʩʘ ʜʫʞʦʤ ʠʩʪʦʨʠʿʦʤ ʧʨʠʤʝʥʝ ʬʫʥʛʠʮʠʜʘ ʛʜʝ ʿʝ 

ʠʟʚʦʹʝʥʘ ʨʝʜʦʚʥʘ ʭʝʤʠʿʩʢʘ ʟʘʰʪʠʪʘ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ. ʆʚʦ ʿʝ ʫʨʘʹʝʥʦ ʢʘʢʦ ʙʠ ʩʝ 
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ʢʨʝʠʨʘʣʘ ʰʠʨʘ ʩʣʠʢʘ ʦ ʜʠʩʪʨʠʙʫʮʠʿʠ ʨʝʟʠʩʪʝʥʪʥʠʭ/ʦʩʝʪˀʠʚʠʭ ʧʦʧʫʣʘʮʠʿʘ ʫ ʉʨʙʠʿʠ. ʆʩʠʤ 

ʚʠʥʦʛʨʘʜʘ ʩʘ ʠʩʪʦʨʠʿʦʤ ʧʨʠʤʝʥʝ ʬʫʥʛʠʮʠʜʘ, ʫʟʦʨʮʠ ʩʫ ʧʨʠʢʫʧˀʘʥʠ ʠ ʩʘ ʪʨʠ ʣʦʢʘʣʠʪʝʪʘ ʛʜʝ 

ʬʫʥʛʠʮʠʜʠ ʥʠʩʫ ʢʦʨʠʰ˂ʝʥʠ ʫ ʧʨʦʰʣʦʩʪʠ ʠ ʛʜʝ ʩʝ ʦʯʝʢʠʚʘʣʦ ʧʨʠʩʫʩʪʚʦ ʥʦʨʤʘʣʥʦ 

ʦʩʝʪˀʠʚʠʭ ʧʦʧʫʣʘʮʠʿʘ, ʘʣʠ ʠ ʠʟ ʚʠʥʦʛʨʘʜʘ ʛʜʝ ʿʝ ʠʟʚʦʹʝʥʘ ʝʢʩʪʝʥʟʠʚʥʘ ʟʘʰʪʠʪʘ, ʦʜʥʦʩʥʦ 

ʨʝʜʫʢʦʚʘʥʘ ʧʨʠʤʝʥʘ ʬʫʥʛʠʮʠʜʘ. ʇʨʠʢʫʧˀʘˁʝ ʟʘʨʘʞʝʥʦʛ ʙʠˀʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʦʙʠʯʥʦ ʿʝ 

ʚʨʰʝʥʦ ʦʜ ʜʨʫʛʝ ʧʦʣʦʚʠʥʝ ʘʚʛʫʩʪʘ ʜʦ ʢʨʘʿʘ ʩʝʧʪʝʤʙʨʘ, ʢʘʜʘ ʩʫ ʩʠʤʧʪʦʤʠ ʧʝʧʝʣʥʠʮʝ ʥʘ 

ʣʠʩʪʦʚʠʤʘ ʙʠʣʠ ʥʘʿʠʟʨʘʞʝʥʠʿʠ. ʋʟʦʨʮʠ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʠʟ 22 ʨʘʟʣʠʯʠʪʘ ʚʠʥʦʛʨʘʜʘ, ʫ 10 

ʚʠʥʦʛʨʘʜʘʨʩʢʠʭ ʨʝʿʦʥʘ ʫ ʉʨʙʠʿʠ, ʪʦʢʦʤ 2019, 2020, 2021. ʠ 2022. ʛʦʜʠʥʝ (ʉʣʠʢʘ 4). 

ɿʘʨʘʞʝʥʠ ʣʠʩʪʦʚʠ ʩʫ ʜʦʧʨʝʤʘʥʠ ʫ ʣʘʙʦʨʘʪʦʨʠʿʫ ʫ ʨʫʯʥʦʤ ʧʨʝʥʦʩʠʚʦʤ ʬʨʠʞʠʜʝʨʫ ʫ 

ʪʟʚ. ĂZIPñ ʢʝʩʘʤʘ. ʉʠʤʧʪʦʤʘʪʠʯʥʠ ʣʠʩʪʦʚʠ ʩʫ ʟʘʪʠʤ ʠʥʢʫʙʠʨʘʥʠ 24 h ʫ ʧʣʘʩʪʠʯʥʠʤ 

ʢʫʪʠʿʘʤʘ ʩʘ ʧʦʚʝ˂ʘʥʦʤ ʚʣʘʞʥʦʰ˂ʫ ʧʨʠ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ (20-22 °C). ʇʦʪʦʤ ʿʝ ʟʘʨʘʞʝʥʦ 

ʪʢʠʚʦ ʧʨʝʛʣʝʜʘʥʦ ʧʦʜ ʙʠʥʦʢʫʣʘʨʦʤ, ʘ ʢʦʥʠʜʠʿʝ ʠʟ ʩʧʦʨʫʣʠʰʫ˂ʠʭ ʢʦʣʦʥʠʿʘ ʧʨʝʥʦh ʝʥʝ ʩʫ ʥʘ 

ʤʣʘʜʝ ʣʠʩʪʦʚʝ ʙʠˀʘʢʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʩʦʨʪʝ Chardonnay, ʛʘʿʝʥʠʭ ʫ ʩʪʘʢʣʘʨʠ. ʂʦʥʠʜʠʿʝ ʩʫ 

ʧʨʝʥʦʰʝʥʝ ʥʘ ʣʠʮʝ ʣʠʩʪʘ ʚʠʥʦʚʝ ʣʦʟʝ ʧʦʤʦ˂ʫ ʬʠʥʝ ʯʝʪʢʠʮʝ ʦʜ ʢʘʤʠˀʝ ʜʣʘʢʝ, ʢʦʿʘ ʿʝ ʠʟʤʝʹʫ 

ʩʚʘʢʦʛ ʪʨʘʥʩʬʝʨʘ ʩʪʝʨʠʣʠʩʘʥʘ 95% ʝʪʘʥʦʣʦʤ (Colcol., 2008; Kunova et al., 2015; Graf, 

2017). ʇʨʝ ʥʘʥʦʰʝˁʘ ʢʦʥʠʜʠʿʘ, ʣʠʩʪʦʚʠ ʩʫ ʩʪʝʨʠʣʠʩʘʥʠ ʧʦʪʘʧʘˁʝʤ ʫ 20% ʨʘʩʪʚʦʨ 

ʥʘʪʨʠʿʫʤ-ʭʠʧʦʭʣʦʨʠʪʘ (ʚʘʨʠʢʠʥʝ) ʫ ʢʦʿʝʤ ʩʝ ʥʘʣʘʟʠʦ Tween 20 ʫ ʪʨʘʿʘˁʫ ʦʜ 2 ʤʠʥʫʪʘ, ʘ 

ʟʘʪʠʤ ʩʫ ʦʩʪʘʚˀʝʥʠ ʫ ʣʘʤʠʥʘʨʥʦʿ ʢʦʤʦʨʠ ʥʘ ʧʘʨʯʝʪʫ ʫʙʨʫʩʘ ʜʘ ʩʝ ʦʩʫʰʝ. ʅʘʢʦʥ ʩʫʰʝˁʘ, 

ʣʠʩʪʦʚʠ, ʣʠʮʝʤ ʦʢʨʝʥʫʪʠʤ ʥʘ ʛʦʨʝ, ʧʦʩʪʘʚˀʝʥʠ ʩʫ ʥʘ 1% ʘʫʪʦʢʣʘʚʠʨʘʥʠ ʚʦʜʝʥʠ ʘʛʘʨ 

ʨʘʟʣʠʚʝʥ ʫ ʩʪʝʨʠʣʥʝ ʇʝʪʨʠ ʰʦˀʝ ʧʨʝʯʥʠʢʘ 90 mm  (Feng et al., 2018). ʃʠʩʪʦʚʠ ʩʫ 

ʠʥʢʫʙʠʨʘʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ 22-25 °C , ʫ ʪʨʘʿʘˁʫ 10-14 ʜʘʥʘ ʩʘ ʩʚʝʪʣʦʩʥʠʤ ʨʝʞʠʤʦʤ  12 

ʩʘʪʠ ʩʚʝʪʣʦʩʪ, 12 ʩʘʪʠ ʪʘʤʘ (Colcol, 2008; Graf, 2017). ʂʦʣʦʥʠʿʝ ʧʘʨʘʟʠʪʘ ʦʜʨʞʘʚʘʥʝ ʩʫ ʥʘ 

ʩʚʝʞʠʤ ʣʠʩʪʦʚʠʤʘ ʜʦ ʠʟʚʦʹʝˁʘ ʙʠʦʪʝʩʪʦʚʘ ʠ ʤʦʣʝʢʫʣʘʨʥʠʭ ʘʥʘʣʠʟʘ.   

 

4.3. ʋʪʚʨʹʠʚʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʨʘʟʣʠʯʠʪʝ ʬʫʥʛʠʮʠʜʝ ʫ in vivo 

ʪʝʩʪʦʚʠʤʘ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ (ʙʠʦʪʝʩʪʦʚʠ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ) 

ɿʘ ʫʪʚʨʹʠʚʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʨʘʟʣʠʯʠʪʝ ʬʫʥʛʠʮʠʜʝ, 

ʢʦʨʠʰ˂ʝʥʘ ʿʝ in vivo ʤʝʪʦʜʘ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ. ɺʨʰʝʥʦ ʿʝ ʠʩʧʠʪʠʚʘˁʝ ʬʫʥʛʠʮʠʜʘ ʠʟ 

ʩʣʝʜʝ˂ʠʭ ʛʨʫʧʘ: QoI ʬʫʥʛʠʮʠʜʠ (ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ ʠ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ); DMI ʬʫʥʛʠʮʠʜʠ 

(ʤʠʢʣʦʙʫʪʘʥʠʣ, ʪʝʙʫʢʦʥʘʟʦʣ ʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣ); ʘʟʘʥʘʬʪʘʣʝʥʠ (ʢʚʠʥʦʢʩʠʬʝʥ ʠ 

ʧʨʦʢʚʠʥʘʟʠʜ); ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʠ (ʤʝʪʨʘʬʝʥʦʥ ʠ ʧʠʨʠʦʬʝʥʦʥ). ʂʦʤʝʨʮʠʿʘʣʥʝ ʬʦʨʤʫʣʘʮʠʿʝ 

ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʭ ʬʫʥʛʠʮʠʜʘ ʜʠʩʧʝʨʛʦʚʘʥʝ ʩʫ ʫ ʚʦʜʠ ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʝʦʧʭʦʜʥʝ ʟʘ ʠʟʚʦʹʝˁʝ ʙʠʦʪʝʩʪʘ. ɿʘ ʩʚʘʢʠ ʬʫʥʛʠʮʠʜ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʪʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ: ʧʨʝʧʦʨʫʯʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʟʘ ʢʦʤʝʨʮʠʿʘʣʥʫ ʧʨʠʤʝʥʫ, ʜʚʘ ʠ ʯʝʪʠʨʠ ʧʫʪʘ 

ʚʝ˂ʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ (ʊʘʙʝʣʘ 12).  ʆʚʝ ʪʨʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʢʘʢʦ 

ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ ʜʘ ʣʠ ʿʝ ʜʦʰʣʦ ʜʦ ʨʘʟʚʦʿʘ ʧʨʘʢʪʠʯʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ E. 

necator. ʂʦʜ ʧʦʧʫʣʘʮʠʿʘ ʧʘʨʘʟʠʪʘ ʢʦʿʝ ʩʫ ʩʘʢʫʧˀʝʥʝ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʛʜʝ ʧʨʝʪʭʦʜʥʦ ʥʠʩʫ 

ʢʦʨʠʰ˂ʝʥʠ ʬʫʥʛʠʮʠʜʠ (ʪʟʚ. Ăwild-typeñ ʧʦʧʫʣʘʮʠʿʝ) ʪʝʩʪʠʨʘʥʘ ʿʝ ʦʩʝʪˀʠʚʦʩʪ ʥʘ 5 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʠ ʦʜʨʝʹʝʥʝ ʩʫ EC50 ʚʨʝʜʥʦʩʪʠ, ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʦʙʠʪ ʘʥʘʣʠʟʝ (Finney, 1964).  
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ʉʣʠʢʘ 4. ʄʘʧʘ ʣʦʢʘʣʠʪʝʪʘ ʩʘ ʢʦʿʠʭ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʫʟʦʨʮʠ ʣʠʩʪʦʚʘ ʚʠʥʦʚʝ ʣʦʟʝ 

ʃʠʩʥʠ ʜʠʩʢʦʚʠ ʧʨʘʚˀʝʥʠ ʩʫ ʩʪʝʨʠʣʥʠʤ ʙʫʰʘʯʝʤ ʢʦʨʠʰ˂ʝˁʝʤ ʤʣʘʜʠʭ, ʟʜʨʘʚʠʭ 

(ʘʩʠʤʧʪʦʤʘʪʩʢʠʭ) ʠ ʜʝʟʠʥʬʠʢʦʚʘʥʠʭ ʣʠʩʪʦʚʘ ʦʩʝʪˀʠʚʝ ʩʦʨʪʝ Chardonnay. ʃʠʩʥʠ ʜʠʩʢʦʚʠ 

ʩʫ ʧʦʪʘʧʘʥʠ ʫ ʩʪʝʨʠʣʥʫ ʜʝʩʪʠʣʦʚʘʥʫ ʚʦʜʫ (ʢʦʥʪʨʦʣʘ) ʠʣʠ ʫ ʫʥʘʧʨʝʜ ʧʨʠʧʨʝʤˀʝʥʝ 

ʬʫʥʛʠʮʠʜʥʝ ʜʠʩʧʝʨʟʠʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫ ʪʨʘʿʘˁʫ ʦʜ 45 ʤʠʥʫʪʘ. ɿʘʪʠʤ ʩʫ ʫ 

ʣʘʤʠʥʘʨʥʦʿ ʢʦʤʦʨʠ, ʥʝʞʥʦ, ʧʦʤʦ˂ʫ ʬʠʥʦʛ ʫʙʨʫʩʘ ʦʩʫʰʝʥʠ ʠ ʩʪʘʚˀʘʥʠ ʫ ʇʝʪʨʠ ʰʦˀʝ 

ʠʩʧʫˁʝʥʝ ʚʦʜʝʥʠʤ ʘʛʘʨʦʤ, ʠ ʪʦ ʣʠʮʝʤ ʦʢʨʝʥʫʪʠʤ ʥʘ ʛʦʨʝ. ʋ ʩʚʘʢʦʿ ʇʝʪʨʠ ʰʦˀʠ ʥʘʣʘʟʠʣʦ 

ʩʝ 4 ʣʠʩʥʘ ʜʠʩʢʘ ʪʨʝʪʠʨʘʥʘ ʠʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ ʬʫʥʛʠʮʠʜʘ (Colcol and Baudoin, 2016; 

Feng et al., 2018). ɿʘ ʠʥʦʢʫʣʘʮʠʿʫ ʣʠʩʥʠʭ ʜʠʩʢʦʚʘ, ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʣʠʩʪʦʚʠ ʩʘ ʜʦʙʨʦ 

ʨʘʟʚʠʿʝʥʦʤ ʢʦʣʦʥʠʿʦʤ ʧʘʪʦʛʝʥʘ. ʂʦʥʠʜʠʿʝ ʩʘ ʣʠʩʪʦʚʘ ʩʫ ʧʦʤʦ˂ʫ ʪʟʚ. Ăʠʥʦʢʫʣʘʮʠʦʥʦʛ ʪʦʨˁʘñ 

ʨʘʩʧʨʰʝʥʝ ʧʦ ʧʦʚʨʰʠʥʠ ʪʨʝʪʠʨʘʥʠʭ ʠ ʥʝʪʨʝʪʠʨʘʥʠʭ ʣʠʩʥʠʭ ʜʠʩʢʦʚʘ (Green and Gustafson, 

2006; Colcol, 2008). ʀʥʦʢʫʣʘʮʠʦʥʠ ʪʦʨʘˁ ʿʝ ʧʦʩʪʘʚˀʝʥ ʠʟʥʘʜ ʇʝʪʨʠ ʰʦˀʘ ʩʘ ʣʠʩʥʠʤ 

ʜʠʩʢʦʚʠʤʘ (Graf, 2017), ʠ ʢʦʥʠʜʠʿʝ ʩʫ ʜʠʩʪʨʠʙʫʠʨʘʥʝ ʥʘ ʣʠʩʥʝ ʜʠʩʢʦʚʝ ʚʘʟʜʫʰʥʠʤ 

ʩʪʨʫʿʘˁʝʤ. ʃʠʩʥʠ ʜʠʩʢʦʚʠ ʩʫ ʟʘʪʠʤ ʠʥʢʫʙʠʨʘʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ 22-25 ° C ʫ ʪʨʘʿʘˁʫ 10-14 

ʜʘʥʘ, ʩʘ ʬʦʪʦʧʝʨʠʦʜʦʤ 12 ʩʘʪʠ ʩʚʝʪʣʦʩʪ, 12 ʩʘʪʠ ʪʘʤʘ. ʅʘʢʦʥ ʠʥʢʫʙʘʮʠʿʝ, ʚʠʟʫʝʣʥʦʤ ʦʮʝʥʦʤ 

ʧʦʜ ʙʠʥʦʢʫʣʘʨʦʤ, ʧʨʦʮʝˁʝʥʘ ʿʝ ʟʘʭʚʘ˂ʝʥʘ ʧʦʚʨʰʠʥʘ ʣʠʩʪʦʚʘ ʢʦʣʦʥʠʿʦʤ ʧʘʪʦʛʝʥʘ (ʠʟʨʘʞʝʥʘ 

ʫ %), ʠ ʚʨ ʝhʥʦ ʿʝ ʧʦʨʝʹʝˁʝ ʪʨʝʪʠʨʘʥʠʭ ʠ ʥʝʪʨʝʪʠʨʘʥʠʭ ʣʠʩʥʠʭ ʜʠʩʢʦʚʘ, ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʦ 

ʧʨʦʮʝʥʘʪ ʠʥʭʠʙʠʮʠʿʝ:  

1 ï ʈʘʜʤʠʣʦʚʘʮ (ɹʝʦʛʨʘʜ) 

2 ï ʊʦʧʦʣʘ (ʐʫʤʘʜʠʿʘ) 

3 ï ɹʨʝʟʦʚʘʮ (ʐʫʤʘʜʠʿʘ) 

4 ï ɸʨʘʥʹʝʣʦʚʘʮ (ʐʫʤʘʜʠʿʘ) 

5 ï ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ (ʉʨʝʤ) 

6 ï ʅʝʰʪʠʥ (ʉʨʝʤ) 

7 ï ʀʨʠʛ (ʉʨʝʤ) 

8 ï ʏʝʨʝʚʠ˂ (ʉʨʝʤ) 

9 ï ɱʘʛʦʜʠʥʘ (ʇʦʤʦʨʘʚˀʝ) 

10 ï ɸʣʝʢʩʘʥʜʨʦʚʘʮ (ʈʘʩʠʥʘ) 

11 ï ɸʣʝʢʩʘʥʜʨʦʚʘʮ (ʈʘʩʠʥʘ) 

12 ï ɺʨʰʘʮ (ɱʫʞʥʠ ɹʘʥʘʪ) 

13 ï ʂʨˁʝʚʦ (ʇʦʜʫʥʘʚˀʝ) 

14 ï ɺʝʣʠʢʘ ʇʣʘʥʘ (ʇʦʜʫʥʘʚˀʝ) 

15 ï ʅʝʛʦʪʠʥ (ɹʦʨ) 

16 ï ʉʤʝʜʝʨʝʚʦ (ʇʦʜʫʥʘʚˀʝ) 

17 ï ʉʨʝʤʩʢʠ ʂʘʨʣʦʚʮʠ (ʉʨʝʤ) 

18 ï ʊʝʤʝʨʠʥ (ɱʫʞʥʘ ɹʘʯʢʘ) 

19 ï ɺʣʘʩʦʪʠʥʮʝ (ɱʘʙʣʘʥʠʮʘ) 

20 ï ɿʝʤʫʥ (ɹʝʦʛʨʘʜ) 

21 ï ʉʢʘʯʘʢ (ʈʘʩʠʥʘ) 

22 ï ʉʦʚˀʘʢ (ʂʦʣʫʙʘʨʘ) 
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I %= 
A-B

A
x100 

ɻʜʝ ʿʝ: I (%) - ʧʨʦʮʝʥʘʪ ʠʥʭʠʙʠʮʠʿʝ; ɸ - ʧʨʦʩʝʯʥʘ ʟʘʭʚʘ˂ʝʥʦʩʪ ʣʠʩʪʘ ʫ ʢʦʥʪʨʦʣʠ; ɺ - ʧʨʦʩʝʯʥʘ 

ʟʘʭʚʘ˂ʝʥʦʩʪ ʣʠʩʪʘ ʫ ʪʨʝʪʤʘʥʠʤʘ.  

ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʠʟʦʣʘʪʘ ʥʘ ʦʩʥʦʚʫ ʦʩʝʪˀʠʚʦʩʪʠ ʚʨʰʝʥʘ ʿʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ:  

a) ʆʩʝʪˀʠʚ ʠʟʦʣʘʪ - ʫʢʦʣʠʢʦ ʥʠʿʝ ʟʘʙʝʣʝʞʝʥ ʧʦʨʘʩʪ ʠʟʦʣʘʪʘ ʥʘ ʪʨʝʪʠʨʘʥʦʤ ʜʠʩʢʫ ʫ 

ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ; 

b) ʈʝʟʠʩʪʝʥʪʘʥ ʠʟʦʣʘʪ - ʫʢʦʣʠʢʦ ʿʝ ʟʘʙʝʣʝʞʝʥ ʧʦʨʘʩʪ ʠʟʦʣʘʪʘ ʥʘ ʚʠʰʝ ʦʜ 50% 

ʪʨʝʪʠʨʘʥʦʛ ʜʠʩʢʘ ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʮʝʥʪʨʘʮʠʿʠ. 

ʉʘ ʣʦʢʘʣʠʪʝʪʘ ʥʘ ʢʦʿʠʤʘ ʩʫ ʠʟʚʝʜʝʥʠ ʧʦˀʩʢʠ ʦʛʣʝʜʠ ʫ ʧʝʨʠʦʜʫ ʦʜ 2019. ʜʦ 2022. ʛʦʜʠʥʝ 

ʧʨʠʢʫʧˀʝʥʦ  ʿʝ ʫʢʫʧʥʦ 42 ʫʟʦʨʢʘ, ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʛʜʝ ʥʠʿʝ ʙʠʣʦ ʧʨʝʪʭʦʜʥʝ ʠʩʪʦʨʠʿʝ ʧʨʠʤʝʥʝ 

ʬʫʥʛʠʮʠʜʘ ʩʘʢʫʧˀʝʥʦ ʿʝ 8 ʫʟʦʨʘʢʘ (ʪʟʚ. Ăwild-typeñ ʧʦʧʫʣʘʮʠʿʝ), ʘ ʿʦʰ 42 ʠʟʦʣʘʪʘ ʿʝ 

ʧʨʠʢʫʧˀʝʥʦ ʠʟ ʚʠʥʦʛʨʘʜʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʧʦʩʣʝʜˁʠʭ 10 ʛʦʜʠʥʘ ʩʧʨʦʚʦʹʝʥʘ ʠʥʪʝʥʟʠʚʥʘ ʠ 

ʧʦʣʫʠʥʪʝʥʟʠʚʥʘ (ʝʢʩʪʝʥʟʠʚʥʘ) ʟʘʰʪʠʪʘ (ɻʨʘʬʠʢʦʥ 1). ɿʘ ʫʪʚʨʹʠʚʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ 

ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ QoI ʬʫʥʛʠʮʠʜʝ ʢʦʨʠʰ˂ʝʥʦ ʿʝ ʫʢʫʧʥʦ 92 ʠʟʦʣʘʪʘ, ʥʘ DMI ʬʫʥʛʠʮʠʜʝ 

71 ʠʟʦʣʘʪ, ʥʘ ʘʟʘʥʘʬʪʘʣʝʥʝ 54 ʠʟʦʣʘʪʘ ʠ ʥʘ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʝ 41 ʠʟʦʣʘʪ.  

 

ʊʘʙʝʣʘ 12. ʌʫʥʛʠʮʠʜʠ ʢʦʨʠʰ˂ʝʥʠ ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ  

ʅʘʟʠʚ ʧʨʝʧʘʨʘʪʘ ʠ  

ʧʨʝʧʦʨʫʯʝʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ  

(%) 

ɸʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ 

(ʩʘʜʨʞʘʿ ʘ.ʩ. ʫ g/l 

ʠʣʠ g/kg 

ʬʦʨʤʫʣʠʩʘʥʦʛ 

ʧʨʦʠʟʚʦʜʘ) 

ʂʦʨʠʰ˂ʝʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʧʨʝʧʘʨʘʪʘ (%) 

ʂʦʥʮʝʥʪʨʘʮʠʿʝ 

ʘ.ʩ. (mg/l) 

ʂʦʥʮʝʥʪʨʘʮʠʿʝ 

ʘ.ʩ. (mg/l) ʟʘ 

ʪʝʩʪʠʨʘˁʝ ʪʟʚ. 

Ăwild-typeñ 

ʧʦʧʫʣʘʮʠʿʘ  

Lunar (0,02%) 500 0,02; 0,04; 0,08 100; 200; 400 0,01; 0,1; 1; 10; 

100 

Zato 50 WG 

(0,015%) 

500 0,015; 0,03; 0,06 75; 150; 300 0,0075; 0,075; 

0,75; 7,5; 75 

Vivando (0,02%) 500 0,02; 0,04; 0,08 100; 200; 400 0,01; 0,1; 1; 10; 

100 

Kusabi (0,03%) 300 0,03; 0,06; 0,12 90; 180; 360 0,009; 0,09; 

0,9; 9; 90 

Crystal (0,02%) 250 0,02; 0,04; 0,08 50; 100; 200 0,005; 0,05; 

0,5; 5; 50 

Talendo (0,025%) 200 0,025; 0,05; 0,1 50; 100; 200 0,005; 0,05; 

0,5; 5; 50 

Foton (0,015%) 240 0,015; 0,03; 0,06 36; 72; 144 0,0036; 0,036; 

0,36; 3,6; 36 

Sekvenca 

(0,013%) 

250 0,013; 0,026; 

0,052 

32,5; 65; 130 0,00325; 

0,0325; 0,325; 

3,25; 32,5 

Folicur (0,04%) 250 0,04; 0,08; 0,16 100; 200; 400 0,01; 0,1; 1; 10; 

100 
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ɻʨʘʬʠʢʦʥ 1. ɹʨʦʿ ʧʨʠʢʫʧˀʝʥʠʭ ʠʟʦʣʘʪʘ ʧʦ ʣʦʢʘʣʠʪʝʪʠʤʘ ʟʘ ʠʟʚʦʹʝˁʝ ʙʠʦʪʝʩʪʦʚʘ  

 

4.4. ʄʦʣʝʢʫʣʘʨʥʘ ʜʝʪʝʢʮʠʿʘ ʠ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ  

4.4.1 ɽʢʩʪʨʘʢʮʠʿʘ DNK  

ʀʟ ʧʨʠʢʫʧˀʝʥʠʭ ʫʟʦʨʘʢʘ ʟʘʨʘʞʝʥʠʭ ʣʠʩʪʦʚʘ ʠ ʛʨʦʟʜʦʚʘ, ʠʟʚʨʰʝʥʘ ʿʝ ʝʢʩʪʨʘʢʮʠʿʘ 

DNK ʧʘʪʦʛʝʥʘ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʿʝ ʟʥʘʪʥʦ ʣʘʢʰʘ ʠ ʫʩʧʝʰʥʠʿʘ ʝʢʩʪʨʘʢʮʠʿʘ DNK ʩʘ ʣʠʩʪʦʚʘ, 

ʥʝʛʦ ʩʘ ʛʨʦʟʜʦʚʘ, ʥʘʿʚʝ˂ʠ ʜʝʦ ʝʢʩʪʨʘʭʦʚʘʥʝ DNK ʧʦʪʠʯʝ ʫʧʨʘʚʦ ʩʘ ʟʘʨʘʞʝʥʠʭ ʣʠʩʪʦʚʘ. 

ɿʘʨʘʞʝʥʠ ʙʠˀʥʠ ʤʘʪʝʨʠʿʘʣ ʦʜʤʝʨʝʥ ʿʝ ʥʘ ʘʥʘʣʠʪʠʯʢʦʿ ʚʘʛʠ ʠ ʟʘ ʩʚʘʢʠ ʫʟʦʨʘʢ ʠʟʤʝʨʝʥʦ ʿʝ 0,2 

ʛʨʘʤʘ ʙʠˀʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʩʠʤʧʪʦʤʠʤʘ ʧʝʧʝʣʥʠʮʝ. ʋ ʩʪʝʨʠʣʥʠʤ ʢʝʨʘʤʠʯʢʠʤ ʘʚʘʥʠʤʘ 

ʚʨʰʝʥʘ ʿʝ ʭʦʤʦʛʝʥʠʟʘʮʠʿʘ ʠ ʤʘʮʝʨʘʮʠʿʘ ʫʟʦʨʢʘ ʧʦʤʦ˂ʫ ʩʪʝʨʠʣʥʦʛ ʪʫʯʢʘ ʠ ʪʝʯʥʦʛ ʘʟʦʪʘ. 

ʅʘʢʦʥ ʭʦʤʦʛʝʥʠʟʘʮʠʿʝ, ʩʘʜʨʞʘʿ ʠʟ ʘʚʘʥʘ ʧʨʝʙʘʯʝʥ ʿʝ ʫ Eppendorf  ʤʠʢʨʦʝʧʨʫʚʝʪʝ ʫ ʢʦʤʝ ʩʝ 

ʥʘʣʘʟʠʦ ʣʠʟʦʛʝʥʠ ʧʫʬʝʨ ʢʦʿʠ ʿʝ ʩʘʩʪʘʚʥʠ ʜʝʦ ʝʢʩʪʨʘʢʮʠʦʥʦʛ DNA kit-a. ɽʢʩʪʨʘʢʮʠʿʘ DNK 

ʚʨʰʝʥʘ ʿʝ ʧʦʤʦ˂ʫ DNeasy Mericon Food Kit-a (Qiagen) ʫ ʩʢʣʘʜʫ ʩʘ ʫʧʫʪʩʪʚʦʤ ʧʨʦʠʟʚʦʹʘʯʘ. 

ɽʢʩʪʨʘʭʦʚʘʥʘ DNK ʯʫʚʘʥʘ ʿʝ ʫ ʩʪʝʨʠʣʥʦʿ Eppendorf ʪʫʙʠʮʠ ʟʘʧʨʝʤʠʥʝ 1,5 ml ʫ ʟʘʤʨʟʠʚʘʯʫ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ -20 °C ʜʦ ʜʘˀʝ ʫʧʦʪʨʝʙʝ, ʦʜʥʦʩʥʦ ʘʥʘʣʠʟʝ.    

 

4.4.2 ɼʝʪʝʢʮʠʿʘ G143A ʤʫʪʘʮʠʿʝ ʫʧʦʪʨʝʙʦʤ real-time PCR ʪʝʭʥʠʢʝ 

ɿʘ ʜʝʪʝʢʮʠʿʫ G143A ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ ʨʝʟʠʩʪʝʥʪʥʠʭ ʥʘ QoI 

ʬʫʥʛʠʮʠʜʝ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ARMS-SYBR Green qPCR ʪʝʭʥʠʢʘ ʢʦʿʘ ʿʝ ʨʘʟʚʠʿʝʥʘ ʦʜ ʩʪʨʘʥʝ 

Baudoin et al. (2008). ʆʚʘ ʪʝʭʥʠʢʘ ʦʤʦʛʫ˂ʘʚʘ ʜʝʪʝʢʮʠʿʫ G143A ʘʣʝʣʘ ʢʘʦ ʠ ˁʝʛʦʚʫ 

ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʫ cyt b ʛʝʥʫ. ɿʘ ʜʝʪʝʢʮʠʿʫ G143A ʤʫʪʘʮʠʿʝ ʢʦʜ ʨʘʟʣʠʯʠʪʠʭ ʧʦʧʫʣʘʮʠʿʘ E. 

necator ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʩʣʝʜʝ˂ʠ ʧʨʘʿʤʝʨʠ:  

- ʧʨʘʿʤʝʨ ʟʘ ʨʝʟʠʩʪʝʥʪʘʥ ʘʣʝʣ: 5ô- TACGGGCAGATGAGCCTATGCGC -3ô  

- ʧʨʘʿʤʝʨ ʟʘ Ăwild-typeñ ʘʣʝʣ:  5ô- TACGGGCAGATGAGCCTATGCGG -3ô 

- ʨʝʚʝʨʟʥʠ ʧʨʘʿʤʝʨ: 5ô- ACCTACTTAAAGCTTTAGAAGTTTCC -3ô 

ɿʘ ʩʚʘʢʠ ʫʟʦʨʘʢ DNK, ʠʩʪʦʚʨʝʤʝʥʦ ʩʫ ʧʨʠʧʨʝʤʘʥʝ ʜʚʝ ʨʝʘʢʮʠʿʝ ʟʘ ʿʝʜʘʥ ʧʨʦʛʨʘʤ ʧʫʰʪʘˁʘ 

real-time PCR-a, ʫʟ ʫʧʦʪʨʝʙʫ ʩʧʝʮʠʬʠʯʥʠʭ ʧʨʘʿʤʝʨʘ. ʋ ʧʨʚʦʿ ʨʝʘʢʮʠʦʥʦʿ ʩʤʝʰʠ, ʢʦʿʘ 

ʘʤʧʣʠʬʠʢʫʿʝ ʨʝʟʠʩʪʝʥʪʘʥ ʘʣʝʣ, ʢʦʨʠʰ˂ʝʥ ʿʝ ʧʨʘʿʤʝʨ ʟʘ ʨʝʟʠʩʪʝʥʪʘʥ ʘʣʝʣ (ʪʟʚ. Ămutantñ 

ʘʣʝʣ), ʜʦʢ ʿʝ ʫ ʜʨʫʛʦ ʿʨʝʘʢʮʠʦʥʦʿ ʩʤʝʰʠ ʢʦʨʠʰ˂ʝʥ ʧʨʘʿʤʝʨ ʢʦʿʠ ʘʤʧʣʠʬʠʢʫʿʝ ʦʩʝʪˀʠʚ ʪʿ. 
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Ăwild-typeñ ʘʣʝʣ. ʈʝʚʝʨʟʥʠ ʧʨʘʿʤʝʨ ʙʠʦ ʿʝ ʟʘʿʝʜʥʠʯʢʠ ʟʘ ʦʙʝ ʨʝʘʢʮʠʦʥʝ ʩʤʝʰʝ. ʋʢʫʧʥʘ 

ʟʘʧʨʝʤʠʥʘ PCR ʨʝʘʢʮʠʦʥʝ ʩʤʝʰʝ ʙʠʣʘ ʿʝ 25 Õl, ʘ ʩʘʜʨʞʘʣʘ ʿʝ ʩʣʝʜʝ˂ʝ ʢʦʤʧʦʥʝʥʪʝ: 5 µl 

ʝʢʩʪʨʘʭʦʚʘʥʝ DNK, 2,5 µl ʧʨʘʿʤʝʨʘ (ʪʟʚ. Ăforwardñ ʠʣʠ Ăreverseñ ʧʨʘʿʤʝʨʠ), 2,5 µl Nuclease 

Free ʚʦʜʝ (Thermo Scientific) ʠ 12,5 µl Fast Gene ICGreen 2x qPCR Universal Mix (Nippon 

Genetics). ʂʘʦ ʥʝʛʘʪʠʚʥʘ ʢʦʥʪʨʦʣʘ, ʫʤʝʩʪʦ DNK ʧʘʪʦʛʝʥʘ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʩʪʝʨʠʣʥʘ 

ʜʝʩʪʠʣʦʚʘʥʘ ʚʦʜʘ. ʈʝʘʢʮʠʿʝ ʘʤʧʣʠʬʠʢʘʮʠʿʝ ʩʫ ʩʝ ʨʝʘʣʠʟʦʚʘʣʝ ʫʧʦʪʨʝʙʦʤ MIC (ʝʥʛ. Magnetic 

Induction Cycler) qPCR ʤʘʰʠʥʝ (Bio Molecular Systems, Australia). ʀʥʠʮʠʿʘʣʥʠ ʧʘʨʘʤʝʪʨʠ 

qPCR ʨʝʘʢʮʠʿʝ ʢʦʿʠ ʩʫ ʧʦʩʪʘʚˀʝʥʠ ʦʜ ʩʪʨʘʥʝ Baudoin et al. (2008), ʨʘʜʠ ʦʧʪʠʤʠʟʘʮʠʿʝ 

ʤʝʪʦʜʝ, ʜʝʣʠʤʠʯʥʦ ʩʫ ʤʦʜʠʬʠʢʦʚʘʥʠ, ʘ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʩʣʝʜʝ˂ʠ ʧʘʨʘʤʝʪʨʠ: ʠʥʠʮʠʿʘʣʥʦ 

ʧʨʝʜʟʘʛʨʝʚʘˁʝ ʧʨʠ 95 ÁC ʫ ʪʨʘʿʘˁʫ 4 ʤʠʥʫʪʘ, ʧʨʘ˂ʝʥʦ ʩʘ 40 ʮʠʢʣʫʩʘ ʧʨʠ 95 ÁC ʫ ʪʨʘʿʘˁʫ 10 

ʩʝʢʫʥʜʠ, 58 ÁC ʫ ʪʨʘʿʘˁʫ 15 ʩʝʢʫʥʜʠ ʠ 72 ÁC ʫ ʪʨʘʿʘˁʫ 15 ʩʝʢʫʥʜʠ. ʇʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ 

ʠʟʚʨʰʝʥʦ ʿʝ ʧʨʠ 72 ° C (Colcol and Baudion, 2016). ʆʜʩʫʩʪʚʦ ʥʝʞʝˀʝʥʠʭ ʧʨʦʜʫʢʘʪʘ PCR 

ʨʝʘʢʮʠʿʝ ʧʦʪʚʨʹʝʥʦ ʿʝ ʘʫʪʦʤʘʪʩʢʦʤ Ămelting curveñ ʘʥʘʣʠʟʦʤ (Dufour et al., 2011; Rallos et 

al., 2014).  

ʇʨʦʮʝʥʪʫʘʣʥʘ ʟʘʩʪʫʧˀʝʥʦʩʪʠ G143A ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʫ ʩʚʘʢʦʤ ʫʟʦʨʢʫ 

ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʥʘ ʦʩʥʦʚʫ Cq ʚʨʝʜʥʦʩʪʠ ʢʦʿʘ ʿʝ ʜʦʙʠʿʝʥʘ ʥʘʢʦʥ ʘʤʧʣʠʬʠʢʘʮʠʿʝ ʩʘ ʩʝʪʦʤ 

ʧʨʘʿʤʝʨʘ ʟʘ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚ (Ăwild-typeñ) ʠ ʨʝʟʠʩʪʝʥʪʘʥ (Ămutantñ) ʘʣʝʣ (Miles et al., 

2012). ɿʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʧʨʦʮʝʥʪʘ G143A ʤʫʪʘʮʠʿʝ ʟʘ ʩʚʘʢʠ ʠʟʦʣʘʪ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʩʣʝʜʝ˂ʘ 

ʬʦʨʤʫʣʘ ʧʨʝʜʣʦʞʝʥʘ ʦʜ ʩʪʨʘʥʝ Sirven and Beffa (2003):  

%G143A = 100 × [1 ÷ (1 +2CT(mutant) ï CT(wildtype))] 

ʋʢʦʣʠʢʦ ʿʝ ʧʨʦʮʝʥʘʪ G143A ʫ ʤʠʪʦʭʦʥʜʠʨʿʘʣʥʦʿ DNK ʚʝ˂ʠ ʜʦ 95% ʦʥʜʘ ʩʝ ʪʘʢʚʠ ʠʟʦʣʘʪʠ 

ʢʣʘʩʠʬʠʢʫʿʫ ʫ ʨʝʟʠʩʪʝʥʪʥʝ (Ămutantñ), ʘ ʫʢʦʣʠʢʦ ʿʝ ʤʘˁʠ ʦʜ 5%, ʪʘʢʚʠ ʠʟʦʣʘʪʠ ʩʫ 

ʦʢʘʨʘʢʪʝʨʠʩʘʥʠ ʢʘʦ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʠ (Ăwild typeñ) ʠʟʦʣʘʪʠ. ʋʢʫʧʥʦ ʿʝ ʧʨʠʢʫʧˀʝʥʦ ʠ 

ʪʝʩʪʠʨʘʥʦ 110 ʠʟʦʣʘʪʘ ʫ ʮʠˀʫ ʜʝʪʝʢʪʮʠʿʝ G143A ʤʫʪʘʮʠʿʝ. 

  

4.4.3 ɼʝʪʝʢʮʠʿʘ Y136F ʤʫʪʘʮʠʿʝ ʫʧʦʪʨʝʙʦʤ real-time PCR ʪʝʭʥʠʢʝ  

ɿʘ ʜʝʪʝʢʮʠʿʫ Y136F ʤʫʪʘʮʠʿʝ ʫ ʦʢʚʠʨʫ cyp51 ʛʝʥʘ, ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʫ ʟʘ ʨʝʟʠʩʪʝʥʪʥʝ 

ʧʦʧʫʣʘʮʠʿʝ E. necator,  ʢʦʨʠʰ˂ʝʥʘ ʿʝ qPCR ʪʝʭʥʠʢʘ ʩʘ ʩʧʝʮʠʬʠʯʥʠʤ ʧʨʘʿʤʝʨʠʤʘ. ʇʘʨ 

ʧʨʘʿʤʝʨʘ ʿʝ ʧʦʩʝʙʥʦ ʜʠʟʘʿʥʠʨʘʥ ʦʜ ʩʪʨʘʥʝ Dufour et al. (2011) ʫ ʮʠˀʫ ʘʤʧʣʠʬʠʢʘʮʠʿʝ 

ʨʝʟʠʩʪʝʥʪʘʥʦʛ (ʩʧʝʮʠʬʠʯʥʦʛ) ʘʣʝʣʘ ʢʦʜ ʠʟʦʣʘʪʘ E. necator. ʋ PCR ʘʥʘʣʠʟʠ ʢʦʨʠʰ˂ʝʥ ʿʝ 

ʩʣʝʜʝ˂ʠ ʧʘʨ ʧʨʘʿʤʝʨʘ:  

- TGGGAAGTTAAAAGATGTCAACG (Ăforwardñ ʧʨʘʿʤʝʨ) 

- TGAGTTTGGAATTTGGACAATCAA (Ăreverseñ ʧʨʘʿʤʝʨ) 

ʉʚʘʢʘ PCR ʨʝʘʢʮʠʿʘ ʙʠʣʘ ʿʝ ʫʢʫʧʥʝ ʟʘʧʨʝʤʠʥʝ 14 µl ʫ ʢʦʿʦʿ ʩʝ ʥʘʣʘʟʠʣʦ: 7 µl Fast Gene 

ICGreen 2x qPCR Universal Mix (Nippon Genetics), 5 µl DNK ʠʟʦʣʘʪʘ ʠ ʧʦ 1 µl ʩʚʘʢʦʛ ʦʜ ʜʚʘ 

ʧʨʘʿʤʝʨʘ (100 nM). ʂʘʦ ʥʝʛʘʪʠʚʥʘ ʢʦʥʪʨʦʣʘ, ʫʤʝʩʪʦ DNK ʧʘʪʦʛʝʥʘ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʩʪʝʨʠʣʥʘ 

ʜʝʩʪʠʣʦʚʘʥʘ ʚʦʜʘ. ʈʝʘʢʮʠʿʝ ʘʤʧʣʠʬʠʢʘʮʠʿʝ ʩʫ ʩʝ ʨʝʘʣʠʟʦʚʘʣʝ ʫʧʦʪʨʝʙʦʤ MIC qPCR ʤʘʰʠʥʝ 

(Bio Molecular Systems, Australia). ʇʨʦʪʦʢʦʣ ʢʦʿʠ ʩʫ ʧʨʝʜʣʦʞʠʣʠ Dufour et al. (2011) ʟʘ 

ʧʘʨʘʤʝʪʨʝ PCR ʨʝʘʢʮʠʿʝ ʤʦʜʠʬʠʢʦʚʘʥ ʿʝ ʦʜ ʩʪʨʘʥʝ Pintye et al. (2020), ʪʝ ʩʫ ʧʘʨʘʤʝʪʨʠ ʙʠʣʠ 

ʩʣʝʜʝ˂ʠ: ʠʥʠʮʠʿʘʣʥʘ ʜʝʥʘʪʫʨʘʮʠʿʘ ʧʨʠ 95 °C ʫ ʪʨʘʿʘˁʫ 5 ʤʠʥʫʪʘ, ʧʨʘ˂ʝʥʘ ʩʘ 40 ʮʠʢʣʫʩʘ ʧʨʠ 

95 °C ʫ ʪʨʘʿʘˁʫ 10 ʩʝʢʫʥʜʠ, ʟʘʪʠʤ 10 ʩʝʢʫʥʜʠ ʧʨʠ 58 °C ʠ 20 ʩʝʢʫʥʜʠ ʧʨʠ 72 °C. ʇʨʠʢʫʧˀʘˁʝ 

ʧʦʜʘʪʘʢʘ ʠʟʚʨʰʝʥʦ ʿʝ ʧʨʠ 72 °C, ʜʦʢ ʿʝ ʦʜʩʫʩʪʚʦ ʥʝʞʝˀʝʥʠʭ ʧʨʦʜʫʢʘʪʘ PCR ʨʝʘʢʮʠʿʝ 

ʧʦʪʚʨʹʝʥʦ ʘʫʪʦʤʘʪʩʢʦʤ Ămelting curveñ ʘʥʘʣʠʟʦʤ (Dufour et al., 2011).  
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5. ʈɽɿʋʃʊɸʊʀ 

5.1 ʆʛʣʝʜʠ ʫ ʧʦˀʫ  

5.1.1 ʀʩʧʠʪʠʚʘˁʘ ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʬʫʥʛʠʮʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ E. necator 

ʀʩʧʠʪʠʚʘˁʘ ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʨʘʟʣʠʯʠʪʠʭ ʬʫʥʛʠʮʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ, ʠʟʚʝʜʝʥʘ ʩʫ ʫ ʧʝʨʠʦʜʫ ʦʜ 2019. ʜʦ 2023. ʛʦʜʠʥʝ. ʅʘ  

ʦʛʣʝʜʥʦʤ ʜʦʙʨʫ ʇʦˀʦʧʨʠʚʨʝʜʥʦʛ ʬʘʢʫʣʪʝʪʘ ʈʘʜʤʠʣʦʚʘʮ, ʦʛʣʝʜʠ ʩʫ ʠʟʚʝʜʝʥʠ ʪʦʢʦʤ ʪʨʠ 

ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ (2019-2021) ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʚʠʥʦʛʨʘʜʫ ʩʦʨʪe Chardonnay. ʊʦʢʦʤ 

ʧʨʚʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʛʦʜʠʥʝ, ʧʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʘ ʿʝ 22.07.2019. ʛʦʜʠʥʝ, ʘ 

ʜʨʫʛʘ 04.08.2019. ʛʦʜʠʥʝ, ʢʘʜʘ ʿʝ ʠʟʚʝʜʝʥʘ ʠ ʦʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ. ʋ ʦʚʦʿ ʛʦʜʠʥʠ, 

ʤʝʪʝʦʨʦʣʦʰʢʠ ʫʩʣʦʚʠ ʧʦʛʦʜʦʚʘʣʠ ʩʫ ʨʘʟʚʦʿʫ ʧʘʪʦʛʝʥʘ, ʪʝ ʩʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ 

ʢʦʥʪʨʦʣʠ, ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʢʨʝʪʘʦ ʦʜ 51,93% (ʧʨʚʘ ʦʮʝʥʘ) ʜʦ 69,0% (ʜʨʫʛʘ ʦʮʝʥʘ), ʜʦʢ ʿʝ 

ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʦ ʥʠʞʠ, 28,74% (ʊʘʙʝʣʘ 13). ʇʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ 

ʛʨʦʟʜʦʚʘ ʫ ʢʦʥʪʨʦʣʠ (ʩʘ ʩʠʤʧʪʦʤʠʤʘ ʦʙʦˀʝˁʘ) ʢʨʝʪʘʦ ʩʝ ʦʜ 81,5 ʜʦ 88,5% (ʇʨʠʣʦʛ 4, 

ɻʨʘʬʠʢʦʥ ʇ4-1).    

ʅʘʿʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʧʨʠʤʝʥʦʤ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʘ (ʧʨʝʧʘʨʘʪ Sercadis) ʠ 

ʦʥʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 99,8 ʜʦ 100% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʤʘʢʩʠʤʘʣʥʘ 

ʝʬʠʢʘʩʥʦʩʪ (100%). ʆʚʘʿ ʬʫʥʛʠʮʠʜ ʩʝ, ʧʦ ʝʬʠʢʘʩʥʦʩʪʠ, ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʦ ʦʜ 

ʦʩʪʘʣʠʭ ʚʘʨʠʿʘʥʪʠ. ɻʨʫʧʠ ʬʫʥʛʠʮʠʜʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʟʘʙʝʣʝʞʝʥʘ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʘ ʢʦʿʠ ʩʝ 

ʩʪʘʪʠʩʪʠʯʠ ʥʠʩʫ ʨʘʟʣʠʢʦʚʘʣʠ, ʧʨʠʧʘʜʘʣʠ ʩʫ: ʜʠʬʝʥʦʢʦʥʘʟʦʣ (ʧʨʝʧʘʨʘʪ Sekvenca) (95,2-

99,1% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 97,8% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʩʧʠʨʦʢʩʘʤʠʥ (ʧʨʝʧʘʨʘʪ Spirox) (96,6-98,5% ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, 97,4% ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ ʮʠʬʣʫʬʝʥʘʤʠʜ (ʧʨʝʧʘʨʘʪ Cyflamid 5 EW) (95,1-98,8 % 

ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 97,6% ʥʘ ʣʠʩʪʦʚʠʤʘ). ʅʝʰʪʦ ʥʠʞʘ, ʘʣʠ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʿʝ 

ʧʨʠʤʝʥʦʤ ʧʨʦʢʚʠʥʘʟʠʜʘ (ʧʨʝʧʘʨʘʪ Talendo) ʠ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 90,7 ʜʦ 94,2% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 

ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʦʚʦʛ ʧʨʝʧʘʨʘʪʘ ʙʠʣʘ ʟʥʘʪʥʦ ʥʠʞʘ (73,4%).  

ʇʦ ʩʪʘʪʠʩʪʠʯʢʦʤ ʠʟʜʚʘʿʘˁʫ, ʫ ʠʩʪʦʿ ʛʨʫʧʠ ʩʘ ʧʨʦʢʚʠʥʘʟʠʜʦʤ, ʢʘʜʘ ʩʝ ʨʘʜʠ ʦ 

ʝʬʠʢʘʩʥʦʩʪʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʥʘʣʘʟʠʦ ʩʝ ʠ ʩʫʤʧʦʨ (ʧʨʝʧʘʨʘʪ Kumulus DF) ʩʘ ʝʬʠʢʘʩʥʦʰ˂ʫ 

ʢʦʿʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 84,0 ʜʦ 95,5%. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʘ ʣʠʩʪʦʚʠʤʘ ʩʫʤʧʦʨ ʿʝ ʠʩʧʦˀʠʦ ʟʥʘʪʥʦ 

ʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ (96,2%) ʠ ʙʠʦ ʿʝ ʫ ʨʘʥʛʫ ʩʘ ʥʘʿʝʬʠʢʘʩʥʠʿʠʤ ʬʫʥʛʠʮʠʜʠʤʘ. ʅʠʞʘ 

ʝʬʠʢʘʩʥʦʩʪ ʦʜ ʧʨʝʪʭʦʜʥʠʭ ʚʘʨʠʿʘʥʪʠ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʤʠʢʣʦʙʫʪʘʥʠʣʘ (ʧʨʝʧʘʨʘʪ 

Foton) ʠ ʙʦʩʢʘʣʠʜʘ (ʧʨʝʧʘʨʘʪ Cantus), ʛʜʝ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʫ ʧʨʚʦʿ ʦʮʝʥʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʙʠʣʘ 

ʟʥʘʪʥʦ ʚʠʰʘ ʥʝʛʦ ʫ ʜʨʫʛʦʿ, ʠ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 60,2 (ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ) ʜʦ 89,6% (ʫ ʧʨʚʦʿ ʦʮʝʥʠ) ʫ 

ʚʘʨʠʿʘʥʪʠ ʛʜʝ ʿʝ ʧʨʠʤʝˁʝʥ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʦʜʥʩʦʥʦ 69,9 (ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ) ʜʦ 92,3% (ʫ ʧʨʚʦʿ 

ʦʮʝʥʠ) ʫ ʚʘʨʠʿʘʥʪʠ ʛʜʝ ʿʝ ʧʨʠʤʝˁʝʥ ʙʦʩʢʘʣʠʜ. ʋ ʦʮʝʥʠ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʤʠʢʣʦʙʫʪʘʥʠʣ ʿʝ 

ʠʩʧʦˀʠʦ ʟʥʘʪʥʦ ʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ (83,4%) ʥʝʛʦ ʙʦʩʢʘʣʠʜ (45,9%).  

ɻʨʫʧʠ ʬʫʥʛʠʮʠʜʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʟʘʙʝʣʝʞʝʥʘ ʥʘʿʤʘˁʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʛʣʝʜʫ ʠ ʢʦʿʠ ʩʝ 

ʤʝʹʫʩʦʙʥʦ ʥʠʩʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʠ, ʧʨʠʧʘʜʘʣʠ ʩʫ: ʤʝʪʨʘʬʝʥʦʥ (ʧʨʝʧʘʨʘʪ 

Vivando) (26,9-77,7% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 47,7% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʧʠʨʠʦʬʝʥʦʥ (ʧʨʝʧʘʨʘʪ Kusabi) 

(19,3-71,0% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 45,3% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ (ʧʨʝʧʘʨʘʪ Lunar) (23,7-

54,3% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 63,4% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ (ʧʨʝʧʘʨʘʪ Zato 50-WG) 

(24,1-66,1% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 50,5% ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ ʢʚʠʥʦʢʩʠʬʝʥ (ʧʨʝʧʘʨʘʪ Crystal 250 SC) 

(14,7-31,6% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 50,1% ʥʘ ʣʠʩʪʦʚʠʤʘ). ʂʦʜ ʦʚʠʭ ʚʘʨʠʿʘʥʪʠ ʧʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ 

ʛʨʦʟʜʦʚʘ, ʦʜʥʦʩʥʦ ʛʨʦʟʜʦʚʘ ʩʘ ʩʠʤʧʪʦʤʠʤʘ ʦʙʦˀʝˁʘ, ʙʠʦ ʿʝ ʛʦʪʦʚʦ ʠʜʝʥʪʠʯʘʥ ʢʘʦ ʫ 

ʢʦʥʪʨʦʣʠ, ʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 83,0% (ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ) ʜʦ 88,0% (ʧʠʨʠʦʬʝʥʦʥ) (ʇʨʠʣʦʛ 4, 

ɻʨʘʬʠʢʦʥ ʇ4-1).  
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ʊʘʙʝʣʘ 13. ʀʥʪeʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ ʦʛʣʝʜʠʤʘ ʠʟʚʝʜʝʥʠʤ 2019. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ 

ʈʘʜʤʠʣʦʚʘʮ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 22.07. ʠ 04.08, ʥʘ ʣʠʩʪʦʚʠʤʘ 04.08) 

No ɺʘʨʠʿʘʥʪʘ 
ʂʦʥʮ. 

(%) 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 51,93a  / 69,0a  / 28,74a / 

2 Vivando® 0,02 11,29e  77,7 50,6b  26,9 15,03b 47,7 

3 Kusabi® 0,03 14,83d  71,0 55,09b  19,3 15,68b 45,3 

4 Sercadis® 0,015 0,0i  100,0 0,07g  99,8 0,0g 100,0 

5 Cantus® 0,12 3,96fg  92,3 20,6c  69,9 15,44b 45,9 

6 Lunar® 0,02 23,48c  54,3 52,38b  23,7 10,45c 63,4 

7 Zato® 50-WG 0,015 17,4d  66,1 51,8b  24,1 14,10b 50,5 

8 
CrystalTM 250 

SC 
0,02 34,78b  31,6 58,27b  14,7 14,22b 50,1 

9 Talendo® 0,025 2,96g  94,2 6,39de  90,7 7,63d 73,4 

10 Foton® 0,015 5,27f  89,6 27,48c  60,2 4,74e 83,4 

11 Sekvenca® 0,013 0,42h  99,1 3,26ef  95,2 0,64f 97,8 

12 Spirox® 0,06 0,78h  98,5 2,34f  96,6 0,74f 97,4 

13 
Cyflamid® 5 

EW 
0,05 0,64h  98,8 3,35ef  95,1 0,67f 97,6 

14 Kumulus® DF 0,5 2,23g 95,5 11,0d  84,0 1,1f 96,2 
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ʋ ʦʛʣʝʜʫ ʢʦʿʠ ʿʝ ʠʟʚʝʜʝʥ 2020. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ (ʊʘʙʝʣʘ 14) 

ʟʘʙʝʣʝʞʝʥ ʿʝ ʥʠʞʠ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (18,89-28,27%) ʥʝʛʦ 

ʧʨʝʪʭʦʜʥʝ ʛʦʜʠʥʝ. ʇʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʫ ʢʦʥʪʨʦʣʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 58,1 ʜʦ 75,2% 

(ʇʨʠʣʦʛ 4, ɻʨʘʬʠʢʦʥ ʇ4-1). ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʫ ʢʦʥʪʨʦʣʠ ʙʠʦ ʿʝ ʟʥʘʯʘʿʥʦ 

ʤʘˁʠ ʥʝʛʦ ʧʨʝʪʭʦʜʥʝ ʛʦʜʠʥʝ ʠ ʠʟʥʦʩʠʦ ʿʝ 16,0%. ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʘ ʿʝ 

11.08.2020. ʛʦʜʠʥʝ, ʘ ʜʨʫʛʘ ʦʮʝʥʘ 25.08.2020. ʛʦʜʠʥʝ ʠ ʪʘʜʘ ʿʝ ʠʟʚʝʜʝʥʘ ʦʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ.  

ʂʘʦ ʠ 2019. ʪʘʢʦ ʠ 2020. ʛʦʜʠʥʝ, ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ ʿʝ ʠʩʧʦˀʠʦ ʥʘʿʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ ʫ 

ʩʫʟʙʠʿʘˁʫ E. necator ʠ ʦʥʘ ʿʝ ʙʠʣʘ ʤʘʢʩʠʤʘʣʥʘ (100%), ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʪʘʢʦ ʠ ʥʘ 

ʣʠʩʪʦʚʠʤʘ. ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʘʪʦʛʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʢʦʜ 

ʩʣʝʜʝ˂ʠʭ ʬʫʥʛʠʮʠʜʘ, ʢʦʿʠ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʤʝʹʫʩʦʙʥʦ ʥʠʩʫ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʠ: 

ʜʠʬʝʥʦʢʦʥʘʟʦʣ (90,0-94,3%), ʩʧʠʨʦʢʩʘʤʠʥ (91,9-93,9%), ʧʨʦʢʚʠʥʘʟʠʜ (91,2-92,0%) ʠ 

ʮʠʬʣʫʬʝʥʘʤʠʜ (88,4-92,5%). ʅʘ ʣʠʩʪʦʚʠʤʘ, ʝʬʠʢʘʩʥʦʩʪ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʠ ʮʠʬʣʫʬʝʥʘʤʠʜʘ 

ʙʠʣʘ ʿʝ ʥʝʰʪʦ ʚʠʰʘ (84,4-86,3%), ʫ ʦʜʥʦʩʫ ʥʘ ʚʘʨʠʿʘʥʪʝ ʧʨʦʢʚʠʥʘʟʠʜ ʠ ʩʧʠʨʦʢʩʘʤʠʥ, ʢʦʜ 

ʢʦʿʠʭ ʩʝ ʝʬʠʢʘʩʥʦʩʪ ʢʨʝʪʘʣʘ ʦʜ 77,5 (ʩʧʠʨʦʢʩʘʤʠʥ) ʜʦ 80,0% (ʧʨʦʢʚʠʥʘʟʠʜ). ʇʨʠʤʝʥʦʤ 

ʙʦʩʢʘʣʠʜʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʝʰʪʦ ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ ʚʘʨʠʿʘʥʪʝ ʠ ʢʨʝʪʘʣʘ 

ʩʝ ʦʜ 77,0 ʜʦ 86,4% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʠʟʥʦʩʠʣʘ 59,4%.  

ʉʪʘʪʠʩʪʠʯʢʠ ʧʦʩʤʘʪʨʘʥʦ, ʫ ʠʩʪʦʿ ʛʨʫʧʠ, ʫ ʦʜʥʦʩʫ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 

ʥʘʣʘʟʠʣʠ ʩʫ ʩʝ ʩʫʤʧʦʨ ʠ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʠ ʝʬʠʢʘʩʥʦʩʪ ʢʦʜ ʦʚʠʭ ʚʘʨʠʿʘʥʪʠ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 67,6 

ʜʦ 76,9%, ʦʜʥʦʩʥʦ 64,8 ʜʦ 65,1%. ʉʫʤʧʦʨ ʿʝ ʠʩʧʦˀʠʦ ʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ (69,4%) 

ʥʝʛʦ ʤʠʢʣʦʙʫʪʘʥʠʣ (42,5%). ʅʠʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʛʣʝʜʫ ʠʩʧʦˀʠʣʠ ʩʫ ʤʝʪʨʘʬʝʥʦʥ ʠ 

ʧʠʨʠʦʬʝʥʦʥ ʠ ʦʥʠ ʩʫ ʧʨʝʤʘ ʩʪʘʪʠʩʪʠʯʢʦʤ ʠʟʜʚʘʿʘˁʫ ʧʨʠʧʘʜʘʣʠ ʠʩʪʦʿ ʛʨʫʧʠ. ʋ ʦʚʠʤ 

ʚʘʨʠʿʘʥʪʘʤʘ ʦʩʪʚʘʨʝʥʘ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 44,7 ʜʦ 69,0% (ʥʘ ʛʨʦʟʜʦʚʠʤʘ), ʦʜʥʦʩʥʦ ʦʜ 32,2 ʜʦ 

39,0% (ʥʘ ʣʠʩʪʦʚʠʤʘ). ʅʘʿʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʛʣʝʜʫ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʫ ʚʘʨʠʿʘʥʪʘʤʘ 

ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ, ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ ʠ ʢʚʠʥʦʢʩʠʬʝʥ, ʠ ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʥʘ ʩʣʝʜʝ˂ʠ 

ʥʘʯʠʥ: ʥʘ ʛʨʦʟʜʦʚʠʤʘ - 21,9-38,4% (ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ), 30,1-42,6% (ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ) ʠ 

10,7-25,9% (ʢʚʠʥʦʢʩʠʬʝʥ); ʥʘ ʣʠʩʪʦʚʠʤʘ ï 29,4% (ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ), 38,9% (ʢʨʝʟʦʢʩʠʤ-

ʤʝʪʠʣ), 21,2% (ʢʚʠʥʦʢʩʠʬʝʥ). ɺʘʨʠʿʘʥʪʘ ʫ ʢʦʿʦʿ ʿʝ ʧʨʠʤʝˁʝʥ ʢʚʠʥʦʢʩʠʬʝʥ, ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ 

ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʥʠʿʝ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʘ ʦʜ ʢʦʥʪʨʦʣʥʝ ʚʘʨʠʿʘʥʪʝ.   

ʉʣʠʢʘ 5. ʀʟʛʣʝʜ ʛʨʦʟʜʦʚʘ ʫ ʢʦʥʪʨʦʣʠ (ʘ) ʠ ʫ ʪʨʝʪʤʘʥʫ (b) Kusabi (ʣʦʢ. ʈʘʜʤʠʣʦʚʘʮ, 2019. 

ʛʦʜʠʥʘ)  

a) b) 
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ʊʘʙʝʣʘ 14. ʀʥʪeʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ ʦʛʣʝʜʠʤʘ ʠʟʚʝʜʝʥʠʤ 2020. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ 

ʈʘʜʤʠʣʦʚʘʮ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 11.08. ʠ 25.08, ʥʘ ʣʠʩʪʦʚʠʤʘ 25.08) 

No ɺʘʨʠʿʘʥʪʘ 
ʂʦʥʮ. 

(%) 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 18,89a  / 28,27a  / 16,0a / 

2 Vivando® 0,02 6,34d  65,6 15,57c  44,7 9,6c 39,0 

3 Kusabi® 0,03 5,55de  69,0 14,09c  49,7 10,8bc 32,2 

4 Sercadis® 0,015 0,0i  100,0 0,0h  100,0 0,0i 100,0 

5 Cantus® 0,12 2,51f  86,4 6,36e  77,0 6,5e 59,4 

6 Lunar® 0,02 10,5c  42,6 19,77b  30,1 9,7bc 38,9 

7 Zato® 50-WG 0,015 11,62c  38,4 21,74b  21,9 11,2bc 29,4 

8 
CrystalTM 250 

SC 
0,02 13,92b  25,9 25,17a  10,7 12,5b 21,2 

9 Talendo® 0,025 1,49gh  92,0 2,48f  91,2 3,1g 80,0 

10 Foton® 0,015 6,57d  64,8 9,85d  65,1 9,2cd 42,5 

11 Sekvenca® 0,013 1,04h  94,3 2,69f  90,0 2,5gh 84,4 

12 Spirox® 0,06 2,27fg  87,8 2,27f  91,9 3,6fg 77,5 

13 
Cyflamid® 5 

EW 
0,05 1,33h  92,5 3,26f  88,4 2,2h 86,3 

14 Kumulus® DF 0,5 4,27e  76,9 9,08d  67,6 4,9ef 69,4 
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ʊʦʢʦʤ 2021. ʛʦʜʠʥʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ ʨʝʜʫʢʦʚʘʥ ʿʝ ʙʨʦʿ ʠʩʧʠʪʠʚʘʥʠʭ 

ʚʘʨʠʿʘʥʪʠ ʫ ʦʜʥʦʩʫ ʥʘ 2019. ʠ 2020. ʛʦʜʠʥʫ, ʠ ʫ ʦʛʣʝʜʫ ʩʫ ʧʦ ʧʨʚʠ ʧʫʪ ʠʩʧʠʪʘʥʠ ʧʨʝʧʘʨʘʪʠ 

Luna Max, Topas 100 EC, ʢʘʦ ʠ ʜʨʫʛʘ ʢʦʤʝʨʮʠʿʘʣʥʘ ʬʦʨʤʫʣʘʮʠʿʘ ʥʘ ʙʘʟʠ ʩʧʠʨʦʢʩʘʤʠʥʘ, 

ʧʨʝʧʘʨʘʪ Strix, ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,08%. ʇʨʝʧʘʨʘʪ Sekvenca, ʫ ʦʚʦʤ ʦʛʣʝʜʫ ʧʨʠʤʝˁʝʥ ʿʝ ʫ 

ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ (0,02%) ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ ʜʚʝ ʛʦʜʠʥʝ ʠʩʧʠʪʠʚʘˁʘ (ʊʘʙʝʣʘ 15).  

ʌʣʫʢʩʘʧʠʨʦʢʩʘʜ ʠ ʢʦʤʙʠʥʘʮʠʿʘ ʬʣʫʦʧʠʨʘʤ + ʩʧʠʨʦʢʩʘʤʠʥ (ʧʨʝʧʘʨʘʪ Luna Max) 

ʦʩʪʚʘʨʠʣʠ ʩʫ ʥʘʿʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʠ ʦʚʝ 

ʜʚʝ ʚʘʨʠʿʘʥʪʝ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʥʠʩʫ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʝ. ʌʣʫʢʩʘʧʠʨʦʢʩʘʜ ʿʝ ʠʩʧʦˀʠʦ 

ʤʘʢʩʠʤʘʣʥʫ ʝʬʠʢʘʩʥʦʩʪ (100%) ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 98,0% 

ʥʘ ʣʠʩʪʦʚʠʤʘ, ʜʦʢ ʿʝ ʧʨʠʤʝʥʦʤ ʢʦʤʙʠʥʘʮʠʿʝ ʬʣʫʦʧʠʨʘʤ + ʩʧʠʨʦʢʩʘʤʠʥ ʦʩʪʚʘʨʝʥʘ 

ʝʬʠʢʘʩʥʦʩʪ ʦʜ 98,1 ʜʦ 99,3% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 96,6% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʝʰʪʦ ʥʠʞʫ, ʘʣʠ 

ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ, ʦʩʪʚʘʨʠʣʠ ʩʫ ʬʫʥʛʠʮʠʜʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣ (91,7-92,6% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 

93,0% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʩʧʠʨʦʢʩʘʤʠʥ (90,7-91,1% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 90,1% ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ 

ʧʨʦʢʚʠʥʘʟʠʜ (91,2-92,2% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 77,6% ʥʘ ʣʠʩʪʦʚʠʤʘ). ʇʨʦʢʚʠʥʘʟʠʜ ʿʝ ʠʩʧʦˀʠʦ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʥʠʞʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ ʬʫʥʛʠʮʠʜʝ.   

ʅʘʿʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʛʣʝʜʫ, ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʧʝʥʢʦʥʘʟʦʣʘ 

ʠ ʩʫʤʧʦʨʘ ʢʦʿʠ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʥʠʩʫ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʠ. ɽʬʠʢʘʩʥʦʩʪ ʫ ʚʘʨʠʿʘʥʪʠ ʩʘ 

ʧʝʥʢʦʥʘʟʦʣʦʤ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 72,7 ʜʦ 77,0% (ʥʘ ʛʨʦʟʜʦʚʠʤʘ), ʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʿʝ 

ʙʠʣʘ 75,7%. ʇʨʠʤʝʥʦʤ ʩʫʤʧʦʨʘ ʦʩʪʚʘʨʝʥʘ ʿʝ ʝʬʠʢʘʩʥʦʩʪ 66,2-73,4% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʜʦʢ ʿʝ 

ʟʥʘʪʥʦ ʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ (86,1%).  

                                                                    

ʉʣʠʢʘ 6. ʀʟʛʣʝʜ ʣʠʩʪʦʚʘ ʫ ʢʦʥʪʨʦʣʠ (ʘ) ʠ ʪʨʝʪʤʘʥʫ Crystal 250 SC (b) (ʃʦʢʘʣʠʪʝʪ 

ʈʘʜʤʠʣʦʚʘʮ, 2020. ʛʦʜʠʥʘ)

ʘ) b) 
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ʊʘʙʝʣʘ 15. ʀʥʪeʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ ʦʛʣʝʜʠʤʘ ʠʟʚʝʜʝʥʠʤ 2021. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ 

ʈʘʜʤʠʣʦʚʘʮ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 24.07. ʠ 07.08, ʥʘ ʣʠʩʪʦʚʠʤʘ 07.08) 

No ɺʘʨʠʿʘʥʪʘ 
ʂʦʥʮ. 

(%) 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 20,14a  / 30,86  / 16,93a / 

2 Sercadis® 0,015 0,0c  100,0 0,0  100,0 0,33c 98,0 

3 Talendo® 0,025 1,57c  92,2 2,71  91,2 3,79b 77,6 

4 Sekvenca® 0,02 1,50c  92,6 2,57  91,7 1,18c 93,0 

5 Strix® 0,08 1,79c  91,1 2,86  90,7 1,68c 90,1 

6 
Topas® 100 

EC 
0,025 4,64b  77,0 8,43  72,7 4,11b 75,7 

7 Luna® Max 0,1 0,14c  99,3 0,57  98,1 0,57c 96,6 

8 Kumulus® DF 0,5 5,36b  73,4 10,43  66,2 2,36bc 86,1 
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ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ (ʂʨʘˀʝʚʘ ʚʠʥʘʨʠʿʘ), ʦʛʣʝʜʠ ʩʫ ʠʟʚʝʜʝʥʠ ʫ ʢʦʤʝʨʮʠʿʘʣʥʦʤ 

ʚʠʥʦʛʨʘʜʫ ʩʦʨʪʝ Chardonnay ʫ ʧʝʨʠʦʜʫ ʦʜ 2019. ʜʦ 2023. ʛʦʜʠʥʝ. ʋ ʧʨʚʦʿ ʛʦʜʠʥʠ 

ʠʩʪʨʘʞʠʚʘˁʘ, ʧʨʚʘ ʦʮʝʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʠʟʚʝʜʝʥʘ ʿʝ 23.07, ʘ ʜʨʫʛʘ 

06.08.2019. ʛʦʜʠʥʝ, ʢʘʜʘ ʿʝ ʠʟʚʝʜʝʥʘ ʠ ʦʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ (ʊʘʙʝʣʘ 16). ʋʩʣʦʚʠ ʩʧʦˀʥʝ 

ʩʨʝʜʠʥʝ ʧʦʛʦʜʦʚʘʣʠ ʩʫ ʨʘʟʚʦʿʫ ʧʘʪʦʛʝʥʘ, ʧʘ ʿʝ ʟʘʙʝʣʝʞʝʥ ʚʠʩʦʢ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ 

ʢʦʥʪʨʦʣʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʢʦʿʠ ʩʝ ʢʨʝʪʘʦ ʦʜ 38,39 ʜʦ 52,36%, ʜʦʢ ʿʝ ʧʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ 

ʛʨʦʟʜʦʚʘ (ʩʘ ʩʠʤʧʪʦʤʠʤʘ ʦʙʦˀʝˁʘ) ʙʠʦ 65,5-88,0% (ʇʨʠʣʦʛ 4, ɻʨʘʬʠʢʦʥ ʇ4-2). ʅʘ 

ʣʠʩʪʦʚʠʤʘ, ʟʘʙʝʣʝʞʝʥ ʿʝ ʥʝʰʪʦ ʥʠʞʠ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ, ʢʦʿʠ ʿʝ ʙʠʦ 25,64%.  

ʅʘʿʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʫ ʦʛʣʝʜʫ ʠʟ 2019. ʛʦʜʠʥʝ, 

ʠʩʧʦˀʠʦ ʿʝ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ, ʛʜʝ ʿʝ ʟʘʙʝʣʝʞʝʥʘ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 99,1 ʜʦ 100% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 

ʠ 99,7% ʥʘ ʣʠʩʪʦʚʠʤʘ. ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʧʨʠʤʝʥʦʤ ʩʣʝʜʝ˂ʠʭ ʬʫʥʛʠʮʠʜʘ: 

ʜʠʬʝʥʦʢʦʥʘʟʦʣ (92,3-99,2% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 95,5% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʮʠʬʣʫʬʝʥʘʤʠʜ (93,0-

96,3% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 93,1% ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ ʩʧʠʨʦʢʩʘʤʠʥ (95,3-99,2% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 

96,5% ʥʘ ʣʠʩʪʦʚʠʤʘ). ʇʨʦʢʚʠʥʘʟʠʜ ʿʝ ʠʩʧʦˀʠʦ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʧʨʚʦʿ ʦʮʝʥʠ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ (92,3%), ʜʦʢ ʿʝ ʜʨʫʛʦʿ ʦʮʝʥʠ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ ʥʠʞʘ (73,2%). ʀʩʪʠ ʬʫʥʛʠʮʠʜ 

ʠʩʧʦˀʠʦ ʿʝ ʟʥʘʯʘʿʥʦ ʥʠʞʫ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ (48,7%).  

ʀʩʪʦʿ ʛʨʫʧʠ, ʧʨʝʤʘ ʩʪʘʪʠʩʪʠʯʢʦʤ ʠʟʜʚʘʿʘˁʫ ʝʬʠʢʘʩʥʦʩʪʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʧʨʠʧʘʜʘʣʠ 

ʩʫ ʩʫʤʧʦʨ, ʤʠʢʣʦʙʫʪʘʥʠʣ ʠ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ. ɽʬʠʢʘʩʥʦʩʪ ʦʚʠʭ ʚʘʨʠʿʘʥʪʠ ʢʨʝʪʘʣʘ ʩʝ 49,2-

84,1% (ʩʫʤʧʦʨ), 49,2-50,4% (ʤʠʢʣʦʙʫʪʘʥʠʣ), ʦʜʥʦʩʥʦ 44,3-73,5% (ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ). ʉ 

ʜʨʫʛʝ ʩʪʨʘʥʝ, ʩʫʤʧʦʨ ʿʝ ʠʩʧʦˀʠʦ ʟʥʘʪʥʦ ʚʠʰʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʥʘ 

ʣʠʩʪʦʚʠʤʘ (94,8%) ʢʦʿʘ ʩʝ ʥʠʿʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʘ ʦʜ ʥʘʿʝʬʠʢʘʩʥʠʿʠʭ 

ʬʫʥʛʠʮʠʜʘ. ʄʠʢʣʦʙʫʪʘʥʠʣ ʠ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ, ʥʘ ʣʠʩʪʦʚʠʤʘ, ʠʩʧʦˀʠʣʠ ʩʫ ʝʬʠʢʘʩʥʦʩʪ 

59,5%, ʦʜʥʦʩʥʦ 43,1%. 

ʅʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʬʫʥʛʠʮʠʜʘ ʧʠʨʠʦʬʝʥʦʥ (25,8-43,5% ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, 50,3% ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ ʢʚʠʥʦʢʩʠʬʝʥ (26,7-55,7 ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 49,3% ʥʘ 

ʣʠʩʪʦʚʠʤʘ) ʢʦʿʠ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʥʠʩʫ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʠ. ʂʦʜ ʦʚʠʭ ʬʫʥʛʠʮʠʜʘ ʧʨʦʮʝʥʘʪ 

ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʙʠʦ ʿʝ ʚʠʩʦʢ ʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 76,5 ʜʦ 85,5%. ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʥʠʞʫ 

ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ ʬʫʥʛʠʮʠʜʝ, ʠʩʧʦˀʠʣʠ ʩʫ ʙʦʩʢʘʣʠʜ (13,7-37,5% ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, 42,3% ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ ʤʝʪʨʘʬʝʥʦʥ (8,5-43,8% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 25,4% ʥʘ 

ʣʠʩʪʦʚʠʤʘ) ʢʦʿʠ ʩʝ ʤʝʹʫʩʦʙʥʦ ʥʠʩʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʠ. ʇʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ 

ʛʨʦʟʜʦʚʘ ʢʦʜ ʦʚʠʭ ʚʘʨʠʿʘʥʪʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 81,0 ʜʦ 85,5% (ʇʨʠʣʦʛ 4, ɻʨʘʬʠʢʦʥ ʇ4-2).  

ʅʘʿʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʛʣʝʜʫ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ, ʛʜʝ ʿʝ 

ʝʬʠʢʘʩʥʦʩʪ ʫ ʧʨʚʦʿ ʦʮʝʥʠ ʙʠʣʘ ʥʠʩʢʘ (36,0%), ʘ ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ ʥʝʛʘʪʠʚʥʘ, ʢʘʢʦ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ (-15,6%), ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ (-4,85%). ʆʚʘʿ ʬʫʥʛʠʮʠʜ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʪʨʦʣʫ  

ʥʠʿʝ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʦ, ʯʘʢ ʿʝ ʧʨʝʤʘ ʩʪʘʪʠʩʪʠʯʢʦʤ ʠʟʜʚʘʿʘˁʫ ʫ ʦʜʥʦʩʫ ʥʘ 

ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ, ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ ʙʠʦ ʣʦʰʠʿʠ ʦʜ ʢʦʥʪʨʦʣʝ. ʋ ʦʚʦʿ ʚʘʨʠʿʘʥʪʠ ʧʨʦʮʝʥʘʪ 

ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʙʠʦ ʿʝ 93,5%, ʰʪʦ ʿʝ ʚʠʰʝ ʥʝʛʦ ʫ ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ, ʛʜʝ ʿʝ ʧʨʦʮʝʥʘʪ 

ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʙʠʦ 88,0%. (ʇʨʠʣʦʛ 4, ɻʨʘʬʠʢʦʥ ʇ4-2).   
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ʊʘʙʝʣʘ 16. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ ʦʛʣʝʜʠʤʘ ʠʟʚʝʜʝʥʠʤ 2019. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ 

ʊʦʧʦʣʘ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 23.07. ʠ 06.08, ʥʘ ʣʠʩʪʦʚʠʤʘ 06.08) 

No ɺʘʨʠʿʘʥʪʘ 
ʂʦʥʮ. 

(%) 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 38,39a  / 52,36b  / 25,64a / 

2 Vivando® 0,02 21,56bc  43,8 47,92c  8,5 19,09b 25,4 

3 Kusabi® 0,03 21,25bc  43,5 38,7d  25,8 12,65c 50,3 

4 Sercadis® 0,015 0,0i  100,0 0,48i  99,1 0,04g 99,7 

5 Cantus® 0,12 23,53b  37,5 45,14c  13,7 14,71c 42,3 

6 Lunar® 0,02 9,95e  73,5 28,96e  44,3 14,56c 43,1 

7 Zato® 50-WG 0,015 24,12b  36,0 60,59a  -15,6 26,80a -4,85 

8 
CrystalTM 250 

SC 
0,02 16,95d  55,7 38,18d  26,7 12,95c 49,3 

9 Talendo® 0,025 2,97g  92,3 14,0f  73,2 13,03c 48,7 

10 Foton® 0,015 19,04cd  50,4 26,48e  49,2 10,34d 59,5 

11 Sekvenca® 0,013 0,21i  99,2 3,99g  92,3 1,13ef 95,5 

12 Spirox® 0,06 0,21i  99,2 2,43h  95,3 0,88f 96,5 

13 
Cyflamid® 5 

EW 
0,05 1,41h  96,3 3,64gh  93,0 1,77e 93,1 

14 Kumulus® DF 0,5 6,04f  84,1 26,55e  49,2 1,31ef 94,8 
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ʅʘ ʠʩʪʦʤ ʣʦʢʘʣʠʪʝʪʫ, ʪʦʢʦʤ 2020. ʛʦʜʠʥʝ ʠʩʧʠʪʠʚʘʥʠ ʩʫ ʠʩʪʠ ʬʫʥʛʠʮʠʜʠ ʢʘʦ ʠ 

ʧʨʝʪʭʦʜʥʝ 2019. ʛʦʜʠʥʝ, ʩ ʪʠʤ ʜʘ ʿʝ ʫ ʦʛʣʝʜ ʫʢˀʫʯʝʥʦ ʿʦʰ ʯʝʪʠʨʠ ʬʫʥʛʠʮʠʜʘ: ʤʝʧʪʠʣ-

ʜʠʥʦʢʘʧ (Karathane Gold 350 EC; 0,05%), ʢʦʤʙʠʥʘʮʠʿʘ ʬʣʫʦʧʠʨʘʤ + ʩʧʠʨʦʢʩʘʤʠʥ (ʧʨʝʧʘʨʘʪ 

Luna Max; 0,1%), ʪʝʙʫʢʦʥʘʟʦʣ (ʧʨʝʧʘʨʘʪ Folicur 250 EW; 0,04%) ʠ ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ 

(+ʤʝʪʠʨʘʤ) (ʧʨʝʧʘʨʘʪ Cabrio Top; 0,2%). ʆʮʝʥʝ ʩʫ ʠʟʚʝʜʝʥʝ 23.07. ʠ 07.08. ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʠ 

07.08. ʥʘ ʣʠʩʪʦʚʠʤʘ. ʄʝʪʝʦʨʦʣʦʰʢʠ ʫʩʣʦʚʠ ʩʫ ʙʠʣʠ ʧʦʛʦʜʥʠ ʟʘ ʨʘʟʚʦʿ ʧʘʪʦʛʝʥʘ ʰʪʦ ʿʝ 

ʨʝʟʫʣʪʠʨʘʣʦ ʠʟʫʟʝʪʥʦ ʿʘʢʦʿ ʧʦʿʘʚʠ ʩʠʤʧʪʦʤʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʢʦʥʪʨʦʣʠ (100% ʟʘʨʘʞʝʥʠʭ 

ʛʨʦʟʜʦʚʘ) ʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʢʦʿʠ ʩʝ ʢʨʝʪʘʦ ʦʜ 76,9 ʜʦ 87,89%, ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʙʠʦ 45,4% (ʊʘʙʝʣʘ 17; ʇʨʠʣʦʛ 4, ɻʨʘʬʠʢʦʥ ʇ4-2).  

ʅʘʿʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ, ʢʘʦ ʠ 2019. 

ʛʦʜʠʥʘ, ʠʩʧʦˀʠʦ ʿʝ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ (ʧʨʝʢʦ 98,0% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʠ 99,9% ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ 

ʦʥ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʦ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʦʩʪʘʣʝ ʚʘʨʠʿʘʥʪʝ. ɺʠʩʦʢʦʤ 

ʝʬʠʢʘʩʥʦʰ˂ʫ ʩʫ ʩʝ ʦʜʣʠʢʦʚʘʣʠ ʬʣʫʦʧʠʨʘʤ + ʩʧʠʨʦʢʩʘʤʠʥ (88,9-93,4% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 

96,7% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʧʨʦʢʚʠʥʘʟʠʜ (90,2-94,5% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 85,6% ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ 

ʩʧʠʨʦʢʩʘʤʠʥ (87,1-92,6% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 94,1% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʠ ʤʝʹʫʩʦʙʥʦ ʩʝ ʥʠʩʫ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʠ. ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʝʪʭʦʜʥʝ ʚʘʨʠʿʘʥʪʝ ʫʩʪʘʥʦʚˀʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʬʫʥʛʠʮʠʜʘ ʮʠʬʣʫʬʝʥʘʤʠʜ, ʜʠʬʝʥʦʢʦʥʘʟʦʣ 

ʠ ʪʝʙʫʢʦʥʘʟʦʣ. ʂʦʜ ʦʚʠʭ ʚʘʨʠʿʘʥʪʠ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʘʪʦʛʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʣʘ 

ʩʝ 60,8-70,4% (ʮʠʬʣʫʬʝʥʘʤʠʜ), 57,5-74,0% (ʜʠʬʝʥʦʢʦʥʘʟʦʣ) ʠ 60,0-64,5% (ʪʝʙʫʢʦʥʘʟʦʣ). ʅʘ 

ʣʠʩʪʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ ʚʠʰʘ, ʠ ʪʦ 79,9% (ʮʠʬʣʫʬʝʥʘʤʠʜ), 82,6% (ʜʠʬʝʥʦʢʦʥʘʟʦʣ) ʠ 

82,3% (ʪʝʙʫʢʦʥʘʟʦʣ).  

ɿʥʘʪʥʦ ʥʠʞʫ ʝʬʠʢʘʩʥʦʩʪ ʦʩʪʚʘʨʠʦ ʿʝ ʤʠʢʣʦʙʫʪʘʥʠʣ ʠ ʦʥʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 35,9 ʜʦ 40,9% 

ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ ʥʝʰʪʦ ʚʠʘh, ʦʜʥʦʩʥʦ 67,2%. ʋ ʠʩʪʦʿ ʛʨʫʧʠ, ʧʨʝʤʘ 

ʩʪʘʪʠʩʪʠʯʢʦʤ ʠʟʜʚʘʿʘˁʫ, ʥʘʣʘʟʠʣʠ ʩʫ ʩʝ ʬʫʥʛʠʮʠʜʠ ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ ʠ ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧ ʠ 

ʢʦʜ ˁʠʭ ʿʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʝʬʠʢʘʩʥʦʩʪ 27,3-34,9% (ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ) ʠ 27,4-36,5% 

(ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧ), ʦʜʥʦʩʥʦ 59,0 ʠ 48,5% ʥʘ ʣʠʩʪʦʚʠʤʘ. ɱʘʢʦ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʧʦʩʪʠʛʥʫʪʘ 

ʿʝ ʢʦʜ ʩʣʝʜʝ˂ʠʭ ʚʘʨʠʿʘʥʪʠ, ʢʦʿʝ ʩʝ ʤʝʹʫʩʦʙʥʦ ʥʠʩʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʝ: 

ʢʚʠʥʦʢʩʠʬʝʥ (20,1-21,5% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 33,0% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʙʦʩʢʘʣʠʜ (15,2-24,1% ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, 42,5% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ (14,3-14,4% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 37,8% ʥʘ 

ʣʠʩʪʦʚʠʤʘ) ʠ ʤʝʪʨʘʬʝʥʦʥ (10,2-22,2% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 23,2% ʥʘ ʣʠʩʪʦʚʠʤʘ). ʇʨʠʤʝʥʦʤ 

ʩʫʤʧʦʨʘ ʦʩʪʚʘʨʝʥʘ ʿʝ ʟʥʘʪʥʦ ʚʠʰʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ (81,9%) ʥʝʛʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ 

(9,9-13,9%).  

ʅʘʿʤʘˁʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʫ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ ʧʠʨʠʦʬʝʥʦʥʦʤ ʠ 

ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʦʤ. ʇʠʨʠʦʬʝʥʦʥ ʿʝ ʠʩʧʦˀʠʦ ʠʟʫʟʝʪʥʦ ʥʠʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ 

(7,5-7,8%) ʠ ʥʝʛʘʪʠʚʥʫ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ (-1,0%) ʠ ʥʠʿʝ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ 

ʨʘʟʣʠʢʦʚʘʦ ʦʜ ʢʦʥʪʨʦʣʥʝ ʚʘʨʠʿʘʥʪʝ. ʊʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʿʝ ʠʩʧʦˀʠʦ ʥʝʛʘʪʠʚʥʫ ʝʬʠʢʘʩʥʦʩʪ 

ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (-2,8 ʜʦ -12,0%), ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ (-3,2%). ʋ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ 

ʤʝʪʨʘʬʝʥʦʥʦʤ, ʧʠʨʠʦʬʝʥʦʥʦʤ, ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʦʤ, ʢʚʠʥʦʢʩʠʬʝʥʦʤ ʠ ʩʫʤʧʦʨʦʤ 

ʧʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʙʠʦ ʿʝ 100%, ʜʦʢ ʿʝ ʫ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ ʙʦʩʢʘʣʠʜʦʤ, ʢʨʝʟʦʢʩʠʤ-

ʤʝʪʠʣʦʤ, ʤʠʢʣʦʙʫʪʘʥʠʣʦʤ, ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧʦʤ ʠ ʧʠʨʘʢʣʦʩʪʨʦʙʠʥʦʤ ʙʠʦ ʠʟʥʘʜ 92% (ʇʨʠʣʦʛ 

4, ɻʨʘʬʠʢʦʥ ʇ4-2).  
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ʊʘʙʝʣʘ 17. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ ʦʛʣʝʜʠʤʘ ʠʟʚʝʜʝʥʠʤ 2020. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ 

ʊʦʧʦʣʘ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 23.07. ʠ 07.08, ʥʘ ʣʠʩʪʦʚʠʤʘ 07.08) 

No ɺʘʨʠʿʘʥʪʘ 
ʂʦʥʮ. 

(%) 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 76,9ab  / 87,89ab  / 45,4a / 

2 Vivando® 0,02 59,71cd  22,2 78,49abcd  10,2 34,8b 23,2 

3 Kusabi® 0,03 71,51bc  7,8 81,02abc  7,5 46,15a -1,0 

4 Sercadis® 0,015 0,53f  98,6 1,72h  98,0 0,01h 99,9 

5 Cantus® 0,12 59,04cd  24,1 75,21bcd  15,2 26,16cd 42,5 

6 Lunar® 0,02 68,38bc  14,4 77,83bcd  14,3 28,34c 37,8 

7 Zato® 50-WG 0,015 87,18a  -12,0 90,87a  -2,8 46,84a -3,2 

8 
CrystalTM 250 

SC 
0,02 60,27bcd  21,5 70,38cde  20,1 30,0bc 33,0 

9 Talendo® 0,025 4,04f  94,5 8,52g  90,2 6,48f 85,6 

10 Foton® 0,015 45,53d  40,9 56,02e  35,9 14,92e 67,2 

11 Sekvenca® 0,013 19,84e  74,0 37,29f  57,5 7,89f 82,6 

12 Spirox® 0,06 5,43f  92,6 10,98g  87,1 2,69g 94,1 

13 
Cyflamid® 5 

EW 
0,05 22,37e  70,4 34,06f  60,8 9,07f 79,9 

14 Kumulus® DF 0,5 69,16bc  9,9 75,37bcd  13,9 8,19f 81,9 

15 
KarathaneTM 

Gold 350 EC 
0,05 48,32d  36,5 63,31de  27,4 23,29d 48,5 

16 Luna® Max 0,1 4,84f  93,4 9,54g  88,9 1,45g 96,7 

17 
Folicur® 250 

EW 
0,04 26,5e  64,5 34,57f  60,0 7,95f 82,3 

18 Cabrio Top® 0,2 50,08d  34,9 63,63de  27,3 18,61e 59,0 
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ʋ ʦʛʣʝʜʫ ʠʟʚʝʜʝʥʦʤ ʪʦʢʦʤ 2021. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʠʩʧʠʪʠʚʘʥʝ ʩʫ ʥʝʰʪʦ 

ʜʨʫʛʘʯʠʿʝ ʚʘʨʠʿʘʥʪʝ ʫ ʦʜʥʦʩʥʫ ʥʘ ʧʨʝʪʭʦʜʥʝ ʜʚʝ ʛʦʜʠʥʝ. ʇʨʝʧʘʨʘʪ Folicur 250 EW (ʘ.ʩ. 

ʪʝʙʫʢʦʥʘʟʦʣ) ʧʨʠʤʝˁʝʥ ʿʝ ʫ ʜʚʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ï 0,04% ʠ 0,06%, ʿʝʨ ʿʝ ʫʪʚʨʹʝʥʘ ʥʠʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʫ ʠʩʧʠʪʠʚʘˁʫ 2020. ʛʦʜʠʥʝ, ʧʘ ʿʝ ʠʩʧʠʪʘʥʘ ʠ ʚʝ˂ʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʦʚʦʛ ʧʨʝʧʘʨʘʪʘ. ʌʫʥʛʠʮʠʜ Sekvenca (ʘ.ʩ. ʜʠʬʝʥʦʢʦʥʘʟʦʣ) ʧʨʠʤʝˁʝʥ ʿʝ ʫ 

ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,013% ʠ ʿʝʜʥʦʿ ʚʝ˂ʦʿ (0,02%), ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʿʝ ʫ 

ʠʩʧʠʪʠʚʘʫˁ 2020. ʛʦʜʠʥʝ ʜʦʰʣʦ ʜʦ ʩʤʘˁʝˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ. 

ʇʨʝʧʘʨʘʪ Foton (ʘ.ʩ. ʤʠʢʣʦʙʫʪʘʥʠʣ) ʧʨʠʤʝˁʝʥ ʿʝ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,03%, ʢʦʿʘ ʿʝ ʜʚʘ ʧʫʪʘ 

ʚʝ˂ʘ ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ, ʫʧʨʘʚʦ ʟʙʦʛ ʯʠˁʝʥʠʮʝ ʜʘ ʿʝ 2019. ʠ 2020. ʛʦʜʠʥʝ ʫ ʦʛʣʝʜʠʤʘ 

ʟʘʙʝʣʝʞʝʥʘ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʦʚʦʛ ʬʫʥʛʠʮʠʜʘ ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ. ʇʨʝʧʘʨʘʪ 

Lunar (ʘ.ʩ. ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ) ʧʨʠʤʝˁʝʥ ʿʝ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʢʦʿʘ ʿʝ ʙʠʣʘ ʟʘ 50% ʚʝ˂ʘ ʦʜ 

ʧʨʝʧʦʨʫʯʝʥʝ (0,03%). ʋ ʠʩʪʨʘʞʠʚʘˁʝ ʩʫ ʪʦʢʦʤ 2021. ʛʦʜʠʥʝ ʫʢˀʫʯʝʥʝ ʿʦʰ ʜʚʝ ʚʘʨʠʿʘʥʪʝ: 

Topas 100 EC (ʘ.ʩ. ʧʝʥʢʦʥʘʟʦʣ) (0,025%) ʠ Cidely Top (ʘ.ʩ. ʜʠʬʝʥʦʢʦʥʘʟʦʣ + ʮʠʬʣʫʬʝʥʘʤʠʜ) 

(0,1%). ʋ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʫ ʛʦʜʠʥʫ, ʛʜʝ ʿʝ ʠʩʧʠʪʠʚʘʥʘ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Spirox, 2021. 

ʛʦʜʠʥʝ ʠʩʧʠʪʘʥʘ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʜʨʫʛʝ ʢʦʤʝʨʮʠʿʘʣʥʝ ʬʦʨʤʫʣʘʮʠʿʝ ʥʘ ʙʘʟʠ ʩʧʠʨʦʢʩʘʤʠʥʘ, 

ʦʜʥʦʩʥʦ ʧʨʝʧʘʨʘʪ Strix, ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,08% (ʊʘʙʝʣʘ 18).  

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʘ ʿʝ 05.08, ʘ ʜʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʦʮʝʥʘ ʥʘ 

ʣʠʩʪʦʚʠʤʘ 16.08.2021. ʛʦʜʠʥʝ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ, ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʿʝ ʫ ʦʜʥʦʩʫ 

ʥʘ ʧʨʝʪʭʦʜʥʝ ʛʦʜʠʥʝ, ʙʠʦ ʟʥʘʪʥʦ ʥʠʞʠ ʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 20,31 ʜʦ 25,2%, ʘ ʧʨʦʮʝʥʘʪ ʟʘʭʚʘ˂ʝʥʠʭ 

ʛʨʦʟʜʦʚʘ ʦʜ 63,0 ʜʦ 73,1% (ʇʨʠʣʦʛ 4, ɻʨʘʬʠʢʦʥ ʇ4-2). ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʙʠʦ ʿʝ 20,71%. ʅʘʿʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʠʩʧʦˀʠʣʠ ʩʫ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ 

(ʤʘʢʩʠʤʘʣʥʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ ʢʦʤʙʠʥʘʮʠʿʘ ʬʣʫʦʧʠʨʘʤ + 

ʩʧʠʨʦʢʩʘʤʠʥ (99,2-100,0% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 98,9% ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ ʦʥʠ ʩʫ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʦʩʪʘʣʝ ʚʘʨʠʿʘʥʪʝ. ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʿʝ 

ʧʨʠʤʝʥʦʤ ʬʫʥʛʠʮʠʜʘ ʩʧʠʨʦʢʩʘʤʠʥ (96,6-97,7% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 94,0% ʥʘ ʣʠʩʪʦʚʠʤʘ), 

ʮʠʬʣʫʬʝʥʘʤʠʜ (96,1-97,9% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 94,5% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʢʦʤʙʠʥʘʮʠʿʝ 

ʜʠʬʝʥʦʢʦʥʘʟʦʣ + ʮʠʬʣʫʬʝʥʘʤʠʜ (97,5-100% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 97,5% ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ 

ʧʨʦʢʚʠʥʘʟʠʜ (93,5-94,2% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 90,7% ʥʘ ʣʠʩʪʦʚʠʤʘ). ʆʚʝ ʚʘʨʠʿʘʥʪʝ ʩʝ ʤʝʹʫʩʦʙʥʦ 

ʥʠʩʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʝ. ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ 

ʪʝʙʫʢʦʥʘʟʦʣʘ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,06% ʢʦʿʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 90,5 ʜʦ 93,2% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʜʦʢ ʿʝ 

ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ ʥʝʰʪʦ ʥʠʞʘ (87,6%).  

ʅʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ ʚʘʨʠʿʘʥʪʝ, ʫʩʪʘʥʦʚˀʝʥʘ ʿʝ ʢʦʜ 

ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ (ʢʦʥʮ. 0,02%) ʠ ʤʠʢʣʦʙʫʪʘʥʠʣʘ (ʢʦʥʮ. 0,03%) ʛʜʝ ʩʝ ʝʬʠʢʘʩʥʦʩʪ ʫ 

ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʣʘ ʦʜ 80,1 ʜʦ 86,1%, ʦʜʥʦʩʥʦ 77,3 

ʜʦ 85,3%. ʅʘ ʣʠʩʪʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ 80,6% (ʜʠʬʝʥʦʢʦʥʘʟʦʣ) ʠ 67,9% 

(ʤʠʢʣʦʙʫʪʘʥʠʣ). ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʦʩʪʚʘʨʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʩʣʝʜʝ˂ʠʭ 

ʬʫʥʛʠʮʠʜʘ: ʪʝʙʫʢʦʥʘʟʦʣ (ʢʦʥʮ. 0,04%), ʜʠʬʝʥʦʢʦʥʘʟʦʣ (ʢʦʥʮ. 0,013%) ʠ ʧʝʥʢʦʥʘʟʦʣ  (ʢʦʥʮ. 

0,025%). ʋ ʦʚʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʙʠʣʘ ʿʝ 63,8-76,2% (ʪʝʙʫʢʦʥʘʟʦʣ, 

ʢʦʥʮ. 0,04%), 60,7-69,2% (ʜʠʬʝʥʦʢʦʥʘʟʦʣ, ʢʦʥʮ. 0,013%) ʠ 63,2-69,8% (ʧʝʥʢʦʥʘʟʦʣ, ʢʦʥʮ. 

0,025%). ʅʘ ʣʠʩʪʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 61,3 (ʜʠʬʝʥʦʢʦʥʘʟʦʣ) ʜʦ 69,3% 

(ʪʝʙʫʢʦʥʘʟʦʣ).  

ʅʘʿʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʩʫʤʧʦʨʘ ʠ ʢʨʝʟʦʢʩʠʤ-

ʤʝʪʠʣʘ. ʉʫʤʧʦʨ ʿʝ ʠʩʧʦˀʠʦ ʟʥʘʪʥʦ ʙʦˀʫ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ (76,2%), ʥʝʛʦ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ (52,6-57,1%). ʂʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ (ʫ ʢʦʥʮ. 0,03%) ʠʩʧʦˀʠʦ ʿʝ ʥʠʩʢʫ ʝʬʠʢʘʩʥʦʩʪ 

ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (52,2-65,9%), ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ (52,7%).   
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ʊʘʙʝʣʘ 18. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ ʦʛʣʝʜʠʤʘ ʠʟʚʝʜʝʥʠʤ 2021. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ 

ʊʦʧʦʣʘ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 05.08. ʠ 16.08, ʥʘ ʣʠʩʪʦʚʠʤʘ 16.08) 

No ɺʘʨʠʿʘʥʪʘ 
ʂʦʥʮ. 

(%) 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 20,31a  / 25,2a  / 20,71a / 

2 
Folicur 250 

EW® 
0,04 4,75c  76,2 8,82c  63,8 6,27d 69,3 

3 
Folicur 250 

EW® 
0,06 1,33e  93,2 2,4e  90,5 2,53e 87,6 

4 Sekvenca® 0,013 5,98bc  69,2 9,31bc  60,7 7,92cd 61,3 

5 Sekvenca® 0,02 2,81d  86,1 4,97d  80,1 4,0e 80,6 

6 Foton® 0,03 3,0d  85,3 5,72d  77,3 6,49d 67,9 

7 Topas® 0,025 6,05bc  69,8 9,14bc  63,2 7,1cd 65,1 

8 Strix® 0,08 0,35f  97,7 0,67f  96,6 1,1f 94,0 

9 Luna® Max 0,1 0,0g  100,0 0,11g  99,2 0,15h 98,9 

10 Sercadis® 0,015 0,0g  100,0 0,0g  100,0 0,0i 100,0 

11 Cyflamid® 0,05 0,42f  97,9 0,97f  96,1 1,08f 94,5 

12 Cydeli Top® 0,1 0,0g  100,0 0,62f  97,5 0,49g 97,5 

13 Talendo® 0,025 1,06ef  94,2 1,6ef  93,5 1,81ef 90,7 

14 Kumulus® DF 0,5 8,16b  57,1 11,32bc  52,6 4,83d 76,2 

15 Lunar® 0,03 6,83bc  65,9 11,92b  52,2 9,73b 52,7 
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ʅʘ ʠʩʪʦʤ ʣʦʢʘʣʠʪʝʪʫ, ʫ ʦʛʣʝʜʫ ʠʟʚʝʜʝʥʦʤ 2022. ʛʦʜʠʥʝ, ʠʩʧʠʪʠʚʘʥʝ ʩʫ ʩʣʠʯʥʝ 

ʚʘʨʠʿʘʥʪʝ ʢʘʦ ʠ 2021. ʛʦʜʠʥʝ, ʩ ʪʠʤ ʜʘ ʿʝ ʧʨʝʧʘʨʘʪ Folicur 250 EW ʧʨʠʤʝˁʝʥ ʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 0,06 ʠ 0,08%, ʘ ʧʨʝʧʘʨʘʪ Sekvenca 0,02 ʠ 0,03%. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʝʪʭʦʜʥʝ 

ʛʦʜʠʥʝ, ʫ ʦʛʣʝʜ ʥʠʩʫ ʙʠʣʠ ʫʢˀʫʯʝʥʠ ʩʣʝʜʝ˂ʠ ʬʫʥʛʠʮʠʜʠ: ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ, ʤʠʢʣʦʙʫʪʘʥʠʣ 

ʠ ʮʠʬʣʫʬʝʥʘʤʠʜ. ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ ʩʫ 25.07. ʠ 09.08.2022. ʛʦʜʠʥʝ, ʢʘʜʘ ʿʝ 

ʠʟʚʝʜʝʥʘ ʠ ʦʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʝʪʭʦʜʥʝ ʛʦʜʠʥʝ, ʫ 2022. ʛʦʜ. ʠʥʪʝʥʟʠʪʝʪ 

ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʢʦʥʪʨʦʣʠ ʿʝ ʙʠʦ ʚʠʰʠ ʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 38,28 ʜʦ 49,29%. ʇʨʦʮʝʥʘʪ 

ʛʨʦʟʜʦʚʘ ʥʘ ʢʦʿʠʤʘ ʩʫ ʫʦʯʝʥʠ ʩʠʤʧʪʦʤʠ ʧʝʧʝʣʥʠʮʝ ʜʦʩʪʠʟʘʦ ʿʝ ʠ 90% (ʇʨʠʣʦʛ 4, ʊʘʙʝʣʘ ʇ4-

2). ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʦ ʿʝ ʥʠʞʠ ʠ ʠʟʥʦʩʠʦ ʿʝ 20,22% (ʊʘʙʝʣʘ 19). 

ʅʘʿʚʠʰʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ 

ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʘ (100% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 99,2% ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ ʢʦʤʙʠʥʘʮʠʿʝ ʬʣʫʦʧʠʨʘʤ + 

ʩʧʠʨʦʢʩʘʤʠʥ (98,8-99,6% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 96,6% ʥʘ ʣʠʩʪʦʚʠʤʘ). ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ 

ʦʩʪʚʘʨʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʩʣʝʜʝ˂ʠʭ ʬʫʥʛʠʮʠʜʘ: ʢʦʤʙʠʥʘʮʠʿʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣ + ʮʠʬʣʫʬʝʥʘʤʠʜ 

(97,4-98,9% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 92,7% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʩʧʠʨʦʢʩʘʤʠʥ (94,7-96,5% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 

86,6% ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ ʪʝʙʫʢʦʥʘʟʦʣ (ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,08%) (94,6-97,2% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 

83,1% ʥʘ ʣʠʩʪʦʚʠʤʘ). ʅʝʰʪʦ ʥʠʞʘ, ʘʣʠ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ 

ʬʫʥʛʠʮʠʜʘ ʧʨʦʢʚʠʥʘʟʠʜ, ʜʠʬʝʥʦʢʦʥʘʟʦʣ (ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,03%) ʠ ʪʝʙʫʢʦʥʘʟʦʣ (ʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,06%). ɽʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʙʠʣʘ ʿʝ ʫ ʦʩʧʝʛʫ 92,3-95,4% 

(ʧʨʦʢʚʠʥʘʟʠʜ), 87,6-90,1% (ʜʠʬʝʥʦʢʦʥʘʟʦʣ), ʦʜʥʦʩʥʦ 84,7-89,2% (ʪʝʙʫʢʦʥʘʟʦʣ). ʅʘ 

ʣʠʩʪʦʚʠʤʘ, ʧʨʦʢʚʠʥʘʟʠʜ ʿʝ ʠʩʧʦˀʠʦ ʝʬʠʢʘʩʥʦʩʪ 79,9%, ʜʠʬʝʥʦʢʦʥʘʟʦʣ ʫ ʚʠʰʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ 73,2%, ʘ ʪʝʙʫʢʦʥʘʟʦʣ ʫ ʥʠʞʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 65,5%. ʉʫʤʧʦʨ ʿʝ ʠʩʧʦˀʠʦ  

ʥʠʞʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ ʚʘʨʠʿʘʥʪʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (73,0-79,4%), ʜʦʢ ʿʝ ʥʘ 

ʣʠʩʪʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʩʣʠʯʥʘ ʝʬʠʢʘʩʥʦʩʪ ʢʘʦ ʠ ʢʦʜ ʧʨʝʪʭʦʜʥʠʭ ʚʘʨʠʿʘʥʪʠ (76,9%). 

ɼʠʬʝʥʦʢʦʥʘʟʦʣ, ʧʨʠʤʝˁʝʥ ʫ ʥʠʞʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ (0,02%), ʠʩʧʦˀʠʦ ʿʝ ʩʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʥʦ ʥʠʞʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʧʨʝʪʭʦʜʥʝ ʚʘʨʠʿʘʥʪʝ, ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʪʘʢʦ ʠ 

ʥʘ ʣʠʩʪʦʚʠʤʘ, ʪʝ ʩʝ ʝʬʠʢʘʩʥʦʩʪ  ʢʨʝʪʘʣʘ ʦʜ 35,4 ʜʦ 38,8%  ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 38,7% ʥʘ 

ʣʠʩʪʦʚʠʤʘ. ʅʘʿʥʠʞʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʛʣʝʜʫ ʠʩʧʦˀʠʦ ʿʝ ʧʝʥʢʦʥʘʟʦʣ, ʛʜʝ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʙʠʣʘ ʫ ʦʧʩʝʛʫ 15,6-20,7%, ʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʿʝ ʟʘʙʝʣʝʞʝʥʘ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 16,3%. 

ʂʦʜ ʦʚʝ ʚʘʨʠʿʘʥʪʝ, ʧʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ ʿʝ ʜʦʩʪʠʟʘʦ 84% ʠ ʥʠʿʝ 

ʫʪʚʨʹʝʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʩʘ ʢʦʥʪʨʦʣʥʦʤ ʚʘʨʠʿʘʥʪʦʤ. 

                                                                                                        

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 7. ʀʟʛʣʝʜ ʛʨʦʟʜʦʚʘ ʫ ʢʦʥʪʨʦʣʠ (a) ʠ ʚʘʨʠʿʘʥʪʘʤʘ Zato (b) ʠ Foton (c) (ʣʦʢ. ʊʦʧʦʣʘ) 

ʘ) b) c) 
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ʊʘʙʝʣʘ 19. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ ʦʛʣʝʜʠʤʘ ʠʟʚʝʜʝʥʠʤ 2022. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ 

ʊʦʧʦʣʘ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 25.07. ʠ 09.08, ʥʘ ʣʠʩʪʦʚʠʤʘ 09.08) 

No ɺʘʨʠʿʘʥʪʘ 
ʂʦʥʮ. 

(%) 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 38,28a  / 49,29a  / 20,22a / 

2 
Folicur 250 

EW® 
0,06 4,09cd  89,2 7,53e  84,7 6,96d 65,5 

3 
Folicur 250 

EW® 
0,08 1,0ef  97,2 2,61gh  94,6 3,36fg 83,1 

4 Sekvenca® 0,02 24,42b  35,4 30,05c  38,8 12,44c 38,7 

5 Sekvenca® 0,03 3,71cd  90,1 6,09ef  87,6 5,41de 73,2 

6 Topas® 0,025 32,3a  15,6 39,06b  20,7 16,74b 16,3 

7 Strix® 0,08 1,33def  96,5 2,62gh  94,7 2,7g 86,6 

8 Luna® Max 0,1 0,07fg  99,6 0,4ij  98,8 0,63i 96,6 

9 Sercadis® 0,015 0,0g  100,0 0,0j  100,0 0,07j 99,2 

10 Cydeli Top® 0,1 0,42efg  98,9 1,27hi  97,4 1,47h 92,7 

11 Talendo® 0,025 1,77de  95,4 3,74fg  92,3 4,01ef 79,9 

12 Kumulus® DF 0,5 6,90c  79,4 12,88d  73,0 4,57ef 76,9 
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ʋ ʧʦʩʣʝʜˁʦʿ ʛʦʜʠʥʠ ʠʩʪʨʘʞʠʚʘˁʘ (2023), ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʠʩʧʠʪʠʚʘʥ ʿ ʝ ʟʥʘʪʥʦ 

ʤʘˁʠ ʙʨʦʿ ʚʘʨʠʿʘʥʪʠ, ʘʣʠ ʩʫ ʫ ʦʚʦʿ ʛʦʜʠʥʠ ʫ ʠʩʪʨʘʞʠʚʘˁʝ ʫʢˀʫʯʝʥʠ ʧʦʿʝʜʠʥʠ ʬʫʥʛʠʮʠʜʠ, 

ʢʦʿʠ ʥʠʩʫ ʠʩʧʠʪʠʚʘʥʠ ʧʨʝʪʭʦʜʥʠʭ ʛʦʜʠʥʘ: Insajder (a.ʩ. ʬʣʫʦʧʠʨʘʤ) (ʢʦʥʮ. 0,03% ʠ 0,05%), 

Revyona (ʘ.ʩ. ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣ) (ʢʦʥʮ. 0,13%) ʠ Flosul (ʘ.ʩ. ʩʫʤʧʦʨ) (ʢʦʥʮ. 0,5%). ʆʮʝʥʝ 

ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʩʫ ʠʟʚʝʜʝʥʝ 13.07. ʠ 25.07.2023. ʛʦʜʠʥʝ, ʜʦʢ ʿʝ ʦʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʠʟʚʝʜʝʥʘ 

02.08.2023. ʛʦʜʠʥʝ (ʊʘʙʝʣʘ 20). ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 36,43 ʜʦ 

44,57%, ʩʣʠʯʥʦ ʢʘʦ ʠ ʧʨʝʪʭʦʜʥʝ ʛʦʜʠʥʝ. ʇʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʙʠʦ ʿʝ ʫ ʦʧʩʝʛʫ 78,5 

ʜʦ 83,0% (ʇʨʠʣʦʛ 4, ɻʨʘʬʠʢʦʥ ʇ4-2). ʅʘ ʣʠʩʪʦʚʠʤʘ, ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʙʠʦ ʿʝ 34,25%.  

ʅʘʿʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʛʣʝʜʫ ʠʩʧʦˀʠʦ ʿʝ ʬʣʫʦʧʠʨʘʤ, ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,05%, ʛʜʝ ʿʝ 

ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʙʠʣʘ ʤʘʢʩʠʤʘʣʥʘ (100%), 

ʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ 93,8%. ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ 

ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʧʨʠʤʝʥʦʤ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʘ (97,5-98,4% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 91,9% ʥʘ ʣʠʩʪʦʚʠʤʘ), 

ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣʘ (97,4-99,2% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 93,8% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʩʧʠʨʦʢʩʘʤʠʥʘ 

(96,8-97,8% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 90,0% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʢʦʤʙʠʥʘʮʠʿʝ ʬʣʫʦʧʠʨʘʤ + ʩʧʠʨʦʢʩʘʤʠʥ 

(97,8-98,8% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 93,6% ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,03% 

(94,7-97,5% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 89,9% ʥʘ ʣʠʩʪʦʚʠʤʘ). ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʥʠʞʫ ʝʬʠʢʘʩʥʦʩʪ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ ʚʘʨʠʿʘʥʪʝ ʦʩʪʚʘʨʠʣʠ ʩʫ ʩʫʤʧʦʨ (ʢʦʥʮ. 0,5%) ʠ ʬʣʫʦʧʠʨʘʤ (ʢʦʥʮ. 

0,03%). ʉʫʤʧʦʨ ʿʝ ʠʩʧʦˀʠʦ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 88,3 ʜʦ 90,4% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 92,1% ʥʘ 

ʣʠʩʪʦʚʠʤʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʬʣʫʦʧʠʨʘʤ (0,03%) ʠʩʧʦˀʠʦ ʿʝ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ (90,9-92,7%), ʘʣʠ ʥʝʰʪʦ ʥʠʞʫ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ 

ʚʘʨʠʿʘʥʪʝ (82,0%).  

 

ʉʣʠʢʘ 8. ʀʟʛʣʝʜ ʛʨʦʟʜʦʚʘ ʫ ʚʘʨʠʿʘʥʪʘʤʘ Sercadis (a), Sekvenca (b) ʠ Crystal 250 SC (c) (ʣʦʢ. 

ʊʦʧʦʣʘ, 2020. ʛʦʜʠʥʘ)

c) ʘ) b) 
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ʊʘʙʝʣʘ 20. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ ʦʛʣʝʜʠʤʘ ʠʟʚʝʜʝʥʠʤ 2023. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ 

ʊʦʧʦʣʘ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 13.07. ʠ 25.07, ʥʘ ʣʠʩʪʦʚʠʤʘ 02.08) 

No ɺʘʨʠʿʘʥʪʘ ʂʦʥʮ. 

(%) 
ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ  ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ  / 36,43a  / 44,57a  / 34,25a / 

2 Insajder 0,03 2,64b  92,7 4,07b  90,9 6,18b 82,0 

3 Insajder 0,05 0,0c  100,0 0,0d  100,0 2,11c 93,8 

4 Sercadis® 0,015 0,57c  98,4 1,13cd  97,5 2,79c 91,9 

5 Sekvenca® 0,03 0,93c  97,5 2,36c  94,7 3,46c 89,9 

6 Revyona® 0,13 0,29c  99,2 1,14cd  97,4 2,11c 93,8 

7 Strix® 0,08 0,79c  97,8 1,43cd  96,8 3,43c 90,0 

8 Luna® Max 0,1 0,43c  98,8 1,0cd  97,8 2,18c 93,6 

9 Flosul®   0,5 3,5b  90,4 5,21b 88,3 2,71c 92,1 
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ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʦʛʣʝʜʠ ʩʫ ʠʟʚʝʜʝʥʠ ʪʦʢʦʤ ʯʝʪʠʨʠ ʩʝʟʦʥʝ, 

2019, 2020, 2021. ʠ 2023. ʛʦʜʠʥʝ. ʀʩʧʠʪʠʚʘˁʘ ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʨʘʟʣʠʯʠʪʠʭ 

ʬʫʥʛʠʮʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ E. necator, ʚʨʰʝʥʘ ʩʫ ʫ ʢʦʤʝʨʮʠʿʘʣʥʦʤ ʚʠʥʦʛʨʘʜʫ, ʩʦʨʪʝ Chardonnay. 

ʊʦʢʦʤ 2019. ʛʦʜʠʥʝ, ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʦ ʩʝ 

ʦʜ 20,92 ʜʦ 39,41%, ʘ ʧʦʿʘʚʘ ʩʠʤʧʪʦʤʘ ʧʝʧʝʣʥʠʮʝ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʘ 68,0%, ʦʜʥʦʩʥʦ 84,0% 

ʛʨʦʟʜʦʚʘ (ʇʨʠʣʦʛ 4, ɻʨʘʬʠʢʦʥ ʇ4-3). ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʫ ʢʦʥʪʨʦʣʠ, 

ʠʟʥʦʩʠʦ ʿʝ 20,25%. ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʘ ʿʝ 17.07, ʘ ʜʨʫʛʘ 31.07.2019. ʛʦʜʠʥʝ, 

ʢʘʜʘ ʿʝ ʠʟʚʝʜʝʥʘ ʠ ʦʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ (ʊʘʙʝʣʘ 21). 

ʅʘʿʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʧʨʠʤʝʥʦʤ 

ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʘ ʠ ʙʠʣʘ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (100%), ʠ ʿʘʢʦ ʚʠʩʦʢʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

98,6%. ɺʠʩʦʢʦʤ ʝʬʠʢʘʩʥʦʰ˂ʫ ʦʜʣʠʢʦʚʘʣʠ ʩʝ ʙʦʩʢʘʣʠʜ ʠ ʧʨʦʢʚʠʥʘʟʠʜ,  ʛʜʝ ʿʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ 

ʟʘʙʝʣʝʞʝʥʘ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 98,0 ʜʦ 98,6% (ʙʦʩʢʘʣʠʜ), ʦʜʥʦʩʥʦ 97,0-98,6% (ʧʨʦʢʚʠʥʘʟʠʜ). ʅʘ 

ʣʠʩʪʦʚʠʤʘ ʙʦʩʢʘʣʠʜ ʿʝ ʠʩʧʦˀʠʦ ʟʥʘʯʘʿʥʦ ʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ (95,2%) ʥʝʛʦ ʧʨʦʢʚʠʥʘʟʠʜ 

(84,1%). ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʢʦʜ ʩʣʝʜʝ˂ʠʭ ʬʫʥʛʠʮʠʜʘ: 

ʤʝʪʨʘʬʝʥʦʥ, ʧʠʨʠʦʬʝʥʦʥ ʠ ʮʠʬʣʫʬʝʥʘʤʠʜ, ʠ ʦʚʠ ʬʫʥʛʠʮʠʜʠ ʩʝ ʤʝʹʫʩʦʙʥʦ ʩʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʥʦ ʥʠʩʫ ʨʘʟʣʠʢʦʚʘʣʠ. ɽʬʠʢʘʩʥʦʩʪ ʦʚʠʭ ʬʫʥʛʠʮʠʜʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʣʘ ʩʝ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 95,2-95,4% (ʤʝʪʨʘʬʝʥʦʥ), 94,5-94,7% (ʧʠʨʠʦʬʝʥʦʥ) ʠ 94,1-94,4% 

(ʮʠʬʣʫʬʝʥʘʤʠʜ). ʅʘ ʣʠʩʪʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ ʫ ʦʧʩʝʛʫ ʦʜ 91,7% (ʮʠʬʣʫʬʝʥʘʤʠʜ) ʜʦ 

93,1% (ʤʝʪʨʘʬʝʥʦʥ). ʅʝʰʪʦ ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ 

(88,6-89,3% ʥʘ ʛʨʦʟʜʦʚʠʤʘ) ʠ ʩʧʠʨʦʢʩʘʤʠʥʘ (87,7-88,0 ʥʘ ʛʨʦʟʜʦʚʠʤʘ), ʢʦʿʠ ʩʫ ʧʨʝʤʘ 

ʩʪʘʪʠʩʪʠʯʢʦʤ ʠʟʜʚʘʿʘˁʫ, ʧʨʠʧʘʜʘʣʠ ʠʩʪʦʿ ʛʨʫʧʠ, ʪʿ. ʠʟʤʝʹʫ ˁʠʭ ʥʠʿʝ ʫʩʪʘʥʦʚˀʝʥʘ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʝʬʠʢʘʩʥʦʩʪʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʘʣʠ ʿʝʩʪʝ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʛʜʝ ʿʝ 

ʩʧʠʨʦʢʩʘʤʠʥ (90,5%) ʠʩʧʦˀʠʦ ʙʦˀʫ ʝʬʠʢʘʩʥʦʩʪ ʦʜ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ (84,5%).  

ʅʠʞʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ ʚʘʨʠʿʘʥʪʝ, ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, ʠʩʧʦˀʠʦ ʿʝ ʩʫʤʧʦʨ, ʯʠʿʘ ʩʝ ʝʬʠʢʘʩʥʦʩʪ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʘ ʠ 

ʢʨʝʪʘʣʘ ʩʝ ʦʜ 62,9 ʜʦ 71,1%. ʅʘ ʣʠʩʪʦʚʠʤʘ ʿʝ, ʧʘʢ, ʩʠʪʫʘʮʠʿʘ ʙʠʣʘ ʜʨʫʛʘʯʠʿʘ, ʠ ʦʚʘʿ ʬʫʥʛʠʮʠʜ 

ʿʝ ʠʩʧʦˀʠʦ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ (92,4%), ʧʘ ʿʝ ʙʠʦ ʫ ʨʘʥʛʫ ʩʘ ʥʘʿʝʬʠʢʘʩʥʠʿʠʤ ʬʫʥʛʠʮʠʜʠʤʘ. 

ʉʣʝʜʝ˂ʠ ʧʦ ʝʬʠʢʘʩʥʦʩʪʠ, ʙʠʦ ʿʝ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ, ʛʜʝ ʿʝ ʟʘʙʝʣʝʞʝʥʘ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 53,2% 

ʜʦ 65,7% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 50,1% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʋ ʠʩʪʦʿ ʛʨʫʧʠ ʧʦ ʝʬʠʢʘʩʥʦʩʪʠ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʥʘʣʘʟʠʦ ʩʝ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʯʠʿʘ ʩʝ ʝʬʠʢʘʩʥʦʩʪ ʢʨʝʪʘʣʘ ʦʜ 44,9 ʜʦ 63,6%, ʜʦʢ ʿʝ 

ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ 59,0%. ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʥʠʿʝ ʟʘʙʝʣʝʞʝʥʘ ʠʟʤʝʹʫ 

ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʠ ʢʚʠʥʦʢʩʠʬʝʥʘ, ʛʜʝ ʿ ʝ ʫʪʚʨʹʝʥʘ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 42,6 ʜʦ 47,0% ʥʘ ʛʨʦʟʜʦʚʠʤʘ 

ʠ 59,1% ʥʘ ʣʠʩʪʦʚʠʤʘ.  

ʅʘʿʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʛʣʝʜʫ, ʫʩʪʘʥʦʚˀʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ ʠ ʦʥʘ 

ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʧʨʝʪʭʦʜʥʝ ʚʘʨʠʿʘʥʪʝ. ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 23,5 ʜʦ 36,7%, ʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ ʿʝ 30,9%.  
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ʊʘʙʝʣʘ 21. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ ʦʛʣʝʜʠʤʘ ʠʟʚʝʜʝʥʠʤ 2019. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 17.07. ʠ 31.07, ʥʘ ʣʠʩʪʦʚʠʤʘ 31.07) 

No ɺʘʨʠʿʘʥʪʘ 
ʂʦʥʮ. 

(%) 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 20,92a  / 39,41a  / 20,25a / 

2 Vivando® 0,02 0,97e  95,3 1,83g  95,2 1,36fg 93,1 

3 Kusabi® 0,03 1,1e  94,5 2,05g  94,7 1,49fg 92,6 

4 Sercadis® 0,015 0,0g  100,0 0,0i  100,0 0,21h 98,6 

5 Cantus® 0,12 0,21f  98,6 0,73h  98,0 0,96g 95,2 

6 Lunar® 0,02 7,02c  65,7 18,41d  53,2 10,09c 50,1 

7 Zato® 50-WG 0,015 13,25b  36,7 29,73b  23,5 14,0b 30,9 

8 
CrystalTM 250 

SC 
0,02 10,95b  47,0 22,66c  42,6 8,27d 59,1 

9 Talendo® 0,025 0,21f  98,6 1,08gh  97,0 3,2e 84,1 

10 Foton® 0,015 7,59c  63,6 21,63cd  44,9 8,25d 59,0 

11 Sekvenca® 0,013 2,19d  89,3 4,48f  88,6 3,14e 84,5 

12 Spirox® 0,06 2,5d  88,0 4,76f  87,7 1,92f 90,5 

13 
Cyflamid® 5 

EW 
0,05 1,16e  94,1 2,18g  94,4 1,65f 91,7 

14 Kumulus® DF 0,5 5,97c  71,1 14,54e  62,9 1,53fg 92,4 
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ʅʘʨʝʜʥʝ, 2020. ʛʦʜʠʥʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʙʨʦʿ ʠʩʧʠʪʠʚʘʥʠʭ 

ʚʘʨʠʿʘʥʪʠ ʿʝ ʧʨʦʰʠʨʝʥ ʟʘ ʿʦʰ 4 ʬʫʥʛʠʮʠʜʘ: ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧ (ʧʨʝʧʘʨʘʪ Karathane Gold 300 

EC; 0,05%), ʢʦʤʙʠʥʘʮʠʿʘ ʬʣʫʦʧʠʨʘʤ + ʩʧʠʨʦʢʩʘʤʠʥ (ʧʨʝʧʘʨʘʪ Luna Max; 0,1%), 

ʪʝʙʫʢʦʥʘʟʦʣ (ʧʨʝʧʘʨʘʪ Folicur 250 EW; 0,04%) ʠ ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ (+ʤʝʪʠʨʘʤ) (ʧʨʝʧʘʨʘʪ 

Cabrio Top; 0,2%). ʄʝʪʝʦʨʦʣʦʰʢʠ ʫʩʣʦʚʠ ʪʦʢʦʤ 2020. ʛʦʜʠʥʝ, ʧʦʛʦʜʦʚʘʣʠ ʩʫ ʨʘʟʚʦʿʫ 

ʧʘʪʦʛʝʥʘ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ ʟʥʘʯʘʿʥʦʤ ʧʦʿʘʚʦʤ ʩʠʤʧʪʦʤʘ ʫ ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ. 

ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ, ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʢʨʝʪʘʦ ʩʝ ʦʜ 39,82 ʜʦ 52,15%, ʩʘ ʠʟʨʘʞʝʥʦʤ 

ʫʯʝʩʪʘʣʦʰ˂ʫ ʧʦʿʘʚʝ ʩʠʤʧʪʦʤʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʦʿʘ ʿʝ ʙʠʣʘ ʠ ʧʨʝʢʦ 90% (ʇʨʠʣʦʛ 4, ɻʨʘʬʠʢʦʥ 

ʇ4-3). ʅʘ ʣʠʩʪʦʚʠʤʘ, ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʙʠʦ ʿʝ 31,0% (ʊʘʙʝʣʘ 22).  

ʅʘʿʚʝ˂ʦʤ ʝʬʠʢʘʩʥʦʰ˂ʫ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ 

ʦʜʣʠʢʦʚʘʣʠ ʩʫ ʩʝ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ ʠ ʢʦʤʙʠʥʘʮʠʿʘ ʬʣʫʦʧʠʨʘʤ + ʩʧʠʨʦʢʩʘʤʠʥ. ʇʨʠʤʝʥʦʤ 

ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʘ ʦʩʪʚʘʨʝʥʘ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʝʬʠʢʘʩʥʦʩʪ (100%), ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʪʘʢʦ ʠ 

ʥʘ ʣʠʩʪʦʚʠʤʘ, ʘ ʢʦʤʙʠʥʘʮʠʿʘ ʬʣʫʦʧʠʨʘʤ + ʩʧʠʨʦʢʩʘʤʠʥ ʠʩʧʦˀʠʣʘ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʚʝ˂ʫ ʦʜ 

99% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 97,5% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʆʚʝ ʜʚʝ ʚʘʨʠʿʘʥʪʝ ʩʫ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ 

ʨʘʟʣʠʢʦʚʘʣʝ ʦʜ ʩʚʠʭ ʦʩʪʘʣʠʭ ʚʘʨʠʿʘʥʪʠ. ʀʟʫʟʝʪʥʦ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʿʝ 

ʧʨʠʤʝʥʦʤ ʧʨʦʢʚʠʥʘʟʠʜʘ, ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (98,5-99,3%), ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ (96,2%). 

ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʫʪʚʨʹʝʥʘ ʿʝ ʠ ʧʨʠʤʝʥʦʤ ʤʝʪʨʘʬʝʥʦʥʘ (96,2-99,3% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 94,3% 

ʥʘ ʣʠʩʪʦʚʠʤʘ), ʧʠʨʠʦʬʝʥʦʥʘ (96,0-97,7% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 94,0% ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ ʙʦʩʢʘʣʠʜʘ 

(97,4-98,4% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 95,8% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʠ ʦʚʝ ʚʘʨʠʿʘʥʪʝ ʩʝ ʤʝʹʫʩʦʙʥʦ ʥʠʩʫ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʝ. ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʧʦʩʪʠʛʥʫʪʘ ʿʝ 

ʧʨʠʤʝʥʦʤ ʩʣʝʜʝ˂ʠʭ ʬʫʥʛʠʮʠʜʘ: ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ (87,9-96,3%), ʩʧʠʨʦʢʩʘʤʠʥʘ (91,0-97,1%) 

ʠ ʮʠʬʣʫʬʝʥʘʤʠʜʘ (89,8-95,9%). ʉʧʠʨʦʢʩʘʤʠʥ ʠ ʮʠʬʣʫʬʝʥʘʤʠʜ ʩʫ ʠʩʧʦˀʠʣʠ ʚʠʩʦʢʫ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ (95,7 ʠ 87,7%), ʜʦʢ ʿʝ ʜʠʬʝʥʦʢʦʥʘʟʦʣ ʠʩʧʦˀʠʦ ʟʥʘʪʥʦ ʥʠʞʫ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ (79,9%) ʫ ʦʜʥʦʩʫ ʥʘ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ.  

ʅʠʞʘ ʝʬʠʢʘʩʥʦʩʪ, ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ ʬʫʥʛʠʮʠʜʝ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ 

ʪʝʙʫʢʦʥʘʟʦʣʘ, ʛʜʝ ʩʝ ʝʬʠʢʘʩʥʦʩʪ ʢʨʝʪʘʣʘ ʦʜ 76,3 ʜʦ 81,2% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 68,5% ʥʘ 

ʣʠʩʪʦʚʠʤʘ. ʇʠʨʘʢʣʦʩʪʨʦʙʠʥ ʿʝ ʠʩʧʦˀʠʦ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʥʠʞʫ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 

ʪʝʙʫʢʦʥʘʟʦʣʘ, ʢʦʿʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 65,9 ʜʦ 68,4% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 44,8% ʥʘ ʣʠʩʪʦʚʠʤʘ. 

ʋ ʠʩʪʦʿ ʛʨʫʧʠ, ʧʨʝʤʘ ʩʪʘʪʠʩʪʠʯʢʦʤ ʠʟʜʚʘʿʘˁʫ, ʥʘʰʣʠ ʩʫ ʩʝ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ ʠ ʢʚʠʥʦʢʩʠʬʝʥ, 

ʛʜʝ ʩʝ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʧʨʠʤʝʥʦʤ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʘ ʢʨʝʪʘʣʘ ʦʜ 58,9 ʜʦ 61,6%, 

ʦʜʥʦʩʥʦ ʧʨʠʤʝʥʦʤ ʢʚʠʥʦʢʩʠʬʝʥʘ ʦʩʪʚʘʨʝʥʘ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 57,0 ʜʦ 72,6%. ʅʘ ʣʠʩʪʦʚʠʤʘ, 

ʦʙʘ ʬʫʥʛʠʮʠʜʘ ʩʫ ʠʩʧʦˀʠʣʘ ʥʠʩʢʫ ʝʬʠʢʘʩʥʦʩʪ, 35,2%, ʦʜʥʦʩʥʦ 31,8%. ʅʠʩʢʫ ʝʬʠʢʘʩʥʦʩʪ 

ʠʩʧʦˀʠʦ ʿʝ ʠ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʢʦʿʘ ʿʝ ʙʠʣʘ ʫ ʦʧʩʝʛʫ 48,9-63,6% (ʥʘ ʛʨʦʟʜʦʚʠʤʘ), ʜʦʢ ʿʝ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ ʟʥʘʯʘʿʥʦ ʥʠʞʘ (23,2%).  

ʊʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʿʝ ʠʩʧʦˀʠʦ ʥʠʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (38,8-45,6%) ʠ 

ʥʝʛʘʪʠʚʥʫ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ (-14,7%). ɱʘʢʦ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʫʩʪʘʥʦʚˀʝʥʘ ʿʝ 

ʧʨʠʤʝʥʦʤ ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧʘ, ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (13,8-15,6%), ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ (25,3%). 

ʅʘʿʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʢʦʜ ʩʫʤʧʦʨʘ ʠ ʫ ʦʙʝ ʦʮʝʥʝ ʙʠʣʘ ʿʝ 

ʥʝʛʘʪʠʚʥʘ (-35,8 ʜʦ -45,0%). ʇʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʫ ʦʚʦʿ ʚʘʨʠʿʘʥʪʠ ʿʝ ʙʠʦ ʧʨʝʢʦ 

97% (ʇʨʠʣʦʛ 4, ɻʨʘʬʠʢʦʥ ʇ4-3). ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʚʝʦʤʘ ʥʠʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 

ʩʫʤʧʦʨ ʿʝ ʠʩʧʦˀʠʦ ʥʝʰʪʦ ʙʦˀʫ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʢʦʿʘ ʿʝ ʙʠʣʘ 49,0%.    
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ʊʘʙʝʣʘ 22. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ ʦʛʣʝʜʠʤʘ ʠʟʚʝʜʝʥʠʤ 2020. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 22.07. ʠ 06.08, ʥʘ ʣʠʩʪʦʚʠʤʘ 06.08) 

No ɺʘʨʠʿʘʥʪʘ 
ʂʦʥʮ. 

(%) 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 39,92b  / 52,15b  / 31,0b / 

2 Vivando® 0,02 0,21fgh  99,3 1,97jk  96,2 1,69i 94,3 

3 Kusabi® 0,03 0,91fg  97,7 2,06j  96,0 1,83i 94,0 

4 Sercadis® 0,015 0,0h  100,0 0,0l  100,0 0,0k 100,0 

5 Cantus® 0,12 0,61fgh 98,4 1,35jk  97,4 1,26ij 95,8 

6 Lunar® 0,02 15,25cd  61,6 21,34fg  58,9 20,07d 35,2 

7 Zato® 50-WG 0,015 21,72c  45,6 31,77d  38,8 35,52a -14,7 

8 
CrystalTM 250 

SC 
0,02 10,66de  72,6 22,36ef  57,0 21,09cd 31,8 

9 Talendo® 0,025 0,21fgh  99,3 0,77k  98,5 1,16ij 96,2 

10 Foton® 0,015 14,32d  63,6 26,55e  48,9 23,71c 23,2 

11 Sekvenca® 0,013 1,47f  96,3 6,25i  87,9 6,18g 79,9 

12 Spirox® 0,06 1,1fg  97,1 4,65i  91,0 1,32ij 95,7 

13 
Cyflamid® 5 

EW 
0,05 1,6f  95,9 5,25i  89,8 3,81h 87,7 

14 Kumulus® DF 0,5 58,3a -45,0 71,14a  -35,8 15,73e 49,0 

15 
KarathaneTM 

Gold 350 EC 
0,05 33,73b  15,6 45,04c  13,8 23,14c 25,3 

16 Luna® Max 0,1 0,02gh  99,8 0,07l  99,7 0,78j 97,5 

17 
Folicur® 250 

EW 
0,04 7,42e  81,2 12,18h 76,3 9,73f 68,5 

18 Cabrio Top® 0,2 12,6de  68,4 17,59g 65,9 16,96e 44,8 
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ʊʦʢʦʤ 2021. ʛʦʜʠʥʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʠʩʧʠʪʠʚʘʥʝ ʩʫ ʩʣʠʯʥʝ 

ʚʘʨʠʿʘʥʪʝ, ʩ ʪʠʤ ʜʘ ʿʝ ʫ ʦʛʣʝʜ ʫʢˀʫʯʝʥ ʠ ʧʨʝʧʘʨʘʪ Topas 100 EC, ʢʘʦ ʠ ʜʨʫʛʘ ʢʦʤʝʨʮʠʿʘʣʥʘ 

ʬʦʨʤʫʣʘʮʠʿʘ ʬʫʥʛʠʮʠʜʘ ʥʘ ʙʘʟʠ ʩʧʠʨʦʢʩʘʤʠʥʘ - ʧʨʝʧʘʨʘʪ Strix, ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,08%. 

ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʧʨʠʤʝʥʝ, ʫ ʦʜʥʦʩʫ ʥʘ 2020. ʛʦʜʠʥʫ, ʧʦʚʝ˂ʘʥʘ ʿʝ ʢʦʜ ʩʣʝʜʝ˂ʠʭ ʚʘʨʠʿʘʥʪʠ: 

Sekvenca (0,02%), Lunar (0,03%), Folicur 250 EW (0,06%). ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʩʫ ʠʟʚʝʜʝʥʝ 

18.07. ʠ 01.08.2021. ʛʦʜʠʥʝ, ʜʦʢ ʿʝ ʦʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʠʟʚʝʜʝʥʘ 08.08.2021. ʛʦʜʠʥʝ. ʇʦʛʦʜʥʠ 

ʫʩʣʦʚʠ ʟʘ ʨʘʟʚʦʿ ʧʘʪʦʛʝʥʘ ʪʦʢʦʤ ʦʚʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʛʦʜʠʥʝ, ʨʝʟʫʣʪʠʨʘʣʠ ʩʫ ʠʥʪʝʥʟʠʚʥʦʤ 

ʧʦʿʘʚʦʤ ʩʠʤʧʪʦʤʘ ʫ ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ, ʢʦʿʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 54,1 ʜʦ 83,25% (ʊʘʙʝʣʘ 23). 

ʇʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ ʙʠʦ ʿʝ 100% (ʇʨʠʣʦʛ 4, ɻʨʘʬʠʢʦʥ ʇ4-3). ɺʠʩʦʢ 

ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ, ʫʩʪʘʥʦʚˀʝʥ ʿʝ ʠ ʫ ʦʮʝʥʠ ʥʘ ʣʠʩʪʦʚʠʤʘ ʠ ʙʠʦ ʿʝ 51,01% (ʊʘʙʝʣʘ 23). 

ʅʘʿʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘʙʝʣʝʞʝʥʘ 

ʿʝ ʧʨʠʤʝʥʦʤ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʘ, ʩʘ ʤʘʢʩʠʤʘʣʥʦʤ ʝʬʠʢʘʩʥʦʰ˂ʫ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (100%), ʠ 

ʝʬʠʢʘʩʥʦʰ˂ʫ ʦʜ 99,2% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʋ ʠʩʪʦʤ ʨʘʥʛʫ, ʥʘʣʘʟʠʣʠ ʩʫ ʩʝ ʢʦʤʙʠʥʘʮʠʿʘ 

ʬʣʫʦʧʠʨʘʤ + ʩʧʠʨʦʢʩʘʤʠʥ ʠ ʧʨʦʢʚʠʥʘʟʠʜ, ʩʘ ʝʬʠʢʘʩʥʦʰ˂ʫ 99,6% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 

98,9% ʥʘ ʣʠʩʪʦʚʠʤʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʬʣʫʦʧʠʨʘʤ + ʩʧʠʨʦʢʩʘʤʠʥ, ʜʦʢ ʿʝ ʧʨʠʤʝʥʦʤ 

ʧʨʦʢʚʠʥʘʟʠʜʘ ʟʘʙʝʣʝʞʝʥʘ ʠʟʫʟʝʪʥʦ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (99,1-99,5%) ʘʣʠ 

ʥʝʰʪʦ ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ (86,0%). ɱʘʢʦ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʠ 

ʧʨʠʤʝʥʦʤ ʙʦʩʢʘʣʠʜʘ, ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (98,9-99,1%), ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ (97,9%). 

ʌʫʥʛʠʮʠʜʠ ʤʝʪʨʘʬʝʥʦʥ, ʩʧʠʨʦʢʩʘʤʠʥ, ʮʠʬʣʫʬʝʥʘʤʠʜ ʠ ʧʠʨʠʦʬʝʥʦʥ ʠʩʧʦˀʠʣʠ ʩʫ ʚʠʩʦʢʫ 

ʝʬʠʢʘʩʥʦʩʪ ʠ ʧʨʝʤʘ ʩʪʘʪʠʩʪʠʯʢʦʤ ʠʟʜʚʘʿʘˁʫ ʩʚʨʩʪʘʥʠ ʩʫ ʫ ʠʩʪʫ ʛʨʫʧʫ. ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 96,0-96,8% (ʤʝʪʨʘʬʝʥʦʥ), 97,5-98,8% (ʩʧʠʨʦʢʩʘʤʠʥ), 97,2% 

(ʮʠʬʣʫʬʝʥʘʤʠʜ) ʠ 95,8-96,2% (ʧʠʨʠʦʬʝʥʦʥ). ʂʦʜ ʦʚʠʭ ʬʫʥʛʠʮʠʜʘ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʿʝ 

ʧʦʩʪʠʛʥʫʪʘ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ ʠ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 93,9% (ʩʧʠʨʦʢʩʘʤʠʥ) ʜʦ 95,3% (ʮʠʬʣʫʬʝʥʘʤʠʜ). 

ʅʝʰʪʦ ʥʠʞʘ, ʘʣʠ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʫʩʪʘʥʦʚˀʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ 

ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ (ʧʨʝʧʘʨʘʪ Sekvenca ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,02%), ʠ ʢʨʝʪʘʣʘ ʦʜ 92,4 ʜʦ 94,0%, 

ʜʦʢ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ ʟʥʘʪʥʦ ʥʠʞʘ (81,8%).  

ɿʘʜʦʚʦˀʘʚʘʿʫ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʧʨʠʤʝʥʦʤ ʪʝʙʫʢʦʥʘʟʦʣʘ (ʧʨʝʧʘʨʘʪ Folicur 

ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,06%), ʠ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 84,9 ʜʦ 88,4% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʙʠʣʘ ʿʝ 80,6% 

ʥʘ ʣʠʩʪʦʚʠʤʘ. ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʫʩʪʘʥʦʚˀʝʥʘ ʧʨʠʤʝʥʦʤ ʧʝʥʢʦʥʘʟʦʣʘ, 

ʢʦʿʘ ʩʝ ʢʨʝʪʘʣʘ ʫ ʦʧʩʝʛʫ 77,4-84,1% (ʥʘ ʛʨʦʟʜʦʚʠʤʘ), ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ ʥʠʞʘ, ʦʜʥʦʩʥʦ 

63,7%. ʅʝʰʪʦ ʥʠʞʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʧʝʥʢʦʥʘʟʦʣ, ʠʩʧʦˀʠʦ ʿʝ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ 

(ʧʨʝʧʘʨʘʪ Lunar ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,03%), ʠ ʦʥʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 70,1 ʜʦ 77,2% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 

ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʫʪʚʨʹʝʥʘ ʠʟʫʟʝʪʥʦ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ (38,7%), ʰʪʦ ʿʝ ʫʿʝʜʥʦ ʠ ʥʘʿʥʠʞʘ 

ʧʦʩʪʠʛʥʫʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ ʫ ʦʛʣʝʜʫ ʠʟ 2021. ʛʦʜʠʥʝ.   

ʅʘʿʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʦʛʣʝʜʫ ʠʟʚʝʜʝʥʦʤ 2021. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʫ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ ʩʫʤʧʦʨʦʤ (63,6-73,0%) ʠ 

ʤʠʢʣʦʙʫʪʘʥʠʣʦʤ (67,3-75,5%). ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʯʠʿʘ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ 62,9%, ʩʫʤʧʦʨ ʿʝ ʠʩʧʦˀʠʦ ʿʘʢʦ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ (96,4%), 

ʢʦʿʘ ʿʝ ʙʠʣʘ ʫ ʨʘʥʛʫ ʩʘ ʥʘʿʝʬʠʢʘʩʥʠʿʠʤ ʬʫʥʛʠʮʠʜʠʤʘ ʫ ʦʛʣʝʜʫ.  
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ʊʘʙʝʣʘ 23. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ ʦʛʣʝʜʠʤʘ ʠʟʚʝʜʝʥʠʤ 2021. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 18.07. ʠ 01.08, ʥʘ ʣʠʩʪʦʚʠʤʘ 08.08) 

No ɺʘʨʠʿʘʥʪʘ 
ʂʦʥʮ. 

(%) 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 54,1a  / 83,25a  / 51,01a / 

2 Vivando® 0,02 1,84ef  96,0 2,58fg  96,8 2,46e 95,1 

3 Kusabi® 0,03 2,04ef  95,8 3,06ef  96,2 2,6e 94,7 

4 Sercadis® 0,015 0,0h  100,0 0,0i  100,0 0,25g 99,2 

5 Cantus® 0,12 0,42fgh  99,1 0,91fgh  98,9 1,04efg 97,9 

6 Lunar® 0,03 11,71b  77,2 24,75bc  70,1 30,72b 38,7 

7 Foton® 0,03 12,9b  75,5 27,02b  67,3 18,56c 62,9 

8 Strix® 0,08 0,65fgh  98,8 1,92fg 97,5 2,83e 93,9 

9 Luna® Max 0,1 0,11h  99,6 0,18hi  99,6 0,35fg 98,9 

10 Sekvenca® 0,02 3,16de  94,0 6,33e  92,4 8,8d 81,8 

11 
Cyflamid® 5 

EW 
0,05 1,52efg  97,2 2,25fg 97,2 2,32e 95,3 

12 
Topas® 100 

EC 
0,025 8,32bc  84,1 18,58c  77,4 17,62c 63,7 

13 Talendo® 0,025 0,21gh  99,5 0,68ghi  99,1 6,81d 86,0 

14 Kumulus® DF 0,5 12,81b  76,0 28,98b  63,6 1,81ef 96,4 

15 
Folicur® 250 

EW 
0,06 5,92cd  88,4 12,41d  84,9 9,81d 80,6 
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ʇʦʩʣʝʜˁʝ ʛʦʜʠʥʝ ʠʩʪʨʘʞʠʚʘˁʘ (2023. ʛʦʜʠʥʝ), ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ, ʠʩʧʠʪʠʚʘʥʝ ʩʫ ʧʦʿʝʜʠʥʝ ʚʘʨʠʿʘʥʪʝ, ʢʦʿʝ ʧʨʝʪʭʦʜʥʠʭ ʛʦʜʠʥʘ ʥʠʩʫ ʙʠʣʝ ʫʢˀʫʯʝʥʝ 

ʫ ʦʛʣʝʜʝ, ʢʘʦ ʰʪʦ ʩʫ: ʬʣʫʦʧʠʨʘʤ (ʧʨʝʧʘʨʘʪ Insajder ʫ ʢʦʥʮ. 0,03 ʠ 0,05%), 

ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣ (ʧʨʝʧʘʨʘʪ Revyona ʫ ʢʦʥʮ. 0,13%) ʠ ʢʦʤʙʠʥʘʮʠʿʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣ + 

ʮʠʬʣʫʬʝʥʘʤʠʜ (ʧʨʝʧʘʨʘʪ Cidely Top ʫ ʢʦʥʮ. 0,1%). ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʩʧʨʦʚʝʜʝʥʘ 

ʿʝ 17.07.2023. ʛʦʜʠʥʝ, ʘ ʜʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʢʘʦ ʠ ʦʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 28.07.2023. 

ʛʦʜʠʥʝ. ʋʩʣʦʚʠ ʟʘ ʨʘʟʚʦʿ ʧʘʪʦʛʝʥʘ ʙʠʣʠ ʩʫ ʧʦʛʦʜʥʠ, ʧʘ ʿʝ ʠ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ 

ʙʠʦ ʚʠʩʦʢ, ʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 46,46 ʜʦ 64,86% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʦ 36,86%. 

ʇʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʫ ʢʦʥʪʨʦʣʠ ʪʘʢʦʹʝ ʿ ʝ ʙʠʦ ʚʠʩʦʢ, ʠ ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ ʯʘʢ ʥʘ 97,0% 

ʛʨʦʟʜʦʚʘ ʫʦʯʝʥʠ ʩʫ ʩʠʤʧʪʦʤʠ ʧʝʧʝʣʥʠʮʝ (ʊʘʙʝʣʘ 24; ʇʨʠʣʦʛ 4, ɻʨʘʬʠʢʦʥ ʇ4-3).  

ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʫ ʦʛʣʝʜʫ 

ʪʦʢʦʤ 2023. ʛʦʜʠʥʝ, ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʧʨʠʤʝʥʦʤ ʩʣʝʜʝ˂ʠʭ ʬʫʥʛʠʮʠʜʘ: ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ (100% 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 96,2% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʬʣʫʦʧʠʨʘʤ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,05% (99,1-

99,5% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 95,8% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʜʠʬʝʥʦʢʦʥʘʟʦʣ (97,5-98,6% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 

93,4% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣ (99,9-100,0% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 96,9% ʥʘ 

ʣʠʩʪʦʚʠʤʘ), ʢʦʤʙʠʥʘʮʠʿʘ ʬʣʫʦʧʠʨʘʤ + ʩʧʠʨʦʢʩʘʤʠʥ (99,6-99,8% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 96,5% ʥʘ 

ʣʠʩʪʦʚʠʤʘ), ʢʦʤʙʠʥʘʮʠʿʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣ + ʮʠʬʣʫʬʝʥʘʤʠʜ (97,3-98,5% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 

95,5% ʥʘ ʣʠʩʪʦʚʠʤʘ). ʅʝʰʪʦ ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʫ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ ʬʣʫʦʧʠʨʘʤʦʤ 

ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,03% ʠ ʩʧʠʨʦʢʩʘʤʠʥʦʤ, ʛʜʝ ʩʝ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʣʘ ʦʜ 95,2 

ʜʦ 97,1 (ʬʣʫʦʧʠʨʘʤ), ʦʜʥʦʩʥʦ 95,4-96,9% (ʩʧʠʨʦʢʩʘʤʠʥ).  

ʅʘʿʥʠʞʫ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʩʧʦˀʠʦ ʿʝ ʤʝʪʨʘʬʝʥʦʥ (91,2-94,1%) ʠ ʦʥʘ ʩʝ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʿʝʬʠʢʘʩʥʠʿʝ ʚʘʨʠʿʘʥʪʝ. ʀʩʪʠ ʬʫʥʛʠʮʠʜ  

ʠʩʧʦˀʠʦ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʚʝ˂ʫ ʦʜ 90% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʘ ʣʠʩʪʦʚʠʤʘ, ʥʘʿʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ  

ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʬʣʫʦʧʠʨʘʤʘ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,03% (84,3%) ʠ ʦʥʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʦʩʪʘʣʝ ʚʘʨʠʿʘʥʪʝ. 

      

ʉʣʠʢʘ 9. ʀʟʛʣʝʜ ʛʨʦʟʜʦʚʘ ʫ ʢʦʥʪʨʦʣʠ (a) ʠ ʚʘʨʠʿʘʥʪʘʤʘ Lunar (b), Kumulus DF (c) ʠ Vivando 

(d) (ʣʦʢ. ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, 2021. ʛʦʜʠʥʘ)

b) c) ʘ) d) 
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ʊʘʙʝʣʘ 24. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ ʦʛʣʝʜʠʤʘ ʠʟʚʝʜʝʥʠʤ 2023. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ. 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 17.07. ʠ 28.07, ʥʘ ʣʠʩʪʦʚʠʤʘ 28.07) 

No ɺʘʨʠʿʘʥʪʘ ʂʦʥʮ. 

(%) 
ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ  ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ  / 46,36a  / 64,86a  / 36,86a / 

2 Insajder 0,03 1,36b  97,1 3,41bc  95,2 5,79b 84,3 

3 Insajder 0,05 0,21b  99,5 0,57c  99,1 1,54cd 95,8 

4 Sercadis® 0,015 0,0b  100,0 0,0c  100,0 1,39de 96,2 

5 Sekvenca® 0,02 0,50b  97,5 0,93c  98,6 2,43cd 93,4 

6 Revyona® 0,13 0,0b  100,0 0,07c  99,9 1,14de 96,9 

7 Strix® 0,08 1,43b 96,9 3,01bʩ  95,4 2,71cd 92,6 

8 Luna® Max 0,1 0,07b  99,8 0,29c  99,6 1,29de 96,5 

9 Vivando®   0,02 2,71b 94,1 5,71b 91,2 3,61c 90,2 

10 Cidely® Top 0,1 0,71b  98,5 1,73c  97,3 1,64cd 95,5 
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ʀʩʧʠʪʠʚʘˁʘ ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʬʫʥʛʠʮʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ E. necator, ʥʘ 

ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʚʨʰʝʥʘ ʩʫ ʫ ʧʝʨʠʦʜʫ ʦʜ 2020. ʜʦ 2023. ʛʦʜʠʥʝ ʫ ʢʦʤʝʨʮʠʿʘʣʥʦʤ 

ʚʠʥʦʛʨʘʜʫ ʩʦʨʪʝ Frankovka. ʊʦʢʦʤ ʧʨʚʝ ʛʦʜʠʥʝ ʠʩʪʨʘʞʠʚʘˁʘ, ʫʢʫʧʥʦ ʿʝ ʪʝʩʪʠʨʘʥʦ 10 

ʚʘʨʠʿʘʥʪʠ (ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʢʦʥʪʨʦʣʥʫ ʚʘʨʠʿʘʥʪʫ). ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʘ ʿʝ 

24.07.2020. ʛʦʜʠʥʝ, ʘ ʜʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʢʘʦ ʠ ʦʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 08.08.2020. 

ʛʦʜʠʥʝ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ, ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʢʨʝʪʘʦ ʩʝ ʦʜ 24,35 ʜʦ 33,64%, ʘ 

ʧʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʦʜ 53,0 ʜʦ 63,5%. ʅʘ ʣʠʩʪʦʚʠʤʘ, ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʿʝ ʙʠʦ 

ʥʝʰʪʦ ʥʠʞʠ, ʠ ʠʟʥʦʩʠʦ ʿʝ 24,9% (ʊʘʙʝʣʘ 25; ʇʨʠʣʦʛ 4, ɻʨʘʬʠʢʦʥ ʇ4-4).  

ʅʘʿʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʟʘʙʝʣʝʞʝʥʘ 

ʿʝ ʧʨʠʤʝʥʦʤ ʙʦʩʢʘʣʠʜʘ ʠ ʩʧʠʨʦʢʩʘʤʠʥʘ, ʠ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʣʘ ʦʜ 93,6 ʜʦ 

96,5% (ʙʦʩʢʘʣʠʜ), ʦʜʥʦʩʥʦ 92,8-95,6% (ʩʧʠʨʦʢʩʘʤʠʥ). ʅʘ ʣʠʩʪʦʚʠʤʘ, ʦʙʘ ʧʨʝʧʘʨʘʪʘ ʩʫ 

ʠʩʧʦˀʠʣʘ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ, ʢʦʿʘ ʿʝ ʙʠʣʘ 91,6% ʟʘ ʧʨʚʠ, ʦʜʥʦʩʥʦ 92,2%, ʟʘ ʜʨʫʛʠ ʬʫʥʛʠʮʠʜ. 

ʅʝʰʪʦ ʥʠʞʫ, ʘʣʠ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ, ʦʩʪʚʘʨʠʣʝ ʩʫ ʚʘʨʠʿʘʥʪʝ ʧʠʨʠʦʬʝʥʦʥ (91,0-91,8% ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, 89,1% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʮʠʬʣʫʬʝʥʘʤʠʜ (90,6-92,1% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 91,5% ʥʘ 

ʣʠʩʪʦʚʠʤʘ) ʠ ʧʨʦʢʚʠʥʘʟʠʜ (88,9-91,5% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 87,1% ʥʘ ʣʠʩʪʦʚʠʤʘ). ʋ ʦʜʥʦʩʫ ʥʘ 

ʥʘʿʝʬʠʢʘʩʥʠʿʝ ʚʘʨʠʿʘʥʪʝ, ʝʬʠʢʘʩʥʦʩʪ ʧʨʦʢʚʠʥʘʟʠʜʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʘ. 

ʅʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (65,1-

73,7%) ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ (63,6%). ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʥʠʞʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ 

ʜʠʬʝʥʦʢʦʥʘʟʦʣ, ʦʩʪʚʘʨʠʦ ʿʝ ʤʠʢʣʦʙʫʪʘʥʠʣ, 48,7-64,1% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 43,3% ʥʘ ʣʠʩʪʦʚʠʤʘ.  

ʅʘʿʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʫ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʦʤ ʠ 

ʢʚʠʥʦʢʩʠʬʝʥʦʤ, ʠ ʦʚʝ ʚʘʨʠʿʘʥʪʝ ʩʝ ʥʠʩʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʝ. ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 39,3 ʜʦ 52,5% (ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ), ʦʜʥʦʩʥʦ 33,3-41,1% 

(ʢʚʠʥʦʢʩʠʬʝʥ). ʅʘ ʣʠʩʪʦʚʠʤʘ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ ʠʩʧʦˀʠʦ ʿʝ ʥʠʩʢʫ ʝʬʠʢʘʩʥʦʩʪ (43,3%), ʜʦʢ 

ʿʝ ʧʨʠʤʝʥʦʤ ʢʚʠʥʦʢʩʠʬʝʥʘ ʟʘʙʝʣʝʞʝʥʘ ʥʘʿʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ ʫ ʦʛʣʝʜʫ ʠʟ 2020. 

ʛʦʜʠʥʝ (27,1%).  

 

                                                                             

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 10. ʀʟʛʣʝʜ ʛʨʦʟʜʦʚʘ ʫ ʢʦʥʪʨʦʣʠ (a) ʠ ʪʨʝʪʤʘʥʫ Lunar (b) (ʣʦʢ. ʅʝʰʪʠʥ, 2020. ʛʦʜʠʥʘ)  

ʘ) b) 
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ʊʘʙʝʣʘ 25. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ ʦʛʣʝʜʠʤʘ ʠʟʚʝʜʝʥʠʤ 2020. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ 

ʅʝʰʪʠʥ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 24.07. ʠ 08.08, ʥʘ ʣʠʩʪʦʚʠʤʘ 08.08) 

No ɺʘʨʠʿʘʥʪʘ 
ʂʦʥʮ. 

(%) 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 24,35a  / 33,63a  / 24,9a / 

2 Cantus® 0,12 0,83g  96,5 2,13f  93,6 2,05f 91,6 

3 Kusabi® 0,03 1,98f  91,8 2,99ef  91,0 2,69ef 89,1 

4 Foton® 0,015 8,7d  64,1 17,26c  48,7 14,1c 43,3 

5 Lunar® 0,02 11,54c  52,5 20,41b  39,3 15,37c 37,6 

6 Spirox® 0,06 1,04g  95,6 2,4f  92,8 1,92f 92,2 

7 Sekvenca® 0,013 6,4e  73,7 11,69d  65,1 9,03d 63,6 

8 
Cyflamid® 5 

EW 
0,05 1,89f  92,1 3,11ef  90,6 2,03f 91,5 

9 
CrystalTM 250 

SC 
0,025 14,34b  41,1 22,3b  33,3 18,14b 27,1 

10 Talendo® 0,025 2,02f  91,5 3,64e  88,9 3,17e 87,1 
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ʋ ʦʛʣʝʜʫ ʢʦʿʠ ʿʝ ʠʟʚʝʜʝʥ 2021. ʛʦʜʠʥʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʧʨʦʰʠʨʝʥ ʿʝ ʙʨʦʿ 

ʠʩʧʠʪʠʚʘʥʠʭ ʚʘʨʠʿʘʥʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʫ ʛʦʜʠʥʫ, ʠ ʩʣʝʜʝ˂ʠ ʬʫʥʛʠʮʠʜʠ ʩʫ ʙʠʣʠ 

ʫʢˀʫʯʝʥʠ ʫ ʦʛʣʝʜ: Cidely Top (0,1%), Sercadis (0,015%), Luna Max (0,1%), Topas 100 EC 

(0,025%) ʠ Kumulus DF (0,5%). ʋʤʝʩʪʦ ʧʨʝʧʘʨʘʪʘ Spirox, ʢʦʨʠʰ˂ʝʥ ʿʝ ʜʨʫʛʠ ʧʨʝʧʘʨʘʪ ʥʘ 

ʙʘʟʠ ʩʧʠʨʦʢʩʘʤʠʥʘ ï Strix (0,08%). ʌʫʥʛʠʮʠʜʠ Sekvenca ʠ Foton ʩʫ ʟʘ ʨʘʟʣʠʢʫ ʦʜ 2020. 

ʛʦʜʠʥʝ, ʢʦʨʠʰ˂ʝʥʠ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠʤʘ 0,02% ʠ 0,03%, ʿʝʨ ʿʝ ʫ ʨʝʟʫʣʪʘʪʠʤʘ ʠʟ ʧʨʝʪʭʦʜʥʝ 

ʛʦʜʠʥʝ ʫʩʪʘʥʦʚˀʝʥʘ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ ʫ ʧʨʝʧʦʨʫʯʝʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 

ʧʨʠʤʝʥʝ (0,013% ʠ 0,015%). ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʘ ʿʝ 20.07.2021. ʛʦʜʠʥʝ, ʘ 

ʜʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʦʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 06.08.2021. ʛʦʜʠʥʝ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ 

ʫ ʢʦʥʪʨʦʣʠ ʙʠʦ ʿʝ ʥʝʰʪʦ ʚʝ˂ʠ ʥʝʛʦ ʧʨʝʪʭʦʜʥʝ ʛʦʜʠʥʝ ʠ ʠʟʥʦʩʠʦ ʿʝ 35,65-49,57%, ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʠ 30,7% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʇʨʦʮʝʥʘʪ ʛʨʦʟʜʦʚʘ ʩʘ ʩʠʤʧʪʦʤʠʤʘ ʧʝʧʝʣʥʠʮʝ ʙʠʦ ʿʝ 

ʠʟʫʟʝʪʥʦ ʚʠʩʦʢ ʫ ʦʙʝ ʦʮʝʥʝ ʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 71,5 ʜʦ 97,0% (ʊʘʙʝʣʘ 26; ʇʨʠʣʦʛ 4, ɻʨʘʬʠʢʦʥ 

ʇ4-4).  

ʅʘʿʚʠʰʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʠʩʧʦˀʠʣʠ ʩʫ 

ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ, ʩʘ ʤʘʢʩʠʤʘʣʥʦʤ ʝʬʠʢʘʩʥʦʰ˂ʫ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (100%) ʠ ʛʦʪʦʚʦ 

ʤʘʢʩʠʤʘʣʥʦʤ ʥʘ ʣʠʩʪʦʚʠʤʘ (99,6%), ʠ ʢʦʤʙʠʥʘʮʠʿʘ ʬʣʫʦʧʠʨʘʤ + ʩʧʠʨʦʢʩʘʤʠʥ ʛʜʝ ʩʝ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʣʘ ʦʜ 98,8 ʜʦ 99,5%, ʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 98,3%. ʉʣʝʜʝ˂ʦʿ ʛʨʫʧʠ 

ʧʦ ʝʬʠʢʘʩʥʦʩʪʠ, ʧʨʠʧʘʜʘʣʠ ʩʫ ʙʦʩʢʘʣʠʜ, ʩʧʠʨʦʢʩʘʤʠʥ, ʧʠʨʠʦʬʝʥʦʥ ʠ ʢʦʤʙʠʥʘʮʠʿʘ 

ʜʠʬʝʥʦʢʦʥʘʟʦʣ + ʮʠʬʣʫʬʝʥʘʤʠʜ, ʢʦʜ ʢʦʿʠʭ ʩʝ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʣʘ 95,4-

97,5%, 95,2-96,1%, 92,3-94,1% ʠ 91,6-93,1%, ʨʝʜʦʤ. ʅʘ ʣʠʩʪʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 

90,5% (ʢʦʤʙʠʥʘʮʠʿʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣ + ʮʠʬʣʫʬʝʥʘʤʠʜ) ʜʦ 92,8% (ʙʦʩʢʘʣʠʜ). ɺʠʩʦʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʫʩʪʘʥʦʚˀʝʥʘ ʿʝ ʠ ʧʨʠʤʝʥʦʤ ʧʨʦʢʚʠʥʘʟʠʜʘ (90,0-91,6%) ʠ 

ʮʠʬʣʫʬʝʥʘʤʠʜʘ (90,4-91,7%), ʜʦʢ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʮʠʬʣʫʬʝʥʘʤʠʜʘ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʙʠʣʘ ʥʝʰʪʦ 

ʚʝ˂ʘ (90,5%) ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʢʚʠʥʘʟʠʜ (86,4%).  

ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʥʠʞʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ ʚʘʨʠʿʘʥʪʝ, ʠʩʧʦˀʠʦ 

ʿʝ ʜʠʬʝʥʦʢʦʥʘʟʦʣ, ʠ ʦʥʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 77,3 ʜʦ 83,2% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʙʠʣʘ ʟʥʘʯʘʿʥʦ ʥʠʞʘ 65,3%. ʅʠʞʫ ʝʬʠʢʘʩʥʦʩʪ ʦʜ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʠʩʧʦˀʠʦ ʿʝ ʩʫʤʧʦʨ, ʯʠʿʘ 

ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ ʟʥʘʯʘʿʥʦ ʚʠʰʘ (79,9%) ʥʝʛʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (58,5-62,5%).  

ʀʩʪʦʿ ʛʨʫʧʠ, ʧʨʝʤʘ ʩʪʘʪʠʩʪʠʯʢʦʤ ʠʟʜʚʘʿʘˁʫ, ʧʨʠʧʘʜʘʣʠ ʩʫ ʧʝʥʢʦʥʘʟʦʣ ʠ 

ʤʠʢʣʦʙʫʪʘʥʠʣ, ʩʘ ʝʬʠʢʘʩʥʦʰ˂ʫ 48,8-52,8% ʠ 44,8-68,6% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 45,7% ʠ 

35,1% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʘʿʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ, ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʫ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ 

ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʦʤ (35,2-39,4%) ʠ ʢʚʠʥʦʢʩʠʬʝʥʦʤ (31,9-41,4%), ʜʦʢ ʿʝ ʧʨʠʤʝʥʦʤ 

ʢʚʠʥʦʢʩʠʬʝʥʘ ʦʩʪʚʘʨʝʥʘ ʥʘʿʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ (21,9%).  
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ʊʘʙʝʣʘ 26. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ ʦʛʣʝʜʠʤʘ ʠʟʚʝʜʝʥʠʤ 2021. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ 

ʅʝʰʪʠʥ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 20.07. ʠ 06.08, ʥʘ ʣʠʩʪʦʚʠʤʘ 06.08) 

No ɺʘʨʠʿʘʥʪʘ 
ʂʦʥʮ. 

(%) 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 35,65a  / 49,57a  / 30,7a / 

2 Cidely Top® 0,1 2,36fg  93,1 4,1fg  91,6 2,86gh 90,5 

3 Kusabi® 0,03 2,07fg  94,1 3,78fgh  92,3 2,32h 92,4 

4 Sercadis® 0,015 0,0i  100,0 0,0j  100,0 0,07j 99,6 

5 Cantus® 0,12 0,87h  97,5 2,22h  95,4 2,07h 92,8 

6 Lunar® 0,02 21,33b  39,4 31,86b  35,2 19,51c 36,0 

7 Foton® 0,03 11,06d   68,6 26,75c  44,8 19,62c 35,1 

8 Strix® 0,08 1,34gh  96,1 2,35gh  95,2 2,24h 92,6 

9 Luna® Max 0,1 0,11i  99,5 0,31i  98,8 0,39i 98,3 

10 Sekvenca® 0,02 5,8e  83,2 10,99e  77,3 10,58e 65,3 

11 
Cyflamid® 5 

EW 
0,05 2,83f  91,7 4,62f  90,4 2,83gh 90,5 

12 
Topas® 100 

EC 
0,025 16,49c  52,8 25,18c  48,8 16,63d 45,7 

13 Talendo® 0,025 2,97f  91,6 4,84f  90,0 4,13g 86,4 

14 Kumulus® DF 0,5 12,97d  62,5 20,2d  58,5 6,08f 79,9 

15 
CrystalTM 250 

SC 
0,02 20,61b  41,4 33,41b 31,9 23,78b 21,9 
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ʊʦʢʦʤ 2022. ʛʦʜʠʥʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʚʨʰʝʥʦ ʿʝ ʠʩʧʠʪʠʚʘˁʝ ʥʝhʪʦ ʤʘˁʝʛ 

ʙʨʦʿʘ ʚʘʨʠʿʘʥʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʫ ʛʦʜʠʥʫ, ʘ ʧʦʿʝʜʠʥʠ ʬʫʥʛʠʮʠʜʠ ʩʫ ʧʨʠʤʝˁʝʥʠ ʫ ʚʝ˂ʠʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ, ʢʘʦ ʰʪʦ ʩʫ: Sekvenca (0,03%), Lunar (0,03%), Kumulus DF (0,7%). ʆʮʝʥʝ 

ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ ʩʫ 18.07. ʠ 04.08.2022. ʛʦʜʠʥʝ, ʢʘʜʘ ʿʝ ʠʟʚʝʜʝʥʘ ʠ ʦʮʝʥʘ ʥʘ 

ʣʠʩʪʦʚʠʤʘ. ʋʩʣʦʚʠ ʩʧʦˀʥʝ ʩʨʝʜʠʥʝ ʧʦʛʦʜʦʚʘʣʠ ʩʫ ʨʘʟʚʦʿʫ ʧʘʪʦʛʝʥʘ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ 

ʟʥʘʯʘʿʥʦʿ ʧʦʿʘʚʠ ʩʠʤʧʪʦʤʘ ʧʝʧʝʣʥʠʮʝ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ 

ʢʦʥʪʨʦʣʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʢʨʝʪʘʦ ʩʝ ʦʜ 55,79 ʜʦ 69,02%, ʘ ʧʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʫ 

ʜʨʫʛʦʿ ʦʮʝʥʠ ʙʠʦ ʿʝ 99%. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʿʝ ʙʠʦ ʟʥʘʯʘʿʥʦ ʚʝ˂ʠ ʥʝʛʦ 

ʧʨʝʪʭʦʜʥʠʭ ʛʦʜʠʥʘ, ʯʘʢ 60,08% (ʊʘʙʝʣʘ 27; ʇʨʠʣʦʛ 4, ɻʨʘʬʠʢʦʥ ʇ4-4).   

ʋ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ, ʥʘʿʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ ʠʩʧʦˀʠʦ ʿʝ 

ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ, ʢʦʿʘ ʿʝ ʙʠʣʘ ʤʘʢʩʠʤʘʣʥʘ (100%) ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 97,6% ʥʘ ʣʠʩʪʦʚʠʤʘ. 

ɺʝʦʤʘ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʢʦʤʙʠʥʘʮʠʿʝ ʬʣʫʦʧʠʨʘʤ + ʩʧʠʨʦʢʩʘʤʠʥ, 

ʢʦʿʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 97,8 ʜʦ 99,4% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʿʝ ʙʠʣʘ 95,8%. ɺʠʩʦʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʦʩʪʚʘʨʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʩʣʝʜʝ˂ʠʭ 

ʬʫʥʛʠʮʠʜʘ: ʩʧʠʨʦʢʩʘʤʠʥ (93,7-96,0% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 95,8% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʧʠʨʠʦʬʝʥʦʥ 

(92,6-94,1% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 94,2% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʢʦʤʙʠʥʘʮʠʿʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣ + 

ʮʠʬʣʫʬʝʥʘʤʠʜ (91,2-92,5% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 94,9% ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ ʮʠʬʣʫʬʝʥʘʤʠʜ (89,7-

92,2% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 93,3% ʥʘ ʣʠʩʪʦʚʠʤʘ). ʅʝʰʪʦ ʥʠʞʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ 

ʚʘʨʠʿʘʥʪʝ, ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʠʩʧʦˀʠʦ ʿʝ ʧʨʦʢʚʠʥʘʟʠʜ (84,9-90,6%), ʜʦʢ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ ʟʥʘʪʥʦ ʥʠʞʘ, ʩʘʤʦ 47,0%.  

ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ ʚʘʨʠʿʘʥʪʝ, ʟʘʙʝʣʝʞʝʥʘ 

ʿʝ ʧʨʠʤʝʥʦʤ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ (ʧʨʝʧʘʨʘʪ Sekvenca ʫ ʢʦʥʮ. 0,03%). ʅʘ ʛʨʦʟʜʦʚʠʤʘ, ˁʝʛʦʚʘ 

ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 68,0 ʜʦ 75,9%, ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ ʠʟʫʟʝʪʥʦ 

ʥʠʩʢʘ, ʩʘʤʦ 34,8%. ʉʫʤʧʦʨ (ʧʨʝʧʘʨʘʪ Kumulus DF ʫ ʢʦʥʮ. 0,7%,)  ʠʩʧʦˀʠʦ ʿʝ ʟʥʘʯʘʿʥʦ ʚʝ˂ʫ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ (85,7%), ʥʝʛʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (54,7-55,9%). ɱʘʢʦ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ 

ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʧʝʥʢʦʥʘʟʦʣʘ, 31,7-32,2% ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 4,7% ʥʘ ʣʠʩʪʦʚʠʤʘ ʠ ʦʚʘ ʚʘʨʠʿʘʥʪʘ ʩʝ ʥʠʿʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ 

ʨʘʟʣʠʢʦʚʘʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʪʨʦʣʫ, ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʧʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʜʦʩʪʠʟʘʦ ʯʘʢ 

92,0%. ʅʘʿʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʛʣʝʜʫ, ʫʩʪʘʥʦʚˀʝʥʘ ʿʝ ʫ ʚʘʨʠʿʘʥʪʠ ʩʘ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʦʤ 

(ʧʨʝʧʘʨʘʪ Lunar ʫ ʢʦʥʮ. 0,03%), ʛʜʝ ʿʝ ʝʬʠʢʘʩʥʦʩʪ, ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʙʠʣʘ ʤʘˁʘ ʦʜ 10% ʠ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʦʚʦʿ ʚʘʨʠʿʘʥʪʠ ʥʠʿʝ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ 

ʨʘʟʣʠʢʦʚʘʦ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʪʨʦʣʥʫ ʚʘʨʠʿʘʥʪʫ.  

                                                                              

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 11. ʀʟʛʣʝʜ ʣʠʩʪʦʚʘ ʫ ʢʦʥʪʨʦʣʠ (ʘ) ʠ ʪʨʝʪʤʘʥʫ Lunar (b) (ʣʦʢ. ʅʝʰʪʠʥ, 2022. ʛʦʜʠʥʘ)

ʘ) b)

0 
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ʊʘʙʝʣʘ 27. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ ʦʛʣʝʜʠʤʘ ʠʟʚʝʜʝʥʠʤ 2022. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ 

ʅʝʰʪʠʥ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 18.07. ʠ 04.08, ʥʘ ʣʠʩʪʦʚʠʤʘ 04.08) 

No ɺʘʨʠʿʘʥʪʘ 
ʂʦʥʮ. 

(%) 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 55,79a  / 69,02a  / 60,08a / 

2 Cidely Top® 0,1 3,69e  92,5 5,6g  91,2 2,93efg 94,9 

3 Kusabi® 0,03 3,04e  94,1 4,98g  92,6 3,44ef 94,2 

4 Sercadis® 0,015 0,0f  100,0 0,0i  100,0 1,4fg 97,6 

5 Lunar® 0,03 52,3a  2,8 61,29b  9,4 56,39a 6,4 

6 Strix® 0,08 2,13e  96,0 4,25g  93,7 2,48efg 95,8 

7 Luna® Max 0,1 0,26f  99,4 1,47h  97,8 1,28g 97,8 

8 Sekvenca® 0,02 13,18d  75,9 21,84e  68,0 39,13b 34,8 

9 
Cyflamid® 5 

EW 
0,05 4,03e  92,2 6,8fg  89,7 3,97e 93,3 

10 
Topas® 100 

EC 
0,025 35,95b  31,7 45,77c  32,2 57,11a 4,7 

11 Talendo® 0,025 4,75e  90,6 9,93f  84,9 31,79c 47,0 

12 Kumulus® DF 0,7 23,45c  54,7 29,42d  55,9 8,56d 85,7 

 



96 
 

ʋ ʧʦʩʣʝʜˁʦʿ ʛʦʜʠʥʠ ʠʩʧʠʪʠʚʘˁʘ (2023. ʛʦʜʠʥʠ), ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʠʩʧʠʪʘʥʦ ʿʝ 

ʫʢʫʧʥʦ 8 ʚʘʨʠʿʘʥʪʠ (ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʢʦʥʪʨʦʣʫ), ʘ ʚʘʨʠʿʘʥʪʝ ʢʦʿʝ ʥʠʩʫ ʠʩʧʠʪʠʚʘʥʝ ʧʨʝʪʭʦʜʥʠʭ 

ʛʦʜʠʥʘ ʥʘ ʦʚʦʤ ʣʦʢʘʣʠʪʝʪʫ,  ʠʩʧʠʪʠʚʘʥʝ ʩʫ ʪʦʢʦʤ ʦʚʝ ʛʦʜʠʥʝ: Insajder (ʢʦʥʮ. 0,03% ʠ 0,05%), 

Revyona (ʢʦʥʮ. 0,13%), Flosul (ʢʦʥʮ. 0,7%). ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʩʫ ʠʟʚʝʜʝʥʝ 11.07. ʠ 

24.07.2023. ʛʦʜʠʥʝ, ʢʘʜʘ ʿʝ ʠʟʚʝʜʝʥʘ ʠ ʦʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ 

ʙʠʦ ʿʝ ʚʠʩʦʢ, ʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 53,5 ʜʦ 62,93% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 58,46% ʥʘ ʣʠʩʪʦʚʠʤʘ. 

ʇʨʦʮʝʥʘʪ ʛʨʦʟʜʦʚʘ ʩʘ ʩʠʤʧʪʦʤʠʤʘ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ ʙʠʦ ʿʝ ʧʨʝʢʦ 90% 

(ʊʘʙʝʣʘ 28, ʇʨʠʣʦʛ 4, ɻʨʘʬʠʢʦʥ ʇ4-4).  

ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʟʘʙʝʣʝʞʝʥʘ ʿʝ, ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʪʘʢʦ ʠ 

ʥʘ ʣʠʩʪʦʚʠʤʘ ʧʨʠʤʝʥʦʤ ʩʣʝʜʝ˂ʠʭ ʬʫʥʛʠʮʠʜʘ: ʬʣʫʦʧʠʨʘʤ (ʧʨʝʧʘʨʘʪ Insajder ʫ ʢʦʥʮ. 0,05%) 

(98,5-99,5% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 94,9% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ (98,1-99,2% ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, 95,2% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣ (98,6-99,7% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 96,4% 

ʥʘ ʣʠʩʪʦʚʠʤʘ), ʩʧʠʨʦʢʩʘʤʠʥ (96,0-98,7% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 92,6% ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ 

ʢʦʤʙʠʥʘʮʠʿʘ ʬʣʫʦʧʠʨʘʤ + ʩʧʠʨʦʢʩʘʤʠʥ (97,3-98,7% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 94,6% ʥʘ ʣʠʩʪʦʚʠʤʘ).  

ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʠ ʧʨʠʤʝʥʦʤ ʬʣʫʦʧʠʨʘʤʘ  (ʧʨʝʧʘʨʘʪ Insajder ʫ ʢʦʥʮ. 

0,03%) ʠ ʩʫʤʧʦʨʘ (ʧʨʝʧʘʨʘʪ Flosul ʫ ʢʦʥʮ. 0,7%), ʘʣʠ ʩʝ ˁʠʭʦʚʘ ʝʬʠʢʘʩʥʦʩʪ ʩʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʘ ʦʜ ʧʨʝʪʭʦʜʥʠʭ ʚʘʨʠʿʘʥʪʠ. ʌʣʫʦʧʠʨʘʤ (ʢʦʥʮ. 0,03%) ʿʝ ʠʩʧʦˀʠʦ 

ʝʬʠʢʘʩʥʦʩʪ ʦʜ 90,9 ʜʦ 93,3% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 88,0% ʥʘ ʣʠʩʪʦʚʠʤʘ, ʜʦʢ ʿʝ ʩʫʤʧʦʨ ʠʩʧʦˀʠʦ 

ʝʬʠʢʘʩʥʦʩʪ ʦʜ 88,9 ʜʦ 92,8% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 91,3% ʥʘ ʣʠʩʪʦʚʠʤʘ.  

 

 

     

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 12. ʀʟʛʣʝʜ ʛʨʦʟʜʦʚʘ ʫ ʢʦʥʪʨʦʣʠ (ʘ) ʠ ʪʨʝʪʤʘʥʫ Topas 100EC (b) (ʣʦʢ. ʅʝʰʪʠʥ, 2022. 

ʛʦʜʠʥʘ)

ʘ) b) 
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ʊʘʙʝʣʘ 28. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ ʦʛʣʝʜʠʤʘ ʠʟʚʝʜʝʥʠʤ 2023. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ. 

ʅʝʰʪʠʥ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 11.07. ʠ 24.07, ʥʘ ʣʠʩʪʦʚʠʤʘ 24.07) 

No ɺʘʨʠʿʘʥʪʘ ʂʦʥʮ. 

(%) 
ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ  ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. ʦʙʦˀʝˁʘ 

(%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ  / 53,50a  / 62,93a  / 58,46a / 

2 Insajder 0,03 3,57b  93,3 5,71b  90,9 7,04b 88,0 

3 Insajder 0,05 0,29b  99,5 0,93c  98,5 2,96cd 94,9 

4 Sercadis® 0,015 0,43b  99,2 1,21c  98,1 2,82cd 95,2 

5 Revyona® 0,13 0,14b  99,7 0,86c  98,6 2,11d 96,4 

6 Strix® 0,08 0,71b  98,7 2,50ʩ  96,0 4,32cd 92,6 

7 Luna® Max 0,1 0,71b  98,7 1,71c  97,3 3,18cd 94,6 

8 Flosul®  0,7 3,86b  92,8 7,0b  88,9 5,11bc 91,3 
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ɻʨʘʬʠʢʦʥ 2. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʠ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ QoI ʬʫʥʛʠʮʠʜʠʤʘ 

ʥʘ ʠʩʧʠʪʠʚʘʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ  

 

 

ɻʨʘʬʠʢʦʥ 3. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʠ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ QoI ʬʫʥʛʠʮʠʜʠʤʘ ʥʘ ʠʩʧʠʪʠʚʘʥʠʤ 

ʣʦʢʘʣʠʪʝʪʠʤʘ 
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ɻʨʘʬʠʢʦʥ 4. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʠ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ ʬʫʥʛʠʮʠʜʠʤʘ ʠʟ 

ʛʨʫʧʝ ʘʟʘʥʘʬʪʘʣʝʥʘ ʥʘ ʠʩʧʠʪʠʚʘʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ  

 

 

ɻʨʘʬʠʢʦʥ 5. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʠ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ ʬʫʥʛʠʮʠʜʠʤʘ ʠʟ ʛʨʫʧʝ 

ʘʟʘʥʘʬʪʘʣʝʥʘ ʥʘ ʠʩʧʠʪʠʚʘʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ  
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ɻʨʘʬʠʢʦʥ 6. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʠ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ ʬʫʥʛʠʮʠʜʠʤʘ ʠʟ 

ʛʨʫʧʝ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʘ ʥʘ ʠʩʧʠʪʠʚʘʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ  

 

 

ɻʨʘʬʠʢʦʥ 7. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʠ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ ʬʫʥʛʠʮʠʜʠʤʘ ʠʟ ʛʨʫʧʝ ʘʨʠʣ-ʬʝʥʠʣ 

ʢʝʪʦʥʘ ʥʘ ʠʩʧʠʪʠʚʘʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ  
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ɻʨʘʬʠʢʦʥ 8. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʠ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ DMI ʬʫʥʛʠʮʠʜʠʤʘ 

ʥʘ ʠʩʧʠʪʠʚʘʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ  

 

ɻʨʘʬʠʢʦʥ 9. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʠ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ DMI ʬʫʥʛʠʮʠʜʠʤʘ ʥʘ ʠʩʧʠʪʠʚʘʥʠʤ 
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ɻʨʘʬʠʢʦʥ 10. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʠ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ SDHI 

ʬʫʥʛʠʮʠʜʠʤʘ ʥʘ ʠʩʧʠʪʠʚʘʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ  

 

 

ɻʨʘʬʠʢʦʥ 11. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʠ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ SDHI ʬʫʥʛʠʮʠʜʠʤʘ ʥʘ 
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ɻʨʘʬʠʢʦʥ 12. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʠ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ ʬʫʥʛʠʮʠʜʠʤʘ ʥʘ 

ʙʘʟʠ ʩʧʠʨʦʢʩʘʤʠʥʘ ʠ ʮʠʬʣʫʬʝʥʘʤʠʜʘ, ʢʘʦ ʠ ˁʠʭʦʚʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʥʘ ʠʩʧʠʪʠʚʘʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ  

 

ɻʨʘʬʠʢʦʥ 13. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʠ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ ʬʫʥʛʠʮʠʜʠʤʘ ʥʘ ʙʘʟʠ 

ʩʧʠʨʦʢʩʘʤʠʥʘ ʠ ʮʠʬʣʫʬʝʥʘʤʠʜʘ, ʢʘʦ ʠ ˁʠʭʦʚʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʥʘ ʠʩʧʠʪʠʚʘʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ  
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ɻʨʘʬʠʢʦʥ 14. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʠ ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ ʩʫʤʧʦʨʦʤ ʥʘ 

ʠʩʧʠʪʠʚʘʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ
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5.1.2. ɽʬʝʢʪʠ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ 

(E. necator) 

ʋ ʧʝʨʠʦʜʫ ʦʜ 2020. ʜʦ 2022. ʛʦʜʠʥʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ, ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ ʠ ʅʝʰʪʠʥ, ʚʨʰʝʥʘ ʩʫ ʠʩʧʠʪʠʚʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ. ʅʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʦʛʣʝʜʠ ʩʫ 

ʠʟʚʝʜʝʥʠ ʪʦʢʦʤ 2020. ʠ 2021. ʛʦʜʠʥʝ, ʜʦʢ ʩʫ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ ʠʟʚʝʜʝʥʠ ʪʦʢʦʤ 2021. ʠ 

2022. ʛʦʜʠʥʝ.  

ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, 2020. ʛʦʜʠʥʝ, ʠʩʧʠʪʘʥʠ ʩʫ ʝʬʝʢʪʠ ʧʝʪ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ, ʠ 

ʩʪʘʥʜʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ E. necator. ʀʟʚʝʜʝʥʝ ʩʫ ʜʚʝ ʦʮʝʥʝ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ (23.07. ʠ 07.08.2020. ʛʦʜʠʥʝ) ʠ ʿʝʜʥʘ ʦʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ (07.08.2020. ʛʦʜʠʥʝ). ʋ 

ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ ʟʘʙʝʣʝʞʝʥ ʿʝ ʚʠʩʦʢ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ, ʢʦʿʠ ʩʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʦ 

ʦʜ 76,90 ʜʦ 87,89%, ʠ ʛʜʝ ʿʝ ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ ʥʘ 100% ʛʨʦʟʜʦʚʘ ʫʩʪʘʥʦʚˀʝʥʦ ʧʨʠʩʫʩʪʚʦ 

ʩʠʤʧʪʦʤʘ ʧʝʧʝʣʥʠʮʝ. ʅʘ ʣʠʩʪʦʚʠʤʘ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʙʠʦ ʿʝ 45,4% (ʊʘʙʝʣʘ 29; ʇʨʠʣʦʛ 

5, ɻʨʘʬʠʢʦʥ ʇ5).  

ʅʘʿʙʦˀʠ ʝʬʝʢʪʠ ʫʪʚʨʹʝʥʠ ʩʫ ʢʦʜ ʤʦʜʝʣʘ 5 ʛʜʝ ʿʝ ʠʟʚʝʜʝʥʦ ʫʢʫʧʥʦ 8 ʪʨʝʪʠʨʘˁʘ (ʦʜ 

ʬʝʥʦʬʘʟʝ 4-6 ʦʪʚʦʨʝʥʠʭ ʣʠʩʪʦʚʘ ʜʦ ʟʘʪʚʘʨʘˁʘ ʛʨʦʟʜʘ) ʠ ʛʜʝ ʿʝ ʟʘʙʝʣʝʞʝʥʘ ʝʬʠʢʘʩʥʦʩʪ 89,7-

93,7% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 98,1% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʩʪʘʥʜʘʨʜʥʠʤ ʧʨʦʛʨʘʤʦʤ 

ʟʘʰʪʠʪʝ, ʥʠʿʝ ʫʪʚʨʹʝʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ. ʂʦʜ ʩʪʘʥʜʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ, 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 92,9 ʜʦ 93,9%, ʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʿʝ ʟʘʙʝʣʝʞʝʥʘ ʥʝʰʪʦ 

ʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ (99,5%) ʫ ʦʜʥʦʩʫ ʥʘ ʤʦʜʝʣ 5. ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʠ ʫ 

ʤʦʜʝʣʠʤʘ 3 ʠ 4 ʛʜʝ ʿʝ ʫʢʫʧʥʦ ʠʟʚʝʜʝʥʦ 6 (ʦʜ ʬʝʥʦʬʘʟʝ ʦʪʚʦʨʝʥʦ 4-6 ʣʠʩʪʦʚʘ ʜʦ ʙʦʙʠʮʝ 

ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʛʨʘʰʢʘ), ʦʜʥʦʩʥʦ 7 ʪʨʝʪʠʨʘˁʘ (ʢʘʦ ʢʦʜ ʤʦʜʝʣʘ 3 ʫʟ ʿʝʜʥʦ ʚʠʰʝ ʪʨʝʪʠʨʘˁʝ ʜʦ 

ʧʦʯʝʪʢʘ ʜʦʜʠʨʠʚʘˁʘ ʙʦʙʠʮʘ) ʠ ʦʚʝ ʚʘʨʠʿʘʥʪʝ ʩʝ ʤʝʹʫʩʦʙʥʦ ʥʠʩʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ 

ʨʘʟʣʠʢʦʚʘʣʝ ʫ ʧʦʛʣʝʜʫ ʝʬʠʢʘʩʥʦʩʪʠ, ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ. ʂʦʜ ʤʦʜʝʣʘ 

3 ʫʪʚʨʹʝʥʘ ʿʝ ʝʬʠʢʘʩʥʦʩʪ 86,8-92,8% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 97,3% ʥʘ ʣʠʩʪʦʚʠʤʘ, ʜʦʢ ʩʫ ʢʦʜ ʤʦʜʝʣʘ 

4 ʩʣʠʯʥʠ ʝʬʝʢʪʠ ʟʘʙʝʣʝʞʝʥʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (87,0-92,9%), ʘʣʠ ʿʝ ʥʝʰʪʦ ʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ 

ʥʘ ʣʠʩʪʦʚʠʤʘ (98,2%).  

ɿʘʜʦʚʦˀʘʚʘʿʫ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʧʨʚʦʿ ʦʮʝʥʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʫ ʦʮʝʥʠ ʥʘ ʣʠʩʪʦʚʠʤʘ, 

ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʢʦʜ ʤʦʜʝʣʘ 2 (82,7% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 84,4% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʛʜʝ ʿʝ ʠʟʚʝʜʝʥʦ 

ʫʢʫʧʥʦ 5 ʪʨʝʪʠʨʘˁʘ (ʦʜ ʬʝʥʦʬʘʟʝ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʘ ʮʚʘʩʪʠ ʜʦ ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʛʨʘʰʢʘ) 

ʠ ʦʚʘ ʚʘʨʠʿʘʥʪʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʦ ʿʝ ʜʨʘʩʪʠʯʥʦ ʩʤʘˁʝˁʝ ʝʬʠʢʘʩʥʦʩʪʠ (67,9%). 

ʅʘʿʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʫʪʚʨʹʝʥʘ ʿʝ ʢʦʜ ʤʦʜʝʣʘ 1, ʛʜʝ ʿʝ ʠʟʚʝʜʝʥʦ ʫʢʫʧʥʦ 4 ʪʨʝʪʠʨʘˁʘ (ʦʜ 

ʬʝʥʦʬʘʟʝ ʮʚʘʩʪʠ ʥʘʙʫʙʨʝʣʝ, ʧʨʝʜ ʮʚʝʪʘˁʝ, ʜʦ ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʛʨʘʰʢʘ), ʠ ʦʚʘ 

ʚʘʨʠʿʘʥʪʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʦʩʪʘʣʝ. ɽʬʠʢʘʩʥʦʩʪ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʙʠʣʘ ʿʝ 47,2-64,3%, ʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 67,9%.  

ʋ ʜʨʫʛʦʿ ʛʦʜʠʥʠ ʠʩʪʨʘʞʠʚʘˁʘ, ʘ ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠʟ 

2020. ʛʦʜʠʥʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ ʦʜʘʙʨʘʥʠ ʩʫ ʥʝʰʪʦ ʜʨʫʛʘʯʠʿʠ ʬʫʥʛʠʮʠʜʠ ʠ ʠʟʤʝˁʝʥ ʿʝ 

ˁʠʭʦʚ ʨʘʩʧʦʨʝʜ ʫ ʦʢʚʠʨʫ ʤʦʜʝʣʘ. ʊʝʩʪʠʨʘʥʦ ʿʝ ʫʢʫʧʥʦ 6 ʤʦʜʝʣʘ, ʢʘʦ ʠ ʚʘʨʠʿʘʥʪʘ ʛʜʝ ʿʝ 

ʩʧʨʦʚʝʜʝʥ ʩʪʘʥʜʘʨʜʥʠ ʧʨʦʛʨʘʤ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ. ʇʨʚʘ 

ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʘ ʿʝ 05.08., ʘ ʜʨʫʛʘ 16.08.2021. ʛʦʜʠʥʝ, ʢʘʜʘ ʿʝ ʠʟʚʝʜʝʥʘ ʠ ʦʮʝʥʘ 

ʥʘ ʣʠʩʪʦʚʠʤʘ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ, ʙʠʦ ʿʝ ʟʥʘʪʥʦ ʥʠʞʠ ʥʝʛʦ 2020. ʛʦʜʠʥʝ ʠ 

ʢʨʝʪʘʦ ʩʝ ʦʜ 20,31 ʜʦ 25,2 ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʘ ʦʢʦ 73% ʛʨʦʟʜʦʚʘ ʩʘ ʩʠʤʧʪʦʤʠʤʘ ʦʙʦˀʝˁʘ  

ʫʦʯʝʥʦ ʿ ʝ ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ. ʅʘ ʣʠʩʪʦʚʠʤʘ, ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʠʟʥʦʩʠʦ ʿʝ 20,71% (ʊʘʙʝʣʘ 30; 

ʇʨʠʣʦʛ 5, ɻʨʘʬʠʢʦʥ ʇ5).  
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ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʢʦʜ ʩʚʘʢʦʛ ʧʨʠʤʝˁʝʥʦʛ ʤʦʜʝʣʘ, ʘʣʠ ʩʫ ʫʪʚʨʹʝʥʝ 

ʦʜʨʝʹʝʥʝ ʨʘʟʣʠʢʝ ʤʝʹʫ ʤʦʜʝʣʠʤʘ. ʄʘʢʩʠʤʘʣʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (100%), ʫ ʦʙʝ 

ʦʮʝʥʝ, ʫʪʚʨʹʝʥʘ ʿʝ ʢʦʜ ʤʦʜʝʣʘ 3 ʠ 4 ʛʜʝ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʫʢʫʧʥʦ 6, ʦʜʥʦʩʥʦ 7 ʪʨʝʪʠʨʘˁʘ (ʦʜ 

ʬʝʥʦʬʘʟʝ ʦʪʚʦʨʝʥʦ 4-6 ʣʠʩʪʦʚʘ ʜʦ ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʛʨʘʰʢʘ, ʦʜʥʦʩʥʦ ʜʦ ʧʦʯʝʪʢʘ 

ʜʦʜʠʨʠʚʘˁʘ ʙʦʙʠʮʘ). ʀʩʪʦʿ ʛʨʫʧʠ ʧʨʝʤʘ ʝʬʠʢʘʩʥʦʩʪʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʧʨʠʧʘʜʘʦ ʿʝ ʠ ʤʦʜʝʣ 5 

(ʫʢʫʧʥʦ 8 ʪʨʝʪʠʨʘˁʘ), ʩʘ ʝʬʠʢʘʩʥʦʰ˂ʫ ʢʦʿʘ ʿʝ ʫ ʧʨʚʦʿ ʦʮʝʥʠ ʙʠʣʘ 100%, ʘ ʫ ʜʨʫʛʦʿ 98,7%. 

ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʚʝ ʤʦʜʝʣʝ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʢʦʜ ʤʦʜʝʣʘ 1 (4 

ʪʨʝʪʠʨʘˁʘ), 2 (5 ʪʨʝʪʠʨʘˁʘ) ʠ 6 (8 ʪʨʝʪʠʨʘˁʘ), ʢʘʦ ʠ ʩʪʘʥʜʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ (8 

ʪʨʝʪʠʨʘˁʘ). ʉʧʨʦʚʦʹʝˁʝʤ ʩʪʘʥʜʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ, ʦʩʪʚʘʨʝʥʘ ʿʝ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ 

97,2-97,9% ʥʘ ʛʨʦʟʜʦʚʠʤʘ. ʅʝʰʪʦ ʥʠʞʘ, ʘʣʠ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʘ 

ʿʝ ʢʦʜ ʤʦʜʝʣʘ 6 (95,9-96,3), ʤʦʜʝʣʘ 2 (96,0-100,0%) ʠ ʤʦʜʝʣʘ 1 (94,7-95,1%). ʅʘʿʙʦˀʠ ʝʬʝʢʪʠ 

ʥʘ ʣʠʩʪʦʚʠʤʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʦʩʪʚʘʨʝʥʠ ʩʫ ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 4 

(99,5%) ʠ 5 (98,3%), ʘ ʥʝʰʪʦ ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʢʦʜ ʤʦʜʝʣʘ 3 (97,3%). 

ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ ʤʦʜʝʣʝ, 

ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʢʦʜ ʤʦʜʝʣʘ 2 (94,0%) ʠ ʤʦʜʝʣʘ 6 (92,9%), ʘ ʚʘʨʠʿʘʥʪʘ ʩʪʘʥʜʘʨʜʥʠ ʧʨʦʛʨʘʤ 

ʟʘʰʪʠʪʝ ʩʝ ʥʘʣʘʟʠʣʘ ʫ ʠʩʪʦʿ ʛʨʫʧʠ ʩʘ ʦʚʘ ʜʚʘ ʤʦʜʝʣʘ, ʠ ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ 94,8%. ʅʘʿʥʠʞʘ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʫʪʚʨʹʝʥʘ ʿʝ ʢʦʜ ʤʦʜʝʣʘ 1 (91,7%). 

ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʪʦʢʦʤ 2020. ʠ 2021. ʛʦʜʠʥʝ, ʪʘʢʦʹʝ ʩʫ 

ʚʨʰʝʥʘ ʠʩʧʠʪʠʚʘˁʘ ʝʬʝʢʘʪʘ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ 

ʧʝʧʝʣʥʠʮʝ. ʊʦʢʦʤ ʧʨʚʝ ʛʦʜʠʥʝ ʠʩʧʠʪʠʚʘˁʘ, ʪʝʩʪʠʨʘʥʠ ʩʫ ʝʬʝʢʪʠ ʫʢʫʧʥʦ ʧʝʪ ʤʦʜʝʣʘ, ʢʘʦ ʠ 

ʝʬʝʢʪʠ ʩʪʘʥʜʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ. ʆʜʘʙʠʨ ʠ ʨʘʩʧʦʨʝʜ ʬʫʥʛʠʮʠʜʘ ʫ ʦʢʚʠʨʫ ʤʦʜʝʣʘ ʙʠʦ 

ʿʝ ʠʜʝʥʪʠʯʘʥ ʢʘʦ ʠ ʫ ʦʛʣʝʜʫ ʠʟ 2020. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ. ʇʨʚʘ ʦʮʝʥʘ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʘ ʿʝ 22.07, ʘ ʜʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʢʘʦ ʠ ʦʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

06.08.2020. ʛʦʜʠʥʝ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʫ ʢʦʥʪʨʦʣʠ, ʢʨʝʪʘʦ ʩʝ ʦʜ 39,92 ʜʦ 

52,15%, ʘ ʥʘ 91% ʛʨʦʟʜʦʚʘ ʩʫ ʫʪʚʨʹʝʥʠ ʩʠʤʧʪʦʤʠ ʦʙʦˀʝˁʘ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ 

ʣʠʩʪʦʚʠʤʘ ʙʠʦ ʿʝ 31,0% (ʊʘʙʝʣʘ 30; ʇʨʠʣʦʛ 5, ɻʨʘʬʠʢʦʥ ʇ5).  

ʅʘʿʙʦˀʠ ʝʬʝʢʪʠ ʫ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʟʘʧʘʞʝʥʠ ʩʫ 

ʢʦʜ ʤʦʜʝʣʘ 4 ʛʜʝ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʫʢʫʧʥʦ ʩʝʜʘʤ ʪʨʝʪʠʨʘˁʘ (ʦʜ ʬʝʥʦʬʘʟʝ 4-6 ʦʪʚʦʨʝʥʠʭ ʣʠʩʪʦʚʘ 

ʜʦ ʧʦʯʝʪʘʢ ʜʦʜʠʨʠʚʘˁʘ ʙʦʙʠʮʘ), ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ. ʇʨʠʤʝʥʦʤ ʦʚʦʛ 

ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ, ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʙʠʣʘ ʿʝ 98,5-99,5%, ʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 97,6%. 

ʇʨʠʤʝʥʦʤ ʩʪʘʥʜʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ, ʛʜʝ ʿʝ ʠʟʚʝʜʝʥʦ ʫʢʫʧʥʦ 8 ʪʨʝʪʠʨʘˁʘ, ʦʩʪʚʘʨʝʥʘ ʿʝ 

ʥʝʰʪʦ ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʤʦʜʝʣ 4. ʅʘ ʛʨʦʟʜʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ ʫ ʦʩʧʝʛʫ 

93,7-94,6% ʠ ʥʠʿʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʤʦʜʝʣ 4. ʄʝʹʫʪʠʤ, ʥʘ 

ʣʠʩʪʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʩʪʘʥʜʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʙʠʣʘ ʿʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʥʠʞʘ 

(90,2%). ʅʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ ʥʠʿʝ ʙʠʣʦ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʤʦʜʝʣʘ 

3 (95,5-98,6% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 92,6% ʥʘ ʣʠʩʪʦʚʠʤʘ) ʠ ʤʦʜʝʣʘ 4. ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʠ ʢʦʜ ʤʦʜʝʣʘ 2 (94,7-97,9% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 90,3% ʥʘ 

ʣʠʩʪʦʚʠʤʘ) ʠ ʤʦʜʝʣʘ 5 (95,1-96,7% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 92,2% ʥʘ ʣʠʩʪʦʚʠʤʘ). ʅʘʿʥʠʞʘ 

ʝʬʠʢʘʩʥʦʩʪ ʫʪʚʨʹʝʥʘ ʿʝ ʢʦʜ ʤʦʜʝʣʘ 1 ʠ ʦʥʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʥʘʿʝʬʠʢʘʩʥʠʿʠ ʤʦʜʝʣ. ʅʘ ʛʨʦʟʜʦʚʠʤʘ, ʢʦʜ ʤʦʜʝʣʘ 1, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 92,5 ʜʦ 

94,2%, ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʠʟʥʦʩʠʣʘ 86,9%.  
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ʊʘʙʝʣʘ 29. ɽʬʝʢʪʠ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ɽ. necator, 2020. ʠ 2021. ʛʦʜʠʥʘ, ʣʦʢʘʣʠʪʝʪ ʊʦʧʦʣʘ 

ʊʦʧʦʣʘ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 23.07.2020. ʠ 07.08. 2020., ʥʘ ʣʠʩʪʦʚʠʤʘ 07.08. 2020.) 

No ɺʘʨʠʿʘʥʪʘ 
ɹʨʦʿ 

ʪʨʝʪʠʨʘˁʘ 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 76,9a  / 87,89a  / 45,4a / 

2 ʄʦʜʝʣ 1 4 27,33b  64,3 45,98b  47,2 14,54b 67,9 

3 ʄʦʜʝʣ 2 5 13,01c  82,7 33,54c  61,5 7,05c 84,4 

4 ʄʦʜʝʣ 3 6 5,39d  92,8 11,44d  86,8 1,2d 97,3 

5 ʄʦʜʝʣ 4 7 5,35d  92,9 11,1d  87,0 0,78d 98,2 

6 ʄʦʜʝʣ 5 8 4,7d  93,7 8,91de  89,7 0,8d 98,1 

7 
ʉʪʜ. ʧʨʦʛʨʘʤ 

ʟʘʰʪʠʪʝ 
8 4,63d  93,9 6,18e  92,9 0,15e 99,5 

ʊʦʧʦʣʘ (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 05.08.2021. ʠ 16.08.2021., ʥʘ ʣʠʩʪʦʚʠʤʘ 16.08.2021.) 

No ɺʘʨʠʿʘʥʪʘ 
ɹʨʦʿ 

ʪʨʝʪʠʨʘˁʘ 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 20,31a  / 25,2a  / 20,71a / 

2 ʄʦʜʝʣ 1 4 0,97b  95,1 1,34b  94,7 1,65b 91,7 

3 ʄʦʜʝʣ 2 5 0,0d  100,0 0,84b  96,0 1,15bc 94,0 

4 ʄʦʜʝʣ 3 6 0,0d  100,0 0,0c  100,0 0,48cd 97,3 

5 ʄʦʜʝʣ 4 7 0,0d  100,0 0,0c  100,0 0,05e 99,5 

6 ʄʦʜʝʣ 5 8 0,0d  100,0 0,14c  98,7 0,24de 98,3 

7 ʄʦʜʝʣ 6 8 0,73bc  96,3 1,03b  95,9 1,33bc 92,9 

8 
ʉʪʜ. ʧʨʦʛʨʘʤ 

ʟʘʰʪʠʪʝ 
8 0,42c  97,9 0,71b  97,2 1,06bc 94,8 
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ɼʨʫʛʝ ʛʦʜʠʥʝ ʠʩʪʨʘʞʠʚʘˁʘ (2021. ʛʦʜʠʥʝ), ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ, ʠʩʧʠʪʘʥʠ ʩʫ ʝʬʝʢʪʠ ʰʝʩʪ ʤʦʜʝʣʘ ʠ ʩʪʘʥʜʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ. ɿʘ ʨʘʟʣʠʢʫ 

ʦʜ ʧʨʝʪʭʦʜʥʝ ʛʦʜʠʥʝ, ʘ ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʦʛʣʝʜʘ ʠʟ 2020. 

ʛʦʜʠʥʝ, ʫ ʧʨʦʛʨʘʤ ʿʝ ʫʤʝʩʪʦ ʧʨʝʧʘʨʘʪʘ Karathane Gold 300 EC ʫʢˀʫʯʝʥ ʧʨʝʧʘʨʘʪ Vivando, 

ʜʦʢ ʿʝ ʧʨʝʧʘʨʘʪ Sekvenca ʧʨʠʤʝˁʝʥ ʫ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ, ʦʜʥʦʩʥʦ ʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,02%. ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʩʫ ʠʟʚʝʜʝʥʝ 18.07. ʠ 01.08.2021. ʛʦʜʠʥʝ, ʘ ʦʮʝʥʘ 

ʥʘ ʣʠʩʪʦʚʠʤʘ ʿʝ ʠʟʚʝʜʝʥʘ 08.08.2021. ʛʦʜʠʥʝ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʙʠʦ ʿʝ ʚʠʰʠ 

ʥʝʛʦ ʧʨʝʪʭʦʜʥʝ ʛʦʜʠʥʝ ʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 54,1 ʜʦ 83,25%. ʋ ʜʨʫʛʦʿ ʦʮʝʥʠ ʥʘ 100% ʛʨʦʟʜʦʚʘ ʫ 

ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ ʧʨʠʤʝ˂ʝʥʠ ʩʫ ʩʠʤʧʪʦʤʠ ʧʝʧʝʣʥʠʮʝ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ 

ʣʠʩʪʦʚʠʤʘ ʙʠʦ ʿʝ 51,01% (ʊʘʙʝʣʘ 30; ʇʨʠʣʦʛ 5, ɻʨʘʬʠʢʦʥ ʇ5).  

ʉʚʠ ʠʩʧʠʪʠʚʘʥʠ ʤʦʜʝʣʠ ʠʩʧʦˀʠʣʠ ʩʫ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ 

ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ. ʀʟʤʝʹʫ ʪʝʩʪʠʨʘʥʠʭ ʤʦʜʝʣʘ, ʥʠʿʝ ʫʪʚʨʹʝʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ 

ʨʘʟʣʠʢʘ ʫ ʧʦʛʣʝʜʫ ʝʬʠʢʘʩʥʦʩʪʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ. ʅʘʿʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ 

ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʢʦʜ ʤʦʜʝʣʘ 4 (98,5-98,6%) ʠ ʤʦʜʝʣʘ 5 (98,5-98,7%), ʛʜʝ ʿʝ ʠʟʚʝʜʝʥʦ ʫʢʫʧʥʦ 7, 

ʦʜʥʦʩʥʦ 8 ʪʨʝʪʠʨʘˁʘ (ʦʜ ʬʝʥʦʬʘʟʝ ʦʪʚʦʨʝʥʦ 4-6 ʣʠʩʪʦʚʘ ʜʦ ʧʦʯʝʪʘʢ ʜʦʜʠʨʠʚʘˁʘ ʙʦʙʠʮʘ, 

ʦʜʥʦʩʥʦ ʜʦ ʟʘʪʚʘʨʘˁʘ ʛʨʦʟʜʘ). ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʠ ʧʨʠʤʝʥʦʤ 

ʤʦʜʝʣʘ 1 (96,9-97,3%), ʤʦʜʝʣʘ 2 (97,8-98,3%), ʤʦʜʝʣʘ 3 (97,7-98,8%) ʠ ʤʦʜʝʣʘ 6 (96,1-96,8%). 

ʉʪʘʥʜʘʨʜʥʠʤ ʧʨʦʛʨʘʤʦʤ ʟʘʰʪʠʪʝ ʦʙʝʟʙʝʹʝʥʘ ʿʝ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ 

(95,9-96,7%), ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ (93,7%). ʅʘʿʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ 

ʢʦʜ ʤʦʜʝʣʘ 5 (97,0%), ʘ ʚʠʩʦʢʦʤ ʝʬʠʢʘʩʥʦʰ˂ʫ ʩʝ ʦʜʣʠʢʦʚʘʦ ʠ ʤʦʜʝʣ 6 (92,5%). ʉʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʥʦ ʥʠʞʝ ʝʬʠʢʘʩʥʦʩʪʠ ʩʫ ʫʪʚʨʹʝʥʝ ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 4 (85,6%), ʤʦʜʝʣʘ 3 (84,7%) ʠ 

ʤʦʜʝʣʘ 2 (83,0%), ʜʦʢ ʿʝ ʥʘʿʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 1 

(78,5).  

ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʪʦʢʦʤ 2021. ʠ 2022. ʛʦʜʠʥʝ ʚʨʰʝʥʘ ʩʫ ʩʣʠʯʥʘ ʠʩʧʠʪʠʚʘˁʘ 

ʢʘʦ ʠ ʥʘ ʧʨʝʪʭʦʜʥʘ ʜʚʘ ʣʦʢʘʣʠʪʝʪʘ. ʋ ʦʛʣʝʜʫ ʩʧʨʦʚʝʜʝʥʦʤ ʪʦʢʦʤ 2021. ʛʦʜʠʥʝ, ʪʝʩʪʠʨʘʥʠ ʩʫ 

ʝʬʝʢʪʠ ʰʝʩʪ ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ, ʢʘʦ ʠ ʝʬʝʢʪʠ ʩʪʘʥʜʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ. ʆʮʝʥʝ ʩʫ 

ʠʟʚʝʜʝʥʝ 23.07 ʠ 06.08.2021. ʛʦʜʠʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʢʘʜʘ ʿʝ ʠʟʚʨʰʝʥʘ ʜʨʫʛʘ 

ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ  ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʦ ʩʝ ʦʜ 35,71 ʜʦ 

49,57%. ʅʘ ʣʠʩʪʦʚʠʤʘ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʙʠʦ ʿʝ 30,75% (ʊʘʙʝʣʘ 31).  

ʅʘʿʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ 

ʠʟʚʦʹʝˁʝʤ ʩʪʘʥʜʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ (ʫʢʫʧʥʦ 8 ʪʨʝʪʠʨʘˁʘ). ɽʬʠʢʘʩʥʦʩʪ ʦʚʦʛ ʧʨʦʛʨʘʤʘ 

ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʙʠʣʘ ʿʝ ʫ ʦʩʧʝʛʫ 99,4-100%, ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʠʟʥʦʩʠʣʘ 97,0%. ɺʠʩʦʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ, ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʢʦʜ ʤʦʜʝʣʘ 4 ʠ 5. ʂʦʜ ʦʚʘ ʜʚʘ ʤʦʜʝʣʘ, 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 92,7 ʜʦ 94,4% (ʤʦʜʝʣ 4), ʦʜʥʦʩʥʦ 91,2-93,2 (ʤʦʜʝʣ 

5). ʅʘ ʣʠʩʪʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ ʥʝʰʪʦ ʥʠʞʘ, ʦʜʥʦʩʥʦ 86,8% (ʤʦʜʝʣ 4) ʠ 88,4% (ʤʦʜʝʣ 

5). ʅʝʰʪʦ ʥʠʞʘ, ʘʣʠ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʫʩʪʘʥʦʚˀʝʥʘ ʿʝ ʢʦʜ ʤʦʜʝʣʘ 3 ʠ ʤʦʜʝʣʘ 2, ʠ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 90,3 ʜʦ 92,4% (ʤʦʜʝʣ 3), ʦʜʥʦʩʥʦ 88,3-91,2% (ʤʦʜʝʣ 2). 

ɽʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʠʟʚʦʹʝˁʝʤ ʤʦʜʝʣʘ 3 ʿʝ 

ʙʠʣʘ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ (81,9%), ʜʦʢ ʿʝ ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 2 ʙʠʣʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʥʠʞʘ 

(71,5%). ʉʣʠʯʥʠ ʝʬʝʢʪʠ, ʢʘʦ ʠ ʢʦʜ ʤʦʜʝʣʘ 2, ʦʩʪʚʘʨʝʥʠ ʩʫ ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 6, ʛʜʝ ʿʝ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʙʠʣʘ 86,5-88,6%, ʘʣʠ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʟʥʘʯʘʿʥʦ ʥʠʞʘ 

ʝʬʠʢʘʩʥʦʩʪ (77,0%). ʅʘʿʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ 

ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 1, ʠ ʦʚʘʿ ʤʦʜʝʣ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʦ ʦʜ ʦʩʪʘʣʠʭ ʚʘʨʠʿʘʥʪʠ 

(ʦʩʠʤ ʤʦʜʝʣʘ 6). ʅʘ ʛʨʦʟʜʦʚʠʤʘ, ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 80,4 ʜʦ 84,8%, ʜʦʢ ʿʝ ʥʘ 

ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ ʟʥʘʯʘʿʥʦ ʥʠʞʘ (67,8%). 
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ʊʘʙʝʣʘ 30. ɽʬʝʢʪʠ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ɽ. necator, 2020. ʠ 2021. ʛʦʜʠʥʘ, ʣʦʢʘʣʠʪʝʪ ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ 

ʉʣʘʥʢʘʤʘʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 22.07.2020. ʠ 06.08. 2020., ʥʘ ʣʠʩʪʦʚʠʤʘ 06.08. 2020.) 

No ɺʘʨʠʿʘʥʪʘ 
ɹʨʦʿ 

ʪʨʝʪʠʨʘˁʘ 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 39,92a  / 52,15a  / 31,0a / 

2 ʄʦʜʝʣ 1 4 2,21b  94,2 3,86b  92,5 4,03b 86,9 

3 ʄʦʜʝʣ 2 5 0,79b 97,9 2,57bc  94,7 3,01bc 90,3 

4 ʄʦʜʝʣ 3 6 0,55b  98,6 2,35bc  95,5 2,27cd 92,6 

5 ʄʦʜʝʣ 4 7 0,16b  99,5 0,74c  98,5 0,71d 97,6 

6 ʄʦʜʝʣ 5 8 1,25b  96,7 2,47bc  95,1 2,39bc 92,2 

7 
ʉʪʜ. ʧʨʦʛʨʘʤ 

ʟʘʰʪʠʪʝ 
8 

2,14b 94,6 3,29bc  93,7 3,04bc 90,2 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 18.07.2021. ʠ 01.08.2021., ʥʘ ʣʠʩʪʦʚʠʤʘ 08.08.2021.) 

No ɺʘʨʠʿʘʥʪʘ 
ɹʨʦʿ 

ʪʨʝʪʠʨʘˁʘ 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ  

(%) 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 54,1a  / 83,25a  / 51,01a / 

2 ʄʦʜʝʣ 1 4 1,35b  97,3 2,57b  96,9 10,55b 78,5 

3 ʄʦʜʝʣ 2 5 0,9b  98,3 1,73b  97,8 8,14b 83,0 

4 ʄʦʜʝʣ 3 6 0,65b  98,8 1,85b  97,7 7,47b 84,7 

5 ʄʦʜʝʣ 4 7 0,57b  98,6 1,18b  98,5 7,21bc 85,6 

6 ʄʦʜʝʣ 5 8 0,64b  98,7 1,25b  98,5 1,13e 97,0 

7 ʄʦʜʝʣ 6 8 1,72b  96,1 2,53b  96,8 3,79cd 92,5 

8 
ʉʪʜ. ʧʨʦʛʨʘʤ 

ʟʘʰʪʠʪʝ 
8 

1,93b  95,9 2,69b  96,7 3,19de 93,7 
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ʋ ʜʨʫʛʦʿ ʛʦʜʠʥʠ ʠʩʪʨʘʞʠʚʘˁʘ (2022. ʛʦʜʠʥʝ), ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʠʩʧʠʪʠʚʘʥʠ ʩʫ 

ʩʣʠʯʥʠ ʤʦʜʝʣʠ, ʢʘʦ ʧʨʝʪʭʦʜʥʝ ʛʦʜʠʥʝ, ʩ ʪʠʤ ʜʘ ʩʫ ʫ ʦʛʣʝʜ ʫʢˀʫʯʝʥʝ ʿʦʰ ʜʚʝ ʜʦʜʘʪʥʝ 

ʢʦʥʪʨʦʣʝ. ʇʦʨʝʜ ʩʪʘʥʜʘʨʜʥʝ ʢʦʥʪʨʦʣʝ (ʢʦʥʪʨʦʣʘ 1), ʢʦʿʘ ʥʠʿʝ ʪʨʝʪʠʨʘʥʘ ʦʜ ʧʦʯʝʪʢʘ, 

ʢʦʥʪʨʦʣʘ 2 ʿʝ ʩʣʫʞʠʣʘ ʜʘ ʩʝ ʫʪʚʨʜʠ ʢʦʣʠʢʠ ʿʝ ʟʥʘʯʘʿ ʧʨʚʦʛ ʪʨʝʪʠʨʘˁʘ ʫ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ 

ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʦʜʥʦʩʥʦ ʜʘ ʣʠ ʦʚʦ ʪʨʝʪʠʨʘˁʝ ʠʤʘ ʝʬʝʢʪʘ ʫ ʨʝʜʫʢʦʚʘˁʫ 

ʦʙʦˀʝˁʘ, ʜʦʢ ʿʝ ʢʦʥʪʨʦʣʘ 3 ʩʣʫʞʠʣʘ ʜʘ ʩʝ ʫʪʚʨʜʠ ʜʘ ʣʠ ʧʦʩʪʦʿʝ ʙʠʣʦ ʢʘʢʚʠ ʝʬʝʢʪʠ ʫʢʦʣʠʢʦ 

ʩʝ ʩʘ ʟʘʰʪʠʪʦʤ ʦʜ E. necator ʢʨʝʥʝ ʦʜ ʧʨʝʮʚʝʪʘʚʘˁʘ, ʦʜʥʦʩʥʦ ʜʘ ʣʠ ʢʫʨʘʪʠʚʥʘ ʧʨʠʤʝʥʘ 

ʬʫʥʛʠʮʠʜʘ ʤʦʞʝ ʜʘ ʦʙʝʟʙʝʜʠ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʫ ʟʘʰʪʠʪʫ ʦʜ E. necator. ʇʨʚʘ ʦʮʝʥʘ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʘ ʿʝ 18.07.2022. ʛʦʜʠʥʝ, ʘ ʜʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʢʘʦ ʠ ʦʮʝʥʘ ʥʘ 

ʣʠʩʪʦʚʠʤʘ 04.08.2022. ʛʦʜʠʥʝ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ 1 ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʦ ʩʝ 

ʦʜ 55,79 ʜʦ 69,02%, ʜʦʢ ʩʝ ʫ ʢʦʥʪʨʦʣʠ 2 ʠ ʢʦʥʪʨʦʣʠ 3 ʢʨʝʪʘʦ ʦʜ 39,91 ʜʦ 56,15%, ʦʜʥʦʩʥʦ 

28,66 ʜʦ 42,25%. ʅʘ ʣʠʩʪʦʚʠʤʘ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʙʠʦ ʿʝ 60,08% (ʢʦʥʪʨʦʣʘ 1), 51,79% 

(ʢʦʥʪʨʦʣʘ 2) ʠ 35,68% (ʢʦʥʪʨʦʣʘ 3). ʇʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ, ʪʿ. ʛʨʦʟʜʦʚʘ ʩʘ 

ʩʠʤʧʪʦʤʠʤʘ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ 1 ʜʦʩʪʠʛʘʦ ʿʝ 99% ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ, ʫ ʢʦʥʪʨʦʣʠ 2 97%, ʘ ʫ 

ʢʦʥʪʨʦʣʠ 3 ʦʢʦ 80% (ʊʘʙʝʣʘ 31; ʇʨʠʣʦʛ 5, ɻʨʘʬʠʢʦʥ ʇ5).  

ʅʘʿʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʧʨʠʤʝʥʦʤ ʩʪʘʥʜʘʨʜʥʦʛ 

ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ, ʠ ʦʚʘ ʚʘʨʠʿʘʥʪʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʘ ʦʜ ʦʩʪʘʣʠʭ ʧʦ 

ʝʬʠʢʘʩʥʦʩʪʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (96,2-99,1%). ʅʘ ʣʠʩʪʦʚʠʤʘ ʩʪʘʥʜʘʨʜʥʠ ʧʨʦʛʨʘʤ ʟʘʰʪʠʪʝ ʠ 

ʤʦʜʝʣ 5 ʥʠʩʫ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʠ ʧʦ ʝʬʠʢʘʩʥʦʩʪʠ, ʪʿ. ʨʘʟʣʠʢʝ ʩʫ ʙʠʣʝ 

ʤʠʥʠʤʘʣʥʝ, ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʢʦʜ ʤʦʜʝʣʘ 5 ʟʘʙʝʣʝʞʝʥʘ ʝʬʠʢʘʩʥʦʩʪ ʦʢʦ 86% ʥʘ ʣʠʩʪʦʚʠʤʘ, ʜʦʢ 

ʿʝ ʫ ʩʪʘʥʜʘʨʜʥʦʤ ʧʨʦʛʨʘʤʫ ʟʘʰʪʠʪʝ ʙʠʣʘ ʦʢʦ 90%. ʂʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʝʬʠʢʘʩʥʦʩʪʠ ʤʦʜʝʣʘ, 

ʥʘʿʙʦˀʠ ʝʬʝʢʪʠ ʧʦʩʪʠʛʥʫʪʠ ʩʫ ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 5 ʩʘ ʝʬʠʢʘʩʥʦʰ˂ʫ 86,7-89,8% ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, ʜʦʢ ʿʝ ʥʝh ʪʦ ʩʣʘʙʠʿʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʚʘʿ ʤʦʜʝʣ, 

ʫʩʪʘʥʦʚˀʝʥʘ ʢʦʜ ʤʦʜʝʣʘ 2 (79,8-88,3%), ʤʦʜʝʣʘ 3 (80,3-88,2%), ʤʦʜʝʣʘ 4 (81,0-91,25) ʠ 

ʤʦʜʝʣʘ 6 (82,8-84,7%). ʆʜ ʥʘʚʝʜʝʥʠʭ ʤʦʜʝʣʘ ʩʘʤʦ ʿʝ ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 4 ʟʘʙʝʣʝʞʝʥʘ ʜʦʙʨʘ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ (81,3%), ʜʦʢ ʿʝ ʢʦʜ ʦʩʪʘʣʠʭ ʙʠʣʘ ʠʟʤʝʹʫ 69,7 (ʤʦʜʝʣ 2) ʠ 74,0% 

(ʤʦʜʝʣ 3). ʇʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 1 ʟʘʧʘʞʝʥʘ ʿʝ ʥʘʿʩʣʘʙʠʿʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (63,4-

67,8%), ʠ ʦʚʘ ʚʘʨʠʿʘʥʪʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʦʩʪʘʣʝ. ʅʘ 

ʣʠʩʪʦʚʠʤʘ, ʧʨʠʤʝʥʦʤ ʦʚʦʛ ʤʦʜʝʣʘ ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ 70,8%.     

 

5.1.2.1 ɽʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ  

ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʫ ʦʛʣʝʜʠʤʘ ʯʠʿʠ ʿʝ ʮʠˀ ʙʠʦ ʠʩʧʠʪʠʚʘˁʝ ʝʬʝʢʘʪʘ 

ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʥʘʿʝʬʠʢʘʩʥʠʿʠ 

ʤʦʜʝʣʠ  ʦʜʘʙʨʘʥʠ ʩʫ ʟʘ ʝʢʦʥʦʤʩʢʫ ʘʥʘʣʠʟʫ. ʄʦʜʝʣʠ ʢʦʿʠ ʩʫ ʦʜʘʙʨʘʥʠ ʟʘ ʦʚʫ ʘʥʘʣʠʟʫ, ʙʠʣʠ 

ʩʫ: ʤʦʜʝʣ 3, ʤʦʜʝʣ 4 ʠ ʤʦʜʝʣ 5. ʋʢʫʧʥʠ ʪʨʦʰʢʦʚʠ (ʮʝʥʘ ʧʨʝʧʘʨʘʪʘ, ʮʝʥʘ ʛʦʨʠʚʘ ʠ ʩʘʪʥʠʮʘ 

ʨʘʜʥʠʢʘ) ʦʚʠʭ ʤʦʜʝʣʘ ʧʦ ʭʝʢʪʘʨʫ, ʧʦʨʝʹʝʥʠ ʩʫ ʩʘ ʪʨʦʰʢʦʚʠʤʘ ʩʪʘʥʜʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ 

ʟʘʰʪʠʪʝ (ʊʘʙʝʣʘ 32). ʋʧʦʨʝʜʥʦʤ ʘʥʘʣʠʟʦʤ, ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ ʥʘʿʝʢʦʥʦʤʠʯʥʠʿʠ ʤʦʜʝʣ 

ʟʘʰʪʠʪʝ ʙʠʦ ʿʝ ʤʦʜʝʣ 3, ʩʘ ʫʢʫʧʥʦʤ ʮʝʥʦʤ ʪʨʦʰʢʦʚʘ ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʚʨʰʠʥʝ ʢʦʿʝ ʿʝ ʙʠʣʘ ʫ 

ʦʩʧʝʛʫ 22500-27488 ʜʠʥʘʨʘ (191,5-233,9 ʝʚʨʘ). ʅʝʰʪʦ ʚʝ˂ʠ ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʟʘʰʪʠʪʝ ʙʠʣʠ 

ʩʫ ʢʦʜ ʤʦʜʝʣʘ 4, ʠ ʢʨʝʪʘʣʠ ʩʫ ʩʝ ʦʜ 26517 ʜʦ 30167 ʜʠʥʘʨʘ (225,7-256,7 ʝʚʨʘ) ʧʦ ʭʝʢʪʘʨʫ, ʘʣʠ 

ʥʠʿʝ ʫʪʚʨʹʝʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʤʦʜʝʣʘ ʫ ʧʦʛʣʝʜʫ ʪʨʦʰʢʦʚʘ. 

ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʧʦʛʣʝʜʫ ʪʨʦʰʢʦʚʘ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʠʟʤʝʹʫ ʤʦʜʝʣʘ 3 ʠ ʤʦʜʝʣʘ 

5, ʘʣʠ ʥʝ ʠ ʠʟʤʝʹʫ ʤʦʜʝʣʘ 4 ʠ ʤʦʜʝʣʘ 5. ʋʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʟʘʰʪʠʪʝ ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 5 ʙʠʣʠ 

ʩʫ ʦʜ 28830 ʜʦ 30977 ʜʠʥʘʨʘ (245,4-263,6 ʝʚʨʘ) ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʚʨʰʠʥʝ.  
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ʊʘʙʝʣʘ 31. ɽʬʝʢʪʠ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ɽ. necator, 2021. ʠ 2022. ʛʦʜʠʥʘ, ʣʦʢʘʣʠʪʝʪ ʅʝʰʪʠʥ 

ʅʝʰʪʠʥ  (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 23.07.2021. ʠ 06.08. 2021., ʥʘ ʣʠʩʪʦʚʠʤʘ 06.08. 2021.) 

No ɺʘʨʠʿʘʥʪʘ 
ɹʨʦʿ 

ʪʨʝʪʠʨʘˁʘ 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 35,71a  / 49,57a  / 30,75ʘ / 

2 ʄʦʜʝʣ 1 4 5,42b  84,8 9,71b  80,4 9,89b 67,8 

3 ʄʦʜʝʣ 2 5 3,14bc  91,2 5,79c  88,3 8,75b 71,5 

4 ʄʦʜʝʣ 3 6 2,71bc  92,4 4,79c  90,3 5,57c 81,9 

5 ʄʦʜʝʣ 4 7 2,0cd  94,4 3,64cd  92,7 4,07cd 86,8 

6 ʄʦʜʝʣ 5 8 2,43cd  93,2 4,36cd  91,2 3,57cd 88,4 

7 ʄʦʜʝʣ 6 8 4,07bc  88,6 6,71bc  86,5 7,07bc 77,0 

8 
ʉʪʜ. ʧʨʦʛʨʘʤ 

ʟʘʰʪʠʪʝ 
8 0,0d  100,0 0,29d  99,4 0,93d 97,0 

ʅʝʰʪʠʥ (ʆʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʚʝʜʝʥʝ 18.07.2022. ʠ 04.08.2022., ʥʘ ʣʠʩʪʦʚʠʤʘ 04.08.2022.) 

No ɺʘʨʠʿʘʥʪʘ 
ɹʨʦʿ 

ʪʨʝʪʠʨʘˁʘ 

ʇʨʚʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ɼʨʫʛʘ ʦʮʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʆʮʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

ʀʥʪ. 

ʦʙʦˀʝˁʘ (%) 

ɽʬʠʢʘʩʥʦʩʪ 

(%) 

1 ʂʦʥʪʨʦʣʘ / 55,79a  / 69,02a  / 60,08a / 

2 ʄʦʜʝʣ 1 4 16,38d  67,8 24,67d  63,4 17,25d 70,8 

3 ʄʦʜʝʣ 2 5 6,12e  88,3 13,54e  79,8 17,83d 69,7 

4 ʄʦʜʝʣ 3 6 5,56e  88,2 13,01e  80,3 15,42d 74,0 

5 ʄʦʜʝʣ 4 7 4,58e  91,2 12,29e  81,0 10,85e 81,3 

6 ʄʦʜʝʣ 5 7 5,06e  89,8 9,01e  86,7 8,28ef 85,8 

7 ʄʦʜʝʣ 6 7 8,19e  84,7 11,83e  82,8 16,75d 71,9 

8 ʂʦʥʪʨʦʣʘ 2 3 39,91b  27,5 56,15b  17,5 51,79b 13,5 

9 
ʉʪʜ. ʧʨʦʛʨʘʤ 

ʟʘʰʪʠʪʝ 
7 

0,31f  99,1 2,51f  96,2 5,85f 90,2 

10 ʂʦʥʪʨʦʣʘ 3 4 28,66c  46,1 42,25c 37,4 35,68c 40,2 
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ʅʘʿʤʘˁʝ ʝʢʦʥʦʤʠʯʥʘ ʚʘʨʠʿʘʥʪʘ ʙʠʣʘ ʿʝ ʩʪʘʥʜʘʨʜʥʠ ʧʨʦʛʨʘʤ ʟʘʰʪʠʪʝ, ʢʦʿʘ ʩʝ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʘ ʫ ʧʦʛʣʝʜʫ ʪʨʦʰʢʦʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʚʘʨʠʿʘʥʪʝ.  ʂʦʜ 

ʦʚʝ ʚʘʨʠʿʘʥʪʝ, ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʟʘʰʪʠʪʝ ʙʠʣʠ ʩʫ ʫ ʦʧʩʝʛʫ 31420-41757 ʜʠʥʘʨʘ (267,4-355,4 

ʝʚʨʘ) ʧʦ ʭʝʢʪʘʨʫ. ʇʨʦʩʝʯʥʠ ʪʨʦʰʢʦʚʠ ʟʘʰʪʠʪʝ ʤʦʜʝʣʘ 3 ʙʠʣʠ ʩʫ 24333 ʜʠʥʘʨʘ, ʦʜʥʦʩʥʦ 207 

ʝʚʨʘ ʧʦ ʭʝʢʪʘʨʫ. ʂʦʜ ʤʦʜʝʣʘ 4 ʪʨʦʰʢʦʚʠ ʟʘʰʪʠʪʝ ʩʫ ʫ ʧʨʦʩʝʢʫ ʙʠʣʠ ʚʝ˂ʠ ʟʘ 3254 ʜʠʥʘʨʘ, 

ʦʜʥʦʩʥʦ 28 ʝʚʨʘ ʧʦ ʭʝʢʪʘʨʫ, ʜʦʢ ʩʫ ʢʦʜ ʤʦʜʝʣʘ 5 ʫ ʧʨʦʩʝʢʫ ʙʠʣʠ ʚʝ˂ʠ ʟʘ 5586 ʜʠʥʘʨʘ, 

ʦʜʥʦʩʥʦ 48 ʝʚʨʘ ʧʦ ʭʝʢʪʘʨʫ (ɻʨʘʬʠʢʦʥ 15). ʇʨʦʩʝʯʥʠ ʪʨʦʰʢʦʚʠ ʩʪʘʥʜʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ 

ʟʘʰʪʠʪʝ ʙʠʣʠ ʩʫ 35848 ʜʠʥʘʨʘ (305 ʝʚʨʘ), ʰʪʦ ʿʝ ʫ ʧʨʦʩʝʢʫ ʟʘ 11515, 8261 ʠ 5929 ʜʠʥʘʨʘ (98, 

70 ʠ 50 ʝʚʨʘ) ʚʠʰʝ ʥʝʛʦ ʢʦʜ ʤʦʜʝʣʘ 3, 4 ʠ 5.  

 

ɻʨʘʬʠʢʦʥ 15. ʇʨʦʩʝʯʥʠ ʪʨʦʰʢʦʚʠ (eur) ʤʦʜʝʣʘ ʠ ʩʪʘʥʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ 

ʣʦʟʝ ʦʜ E. necator 

                                                                                       

 

ʉʣʠʢʘ 13. ʀʟʛʣʝʜ ʛʨʦʟʜʦʚʘ ʫ ʢʦʥʪʨʦʣʠ (ʘ), ʤʦʜʝʣʫ 5 ʟʘʰʪʠʪʝ (b) ʠ ʩʪʘʥʜʘʨʜʥʦʤ ʧʨʦʛʨʘʤʫ 

ʟʘʰʪʠʪʝ (c) (ʣʦʢ. ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ)
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ʊʘʙʝʣʘ 32. ʇʨʠʢʘʟ ʪʨʦʰʢʦʚʘ ʤʦʜʝʣʘ ʠ ʩʪʘʥʜʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ E. necator  

ʄʦʜʝʣ 

ʊʦʧʦʣʘ 
ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ 
ʅʝʰʪʠʥ 

ʇʨʦʩʝʢ ʜʠʥ 

(eur) 
2020. 2021. 2020. 2021. 2021. 2022. 

ʋʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʜʠʥ 

(eur) 

ʋʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʜʠʥ 

(eur) 

ʋʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʜʠʥ 

(eur) 

ʄʦʜʝʣ 3 
22500 

(191,5) 

24558 

(209,0) 

22500 

(191,5) 

24438 

(208,0) 

24513 

(208,6) 

27488 

(233,9) 

24333a (207) 

ʄʦʜʝʣ 4 
26517 

(225,7) 

27950 

(237,9) 

26517 

(225,7) 

27829 

(236,8) 

26544 

(226,5) 

30167 

(256,7) 

27587ab (235) 

ʄʦʜʝʣ 5 
28830 

(245,4) 

30801 

(262,1) 

28830 

(245,4) 

30681 

(261,1) 

29396 

(250,2) 

30977 

(263,6) 

29919b (255) 

ʉʪʘʥʜʘʨʜʥʠ ʧʨʦʛʨʘʤ 

ʟʘʰʪʠʪʝ 

31420 

(267,4) 

34791 

(296,1) 

31420 

(267,4) 

35516 

(302,3) 

40186 

(342,0) 

41757 

(355,4) 
35848c (305) 

 

 

ɻʨʘʬʠʢʦʥ 16. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʠ ʪʝʩʪʠʨʘʥʠʤ ʤʦʜʝʣʠʤʘ ʟʘʰʪʠʪʝ 
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5.2 ʆʩʝʪˀʠʚʦʩʪ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ QoI ʬʫʥʛʠʮʠʜʝ ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ ʩʘ ʣʠʩʥʠʤ 

ʜʠʩʢʦʚʠʤʘ ʠ qPCR ʜʝʪʝʢʮʠʿʘ G143A ʤʫʪʘʮʠʿʝ  
 

5.2.1 ɼʝʪʝʢʮʠʿʘ G143A ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ 

ɿʘ ʜʝʪʝʢʮʠʿʫ G143A ʤʫʪʘʮʠʿʝ, ʧʨʠʢʫʧˀʝʥʦ ʿʝ ʠ ʪʝʩʪʠʨʘʥʦ ʫʢʫʧʥʦ 110 ʠʟʦʣʘʪʘ ʫ 

ʧʝʨʠʦʜʫ ʦʜ 2019. ʜʦ 2022. ʛʦʜʠʥʝ. ʋʟʦʨʮʠ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʠʟ ʿʝʜʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ, 13 

ʢʦʤʝʨʮʠʿʘʣʥʠʭ, 5 ʝʢʩʪʝʥʟʠʚʥʠʭ ʚʠʥʦʛʨʘʜʘ ʠ 3 ʚʠʥʦʛʨʘʜʘ ʢʦʜ ʢʦʿʠʭ ʥʠʿʝ ʟʘʙʝʣʝʞʝʥʘ 

ʧʨʝʪʭʦʜʥʘ ʠʩʪʦʨʠʿʝ ʧʨʠʤʝʥʝ ʬʫʥʛʠʮʠʜʘ. ɼʝʪʝʢʮʠʿʘ G143A ʤʫʪʘʮʠʿʝ, ʢʘʦ ʠ ʦʜʩʫʩʪʚʦ 

ʥʝʞʝˀʝʥʠʭ ʧʨʦʜʫʢʘʪʘ qPCR ʨʝʘʢʮʠʿʝ ʧʦʪʚʨʹʝʥʦ ʿʝ ʪʟʚ. Ămelting-curveñ ʘʥʘʣʠʟʦʤ (ʉʣʠʢʝ 14 

ʠ 15). ʀʟʦʣʘʪʠ ʩʘ ʧʨʦʮʝʥʪʦʤ G143A ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ > 95% ʦʟʥʘʯʝʥʠ ʩʫ ʢʘʦ 

ʧʦʟʠʪʠʚʥʠ (Miles et al., 2012), ʜʦʢ ʩʫ ʦʥʠ ʩʘ < 5% ʦʚʦʛ ʘʣʝʣʘ ʦʟʥʘʯʝʥʠ ʢʘʦ ʥʝʛʘʪʠʚʥʠ. ʂʦʜ 

ʠʟʦʣʘʪʘ, ʢʦʿʠ ʧʦʪʠʯʫ ʠʟ ʧʦʜʨʫʯʿʘ ʛʜʝ ʥʠʿʝ ʙʠʣʦ ʠʩʪʦʨʠʿʝ ʧʨʠʤʝʥʝ ʬʫʥʛʠʮʠʜʘ (8 ʠʟʦʣʘʪʘ), 

G143A ʘʣʝʣ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʠʿʝ ʜʝʪʝʢʪʦʚʘʥ (0%) ʠʣʠ ʿʝ ʜʝʪʝʢʪʦʚʘʥ, ʘʣʠ ʫ ʿʘʢʦ ʥʠʩʢʦʤ 

ʧʨʦʮʝʥʪʫ (ʦʜ 0,01 ʜʦ 4,52%) ʦʜ ʫʢʫʧʥʝ ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʝ DNK, ʠ ʪʘʢʚʠ ʫʟʦʨʮʠ ʩʫ ʦʟʥʘʯʝʥʠ 

ʢʘʦ ʪʟʚ. Ăwild-typeñ, ʦʜʥʦʩʥʦ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʠ. ʂʦʜ ʫʟʦʨʘʢʘ ʢʦʿʠ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʠʟ 10 ʦʜ 

13 ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʚʠʥʦʛʨʘʜʘ, ʧʦʟʠʪʠʚʥʦ ʿʝ ʜʝʪʝʢʪʦʚʘʥʘ ʤʫʪʘʮʠʿʘ ʫ ʚʠʩʦʢʦʤ ʧʨʦʮʝʥʪʫ 

(G143A > 95%). ʋ ʧʨʝʦʩʪʘʣʘ 3 ʢʦʤʝʨʮʠʿʘʣʥʘ ʚʠʥʦʛʨʘʜʘ, ʤʫʪʘʮʠʿʘ ʿʝ ʜʝʪʝʢʪʦʚʘʥʘ, ʘʣʠ 

ʧʨʦʮʝʥʘʪ ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʫ ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʦʿ DNK ʢʨʝʪʘʦ ʩʝ ʦʜ 24 ʜʦ 90%. ʋ 

ʧʦʿʝʜʠʥʠʤ ʫʟʦʨʮʠʤʘ ʜʝʪʝʢʪʦʚʘʥʦ ʿʝ ʠ 100% ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ, ʜʦʢ Ăwild-typeñ ʘʣʝʣ 

ʥʠʿʝ ʜʝʪʝʢʪʦʚʘʥ, h ʪʦ ʟʥʘʯʠ ʜʘ ʩʝ ʨʘʜʠ ʦ ʧʦʧʫʣʘʮʠʿʘʤʘ ʩʘ ʯʠʩʪʠʤ ʤʫʪʘʥʪʠʤʘ. ʋʟʦʨʮʠ ʢʦʿʠ ʩʫ 

ʧʨʠʢʫʧˀʝʥʠ ʠʟ ʝʢʩʪʝʥʟʠʚʥʠʭ ʚʠʥʦʛʨʘʜʘ ʥʦʩʠʣʠ ʩʫ G143A ʤʫʪʘʮʠʿʫ ʫ ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʦʿ 

DNK > 5%, ʿʝʜʠʥʦ ʫʟʦʨʮʠ ʠʟ ʉʨʝʤʩʢʠʭ ʂʘʨʣʦʚʘʮʘ ʩʫ ʠʤʘʣʠ < 3% ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ 

(ʊʘʙʝʣʘ 33).   

ʂʦʜ 100% ʠʟʦʣʘʪʘ ʢʦʿʠ ʚʦʜʝ ʧʦʨʝʢʣʦ ʠʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʚʠʥʦʛʨʘʜʘ, ʜʝʪʝʢʪʦʚʘʥ ʿʝ 

G143A ʘʣʝʣ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ >95% ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʝ DNK, ʜʦʢ Ăwild-typeñ ʠ ʤʝʰʘʥʝ 

(Ămixñ) ʠʟʦʣʘʪʠ ʥʠʩʫ ʜʝʪʝʢʪʦʚʘʥʠ. ʀʟʦʣʘʪʠ ʢʦʿʠ ʚʦʜʝ ʧʦʨʝʢʣʦ ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʚʠʥʦʛʨʘʜʘ 

ʥʠʩʫ ʥʦʩʠʣʠ Ăwild-typeñ ʘʣʝʣ, ʚʝ˂ ʿʝ ʢʦʜ 80% ʠʟʦʣʘʪʘ ʫʪʚʨʹʝʥʦ > 95% G143A ʘʣʝʣʘ ʟʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪ, ʜʦʢ ʿʝ 20% ʩʚʨʩʪʘʥʦ ʫ ʢʘʪʝʛʦʨʠʿʫ ʤʝʰʘʥʠʭ ʪʿ. Ămixñ. ʀʟʦʣʘʪʠ ʧʨʠʢʫʧˀʝʥʠ 

ʠʟ ʝʢʪʝʥʟʠʚʥʠʭ ʚʠʥʦʛʨʘʜʘ, ʥʠʩʫ ʥʦʩʠʣʠ G143A ʘʣʝʣ ʫ ʚʠʩʦʢʦʤ ʧʨʦʮʝʥʪʫ, ʪʘʢʦ ʜʘ ʥʠʿʝ ʙʠʣʦ 

ʪʟʚ. Ămutantñ ʠʟʦʣʘʪʘ, ʪʝ ʿʝ ʥʝʰʪʦ ʚʠʰʝ ʦʜ 85% ʠʟʦʣʘʪʘ ʩʚʨʩʪʘʥʦ ʿʝ ʫ ʢʘʪʝʛʦʨʠʿʫ Ămixñ 

(%G143A ʠʟʤʝʹʫ 5 ʠ 95%), ʜʦʢ ʿʝ ʦʢʦ 15% ʠʟʦʣʘʪʘ ʥʦʩʠʣʦ Ăwild-typeñ ʘʣʝʣ (< 5% G143A) 

(ɻʨʘʬʠʢʦʥ 17).   

ʋʢʫʧʥʦ, 61,8% ʠʟʦʣʘʪʘ (73 ʠʟʦʣʘʪʘ) ʦʢʘʨʘʢʪʝʨʠʩʘʥʦ ʿʝ ʢʘʦ ʧʦʟʠʪʠʚʥʦ (ʤʫʪʘʥʪʠ) ʩʘ > 

95% G143A ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ, 9,1% ʠʟʦʣʘʪʘ (10 ʠʟʦʣʘʪʘ) ʿʝ ʩʚʨʩʪʘʥʦ ʫ ʢʘʪʝʛʦʨʠʿʫ 

ʥʝʛʘʪʠʚʥʠʭ (Ăwild typeñ) ʩʘ < 5% G143A ʘʣʝʣʘ. ʊʨʝ˂ʦʿ ʢʘʪʝʛʦʨʠʿʠ, ʢʦʿʘ ʿʝ ʦʟʥʘʯʝʥʘ ʢʘʦ Ămixñ, 

ʧʨʠʧʘʜʘʣʦ ʿʝ 29,1% ʠʟʦʣʘʪʘ (27 ʠʟʦʣʘʪʘ), ʠ ʢʦʜ ˁʠʭ ʩʝ %G143A ʤʫʪʘʮʠʿʝ ʢʨʝʪʘʦ ʠʟʤʝʹʫ 5 ʠ 

95%. ʋʟʦʨʮʠ ʩʘ ʧʨʝʢʦ 95% ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʫ ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʦʿ DNK, ʧʦʪʠʮʘʣʠ ʩʫ 

ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʚʠʥʦʛʨʘʜʘ, ʠ ʛʦʪʦʚʦ 74% ʦʚʠʭ ʠʟʦʣʘʪʘ ʩʫ ʦʟʥʘʯʝʥʠ ʢʘʦ ʧʦʟʠʪʠʚʥʠ 

(ʤʫʪʘʥʪʠ). ʂʦʜ ʩʚʠʭ ʫʟʦʨʘʢʘ ʢʦʿʠ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʈʘʜʤʠʣʦʚʘʮ, ʊʦʧʦʣʘ, 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʏʝʨʝʚʠ˂, ɱʘʛʦʜʠʥʘ, ʂʨˁʝʚʦ, ʅʝʛʦʪʠʥʠ ʠ ʉʤʝʜʝʨʝʚʦ ʜʝʪʝʢʪʦʚʘʥʘ 

ʿʝ G143A ʤʫʪʘʮʠʿʘ > 95% ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ.  
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ɻʨʘʬʠʢʦʥ 17. ʇʨʦʮʝʥʪʫʘʣʥʘ ʟʘʩʪʫʧˀʝʥʦʩʪ ʧʦʧʫʣʘʮʠʿʘ ʫ ʦʢʚʠʨʫ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ 

ʚʠʥʦʛʨʘʜʘ,  ʫ ʦʜʥʦʩʫ ʥʘ %G143A ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ 

 

5.2.2 ʆʩʝʪˀʠʚʦʩʪ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ QoI ʬʫʥʛʠʮʠʜʝ  

ɿʘ ʠʩʧʠʪʠʚʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ QoI ʬʫʥʛʠʮʠʜʝ, ʪʝʩʪʠʨʘʥʦ ʿʝ 

ʫʢʫʧʥʦ 42 ʠʟʦʣʘʪʘ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʛʜʝ ʩʫ ʩʧʨʦʚʝʜʝʥʠ ʧʦˀʩʢʠ ʦʛʣʝʜʠ: ʿʝʜʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ 

(ʈʘʜʤʠʣʦʚʘʮ) ʠ ʪʨʠ ʢʦʤʝʨʮʠʿʘʣʥʘ ʚʠʥʦʛʨʘʜʘ (ʊʦʧʦʣʘ, ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʅʝʰʪʠʥ). 

ɼʦʜʘʪʥʦ ʿʝ ʪʝʩʪʠʨʘʥʦ ʿʦʰ 42 ʠʟʦʣʘʪʘ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʛʜʝ ʿʝ ʜʝʪʝʢʪʦʚʘʥʘ G143A ʤʫʪʘʮʠʿʘ: 

ɹʨʝʟʦʚʘʮ, ɸʨʘʥʹʝʣʦʚʘʮ, ʀʨʠʛ, ʏʝʨʝʚʠ˂, ɱʘʛʦʜʠʥʘ, ɸʣʝʢʩʘʥʜʨʦʚʘʮ, ɺʨʰʘʮ, ʂʨˁʝʚʦ, ɺʝʣʠʢʘ 

ʇʣʘʥʘ, ʅʝʛʦʪʠʥ, ʉʤʝʜʝʨʝʚʦ ʠ ɺʣʘʩʦʪʠʥʮʝ. ʋʢʫʧʥʦ 8 ʠʟʦʣʘʪʘ ʿʝ ʧʨʠʢʫʧˀʝʥʦ ʠ ʪʝʩʪʠʨʘʥʦ ʩʘ 

ʣʦʢʘʣʠʪʝʪʘ ʛʜʝ ʧʨʝʪʭʦʜʥʦ ʥʠʩʫ ʢʦʨʠʰ˂ʝʥʠ ʬʫʥʛʠʮʠʜʠ (ɿʝʤʫʥ, ʉʢʘʯʘʢ, ʉʦʚˀʘʢ) ʠ ʟʘ ʦʚʝ 

ʠʟʦʣʘʪʝ ʫʪʚʨʹʝʥʝ ʩʫ EC50 ʚʨʝʜʥʦʩʪʠ (ʊʘʙʝʣʘ 35). ɿʘ ʠʩʧʠʪʠʚʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ ʠʟʦʣʘʪʘ 

ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʢʦʤʝʨʮʠʿʘʣʥʝ ʬʦʨʤʫʣʘʮʠʿʝ ʬʫʥʛʠʮʠʜʘ ʥʘ ʙʘʟʠ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʘ ʠ 

ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ, ʠ ʪʦ ʫ ʧʨʝʧʦʨʫʯʝʥʠʤ, ʜʚʘ ʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʦʜ 

ʧʨʝʧʦʨʫʯʝʥʠʭ. ʆʜ 92 ʪʝʩʪʠʨʘʥʘ ʠʟʦʣʘʪʘ, 77,2% (71 ʠʟʦʣʘʪ) ʠʟʦʣʘʪʘ ʿʝ ʦʟʥʘʯʝʥʦ ʢʘʦ 

ʨʝʟʠʩʪʝʥʪʥʦ, ʘ 22,8% (21 ʠʟʦʣʘʪ) ʢʘʦ ʦʩʝʪˀʠʚʦ (ʊʘʙʝʣʘ 33). ʈʝʟʠʩʪʝʥʪʥʠ ʠʟʦʣʘʪʠ, ʨʘʟʚʠʿʘʣʠ 

ʩʫ ʩʝ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ, ʢʘʦ ʠ ʧʨʠ ʜʚʘ ʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ, ʜʦʢ ʿʝ ʨʘʟʚʦʿ 

ʦʩʝʪˀʠʚʠʭ ʧʦʪʧʫʥʦ ʠʥʭʠʙʠʨʘʥ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʘ ʠ 

ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ. ʉʚʠ ʠʟʦʣʘʪʠ ʢʦʿʠ ʩʫ ʥʦʩʠʣʠ > 95%  ʨʝʟʠʩʪʝʥʪʥʦʛ G143A ʘʣʝʣʘ ʙʠʣʠ ʩʫ 

ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ ʠ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʫ ʙʠʦʪʝʩʪʫ (ɻʨʘʬʠʢʦʥ 16). ʀʟʦʣʘʪʠ 

ʢʦʿʠ ʩʫ ʩʧʘʜʘʣʠ ʫ ʢʘʪʝʛʦʨʠʿʫ ʤʝʰʘʥʠʭ (Ămixñ) ʨʘʟʣʠʯʠʪʦ ʩʫ ʨʝʘʛʦʚʘʣʠ ʥʘ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ. 

ʅʘʠʤʝ, ʦʜ 22 ʪʝʩʪʠʨʘʥʘ ʠʟʦʣʘʪʘ ʢʦʿʠ ʩʫ ʥʘ ʦʩʥʦʚʫ ʤʦʣʝʢʫʣʘʨʥʝ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿ ʝ ʩʚʨʩʪʘʥʠ ʫ 

ʢʘʪʝʛʦʨʠʿʫ Ămixñ, 40,9% (9 ʠʟʦʣʘʪʘ) ʙʠʣʦ ʿ ʝ ʨʝʟʠʩʪʝʥʪʥʦ, ʘ 59,1% (12 ʠʟʦʣʘʪʘ) ʦʩʝʪˀʠʚʦ. ʂʦʜ 

ʩʚʠʭ ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ, ʧʨʝʪʭʦʜʥʦ ʿʝ ʫʪʚʨʹʝʥʦ ʜʘ ʿʝ %G143A ʤʫʪʘʮʠʿʝ ʫ 

ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʦʿ DNK ʙʠʦ ʫ ʦʧʩʝʛʫ 80-90%.  
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ʉʣʠʢʘ 14. ĂMelting curveñ qPCR ʘʥʘʣʠʟʘ ʫʟʦʨʘʢʘ ʩʘ ʣʦʢʘʣʠʪʝʪʘ: ʘ) ʅʝʰʪʠʥ; b) ʈʘʜʤʠʣʦʚʘʮ; 

c) ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ; d) ʊʦʧʦʣʘ.ñ 
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ʉʣʠʢʘ 15. ĂMelting curveñ qPCR ʘʥʘʣʠʟʘ ʫʟʦʨʘʢʘ ʩʘ ʣʦʢʘʣʠʪʝʪʘ: ʘ) ɾʫʧʘ, ʀʨʠʛ, ʂʨˁʝʚʦ ʠ 

ɱʘʛʦʜʠʥʘ; b) ɺʨʰʘʮ; c) ʉʢʘʯʘʢ; d) ɿʝʤʫʥ; e) ʉʤʝʜʝʨʝʚʦ, ʅʝʛʦʪʠʥ ʠ ɺʝʣʠʢʘ ʇʣʘʥʘ; f) 

ʉʦʚˀʘʢ 

c) d) 

e) f) 
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ʊʘʙʝʣʘ 33. ʇʦʨʝʢʣʦ ʠʟʦʣʘʪʘ, ʜʝʪʝʢʮʠʿʘ G143A ʤʫʪʘʮʠʿʝ ʠ ʦʩʝʪˀʠʚʦʩʪ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ QoI ʬʫʥʛʠʮʠʜʝ. 

ɺʠʥʦʛʨʘʜ ɼʝʪʝʢʮʠʿʘ G143A ʤʫʪʘʮʠʿʝ 
ʆʩʝʪˀʠʚʦʩʪ ʥʘ QoI 

ʬʫʥʛʠʮʠʜʝ 

No Tʠʧa ʃʦʢʘʣʠʪʝʪ ʈʝʛʠʦʥb ʋʢʫʧʥʦ 

ʪʝʩʪʠʨʘʥʦ 
ʇʦʟʠʪʠʚʥʦ ʅʝʛʘʪʠʚʥʦ ʄʠʢʩ 

ʋʢʫʧʥʦ 

ʪʝʩʪʠʨʘʥʦ 

ʂʄc ʊʉd 

ʈʝʟʠʩʪʝʥʪʥʦ 

(ʦʩʝʪˀʠʚʦ) 

1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʈʘʜʤʠʣʦʚʘʮ 
ɹʝʦʛʨʘʜ 

(ʎ) 
11 11 0 0 10 

10  

(0) 

10 

(0) 

2 ʂʦʤʝʨʮʠʿʘʣʥʠ ʊʦʧʦʣʘ 
ʐʫʤʘʜʠʿʘ 

(ʎ) 
16 16 0 0 15 

15  

(0) 

15 

(0) 

3 ʂʦʤʝʨʮʠʿʘʣʥʠ ɹʨʝʟʦʚʘʮ 
ʐʫʤʘʜʠʿʘ 

(ʎ) 
4 0 0 4 3 2 (1) 2 (1) 

4 ɽʢʩʪʝʥʟʠʚʘʥ ɸʨʘʥʹʝʣʦʚʘʮ 
ʐʫʤʘʜʠʿʘ 

(ʎ) 
3 0 0 3 3 1 (2) 1 (2) 

5 ʂʦʤʝʨʮʠʿʘʣʥʠ 
ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ 

ʉʨʝʤ 

(ʉ) 
15 15 0 0 11 

11  

(0) 

11 

(0) 

6 ʂʦʤʝʨʮʠʿʘʣʥʠ ʅʝʰʪʠʥ 
ʉʨʝʤ 

(ʉɿ) 
6 4 0 2 6 6 (0) 6 (0) 

7 ɽʢʩʪʝʥʟʠʚʘʥ ʀʨʠʛ 
ʉʨʝʤ 

(ʉɿ) 
3 0 0 3 2 0 (2) 0 (2) 

8 ʂʦʤʝʨʮʠʿʘʣʥʠ ʏʝʨʝʚʠ˂ 
ʉʨʝʤ 

(ʉɿ) 
3 3 0 0 2 2 (0) 2 (0) 

9 ʂʦʤʝʨʮʠʿʘʣʥʠ ɱʘʛʦʜʠʥʘ 
ʇʦʤʦʨʘʚˀʝ 

(ʎ) 
5 5 0 0 5 5 (0) 5 (0) 

10 ɽʢʩʪʝʥʟʠʚʘʥ ɸʣʝʢʩʘʥʜʨʦʚʘʮ 
ʈʘʩʠʥʘ 

(ʎ) 
3 0 0 3 3 1 (2) 1 (2) 

11 ʂʦʤʝʨʮʠʿʘʣʥʠ ɸʣʝʢʩʘʥʜʨʦʚʘʮ 
ʈʘʩʠʥʘ 

(ʎ) 
4 0 0 4 3 1 (2) 1 (2) 

12 ʂʦʤʝʨʮʠʿʘʣʥʠ ɺʨʰʘʮ 
ɱʫʞʥʠ ɹʘʥʘʪ 

(ʉʀ) 
6 5 0 1 6 6 (0) 6 (0) 

13 ʂʦʤʝʨʮʠʿʘʣʥʠ ʂʨˁʝʚʦ 
ʇʦʜʫʥʘʚˀʝ 

(ʎ) 
5 5 0 0 5 5 (0) 5 (0) 

14 ɽʢʩʪʝʥʟʠʚʘʥ ɺʝʣʠʢʘ ʇʣʘʥʘ 
ʇʦʜʫʥʘʚˀʝ 

(ʎ) 
3 0 0 3 2 0 (2) 0 (2) 

15 ʂʦʤʝʨʮʠʿʘʣʥʠ ʅʝʛʦʪʠʥ ɹʦʨ 3 3 0 0 2 2 (0) 2 (0) 
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(ʀ) 

16 ʂʦʤʝʨʮʠʿʘʣʥʠ ʉʤʝʜʝʨʝʚʦ 
ʇʦʜʫʥʘʚˀʝ 

(ʎ) 
4 4 0 0 3 3 (0) 3 (0) 

17 ɽʢʩʪʝʥʟʠʚʘʥ 
ʉʨʝʤʩʢʠ 

ʂʘʨʣʦʚʮʠ 

ʉʨʝʤ 

(ʉ) 
2 0 2 0 0 / / 

18 ʂʦʤʝʨʮʠʿʘʣʥʠ ʊʝʤʝʨʠʥ 
ɱʫʞʥʘ ɹʘʯʢʘ 

(ʉ) 
3 2 0 1 0 / / 

19 ʂʦʤʝʨʮʠʿʘʣʥʠ ɺʣʘʩʦʪʠʥʮʝ 
ɱʘʙʣʘʥʠʮʘ 

(ɱ) 
3 0 0 3 3 1 (2) 1 (2) 

20 ĂWild-typeñ ɿʝʤʫʥ 
ɹʝʦʛʨʘʜ 

(ʎ) 
3 0 3 0 3 0 (3) 0 (3) 

21 ĂWild-typeñ ʉʢʘʯʘʢ 
ʈʘʩʠʥʘ 

(ʎ) 
3 0 3 0 3 0 (3) 0 (3) 

22 ĂWild-typeñ ʉʦʚˀʘʢ 
ʂʦʣʫʙʘʨʘ 

(ɿ) 
2 0 2 0 2 0 (3) 0 (3) 

ʋʢʫʧʥʦ   110 73 10 27 92 
71 

(21) 

71 

(21) 
aʊʠʧ ʚʠʥʦʛʨʘʜʘ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ - ʚʠʥʦʛʨʘʜ ʇʦˀʦʧʨʠʚʨʝʜʥʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ; ʢʦʤʝʨʮʠʿʘʣʥʠ - ʩʪʘʥʜʘʨʜʥʠ ʚʠʥʦʛʨʘʜ 

ʛʜʝ ʩʝ ʩʧʨʦʚʦʜʠ ʠʥʪʝʥʟʠʚʥʘ ʟʘʰʪʠʪʘ; ʝʢʩʪʝʥʟʠʚʘʥ -ʚʠʥʦʛʨʘʜ ʩʘ ʦʛʨʘʥʠʯʝʥʦʤ ʧʨʠʤʝʥʦʤ ʬʫʥʛʠʮʠʘ; Ăwild typeñ -ʚʠʥʦʛʨʘʜ ʙʝʟ ʧʨʝʪʭʦʜʥʝ 

ʠʩʪʦʨʠʿʝ ʧʨʠʤʝʥʝ ʬʫʥʛʠʮʠʜʘ 
bʈʝʛʠʦʥ ʠʟ ʢʦʛʘ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʫʟʦʨʮʠ (ʎ - ʎʝʥʪʨʘʣʥʘ ʉʨʙʠʿʘ; ʉ - ʉʝʚʝʨʥʘ ʉʨʙʠʿʘ; ʉʀ - ʉʝʚʝʨʦʠʩʪʦʯʥʘ ʉʨʙʠʿʘ; ʉɿ - ʉʝʚʝʨʦʟʘʧʘʜʥʘ ʉʨʙʠʿʘ; 

ɿ = ɿʘʧʘʜʥʘ ʉʨʙʠʿʘ; ʀ = ʀʩʪʦʯʥʘ ʉʨʙʠʿʘ; ɱ= ɱʫʞʥʘ ʉʨʙʠʿʘ) 
cKM - ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ; dʊʉ - ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ. 
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ʊʘʙʝʣʘ 34. EC50 ʚʨʝʜʥʦʩʪʠ ʟʘ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ ʠ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʢʦʜ ʥʦʨʤʘʣʥʦ 

ʦʩʝʪˀʠʚʠʭ (ʪʟʚ. Ăwild-typeñ) ʧʦʧʫʣʘʮʠʿʘ E. necator  

ʀʟʦʣʘʪ ʃʦʢʘʣʠʪʝʪ EC50 ʚʨʝʜʥʦʩʪʠ (mg/l) 

ʂʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ ʊʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ 

Z1 ɿʝʤʫʥ 0,057 0,095 

Z2 0,042 0,056 

Z3 0,033 0,079 

SK1 ʉʢʘʯʘʢ 0,037 0,076 

SK2 0,032 0,033 

SK3 0,019 0,025 

SOV1 ʉʦʚˀʘʢ 0,009 0,024 

SOV2 0,026 0,038 

ʇʨʦʩʝʢ 0,032 0,053 

 

ʂʦʜ ʦʩʝʪˀʠʚʠʭ (ʪʟʚ. Ăwild-typeñ) ʧʦʧʫʣʘʮʠʿʘ E. necator EC50 ʚʨʝʜʥʦʩʪʠ ʟʘ ʢʨʝʟʦʢʩʠʤ-

ʤʝʪʠʣ ʢʨʝʪʘʣʝ ʩʫ ʩʝ ʫ ʦʧʩʝʛʫ 0,009-0,057 mg/l, ʘ ʧʨʦʩʝʯʥʘ EC50 ʟʘ ʩʚʝ ʪʨʠ ʪʝʩʪʠʨʘʥʝ 

ʧʦʧʫʣʘʮʠʿʝ ʙʠʣʘ ʿʝ 0,032 mg/l. ɿʘ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ, ʚʨʝʜʥʦʩʪʠ ʩʫ ʙʠʣʝ ʥʝʰʪʦ ʜʨʫʛʘʯʠʿʝ, ʧʘ 

ʩʫ ʩʝ ʪʘʢʦ EC50 ʚʨʝʜʥʦʩʪʠ ʢʨʝʪʘʣʝ ʫ ʦʩʧʝʛʫ 0,024-0,095 mg/l, ʩʘ ʧʨʦʩʝʯʥʦʤ EC50 ʢʦʿʘ ʿʝ ʙʠʣʘ 

0,053 mg/l (ʊʘʙʝʣʘ 34). ʂʦʜ ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ, EC50 ʚʨʝʜʥʦʩʪʠ ʩʫ ʙʠʣʝ ʠʟʥʘʜ 100 mg/l 

ʟʘ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ, ʦʜʥʦʩʥʦ ʠʟʥʘʜ 75 mg/l ʟʘ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ, ʜʦʢ ʩʫ ʧʦʧʫʣʘʮʠʿʝ 

ʦʟʥʘʯʝʥʝ ʢʘʦ ʦʩʝʪˀʠʚʝ, ʧʦʧʪʫʧʥʦ ʠʥʭʠʙʠʨʘʥʝ ʧʨʠ 100, ʦʜʥʦʩʥʦ 75 mg/l. ʆʙʟʠʨʦʤ ʜʘ ʩʫ ʟʘ 

ʧʦʪʨʝʙʝ ʫʪʚʨʹʠʚʘˁʘ ʧʨʘʢʪʠʯʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢʦʨʠʰ˂ʝʥʝ ʧʨʝʧʦʨʫʯʝʥʝ, ʜʚʘ ʠ ʯʝʪʠʨʠ ʧʫʪʘ 

ʚʝ˂ʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʠʿʝ ʙʠʣʦ ʤʦʛʫ˂ʝ ʫʪʚʨʜʠʪʠ EC50 ʚʨʝʜʥʦʩʪʠ, ʧʘ ʩʫ ʪʘʢʚʠ ʠʟʦʣʘʪʠ, 

ʠʥʭʠʙʠʨʘʥʠ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ, ʩʚʨʩʪʘʥʠ ʫ ʛʨʫʧʫ ʩʘ 

EC50 ʚʨʝʜʥʦʩʪʠʤʘ <100 ʠ <75 mg/l (ʇʨʠʣʦʛ 2, ʊʘʙʝʣʘ ʇ2).  

 

ɻʨʘʬʠʢʦʥ 18. ɼʠʩʪʨʠʙʫʮʠʿʘ ʠʟʦʣʘʪʘ E. necator ʫ ʦʜʥʦʩʫ ʥʘ ʜʝʪʝʢʮʠʿʫ G143A ʤʫʪʘʮʠʿʝ ʠ 

ˁʠʭʦʚʦʛ ʦʜʛʦʚʦʨʘ ʫ ʪʝʩʪʦʚʠʤʘ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ 

ʉʢʨʘ˂ʝʥʠʮʝ: ɺʈ ï ʚʠʩʦʢʦ ʨʝʟʠʩʪʝʥʪʥʠ; ʈ ï ʨʝʟʠʩʪʝʥʪʥʠ; ʆ ï ʦʩʝʪˀʠʚʠ 
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ʉʣʠʢʘ 16. ʄʘʧʘ ʧʦʧʫʣʘʮʠʿʘ E. necator ʫ ʦʜʥʦʩʫ ʥʘ ˁʠʭʦʚʫ ʦʩʝʪˀʠʚʦʩʪ ʥʘ QoI ʬʫʥʛʠʮʠʜʝ 

ʉʣʠʢʘ 17.  ʇʦʨʘʩʪ ʠʟʦʣʘʪʘ E. necator ʥʘ 100, 200, 400 mg/l ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʘ (ʧʦʧʫʣʘʮʠʿʘ 

ʊʦʧʦʣʘ) 

5.3. ʆʩʝʪˀʠʚʦʩʪ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʘʟʘʥʘʬʪʘʣʝʥʝ  

ʉʘ ʣʦʢʘʣʠʪʝʪʘ ʥʘ ʢʦʿʠʤʘ ʩʫ ʠʟʚʝʜʝʥʠ ʦʛʣʝʜʠ ʫ ʧʦˀʫ (ʈʘʜʤʠʣʦʚʘʮ, ʊʦʧʦʣʘ, 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʅʝʰʪʠʥ) ʫʢʫʧʥʦ ʿʝ ʧʨʠʢʫʧˀʝʥ 41 ʠʟʦʣʘʪ, ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʘ 

ʧʨʘʢʪʠʯʥʘ ʦʩʝʪˀʠʚʦʩʪ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʢʚʠʥʦʢʩʠʬʝʥ ʠ ʧʨʦʢʚʠʥʘʟʠʜ. ɼʦʜʘʪʥʦ ʿʝ 

ʪʝʩʪʠʨʘʥʦ ʿʦʰ 5 ʠʟʦʣʘʪʘ ʩʘ ʿʝʜʥʦʛ ʣʦʢʘʣʠʪʝʪʘ ʛʜʝ ʿʝ ʢʚʠʥʦʢʩʬʝʥ, ʫ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ, 

ʢʦʨʠʰ˂ʝʥ ʜʫʞʠ ʥʠʟ ʛʦʜʠʥʘ. ʉʘ ʣʦʢʘʣʠʪʝʪʘ ʛʜʝ ʥʠʿʝ ʟʘʙʝʣʝʞʝʥʘ ʠʩʪʦʨʠʿʘ ʧʨʠʤʝʥʝ ʦʚʠʭ 

     ʈʝʟʠʩʪʝʥʪʥʘ ʧʦʧʫʣʘʮʠʿʘ 
(ʤʫʪʘʥʪ) 

     ʆʩʝʪˀʠʚʘ ʧʦʧʫʣʘʮʠʿʘ  

(wild type) 

     ʄʝʰʘʥʘ ʧʦʧʫʣʘʮʠʿʘ     

 

200 mg/L 400 mg/L 100 mg/L ʂ 
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ʬʫʥʛʠʮʠʜʘ ʪʝʩʪʠʨʘʥʦ ʿʝ 8 ʠʟʦʣʘʪʘ. ʋʢʫʧʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʦʩʝʪˀʠʚʦʩʪ 46 ʠʟʦʣʘʪʘ ʪʝʩʪʠʨʘʥʘ ʿʝ 

ʥʘ ʧʨʝʧʦʨʫʯʝʥʦʿ, ʜʚʘ ʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʢʚʠʥʦʢʩʠʬʝʥʘ ʠ ʧʨʦʢʚʠʥʘʟʠʜʘ, ʜʦʢ 

ʿʝ ʦʩʝʪˀʠʚʦʩʪ 8 ʪʟʚ Ăwild-typeñ ʠʟʦʣʘʪʘ ʪʝʩʪʠʨʘʥʦ ʥʘ 5 ʨʘʟʣʠʯʠʪʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʦʚʠʭ 

ʬʫʥʛʠʮʠʜʘ, ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʝ EC50 ʚʨʝʜʥʦʩʪʠ ʟʘ ʦʩʝʪˀʠʚʝ ʧʦʧʫʣʘʮʠʿʝ.  

ʉʚʠ ʠʟʦʣʘʪʠ ʢʦʿʠ ʧʦʪʠʯʫ ʩʘ ʪʟʚ. Ăwild-typeñ ʣʦʢʘʣʠʪʝʪʘ ʙʠʣʠ ʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ 

ʠʥʭʠʙʠʨʘʥʠ ʥʘ ʧʨʝʧʦʨʫʯʝʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʢʚʠʥʦʢʩʠʬʝʥʘ ʠ ʧʨʦʢʚʠʥʘʟʠʜʘ (ʊʘʙʝʣʘ 35). 

ɿʘ ʦʩʝʪˀʠʚʝ ʠʟʦʣʘʪʝ E. necator ʥʘ ʢʚʠʥʦʢʩʠʬʝʥ, EC50 ʚʨʝʜʥʦʩʪʠ ʩʫ ʩʝ ʢʨʝʪʘʣʝ ʫ ʦʧʩʝʛʫ 0,035-

0,137 mg/l, ʜʦʢ ʿʝ ʧʨʦʩʝʯʥʘ EC50 ʠʟʥʦʩʠʣʘ 0,078 mg/l. ʉʫʧʨʦʪʥʦ, ʠʟʦʣʘʪʠ ʢʦʿʠ ʚʦʜʝ ʧʦʨʝʢʣʦ 

ʠʟ ʚʠʥʦʛʨʘʜʘ ʫ ʢʦʿʠʤʘ ʩʫ ʩʝ ʠʟʚʦʜʠʣʠ ʦʛʣʝʜʠ ʫ ʧʦˀʫ ʠ ʿʝʜʥʦʛ ʢʦʤʝʨʮʠʿʘʣʥʦʛ ʚʠʥʦʛʨʘʜʘ ʩʘ 

ʜʫʞʦʤ ʠʩʪʦʨʠʿʦʤ ʧʨʠʤʝʥʝ ʢʚʠʥʦʢʩʠʬʝʥʘ, ʨʘʟʚʠʿʘʣʠ ʩʫ ʩʝ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

ʢʚʠʥʦʢʩʠʬʝʥʘ ʠ ʦʟʥʘʯʝʥʠ ʩʫ ʢʘʦ ʨʝʟʠʩʪʝʥʪʥʠ. ʇʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

ʢʚʠʥʦʢʩʠʬʝʥʘ (50 mg/l), ʧʨʦʩʝʯʥʘ ʠʥʭʠʙʠʮʠʿʘ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 8,7% (ʠʟʦʣʘʪʠ ʩʘ ʣʦʢʘʣʠʪʝʪʘ 

ʈʘʜʤʠʣʦʚʘʮ) ʜʦ 47,4% (ʠʟʦʣʘʪʠ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ɺʨʰʘʮ). ʇʨʠ ʜʚʘ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

(100 mg/l) ʠʥʭʠʙʠʮʠʿʘ ʿʝ ʙʠʣʘ ʫ ʦʧʩʝʛʫ ʦʜ 33% (ʠʟʦʣʘʪʠ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʊʦʧʦʣʘ) ʜʦ 72,6% 

(ʠʟʦʣʘʪʠ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ɺʨʰʘʮ), ʜʦʢ ʩʝ ʧʨʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ (200 mg/l) 

ʠʥʭʠʙʠʮʠʿʘ ʢʨʝʪʘʣʘ ʦʜ 58% (ʠʟʦʣʘʪʠ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʊʦʧʦʣʘ) ʜʦ 93,9% (ʠʟʦʣʘʪʠ ʩʘ ʣʦʢʘʣʠʪʝʪʘ 

ɺʨʰʘʮ).  

ʂʦʜ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʠʭ ʠʟʦʣʘʪʘ E. necator ʥʘ ʧʨʦʢʚʠʥʘʟʠʜ, ʫʪʚʨʹʝʥʝ ʩʫ ʥʠʞʝ EC50 

ʚʨʝʜʥʦʩʪʠ ʠ ʦʥʝ ʩʫ ʙʠʣʝ ʫ ʦʧʩʝʛʫ 0,008-0,048 mg/l, ʜʦʢ ʿʝ ʧʨʦʩʝʯʥʘ EC50 ʠʟʥʦʩʠʣʘ 0,031 mg/L. 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʢʚʠʥʦʢʩʠʬʝʥʘ, ʢʦʜ ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ ʥʘ ʧʨʦʢʚʠʥʘʟʠʜ ʫʩʪʘʥʦʚˀ ʝʥʘ ʿ ʝ ʟʥʘʪʥʦ 

ʚʝ˂ʘ ʠʥʭʠʙʠʮʠʿʘ, ʠ ʧʨʦʩʝʯʥʘ ʠʥʭʠʙʠʮʠʿʘ ʿʝ ʙʠʣʘ ʚʝ˂ʘ ʥʘ ʩʚʘʢʦʿ ʠʩʧʠʪʠʚʘʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ. 

ʇʦʨʘʩʪ ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ ʢʦʿʠ ʚʦʜʝ ʧʦʨʝʢʣʦ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʊʦʧʦʣʘ ʠ ʈʘʜʤʠʣʦʚʘʮ 

ʟʘʙʝʣʝʞʝʥ ʿʝ ʥʘ ʩʚʝ ʪʨʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʨʦʢʚʠʥʘʟʠʜʘ (50, 100 ʠ 200 mg/l), ʘʣʠ ʩʫ ʩʝ ʧʨʦʩʝʯʥʠ 

ʧʨʦʮʝʥʪʠ ʠʥʭʠʙʠʮʠʿʝ ʢʨʝʪʘʣʠ ʦʜ 59,3% (ʥʘ 50 mg/l) ʜʦ 97,1% (ʥʘ 200 mg/l). ʀʟʦʣʘʪʠ 

ʧʦʨʝʢʣʦʤ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʨʘʟʚʠʿʘʣʠ ʩʫ ʩʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 50 

ʠ 100 mg/l (ʠʥʭʠʙʠʮʠʿʘ 59,3-97,1%), ʘʣʠ ʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʥʭʠʙʠʨʘʥʠ ʧʨʠ 200 mg/l. ʀʟʦʣʘʪʠ 

ʢʦʿʠ ʚʦʜʝ ʧʦʨʝʢʣʦ ʠʟ ʅʝʰʪʠʥʘ ʠ ɺʨʰʮʘ ʨʘʟʚʠʿʘʣʠ ʩʫ ʩʝ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

ʧʨʦʢʚʠʥʘʟʠʜʘ (ʠʥʭʠʙʠʮʠʿʘ 79,1-85,9%), ʜʦʢ ʿʝ ʧʨʠ ʜʚʘ ʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

ʧʦʨʘʩʪ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʥʭʠʙʠʨʘʥ (ɻʨʘʬʠʢʦʥ 19).  

 

ʉʣʠʢʘ 18. ʈʘʟʚʦʿ ʠʟʦʣʘʪʘ E. necator ʧʨʠ 50, 100 ʠ 200 mg/l ʥʘ ʢʚʠʥʦʢʩʠʬʝʥʘ (ʧʦʧʫʣʘʮʠʿʘ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ) 

 

 

 ˴ 50 mg/L 100 mg/L 200 mg/L 
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ʊʘʙʝʣʘ 35. EC50 ʚʨʝʜʥʦʩʪʠ ʟʘ ʢʚʠʥʦʢʩʠʬʝʥ ʠ ʧʨʦʢʚʠʥʘʟʠʜ ʢʦʜ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʠʭ (ʪʟʚ. 

Ăwild-typeñ) ʧʦʧʫʣʘʮʠʿʘ E. necator   

ʀʟʦʣʘʪ ʃʦʢʘʣʠʪʝʪ EC50 ʚʨʝʜʥʦʩʪʠ (mg/l) 

ʂʚʠʥʦʢʩʠʬʝʥ ʇʨʦʢʚʠʥʘʟʠʜ 

Z1 ɿʝʤʫʥ 0,045 0,027 

Z2 0,137 0,048 

Z3 0,135 0,028 

SK1 ʉʢʘʯʘʢ 0,053 0,023 

SK2 0,048 0,046 

SK3 0,102 0,047 

SOV1 ʉʦʚˀʘʢ 0,035 0,008 

SOV2 0,068 0,022 

ʇʨʦʩʝʢ 0,078 0,031 

 

 

ɻʨʘʬʠʢʦʥ 19. ʋʪʠʮʘʿ ʢʚʠʥʦʢʩʠʬʝʥʘ ʠ ʧʨʦʢʚʠʥʘʟʠʜʘ ʥʘ ʨʘʟʚʦʿ ʠʟʦʣʘʪʘ E. necator ʧʦʨʝʢʣʦʤ 

ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʣʦʢʘʣʠʪʝʪʘ ʫ in vivo ʪʝʩʪʫ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ 

ʉʢʨʘ˂ʝʥʠʮʝ: ʂ ï ʢʚʠʥʦʢʩʠʬʝʥ; ʇ ï ʧʨʦʢʚʠʥʘʟʠʜ; ʊʆ ï ʊʦʧʦʣʘ; ʈɸ ï ʈʘʜʤʠʣʦʚʘʮ; ʉʃɺ ï 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ; ʅʊ ï ʅʝʰʪʠʥ; ɺʐ ï ɺʨʰʘʮ, ɿɽ ï ɿʝʤʫʥ, ʉʂ ï ʉʢʘʯʘʢ; ʉʆɺ - 

ʉʦʚˀʘʢ  
 

5.4 ʆʩʝʪˀʠʚʦʩʪ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʝ  

ʅʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʛʜʝ ʿʝ ʟʘʙʝʣʝʞʝʥʘ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʬʦʨʤʫʣʘʮʠʿʘ 

ʥʘ ʙʘʟʠ ʤʝʪʨʘʬʝʥʦʥʘ ʠ ʧʠʨʠʦʬʝʥʦʥʘ (ʊʦʧʦʣʘ ʠ ʈʘʜʤʠʣʦʚʘʮ), ʟʘ ʧʦʪʨʝʙʝ ʠʟʚʦʹʝˁʘ 

ʙʠʦʪʝʩʪʦʚʘ ʧʨʠʢʫʧˀʝʥʦ ʿʝ ʠ ʪʝʩʪʠʨʘʥʦ ʫʢʫʧʥʦ 25 ʠʟʦʣʘʪʘ E. necator. ɼʦʜʘʪʥʦ ʿʝ ʧʨʠʢʫʧˀʝʥʦ 

ʿʦʰ 10 ʠʟʦʣʘʪʘ ʠʟ ʜʚʘ ʢʦʤʝʨʮʠʿʘʣʥʘ ʚʠʥʦʛʨʘʜʘ ʛʜʝ ʿʝ ʤʝʪʨʘʬʝʥʦʥ ʢʦʨʠʰ˂ʝʥ ʠʥʪʝʥʟʠʚʥʦ ʫ 
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ʧʨʝʪʭʦʜʥʠʭ 7-8 ʛʦʜʠʥʘ (ʂʨˁʝʚʦ ʠ ʉʤʝʜʝʨʝʚʦ), ʘ ʿʦʰ 6 ʠʟʦʣʘʪʘ ʿʝ ʪʝʩʪʠʨʘʥʦ ʩʘ ʣʦʢʘʣʠʪʝʪʘ 

ʙʝʟ ʧʨʝʪʭʦʜʥʝ ʠʩʪʦʨʠʿʝ ʧʨʠʤʝʥʝ ʬʫʥʛʠʮʠʜʘ (ɿʝʤʫʥ ʠ ʉʢʘʯʘʢ).  

ʆʙʟʠʨʦʤ ʜʘ ʩʫ ʩʚʠ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʠ ʠʟʦʣʘʪʠ, ʢʦʿʠ ʚʦʜʝ ʧʦʨʝʢʣʦ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʙʝʟ 

ʧʨʠʤʝʥʝ ʬʫʥʛʠʮʠʜʘ, ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʥʭʠʙʠʨʘʥʠ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 

ʤʝʪʨʘʬʝʥʦʥʘ ʠ ʧʠʨʠʦʬʝʥʦʥʘ, ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʥʠʞʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʦʤʝʨʮʠʿʘʣʥʠʭ 

ʬʦʨʤʫʣʘʮʠʿʘ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʝ EC50 ʚʨʝʜʥʦʩʪʠ: 10; 1; 0,1 ʠ 0,01 mg/l 

ʟʘ ʤʝʪʨʘʬʝʥʦʥ, ʦʜʥʦʩʥʦ 9; 0,9; 0,09 ʠ 0,009 mg/l ʟʘ ʧʠʨʠʦʬʝʥʦʥ. ɿʘ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʝ 

ʧʦʧʫʣʘʮʠʿʝ E. necator ʥʘ ʤʝʪʨʘʬʝʥʦʥ, EC50 ʚʨʝʜʥʦʩʪʠ ʩʫ ʩʝ ʢʨʝʪʘʣʝ ʫ ʦʧʩʝʛʫ 0,198-0,502 

mg/L, ʩʘ ʧʨʦʩʝʯʥʦʤ ʚʨʝʜʥʦʰ˂ʫ 0,346 mg/l. ɿʘ ʧʠʨʠʦʬʝʥʦʥ EC50 ʚʨʝʜʥʦʩʪʠ ʙʠʣʝ ʩʫ ʥʝʰʪʦ 

ʥʠʞʝ, ʦʜ 0,196 ʜʦ 325 mg/l, ʘ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʠʟʥʦʩʠʣʘ ʿʝ 0,254 mg/l (ʊʘʙʝʣʘ 36).   

ʀʟʦʣʘʪʠ ʢʦʿʠ ʩʫ ʚʦʜʠʣʠ ʧʦʨʝʢʣʦ ʩʘ ʜʚʘ ʣʦʢʘʣʠʪʝʪʘ ʛʜʝ ʩʫ ʠʟʚʝʜʝʥʠ ʦʛʣʝʜʠ ʫ ʧʦˀʫ, 

ʦʢʘʨʘʢʪʝʨʠʩʘʥʠ ʩʫ ʢʘʦ ʨʝʟʠʩʪʝʥʪʥʠ ʿʝʨ ʿʝ ʠʥʭʠʙʠʮʠʿʘ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 

ʢʘʢʦ ʤʝʪʨʘʬʝʥʦʥʘ (100 mg/l), ʪʘʢʦ ʠ ʧʠʨʠʦʬʝʥʦʥʘ (90 mg/l) ʙʠʣʘ ʥʠʩʢʘ ʠ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 1,2 

ʜʦ 9,6% ʟʘ ʤʝʪʨʘʬʝʥʦʥ, ʦʜʥʦʩʥʦ 3,2 ʜʦ 3,5% ʟʘ ʧʠʨʠʦʬʝʥʦʥ. ʇʨʠ ʚʠʰʠʤ ʢʦʥʮʝʥʪʘʮʠʿʘʤʘ 

ʠʥʭʠʙʠʮʠʿʘ ʩʝ ʧʦʚʝ˂ʘʚʘʣʘ, ʧʘ ʿʝ ʧʨʠ 200 mg/l ʤʝʪʨʘʬʝʥʦʥʘ ʟʘʙʝʣʝʞʝʥʘ ʠʥʭʠʙʠʮʠʿʘ 25,7-

32%, ʦʜʥʦʩʥʦ 25,1-29,8% ʧʨʠ 180 mg/l ʧʠʨʠʦʬʝʥʦʥʘ. ʇʨʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

ʤʝʪʨʘʬʝʥʦʥʘ ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ (400 mg/l) ʠʥʭʠʙʠʮʠʿʘ ʿʝ ʙʠʣʘ ʫ ʦʧʩʝʛʫ 50,5-53,3%, ʜʦʢ ʿʝ ʧʨʠ 

ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʧʠʨʠʦʬʝʥʦʥʘ (360 mg/l) ʠʥʭʠʙʠʮʠʿʘ ʙʠʣʘ ʥʝʰʪʦ ʥʠʞʘ ʠ 

ʢʨʝʪʘʣʘ ʩʝ ʦʜ 45,8 ʜʦ 48,2% (ɻʨʘʬʠʢʦʥ 20). ʉʣʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʩʫ ʠ ʟʘ ʠʟʦʣʘʪʝ ʢʦʿʠ 

ʚʦʜʝ ʧʦʨʝʢʣʦ ʠʟ ʉʤʝʜʝʨʝʚʘ, ʛʜʝ ʩʝ ʧʨʦʩʝʯʥʘ ʠʥʭʠʙʠʮʠʿʘ ʢʨʝʪʘʣʘ ʦʜ 6,6% (100 mg/l) ʜʦ 67,8% 

(400  mg/l) ʟʘ ʤʝʪʨʘʬʝʥʦʥ, ʦʜʥʦʩʥʦ ʦʜ 4,0% (90 mg/l) ʜʦ 69,5% (360  mg/l) ʟʘ ʧʠʨʠʦʬʝʥʦʥ. 

ʅʝʰʪʦ ʦʩʝʪˀʠʚʠʿʠ ʙʠʣʠ ʩʫ ʠʟʦʣʘʪʠ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʂʨˁʝʚʦ, ʛʜʝ ʩʫ ʧʨʦʩʝʯʥʠ ʧʨʦʮʝʥʪʠ 

ʠʥʭʠʙʠʮʠʿʝ ʙʠʣʠ ʚʝ˂ʠ ʠ ʢʨʝʪʘʣʠ ʩʫ ʩʝ ʦʜ 47,4 ʜʦ 88,3% ʟʘ ʤʝʪʨʘʬʝʥʦʥ ʠ ʦʜ 37,2 ʜʦ 84,1% ʟʘ 

ʧʠʨʠʦʬʝʥʦʥ.  

 

ʊʘʙʝʣʘ 36. EC50 ʚʨʝʜʥʦʩʪʠ ʟʘ ʤʝʪʨʘʬʝʥʦʥ ʠ ʧʠʨʠʦʬʝʥʦʥ  ʢʦʜ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʠʭ (ʪʟʚ. 

Ăwild-typeñ) ʧʦʧʫʣʘʮʠʿʘ E. necator  

ʀʟʦʣʘʪ ʃʦʢʘʣʠʪʝʪ EC50 ʚʨʝʜʥʦʩʪʠ (mg/l) 

ʄʝʪʨʘʬʝʥʦʥ ʇʠʨʠʦʬʝʥʦʥ 

Z1 ɿʝʤʫʥ 0,321 0,232 

Z2 0,502 0,277 

Z3 0,233 0,325 

SK1 ʉʢʘʯʘʢ 0,481 0,196 

SK2 0,341 0,271 

SK3 0,198 0,221 

ʇʨʦʩʝʢ 0,346 0,254 
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ɸ                                                                                                                                  B 

ɻʨʘʬʠʢʦʥ 20. ʇʨʦʩʝʯʘʥ ʧʨʦʮʝʥʘʪ ʠʥʭʠʙʠʮʠʿʝ ʧʦʨʘʩʪʘ ʠʟʦʣʘʪʘ E. necator ʩʘ ʨʘʟʣʠʯʠʪʠʭ ʣʦʢʘʣʠʪʝʪʘ ʫ ʪʝʩʪʫ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ ʩʘ 

ʤʝʪʨʘʬʝʥʦʥʦʤ (ɸ) ʠ ʧʠʨʠʦʬʝʥʦʥʦʤ (B) 
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ʉʣʠʢʘ 19. ʇʦʨʘʩʪ ʠʟʦʣʘʪʘ E. necator ʧʨʠ 100, 200 ʠ 400 mg/L 

ʤʝʪʨʘʬʝʥʦʥʘ (ʧʦʧʫʣʘʮʠʿʘ ʉʤʝʜʝʨʝʚʦ) 
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ʉʣʠʢʘ 20. ʇʦʨʘʩʪ ʠʟʦʣʘʪʘ E. necator ʧʨʠ 90, 180 ʠ 360 mg/L 

ʧʠʨʠʦʬʝʥʦʥʘ (ʧʦʧʫʣʘʮʠʿʘ ʉʤʝʜʝʨʝʚʦ) 
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5.5. ʆʩʝʪˀʠʚʦʩʪ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ DMI ʬʫʥʛʠʮʠʜʝ ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ ʩʘ ʣʠʩʥʠʤ 

ʜʠʩʢʦʚʠʤʘ ʠ qPCR ʜʝʪʝʢʮʠʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

 

5.5.1 ʆʩʝʪˀʠʚʦʩʪ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ DMI ʬʫʥʛʠʮʠʜʝ 

ɿʘ ʫʪʚʨʹʠʚʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ ʨʘʟʣʠʯʠʪʠʭ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʠ 

ʜʠʬʝʥʦʢʦʥʘʟʦʣ, ʧʨʠʢʫʧˀʝʥʦ ʿʝ ʠ ʪʝʩʪʠʨʘʥʦ ʫʢʫʧʥʦ 72 ʠʟʦʣʘʪʘ, ʠ ʪʦ 9 ʠʟʦʣʘʪʘ ʠʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʦʛ ʚʠʥʦʛʨʘʜʘ (ʈʘʜʤʠʣʦʚʘʮ), 30 ʠʟʦʣʘʪʘ ʠʟ ʚʠʥʦʛʨʘʜʘ ʛʜʝ ʩʫ ʠʟʚʝʜʝʥʠ ʦʛʣʝʜʠ 

ʫ ʧʦˀʫ (ʊʦʧʦʣʘ, ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʠ ʅʝʰʪʠʥ), 24 ʠʟʦʣʘʪʘ ʠʟ ʚʠʥʦʛʨʘʜʘ ʛʜʝ ʩʫ DMI 

ʬʫʥʛʠʮʠʜʠ ʠʥʪʝʥʟʠʚʥʦ ʢʦʨʠʰ˂ʝʥʠ ʫ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʫ 

ʧʨʝʪʭʦʜʥʠʭ 10 ʛʦʜʠʥʘ (ɾʫʧʘ, ɱʘʛʦʜʠʥʘ, ɺʨʰʘʮ, ʂʨˁʝʚʦ, ɸʨʘʥʝ́ʣʦʚʘʮ, ɹʨʝʟʦʚʘʮ, ʉʤʝʜʝʨʝʚʦ 

ʠ ʅʝʛʦʪʠʥ), ʢʘʦ ʠ 8 ʠʟʦʣʘʪʘ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʙʝʟ ʧʨʝʪʭʦʜʥʝ ʠʩʪʦʨʠʿʝ ʧʨʠʤʝʥʝ ʬʫʥʛʠʮʠʜʘ 

(ɿʝʤʫʥ, ʉʢʘʯʘʢ ʠ ʉʦʚˀʘʢ). ɿʘ ʫʪʚʨʹʠʚʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʪʝʙʫʢʦʥʘʟʦʣ ʪʝʩʪʠʨʘʥʦ ʿʝ ʫʢʫʧʥʦ 

52 ʠʟʦʣʘʪʘ, ʘ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʛʜʝ ʩʫ ʠʟʚʝʜʝʥʠ ʦʛʣʝʜʠ ʫ ʧʦˀʫ ʦʜʘʙʨʘʥʠ ʩʫ ʠ ʪʝʩʪʠʨʘʥʠ 

ʥʘʿʨʝʟʠʩʪʝʥʠʿʠ ʠʟʦʣʘʪʠ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣ ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʚʝʨʠʦ 

ʧʦʪʝʥʮʠʿʘʣʥʠ ʨʘʟʚʦʿ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ ʦʚʠʭ ʬʫʥʛʠʮʠʜʘ.  

ʂʦʤʝʨʮʠʿʘʣʥʘ ʬʦʨʤʫʣʘʮʠʿʘ ʤʠʢʣʦʙʫʪʘʥʠʣʘ (Foton) ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʟʘ ʧʦʪʨʝʙʝ 

ʠʟʚʦʹʝˁʘ ʪʝʩʪʦʚʘ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ, ʠ ʪʦ ʫ ʩʣʝʜʝ˂ʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʘʢʪʠʚʥʝ 

ʩʫʧʩʪʘʥʮʝ: 36, 72 ʠ 144 mg/l. ʂʦʜ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʠʭ ʧʦʧʫʣʘʮʠʿʘ, ʦʜʥʦʩʥʦ Ăwild-typeñ 

ʠʟʦʣʘʪʘ ʢʦʿʠ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʙʝʟ ʧʨʝʪʭʦʜʥʝ ʠʩʪʦʨʠʿʝ ʧʨʠʤʝʥʝ ʬʫʥʛʠʮʠʜʘ 

ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʠ ʥʠʞʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʝ EC50 ʚʨʝʜʥʦʩʪʠ: 3,6; 0,36; 0,036 ʠ 

0,0036 mg/l (ʊʘʙʝʣʘ 37). ɿʘ ʤʠʢʣʦʙʫʪʘʥʠʣ, EC50 ʚʨʝʜʥʦʩʪʠ ʩʫ ʩʝ ʢʨʝʪʘʣʝ ʦʜ 0,065 ʜʦ 0,379 

mg/L, ʩʘ ʧʨʦʩʝʯʥʦʤ ʚʨʝʜʥʦʰ˂ʫ 0,185 mg/l.  

 

ʊʘʙʝʣʘ 37. EC50 ʚʨʝʜʥʦʩʪʠ ʟʘ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʜʠʬʝʥʦʢʦʥʘʟʦʣ ʠ ʪʝʙʫʢʦʥʘʟʦʣ ʢʦʜ ʥʦʨʤʘʣʥʦ 

ʦʩʝʪˀʠʚʠʭ (ʪʟʚ. Ăwild-typeñ) ʧʦʧʫʣʘʮʠʿʘ E. necator   

ʀʟʦʣʘʪ ʃʦʢʘʣʠʪʝʪ EC50 ʚʨʝʜʥʦʩʪʠ (mg/l) 

ʄʠʢʣʦʙʫʪʘʥʠʣ ɼʠʬʝʥʦʢʦʥʘʟʦʣ ʊʝʙʫʢʦʥʘʟʦʣ 

Z1 ɿʝʤʫʥ 0,379 0,097 0,313 

Z2 0,162 0,056 0,322 

Z3 0,209 0,169 0,491 

SK1 ʉʢʘʯʘʢ 0,152 0,124 0,221 

SK2 0,125 0,081 0,179 

SK3 0,283 0,167 0,493 

SOV1 ʉʦʚˀʘʢ 0,101 0,067 0,401 

SOV2 0,065 0,061 0,247 

ʇʨʦʩʝʢ 0,185 0,103 0,333 

 

ʅʘʿʥʠʞʘ ʠʥʭʠʙʠʮʠʿʘ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʤʠʢʣʦʙʫʪʘʥʠʣʘ (36 mg/l) 

ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʢʦʜ ʠʟʦʣʘʪʘ ʧʦʨʝʢʣʦʤ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʂʨˁʝʚʦ ʢʦʿʘ ʿʝ ʙʠʣʘ 20,9%, ʘ ʥʘʿʚʝ˂ʘ ʿʝ, 

ʥʝ ʨʘʯʫʥʘʿʫ˂ʠ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʝ ʧʦʧʫʣʘʮʠʿʝ, ʫʪʚʨʹʝʥʘ ʟʘ ʠʟʦʣʘʪʝ ʢʦʿʠ ʚʦʜʝ ʧʦʨʝʢʣʦ ʠʟ 



127 
 

ɸʨʘʥʹʝʣʦʚʮʘ (ʦʢʦ 69%) (ɻʨʘʬʠʢʦʥ 21). ʅʠʩʢʘ ʠʥʭʠʙʠʮʠʿʘ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʠ ʢʦʜ ʠʟʦʣʘʪʘ ʠʟ ʅʝʰʪʠʥʘ (25,7%), ʊʦʧʦʣʝ (27,7%), ɺʨʰʮʘ 

(31,7%), ɱʘʛʦʜʠʥʝ (33,5%), ʈʘʜʤʠʣʦʚʮʘ (35,2%) ʠ ɹʨʝʟʦʚʮʘ (40,6%). ʇʨʠ ʜʚʘ ʧʫʪʘ ʚʝ˂ʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʠʥʭʠʙʠʮʠʿʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 49,9% (ʅʝʰʪʠʥ) ʜʦ 88,1% 

(ʅʝʛʦʪʠʥ). ʀʥʭʠʙʠʮʠʿʘ ʠʟʤʝʹʫ 50 ʠ 60% ʫʪʚʨʹʝʥʘ ʿʝ ʢʦʜ ʠʟʦʣʘʪʘ ʠʟ ʂʨˁʝʚʘ, ʊʦʧʦʣʝ, 

ɱʘʛʦʜʠʥʝ, ʈʘʜʤʠʣʦʚʮʘ ʠ ɺʨʰʮʘ. ʇʨʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʥʘʿʤʘˁʘ ʠʥʭʠʙʠʮʠʿʘ 

ʫʪʚʨʹʝʥʘ ʿʝ ʟʘ ʠʟʦʣʘʪʝ ʧʦʨʝʢʣʦʤ ʠʟ ʅʝʰʪʠʥʘ (70,2%) ʘ ʥʘʿʚʝ˂ʘ >99% ʢʦʜ ʠʟʦʣʘʪʘ ʠʟ 

ʅʝʛʦʪʠʥʘ ʠ ɸʨʘʥʹʝʣʦʚʮʘ. ʀʥʭʠʙʠʮʠʿʘ ʠʟʤʝʹʫ 70 ʠ 80% ʧʨʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʢʦʜ ʠʟʦʣʘʪʘ ʠʟ ʂʨˁʝʚʘ, ʊʦʧʦʣʝ, ʈʘʜʤʠʣʦʚʮʘ ʠ 

ɱʘʛʦʜʠʥʝ.  

ɻʨʘʬʠʢʦʥ 21. ʀʥʭʠʙʠʮʠʿʘ ʨʘʟʚʦʿʘ ʨʘʟʣʠʯʠʪʠʭ ʧʦʧʫʣʘʮʠʿʘ E. necator ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ ʩʘ 

ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ, ʜʚʘ ʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

ʤʠʢʣʦʙʫʪʘʥʠʣʘ 

 

ɿʘ ʧʦʪʨʝʙʝ ʠʟʚʦʹʝˁʘ ʪʝʩʪʦʚʘ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʟʘ ʫʪʚʨʹʠʚʘˁʝ 

ʦʩʝʪˀʠʚʦʩʪʠ ʠʟʦʣʘʪʘ E. necator ʥʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣ, ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʢʦʤʝʨʮʠʿʘʣʥʘ ʬʦʨʤʫʣʘʮʠʿʘ 

Sekvenca ʩʣʝʜʝ˂ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ: 32,5; 65 ʠ 130 mg/l. ʂʦʜ ʥʦʨʤʘʣʥʦ 

ʦʩʝʪˀʠʚʠʭ ʧʦʧʫʣʘʮʠʿʘ, ʦʜʥʦʩʥʦ ʪʟʚ. Ăwild-typeñ ʠʟʦʣʘʪʘ ʢʦʿʠ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʩʘ ʣʦʢʘʣʠʪʝʪʘ 

ʙʝʟ ʧʨʝʪʭʦʜʥʝ ʠʩʪʦʨʠʿʝ ʧʨʠʤʝʥʝ ʬʫʥʛʠʮʠʜʘ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʠ ʥʠʞʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʘʢʦ ʙʠ ʩʝ 

ʫʪʚʨʜʠʣʝ EC50 ʚʨʝʜʥʦʩʪʠ: 3,25; 0,325; 0,0325 ʠ 0,00325 mg/l. ɿʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣ, EC50 

ʚʨʝʜʥʦʩʪʠ ʩʫ ʩʝ ʢʨʝʪʘʣʝ ʦʜ 0,056 ʜʦ 0,167 mg/l, ʩʘ ʧʨʦʩʝʯʥʦʤ ʚʨʝʜʥʦʰ˂ʫ 0,103 mg/l (ʊʘʙʝʣʘ 

37).  

ʇʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʮʝʥʪʨʘʮʠʿʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ (32,5 mg/l), ʥʘʿʥʠʞʘ ʠʥʭʠʙʠʮʠʿʘ 

ʨʘʟʚʦʿʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʢʦʜ ʠʟʦʣʘʪʘ ʢʦʿʠ ʚʦʜʝ ʧʦʨʝʢʣʦ ʠʟ ʅʝʰʪʠʥʘ ʠ ɱʘʛʦʜʠʥʝ (ʦʢʦ 61%), ʘ 

ʥʘʿʚʝ˂ʘ (95,9%) ʢʦʜ ʠʟʦʣʘʪʘ ʢʦʿʠ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ɸʨʘʥʹʝʣʦʚʘʮ (ɻʨʘʬʠʢʦʥ 22). 

ʀʥʭʠʙʠʮʠʿʘ ʨʘʟʚʦʿʘ ʠʟʤʝʹʫ 60 ʠ 80% ʫʪʚʨʹʝʥʘ ʿʝ ʠ ʟʘ ʠʟʦʣʘʪʝ ʠʟ ʂʨˁʝʚʘ (63,2%), ʊʦʧʦʣʝ 

(70,3%) ɾʫʧʝ (75,4%), ɺʨʰʮʘ (76,1%) ʠ ʉʤʝʜʝʨʝʚʘ (78,4%). ʇʨʠ ʜʚʘ ʧʫʪʘ ʚʝ˂ʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ, ʥʘʿʥʠʞʘ ʠʥʭʠʙʠʮʠʿʘ ʫʪʚʨʹʝʥʘ ʿ ʝ ʟʘ ʠʟʦʣʘʪʝ 

ʠʟ ʅʝʪhʠʥʘ (82,9%), ɱʘʛʦʜʠʥʝ (84,1%), ʂʨˁʝʚʘ (84,3%) ʠ ʊʦʧʦʣʝ (88,7%). ʄʘʢʩʠʤʘʣʥʘ 

ʠʥʭʠʙʠʮʠʿʘ ʨʘʟʚʦʿʘ (100%) ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʢʦʜ ʠʟʦʣʘʪʘ ʧʦʨʝʢʣʦʤ ʠʟ ɸʨʘʥʹʝʣʦʚʮʘ, ɹʨʝʟʦʚʮʘ 

ʠ ʅʝʛʦʪʠʥʘ, ʘ ʛʦʪʦʚʦ ʤʘʢʩʠʤʘʣʥʘ (> 99%) ʠʥʭʠʙʠʮʠʿʘ ʢʦʜ ʠʟʦʣʘʪʘ ʧʦʨʝʢʣʦʤ ʠʟ ʈʘʜʤʠʣʦʚʮʘ 

ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠʭ ɺʠʥʦʛʨʘʜʘ. ʇʨʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ ʢʦʜ 

0.0
10.0
20.0
30.0
40.0
50.0
60.0
70.0
80.0
90.0

100.0

36 mg/L 72 mg/L 144 mg/L

ʇ
ʨ
ʦ
ʩ
ʝ
ʯ
ʘ
ʥ

%
 
ʠ
ʥ
ʭ
ʠ
ʙ
ʠ
ʮ
ʠ
ʿ
ʝ



128 
 

ʚʝ˂ʠʥʝ ʠʟʦʣʘʪʘ ʫʪʚʨʹʝʥʘ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʠʥʭʠʙʠʮʠʿʘ ʨʘʟʚʦʿʘ, ʦʩʠʤ ʢʦʜ ʠʟʦʣʘʪʘ ʠʟ ʊʦʧʦʣʝ 

(96,6%), ɾʫʧʝ (96,9%), ʅʝʰʪʠʥʘ (97,6%), ɱʘʛʦʜʠʥʝ (97,7%) ʠ ʂʨˁʝʚʘ (99,6%).  

ɻʨʘʬʠʢʦʥ 21. ʀʥʭʠʙʠʮʠʿʘ ʨʘʟʚʦʿʘ ʨʘʟʣʠʯʠʪʠʭ ʧʦʧʫʣʘʮʠʿʘ E. necator ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ ʩʘ 

ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ, ʜʚʘ ʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ 

 

ɿʘ ʫʪʚʨʹʠʚʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ ʠʟʦʣʘʪʘ E. necator ʥʘ ʪʝʙʫʢʦʥʘʟʦʣ, ʢʦʨʠʰ˂ʝʥʘ ʿʝ 

ʢʦʤʝʨʮʠʿʘʣʥʘ ʬʦʨʤʫʣʘʮʠʿʘ ʦʚʝ ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ, ʦʜʥʦʩʥʦ ʧʨʝʧʘʨʘʪ Folicur 250 EW, 

ʩʣʝʜʝ˂ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ: 100; 200 ʠ 400 mg/l. ʂʦʜ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʠʭ 

ʧʦʧʫʣʘʮʠʿʘ, ʦʜʥʦʩʥʦ ʪʟʚ. Ăwild-typeñ ʠʟʦʣʘʪʘ ʢʦʿʠ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʙʝʟ 

ʧʨʝʪʭʦʜʥʝ ʠʩʪʦʨʠʿʝ ʧʨʠʤʝʥʝ ʬʫʥʛʠʮʠʜʘ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʠ ʥʠʞʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʘʢʦ ʙʠ ʩʝ 

ʫʪʚʨʜʠʣʝ EC50 ʚʨʝʜʥʦʩʪʠ: 10; 1; 0,1 ʠ 0,01 mg/l. ɿʘ ʪʝʙʫʢʦʥʘʟʦʣ, EC50 ʚʨʝʜʥʦʩʪʠ ʩʫ ʩʝ ʢʨʝʪʘʣʝ 

ʦʜ 0,179 ʜʦ 0,493 mg/l, ʜʦʢ ʿʝ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʙʠʣʘ 0,333 mg/l (ʊʘʙʝʣʘ 37).  

ʇʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʪʝʙʫʢʦʥʘʟʦʣʘ, ʥʘʿʥʠʞʘ ʠʥʭʠʙʠʮʠʿʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ 

ʢʦʜ ʠʟʦʣʘʪʘ ʠʟ ʊʦʧʦʣʝ (51,6%), ʘ ʥʘʿʚʠʰʘ, ʥʝ ʨʘʯʫʥʘʿʫ˂ʠ Ăwild-typeñ ʧʦʧʫʣʘʮʠʿʝ, ʢʦʜ ʠʟʦʣʘʪʘ 

ʧʦʨʝʢʣʦʤ ʠʟ ɸʨʘʥʹʝʣʦʚʮʘ (89,9%) (ɻʨʘʬʠʢʦʥ 23). ʈʝʣʘʪʠʚʥʦ ʥʠʩʢʘ ʠʥʭʠʙʠʮʠʿʘ ʫʪʚʨʹʝʥʘ ʿʝ 

ʠ ʟʘ ʠʟʦʣʘʪʝ ʠʟ ʅʝʰʪʠʥʘ (57%), ɾʫʧʝ (58%), ʂʨˁʝʚʘ (62%), ɱʘʛʦʜʠʥʝ (62,3%), ʉʤʝʜʝʨʝʚʘ 

(63,6%), ʈʘʜʤʠʣʦʚʮʘ (64,7%) ʠ ʅʝʛʦʪʠʥʘ (67%). ʇʨʠ ʜʚʘ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

ʪʝʙʫʢʦʥʘʟʦʣʘ ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ (200 mg/l) , ʠʥʭʠʙʠʮʠʿʘ ʿʝ ʙʠʣʘ ʟʥʘʪʥʦ ʚʝ˂ʘ ʠ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 

79,2% (ʅʝʰʪʠʥ) ʜʦ 100% (ɸʨʘʥʹʝʣʦʚʘʮ). ʋ ʨʘʩʧʦʥʫ 80-90% ʠʥʭʠʙʠʮʠʿʝ ʨʘʟʚʦʿʘ ʥʘʣʘʟʠʣʝ ʩʫ 

ʩʝ ʠʟʦʣʘʪʠ ʠʟ ɾʫʧʝ (80,6%), ɱʘʛʦʜʠʥʝ (81,7%), ʉʤʝʜʝʨʝʚʝ (81,9%), ʊʦʧʦʣʝ (82%), ʂʨˁʝʚʘ 

(82,8%), ʈʘʜʤʠʣʦʚʮʘ (86,5%), ʅʝʛʦʪʠʥʘ (87,4%) ʠ ɹʨʝʟʦʚʮʘ (88,6%). ʇʨʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ (400 mg/l) ʛʦʪʦʚʦ ʤʘʢʩʠʤʘʣʥʘ ʠʥʭʠʙʠʮʠʿʘ (>99%) ʫʦʯʝʥʘ ʿʝ 

ʢʦʜ ʠʟʦʣʘʪʘ ʠʟ ɸʨʘʥʹʝʣʦʚʮʘ, ʉʣʘʥʢʘʤʝʥʘʯʢʠʭ ɺʠʥʦʛʨʘʜʘ, ɹʨʝʟʦʚʮʘ, ʅʝʛʦʪʠʥʘ ʠ 

ʈʘʜʤʠʣʦʚʮʘ, ʜʦʢ ʿʝ ʥʘʿʥʠʞʘ, ʘʣʠ ʨʝʣʘʪʠʚʥʦ ʚʠʩʦʢʘ ʠʥʭʠʙʠʮʠʿʘ ʫʪʚʨʹʝʥʘ ʢʦʜ ʠʟʦʣʘʪʘ ʠʟ 

ʊʦʧʦʣʝ (94,4%), ʅʝʰʪʠʥʘ (95%), ɱʘʛʦʜʠʥʝ (95,6%) ʠ ʂʨˁʝʚʘ (95,7%).   
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ɻʨʘʬʠʢʦʥ 21. ʀʥʭʠʙʠʮʠʿʘ ʨʘʟʚʦʿʘ ʨʘʟʣʠʯʠʪʠʭ ʧʦʧʫʣʘʮʠʿʘ E. necator ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ ʩʘ 

ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ, ʜʚʘ ʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʪʝʙʫʢʦʥʘʟʦʣʘ 

ʇʨʦʩʝʯʥʝ ʦʯʝʢʠʚʘʥʝ EC50 ʚʨʝʜʥʦʩʪʠ ʟʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ ʢʨʝʪʘʣʝ ʩʫ ʩʝ 

ʦʜ 7,9 mg/l (ʠʟʦʣʘʪʠ ʠʟ ɸʨʘʥʹʝʣʦʚʮʘ) ʜʦ 58,5 mg/l (ʠʟʦʣʘʪʠ ʠʟ ʅʝʰʪʠʥʘ). ʋ ʦʜʥʦʩʫ ʥʘ 

ʧʨʝʧʦʨʫʯʝʥʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʢʦʿʘ ʿʝ 36 mg/L, ʧʨʦʩʝʯʥʝ ʦʯʝʢʠʚʘʥʝ ɽʉ50 

ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʙʠʣʝ Ó 36 mg/l, ʫʪʚʨʹʝʥʝ ʩʫ ʟʘ ʠʟʦʣʘʪʝ ʩʘ ʩʣʝʜʝ˂ʠʭ ʣʦʢʘʣʠʪʝʪʘ (ɻʨʘʬʠʢʦʥ 

24): ʂʨˁʝʚʦ (62,0 mg/L), ʊʦʧʦʣʘ (51,6 mg/l), ɺʨʰʘʮ (39,6 mg/l), ʈʘʜʤʠʣʦʚʘʮ (38,0 mg/l) ʠ 

ɱʘʛʦʜʠʥʘ (35,9 mg/l). ʆʯʝʢʠʚʘʥʠ ʬʘʢʪʦʨ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ (RF) ʟʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʢʦʜ 

ʧʦʧʫʣʘʮʠʿʘ E. necator ʢʨʝʪʘʦ ʩʝ ʦʜ 42 ʜʦ 335, ʩʘ ʧʨʦʩʝʯʥʦʤ ʚʨʝʜʥʦʰ˂ʫ RF ʦʜ 176 (ʊʘʙʝʣʘ 

38). ɿʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣ, ʧʨʦʩʝʯʥʝ ʦʯʝʢʠʚʘʥʝ EC50 ʚʨʝʜʥʦʩʪʠ ʙʠʣʝ ʩʫ ʫ ʦʧʩʝʛʫ ʦʜ 0,2 mg/l 

(ɸʨʘʥʹʝʣʦʚʘʮ) ʜʦ 7,69 mg/l (ʊʦʧʦʣʘ). ʆʯʝʢʠʚʘʥʠ RF ʟʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ E. 

necator ʢʨʝʪʘʦ ʩʝ ʦʜ 2 ʜʦ 75, ʩʘ ʧʨʦʩʝʯʥʦʤ ʚʨʝʜʥʦʰ˂ʫ 27. ɿʘ ʪʝʙʫʢʦʥʘʟʦʣ, ʧʨʦʩʝʯʥʝ 

ʦʯʝʢʠʚʘʥʝ EC50 ʚʨʝʜʥʦʩʪʠ ʙʠʣʝ ʩʫ ʫ ʦʧʩʝʛʫ ʦʜ 1,5 mg/l (ɸʨʘʥʹʝʣʦʚʘʮ) ʜʦ 29,3 mg/l (ʊʦʧʦʣʘ), 

ʜʦʢ ʩʝ ʦʯʝʢʠʚʘʥʠ RF ʢʨʝʪʘʦ ʦʜ 4 ʜʦ 88 (ʫ ʧʨʦʩʝʢʫ 40).   

ʉʣʠʢʘ 21. ʇʦʨʘʩʪ ʠʟʦʣʘʪʘ E. necator ʧʨʠ 36, 72 ʠ 144 mg/l ʤʠʢʣʦʙʫʪʘʥʠʣʘ (ɸ) ʠ 100, 200, 

400 mg/l ʪʝʙʫʢʦʥʘʟʦʣʘ (ɺ) (ʧʦʧʫʣʘʮʠʿʘ ʅʝʰʪʠʥ) 
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ɻʨʘʬʠʢʦʥ 24. ʇʨʦʩʝʯʥʝ ʦʯʝʢʠʚʘʥʝ ɽʉ50 ʚʨʝʜʥʦʩʪʠ ʟʘ ʤʠʢʣʦʙʫʪʘʥʠʣ (ʦʟʥʘʯʝʥʦ ʮʨʚʝʥʦʤ 

ʙʦʿʦʤ), ʜʠʬʝʥʦʢʦʥʘʟʦʣ (ʦʟʥʘʯʝʥʦ ʞʫʪʦʤ ʙʦʿʦʤ) ʠ ʪʝʙʫʢʦʥʘʟʦʣ (ʦʟʥʘʯʝʥʦ ʧʣʘʚʦʤ ʙʦʿʦʤ) (ʊʆ 

ï ʊʦʧʦʣʘ; ʈɸ ï ʈʘʜʤʠʣʦʚʘʮ; ʉʃɺ ï ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ; ʅʊ ï ʅʝʰʪʠʥ, ɾʇ ï ɾʫʧʘ, 

ɱɸ ï ɱʘʛʦʜʠʥʘ, ɺʐ ï ɺʨʰʘʮ; ʂʈ ï ʂʨˁʝʚʦ; ɸʈ ï ɸʨʘʥʹʝʣʦʚʘʮ; ɹɿ ï ɹʨʝʟʦʚʘʮ; ʉɼ ï 

ʉʤʝʜʝʨʝʚʦ; ʅɻ ï ʅʝʛʦʪʠʥ)  

 

ʊʘʙʝʣʘ 38. ʇʨʦʩʝʯʥʝ ʦʯʝʢʠʚʘʥʝ EC50 ʚʨʝʜʥʦʩʪʠ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʠʭ (Ăwild-typeñ) 

ʧʦʧʫʣʘʮʠʿʘ ʠ ʧʨʦʩʝʯʥʝ ʦʯʝʢʠʚʘʥʝ EC50 ʚʨʝʜʥʦʩʪʠ ʪʝʩʪʠʨʘʥʠʭ ʧʦʧʫʣʘʮʠʿʘ ʠ ʦʯʝʢʠʚʘʥʠʭ 

ʬʘʢʪʦʨʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʟʘ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʜʠʬʝʥʦʢʦʥʘʟʦʣ ʠ ʪʝʙʫʢʦʥʘʟʦʣ. 

ʇʦʧʫʣʘʮʠʿʘ 

ʄʠʢʣʦʙʫʪʘʥʠʣ ɼʠʬʝʥʦʢʦʥʘʟʦʣ ʊʝʙʫʢʦʥʘʟʦʣ 
ʇʨʦʩʝʯʥʘ 

ɽʉ50 (mg/l) 
RF ʊʠʧ 

ʇʨʦʩʝʯʥʘ 

ɽʉ50 (mg/l) 
RF ʊʠʧ 

ʇʨʦʩʝʯʥʘ 

ɽʉ50 (mg/l) 
RF ʊʠʧ 

ɿʝʤʫʥ, ʉʢʘʯʘʢ, 

ʉʦʚˀʘʢ (Ăwild-

typeñ) 

0,185 / ʅʆ 0,103 / ʅʆ 0,333 / ʅʆ 

ʊʦʧʦʣʘ 51,59 279 ɺʈ 7,69 75 ʈ 29,32 88 ʈ 

ʈʘʜʤʠʣʦʚʘʮ 37,99 205 ɺʈ 1,36 13 ʋʈ 14,5 43 ʈ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ 
18,44 99 ʈ 0,45 9 ʋʈ 7,47 22 ʈ 

ʅʝʰʪʠʥ 58,5 318 ɺʈ 5,41 52 ʈ 23,38 70 ʈ 

ɾʫʧʘ 20,03 109 ɺʈ 0,74 7 ʋʈ 22,62 68 ʈ 

ɱʘʛʦʜʠʥʘ 35,91 195 ɺʈ 6,17 60 ʈ 16,46 49 ʈ 

ɺʨʰʘʮ 39,64 214 ɺʈ 2,71 26 ʈ 6,56 20 ʋʈ 

ʂʨˁʝʚʦ 61,99 335 ɺʈ 5,04 49 ʈ 14,56 44 ʈ 

ɸʨʘʥʹʝʣʦʚʘʮ 7,85 42 ʈ 0,23 2 ʅʆ 1,45 4 ʋʈ 

ɹʨʝʟʦʚʘʮ 21,73 117 ɺʈ 0,99 10 ʋʈ 6,05 18 ʋʈ 

ʉʤʝʜʝʨʝʚʦ 27,67 150 ɺʈ 2,02 20 ʋʈ 11,27 34 ʈ 

ʅʝʛʦʪʠʥ 9,04 49 ʈ 0,43 4 ʋʈ 7,85 24 ʈ 

ʇʨʦʩʝʢ 32,53 176 / 3,57 27 / 13,46 40 / 

ʈʌ ï ʬʘʢʪʦʨ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ; ʅʆ ï ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʘ ʧʦʧʫʣʘʮʠʿʘ; ɺʈ -  ʚʝʦʤʘ ʨʝʟʠʩʪʝʥʪʥʘ 

ʧʦʧʫʣʘʮʠʿʘ; ʈ ï ʨʝʟʠʩʪʝʥʪʥʘ ʧʦʧʫʣʘʮʠʿʘ; ʋʈ ï ʫʤʝʨʝʥʦ ʨʝʟʠʩʪʝʥʪʥʘ ʧʦʧʫʣʘʮʠʿʘ. 
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ʉʣʠʢʘ 22. ʇʦʨʘʩʪ ʠʟʦʣʘʪʘ E. necator 32,5, 65 ʠ 130 mg/l ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ (ʧʦʧʫʣʘʮʠʿʘ 

ʈʘʜʤʠʣʦʚʘʮ) 

5.5.2 ɼʝʪʝʢʮʠʿʘ Y136F ʤʫʪʘʮʠʿʝ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ E. necator ʨʝʟʠʩʪʝʥʪʥʠʭ ʥʘ DMI 

ʬʫʥʛʠʮʠʜʝ 

ʋ ʮʠˀʫ ʜʝʪʝʢʮʠʿʝ Y136F ʤʫʪʘʮʠʿʝ ʢʦʜ ʠʟʦʣʘʪʘ E. necator ʫ ʧʝʨʠʦʜʫ ʦʜ 2019. ʜʦ 2023. 

ʛʦʜʠʥʝ, ʧʨʠʢʫʧˀʝʥʦ ʿʝ ʠ ʪʝʩʪʠʨʘʥʦ ʫʢʫʧʥʦ 106 ʠʟʦʣʘʪʘ ʦʚʦʛ ʧʘʪʦʛʝʥʘ. ʆʜ 106 ʪʝʩʪʠʨʘʥʠʭ, 

ʧʨʠʤʝʥʦʤ real-time pcr ʘʥʘʣʠʟʝ, ʢʦʜ 45 ʿʝ ʫʪʚʨʹʝʥʦ ʧʨʠʩʫʩʪʚʦ ʦʚʝ ʤʫʪʘʮʠʿʝ (ʊʘʙʝʣʘ 39). ʋ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʚʠʥʦʛʨʘʜʫ (ʣʦʢ. ʈʘʜʤʠʣʦʚʘʮ), ʫʢʫʧʥʦ ʿʝ ʪʝʩʪʠʨʘʥʦ 11 ʠʟʦʣʘʪʘ: 8 ʢʦʿʠ ʩʫ 

ʧʨʠʢʫʧˀʝʥʠ 2019. ʛʦʜʠʥʝ ʠ 3 ʢʦʿʘ ʩʫ ʧʨʠʢʫʧˀʝʥʘ 2021. ʛʦʜʠʥʝ. ʄʫʪʘʮʠʿʘ ʿʝ ʜʝʪʝʢʪʦʚʘʥʘ 

ʩʘʤʦ ʢʦʜ 2 ʠʟʦʣʘʪʘ, ʿʝʜʥʦʛ ʢʦʿʠ ʧʦʪʠʯʝ ʠʟ 2019. ʠ ʜʨʫʛʦʛ ʢʦʿʠ ʧʦʪʠʯʝ ʠʟ 2021. ʛʦʜʠʥʝ. ʋ 

ʢʦʤʝʨʮʠʿʘʣʥʠʤ ʚʠʥʦʛʨʘʜʠʤʘ, ʛʜʝ ʩʫ ʠʟʚʝʜʝʥʠ ʦʛʣʝʜʠ ʝʬʠʢʘʩʥʦʩʪʠ (ʊʦʧʦʣʘ, ʅʝʰʪʠʥ, 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ), ʫʢʫʧʥʦ ʿʝ ʧʨʠʢʫʧˀʝʥʦ ʠ ʪʝʩʪʠʨʘʥʦ 38 ʠʟʦʣʘʪʘ ʦʜ ʢʦʿʠʭ ʿʝ ʢʦʜ 

13 ʜʝʪʝʢʪʦʚʘʥʘ Y136F ʤʫʪʘʮʠʿʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʦʜ 8 ʫʟʦʨʘʢʘ ʠʟ 2019. ʛʦʜʠʥʝ ʩʘʤʦ 

ʢʦʜ 2 ʿʝ ʧʦʪʚʨʹʝʥʘ ʤʫʪʘʮʠʿʘ, ʜʦʢ ʩʫ ʦʙʘ ʫʟʦʨʢʘ ʠʟ 2020. ʛʦʜʠʥʝ ʙʠʣʘ ʥʝʛʘʪʠʚʥʘ. ʄʝʹʫʪʠʤ, 

2021. ʛʦʜʠʥʝ, ʦʜ 6 ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ, ʢʦʜ 5 ʿʝ ʜʝʪʝʢʦʚʘʥʘ ʤʫʪʘʮʠʿʘ. ʆʜ 16 ʫʟʦʨʘʢʘ ʢʦʿʠ ʚʦʜʝ 

ʧʦʨʝʢʣʦ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʢʦʿʠ ʩʫ ʧʨʠʢʫʧˀʘʥʠ ʫ ʧʝʨʠʦʜ ʦʜ 2019. 

ʜʦ 2021. ʛʦʜʠʥʝ, ʢʦʜ 3 ʫʟʦʨʢʘ ʿʝ ʜʝʪʝʢʪʦʚʘʥʘ ʤʫʪʘʮʠʿʘ, ʦʜʥʦʩʥʦ ʩʚʘʢʝ ʛʦʜʠʥʝ ʿʝ ʜʝʪʝʢʪʦʚʘʥ 

ʧʦ ʿʝʜʘʥ ʧʦʟʠʪʠʚʘʥ ʫʟʦʨʘʢ. ɼʘˀʝ, ʤʫʪʘʮʠʿʘ ʿʝ ʜʝʪʝʢʪʦʚʘʥʘ ʢʦʜ 3 ʦʜ 6 ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ 

ʧʦʨʝʢʣʦʤ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʅʝʰʪʠʥ. ʉʚʝ ʧʦʧʫʣʘʮʠʿʝ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʛʜʝ ʩʫ ʠʟʚʦʹʝʥʠ ʦʛʣʝʜʠ 

ʝʬʠʢʘʩʥʦʩʪʠ, ʦʟʥʘʯʝʥʝ ʩʫ ʢʘʦ Ămixñ (ʤʝʰʘʥʝ) ʧʦʧʫʣʘʮʠʿʝ, ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʫ ʦʢʚʠʨʫ 

ʧʦʧʫʣʘʮʠʿʘ ʜʝʪʝʢʪʦʚʘʥʠ ʧʦʿʝʜʠʥʠ ʠʟʦʣʘʪʠ ʩʘ ʨʝʟʠʩʪʝʥʪʥʠʤ Y136F ʘʣʝʣʦʤ.  

ʂʦʜ ʠʟʦʣʘʪʘ ʢʦʿʠ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʚʠʥʦʛʨʘʜʘ, ʧʨʝʪʝʞʥʦ ʩʫ 

ʧʦʧʫʣʘʮʠʿʝ ʙʠʣʝ ʤʝʰʘʥʝ, ʿʝʨ ʿʝ ʦʜʨʝʹʝʥ ʙʨʦʿ ʠʟʦʣʘʪʘ ʫ ʦʢʚʠʨʫ ʩʘʤʝ ʧʦʧʫʣʘʮʠʿʝ ʥʦʩʠʦ 

ʤʫʪʘʮʠʿʫ, ʠ ʪʘʢʚʠ ʩʣʫʯʘʿʝʚʠ ʩʫ ʟʘʙʝʣʝʞʝʥʠ ʥʘ ʩʣʝʜʝ˂ʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ: ɹʨʝʟʦʚʘʮ (ʦʜ 3 

ʪʝʩʪʠʨʘʥʘ ʫʟʦʨʢʘ 2 ʩʫ ʙʠʣʘ ʧʦʟʠʪʠʚʥʘ), ʏʝʨʝʚʠ˂ (ʦʜ 2 ʪʝʩʪʠʨʘʥʘ ʫʟʦʨʢʘ 1 ʿ ʝ ʙʠʦ ʧʦʟʠʪʠʚʘʥ), 

ɺʨʰʘʮ (ʦʜ 6 ʪʝʩʪʠʨʘʥʠʭ ʫʟʦʨʢʘ 4 ʩʫ ʙʠʣʘ ʧʦʟʠʪʠʚʥʘ), ʂʨˁʝʚʦ (ʦʜ 5 ʪʝʩʪʠʨʘʥʠʭ, 4 

ʧʦʟʠʪʠʚʥʘ), ʅʝʛʦʪʠʥ (ʦʜ 3 ʪʝʩʪʠʨʘʥʘ ʫʟʦʨʢʘ 1 ʿʝ ʙʠʦ ʧʦʟʠʪʠʚʘʥ), ʊʝʤʝʨʠʥ (ʦʜ 2 ʪʝʩʪʠʨʘʥʘ 

ʫʟʦʨʢʘ 1 ʿ ʝ ʙʠʦ ʧʦʟʠʪʠʚʘʥ) ʠ ɺʣʘʩʦʪʠʥʮʝ (ʦʜ 3 ʪʝʩʪʠʨʘʥʘ ʫʟʦʨʢʘ 1 ʿʝ ʙʠʦ ʧʦʟʠʪʠʚʘʥ). ɹʠʣʦ 

ʿʝ ʠ ʪʘʢʚʠʭ ʣʦʢʘʣʠʪʝʪʘ, ʛʜʝ ʿʝ ʢʦʜ ʩʚʠʭ ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ ʫʪʚʨʹʝʥʘ Y136F ʤʫʪʘʮʠʿʘ. ʊʘʢʚʘ 

ʩʠʪʫʘʮʠʿʘ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʢʦʜ ʠʟʦʣʘʪʘ ʧʨʠʢʫʧˀʝʥʠʭ 2022. ʛʦʜʠʥʝ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ɱʘʛʦʜʠʥʘ, 

ɸʣʝʢʩʘʥʜʨʦʚʘʮ ʠ ʉʤʝʜʝʨʝʚʦ, ʧʘ ʩʫ ʪʘʢʚʝ ʧʦʧʫʣʘʮʠʿʝ ʦʟʥʘʯʝʥʝ ʢʘʦ ʪʟʚ. Ămutantñ ʧʦʧʫʣʘʮʠʿʝ 

(ʉʣʠʢʘ 24). 

 ˴ 32,5 mg/L 65 mg/L 130 mg/L 
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ʂʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʝʢʩʪʝʥʟʠʚʥʠʤ ʚʠʥʦʛʨʘʜʠʤʘ, ʛʜʝ ʩʫ ʩʝ DMI ʬʫʥʛʠʮʠʜʠ ʫ 

ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ ʧʨʠʤʝˁʠʚʘʣʠ 1-2 ʧʫʪʘ ʛʦʜʠʰˁʝ, ʦʜ ʫʢʫʧʥʦ 13 ʠʟʦʣʘʪʘ ʢʦʿʠ ʩʫ 

ʧʨʠʢʫʧˀʝʥʠ ʠʟ ʧʝʪ ʚʠʥʦʛʨʘʜʘ, ʢʦʜ 4 ʿ ʝ ʜʝʪʝʢʪʦʚʘʥʘ Y136F ʤʫʪʘʮʠʿʘ. ʊʘʢʚʠ ʠʟʦʣʘʪʠ ʙʠʣʠ ʩʫ 

ʧʦʨʝʢʣʦʤ ʠʟ ʪʨʠ ʚʠʥʦʛʨʘʜʘ (ɸʨʘʥʹʝʣʦʚʘʮ, ɸʣʝʢʩʘʥʜʨʦʚʘʮ ʠ ʉʨʝʤʩʢʠ ʂʘʨʣʦʚʮʠ) ʠ ʪʝ 

ʧʦʧʫʣʘʮʠʿʝ ʩʫ ʩʚʨʩʪʘʥʝ ʫ ʛʨʫʧʫ Ămixñ, ʜʦʢ ʫ ʜʚʘ ʚʠʥʦʛʨʘʜʘ ʥʠʿʝ ʜʝʪʝʢʪʦʚʘʥʘ ʤʫʪʘʮʠʿʘ 

(ɺʝʣʠʢʘ ʇʣʘʥʘ ʠ ʀʨʠʛ), ʧʘ ʩʫ ʪʘʢʚʝ ʧʦʧʫʣʘʮʠʿʝ ʦʟʥʘʯʝʥʝ ʢʘʦ ʪʟʚ. Ăwild-typeñ ʧʦʧʫʣʘʮʠʿʝ. 

ʋʟʦʨʮʠ ʢʦʿʠ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʛʜʝ ʧʨʝʪʭʦʜʥʦ ʥʠʩʫ ʢʦʨʠʰ˂ʝʥʠ ʬʫʥʛʠʮʠʜʠ, ʥʠʩʫ 

ʥʦʩʠʣʠ ʤʫʪʘʮʠʿʫ, ʠ ʦʟʥʘʯʝʥʠ ʩʫ ʢʘʦ Ăwild-typeñ.  

ʉʣʠʢʘ 23. ʄʘʧʘ ʧʦʧʫʣʘʮʠʿʘ E. necator ʫ ʦʜʥʦʩʫ ʥʘ ʜʝʪʝʢʮʠʿʫ Y136F ʤʫʪʘʮʠʿʝ 

 

ɻʨʘʬʠʢʦʥ 25. ʇʨʦʮʝʥʪʫʘʣʥʘ ʟʘʩʪʫʧˀʝʥʦʩʪ ʠʟʦʣʘʪʘ ʩʘ Y136F ʤʫʪʘʮʠʿʦʤ ʫ ʦʜʥʦʩʫ ʥʘ ʪʠʧ 

ʚʠʥʦʛʨʘʜʘ

18%

52%

30%

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʂʦʤʝʨʮʠʿʘʣʥʠ ɽʢʩʪʝʥʟʠʚʥʠ 

      ʈʝʟʠʩʪʝʥʪʥʘ ʧʦʧʫʣʘʮʠʿʘ (ʤʫʪʘʥʪ) 

      ʆʩʝʪˀʠʚʘ ʧʦʧʫʣʘʮʠʿʘ  (wild type) 

      ʄʝʰʘʥʘ ʧʦʧʫʣʘʮʠʿʘ     
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ʊʘʙʝʣʘ 39. ʇʦʜʘʮʠ ʦ ʪʝʩʪʠʨʘʥʠʤ ʠʟʦʣʘʪʠʤʘ ʠ ʜʝʪʝʢʮʠʿʘ Y136F ʤʫʪʘʮʠʿʝ ʢʦʜ ʠʟʦʣʘʪʘ E. necator  

ɺʠʥʦʛʨʘʜ ɼʝʪʝʢʮʠʿʘ Y136F 

No Tʠʧa ʃʦʢʘʣʠʪʝʪ ʈʝʛʠʦʥb ɻʦʜʠʥʘ 

ʫʟʦʨʢʦʚʘˁʘ 

ʋʢʫʧʥʦ 

ʪʝʩʪʠʨʘʥʦ 
ʇʦʟʠʪʠʚʥʦ ʅʝʛʘʪʠʚʥʦ 

ʆʟʥʘʢʘ 

ʧʦʧʫʣʘʮʠʿʝ 

1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʈʘʜʤʠʣʦʚʘʮ 
ɹʝʦʛʨʘʜ 

(ʎ) 

2019 8 1 7 

Mix 2021 3 1 2 

ʋʢʫʧʥʦ 11 2 9 

2 ʂʦʤʝʨʮʠʿʘʣʥʠ ʊʦʧʦʣʘ 
ʐʫʤʘʜʠʿʘ 

(ʎ) 

2019 8 2 6 

Mix 
2020 2 0 2 

2021 6 5 1 

ʋʢʫʧʥʦ 16 7 9 

3 ʂʦʤʝʨʮʠʿʘʣʥʠ ɹʨʝʟʦʚʘʮ 
ʐʫʤʘʜʠʿʘ 

(ʎ) 
2022 3 2 1 Mix 

4 ɽʢʩʪʝʥʟʠʚʘʥ ɸʨʘʥʹʝʣʦʚʘʮ 
ʐʫʤʘʜʠʿʘ 

(ʎ) 
2022 3 2 1 Mix 

5 ʂʦʤʝʨʮʠʿʘʣʥʠ 
ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ 

ʉʨʝʤ 

(ʉ) 

2019 3 1 2 

Mix 
2020 3 1 2 

2021 10 1 9 

ʋʢʫʧʥʦ 16 3 13 

6 ʂʦʤʝʨʮʠʿʘʣʥʠ ʅʝʰʪʠʥ 
ʉʨʝʤ 

(ʉɿ) 

2021 4 1 3 

Mix 2022 2 2 0 

ʋʢʫʧʥʦ 6 3 3 

7 ɽʢʩʪʝʥʟʠʚʘʥ ʀʨʠʛ 
ʉʨʝʤ 

(ʉɿ) 
2021 3 0 3 Wild-type 

8 ʂʦʤʝʨʮʠʿʘʣʥʠ ʏʝʨʝʚʠ˂ 
ʉʨʝʤ 

(ʉɿ) 
2021 2 1 1 Mix 

9 ʂʦʤʝʨʮʠʿʘʣʥʠ ɱʘʛʦʜʠʥʘ 
ʇʦʤʦʨʘʚˀʝ 

(ʎ) 
2022 4 4 0 Mutant 

10 ɽʢʩʪʝʥʟʠʚʘʥ ɸʣʝʢʩʘʥʜʨʦʚʘʮ 
ʈʘʩʠʥʘ 

(ʎ) 
2022 3 1 2 Mix 

11 ʂʦʤʝʨʮʠʿʘʣʥʠ ɸʣʝʢʩʘʥʜʨʦʚʘʮ 
ʈʘʩʠʥʘ 

(ʎ) 
2022 4 4 0 Mutant 

12 ʂʦʤʝʨʮʠʿʘʣʥʠ ɺʨʰʘʮ 
ɱʫʞʥʠ ɹʘʥʘʪ 

(ʉʀ) 
2022 6 4 2 Mix 
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13 ʂʦʤʝʨʮʠʿʘʣʥʠ ʂʨˁʝʚʦ 
ʇʦʜʫʥʘʚˀʝ 

(ʎ) 
2022 5 4 1 Mix 

14 ɽʢʩʪʝʥʟʠʚʘʥ ɺʝʣʠʢʘ ʇʣʘʥʘ 
ʇʦʜʫʥʘʚˀʝ 

(ʎ) 
2022 2 0 2 Wild-type 

15 ʂʦʤʝʨʮʠʿʘʣʥʠ ʅʝʛʦʪʠʥ 
ɹʦʨ 

(ʀ) 
2022 3 1 2 Mix 

16 ʂʦʤʝʨʮʠʿʘʣʥʠ ʉʤʝʜʝʨʝʚʦ 
ʇʦʜʫʥʘʚˀʝ 

(ʎ) 
2022 4 4 0 Mutant 

17 ɽʢʩʪʝʥʟʠʚʘʥ ʉʨʝʤʩʢʠ ʂʘʨʣʦʚʮʠ 
ʉʨʝʤ 

(ʉ) 
2022 2 1 1 Mix 

18 ʂʦʤʝʨʮʠʿʘʣʥʠ ʊʝʤʝʨʠʥ 
ɱʫʞʥʘ ɹʘʯʢʘ 

(ʉ) 
2022 2 1 1 Mix 

19 ʂʦʤʝʨʮʠʿʘʣʥʠ ɺʣʘʩʦʪʠʥʮʝ ɱʘʙʣʘʥʠʮʘ (ɱ) 2020 3 1 2 Mix 

20 ĂWild-typeñ ɿʝʤʫʥ 
ɹʝʦʛʨʘʜ 

(ʎ) 

2019 2 0 2 

Wild-type 2020 1 0 1 

ʋʢʫʧʥʦ 3 0 3 

21 ĂWild-typeñ ʉʢʘʯʘʢ 
ʈʘʩʠʥʘ 

(ʎ) 
2022 3 0 3 Wil -type 

22 ĂWild-typeñ ʉʦʚʘˀʢ ʂʦʣʫʙʘʨʘ (ɿ) 2021 2 0 2 Wild-type 

ʋʢʫʧʥʦ 106 45 61  
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ʉʣʠʢʘ 24.ĂMelting curveñ qPCR ʘʥʘʣʠʟʘ ʫʟʦʨʘʢʘ ʩʘ ʣʦʢʘʣʠʪʝʪʘ: ʘ) ʂʨˁʝʚʦ ʠ ʉʤʝʜʝʨʝʚʦ; b) 

ʊʦʧʦʣʘ, ɸʨʘʥʹʝʣʦʚʘʮ ʠ ɹʨʝʟʦʚʘʮ; c) ʈʘʜʤʠʣʦʚʘʮ, ɺʨʰʘʮ ʠ ʅʝʰʪʠʥ; d) ɱʘʛʦʜʠʥʘ; e 

ɸʣʝʢʩʘʥʜʨʦʚʘʮ 

 

 

ʘ) b) 

c) d) 

e) 
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6. ɼʀʉʂʋʉʀɱɸ  

ɻˀʠʚʘ Erysiphe necator, ʧʨʦʫʟʨʦʢʦʚʘʯ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʿʝ ʥʝʩʫʤˁʠʚʦ ʿ ʝʜʘʥ ʦʜ 

ʝʢʦʥʦʤʩʢʠ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʧʘʪʦʛʝʥʘ ʦʚʝ ʙʠˀʥʝ ʚʨʩʪʝ ʰʠʨʦʤ ʩʚʝʪʘ, ʘ ˁʝʛʦʚʘ ʢʦʤʧʣʝʢʩʥʘ 

ʧʨʠʨʦʜʘ ʯʠʥʠ ʟʘʰʪʠʪʫ ʚʠʥʦʚʝ ʣʦʟʝ ʚʝʦʤʘ ʠʟʘʟʦʚʥʦʤ ʠ ʟʘʭʪʝʚʥʦʤ. ʇʨʠʩʪʫʧ ʫ ʩʫʟʙʠʿʘˁʫ ʦʚʦʛ 

ʧʘʪʦʛʝʥʘ ʤʦʨʘ ʙʠʪʠ ʪʝʤʝˀʘʥ ʠ ʩʚʝʦʙʫʭʚʘʪʘʥ ʢʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʣʝ ʰʪʝʪʝ, ʦʜʥʦʩʥʦ ʩʘʯʫʚʘʦ 

ʧʨʠʥʦʩ ʠ ʢʚʘʣʠʪʝʪ ʛʨʦʞʹʘ. ɽʬʠʢʘʩʥʦ ʩʫʟʙʠʿʘˁʝ E. necator ʤʦʞʝ ʩʝ ʧʦʩʪʠ˂ʠ ʠʥʪʝʛʨʘʣʥʠʤ 

ʧʨʠʩʪʫʧʦʤ, ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʠʤʝʥʫ ʩʚʠʭ ʜʦʩʪʫʧʥʠʭ ʤʝʨʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʧʨʝʚʝʥʪʠʚʥʝ, 

ʘʛʨʦʪʝʭʥʠʯʢʝ, ʙʠʦʣʦʰʢʝ ʠ ʭʝʤʠʿʩʢʝ ʤʝʨʝ. ʄʝʹʫʪʠʤ, ʧʨʠʤʝʥʘ ʬʫʥʛʠʮʠʜʘ ʠ ʜʘʥʘʩ ʿʝ 

ʥʝʟʘʤʝʥˀʠʚʦ ʠ ʥʘʿʝʬʠʢʘʩʥʠʿʝ Ăʦʨʫʹʝñ ʫ ʦʜʨʞʠʚʦʿ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ 

ʧʝʧʝʣʥʠʮʝ. ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʯʠˁʝʥʠʮʫ ʜʘ ʩʝ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʧʨʝʪʝʞʥʦ ʢʦʨʠʩʪʝ 

ʬʫʥʛʠʮʠʜʠ ʩʘ ʩʧʝʮʠʬʠʯʥʠʤ ʤʝʭʘʥʠʟʤʠʤʘ ʜʝʣʦʚʘˁʘ, ʢʦʿʠ ʩʫ ʧʨʝʤʘ FRAC-ʫ ʫʛʣʘʚʥʦʤ 

ʩʚʨʩʪʘʥʠ ʫ ʛʨʫʧʫ ʩʘ ʩʨʝʜˁʠʤ ʠʣʠ ʚʠʩʦʢʠʤ ʨʠʟʠʢʦʤ ʦʜ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʦʜ 

ʝʩʝʥʮʠʿʘʣʥʦʛ ʿʝ ʟʥʘʯʘʿʘ ʜʘ ʩʝ ʪʘʢʚʠ ʬʫʥʛʠʮʠʜʠ ʧʨʠʤʝˁʫʿʫ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ 

ʘʥʪʠʨʝʟʠʩʪʝʥʪʥʝ ʩʪʨʘʪʝʛʠʿʝ, ʢʘʢʦ ʙʠ ʰʪʦ ʜʫʞʝ ʤʦʛʣʠ ʜʘ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʝʬʠʢʘʩʥʦ ʩʫʟʙʠʿʘˁʝ 

ʦʚʦʛ ʧʘʪʦʛʝʥʘ. ʄʝʹʫʪʠʤ, ʩʧʝʮʠʬʠʯʥʦʩʪ ʪʠʭ ʬʫʥʛʠʮʠʜʘ ʠ ˁʠʭʦʚʘ ʜʫʛʦʪʨʘʿʥʘ ʫʧʦʪʨʝʙʘ, ʢʘʦ 

ʠ ʧʨʠʨʦʜʘ ʩʘʤʦʛ ʧʘʪʦʛʝʥʘ, ʧʦʩʣʝʜʠʯʥʦ ʿʝ ʜʦʚʝʣʘ ʜʦ ʧʨʦʤʝʥʝ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. 

necator ʫ ʩʚʝʪʫ. ʋʧʨʘʚʦ ʿʝ ʧʨʦʛʨʝʩʠʚʥʠ ʨʘʟʚʦʿ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator 

ʧʦʩʣʝʜˁʠʭ 10-15 ʛʦʜʠʥʘ ʤʦʞʜʘ ʠ ʥʘʿʚʝ˂ʠ ʧʨʦʙʣʝʤ ʫ ʚʠʥʦʛʨʘʜʘʨʩʢʦʿ ʧʨʦʠʟʚʦʜˁʠ, ʩʘ ʢʦʿʠʤ 

ʩʝ ʩʫʦʯʘʚʘʿʫ ʧʦˀʦʧʨʠʚʨʝʜʥʠʮʠ, ʩʪʨʫʯʥʘ ʠ ʥʘʫʯʥʘ ʟʘʿʝʜʥʠʮʘ. ʉʘ ʪʦʛ ʘʩʧʝʢʪʘ, ʥʘʿʠʟʨʘʞʝʥʠʿʠ 

ʧʨʦʙʣʝʤ ʿʝʩʪʝ ʨʘʧʠʜʥʠ ʨʘʟʚʦʿ ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ QoI ʠ DMI ʬʫʥʛʠʮʠʜʝ, 

ʢʦʿʠ ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʚʠʥʦʛʨʘʜʘʨʩʢʠʭ ʧʦʜʨʫʯʿʘ ʯʠʥʝ ʦʢʦʩʥʠʮʫ ʩʫʟʙʠʿʘˁʘ ʦʚʦʛ ʧʘʪʦʛʝʥʘ 

(Dufour et al., 2011; Miles et al., 2012; Colcol and Baudoin, 2016; Rallos and Baudoin, 2016).  

ʇʨʘ˂ʝˁʝ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʧʦʜʨʘʟʫʤʝʚʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʩʚʠʭ 

ʜʦʩʪʫʧʥʠʭ ʥʘʫʯʥʠʭ ʤʝʪʦʜʘ, ʢʘʢʦ ʦʥʠʭ ʢʣʘʩʠʯʥʠʭ, ʪʘʢʦ ʠ ʤʦʣʝʢʫʣʘʨʥʠʭ, ʦʜʥʦʩʥʦ ʦʥʦ 

ʧʦʜʨʘʟʫʤʝʚʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʠʟʚʦʹʝˁʝ ʦʛʣʝʜʘ ʫ ʧʦˀʫ, ʙʠʦʪʝʩʪʦʚʘ ʠ ʧʨʠʤʝʥʫ ʜʦʩʪʫʧʥʠʭ 

ʤʦʣʝʢʫʣʘʨʥʠʭ ʪʝʭʥʠʢʘ. ʇʨʚʠ ʢʦʨʘʢ ʫ ʦʪʢʨʠʚʘˁʫ ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ ʿʝʩʪʝ ʟʘʧʨʘʚʦ 

ʩʧʨʦʚʦʹʝˁʝ ʦʛʣʝʜʘ ʝʬʠʢʘʩʥʦʩʪʠ, ʛʜʝ ʩʝ ʧʨʫʞʘ ʠʥʠʮʠʿʘʣʘʥ ʫʚʠʜ ʫ ʩʪʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ ʿʝʜʥʝ 

ʧʦʧʫʣʘʮʠʿʝ. ʋ ʉʨʙʠʿʠ, ʫ ʧʝʨʠʦʜʫ ʦʜ 2016. ʜʦ 2018. ʛʦʜʠʥʝ, ʧʨʠʤʝ˂ʝʥʘ ʿʝ ʟʥʘʯʘʿʥʘ ʧʦʿʘʚʘ 

ʦʙʦˀʝˁʘ ʫ ʧʦʿʝʜʠʥʠʤ ʚʠʥʦʛʨʘʜʠʤʘ ʛʜʝ ʿʝ ʧʨʠʤʝˁʠʚʘʥʘ ʨʝʜʦʚʥʘ ʟʘʰʪʠʪʘ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ 

ʧʝʧʝʣʥʠʮʝ. ʋʚʠʜʦʤ ʫ ʧʨʦʛʨʘʤʝ ʟʘʰʪʠʪʝ ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʩʫ ʦʢʦʩʥʠʮʫ ʫ ʩʫʟʙʠʿʘˁʫ E. 

necator, ʜʫʞʠ ʥʠʟ ʛʦʜʠʥʘ, ʯʠʥʠʣʝ ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ QoI ʠ DMI 

ʬʫʥʛʠʮʠʜʠʤʘ, ʪʝ ʩʝ ʤʦʛʣʦ ʧʨʝʪʧʦʩʪʘʚʠʪʠ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʘ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ 

ʦʚʦʛ ʧʘʪʦʛʝʥʘ ʥʘ ʧʦʤʝʥʫʪʝ ʬʫʥʛʠʮʠʜʝ (ʇʨʠʣʦʛ 3, ʊʘʙʝʣʘ ʇ3). ʂʘʢʦ ʙʠ ʩʝ ʦʚʘ ʧʨʝʪʧʦʩʪʘʚʢʘ 

ʠ ʧʦʪʚʨʜʠʣʘ, ʠʟʚʝʜʝʥʠ ʩʫ ʦʛʣʝʜʠ ʝʬʠʢʘʩʥʦʩʪʠ ʫ ʧʦˀʫ, ʙʠʦʪʝʩʪʦʚʠ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ ʠ 

real-time PCR ʘʥʘʣʠʟʘ. ʋ ʮʠˀʫ ʩʪʚʘʨʘˁʘ ʰʠʨʝ ʩʣʠʢʝ ʦ ʩʪʘʪʫʩʫ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. 

necator ʫ ʥʘʰʦʿ ʟʝʤˀʠ, ʫ ʧʦˀʩʢʠʤ ʦʛʣʝʜʠʤʘ ʿʝ ʫ ʧʝʨʠʦʜʫ ʦʜ 2019. ʜʦ 2023. ʛʦʜʠʥʝ ʚʨʰʝʥʦ 

ʠʩʧʠʪʠʚʘˁʝ ʚʝ˂ʝʛ ʙʨʦʿʘ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʬʫʥʛʠʮʠʜʘ ʠʟ ʥʝʢʦʣʠʢʦ ʛʨʫʧʘ, ʢʦʿʠ ʩʝ ʨʝʜʦʚʥʦ ʠ 

ʜʫʞʝ ʚʨʝʤʝ ʢʦʨʠʩʪʝ ʫ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʦʚʦʛ ʧʘʪʦʛʝʥʘ. ʌʫʥʛʠʮʠʜʠ ʢʦʿʠ ʩʫ ʠʩʧʦˀʠʣʠ 

ʩʤʘˁʝʥʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʫ ʧʦˀʩʢʠʤ ʦʛʣʝʜʠʤʘ, ʦʜʘʙʨʘʥʠ ʩʫ ʟʘ ʜʘˀʘ 

ʪʝʩʪʠʨʘˁʘ ʫ in vivo ʫʩʣʦʚʠʤʘ (ʪʝʩʪʦʚʠ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ), ʢʘʢʦ ʙʠ ʩʝ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ 

ʧʦʪʚʨʜʠʣʘ ʧʨʦʤʝʥʘ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʪʝ ʬʫʥʛʠʮʠʜʝ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ 

ʩʝ ʨʘʜʠ ʦ ʛʨʫʧʘʤʘ ʬʫʥʛʠʮʠʜʘ ʫ ʦʢʚʠʨʫ ʢʦʿʠʭ ʿʝ ʫʪʚʨʹʝʥʦ ʧʦʩʪʦʿʘˁʝ ʫʢʨʰʪʝʥʝ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʙʠʣʦ ʫʪʚʨʜʠʪʠ ʜʘ ʣʠ ʿʝ ʠ ʠʟʤʝʹʫ ʢʦʿʠʭ ʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ 

ʜʦʰʣʦ ʜʦ ʨʘʟʚʦʿʘ ʦʚʦʛ ʬʝʥʦʤʝʥʘ.  
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6.1 ʇʦʿʘʚʘ ʦʙʦˀʝˁʘ ʫ ʧʦˀʩʢʠʤ ʦʛʣʝʜʠʤʘ  

ʋʩʣʦʚʠ ʟʘ ʨʘʟʚʦʿ E. necator ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʦʛʣʝʜʘ ʫ 

ʧʦˀʫ ʙʠʣʠ ʩʫ ʫʛʣʘʚʥʦʤ ʧʦʚʦˀʥʠ, ʠ ʫ ʧʦʿʝʜʠʥʠʤ ʛʦʜʠʥʘʤʘ ʩʫ ʨʝʟʫʣʪʠʨʘʣʠ ʟʥʘʯʘʿʥʦʤ ʧʦʿʘʚʦʤ 

ʩʠʤʧʪʦʤʘ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ. ʊʦʢʦʤ 2019. ʛʦʜʠʥʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ 

ʈʘʜʤʠʣʦʚʘʮ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʢʦʥʪʨʦʣʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 51,93 ʜʦ 69,0% 

(81,5-88,5% ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ) ʠ 38,39-52,36% (65,5-88,0 ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ) ʥʘ 

ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʠʟʥʦʩʠʦ ʿʝ 28,74% ʥʘ ʣʦʢʘʣʠʪʝʪʫ 

ʈʘʜʤʠʣʦʚʘʮ, ʦʜʥʦʩʥʦ 25,64% ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ. ʇʨʝʤʘ ʣʠʪʝʨʘʪʫʨʥʠʤ ʧʦʜʘʮʠʤʘ, ʟʘ 

ʦʩʪʚʘʨʠʚʘˁʝ ʧʨʠʤʘʨʥʝ ʠʥʬʝʢʮʠʿʝ, ʫ ʧʝʨʠʦʜʫ ʦʜ ʙʫʙʨʝˁʘ ʧʫʧʦˀʘʢʘ ʜʦ ʮʚʝʪʘˁʘ ʢʘʜʘ ʪʨʘʿʝ 

ʧʝʨʠʦʜ ʠʟʙʘʮʠʚʘˁʘ ʘʩʢʦʩʧʦʨʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʧʘʜʥʝ ʥʘʿʤʘˁʝ 2,5 mm ʢʠʰʝ ʩʘ ʧʝʨʠʦʜʦʤ 

ʚʣʘʞʝˁʘ ʜʫʞʠʤ ʦʜ 2,5 ʯʘʩʦʚʘ ʠ ʠʩʪʦʚʨʝʤʝʥʦ ʧʨʦʩʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʜʝ ʠʟʥʘʜ 11  

(Jailloux et al., 1999). ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ, ʫʩʣʦʚʠ ʟʘ ʧʨʠʤʘʨʥʫ ʠʥʬʝʢʮʠʿʫ, ʢʦʿʘ ʿʝ 

ʙʠʣʘ ʩʣʘʙʘ, ʦʩʪʚʘʨʠʣʠ ʩʫ ʩʝ ʠʟʤʝʹʫ 14. ʠ 15. ʘʧʨʠʣʘ  (ʇʨʠʣʦʛ 1, ɻʨʘʬʠʢʦʥ ʇ1-1) ʠ ʪʘʜʘ ʿʝ 

ʧʘʣʦ ʦʢʦ 6 mm ʢʠʰʝ ʩʘ ʧʝʨʠʦʜʦʤ ʚʣʘʞʝˁʘ ʜʫʞʠʤ ʦʜ 20 ʩʘʪʠ, ʘʣʠ ʧʨʠ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʦʿ 

ʧʨʦʩʝʯʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 10,12 , ʫ ʬʝʥʦʬʘʟʠ ʙʫʙʨʝˁʝ ʧʫʧʦˀʘʢʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, 

ʩʣʘʙʠʿʘ ʧʨʠʤʘʨʥʘ ʠʥʬʝʢʮʠʿʘ ʦʩʪʚʘʨʝʥʘ ʿʝ 23.04 ʢʘʜʘ ʿʝ ʧʘʣʦ ʧʨʝʢʦ 9 mm ʢʠʰʝ ʩʘ ʧʝʨʠʦʜʦʤ 

ʚʣʘʞʝˁʘ ʜʫʞʠʤ ʦʜ 15 ʩʘʪʠ, ʧʨʠ ʧʨʦʩʝʯʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʠʟʥʘʜ 11 . ʉʣʝʜʝ˂ʠ ʧʦʛʦʜʘʥ 

ʤʦʤʝʥʘʪ ʟʘ ʥʝʰʪʦ ʿʘʯʫ ʠʥʬʝʢʮʠʿʫ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʈʘʜʤʠʣʦʚʘʮ ʠ ʊʦʧʦʣʘ ʙʠʦ ʿʝ ʠʟʤʝʹʫ 27. 

ʠ 28. ʘʧʨʠʣʘ (ʬʝʥʦʬʘʟʘ 4-6 ʨʘʟʚʠʿʝʥʠʭ ʣʠʩʪʦʚʘ) ʢʘʜʘ ʿʝ ʧʘʣʦ ʦʢʦ 6 mm ʢʠʰʝ ʩʘ ʧʝʨʠʦʜʦʤ 

ʚʣʘʞʝˁʘ ʜʫʞʠʤ ʦʜ 20 ʩʘʪʠ (ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ ʠʟʥʘʜ 85%) ʧʨʠ ʧʨʦʩʝʯʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʦʢʦ 

15  ʠ ʠʟʤʝʹʫ 04. ʠ 05. ʤʘʿʘ (ʬʝʥʦʬʘʟʘ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʘ ʮʚʘʩʪʠ) ʩʘ ʢʦʣʠʯʠʥʦʤ ʢʠʰʝ >15 

mm, ʧʝʨʠʦʜʦʤ ʚʣʘʞʝˁʘ ʦʢʦ 20 ʩʘʪʠ (ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ >90%) ʠ ʧʨʦʩʝʯʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ 

ʦʢʦ 15 , ʤʘʜʘ ʿ ʝ ʥʘʢʦʥ ʪʦʛʘ ʫʩʣʝʜʠʦ ʧʝʨʠʦʜ ʥʠʞʠʭ ʧʨʦʩʝʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ. ɱʘʢʘ ʠʥʬʝʢʮʠʿʘ 

ʦʩʪʚʘʨʝʥʘ ʿʝ ʠʟʤʝʹʫ 18. ʠ 19. ʤʘʿʘ (ʧʨʝʜ ʮʚʝʪʘˁʝ), ʢʘʜʘ ʿʝ ʧʘʣʦ ʧʨʝʢʦ 30 ʣʠʪʘʨʘ ʢʠʰʝ ʥʘ 

ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ, ʦʜʥʦʩʥʦ ʦʢʦ 10 ʣʠʪʘʨʘ ʢʠʰʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʩʘ ʧʝʨʠʦʜʦʤ 

ʚʣʘʞʝˁʘ ʜʫʞʠʤ ʦʜ 15 ʩʘʪʠ ʠ ʧʨʦʩʝʯʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ ʠʟʥʘʜ 17  (ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ 

>90%). ʋʩʣʦʚʠ ʟʘ ʩʝʢʫʥʜʘʨʥʝ ʠʥʬʝʢʮʠʿʝ ʙʠʣʠ ʩʫ ʥʘʨʦʯʠʪʦ ʧʦʚʦˀʥʠ ʪʦʢʦʤ ʿʫʥʘ ʦʜ (10. ʜʦ 

19. ʿʫʥʘ) ʫ ʬʝʥʦʬʘʟʠ ʧʨʝʮʚʝʪʘʚʘˁʝ ʠ ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʧʠʨʠʥʯʘ ʢʦʿʝ ʩʫ ʫʿʝʜʥʦ ʠ 

ʥʘʿʦʩʝʪˀʠʚʠʿʝ ʬʝʥʦʬʘʟʝ ʟʘ ʠʥʬʝʢʮʠʿʫ ʙʦʙʠʮʘ. ʂʨʘʪʢʦʪʨʘʿʥʠ ʧˀʫʩʢʦʚʠ, ʧʨʘ˂ʝʥʠ 

ʦʧʪʠʤʘʣʥʦʤ ʚʣʘʞʥʦ˂ʫ ʚʘʟʜʫʭʘ (ʠʟʤʝʹʫ 80 ʠ 85%) ʠ ʦʧʪʠʤʘʣʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʟʘ ʨʘʟʚʦʿ 

ʢʦʥʠʜʠʿʘ (ʠʟʤʝʹʫ 20 ʠ 29 ), ʜʦʚʝʣʝ ʩʫ ʜʦ ʿʘʢʝ  ʧʦʿʘʚʝ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ. ʉʣʠʯʥʠ 

ʫʩʣʦʚʠ ʪʦʢʦʤ ʿʫʣʘ ʤʝʩʝʮʘ ʩʘ ʯʝʩʪʠʤ ʢʨʘʪʢʦʪʨʘʿʥʠʤ ʧʘʜʘʚʠʥʘʤʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʚʠʰʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ (ʠʟʤʝʹʫ 20 ʠ 27 ) ʜʦʚʝʣʝ ʩʫ ʜʦ ʥʦʚʠʭ ʩʝʢʫʥʜʘʨʜʥʠʭ ʠʥʬʝʢʮʠʿʘ ʠ ʟʥʘʯʘʿʥʝ 

ʧʦʿʘʚʝ ʧʘʪʦʛʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʠʥʪʝʥʟʠʪʝʪ 

ʦʙʦˀʝˁʘ ʙʠʦ ʿʝ ʥʝʰʪʦ ʥʠʞʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʘ ʜʚʘ ʣʦʢʘʣʠʪʝʪʘ, ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ 

(20,92-39,41% ʠ 68-84% ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ), ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ (20,25%). ʇʨʚʘ ʩʣʘʙʠʿʘ 

ʠʥʬʝʢʮʠʿʘ ʦʩʪʚʘʨʝʥʘ ʿʝ ʨʝʣʘʪʠʚʥʦ ʨʘʥʦ, ʦʢʦ 10.04, ʫ ʬʝʥʦʬʘʟʠ ʙʫʙʨʝˁʘ ʧʫʧʦˀʘʢʘ, ʘ ʿʘʯʘ 

ʠʥʬʝʢʮʠʿʘ 27.04. (ʧʦʯʝʪʘʢ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʝ ʮʚʘʩʪʠ) ʠ ʪʘʜʘ ʿʝ ʧʘʣʦ ʧʨʝʢʦ 35 mm ʢʠʰʝ ʩʘ 

ʧʝʨʠʦʜʦʤ ʚʣʘʞʝˁʘ ʜʫʞʠʤ ʦʜ 20 ʩʘʪʠ (ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ > 90%) ʧʨʠ ʧʨʦʩʝʯʥʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʢʦ 15 .  ʂʘʦ ʠ ʥʘ ʧʨʝʪʭʦʜʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ, ʿʘʢʘ ʠʥʬʝʢʮʠʿʘ ʦʩʪʚʘʨʝʥʘ ʿʝ 

ʠʟʤʝʹʫ 04. ʠ 05. ʤʘʿʘ (ʬʝʥʦʬʘʟʘ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʘ ʮʚʘʩʪʠ), ʠ ʪʘʜʘ ʿʝ ʧʘʣʦ ʦʢʦ 20 mm ʢʠʰʝ, ʩʘ 

ʧʝʨʠʦʜʦʤ ʚʣʘʞʝˁʘ ʦʜ ʦʢʦ 20 ʩʘʪʠ, ʧʨʠ ʧʨʦʩʝʯʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʦʢʦ 15 .  ɿʘ ʨʘʟʣʠʢʫ, ʦʜ 

ʧʨʝʪʭʦʜʥʘ ʜʚʘ ʣʦʢʘʣʠʪʝʪʘ, ʿʘʢʝ ʦʣʫʿʥʝ ʢʠʰʝ ʪʦʢʦʤ ʿʫʥʘ ʠ ʿʫʣʘ, ʫʪʠʮʘʣʝ ʩʫ ʥʘ ʟʥʘʯʘʿʥʠʿʝ 

ʩʧʠʨʘˁʝ ʠʥʦʢʫʣʫʤʘ ʩʘ ʛʨʦʟʜʦʚʘ, ʘ ʥʘʨʦʯʠʪʦ ʩʘ ʣʠʩʪʦʚʘ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ ʥʝʰʪʦ ʩʣʘʙʠʿʦʤ 

ʧʦʿʘʚʦʤ ʩʠʤʧʪʦʤʘ ʦʙʦˀʝˁʘ ʥʝʛʦ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʈʘʜʤʠʣʦʚʘʮ. ʃʠʪʝʨʘʪʫʨʥʠ 

ʧʦʜʘʮʠ ʫʢʘʟʫʿʫ ʜʘ ʦʙʠʣʥʝ ʧʘʜʘʚʠʥʝ, ʧʨʘ˂ʝʥʝ ʚʠʩʦʢʦʤ ʨʝʣʘʪʠʚʥʦʤ ʚʣʘʞʥʦ˂ʫ (>90%), ʥʝ 
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ʧʦʛʦʜʫʿʫ ʨʘʟʚʦʿʫ ʢʦʥʠʜʠʿʘ, ʢʦʿʝ ʩʫ ʦʜʛʦʚʦʨʥʝ ʟʘ ʦʩʪʚʘʨʠʚʘˁʝ ʩʝʢʫʥʜʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ 

(Gadoury and Pearson, 1990; Blaich et al., 1989; Haaleen and Holz, 2001).  

ʊʦʢʦʤ 2020. ʛʦʜʠʥʝ, ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʩʧʨʦʚʝʜʝʥʘ ʥʘ ʯʝʪʠʨʠ ʣʦʢʘʣʠʪʝʪʘ, ʘ ʥʘʿʿʘʯʠ 

ʠʥʪʝʥʟʠʪʝʪ ʧʦʿʘʚʝ ʦʙʦˀʝˁʘ ʟʘʙʝʣʝʞʝʥ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ ʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (ʠʥʪ. 

ʦʙʦˀʝˁʘ 76,9-87,89% ʠ 100% ʛʨʦʟʜʦʚʘ ʩʘ ʩʠʤʧʪʦʤʠʤʘ ʦʙʦˀʝˁʘ) ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ (45,4%). 

ʅʝʰʪʦ ʩʣʘʙʠʿʘ ʧʦʿʘʚʘ ʦʙʦˀʝˁʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ: 

39,92-52,15% ʥʘ ʛʨʦʟʜʦʚʠʤʘ (82-91% ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ) ʠ 31% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʘ 

ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʦ ʩʝ ʦʜ 24,35 ʜʦ 33,63% 

(24,9% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʘ ʥʘ ʣʦʢ. ʈʘʜʤʠʣʦʚʘʮ ʦʜ 18,89 ʜʦ 28,27% (16% ʥʘ ʣʠʩʪʦʚʠʤʘ). ʅʘ 

ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʩʣʘʙʘ ʧʨʠʤʘʨʥʘ ʠʥʬʝʢʮʠʿʘ ʦʩʪʚʘʨʝʥʘ ʿʝ 

01.05., ʦʜʥʦʩʥʦ 02.05, ʢʘʜʘ ʿʝ ʧʘʣʦ ʦʢʦ 10, ʦʜʥʦʩʥʦ 6 mm ʢʠʰʝ, ʘ ʧʝʨʠʦʜ ʚʣʘʞʝˁʘ ʙʠʦ ʜʫʞʠ 

ʦʜ 12 ʩʘʪʠ, ʧʨʠ ʧʨʦʩʝʯʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ  >12, ʦʜʥʦʩʥʦ >11  (ʇʨʠʣʦʛ 1, ɻʨʘʬʠʢʦʥʠ ʇ1-2, 

ʇ1-4). ɱʘʢʘ ʠʥʬʝʢʮʠʿʘ ʦʩʪʚʘʨʝʥʘ ʿʝ 20.05. (ʬʝʥʦʬʘʟʘ: ʮʚʘʩʪʠ ʥʘʙʫʙʨʝʣʝ, ʧʨʝʜ ʮʚʝʪʘˁʝ), ʢʘʜʘ 

ʿʝ ʧʘʣʦ >25 mm (ʣʦʢ. ʊʦʧʦʣʘ), ʦʜʥʦʩʥʦ >10 mm ʢʠʰʝ (ʣʦʢ. ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ), ʫʟ 

ʧʝʨʠʦʜ ʚʣʘʞʝˁʘ ʜʫʞʠ ʦʜ 15 ʩʘʪʠ, ʧʨʠ ʧʨʦʩʝʯʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʠʟʥʘʜ 15  ʠ ʨʝʣʘʪʠʚʥʦʿ 

ʚʣʘʞʥʦʩʪʠ ʚʘʟʜʫʭʘ ʠʟʥʘʜ 95%. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʫʩʣʦʚʠ ʟʘ ʩʝʢʫʥʜʘʨʥʝ ʠʥʬʝʢʮʠʿʝ ʙʠʣʠ 

ʩʫ ʧʦʛʦʜʥʠ, ʥʘʨʦʯʠʪʦ ʦʜ 10. ʜʦ 24. ʿʫʥʘ, ʢʘʜʘ ʩʫ ʯʝʩʪʝ ʠ ʢʨʘʪʢʦʪʨʘʿʥʝ ʧʘʜʘʚʠʥʝ, ʫʟ ʧʦʚʦˀʥʫ 

ʨʝʣʘʪʠʚʥʫ ʚʣʘʞʥʦʩʪ ʠʟʤʝʹʫ 60 ʠ 85% ʠ ʦʧʪʠʤʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʦʜ 20 ʜʦ 28 , ʜʦʚʝʣʠ ʜʦ 

ʟʥʘʯʘʿʥʝ ʧʦʿʘʚʝ ʩʠʤʧʪʦʤʘ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ. ʆʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠ ʟʘ ʨʘʟʚʦʿ ʧʘʪʦʛʝʥʘ ʩʫ 

ʩʝ ʥʘʩʪʘʚʠʣʠ ʠ ʪʦʢʦʤ ʿʫʣʘ ʤʝʩʝʮʘ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ ʟʥʘʯʘʿʥʦʤ ʧʦʿʘʚʦʤ ʩʠʤʧʪʦʤʘ ʦʙʦˀʝˁʘ 

ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ ʥʘ ʠʩʪʦʤ ʣʦʢʘʣʠʪʝʪʫ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʫʩʣʦʚʠ ʟʘ 

ʩʝʢʫʥʜʘʨʥʝ ʠʥʬʝʢʮʠʿʝ ʙʠʣʠ ʩʫ ʧʦʛʦʜʥʠ, ʘʣʠ ʩʫ ʿʘʢʝ ʠ ʦʙʠʣʥʝ ʢʠʰʝ ʦʜ 18. ʜʦ 23. ʿʫʥʘ ʫʪʠʮʘʣʝ 

ʥʘ ʥʝʰʪʦ ʩʣʘʙʠʿʫ ʧʦʿʘʚʫ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʥʝʛʦ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ. ʂʘʦ ʠ ʥʘ 

ʧʨʝʪʭʦʜʥʘ ʜʚʘ ʣʦʢʘʣʠʪʝʪʘ, ʠ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ ʠ ʈʘʜʤʠʣʦʚʘʮ, ʧʨʠʤʘʨʥʘ ʠʥʬʝʢʮʠʿʘ 

ʦʩʪʚʘʨʝʥʘ ʿʝ ʠʟʤʝʹʫ 01.05 ʠ 02.05, ʢʘʜʘ ʿʝ ʧʘʣʦ ʠʟʤʝʹʫ 10 ʠ 20 mm ʢʠʰʝ, ʧʨʠ ʧʨʦʩʝʯʥʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʢʦ 13-14  ʠ ʧʝʨʠʦʜʦʤ ʚʣʘʞʝˁʘ ʜʫʞʠʤ ʦʜ 15 ʩʘʪʠ. ɱʘʢʝ ʠ ʦʙʠʣʥʝ ʢʠʰʝ ʪʦʢʦʤ 

ʿʫʥʘ (ʦʜ 03.06. ʜʦ 22.06.) ʢʘʜʘ ʿʝ ʧʘʣʦ ʧʨʝʢʦ 130 mm ʢʠʰʝ ʠ ʿʫʣʘ, ʢʘʜʘ ʿʝ ʧʘʣʦ ʧʨʝʢʦ 80 mm 

ʢʠʰʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʫʪʠʮʘʣʠ ʩʫ ʥʘ ʥʝʰʪʦ ʩʣʘʙʠʿʫ ʧʦʿʘʚʫ ʩʠʤʧʪʦʤʘ ʦʙʦˀʝˁʘ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ, ʥʝʛʦ ʥʘ ʧʨʝʪʭʦʜʥʘ ʜʚʘ ʣʦʢʘʣʠʪʝʪʘ (ʇʨʠʣʦʛ 1, ɻʨʘʬʠʢʦʥ ʇ1-3). ʅʘ 

ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ, ʿʘʢʝ ʢʠʰʝ ʪʦʢʦʤ ʿʫʥʘ (> 100 mm) ʫʪʠʮʘʣʝ ʩʫ ʥʘ ʥʝʰʪʦ ʩʣʘʙʠʿʫ 

ʧʦʿʘʚʫ ʩʠʤʧʪʦʤʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ, ʿʝʨ ʩʝ ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʿʝ ʜʦʣʘʟʠʣʦ ʜʦ ʯʝʩʪʦʛ 

ʩʧʠʨʘˁʘ ʢʦʣʦʥʠʿʝ ʧʘʪʦʛʝʥʘ ʩʘ ʧʦʚʨʰʠʥʝ ʦʚʠʭ ʦʛʨʘʥʘ.  

ʊʦʢʦʤ 2021. ʛʦʜʠʥʝ, ʦʛʣʝʜʠ ʩʫ ʪʘʢʦʹʝ ʠʟʚʝʜʝʥʠ ʥʘ ʩʚʘ ʯʝʪʠʨʠ ʣʦʢʘʣʠʪʝʪʘ. ɿʥʘʯʘʿʥʘ 

ʧʦʿʘʚʘ ʩʠʤʧʪʦʤʘ ʦʙʦˀʝˁʘ, ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʛʜʝ ʩʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʦ ʦʜ 54,1 ʜʦ 

83,3% (100% ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ), ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʦ 51%. ʅʝʰʪʦ ʩʣʘʙʠʿʠ ʠʥʪʝʥʟʠʪʝʪ 

ʦʙʦˀʝˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʣʦʢ. ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʟʘʙʝʣʝʞʝʥ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, 

ʛʜʝ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʙʠʦ 35,65-49,57% (71-97% ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ), ʘ 

ʥʘ ʣʠʩʪʦʚʠʤʘ 30,7%. ʅʘʿʥʠʞʠ ʠʥʪʝʥʟʠʪʝʪʠ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (20,14-30,86%) ʠ 

ʣʠʩʪʦʚʠʤʘ (16,93-20,71%), ʫʪʚʨʹʝʥʠ ʩʫ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʈʘʜʤʠʣʦʚʘʮ. ʅʘ 

ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʫʩʣʦʚʠ ʟʘ ʧʨʠʤʘʨʥʫ ʠʥʬʝʢʮʠʿʫ ʦʩʪʚʘʨʠʣʠ ʩʫ ʩʝ 

ʠʟʤʝʹʫ 12. ʠ 14. ʤʘʿʘ (ʬʝʥʦʬʘʟʘ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʘ ʮʚʘʩʪʠ), ʢʘʜʘ ʿʝ ʧʘʣʦ ʥʝʰʪʦ ʚʠʰʝ ʦʜ 15 

mm ʢʠʰʝ, ʩʘ ʧʝʨʠʦʜʦʤ ʚʣʘʞʝˁʘ ʦʜ ʧʨʝʢʦ 24 ʩʘʪʘ, ʧʨʠ ʧʨʦʩʝʯʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʦʢʦ 15 . ɼʦ 

ʮʚʝʪʘˁʘ, ʫʩʣʦʚʘ ʟʘ ʠʥʬʝʢʮʠʿʫ ʘʩʢʦʩʧʦʨʘʤʘ ʙʠʣʦ ʿʝ ʠʟʤʝʹʫ 30. ʠ 31. ʤʘʿʘ ʠ 06. ʠ 07. ʿʫʥʘ. 

ʂʨʘʿʝʤ ʿʫʥʘ ʠ ʧʦʯʝʪʢʦʤ ʿʫʣʘ (ʧʨʝʮʚʝʪʘʚʘˁʝ ʠ ʟʘʤʝʪʘˁʝ ʙʦʙʠʮʘ), ʜʚʘ ʧʝʨʠʦʜʘ ʧˀʫʩʢʦʚʠʪʠʭ 

ʢʠʰʘ ʩʘ ʥʝʰʪʦ ʚʝ˂ʦʤ ʨʝʣʘʪʠʚʥʦʤ ʚʣʘʞʥʦ˂ʫ ʚʘʟʜʫʭʘ (>60%) ʠ ʪʝʤʧʨʘʪʫʨʘʤʘ ʦʜ 20 ʜʦ 30 , 
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ʨʝʟʫʣʪʠʨʘʣʝ ʩʫ ʩʝʢʫʥʜʘʨʥʠʤ ʠʥʬʝʢʮʠʿʘʤʘ ʙʦʙʠʮʘ (ʇʨʠʣʦʛ 1, ɻʨʘʬʠʢʦʥ ʇ1-2). ɿʥʘʯʘʿʥʠ 

ʫʩʣʦʚʠ ʟʘ ʨʘʟʚʦʿ ʩʝʢʫʥʜʘʨʜʥʠʭ ʠʥʬʝʢʮʠʿʘ ʦʩʪʚʘʨʠʣʠ ʩʫ ʩʝ ʠ ʧʦʣʦʚʠʥʦʤ ʿʫʣʘ, ʦʜ 14. ʜʦ 18. 

ʿʫʣʘ (ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʛʨʘʰʢʘ ʜʦ ʧʦʯʝʪʘʢ ʜʦʜʠʨʠʚʘˁʘ ʙʦʙʠʮʘ), ʪʝ ʿʝ ʠ ʧʦʿʘʚʘ ʦʙʦˀʝˁʘ 

ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ ʟʥʘʯʘʿʥʘ, ʿʝʨ ʥʘʢʦʥ ʪʦʛ ʧʝʨʠʦʜʘ ʥʠʿʝ ʙʠʣʦ ʚʝ˂ʠʭ ʧʘʜʘʚʠʥʘ ʢʦʿʝ ʙʠ ʫʪʠʮʘʣʝ 

ʥʘ ʩʧʠʨʘˁʝ ʠʥʦʢʫʣʫʤʘ ʩʘ ʙʦʙʠʮʘ ʠ ʣʠʩʪʦʚʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʫʩʣʦʚʠ ʟʘ ʧʨʠʤʘʨʥʝ 

ʠʥʬʝʢʮʠʿʝ ʘʩʢʦʩʧʦʨʘʤʘ ʦʩʪʚʘʨʝʥʠ ʩʫ ʠʟʤʝʹʫ 15. ʠ 17. ʤʘʿʘ, ʢʘʜʘ ʿʝ ʧʘʣʦ ʦʢʦ 20 mm ʢʠʰʝ, ʩʘ 

ʧʝʨʠʦʜʦʤ ʚʣʘʞʝˁʘ ʜʫʞʠʤ ʦʜ 10 ʩʘʪʠ, ʧʨʠ ʧʨʦʩʝʯʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʦʢʦ 15  (ʇʨʠʣʦʛ 1, 

ɻʨʘʬʠʢʦʥ ʇ1-3). ʂʘʦ ʠ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʨʘʩʧʦʨʝʜ ʧʘʜʘʚʠʥʘ ʫ 

ʜʨʫʛʦʿ ʧʦʣʦʚʠʥʠ ʿʫʥʘ ʠ ʧʨʚʦʿ ʧʦʣʦʚʠʥʠ ʿʫʣʘ, ʙʠʦ ʿʝ ʪʘʢʘʚ ʜʘ ʿʝ ʧʦʛʦʜʦʚʘʦ ʨʘʟʚʦʿʫ 

ʩʝʢʫʥʜʘʨʜʥʠʭ ʠʥʬʝʢʮʠʿʘ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ ʟʥʘʯʘʿʥʦʤ ʧʦʿʘʚʦʤ ʩʠʤʧʪʦʤʘ ʦʙʦˀʝˁʘ, ʢʘʢʦ 

ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʈʘʜʤʠʣʦʚʘʮ, ʧʨʠʤʘʨʥʘ 

ʠʥʬʝʢʮʠʿʘ ʦʩʪʚʘʨʝʥʘ ʿʝ ʠʟʤʝʹʫ 12. ʠ 13. ʤʘʿʘ (ʫ ʬʘʟʠ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʝ ʮʚʘʩʪʠ) ʢʘʜʘ ʿʝ ʧʘʣʦ 

ʠʟʤʝʹʫ 10 ʠ 15 mm ʢʠʰʝ, ʧʨʠ ʧʨʦʩʝʯʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʠʟʤʝʹʫ 15 ʠ 17  ʠ ʧʝʨʠʦʜʫ ʚʣʘʞʝˁʘ 

ʣʠʩʪʘ ʜʫʞʠʤ ʦʜ 20 ʩʘʪʠ. ʇʦʛʦʜʥʠ ʫʩʣʦʚʠ ʟʘ ʠʥʬʝʢʮʠʿʫ ʦʩʪʚʘʨʝʥʠ ʩʫ ʠ ʠʟʤʝʹʫ 16. ʠ 17. ʤʘʿʘ, 

ʧʨʠ ʩʣʠʯʥʠʤ ʫʩʣʦʚʠʤʘ ʩʧʦˀʥʝ ʩʨʝʜʠʥʝ. ʋʩʣʦʚʠ ʟʘ ʨʘʟʚʦʿ ʩʝʢʫʥʜʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ ʥʘ ʦʚʘ ʜʚʘ 

ʣʦʢʘʣʠʪʝʪʘ ʙʠʣʠ ʩʫ ʥʝʧʦʚʦˀʥʠ, ʿʝʨ ʿʝ ʪʦʢʦʤ ʿʫʥʘ ʫʢʫʧʥʦ ʧʘʣʦ ʦʢʦ 20 mm ʢʠʰʝ, ʩʘ ʥʠʩʢʦʤ 

ʧʨʦʩʝʯʥʦʤ ʨʝʣʘʪʠʚʥʦʤ ʚʣʘʞʥʦʰ˂ʫ ʚʘʟʜʫʭʘ (< 50%), ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ ʩʣʘʙʠʿʦʤ ʧʦʿʘʚʦʤ 

ʩʠʤʧʪʦʤʘ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (ʇʨʠʣʦʛ 1, ɻʨʘʬʠʢʦʥʠ ʇ1-1, ʇ1-4). ʋʩʣʦʚʠ ʟʘ ʨʘʟʚʦʿ 

ʩʝʢʫʥʜʘʨʜʥʠʭ ʠʥʬʝʢʮʠʿʘ ʙʠʣʠ ʩʫ ʧʦʚʦˀʥʠʿʠ ʪʝʢ ʦʜ ʜʨʫʛʝ ʧʦʣʦʚʠʥʝ ʿʫʣʘ, ʧʘ ʿʝ ʠ ʧʨʦʮʝʥʘʪ 

ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʦ ʥʝʰʪʦ ʚʝ˂ʠ ʦʜ ʦʯʝʢʠʚʘʥʦʛ ʥʘ ʦʙʘ ʣʦʢʘʣʠʪʝʪʘ.  

ʊʦʢʦʤ 2022. ʛʦʜʠʥʝ ʦʛʣʝʜʠ ʩʫ ʠʟʚʝʜʝʥʠ ʥʘ ʜʚʘ ʣʦʢʘʣʠʪʝʪʘ, ʊʦʧʦʣʘ ʠ ʅʝʰʪʠʥ. ʅʘ 

ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʟʥʘʯʘʿʥʘ ʧʦʿʘʚʘ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ, ʩʘ 

ʠʥʪʝʥʟʠʪʝʪʦʤ ʦʙʦˀʝˁʘ ʦʜ 55,79 ʜʦ 69,02% ʥʘ ʛʨʦʟʜʦʚʠʤʘ (99% ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ), 

ʦʜʥʦʩʥʦ 60,1% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʿʝ ʙʠʦ ʥʠʞʠ ʥʝʛʦ 

ʥʘ ʧʨʝʪʭʦʜʥʦʤ ʣʦʢʘʣʠʪʝʪʫ, ʠ ʪʦ ʦʜ 38,28 ʜʦ 49,29% ʥʘ ʛʨʦʟʜʦʚʠʤʘ (82-90% ʟʘʨʘʞʝʥʠʭ 

ʛʨʦʟʜʦʚʘ), ʦʜʥʦʩʥʦ 20,2% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʋʩʣʦʚʠ ʟʘ ʧʨʠʤʘʨʥʫ ʠʥʬʝʢʮʠʿʫ, ʦʩʪʚʘʨʝʥʠ ʩʫ 17.05. 

(ʧʦʯʝʪʘʢ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʝ ʮʚʘʩʪʠ) ʥʘ ʦʙʘ ʣʦʢʘʣʠʪʝʪʘ, ʢʘʜʘ ʿʝ ʧʘʣʦ >3,0 mm ʢʠʰʝ, ʩʘ 

ʚʣʘʞʝˁʝʤ ʫ ʪʨʘʿʘˁʫ ʦʜ ʦʢʦ 7-8 ʩʘʪʠ ʧʨʠ ʧʨʦʩʝʯʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʦʢʦ 20 . ɱʘʢʘ ʠʥʬʝʢʮʠʿʘ 

ʦʩʪʚʘʨʝʥʘ ʿʝ ʠʟʤʝʹʫ 28. ʠ 31.05. (ʮʚʘʩʪʠ ʥʘʙʫʙʨʝʣʝ, ʧʨʝʜ ʮʚʝʪʘˁʝ), ʩʘ ʧʨʦʩʝʯʥʦʤ ʢʦʣʠʯʠʥʦʤ 

ʧʘʜʘʚʠʥʘ ʧʨʝʢʦ 10 mm, ʚʣʘʞʝˁʝʤ ʫ ʪʨʘʿʘˁʫ ʦʢʦ 10 ʩʘʪʠ ʠ ʧʨʦʩʝʯʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʠʟʥʘʜ 16 

. ʋʩʣʦʚʠ ʟʘ ʩʝʢʫʥʜʘʨʜʥʝ ʠʥʬʝʢʮʠʿʝ ʙʠʣʠ ʩʫ ʧʦʛʦʜʥʠ, ʥʘʨʦʯʠʪʦ ʦʜ 10.06. ʜʦ 25.06 (ʇʨʠʣʦʛ 

1). ʋ ʧʨʚʦʿ ʧʦʣʦʚʠʥʠ ʿʫʣʘ, ʩʣʠʯʥʠ ʫʩʣʦʚʠ ʩʧʦˀʥʝ ʩʨʝʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ ʫʪʠʮʘʣʠ 

ʩʫ ʥʘ ʨʘʟʚʦʿ ʩʝʢʫʥʜʘʨʜʥʠʭ ʠʥʬʝʢʮʠʿʘ ʠ ʟʥʘʯʘʿʥʫ ʧʦʿʘʚʫ ʩʠʤʧʪʦʤʘ ʦʙʦˀʝˁʘ ʢʘʢʦ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ. ɱʘʢʘ ʢʠʰʘ ʠ ʚʨʝʤʝʥʩʢʝ ʥʝʧʦʛʦʜʝ ʧʦʯʝʪʢʦʤ ʿʫʣʘ (05. ʠ 06. 

ʿʫʣ) ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ (ʇʨʠʣʦʛ 1, ɻʨʘʬʠʢʦʥʠ ʇ1-3, ʇ1-4), ʫʪʠʮʘʣʝ ʩʫ ʥʘ ʥʝʰʪʦ ʩʣʘʙʠʿʫ 

ʧʦʿʘʚʫ ʩʠʤʧʪʦʤʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʟʥʘʪʥʦ ʢʘʩʥʠʿʫ ʧʦʿʘʚʫ ʩʠʤʧʪʦʤʘ ʥʘ ʣʠʩʪʦʚʠʤʘ. 

ʊʦʢʦʤ 2023. ʛʦʜʠʥʝ, ʦʛʣʝʜʠ ʩʫ ʠʟʚʝʜʝʥʠ ʥʘ ʪʨʠ ʣʦʢʘʣʠʪʝʪʘ, ʘ ʥʘʿʚʝ˂ʠ ʠʥʪʝʥʟʠʪʝʪʠ 

ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫʪʚʨʹʝʥʠ ʩʫ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ (46,36-

64,86%) ʠ ʅʝʰʪʠʥ (53,5-62,93%). ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʙʠʦ ʿʝ ʥʝʰʪʦ ʥʠʞʠ ʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 36,43 ʜʦ 44,57%. ʅʘ ʣʠʩʪʦʚʠʤʘ ʠʥʪʝʥʟʠʪʝʪ 

ʦʙʦˀʝˁʘ ʢʨʝʪʘʦ ʩʝ ʦʜ 34,25% (ʣʦʢ. ʊʦʧʦʣʘ) ʜʦ 58,46% (ʣʦʢ. ʅʝʰʪʠʥ). ʋʩʣʦʚʠ ʟʘ ʧʨʠʤʘʨʥʫ 

ʠʥʬʝʢʮʠʿʫ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ ʠ ʅʝʰʪʠʥ, ʦʩʪʚʘʨʝʥʠ ʩʫ 08.05.2023. ʛʦʜʠʥʝ (ʧʦʯʝʪʘʢ 

ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʝ ʮʚʘʩʪʠ), ʠ ʪʘʜʘ ʿʝ ʧʘʣʦ ʦʢʦ 7 mm ʢʠʰʝ, ʩʘ ʧʝʨʠʦʜʦʤ ʚʣʘʞʝˁʘ ʦʢʦ 9-10 ʩʘʪʠ 

ʧʨʠ ʧʨʦʩʝʯʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʦʢʦ 14 . ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʧʨʚʘ ʩʣʘʙʘ 

ʠʥʬʝʢʮʠʿʘ, ʦʩʪʚʘʨʝʥʘ ʿʝ ʠʟʤʝʹʫ 14. ʠ 15. ʤʘʿʘ, ʜʦʢ ʿʝ ʿʘʢʘ ʠʥʬʝʢʮʠʿʘ ʦʩʪʚʘʨʝʥʘ ʠʟʤʝʹʫ 17. ʠ 

18. ʤʘʿʘ (ʬʘʟʘ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʝ ʮʚʘʩʪʠ). ɱʘʢʘ ʠʥʬʝʢʮʠʿʘ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʅʝʰʪʠʥ ʠ ʊʦʧʦʣʘ 
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ʦʩʪʚʘʨʝʥʘ ʿʝ ʠʟʤʝʹʫ 14. ʠ 18. ʤʘʿʘ (ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʘ ʮʚʘʩʪʠ), ʘ ʫʩʣʦʚʠ ʟʘ ʦʩʪʚʘʨʠʚʘˁʝ 

ʩʝʢʫʥʜʘʨʜʥʠʭ ʠʥʬʝʢʮʠʿʘ ʙʠʣʠ ʩʫ ʠʟʫʟʝʪʥʦ ʧʦʚʦˀʥʠ, ʥʘʨʦʯʠʪʦ ʦʜ 06.06. ʜʦ 17.06. 

(ʧʨʝʮʚʝʪʘʚʘˁʝ, ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʧʠʨʠʥʯʘ) ʠ 28.06. ʜʦ 07.07, ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, 

ʦʜʥʦʩʥʦ 27.06. ʜʦ 04.07. ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ (ʬʝʥʦʬʘʟʘ ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʛʨʘʰʢʘ, ʧʦʯʝʪʘʢ 

ʜʦʜʠʨʠʚʘˁʘ ʙʦʙʠʮʘ), ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ ʟʥʘʯʘʿʥʦʤ ʧʦʿʘʚʦʤ ʩʠʤʧʪʦʤʘ ʥʘ ʙʦʙʠʮʘʤʘ ʠ 

ʣʠʩʪʦʚʠʤʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʦʙʠʣʥʝ ʢʠʰʝ ʠʟʤʝʹʫ 19.07. ʠ 22.07. ʦʜʣʦʞʠʣʝ ʩʫ ʦʮʝʥʫ 

ʥʘ ʣʠʩʪʦʚʠʤʘ ʟʘ 10 ʜʘʥʘ, ʧʘ ʿʝ ʬʠʥʘʣʥʘ ʦʮʝʥʘ ʠʟʚʝʜʝʥʘ 01.08. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ, ʫʩʣʦʚʠ ʟʘ ʩʝʢʫʥʜʘʨʥʝ ʠʥʬʝʢʮʠʿʝ ʙʠʣʠ ʩʫ ʧʦʚʦˀʥʠ ʫ ʧʝʨʠʦʜʫ ʦʜ 05.06. ʜʦ 16.06. 

(ʢʨʘʿ ʮʚʝʪʘˁʘ, ʧʨʝʮʚʝʪʘʚʘˁʝ ʠ ʟʘʤʝʪʘˁʝ ʙʦʙʠʮʘ), ʠ ʦʜ 28.06. ʜʦ 06.07. (ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ 

ʟʨʥʘ ʛʨʘʰʢʘ, ʧʦʯʝʪʘʢ ʜʦʜʠʨʠʚʘˁʘ ʙʦʙʠʮʘ), ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ ʟʥʘʯʘʿʥʦʤ ʧʦʿʘʚʦʤ ʦʙʦˀʝˁʘ 

ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ.  

 

6.2 ʈʝʟʠʩʪʝʥʪʥʦʩʪ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ QoI ʬʫʥʛʠʮʠʜʝ  

ʌʫʥʛʠʮʠʜʠ ʠʟ ʛʨʫʧʝ ʩʪʨʦʙʠʣʫʨʠʥʘ (QoI ʬʫʥʛʠʮʠʜʠ) ʩʝ ʫ ɽʚʨʦʧʠ ʠ ʥʘʰʦʿ ʟʝʤˀʠ 

ʢʦʨʠʩʪʝ ʿʦʰ ʦʜ ʢʨʘʿʘ 20. ʠ ʧʦʯʝʪʢʘ 21. ʚʝʢʘ, ʢʘʜʘ ʩʫ ʟʚʘʥʠʯʥʦ ʘʟʦʢʩʠʩʪʨʦʙʠʥ ʠ ʢʨʝʟʦʢʩʠʤ-

ʤʝʪʠʣ ʫʚʝʜʝʥʠ ʫ ʧʨʠʤʝʥʫ ʥʘ ʥʠʚʦʫ ɽʚʨʦʧʩʢʝ ʋʥʠʿʝ (European Commission (EC), 1998a,b).  

ʅʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʢʘʩʥʠʿʝ, ʥʘ ʪʨʞʠʰʪʫ ʩʫ ʩʝ ʧʦʿʘʚʠʣʘ ʿʦʰ ʜʚʘ ʿʝʜʠˁʝˁʘ ʠʟ ʦʚʝ ʛʨʫʧʝ, 

ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʠ ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ (EC, 2003; 2004). ʐʠʨʦʢ ʩʧʝʢʪʘʨ, ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ 

ʠ ʥʦʚ ʥʘʯʠʥ ʜʝʣʦʚʘˁʘ ʦʚʠʭ ʬʫʥʛʠʮʠʜʘ ʜʦʧʨʠʥʝʣʠ ʩʫ ˁʠʭʦʚʦʿ ʨʘʰʠʨʝʥʦʿ ʫʧʦʪʨʝʙʠ ʠ 

ʦʙʝʟʙʝʜʠʣʠ ʜʦʙʨʫ ʧʦʟʠʮʠʦʥʠʨʘʥʦʩʪ ʥʘ ʪʨʞʠʰʪʫ ʧʝʩʪʠʮʠʜʘ (Miles et al., 2012). ʄʝʹʫʪʠʤ, 

ʫʩʢʦ ʩʧʝʮʠʬʠʯʘʥ ʤʝʭʘʥʠʟʘʤ ʜʝʣʦʚʘˁʘ, ʫ ʩʧʨʝʟʠ ʩʘ ʠʥʪʝʥʟʠʚʥʦʤ ʧʨʠʤʝʥʦʤ, ʠʥʜʫʢʦʚʘʣʠ ʩʫ 

ʙʨʟ ʠ ʧʨʦʛʨʝʩʠʚʘʥ ʨʘʟʚʦʿ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ ʦʚʝ ʬʫʥʛʠʮʠʜʝ, ʠ ʪʦ ʩʘʤʦ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʦʜ 

ˁʠʭʦʚʦʛ ʫʚʦʹʝˁʘ ʫ ʧʨʠʤʝʥʫ, ʥʘʿʧʨʝ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ Blumeria graminis (Bartlett et al., 2002; 

Ma and Michailides, 2005), ʘ ʥʝʜʫʛʦ ʟʘʪʠʤ, ʧʨʦʥʘʹʝʥʝ ʩʫ ʠ ʧʨʚʝ ʧʦʧʫʣʘʮʠʿʝ E. necator 

ʨʝʟʠʩʪʝʥʪʥʝ ʥʘ QoI ʬʫʥʛʠʮʠʜʝ ʫ ʉɸɼ (Wilcox, 2005). ʈʝʟʠʩʪʝʥʪʥʦʩʪ ʢʦʜ ʦʚʠʭ ʧʦʧʫʣʘʮʠʿʘ 

ʜʦʚʝʜʝʥʘ ʿʝ ʫ ʚʝʟʫ ʩʘ ʧʨʠʩʫʩʪʚʦʤ G143A ʤʫʪʘʮʠʿʝ, ʢʦʿʘ ʿʝ ʩʧʝʮʠʬʠʯʥʘ ʟʘ ʿʘʢʦ ʨʝʟʠʩʪʝʥʪʥʝ 

ʧʦʧʫʣʘʮʠʿʝ E. necator ʥʘ ʬʫʥʛʠʮʠʜʝ ʠʟ ʛʨʫʧʝ ʩʪʨʦʙʠʣʫʨʠʥʘ (Baudoin et al., 2008).  

ʇʦʿʘʚʘ ʩʠʤʧʪʦʤʘ ʧʝʧʝʣʥʠʮʝ ʪʦʢʦʤ ʥʝʢʦʣʠʢʦ ʫʟʘʩʪʦʧʥʠʭ ʛʦʜʠʥʘ ʫ ʚʠʥʦʛʨʘʜʠʤʘ ʫ 

ʢʦʿʠʤʘ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʨʝʜʦʚʥʘ ʟʘʰʪʠʪʘ, ʘ ʛʜʝ ʩʫ QoI ʬʫʥʛʠʮʠʜʠ ʯʠʥʠʣʠ ʟʥʘʯʘʿʘʥ ʜʝʦ 

ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ, ʫʢʘʟʠʚʘʚʘʣʘ ʿʝ ʥʘ ʤʦʛʫ˂ʠ ʨʘʟʚʦʿ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ ʦʚʝ ʬʫʥʛʠʮʠʜʝ ʠ ʙʠʣʘ 

ʿʝ ʧʨʚʘ ʠʥʜʠʢʘʮʠʿʘ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʝ ʦʩʝʪˀʠʚʦʩʪʠ ʢʦʜ ʪʠʭ ʧʦʧʫʣʘʮʠʿʘ ʠ ʫ ʥʘʰʦʿ 

ʟʝʤˀʠ. ɼʨʫʛʘ ʧʨʘʢʪʠʯʥʘ ʧʦʪʚʨʜʘ ʦʚʝ ʧʨʝʪʧʦʩʪʘʚʢʝ ʙʠʣʘ ʿʝ ʢʦʥʩʪʘʪʥʦ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ QoI 

ʬʫʥʛʠʮʠʜʘ ʫ ʦʛʣʝʜʠʤʘ ʝʬʠʢʘʩʥʦʩʪʠ, ʢʦʿʠ ʩʫ ʠʟʚʝʜʝʥʠ ʫ ʧʝʨʠʦʜʫ ʦʜ 2019. ʜʦ 2022. ʛʦʜʠʥʝ ʫ 

ʿʝʜʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʚʠʥʦʛʨʘʜʫ (ʈʘʜʤʠʣʦʚʘʮ) ʠ ʪʨʠ ʢʦʤʝʨʮʠʿ ʘʣʥʘ ʚʠʥʦʛʨʘʜʘ (ʊʦʧʦʣʘ, 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʠ  ʅʝʰʪʠʥ). ʅʘʠʤʝ, ʧʨʠʤʝʥʦʤ ʬʫʥʛʠʮʠʜʘ Lunar ʥʘ ʙʘʟʠ ʘʢʪʠʚʥʝ 

ʩʫʧʩʪʘʥʮʝ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ, ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ (0,02%), ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 14,3 (ʣʦʢ. ʊʦʧʦʣʘ) ʜʦ 58,9% (ʣʦʢ. ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ), ʜʦʢ 

ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ ʫ ʦʧʩʝʛʫ 31,9-63,4%. ʀʥʪʝʥʟʠʪʝʪʠ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ 

ʫ ʚʘʨʠʿʘʥʪʠ ʩʘ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʦʤ ʜʦʩʪʠʟʘʣʠ ʩʫ 77,8% ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʛʜʝ ʿʝ ʯʘʢ 

98,3% ʛʨʦʟʜʦʚʘ ʙʠʣʦ ʩʘ ʩʠʤʧʪʦʤʠʤʘ ʧʝʧʝʣʥʠʮʝ (ɻʨʘʬʠʢʦʥ 2; ʇʨʠʣʦʛ 4). ʋ ʚʝ˂ʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʧʨʠʤʝʥʝ (0,03%) ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ ʪʦʢʦʤ 2022. ʛʦʜʠʥʝ ʙʠʣʘ 

ʿʝ ʩʘʤʦ 2,8% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 6,4% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʫ ʦʚʦʿ ʚʘʨʠʿʘʥʪʠ ʙʠʦ ʿʝ 61,3%, ʦʜʥʦʩʥʦ 56,4% ʥʘ ʣʠʩʪʦʚʠʤʘ (ɻʨʘʬʠʢʦʥ 2 ʠ 3). 

ʅʘʿʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 52,7% ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,03% ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ 

2021. ʛʦʜʠʥʝ.  
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ɱʘʢʦ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʫʩʪʘʥʦʚˀʝʥʘ ʿʝ ʠ ʧʨʠʤʝʥʦʤ ʬʫʥʛʠʮʠʜʘ Zato 50 WG ʥʘ ʙʘʟʠ 

ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ (0,015%), ʢʦʿʘ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ  

ʙʠʣʘ ʥʝʛʘʪʠʚʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (-2,8 ʜʦ -15,6%), ʘ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ ʥʝʛʘʪʠʚʥʘ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ (-3,2 ʜʦ -14,7%). ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ 

ʜʦʩʪʠʟʘʦ ʿʝ ʠ 90%, ʘ ʛʦʪʦʚʦ 100% ʛʨʦʟʜʦʚʘ ʩʘ ʩʠʤʧʪʦʤʠʤʘ ʧʝʧʝʣʥʠʮʝ ʟʘʙʝʣʝʞʝʥʦ ʿʝ ʥʘ 

ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʪʦʢʦʤ 2020. ʛʦʜʠʥʝ (ɻʨʘʬʠʢʦʥ 2; ʇʨʠʣʦʛ 4).  ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ 

ʣʠʩʪʦʚʠʤʘ ʙʠʦ ʿʝ ʟʘ 1-4% ʚʝ˂ʠ ʥʝʛʦ ʫ ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ (ɻʨʘʬʠʢʦʥ 3). ʅʘʿʚʝ˂ʘ 

ʝʬʠʢʘʩʥʦʩʪ ʧʨʠʤʝʥʦʤ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ ʠ ʪʦ ʫ 

ʧʨʚʦʿ ʦʮʝʥʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ 2019. ʛʦʜʠʥʝ (66,1%). ʋ ʩʚʠʤ ʦʩʪʘʣʠʤ ʦʮʝʥʘʤʘ ʝʬʠʢʘʩʥʦʩʪ ʿʝ 

ʙʠʣʘ ʠʩʧʦʜ 40%. ʅʝʛʘʪʠʚʥʘ ʝʬʠʢʘʩʥʦʩʪ ʢʦʿʘ ʿʝ ʟʘʙʝʣʝʞʝʥʘ ʧʨʠʤʝʥʦʤ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ, 

ʤʦʞʝ ʩʝ ʦʙʿʘʩʥʠʪʠ ʯʠˁʝʥʠʮʦʤ ʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʬʫʥʛʠʮʠʜ ʰʠʨʦʢʦʛ ʩʧʝʢʪʨʘ ʢʦʿʠ ʚʝʨʦʚʘʪʥʦ 

ʦʤʝʪʘ ʨʘʟʚʦʿ ʭʠʧʝʨʧʘʨʘʟʠʪʘ E. necator, ʛˀʠʚʫ Ampelomyces quisqualis, ʢʦʘʿ ʿʝ ʨʝʜʦʚʥʦ 

ʧʨʠʩʫʪʥʘ ʫ ʚʠʥʦʛʨʘʜʠʤʘ. ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ,  ʫʢʦʣʠʢʦ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʝʣʠʤʠʥʠʰʝ ʦʚʦʛ 

ʤʠʢʦʧʘʨʘʟʠʪʘ, ʨʝʟʠʩʪʝʥʪʥʘ ʧʦʧʫʣʘʮʠʿʘ E. necator ʦʩʪʘʿʝ ʙʝʟ ʧʨʠʨʦʜʥʦʛ ʥʝʧʨʠʿʘʪʝˀʘ ʠ ʤʦʞʝ 

ʥʦʨʤʘʣʥʦ ʜʘ ʩʝ ʨʘʟʚʠʿʘ. ʇʦʩʣʝʜʠʯʥʦ, ʜʦʣʘʟʠ ʜʦ ʟʥʘʯʘʿʥʠʿʝ ʧʦʿʘʚʝ ʦʙʦˀʝˁʘ ʫ ʪʨʝʪʤʘʥʫ ʩʘ 

ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʦʤ ʥʝʛʦ ʫ ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ, ʫ ʢʦʿʦʿ ʿʝ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʧʨʠʩʫʪʘʥ ʦʚʘʿ 

ʤʠʢʦʧʘʨʘʟʠʪ.  

ʅʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʨʘʜʠ ʫʪʚʨʹʠʚʘˁʘ ʫʥʘʢʨʩʥʝ 

ʧʨʘʢʪʠʯʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʢʦʨʠʰ˂ʝʥ ʿʝ ʠ ʬʫʥʛʠʮʠʜ Cabrio Top ʥʘ ʙʘʟʠ ʧʠʨʘʢʣʦʩʪʨʦʙʠʥʘ ʠ 

ʤʝʪʠʨʘʤʘ (ʢʦʿʠ ʥʝ ʜʝʣʫʿʝ ʥʘ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ) ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

(0,2%). ʅʝʰʪʦ ʚʠʰʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ 

ʧʠʨʘʢʣʦʩʪʨʦʙʠʥʘ, ʘʣʠ ʪʘ ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ ʜʘʣʝʢʦ ʦʜ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ (27,3 ʜʦ 68,4% ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 44,8-59,0% ʥʘ ʣʠʩʪʦʚʠʤʘ), ʰʪʦ ʿʝ ʫʢʘʟʠʚʘʣʦ ʜʘ ʠʟʤʝʹʫ ʪʝʩʪʠʨʘʥʠʭ QoI 

ʬʫʥʛʠʮʠʜʘ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʧʦʩʪʦʿʠ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ.  

ʇʦʜʘʮʠ ʦ ʝʬʠʢʘʩʥʦʩʪ ʫ ʧʦˀʫ ʥʝʜʚʦʩʤʠʣʝʥʦ ʩʫ ʫʢʘʟʠʚʘʣʠ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʨʘʟʚʦʿʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ QoI ʬʫʥʛʠʮʠʜʝ ʠ ʜʘ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʧʦʩʪʦʿʠ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʦʩʪ 

ʠʟʤʝʹʫ ˁʠʭ. ʀʩʪʨʘʞʠʚʘˁʝ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ Hoffman et al. (2012) ʫʢʘʟʘʣʦ ʿʝ ʥʘ ʧʦʿʘʚʫ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʩʪʨʦʙʠʣʫʨʠʥʝ ʫ ʄʘʹʘʨʩʢʦʿ. ɺʨʣʦ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ 

ʘʟʦʢʩʠʩʪʨʦʙʠʥʘ (<1 %), ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʘ (3,8%), ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ (8,9%) ʠ 

ʧʠʨʘʢʣʦʩʪʨʦʙʠʥʘ (20,8%) ʫ ʧʨʝʧʦʨʫʯʝʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ, ʫ ʦʛʣʝʜʠʤʘ ʢʦʿʠ ʩʫ ʠʟʚʝʜʝʥʠ 

2005. ʠ 2006. ʛʦʜʠʥʝ, ʧʦʪʚʨʜʠʣʘ ʿʝ ʧʦʿʘʚʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʉʣʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʩʫ 

ʪʦʢʦʤ 2009. ʠ 2010. ʛʦʜʠʥʝ ʫ ʦʛʣʝʜʠʤʘ ʢʦʿʠ ʩʫ ʪʘʢʦʹʝ ʠʟʚʝʜʝʥʠ ʫ ʄʘʹʘʨʩʢʦʿ, ʫ ʜʚʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʚʠʥʦʛʨʘʜʘ (Taksonyi et al., 2013). ʅʘʠʤʝ, ʥʠʿʝ ʫʪʚʨʹʝʥʘ ʩʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʚʘʨʠʿʘʥʪʠ ʢʦʿʝ ʩʫ ʫʢˀʫʯʠʚʘʣʝ QoI ʬʫʥʛʠʮʠʜʝ (ʘʟʦʢʩʠʩʪʨʦʙʠʥ, 

ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ ʠ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ) ʠ ʢʦʥʪʨʦʣʥʝ ʚʘʨʠʿʘʥʪʝ. ɻʦʪʦʚʦ ʠʜʝʥʪʠʯʠ ʨʝʟʫʣʪʘʪʠ ʠ 

ʠʩʪʠ ʦʙʨʘʟʘʮ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʝʬʠʢʘʩʥʦʩʪʠ, ʟʘʙʝʣʝʞʝʥ ʿʝ ʠ ʫ ʥʘʰʝʤ ʠʩʪʨʘʞʠʚʘˁʫ. ʋ 

ʠʩʪʨʘʞʠʚʘˁʫ Warres (2021) ʘʟʦʢʩʠʩʪʨʦʙʠʥ ʧʨʠʤʝˁʝʥ ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʥʠʿʝ 

ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʦ ʦʜ ʢʦʥʪʨʦʣʥʝ ʚʘʨʠʿʘʥʪʝ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ 

ʪʨʝʪʤʘʥʫ ʩʘ ʘʟʦʢʩʠʩʪʨʦʙʠʥʦʤ ʢʨʝʪʘʦ ʩʝ ʦʜ 1,6 ʜʦ 6,8%, ʘ ʧʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʦʜ 

48 ʜʦ 85%, ʜʦʢ ʩʝ ʫ ʢʦʥʪʨʦʣʠ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʢʨʝʪʘʦ ʦʜ 3,9 ʜʦ 17,4%, ʩʘ ʧʨʦʮʝʥʪʦʤ 

ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʦʜ 69,6 ʜʦ 90,5%.  

ɹʠʦʪʝʩʪʦʚʠ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ ʠ ʤʦʣʝʢʫʣʘʨʥʝ ʘʥʘʣʠʟʝ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʟʘ ʧʦʪʚʨʜʫ 

ʭʠʧʦʪʝʟʝ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ QoI ʬʫʥʛʠʮʠʜʝ ʫ 

ʥʘʰʦʿ ʟʝʤˀʠ. ʈʝʟʠʩʪʝʥʪʥʦʩʪ ʧʦʧʫʣʘʮʠʿʘ ʥʘ ʦʚʝ ʬʫʥʛʠʮʠʜʝ ʿʝ ʫ ʜʠʨʝʢʪʥʦʿ ʢʦʨʝʣʘʮʠʿʠ ʩʘ 

ʨʘʟʚʦʿʝʤ G143A ʤʫʪʘʮʠʿʝ ʫ cyt b ʛʝʥʫ. ʆʚʘ ʤʫʪʘʮʠʿʘ ʚʦʜʠ ʢʘ ʧʦʪʧʫʥʦʤ ʛʫʙʠʪʢʫ ʝʬʠʢʘʩʥʦʩʪʠ 

QoI ʬʫʥʛʠʮʠʜʘ ʫ ʧʦˀʫ ʠ ʩʪʚʘʨʘˁʘ ʩʪʘʙʠʣʥʝ ʠ ʜʫʛʦʪʨʘʿʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ (Miles et al., 2012; 
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Rallos et al., 2014). ʊʦʢʦʤ ʦʚʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʧʦ ʧʨʚʠ ʧʫʪ ʿʝ ʧʦʪʚʨʹʝʥʦ ʧʨʠʩʫʩʪʚʦ G143A 

ʤʫʪʘʮʠʿʝ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ E. necator ʫ ʉʨʙʠʿʠ. ʊʦʤ ʧʨʠʣʠʢʦʤ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ARMS SYBR 

Green real-time PCR ʪʝʭʥʠʢʘ, ʢʦʿʫ ʩʫ ʨʘʟʚʠʣʠ Baudoin et al. (2008), ʘ ʢʘʩʥʠʿʝ ʙʣʘʛʦ 

ʤʦʜʠʬʠʢʦʚʘʣʠ Colcol and Baudoin (2016). ʇʦ ʜʦʩʘʜʘʰˁʠʤ ʜʦʩʪʫʧʥʠʤ ʣʠʪʝʨʘʪʫʨʥʠʤ 

ʧʦʜʘʮʠʤʘ, ʦʚʦ ʿʝ ʧʨʚʠ ʧʫʪ ʜʘ ʿʝ ʟʘ ʜʝʪʝʢʮʠʿʫ ʠ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʨʝʟʠʩʪʝʥʪʥʦʛ G143A ʘʣʝʣʘ 

ʢʦʨʠʰ˂ʝʥ MIC qPCR ʫʨʝʹʘʿ ʠ ʩʦʬʪʚʝʨ (mic qpcr version 2.12.7, Bio Molecular Systems Pty 

Ltd). ʆʚʘ ʤʫʪʘʮʠʿʘ ʿʝ ʜʝʪʝʢʪʦʚʘʥʘ ʢʦʜ ʚʝ˂ʠʥʝ ʧʦʧʫʣʘʮʠʿʘ ʢʦʿʝ ʧʦʪʠʯʫ ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʠʭ 

ʚʠʥʦʛʨʘʜʘ, ʩʘ >95% ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ (ʢʦʜ ʥʘʿʚʝ˂ʝʛ ʙʨʦʿʘ ʠʟʦʣʘʪʘ >99%) ʫ 

ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʦʿ DNK. ʉʚʠ ʠʟʦʣʘʪʠ ʢʦʜ ʢʦʿʠʭ ʿʝ ʜʝʪʝʢʪʦʚʘʥʦ >95% G143A ʘʣʝʣʘ ʙʠʣʠ ʩʫ 

ʚʠʩʦʢʦ ʨʝʟʠʩʪʝʥʪʥʠ ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ ʠ ɽʉ50 ʚʨʝʜʥʦʩʪʠ ʩʫ ʙʠʣʝ >100 mg/l (ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ) 

ʠ >75 mg/l (ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ). ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʩʚʠ ʠʟʦʣʘʪʠ ʢʦʜ ʢʦʿʠʭ ʿʝ ʟʘʩʪʫʧˀʝʥʦʩʪ 

G143A ʘʣʝʣʘ ʙʠʣʘ <5% ʙʠʣʠ ʩʫ ʦʩʝʪˀʠʚʠ ʠ ʪʘʢʚʠ ʠʟʦʣʘʪʠ ʩʫ ʚʦʜʠʣʠ ʧʦʨʝʢʣʦ ʩʘ ʣʦʢʘʣʠʪʝʪʘ 

ʛʜʝ ʧʨʝʪʭʦʜʥʦ ʥʠʩʫ ʢʦʨʠʰ˂ʝʥʠ ʦʚʠ ʬʫʥʛʠʮʠʜʠ. ʉʣʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʟʘʙʝʣʝʞʝʥʠ ʩʫ ʠ ʫ 

ʠʩʪʨʘʞʠʚʘˁʫ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ Miles et al. (2012), ʛʜʝ ʩʫ ʠʟʦʣʘʪʠ ʩʘ > 95% G143A ʘʣʝʣʘ 

ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʝ DNK ʤʦʛʣʠ ʜʘ ʪʦʣʝʨʠʰʫ ʚʠʩʦʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ (> 100 

mg/l) ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ. Warres (2021) ʥʘʚʦʜʠ ʜʘ ʿʝ ʫ ʚʠʥʦʛʨʘʜʠʤʘ ʢʦʜ ʢʦʿʠʭ ʿʝ 100% ʫʟʦʨʘʢʘ 

ʠʤʘʣʦ >95% G143A ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ, ʘ ʛʜʝ ʩʫ ʫʿʝʜʥʦ ʩʧʨʦʚʝʜʝʥʠ ʧʦˀʩʢʠ ʦʛʣʝʜʠ, 

ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʘʟʦʢʩʠʩʪʨʦʙʠʥʘ. ʈʝʟʫʣʪʘʪʠ ʥʘʰʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫʧʫ˂ʫʿʫ ʥʘ 

ʩʣʠʯʘʥ ʟʘʢˀʫʯʘʢ, ʿʝʨ ʿʝ ʛʦʪʦʚʦ ʢʦʜ 98% ʫʟʦʨʘʢʘ ʢʦʿʠ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʛʜʝ ʩʫ 

ʠʟʚʝʜʝʥʠ ʧʦˀʩʢʠ ʦʛʣʝʜʠ ʜʝʪʝʢʪʦʚʘʥʦ >95% G143A ʘʣʝʣʘ, ʪʝ ʿʝ ʠ ʝʬʠʢʘʩʥʦʩʪ ʩʪʨʦʙʠʣʫʨʠʥʘ 

ʥʘ ʩʚʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ ʙʠʣʘ ʥʠʩʢʘ, ʰʪʦ ʫʧʫ˂ʫʿʝ ʥʘ ʟʘʢˀʫʯʘʢ ʜʘ ʨʘʟʚʦʿ ʦʚʝ ʤʫʪʘʮʠʿʝ ʢʦʜ 

ʧʦʧʫʣʘʮʠʿʘ ʜʦʚʦʜʠ ʜʦ ʜʨʘʩʪʠʯʥʦʛ ʧʘʜʘ ʝʬʠʢʘʩʥʦʩʪʠ ʬʫʥʛʠʮʠʜʘ ʫ ʧʨʘʢʪʠʯʥʠʤ ʫʩʣʦʚʠʤʘ. ʉʘ 

ʣʦʢʘʣʠʪʝʪʘ ʛʜʝ ʥʠʿʝ ʟʘʙʝʣʝʞʝʥʘ ʧʨʝʪʭʦʜʥʘ ʠʩʪʦʨʠʿʘ ʧʨʠʤʝʥʝ ʬʫʥʛʠʮʠʜʘ, ʧʨʠʢʫʧˀʝʥʦ ʿʝ ʠ 

ʪʝʩʪʠʪʨʘʥʦ 8 ʠʟʦʣʘʪʘ. ʈʘʟʚʦʿ ʩʚʠʭ ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ ʿʝ ʠʥʭʠʙʠʨʘʥ ʧʨʝʧʦʨʫʯʝʥʠʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʘ ʠ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ. ɿʘ ʦʚʝ ʠʟʦʣʘʪʝ ʫʪʚʨʹʝʥʝ ʩʫ ʠ 

ɽʉ50 ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʩʝ ʟʘ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ ʢʨʝʪʘʣʝ ʦʜ 0,009 ʜʦ 0,057 mg/l (ʧʨʦʩʝʯʥʦ 0,032 

mg/l), ʦʜʥʦʩʥʦ ʦʜ 0,024 ʜʦ 0,095 mg/L ʟʘ ʪʨʠʬʢʣʦʢʩʠʩʪʨʦʙʠʥ (ʧʨʦʩʝʯʥʦ 0,053 mg/l). ʋ 

ʠʩʪʨʘʞʠʚʘˁʫ Miller and Gubler (2004) EC50 ʚʨʝʜʥʦʩʪʠ ʟʘ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʢʦʜ ʥʦʨʤʘʣʥʦ 

ʦʩʝʪˀʠʚʠʭ ʧʦʧʫʣʘʮʠʿʘ ʢʨʝʪʘʣʝ ʩʫ ʩʝ ʦʜ 0,00023 ʜʦ 0,188 mg/l ʩʘ ʧʨʦʩʝʯʥʦʤ ʚʨʝʜʥʦʰ˂ʫ ʦʜ 

0,013 mg/l ʢʦʜ 35 ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ, ʜʦʢ ʩʫ ʫ ʠʩʪʨʘʞʠʚʘˁʫ Miles et al. (2012) ʦʚʝ ʚʨʝʜʥʦʩʪʠ 

ʙʠʣʝ ʦʜ 0,001 ʜʦ 0,159 mg/l.  

Colcol and Baudoin (2016) ʠ Rallos (2012) ʫ ʦʜʥʦʩʫ ʥʘ ʟʘʩʪʫʧˀʝʥʦʩʪ G143A 

ʤʫʪʘʮʠʿʝ, ʢʣʘʩʠʬʠʢʦʚʘʣʠ ʩʫ ʠʟʦʣʘʪʝ E. necator ʫ ʜʚʝ ʧʦʜʛʨʫʧʝ, ʧʨʚʫ ʨʝʟʠʩʪʝʥʪʥʫ (> 99% 

ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ), ʠ ʜʨʫʛʫ ʦʩʝʪˀʠʚʫ (< 1% ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ). ʄʝʹʫʪʠʤ, ʫ ʥʘʰʝʤ 

ʠʩʪʨʘʞʠʚʘˁʫ ʢʨʝʠʨʘʥʘ ʿʝ ʿʦʰ ʿʝʜʥʘ ʜʦʜʘʪʥʘ ʧʦʜʛʨʫʧʘ, ʪʟʚ. ʤʝʰʘʥʘ ʠʣʠ Ămixñ ʛʨʫʧʘ, ʩʘ 

%G143A ʤʫʪʘʮʠʿʝ ʠʟʤʝʹʫ 5 ʠ 95%, ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʢʦʜ ʪʘʢʚʠʭ ʧʦʧʫʣʘʮʠʿʘ ʫʩʪʘʥʦʚˀʝʥʠ, ʢʘʢʦ 

ʦʩʝʪˀʠʚʠ ʪʘʢʦ ʠ ʨʝʟʠʩʪʝʥʪʥʠ ʠʟʦʣʘʪʠ, ʰʪʦ ʪʘʢʦʹʝ ʥʘʚʦʜʠ Warres (2021). ʀʟʦʣʘʪʠ ʢʦʿʠ ʩʫ 

ʢʣʘʩʠʬʠʢʦʚʘʥʠ ʢʘʦ ʤʝʰʘʥʠ, ʧʨʠʢʫʧˀʝʥʠ ʩʫ ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʚʠʥʦʛʨʘʜʘ ʛʜʝ QoI 

ʬʫʥʛʠʮʠʜʠ ʥʠʩʫ ʢʦʨʠʰ˂ʝʥʠ ʥʝʢʦʣʠʢʦ ʧʨʝʪʭʦʜʥʠʭ ʛʦʜʠʥʘ ʠʣʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʿʝʜʥʦʤ, 

ʤʘʢʩʠʤʘʣʥʦ ʜʚʘ ʧʫʪʘ ʛʦʜʠʰˁʝ. ʊʘʢʦʹʝ, ʪʘʢʚʠ ʠʟʦʣʘʪʠ ʧʦʪʠʮʘʣʠ ʩʫ ʠ ʠʟ ʝʢʪʝʥʟʠʚʥʠʭ 

ʚʠʥʦʛʨʘʜʘ (ʩʘ ʨʝʜʫʢʦʚʘʥʦʤ ʧʨʠʤʝʥʦʤ ʬʫʥʛʠʮʠʜʘ) ʛʜʝ ʩʫ QoI ʬʫʥʛʠʮʠʜʠ ʨʝʪʢʦ ʢʦʨʠʰ˂ʝʥʠ.  

ʋʟʦʨʮʠ ʟʘʨʘʞʝʥʠʭ ʣʠʩʪʦʚʘ ʠ ʛʨʦʟʜʦʚʘ ʧʨʠʢʫʧˀʘʥʠ ʩʫ ʫ ʧʝʨʠʦʜʫ ʦʜ 2019. ʜʦ 2022. 

ʛʦʜʠʥʝ, ʘ ʥʘ ʧʦʿʝʜʠʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʈʘʜʤʠʣʦʚʘʮ, ʊʦʧʦʣʘ, ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ ʠ ʅʝʰʪʠʥ, ʫʟʦʨʮʠ ʩʫ ʧʨʠʢʫʧˀʘʥʠ ʜʚʝ ʜʦ ʪʨʠ ʛʦʜʠʥʝ ʫʟʘʩʪʦʧʥʦ. ʅʘ ʣʦʢʘʣʠʪʝʪʠʤʘ 

ʈʘʜʤʠʣʦʚʘʮ ʠ ʊʦʧʦʣʘ, QoI ʬʫʥʛʠʮʠʜʠ ʥʠʩʫ ʢʦʨʠʰ˂ʝʥʠ ʦʜ 2018. ʛʦʜʠʥʝ, ʜʦʢ ʩʫ ʥʘ 

ʣʦʢʘʣʠʪʝʪʠʤʘ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʠ ʅʝʰʪʠʥ ʢʦʨʠʰ˂ʝʥʠ ʜʦ 2020, ʦʜʥʦʩʥʦ 2021. 
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ʛʦʜʠʥʝ. ɽʚʠʜʝʥʪʥʦ ʿ ʝ ʜʘ ʧʨʦʮʝʥʘʪ ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʫ ʧʦʧʫʣʘʮʠʿʘʤʘ ʢʦʿʝ ʥʠʩʫ ʠʟʣʘʛʘʥʝ 

ʬʫʥʛʠʮʠʜʠʤʘ ʪʨʠ ʛʦʜʠʥʝ ʥʝ ʦʧʘʜʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʥʝ ʢʦʿʝ ʩʫ ʢʦʥʩʪʘʥʪʥʦ ʠʟʣʘʛʘʥʝ ʩʝʣʝʢʮʠʦʥʦʤ 

ʧʨʠʪʠʩʢʫ QoI ʬʫʥʛʠʮʠʜʘ, ʰʪʦ ʫʧʫ˂ʫʿʝ ʥʘ ʟʘʢˀʫʯʘʢ ʜʘ ʿʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ QoI ʬʫʥʛʠʮʠʜʝ 

ʠʟʫʟʝʪʥʦ ʩʪʘʙʠʣʥʘ, ʥʘ ʰʪʘ ʫʢʘʟʫʿʫ ʠ ʨʝʟʫʣʪʘʪʠ Rallos (2012). ʀʩʪʠ ʘʫʪʦʨ ʥʘʚʦʜʠ, ʜʘ ʙʝʟ 

ʦʙʟʠʨʘ ʰʪʦ ʩʝ ʩʪʨʦʙʠʣʫʨʠʥʠ ʥʝ ʢʦʨʠʩʪʝ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ (ʫʟ ʧʨʝʧʦʩʪʘʚʢʫ ʜʘ ʩʝ ʟʘ ʪʦ ʚʨʝʤʝ 

ʫʩʧʦʩʪʘʚˀʘ ʦʩʝʪˀʠʚʘ ʧʦʧʫʣʘʮʠʿʘ), ʧʦʩʪʦʿʠ ʦʙʿʝʢʪʠʚʥʘ ʩʫʤˁʘ ʜʘ, ʘʢʦ ʙʠ ʩʝ ʥʘʢʦʥ ʪʦʛ 

ʧʝʨʠʦʜʘ ʠʟʥʦʚʘ ʧʨʠʤʝʥʠʣʠ, ʜʘ ʙʠ ʨʝʟʠʩʪʝʥʪʥʝ ʿʝʜʠʥʢʝ ʫ ʧʦʧʫʣʘʮʠʿʠ ʧʨʝʚʘʟʠʰʣʝ ʜʝʣʦʚʘˁʝ 

ʦʚʠʭ ʬʫʥʛʠʮʠʜʘ ʠ ʜʘ ʙʠ ʟʥʘʪʥʦ ʣʘʢʰʝ ʨʘʰʠʨʠʣʝ ʘʣʝʣ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʫ ʦʢʚʠʨʫ ʧʦʧʫʣʘʮʠʿʝ 

ʟʘ ʨʝʣʘʪʠʚʥʦ ʢʨʘʪʘʢ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ.  

ʇʨʚʘ ʧʦʿʘʚʘ ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ QoI ʬʫʥʛʠʮʠʜʝ ʦʧʠʩʘʥʘ ʿʝ ʫ 

ʠʩʪʨʘʞʠʚʘˁʫ Wilcox (2005) ʫ ʉɸɼ, ʘ ʥʝʜʫʛʦ ʟʘʪʠʤ ʿʝ real-time PCR ʪʝʭʥʠʢʘ ʠʩʢʦʨʠʰ˂ʝʥʘ ʟʘ 

ʜʝʪʝʢʮʠʿʫ G143A ʤʫʪʘʮʠʿʝ (Baudoin et al., 2008). Dufour et al. (2011) ʩʫ ʜʝʪʝʢʪʦʚʘʣʠ 

ʨʝʟʠʩʪʝʥʪʥʝ ʠʟʦʣʘʪʝ E. necator ʠ G143A ʤʫʪʘʮʠʿʫ ʫ ʬʨʘʥʮʫʩʢʠʤ ʚʠʥʦʛʨʘʜʠʤʘ, ʘʣʠ ʿʝ 

ʟʘʩʪʫʧˀʝʥʦʩʪ ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ ʥʘ ʥʠʚʦʫ ʜʨʞʘʚʝ ʙʠʣʘ ʦʢʦ 7%, ʘ ʩʘʤʦ ʫ ʿʝʜʥʦʤ 

ʚʠʥʦʛʦʨʿʫ ʠʟʥʘʜ 20%. ʋ ʠʩʪʨʘʞʠʚʘˁʫ Miles et al. (2012), G143A ʤʫʪʘʮʠʿʘ ʙʠʣʘ ʿʝ ʨʘʰʠʨʝʥʘ 

ʫ ʧʨʝʢʦ 80% ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʠʥʦʛʨʘʜʘ, ʜʦʢ ʿʝ ʩʘʤʦ 20% ʠʟʦʣʘʪʘ ʧʦʨʝʢʣʦʤ ʠʟ 

ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʚʠʥʦʛʨʘʜʘ ʥʦʩʠʣʦ ʦʚʫ ʤʫʪʘʮʠʿʫ. ʀʩʪʨʘʞʠʚʘˁʝ Colcol and Baudoin (2016) 

ʫʢʘʟʘʣʦ ʿʝ ʥʘ ʰʠʨʦʢʫ ʜʠʩʪʨʠʙʫʮʠʿʫ ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ E. necator ʥʘ QoI ʬʫʥʛʠʮʠʜʝ, ʪʝ ʿʝ 

ʛʦʪʦʚʦ 82% ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ ʧʦʨʝʢʣʦʤ ʠʟ ɺʠʨ˅ʠʥʠʿʝ, ʉʝʚʝʨʥʝ ʂʘʨʦʣʠʥʝ, ʄʝʨʠʣʝʥʜʘ ʠ 

ʇʝʥʩʠʣʚʘʥʠʿʝ ʦʢʘʨʘʢʪʝʪʠʩʘʥʦ ʢʘʦ ʨʝʟʠʩʪʝʥʪʥʦ. ʂʦʜ ʥʘʿʚʝ˂ʝʛ ʙʨʦʿʘ ʪʘʢʚʠʭ ʠʟʦʣʘʪʘ, ʫʪʚʨʹʝʥ 

ʿʝ G143A ʘʣʝʣ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠ ʪʦ >99% ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʝ DNK, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʚʠʩʦʢʦ 

ʨʝʟʠʩʪʝʥʪʥʝ ʧʦʧʫʣʘʮʠʿʝ. Beresford et al. (2016) ʩʫ ʫʪʚʨʜʠʣʠ ʨʝʟʠʩʪʝʥʪʥʝ ʠʟʦʣʘʪʝ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʥʘ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʫ ʜʚʘ ʚʠʥʦʛʨʘʜʘʨʩʢʘ ʨʝʛʠʦʥʘ ʅʦʚʦʛ 

ɿʝʣʘʥʜʘ, ʫʛʣʘʚʥʦʤ ʧʦʨʝʢʣʦʤ ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʚʠʥʦʛʨʘʜʘ, ʠ ʢʦʜ ʪʘʢʚʠʭ ʠʟʦʣʘʪʘ EC50 

ʚʨʝʜʥʦʩʪʠ ʟʘ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʙʠʣʝ ʩʫ > 100 mg/l. ʈʘʜʥʘ ʛʨʫʧʘ ʢʦʿʘ ʩʝ ʙʘʚʠ ʧʨʦʙʣʝʤʘʪʠʢʦʤ 

ʚʝʟʘʥʦʤ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ QoI ʬʫʥʛʠʮʠʜʝ ʫ ʦʢʚʠʨʫ FRAC-ʘ (FRAC, 2014a) ʥʘʚʦʜʠ ʜʘ ʩʫ 

ʥʘ ʧʦʜʨʫʯʿʫ ɽʚʨʦʧʝ ʦʜ 2008. ʜʦ 2014. ʛʦʜʠʥʝ ʟʘʙʝʣʝʞʝʥʝ ʚʠʩʦʢʦ ʨʝʟʠʩʪʝʥʪʥʝ ʧʦʧʫʣʘʮʠʿʝ E. 

necator ʥʘ QoI ʬʫʥʛʠʮʠʜʝ ʢʦʿʝ ʚʦʜʝ ʧʦʨʝʢʣʦ ʠʟ ɸʫʩʪʨʠʿʝ, ʍʨʚʘʪʩʢʝ, ʏʝʰʢʝ, ʌʨʘʥʮʫʩʢʝ, 

ʅʝʤʘʯʢʝ, ʄʘʹʘʨʩʢʝ, ʈʫʤʫʥʠʿʝ, ʉʣʦʚʘʯʢʝ, ʐʧʘʥʠʿʝ ʠ ʐʚʘʿʮʘʨʩʢʝ. ɿʘʪʠʤ 2015. ʛʦʜʠʥʝ 

(FRAC, 2015a) ʫʪʚʨʹʝʥʝ ʩʫ ʠ ʿʘʢʦ ʨʝʟʠʩʪʝʥʪʥʝ ʧʦʧʫʣʘʮʠʿʝ ʧʦʨʝʢʣʦʤ ʠʟ ʀʪʘʣʠʿʝ, ʘ 2017. 

ʛʦʜʠʥʝ (FRAC, 2017a) ʠ ʧʦʧʫʣʘʮʠʿʝ ʠʟ ʊʫʨʩʢʝ. ɼʦ 2020. ʛʦʜʠʥʝ (FRAC, 2020), 

ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ QoI ʬʫʥʛʠʮʠʜʝ ʩʝ ʨʘʰʠʨʠʣʘ, ʧʘ ʩʫ ʜʝʪʝʢʪʦʚʘʥʝ ʚʠʩʦʢʦ ʨʝʟʠʩʪʝʥʪʥʝ 

ʧʦʧʫʣʘʮʠʿʝ ʫ ɻʨʯʢʦ ʿʠ ʋʢʨʘʿʠʥʠ, ʘ 2021. ʠ 2022. ʛʦʜʠʥʝ (FRAC, 2021; 2022a) ʫʪʚʨʹʝʥʝ ʩʫ ʠ 

ʩʨʝʜˁʝ ʜʦ ʚʠʩʦʢʦ ʨʝʟʠʩʪʝʥʪʝ ʧʦʧʫʣʘʮʠʿʝ ʫ ʉʣʦʚʝʥʠʿʠ ʠ ʇʦʨʪʫʛʘʣʫ. Warres (2021) ʩʫ ʢʦʜ 84 

ʦʜ 101 ʠʟʦʣʘʪʘ ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʚʠʥʦʛʨʘʜʘ (ʦʢʦ 83%) ʫʪʚʨʜʠʣʠ >95% G143A ʘʣʝʣ ʟʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪ, ʜʦʢ ʿʝ 100% ʪʝʩʪʠʨʘʥʠʭ ʫʟʦʨʘʢʘ ʧʦʨʝʢʣʦʤ ʠʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʠʥʦʛʨʘʜʘ 

ʙʠʣʦ ʧʦʟʠʪʠʚʥʦ (%G143A > 95%).  ʈʝʟʫʣʪʘʪʠ ʥʘʰʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʿʝ 

ʧʦʧʫʣʘʮʠʿʘ ʧʦʨʝʢʣʦʤ ʠʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʚʠʥʦʛʨʘʜʘ ʙʠʣʘ ʫ ʧʦʪʧʫʥʦʩʪʠ ʨʝʟʠʩʪʝʥʪʥʘ, ʩʘ 

100% ʠʟʦʣʘʪʘ ʢʦʿʠ ʩʫ ʥʦʩʠʦʮʠ G143A ʤʫʪʘʮʠʿʝ ʫ ʚʠʩʦʢʦʤ ʧʨʦʮʝʥʪʫ (> 98%), ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ 

ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ Miles et al. (2012), Rallos (2012) ʠ Warres (2021).  

ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, 62 ʠʟʦʣʘʪʘ ʦʜ 78 ʪʝʩʪʠʨʘʥʠʭ (79,5%) ʢʦʿʠ ʧʦʪʠʯʫ ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʠʭ 

ʚʠʥʦʛʨʘʜʘ ʰʠʨʦʤ ʉʨʙʠʿʝ, ʥʦʩʠʦʮʠ ʩʫ ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʫ ʚʠʩʦʢʦʤ ʧʨʦʮʝʥʪʫ (%G143A 

> 95%), ʜʦʢ ʿʝ ʧʨʝʦʩʪʘʣʠʭ 16 ʠʟʦʣʘʪʘ (21,5%) ʩʚʨʩʪʘʥʦ ʫ ʢʘʪʝʛʦʨʠʿʫ ʤʝʰʘʥʠʭ. Warres (2021) 

ʥʘʚʦʜʠ ʜʘ ʿʝ ʙʣʠʟʫ 83% ʠʟʦʣʘʪʘ ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʚʠʥʦʛʨʘʜʘ ʨʝʟʠʩʪʝʥʪʥʦ (%G143A > 95%), 

ʘ 17% ʧʨʝʦʩʪʘʣʠʭ ʠʟʦʣʘʪʘ ʦʩʝʪˀʠʚʦ (%G143A < 5%). ʆʜ 62 ʪʝʩʪʠʨʘʥʘ ʠʟʦʣʘʪʘ ʩʘ ʚʠʩʦʢʦʤ 

ʧʨʦʧʦʨʮʠʿʦʤ ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ, ʩʚʠʭ 62 ʙʠʣʠ ʩʫ ʨʝʟʠʩʪʝʥʪʥʠ ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ, ʜʦʢ ʿʝ ʦʜ 
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16 ʠʟʦʣʘʪʘ ʩʘ ʧʨʦʧʦʨʮʠʿʦʤ G143A ʘʣʝʣʘ ʠʟʤʝʹʫ 5 ʠ 95% ʩʘʤʦ 5 ʙʠʣʦ ʦʩʝʪˀʠʚʦ, ʘ ʦʩʪʘʣʠ ʩʫ 

ʦʢʘʨʘʢʪʝʨʠʩʘʥʠ ʢʘʦ ʨʝʟʠʩʪʝʥʪʥʠ. Colcol and Baudoin (2016) ʩʫ ʫʪʚʨʜʠʣʠ ʜʘ ʩʫ ʩʚʠ ʠʟʦʣʘʪʠ 

ʢʦʜ ʢʦʿʠʭ ʿʝ %G143A > 1% ʙʠʣʠ ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʘʟʦʢʩʠʩʪʨʦʙʠʥ ʫ ʪʝʩʪʦʚʠʤʘ ʩʘ ʣʠʩʥʠʤ 

ʜʠʩʢʦʚʠʤʘ. ɼʦ ʩʣʠʯʥʠʭ ʟʘʢˀʫʯʘʢʘ ʩʫ ʜʦʰʣʠ ʠ Miles et al. (2012) ʛʜʝ ʩʫ ʩʚʠ ʠʟʦʣʘʪʠ ʢʦʜ 

ʢʦʿʠʭ ʿʝ %G143A > 95% ʙʠʣʠ ʚʠʩʦʢʦ ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ.  

ʅʘ ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʪʨʝʙʘ ʧʦʩʝʙʥʦ ʠʩʪʘ˂ʠ ʧʦʿʘʚʫ ʫʢʨʰʪʝʥʝ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʘ ʠ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʿʝ 

ʧʦʨʘʩʪ ʠʟʦʣʘʪʘ E. necator ʫ ʪʝʩʪʦʚʠʤʘ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥ ʥʘ ʩʚʠʤ ʪʝʩʪʠʨʘʥʠʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ. ɹʝʟ ʦʙʟʠʨʘ ʥʘ ʪʦ ʰʪʦ ʥʠʿʝ ʫʚʨʰʪʝʥ ʫ ʙʠʦʪʝʩʪʦʚʝ, 

ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ ʿʝ ʠʩʧʦˀʠʦ ʥʠʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʛʣʝʜʠʤʘ ʫ ʧʦˀʫ ʥʘ ʦʙʘ ʠʩʧʠʪʠʚʘʥʘ 

ʣʦʢʘʣʠʪʝʪʘ (ʊʦʧʦʣʘ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ), ʪʝ ʤʦʞʝʤʦ ʟʘʢˀʫʯʠʪʠ ʜʘ ʠʟʤʝʹʫ ʩʚʠʭ QoI 

ʬʫʥʛʠʮʠʜʘ ʧʦʩʪʦʿʠ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ, ʥʘ ʰʪʘ ʫʢʘʟʫʿʝ ʠ ʨʘʜʥʘ ʛʨʫʧʘ ʫ ʦʢʚʠʨʫ FRAC-

ʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʥʝʧʦʙʠʪʥʦ ʫʧʫ˂ʫʿʫ ʥʘ ʯʠˁʝʥʠʮʫ ʜʘ ʿʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʧʦʧʫʣʘʮʠʿʘ E. 

necator ʥʘ QoI ʬʫʥʛʠʮʠʜʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘˁʝʥʘ ʫ ʚʠʥʦʛʨʘʜʘʨʩʢʠʤ ʨʝʿʦʥʠʤʘ ʰʠʨʦʤ 

ʉʨʙʠʿʝ, ʠ ʜʘ ʙʠ ʦʚʝ ʬʫʥʛʠʮʠʜʝ ʪʨʝʙʘʣʦ ʠʩʢˀʫʯʠʪʠ ʠʟ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ, ʧʦʛʦʪʦ 

ʘʢʦ ʩʝ ʟʥʘ ʜʘ ʿʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʨʘʰʠʨʝʥʘ ʫ ʢʦʤʝʨʮʠʿʘʣʥʠʤ ʚʠʥʦʛʨʘʜʠʤʘ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ 

ʚʠʥʦʛʨʘʜʘʨʩʢʠʭ ʨʝʿʦʥʘ (ʐʫʤʘʜʠʿʘ, ʉʨʝʤ, ɱʫʞʥʠ ɹʘʥʘʪ, ʇʦʤʦʨʘʚˀʝ, ʈʘʩʠʥʘ, ʇʦʜʫʥʘʚˀʝ). 

ʈʘʰʠʨʝʥʦʩʪ ʨʝʟʠʩʪʝʥʪʥʥʠʭ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʩʪʨʦʙʠʣʫʨʠʥʝ ʫ ʢʦʤʝʨʮʠʿʘʣʥʠʤ 

ʚʠʥʦʛʨʘʜʠʤʘ ʧʦʪʚʨʹʝʥʘ ʿʝ ʫ ʠʩʪʨʘʞʠʚʘˁʠʤʘ Colcol and Baudoin (2016) ʠ Warres (2021), 

ʜʦʢ Dufour et al. (2011) ʠ Miles et al. (2012) ʥʘʚʦʜʝ ʤʘʣʠ ʧʨʦʮʝʥʘʪ ʟʘʩʪʫʧˀʝʥʦʩʪʠ 

ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ ʫ ʢʦʤʝʨʮʠʿʘʣʥʠʤ ʚʠʥʦʛʨʘʜʠʤʘ, ʘʣʠ ʩʚʘʢʘʢʦ ʥʝ ʠʩʢˀʫʯʫʿʝʤʦ 

ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʙʠ ʩʘʜʘʰˁʘ ʩʠʪʫʘʮʠʿʘ ʫ ʠʩʪʠʤ ʚʠʥʦʛʨʘʜʠʤʘ ʙʠʣʘ ʟʥʘʪʥʦ ʜʨʫʛʘʯʠʿʘ. ʉ ʦʙʟʠʨʦʤ 

ʥʘ ʪʦ ʜʘ ʠ FRAC (2023b) ʥʘʚʦʜʠ ʰʠʨʦʢʫ ʨʘʩʧʨʦʩʪʘˁʝʥʦʩʪ ʚʠʩʦʢʦ ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ 

ʥʘ QoI ʬʫʥʛʠʮʠʜʝ ʰʠʨʦʤ ɽʚʨʦʧʝ ʠ ʜʘ ʿʝ ʪʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʫʟʝʪʥʦ ʩʪʘʙʠʣʥʘ, ʦʜʥʦʩʥʦ ʜʘ ʩʝ 

ʚʨʝʤʝʥʦʤ ʥʝ ʛʫʙʠ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʤʘˁʠ ʩʝʣʝʢʮʠʦʥʠ ʧʨʠʪʠʩʘʢ, ʧʨʠʤʝʥʘ ʦʚʠʭ ʬʫʥʛʠʮʠʜʘ ʫ 

ʢʦʥʪʝʢʩʪʫ ʩʫʟʙʠʿʘˁʘ E. necator, ʫ ʙʫʜʫ˂ʥʦʩʪʠ ʛʦʪʦʚʦ ʜʘ ʥʝʤʘ ʧʝʨʩʧʝʢʪʠʚʫ.  

 

6.3 ʈʝʟʠʩʪʝʥʪʥʦʩʪ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʘʟʘʥʘʬʪʘʣʝʥʝ 

ʂʘʜʘ ʿʝ ʩʝ ʧʦʿʘʚʠʦ ʥʘ ʪʨʞʠʰʪʫ, ʢʚʠʥʦʢʩʠʬʝʥ ʿʝ ʙʠʦ ʿʝʜʘʥ ʦʜ ʥʘʿʝʬʠʢʘʩʥʠʿʠʭ 

ʬʫʥʛʠʮʠʜʘ ʟʘ ʩʫʟʙʠʿʘˁʝ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʠ ʢʘʦ ʪʘʢʘʚ, ʛʦʪʦʚʦ ʥʝʠʟʦʩʪʘʚʘʥ ʜʝʦ 

ʚʝ˂ʠʥʝ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ. ʄʝʹʫʪʠʤ, ʦʚʘʿ ʬʫʥʛʠʮʠʜ ʿʝ 2019. ʛʦʜʠʥʝ ʧʦʚʫʯʝʥ ʩʘ 

ʣʠʩʪʝ ʜʦʟʚʦˀʝʥʠʭ ʧʝʩʪʠʮʠʜʘ (EC, 2018). ʂʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ ʜʘ ʣʠ ʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʝ 

ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʜʝʪʝʢʪʦʚʘʣʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠ ʫʪʚʨʜʠʣʦ 

ʧʦʩʪʦʿʘˁʝ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ ʬʫʥʛʠʮʠʜʘ ʠʟ ʛʨʫʧʝ ʘʟʘʥʘʬʪʘʣʝʥʘ, ʙʠʣʦ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʠʩʧʠʪʘʪʠ ʝʬʠʢʘʩʥʦʩʪ ʢʚʠʥʦʢʩʠʬʝʥʘ ʠ ʧʨʦʢʚʠʥʘʟʠʜʘ ʫ ʧʦˀʩʢʠʤ ʦʛʣʝʜʠʤʘ, ʘ 

ʟʘʪʠʤ ʪʝʩʪʠʨʘʪʠ ˁ ʠʭʦʚʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ. ʈʝʟʫʣʪʘʪʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʜ 2003. ʛʦʜʠʥʝ, ʢʦʿʝ ʿʝ ʨʝʜʦʚʥʦ ʩʧʨʦʚʦʜʠʣʘ ʨʘʜʥʘ ʛʨʫʧʘ ʫ ʦʢʚʠʨʫ FRAC-a ʟʘʜʫʞʝʥʘ ʟʘ 

ʘʟʘʥʘʬʪʘʣʝʥʝ (AZN Working Group), ʧʦʪʚʨʹʫʿʫ ʜʘ ʩʫ ʠʟʦʣʘʪʠ E. necator ʫʤʝʨʝʥʦ ʜʦ ʚʠʩʦʢʦ 

ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʦʚʝ ʬʫʥʛʠʮʠʜʝ, ʦʢʪʨʠʚʝʥʠ ʫ ʥʝʢʦʣʠʢʦ ʜʝʣʦʚʘ ɽʚʨʦʧʝ, ʦʜʥʦʩʥʦ ʫ ʧʦʿʝʜʠʥʠʤ 

ʨʝʛʠʦʥʠʤʘ ʀʪʘʣʠʿʝ, ʌʨʘʥʮʫʩʢʝ, ɸʫʩʪʨʠʿʝ, ʄʘʹʘʨʩʢʝ, ʐʚʘʿʮʘʨʩʢʝ, ʅʝʤʘʯʢʝ ʠ ʇʦʨʪʫʛʘʣʘ. ʋ 

ʠʟʚʝʰʪʘʿʠʤʘ ʦʚʝ ʛʨʫʧʝ ʥʘʚʦʜʠ ʩʝ ʠ ʜʘ ʩʫ ʩʝ ʨʝʟʠʩʪʝʥʪʥʠ ʠʟʦʣʘʪʠ ʨʘʟʚʠʿʘʣʠ ʥʘ 

ʜʠʩʢʨʠʤʠʥʘʪʦʨʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʢʚʠʥʦʢʩʠʬʝʥʘ ʠ ʧʨʦʢʚʠʥʘʟʠʜʘ, ʜʦʢ ʿʝ ʧʨʠ ʠʩʪʠʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ ʨʘʟʚʦʿ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʝ ʧʦʧʫʣʘʮʠʿʝ ʫ ʧʦʪʫʥʦʩʪʠ 

ʠʥʭʠʙʠʨʘʥ (FRAC 2014b; 2015b; 2016; 2017b; 2018a). ʆʥʦ ʰʪʦ ʩʝ ʪʘʢʦʹʝ ʥʘʚʦʜʠ ʟʘ ʪʝ 

ʜʝʣʦʚʝ ɽʚʨʦʧʝ, ʿʝʩʪʝ ʜʘ ʥʠʿʝ ʜʦʰʣʦ ʜʦ ʩʤʘˁʝˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʢʚʠʥʦʢʩʠʬʝʥʘ ʠ ʧʨʦʢʚʠʥʘʟʠʜʘ 

ʫ ʧʨʘʢʪʠʯʥʠʤ ʫʩʣʦʚʠʤʘ, ʠʘʢʦ ʩʫ ʠʟʦʣʘʪʠ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʪʝʩʪʦʚʠʤʘ ʢʣʘʩʠʬʠʢʦʚʘʥʠ ʢʘʦ 
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ʫʤʝʨʝʥʦ ʜʦ ʚʠʩʦʢʦ ʨʝʟʠʩʪʝʥʪʥʠ. ɱʦʰ ʿʝʜʘʥ ʢʫʨʠʦʟʠʪʝʪ ʿʝ ʠ ʪʦ ʜʘ, ʧʨʝʤʘ ʜʦʩʪʫʧʥʦʿ 

ʣʠʪʝʨʘʪʫʨʠ, ʥʝ ʧʦʩʪʦʿʝ ʧʦʜʘʮʠ ʦ ʩʣʘʙʦʿ ʝʬʠʢʘʩʥʦʩʪʠ ʘʟʘʥʘʬʘʪʘʣʝʥʘ ʫ ʧʦˀʫ (Hoffmann et 

al., 2012; Feng et al., 2018). ʋ ʥʘʰʝʤ ʚʠʰʝʛʦʜʠʰˁʝʤ ʠʩʪʨʘʞʠʚʘˁʫ ʟʥʘʯʘʿʥʦ ʩʤʘˁʝˁʝ 

ʝʬʠʢʘʩʥʦʩʪʠ ʢʚʠʥʦʢʩʠʬʝʥʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ 

ʟʘʙʝʣʝʞʝʥʦ ʿʝ ʛʦʪʦʚʦ ʥʘ ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ. ɽʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. 

necator ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 10,7 (ʣʦʢ. ʈʘʜʤʠʣʦʚʘʮ) ʜʦ 72,6% (ʣʦʢ. ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ), ʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʦʜ 21,2 (ʣʦʢ. ʈʘʜʤʠʣʦʚʘʮ) ʜʦ 59,1% (ʣʦʢ. ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ). ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʪʨʝʪʠʨʘʥʠʤ ʢʚʠʥʦʢʩʠʬʝʥʦʤ ʙʠʦ ʿʝ ʧʨʝʢʦ 

58% ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ 2019. ʛʦʜʠʥʝ, ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʦʜ 69% 

(ɻʨʘʬʠʢʦʥ 4). ʇʨʦʮʝʥʘʪ ʛʨʦʟʜʦʚʘ ʪʨʝʪʠʨʘʥʠʭ ʢʚʠʥʦʢʩʠʬʝʥʦʤ ʩʘ ʩʠʤʧʪʦʤʠʤʘ ʦʙʦˀʝˁʘ ʙʠʦ 

ʿʝ  85%, ʫ ʦʜʥʦʩʫ ʥʘ 88,5% ʫ ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʨʦʢʚʠʥʘʟʠʜ ʿʝ ʠʩʧʦˀʠʦ 

ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʠ ʦʥʘ ʿʝ ʙʠʣʘ 

ʫʛʣʘʚʥʦʤ ʚʠʰʘ ʦʜ 90%, ʯʘʢ ʿʝ ʜʦʩʪʠʟʘʣʘ ʠ ʜʦ 99%, ʦʩʠʤ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ (2019. ʛʦʜʠʥʝ) 

ʠ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ (2022. ʛʦʜʠʥʝ) ʢʘʜʘ ʿʝ ʙʠʣʘ 73,2%, ʦʜʥʦʩʥʦ 84,9%. ʀʥʪʝʨʝʩʘʥʪʥʘ 

ʯʠˁʝʥʠʮʘ ʫ ʠʩʧʠʪʠʚʘˁʠʤʘ ʩʘ ʧʨʦʢʚʠʥʘʟʠʜʦʤ ʿʝʩʪʝ ˁʝʛʦʚʘ ʟʥʘʪʥʦ ʩʣʘʙʠʿʘ ʝʬʠʢʘʩʥʦʩʪ ʫ 

ʩʫʟʙʠʿʘˁʫ E. necator ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʘʠʤʝ, ʝʬʠʢʘʩʥʦʩʪ ʦʚʦʛ ʬʫʥʛʠʮʠʜʘ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 47,0 

ʜʦ 87,1%, ʦʩʠʤ 2020. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʠ 2021. ʛʦʜʠʥʝ ʥʘ 

ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʢʘʜʘ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ 96,2, ʦʜʥʦʩʥʦ 90,7%. ɽʬʠʢʘʩʥʦʩʪ ʠʩʧʦʜ 50% 

ʟʘʙʝʣʝʞʝʥʘ ʿʝ, ʦʩʠʤ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ 2022. ʛʦʜʠʥʝ (47,0%), ʠ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ 

2019. ʛʦʜʠʥʝ (48,7%). ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ 2022. ʛʦʜʠʥʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ 

ʣʠʩʪʦʚʠʤʘ ʪʨʝʪʠʨʘʥʠʤ ʧʨʝʧʘʨʘʪʦʤ Talendo ʙʠʦ ʿʝ ʛʦʪʦʚʦ 32%, ʥʘʩʧʨʘʤ 60% ʢʦʣʠʢʦ ʿʝ 

ʫʪʚʨʹʝʥʦ ʫ ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ (ɻʨʘʬʠʢʦʥ 5). ʅʘ ʦʩʪʘʣʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ ʝʬʠʢʘʩʥʦʩʪ 

ʧʨʦʢʚʠʥʘʟʠʜʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʩʝ ʫʛʣʘʚʥʦʤ ʢʨʝʪʘʣʘ ʠʟʤʝʹʫ 73 ʠ 87%. ʆʚʘʿ ʬʝʥʦʤʝʥ ʠ ʥʝ ʪʨʝʙʘ 

ʪʦʣʠʢʦ ʜʘ ʟʙʫˁʫʿʝ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʫ ʠ ʫ ʧʨʝʪʭʦʜʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʧʦʿʝʜʠʥʠ ʘʫʪʦʨʠ 

ʫʚʠʜʝʣʠ ʨʘʟʣʠʢʝ ʫ ʧʦʛʣʝʜʫ ʝʬʠʢʘʩʥʦʩʪʠ ʬʫʥʛʠʮʠʜʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ (Hoffmann 

et al., 2012; Feng et al., 2018). ʈʝʟʫʣʪʘʪʠ ʥʘʰʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʢʦʥʪʝʢʩʪʫ ʝʬʠʢʘʩʥʦʩʪʠ 

ʧʨʦʢʚʠʥʘʟʠʜʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ ʩʫ ʫ ʩʢʣʘʜʫ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʝ ʩʫ 

ʩʧʨʦʚʝʣʠ Hoffmann et al. (2012) ʫ ʄʘʹʘʨʩʢʦʿ, ʛʜʝ ʿʝ ʫʪʚʨʹʝʥʘ ʟʥʘʪʥʦ ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ 

ʧʨʦʢʚʠʥʘʟʠʜʘ ʥʘ ʣʠʩʪʦʚʠʤʘ (43,1-60,9%) ʥʝʛʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (99,4%), ʪʘʢʦ ʜʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ 

ʥʝ ʪʨʝʙʘ ʩʫʤˁʘʪʠ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠ ʨʘʟʚʦʿ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʧʨʦʢʚʠʥʘʟʠʜʘ 

ʥʘ ʛʨʦʟʜʦʚʠʤʘ (90-100%) ʫʩʪʘʥʦʚˀʝʥʘ ʿʝ ʠ ʫ ʠʩʪʨʘʞʠʚʘˁʠʤʘ Pianella et al. (2006) ʠ Sozzani 

et al. (2008) ʫ ʀʪʘʣʠʿʠ. 

ɺʝʦʤʘ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʢʚʠʥʦʢʩʠʬʝʥʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ 

ʚʠʥʦʛʨʘʜʫ (ʣʦʢʘʣʠʪʝʪ ʈʘʜʤʠʣʦʚʘʮ) ʠ ʢʦʤʝʨʮʠʿʘʣʥʦʤ ʚʠʥʦʛʨʘʜʫ (ʣʦʢʘʣʠʪʝʪ ʊʦʧʦʣʘ), ʛʜʝ 

ʧʦʩʪʦʿʠ ʜʫʛʘ ʠʩʪʦʨʠʿʘ ʧʨʠʤʝʥʝ ʦʚʦʛ ʬʫʥʛʠʮʠʜʘ (ʛʦʪʦʚʦ 20 ʛʦʜʠʥʘ). ʅʝʰʪʦ ʙʦˀʘ ʝʬʠʢʘʩʥʦʩʪ 

ʢʚʠʥʦʢʩʠʬʝʥʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʠ ʅʝʰʪʠʥ (ʦʙʘ 

ʚʠʥʦʛʨʘʜʘ ʢʦʤʝʨʮʠʿʘʣʥʘ), ʰʪʦ ʩʝ ʤʦʞʝ ʦʙʿʘʩʥʠʪʠ ʯʠˁʝʥʠʮʦʤ ʜʘ ʢʚʠʥʦʢʩʠʬʝʥ ʥʠʿʝ 

ʢʦʨʠʰ˂ʝʥ ʥʘ ʦʚʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ ʪʦʢʦʤ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʧʨʝ ʧʦʯʝʪʢʘ ʠʩʪʨʘʞʠʚʘˁʘ (ʙʘʨ 3-4 

ʛʦʜʠʥʝ), ʪʝ ʿʝ ʤʦʛʫ˂ʝ ʜʘ ʥʘ ʦʚʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ ʜʦʣʘʟʠ ʜʦ ʧʦʥʦʚʥʦʛ ʫʩʧʦʩʪʘʚˀʘˁʘ ʦʩʝʪˀʠʚʝ 

ʧʦʧʫʣʘʮʠʿʝ. Feng et al. (2018) ʩʫ ʫʪʚʨʜʠʣʠ ʜʘ ʧʨʦʮʝʥʘʪ ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ ʦʧʘʜʘ ʫ 

ʦʜʩʫʩʪʚʫ ʩʝʣʝʢʮʠʦʥʦʛ ʧʨʠʪʠʩʢʘ ʢʚʠʥʦʢʩʠʬʝʥʘ (ʪʨʠ ʛʦʜʠʥʝ ʫʟʘʩʪʦʧʥʦ ʠʟʦʩʪʘʚˀʝʥ ʠʟ 

ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ), ʧʘ ʿʝ ʪʘʢʦ ʟʘʙʝʣʝʞʝʥ ʧʘʜ ʩʘ 65% ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ 2014. ʛʦʜʠʥʝ, ʥʘ 

46% 2016. ʛʦʜʠʥʝ. ʆʥʦ ʰʪʦ ʿʝ ʟʙʫʥʠʣʦ ʠʩʪʝ ʘʫʪʦʨʝ, ʿʝʩʪʝ ʜʘ ʧʨʦʮʝʥʘʪ ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ 

ʥʠʿʝ ʙʠʦ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʝʬʠʢʘʩʥʦʰ˂ʫ ʢʚʠʥʦʢʩʠʬʝʥʘ ʫ ʧʨʘʢʪʠʯʥʠʤ ʫʩʣʦʚʠʤʘ ʧʨʠʤʝʥʝ, 

ʦʜʥʦʩʥʦ ʫ ʚʠʥʦʛʨʘʜʫ. ʅʘʠʤʝ, ʠʘʢʦ ʿʝ 2014. ʛʦʜʠʥʝ ʫʪʚʨʹʝʥʦ 65% ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ ʠʟ 

ʿʝʜʥʦʛ ʚʠʥʦʛʨʘʜʘ, ʝʬʠʢʘʩʥʦʩʪ ʢʚʠʥʦʢʩʠʬʝʥʘ ʥʠʿʝ ʦʧʘʣʘ ʫ ʠʩʪʦʤ ʚʠʥʦʛʨʘʜʫ, ʩʘʤʦ ʿʝ ʪʦʢʦʤ 
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2015. ʛʦʜʠʥʝ ʫʩʪʘʥʦʚˀʝʥʘ ʥʝʰʪʦ ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʰʪʦ ʿʝ ʟʘ ʘʟʘʥʘʬʪʘʣʝʥʝ 

ʫʛʣʘʚʥʦʤ ʠ ʦʯʝʢʠʚʘʥʦ, ʢʘʢʦ ʥʘʚʦʜʝ ʘʫʪʦʨʠ. ʉʫʧʨʦʪʥʦ, ʫ ʥʘʰʝʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʥʠʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʢʚʠʥʦʢʩʠʬʝʥʘ ʫ ʧʦˀʫ ʢʦʨʝʩʧʦʥʜʠʨʘ ʜʝʪʝʢʮʠʿʠ ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ ʫ 

ʙʠʦʪʝʩʪʦʚʠʤʘ. ʈʘʩʪ ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ ʢʦʿʠ ʧʦʪʠʯʫ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʈʘʜʤʠʣʦʚʘʮ ʠ ʊʦʧʦʣʘ, 

ʟʘʙʝʣʝʞʝʥ ʿʝ ʥʝ ʩʘʤʦ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ (50 mg/l) ʛʜʝ ʿʝ ʧʨʦʮʝʥʘʪ ʠʥʭʠʙʠʮʠʿʝ 

ʙʠʦ 8,9-11,2%, ʚʝ˂ ʠ ʧʨʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ (200 mg/l) ʩʘ ʧʨʦʮʝʥʪʠʤʘ 

ʠʥʭʠʙʠʮʠʿʝ 58-65,9%. ʋ ʠʩʪʨʘʞʠʚʘˁʫ Colcol and Baudoin (2016) ʪʦʢʦʤ 2013. ʛʦʜʠʥʝ 

ʜʝʪʝʢʪʦʚʘʥʠ ʩʫ ʨʝʟʠʩʪʝʥʪʥʠ ʠʟʦʣʘʪʠ ʧʦʨʝʢʣʦʤ ʠʟ ʚʠʥʦʛʨʘʜʘ ʛʜʝ ʿʝ ʢʚʠʥʦʢʩʠʬʝʥ ʢʦʨʠʰ˂ʝʥ 

ʜʫʞʠ ʧʝʨʠʦʜ (ʦʜ 2006. ʜʦ 2013. ʛʦʜʠʥʝ), ʠ ʪʦ ʜʚʘ ʜʦ ʯʝʪʠʨʠ ʧʫʪʘ ʛʦʜʠʰˁʝ ʫ ʧʨʦʛʨʘʤʠʤʘ 

ʟʘʰʪʠʪʝ. ʊʝʩʪʠʨʘʥʠ ʠʟʦʣʘʪʠ ʨʘʟʚʠʿʘʣʠ ʩʫ ʩʝ ʧʨʠ 2 ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʢʚʠʥʦʢʩʠʬʝʥʘ 

(100 mg/l) ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ, ʩʘ ʧʨʦʮʝʥʪʠʤʘ ʠʥʭʠʙʠʮʠʿʝ ʢʦʿʠ ʩʫ ʩʝ ʢʨʝʪʘʣʠ ʦʜ 10 ʜʦ 50% ʰʪʦ 

ʿʝ ʙʠʦ ʩʣʫʯʘʿ ʠ  ʫ ʥʘʰʝʤ ʠʩʪʨʘʞʠʚʘˁʫ ʛʜʝ ʩʫ ʩʝ ʧʨʦʮʝʥʪʠ ʠʥʭʠʙʠʮʠʿʝ ʧʨʠ 100 mg/l 

ʢʚʠʥʦʢʩʠʬʝʥʘ ʢʨʝʪʘʣʠ ʦʜ 30 ʜʦ 70%.  ʀʟʦʣʘʪʠ ʧʦʨʝʢʣʦʤ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʙʝʟ ʧʨʝʪʭʦʜʥʝ 

ʠʩʪʦʨʠʿʝ ʧʨʠʤʝʥʝ ʬʫʥʛʠʮʠʜʘ ʫ ʧʦʪʧʫʥʦʩʪʠ ʩʫ ʠʥʭʠʙʠʨʘʥʠ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

ʢʚʠʥʦʢʩʠʬʝʥʘ. ʂʦʜ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʠʭ ʠʟʦʣʘʪʘ (ʫʢʫʧʥʦ 8 ʪʝʩʪʠʨʘʥʦ), EC50 ʚʨʝʜʥʦʩʪʠ ʟʘ 

ʢʚʠʥʦʢʩʠʬʝʥ ʢʨʝʪʘʣʝ ʩʫ ʩʝ ʦʜ 0,035 ʜʦ 0,137 mg/l (ʧʨʦʩʝʯʥʘ 0,078 mg/l), ʫ ʩʣʠʯʥʦʤ ʦʩʧʝʛʫ 

ʢʘʦ ʫ ʠʩʪʨʘʞʠʚʘˁʫ Green and Gustafson (2006) ʛʜʝ ʩʫ ɽʉ50 ʚʨʝʜʥʦʩʪʠ ʙʠʣʝ ʦʜ 0,02 ʜʦ 2,6 

mg/l ʠʣʠ ʫ ʠʩʪʨʘʞʠʚʘˁʫ Colcol and Baudoin (2016): 0,006-0,066 mg/l (ʧʨʦʩʝʯʥʦ 0,018 mg/l).   

ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʥʘʤ ʿʝ ʬʦʢʫʩ ʠʩʪʨʘʞʠʚʘˁʘ ʙʠʦ ʜʘ ʩʝ ʫʪʚʨʜʠ ʜʘ ʣʠ ʧʨʦʢʚʠʥʘʟʠʜ 

ʤʦʞʝ ʫʩʧʝʰʥʦ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʥʝʦʧʭʦʜʥʦ 

ʿʝ ʙʠʣʦ ʠʩʧʠʪʘʪʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʨʘʟʚʦʿ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ Genet and 

Jaworska (2009) ʦʪʢʨʠʚʝʥʦ ʿʝ ʜʘ ʧʨʦʢʚʠʥʘʟʠʜ ʫʛʣʘʚʥʦʤ ʥʝ ʤʦʞʝ ʜʘ ʠʥʭʠʙʠʨʘ ʠʟʦʣʘʪʝ E. 

necator ʢʦʿʠ ʩʫ ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʢʚʠʥʦʢʩʠʬʝʥ ʠ ʪʘʜʘ ʩʝ ʜʦʰʣʦ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ 

ʬʫʥʛʠʮʠʜʘ ʧʦʩʪʦʿʠ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ. ʉʫʧʨʦʪʥʦ, ʠʟʦʣʘʪʠ Blumeria graminis f.sp. 

tritici ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʢʚʠʥʦʢʩʠʬʝʥ, ʙʠʣʠ ʩʫ ʦʩʝʪˀʠʚʠ ʥʘ ʧʨʦʢʚʠʥʘʟʠʜ. ʀʟʦʣʘʪʠ ʠʟ 

ʣʦʢʘʣʠʪʝʪʘ ʙʝʟ ʧʨʝʪʭʦʜʥʝ ʠʩʪʦʨʠʿʝ ʧʨʠʤʝʥʝ ʬʫʥʛʠʮʠʜʘ ʙʠʣʠ ʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʥʭʠʙʠʨʘʥʠ 

ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʝʧʦʨʫʯʝʥʝ ʢʦʮʝʥʪʨʘʮʠʿʝ ʧʨʦʢʚʠʥʘʟʠʜʘ. ʂʦʜ ʦʚʘʢʚʠʭ, ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʠʭ 

ʠʟʦʣʘʪʘ (ʫʢʫʧʥʦ 8 ʪʝʩʪʠʨʘʥʦ), ɽʉ50 ʚʨʝʜʥʦʩʪʠ ʩʫ ʙʠʣʝ ʫ ʦʧʩʝʛʫ 0,008 ʜʦ 0,048 mg/l (ʧʨʦʩʝʯʥʘ 

0,031 mg/l). ʋʢʦʣʠʢʦ ʩʝ ʦʚʝ ʚʨʝʜʥʦʩʪʠ ʫʧʦʨʝʜʝ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʠʩʪʨʘʞʠʚʘˁʘ Genet and 

Jaworska (2009), ʛʜʝ ʩʝ ɽʉ50 ʢʨʝʪʘʣʘ ʦʜ 0,0009 ʜʦ 0,25 mg/l (ʧʨʦʩʝʯʥʦ 0,0098 mg/l) ʩʘ 86% 

ʠʟʦʣʘʪʘ ʢʦʿʠ ʩʫ ʠʤʘʣʠ ɽʉ50 < 0,03 mg/l ʫʦʯʘʚʘʿʫ ʩʝ ʦʜʨʝʹʝʥʝ ʩʣʠʯʥʦʩʪʠ. EC50 ʚʨʝʜʥʦʩʪʠ ʫ 

ʥʘʰʝʤ  ʠʩʪʨʘʞʠʚʘˁʫ ʙʠʣʝ ʩʫ ʥʘʿʩʣʠʯʥʠʿʝ ɽʉ50 ʚʨʝʜʥʦʩʪʠʤʘ ʧʦʧʫʣʘʮʠʿʘ  ʧʦʨʝʢʣʦʤ ʠʟ 

ʀʪʘʣʠʿʝ, ʛʜʝ ʿʝ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʙʠʣʘ 0,021 mg/l.  ʋ ʥʘʰʝʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʟʘʙʝʣʝʞʝʥ ʿʝ 

ʧʦʨʘʩʪ ʠʟʦʣʘʪʘ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʧʨʦʢʚʠʥʘʟʠʜʘ, ʤʝʹʫʪʠʤ, ʟʥʘʪʥʦ ʚʝ˂ʘ 

ʠʥʭʠʙʠʮʠʿʘ ʢʦʜ ʠʩʪʠʭ ʠʟʦʣʘʪʘ, ʫʪʚʨʹʝʥʘ ʿʝ ʟʘ ʧʨʦʢʚʠʥʘʟʠʜ ʥʝʛʦ ʟʘ ʢʚʠʥʦʢʩʠʬʝʥ. ʀʟʦʣʘʪʠ 

ʧʨʠʢʫʧˀʝʥʠ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʥʘ ʢʦʿʠʤʘ ʩʫ ʠʟʚʝʜʝʥʠ ʦʛʣʝʜʠ ʫ ʧʦˀʫ ʠ ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʠʭ 

ʚʠʥʦʛʨʘʜʘ ʩʘ ʜʫʞʦʤ ʠʩʪʦʨʠʿʦʤ ʧʨʠʤʝʥʝ ʢʚʠʥʦʢʩʠʬʝʥʘ, ʨʘʟʚʠʿʘʣʠ ʩʫ ʩʝ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʧʨʦʢʚʠʥʘʟʠʜʘ (ʧʨʦʩʝʯʥʘ ʠʥʭʙʠʮʠʿʘ 61,5-85,9%). ʈʘʜʥʘ ʛʨʫʧʘ FRAC-a 

ʟʘʜʫʞʝʥʘ ʟʘ ʘʟʘʥʘʬʪʘʣʝʥʝ, ʠʟʤʝʹʫ ʦʩʪʘʣʦʛ, ʥʘʚʦʜʠ ʜʘ ʩʫ ʩʝ ʠʟʦʣʘʪʠ ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʠʭ 

ʚʠʥʦʛʨʘʜʘ ʨʘʟʚʠʿʘʣʠ ʧʨʠ ʜʠʩʢʨʠʤʠʥʘʪʦʨʥʠʤ ʜʦʟʘʤʘ ʧʨʦʢʚʠʥʘʟʠʜʘ, ʘʣʠ ʜʘ ʝʬʠʢʘʩʥʦʩʪ ʫ 

ʧʨʘʢʪʠʯʥʠʤ ʫʩʣʦʚʠʤʘ ʥʠʿʝ ʙʠʣʘ ʥʘʨʫʰʝʥʘ. ʉʪʦʛʘ ʿʝ ʚʨʣʦ ʚʘʞʥʦ ʫʢʘʟʘʪʠ ʜʘ, ʙʝʟ ʦʙʟʠʨʘ ʰʪʦ 

ʩʫ ʩʝ ʠʟʦʣʘʪʠ E. necator ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʢʚʠʥʦʢʩʠʬʝʥ, ʨʘʟʚʠʿʘʣʠ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʧʨʦʢʚʠʥʘʟʠʜʘ, ʠʧʘʢ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʧʨʦʢʚʠʥʘʟʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʙʠʣʘ 

ʚʠʩʦʢʘ ʫ ʦʛʣʝʜʠʤʘ ʫ ʧʦˀʫ (ʥʘʨʦʯʠʪʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ). ʆʚʦ ʫ ʧʨʘʢʪʠʯʥʦʤ ʩʤʠʩʣʫ ʟʥʘʯʠ ʜʘ ʩʝ 

ʧʦʧʫʣʘʮʠʿʘ ʨʝʟʠʩʪʝʥʪʥʘ ʥʘ ʢʚʠʥʦʢʩʠʬʝʥ ʤʦʞʝ ʫʩʧʝʰʥʦ ʩʫʟʙʠʪʠ ʧʨʠʤʝʥʦʤ ʧʨʦʢʚʠʥʘʟʠʜʘ ʫ 
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ʧʨʝʧʦʨʫʯʝʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ, ʰʪʦ ʪʚʨʜʝ ʠ Genet and Jaworska (2009) ʫ ʩʚʦʤ 

ʠʩʪʨʘʞʠʚʘˁʫ.  

ʋʟʝʚʰʠ ʫ ʦʙʟʠʨ ʨʝʟʫʣʪʘʪʝ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʠ ʜʝʬʠʥʠʪʠʚʥʦ ʫʢʘʟʫʿʫ ʥʘ ʥʠʞʫ 

ʝʬʠʢʘʩʥʦʩʪ ʧʨʦʢʚʠʥʘʟʠʜʘ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʧʦʟʠʮʠʿʘ ʦʚʦʛ ʬʫʥʛʠʮʠʜʘ ʫ ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ 

ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʤʦʛʣʘ ʙʠ ʜʘ ʙʫʜʝ ʫ ʧʝʨʠʦʜʫ ʜʦ ʬʝʥʦʬʘʟʝ ʮʚʝʪʘˁʘ, 

ʝʚʝʥʪʫʘʣʥʦ ʧʨʝʮʚʝʪʘʚʘˁʘ, ʦʜʥʦʩʥʦ, ʜʦʢ ʥʝ ʢʨʝʥʝ ʠʥʪʝʥʟʠʚʥʠʿʝ ʬʦʨʤʠʨʘˁʝ ʣʠʩʥʝ ʤʘʩʝ. 

ɳʝʛʦʚʘ ʧʨʠʤʝʥʘ ʫ ʢʘʩʥʠʿʠʤ ʬʝʥʦʬʘʟʘʤʘ ʙʠ ʩʚʘʢʘʢʦ ʠʤʘʣʘ ʝʬʝʢʪʘ ʫ ʟʘʰʪʠʪʠ ʛʨʦʟʜʦʚʘ, ʘ ʢʘʢʦ 

ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʘ ʙʦˀʘ ʠ ʧʨʦʜʫʞʝʥʘ ʟʘʰʪʠʪʘ ʣʠʩʪʘ, ʧʨʦʢʚʠʥʘʟʠʜ ʙʠ ʪʨʝʙʘʣʦ ʢʦʤʙʠʥʦʚʘʪʠ 

ʩʘ ʩʫʤʧʦʨʦʤ. ʆʥʦ ʰʪʦ ʠʩʪʦ ʪʘʢʦ ʪʨʝʙʘ ʠʤʘʪʠ ʥʘ ʫʤʫ ʢʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʧʨʠʤʝʥʠ 

ʧʨʦʢʚʠʥʘʟʠʜʘ, ʿʝʩʪʝ ʜʘ ˂ʝ ʧʦʚʣʘʯʝˁʝ ʢʚʠʥʦʢʩʠʬʝʥʘ ʚʝʨʦʚʘʪʥʦ ʧʦʚʝ˂ʘʪʠ ʫʧʦʪʨʝʙʫ ʦʚʦʛ 

ʬʫʥʛʠʮʠʜʘ ʫ ʥʘʨʝʜʥʠʤ ʛʦʜʠʥʘʤʘ, ʘ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʿʝ ʪʦ ʿ ʝʜʠˁʝˁʝ ʩʚʨʩʪʘʥʦ ʫ ʛʨʫʧʫ ʩʘ 

ʩʨʝʜˁʠʤ ʨʠʟʠʢʦʤ ʦʜ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ˁʝʛʦʚʘ ʧʨʠʤʝʥʘ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ 

ʘʥʪʠʨʝʟʠʩʪʝʥʪʥʝ ʩʪʨʘʪʝʛʠʿʝ ʙʠʣʘ ʙʠ ʦʜ ʠʟʫʟʝʪʥʦʛ ʟʥʘʯʘʿʘ.  

 

6.4 ʈʝʟʠʩʪʝʥʪʥʦʩʪ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʝ  

ʍʝʤʠʿʩʢʫ ʛʨʫʧʫ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʘ ʯʠʥʝ ʜʚʘ ʬʫʥʛʠʮʠʜʘ ï ʤʝʪʨʘʬʝʥʦʥ ʠ ʧʠʨʠʦʬʝʥʦʥ. 

ʄʝʪʨʘʬʝʥʦʥ ʿʝ ʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʢʦʿʫ ʿʝ BASF ʩʠʥʪʝʪʠʩʘʦ 2004. ʛʦʜʠʥʝ, ʘ ʢʦʿʘ ʩʝ ʫ ʟʘʰʪʠʪʠ 

ʙʠˀʘ, ʧʨʚʝʥʩʪʚʝʥʦ ʫ ʟʘʰʪʠʪʠ ʩʪʨʥʠʭ ʞʠʪʘ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʢʦʨʠʩʪʠ ʟʚʘʥʠʯʥʦ 

ʦʜ 2006. ʛʦʜʠʥʝ (EC, 2006). ɿʘ ʟʘʰʪʠʪʫ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʫ ɽʚʨʦʧʠ, 

ʤʝʪʨʘʬʝʥʦʥ ʩʝ ʢʦʨʠʩʪʠ ʦʜ 2007. ʛʦʜʠʥʝ. ʇʠʨʠʦʬʝʥʦʥ ʿʝ ʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʢʦʿʫ ʿʝ 

ʩʠʥʪʝʪʠʩʘʣʘ ʢʦʤʧʘʥʠʿʘ ISK (ɱʘʧʘʥ), ʠ ʫ ʫʧʦʪʨʝʙʠ ʿʝ ʦʜ 2014. ʛʦʜʠʥʝ (Kunova et al., 2016; 

Graf, 2017; EC, 2021).  ʇʨʚʠ ʧʦʜʘʮʠ ʦ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ ʤʝʪʨʘʬʝʥʦʥ ʜʘʪʠʨʘʿʫ ʠʟ 2008. 

ʛʦʜʠʥʝ, ʢʘʜʘ ʿʝ ʛʨʫʧʘ ʠʩʪʨʘʞʠʚʘʯʘ (Felsenstein et al., 2010) ʢʦʿʘ ʩʝ ʙʘʚʠʣʘ ʧʨʦʛʨʘʤʦʤ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʫʪʚʨʜʠʣʘ ʧʦʩʪʦʿʘˁʝ ʫʤʝʨʝʥʦ ʦʜ ʚʠʩʦʢʦ ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ Blumeria 

graminis f.sp. tritici . ʈʝʟʫʣʪʘʪʠ Felsenstein et al. (2010), a ʢʘʩʥʠʿʝ ʠ Stammler et al. (2014), 

ʫʢʘʟʘʣʠ ʩʫ ʥʘ ʿʝʜʘʥ ʚʘʞʘʥ ʧʦʜʘʪʘʢ, ʘ ʪʦ ʿʝ ʜʘ ʩʝ ʫʤʝʨʝʥʦ ʨʝʟʠʩʪʝʥʪʥʝ ʧʦʧʫʣʘʮʠʿʝ Blumeria 

graminis f.sp. tritici  ʤʦʛʫ ʫʩʧʝʰʥʦ ʩʫʟʙʠʿʘʪʠ ʧʨʠʤʝʥʦʤ ʧʨʝʧʦʨʫʯʝʥʠʭ ʜʦʟʘ ʤʝʪʨʘʬʝʥʦʥʘ (150 

g ʘ.ʩ./ha), ʜʦʢ ʩʝ ʨʝʟʠʩʪʝʥʪʥʝ ʧʦʧʫʣʘʮʠʿʝ ʥʝ ʤʦʛʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʩʫʟʙʠʪʠ ʯʘʢ ʥʠ ʩʘ ʚʝ˂ʦʤ 

ʜʦʟʦʤ ʤʝʪʨʘʬʝʥʦʥʘ. ʇʨʦʛʨʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʘʨʠʣ-

ʬʝʥʠʣ ʢʝʪʦʥʝ ʠʟʚʦʜʝ ʩʝ ʥʘ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ ʠʟʚʦʹʝˁʝʤ ʨʫʪʠʥʩʢʠʭ in vivo ʙʠʦʪʝʩʪʦʚʘ, ʫ 

ʢʦʿʠʤʘ ʩʝ ʢʦʨʠʩʪʠ ʧʨʦʧʠʩʘʥʘ ʜʠʩʢʨʠʤʠʥʘʪʦʨʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʦʜ 10 mg/l ʤʝʪʨʘʬʝʥʦʥʘ. 

ʇʨʚʠ ʥʘʣʘʟʠ ʫʤʝʨʝʥʦ ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ E. necator ʜʘʪʠʨʘʿʫ ʠʟ 2010. ʛʦʜʠʥʝ 

(Stammler et al., 2014), ʘ ʟʘʪʠʤ ʩʫ, ʦʜ 2011. ʜʦ 2013. ʫʪʚʨʹʝʥʠ ʠ ʨʝʟʠʩʪʝʥʪʥʠ ʠʟʦʣʘʪʠ 

ʧʦʨʝʢʣʦʤ ʠʟ ɸʫʩʪʨʠʿʝ, ʄʘʹʘʨʩʢʝ ʠ ʀʪʘʣʠʿʝ (Kunova et al., 2016; Graf et al., 2017).  

ʋ ʥʘʰʝʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʢʦʤʝʨʮʠʿʘʣʥʝ ʬʦʨʤʫʣʘʮʠʿʝ ʤʝʪʨʘʬʝʥʦʥʘ (Vivando) ʠ 

ʧʠʨʠʦʬʝʥʦʥʘ (Kusabi) ʠʩʧʦˀʠʣʝ ʩʫ ʚʝʦʤʘ ʥʠʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ 

ʧʝʧʝʣʥʠʮʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ, ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʈʘʜʤʠʣʦʚʘʮ ʠ ʊʦʧʦʣʘ. ɽʬʠʢʘʩʥʦʩʪ 

ʤʝʪʨʘʬʝʥʦʥʘ ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 8,5 ʜʦ 10,2 

%, ʘ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ 26,9-44,7%. ʇʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ  ʥʘ ʦʚʘ ʜʚʘ 

ʣʦʢʘʣʠʪʝʪʘ ʢʨʝʪʘʦ ʩʝ ʦʜ 45,5 ʜʦ 100%, ʜʦʢ ʩʝ ʫ ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ ʧʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ 

ʛʨʦʟʜʦʚʘ ʢʨʝʪʘʦ ʦʜ 75 ʜʦ 100% (ɻʨʘʬʠʢʦʥ 6; ʇʨʠʣʦʛ 4). ɽʬʠʢʘʩʥʦʩʪ ʤʝʪʨʘʬʝʥʦʥʘ ʥʘ 

ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ ʿʝ ʫ ʦʩʧʝʛʫ 23-48%, ʘ ʠʥʪʝʥʟʠʪʝʪʠ ʦʙʦˀʝˁʘ ʦʜ 9 ʜʦ 35%, ʜʦʢ ʿʝ ʫ ʢʦʥʪʨʦʣʠ 

ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʙʠʦ ʫ ʨʘʩʧʦʥʫ ʦʜ 16 ʜʦ 45% (ɻʨʘʬʠʢʦʥ 7). ʉʣʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ 

ʩʫ ʠ ʟʘ ʝʬʠʢʘʩʥʦʩʪ ʧʠʨʠʦʬʝʥʦʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʢʦʿʘ ʩʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ ʢʨʝʪʘʣʘ ʦʜ 

7,5 ʜʦ 25,8%, ʘ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ ʦʜ 19,3 ʜʦ 49,7%. ʅʘ ʣʠʩʪʦʚʠʤʘ ʿʝ ʯʘʢ ʟʘʙʝʣʝʞʝʥʘ 
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ʠ ʥʝʛʘʪʠʚʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ (-1,0%), ʛʜʝ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ 

ʚʘʨʠʿʘʥʪʠ ʩʘ ʧʠʨʠʦʬʝʥʦʥʦʤ ʙʠʦ 46,2%, ʘ ʫ ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ 45,4% (ɻʨʘʬʠʢʦʥ 7). 

ɽʬʠʢʘʩʥʦʩʪ ʧʠʨʠʦʬʝʥʦʥʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʥʘ ʦʚʠʤ 

ʣʦʢʘʣʠʪʝʪʠʤʘ, ʥʠʿʝ ʧʨʝʣʘʟʠʣʘ 50%. ʇʦʪʧʫʥʦ ʜʨʫʛʘʯʠʿʠ ʨʝʟʫʣʪʘʪʠ ʟʘʙʝʣʝʞʝʥʠ ʩʫ ʥʘ 

ʣʦʢʘʣʠʪʝʪʠʤʘ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʠ ʅʝʰʪʠʥ, ʥʘ ʢʦʿʠʤʘ ʿʝ ʫʪʚʨʹʝʥʘ ʚʠʩʦʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʤʝʪʨʘʬʝʥʦʥʘ ʠ ʧʠʨʠʦʬʝʥʦʥʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ. ʅʘ 

ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʝʬʠʢʘʩʥʦʩʪ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ ʙʠʣʘ ʿʝ ʠʟʥʘʜ 96% ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʠʟʥʘʜ 92% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʠʩʧʠʪʘʥ ʿʝ ʩʘʤʦ 

ʧʠʨʠʦʬʝʥʦʥ, ʠ ˁʝʛʦʚʘ ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 91 ʜʦ 93% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʦʜ 89 ʜʦ 

94% ʥʘ ʣʠʩʪʦʚʠʤʘ.  

Kunova et al. (2016) ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʩʧʨʦʚʝʜʝʥʦʤ ʦʜ 2011. ʜʦ 2013. ʛʦʜʠʥʝ, 

ʜʝʪʝʢʪʦʚʘʣʠ ʩʫ ʨʝʟʠʩʪʝʥʪʥʝ ʧʦʧʫʣʘʮʠʿʘ E. necator ʫ ʩʝʚʝʨʥʦʿ ʀʪʘʣʠʿʠ, ʥʘ ʜʚʘ ʣʦʢʘʣʠʪʝʪʘ, 

ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʟʚʘʥʠʯʥʦ ʧʨʚʠ ʥʘʣʘʟ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʝ ʫ ʩʚʝʪʫ. ʋ 

ˁʠʭʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʤʝʪʨʘʬʝʥʦʥ ʧʨʠʤʝˁʝʥ ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ (ʧʨʝʧʘʨʘʪ 

Vivando ʫ ʢʦʥʮ. 0,02%), ʦʙʝʟʙʝʜʠʦ ʿʝ ʜʦʙʨʫ ʝʬʠʢʘʩʥʦʩʪ 2011. ʛʦʜʠʥʝ (100% ʥʘ ʣʠʩʪʦʚʠʤʘ, 

>95% ʥʘ ʛʨʦʟʜʦʚʠʤʘ), ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʫ ʝʬʠʢʘʩʥʦʩʪ 2012. ʛʦʜʠʥʝ (>80% ʥʘ ʣʠʩʪʦʚʠʤʘ, 50-

80% ʥʘ ʛʨʦʟʜʦʚʠʤʘ) ʠ ʥʠʩʢʫ ʝʬʠʢʘʩʥʦʩʪ 2013. ʛʦʜʠʥʝ (30-60% ʥʘ ʣʠʩʪʦʚʠʤʘ, <20% ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ). ʀʟʦʣʘʪʠ ʧʨʠʢʫʧˀʝʥʠ ʠʟ ʦʚʠʭ ʚʠʥʦʛʨʘʜʘ, ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ ʨʘʟʚʠʿʘʣʠ ʩʫ ʩʝ 

ʥʝʩʤʝʪʘʥʦ ʧʨʠ ʜʝʩʝʪ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʤʝʪʨʘʬʝʥʦʥʘ (1250 mg/l) ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ ʠ 

ʦʯʝʢʠʚʘʥʠ ʬʘʢʪʦʨ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʟʘ ʦʚʝ ʠʟʦʣʘʪʝ ʙʠʦ ʿʝ ʚʝ˂ʠ ʦʜ 100. ʊʘʢʦʹʝ, ʫ ʠʩʪʦʤ 

ʠʩʪʨʘʞʠʚʘˁʫ, ʧʦʪʚʨʹʝʥʘ ʿʝ ʠ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʤʝʹʫ ʤʝʪʨʘʬʝʥʦʥʘ ʠ ʧʠʨʠʦʬʝʥʦʥʘ. 

ʉʫʧʨʦʪʥʦ ʦʚʦʤʝ, ʫ ʠʩʧʠʪʠʚʘˁʠʤʘ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ Morando et al. (2014) ʫ ʚʠʥʦʛʨʘʜʠʤʘ 

ʨʝʛʠʿʝ ʇʠʝʤʦʥʪ, ʦʜ 2011. ʜʦ 2013. ʛʦʜʠʥʝ, ʝʬʠʢʘʩʥʦʩʪ ʤʝʪʨʘʬʝʥʦʥʘ ʠ ʧʠʨʦʬʝʥʦʥʘ ʙʠʣʘ ʿʝ 

ʿʘʢʦ ʚʠʩʦʢʘ, >98% ʟʘ ʤʝʪʨʘʬʝʥʦʥ, ʦʜʥʦʩʥʦ >99% ʟʘ ʧʠʨʠʦʬʝʥʦʥ. Cavazza et al. (2018) ʩʫ 

ʠʩʧʠʪʠʚʘʣʠ ʝʬʠʢʘʩʥʦʩʪ ʤʝʪʨʘʬʝʥʦʥʘ ʫ ʚʠʥʦʛʨʘʜʫ ʫ ʦʢʦʣʠʥʠ ʈʘʚʝʥʝ (ʨʝʛʠʦʥ ɽʤʠʣʠʿʘ-

ʈʦʤʘˁʘ) ʠ ˁ ʝʛʦʚʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʪʦʢʦʤ 2016. ʛʦʜʠʥʝ, ʢʨʝʪʘʣʘ ʩʝ ʦʜ 84 ʜʦ 92,1%, 

ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʥʠʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʝ ʫ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʫ ʦʚʠʤ ʜʝʣʦʚʠʤʘ 

ʀʪʘʣʠʿʝ. Graf (2017) ʥʘʚʦʜʠ ʜʘ ʩʫ ʟʘ ʥʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʝ ʧʦʧʫʣʘʮʠʿʝ ʥʘ ʤʝʪʨʘʬʝʥʦʥ, EC50 

ʚʨʝʜʥʦʩʪʠ ʙʠʣʝ <1 ʜʦ 4,7 mg/l (ʧʨʦʩʝʯʥʦ 1,9 mg/l), ʜʦʢ ʩʫ ʟʘ ʦʥʝ ʧʦʧʫʣʘʮʠʿʝ ʢʦʿʝ ʩʫ 

ʧʨʠʢʫʧˀʝʥʝ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʙʝʟ ʧʨʝʪʭʦʜʥʝ ʠʩʪʦʨʠʿʝ ʧʨʠʤʝʥʝ ʤʝʪʨʘʬʝʥʦʥʘ, ɽʉ50 ʚʨʝʜʥʦʩʪʠ 

ʙʠʣʝ ʫ ʦʧʩʝʛʫ 0,09 ʜʦ 0,39 mg/l (ʧʨʦʩʝʯʥʦ 0,23 mg/l). ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʨʝʟʠʩʪʝʥʪʥʠ ʠʟʦʣʘʪʠ 

E. necator ʨʘʟʚʠʿʘʣʠ ʩʫ ʩʝ ʥʝʩʤʝʪʘʥʦ ʧʨʠ 30 mg/l ʤʝʪʨʘʬʝʥʦʥʘ, ʩʘ ʦʯʝʢʠʚʘʥʠʤ ɽʉ50 > 30 mg/l 

ʠ ʬʘʢʪʦʨʠʤʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʚʝ˂ʠʤ ʦʜ 130.  

ʈʝʟʫʣʪʘʪʠ ʥʘʰʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʩʣʠʯʥʠ ʩʘ ʧʨʝʪʭʦʜʥʠʤ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ, ʧʘ ʿʝ ʨʘʟʚʦʿ ʠʟʦʣʘʪʘ, ʢʦʿʠ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʛʜʝ ʿʝ ʫʪʚʨʹʝʥʘ 

ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʘ, ʟʘʙʝʣʝʞʝʥ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʤʝʪʨʘʬʝʥʦʥʘ ʠ 

ʧʠʨʠʦʬʝʥʦʥʘ ʢʦʿʝ ʩʫ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʝ ʦʜ ʧʨʝʧʦʨʫʯʝʥʠʭ. ɼʦʜʘʪʥʦ ʪʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʫ 

ʩʝ ʠʟʦʣʘʪʠ ʧʨʠʢʫʧˀʝʥʠ ʠʟ ʜʚʘ ʚʠʥʦʛʨʘʜʘ (ʉʤʝʜʝʨʝʚʦ ʠ ʂʨˁʝʚʦ), ʫ ʢʦʿʠʤʘ ʩʝ ʤʝʪʨʘʬʝʥʦʥ 

ʢʦʨʠʩʪʠ ʜʫʞʝ ʚʨʝʤʝ, ʨʘʟʚʠʿʘʣʠ ʧʨʠ ʩʚʝ ʪʨʠ ʠʩʧʠʪʠʚʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʝʪʨʘʬʝʥʦʥʘ, ʘʣʠ ʠ 

ʧʠʨʠʦʬʝʥʦʥʘ, ʩ ʪʠʤ ʜʘ ʩʫ ʧʨʦʮʝʥʪʠ ʠʥʭʠʙʠʮʠʿʝ ʙʠʣʠ ʥʝʰʪʦ ʚʠʰʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʧʫʣʘʮʠʿʝ 

ʢʦʿʝ ʧʦʪʠʯʫ ʠʟ ʚʠʥʦʛʨʘʜʘ ʛʜʝ ʩʫ ʠʟʚʦʹʝʥʠ ʦʛʣʝʜʠ ʝʬʠʢʘʩʥʦʩʪʠ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ 

ʧʦʪʚʨʹʫʿʫ ʭʠʧʦʪʝʟʫ ʜʘ ʧʦʩʪʦʿʠ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʤʝʹʫ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʘ, ʰʪʦ 

ʫʢʘʟʫʿʝ ʜʘ ʿʝ ˁʠʭʦʚ ʤʝʭʘʥʠʟʘʤ ʜʝʣʦʚʘˁʘ ʧʦʚʝʟʘʥ, ʦʜʥʦʩʥʦ ʜʘ ʜʝʣʫʿʫ ʥʘ ʠʩʪʠ ʥʘʯʠʥ ʨʝʤʝʪʝ˂ʠ 

ʣʦʢʘʣʠʟʘʮʠʿʫ ʘʢʪʠʥʘ ʠ ʭʠʬʘʣʥʫ ʤʦʨʬʦʛʝʥʝʟʫ. 

ʋ ʥʘʰʝʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʧʦʨʘʩʪ ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

ʤʝʪʨʘʬʝʥʦʥʘ (100 mg/l) ʠ ʧʠʨʠʦʬʝʥʦʥʘ (90 mg/l) ʛʦʪʦʚʦ ʜʘ ʩʝ ʥʠʿʝ ʨʘʟʣʠʢʦʚʘʦ ʦʜ ʢʦʥʪʨʦʣʝ 
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ʠ ʟʘʙʝʣʝʞʝʥʠ ʩʫ ʚʝʦʤʘ ʥʠʩʢʠ ʧʨʦʮʝʥʪʠ ʠʥʭʠʙʠʮʠʿʝ (1,2-47,4% ʟʘ ʤʝʪʨʘʬʝʥʦʥʘ ʠ 3,2-37,2% 

ʟʘ ʧʠʨʠʦʬʝʥʦʥ). ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʜʚʘ ʧʫʪʘ ʚʝ˂ʠʤ ʦʜ ʧʨʝʧʦʨʫʯʝʥʠʭ (200 ʠ 180 mg/l), 

ʠʥʭʠʙʠʮʠʿʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 25,7 ʜʦ 48,1%, ʟʘ ʤʝʪʨʘʬʝʥʦʥ, ʦʜʥʦʩʥʦ 25,1-40,1% ʟʘ ʧʠʨʠʦʬʝʥʦʥ, 

ʜʦʢ ʿʝ ʧʨʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ (400 ʠ 360 mg/l) ʠʥʭʙʠʮʠʿʘ ʙʠʣʘ 50,5-67,8% 

ʟʘ ʤʝʪʨʘʬʝʥʦʥ ʠ 45,8-69,5% ʟʘ ʧʠʨʠʦʬʝʥʦʥ. ʅʝʰʪʦ ʚʝ˂ʠ ʧʨʦʮʝʥʪʠ ʠʥʭʠʙʠʮʠʿʝ ʫʪʚʨʹʝʥʠ ʩʫ 

ʟʘ ʠʟʦʣʘʪʝ ʢʦʿʠ ʚʦʜʝ ʧʦʨʝʢʣʦ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʂʨˁʝʚʦ, ʧʘ ʿʝ, ʧʨʠ ʜʚʘ ʧʫʪʘ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

ʤʝʪʨʘʬʝʥʦʥʘ ʠ ʧʠʨʠʦʬʝʥʦʥʘ, ʠʥʭʠʙʠʮʠʿʘ ʙʠʣʘ 72,1% ʠ 64,9%, ʦʜʥʦʩʥʦ ʧʨʠ ʯʝʪʠʨʠ ʧʫʪʘ 

ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 88,3% ʠ 84,1%. ʈʘʟʚʦʿ ʠʟʦʣʘʪʘ ʧʨʠʢʫʧˀʝʥʠʭ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʛʜʝ 

ʧʨʝʪʭʦʜʥʦ ʥʠʩʫ ʧʨʠʤʝˁʠʚʘʥʠ ʬʫʥʛʠʮʠʜʠ (6 ʠʟʦʣʘʪʘ) ʧʦʪʧʫʥʦ ʿʝ ʠʥʭʠʙʠʨʘʥ ʧʨʠ 

ʧʨʝʧʦʨʫʯʝʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʤʝʪʨʘʬʝʥʦʥʘ ʠ ʧʠʨʠʦʬʝʥʦʥʘ. ʋʪʚʨʹʝʥʝ EC50 ʚʨʝʜʥʦʩʪʠ ʟʘ 

ʦʚʝ ʠʟʦʣʘʪʝ ʙʠʣʝ ʩʫ ʫ ʦʧʩʝʛʫ 0,198-0,502 mg/l (ʧʨʦʩʝʯʥʦ 0,346 mg/l), ʰʪʦ ʿʝ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ 

ʨʝʟʫʣʪʘʪʠʤʘ Graf (2017). ʇʨʦʮʝˁʝʥʝ ɽʉ50 ʚʨʝʜʥʦʩʪʠ ʟʘ ʨʝʟʠʩʪʝʥʪʥʝ ʧʦʧʫʣʘʮʠʿʝ ʙʠʣʝ ʩʫ 

>100 mg/l ʤʝʪʨʘʬʝʥʦʥʘ, ʦʜʥʦʩʥʦ >90 mg/l ʧʠʨʠʦʬʝʥʦʥʘ.  

Kunova et al. (2016) ʥʘʚʦʜʝ ʜʘ ʩʫ ʠʟʦʣʘʪʠ ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʤʝʪʨʘʬʝʥʦʥ ʦʧʩʪʘʿʘʣʠ ʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʚʠʥʦʛʨʘʜʫ, ʯʘʢ ʠ ʢʘʜʘ ʿʝ ʤʝʪʨʘʬʝʥʦʥ ʫ ʧʦʪʧʫʥʦʩʪʠ ʝʣʠʤʠʥʠʩʘʥ ʠʟ 

ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ, ʢʘʜʘ ʩʝ ʫʩʧʦʩʪʘʚʝ ʿʝʜʠʥʢʝ ʨʝʟʠʩʪʝʥʪʥʝ ʥʘ ʘʨʠʣ-

ʬʝʥʠʣ ʢʝʪʦʥʝ ʫ ʿʝʜʥʦʿ ʧʦʧʫʣʘʮʠʿʠ, ʪʘʢʚʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʿʝ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʩʪʘʙʠʣʥʘ ʠ 

ʜʫʛʦʪʨʘʿʥʘ. ʉʘ ʧʨʘʢʪʠʯʥʦʛ ʩʪʘʥʦʚʠʰʪʘ, ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʠ ʫ ʨʝʛʠʦʥʠʤʘ ʛʜʝ ʩʝ ʫʪʚʨʜʠ ʥʠʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʘ ʠ ʛʜʝ ʩʝ ʧʦʪʚʨʜʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ, ˁʠʭʦʚʫ 

ʧʨʠʤʝʥʫ ʫ ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ ʪʨʝʙʘʣʦ ʙʠ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʟʙʝʛʘʚʘʪʠ. ʄʝʹʫʪʠʤ, ʜʘ ʣʠ ˂ʝ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʙʠʪʠ ʩʪʘʙʠʣʥʘ ʠʣʠ ˂ʝ ʜʦ˂ʠ ʜʦ ʧʦʥʦʚʥʦʛ ʫʩʧʦʩʪʘʚˀʘˁʘ ʦʩʝʪˀʠʚʠʭ ʧʦʧʫʣʘʮʠʿʘ 

ʥʘʢʦʥ ʝʣʠʤʠʥʠʩʘˁʘ ʦʚʠʭ ʬʫʥʛʠʮʠʜʘ ʠʟ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ, ʟʘʚʠʩʠ ʫ ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ ʦʜ 

ʩʪʨʫʢʪʫʨʝ ʧʦʧʫʣʘʮʠʿʝ E. necator, ʧʨʝ ʩʚʝʛʘ ʦʜ ˁʝʥʝ ʛʝʥʝʪʠʯʢʝ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ. ʇʘ ʪʘʢʦ, ʢʦʜ 

ʤʝʰʘʥʠʭ ʧʦʧʫʣʘʮʠʿʘ ʩʘ ʙʝʩʧʦʣʥʠʤ ʠ ʧʦʣʥʠʤ ʪʠʧʦʚʠʤʘ, ʙʨʟʦʤ ʨʘʟʤʝʥʦʤ ʛʝʥʝʪʠʯʢʦʛ 

ʤʘʪʝʨʠʿʘʣʘ ʠ ʚʠʩʦʢʠʤ ʩʪʦʧʘʤʘ ʤʫʪʘʮʠʿʝ, ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʧʨʝʚʘʟʠʣʘʞʝˁʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

(Cortesi et al., 2005; Cortesi et al., 2008; Brewer et al., 2011; Mc Donald and Linde, 2002). 

ɸʥʘʣʠʟʦʤ ʩʪʨʫʢʪʫʨʝ ʧʦʧʫʣʘʮʠʿʘ E. necator ʠ ʛʝʥʝʪʩʢʦʛ ʜʠʚʝʨʟʠʪʝʪʘ ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ 

ʤʦʛʫ˂ʝ ʿʝ ʩʘʛʣʝʜʘʪʠ ʧʦʚʝʟʘʥʦʩʪ ʠʟʤʝʹʫ ʦʜʨʝʹʝʥʠʭ ʭʘʧʣʦʪʠʧʦʚʘ ʠ ʥʘʩʪʘʥʢʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, 

ʦʜʥʦʩʥʦ ʫʪʚʨʜʠʪʠ ʜʘ ʣʠ ʨʝʟʠʩʪʝʥʪʥʝ ʿʝʜʠʥʢʝ ʠʤʘʿʫ ʧʦʪʝʥʮʠʿʘʣ ʜʘ ʩʝ ʰʠʨʝ ʫ ʿʝʜʥʦʿ 

ʧʦʧʫʣʘʮʠʿʠ (Kunova et al., 2016). ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ Graf (2017) ʫʢʘʟʫʿʫ ʥʘ ʢʦʥʩʪʘʥʪʘʥ 

ʧʦʨʘʩʪ ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ ʥʘ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʝ ʫ ɽʚʨʦʧʠ, ʘʣʠ ʩʘ ʧʨʠʣʠʯʥʦ ʭʝʪʝʨʦʛʝʥʦʤ 

ʜʠʩʪʨʠʙʫʮʠʿʦʤ ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ. ʆʥʦ ʰʪʦ ʤʦʞʝ ʜʘ ʟʘʙʨʠˁʘʚʘ, ʿʝʩʪʝ ʠ ʧʦʜʘʪʘʢ ʜʘ 

ʩʫ ʧʦʧʫʣʘʮʠʿʝ ʨʝʟʠʩʪʝʥʪʥʝ ʥʘ ʤʝʪʨʘʬʝʥʦʥ ʠ ʧʠʨʠʦʬʝʥʦʥ ʫʪʚʨʹʝʥʝ ʫ ʥʘʰʝʤ ʙʣʠʩʢʦʤ 

ʦʢʨʫʞʝˁʫ, ʫ ʄʘʹʘʨʩʢʦʿ, ʠ ʜʘ ʩʫ ʥʘʿʨʝʟʠʩʪʝʥʪʥʠʿʝ ʧʦʧʫʣʘʮʠʿʝ ʫʛʣʘʚʥʦʤ ʜʝʪʝʢʪʦʚʘʥʝ ʫ 

ʠʩʪʦʯʥʠʿʝʤ ʜʝʣʫ ɽʚʨʦʧʝ (ʏʝʰʢʦʿ ʠ ʉʣʦʚʘʯʢʦʿ), ʦʩʠʤ ʫ ʀʪʘʣʠʿʠ ʛʜʝ ʩʫ ʪʘʢʦʹʝ ʫʪʚʨʹʝʥʝ ʿʘʢʦ 

ʨʝʟʠʩʪʝʥʪʥʝ ʧʦʧʫʣʘʮʠʿʝ. ɼʦʜʘʪʥʦ ʙʨʠʥʝ ʠ ʯʠˁʝʥʠʮʘ ʜʘ ʩʫ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʠ ʨʝʣʘʪʠʚʥʦ 

ʥʦʚʠ ʬʫʥʛʠʮʠʜʠ, ʘ ʜʘ ʿʝ ʧʨʠʣʠʯʥʦ ʙʨʟʦ ʜʦʰʣʦ ʜʦ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ E. 

necator ʥʘ ʦʚʝ ʬʫʥʛʠʮʠʜʝ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʦʜ ʩʫʰʪʠʥʩʢʦʛ ʟʥʘʯʘʿʘ, ʫ ʥʘʨʝʜʥʦʤ ʧʝʨʠʦʜʫ, ʚʨʰʠʪʠ 

ʦʧʩʝʞʘʥ ʤʦʥʠʪʦʨʠʥʛ ʠ ʫʧʨʘʚˀʘʪʠ ʩʝ ʧʨʠʥʮʠʧʠʤʘ ʘʥʪʠʨʝʟʠʩʪʝʥʪʥʝ ʩʪʨʘʪʝʛʠʿʝ, ʢʘʢʦ ʙʠ ʦʚʠ 

ʬʫʥʛʠʮʠʜʠ ʰʪʦ ʜʫʞʝ ʦʩʪʘʣʠ ʫ ʫʧʦʪʨʝʙʠ.  

 

6.5 ʈʝʟʠʩʪʝʥʪʥʦʩʪ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ DMI  ʬʫʥʛʠʮʠʜʝ  

ʇʨʚʠ ʬʫʥʛʠʮʠʜ ʠʟ ʛʨʫʧʝ ʪʨʠʘʟʦʣʘ ʢʦʨʠʰ˂ʝʥ ʟʘ ʩʫʟʙʠʿʘˁʝ E. necator ʙʠʦ ʿʝ 

ʪʨʠʘʜʠʤʝʬʦʥ, ʢʦʿʠ ʿʝ ʫ ʉɸɼ ʨʝʛʠʩʪʨʦʚʘʥ 1982. ʛʦʜʠʥʝ (Rallos and Baudoin, 2016). ɿʘʪʠʤ ʿʝ 

ʪʦʢʦʤ 80-ʠʭ ʠ 90-ʠʭ ʛʦʜʠʥʘ 20. ʚʝʢʘ ʫʩʣʝʜʠʣʦ ʦʪʢʨʠ˂ʝ ʬʝʥʘʨʠʤʦʣʘ, ʪʨʠʘʜʠʤʝʥʦʣʘ, 
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ʤʠʢʣʦʙʫʪʘʥʠʣʘ, ʪʨʠʬʣʫʤʠʟʦʣʘ ʠ ʪʝʙʫʢʦʥʘʟʦʣʘ, ʜʦʢ ʿʝ ʧʦʯʝʪʢʦʤ 21. ʚʝʢʘ ʫ ʧʨʠʤʝʥʫ ʫʚʝʜʝʥ 

ʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣ. ʅʘ ʥʠʚʦʫ ɽʚʨʦʧʩʢʝ ʋʥʠʿʝ, ʦʜ 2019. ʛʦʜʠʥʝ ʦʜʦʙʨʝʥʘ ʿʝ ʫʧʦʪʨʝʙʘ 

ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣʘ, ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʥʦʚʫ ʛʝʥʝʨʘʮʠʿʫ ʬʫʥʛʠʮʠʜʘ ʠʟ 

ʛʨʫʧʝ ʪʨʠʘʟʦʣʘ (EC, 2023). DMI ʬʫʥʛʠʮʠʜʠ ʩʫ ʜʦ ʧʨʝ 5-6 ʛʦʜʠʥʘ, ʧʨʝʜʩʪʘʚˀʘʣʠ ʥʘʿʙʨʦʿʥʠʿʫ 

ʛʨʫʧʫ ʬʫʥʛʠʮʠʜʘ, ʠ ʪʦ ʧʨʝ ʩʚʝʛʘ ʩʘ ʘʩʧʝʢʪʘ ʙʨʦʿʥʦʩʪʠ ʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ 

ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ. ʄʝʹʫʪʠʤ, ʧʦʚʣʘʯʝˁʝʤ ʠʟ ʫʧʦʪʨʝʙʝ 

ʧʦʿʝʜʠʥʠʭ ʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʧʨʝʪʭʦʜʥʠʭ ʛʦʜʠʥʘ, ʧʦʧʫʪ ʪʨʠʘʜʠʤʝʥʦʣʘ, ʪʨʠʬʣʫʤʠʟʦʣʘ, 

ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʠ ʬʣʫʪʨʠʘʬʦʣʘ, ʜʘʥʘʩ, ʟʘ ʩʫʟʙʠʿʘˁʝ E. necator ʨʝʛʠʩʪʨʦʚʘʥʠ ʩʫ ʩʘʤʦ 

ʜʠʬʝʥʦʢʦʥʘʟʦʣ, ʪʝʙʫʢʦʥʘʟʦʣ, ʧʝʥʢʦʥʘʟʦʣ ʠ ʪʝʪʨʘʢʦʥʘʟʦʣ, ʯʠʿʘ ʿʝ ʜʘˀʘ ʩʫʜʙʠʥʘ ʧʨʠʣʠʯʥʦ 

ʥʝʠʟʚʝʩʥʘ. ʆʩʠʤ ʰʪʦ ʩʫ ʿʝʜʥʘ ʦʜ ʥʘʿʙʨʦʿʥʠʭ ʛʨʫʧʘ ʬʫʥʛʠʮʠʜʘ, ʪʨʠʘʟʦʣʠ ʩʫ ʩʚʘʢʘʢʦ ʥʘʿʯʝʰ˂ʝ 

ʢʦʨʠʰ˂ʝʥʘ ʛʨʫʧʘ ʫ ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʠ ʧʨʝʤʘ 

ʨʝʟʫʣʪʘʪʠʤʘ ʚʠʰʝʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ Essling et al. (2021), ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ 

ʢʦʨʠʩʪʝ ʩʝ 2-4 ʧʫʪʘ ʛʦʜʠʰˁʝ, ʥʘ ʧʦʿʝʜʠʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ ʯʘʢ ʠ 2-3 ʧʫʪʘ ʫʟʘʩʪʦʧʥʦ, ʰʪʦ 

ʩʚʘʢʘʢʦ ʜʦʧʨʠʥʦʩʠ ʨʠʟʠʢʫ ʦʜ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʫʩʣʝʜ ʧʦʚʝ˂ʘʥʦʛ ʩʝʣʝʢʮʠʦʥʦʛ 

ʧʨʠʪʠʩʢʘ. ʋ ʩʚʝʪʫ ʿʝ, ʜʦ ʩʘʜʘ, ʜʝʪʝʢʪʦʚʘʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ E. necator ʥʘ ʦʚʫ ʛʨʫʧʫ ʬʫʛʠʮʠʜʘ 

ʠ ʦʥʘ ʿʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘˁʝʥʘ ʫ ʉɸɼ (Ypema et al., 1997; Gubler et al., 1996; Eric kson 

and Wilcox, 1997; Wong and Wilcox, 2002; Miller and Gubler, 2004; Colcol et al., 2012; 

Frenkel et al., 2015; Rallos and Baudoin, 2016; Warres, 2021), ʫ ʧʦʿʝʜʠʥʠʤ ʜʝʣʦʚʠʤʘ 

ɽʚʨʦʧʝ, ʧʦʧʫʪ ɸʫʩʪʨʠʿʝ ʠ ʌʨʘʥʮʫʩʢʝ (Delye et al., 1997; Steinkellner and Redl, 2001; Dufour 

et al., 2011; Miazzi and Hajjeh, 2011), ɸʫʩʪʨʘʣʠʿʠ ʠ ʅʦʚʦʤ ɿʝʣʘʥʜʫ (Savocchia et al., 2004; 

Bersford et al., 2016) ʠ ʀʥʜʠʿʠ (Ghule et al., 2019). ɼʘ ʙʠ ʩʝ ʩʪʝʢʘʦ ʢʦʤʧʣʝʪʘʥ ʫʚʠʜ ʫ 

ʦʩʝʪˀʠʚʦʩʪ ʿʝʜʥʝ ʧʦʧʫʣʘʮʠʿʝ ʥʘ ʦʚʝ ʬʫʥʛʠʮʠʜʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʩʧʨʦʚʝʩʪʠ ʜʝʪʘˀʥʘ 

ʠʩʧʠʪʠʚʘˁʘ ʠʟʚʦʹʝˁʝʤ ʦʛʣʝʜʘ ʝʬʠʢʘʩʥʦʩʪʠ ʫ ʧʦˀʫ, ʙʠʦʪʝʩʪʦʚʘ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ ʢʘʦ ʠ 

ʪʝʩʪʦʚʘ ʥʘ ʤʦʣʝʢʫʣʨʘʥʦʤ ʥʠʚʦʫ, ʫ ʮʠˀʫ ʫʪʚʨʹʠʚʘˁʘ ʧʨʠʩʫʩʪʚʘ ʤʫʪʘʮʠʿʘ ʢʦʿʝ ʜʦʚʦʜʝ ʜʦ 

ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ.  

ʇʨʝʤʘ ʥʘʿʥʦʚʠʿʠʤ ʧʦʜʘʮʠʤʘ FRAC-ʘ (FRAC, 2023d), ʩʠʪʫʘʮʠʿʘ ʫ ʧʦʛʣʝʜʫ 

ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ DMI ʬʫʥʛʠʮʠʜʝ h ʠʨʦʤ ɽʚʨʦʧʝ ʿʝ ʩʪʘʙʠʣʥʘ, ʩʘ ʤʘˁʠʤ 

ʦʜʩʪʫʧʘˁʠʤʘ ʫ ʧʦʿʝʜʠʥʠʤ ʜʝʣʦʚʠʤʘ, ʫ ʩʤʠʩʣʫ ʧʦʚʝ˂ʘʥʠʭ ʬʘʢʪʦʨʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʘʣʠ ʩʝ 

ʥʘʚʦʜʠ ʜʘ ʥʠʿʝ ʥʘʨʫʰʝʥʘ ˁʠʭʦʚʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʧʨʘʢʪʠʯʥʠʤ ʫʩʣʦʚʠʤʘ ʧʨʠʤʝʥʝ. ʄʝʹʫʪʠʤ, 

ʦʛʣʝʜʠ ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʬʫʥʛʠʮʠʜʘ ʠʟ ʦʚʝ ʛʨʫʧʝ, ʢʦʿʠ ʩʫ ʩʧʨʦʚʝʜʝʥʠ ʫ ʧʝʨʠʦʜʫ 

ʦʜ 2019. ʜʦ 2023. ʛʦʜʠʥʝ ʥʘ ʯʝʪʠʨʠ ʣʦʢʘʣʠʪʝʪʘ (ʈʘʜʤʠʣʦʚʘʮ, ʊʦʧʦʣʘ, ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ ʠ ʅʝʰʪʠʥ), ʧʦʢʘʟʘʣʠ ʩʫ ʟʥʘʯʘʿʥʘ ʦʜʩʪʫʧʘˁʘ ʦʜ ʧʦʜʘʪʘʢʘ FRAC-a. ʋ ʦʛʣʝʜʠʤʘ ʩʫ 

ʢʦʨʠʰ˂ʝʥʝ ʢʦʤʝʨʮʠʿʘʣʥʝ ʬʦʨʤʫʣʘʮʠʿʝ ʩʣʝʜʝ˂ʠʭ ʬʫʥʛʠʮʠʜʘ: ʜʠʬʝʥʦʢʦʥʘʟʦʣ (Sekvenca) ʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 0,013, 0,02 ʠ 0,03%; ʤʠʢʣʦʙʫʪʘʥʠʣ (Foton) ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 0,015 ʠ 

0,03%; ʪʝʙʫʢʦʥʘʟʦʣ (Folicur) ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 0,04, 0,06 ʠ 0,08%; ʧʝʥʢʦʥʘʟʦʣ (Topas) ʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,025%; ʠ ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣ (Revyona) ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,13%. ʅʘ 

ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ, ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Foton (ʢʦʥʮ. 0,015%) ʠʩʧʠʪʠʚʘʥʘ ʿʝ 2019. ʠ 

2020. ʛʦʜʠʥʝ, ʜʦʢ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Sekvenca (ʢʦʥʮ. 0,013 ʠ 0,02%) ʠʩʧʠʪʠʚʘʥʘ ʦʜ 

2019. ʜʦ 2021. ʛʦʜʠʥʝ. ɼʦʜʘʪʥʦ ʿʝ 2021. ʛʦʜʠʥʝ ʠʩʧʠʪʘʥʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Topas 

(ʢʦʥʮ. 0,025%). ɽʬʠʢʘʩʥʦʩʪ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʜʨʫʛʦʿ 

ʦʮʝʥʠ, ʢʨʝʪʘʣʘ ʩʝ ʦʜ  60,2 ʜʦ 65,1%, ʛʜʝ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʙʠʦ 9,85-27,48%, ʜʦʢ ʿʝ ʥʘ 

ʣʠʩʪʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ 42,5-83,4% (ʠʥʪ. ʦʙʦˀʝˁʘ 4,74-9,2%). ʋ ʚʘʨʠʿʘʥʪʠ ʛʜʝ ʿʝ 

ʧʨʠʤʝˁʝʥ ʬʫʥʛʠʮʠʜ Sekvenca ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ (0,013%), ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʙʠʣʘ ʿʝ ʚʠʩʦʢʘ ʠ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 90,0 ʜʦ 95,2%, ʦʜʥʦʩʥʦ ʦʜ 84,4 ʜʦ 97,8% ʥʘ 

ʣʠʩʪʦʚʠʤʘ, ʠ ʩʪʘʪʠʩʪʠʯʢʠ ʩʝ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʘ ʦʜ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʧʘʨʘʪʘ Foton. ʋ 

ʦʛʣʝʜʫ ʠʟ 2021. ʛʦʜʠʥʝ, ʥʘ ʠʩʪʦʤ ʣʦʢʘʣʠʪʝʪʫ, ʧʨʝʧʘʨʘʪ Sekvenca ʧʨʠʤʝˁʝʥ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 
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0,02% ʠʩʧʦˀʠʦ ʿʝ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ 91,7% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 93,0% ʥʘ ʣʠʩʪʦʚʠʤʘ, 

ʜʦʢ ʿʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʧʨʠʤʝʥʦʤ ʧʝʥʢʦʥʘʟʦʣʘ, ʢʘʢʦ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ (72,7%), ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ (75,7%).   

ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ ʝʬʠʢʘʩʥʦʩʪ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʙʠʣʘ ʿʝ ʟʥʘʪʥʦ ʜʨʫʛʘʯʠʿʘ, ʜʦʢ ʿʝ 

ʟʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʟʘʙʝʣʝʞʝʥ ʠʩʪʠ ʪʨʝʥʜ ʢʘʦ ʠ ʥʘ ʧʨʝʪʭʦʜʥʦʤ ʣʦʢʘʣʠʪʝʪʫ. ʉʘʤʦ ʧʨʚʝ ʛʦʜʠʥʝ 

ʠʩʧʠʪʠʚʘˁʘ (2019. ʛʦʜʠʥʝ), ʧʨʝʧʘʨʘʪ Sekvenca ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʠʩʧʦˀʠʦ ʿʝ 

ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʢʦʿʘ ʿʝ ʙʠʣʘ 92,3% ʥʘ ʛʨʦʟʜʦʚʠʤʘ 

ʠ 95,5% ʥʘ ʣʠʩʪʦʚʠʤʘ. ɼʨʫʛʝ ʛʦʜʠʥʝ ʠʩʧʠʪʠʚʘˁʘ, ʜʦʰʣʦ ʿʝ ʜʦ ʟʥʘʯʘʿʥʦʛ ʩʤʘˁʝˁʘ 

ʝʬʠʢʘʩʥʦʩʪʠ ʢʦʿʘ ʿʝ ʙʠʣʘ 57,5% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 82,6% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʋ ʪʨʝ˂ʦʿ ʛʦʜʠʥʠ (2021. 

ʛʦʜʠʥʘ), ʧʦʥʦʚˀʝʥ ʿʝ ʦʛʣʝʜ ʩʘ ʧʨʝʧʦʨʫʯʝʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ (0,013%), ʘʣʠ ʿʝ ʠʩʧʠʪʘʥʘ 

ʝʬʠʢʘʩʥʦʩʪ ʠ ʧʦʚʠʰʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 0,02%. ʋ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ, ʧʨʝʧʘʨʘʪ 

Sekvenca ʠʩʧʦˀʠʦ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 60,7% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʠ 61,3% ʥʘ ʣʠʩʪʦʚʠʤʘ, ʜʦʢ ʿʝ ʫ 

ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʧʨʠʤʝʥʝ, ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ ʦʢʦ 80% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ. ʊʦʢʦʤ 

2022. ʛʦʜʠʥʝ ʥʘʩʪʘʚˀʝʥʦ ʿʝ ʠʩʧʠʪʠʚʘˁʝ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ, ʧʘ ʿʝ, ʦʩʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 0,02%, 

ʠʩʧʠʪʘʥʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 0,03%. ɼʨʘʩʪʠʯʘʥ ʧʘʜ ʝʬʠʢʘʩʥʦʩʪʠ ʟʘʙʝʣʝʞʝʥ ʿ ʝ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

ʧʨʠʤʝʥʝ 0,02%, ʢʦʿʘ ʿʝ ʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ ʦʢʦ 38%. ɿʥʘʯʘʿʥʦ ʚʝ˂ʘ 

ʝʬʠʢʘʩʥʦʩʪ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʧʨʠʤʝʥʦʤ ʧʨʝʧʘʨʘʪʘ Sekvenca ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,03%, ʢʦʿʘ ʿʝ 

2022. ʛʦʜʠʥʝ ʠʟʥʦʩʠʣʘ ʦʢʦ 88% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 73,2% ʥʘ ʣʠʩʪʦʚʠʤʘ, ʜʦʢ ʿʝ 2023. ʛʦʜʠʥʝ 

ʙʠʣʘ ʟʥʘʯʘʿʥʦ ʚʝ˂ʘ ʠ ʪʦ ʦʢʦ 95% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʦʢʦ 90% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʇʨʝʧʘʨʘʪ Foton ʫ 

ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ (0,015%) ʝʿ ʥʘ ʠʩʪʦʤ ʣʦʢʘʣʠʪʝʪʫ ʠʩʧʦˀʠʦ ʩʣʘʙʫ ʝʬʠʢʘʩʥʦʩʪ ʠ 

ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʢʦʿʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 35,9 ʜʦ 49,2% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʠ ʦʜ 59,5 ʜʦ 

67,2% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʇʨʠ ʜʚʦʩʪʨʫʢʦ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ (0,03%) ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ ʙʦˀʘ, 

ʦʢʦ 77% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʦʢʦ 68% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʇʨʠʤʝʥʦʤ ʧʨʝʧʘʨʘʪʘ Topas ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ (0,025%), ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ 2021. ʛʦʜʠʥʝ, 63,2% ʥʘ ʛʨʦʟʜʦʚʠʤʘ 

ʠ 65,1% ʥʘ ʣʠʩʪʦʚʠʤʘ, ʜʦʢ ʿʝ 2022. ʛʦʜʠʥʝ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ ʜʨʘʩʪʠʯʥʦ ʩʤʘˁʝʥʘ, ʠ ʠʟʥʦʩʠʣʘ 

ʿʝ ʩʚʝʛʘ 20,7% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 16,3% ʥʘ ʣʠʩʪʦʚʠʤʘ. ɽʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Folicur (ʘ.ʩ. 

ʪʝʙʫʢʦʥʘʟʦʣ), ʥʘ ʠʩʪʦʤ ʣʦʢʘʣʠʪʝʪʫ, ʠʩʧʠʪʠʚʘʥʘ ʿʝ ʦʜ 2020. ʜʦ 2022. ʛʦʜʠʥʝ. ʋ ʧʨʚʦʿ ʛʦʜʠʥʠ 

ʠʩʪʨʘʞʠʚʘˁʘ, ʦʚʘʿ ʧʨʝʧʘʨʘʪ ʿʝ ʧʨʠʤʝˁʝʥ ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ (0,04%), ʫ ʜʨʫʛʦʿ 

ʧʨʠʤʝˁʝʥ ʿʝ, ʦʩʠʤ ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ, ʠ ʫ 50% ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ (0,06%), ʜʦʢ ʿʝ ʫ ʪʨʝ˂ʦʿ 

ʧʨʠʤʝˁʝʥ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,06% ʠ ʜʫʧʣʦ ʚʝ˂ʦʿ ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ (0,08%). ʋ ʧʨʝʧʦʨʫʯʝʥʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ, ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 60 ʜʦ 63,8% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʦʜ 69,3 ʜʦ 82,3% ʥʘ 

ʣʠʩʪʦʚʠʤʘ. ʋ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,06% ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ ʦʜ 84,7 ʜʦ 90,5% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 

ʦʜʥʦʩʥʦ 65,5-87,6% ʥʘ ʣʠʩʪʦʚʠʤʘ, ʜʦʢ ʿʝ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,08% ʟʘʙʝʣʝʞʝʥʘ ʚʠʩʦʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (94,6%), ʠ ʥʝʰʪʦ ʥʠʞʘ ʥʘ ʣʠʩʪʦʚʠʤʘ (83,1%). ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ 

ʫʢʘʟʫʿʫ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʝ ʫ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʝ E. necator ʥʘ ʦʚʦʤ ʣʦʢʘʣʠʪʝʪʫ ʠ 

ʜʘ ʧʨʝʧʦʨʫʯʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠʩʧʠʪʠʚʘʥʠʭ ʬʫʥʛʠʮʠʜʘ ʠʟ ʛʨʫʧʝ ʪʨʠʘʟʦʣʘ ʥʝ ʤʦʛʫ ʝʬʠʢʘʩʥʦ 

ʜʘ ʩʫʟʙʠʿʫ E. necator, ʚʝ˂ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʦʚʝ˂ʘʪʠ ˁʠʭʦʚʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʛʦʪʦʚʦ ʜʚʦʩʪʨʫʢʦ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʨʝʧʦʨʫʯʝʥʫ, ʢʘʢʦ ʙʠ ʩʝ ʦʩʪʚʘʨʠʦ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ ʝʬʝʢʘʪ.  

ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʝʬʠʢʘʩʥʦʩʪ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʙʠʣʘ ʿ ʝ ʛʦʪʦʚʦ 

ʠʜʝʥʪʠʯʥʘ ʢʘʦ ʥʘ ʧʨʝʪʭʦʜʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ. ʋ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ, ʧʨʝʧʘʨʘʪ 

Foton, ʠʩʧʦˀʠʦ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 44,9 ʜʦ 48,9% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʦʜ 23,2 ʜʦ 59,0% ʥʘ 

ʣʠʩʪʦʚʠʤʘ, ʜʦʢ ʿʝ ʧʨʠ ʜʫʧʣʦ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ (0,03%) ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ ʥʝʰʪʦ ʚʝ˂ʘ - 

67,3% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 62,9% ʥʘ ʣʠʩʪʦʚʠʤʘ. ɽʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ Sekvenca ʫ 

ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,013% ʙʠʣʘ ʿʝ ʫʤʝʨʝʥʦ ʚʠʩʦʢʘ, 87,9-88,6% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 

79,9-84,5% ʥʘ ʣʠʩʪʦʚʠʤʘ, ʜʦʢ ʿʝ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,02% ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʙʠʣʘ 

ʚʠʩʦʢʘ ʦʜ 92,4 ʜʦ 98,6% , ʠ ʫʤʝʨʝʥʘ ʜʦ ʚʠʩʦʢʘ ʥʘ ʣʠʩʪʦʚʠʤʘ,  ʦʜ  81,8 ʜʦ 93,4%. ʇʨʝʧʘʨʘʪ 
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Folicur, ʜʨʫʛʝ ʛʦʜʠʥʝ ʠʩʪʨʘʞʠʚʘˁʘ (2020. ʛʦʜʠʥʝ), ʧʨʠʤʝˁʝʥ ʿʝ ʧʨʝʧʦʨʫʯʝʥʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,04% ʠ ˁʝʛʦʚʘ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ ʿʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʥʠʞʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʝʧʘʨʘʪ Sekvenca, 76,3% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 68,5% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʊʦʢʦʤ 2021. ʛʦʜʠʥʝ, ʠʩʪʠ 

ʧʨʝʧʘʨʘʪ ʿʝ ʧʨʠʤʝˁʝʥ ʫ ʧʦʚʠʰʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,06% ʠ ʪʘʜʘ ʿʝ ʟʘʙʝʣʝʞʝʥʘ ʫʤʝʨʝʥʦ 

ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ, 84,9% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 80,6% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʇʨʝʧʘʨʘʪ Topas, ʧʨʠʤʝˁʝʥ 

ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ (0,025%), ʪʦʢʦʤ 2021. ʛʦʜʠʥʝ ʠʩʧʦˀʠʦ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 

77,4% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʠ ʦʜ 63,7% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʇʦʜʘʮʠ ʦ ʝʬʠʢʘʩʥʦʩʪʠ ʩʘ ʦʚʦʛ ʣʦʢʘʣʠʪʝʪʘ, 

ʛʦʚʦʨʝ ʜʘ ʿʝ ʜʝʬʠʥʠʪʠʚʥʦ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʝ ʫ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʝ E. necator ʥʘ 

ʬʫʥʛʠʮʠʜʝ ʠʟ ʛʨʫʧʝ ʪʨʠʘʟʦʣʘ, ʥʘʨʦʯʠʪʦ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʪʝʙʫʢʦʥʘʟʦʣ ʠ ʧʝʥʢʦʥʘʟʦʣ, ʜʦʢ 

ʢʦʜ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʥʠʿʝ ʜʦʰʣʦ ʜʦ ʟʥʘʯʘʿʥʦʛ ʩʤʘˁʝˁʘ ʝʬʠʢʘʩʥʦʩʪʠ.  

ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʩʤʘˁʝʥʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʟʘʙʝʣʝʞʝʥʘ ʿʝ 

ʢʦʜ ʧʨʠʤʝʥʝ ʤʠʢʣʦʙʫʪʘʥʠʣʘ, ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʠ ʧʝʥʢʦʥʘʟʦʣʘ. ʇʨʝʧʘʨʘʪ Foton, ʢʘʦ ʠ ʥʘ 

ʧʨʝʪʭʦʜʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ, ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ, ʠʩʧʦˀʠʦ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʢʦʿʘ ʥʠʿʝ 

ʧʨʝʣʘʟʠʣʘ 50% ʥʘ ʣʠʩʪʦʚʠʤʘ ʠ ʛʨʦʟʜʦʚʠʤʘ. ʋ ʜʚʦʩʪʨʫʢʦ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ, ʪʘʢʦʹʝ ʿʝ 

ʟʘʙʝʣʝʞʝʥʘ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ 44,8% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 35,1% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʇʨʠʤʝʥʦʤ 

ʧʨʝʧʘʨʘʪʘ Sekvenca, ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʠ ʪʦ 

65,1% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 63,6% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʋ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,02% ʠʩʪʦʛ 

ʧʨʝʧʘʨʘʪʘ, 2021. ʛʦʜʠʥʝ, ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʥʝʰʪʦ ʙʦˀʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (ʦʢʦ 77%) ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʨʝʧʦʨʫʯʝʥʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ, ʜʦʢ ʿʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ 65,3%. 

ʄʝʹʫʪʠʤ 2022. ʛʦʜʠʥʝ, ʫ ʠʩʪʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ, ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ ʥʠʞʘ, ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ 

(68%), ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ (ʦʢʦ 35%). ʇʨʝʧʘʨʘʪ Topas ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ, 

ʠʩʧʦˀʠʦ ʿʝ ʿʘʢʦ ʥʠʩʢʫ ʝʬʠʢʘʩʥʦʩʪ, ʢʦʿʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 32,2 ʜʦ 48,8% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʦʜ 4,7 

ʜʦ 45,7%, ʥʘ ʣʠʩʪʦʚʠʤʘ. ʈʝʟʫʣʪʘʪʠ ʩʘ ʦʚʦʛ ʣʦʢʘʣʠʪʝʪʘ, ʫʢʘʟʫʿʫ ʜʘ ʿʝ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʜʦʰʣʦ 

ʜʦ ʧʨʦʤʝʥʝ ʫ ʦʩʝʪˀʠʚʦʩʪʠ ʦʚʝ ʧʦʧʫʣʘʮʠʿʝ E. necator ʠ ʜʘ ʫ ʧʦʨʝʧʦʨʫʯʝʥʠʤ, ʯʘʢ ʠ ʚʝ˂ʠʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʧʨʠʤʝʥʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʫʩʧʝʰʥʦ ʩʫʟʙʠʪʠ ʧʘʪʦʛʝʥʘ.  

ʆʥʦ ʰʪʦ ʪʨʝʙʘ ʠʩʪʘ˂ʠ, ʿʝʩʪʝ ʜʘ ʿʝ ʧʨʝʧʘʨʘʪ Revyona, ʥʘ ʙʘʟʠ ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣʘ, 

ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ (0,13%), ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʅʝʰʪʠʥ ʠ ʊʦʧʦʣʘ, ʝʬʠʢʘʩʥʦ 

ʩʫʟʙʠʿʘʦ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ, ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (97,4-98,6%) ʪʘʢʦ ʠ ʥʘ 

ʣʠʩʪʦʚʠʤʘ (93,8-96,4%), ʙʝʟ ʦʙʟʠʨʘ ʰʪʦ ʿʝ ʥʘ ʦʚʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʥʠʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʜʨʫʛʠʭ ʪʨʠʘʟʦʣʘ. ʆʚʘʢʚʠ ʨʝʟʫʣʪʘʪʠ ʦʭʨʘʙʨʫʿʫ ʫ ʩʤʠʩʣʫ ʜʘ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʥʝʤʘ 

ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣʘ ʠ ʜʨʫʛʠʭ ʪʨʠʘʟʦʣʘ, ʙʘʨ ʢʘʜʘ ʿʝ E. 

necator ʫ ʧʠʪʘˁʫ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʿʝ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ ʥʝʢʠʭ ʜʨʫʛʠʭ ʧʘʪʦʛʝʥʘ ʧʦʧʫʪ 

Colletotrichum spp., Alternaria sp., C. beticola ʠ P. xanthii ʫʪʚʨʹʝʥʘ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ 

ʩʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣʦʤ ʠ ʤʠʣʦʙʫʪʘʥʠʣʦʤ (Ishii et al., 2021).   

ɿʥʘʯʘʿʥʦ ʩʤʘˁʝˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʥʘʚʦʜʠ ʫ ʩʚʦʿʠʤ ʨʝʟʫʣʪʘʪʠʤʘ Warr es 

(2021), ʛʜʝ ʿʝ ʧʨʚʝ ʛʦʜʠʥʝ ʠʩʪʨʘʞʠʚʘˁʘ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʪʨʝʪʤʘʥʫ ʩʘ 

ʤʠʢʣʦʙʫʪʘʥʠʣʦʤ ʙʠʦ 2,3% ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʦʜ 17,4%, ʘ ʜʨʫʛʝ 5,7% ʧʨʠ 

ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʦʜ 12,5%. ʆʥʦ ʰʪʦ ʠʟʥʝʥʘʹʫʿʝ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʿʝʩʪʝ 

ʜʘ ʿʝ ʜʠʬʝʥʦʢʦʥʘʟʦʣ ʧʨʚʝ ʛʦʜʠʥʝ ʠʩʧʦˀʠʦ ʩʣʘʙʠʿʫ ʝʬʠʢʘʩʥʦʩʪ, ʩʘ ʠʥʪʝʥʟʠʪʝʪʦʤ ʦʙʦˀʝˁʘ 

7,4%, ʥʘʩʧʨʘʤ 17,4% ʫ ʢʦʥʪʨʦʣʠ, ʘʣʠ ʿʝ ʜʨʫʛʝ ʛʦʜʠʥʝ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ ʿʘʢʦ ʚʠʩʦʢʘ, ʩʘ 

ʠʥʪʝʥʟʠʪʝʪʦʤ ʦʙʦˀʝˁʘ 0,2%, ʧʨʠ ʧʦʿʘʚʠ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʦʜ 12,5%. ʅʘ ʣʠʩʪʦʚʠʤʘ, 

ʝʬʠʢʘʩʥʦʩʪ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʙʠʣʘ ʿʝ ʥʝʛʘʪʠʚʥʘ 2020. ʛʦʜʠʥʝ, ʩʘ 51,5% ʦʙʦˀʝˁʘ ʫ ʪʨʝʪʤʘʥʫ, 

ʥʘʩʧʨʘʤ 48,2% ʫ ʢʦʥʪʨʦʣʠ. ɼʠʬʝʥʦʢʦʥʘʟʦʣ ʿʝ, ʥʘ ʣʠʩʪʦʚʠʤʘ, ʠʩʧʦˀʠʦ ʟʥʘʪʥʦ ʙʦˀʫ 

ʝʬʠʢʘʩʥʦʩʪ 2019. ʛʦʜʠʥʝ, ʥʝʛʦ 2020. ʛʦʜʠʥʝ, ʩʘ ʠʥʪʝʥʟʠʪʝʪʦʤ ʦʙʦˀʝˁʘ ʢʦʿʠ ʿʝ 2019. ʛʦʜʠʥʝ 

ʙʠʦ 0,7%, ʫ ʦʜʥʦʩʫ ʥʘ 43,4% ʫ ʢʦʥʪʨʦʣʠ, ʜʦʢ ʿʝ 2020. ʛʦʜʠʥʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʪʨʝʪʤʘʥʫ 

ʩʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣʦʤ ʙʠʦ 25,4%, ʘ ʫ ʢʦʥʪʨʦʣʠ 48,2%. ɼʦ ʜʨʘʩʪʠʯʥʦʛ ʧʘʜʘ  ʝʬʠʢʘʩʥʦʩʪʠ, ʢʘʢʦ 
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ʥʘʚʦʜʝ ʘʫʪʦʨʠ, ʜʦʰʣʦ ʿʝ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʟʙʦʛ ʧʨʦʮʝʥʪʫʘʣʥʦʛ ʧʦʚʝ˂ʘˁʘ Y136F ʤʫʪʘʮʠʿʝ ʫ 

ʧʦʧʫʣʘʮʠʿʠ ʪʦʢʦʤ ʛʦʜʠʥʘ, ʢʦʿʘ ʿʝ ʫ ʘʩʦʮʠʿʘʮʠʿʠ ʩʝ ʨʝʟʠʩʪʝʥʪʥʦʰ˂ʫ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ 

ʤʠʢʣʦʙʫʪʘʥʠʣ. ʀʩʪʠ ʘʫʪʦʨ ʥʘʚʦʜʠ ʜʘ ʥʝʤʘ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ ʤʠʢʣʦʙʫʪʘʥʠʣʘ 

ʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ, ʿʝʨ ʩʝ, ʢʘʢʦ ʦʙʿʘʰˁʘʚʘʿʫ Baudoin et al. (2019), ʩʤʘʪʨʘ ʜʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣ 

ʧʦ ʩʚʦʿʦʿ ʧʨʠʨʦʜʠ ʠʤʘ ʟʥʘʪʥʦ ʿʘʯʫ ʘʢʪʠʚʥʦʩʪ ʠ ʘʬʠʥʠʪʝʪ ʦʜ ʤʠʢʣʦʙʫʪʘʥʠʣʘ, ʜʦʢ ʜʨʫʛʠ 

ʘʫʪʦʨʠ ʧʘʢ ʥʘʚʦʜʝ ʜʘ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʤʝʹʫ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ 

ʧʦʩʪʦʿʠ (Ghule et al., 2019), ʠ ʜʘ ʿʝ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʧʦʩʣʝʜʠʮʘ ʥʝ ʩʘʤʦ Y136F ʤʫʪʘʮʠʿʝ, ʚʝ˂ 

ʢʦʤʙʠʥʘʮʠʿʝ ʦʚʝ ʤʫʪʘʮʠʿʝ ʩʘ ʧʦʚʝ˂ʘʥʦʤ ʝʢʩʧʨʝʩʠʿʦʤ CYP51 ʛʝʥʘ ʢʦʿʘ ʥʘʩʪʘʿʝ ʢʘʦ ʧʦʩʣʝʜʠʮʘ 

ʟʘʤʝʥʝ ʘʤʠʥʦʢʠʩʝʣʠʥʘ ʥʘ ʧʦʟʠʮʠʿʠ 1119 (ɸ1119ʉ). ʉʣʘʙʘ ʝʬʠʢʘʩʥʦʩʪ ʪʨʠʘʟʦʣʘ ʫ ʦʛʣʝʜʠʤʘ 

ʫ ʧʦˀʫ, ʫ ʥʘʰʝʤ ʦʢʨʫʞʝˁʫ, ʦʜʥʦʩʥʦ ʫ ʄʘʹʘʨʩʢʦʿ, ʥʘʚʦʜʠ ʩʝ ʫ ʠʩʪʨʘʞʠʚʘˁʫ Hoffmann et 

al. (2012) ʛʜʝ ʿʝ ʢʦʤʙʠʥʘʮʠʿʘ ʪʝʙʫʢʦʥʘʟʦʣ+ʪʨʠʘʜʠʤʝʥʦʣ+ʩʧʠʨʦʢʩʘʤʠʥ ʠʩʧʦˀʠʣʘ ʥʠʩʢʫ 

ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʥʘ ʣʠʩʪʫ, ʢʦʿʘ ʿʝ ʙʠʣʘ 26,24% ʠ 

ʠʥʪʝʥʟʠʪʝʪʦʤ ʦʙʦˀʝˁʘ 60,67%, ʜʦʢ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʙʠʦ 82,11%. 

ʇʦʜʘʪʘʢʘ ʦ ʟʥʘʯʘʿʥʦ ʩʤʘˁʝʥʦʿ ʝʬʠʢʘʩʥʦʩʪʠ ʪʨʠʘʟʦʣʘ ʫ ʦʛʣʝʜʠʤʘ ʫ ʧʦˀʫ ʛʦʪʦʚʦ ʜʘ ʥʝʤʘ, ʪʿ. 

ʧʦʜʘʮʠ ʩʫ ʨʝʪʢʠ. ʋ ʚʝ˂ʠʥʠ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʫ ʩʧʨʦʚʝʜʝʥʘ ʫ ʧʦʩʣʝʜˁʠʭ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ, 

ʪʨʠʘʟʦʣʠ ʩʝ ʫʛʣʘʚʥʦʤ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʩʫʟʙʠʿʘˁʝ E. necator ʫ ʧʨʝʧʦʨʫʯʝʥʠʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ (ʜʦʟʘʤʘ). ʀʩʪʨʘʞʠʚʘˁʝ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ Cavazza et al. (2018) ʫ ʀʪʘʣʠʿʠ, 

ʠʤʘʣʦ ʿʝ ʟʘ ʮʠˀ ʜʘ ʫʪʚʨʜʠ ʝʬʠʢʘʩʥʦʩʪ ʨʘʟʣʠʯʠʪʠʭ ʪʨʠʘʟʦʣʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ 

ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ, ʧʘ ʩʫ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʢʦʨʠʰ˂ʝʥʠ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʪʝʙʫʢʦʥʘʟʦʣ, 

ʜʠʬʝʥʦʢʦʥʘʟʦʣ, ʧʝʥʢʦʥʘʟʦʣ ʠ ʜʨʫʛʠ ʬʫʥʛʠʮʠʜʠ ʠʟ ʦʚʝ ʛʨʫʧʝ. ʈʝʟʫʣʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʫ 

ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʛʦʪʦʚʦ ʩʚʠʭ ʪʝʩʪʠʨʘʥʠʭ ʬʫʥʛʠʮʠʜʘ ʫ ʧʨʝʧʦʨʫʯʝʥʠʤ 

ʜʦʟʘʤʘ (ʦʩʠʤ ʧʨʦʧʠʢʦʥʘʟʦʣʘ), ʪʦʢʦʤ 2016. ʠ 2017. ʛʦʜʠʥʝ. ʄʠʢʣʦʙʫʪʘʥʠʣ ʿʝ ʠʩʧʦˀʠʦ 

ʝʬʠʢʘʩʥʦʩʪ 89,4% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʪʝʙʫʢʦʥʘʟʦʣ 88,2-97,9%, ʜʠʬʝʥʦʢʦʥʘʟʦʣ 96,2-99,5% ʠ 

ʧʝʥʢʦʥʘʟʦʣ 85,9-99,0%. ʇʦʩʣʝʜˁʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʫ ʦʙʫʭʚʘʪʘʣʘ  ʠʩʧʠʪʠʚʘˁʘ 

ʝʬʠʢʘʩʥʦʩʪʠ ʪʨʠʘʟʦʣʘ, ʘ ʜʘ ʩʫ ʫ ʙʣʠʩʢʦʤ ʦʢʨʫʞʝˁʫ, ʜʘʪʠʨʘʿʫ ʠʟ 2004. ʛʦʜʠʥʝ 

(ʄʠʣʘʜʠʥʦʚʠ˂ ʠ ʩʘʨ., 2008) ʫ ʎʨʥʦʿ ɻʦʨʠ. ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ (ʦʜ 2002. ʜʦ 2004. ʛʦʜʠʥʝ) 

ʝʬʠʢʘʩʥʦʩʪ ʧʝʥʢʦʥʘʟʦʣʘ ʙʠʣʘ ʿʝ ʚʠʩʦʢʘ, ʠ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 86,2 ʜʦ 96,9% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʜʦʢ ʿʝ 

ʥʘ ʣʠʩʪʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʤʘʢʩʠʤʘʣʥʘ ʝʬʠʢʘʩʥʦʩʪ (100%). ɻʦʪʦʚʦ 18 ʛʦʜʠʥʘ ʢʘʩʥʠʿʝ, ʫ 

ʥʘʰʝʤ ʠʩʪʨʘʞʠʚʘˁʫ ʝʬʠʢʘʩʥʦʩʪ ʧʝʥʢʦʥʘʟʦʣʘ ʿʝ ʜʨʘʩʪʠʯʥʦ ʩʤʘˁʝʥʘ, ʧʘ ʿʝ ʪʘʢʦ ʥʘ ʧʦʿʝʜʠʥʠʤ 

ʣʦʢʘʣʠʪʝʪʠʤʘ, ʧʦʧʫʪ ʅʝʰʪʠʥʘ ʠ ʊʦʧʦʣʝ, ʟʘʙʝʣʝʞʝʥʘ ʚʝʦʤʘ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ (< 35%), ʰʪʦ 

ʿʝ ʩʚʘʢʘʢʦ ʧʦʢʘʟʘʪʝˀ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʘ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator.  

ʇʦʿʝʜʠʥʠ ʠʩʪʨʘʞʠʚʘʯʠ ʥʘʚʦʜʝ, ʜʘ ʿʝ ʨʝʟʠʩʪʝʥʪʦʩʪ E. necator ʥʘ DMI ʬʫʥʛʠʮʠʜʝ, ʚʨʣʦ 

ʢʦʤʧʣʝʢʩʥʘ, ʠ ʜʘ ʤʦʣʝʢʫʣʘʨʥʘ ʜʝʪʝʢʮʠʿʘ Y136F ʤʫʪʘʮʠʿʝ ʥʠʿʝ ʜʦʚʦˀʘʥ ʧʦʢʘʟʘʪʝˀ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʿʝʜʥʝ ʧʦʧʫʣʘʮʠʿʝ ʦʚʦʛ ʧʘʪʦʛʝʥʘ, ʚʝ˂ ʿʝ ʥʝʦʧʭʦʜʥʦ ʦʩʠʤ ʜʝʪʝʢʮʠʿʝ ʤʫʪʘʮʠʿʝ, 

ʫʪʚʨʜʠʪʠ ʜʘ ʣʠ ʿʦʰ ʥʝʢʠ ʤʝʭʘʥʠʟʘʤ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢʦʝʛʟʠʩʪʠʨʘ ʫ ʧʦʧʫʣʘʮʠʿʠ (ʧʦʧʫʪ 

ʧʦʚʝ˂ʘʥʝ ʝʢʩʧʨʝʩʠʿʝ cyp 51 ʛʝʥʘ) ʠ ʫʧʦʨʝʜʦ ʩʧʨʦʚʝʩʪʠ in vivo ʪʝʩʪʠʨʘˁʘ ʩʘ ʣʠʩʥʠʤ 

ʜʠʩʢʦʚʠʤʘ (Rallos, 2012; Frenkel et al., 2015). ʀʩʪʝ ʩʪʘʚʦʚʝ ʠʟʥʦʩʠ ʠ ʨʘʜʥʘ ʛʨʫʧʘ ʫ ʦʢʚʠʨʫ 

FRAC-a, ʟʘʜʫʞʝʥʘ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʘʚʘˁʝ ʧʨʝʧʦʨʫʢʘ ʢʘʜʘ ʩʫ ʫ ʧʠʪʘˁʫ DMI 

ʬʫʥʛʮʠʜʠ. ʆʥʠ ʥʘʚʦʜʝ ʜʘ, ʫʪʚʨʹʠʚʘˁʝ ʬʨʝʢʚʝʥʮʠʿʝ ʤʫʪʘʮʠʿʝ Y136F ʫ cyp51 ʛʝʥʫ, ʥʠʿʝ 

ʜʦʚʦˀʘʥ ʧʦʢʘʟʘʪʝˀ ʩʪʘˁʘ ʦʩʝʪˀʠʚʦʩʪʠ ʥʝʢʝ ʧʦʧʫʣʘʮʠʿʝ E. necator ʥʘ DMI ʬʫʥʛʠʮʠʜʝ 

(FRAC, 2023d). ʋ ʠʩʪʨʘʞʠʚʘˁʫ, Gubler et al. (1996) ʧʨʦʩʝʯʥʝ EC50 ʚʨʝʜʥʦʩʪʠ ʟʘ ʥʦʨʤʘʣʥʦ 

ʦʩʝʪˀʠʚʝ ʧʦʧʫʣʘʮʠʿʝ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʙʠʣʝ ʩʫ 0,15 mg/l, ʠ ʦʥʠ ʩʫ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ 

ʢʦʨʠʩʪʠʣʠ ʭʝʪʝʨʦʛʝʥʝ ʩʫʙʢʫʣʪʫʨʝ E. necator, ʰʪʦ ʿʝ ʙʠʦ ʩʣʫʯʘʿ ʠ ʫ ʥʘʰʝʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʩ 

ʪʠʤ ʜʘ ʩʫ ʧʨʦʩʝʯʥʝ EC50  ʚʨʝʜʥʦʩʪʠ ʟʘ ʦʩʝʪˀʠʚʝ ʧʦʧʫʣʘʮʠʿʝ ʦʚʦʛ ʧʘʪʦʛʝʥʘ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ 

ʫ ʉʨʙʠʿʠ ʙʠʣʝ 0,185 µg/ml. ʇʦʧʫʣʘʮʠʿʝ ʢʦʿʝ ʩʫ ʧʨʝʪʭʦʜʥʦ ʠʟʣʘʛʘʥʝ ʤʠʢʣʦʙʫʪʘʥʠʣʫ, ʠʤʘʣʝ 

ʩʫ ʧʨʦʩʝʯʥʝ ɽʉ50 ʚʨʝʜʥʦʩʪʠ 2,83 mg/l. ʅʦʨʤʘʣʥʦ ʦʩʝʪˀʠʚʠ, ʤʦʥʦʩʧʦʨʠʿʘʣʥʠ ʠʟʦʣʘʪʠ 
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ʨʘʟʣʠʯʠʪʠʭ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʠ ʪʝʙʫʢʦʥʘʟʦʣ, ʧʨʝʤʘ ʠʩʪʨʘʞʠʚʘˁʠʤʘ 

Colcol (2012) ʠʤʘʣʝ ʩʫ ʧʨʦʩʝʯʥʝ EC50 ʚʨʝʜʥʦʩʪʠ 0,008, ʦʜʥʦʩʥʦ 0,013 µg/ml, ʜʦʢ ʿʝ 

ʧʦʧʫʣʘʮʠʿʘ ʢʦʿʘ ʿʝ ʧʨʝʪʭʦʜʥʦ ʠʟʣʦʞʝʥʘ DMI ʬʫʥʛʠʮʠʜʠʤʘ ʠʤʘʣʘ ʧʨʦʩʝʯʥʝ EC50 ʚʨʝʜʥʦʩʪʠ 

2,1 µg/ml (ʤʠʢʣʦʙʫʪʘʥʠʣ) ʠ 3,6 µg/ml (ʪʝʙʫʢʦʥʘʟʦʣ), ʩʘ ʧʨʦʩʝʯʥʠʤ ʬʘʢʪʦʨʠʤʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 350 ʠ 360, ʰʪʦ ʿʝ ʫʢʘʟʠʚʘʣʦ ʥʘ ʿʘʢʫ ʢʦʨʝʣʘʮʠʿʫ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʨʘʟʚʦʿ 

ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ. ʋ ʥʘʰʝʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʧʨʦʩʝʯʥʝ 

ʦʯʝʢʠʚʘʥʝ ɽʉ50 ʚʨʝʜʥʦʩʪʠ ʟʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʠ ʪʝʙʫʢʦʥʘʟʦʣ, ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʛʜʝ ʩʫ 

ʧʨʝʪʭʦʜʥʦ ʢʦʨʠʰ˂ʝʥʠ DMI ʬʫʥʛʠʮʠʜʠ ʩʘ ʜʫʞʦʤ ʠʩʪʦʨʠʿʦʤ ʧʨʠʤʝʥʝ, ʙʠʣʝ ʩʫ 32,21 ʠ 11,75 

mg/l ʩʘ ʦʯʝʢʠʚʘʥʠʤ ʬʘʢʪʦʨʦʤ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 174 ʟʘ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʦʜʥʦʩʥʦ 35 ʟʘ 

ʪʝʙʫʢʦʥʘʟʦʣ. ʈʝʟʫʣʪʘʪʠ ʟʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʩʫ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ Colcol (2012), ʩ 

ʪʠʤ ʜʘ ʩʫ ʫ ʥʘʰʝʤ ʠʩʪʨʘʞʠʚʘˁʫ ʟʘʙʝʣʝʞʝʥʝ ʚʝ˂ʝ EC50 ʚʨʝʜʥʦʩʪʠ, ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʩʝ ʨʘʜʠ 

ʫ ʭʝʪʝʨʦʛʝʥʠʤ ʠʟʦʣʘʪʠʤʘ. ʇʦʧʫʣʘʮʠʿʝ ʧʦʨʝʢʣʦʤ ʠʟ ʅʝʰʪʠʥʘ, ʊʦʧʦʣʝ, ɱʘʛʦʜʠʥʝ, ɺʨʰʮʘ, 

ʂʨˁʝʚʘ ʠ ɹʨʝʟʦʚʮʘ ʠʤʘʣʝ ʩʫ ʚʠʩʦʢʝ ʦʯʝʢʠʚʘʥʝ ʧʨʦʩʝʯʥʝ EC50 ʚʨʝʜʥʦʩʪʠ ʩʘ ʚʠʩʦʢʠʤ 

ʬʘʢʪʦʨʠʤʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʟʘ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʠ ʪʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʢʨʝʪʘʣʝ ʦʜ 21,73 (ɹʨʝʟʦʚʘʮ) 

ʜʦ 80,67 mg/l  (ʅʝʰʪʠʥ), ʩʘ ʦʯʝʢʠʚʘʥʠʤ ʬʘʢʪʦʨʠʤʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʜ 117 ʜʦ 436, ʧʘ ʩʫ ʪʝ 

ʧʦʧʫʣʘʮʠʿʝ ʦʟʥʘʯʝʥʝ ʢʘʦ ʚʠʩʦʢʦ ʨʝʟʠʩʪʝʥʪʥʝ. ʇʨʝʦʩʪʘʣʝ ʧʦʧʫʣʘʮʠʿʝ, ʦʟʥʘʯʝʥʝ ʩʫ ʢʘʦ 

ʨʝʟʠʩʪʝʥʪʥʝ ʩʘ ʦʯʝʢʠʚʘʥʠʤ ʧʨʦʩʝʯʥʠʤ EC50 ʚʨʝʜʥʦʩʪʠʤʘ ʦʜ 7,85 (ɸʨʘʥʹʝʣʦʚʘʮ) ʜʦ 18,44 

mg/l  (ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ) ʠ ʬʘʢʪʦʨʠʤʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʜ 42 ʜʦ 99. ɿʘ ʪʝʙʫʢʦʥʘʟʦʣ 

ʦʯʝʢʠʚʘʥʝ EC50 ʚʨʝʜʥʦʩʪʠ ʠ ʬʘʢʪʦʨʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʩʫ ʙʠʣʠ ʥʠʞʠ, ʦʜ 1,45 mg/L 

(ɸʨʘʥʹʝʣʦʚʘʮ) ʜʦ 23,46 mg/l (ʊʦʧʦʣʘ), ʘ ʬʘʢʪʦʨʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʜ 4 ʜʦ 71. ɿʘ 

ʜʠʬʝʥʦʢʦʥʘʟʦʣ ʧʨʦʩʝʯʥʝ ʦʯʝʢʠʚʘʥʝ EC50 ʚʨʝʜʥʦʩʪʠ ʙʠʣʝ ʩʫ ʿʦʰ ʤʘˁʝ, ʠ ʢʨʝʪʘʣʝ ʩʫ ʩʝ ʦʜ 

0,23 mg/l (ɸʨʘʥʹʝʣʦʚʘʮ) ʜʦ 6,17 mg/l (ɱʘʛʦʜʠʥʘ), ʘ ʥʝʢʦʣʠʢʦ ʧʦʧʫʣʘʮʠʿʘ ʿʝ ʠʤʘʣʦ ʚʠʩʦʢʝ 

ʦʯʝʢʠʚʘʥʝ ʬʘʢʪʦʨʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʢʘʦ ʰʪʦ ʩʫ ʊʦʧʦʣʘ (35), ʂʨˁʝʚʦ (49), ʅʝʰʪʠʥ (52) ʠ 

ɱʘʛʦʜʠʥʘ (60). ɺʠʩʦʢʝ EC50 ʚʨʝʜʥʦʩʪʠ ʟʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʠ ʪʝʙʫʢʦʥʘʟʦʣ ʢʦʜ ʨʝʟʠʩʪʝʥʪʥʠʭ 

ʠʟʦʣʘʪʘ E. necator ʫʪʚʨʹʝʥʝ ʩʫ ʫ ʠʩʪʨʘʞʠʚʘˁʫ Rallos and Baudoin (2016), ʠ ʢʨʝʪʘʣʝ ʩʫ ʩʝ ʦʜ 

0,2 ʜʦ 104 mg/l ʟʘ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʦʜʥʦʩʥʦ ʦʜ 2 ʜʦ 137 ʟʘ ʪʝʙʫʢʦʥʘʟʦʣ. ʆʩʠʤ ʠʩʪʨʘʞʠʚʘˁʘ 

Colcol (2012), ʫʧʨʘʚʦ ʿʝ ʠ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʦ ʠʩʪʨʘʞʠʚʘˁʝ (Rallos and Baudoin, 2016), ʥʘ 

ʥʝʢʠ ʥʘʯʠʥ ʧʦʪʚʨʜʠʣʦ ʚʝʟʫ ʢʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʨʘʟʚʦʿʫ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ 

ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʠ ʪʝʙʫʢʦʥʘʟʦʣʘ. ʅʘʰʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʩʣʠʯʥʠʿʠ ʨʝʟʫʣʪʘʪʠʤʘ Rallos and 

Baudoin (2016), ʫʧʨʘʚʦ ʠʟ ʨʘʟʣʦʛʘ ʰʪʦ ʩʫ ɽʉ50 ʚʨʝʜʥʦʩʪʠ ʫ ˁʠʭʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ 

ʫʛʣʘʚʥʦʤ, ʫʟ ʤʘˁʘ ʦʜʩʪʫʧʘˁʘ, ʙʠʣʝ ʚʝ˂ʝ ʟʘ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʥʝʛʦ ʟʘ ʪʝʙʫʢʦʥʘʟʦʣ, ʰʪʦ ʿʝ ʩʣʫʯʘʿ 

ʠ ʫ ʥʘʰʝʤ ʠʩʪʨʘʞʠʚʘˁʫ. ʊʦ ʤʦʞʝ ʜʘ ʟʥʘʯʠ ʜʘ ʩʫ ʨʝʟʠʩʪʝʥʪʥʝ ʧʦʧʫʣʘʮʠʿʝ ʥʝʰʪʦ ʦʩʝʪˀʠʚʠʿʝ 

ʥʘ ʪʝʙʫʢʦʥʘʟʦʣ ʥʝʛʦ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʘʣʠ ʜʝʬʠʥʠʪʠʚʥʦ ʿʝ ʜʘ, ʢʘʜʘ ʜʦʹʝ ʜʦ ʨʘʟʚʦʿʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʜʦʣʘʟʠ ʠ ʜʦ ʧʨʦʤʝʥʝ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʪʝʙʫʢʦʥʘʟʦʣ, ʢʦʿʘ 

ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʚʦʜʠ ʢʘ ʨʘʟʚʦʿʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ.  

ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʨʘʟʚʦʿ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʥʝ ʟʥʘʯʠ ʘʫʪʦʤʘʪʩʢʠ ʠ ʨʘʟʚʦʿ 

ʧʨʘʢʪʠʯʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣ. ʅʘʠʤʝ, ʦʥʦ ʰʪʦ ʿʝ ʧʨʠʤʝ˂ʝʥʦ ʥʘ ʦʩʥʦʚʫ 

ʨʝʟʫʣʪʘʪʘ ʢʦʿʠ ʩʫ ʜʦʙʠʿʝʥʠ ʫ ʥʘʰʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ, ʪʦ ʿʝ ʜʘ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ ʢʦʿʝ ʩʫ ʚʠʩʦʢʦ 

ʨʝʟʠʩʪʝʥʪʥʝ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ (RF > 100), ʜʦʣʘʟʠ ʠ ʜʦ ʨʘʟʚʦʿʘ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʩʘ 

ʜʠʬʝʥʦʢʦʥʘʟʦʣʦʤ. ʄʝʹʫʪʠʤ, ʢʦʜ ʦʥʠʭ ʧʦʧʫʣʘʮʠʿʘ ʢʦʿʝ ʩʫ ʨʝʟʠʩʪʝʥʪʥʝ ʠʣʠ ʫʤʝʨʝʥʦ 

ʨʝʟʠʩʪʝʥʪʥʝ, ʥʝʤʘ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʩʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣʦʤ. ʆ ʪʦʤʝ ʩʚʝʜʦʯʝ ʠ 

ʨʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʧʦˀʫ, ʛʜʝ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʥʘ ʢʦʿʠʤʘ ʩʫ ʫʪʚʨʹʝʥʝ ʫʤʝʨʝʥʦ 

ʨʝʟʠʩʪʝʥʪʥʝ ʜʦ ʨʝʟʠʩʪʝʥʪʥʝ ʧʦʧʫʣʘʮʠʿʝ E. necator (ʈʘʜʤʠʣʦʚʘʮ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ) ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʝʬʠʢʘʩʥʦʩʪ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʙʠʣʘ ʿʝ ʚʠʩʦʢʘ ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,013% ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,02%, ʢʦʿʘ ʿʝ ʟʚʘʥʠʯʥʦ ʧʨʝʧʦʨʫʯʝʥʘ ʫ ʀʪʘʣʠʿʠ. 

ʉʫʧʨʦʪʥʦ ʪʦʤʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʛʜʝ ʿʝ ʫʪʚʨʹʝʥʘ ʚʠʩʦʢʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʦʣʘʪʘ ʥʘ 
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ʤʠʢʣʦʙʫʪʘʥʠʣ (ʅʝʰʪʠʥ ʠ ʊʦʧʦʣʘ), ʝʬʠʢʘʩʥʦʩʪ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʿʝ ʙʠʣʘ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ ʪʝʢ 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,03%. ʀʩʪʨʘʞʠʚʘˁʝ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ Ghule et al. (2019), ʧʨʫʞʘ ʩʣʠʯʘʥ 

ʦʜʛʦʚʦʨ ʦ ʨʘʟʚʦʿʫ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ. ʋ 

ˁʠʭʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʢʦʜ ʠʟʦʣʘʪʘ ʨʝʟʠʩʪʝʥʪʥʠʭ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ, EC50 ʚʨʝʜʥʦʩʪʠ ʢʨʝʪʘʣʝ 

ʩʫ ʩʝ ʫ ʦʩʧʝʛʫ 1 ʜʦ 39 mg/l, ʩʘ ʬʘʢʪʦʨʠʤʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʜ 7 ʜʦ 295, ʜʦʢ ʩʫ ʢʦʜ ʠʟʦʣʘʪʘ 

ʨʝʟʠʩʪʝʥʪʥʠʭ ʥʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣ ʫʪʚʨʹʝʥʝ ʟʥʘʪʥʦ ʥʠʞʝ EC50 ʚʨʝʜʥʦʩʪʠ, ʢʦʿʝ ʩʫ ʩʝ ʢʨʝʪʘʣʝ ʦʜ 

1 ʜʦ 4,5 mg/l. ʇʨʠʤʝʪʥʦ ʿʝ ʪʦ ʜʘ ʢʦʜ ʠʟʦʣʘʪʘ ʩʘ ʫʤʝʨʝʥʠʤ ʜʦ ʙʣʘʛʦ ʧʦʚʠʰʝʥʠʤ ʬʘʢʪʦʨʠʤʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʧʦʩʪʦʿʠ ʟʥʘʪʥʦ ʚʝ˂ʘ ʦʩʝʪˀʠʚʦʩʪ ʥʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣ. 

ʉʣʠʯʥʘ ʧʨʘʚʠʣʥʦʩʪ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣ, 

ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʫ ʥʘʰʝʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʜʘʢʣʝ, ʢʦʜ ʠʟʦʣʘʪʘ ʢʦʿʠ ʩʫ ʙʠʣʠ ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ 

ʤʠʢʣʦʙʫʪʘʥʠʣ, ʟʥʘʪʥʦ ʥʠʞʝ EC50 ʚʨʝʜʥʦʩʪʠ ʫʪʚʨʹʝʥʝ ʩʫ ʟʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣ, ʰʪʦ ʫʢʘʟʫʿʝ 

ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʜʘ ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ ʥʝʤʘ ʿʘʢʝ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʀʘʢʦ, 

Ghule et al. (2019) ʥʘʚʦʜʝ ʜʘ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʜʦʹʝ ʜʦ ʨʘʟʚʦʿʘ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ, ʯʠˁʝʥʠʮʘ ʿʝ ʜʘ ʩʫ ʠʟʦʣʘʪʠ ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʙʠʣʠ 

ʫʤʝʨʝʥʦ ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣ, ʰʪʦ ʙʠ ʩ ʧʨʘʢʪʠʯʥʦʛ ʘʩʧʝʢʪʘ ʟʥʘʯʠʣʦ ʜʘ ʩʝ 

ʜʠʬʝʥʦʢʦʥʘʟʦʣ ʤʦʞʝ ʢʦʨʠʩʠʪʠ ʟʘ ʩʫʟʙʠʿʘˁʝ E. necator ʫ ʧʦˀʫ. Warres (2021) ʥʘʚʦʜʠ ʜʘ 

ʨʝʟʠʩʪʝʥʪʥʝ ʧʦʧʫʣʘʮʠʿʝ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʜʠʬʝʥʦʢʦʥʘʟʦʣ ʤʦʞʝ ʫʩʧʝʰʥʦ ʜʘ ʩʫʟʙʠʿʘ, ʩʘ 

ʯʠʤʝ ʩʝ ʤʦʞʝʤʦ ʜʝʣʠʤʠʯʥʦ ʩʣʦʞʠʪʠ, ʿʝʨ ʿʝ ʥʝʦʧʭʦʜʥʦ ʫʪʚʨʠʜʠʪʠ ʢʦʣʠʢʦ ʿ ʝ ʪʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ 

ʟʘʩʪʫʧˀʝʥʘ, ʦʜʥʦʩʥʦ, ʜʘ ʣʠ ʿʝ ʚʠʩʦʢʘ ʠ ʩʪʘʙʠʣʥʘ, ʠʣʠ ʫʤʝʨʝʥʘ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʩʤʦ ʫ 

ʥʘʰʝʤ ʠʩʪʨʘʞʠʚʘˁʫ ʜʦʙʠʣʠ ʨʘʟʣʠʯʠʪʝ ʨʝʟʫʣʪʘʪʝ ʟʘ ʝʬʠʢʘʩʥʦʩʪ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ (ʦʜ ʥʠʩʢʝ 

ʜʦ ʚʠʩʦʢʝ) ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʛʜʝ ʩʫ ʫʪʚʨʹʝʥʝ ʨʝʟʠʩʪʝʥʪʥʝ ʧʦʧʫʣʘʮʠʿʝ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ. 

ʂʘʢʦ ʙʠ ʩʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʦʙʿʘʩʥʠʣʠ ʬʝʥʦʤʝʥʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʧʦʪʨʝʙʥʦ ʿʝ ʫʟʝʪʠ ʫ 

ʨʘʟʤʘʪʨʘˁʝ ʠ ʤʦʣʝʢʫʣʘʨʥʫ ʜʝʪʝʢʮʠʿʫ ʛʝʥʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ. ʄʦʣʝʢʫʣʘʨʥʘ ʜʝʪʝʢʮʠʿʘ 

ʤʫʪʘʮʠʿʝ Y136F, ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʙʨʟ ʘʣʘʪ ʟʘ ʧʦʪʚʨʜʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ ʪʨʠʘʟʦʣʝ. 

ʄʝʹʫʪʠʤ, ʪʨʝʙʘ ʙʠʪʠ ʧʨʠʣʠʯʥʦ ʦʙʘʟʨʠʚ, ʿʝʨ ʫ ʧʨʝʪʭʦʜʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʢʦʜ ʧʦʿʝʜʠʥʠʭ 

ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ, ʢʦʿʠ ʧʨʠʧʘʜʘʿʫ ʛʝʥʝʪʠʯʢʦʿ ʛʨʫʧʠ ɺ, ʤʫʪʘʮʠʿʘ Y136F ʥʠʿʝ ʫʪʚʨʹʝʥʘ 

(Delye et al., 1997; Miazzi and Hajjeh., 2011). ʋʧʨʘʚʦ ʟʙʦʛ ʦʚʝ ʯʠˁʝʥʠʮʝ, Frenkel et al. 

(2015) ʫʢʘʟʫʿʫ ʥʘ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʠ ʜʨʫʛʠ ʤʝʭʘʥʠʟʤʠ ʠʥʪʝʨʬʝʨʠʨʘʿʫ ʫ ʨʘʟʚʦʿʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

E. necator ʥʘ ʪʨʠʘʟʦʣʝ, ʪʿ. ʜʘ ʦʩʠʤ ʦʚʝ ʤʫʪʘʮʠʿʝ ʠ ʜʨʫʛʝ ʧʨʦʤʝʥʝ ʫ ʦʢʚʠʨʫ cyp 51 ʛʝʥʘ, ʧʦʧʫʪ 

ʧʦʚʝ˂ʘʥʝ ʝʩʢʧʨʝʩʠʿʝ ʦʚʦʛ ʛʝʥʘ, ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʨʘʟʚʦʿ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʐʪʦ ʿʝ ʿʦʰ ʚʘʞʥʠʿʝ, 

ʟʥʘˁʝ ʦ ʤʝʭʘʥʠʟʤʫ ʢʦʿʠ ʿʝ ʧʨʝʜʦʤʠʥʘʥʪʘʥ ʫ ʦʜʨʝʹʝʥʦʿ ʧʦʧʫʣʘʮʠʿʠ, ʦʤʦʛʫ˂ʘʚʘ ʠ ʘʜʝʢʚʘʪʥʠʿʠ 

ʦʜʘʙʠʨ ʬʫʥʛʠʮʠʜʘ, ʿʝʨ ʤʝʭʘʥʠʟʘʤ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ, ʫʪʠʯʝ ʥʘ ʨʘʟʚʦʿ ʫʢʨʰʪʝʥʝ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʂʦʨʠʩʪʝ˂ʠ real-time PCR ʤʝʪʦʜʫ ʠ ʧʨʦʪʦʢʦʣ ʟʘ ʜʝʪʝʢʮʠʿʫ Y136F ʤʫʪʘʮʠʿʝ, 

ʢʦʿʫ ʩʫ ʧʨʝʜʣʦʞʠʣʠ ʠ ʨʘʟʚʠʣʠ Dufour et al. (2011), ʫ ʥʘʰʝʤ ʠʩʪʨʘʞʠʚʘˁʫ ʫʩʧʝʣʠ ʩʤʦ ʜʘ 

ʜʝʪʝʢʪʫʿʝʤʦ ʦʚʫ ʤʫʪʘʮʠʿʫ ʢʦʜ ʦʜʨʝʹʝʥʦʛ ʙʨʦʿʘ ʠʟʦʣʘʪʘ ʫ ʦʢʚʠʨʫ ʥʝʢʦʣʠʢʦ ʧʦʧʫʣʘʮʠʿʘ. ʆʥʦ 

ʰʪʦ ʩʝ ʤʦʞʝ ʫʦʯʠʪʠ, ʪʦ ʿʝ ʜʘ ʜʝʬʠʥʠʪʠʚʥʦ ʙʨʦʿ ʧʦʟʠʪʠʚʥʠʭ ʜʝʪʝʢʮʠʿʘ ʦʚʝ ʤʫʪʘʮʠʿʝ, ʥʝ 

ʠʣʫʩʪʨʫʿʝ ʥʘ ʧʨʘʚʠ ʥʘʯʠʥ ʩʪʝʧʝʥ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʿʝʜʥʝ ʧʦʧʫʣʘʮʠʿʝ. ʅʘʨʘʚʥʦ, ʪʫ ʪʨʝʙʘ ʙʠʪʠ 

ʚʨʣʦ ʦʧʨʝʟʘʥ, ʿʝʨ ʫ ʦʢʚʠʨʫ ʧʦʿʝʜʠʥʠʭ ʧʦʧʫʣʘʮʠʿʘ, ʪʝʩʪʠʨʘʥʦ ʿʝ ʨʝʣʘʪʠʚʥʦ ʤʘʣʦ ʠʟʦʣʘʪʘ, ʪʘʢʦ 

ʜʘ ʩʝ ʥʝ ʤʦʞʝ ʙʠʪʠ ʠʩʢˀʫʯʠʚ ʢʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʨʘʟʚʦʿʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʿʝʨ ʙʠ ʤʦʞʜʘ ʚʝ˂ʠ 

ʙʨʦʿ ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ ʫ ʦʢʚʠʨʫ ʿʝʜʥʝ ʧʦʧʫʣʘʮʠʿʝ, ʩʪʚʦʨʠʦ ʨʝʘʣʥʠʿʫ ʩʣʠʢʫ ʠ ʧʨʫʞʠʦ ʙʦˀʠ 

ʫʚʠʜ ʫ ʩʪʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ. ʄʝʹʫ ʧʦʧʫʣʘʮʠʿʘʤʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʫ ʦʛʣʝʜʠʤʘ ʫ ʧʦˀʫ ʠ 

ʙʠʦʪʝʩʪʦʚʠʤʘ ʧʦʪʚʨʹʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ, ʢʘʦ ʰʪʦ ʩʫ ʅʝʰʪʠʥ ʠ ʊʦʧʦʣʘ, ʫʦʯʘʚʘ ʩʝ ʦʜʨʝʹʝʥ 

ʪʨʝʥʜ ʢʦʿʠ ʩʝ ʥʘʿʙʦˀʝ ʤʦʞʝ ʠʣʫʩʪʨʦʚʘʪʠ ʥʘ ʧʨʠʤʝʨʫ ʧʦʧʫʣʘʮʠʿʝ ʠʟ ʊʦʧʦʣʝ. ʀʟʦʣʘʪʠ ʩʫ ʩʘ 

ʦʚʦʛ ʣʦʢʘʣʠʪʝʪʘ ʧʨʠʢʫʧˀʘʥʠ ʦʜ 2019. ʜʦ 2021. ʛʦʜʠʥʝ, ʠ ʪʦʢʦʤ ʧʨʚʝ ʜʚʝ ʛʦʜʠʥʝ ʤʫʪʘʮʠʿʘ ʿʝ 

ʜʝʪʝʢʪʦʚʘʥʘ ʢʦʜ ʩʘʤʦ 2 ʠʟʦʣʘʪʘ ʦʜ ʫʢʫʧʥʦ 10 ʪʝʩʪʠʨʘʥʠʭ. ʄʝʹʫʪʠʤ, 2021. ʛʦʜʠʥʝ, ʦʜ 6 

ʪʝʩʪʠʨʘʥʠʭ, ʯʘʢ ʢʦʜ 5 ʿʝ ʜʝʪʝʢʪʦʚʘʥʘ ʤʫʪʘʮʠʿʘ. ʉʤʘˁʝʥʘ ʝʬʠʢʘʩʥʦʩʪ ʤʠʢʣʦʙʫʪʘʥʠʣʘ 
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ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʚʝ˂ ʧʨʚʝ ʛʦʜʠʥʝ, ʠ ʧʦʪʚʨʹʝʥʘ ʜʨʫʛʝ, ʜʦʢ ʿʝ ʜʠʬʝʥʦʢʦʥʘʟʦʣ ʧʨʚʝ ʛʦʜʠʥʝ ʫ 

ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʠʩʧʦˀʠʦ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʢʦ 90%. ʄʝʹʫʪʠʤ, ʚʝ˂ ʜʨʫʛʝ ʛʦʜʠʥʝ 

ʿʝ ʜʦʰʣʦ ʜʦ ʩʤʘˁʝˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʠ ʪʝʙʫʢʦʥʘʟʦʣʘ ʫ ʧʨʝʧʦʨʫʯʝʥʠʤ 

ʢʦʮʝʥʪʨʘʮʠʿʘʤʘ, ʜʘ ʙʠ ʫ ʪʨʝ˂ʦʿ, 2021. ʛʦʜʠʥʠ, ʧʘʜ ʝʬʠʢʘʩʥʦʩʪʠ ʙʠʦ ʥʘʿʜʨʘʩʪʠʯʥʠʿʠ. ʊʝ 

ʛʦʜʠʥʝ ʿʝ ʫʧʨʘʚʦ ʠ ʜʝʪʝʢʪʦʚʘʥ ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʠʟʦʣʘʪʘ ʩʘ ʤʫʪʘʮʠʿʦʤ Y136F, ʰʪʦ ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʫʢʘʟʫʿʝ ʜʘ ʩʝ ʙʨʦʿ ʨʝʟʠʩʪʝʥʪʥʠʭ ʿ ʝʜʠʥʢʠ ʫ ʦʢʚʠʨʫ ʧʦʧʫʣʘʮʠʿʝ ʧʦʚʝ˂ʘʚʘʦ ʠʟ ʛʦʜʠʥʝ ʫ ʛʦʜʠʥʫ, 

ʠ ʢʘʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʧʨʝʚʣʘʜʘʚʘˁʘ ʫ ʩʘʤʦʿ ʧʦʧʫʣʘʮʠʿʠ, ʚʝʨʦʚʘʪʥʦ ʿʝ ʜʦʰʣʦ ʠ ʜʦ ʜʨʘʩʪʠʯʥʦʛ 

ʩʤʘˁʝˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʪʨʠʘʟʦʣʘ. ʊʘʢʦʹʝ ʿʝ ʫʦʯʝʥʦ ʜʘ ʩʫ ʠʟʦʣʘʪʠ ʢʦʿʠ ʩʫ ʪʝʩʪʠʨʘʥʠ 2019. 

ʛʦʜʠʥʝ ʙʠʣʠ ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʠ ʪʝʙʫʢʦʥʘʟʦʣ ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ, ʘʣʠ ʢʦʜ ʥʘʿʚʝ˂ʝʛ 

ʙʨʦʿʘ ʪʠʭ ʠʟʦʣʘʪʘ ʥʠʿʝ ʜʝʪʝʢʪʦʚʘʥʘ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʘ ʤʫʪʘʮʠʿʘ. ʆʚʦ ʤʦʞʝ ʜʘ ʫʢʘʞʝ ʥʘ 

ʧʦʩʪʦʿʘˁʝ ʜʨʫʛʦʛ ʤʝʭʘʥʠʟʤʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʀʘʢʦ Frenkel et al. (2015) ʠ Rallos and 

Baudoin (2016), ʥʘʚʦʜʝ ʜʘ ʿʝ ʢʦʜ ʚʠʩʦʢʦ ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ ʧʨʠʩʫʪʥʘ ʤʫʪʘʮʠʿʘ ʫ 

ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʧʦʚʝ˂ʘʥʦʤ ʝʢʩʧʨʝʩʠʿʦʤ ʛʝʥʘ ʢʦʿʘ ʿʝ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʚʝʟʠ ʩʘ ɸ1119ʉ ʧʨʦʤʝʥʦʤ 

ʥʘ cyp51 ʛʝʥʫ, ʠʧʘʢ ʥʝ ʪʨʝʙʘ ʠʩʢˀʫʯʠʪʠ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʿʝ ʠ A1119C ʧʨʦʤʝʥʘ  ʿʝʜʠʥʦ ʧʨʠʩʫʪʥʘ 

ʫ ʧʦʧʫʣʘʮʠʿʠ ʠʣʠ ʿʝ ʥʝʢʘ ʜʨʫʛʘ ʧʨʦʤʝʥʘ ʜʦʧʨʠʥʝʣʘ ʨʘʟʚʦʿʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ 

ʤʠʢʣʦʙʫʪʘʥʠʣ. ʏʘʢ ʩʝ ʠ ʫ ʠʩʪʨʘʞʠʚʘˁʫ Frenkel et al. (2015) ʛʦʚʦʨʠ ʜʘ ʿʝ ʢʦʜ ʦʜʨʝʹʝʥʦʛ ʙʨʦʿʘ 

ʠʟʦʣʘʪʘ E. necator ʢʦʜ ʢʦʿʠʭ ʿʝ ʫʪʚʨʹʝʥʘ ʠʩʢˀʫʯʠʚʦ A1119C ʤʫʪʘʮʠʿʘ ʟʘʙʝʣʝʞʝʥʘ ʫʤʝʨʝʥʘ 

ʜʦ ʚʠʩʦʢʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ. ɻʦʪʦʚʦ ʿʝ ʩʠʛʫʨʥʦ ʜʘ A1119C ʥʝ ʜʦʚʦʜʠ ʜʦ 

ʧʨʦʤʝʥʝ ʫ ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʦʿ ʩʝʢʚʝʥʮʠ cyp51 ʛʝʥʘ ʘʣʠ ʫʪʠʯʝ ʥʘ ˁ ʝʛʦʚʫ ʧʦʚʝ˂ʘʥʫ ʝʢʩʧʨʝʩʠʿʫ, 

ʰʪʦ ʿʝ ʩʚʘʢʘʢʦ ʿʝʜʘʥ ʦʜ ʤʝʭʘʥʠʟʘʤʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ E. necator ʥʘ DMI ʬʫʥʛʠʮʠʜʝ. ʋ 

ʅʝʰʪʠʥʫ, ʧʨʚʝ ʛʦʜʠʥʝ, ʦʜ ʯʝʪʠʨʠ ʠʟʦʣʘʪʘ ʩʘʤʦ ʿʝ ʢʦʜ ʿʝʜʥʦʛ ʧʦʪʚʨʹʝʥʘ ʤʫʪʘʮʠʿʘ, ʜʦʢ ʿʝ 

ʜʨʫʛʝ ʛʦʜʠʥʝ ʢʦʜ ʦʙʘ ʪʝʩʪʠʨʘʥʘ ʠʟʦʣʘʪʘ ʫʪʚʨʹʝʥʘ Y136F ʤʫʪʘʮʠʿʘ. ʅʘ ʦʚʦʤ ʣʦʢʘʣʠʪʝʪʫ, ʚʝ˂ 

ʦʜ ʧʨʚʝ ʛʦʜʠʥʝ ʠʩʪʨʘʞʠʚʘˁʘ (2020. ʛʦʜʠʥʝ), ʙʠʣʦ ʿʝ ʿʘʩʥʦ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʘ ʫ 

ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʝ E. necator, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʥʠʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʢʦʿʝ ʩʫ ʫʪʚʨʹʝʥʝ 

ʟʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣ ʫ ʧʨʝʧʦʨʫʯʝʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ. ɿʥʘʯʘʿʥʦ ʩʤʘˁʝʥʘ 

ʝʬʠʢʘʩʥʦʩʪ, ʥʘʨʦʯʠʪʦ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʠ ʧʝʥʢʦʥʘʟʦʣʘ 2022. ʛʦʜʠʥʝ, ʦʯʠʛʣʝʜʥʦ ʿʝ ʧʦʚʝʟʘʥʘ 

ʩʘ ʚʝ˂ʦʤ ʬʨʝʢʚʝʥʮʠʿʦʤ Y136F ʤʫʪʘʮʠʿʝ ʫ ʦʢʚʠʨʫ ʧʦʧʫʣʘʮʠʿʝ, ʠ ʪʦ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʫ 

ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʧʦʚʝ˂ʘʥʦʤ ʝʢʩʧʨʝʩʠʿʦʤ ʛʝʥʘ, ʿʝʨ Rallos and Baudoin (2016) ʥʘʚʦʜʝ ʜʘ ʜʦ 

ʥʘʿʩʪʘʙʠʣʥʠʿʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʫ ʧʦʧʫʣʘʮʠʿʠ ʜʦʣʘʟʠ ʢʘʜʘ ʩʫ ʦʚʘ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʠʩʪʦʚʨʝʤʝʥʦ 

ʧʨʠʩʫʪʥʘ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʩʫ ʧʨʝʜʚʠʹʝʥʠ ʬʘʢʪʦʨʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢʦʜ ʠʟʦʣʘʪʘ ʠʟ 

ʅʝʰʪʠʥʘ ʙʠʣʠ ʥʘʿʚʝ˂ʠ ʢʦʜ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ (ʥʝ ʨʘʯʫʥʘʿʫ˂ʠ ʣʦʢʘʣʠʪʝʪ 

ɱʘʛʦʜʠʥʘ), ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʿʝ ʢʦʜ ʦʚʝ ʧʦʧʫʣʘʮʠʿʝ ʟʘʩʪʫʧˀʝʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ʦʚʘ ʜʚʘ 

ʤʝʭʘʥʠʟʤʘ ʠ ʜʘ ʦʥʘ ʥʫʞʥʦ ʚʦʜʠ ʢʘ ʨʘʟʚʦʿʫ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ ʩʚʠʭ ʪʨʠʘʟʦʣʘ. 

ʅʘ ʧʨʝʦʩʪʘʣʘ ʜʚʘ ʣʦʢʘʣʠʪʝʪʘ, ʛʜʝ ʩʫ ʠʟʚʝʜʝʥʠ ʦʛʣʝʜʠ ʫ ʧʦˀʫ ʤʫʪʘʮʠʿʝ ʩʫ ʨʝʪʢʦ ʜʝʪʝʢʪʦʚʘʥʝ, 

ʢʦʜ 2 ʦʜ 11 ʠʟʦʣʘʪʘ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʈʘʜʤʠʣʦʚʮʘ ʠ ʢʦʜ 3 ʦʜ 16 ʠʟʦʣʘʪʘ ʩʘ ʣʦʢʘʣʠʪʝʪʘ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ. ʆʚʘ ʜʚʘ ʣʦʢʘʣʠʪʝʪʘ ʩʫ ʜʦʙʨʠ ʧʨʠʤʝʨʠ ʟʘ ʨʘʟʣʠʢʝ ʢʦʿʝ ʧʦʩʪʦʿʝ ʫ 

ʨʘʟʚʦʿʫ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ ʪʨʠʘʟʦʣʘ. ʅʘ ʦʚʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ, ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ 

ʜʝʪʝʢʪʦʚʘʥʘ ʿʝ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʤʝʹʫ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʠ ʪʝʙʫʢʦʥʘʟʦʣʘ, ʘʣʠ ʥʝ ʠ ʩʘ 

ʜʠʬʝʥʦʢʦʥʘʟʦʣʦʤ. ʋ ʧʨʠʣʦʛ ʪʦʤʝ ʠʜʫ ʩ ʿʝʜʥʝ ʩʪʨʘʥʝ, ʨʝʟʫʣʪʘʪʠ ʦʛʣʝʜʘ ʫ ʧʦˀʫ, ʢʦʿʠ ʩʫ ʪʦ ʠ 

ʧʦʪʚʨʜʠʣʠ, ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʧʦʩʪʠʛʥʫʪʘ ʧʨʠʤʝʥʦʤ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ, ʘ 

ʫʤʝʨʝʥʘ ʠ ʥʠʩʢʘ ʧʨʠʤʝʥʦʤ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʠ ʪʝʙʫʢʦʥʘʟʦʣʘ, ʠ ʩ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʨʝʟʫʣʪʘʪʠ 

ʤʦʣʝʢʫʣʘʨʥʠʭ ʪʝʩʪʦʚʘ, ʛʜʝ ʥʠʿʝ ʫʪʚʨʹʝʥʘ Y136F ʤʫʪʘʮʠʿʘ ʫ ʚʠʩʦʢʦʤ ʧʨʦʮʝʥʪʫ. ʊʫ ʩʝ ʤʦʞʝ 

ʚʠʜʝʪʠ ʿʝʜʥʘ ʚʝʟʘ, ʦʜʥʦʩʥʦ ʪʨʝʥʜ ʢʘʜʘ ʿʝ ʨʘʟʚʦʿ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʫ ʧʠʪʘˁʫ. ʋʢʦʣʠʢʦ 

ʧʦʧʫʣʘʮʠʿʘ ʧʦʩʪʘʥʝ ʨʝʟʠʩʪʝʥʪʥʘ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʚʝʨʦʚʘʪʥʦ ˂ʝ ʧʦʩʪʘʪʠ ʨʝʟʠʩʪʝʥʪʥʘ ʥʘ 

ʪʝʙʫʢʦʥʘʟʦʣ, ʙʝʟ ʦʙʟʠʨʘ ʜʘ ʣʠ ʿʝ ʜʦʰʣʦ ʜʦ ʨʘʟʚʦʿʘ ʤʫʪʘʮʠʿʝ ʠʣʠ ʥʝ, ʿʝʨ ʿʝ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ 

ʜʨʫʛʠ ʤʝʭʘʥʠʟʘʤ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʟʘʩʪʫʧˀʝʥ. ʏʘʢ ʠ Rallos and Baudoin (2016) 
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ʛʦʚʦʨʝ ʜʘ ʿʝ ʢʦʜ ʠʟʦʣʘʪʘ ʛʜʝ ʥʠʿʝ ʜʝʪʝʢʪʦʚʘʥʘ ʤʫʪʘʮʠʿʘ, ʫʪʚʨʹʝʥʘ ʧʦʚʝ˂ʘʥʘ ʝʢʩʧʨʝʩʠʿʘ ʛʝʥʘ. 

ʄʝʹʫʪʠʤ, ʫʢʦʣʠʢʦ ʩʝ ʤʫʪʘʮʠʿʘ ʿʘʚʠ ʫ ʚʠʩʦʢʦʤ ʧʨʦʮʝʥʪʫ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʧʦʚʝ˂ʘʥʦʤ 

ʝʢʩʧʨʝʩʠʿʦʤ cyp51 ʛʝʥʘ, ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ˂ʝ ʜʦ˂ʠ ʜʦ ʨʘʟʚʦʿʘ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ 

ʩʚʠʭ ʪʨʠʘʟʦʣʘ, ʰʪʦ ʪʘʢʦʹʝ ʧʦʪʚʨʹʫʿʫ ʨʝʟʫʣʪʘʪʠ Rallos and Baudoin (2016). ɼʦʙʠʿʝʥʠ 

ʨʝʟʫʣʪʘʪʠ ʟʘ ʠʟʦʣʘʪʝ ʧʦʨʝʢʣʦʤ ʠʟ ɱʘʛʦʜʠʥʝ, ʂʨˁʝʚʘ, ɸʣʝʢʩʘʥʜʨʦʚʮʘ (ʢʦʤʝʨʮʠʿʘʣʥʠ 

ʚʠʥʦʛʨʘʜ), ʉʤʝʜʝʨʝʚʘ, ʜʦʥʝʢʣʝ ʠ ɺʨʰʮʘ, ʫʢʘʟʫʿʫ ʥʘ ʚʠʩʦʢʦ ʧʨʠʩʫʩʪʚʦ Y136F ʤʫʪʘʮʠʿʘ ʫ 

ʦʢʚʠʨʫ ʦʚʠʭ ʧʦʧʫʣʘʮʠʿʘ. ʂʦʜ ʦʚʠʭ ʧʦʧʫʣʘʮʠʿʘ ʫʪʚʨʹʝʥʘ ʿʝ ʚʠʩʦʢʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ DMI 

ʬʫʥʛʠʮʠʜʝ, ʩʘ ʥʘʿʜʨʘʩʪʠʯʥʠʤ ʧʨʠʤʝʨʠʤʘ ʠʟ ɱʘʛʦʜʠʥʝ ʠ ʂʨˁʝʚʘ, ʛʜʝ ʿʝ ʫʪʚʨʹʝʥʘ ʫʢʨʰʪʝʥʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʤʝʹʫ ʩʚʠʭ ʪʝʩʪʠʨʘʥʠʭ ʪʨʠʘʟʦʣʘ. ʊʘʢʦʹʝ ʩʫ ʠ ʦʚʠ ʨʝʟʫʣʪʘʪʠ ʧʦʪʚʨʜʘ 

ʧʨʝʹʘʰˁʝ ʩʧʝʢʫʣʘʮʠʿʝ ʜʘ ʿʝ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʿʝʜʘʥ ʤʝʭʘʥʠʟʘʤ ʦʜʛʦʚʦʨʘʥ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ 

ʦʜʨʝʹʝʥʝ DMI ʬʫʥʛʠʮʠʜʝ ʠ ʫʢʨʰʪʝʥʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʤʝʹʫ ʧʦʿʝʜʠʥʠʭ ʬʫʥʛʠʮʠʜʘ, ʜʦʢ ʿʝ 

ʢʦʤʙʠʥʘʮʠʿʘ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʥʘʿʚʝʨʦʚʘʪʥʠʿʠ ʫʟʨʦʯʥʠʢ ʫʢʨʪhʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ ʩʚʠʭ 

DMI ʬʫʥʛʠʮʠʜʘ (Colcol, 2012). ʆʩʠʤ ʤʫʪʘʮʠʿʘ, ʦʜʨʝʹʝʥʫ ʫʣʦʛʫ ʫ ʨʘʟʚʦʿʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, 

ʥʘʨʦʯʠʪʦ ʫ ɽʚʨʦʧʠ, ʠʤʘ ʠ ʛʝʥʝʪʠʯʢʘ ʩʪʨʫʢʪʫʨʘ ʿʝʜʥʝ ʧʦʧʫʣʘʮʠʿʝ E. necator (Dufour et al., 

2011; Miazzi and Hajjeh, 2011). ʅʘ ʝʚʨʦʧʩʢʦʤ ʢʦʥʪʠʥʝʥʪʫ, ʟʘʩʪʫʧˀʝʥʝ ʩʫ ʛʝʥʝʪʠʯʢʝ ʛʨʫʧʝ 

ɸ ʠ ɺ. ʆʙʠʯʥʦ ʩʝ ʛʦʚʦʨʠ ʜʘ ʿʝ ʛʝʥʝʪʠʯʢʘ ʛʨʫʧʘ ɸ ʛʝʥʝʨʘʣʥʦ ʦʩʝʪˀʠʚʠʿʘ ʥʘ ʬʫʥʛʠʮʠʜʝ. 

ʅʘʠʤʝ, ʦʚʘ ʛʨʫʧʘ ʿʝ, ʢʘʢʦ ʩʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʥʘʚʦʜʠ, ʫʛʣʘʚʥʦʤ ʧʨʠʩʫʪʥʘ ʫ ʧʨʚʦʤ ʜʝʣʫ ʨʘʟʚʦʿʘ 

ʚʠʥʦʚʝ ʣʦʟʝ, ʠ ʢʘʢʦ ʩʝ ʧʨʠʙʣʠʞʘʚʘ ʙʝʨʙʘ, ʪʘʢʦ ʩʝ ʧʦʚʝ˂ʘʚʘ ʫʜʝʦ ʛʨʫʧʝ ɺ. ʊʘʢʦʹʝ ʩʝ ʛʦʚʦʨʠ 

ʜʘ ʿʝ ʦʚʘ ʛʨʫʧʘ ʧʦʚʝʟʘʥʘ ʫʛʣʘʚʥʦʤ ʩʘ ʠʥʬʝʢʮʠʿʦʤ ʣʠʩʪʦʚʘ, ʦʜʥʦʩʥʦ ʜʘ ʿʝ ʘʛʨʝʩʠʚʥʠʿʘ ʥʘ 

ʣʠʩʪʦʚʠʤʘ ʥʝʛʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʪʝ ʜʘ ʿʝ ʤʘˁʝ ʧʨʠʩʫʪʥʘ ʫ ʢʦʥʪʠʥʝʥʪʘʣʥʦʤ ʥʝʛʦ 

ʄʝʜʠʪʝʨʘʥʩʢʦʤ ʜʝʣʫ (Montarry et al,, 2009; Dufour et al., 2011). Miazzi and Hajjeh (2011) 

ʥʘʚʦʜʝ ʜʘ ʢʦʜ ʛʝʥʝʪʠʯʢʝ ʛʨʫʧʝ ɸ ʥʠʿʝ ʫʪʚʨʹʝʥʦ ʧʨʠʩʫʩʪʚʦ Y136F ʤʫʪʘʮʠʿʝ, ʿʝʨ ʿʝ ʦʚʘ ʛʨʫʧʘ 

ʫʛʣʘʚʥʦʤ ʧʦʚʝʟʘʥʘ ʩʘ ʙʝʩʧʦʣʥʠʤ ʨʘʟʤʥʦʞʘʚʘˁʝʤ, ʚʝ˂ ʜʘ ʿʝ ʪʦ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʫʧʝ ɺ. 

ʋʢʦʣʠʢʦ ʿʝ ʦʜʥʦʩ ʠʟʤʝʹʫ ʦʚʝ ʜʚʝ ʛʨʫʧʝ ʫʿʝʜʥʘʯʝʥ, ʠʣʠ ʿʝ ʧʦʚʝ˂ʘʥʦ ʧʨʠʩʪʚʦ ʛʨʫʧʝ ɸ, ʫʪʦʣʠʢʦ 

ʿʝ ʣʘʢʰʝ ʩʫʟʙʠʿʘˁʝ ʧʘʪʦʛʝʥʘ. ʄʝʹʫʪʠʤ ʫʢʦʣʠʢʦ ʿʝ ʧʨʝʜʦʤʠʥʘʥʪʥʘ ʛʨʫʧʘ ɺ, ʢʦʿʘ ʿʝ ʠʥʘʯʝ 

ʦʪʧʦʨʥʠʿʘ ʥʘ ʜʝʣʦʚʘˁʝ ʬʫʥʛʠʮʠʜʘ, ʠ ʢʦʜ ʢʦʿʝ ʿʝ ʧʦʚʝ˂ʘʥ ʨʠʟʠʢ ʦʜ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʟʙʦʛ ʧʦʣʥʦʛ ʨʘʟʤʥʦʞʘʚʘˁʘ, ʩʫʟʙʠʿʘˁʝ ʿʝ ʦʪʝʞʘʥʦ ʠ ʥʫʞʥʦ ʩʝ ʧʦʚʝ˂ʘʚʘ ʩʝʣʝʢʮʠʦʥʠ ʧʨʠʪʠʩʘʢ 

ʬʫʥʛʠʮʠʜʘ (Miazzi and Hajjeh, 2011).  

ʂʦʜ ʧʦʧʫʣʘʮʠʿʘ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʫ ʚʝ˂ʝʤ ʜʝʣʫ ʉʨʙʠʿʝ, ʢʦʿʝ ʩʫ 

ʧʨʝʪʭʦʜʥʠʭ 10 ʠ ʚʠʰʝ ʛʦʜʠʥʘ ʠʟʣʘʛʘʥʝ DMI ʬʫʥʛʠʮʠʜʠʤʘ, ʧʨʠʤʝʪʥʦ ʿʝ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ 

ʧʨʦʤʝʥʘ ʫ ʦʩʝʪˀʠʚʦʩʪʠ, ʰʪʦ ʿʝ ʠ ʧʦʪʚʨʹʝʥʦ ʩʧʨʦʚʦʹʝˁʝʤ ʦʛʣʝʜʘ ʫ ʧʦˀʫ, ʙʠʦʪʝʩʪʦʚʘ ʠ 

ʤʦʣʝʢʫʣʘʨʥʠʭ ʪʝʩʪʠʨʘˁʘ. ʇʦʜʘʮʠ ʦ ʨʘʟʚʦʿʫ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʩʫ ʚʨʣʦ ʜʨʘʛʦʮʝʥʠ ʿʝʨ 

ʧʨʫʞʘʿʫ ʫʚʠʜ ʫ ʪʦ ʢʦʿʝ ʬʫʥʛʠʮʠʜʝ ʠʟ ʛʨʫʧʝ ʪʨʠʘʟʦʣʘ ʙʠ ʤʦʛʣʦ, ʘ ʢʦʿʠ ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʚʠʰʝ 

ʢʦʨʠʩʪʠʪʠ ʫ ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʿʝʜʥʫ ʧʦʟʠʪʠʚʥʫ 

ʯʠˁʝʥʠʮʫ ʫ ʙʫʜʫ˂ʦʿ ʧʝʨʩʧʝʢʪʠʚʠ, ʘ ʪʦ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʦʜʘʪʘʢ ʜʘ ʿʝ ʤʠʢʣʦʙʫʪʘʥʠʣ ʟʚʘʥʠʯʥʦ 

ʧʦʚʫʯʝʥ ʠʟ ʫʧʦʪʨʝʙe 2021. ʛʦʜʠʥʝ (EC, 2023), ʘ ʜʘ ʿʝ ʥʘʿʠʟʨʘʞʝʥʠʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ 

ʧʦʧʫʣʘʮʠʿʘ E. necator ʫʪʚʨʹʝʥʘ ʫʧʨʘʚʦ ʥʘ ʦʚʘʿ ʬʫʥʛʠʮʠʜ. ʇʨʦʙʣʝʤ ʿʝ ʩʚʘʢʘʢʦ ʧʦʜʘʪʘʢ ʜʘ ʿʝ 

ʜʦhʣʦ ʜʦ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʠ ʪʝʙʫʢʦʥʘʟʦʣʘ, ʧʘ ʯʘʢ ʠ ʫʢʨʰʪʝʥʝ 

ʩʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣʦʤ, ʪʝ ʙʠ ʧʨʠʤʝʥʫ ʪʝʙʫʢʦʥʘʟʦʣʘ ʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʛʜʝ ʿʝ 

ʪʘ ʧʦʿʘʚʘ ʧʦʪʚʨʹʝʥʘ, ʪʨʝʙʘʣʦ ʠʟʙʝʛʘʚʘʪʠ ʫ ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ. ʊʘʤʦ ʛʜʝ ʥʝʤʘ ʫʢʨʰʪʝʥʝ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʪʝʙʫʢʦʥʘʟʦʣʘ ʩʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣʦʤ, ʜʠʬʝʥʦʢʦʥʘʟʦʣ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 0,013-0,02% ʫ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʥʠʤ ʬʦʨʤʫʣʘʮʠʿʘʤʘ ʩʘ ʩʘʜʨʞʘʿʝʤ ʦʚʝ 

ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʫ ʢʦʣʠʯʠʥʠ 250 ʛʨʘʤʘ ʧʦ ʣʠʪʨʫ, ʥʘʨʘʚʥʦ, ʫʟ ʦʙʘʚʝʟʥʦ ʧʦʰʪʦʚʘˁʝ ʤʝʨʘ 

ʘʥʪʠʨʝʟʠʩʪʝʥʪʥʝ ʩʪʨʘʪʝʛʠʿʝ. ʊʘʢʦʹʝ, ʥʝ ʪʨʝʙʘ ʥʠ ʟʘʥʝʤʘʨʠʪʠ ʯʠˁʝʥʠʮʫ ʜʘ ʿʝ 

ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʛʜʝ ʿʝ ʧʦʪʚʨʹʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣ, 

ʠʩʧʦˀʠʦ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator, h ʪʦ ʿʝ ʫ ʩʚʘʢʦʤ ʩʣʫʯʘʿʫ ʦʭʨʘʙʨʫʿʫʠ˂ 
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ʧʦʜʘʪʘʢ, ʿʝʨ ʦʚʘʿ ʬʫʥʛʠʮʠʜ ʧʨʝʜʩʪʘʚˀʘ ʧʦʛʦʜʥʫ ʘʣʝʪʝʨʥʘʪʠʚʫ ʟʘ ʩʫʟʙʠʿʘˁʝ ʨʝʟʠʩʪʝʥʪʥʠʭ 

ʧʦʧʫʣʘʮʠʿʘ ʥʘ ʜʨʫʛʝ DMI ʬʫʥʛʠʮʠʜʝ. ɺʘʞʥʦ ʿʝ ʩʢʨʝʥʫʪʠ ʧʘʞˁʫ ʠ ʥʘ ʪʦ ʜʘ ˂ʝ ʩʝ ʥʘʿʚʝ˂ʠ ʙʨʦʿ 

ʪʨʠʘʟʦʣʘ ʫ ʥʘʨʝʜʥʠʭ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʚʝʨʦʚʘʪʥʦ ʧʦʚʫ˂ʠ ʠʟ ʫʧʦʪʨʝʙʝ, ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʚʝʣʠʢʘ 

ʚʝ˂ʠʥʘ ˁʠʭ ʩʚʨʩʪʘʥʘ ʫ ʢʘʥʜʠʜʘʪʝ ʟʘ ʩʫʧʩʪʠʪʫʮʠʿʫ ʥʘ ʥʠʚʦʫ ɽʋ. ʄʝʹʫʪʠʤ, ʫʢʦʣʠʢʦ ʥʝʢʠ ʦʜ 

ˁʠʭ ʦʩʪʘʥʝ ʫ ʫʧʦʪʨʝʙʠ, ʙʫʜʫ˂ʘ ʠʩʪʨʘʞʠʚʘˁʘ ʪʨʝʙʘ ʬʦʢʫʩʠʨʘʪʠ ʥʘ ʠʩʧʠʪʠʚʘˁʘ ʜʘ ʣʠ ʿʝ 

ʤʦʛʫ˂ʝ ʧʦʚʨʘʪʠʪʠ ʧʨʝʹʘʰˁʫ ʦʩʝʪˀʠʚʦʩʪ ʧʦʧʫʣʘʮʠʿʘ ʥʘ ʪʨʠʘʟʦʣʝ ʫʢʦʣʠʢʦ ʩʝ ʦʥʠ ʥʝʢʦʣʠʢʦ 

ʛʦʜʠʥʘ ʠʟʦʩʪʘʚʝ ʠʟ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ. Rallos (2012) ʫ ʩʚʦʿʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʥʘʚʦʜʠ, ʜʘ ʿʝ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ ʪʨʠʘʟʦʣʝ ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʧʨʠʨʦʜʝ, ʠ ʜʘ ʿʝ ʤʦʛʫ˂ʝ ʜʘ ʩʝ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ 

ʫʩʣʦʚʠʤʘ ʛʫʙʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ ʩʘ Y136F ʤʫʪʘʮʠʿʦʤ, ʦʜʥʦʩʥʦ, ʥʘ ʥʝʢʠ ʥʘʯʠʥ 

ʩʝ ʦʧʝʪ ʫʩʧʦʩʪʘʚˀʘ ʥʝʢʘ ʚʨʩʪʘ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʪʝʙʫʢʦʥʘʟʦʣ, ʥʘʨʘʚʥʦ, ʫʢʦʣʠʢʦ ʩʝ ʠʟʦʩʪʘʚʠ 

ˁʝʛʦʚ ʩʝʣʝʢʮʠʦʥʠ ʧʨʠʪʠʩʘʢ. ɸʫʪʦʨ ʥʘʛʣʘʰʘʚʘ ʜʘ ʧʦ ʪʦʤ ʧʠʪʘˁʫ ʪʨʝʙʘ ʙʠʪʠ ʚʝʦʤʘ ʧʘʞˀʠʚ, 

ʿʝʨ ʧʦʚʝ˂ʘʥʘ ʝʢʩʧʨʝʩʠʿʘ cyp51 ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ ʢʦʿʝ ʩʫ ʧʨʝʪʭʦʜʥʦ ʠʟʣʦʞʝʥʝ ʪʝʙʫʢʦʥʘʟʦʣʫ, ʩʝ 

ʥʝ ʛʫʙʠ, ʯʘʢ ʠ ʢʘʜʘ ʩʝ ʪʝʙʫʢʦʥʘʟʦʣ ʧʦʪʧʫʥʦ ʠʟʦʩʪʘʚʠ ʠʟ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʿʝ 

ʧʨʠʩʫʩʪʚʦ ʧʦʚʝ˂ʘʥʝ ʝʢʩʧʨʝʩʠʿʝ ʢʦʥʩʪʠʪʫʪʠʚʥʝ ʧʨʠʨʦʜʝ, ʧʘ ʿʝ ʫʧʠʪʥʦ ʜʘ ʣʠ ʩʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪ 

ʟʘʠʩʪʘ ʛʫʙʠ ʠʣʠ ʿʝ ʪʦ ʣʘʞʥʘ ʩʣʠʢʘ. ʋ ʩʚʘʢʦʤ ʩʣʫʯʘʿʫ, ʜʘˀʘ ʠʩʧʠʪʠʚʘˁʘ ʪʨʝʙʘ ʜʘ ʙʫʜʫ 

ʫʩʤʝʨʝʥʘ ʥʘ ʫʪʚʨʹʠʚʘˁʝ ʧʦʪʝʥʮʠʿʘʣʥʦ ʥʦʚʠʭ ʤʝʭʘʥʠʟʘʤʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ E. 

necator ʥʘ DMI ʬʫʥʛʠʮʠʜʝ, ʢʘʦ ʠ ʥʘ ʠʥʪʝʥʟʠʚʥʦʤ ʧʨʘ˂ʝˁʫ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ, 

ʥʘʨʦʯʠʪʦ ʥʘ ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣ, ʯʠʿʘ ˂ʝ ʠʥʪʝʛʨʘʮʠʿʘ ʠ ʧʨʠʤʝʥʘ ʫ ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ 

ʚʠʥʦʚʝ ʣʦʟʝ, ʫ ʙʫʜʫ˂ʥʦʩʪʠ ʙʠʪʠ ʝʩʝʥʮʠʿʘʣʥʘ.  

 

6.6 ɽʬʝʢʪʠ ʦʩʪʘʣʠʭ ʛʨʫʧʘ ʬʫʥʛʠʮʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʫ ʧʦˀʩʢʠʤ ʦʛʣʝʜʠʤʘ  

6.6.1 ɽʬʠʢʘʩʥʦʩʪ SDHI ʬʫʥʛʠʮʠʜʘ  

ʋ ʦʛʣʝʜʠʤʘ ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠʩʧʠʪʠʚʘʥʝ ʩʫ ʢʦʤʝʨʮʠʿʘʣʥʝ ʬʦʨʤʫʣʘʮʠʿʝ 

SDHI ʬʫʥʛʠʮʠʜʘ ʥʘ ʙʘʟʠ ʙʦʩʢʘʣʠʜʘ (Cantus), ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʘ (Sercadis) ʠ ʬʣʫʦʧʠʨʘʤʘ 

(Insajder).  

ɽʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Cantus, ʢʦʿʠ ʿʝ ʧʨʠʤʝˁʝʥ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,12%, ʢʨʝʪʘʣʘ ʩʝ 

ʦʜ ʥʠʩʢʝ ʜʦ ʚʠʩʦʢʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʣʦʢʘʣʠʪʝʪʘ. ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʦʚʦʛ ʬʫʥʛʠʮʠʜʘ 

ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʠ ʅʝʰʪʠʥ, ʜʦʢ ʿʝ ʟʥʘʪʥʦ ʩʣʘʙʠʿʘ 

ʝʬʠʢʘʩʥʦʩʪ ʫʪʚʨʹʝʥʘ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʈʘʜʤʠʣʦʚʘʮ ʠ ʊʦʧʦʣʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ, 

ʪʦʢʦʤ 2019. ʠ 2020. ʛʦʜʠʥʝ, ʝʬʠʢʘʩʥʦʩʪ ʦʚʦʛ ʬʫʥʛʠʮʠʜʘ, ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ, 

ʢʨʝʪʘʣʘ ʩʝ ʦʜ 69,9 ʜʦ 77%, ʘ ʠʥʪʝʥʟʠʪʝʪʠ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʦʚʦʿ ʚʘʨʠʿʘʥʪʠ, ʦʜ 6,36 

ʜʦ 20,6% (25-42,5% ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ). ʅʘ ʣʠʩʪʦʚʠʤʘ, ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 45,9 ʜʦ 

59,4%, a ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʦʜ 6,5 ʜʦ 15,44%. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʝʬʠʢʘʩʥʦʩʪ ʫ 

ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʙʠʣʘ ʿ ʝ ʟʥʘʯʘʿʥʦ ʩʣʘʙʠʿʘ, ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʪʘʢʦ ʠ ʥʘ 

ʣʠʩʪʦʚʠʤʘ. ʋ ʜʨʫʛʦʿ ʦʮʝʥʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 13,7 ʜʦ 15,2%, ʩʘ 

ʠʥʪʝʥʟʠʪʝʪʠʤʘ ʦʙʦˀʝˁʘ ʦʜ 45,14 ʜʦ 75,12% (81-98,5% ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ), ʪʝ ʧʨʘʢʪʠʯʥʦ 

ʥʠʿʝ ʙʠʣʦ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʢʦʥʪʨʦʣʥʝ ʚʘʨʠʿʘʥʪʝ (ʠʥʪ. ʦʙʦˀʝˁʘ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ 52,36-87,89%) ʠ ʚʘʨʠʿʘʥʪʝ Cantus (ɻʨʘʬʠʢʦʥ 10). ʅʘ ʣʠʩʪʦʚʠʤʘ, ʝʬʠʢʘʩʥʦʩʪ ʿʝ 

ʙʠʣʘ 42,3-42,5%, ʘ ʠʥʪʝʥʟʠʪʝʪʠ ʦʙʦˀʝˁʘ 14,71-26,16% (ɻʨʘʬʠʢʦʥ 11). ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʘ 

ʣʦʢʘʣʠʪʝʪʠʤʘ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʠ ʅʝʰʪʠʥ, ʝʬʠʢʘʩʥʦʩʪ ʙʦʩʢʘʣʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ ʿʝ ʟʥʘʪʥʦ ʚʝ˂ʘ, ʠ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 

93,6 ʜʦ 98,9% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʦʜ 91,6 ʜʦ 97,9% ʥʘ ʣʠʩʪʦʚʠʤʘ, ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ 

ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʢʦʿʠ ʩʝ ʢʨʝʪʘʦ ʦʜ 33,63 ʜʦ 83,25% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 20,25-51,01% 

ʥʘ ʣʠʩʪʦʚʠʤʘ. ʈʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʅʝʰʪʠʥ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʩʫ 

ʫ ʩʘʛʣʘʩʥʦʩʪ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ Hoffmann et al. (2012), ʫ ʯʠʿʝʤ ʿʝ ʠʩʪʨʘʞʠʚʘˁʫ ʫʪʚʨʹʝʥʘ ʚʠʩʦʢʘ 
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ʝʬʠʢʘʩʥʦʩʪ ʙʦʩʢʘʣʠʜʘ, ʧʨʠʤʝˁʝʥʦʛ ʫ ʢʦʣʠʯʠʥʠ 600 ʛʨʘʤʘ ʘ.ʩ. ʧʦ ʭʝʢʪʘʨʫ. ʋ ˁʠʭʦʚʦʤ 

ʠʩʪʨʘʞʠʚʘˁʫ, ʝʬʠʢʘʩʥʦʩʪ ʙʦʩʢʘʣʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ 

ʠʟʥʦʩʠʣʘ ʿʝ 99,3%, ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʦʜ 86,27%. ʅʘ ʣʠʩʪʦʚʠʤʘ 

ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ ʫ ʦʩʧʝʛʫ 87,05-98,68%, ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ 73,63-

82,11%.  

ɽʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ Sercadis ʙʠʣʘ ʿʝ ʠʟʫʟʝʪʥʦ ʚʠʩʦʢʘ ʫ ʩʚʠʤ ʦʛʣʝʜʠʤʘ ʢʦʿʠ ʩʫ 

ʠʟʚʝʜʝʥʠ ʫ ʧʝʨʠʦʜʫ ʦʜ 2019. ʜʦ 2023. ʛʦʜʠʥʝ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ, ʦʜ 2019. ʜʦ 2021. 

ʛʦʜʠʥʝ, ʦʚʘʿ ʬʫʥʛʠʮʠʜ ʿʝ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʠʩʧʦˀʠʦ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 99,8 ʜʦ 100% ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 98-100% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʦʜ 2019. ʜʦ 2023. 

ʛʦʜʠʥʝ, ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 97,5 ʜʦ 100% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 91,9-100% ʥʘ ʣʠʩʪʦʚʠʤʘ. 

ɽʬʠʢʘʩʥʦʩʪ ʦʚʦʛ ʬʫʥʛʠʮʠʜʘ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʙʠʣʘ ʿʝ ʤʘʢʩʠʤʘʣʥʘ 

(100%) ʫ ʩʚʠʤ ʛʦʜʠʥʘʤʘ ʠʩʧʠʪʠʚʘˁʘ, ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 96,2 ʜʦ 

100%. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʦʜ 2021. ʜʦ 2023. ʛʦʜʠʥʝ, ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʣʘ 

ʩʝ ʦʜ 98,1 ʜʦ 100%, ʦʜʥʦʩʥʦ ʦʜ 95,2 ʜʦ 99,6% ʥʘ ʣʠʩʪʦʚʠʤʘ. ɺʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ 

ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʘ, ʠʟʥʘʜ 90%, ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʥʘʚʦʜʝ ʠ Tabanelli et 

al. (2014). ɽʬʝʢʪʠ ʬʣʫʦʧʠʨʘʤʘ ʫ ʩʫʟʙʠʿʘˁʫ E. necator, ʧʨʠʤʝˁʝʥʦʛ ʩʘʤʦʩʪʘʣʥʦ ʫ ʛʦʪʦʚʦʿ 

ʬʦʨʤʫʣʘʮʠʿʠ (ʧʨʝʧʨʘʪ Insajder), ʠʩʧʠʪʘʥʠ ʩʫ 2023. ʛʦʜʠʥʝ ʫ ʜʚʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 0,03 ʠ 0,05% 

ʥʘ ʪʨʠ ʣʦʢʘʣʠʪʝʪʘ (ʊʦʧʦʣʘ, ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʠ ʅʝʰʪʠʥ). ɽʬʠʢʘʩʥʦʩʪ ʦʚʦʛ 

ʬʫʥʛʠʮʠʜʘ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,03% ʢʨʝʪʘʣʘ ʩʝ ʦʜ 90,9 ʜʦ 95,2% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʦʜ 

82 ʜʦ 88% ʥʘ ʣʠʩʪʦʚʠʤʘ. ɿʥʘʯʘʿʥʦ ʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʫʪʚʨʹʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʧʨʝʧʘʨʘʪʘ Insajder 

ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,05%, ʠ ʦʥʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 98,5 ʜʦ 100% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 93,8 ʜʦ 

95,8% ʥʘ ʣʠʩʪʦʚʠʤʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ˁʝʛʦʚʫ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ 

ʧʝʧʝʣʥʠʮʝ. 

ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʫ ʧʨʦʤʝʥʫ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. 

necator ʥʘ ʙʦʩʢʘʣʠʜ, ʠ ʪʦ ʥʘ ʜʚʘ ʣʦʢʘʣʠʪʝʪʘ (ʊʦʧʦʣʘ ʠ ʈʘʜʤʠʣʦʚʘʮ), ʛʜʝ ʿʝ ʫʪʚʨʹʝʥʘ 

ʛʝʥʝʨʘʣʥʦ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʦʚʦʛ ʬʫʥʛʠʮʠʜʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ 

ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʘ ʥʘ ʠʩʪʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ, ʢʘʦ ʠ ʬʣʫʦʧʠʨʘʤʘ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʛʦʚʦʨʠ 

ʜʘ ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ ʠ ʙʦʩʢʘʣʠʜʘ ʥʝʤʘ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ɼʦ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ SDHI ʬʫʥʛʠʮʠʜʝ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ E. necator ʜʦʣʘʟʠ ʫʩʣʝʜ ʤʫʪʘʮʠʿʘ ʫ 

ʦʢʚʠʨʫ SdhB ʠ SdhC ʧʦʜʿʝʜʠʥʠʮʘ ʫ SDH ʢʦʤʧʣʝʢʩʫ. ɼʚʝ ʤʫʪʘʮʠʿʝ ʩʫ ʦʪʢʨʠʚʝʥʝ ʫ ʦʢʚʠʨʫ B 

ʧʦʜʿʝʜʠʥʠʮʝ (H242R ʠ I244V) ʠ ʜʚʝ ʫ ʦʢʚʠʨʫ ʉ ʧʦʜʿʝʜʠʥʠʮʝ (G169D ʠ G169S), ʠ ʫ ʦʜʥʦʩʫ 

ʥʘ ʤʫʪʘʮʠʿʫ ʢʦʿʘ ʩʝ ʨʘʟʚʠʿʝ ʫ ʦʢʚʠʨʫ ʿʝʜʥʝ ʧʦʧʫʣʘʮʠʿʝ, ʟʘʚʠʩʠ ʠ ʨʘʟʚʦʿ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, 

ʦʜʥʦʩʥʦ ʨʘʟʚʦʿ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ (Graf, 2017). ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʤʫʪʘʮʠʿʘ ʟʘ 

ʧʦʧʫʣʘʮʠʿʝ E. necator ʨʝʟʠʩʪʝʥʪʥʝ ʥʘ ʙʦʩʢʘʣʠʜ ʿʝʩʪʝ H242R ʤʫʪʘʮʠʿʘ, ʢʘʜʘ ʜʦʣʘʟʠ ʜʦ ʨʘʟʚʦʿʘ 

ʿʘʢʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ ʙʦʩʢʘʣʠʜ ʠ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʩʘ ʠʟʦʧʠʨʘʟʘʤʦʤ, ʜʦʢ 

ʧʦʧʫʣʘʮʠʿʘ ʦʚʦʛ ʧʘʪʦʛʝʥʘ ʦʩʪʘʿʝ ʦʩʝʪˀʠʚʘ ʥʘ ʬʣʫʦʧʠʨʘʤ ʠ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜ (Graf, 2017; 

Cherrad et al., 2018). ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʙʦʩʢʘʣʠʜʘ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ 

ʠ ʈʘʜʤʠʣʦʚʘʮ ʙʠʣʘ ʥʠʩʢʘ, ʥʘʨʦʯʠʪʦ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʘ ʜʘ ʧʨʠʪʦʤ ʥʠʿʝ ʥʘʨʫʰʝʥʘ 

ʝʬʠʢʘʩʥʦʩʪ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʘ ʠ ʬʣʫʦʧʠʨʘʤʘ, ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʿʝ ʢʦʜ ʦʚʠʭ ʧʦʧʫʣʘʮʠʿʘ 

ʜʦʰʣʦ ʜʦ ʨʘʟʚʦʿʘ H242R ʤʫʪʘʮʠʿʝ. ɼʘ ʙʠ ʩʝ ʠ ʦʚʘ ʯʠˁʝʥʠʮʘ ʧʦʪʚʨʜʠʣʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ 

ʩʧʨʦʚʝʩʪʠ in vivo ʙʠʦʪʝʩʪʦʚʝ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ PCR ʘʥʘʣʠʟʘʤʘ, ʰʪʦ ˂ʝ ʙʠʪʠ ʧʨʝʜʤʝʪ ʥʝʢʠʭ 

ʙʫʜʫ˂ʠʭ ʠʩʧʠʪʠʚʘˁʘ. ɿʘ ʩʘʜʘ, ʤʦʞʝ ʩʝ ʩʧʝʢʫʣʠʩʘʪʠ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʘ ʦʩʝʪˀʠʚʦʩʪʠ 

ʧʦʿʝʜʠʥʠʭ ʧʦʧʫʣʘʮʠʿʘ E. necator, ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʩʣʘʙʫ ʝʬʠʢʘʩʥʦʩʪ ʙʦʩʢʘʣʠʜʘ ʥʘ 

ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʈʘʜʤʠʣʦʚʘʮ, ʦʜʥʦʩʥʦ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʅʝʰʪʠʥ 

ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ.  
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ʋʢʦʣʠʢʦ ʩʝ ʜʝʪʘˀ ʘʥʠʿʝ ʧʨʦʫʯʠ ʠʩʪʦʨʠʿʘ ʧʨʠʤʝʥʝ ʬʫʥʛʠʮʠʜʘ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ 

ʊʦʧʦʣʘ ʠ ʈʘʜʤʠʣʦʚʘʮ, ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʿʝ ʧʨʝʪʭʦʜʥʠʭ 10 ʛʦʜʠʥʘ ʫ ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ 

ʢʦʨʠʰ˂ʝʥ ʙʦʩʢʘʣʠʜ ʫʛʣʘʚʥʦʤ ʫ ʬʦʨʤʫʣʘʮʠʿʘʤʘ ʩʘ ʧʠʨʘʢʣʦʩʪʨʦʙʠʥʦʤ (ʧʨʝʧʘʨʘʪ Signum) ʠ 

ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʦʤ (ʧʨʝʧʘʨʘʪ Collis), ʘ ʨʝʹʝ ʩʘʤʦʩʪʘʣʥʦ. ʋ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʢʨʝʟʦʢʩʠʤ-

ʤʝʪʠʣʦʤ, ʙʦʩʢʘʣʠʜ ʿʝ ʧʨʠʤʝˁʠʚʘʥ ʫ ʧʨʦʩʝʢʫ 1-2 ʧʫʪʘ ʛʦʜʠʰˁʝ ʟʘ ʩʫʟʙʠʿʘˁʝ E. necator, ʜʦʢ 

ʿʝ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʧʠʨʘʢʣʦʩʪʨʦʙʠʥʦʤ ʧʨʠʤʝˁʠʚʘʥ ʥʘʿʤʘˁʝ ʿʝʜʥʦʤ ʛʦʜʠʰˁʝ ʟʘ ʩʫʟʙʠʿʘˁʝ 

B. cinerea.  ɹʦʩʢʘʣʠʜ ʿʝ ʫ ʦʙʝ ʦʚʝ ʬʦʨʤʫʣʘʮʠʿʝ ʧʨʠʤʝˁʠʚʘʥ ʩʘ QoI ʬʫʥʛʠʮʠʜʠʤʘ ʢʘʦ 

ʧʘʨʪʥʝʨʠʤʘ, ʘ ʥʘ ʠʩʧʠʪʠʚʘʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ ʧʦʪʚʨʹʝʥʘ ʿʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ QoI ʬʫʥʛʠʮʠʜʝ, 

ʢʘʦ ʠ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʤʝʹʫ ˁʠʭ. ʉʪʦʛʘ, ʫʢʦʣʠʢʦ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠ ʜʘ ʿʝ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ QoI ʬʫʥʛʠʮʠʜʝ ʚʝ˂ ʫʚʝʣʠʢʦ ʙʠʣʘ ʨʘʟʚʠʿʝʥʘ ʫ ʧʦʧʫʣʘʮʠʿʘʤʘ ʧʘʪʦʛʝʥʘ ʥʘ 

ʦʚʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ, ʟʘʰʪʠʪʘ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ E. necator ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʙʦʩʢʘʣʠʜʘ ʩʘ QoI 

ʬʫʥʛʠʮʠʜʠʤʘ ʟʘʩʥʠʚʘʣʘ ʩʝ ʠʩʢˀʫʯʠʚʦ ʥʘ ʙʦʩʢʘʣʠʜʫ, ʰʪʦ ʿʝ ʩʚʘʢʘʢʦ ʧʦʚʝ˂ʘʣʦ ʩʝʣʝʢʮʠʦʥʠ 

ʧʨʠʪʠʩʘʢ. ɼʦʜʘʪʥʦ, ʘʢʦ ʩʝ ʟʥʘ ʜʘ ʩʝ ʙʦʩʢʘʣʠʜ ʫ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʥʝ ʢʦʨʠʩʪʠ ʠʩʢˀʫʯʠʚʦ 

ʟʘ ʩʫʟʙʠʿʘˁʝ E. necator, ʚʝ˂ ʠ ʟʘ ʩʫʟʙʠʿʘˁʝ B. cinerea, ʤʦʞʝ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠʪʠ ʜʘ ʿʝ ʜʦʜʘʪʘʥ 

ʩʝʣʝʢʮʠʦʥʠ ʧʨʠʪʠʩʘʢ ʠʥʠʮʠʨʘʦ ʧʨʦʤʝʥʫ ʦʩʝʪˀʠʚʦʩʪʠ ʦʚʠʭ ʧʦʧʫʣʘʮʠʿʘ ʥʘ ʙʦʩʢʘʣʠʜ (Graf, 

2017). ʅʘ ʦʚʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ E. necator ʩʝ ʨʝʜʦʚʥʦ ʧʦʿʘʚˀʫʿʝ ʠ ʥʘʥʦʩʠ ʟʥʘʯʘʿʥʝ ʰʪʝʪʝ, 

ʥʘʨʦʯʠʪʦ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʛʜʝ ʿʝ ʧʨʠʪʠʩʘʢ ʧʘʪʦʛʝʥʘ ʠʟʫʟʝʪʥʦ ʚʠʩʦʢ. ʊʦ ʧʦʪʚʨʹʫʿʫ ʠ 

ʨʝʟʫʣʪʘʪʠ ʫ ʧʦˀʩʢʠʤ ʦʛʣʝʜʠʤʘ, ʛʜʝ ʩʫ ʠʥʪʝʥʟʠʪʝʪʠ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʙʠʣʠ ʧʨʝʢʦ 80%, 

ʧʘ ʿʝ ʿʘʢʦ ʪʝʰʢʦ ʦʙeʟʙʝʜʠʪʠ ʤʘʢʩʠʤʘʣʥʫ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ ʦʚʦʛ ʧʘʪʦʛʝʥʘ. 

ʋʩʣʝʜ ʚʝʣʠʢʦʛ ʠʥʬʝʢʮʠʦʥʦʛ ʧʨʠʪʠʩʢʘ, ʘ ʥʘʨʦʯʠʪʦ ʫ ʧʦʚʦˀʥʠʤ ʫʩʣʦʚʠʤʘ ʩʧʦˀʥʝ ʩʨʝʜʠʥʝ, 

ʧʝʨʠʦʜ ʠʟʤʝʹʫ ʢʣʠʿʘˁʘ ʩʧʦʨʘ ʠ ʩʪʚʘʨʘˁʘ ʢʦʥʠʜʠʿʘ ʤʦʞʝ ʩʝ ʩʢʨʘʪʠʪʠ ʥʘ ʧʝʪ ʜʘʥʘ, ʰʪʦ 

ʥʝʤʠʥʦʚʥʦ ʜʦʚʦʜʠ ʜʦ ʥʝʢʦʣʠʢʦ ʜʦʜʘʪʥʠʭ ʮʠʢʣʫʩʘ ʩʝʢʫʥʜʘʨʜʥʠʭ ʠʥʬʝʢʮʠʿʘ. ʊʦ ʟʥʘʯʠ ʜʘ ʙʠ 

ʟʘ ʟʘʰʪʠʪʫ ʪʨʝʙʘʣʦ ʢʦʨʠʩʪʠʪʠ ʬʫʥʛʠʮʠʜʝ ʚʠʰʝ ʧʫʪʘ ʥʝʛʦ ʫ ʩʪʘʥʜʘʨʜʥʠʤ ʧʨʦʛʨʘʤʠʤʘ 

ʟʘʰʪʠʪʝ, ʰʪʦ ʩʚʘʢʘʢʦ ʧʦʚʝ˂ʘʚʘ ʩʝʣʝʢʮʠʦʥʠ ʧʨʠʪʠʩʘʢ ʠ ʚʦʜʠ ʢʘ ʧʦʩʪʝʧʝʥʦʤ ʨʘʟʚʦʿʫ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ (Graf, 2017).  

ʇʨʝʤʘ FRAC-ʫ ʧʨʚʠ ʧʦʜʘʮʠ ʦ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ E. necator ʥʘ SDHI ʬʫʥʛʠʮʠʜʝ ʫ 

ɽʚʨʦʧʠ, ʜʘʪʠʨʘʿʫ ʠʟ 2014. ʛʦʜʠʥʝ, ʢʘʜʘ ʩʫ ʜʝʪʝʢʪʦʚʘʥʠ ʠʟʦʣʘʪʠ ʩʘ G169D ʤʫʪʘʮʠʿʦʤ ʫ ʿʝʜʥʦʤ 

ʚʠʥʦʛʨʘʜʫ ʫ ʀʪʘʣʠʿʠ (FRAC, 2015c), ʘʣʠ ʥʠʿʝ ʙʠʣʦ ʧʨʦʤʝʥʘ ʫ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʫ 

ʧʨʘʢʪʠʯʥʠʤ ʫʩʣʦʚʠʤʘ ʧʨʠʤʝʥʝ. ʊʦʢʦʤ 2016. ʛʦʜʠʥʝ, ʫʪʚʨʹʝʥʘ ʿʝ H242R ʤʫʪʘʮʠʿʘ ʫ ʏʝʰʢʦʿ, 

ʉʣʦʚʘʯʢʦʿ, ʄʘʹʘʨʩʢʦʿ ʠ ʌʨʘʥʮʫʩʢʦʿ, ʘʣʠ ʫ ʨʝʪʢʠʤ, ʠʟʦʣʦʚʘʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ (FRAC, 2016b). 

ʋ ʤʦʥʠʪʦʨʠʥʛʫ ʠʟ 2017. ʛʦʜʠʥʝ, ʠʩʪʘ ʤʫʪʘʮʠʿʘ ʫʪʚʨʹʝʥʘ ʿʝ ʠ ʫ ʉʣʦʚʝʥʠʿʠ, ʫ ʧʦʿʝʜʠʥʠʤ 

ʚʠʥʦʛʨʘʜʠʤʘ ʫ ʌʨʘʥʮʫʩʢʦʿ ʠ ʥʘ ʿʫʛʫ ʀʪʘʣʠʿʝ ʫ ʿʝʜʥʦʤ ʫʟʦʨʢʫ (FRAC, 2017c). ʊʦʢʦʤ 2018. 

ʛʦʜʠʥʝ, ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʫʩʣʦʚˀʝʥʘ H242R ʤʫʪʘʮʠʿʦʤ ʩʝ ʧʨʦʰʠʨʠʣʘ ʫ ʄʘʹʘʨʩʢʦʿ, ʘ ʫ ɻʨʯʢʦʿ 

ʩʫ ʜʝʪʝʢʪʦʚʘʥʠ ʠʟʦʣʘʪʠ ʩʘ ʦʚʦʤ ʤʫʪʘʮʠʿʦʤ. ʋʟʦʨʮʠ ʠʟ ʿʝʜʥʦʛ ʚʠʥʦʛʨʘʜʘ ʫ ʋʢʨʘʿʠʥʠ, ʥʦʩʠʣʠ 

ʩʫ G169D ʤʫʪʘʮʠʿʫ (FRAC, 2018c).  ʋ ʫʟʦʨʮʠʤʘ ʧʦʨʝʢʣʦʤ ʠʟ ʌʨʘʥʮʫʩʢʝ, ʊʫʨʩʢʝ ʠ ʋʢʨʘʿʠʥʝ, 

2019. ʛʦʜʠʥʝ ʜʝʪʝʢʪʦʚʘʥʘ ʿʝ H242R ʤʫʪʘʮʠʿʘ, ʜʦʢ ʿʝ ʫ ʊʫʨʩʢʦʿ, ʦʩʠʤ ʦʚʝ ʤʫʪʘʮʠʿʝ, ʫʪʚʨʹʝʥʘ 

ʠ G169D ʤʫʪʘʮʠʿʘ. ʋ ʋʢʨʘʿʠʥʠ, ʿʝ ʧʦ ʧʨʚʠ ʧʫʪ ʜʝʪʝʢʪʦʚʘʥʘ I244V ʤʫʪʘʮʠʿʘ, ʠʩʪʝ ʛʦʜʠʥʝ 

(FRAC, 2020b). ʆʥʦ ʰʪʦ ʟʘʙʨʠˁʘʚʘ ʿʝ ʧʦʜʘʪʘʢ, ʜʘ ʿʝ ʫ ʄʘʹʘʨʩʢʦʿ ʩʘ ʫʤʝʨʝʥʦʤ 

ʬʨʝʢʚʝʥʪʥʦʰ˂ʫ ʪʦʢʦʤ 2020. ʠ 2021. ʛʦʜʠʥʝ ʜʝʪʝʢʪʦʚʘʥʘ  H242R ʤʫʪʘʮʠʿʘ, ʩʘ ʪʝʥʜʝʥʮʠʿʦʤ 

ʰʠʨʝˁʘ, ʰʪʦ ʿʝ ʠ ʩʣʫʯʘʿ ʩʘ ɸʫʩʪʨʠʿʦʤ. ɺʨʣʦ ʧʨʦʙʣʝʤʘʪʠʯʘʥ ʿʝ ʧʦʜʘʪʘʢ, ʜʘ ʿʝ ʪʦʢʦʤ 2021. 

ʛʦʜʠʥʝ ʟʘʙʝʣʝʞʝʥʘ ʚʠʩʦʢʘ ʬʨʝʢʚʝʥʪʥʦʩʪ G169D ʤʫʪʘʮʠʿʝ ʫ ɻʨʯʢʦʿ, ʫʤʝʨʝʥʘ ʬʨʝʢʚʝʥʪʥʦʩʪ 

ʫ ʥʘʰʝʤ ʦʢʨʫʞʝˁʫ, ʦʜʥʦʩʥʦ ʫ ʄʘʹʘʨʩʢʦʿ, ʟʘʪʠʤ ʠ ʫ ʊʫʨʩʢʦʿ, ʘ ʥʠʩʢʘ ʬʨʝʢʚʝʥʮʠʿʘ ʦʚʝ 

ʤʫʪʘʮʠʿʝ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʫ ɸʫʩʪʨʠʿʠ, ʀʪʘʣʠʿʠ ʠ ʅʝʤʘʯʢʦʿ. ʊʘʢʦʹʝ ʿʝ ʫʪʚʨʹʝʥʦ ʧʦʩʪʦʿʘˁʝ ʠ 

I244V, ʢʘʦ ʠ G169S ʤʫʪʘʮʠʿʘ ʫ ʅʝʤʘʯʢʦʿ, ʩʘ ʫʤʝʨʝʥʦʤ ʬʨʝʢʚʝʥʪʥʦʰ˂ʫ (FRAC, 2021b, 

2022b). ʊʦʢʦʤ 2022. ʛʦʜʠʥʝ, ʧʦ ʧʨʚʠ ʧʫʪ ʫ ɽʚʨʦʧʠ, ʜʝʪʝʢʪʦʚʘʥʘ ʿʝ A83V ʤʫʪʘʮʠʿʘ, ʫ ʦʢʚʠʨʫ 

SdhC ʧʦʜʿʝʜʠʥʠʮʝ ʫ ʠʟʦʣʘʪʠʤʘ ʧʦʨʝʢʣʦʤ ʠʟ ʌʨʘʥʮʫʩʢʝ ʠ ʅʝʤʘʯʢʝ (FRAC, 2023c). ʆʩʠʤ 
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A83V ʤʫʪʘʮʠʿʝ ʫ ʦʢʚʠʨʫ SdhC ʧʦʜʿʝʜʠʥʠʮʝ, ʫʪʚʨʹʝʥʘ ʿʝ ʠ G25R ʤʫʪʘʮʠʿʘ (Stergiopoulos et 

al., 2022). ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʝʬʠʢʘʩʥʦʩʪʠ, ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ ʠ 

ʈʘʜʤʠʣʦʚʘʮ ʚʝʨʦʚʘʪʥʦ ʜʦʰʣʦ ʜʦ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ ʙʦʩʢʘʣʠʜ, ʟʘ ʰʪʘ ʿʝ 

ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʦʜʛʦʚʦʨʥʘ ʤʫʪʘʮʠʿʘ H242R, ʢʦʿʘ ʨʝʟʫʣʪʠʨʘ ʩʤʘˁʝʥʦʤ ʝʬʠʢʘʩʥʦʰ˂ʫ 

ʙʦʩʢʘʣʠʜʘ ʫ ʧʨʘʢʪʠʯʥʠʤ ʫʩʣʦʚʠʤʘ.  

ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʯʠˁʝʥʠʮʫ ʜʘ ˂ʝ ʩʝ SDHI ʬʫʥʛʠʮʠʜʠ, ʥʘʨʦʯʠʪʦ ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ 

ʥʦʚʠʿʝʛ ʜʘʪʫʤʘ, ʧʦʧʫʪ ʬʣʫʦʧʠʨʘʤʘ, ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʘ, ʙʝʥʟʦʚʠʥʜʠʬʣʫʧʠʨʘ ʠ ʧʝʥʪʠʦʧʠʨʘʜʘ, 

ʫ ʙʫʜʫ˂ʥʦʩʪʠ ʢʦʨʠʩʪʠʪʠ ʩʚʝ ʚʠʰʝ ʫ ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ 

ʧʝʧʝʣʥʠʮʝ, ʦʜʥʦʩʥʦ ʜʘ ˂ʝ ʯʠʥʠʪʠ ʦʢʦʩʥʠʮʫ ʪʠʭ ʧʨʦʛʨʘʤʘ, ʦʜ ʩʫʰʪʠʥʩʢʦʛ ʟʥʘʯʘʿʘ ʙʠ˂ʝ 

ʧʨʘ˂ʝˁʝ ʦʩʝʪˀʠʚʦʩʪʠ ʪʠʭ ʧʦʧʫʣʘʮʠʿʘ ʠ ʢʨʝʠʨʘˁʘ ʘʥʪʠʨʝʟʠʩʪʝʥʪʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʢʦʿʝ ˂ʝ 

ʧʨʦʜʫʞʠʪʠ ʫʧʦʪʨʝʙʫ ʦʚʠʭ ʬʫʥʛʠʮʠʜʘ. ɺʨʣʦ ʿʝ ʚʘʞʥʦ ʩʤʘˁʠʪʠ ʩʝʣʝʢʮʠʦʥʠ ʧʨʠʪʠʩʘʢ ʦʚʠʭ 

ʬʫʥʛʠʮʠʜʘ, ʿʝʨ ʟʙʦʛ ʩʚʦʛ ʚʨʣʦ ʩʧʝʮʠʬʠʯʥʦʛ ʤʝʭʘʥʠʟʤʘ ʜʝʣʦʚʘˁʘ ʩʧʘʜʘʿʫ ʫ ʛʨʫʧʫ ʩʘ ʚʠʩʦʢʠʤ 

ʨʠʟʠʢʦʤ ʦʜ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʧʘ ʫʢʦʣʠʢʦ ʜʦʹʝ ʜʦ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢʦʿʫ 

ʠʥʜʫʢʫʿʫ ʧʦʿʝʜʠʥʝ ʤʫʪʘʮʠʿʝ, ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʜʨʘʩʪʠʯʥʦʛ ʩʤʘˁʝˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʦʚʠʭ 

ʬʫʥʛʠʮʠʜʘ ʫ ʧʨʘʢʪʠʯʥʠʤ ʫʩʣʦʚʠʤʘ. ʋ ʪʦʤ ʢʦʥʪʝʢʩʪʫ, ʤʫʪʘʮʠʿʝ ʧʦʧʫʪ G169D ʤʦʛʫ ʫʪʠʮʘʪʠ 

ʥʘ ʨʘʟʚʦʿ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ ʩʚʠʭ SDHI ʬʫʥʛʠʮʠʜʘ, ʧʘ ʧʦʩʝʙʥʫ ʧʘʞˁʫ ʫ 

ʤʦʥʠʪʦʨʠʥʛʫ ʪʨʝʙʘ ʧʦʩʚʝʪʠʪʠ ʨʘʟʚʦʿʫ ʠ ʦʧʪʠʤʠʟʘʮʠʿʠ ʤʦʣʝʢʫʣʘʨʥʠʭ ʤʝʪʦʜʘ ʟʘ ʜʝʪʝʢʮʠʿʫ 

ʤʫʪʘʮʠʿʘ ʫ ʦʢʚʠʨʫ SdhB ʠ SdhC ʧʦʜʿʝʜʠʥʠʮʘ, ʿʝʨ ʦʥʝ ʤʦʛʫ ʧʨʫʞʠʪʠ ʜʠʨʝʢʪʘʥ ʫʚʠʜ ʫ ʩʪʘʪʫʩ 

ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʝ E. necator.  

 

6.6.2 ɽʬʠʢʘʩʥʦʩʪ ʩʧʠʨʦʢʩʘʤʠʥʘ ʠ ʢʦʤʙʠʥʘʮʠʿʝ ʩʧʠʨʦʢʩʘʤʠʥʘ ʩʘ ʬʣʫʦʧʠʨʘʤʦʤ  

ʉʧʠʨʦʢʩʘʤʠʥ ʿʝ ʠʩʧʠʪʠʚʘʥ ʥʘ ʩʚʘ ʯʝʪʠʨʠ ʣʦʢʘʣʠʪʝʪʘ, ʦʜ 2019. ʜʦ 2023. ʛʦʜʠʥʝ, 

ʩʘʤʦʩʪʘʣʥʦ ʫ ʜʚʝ ʢʦʤʝʨʮʠʿʘʣʥʝ ʬʦʨʤʫʣʘʮʠʿʝ (Spirox ʠ Strix) ʠ ʫ ʛʦʪʦʚʦʿ ʬʦʨʤʫʣʘʮʠʿʠ ʫ 

ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʬʣʫʦʧʠʨʘʤʦʤ (ʧʨʝʧʘʨʘʪ Luna Max). ɽʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Spirox 

ʠʩʧʠʪʠʚʘʥʘ ʿʝ ʪʦʢʦʤ 2019. ʠ 2020. ʛʦʜʠʥʝ, ʘ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Strix ʦʜ 2021. ʜʦ 2023. 

ʛʦʜʠʥʝ. ʇʨʝʧʘʨʘʪ Spirox ʧʨʠʤʝˁʝʥ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,06% ʠʩʧʦˀʠʦ ʿʝ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ 

ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʪʦʢʦʤ 2019. ʠ 2020. ʛʦʜʠʥʝ. ɳʝʛʦʚʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 87,8 ʜʦ 98,5 %, ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ 

ʦʜ 87,1 ʜʦ 99,2% ʠ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʦʜ 87,7 ʜʦ 97,1%. ʅʘ 

ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, Spirox ʿ ʝ ʠʩʧʠʪʠʚʘʥ 2020. ʛʦʜʠʥʝ ʠ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʙʠʣʘ ʿʝ 

92,8-95,6%, ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʦʜ 24,35 ʜʦ 33,63%. ʅʘ ʣʠʩʪʦʚʠʤʘ, 

ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: ʈʘʜʤʠʣʦʚʘʮ 77,5-97,4%, ʊʦʧʦʣʘ 94,1-96,5%, 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ 90,5-95,7%, ʅʝʰʪʠʥ 92,2%. ʇʨʝʧʘʨʘʪ Strix ʧʨʠʤʝˁʝʥ ʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,08% ʠʩʧʦˀʠʦ ʿʝ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ 

ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ, ˁʝʛʦʚʘ ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʠʩʧʠʪʠʚʘʥʘ 

2021. ʛʦʜʠʥʝ ʠ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 90,7 ʜʦ 91,1% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ 90,1%. 

ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʠʟʚʝʜʝʥʘ ʦʜ 2021. ʜʦ 2023. ʛʦʜʠʥʝ ʠ ʝʬʠʢʘʩʥʦʩʪ ʦʚʦʛ 

ʧʨʝʧʘʨʘʪʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 94,7 ʜʦ 97,8% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʦʜ 86,6 ʜʦ 94,0% ʥʘ 

ʣʠʩʪʦʚʠʤʘ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʫ ʠʩʪʦʤ 

ʧʝʨʠʦʜʫ, ʙʠʦ ʿʝ 20,31-49,29% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 20,22-34,25% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʊʦʢʦʤ 2021. ʠ 

2023. ʛʦʜʠʥʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Strix ʢʨʝʪʘʣʘ 

ʩʝ ʦʜ 95,4 ʜʦ 98,8% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʦʜ 92,6 ʜʦ 93,9% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʂʘʦ ʠ ʥʘ 

ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʠ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ ʠʩʧʠʪʠʚʘˁʝ ʝʬʝʢʘʪʘ ʧʨʝʧʘʨʘʪʘ Strix, ʚʨʰʝʥʦ 

ʿʝ ʫ ʧʝʨʠʦʜʫ ʦʜ 2021. ʜʦ 2023. ʛʦʜʠʥʝ, ʠ ʫʪʚʨʹʝʥʘ ʿʝ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 

ʣʠʩʪʦʚʠʤʘ. ʅʘʠʤʝ, ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 93,7 ʜʦ 98,7%, ʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 
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ʦʜ 92,6 ʜʦ 95,8%, ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʢʦʿʠ ʿʝ ʙʠʦ ʫ ʦʧʩʝʛʫ 35,65-69,02% 

ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 30,7-60,08%, ʥʘ ʣʠʩʪʦʚʠʤʘ.  ʆʥʦ ʰʪʦ ʿʝ ʧʨʠʤʝʪʥʦ ʿʝʩʪʝ ʜʘ ʧʨʝʧʘʨʘʪ 

Spirox (500 g/l ʩʧʠʨʦʢʩʘʤʠʥʘ) ʧʨʠʤʝˁʝʥ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,06% (300 ʛʨʘʤʘ ʘ.ʩ. ʧʦ ʭʝʢʪʘʨʫ) 

ʠʩʧʦˀʘʚʘ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʦʨʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 

ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ. ʋ ʩʣʫʯʘʿʫ ʚʝ˂ʝʛ ʧʨʠʪʠʩʢʘ ʙʦʣʝʩʪʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʰʪʦ ʿʝ ʙʠʣʦ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʣʦʢʘʣʠʪʝʪʝ ʈʘʜʤʠʣʦʚʘʮ 2019. ʠ ʊʦʧʦʣʘ 2020. ʛʦʜʠʥʝ, ˁʝʛʦʚʘ 

ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʥʝʰʪʦ ʠʩʧʦʜ 90%, ʜʦʢ ʫ ʩʣʫʯʘʿʫ ʥʝʰʪʦ ʩʣʘʙʠʿʝʛ ʠʥʬʝʢʮʠʦʥʦʛ ʧʨʠʪʠʩʢʘ, 

ʝʬʠʢʘʩʥʦʩʪ ʜʦʩʝʞʝ ʠ ʜʦ 99%. ʅʘ ʣʠʩʪʦʚʠʤʘ, ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Spirox ʫʛʣʘʚʥʦʤ ʿʝ ʙʠʣʘ 

ʚʠʩʦʢʘ (>90%), ʦʩʠʤ 2020. ʛʦʜʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ, ʛʜʝ ʿʝ ʟʘʙʝʣʝʞʝʥʘ ʥʝʰʪʦ 

ʩʣʘʙʠʿʘ ʝʬʠʢʘʩʥʦʩʪ (77,5%). ʇʨʝʧʘʨʘʪ Strix ʢʦʿʠ ʪʘʢʦʹʝ ʩʘʜʨʞʠ 500 g/l ʩʧʠʨʦʢʩʘʤʠʥʘ, 

ʠʩʧʠʪʠʚʘʥ ʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,08% (400 ʛʨʘʤʘ ʘ.ʩ. ʧʦ ʭʝʢʪʘʨʫ) ʠ ˁʝʛʦʚʘ ʝʬʠʢʘʩʥʦʩʪ ʿʝ, ʙʝʟ 

ʦʙʟʠʨʘ ʥʘ ʪʦ ʢʦʿʠ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʟʘʙʝʣʝʞʝʥ ʫ ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ, ʙʠʣʘ ʚʠʩʦʢʘ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʠ ʥʘ ʩʚʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ ʠʟʥʘʜ >90%. ʅʘ ʣʠʩʪʦʚʠʤʘ, ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. 

necator ʙʠʣʘ je ʫʛʣʘʚʥʦʤ ʠʟʥʘʜ 90%, ʦʩʠʤ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʢʘʜʘ ʿʝ ʫ ʿʝʜʥʦʿ ʛʦʜʠʥʠ 

ʠʩʧʠʪʠʚʘˁʘ, ʟʘʙʝʣʝʞʝʥʘ ʝʬʠʢʘʩʥʦʩʪ 86,6%.  

ʋ ʠʩʪʨʘʞʠʚʘˁʫ Sozzani et al. (2010) ʝʬʠʢʘʩʥʦʩʪ ʩʧʠʨʦʢʩʘʤʠʥʘ, ʧʨʠʤʝˁʝʥʦʛ ʫ ʜʦʟʠ 

390 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ (ʧʨʝʧʘʨʘʪ Prosper 300 g/l ʩʧʠʨʦʢʩʘʤʠʥʘ), ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, ʙʠʣʘ ʿʝ 82,2-92,8% ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ 43,2-78,3%, 2008. ʛʦʜʠʥʝ, ʘ 2009. 

ʛʦʜʠʥʝ 91,2-96,7%, ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ  33-62,4%, ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʝʬʠʢʘʩʥʦʰ˂ʫ 

ʩʧʠʨʦʢʩʘʤʠʥʘ ʫ ʥʘʰʝʤ ʦʛʣʝʜʫ. 

 ʋ ʠʩʪʨʘʞʠʚʘˁʫ Bertocchi et al. (2008), ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʧʨʝʧʘʨʘʪʘ Prosper 300 CS 

ʦʜ 100 ml/100l ʚʦʜʝ, ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ  99,1%, ʜʦʢ ʿʝ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 130 ml/100l ʚʦʜʝ 

ʙʠʣʘ ʥʝʰʪʦ ʤʘˁʘ, 93,7%, ʘʣʠ ʥʠʿʝ ʫʪʚʨʹʝʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʦʚʝ ʜʚʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ. ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪa Prosper 300 CS ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 130 ml/100l, 

ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʫ ʠʩʪʨʘʞʠʚʘˁʫ Cavazza et al. (2018) ʠ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 98,4 ʜʦ 99,3%, ʧʨʠ 

ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ 47,1-66,5%. ʋ ʠʩʪʨʘʞʠʚʘˁʫ Rubboli et al. (2014) ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʚʠʩʦʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʩʧʠʨʦʢʩʘʤʠʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʦʿʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 93,3 ʜʦ 94,3%, ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ 

ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʦʜ 60,0 ʜʦ 63,9%.  

ʋ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʬʣʫʦʧʠʨʘʤʦʤ, ʩʧʠʨʦʢʩʘʤʠʥ ʿʝ ʧʨʠʤʝˁʝʥ ʫ ʛʦʪʦʚʦʿ ʬʦʨʤʫʣʘʮʠʿʠ, 

ʦʜʥʦʩʥʦ ʢʘʦ ʧʨʝʧʘʨʘʪ Luna Max (200 g/l ʩʧʠʨʦʢʩʘʤʠʥʘ + 75 g/l ʬʣʫʦʧʠʨʘʤʘ) ʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,1%, ʰʪʦ ʦʜʛʦʚʘʨʘ ʜʦʟʠ ʦʜ 200 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ ʩʧʠʨʦʢʩʘʤʠʥʘ, ʦʜʥʦʩʥʦ 75 

ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ ʬʣʫʦʧʠʨʘʤʘ, ʫʢʦʣʠʢʦ ʩʝ ʢʘʦ ʤʘʢʩʠʤʘʣʥʠ ʫʪʦʨʰʘʢ ʟʘʰʪʠʪʥʝ ʪʝʯʥʦʩʪʠ ʧʦ 

ʭʝʢʪʘʨʫ ʫʟʤʝ ʢʦʣʠʯʠʥʘ ʦʜ 1000 ʣʠʪʘʨʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ, ʦʚʘʿ ʧʨʝʧʘʨʘʪ ʿʝ 

ʪʝʩʪʠʨʘʥ 2021. ʛʦʜʠʥʝ ʠ ˁʝʛʦʚʘ ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 98,1 ʜʦ 99,3% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 

ʦʜʥʦʩʥʦ ʙʠʣʘ ʿʝ 96,6% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʠʩʧʠʪʠʚʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʦʚʦʛ 

ʧʨʝʧʘʨʘʪʘ ʚʨʰʝʥʦ ʿʝ ʦʜ 2020. ʜʦ 2023. ʛʦʜʠʥʝ. ɱʝʜʠʥʦ ʿʝ 2020. ʛʦʜʠʥʝ, ʝʬʠʢʘʩʥʦʩʪ ʦʚʦʛ 

ʧʨʝʧʘʨʘʪʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʙʠʣʘ ʤʘˁʘ ʦʜ 90% (88,9%), ʢʘʜʘ ʿʝ ʠ ʧʨʠʪʠʩʘʢ ʧʘʪʦʛʝʥʘ ʙʠʦ ʥʘʿʚʝ˂ʠ 

(ʠʥʪ. ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ 87,89%). ʋ ʩʚʠʤ ʦʩʪʘʣʠʤ ʛʦʜʠʥʘʤʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ 

ʙʠʣʘ ʿʝ ʧʨʝʢʦ 95%, ʘ ʜʦʩʪʠʟʘʣʘ ʿʝ ʠ ʤʘʢʩʠʤʘʣʥʠʭ 100%. ʅʘ ʣʠʩʪʦʚʠʤʘ, ʝʬʠʢʘʩʥʦʩʪ ʩʝ 

ʢʨʝʪʘʣʘ ʦʜ 93,6 ʜʦ 98,9%. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʠʩʧʠʪʠʚʘˁʘ 

ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʧʘʨʘʪʘ Luna Max ʚʨʰʝʥʘ ʩʫ 2020, 2021. ʠ 2023. ʛʦʜʠʥʝ. ɽʬʠʢʘʩʥʦʩʪ ʫ 

ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʙʠʣʘ ʿʝ ʠʟʥʘʜ 99%, ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʟʘʙʝʣʝʞʝʥʘ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 96,5 ʜʦ 98,9%. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʩʧʨʦʚʝʜʝʥʘ 

ʪʦʢʦʤ 2021, 2022. ʠ 2023. ʛʦʜʠʥʝ. ɽʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʙʠʣʘ ʿʝ ʠʟʥʘʜ 97%, ʘ ʥʘ 

ʣʠʩʪʦʚʠʤʘ ʦʜ 94,6 ʜʦ 98,3%. ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʝʬʠʢʘʩʥʦʰ˂ʫ ʧʨʝʧʘʨʘʪʘ Spirox (0,06%), 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʿʝʜʠʥʦ ʿʝ ʫʪʚʨʹʝʥʘ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ 
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2020. ʛʦʜʠʥʝ, ʛʜʝ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʚʘʨʠʿʘʥʪʠ Luna Max ʙʠʦ 0,07%, ʘ 

ʫ ʚʘʨʠʿʘʥʪʠ Spirox 4,65%, ʜʦʢ ʥʘ ʣʠʩʪʦʚʠʤʘ ʥʠʿʝ ʫʪʚʨʹʝʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ 

(ɻʨʘʬʠʢʦʥ 12). ʇʦʨʝʜʝ˂ʠ ʝʬʠʢʘʩʥʦʩʪ ʩʘ ʧʨʝʧʘʨʘʪʦʤ Strix (0,08%), ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʝʬʠʢʘʩʥʦʩʪʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ (2021. 

ʠ 2022. ʛʦʜʠʥʝ), ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ (2021. ʛʦʜʠʥʝ) ʠ ʅʝʰʪʠʥ (2021. ʠ 2022. ʛʦʜʠʥʝ). 

ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ (2021. ʠ 2022. ʛʦʜʠʥʝ), ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ 

ʚʘʨʠʿʘʥʪʠ Luna Max ʢʨʝʪʘʦ ʩʝ 0 ʜʦ 0,4%, ʘ ʫ ʚʘʨʠʿʘʥʪʠ Strix 0,35-2,62%. ʅʘ ʣʦʢʘʣʠʪʝʪʫ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ (2021. ʛʦʜʠʥʝ), ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʚʘʨʠʿʘʥʪʠ 

Luna Max ʙʠʦ ʿʝ 0,18%,  ʘ ʫ ʚʘʨʠʿʘʥʪʠ Strix 1,92%. ʊʦʢʦʤ 2021. ʠ 2022. ʛʦʜʠʥʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ 

ʅʝʰʪʠʥ, ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʚʘʨʠʿʘʥʪʠ Luna Max ʢʨʝʪʘʦ ʩʝ ʦʜ 0,11 ʜʦ 1,47%, ʘ ʫ 

ʚʘʨʠʿʘʥʪʠ Strix 1,34-4,25%. ʅʘ ʣʠʩʪʦʚʠʤʘ, ʩʪʘʪʠʩʪʠʯʠʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʦʚʝ ʜʚʝ 

ʚʘʨʠʿʘʥʪʝ, ʫʦʯʝʥʘ ʿʝ ʥʘ ʠʩʪʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʥʘ 

ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʫ ʚʘʨʠʿʘʥʪʠ Luna Max ʢʨʝʪʘʦ ʩʝ ʦʜ 0,15 ʜʦ 0,63%, ʘ ʫ ʚʘʨʠʿʘʥʪʠ Strix 

1,1-2,7% (ɻʨʘʬʠʢʦʥ 13). ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʫʪʚʨʹʝʥʘ ʿ ʝ ʩʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ 2021. ʛʦʜʠʥʝ, ʢʘʜʘ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʫ ʚʘʨʠʿʘʥʪʠ Luna 

Max ʙʠʦ 0,35%, ʘ ʫ ʚʘʨʠʿʘʥʪʠ Strix 2,83%. ʀʩʪʝ ʛʦʜʠʥʝ, ʫʦʯʝʥʘ ʿʝ ʨʘʟʣʠʢʘ ʠ ʥʘ ʣʦʢʘʣʠʪʝʪʫ 

ʅʝʰʪʠʥ, ʛʜʝ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʚʘʨʠʿʘʥʪʠ Luna Max ʙʠʦ 0,39%, ʘ ʫ ʚʘʨʠʿʘʥʪʠ Strix 

2,24%. ʄʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ, ʜʘ ʢʦʤʙʠʥʘʮʠʿʘ ʩʧʠʨʦʢʩʘʤʠʥʘ ʠ ʬʣʫʦʧʠʨʘʤʘ ʦʙʝʟʙʝʹʫʿʝ ʙʦˀʫ 

ʝʬʠʢʘʩʥʦʩʪ ʦʜ ʩʧʠʨʦʢʩʘʤʠʥʘ ʫ ʩʘʤʦʩʪʘʣʥʦʿ ʧʨʠʤʝʥʠ. ʄʝʹʫʪʠʤ, ʢʘʜʘ ʩʝ ʧʦʛʣʝʜʘʿʫ ˁʠʭʦʚʝ 

ʝʬʠʢʘʩʥʦʩʪʠ, ʨʘʟʣʠʢʘ ʥʠʿʝ ʪʘʢʦ ʠʟʨʘʞʝʥʘ, ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ ʦʙʝ ʚʘʨʠʿʘʥʪʝ ʦʙʝʟʙʝʹʫʿʝ 

ʚʠʩʦʢ ʥʠʚʦ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʰʪʦ ʧʦʪʚʨʹʫʿʫ ˁʠʭʦʚʝ 

ʝʬʠʢʘʩʥʦʩʪʠ ʢʦʿʝ ʩʫ ʚʝ˂ʝ ʦʜ 90%. ʅʠʿʝ ʫʪʚʨʹʝʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʧʦʛʣʝʜʫ 

ʝʬʠʢʘʩʥʦʩʪʠ ʠʟʤʝʹʫ ʧʨʝʧʘʨʘʪʘ Luna Max ʠ Insajder (ʥʘ ʙʘʟʠ ʯʠʩʪʦʛ ʬʣʫʦʧʠʨʘʤʘ), ʥʠ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, ʥʠ ʥʘ ʣʠʩʪʦʚʠʤʘ. ʋ ʨʝʟʫʣʪʘʪʠʤʘ ʧʨʝʪʭʦʜʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʘʫʪʦʨʠ ʥʘʚʦʜʝ 

ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʢʦʤʙʠʥʘʮʠʿʝ ʬʣʫʦʧʠʨʘʤ + ʪʝʙʫʢʦʥʘʟʦʣ ʫ ʩʫʟʙʠʿʘˁʫ E. necator, ʢʦʿa ʿʝ 

ʠʟʥʦʩʠʣʘ 95,7-99,8% ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʦʜ 7,6 ʜʦ 88,3% (Lavezzaro and Morando, 

2014), ʜʦʢ ʜʨʫʛʠ ʥʘʚʦʜʝ ʠ ʤʘʢʩʠʤʘʣʥʫ ʝʬʠʢʘʩʥʦʩʪ (100%) ʦʚʝ ʢʦʤʙʠʥʘʮʠʿʝ (Amarjit et al., 

2012).  

ʇʨʝʤʘ FRAC-ʫ, ʩʧʠʨʦʢʩʘʤʠʥ ʩʧʘʜʘ ʫ ʛʨʫʧʫ ʩʘ ʥʠʩʢʠʤ ʜʦ ʩʨʝʜˁʠʤ ʨʠʟʠʢʦʤ ʦʜ 

ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʘʣʠ ʩʝ ʧʨʝʧʦʨʫʯʫʿʝ ʫʧʨʘʚˀʘˁʝ ʦʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʠʤʘ 

ʘʥʪʠʨʝʟʠʩʪʝʥʪʥʝ ʩʪʨʘʪʝʛʠʿʝ, ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʦʚʘʿ ʬʫʥʛʠʮʠʜ. ɿʘ ʩʘʜʘ ʥʠʿʝ ʫʪʚʨʹʝʥʘ ʧʦʿʘʚʘ 

ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ ʥʘ ʩʧʠʨʦʢʩʘʤʠʥ ʫ ɽʚʨʦʧʠ, ʘ ʠʥʪʝʥʟʠʚʘʥ ʤʦʥʠʪʦʨʠʥʛ ʩʧʨʦʚʦʜʠ ʩʝ 

ʨʝʜʦʚʥʦ ʫ ɸʫʩʪʨʠʿʠ, ʄʘʹʘʨʩʢʦʿ, ʅʝʤʘʯʢʦʿ, ʌʨʘʥʮʫʩʢʦʿ, ʀʪʘʣʠʿʠ, ʇʦʨʪʫʛʘʣʫ, ʐʧʘʥʠʿʠ, 

ʍʨʚʘʪʩʢʦʿ ʠ ʐʚʘʿʮʘʨʩʢʦʿ (FRAC, 2023d). ɱʝʜʠʥʠ ʧʦʜʘʪʘʢ ʦ ʧʨʘʢʪʠʯʥʦʿ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ E. 

necator ʥʘ ʩʧʠʨʦʢʩʘʤʠʥ, ʜʘʪʠʨʘ ʩʘ ʢʨʘʿʘ 20. ʚʝʢʘ, ʢʘʜʘ ʿʝ ʫʪʚʨʹʝʥʘ ʧʨʦʤʝʥʘ ʦʩʝʪˀʠʚʦʩʪʠ 

ʧʦʧʫʣʘʮʠʿʘ E. necator ʫ ʂʘʣʠʬʦʨʥʠʿʠ (ʉɸɼ) ʥʘ ʩʧʠʨʦʢʩʘʤʠʥ (Ypema et al., 1997). ʏʠˁʝʥʠʮʘ 

ʢʦʿʘ ʜʦʜʘʪʥʦ ʦʭʨʘʙʨʫʿʝ ʿʝ ʪʘ ʜʘ, ʠʘʢʦ ʧʨʠʧʘʜʘʿʫ ʛʨʫʧʠ ʠʥʭʠʙʠʪʦʨʘ ʙʠʦʩʠʥʪʝʟʝ ʩʪʝʨʦʣʘ 

(FRAC G), ʜʦ ʩʘʜʘ ʥʠʿʝ ʫʪʚʨʹʝʥʘ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʩʘ DMI ʬʫʥʛʠʮʠʜʠʤʘ ʢʦʜ 

ʧʦʧʫʣʘʮʠʿʘ E. necator (Vielba Fernandez et al., 2020), ʪʘʢʦ ʜʘ ʩʝ ʩʧʠʨʦʢʩʘʤʠʥ ʤʦʞʝ 

ʢʦʨʠʩʪʠʪʠ ʩʘʤʦʩʪʘʣʥʦ ʠʣʠ ʢʘʦ ʧʘʨʪʥʝʨ ʬʫʥʛʠʮʠʜʠʤʘ ʠʟ ʜʨʫʛʠʭ ʛʨʫʧʘ, ʟʘ ʩʫʟʙʠʿʘˁʝ 

ʧʦʧʫʣʘʮʠʿʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʝ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ DMI ʬʫʥʛʠʮʠʜʝ. 

 

6.6.3 ɽʬʠʢʘʩʥʦʩʪ ʮʠʬʣʫʬʝʥʘʤʠʜʘ ʠ ʢʦʤʙʠʥʘʮʠʿʝ ʮʠʬʣʫʬʝʥʘʤʠʜʘ ʩʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣʦʤ 

ɽʬʝʢʪʠ ʮʠʬʣʫʬʝʥʘʤʠʜʘ (ʧʨʝʧʘʨʘʪ Cyflamid 5 EW, ʧʨʠʤʝˁʝʥ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

0,05%) ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ, ʠʩʧʠʪʠʚʘʥʠ ʩʫ ʫ ʧʝʨʠʦʜʫ ʦʜ 
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2019. ʜʦ 2022. ʛʦʜʠʥʝ ʥʘ ʯʝʪʠʨʠ ʣʦʢʘʣʠʪʝʪʘ. ɽʬʠʢʘʩʥʦʩʪ ʦʚʦʛ ʬʫʥʛʠʮʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʙʠʣʘ ʿʝ ʫʛʣʘʚʥʦʤ ʚʠʩʦʢʘ, ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʪʘʢʦ ʠ ʥʘ 

ʣʠʩʪʦʚʠʤʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʩʧʨʦʚʝʜʝʥʘ 2019. ʠ 2020. ʛʦʜʠʥʝ, ʠ 

ʝʬʠʢʘʩʥʦʩʪ ʮʠʬʣʫʬʝʥʘʤʠʜʘ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 88,4 ʜʦ 98,8% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʦʜ 86,3 ʜʦ 

97,6% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Cyflamid ʪʦʢʦʤ 2019. ʠ 

2021. ʛʦʜʠʥʝ ʙʠʣʘ ʿʝ ʟʥʘʪʥʦ ʚʝ˂ʘ (93,0-97,9% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 93,1-94,5% ʥʘ ʣʠʩʪʦʚʠʤʘ), 

ʥʝʛʦ 2020. ʛʦʜʠʥʝ (60,8-70,4% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 79,9% ʥʘ ʣʠʩʪʦʚʠʤʘ). ʈʘʟʣʦʛ ʟʘ ʦʚʘʢʦ 

ʟʥʘʯʘʿʥʫ ʨʘʟʣʠʢʫ ʫ ʝʬʠʢʘʩʥʦʩʪʠ ʠʟʤʝʹʫ ʛʦʜʠʥʘ, ʩ ʿʝʜʥʝ ʩʪʨʘʥʝ, ʣʝʞʠ ʫ ʯʠˁʝʥʠʮʠ ʜʘ ʿʝ 

ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ 2020. ʛʦʜʠʥʝ ʙʠʦ ʥʘʿʚʝ˂ʠ (87,9% ʥʘ ʛʨʦʟʜʦʚʠʤʘ), ʘ ʩ ʜʨʫʛʝ 

ʩʪʨʘʥʝ ʫ ʧʦʟʠʮʠʿʠ ʦʚʦʛ ʪʨʝʪʤʘʥʘ ʫ ʦʢʚʠʨʫ ʦʛʣʝʜʥʦʛ ʧʦˀʘ. ʅʘʠʤʝ, ʜʚʘ ʧʦʥʘʚˀʘˁʘ ʪʨʝʪʠʨʘʥʘ 

ʧʨʝʧʘʨʘʪʦʤ Cyflamid ʙʠʣʘ ʩʫ ʧʦʟʠʮʠʦʥʠʨʘʥʘ ʫ ʜʝʣʫ ʚʠʥʦʛʨʘʜʘ ʛʜʝ ʿʝ ʙʣʘʛʘ ʫʜʦʣʠʥʘ, ʩʘ 

ʩʧʝʮʠʬʠʯʥʦʤ ʤʠʢʨʦʢʣʠʤʦʤ ʛʜʝ ʿʝ ʛʦʜʠʥʘʤʘ ʫʥʘʟʘʜ ʥʘʿʚʝ˂ʠ ʧʨʠʪʠʩʘʢ ʧʘʪʦʛʝʥʘ, ʧʘ ʠ 

ʨʝʟʫʣʪʘʪʠ ʠʟ 2020. ʛʦʜʠʥʝ, ʟʘ ʦʚʘʿ ʬʫʥʛʠʮʠʜ ʥʠʩʫ ʦʜʨʘʟ ˁʝʛʦʚʝ ʨʝʘʣʥʝ ʝʬʠʢʘʩʥʦʩʪʠ. ʅʘ 

ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʝʬʝʢʪʠ ʧʨʝʧʘʨʘʪʘ Cyflamid ʠʩʧʠʪʠʚʘʥʠ ʩʫ ʦʜ 2019. 

ʜʦ 2022. ʛʦʜʠʥʝ ʠ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʢʘʦ ʠ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ. 

ɽʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʫ ʦʧʩʝʛʫ 89,8-97,2% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 87,7-95,3% ʥʘ 

ʣʠʩʪʦʚʠʤʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʫ ʧʝʨʠʦʜʫ ʦʜ 2020. ʜʦ 2022. ʛʦʜʠʥʝ ʫʪʚʨʹʝʥʘ ʿʝ ʩʣʠʯʥʘ 

ʝʬʠʢʘʩʥʦʩʪ ʢʘʦ ʠ ʥʘ ʧʨʝʪʭʦʜʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ, ʠ ʦʥʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 89,7 ʜʦ 92,2% ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʦʜ 90,5 ʜʦ 93,3% ʥʘ ʣʠʩʪʦʚʠʤʘ. ɻʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʮʠʬʣʫʬʝʥʘʤʠʜ 

ʠʩʧʦˀʘʚʘ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʩ ʪʠʤ 

ʜʘ ʿʝ ʥʝʰʪʦ ʙʦˀʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʛʣʝʜʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ. Cortesi et al. (2012) 

ʥʘʚʦʜʝ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ (ʦʢʦ 97%) ʮʠʬʣʫʬʝʥʘʤʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ 

ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʦʜ 60,9%. Rubboli et al. (2012) ʩʫ 

ʫʪʚʨʜʠʣʠ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʮʠʬʣʫʬʝʥʘʤʠʜʘ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 50 ml/100l ʚʦʜʝ, ʢʦʿʘ ʩʝ 

ʢʨʝʪʘʣʘ ʦʜ 98,5 ʜʦ 100%, ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʩʪʝʧʝʥʠʤʘ ʠʥʬʝʩʪʘʮʠʿʝ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ 

(17,1-75,9%). ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʮʠʬʣʫʬʝʥʘʤʠʜʘ ʫʪʚʨʹʝʥʘ ʿʝ ʫ ʠʩʪʨʘʞʠʚʘˁʠʤʘ Rubboli et 

al. (2014), ʢʦʿʘ ʩʫ ʩʧʨʦʚʝʜʝʥʘ ʦʜ 2009. ʜʦ 2013. ʛʦʜʠʥʝ. ʋ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 40 ml/100l ʚʦʜʝ, 

ʮʠʬʣʫʬʝʥʘʤʠʜ ʿʝ ʠʩʧʦˀʠʦ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 94,5 ʜʦ 98,0%, ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʦʜ 30,3 

ʜʦ 44,4%. ʋ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 50 ml/100l ʚʦʜʝ, ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 94,3 ʜʦ 99,3%, ʘ 

ʠʥʪʝʥʟʠʪʝʪʠ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʙʠʣʠ ʩʫ ʫ ʦʧʩʝʛʫ ʦʜ 60 ʜʦ 92,8%. ʊʦʢʦʤ 

2008, 2011. ʠ 2013. ʛʦʜʠʥʝ, Viglione et al. (2014) ʩʫ ʠʩʧʠʪʠʚʘʣʠ ʝʬʝʢʪʝ ʮʠʬʣʫʬʝʥʘʤʠʜʘ ʫ 

ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ. ʎʠʬʣʫʬʝʥʘʤʠʜ ʧʨʠʤʝˁʝʥ ʫ ʜʦʟʠ 400 

ml/ha ʠʩʧʦˀʠʦ ʿʝ ʝʬʠʢʘʩʥʦʩʪ 86,9% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 96,5% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʋ ʜʦʟʠ 

500 ml/ha, ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 78,2 ʜʦ 97,2%, ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ 

ʫ ʢʦʥʪʨʦʣʠ 39,8-96,2%. Morando et al. (2014) ʥʘʚʦʜʝ ʜʘ ʿʝ ʮʠʬʣʫʬʝʥʘʤʠʜ ʧʨʠʤʝˁʝʥ ʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ 25 g ʘ.ʩ./100l ʚʦʜʝ ʠʩʧʦˀʠʦ ʛʦʪʦʚʦ ʤʘʢʩʠʤʘʣʥʫ ʝʬʠʢʘʩʥʦʩʪ (> 99%), ʧʨʠ 

ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʦʜ 4,02 ʜʦ 27,6%.  ʈʝʟʫʣʪʘʪʠ ʧʨʝʪʭʦʜʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ 

ʫʧʫ˂ʫʿʫ ʥʘ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʮʠʬʣʫʬʝʥʘʤʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ 

ʚʠʥʦʚʝ ʣʦʟʝ,  ʪʝ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʫ ʨʝʟʫʣʪʘʪʠ ʥʘʰʝʛ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ 

ʨʝʟʫʣʪʘʪʠʤʘ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʠʭ ʘʫʪʦʨʘ.  

ɻʦʪʦʚʘ ʬʦʨʤʫʣʘʮʠʿʘ ʥʘ ʙʘʟʠ ʢʦʤʙʠʥʘʮʠʿʝ ʮʠʬʣʫʬʝʥʘʤʠʜʘ ʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ, Cidely 

Top (125 g/l ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʠ 15 g/l ʮʠʬʣʫʬʝʥʘʤʠʜʘ) ʠʩʧʠʪʠʚʘʥʘ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ 

ʊʦʧʦʣʘ (2021. ʠ 2022. ʛʦʜʠʥʝ), ʅʝʰʪʠʥ (2021. ʠ 2022. ʛʦʜʠʥʝ) ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ 

(2023. ʛʦʜʠʥʝ). ʀʩʧʠʪʠʚʘʥʠ ʧʨʝʧʘʨʘʪ ʧʨʠʤʝˁʝʥ ʿʝ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,1%. ɽʬʠʢʘʩʥʦʩʪ ʫ 

ʩʫʟʙʠʿʘˁʫ E. necator ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 97,4 ʜʦ 100% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, 

ʦʜʥʦʩʥʦ ʦʜ 92,7 ʜʦ 97,5% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ ʥʝʰʪʦ 



165 
 

ʥʠʞʘ, ʠ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 91,2 ʜʦ 93,1% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʦʜ 90,5 ʜʦ 94,9% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʊʦʢʦʤ 

2023. ʛʦʜʠʥʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Cidely Top 

ʙʠʣʘ ʿʝ 97,3-98,5% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 95,5% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʠʿʝ ʫʪʚʨʹʝʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ 

ʨʘʟʣʠʢʘ ʫ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʧʘʨʘʪʘ Cidely Top ʠ ʧʨʝʧʘʨʘʪʘ Cyflamid ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 

ʣʠʩʪʦʚʠʤʘ, ʦʩʠʤ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, 2021. ʛʦʜʠʥʝ, ʢʘʜʘ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʦʮʝʥʠ 

ʥʘ ʣʠʩʪʦʚʠʤʘ ʫ ʚʘʨʠʿʘʥʪʠ Cidely Top ʙʠʦ 0,49%, ʘ ʫ ʚʘʨʠʿʘʥʪʠ Cyflamid 1,08% (ɻʨʘʬʠʢʦʥ 

13). ʄʝʹʫʪʠʤ, ʫʢʦʣʠʢʦ ʩʝ ʫʧʦʨʝʜʠ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Cidely Top ʠ ʧʨʝʧʘʨʘʪʘ Sekvenca 

(ʥʘ ʙʘʟʠ ʘ.ʩ. ʜʠʬʝʥʦʢʦʥʘʟʦʣ), ʫʦʯʘʚʘ ʩʝ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʧʨʝʧʘʨʘʪ 

Sekvenca ʧʨʠʤʝˁʝʥ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,02% (ʰʪʦ ʦʜʛʦʚʘʨʘ ʜʦʟʠ ʦʜ 50 ʛʨʘʤʘ ʘ.ʩ. ʧʦ ʭʝʢʪʘʨʫ) 

ʠʩʧʦˀʠʦ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 35,4 ʜʦ 86,1% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 38,7-80,1% ʥʘ ʣʠʩʪʦʚʠʤʘ. 

ʋ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,03% (ʰʪʦ ʦʜʛʦʚʘʨʘ ʜʦʟʠ ʦʜ 75,8 ʛʨʘʤʘ ʘ.ʩ. ʧʦ ʭʝʢʪʘʨʫ)  ʝʬʠʢʘʩʥʦʩʪ ʩʝ 

ʢʨʝʪʘʣʘ ʦʜ 87,6 ʜʦ 90,1% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʩʦʥʦ 73,2% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ 

ʅʝʰʪʠʥ, ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Sekvenca ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,02% ʢʨʝʪʘʣʘ ʩʝ ʦʜ 68,0 ʜʦ 83,2% 

ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 34,8-65,3% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʘ ʦʙʘ ʣʦʢʘʣʠʪʝʪʘ, ʫʪʚʨʹʝʥʘ ʿʝ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʬʫʥʛʠʮʠʜʘ Cidely Top ʠ Sekvenca, ʢʘʦ ʠ ʠʟʤʝʹʫ 

ʬʫʥʛʠʮʠʜʘ Cyflamid ʠ Sekvenca. ɱʝʜʠʥʦ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʥʠʿʝ 

ʫʪʚʨʹʝʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʝʬʠʢʘʩʥʦʩʪʠ ʚʘʨʠʿʘʥʪʝ Cidely Top ʠ ʚʘʨʠʿʘʥʪʝ 

Sekvenca (0,02%). ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʥʘ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Cidely Top 

(125 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʠ 15 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ ʮʠʬʣʫʬʝʥʘʤʠʜʘ) ʫ ʩʫʟʙʠʿʘˁʫ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ. ʅʝʰʪʦ ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ 

ʢʦʤʙʠʥʘʮʠʿʫ ʜʠʬʝʥʦʢʦʥʘʟʦʣ + ʮʠʬʣʫʬʝʥʘʤʠʜ, ʫʪʚʨʹʝʥʘ ʿʝ ʫ ʚʘʨʠʿʘʥʪʠ Cyflamid (25 ʛʨʘʤʘ 

ʧʦ ʭʝʢʪʘʨʫ ʮʠʬʣʫʬʝʥʘʤʠʜʘ), ʜʦʢ ʿʝ ʥʘʿʥʠʞʘ ʫʪʚʨʹʝʥʘ ʫ ʚʘʨʠʿʘʥʪʠ Sekvenca (50 ʠ 75,8 ʛʨʘʤʘ 

ʧʦ ʭʝʢʪʘʨʫ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ). ʅʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʩʚʘʢʘʢʦ ʫʢʘʟʫʿʝ ʥʘ 

ʧʨʦʤʝʥʫ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʦʚʘʿ ʬʫʥʛʠʮʠʜ. ʄʦʞʝʤʦ ʜʘ ʧʨʝʪʧʦʩʪʘʚʠʤʦ, 

ʜʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣ + ʮʠʬʣʫʬʝʥʘʤʠʜ, ʛʣʘʚʥʠ ʥʦʩʠʣʘʮ ʝʬʠʢʘʩʥʩʦʪʠ ʿʝ 

ʮʠʬʣʫʬʝʥʘʤʠʜ. ʄʝʹʫʪʠʤ, ʪʨʝʙʘ ʠʩʪʘ˂ʠ ʜʘ ʚʝ˂ʘ ʢʦʣʠʯʠʥʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ (125 ʛʨʘʤʘ ʧʦ 

ʭʝʢʪʘʨʫ ʥʘʩʧʨʘʤ 40-50 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ ʢʦʿʠ ʩʫ ʧʨʝʧʦʨʫʯʝʥʠ ʟʘ ʩʫʟʙʠʿʘˁʝ E. necator) ʠ ʥʠʞʘ 

ʢʦʣʠʯʠʥʘ ʮʠʬʣʫʬʝʥʘʤʠʜʘ (15 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ ʥʘʩʧʨʘʤ 20-25 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ ʢʦʿʠ ʩʫ 

ʧʨʝʧʦʨʫʯʝʥʠ ʟʘ ʩʫʟʙʠʿʘˁʝ E. necator) ʫ ʚʘʨʠʿʘʥʪʠ Cidely Top, ʫʢʘʟʫʿʫ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʩʠʥʝʨʛʠʩʪʠʯʢʦ ʜʝʣʦʚʘˁʝ ʦʚʝ ʜʚʝ ʩʫʧʩʪʘʥʮʝ. ʉʚʘʢʘʢʦ, ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʩʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ, ʧʦʚʝ˂ʘʚʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator, ʘ ʜʘ ʙʠ ʩʝ 

ʛʦʚʦʨʠʣʦ ʦ ʧʦʪʝʥʮʠʿʘʣʥʦʤ ʩʠʥʝʨʛʠʩʪʠʯʢʦʤ ʜʝʣʦʚʘˁʫ ʥʝʦʧʭʦʜʥʦ ʿʝ ʠ ʦʜʚʦʿʝʥʦ ʠʩʧʠʪʘʪʠ 

ʧʨʝʧʘʨʘʪʝ ʥʘ ʙʘʟʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ (ʫ ʢʦʣʠʯʠʥʠ 125 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ) ʠ ʮʠʬʣʫʬʝʥʘʤʠʜʘ (15 

ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ) ʠ ʫʧʦʨʝʜʠʪʠ ˁʠʭʦʚʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʘʤʦʩʪʘʣʥʦʿ ʧʨʠʤʝʥʠ ʢʘʦ ʠ ʫ 

ʢʦʤʙʠʥʘʮʠʿʠ ʦʚʝ ʜʚʝ ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ. Viglione et al. (2014) ʠʩʧʠʪʠʚʘʣʠ ʩʫ ʢʦʤʙʠʥʘʮʠʿʫ 

ʮʠʬʣʫʬʝʥʘʤʠʜʘ ʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʫ ʥʝʢʦʣʠʢʦ ʜʦʟʘ: 15 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ ʮʠʬʣʫʬʝʥʘʤʠʜʘ + 

30 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ, 20 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ ʮʠʬʣʫʬʝʥʘʤʠʜʘ + 40 ʛʨʘʤʘ ʧʦ 

ʭʝʢʪʘʨʫ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʠ 25 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ ʮʠʬʣʫʬʝʥʘʤʠʜʘ + 50 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ 

ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ. ʋ ʚʘʨʠʿʘʥʪʠ 15 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ ʮʠʬʣʫʬʝʥʘʤʠʜʘ + 30 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ 

ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʿʝ ʙʠʣʘ 94,2%, ʘ ʥʘ ʣʠʩʪʦʚʠʤʘ 99,9%, ʜʦʢ ʿʝ ʫ 

ʚʘʨʠʿʘʥʪʠ ʛʜʝ ʿʝ ʮʠʬʣʫʬʝʥʘʤʠʜ ʧʨʠʤʝˁʝʥ ʩʘʤʦʩʪʘʣʥʦ ʫ ʜʦʟʠ 15 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ, 

ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ 76,3% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 96,6% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʇʦʜʘʪʘʢ ʦ 

ʝʬʠʢʘʩʥʦʩʪʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘʫʢʘʟʫʿʝ ʜʘ ʧʦʩʪʦʿʠ ʩʠʥʝʨʛʠʩʪʠʯʢʠ ʝʬʝʢʘʪ ʦʚʝ ʜʚʝ ʘʢʪʠʚʥʝ 

ʩʫʧʩʪʘʥʮʝ. ʀʩʪʠ ʘʫʪʦʨʠ ʥʘʚʦʜʝ ʜʘ ʩʫ ʥʘʿʙʦˀʠ ʝʬʝʢʪʠ ʧʦʩʪʠʛʥʫʪʠ ʫ ʦʜʥʦʩʫ 20 ʛʨʘʤʘ ʧʦ 

ʭʝʢʪʘʨʫ ʮʠʬʣʫʬʝʥʘʤʠʜʘ + 40 ʛʨʘʤʘ ʧʦ ʭʝʢʪʘʨʫ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ  (ʝʬʠʢʘʩʥʦʩʪ 80,6-96,9% ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, 98,2-100% ʥʘ ʣʠʩʪʦʚʠʤʘ).  
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ʇʨʝʤʘ FRAC-ʫ, ʮʠʬʣʫʬʝʥʘʤʠʜ ʩʧʘʜʘ ʫ ʛʨʫʧʫ ʬʫʥʛʠʮʠʜʘ ʩʘ ʥʝʧʦʟʥʘʪʠʤ ʤʝʭʘʥʠʟʤʦʤ 

ʜʝʣʦʚʘˁʘ ʠ ʩʨʝʜˁʠʤ ʨʠʟʠʢʦʤ ʦʜ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʋ ʩʚʝʪʫ, ʜʦ ʩʘʜʘ, ʥʠʩʫ ʫʪʚʨʹʝʥʝ 

ʧʦʧʫʣʘʮʠʿʝ E. necator ʨʝʟʠʩʪʝʥʪʥʝ ʥʘ ʮʠʬʣʫʬʝʥʘʤʠʜ (Vielba-Fernandez et al., 2020). ɼʦ 

ʩʘʜʘ ʿʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ ʦʚʦ ʿʝʜʠˁʝˁʝ ʫʪʚʨʹʝʥʘ ʿʝʜʠʥʦ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ Podosphaera xanthii 

(Pirondi et al., 2014; McGrath and Sexton, 2018). ʄʝʹʫʪʠʤ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʩʝ ʨʘʜʠ ʦ 

ʨʝʣʘʪʠʚʥʦ ʥʦʚʦʤ ʬʫʥʛʠʮʠʜʫ, ʧʦʛʦʪʦʚʦ ʥʘ ʝʚʨʦʧʩʢʦʤ ʪʨʞʠʰʪʫ, ʠ ʜʘ ʿʝ ʨʠʟʠʢ ʦʜ ʨʘʟʚʦʿʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʩʨʝʜˁʠ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʢʨʝʠʨʘʪʠ ʦʜʨʞʠʚʫ ʘʥʪʠʨʝʟʠʩʪʝʥʪʥʫ ʩʪʨʘʪʝʛʠʿʫ ʟʘ 

ʧʨʠʤʝʥʫ ʮʠʬʣʫʬʝʥʘʤʠʜʘ ʫ ʙʫʜʫ˂ʥʦʩʪʠ, ʢʘʢʦ ʙʠ ʩʝ ʦʜʣʦʞʠʣʘ ʧʦʪʝʥʮʠʿʘʣʥʘ ʧʦʿʘʚʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʆʚʦ ʿʝ ʥʘʨʦʯʠʪʦ ʚʘʞʥʦ ʠʟ ʨʘʟʣʦʛʘ ʰʪʦ ˂ʝ ʦʚʘʿ ʬʫʥʛʠʮʠʜ ʫʩʢʦʨʦ ʯʠʥʠʪʠ 

ʦʢʦʩʥʠʮʫ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʪʝ ˂ʝ ʩʝ ʥʫʞʥʦ ʧʦʚʝ˂ʘʪʠ ˁʝʛʦʚʘ 

ʫʧʦʪʨʝʙʘ ʫ ʥʘʨʝʜʥʠʤ ʛʦʜʠʥʘʤʘ, ʰʪʦ ʧʦʚʝ˂ʘʚʘ ʩʝʣʝʢʮʠʦʥʠ ʧʨʠʪʠʩʘʢ ʠ ʨʠʟʠʢ ʦʜ ʨʘʟʚʦʿʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢʦʜ ʧʦʧʫʣʘʮʠʿʘ E. necator.  

 

6.6.4 ɽʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ ʠ ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧʘ  

ɽʬʝʢʪʠ ʩʫʤʧʦʨʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ, ʠʩʧʠʪʠʚʘʥʠ ʩʫ 

ʥʘ ʩʚʘ ʯʝʪʠʨʠ ʣʦʢʘʣʠʪʝʪʘ ʦʜ 2019. ʜʦ 2023. ʛʦʜʠʥʝ. ɽʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ ʚʘʨʠʨʘʣʘ ʿʝ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ, ʦʜ ʠʟʨʘʟʠʪʦ ʥʠʩʢʝ ʜʦ ʚʠʩʦʢʝ. ʆʜ 2019. ʜʦ 2022. ʛʦʜʠʥʝ ʫ 

ʠʩʧʠʪʠʚʘˁʠʤʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʢʦʤʝʨʮʠʿʘʣʥʘ ʬʦʨʤʫʣʘʮʠʿʘ ʩʫʤʧʦʨʘ ʫ ʦʙʣʠʢʫ 

ʚʦʜʦʜʠʩʧʝʨʟʠʙʠʣʥʠʭ ʛʨʘʥʫʣʘ, ʧʨʝʧʘʨʘʪ Kumulus DF, ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 0,5 ʠ 0,7%, ʜʦʢ ʿʝ 

2023. ʛʦʜʠʥʝ ʠʩʧʠʪʘʥʘ ʪʝʯʥʘ ʬʦʨʤʫʣʘʮʠʿʘ ʩʫʤʧʦʨʘ, ʦʜʥʦʩʥʦ ʧʨʝʧʘʨʘʪ Flosul, ʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 0,5 ʠ 0,7%. ʋ ʠʩʧʠʪʠʚʘˁʫ 2019. ʛʦʜʠʥʝ, ʝʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ ʫ ʩʫʟʙʠʿʘˁʫ 

E. necator ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʢʨʝʪʘʣʘ ʩʝ ʦʜ 49,2 (ʣʦʢ. ʊʦʧʦʣʘ) ʜʦ 84,0% (ʣʦʢ. 

ʈʘʜʤʠʣʦʚʘʮ), ʜʦʢ ʿʝ ʫ ʧʨʚʦʿ ʦʮʝʥʠ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ ʟʥʘʪʥʦ ʚʝ˂ʘ - 71,1% (ʣʦʢ. ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ) - 95,5% (ʣʦʢ. ʈʘʜʤʠʣʦʚʘʮ). ʅʘ ʣʠʩʪʦʚʠʤʘ, ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ ʚʠʩʦʢʘ ʫ ʩʚʘ ʪʨʠ 

ʣʦʢʘʣʠʪʝʪʘ, ʠ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 92,4 (ʣʦʢ. ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ) ʜʦ 96,25% (ʣʦʢ. 

ʈʘʜʤʠʣʦʚʘʮ). ʋʩʣʦʚʠ ʟʘ ʜʝʣʦʚʘˁʝ ʩʫʤʧʦʨʘ ʪʦʢʦʤ 2019. ʛʦʜʠʥʝ, ʙʠʣʠ ʩʫ ʦʧʪʠʤʘʣʥʠ, ʿʝʨ ʩʫ 

ʪʦʢʦʤ ʧʨʦʣʝ˂ʘ ʠ ʣʝʪʘ, ʥʘʨʦʯʠʪʦ ʦʜ ʧʦʣʦʚʠʥʝ ʤʘʿʘ, ʧʨʦʩʝʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʠʣʝ ʨʝʣʘʪʠʚʥʦ 

ʚʠʩʦʢʝ ʠ ʧʨʝʣʘʟʠʣʝ ʩʫ 16 , ʩʘ ʚʠʩʦʢʠʤ ʤʘʢʩʠʤʘʣʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʢʦʿʝ ʩʫ ʧʨʝʪʝʞʥʦ ʙʠʣʝ 

ʫ ʦʩʧʝʛʫ 25-35 .  ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ 2019. ʛʦʜʠʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ 

ʈʘʜʤʠʣʦʚʘʮ, ʦʩʠʤ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʜʦʚʝʜʝ ʫ ʚʝʟʫ ʩʘ ʦʧʪʠʤʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʟʘ ˁʝʛʦʚʦ 

ʜʝʣʦʚʘˁʝ, ʤʦʞʝ ʩʝ ʧʨʠʧʠʩʘʪʠ ʠ ʢʦʣʠʯʠʥʠ ʧʘʜʘʚʠʥʘ ʥʘ ʦʚʦʤ ʣʦʢʘʣʠʪʝʪʫ ʢʦʿʘ ʿʝ ʙʠʣʘ 

ʠʟʙʘʣʘʥʩʠʨʘʥʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʣʦʢʘʣʠʪʝʪʘ ʊʦʧʦʣʘ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʛʜʝ ʩʫ ʿʘʢʝ 

ʢʠʰʝ ʪʦʢʦʤ ʿʫʥʘ ʤʝʩʝʮʘ, ʚʝʨʦʚʘʪʥʦ ʫʪʠʮʘʣʝ ʥʘ ʩʧʠʨʘˁʝ ʧʨʝʧʘʨʘʪʘ ʩʘ ʧʦʚʨʰʠʥʝ ʛʨʦʟʜʦʚʘ. ʉ 

ʜʨʫʛʝ ʩʪʨʘʥʝ, ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʢʦʿʘ ʿʝ ʟʘʙʝʣʝʞʝʥʘ ʥʘ ʩʚʘ ʪʨʠ ʣʦʢʘʣʠʪʝʪʘ, 

ʫʢʘʟʫʿʝ ʥʘ ʙʦˀʝ ʚʝʟʠʚʘˁʝ ʩʫʤʧʦʨʘ ʟʘ ʧʦʚʨʰʠʥʫ ʣʠʩʪʘ, ʦʜʥʦʩʥʦ, ˁʝʛʦʚʦ ʜʫʞʝ ʟʘʜʨʞʘʚʘˁʝ, ʘ 

ʩʘʤʠʤ ʪʠʤ ʠ ʧʨʦʜʫʞʝʥʦ ʜʝʣʦʚʘˁʝ.  

ʉʫʧʨʦʪʥʦ, ʫ ʦʛʣʝʜʫ  ʩʧʨʦʚʝʜʝʥʦʤ 2020. ʛʦʜʠʥʝ ʫʪʚʨʹʝʥʘ ʿʝ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ 

ʥʘ ʩʚʘ ʪʨʠ ʣʦʢʘʣʠʪʝʪʘ (ʈʘʜʤʠʣʦʚʘʮ, ʊʦʧʦʣʘ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ). ʅʘ ʣʦʢʘʣʠʪʝʪʫ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʫ ʦʙʝ ʦʮʝʥʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʝʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ ʿʝ ʙʠʣʘ 

ʥʝʛʘʪʠʚʥʘ, -35,8 ʜʦ -45,0%, ʩʘ ʠʥʪʝʥʟʠʪʝʪʦʤ ʦʙʦˀʝˁʘ ʦʜ 58,3 ʜʦ 71,14%, ʜʦʢ ʠʥʪʝʥʟʠʪʝʪ 

ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʥʠʿʝ ʧʨʝʣʘʟʠʦ 52% (ɻʨʘʬʠʢʦʥ 14). ɱʘʢʦ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʠ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, 9,9-13,9%, ʛʜʝ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ 

ʦʚʦʿ ʚʘʨʠʿʘʥʪʠ ʜʦʩʪʠʟʘʦ ʠ 75%, ʥʘʩʧʨʘʤ 88% ʫ ʢʦʥʪʨʦʣʥʦʿ ʚʘʨʠʿʘʥʪʠ, ʧʘ ʥʠʿʝ ʫʪʚʨʹʝʥʘ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʚʘʨʠʿʘʥʪʝ ʩʘ ʧʨʠʤʝʥʦʤ ʩʫʤʧʦʨʘ ʠ ʢʦʥʪʨʦʣʝ. ʅʘ 

ʈʘʜʤʠʣʦʚʮʫ ʿʝ ʟʘʙʝʣʝʞʝʥʘ ʥʝʰʪʦ ʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʝ 

ʣʦʢʘʣʠʪʝʪʝ, 67,6-76,9%, ʘʣʠ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʙʠʦ ʟʥʘʪʥʦ ʥʠʞʠ ʥʘ ʦʚʦʤ 
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ʣʦʢʘʣʠʪʝʪʫ, ʠ ʠʟʥʦʩʠʦ ʿʝ ʦʢʦ 28%. ʅʘ ʣʠʩʪʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 49,0 (ʣʦʢ. 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ) ʜʦ 81,9% (ʣʦʢ. ʊʦʧʦʣʘ). ɻʣʘʚʥʠ ʨʘʟʣʦʛ ʟʘ ʥʠʩʢʫ ʝʬʠʢʘʩʥʦʩʪ 

ʩʫʤʧʦʨʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ 2020. ʛʦʜʠʥʝ, ʚʝʨʦʚʘʪʥʦ ʩʫ 

ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʪʦʢʦʤ ʧʨʦʣʝ˂ʘ, ʫ ʧʝʨʠʦʜʫ ʦʜ 05. ʤʘʿʘ ʜʦ 05. ʿʫʥʘ. ʅʘʠʤʝ, ʚʝ˂ʠ 

ʜʝʦ ʪʦʛ ʧʝʨʠʦʜʘ ʢʘʨʘʢʪʝʨʠʩʘʣʝ ʩʫ ʥʠʩʢʝ ʧʨʦʩʝʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʠʩʧʦʜ 15 , ʿʘʢʦ ʥʠʩʢʝ 

ʤʠʥʠʤʘʣʥʝ ʜʥʝʚʥʝ ʪʝʤʧʝʨʘʪʫʨʝ (ʦʜ 3 ʜʦ 10 ) ʠ ʥʝ ʪʦʣʠʢʦ ʚʠʩʦʢʝ ʤʘʢʩʠʤʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 

(ʜʦ 25  ʫ ʧʦʿʝʜʠʥʠʤ ʜʘʥʠʤʘ), ʫʟ ʧʨʦʜʫʞʝʥʦ ʚʣʘʞʝˁʝ ʠ ʚʠʩʦʢʫ ʨʝʣʘʪʠʚʥʫ ʚʣʘʞʥʦʩʪ 

ʚʘʟʜʫʭʘ. ɿʘ ʦʧʪʠʤʘʣʥʦ ʜʝʣʦʚʘˁʝ ʩʫʤʧʦʨʘ ʥʝʦʧʭʦʜʥʝ ʩʫ ʪʝʤʧʝʨʘʪʫʨʝ ʦʜ 20 ʜʦ 28 , ʩʘ 

ʤʠʥʠʤʫʤʦʤ ʦʜ 16 , ʰʪʦ ʪʦʢʦʤ ʚʝ˂ʝʛ ʜʝʣʘ ʦʚʦʛ ʧʝʨʠʦʜʘ ʥʠʿʝ ʙʠʦ ʩʣʫʯʘʿ. ʊʦ ʧʨʘʢʪʠʯʥʦ 

ʟʥʘʯʠ, ʜʘ ʧʨʠʤʝʥʘ ʩʫʤʧʦʨʘ ʫ ʦʚʦʤ ʧʝʨʠʦʜʫ ʥʠʿʝ ʠʤʘʣʘ ʚʝ˂ʠ ʟʥʘʯʘʿ, ʚʝ˂ ʿʝ ʜʝʧʦʟʠʪ ʥʘ 

ʣʠʩʪʦʚʠʤʘ ʠ ʮʚʘʩʪʠʤʘ ʧʨʝʜʩʪʘʚˀʘʦ ʬʫʥʛʠʮʠʜʥʫ ʤʘʩʫ, ʙʝʟ ʠʢʘʢʚʝ ʬʫʥʢʮʠʿʝ, ʪʘʢʦ ʜʘ ʿʝ 

ʧʘʪʦʛʝʥ ʥʝʩʤʝʪʘʥʦ ʤʦʛʘʦ ʜʘ ʦʩʪʚʘʨʠ ʠʥʬʝʢʮʠʿʫ. ɱʝʜʠʥʠ ʙʝʥʝʬʠʪ ʧʨʠʤʝʥʝ ʩʫʤʧʦʨʘ 2020. 

ʛʦʜʠʥʝ, ʦʛʣʝʜʘ ʩʝ ʫ ʝˁʛʦʚʦʿ ʝʬʠʢʘʩʥʦʩʪʠ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʥʘ ʣʠʩʪʦʚʠʤʘ. ʏʠˁʝʥʠʮʘ ʿʝ 

ʜʘ ʩʫʤʧʦʨ ʤʦʞʝ ʜʘ ʜʝʣʫʿʝ ʢʫʨʘʪʠʚʥʦ, ʘ ʫʟʝʚʰʠ ʫ ʦʙʟʠʨ ʜʘ ʿʝ ʧʨʠʨʦʜʘ ʧʘʪʦʛʝʥʘ ʪʘʢʚʘ ʜʘ 

ʬʦʨʤʠʨʘ ʝʧʠʬʠʪʥʫ ʤʠʮʠʣʠʿʫ, ʘ ʩʫʤʧʦʨ ʩʝ ʜʦʙʨʦ ʚʝʟʫʿʝ ʟʘ ʧʦʚʨʰʠʥʫ ʣʠʩʪʦʚʘ, ˁʝʛʦʚʘ 

ʧʨʠʤʝʥʘ ʫ ʦʧʪʠʤʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʰʪʦ ʿʝ 2020. ʛʦʜʠʥʝ ʙʠʣʦ ʫ ʧʝʨʠʦʜʫ ʦʜ ʜʨʫʛʝ ʧʦʣʦʚʠʥʝ 

ʿʫʥʘ ʜʦ ʢʨʘʿʘ ʿʫʣʘ, ʜʦʧʨʠʥʝʣʘ ʿʝ ʟʘʰʪʠʪʠ ʣʠʩʪʦʚʘ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ.  

ʋ ʦʛʣʝʜʠʤʘ 2021. ʛʦʜʠʥʝ, ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Kumulus, ʠʩʧʠʪʘʥʘ ʿʝ ʥʘ ʩʚʘ ʯʝʪʠʨʠ 

ʣʦʢʘʣʠʪʝʪʘ. ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʙʠʣʘ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ, ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ 

ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ ʜʦ ʚʠʩʦʢʘ. ʅʘ ʛʨʦʟʜʦʚʠʤʘ, ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʠʟʤʝʹʫ 60 ʠ 80%, ʘ ʥʘ 

ʣʠʩʪʦʚʠʤʘ ʦʜ 75 ʜʦ 96%. ʅʝʰʪʦ ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʤʦʞʝ ʩʝ ʧʨʠʧʠʩʘʪʠ ʥʠʞʠʤ 

ʧʨʦʩʝʯʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʫ ʧʝʨʠʦʜʫ ʧʨʠʤʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ, ʠʟʤʝʹʫ 15. ʤʘʿʘ ʠ 01. ʿʫʥʘ, 

ʯʝʰ˂ʠʤ ʧʘʜʘʚʠʥʘʤʘ ʠ ʧʨʦʜʫʞʝʥʠʤ ʚʣʘʞʝˁʝʤ. ʄʝʹʫʪʠʤ ʛʝʥʝʨʘʣʥʦ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʣʠʩʪʦʚʠʤʘ ʫ ʚʝʟʠ ʿʝ ʩʘ ʦʧʪʠʤʘʣʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʪʦʢʦʤ ʿʫʥʘ ʠ ʿʫʣʘ ʠ ʨʘʩʧʦʨʝʜʦʤ ʧʘʜʘʚʠʥʘ. 

ʊʨʝʙʘ ʠʩʪʘ˂ʠ ʠ ʜʘ ʿʝ ʥʘʿʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ 2021. ʛʦʜʠʥʝ, ʟʘʙʝʣʝʞʝʥʘ ʥʘ ʣʦʢʘʣʠʪʝʪʫ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʛʜʝ ʩʫ ʫʩʣʦʚʠ ʟʘ ʨʘʟʚʦʿ ʦʙʦˀʝˁʘ ʙʠʣʠ ʥʘʿʦʧʪʠʤʘʣʥʠʿʠ, ʦʜʥʦʩʥʦ 

ʛʜʝ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʫ ʢʦʥʪʨʦʣʠ ʙʠʦ ʦʢʦ 50%. ʏʘʢ ʠ ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ 

ʦʙʦˀʝˁʘ ʦʜ 83% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ ʝʬʠʢʘʩʥʦʩʪ (63,6-72,0%), ʫʟʝʚʰʠ ʫ ʦʙʟʠʨ 

ʧʨʝʚʝʥʪʠʚʥʫ, ʦʜʥʦʩʥʦ ʥʝʩʠʩʪʝʤʠʯʥʫ ʧʨʠʨʦʜʫ ʩʫʤʧʦʨʘ, ʦʩʪʚʘʨʝʥʘ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ.  

ʆʛʣʝʜʠ 2022. ʛʦʜʠʥʝ ʠʟʚʝʜʝʥʠ ʩʫ ʥʘ ʜʚʘ ʣʦʢʘʣʠʪʝʪʘ (ʅʝʰʪʠʥ ʠ ʊʦʧʦʣʘ), ʘ ʧʨʝʧʘʨʘʪ 

Kumulus ʧʨʠʤʝˁʝʥ ʿʝ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,7%. ɼʦʙʠʿʝʥʠ ʩʫ ʨʘʟʣʠʯʠʪʠ ʨʝʟʫʣʪʘʪʠ ʟʘ 

ʝʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʜʦʢ ʩʫ ʥʘ ʣʠʩʪʦʚʠʤʘ ʥʘ ʦʙʘ ʣʦʢʘʣʠʪʝʪʘ, ʝʬʠʢʘʩʥʦʩʪʠ 

ʙʠʣʝ ʨʝʣʘʪʠʚʥʦ ʩʣʠʯʥʝ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʝʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ ʫ ʩʫʟʙʠʿʘˁʫ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 73 ʜʦ 79% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ 

ʫ ʢʦʥʪʨʦʣʠ ʦʜ 38 ʜʦ 49%. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ 

ʙʠʣʘ ʿʝ ʥʠʞʘ, ʠʟʤʝʹʫ 55 ʠ 56%, ʘʣʠ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʙʠʦ ʟʥʘʪʥʦ ʚʠʰʠ, ʠ 

ʜʦʩʪʠʟʘʦ ʿʝ ʛʦʪʦʚʦ 70%. ʅʘ ʣʠʩʪʦʚʠʤʘ, ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 77 (ʣʦʢ. ʊʦʧʦʣʘ) ʜʦ 86% 

(ʣʦʢ. ʅʝʰʪʠʥ), ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʦʜ 20 ʜʦ 60%. ʈʘʟʣʦʛ ʟʘ ʥʠʞʫ 

ʝʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʦʩʠʤ ʫ ʚʝ˂ʝʤ ʧʨʠʪʠʩʢʫ ʧʘʪʦʛʝʥʘ, ʦʜʥʦʩʥʦ 

ʧʦʿʘʚʠ ʦʙʦˀʝˁʘ, ʣʝʞʠ ʠ ʫ ʯʠˁʝʥʠʮʠ ʜʘ ʩʫ ʫʩʣʦʚʠ ʟʘ ʧʨʠʤʘʨʥʝ ʠʥʬʝʢʮʠʿʝ ʙʠʣʠ ʟʥʘʪʥʦ 

ʧʦʚʦˀʥʠʿʠ ʥʘ ʦʚʦʤ ʣʦʢʘʣʠʪʝʪʫ ʥʝʛʦ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ. ʋ ʪʦʤ ʧʝʨʠʦʜʫ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ 

ʅʝʰʪʠʥ, ʿʘʯʝ ʧʘʜʘʚʠʥʝ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠʟʤʝʹʫ 12 ʠ 20 , ʚʝʨʦʚʘʪʥʦ ʩʫ 

ʫʪʠʮʘʣʝ ʥʘ ʩʤʘˁʝʥʫ ʝʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ 

ʊʦʧʦʣʘ, ʫ ʠʩʪʦʤ ʧʝʨʠʦʜʫ, ʧʨʠʤʘʨʥʝ ʠʥʬʝʢʮʠʿʝ ʩʫ ʙʠʣʝ ʩʣʘʙʠʿʝ, ʘ ʧʨʦʩʝʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 
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ʟʥʘʪʥʦ ʚʠʰʝ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ ʠ ʥʝʰʪʦ ʩʣʘʙʠʿʦʿ ʧʦʿʘʚʠ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʫ ʦʜʥʦʩʫ ʥʘ 

ʅʝʰʪʠʥ, ʘʣʠ ʠ ʟʥʘʪʥʦ ʙʦˀʦʿ ʝʬʠʢʘʩʥʦʩʪʠ ʩʫʤʧʦʨʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ. ʉʫʧʨʦʪʥʦ, ʪʦʢʦʤ ʿʫʣʘ, 

ʿʘʢʝ ʠ ʧˀʫʩʢʦʚʠʪʝ ʧʘʜʘʚʠʥʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʫʪʠʮʘʣʝ ʩʫ ʥʘ ʧʦʚʝ˂ʘʥʦ ʩʧʠʨʘˁʝ ʩʫʤʧʦʨʘ 

ʩʘ ʧʦʚʨʰʠʥʝ ʣʠʩʪʦʚʘ, ʧʘ ʿʝ ʠ ʦʪʫʜʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ ʥʝʰʪʦ ʤʘˁʘ, ʠʘʢʦ ʿʝ 

ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʦ ʤʘˁʠ ʥʘ ʦʚʦʤ ʣʦʢʘʣʠʪʝʪʫ ʥʝʛʦ ʫ 

ʅʝʰʪʠʥʫ. ʋ ʅʝʰʪʠʥʫ, ʥʠʿʝ ʙʠʣʦ ʿʘʯʠʭ ʧʘʜʘʚʠʥʘ ʪʦʢʦʤ ʿʫʣʘ, ʧʘ ʩʫ ʠ ʫʩʣʦʚʠ ʟʘ ʜʝʣʦʚʘˁʝ 

ʩʫʤʧʦʨʘ ʙʠʣʠ ʟʥʘʪʥʦ ʧʦʚʦˀʥʠʿʠ, ʪʝ ʩʫ ʟʘʙʝʣʝʞʝʥʠ ʠ ʙʦˀʠ ʝʬʝʢʪʠ ʩʫʤʧʦʨʘ ʫ ʩʫʟʙʠʿʘˁʫ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʥʘ ʣʠʩʪʦʚʠʤʘ.   

ʈʝʟʫʣʪʘʪʠ ʧʨʝʪʭʦʜʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫʢʘʟʫʿʫ ʥʘ ʩʣʠʯʥʝ ʝʬʝʢʪʝ ʧʨʘʰʢʘʩʪʠʭ 

ʬʦʨʤʫʣʘʮʠʿʘ ʩʫʤʧʦʨʘ ʫ ʩʫʟʙʠʿʘˁʫ E. necator. ʋ ʠʩʪʨʘʞʠʚʘˁʫ Sozzani et al. (2010), 

ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Kumulus Tecno (80% ʩʫʤʧʦʨʘ, WG ʬʦʨʤʫʣʘʮʠʿʘ) ʫ ʢʦʣʠʯʠʥʠ ʦʜ 8 

kg/ha, ʢʨʝʪʘʣʘ ʩʝ ʦʜ 26,9 ʜʦ 47,8%, ʦʜʥʦʩʥʦ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʫ ʦʚʦʿ 

ʚʘʨʠʿʘʥʪʠ ʠʟʥʦʩʠʦ ʿʝ 17,2-45,6%, ʜʦʢ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʙʠʦ 33,0-62,4%. 

ʉʣʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʫʪʚʨʹʝʥʠ ʩʫ ʠ ʫ ʥʘʰʝʤ ʠʩʪʨʘʞʠʚʘˁʫ ʪʦʢʦʤ 2020. ʛʦʜʠʥʝ. ʀʩʪʨʘʞʠʚʘˁʘ 

ʢʦʿʘ ʩʫ ʩʧʨʦʚʝʣʠ Braccini et al. (2010), ʙʘʟʠʨʘʣʘ ʩʫ ʩʝ ʥʘ ʠʩʧʠʪʠʚʘˁʫ ʨʘʟʣʠʯʠʪʠʭ ʙʠʦʣʦʰʢʠʭ 

ʧʨʝʧʘʨʘʪʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ. ʀʟʤʝʹʫ ʦʩʪʘʣʠʭ ʚʘʨʠʿʘʥʪʠ, 

ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʠ ʧʨʘʰʢʘʩʪʝ ʬʦʨʤʫʣʘʮʠʿʘ ʩʫʤʧʦʨʘ, ʧʦʧʫʪ ʧʨʝʧʘʨʘʪʘ: Thiovit Jʝʪ (80% 

ʩʫʤʧʦʨʘ, WG ʬʦʨʤʫʣʘʮʠʿʘ) ʠ Bentozol 60 (60% ʩʫʤʧʦʨʘ, WG ʬʦʨʤʫʣʘʮʠʿʘ). ɽʬʠʢʘʩʥʦʩʪ 

ʧʨʝʧʘʨʘʪʘ Thiovit Jet, ʢʦʿʠ ʿʝ ʪʦʢʦʤ 2005. ʛʦʜʠʥʝ ʧʨʠʤʝˁʝʥ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʦʜ 300 ʜʦ 800 

ʛʨʘʤʘ ʥʘ 100 ʣʠʪʘʨʘ ʚʦʜʝ, ʠʟʥʦʩʠʣʘ ʿʝ 45%, ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʦʜ 56,6%. 

ʋ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 800 ʛʨʘʤʘ ʥʘ 100 ʣʠʪʘʨʘ ʚʦʜʝ, ʪʦʢʦʤ 2006. ʛʦʜʠʥʝ, ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ 

97,5%, ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʦʜ 30%. ʇʨʠʤʝˁʝʥ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʦʜ 400 

ʜʦ 800 ʛʨʘʤʘ ʥʘ 100 ʣʠʪʘʨʘ ʚʦʜʝ, ʠʩʪʠ ʧʨʝʧʘʨʘʪ ʿʝ 2007. ʛʦʜʠʥʝ ʠʩʧʦˀʠʦ ʝʬʠʢʘʩʥʦʩʪ 94,1%, 

ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʦʜ 24,0%. ʉʣʘʙʠʿʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʿʝ 2008. ʠ 

2009. ʛʦʜʠʥʝ, ʛʜʝ ʿʝ, ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʦʜ 16,0 ʜʦ 67,0%, ʧʨʝʧʘʨʘʪ Thiovit 

Jʝʪ ʫ ʠʩʪʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʢʘʦ ʠ 2007. ʛʦʜʠʥʝ, ʠʩʧʦˀʠʦ ʝʬʠʢʘʩʥʦʩʪ 54,9-66,5%. ʇʨʝʧʘʨʘʪ 

Bentozol 60 ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʧʨʠʤʝʥʝ 400-600 ʛʨʘʤʘ ʥʘ 100 ʣʠʪʘʨʘ ʚʦʜʝ, 2009. ʛʦʜʠʥʝ 

ʠʩʧʦˀʠʦ ʿʝ ʙʦˀʫ ʝʬʠʢʘʩʥʦʩʪ ʦʜ ʧʨʝʧʘʨʘʪʘ Thiovit Jʝʪ, ʠ ʦʥʘ ʿʝ ʠʟʥʦʩʠʣʘ 81,7%.  

DôArcangelo and Puccioni (2018) ʠʩʧʠʪʠʚʘʣʠ ʩʫ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Kumulus ʫ 

ʩʫʟʙʠʿʘˁʫ E. necator ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 400 ʛʨʘʤʘ ʥʘ 100 ʣʠʪʘʨʘ ʚʦʜʝ, ʦʜ 2013. ʜʦ 2016. ʛʦʜʠʥʝ, 

ʫ ʀʪʘʣʠʿʠ. ɽʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 94,1 ʜʦ 98,9% ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʠʤʘ 

ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʘʤʘ ʢʦʿʠ ʩʫ ʙʠʣʠ ʦʜ 5,2 ʜʦ 22,2%. ʅʘ ʛʨʦʟʜʦʚʠʤʘ, ʫ ʜʨʫʛʦʿ ʦʮʝʥʠ, 

ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 90,6 ʜʦ 99,0%, ʜʦʢ ʩʫ ʩʝ ʠʥʪʝʥʟʠʪʝʪʠ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʘʤʘ 

ʢʨʝʪʘʣʠ ʦʜ 38,1 ʜʦ 69,3%. ʋ ʥʘʰʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʩʣʠʯʥʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʣʠʩʪʦʚʠʤʘ, ʜʦʢ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʙʠʣʘ ʟʥʘʪʥʦ ʥʠʞʘ, ʦʜʥʦʩʥʦ ʥʠʿʝ ʧʨʝʣʘʟʠʣʘ 90%, 

ʦʩʠʤ ʫ ʿʝʜʥʦʿ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʿ ʩʝʟʦʥʠ. ʀ ʨʝʟʫʣʪʘʪʠ ʜʨʫʛʠʭ ʘʫʪʦʨʘ ʫʢʘʟʫʿʫ ʥʘ ʟʥʘʪʥʦ 

ʩʣʘʙʠʿʫ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Kumulus ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʥʝʛʦ ʥʘ ʣʠʩʪʦʚʠʤʘ. ʈʝʟʫʣʪʘʪʠ 

ʠʩʪʨʘʞʠʚʘˁʘ ʄʠʣʘʜʠʥʦʚʠ˂ ʠ ʩʘʨ. (2008) ʪʘʢʦʹʝ ʫʢʘʟʫʿʫ ʥʘ ʟʥʘʪʥʦ ʙʦˀʫ ʝʬʠʢʘʩʥʦʩʪ 

ʩʫʤʧʦʨʘ (ʧʨʝʧʘʨʘʪ Cosan, ʧʨʠʤʝˁʝʥ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,5%) ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ 

ʧʝʧʝʣʥʠʮʝ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʥʝʛʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ. ʅʘʠʤʝ, ʝʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʦʜ 

2002. ʜʦ 2004. ʛʦʜʠʥʝ, ʢʨʝʪʘʣʘ ʩʝ 64,5 ʜʦ 79,8%, ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʦʜ 

62,2 ʜʦ 100%. ʅʘ ʣʠʩʪʦʚʠʤʘ ʿ ʝ ʟʘʙʝʣʝʞʝʥʘ ʟʥʘʪʥʦ ʚʠʰʘ ʝʬʠʢʘʩʥʦʩʪ, 82,8-100%, ʘ ʠʥʪʝʥʟʠʪʝʪ 

ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 9,2 ʜʦ 90,3%. ɺʠʰʝʛʦʜʠʰˁʝ ʠʩʪʨʘʞʠʚʘˁʝ Wicks et al. 

(2003), ʫʢʘʟʫʿʝ ʥʘ ʨʘʟʣʠʯʠʪʝ ʝʬʝʢʪʝ ʩʫʤʧʦʨʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʢʘʢʦ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, ʪʘʢʦ ʠ  ʥʘ ʣʠʩʪʦʚʠʤʘ. ʇʨʠʤʝʥʦʤ ʧʨʝʧʘʨʘʪʘ Thiovit Jet ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ 200 ʛʨʘʤʘ ʥʘ 100 ʣʠʪʘʨʘ ʚʦʜʝ, ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʢʨʝʪʘʦ ʩʝ 
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ʦʜ 1 ʜʦ 10%  ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʦʜ 10 ʜʦ 26%, ʜʦʢ ʿʝ ʫ ʜʫʧʣʦ ʚʝ˂ʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ 400 ʛʨʘʤʘ ʥʘ 100 ʣʠʪʘʨʘ ʚʦʜʝ, ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ ʚʠʰʘ, ʠ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ 

ʫ ʪʨʝʪʤʘʥʫ ʩʘ ʩʫʤʧʦʨʦʤ ʢʨʝʪʘʦ ʩʝ ʦʜ 1 ʜʦ 6%. ʅʘ ʛʨʦʟʜʦʚʠʤʘ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʠʞʘ 

ʝʬʠʢʘʩʥʦʩʪ, ʥʘʨʦʯʠʪʦ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 200 ʛʨʘʤʘ ʥʘ 100 ʣʠʪʘʨʘ ʚʦʜʝ, ʛʜʝ ʝʿ ʧʨʦʮʝʥʘʪ 

ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʫ ʪʨʝʪʤʘʥʫ ʩʘ ʩʫʤʧʦʨʦʤ ʙʠʦ ʠ ʜʦ 70%, ʩ ʪʠʤ ʜʘ ʿʝ ʧʨʦʮʝʥʘʪ ʟʘʭʚʘ˂ʝʥʝ 

ʧʦʚʨʰʠʥʝ ʛʨʦʟʜʦʚʘ ʙʠʦ ʤʘˁʠ ʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 1 ʜʦ 10%. ʋ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 400 ʛʨʘʤʘ ʥʘ 100 

ʣʠʪʘʨʘ ʚʦʜʝ, ʧʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʿʝ ʜʦʩʪʠʟʘʦ 70%, ʘʣʠ ʿʝ ʧʨʦʮʝʥʘʪ ʟʘʭʚʘ˂ʝʥʝ 

ʧʦʚʨʰʠʥʝ ʛʨʦʟʜʦʚʘ ʙʠʦ < 5%. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʢʨʝʪʘʦ ʩʝ ʦʜ 

7 ʜʦ 35%, ʩ ʪʠʤ ʜʘ ʿʝ ʫ ʧʦʿʝʜʠʥʠʤ ʛʦʜʠʥʘʤʘ ʧʨʦʮʝʥʘʪ ʟʘʨʘʞʝʥʠʭ ʛʨʦʟʜʦʚʘ ʜʦʩʪʠʟʘʦ 100%.  

Caffi et al. (2010) ʩʫ ʠʩʧʠʪʠʚʘʣʠ ʤʦʜʝʣ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ 

ʧʝʧʝʣʥʠʮʝ ʧʨʠʤʝʥʠʚʰʠ ʩʫʤʧʦʨ, ʦʜ ʬʝʥʦʬʘʟʝ ʙʫʙʨʝˁʘ ʧʫʧʦˀʘʢʘ ʜʦ ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ 

ʛʨʰʘʢʘ. ʋ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʿʝ ʢʦʨʠʰ˂ʝʥ ʧʨʝʧʘʨʘʪ Thiovit Jet ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 400 ʛʨʘʤʘ ʥʘ 

100 ʣʠʪʘʨʘ ʚʦʜʝ. ʊʦʢʦʤ 2008. ʠ 2009. ʛʦʜʠʥʝ, ʧʨʦʩʝʯʘʥ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʙʠʦ ʿʝ ʦʢʦ 27%. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʚʘʨʠʿʘʥʪʠ ʩʘ ʩʫʤʧʦʨʦʤ, ʙʠʦ ʿʝ ʦʢʦ 6%, 

ʰʪʦ ʿʝ ʫʢʘʟʠʚʘʣʦ ʥʘ ˁʝʛʦʚʫ ʛʝʥʝʨʘʣʥʦ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʫ ʝʬʠʢʘʩʥʦʩʪ (> 75%). ʊʦʢʦʤ 2010. ʠ 

2011. ʛʦʜʠʥʝ, ʧʨʦʩʝʯʘʥ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʙʠʦ ʿʝ ʦʢʦ 15%, ʘ ʫ ʪʨʝʪʤʘʥʫ ʩʘ 

ʩʫʤʧʦʨʦʤ 3% ʠ ʝʬʠʢʘʩʥʦʰ˂ʫ ʦʢʦ 80%. ʈʝʟʫʣʪʘʪʠ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ, ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʥʘʰʠʤ 

ʨʝʟʫʣʪʘʪʠʤʘ, ʩʫ ʛʝʥʝʨʘʣʥʦ ʚʨʣʦ ʩʣʠʯʥʠ, ʠ ʫ ʥʘʰʝʤ ʚʠʰʝʛʦʜʠʰˁʝʤ ʠʩʪʨʘʞʠʚʘˁʫ, 

ʝʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ  ʿʝ ʤʘʭʦʤ ʙʠʣʘ ʠʟʤʝʹʫ 60 ʠ 80%.  

ʅʘ ʠʩʪʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ, 2023. ʛʦʜʠʥʝ, ʠʩʧʠʪʠʚʘʥʠ ʩʫ ʝʬʝʢʪʠ ʪʝʯʥʝ ʬʦʨʤʫʣʘʮʠʿʝ 

ʩʫʤʧʦʨʘ, ʧʨʝʧʘʨʘʪ Flosul, ʢʦʿʠ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ ʧʨʠʤʝˁʝʥ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,5%, ʘ 

ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ 0,7%. ɿʘʧʘʞʝʥʘ ʿʝ ʠʟʫʟʝʪʥʦ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʦʚʝ ʬʦʨʤʫʣʘʮʠʿʝ 

ʩʫʤʧʦʨʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ. 

ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,5%, ʧʨʝʧʘʨʘʪ Flosul ʠʩʧʦˀʠʦ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 

88,3 ʜʦ 90,4% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʠ 92,1% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ, ʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,7%, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʩʣʠʯʥʘ ʝʬʠʢʘʩʥʦʩʪ, 88,9-92,8% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 

91,3% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʅʝʰʪʠʥʫ ʙʠʦ ʿʝ ʚʝ˂ʠ ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (ʦʢʦ 

63%), ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ (ʦʢʦ 58%), ʫ ʦʜʥʦʩʫ ʥʘ ʠʥʪʝʥʟʠʪʝʪʝ ʦʙʦˀʝˁʘ ʫ ʊʦʧʦʣʠ (ʦʢʦ 45% 

ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʦʢʦ 34% ʥʘ ʣʠʩʪʦʚʠʤʘ). ʊʦʢʦʤ ʧʨʝʪʭʦʜʥʠʭ ʛʦʜʠʥʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʥʠʿʝ ʩʝ 

ʜʦʛʦʜʠʣʦ ʜʘ ʝʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ ʙʫʜʝ ʦʢʦ 90% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʩʠʤ 2019. ʛʦʜʠʥʝ ʥʘ 

ʣʦʢʘʣʠʪʝʪʫ ʈʘʜʤʠʣʦʚʘʮ. ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʤʦʛʫ ʜʘ ʫʢʘʟʫʿʫ ʥʘ ʟʥʘʪʥʦ ʙʦˀʘ ʩʚʦʿʩʪʚʘ ʪʝʯʥʝ 

ʬʦʨʤʫʣʘʮʠʿʝ ʩʫʤʧʦʨʘ, ʦʜʥʦʩʥʦ ʧʨʝʧʘʨʘʪʘ Flosul (800 g/l ʩʫʤʧʦʨʘ, SC ʬʦʨʤʫʣʘʮʠʿʘ), ʫ 

ʧʦʛʣʝʜʫ ʚʝʟʠʚʘˁʘ ʟʘ ʧʦʚʨʰʠʥʫ ʙʦʙʠʮʘ, ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʧʘʨʘʪ Kumulus DF (800 g/kg ʩʫʤʧʦʨʘ, 

WG ʬʦʨʤʫʣʘʮʠʿʘ). ʐʪʦ ʩʝ ʪʠʯʝ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʧʘʨʘʪʘ Flosul ʥʘ ʣʠʩʪʦʚʠʤʘ, ʦʥʘ ʿʝ ʙʠʣʘ 

ʦʯʝʢʠʚʘʥʘ, ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʠ ʩʘ ʧʨʝʧʘʨʘʪʦʤ Kumulus DF, ʫ ʧʨʝʪʭʦʜʥʠʤ ʛʦʜʠʥʘʤʘ ʧʦʩʪʠʛʥʫʪʘ 

ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ. ʄʝʹʫʪʠʤ, ʦʥʦ ʰʪʦ ʜʦʜʘʪʥʦ ʫʢʘʟʫʿʝ ʥʘ ʧʨʝʜʥʦʩʪʠ  ʪʝʯʥʝ ʬʦʨʤʫʣʘʮʠʿʝ 

ʿʝʩʫ ʤʝʪʝʦʨʦʣʦʰʢʠ ʫʩʣʦʚʠ ʪʦʢʦʤ 2023. ʛʦʜʠʥʝ, ʢʦʿʠ ʩʫ ʩʘ ʘʩʧʝʢʪʘ ʧʨʠʤʝʥʝ ʠ ʜʝʣʦʚʘˁʘ 

ʩʫʤʧʦʨʘ, ʙʠʣʠ ʨʝʣʘʪʠʚʥʦ ʥʝʧʦʚʦˀʥʠ. ʅʘʠʤʝ, 2023. ʛʦʜʠʥʘ ʿʝ ʙʠʣʘ ʠʟʨʘʟʠʪʦ ʢʠʰʥʘ, ʛʦʪʦʚʦ 

ʪʦʢʦʤ ʯʠʪʘʚʦʛ ʤʘʿʘ ʠ ʚʝ˂ʝʛ ʜʝʣʘ ʿʫʥʘ ʟʘʙʝʣʝʞʝʥʝ ʩʫ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ 

ʅʝʰʪʠʥ, ʫ ʤʘʿʫ ʿʝ ʧʘʣʦ ʦʢʦ 170 mm ʢʠʰʝ, ʘ ʫ ʿʫʥʫ ʦʢʦ 60 mm ʢʠʰʝ. ʅʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ 

ʫ ʤʘʿʫ ʿʝ ʧʘʣʦ ʦʢʦ 80 mm ʢʠʰʝ, ʘ ʫ ʿʫʥʫ ʦʢʦ 50 mm ʢʠʰʝ. ʀ ʧʦʨʝʜ ʦʚʘʢʚʠʭ ʫʩʣʦʚʘ ʩʧʦˀʥʝ 

ʩʨʝʜʠʥʝ, ʧʨʝʧʘʨʘʪ Flosul ʿ ʝ ʠʩʧʦˀʠʦ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator, h ʪʦ ʛʦʚʦʨʠ 

ʜʘ ʿʝ ʪʝʯʥʘ ʬʦʨʤʫʣʘʮʠʿʘ ʩʫʤʧʦʨʘ ʚʝʨʦʚʘʪʥʦ ʙʦˀʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʥʘʨʦʯʠʪʦ ʫ ʧʦʛʣʝʜʫ 

ʟʘʰʪʠʪʝ ʛʨʦʟʜʦʚʘ. ɼʘ ʙʠ ʩʝ ʪʦ ʠ ʧʦʪʚʨʜʠʣʦ, ʧʦʪʨʝʙʥʦ ʿʝ ʩʧʨʦʚʝʩʪʠ ʙʘʨ ʜʚʦʛʦʜʠʰˁʝ 

ʠʩʪʨʘʞʠʚʘˁʝ, ʢʦʿʝ ʙʠ ʜʝʬʠʥʠʪʠʚʥʦ ʫʢʘʟʘʣʦ ʜʘ ʣʠ ʧʦʩʪʦʿʝ ʨʘʟʣʠʢʝ ʫ ʧʦʛʣʝʜʫ ʝʬʠʢʘʩʥʦʩʪʠ 

ʠʟʤʝʹʫ ʯʚʨʩʪʝ ʠ ʪʝʯʥʝ ʬʦʨʤʫʣʘʮʠʿʝ, ʦʙʟʠʨʦʤ ʜʘ ʨʝʟʫʣʪʘʪʠ ʧʨʝʪʭʦʜʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, 
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ʫʛʣʘʚʥʦʤ ʫʧʫ˂ʫʿʫ ʥʘ ʟʘʢˀʫʯʢʝ ʜʘ ʥʝʤʘ ʨʘʟʣʠʢʝ ʫ ʝʬʝʢʪʠʤʘ ʠʟʤʝʹʫ ʯʚʨʩʪʠʭ ʠ ʪʝʯʥʠʭ 

ʬʦʨʤʫʣʘʮʠʿʘ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ Bergamaschi et al. (2010), ʪʦʢʦʤ 2006. ʛʦʜʠʥʝ, ʪʝʩʪʠʨʘʥʝ ʩʫ 

ʜʚʝ ʪʝʯʥʝ ʬʦʨʤʫʣʘʮʠʿʝ ʩʫʤʧʦʨʘ: Thiopron (825 g/l ʩʫʤʧʦʨʘ, SC ʬʦʨʤʫʣʘʮʠʿʘ) ʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ 425, 800 ʠ 1200 ml ʥʘ 100 ʣʠʪʘʨʘ ʚʦʜʝ ʠ Heliosoufre (700 g/l ʩʫʤʧʦʨʘ, SC 

ʬʦʨʤʫʣʘʮʠʿʘ) 500 ml ʥʘ 100 ʣʠʪʘʨʘ ʚʦʜʝ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 3,2 

ʜʦ 85,0%. ʇʨʝʧʘʨʘʪ Thiopron ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 425 ml ʥʘ 100 ʣʠʪʘʨʘ ʚʦʜʝ ʠʩʧʦˀʠʦ ʿʝ 

ʝʬʠʢʘʩʥʦʩʪ ʦʜ 73,7 ʜʦ 96,8%, ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 800 ml ʥʘ 100 ʣʠʪʘʨʘ ʚʦʜʝ 99%, ʘ  ʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ 1200 ml ʥʘ 100 ʣʠʪʘʨʘ ʚʦʜʝ ʦʜ 89,5 ʜʦ 100%. ʇʨʝʧʘʨʘʪ Heliosoufre ʠʩʧʦˀʠʦ 

ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʦʜ 57,4 ʜʦ 92,1%. ʉʣʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʟʘʙʝʣʝʞʝʥʠ ʩʫ ʠ ʫ ʠʩʪʨʘʞʠʚʘˁʫ Deandrea 

et al. (2020) ʫ ʢʦʿʝʤ ʩʫ ʠʩʧʠʪʠʚʘʥe ʪʝʯʥʝ ʬʦʨʤʫʣʘʮʠʿʝ ʩʫʤʧʦʨʘ, ʦʜʥʦʩʥʦ ʧʨʝʧʘʨʘʪʠ 

Heliosoufre S ʠ Thiopron ʫ ʜʦʟʘʤʘ 5 ʠ 6 ʣʠʪʘʨʘ ʧʦ ʭʝʢʪʘʨʫ. ʀʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ 

ʢʨʝʪʘʦ ʩʝ ʦʜ 20,8 ʜʦ 44,8%, ʜʦʢ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʪʨʝʪʤʘʥʫ Heliosufre S ʙʠʦ 3,54-

5,38% (ʝʬʠʢʘʩʥʦʩʪ 83-88%), ʦʜʥʦʩʥʦ ʫ ʪʨʝʪʤʘʥʫ Thiopron ʦʜ 3,81 ʜʦ 7,44% (ʝʬʠʢʘʩʥʦʩʪ 82-

83%). ʈʝʟʫʣʪʘʪʠ ʚʠʰʝʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ Braccini et al. (2010), 

ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʥʝ ʧʦʩʪʦʿʠ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʝʬʠʢʘʩʥʦʩʪʠ ʠʟʤʝʹʫ ʪʝʯʥʠʭ ʠ 

ʯʚʨʩʪʠʭ ʬʦʨʤʫʣʘʮʠʿʘ ʩʫʤʧʦʨʘ, ʪʝ ʩʫ ʪʝʯʥʝ ʬʦʨʤʫʣʘʮʠʿʝ ʩʫʤʧʦʨʘ Heliosoufre S (ʝʬʠʢʘʩʥʦʩʪ 

48,7-98,9%) ʠ Liquizol M (ʝʬʠʢʘʩʥʦʩʪ 58,5-95,3%), ʠʩʧʦˀʠʣʝ ʩʣʠʯʥʫ ʝʬʠʢʘʩʥʦʩʪ ʢʘʦ ʠ 

ʧʨʝʧʘʨʘʪ Thiovit Jet (45,2-97,5%). Wicks et al. (2003) ʩʫ ʟʘʢˀʫʯʠʣʠ ʜʘ ʥʝ ʧʦʩʪʦʿʠ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʝʬʠʢʘʩʥʦʩʪʠ ʠʟʤʝʹʫ ʪʝʯʥʝ ʠ ʯʚʨʩʪʝ ʬʦʨʤʫʣʘʮʠʿʝ ʩʫʤʧʦʨʘ ʫ 

ʩʫʟʙʠʿʘˁʫ E. necator, ʥʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʥʠ ʥʘ ʣʠʩʪʦʚʠʤʘ.  

ʉʫʤʧʦʨ ʢʘʦ multi-site ʬʫʥʛʠʮʠʜ ʿʝ ʧʦʛʦʜʘʥ ʧʘʨʪʥʝʨ ʫ ʘʥʪʠʨʝʟʠʩʪʝʥʪʥʦʿ ʩʪʨʘʪʝʛʠʿʠ, ʘ 

ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʿʝ ʬʫʥʛʠʮʠʜ ʧʨʠʨʦʜʥʦʛ ʧʦʨʝʢʣʘ, ʢʦʿʠ ʧʨʠʪʦʤ ʧʦʩʝʜʫʿʝ ʠ ʨʝʣʘʪʠʚʥʦ ʜʦʙʨʫ 

ʝʬʠʢʘʩʥʦʩʪ, ʤʦʞʝ ʩʝ ʫʢˀʫʯʠʪʠ ʫ ʧʨʦʛʨʘʤʝ ʠʥʪʝʛʨʘʣʥʝ ʠ ʙʠʦʣʦʰʢʝ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ. 

ʋʟʝʚʰʠ ʫ ʦʙʟʠʨ ʨʝʟʫʣʪʘʪʝ ʝʬʠʢʘʩʥʦʩʪʠ ʩʫʤʧʦʨʘ ʠʟ ʚʠʰʝʛʦʜʠʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʟʘʢˀʫʯʘʢ 

ʢʦʿʠ ʩʝ ʥʘʤʝ˂ʝ ʿʝʩʪʝ ʜʘ ʩʫʤʧʦʨ ʠʩʧʦˀʘʚʘ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʫ, ʧʘ ʯʘʢ ʠ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ 

ʩʫʟʙʠʿʘˁʫ E. necator ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʫʢʦʣʠʢʦ ʩʝ ʧʨʠʤʝʥʠ ʫ ʦʧʪʠʤʘʣʥʠʤ ʫʩʣʦʚʠʤʘ. ɺʠʩʦʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʿʝ ʥʝʰʪʦ ʰʪʦ ʛʘ ʧʨʝʧʦʨʫʯʫʿʝ ʟʘ ʪʨʝʪʠʨʘˁʘ ʧʨʝʜ ʙʝʨʙʫ, 

ʦʜʥʦʩʥʦ ʪʨʝʪʠʨʘˁʘ ʫ ʬʝʥʦʬʘʟʘʤʘ ʦʜ ʧʦʯʝʪʢʘ ʟʘʪʚʘʨʘˁʘ ʛʨʦʟʜʘ ʜʦ ʰʘʨʢʘ, ʢʘʜʘ ʤʦʞʝ ʜʘ ʩʝ 

ʠʟʙʝʛʥʝ ʫʧʦʪʨʝʙʘ ʩʠʥʪʝʪʠʯʢʠʭ ʧʝʩʪʠʮʠʜʘ, ʥʘʨʘʚʥʦ ʫʢʦʣʠʢʦ ʿʝ ʦʙʝʟʙʝʹʝʥʘ ʧʨʝʪʭʦʜʥʦ ʜʦʙʨʘ 

ʟʘʰʪʠʪʘ ʙʦʙʠʮʘ ʠ ʣʠʩʪʦʚʘ. ʆʧʪʠʤʠʟʘʮʠʿʦʤ ʬʦʨʤʫʣʘʮʠʿʘ ʩʫʤʧʦʨʘ, ʢʦʿʝ ʙʠ ʦʙʝʟʙʝʜʠʣʝ 

ˁʝʛʦʚʦ ʙʦˀʝ ʟʘʜʨʞʘʚʘˁʝ, ʦʜʥʦʩʥʦ ʚʝʟʠʚʘˁʝ ʟʘ ʧʦʚʨʰʠʥʫ ʙʦʙʠʮʘ, ʦʤʦʛʫ˂ʠʣʘ ʙʠ ʩʝ ʚʝ˂ʘ 

ʝʬʠʢʘʩʥʦʩʪ ʠ ʤʦʛʫ˂ʥʦʩʪ ˁʝʛʦʚʝ ʧʨʠʤʝʥʝ ʯʘʢ ʠ ʫ ʢʨʠʪʠʯʥʠʤ ʬʘʟʘʤʘ ʟʘ ʠʥʬʝʢʮʠʿʫ.  

ɽʬʝʢʪʠ ʢʦʤʝʨʮʠʿʘʣʥʝ ʬʦʨʤʫʣʘʮʠʿʝ ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧʘ (Karathane Gold 350 EC) ʫ 

ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʠʩʧʠʪʘʥʠ ʩʫ 2020. ʛʦʜʠʥʝ ʥʘ ʜʚʘ ʣʦʢʘʣʠʪʝʪʘ (ʊʦʧʦʣʘ ʠ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ). ʅʘ ʦʙʘ ʣʦʢʘʣʠʪʝʪʘ ʝʬʠʢʘʩʥʦʩʪ ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧʘ ʙʠʣʘ ʿʝ ʥʠʩʢʘ, 

ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ ʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ. ɽʬʠʢʘʩʥʦʩʪ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʢʨʝʪʘʣʘ ʩʝ ʦʜ 13,8 ʜʦ 36,5%, 

ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʟʘʙʝʣʝʞʝʥʘ ʥʝʰʪʦ ʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ (48,5%), ʫ 

ʦʜʥʦʩʫ ʥʘ ʣʦʢʘʣʠʪʝʪ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ (25,3%). ʇʨʝʤʘ FRAC-ʫ, ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧ 

ʿʝ ʩʚʨʩʪʘʥ ʫ ʛʨʫʧʫ ʬʫʥʛʠʮʠʜʘ ʩʘ ʥʠʩʢʠʤ ʨʠʟʠʢʦʤ ʦʜ ʨʘʟʚʦʿʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʪʝ ʜʦ ʩʘʜʘ ʥʠʩʫ 

ʫʪʚʨʹʝʥʝ ʨʝʟʠʩʪʝʥʪʥʝ ʧʦʧʫʣʘʮʠʿʝ E. necator ʥʘ ʦʚʘʿ ʬʫʥʛʠʮʠʜ, ʢʘʦ ʥʠ ʨʝʟʠʩʪʝʥʪʥʝ 

ʧʦʧʫʣʘʮʠʿʝ ʜʨʫʛʠʭ ʧʘʪʦʛʝʥʘ. ʈʘʟʣʦʛʝ ʟʘ ʠʟʥʝʥʘʹʫʿʫ˂ʝ ʥʠʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧʘ 

ʚʝʨʦʚʘʪʥʦ ʪʨʝʙʘ ʪʨʘʞʠʪʠ ʫ ˁʝʛʦʚʦʤ ʥʘʯʠʥʫ ʜʝʣʦʚʘˁʘ, ʘ ʤʦʞʜʘ ʠ ʫ ʤʝʪʝʦʨʦʣʦʰʢʠʤ 

ʫʩʣʦʚʠʤʘ ʪʦʢʦʤ ʦʛʣʝʜʥʝ 2020. ʛʦʜʠʥʝ. ʄʝʧʪʠʣ-ʜʠʥʦʢʘʧ ʿʝ ʠʟʨʘʟʠʪʠ ʥʝʩʠʩʪʝʤʠʢ, ʢʦʿʠ ʩʝ ʥʝ 

ʪʨʘʥʩʣʦʮʠʨʘ ʫ ʙʠˀʢʘʤʘ, ʚʝ˂ ʩʝ ʩʥʘʞʥʦ ʚʝʟʫʿʝ ʟʘ ʧʦʚʨʰʠʥʫ ʙʠˀʥʠʭ ʦʨʛʘʥʘ (Bacci et al., 

2008). ɼʦʜʘʪʥʦ, ʤʦʞʝ ʩʝ ʧʨʠʤʝˁʠʚʘʪʠ ʥʝʟʘʚʠʩʥʦ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ, ʠ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʩʫʤʧʦʨʘ, 

ʠʩʧʦˀʘʚʘ ʜʦʙʨʦ ʜʝʣʦʚʘˁʝ  ʧʨʠ ʥʠʩʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ (ʉʪʝʚʠ˂, 2020). ʀʩʪʝ, 2020. ʛʦʜʠʥʝ, 
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ʩʫʤʧʦʨ ʿʝ ʦʯʝʢʠʚʘʥʦ ʠʩʧʦˀʠʦ ʥʠʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʦʚʘ ʜʚʘ ʣʦʢʘʣʠʪʝʪʘ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ 

ʥʠʩʢʝ ʧʨʦʩʝʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʪʦʢʦʤ ʚʝ˂ʝ ʜʝʣʘ ʤʘʿʘ ʠ ʧʨʚʝ ʧʦʣʦʚʠʥʝ ʿʫʥʘ, ʢʦʿʝ ʩʫ 

ʜʝʬʠʥʠʪʠʚʥʦ ʫʪʠʮʘʣʝ ʥʘ ˁʝʛʦʚʦ ʜʝʣʦʚʘˁʝ. ʆʥʦ ʰʪʦ ʟʙʫˁʫʿʝ, ʿʝʩʪʝ ʜʘ ʿʝ ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧ, 

ʫʧʨʘʚʦ ʟʙʦʛ ʯʠˁʝʥʠʮʝ ʜʘ ʩʫʤʧʦʨ ʫ ʦʚʘʢʚʠʤ ʫʩʣʦʚʠʤʘ ʩʧʦˀʥʝ ʩʨʝʜʠʥʝ ʥʝ ʜʝʣʫʿʝ, ʪʨʝʙʘʣʦ ʜʘ 

ʠʩʧʦˀʠ ʟʥʘʪʥʦ ʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ, ʥʝʛʦ ʰʪʦ ʿʝ ʪʦ ʙʠʦ ʩʣʫʯʘʿ, ʿʝʨ ˁʝʛʦʚʦ ʜʝʣʦʚʘˁʝ ʥʠʿʝ ʚʝʟʘʥʦ 

ʟʘ ʩʧʦˀʘʰˁʝ ʫʩʣʦʚʝ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧ ʿʝ ʥʝʩʠʩʪʝʤʠʢ, ʧʘʜʘʚʠʥʝ ʠʩʪʝ ʛʦʜʠʥʝ 

ʥʠʩʫ ʙʠʣʝ ʦʧʪʠʤʘʣʥʦ ʨʘʩʧʦʨʝʹʝʥʝ, ʦʜʥʦʩʥʦ ʿʘʢʝ ʧˀʫʩʢʦʚʠʪʝ ʧʘʜʘʚʠʥʝ ʩʫ ʪʦʢʦʤ ʿʫʥʘ 

ʚʝʨʦʚʘʪʥʦ ʫʪʠʮʘʣʝ ʥʘ ˁʝʛʦʚʦ ʧʦʚʝ˂ʘʥʦ ʩʧʠʨʘˁʝ, ʤʘʜʘ ʩʝ ʟʥʘ ʜʘ ʿʝ ʨʝʣʘʪʠʚʥʦ ʦʪʧʦʨʘʥ ʥʘ 

ʩʧʠʨʘˁʝ ʢʠʰʦʤ (Wittrock et al., 2010). ʄʝʧʪʠʣ-ʜʠʥʦʢʘʧ ʿʝ ʧʨʠʤʝˁʠʚʘʥ ʫ ʠʥʪʝʨʚʘʣʫ 10-14 

ʜʘʥʘ ʠ ʤʦʛʫ˂ʝ ʿʝ ʜʘ ʩʝ ˁʝʛʦʚʘ ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʜʦʚʦʜʠ ʫ ʚʝʟʫ ʠ ʩʘ ʪʠʤ ʧʦʜʘʪʘʢʦʤ, ʧʘ ʿʝ ʫ 

ʫʩʣʦʚʠʤʘ ʢʘʢʚʠ ʩʫ ʙʠʣʠ ʪʦʢʦʤ 2020. ʛʦʜʠʥʝ, ʠʥʪʝʨʚʘʣ ʠʟʤʝʹʫ ʜʚʘ ʪʨʝʪʠʨʘˁʘ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ 

ʢʨʘ˂ʠ, ʙʘʨ ʢʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʦʚʦʤ ʬʫʥʛʠʮʠʜʫ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ Viglione et al. (2014) ʫʪʚʨʹʝʥʘ 

ʿʝ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ (61,8%)  ʧʨʠ ʠʥʪʝʥʟʠʪʝʪʫ 

ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʦʜ 74,7%, ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ ʚʠʩʦʢʘ (96,4%), ʘ 

ʠʥʪʝʨʚʘʣ ʠʟʤʝʹʫ ʜʚʘ ʪʨʝʪʠʨʘˁʘ ʙʠʦ ʿʝ ʠʟʤʝʹʫ 9 ʠ 14 ʜʘʥʘ. ʇʨʝʤʘ ʜʦʩʪʫʧʥʠʤ ʣʠʪʝʨʘʪʫʨʥʠʤ 

ʧʦʜʘʮʠʤʘ, ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧ ʿʝ ʫ ʩʚʠʤ ʜʦʩʘʜʘʰˁʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʠʩʧʦˀʠʦ ʚʠʩʦʢʫ 

ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator. ʅʝ ʧʦʩʪʦʿʝ ʧʦʜʘʮʠ ʢʦʿʠ ʛʦʚʦʨʝ ʦ ʧʦʪʝʥʮʠʿʘʣʥʦʿ 

ʫʢʨʰʪʝʥʦʿ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʩʘ ʜʨʫʛʠʤ ʬʫʥʛʠʮʠʜʠʤʘ ʢʦʿʠ ʠʥʪʝʨʬʝʨʠʨʘʿʫ ʫ ʧʨʦʮʝʩʠʤʘ 

˂ʝʣʠʿʩʢʦʛ ʜʠʩʘˁʘ ʢʦʜ ʛˀʠʚʘ, ʧʦʧʫʪ QoI ʠ SDHI ʬʫʥʛʠʮʠʜʘ. ɼʘ ʙʠ ʩʝ ʫʪʚʨʜʠʣʘ ʝʚʝʥʪʫʘʣʥʘ  

ʧʨʦʤʝʥʘ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʤʝʧʪʠʣ-ʜʠʥʦʢʘʧ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʩʧʨʦʚʝʩʪʠ 

ʦʧʩʝʞʥʠʘʿ ʠʩʧʠʪʠʚʘˁʘ, ʢʘʢʦ ʫ ʧʦˀʫ, ʪʘʢʦ ʠ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ. ʅʝʢʘ ʦʜ ʙʫʜʫ˂ʠʭ ʠʩʪʨʘʞʠʚʘˁʘ 

ʤʦʛʣʘ ʙʠ ʙʠʪʠ ʫʩʤʝʨʝʥʘ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʫ ʜʝʪʝʢʮʠʿʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʥʘ ʦʚʘʿ ʬʫʥʛʠʮʠʜ, ʰʪʦ 

ʙʠ, ʫ ʩʣʫʯʘʿʫ ʧʦʪʚʨʜʝ, ʙʠʦ ʿʝʜʠʥʩʪʚʝʥ ʩʣʫʯʘʿ ʫ ʩʚʝʪʫ.  

 

6.7 ɸʥʘʣʠʟʘ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ  

ʂʨʝʠʨʘˁʝ ʦʜʨʞʠʚʦʛ ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʿʝ 

ʜʫʛʦʪʨʘʿʘʥ ʠ ʢʦʤʧʣʝʢʩʘʥ ʧʦʩʘʦ, ʢʦʿʠ ʟʘʭʪʝʚʘ ʚʠʰʝʛʦʜʠʰˁʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʘʥʘʣʠʟʫ ʙʨʦʿʥʠʭ 

ʧʦʜʘʪʘʢʘ. ʉʧʝʮʠʬʠʯʥʘ ʙʠʦʣʦʛʠʿʘ ʠ ʝʧʠʜʝʤʠʦʣʦʛʠʿʘ E. necator ʫ ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ ʦʪʝʞʘʚʘʿʫ 

ʟʘʰʪʠʪʫ ʚʠʥʦʚʝ ʣʦʟʝ ʠ ʯʠʥʝ ʿʝ ʚʨʣʦ ʠʟʘʟʦʚʥʦʤ. ʇʨʘʚʦʚʨʝʤʝʥʘ ʧʨʠʤʝʥʘ ʚʠʩʦʢʦ ʝʬʠʢʘʩʥʠʭ 

ʬʫʥʛʠʮʠʜʘ ʫ ʥʘʿʦʩʝʪˀʠʚʠʿʠʤ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʫʟ ʧʨʝʪʭʦʜʥʦ ʧʦʟʥʘʚʘˁʝ ʩʚʦʿʩʪʘʚʘ 

ʪʠʭ ʬʫʥʛʠʮʠʜʘ (ʤʝʭʘʥʠʟʤʘ ʜʝʣʦʚʘˁʘ, ʥʘʯʠʥʘ ʜʝʣʦʚʘˁʘ, ʜʠʩʪʨʠʙʫʮʠʿʝ), ʜʦʙʨʘ ʩʫ ʦʩʥʦʚʘ ʟʘ 

ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʫ ʧʨʦʛʨʘʤʘ ʟʘʰʠʪʝ. ʇʨʠʤʘʨʥʠ ʮʠ ˀʠʩʧʠʪʠʚʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʿʝʩʪʝ 

ʦʧʪʠʤʠʟʘʮʠʿʘ ʩʫʟʙʠʿʘˁʘ E. necator, ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʠʥʪʝʛʨʘʣʥʝ ʟʘʰʪʠʪʝ ʠ 

ʘʥʪʠʨʝʟʠʩʪʝʥʪʥʝ ʩʪʨʘʪʝʛʠʿʝ. ɱʝʜʘʥ ʦʜ ʧʨʠʩʪʫʧʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ 

ʚʠʥʦʚʝ ʣʦʟʝ ʿʝʩʪʝ ʢʦʨʠʰ˂ʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʧʦʿʘʚʝ ʦʙʦˀʝˁʘ, ʢʘʢʦ ʙʠ ʩʝ 

ʧʨʘʚʦʚʨʝʤʝʥʦ ʨʝʘʛʦʚʘʣʦ ʠ ʥʘ ʥʝʢʠ ʥʘʯʠʥ ʨʝʜʫʢʦʚʘʦ ʙʨʦʿ ʙʝʩʧʦʪʨʝʙʥʠʭ ʪʨʝʪʠʨʘˁʘ 

ʬʫʥʛʠʮʠʜʠʤʘ ʪʦʢʦʤ ʿʝʜʥʝ ʩʝʟʦʥʝ, ʦʜʥʦʩʥʦ ʢʘʢʦ ʙʠ ʩʝ ʦʧʪʠʤʠʟʦʚʘʣʘ ʟʘʰʪʠʪʘ (Caffi et al., 

2012). ʄʝʹʫʪʠʤ, Thiessen et al. (2018) ʥʘʚʦʜʝ, ʜʘ ʥʝ ʧʦʩʪʦʿʠ ʫʥʠʚʝʨʟʘʣʘʥ ʤʦʜʝʣ ʢʦʿʠ ʙʠ ʙʠʦ 

ʧʨʠʤʝˁʠʚ ʫ ʩʚʠʤ ʨʝʛʠʦʥʠʤʘ ʛʘʿʝˁʘ ʚʠʥʦʚʝ ʣʦʟʝ. ʊʘʢʦʹʝ, ʤʦʜʝʣʠ ʩʫ ʧʨʝʪʝʞʥʦ ʟʘʩʥʦʚʘʥʠ ʥʘ 

ʤʝʪʝʦ ʧʦʜʘʮʠʤʘ ʢʦʿʠ ʠʥʠʮʠʨʘʿʫ ʠʥʬʝʢʮʠʿʫ ʘʩʢʦʩʧʦʨʘʤʘ, ʠ ʪʦ ʩʫ ʫʛʣʘʚʥʦʤ ʧʦʜʘʮʠ ʩʘ 

ʦʙʣʠʞˁʠʭ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʩʪʘʥʠʮʘ, ʘ ʯʝʩʪʦ ʩʝ ʜʝʰʘʚʘ ʜʘ ʫ ʿʝʜʥʦʤ ʨʝʿʦʥʫ ʠʥʪʝʨʬʝʨʠʨʘʿʫ 

ʨʘʟʣʠʯʠʪʠ ʫʩʣʦʚʠ, ʧʘ ʠ ʧʦʜʘʮʠ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘʿʫ ʩʘ ʪʠʭ ʩʪʘʥʠʮʘ ʥʠʩʫ ʨʝʣʝʚʘʥʪʥʠ ʟʘ ʮʝʦ ʨʝʦʿʥ 

(Redl et al., 2021). ʀʟ ʪʠʭ ʨʘʟʣʦʛʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʦʥʘ˂ʠ ʨʝʰʝˁʝ ʟʘ ʢʨʝʠʨʘˁʝ ʤʦʜʝʣʘ 

ʟʘʰʪʠʪʝ ʢʦʿʠ ˂ʝ ʤʦ˂ʠ ʜʘ ʩʝ ʧʨʠʤʝʥʠ ʥʘ ʩʚʘʢʫ ʦʙʣʘʩʪ ʛʘʿʝˁʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʦʜʥʦʩʥʦ ʤʦʜʝʣ ʢʦʿʠ 
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˂ʝ ʩʝ ʟʘʩʥʠʚʘʪʠ ʥʘ ʧʨʠʤʝʥʠ ʘʜʝʢʚʘʪʥʠʭ ʬʫʥʛʠʮʠʜʘ ʫ ʥʘʿʦʩʝʪˀʠʚʠʿʠʤ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ 

ʣʦʟʝ ʧʨʝʤʘ ʧʨʦʫʟʨʦʢʦʚʘʯʫ ʧʝʧʝʣʥʠʮʝ.  

ʋ ʧʝʨʠʦʜʫ ʦʜ 2020. ʜʦ 2022. ʛʦʜʠʥʝ, ʚʨʰʝʥʦ ʿʝ ʠʩʧʠʪʠʚʘˁʝ 6 ʤʦʜʝʣʘ ʠ ʩʪʘʥʜʘʨʜʥʦʛ 

ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ, 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ (2020. ʠ 2021. ʛʦʜʠʥʝ) ʠ ʅʝʰʪʠʥ (2021. ʠ 2022. ʛʦʜʠʥʝ). ʊʦʢʦʤ 

2020. ʛʦʜʠʥʝ, ʠʩʧʠʪʘʥʠ ʩʫ ʝʬʝʢʪʠ 5 ʤʦʜʝʣʘ ʠ ʩʪʘʥʜʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʥʘ 

ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʜʦʢ ʩʫ ʫ ʦʩʪʘʣʠʤ ʛʦʜʠʥʘʤʘ ʠʩʧʠʪʠʚʘʥʠ 

ʝʬʝʢʪʠ 6 ʤʦʜʝʣʘ ʠ ʩʪʘʥʜʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ. ʈʘʟʣʠʢʘ ʫ ʤʦʜʝʣʠʤʘ 2-6 ʩʝ ʦʛʣʝʜʘ ʫ ʪʦʤʝ 

ʜʘ ʿʝ 2020. ʛʦʜʠʥʝ, ʫ ʜʨʫʛʦʤ ʪʨʝʪʠʨʘˁʫ ʧʨʠʤʝˁʝʥ ʧʨʝʧʘʨʘʪ Karathane Gold 350 ɽʉ,  ʘ 2021. 

ʠ 2022. ʛʦʜʠʥʝ ʧʨʝʧʘʨʘʪʠ Spirox (Strix) ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ ʠ ʅʝʰʪʠʥ, ʦʜʥʦʩʥʦ Vivando 

ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ. ʆʚʘ ʧʨʦʤʝʥʘ ʿʝ ʥʘʧʨʘʚˀʝʥʘ ʿʝʨ ʩʝ ʫ ʦʛʣʝʜʠʤʘ 

ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ 2020. ʛʦʜʠʥʝ ʠʩʧʦʩʪʘʚʠʣʦ ʜʘ Karathane Gold 350 ɽʉ ʥʝ ʠʩʧʦˀʘʚʘ 

ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʧʘ ʿʝ ʠʩʪʠ ʧʨʝʧʘʨʘʪ 

ʠʩʢˀʫʯʝʥ ʠʟ ʜʘˀʠʭ ʠʩʧʠʪʠʚʘˁʘ. ʂʦʜ ʤʦʜʝʣʘ 3-5 ʧʨʝʧʘʨʘʪ ʥʘ ʙʘʟʠ ʩʫʤʧʦʨʘ (Kumulus DF) 

ʧʨʠʤʝˁʝʥ ʿʝ ʫ ʧʨʚʦʤ ʠ ʧʦʩʣʝʜˁʝʤ ʪʨʝʪʠʨʘˁʫ, ʜʦʢ ʿʝ ʢʦʜ ʤʦʜʝʣʘ 6 ʧʨʠʤʝˁʝʥ ʫ ʧʨʚʦʤ ʠ 

ʧʦʩʣʝʜˁʘ ʜʚʘ ʪʨʝʪʠʨʘˁʘ.  

ʇʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 1, ʛʜʝ ʩʫ ʠʟʦʩʪʘʚˀʝʥʘ ʧʨʚʘ ʜʚʘ ʪʨʝʪʠʨʘˁʘ ʠ ʧʦʩʣʝʜˁʘ ʜʚʘ 

ʪʨʝʪʠʨʘˁʘ, ʦʜʥʦʩʥʦ ʛʜʝ ʩʫ ʬʫʥʛʠʮʠʜʠ ʧʨʠʤʝˁʝʥʠ ʫ ʥʘʿʦʩʝʪˀʠʚʠʿʠʤ ʬʝʥʦʬʘʟʘʤʘ ʚʠʥʦʚʝ 

ʣʦʟʝ (BBCH 57-75) ʜʦʙʠʿʝʥʠ ʩʫ ʨʘʟʣʠʯʠʪʠ ʨʝʟʫʣʪʘʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʛʦʜʠʥʝ ʠʩʧʠʪʠʚʘˁʘ ʠ 

ʣʦʢʘʣʠʪʝʪʘ. ʊʘʢʦ ʿʝ 2020. ʛʦʜʠʥʝ ʝʬʠʢʘʩʥʦʩʪ ʦʚʦʛ ʤʦʜʝʣʘ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ ʙʠʣʘ 47,2% 

ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 67,9% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʉʫʧʨʦʪʥʦ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ 

ɺʠʥʦʛʨʘʜʠ, ʠʩʪʝ ʛʦʜʠʥʝ, ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʙʠʣʘ ʟʥʘʪʥʦ ʚʝ˂ʘ 92,5% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 86,9% ʥʘ 

ʣʠʩʪʦʚʠʤʘ. ʈʘʟʣʦʛ ʟʘ ʦʚʘʢʚʫ ʨʘʟʣʠʢʫ ʫ ʝʬʠʢʘʩʥʦʩʪʠ ʤʦʞʝʤʦ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʧʨʦʥʘ˂ʠ ʫ 

ʧʨʠʤʝʥʠ ʧʨʝʧʘʨʘʪʘ Sekvenca. ʅʘʠʤʝ, ʦʚʘʿ ʧʨʝʧʘʨʘʪ, ʧʨʠʤʝˁʝʥ ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ (0,013%) ʫ ʩʪʫʜʠʿʘʤʘ ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ ʠ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʪʦʢʦʤ 2019. ʛʦʜʠʥʝ, ʠʩʧʦˀʠʦ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ (> 90%), ʟʙʦʛ 

ʯʝʛʘ ʿʝ ʠ ʫʚʨʰʪʝʥ ʫ ʤʦʜʝʣ ʟʘʰʪʠʪʝ 2020. ʛʦʜʠʥʝ. ʄʝʹʫʪʠʤ, ʠʩʧʠʪʠʚʘˁʘ ʢʦʤʧʘʨʘʪʠʚʥʝ 

ʝʬʠʢʘʩʥʦʩʪʠ ʩʫ ʧʦʢʘʟʘʣʘ ʟʥʘʪʥʫ ʨʘʟʣʠʢʫ ʫ ʝʬʠʢʘʩʥʦʩʪʠ ʦʚʦʛ ʧʨʝʧʘʨʘʪʘ 2020. ʛʦʜʠʥʝ ʥʘ 

ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ ʫ ʦʜʥʦʩʫ ʥʘ 2019. ʛʦʜʠʥʫ, ʿʝʨ ʿʝ ʜʦʰʣʦ ʜʦ ʟʥʘʯʘʿʥʦʛ ʩʤʘˁʝˁʘ 

ʝʬʠʢʘʩʥʦʩʪʠ (< 60%), ʘ ʠʩʪʠ ʬʫʥʛʠʮʠʜ ʿʝ ʧʨʠʤʝˁʝʥ ʫ ʤʦʜʝʣʫ ʟʘʰʪʠʪʝ ʫ ʦʩʝʪˀʠʚʦʿ 

ʬʝʥʦʬʘʟʠ, ʪʿ. ʪʦʢʦʤ ʮʚʝʪʘˁʘ, ʰʪʦ ʜʦʜʘʪʥʦ ʧʦʪʢʨʝʧˀʫʿʝ ʥʘʰʫ ʧʨʝʪʧʦʩʪʘʚʢʫ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʧʘʨʘʪʘ Sekvenca ʙʠʣʘ ʿʝ ʚʠʩʦʢʘ ʫ 

ʠʩʧʠʪʠʚʘˁʠʤʘ ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ, ʰʪʦ ʿʝ ʚʝʨʦʚʘʪʥʦ ʠ ʜʦʧʨʠʥʝʣʦ ʜʘ ʜʦʹʝ ʜʦ 

ʦʚʘʢʚʠʭ ʨʘʟʣʠʢʘ. ɺʝ˂ ʪʦʢʦʤ 2021. ʛʦʜʠʥʝ, ʧʦʚʝ˂ʘˁʝʤ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʨʝʧʘʨʘʪʘ Sekvenca, ʩʘ 

0,013 ʥʘ 0,02%, ʦʩʪʚʘʨʝʥʠ ʩʫ ʠ ʙʦˀʠ ʨʝʟʫʣʪʘʪʠ. ɽʬʠʢʘʩʥʦʩʪ ʦʚʦʛ ʤʦʜʝʣʘ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ 

ʊʦʧʦʣʘ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʢʨʝʪʘʣʘ ʩʝ ʦʜ 94,7 ʜʦ 96,9% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 

78,5 ʜʦ 91,7% ʥʘ ʣʠʩʪʦʚʠʤʘ, ʜʦʢ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʅʝʰʪʠʥ ʫʪʚʨʹʝʥʘ ʥʝʰʪʦ ʩʣʘʙʠʿʘ 

ʝʬʠʢʘʩʥʦʩʪ 80,4% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 67,8% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʘ ʦʚʦʤ ʣʦʢʘʣʠʪʝʪʫ ʨʘʟʣʦʛ ʟʘ ʥʝʰʪʦ 

ʩʣʘʙʠʿʫ ʝʬʠʢʘʩʥʦʩʪ ʤʦʜʝʣʘ 1 ʤʦʞʝ ʩʝ ʧʨʠʧʠʩʘʪʠ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʥʝʰʪʦ ʨʘʥʠʿʝ ʦʩʪʚʘʨʝʥʠʤ 

ʧʨʠʤʘʨʥʠʤ ʠʥʬʝʢʮʠʿʘʤʘ, ʰʪʦ ʿʝ ʙʠʦ ʠ ʩʣʫʯʘʿ ʥʘ ʠʩʪʦʤ ʣʦʢʘʣʠʪʝʪʫ 2022. ʛʦʜʠʥʝ, ʛʜʝ ʿʝ 

ʝʬʠʢʘʩʥʦʩʪ ʤʦʜʝʣʘ 1 ʙʠʣʘ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʘ, ʦʜʥʦʩʥʦ 63,4% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 70,8% ʥʘ 

ʣʠʩʪʦʚʠʤʘ.  

ʂʦʜ ʤʦʜʝʣʘ 2 ʟʘʰʪʠʪʝ, ʫ ʢʦʤʝ ʿʝ ʠʟʦʩʪʘʚˀʝʥ ʧʨʚʠ ʠ ʧʦʩʣʝʜˁʘ ʜʚʘ ʪʨʝʪʠʨʘˁʘ, 

ʧʦʩʪʠʛʥʫʪʠ ʩʫ ʩʣʠʯʥʠ ʝʬʝʢʪʠ ʢʘʦ ʢʦʜ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʦʛ ʤʦʜʝʣʘ 1. ʅʘ ʣʦʢʘʣʠʪʝʪʫ, 

ʊʦʧʦʣʘ, ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʦʚʦʛ ʤʦʜʝʣʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʘʿʧʨʝ, ʢʘʦ ʰʪʦ ʿʝ ʧʦʤʝʥʫʪʦ ʠ ʢʦʜ 

ʤʦʜʝʣʘ 1, ʟʙʦʛ ʥʠʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ. ɼʦʜʘʪʥʦ, ʫ ʧʨʚʦʤ ʪʨʝʪʠʨʘˁʫ ʢʦʜ ʤʦʜʝʣʘ 
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2 ʢʦʨʠʰ˂ʝʥ ʿʝ ʧʨʝʧʘʨʘʪ Karathane Gold 350 ɽʉ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,05%, ʢʦʿʠ ʿʝ ʦʯʠʛʣʝʜʥʦ ʫ 

ʦʜʨʝʹʝʥʦʤ ʩʤʠʩʣʫ ʜʝʣʦʚʘʦ, ʘʣʠ ʥʝ ʜʦʚʦˀʥʦ, ʘ ˁʝʛʦʚʘ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʧʦˀʩʢʠʤ 

ʦʛʣʝʜʠʤʘ ʠʩʪʝ ʛʦʜʠʥʝ ʩʘʤʦ ʧʦʪʚʨʹʫʿʝ ʦʚʫ ʧʨʝʪʧʦʩʪʘʚʢʫ. ɼʘʢʣʝ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, 

ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʝʬʠʢʘʩʥʦʩʪ 61,5% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʠ 84,4% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʉʫʧʨʦʪʥʦ, ʥʘ 

ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ 94,7% ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʠ 90,3% ʥʘ ʣʠʩʪʦʚʠʤʘ, ʠ ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ ʿʝ ʧʨʠʤʝˁʝʥ ʧʨʝʧʘʨʘʪ Karathane Gold, 

ʯʠʿʘ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ ʥʠʩʢʘ ʫ ʦʛʣʝʜʠʤʘ ʢʦʤʧʘʨʘʪʠʚʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠʩʪʝ ʛʦʜʠʥʝ ʥʘ ʦʚʦʤ 

ʣʦʢʘʣʠʪʝʪʫ. ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʫ ʝʬʠʢʘʩʥʦʩʪʠ ʥʠʿʝ ʙʠʣʦ ʠʟʤʝʹʫ ʤʦʜʝʣʘ 1 ʠ 2, 

ʛʜʝ ʩʫ ʠʥʪʝʥʟʠʪʝʪʠ ʦʙʦˀʝˁʘ ʙʠʣʠ 3,86 ʠ 2,57% ʥʘ ʛʨʦʟʜʦʚʠʤʘ (ɻʨʘʬʠʢʦʥ 16), ʦʜʥʦʩʥʦ 4,03 

ʠ 3,01% ʥʘ ʣʠʩʪʦʚʠʤʘ. ɼʘʢʣʝ, ʤʘʣʝ ʨʘʟʣʠʢʝ ʩʫ ʫʪʚʨʹʝʥʝ, ʘʣʠ ʩʪʘʪʠʩʪʠʯʢʠ ʥʠʩʫ ʙʠʣʝ ʟʥʘʯʘʿʥʝ, 

ʰʪʦ ʠʤʧʣʠʮʠʨʘ ʜʘ ʿʝʜʥʦ ʪʨʝʪʠʨʘˁʝ ʧʨʝʧʘʨʘʪʦʤ Karathane Gold ʥʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ ʠ ʥʠʿʝ 

ʠʤʘʣʦ ʥʘʨʦʯʠʪʦʛ ʟʥʘʯʘʿʘ. ʊʦʢʦʤ 2021. ʛʦʜʠʥʝ, ʢʘʜʘ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʠʩʪʠ ʧʨʝʧʘʨʘʪ 

ʟʘʤʝˁʝʥ ʧʨʝʧʘʨʘʪʦʤ Spirox, ʨʝʟʫʣʪʘʪʠ ʩʫ ʙʠʣʠ ʟʥʘʯʘʿʥʦ ʙʦˀʠ, ʩʘ ʝʬʠʢʘʩʥʦʰ˂ʫ ʦʜ 96,0% ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʠ 94,0% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʄʝʹʫʪʠʤ, ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʤʦʜʝʣʘ 

1 ʠ ʤʦʜʝʣʘ 2 ʥʘ ʦʚʦʤ ʣʦʢʘʣʠʪʝʪʫ ʥʠʿʝ ʙʠʣʦ, ʙʘʰ ʢʘʦ ʰʪʦ ʿʝ ʙʠʦ ʩʣʫʯʘʿ ʥʘ ʣʦʢʘʣʠʪʝʪʫ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ 2020. ʛʦʜʠʥʝ, ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʧʨʚʦ ʪʨʝʪʠʨʘˁʝ ʫ ʤʦʜʝʣʫ 2 ʥʠʿʝ 

ʠʤʘʣʦ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʫʢʫʧʥʫ ʝʬʠʢʘʩʥʦʩʪ. ʄʝʹʫʪʠʤ, ʠʩʪʝ ʛʦʜʠʥʝ ʥʝʰʪʦ ʜʨʫʛʘʯʠʿʠ 

ʨʝʟʫʣʪʘʪʠ ʩʫ ʜʦʙʠʿʝʥʠ ʫ ʅʝʰʪʠʥʫ, ʛʜʝ ʿʝ ʪʨʝʪʠʨʘˁʝ ʧʨʝʧʘʨʘʪʦʤ Spirox ʠʧʘʢ ʫʪʠʮʘʦ ʥʘ 

ʧʦʚʝ˂ʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ, ʿ ʝʨ ʿʝ ʧʨʠʤʝˁʝʥ ʫ ʧʝʨʠʦʜʫ ʦʩʪʚʘʨʠʚʘˁʘ ʧʨʠʤʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ, ʪʝ ʿʝ 

ʫʪʚʨʹʝʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʤʦʜʝʣʘ 1 ʠ 2 ʫ ʧʦʛʣʝʜʫ ʝʬʠʢʘʩʥʦʩʪʠ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ ʫ ʨʘʥʛʫ ʤʦʜʝʣʘ 1. ʂʦʜ ʤʦʜʝʣʘ 2 ʠʥʪʝʥʟʠʪʝʪ 

ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʙʠʦ ʿʝ 5,79%, ʘ ʫ ʤʦʜʝʣʫ 1 9,71%.  

ʂʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʤʦʜʝʣʫ 3, ʛʜʝ ʿʝ ʫ ʧʨʚʦʤ ʪʨʝʪʠʨʘˁʫ ʧʨʠʤʝˁʝʥ ʩʫʤʧʦʨ, ʘ ʩʚʘ ʦʩʪʘʣʘ 

ʪʨʝʪʠʨʘˁʘ ʩʫ ʠʟʚʦʹʝʥʘ ʢʘʦ ʫ ʤʦʜʝʣʫ 2, ʫʛʣʘʚʥʦʤ ʥʠʿʝ ʫʪʚʨʹʝʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ 

ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʤʦʜʝʣʘ, ʦʩʠʤ ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ. ʅʘ ʪʦʤ ʣʦʢʘʣʠʪʝʪʫ, 2020. ʛʦʜʠʥʝ, 

ʪʨʝʪʠʨʘˁʝ ʩʫʤʧʦʨʦʤ ʜʦʧʨʠʥʝʣʦ ʿʝ ʧʦʚʝ˂ʘˁʫ ʝʬʠʢʘʩʥʦʩʪʠ, ʠ ʫ ʦʜʥʦʩʫ ʥʘ ʤʦʜʝʣ 2 ʛʜʝ ʿʝ 

ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ ʩʘʤʦ 61,5% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 84,4% ʥʘ ʣʠʩʪʦʚʠʤʘ, ʫ ʤʦʜʝʣʫ 3 ʿʝ ʟʘʙʝʣʝʞʝʥʘ 

ʟʥʘʪʥʦ ʚʠʰʘ ʝʬʠʢʘʩʥʦʩʪ - 86,8% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 97,3% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʊʘʢʦʹʝ ʿʝ ʠ 2021. 

ʛʦʜʠʥʝ ʥʘ ʠʩʪʦʤ ʣʦʢʘʣʠʪʝʪʫ ʟʘʙʝʣʝʞʝʥʘ ʤʘʢʩʠʤʘʣʥʘ ʝʬʠʢʘʩʥʦʩʪ ʢʦʜ ʤʦʜʝʣʘ 3, ʜʦʢ ʿʝ ʥʝʰʪʦ 

ʥʠʞʘ ʝʬʠʢʘʩʥʦʩʪ ʟʘʙʝʣʝʞʝʥʘ ʢʦʜ ʤʦʜʝʣʘ 2. ʅʘ ʦʩʪʘʣʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ, ʥʠʿʝ ʙʠʣʦ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʤʦʜʝʣʘ 2 ʠ ʤʦʜʝʣʘ 3. ʊʘʢʦʹʝ, ʥʠ ʝʬʠʢʘʩʥʦʩʪ ʤʦʜʝʣʘ 4 

ʥʠʿʝ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʘ ʦʜ ʝʬʠʢʘʩʥʦʩʪʠ ʤʦʜʝʣʘ 3, ʨʘʟʣʠʢʝ ʫ ʝʬʠʢʘʩʥʦʩʪʠ 

ʩʫ ʙʠʣʝ 1-3% (1-2% ʫ ʠʥʪʝʥʟʠʪʝʪʫ ʦʙʦˀʝˁʘ) ʠʘʢʦ ʿʝ ʢʦʜ ʤʦʜʝʣʘ 4 ʧʨʠʤʝˁʝʥʦ ʿʦʰ ʿʝʜʥʦ 

ʜʦʜʘʪʥʦ ʪʨʝʪʠʨʘˁʝ ʫ ʬʝʥʦʬʘʟʠ ʧʦʯʝʪʘʢ ʜʦʜʠʨʠʚʘˁʘ ʙʦʙʠʮʘ (BBCH 77). ɱʝʜʠʥʦ ʛʜʝ ʩʫ 

ʫʦʯʝʥʝ ʨʘʟʣʠʢʝ, ʪʦ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʤʘ, ʢʦʿʘ ʿʝ ʟʘ 4-5% ʙʠʣʘ ʚʝ˂ʘ ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 

4. ʉʣʠʯʥʦ ʿʝ ʠ ʢʘʜʘ ʩʝ ʧʦʨʝʜʠ ʝʬʠʢʘʩʥʦʩʪʠ ʤʦʜʝʣʘ 4 ʠ ʤʦʜʝʣʘ 5. ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ 

ʨʘʟʣʠʢʝ ʥʠʿʝ ʙʠʣʦ ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʤʦʜʝʣʘ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʝʬʠʢʘʩʥʦʩʪʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ 

ʣʠʩʪʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʨʘʟʣʠʢʝ ʩʫ ʙʠʣʝ ʚʨʣʦ ʤʘʣʝ, ʠʘʢʦ ʿʝ ʫ ʤʦʜʝʣʫ 5 ʠʟʚʝʜʝʥʦ ʿʦʰ ʿʝʜʥʦ 

ʜʦʜʘʪʥʦ ʪʨʝʪʠʨʘˁʝ ʧʨʝʧʘʨʘʪʦʤ ʥʘ ʙʘʟʠ ʩʫʤʧʦʨʘ. ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʥʘ ʿʝʜʥʫ ʚʝʦʤʘ 

ʚʘʞʥʫ ʯʠˁʝʥʠʮʫ, ʘ ʪʦ ʿʝ ʜʘ, ʥʘʢʦʥ ʬʝʥʦʬʘʟʝ ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʛʨʘʰʢʘ (BBCH 75), ʜʘˀʘ 

ʪʨʝʪʠʨʘˁʘ ʥʝʤʘʿʫ ʫʪʠʮʘʿ ʥʘ ʨʝʜʫʢʦʚʘˁʝ ʧʦʿʘʚʝ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʫʢʦʣʠʢʦ ʩʝ 

ʠʟʦʩʪʘʚʝ ʪʨʝʪʠʨʘˁʘ ʥʘʢʦʥ ʦʚʝ ʬʘʟʝ, ʥʝ˂ʝ ʜʦ˂ʠ ʜʦ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦʛ ʧʦʚʝ˂ʘˁʘ 

ʠʥʪʝʥʟʠʪʝʪʘ ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ. ʄʘʣʘ ʨʘʟʣʠʢʘ ʧʨʠʤʝʪʥʘ ʿʝ ʿʝʜʠʥʦ ʫ ʝʬʠʢʘʩʥʦʩʪʠ ʥʘ 

ʣʠʩʪʦʚʠʤʘ, ʰʪʦ ʧʨʘʪʢʠʯʥʦ ʟʥʘʯʠ ʜʘ ʚʝ˂ ʥʘʢʦʥ ʬʝʥʦʬʘʟʝ ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʛʨʘʰʢʘ, 

ʟʘʰʪʠʪʘ ʚʠʥʦʚʝ ʣʦʟʝ, ʜʦ ʙʝʨʙʝ, ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʤʦʞʝ ʜʘ ʩʝ ʙʘʟʠʨʘ ʠʩʢˀʫʯʠʚʦ 

ʥʘ ʧʨʠʤʝʥʠ ʩʫʤʧʦʨʘ, ʢʦʿʠ ʠʩʧʦˀʘʚʘ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʦʙʦˀʝˁʘ ʥʘ ʣʠʩʪʦʚʠʤʘ. 
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ɺʘʞʥʦ ʿʝ ʩʧʦʤʝʥʫʪʠ ʠ ʜʘ ʩʫ ʩʝ ʝʬʝʢʪʠ ʤʦʜʝʣʘ 6 ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʠ ʦʜ ʤʦʜʝʣʘ 

3, 4 ʠ 5, ʩʘ ʘʩʧʝʢʪʘ ʝʬʠʢʘʩʥʦʩʪʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ. ʈʘʟʣʠʢʘ ʢʦʜ ʤʦʜʝʣʘ 6 ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʿʝ 

ʪʘ ʜʘ ʿʝ ʩʫʤʧʦʨ ʫʤʝʩʪʦ ʩʧʠʨʦʢʩʘʤʠʥʘ ʢʦʨʠʰ˂ʝʥ ʫ ʜʨʫʛʦʤ ʪʨʝʪʠʨʘˁʫ. ʊʘ ʿʝʜʠʥʘ ʨʘʟʣʠʢʘ 

ʫʪʠʮʘʣʘ ʿʝ ʥʘ ʩʤʘˁʝˁʝ ʝʬʠʢʘʩʥʦʩʪʠ, ʧʨʝʪʧʦʩʪʘʚˀʘʤʦ ʠʟ ʜʚʘ ʨʘʟʣʦʛʘ. ʇʨʚʠ ʿʝ ʜʘ ʿʝ ʩʫʤʧʦʨ 

ʤʘˁʝ ʝʬʠʢʘʩʘʥ ʫ ʦʜʥʦʩʫ ʥʘ ʩʧʠʨʦʢʩʘʤʠʥ ʫ ʩʧʨʝʯʘʚʘˁʫ ʧʨʠʤʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ, ʘ ʦʙʟʠʨʦʤ ʜʘ 

ʿʝ ʪʦ ʜʨʫʛʦ ʪʨʝʪʠʨʘˁʝ ʩʫʤʧʦʨʦʤ ʠʟʚʝʜʝʥʦ ʪʦʢʦʤ ʤʘʿʘ, ʢʘʜʘ ʿʝ ʠʟʨʘʞʝʥʘ ʬʣʫʢʪʫʘʮʠʿʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʝʪʦʩʪʘʚˀʘ ʩʝ ʜʘ ʿʝ ʩʫʤʧʦʨ ʫ ʪʘʢʚʠʤ ʫʩʣʦʚʠʤʘ ʤʘˁʝ ʝʬʠʢʘʩʘʥ, ʰʪʦ ʿʝ ʜʨʫʛʠ 

ʨʘʟʣʦʛ ʩʤʘˁʝʥʝ ʝʬʠʢʘʩʥʦʩʪʠ. ʋ ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ ʢʦʿʠ ʩʫ ʠʩʧʠʪʠʚʘʣʠ DôArcangelo et al. 

(2010) ʩʫʤʧʦʨ ʿʝ ʙʠʦ ʧʦʟʠʮʠʦʥʠʨʘʥ ʫ ʧʨʚʘ ʜʚʘ ʠ ʧʦʩʣʝʜˁʘ ʜʚʘ ʪʨʝʪʠʨʘˁʘ, ʘ ʠʟʤʝʹʫ ʩʫ 

ʢʦʨʠʰ˂ʝʥʠ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʦʛʨʘʤʘ, ʫ ʙʣʦʢʫ ʦʜ ʜʚʘ ʜʦ ʪʨʠ ʪʨʝʪʠʨʘˁʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʠ 

ʧʨʦʢʚʠʥʘʟʠʜ (ʧʨʚʠ ʧʨʦʛʨʘʤ), ʤʠʢʣʦʙʫʪʘʥʠʣ ʠ ʢʚʠʥʦʢʩʠʬʝʥ (ʜʨʫʛʠ ʧʨʦʛʨʘʤ), ʤʠʢʣʦʙʫʪʘʥʠʣ 

ʠ ʤʝʪʨʘʬʝʥʦʥ (ʪʨʝ˂ʠ ʧʨʦʛʨʘʤ), ʤʠʢʣʦʙʫʪʘʥʠʣ ʠ ʢʦʤʙʠʥʘʮʠʿʘ ʧʨʦʢʚʠʥʘʟʠʜ+ʪʝʪʨʘʢʦʥʘʟʦʣ 

(ʯʝʪʚʨʪʠ ʧʨʦʛʨʘʤ). ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʫ ʩʚʠ ʧʨʦʛʨʘʤʠ ʙʠʣʠ ʚʠʩʦʢʦ ʝʬʠʢʘʩʥʠ (94-

96,5%) ʢʘʜʘ ʿʝ ʩʫʤʧʦʨ ʧʨʠʤʝˁʝʥ ʫ ʧʨʚʘ ʜʚʘ ʠ ʧʦʩʣʝʜˁʘ ʜʚʘ ʪʨʝʪʠʨʘˁʘ, ʜʦʢ ʩʫ ʥʘʰʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʢʘʟʘʣʘ ʜʘ ʫ ʦʚʘʢʚʦʤ ʤʦʜʝʣʫ ʧʦʩʪʦʿʠ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʥʘʿʝʬʠʢʘʩʥʠʿʝ ʤʦʜʝʣʝ. Egger (2008) ʿʝ ʠʩʧʠʪʠʚʘʦ ʨʘʟʣʠʯʠʪʝ ʤʦʜʝʣʝ ʟʘʰʪʠʪʝ, ʛʜʝ ʿʝ 

ʩʫʤʧʦʨ ʩʪʨʘʪʝʰʢʠ ʧʦʟʠʮʠʦʥʠʨʘʥ ʫ ʧʨʚʦʤ ʠ ʧʦʩʣʝʜˁʝʤ ʪʨʝʪʠʨʘˁʫ, ʢʘʦ ʰʪʦ ʿʝ ʫ ʥʘʰʝʤ 

ʠʩʪʨʘʞʠʚʘˁʫ ʙʠʦ ʩʣʫʯʘʿ ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 5. ʀʟʤʝʹʫ ʦʚʘ ʜʚʘ ʪʨʝʪʠʨʘˁʘ ʢʦʨʠʰ˂ʝʥʝ ʩʫ 

ʨʘʟʣʠʯʠʪʝ ʢʦʤʙʠʥʘʮʠʿʝ ʩʠʩʪʝʤʠʯʥʠʭ ʬʫʥʛʠʮʠʜʘ. ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʥʝ 

ʧʦʩʪʦʿʠ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʤʦʜʝʣʘ ʩʘ ʩʫʤʧʦʨʦʤ ʠ ʩʪʘʥʜʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ 

ʟʘʰʪʠʪʝ, ʰʪʦ ʿʝ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʥʘʰʝʛ ʠʩʪʨʘʞʠʚʘˁʘ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ 

DôAscenzo et al. (2012), ʠʩʧʠʪʠʚʘʥʦ ʿʝ ʥʝʢʦʣʠʢʦ ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ, ʘ ʿʝʜʘʥ ʦʜ ʤʦʜʝʣʘ 

ʫʢˀʫʯʠʚʘʦ ʿʝ ʧʨʠʤʝʥʫ ʩʫʤʧʦʨʘ ʫ ʧʨʚʦʤ ʠ ʧʦʩʣʝʜˁʘ ʜʚʘ ʪʨʝʪʠʨʘˁʘ, ʜʦʢ ʩʫ ʠʟʤʝʹʫ 

ʢʦʨʠʰ˂ʝʥʠ ʧʝʥʢʦʥʘʟʦʣ ʠ ʮʠʬʣʫʬʝʥʘʤʠʜ, ʫ ʿʝʜʥʦʤ, ʠ ʩʘʤʦ ʮʠʬʣʫʬʝʥʘʤʠʜ ʫ ʜʨʫʛʦʤ 

ʧʨʦʛʨʘʤʫ. ɽʬʠʢʘʩʥʦʩʪ ʦʚʦʛ ʤʦʜʝʣʘ ʙʠʣʘ ʿʝ ʚʠʩʦʢʘ, 92,2-94,9% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʠ 92,5-98,9% 

ʥʘ ʣʠʩʪʦʚʠʤʘ, ʧʨʠ ʿʘʢʦʿ ʧʦʿʘʚʠ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʠ ʢʦʿʘ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 83,1 ʜʦ 94,5% ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, ʦʜʥʦʩʥʦ 28,7-35,0% ʥʘ ʣʠʩʪʦʚʠʤʘ. ɼʘʢʣʝ, ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʧʨʝʪʭʦʜʥʠʭ 

ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʨʝʟʫʣʪʘʪʘ ʥʘʰʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ, ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ ʩʫʤʧʦʨʘ ʫ 

ʧʨʚʦʤ ʠ ʧʦʩʣʝʜˁʝʤ, ʠʣʠ ʯʘʢ ʧʦʩʣʝʜˁʘ ʜʚʘ ʪʨʝʪʠʨʘˁʘ, ʫʟ ʫʧʦʪʨʝʙʫ ʚʠʩʦʢʦ ʝʬʠʢʘʩʥʠʭ 

ʬʫʥʛʠʮʠʜʘ ʠʟʤʝʹʫ, ʦʜʥʦʩʥʦ ʦʜ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʝ ʮʚʘʩʪʠ ʜʦ ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʛʨʘʰʢʘ 

ʠʟʤʝʹʫ, ʤʦʞʝ ʝʬʠʢʘʩʥʦ ʩʫʟʙʠʪʠ E. necator.  

ʋ ʩʪʘʥʜʘʨʜʥʦʤ ʧʨʦʛʨʘʤʫ ʟʘʰʪʠʪʝ ʿʝ, ʩʘʩʚʠʤ ʦʯʝʢʠʚʘʥʦ, ʦʩʪʚʘʨʝʥʘ ʥʘʿʚʝ˂ʘ 

ʝʬʠʢʘʩʥʦʩʪ, ʿʝʨ ʿʝ ʦʚʘʿ ʧʨʦʛʨʘʤ ʦʜ ʩʘʤʦʛ ʧʦʯʝʪʢʘ ʫʢˀʫʯʠʚʘʦ ʧʨʠʤʝʥʫ ʚʠʩʦʢʦ ʝʬʠʢʘʩʥʠʭ 

ʬʫʥʛʠʮʠʜʘ ʠ ˁʠʭʦʚʫ ʢʦʤʙʠʥʘʮʠʿʫ ʩʘ ʩʫʤʧʦʨʦʤ. ʄʝʹʫʪʠʤ, ʪʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʫʛʣʘʚʥʦʤ 

ʥʠʿʝ ʫʪʚʨʹʝʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʩʪʘʥʜʘʨʜʥʦʛ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʠ ʤʦʜʝʣʘ 

3,4 ʠ 5. ɱʝʜʠʥʦ ʿʝ ʫ ʊʦʧʦʣʠ 2020. ʠ ʅʝʰʪʠʥʫ, 2022. ʛʦʜʠʥʝ, ʫʪʚʨʹʝʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ 

ʨʘʟʣʠʢʘ, ʜʦʢ ʿʝ ʫ ʦʩʪʘʣʠʤ ʛʦʜʠʥʘʤʘ ʟʘʙʝʣʝʞʝʥʘ ʩʣʠʯʥʘ ʝʬʠʢʘʩʥʦʩʪ. ʆʙʟʠʨʦʤ ʜʘ ʩʫ ʫ 

ʤʦʜʝʣʠʤʘ 3, 4 ʠ 5 ʦʩʪʚʘʨʝʥʠ ʦʜʣʠʯʥʠ ʝʬʝʢʪʠ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ 

ʣʦʟʝ, ʞʝʣʝʣʠ ʩʤʦ ʜʘ ʥʘʧʨʘʚʠʤʦ ʠ ʝʢʦʥʦʤʩʢʫ ʘʥʘʣʠʟʫ ʦʚʠʭ ʤʦʜʝʣʘ ʠ ʫʧʦʨʝʜʠʤʦ ʠʭ ʩʘ 

ʩʪʘʥʜʘʨʜʥʠʤ ʧʨʦʛʨʘʤʦʤ ʟʘʰʪʠʪʝ. ʆʜ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʘʥʘʣʠʟʫ, ʫʟʝʪʠ ʩʫ 

ʪʨʦʰʢʦʚʠ ʧʨʝʧʘʨʘʪʘ, ʜʥʝʚʥʠʮʘ ʨʘʜʥʠʢʘ (ʪʨʘʢʪʦʨʠʩʪʝ) ʠ ʮʝʥʘ ʛʦʨʠʚʘ (ʜʠʟʝʣʘ) ʧʦ ʭʝʢʪʘʨʫ. 

ʅʘʿʝʢʦʥʦʤʠʯʥʠʿʠ ʤʦʜʝʣ ʟʘʰʪʠʪʝ, ʰʪʦ ʿʝ ʠ ʣʦʛʠʯʥʦ ʫʟʝʚʰʠ ʫ ʦʙʟʠʨ ʥʘʿʤʘˁʠ ʙʨʦʿ ʠʟʚʝʜʝʥʠʭ 

ʪʨʝʪʠʨʘˁʘ, ʙʠʦ ʿʝ ʤʦʜʝʣ 3, ʛʜʝ ʩʫ ʩʝ ʪʨʦʰʢʦʚʠ ʢʨʝʪʘʣʠ ʦʜ 22500 ʜʠʥ. (191,5 ʝʚʨʘ) ʜʦ 27488 

ʜʠʥ. (233,9 ʝʚʨʘ), ʦʜʥʦʩʥʦ ʫ ʧʨʦʩʝʢʫ 24333 ʜʠʥ. (207 ʝʚʨʘ) ʧʦ ʭʝʢʪʘʨʫ. ʄʦʜʝʣ 4, ʢʦʿʠ ʿʝ ʙʠʦ 

ʿʝʜʘʥ ʦʜ  ʥʘʿʝʬʠʢʘʩʥʠʿʠʭ, ʢʦʰʪʘʦ ʿʝ ʦʜ 26517 ʜʠʥ. (225,7 ʝʚʨʘ) ʜʦ 30167 ʜʠʥ. (256,7 ʝʚʨʘ) ʧʦ 

ʭʝʢʪʘʨʫ, ʫ ʧʨʦʩʝʢʫ 27587 ʜʠʥ. (235 ʝʚʨʘ) ʧʦ ʭʝʢʪʘʨʫ. ʅʘʿʩʢʫʧˀʠ ʤʦʜʝʣ ʙʠʦ ʿʝ ʤʦʜʝʣ 5, 
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ʥʘʨʘʚʥʦ ʩ ʨʘʟʣʦʛʦʤ, ʿʝʨ ʿʝ ʧʨʠʤʝˁʝʥʦ ʿʝʜʥʦ ʪʨʝʪʠʨʘˁʝ ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʤʦʜʝʣ 4, ʧʘ ʩʫ ʩʝ 

ʪʨʦʰʢʦʚʠ ʦʚʦʛ ʤʦʜʝʣʘ ʢʨʝʪʘʣʠ ʦʜ 28830 ʜʠʥ. (245,4 ʝʚʨʘ) ʜʦ 30977 ʜʠʥ. (263,6 ʝʚʨʘ) ʧʦ 

ʭʝʢʪʘʨʫ, ʫ ʧʨʦʩʝʢʫ 29919 ʜʠʥ. (255 ʝʚʨʘ) ʧʦ ʭʝʢʪʘʨʫ. ʋʢʦʣʠʢʦ ʫʧʦʨʝʜʠʤʦ ʠʩʧʠʪʠʚʘʥʝ 

ʤʦʜʝʣʝ, ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʜʘ ʿʝ ʤʦʜʝʣ 3, ʢʘʦ ʥʘʿʝʢʦʥʦʤʠʯʥʠʿʠ, ʙʠʦ ʫ ʧʨʦʩʝʢʫ ʿʝʬʪʠʥʠʿʠ ʟʘ 28, 

ʦʜʥʦʩʥʦ 48 ʝʚʨʘ ʧʦ ʭʝʢʪʘʨʫ, ʫ ʦʜʥʦʩʫ ʥʘ ʤʦʜʝʣʝ 4 ʠ 5. ʄʦʜʝʣ 4 ʿʝ ʫ ʧʨʦʩʝʢʫ ʙʠʦ ʿʝʬʪʠʥʠʿʠ 

ʦʜ ʤʦʜʝʣʘ 5 ʟʘ 20 ʝʚʨʘ ʧʦ ʭʝʢʪʘʨʫ. ʉʪʘʥʜʘʨʜʥʠ ʧʨʦʛʨʘʤ ʟʘʰʪʠʪʝ ʿʝ ʩʚʘʢʘʢʦ ʙʠʦ ʥʘʿʤʘˁʝ 

ʝʢʦʥʦʤʠʯʘʥ, ʠ ʢʦʰʪʘʦ ʿʝ ʦʜ 31420 ʜʠʥ. (267,4 ʝʚʨʘ) ʜʦ 41757 ʜʠʥ. (355,4 ʝʚʨʘ), ʦʜʥʦʩʥʦ ʫ 

ʧʨʦʩʝʢʫ 35848 ʜʠʥ. (305 ʝʚʨʘ). ʋ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʤʦʜʝʣʝ, ʫ ʧʨʦʩʝʢʫ, ʙʠʦ ʿʝ ʩʢʫʧˀʠ ʟʘ 50-

98 ʝʚʨʘ. ʋʢʦʣʠʢʦ ʦʚʦ ʧʨʝʨʘʯʫʥʘʤʦ ʥʘ ʧʦʚʨʰʠʥʫ ʦʜ 10 ʭʝʢʪʘʨʘ, ʛʦʜʠʰˁʝ ʧʨʠʤʝʥʦʤ 

ʧʨʝʪʭʦʜʥʠʭ ʤʦʜʝʣʘ, ʤʦʞʝ ʩʝ ʫʰʪʝʜʝʪʠ ʦʜ 500 ʜʦ ʛʦʪʦʚʦ 1000 ʝʚʨʘ.  

Caffi et al. (2012) ʩʫ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʢʦʿʝ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʫ ʀʪʘʣʠʿʠ ʦʜ 2006. ʜʦ 2008. 

ʛʦʜʠʥʝ, ʠʩʧʠʪʠʚʘʣʠ ʤʦʛʫ˂ʥʦʩʪʠ ʝʬʠʢʘʩʥʠʿʝʛ ʠ ʦʧʪʠʤʘʣʥʠʿʝʛ ʩʫʟʙʠʿʘˁʘ E. necator ʧʨʠʤʝʥʦʤ 

ʤʦʜʝʣʘ ʢʦʿʠ ʥʘ ʦʩʥʦʚʫ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʬʘʢʪʦʨʘ ʧʨʝʜʚʠʹʘʿʫ ʠʥʬʝʢʮʠʿʫ ʠ ʧʦʿʘʚʫ ʦʙʦˀʝˁʘ. 

ʂʦʨʠʩʪʠʣʠ ʩʫ ʪʟʚ. Ălow-riskñ ʠ Ăhigh-riskñ ʤʦʜʝʣ ʠ ʧʦʨʝʜʠʣʠ ʛʘ ʩʘ ʩʪʘʥʜʘʨʜʥʠʤ ʧʨʦʛʨʘʤʦʤ 

ʟʘʰʪʠʪʝ. ʋʪʚʨʜʠʣʠ ʩʫ ʜʘ Ălow-riskñ ʧʨʦʛʨʘʤ ʦʙʝʟʙʝʹʫʿʝ ʝʬʠʢʘʩʥʫ ʟʘʰʪʠʪʫ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʠ ʜʘ ʿʝ ʫ ʧʨʦʩʝʢʫ ʫ ʦʢʚʠʨʫ ʦʚʦʛ ʧʨʦʛʨʘʤʘ ʛʦʜʠʰˁʝ ʧʨʠʤʝˁʝʥʦ 3-

4 ʪʨʝʪʠʨʘˁʘ, ʰʪʦ ʿʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʩʪʘʥʜʘʨʜʥʠʤ ʧʨʦʛʨʘʤʦʤ ʟʘʰʪʠʪʝ ʩʘ 5-7 ʪʨʝʪʠʨʘˁʘ, 

ʟʥʘʯʘʿʥʦ ʤʘˁʝ. ʉʪʘʥʜʘʨʜʥʠ ʧʨʦʛʨʘʤ ʟʘʰʪʠʪʝ, ʢʘʢʦ ʠʩʪʨʘʞʠʚʘʯʠ ʥʘʚʦʜʝ, ʢʦʰʪʘʦ ʿʝ ʫ ʧʨʦʩʝʢʫ 

221 ʝʫʨʦ/ha ʛʦʜʠʰˁʝ, ʜʦʢ ʩʝ ʧʨʠʤʝʥʦʤ Ălow-riskñ ʧʨʦʛʨʘʤʘ ʤʦʛʣʦ ʫʰʪʝʜʝʪʠ ʠ ʜʦ 56 ʝʚʨʘ ʫ 

ʧʨʦʩʝʢʫ ʧʦ ʭʝʢʪʘʨʫ ʛʦʜʠʰˁʝ. ɺʝʦʤʘ ʩʣʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʫʪʚʨʹʝʥʠ ʩʫ ʠ ʫ ʠʩʪʨʘʞʠʚʘˁʫ Carisse 

et al. (2009b), ʫ ʢʦʤʝ ʩʝ ʥʘʚʦʜʠ ʜʘ ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʩʪʝʧʝʥ-ʜʘʥʠʤʘ ʠ 

ʧʨʝʜʠʢʮʠʿʠ ʨʘʟʥʦʰʝˁʘ ʘʩʢʦʩʧʦʨʘ, ʪʿ. ʦʩʪʚʘʨʠʚʘˁʫ ʧʨʠʤʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ ʥʘ ʦʩʥʦʚʫ ʩʪʝʧʝʥ-

ʜʘʥʘ, ʤʦʞʝ ʩʝ ʨʝʜʫʢʦʚʘʪʠ ʙʨʦʿ ʪʨʝʪʠʨʘˁʘ ʛʦʜʠʰˁʝ ʩʘ 6-9, ʢʦʣʠʢʦ ʿʝ ʫ ʩʪʘʥʜʘʨʜʥʠʤ 

ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ, ʥʘ 2-5, ʯʠʤʝ ʩʝ ʫʧʦʪʨʝʙʘ ʬʫʥʛʠʮʠʜʘ ʩʤʘˁʫʿʝ ʟʘ 40-55% ʠ ʦʤʦʛʫ˂ʘʚʘ 

ʟʥʘʪʥʦ ʚʝ˂ʘ ʫʰʪʝʜʘ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ Valdes-Gomez et al. (2017), ʠʩʧʠʪʠʚʘʥʘ ʿʝ ʩʪʨʘʪʝʛʠʿʘ 

ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʠ ʪʦ ʧʨʠʤʝʥʦʤ ʜʚʘ ʦʙʘʚʝʟʥʘ ʪʨʝʪʠʨʘˁʘ ʫ 

ʬʝʥʦʬʘʟʠ ʮʚʝʪʘˁʘ ʠ 12-14 ʜʘʥʘ ʢʘʩʥʠʿʝ, ʿʝʜʥʦʛ ʪʟʚ. Ăʧʨʝʚʝʥʪʠʚʥʦʛñ ʪʨʝʪʠʨʘˁʘ ʧʨʝ ʬʝʥʦʬʘʟʝ 

ʮʚʝʪʘˁʘ, ʪʿ. ʫ ʤʦʤʝʥʪʫ ʢʘʜʘ ʩʝ ʩʪʝʢʥʫ ʫʩʣʦʚʠ ʟʘ ʦʩʪʚʘʨʠʚʘˁʝ ʧʨʠʤʘʨʥʝ ʠʥʬʝʢʮʠʿʝ ʠʣʠ ʿʝʜʥʦʛ 

ʪʨʝʪʠʨʘˁʘ 24 ʜʘʥʘ ʥʘʢʦʥ ʮʚʝʪʘˁʘ. ʋ ʧʨʚʦʤ ʦʙʘʚʝʟʥʦʤ ʪʨʝʪʠʨʘˁʫ, ʢʦʨʠʰ˂ʝʥʘ ʿʝ 

ʢʦʤʙʠʥʘʮʠʿʘ ʘʟʦʢʩʠʩʪʨʦʙʠʥ+ʜʠʬʝʥʦʢʦʥʘʟʦʣ, ʘ ʫ ʜʨʫʛʦʤ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ+ʪʝʙʫʢʦʥʘʟʦʣ, ʘ 

ʚʘʥ ʪʦʛʘ ʫ ʧʨʝʚʝʥʪʠʚʥʦʤ ʠʣʠ ʢʘʩʥʠʿʝ ʢʫʨʘʪʠʚʥʦʤ ʪʨʝʪʠʨʘˁʫ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʩʫʤʧʦʨ ʠ 

ʪʝʙʫʢʦʥʘʟʦʣ. ʊʘʢʚʘ ʩʪʨʘʪʝʛʠʿʘ ʟʘʰʪʠʪʝ ʧʦʨʝʹʝʥʘ ʿʝ ʩʘ ʧʨʦʛʨʘʤʦʤ ʟʘʰʪʠʪʝ ʛʜʝ ʿʝ ʩʫʤʧʦʨ 

ʢʦʨʠʰ˂ʝʥ ʫ ʘʣʪʝʨʥʘʮʠʿʠ ʩʘ ʢʦʤʙʠʥʘʮʠʿʦʤ ʘʟʦʢʩʠʩʪʨʦʙʠʥ+ʜʠʬʝʥʦʢʦʥʘʟʦʣ (7-9 ʪʨʝʪʠʨʘˁʘ 

ʛʦʜʠʰˁʝ) ʠ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʧʨʦʛʨʘʤʦʤ ʟʘʰʪʠʪʝ (14 ʪʨʝʪʠʨʘˁʘ ʛʦʜʠʰˁʝ). ʋ ʢʦʥʪʨʦʣʠ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ, ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʩʝ ʢʨʝʪʘʦ ʦʜ 2,4 ʜʦ 38,7%, ʫ ʠʩʧʠʪʠʚʘʥʦʿ ʩʪʨʘʪʝʛʠʿʠ 

ʟʘʰʪʠʪʝ 0,1-2,1%, ʜʦʢ ʿʝ ʫ ʧʨʦʛʨʘʤʫ ʟʘʰʪʠʪʝ ʠʥʪʝʥʟʠʪʝʪ ʦʙʦˀʝˁʘ ʫ ʩʚʠʤ ʛʦʜʠʥʘʤʘ ʙʠʦ 

ʤʘˁʠ ʦʜ 1,5%, ʠ ʥʠʩʫ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʠ ʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ ʧʨʦʛʨʘʤʘ 

ʟʘhʪʠʪʝ. ɸʫʪʦʨʠ ʥʘʚʦʜʝ, ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ ʩʪʨʘʪʝʛʠʿʝ ʩʘ ʨʝʜʫʢʦʚʘʥʠʤ ʙʨʦʿʝʤ ʪʨʝʪʠʨʘˁʘ ʠ 

ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʛʜʝ ʿʝ ʩʫʤʧʦʨ ʢʦʨʠʰ˂ʝʥ ʫ ʘʣʪʝʨʥʘʮʠʿʠ ʩʘ ʢʦʤʙʠʥʘʮʠʿʦʤ 

ʘʟʦʢʩʠʩʪʨʦʙʠʥ+ʜʠʬʝʥʦʢʦʥʘʟʦʣ ʤʦʞʝ ʫʰʪʝʜʝʪʠ ʠ ʜʦ 280 ʜʦʣʘʨʘ ʛʦʜʠʰˁʝ ʧʦ ʭʝʢʪʘʨʫ. 

ʉʣʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʫ ʧʦʛʣʝʜʫ ʝʬʠʢʘʩʥʦʩʪʠ, ʜʦʙʠʿʝʥʠ ʩʫ ʫ ʠʩʪʨʘʞʠʚʘˁʫ Kast and Bleyer 

(2011), ʢʦʿʠ ʩʫ ʠʩʧʠʪʠʚʘʣʠ ʝʬʝʢʪʝ ʜʚʘ ʨʝʞʠʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ 

ʧʝʧʝʣʥʠʮʝ. ʇʨʚʠ ʨʝʞʠʤ ʿʝ ʧʦʜʨʘʟʫʤʝʚʘʦ ʧʨʠʤʝʥʫ 3 ʪʨʝʪʠʨʘˁʘ ʫ ʥʘʿʦʩʝʪˀʠʚʠʿʠʤ 

ʬʝʥʦʬʘʟʘʤʘ ï ʦʜ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʝ ʮʚʘʩʪʠ ʜʦ ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʧʠʨʠʥʯʘ (BBCH 55-73), 

ʘ ʜʨʫʛʠ ʨʝʞʠʤ ʿʝ ʧʦʜʨʘʟʫʤʝʚʘʦ ʧʨʠʤʝʥʫ 7 ʪʨʝʪʠʨʘˁʘ ʛʦʜʠʰˁʝ ʦʜ ʬʝʥʦʬʘʟʝ 8 ʨʘʟʚʠʿʝʥʠʭ 

ʣʠʩʪʦʚʘ ʜʦ ʟʘʪʚʘʨʘˁʘ ʛʨʦʟʜʘ (BBCH 18-79). ɽʬʠʢʘʩʥʦʩʪ ʧʨʚʦʛ ʨʝʞʠʤʘ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 78,6 ʜʦ 
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100%, ʜʦʢ ʿʝ ʢʦʜ ʜʨʫʛʦʛ ʨʝʞʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ ʥʝʰʪʦ ʚʝ˂ʘ 88,9-100%. ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ 

ʥʘʿʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʧʨʚʦʤ ʨʝʞʠʤʫ ʧʦʩʪʠʛʥʫʪʘ ʢʘʜʘ ʩʫ ʫ ʙʣʦʢʫ ʦʜ ʪʨʠ ʪʨʝʪʠʨʘˁʘ 

ʧʨʠʤʝˁʝʥʠ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ (ʪʨʠ ʧʫʪʘ ʫʟʘʩʪʦʧʥʦ), ʧʨʦʢʚʠʥʘʟʠʜ-ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ-

ʧʨʦʢʚʠʥʘʟʠʜ ʠ ʤʝʪʨʘʬʝʥʦʥ-ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ+ʤʝʪʨʘʬʝʥʦʥ (95,5-100%), ʜʦʢ ʿʝ ʥʘʿʤʘˁʘ 

ʝʬʠʢʘʩʥʦʩʪ ʧʦʩʪʠʛʥʫʪʘ ʢʘʜʘ ʩʫ ʪʨʠ ʧʫʪʘ ʫʟʘʩʪʦʧʥʦ ʧʨʠʤʝˁʝʥʠ ʤʠʢʣʦʙʫʪʘʥʠʣ, ʦʜʥʦʩʥʦ 

ʢʦʤʙʠʥʘʮʠʿʘ ʢʚʠʥʦʢʩʠʬʝʥ+ʤʠʢʣʦʙʫʪʘʥʠʣ (78,6-90,5%). ʆʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ, ʥʘ ʥʝʢʠ ʥʘʯʠʥ 

ʧʦʪʚʨʜʠʣʦ ʠ ʥʘʰʝ ʧʨʝʪʧʦʩʪʘʚʢʝ, ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ ʚʠʩʦʢʦ ʝʬʠʢʘʩʥʠʭ ʬʫʥʛʠʮʠʜʘ ʫ 

ʬʝʥʦʬʘʟʘʤʘ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʝ ʮʚʘʩʪʠ, ʧʦʯʝʪʢʘ ʮʚʝʪʘˁʘ, ʧʨʝʮʚʝʪʘʚʘˁʘ ʠ ʠʟʤʝʹʫ 

ʧʨʝʮʚʝʪʘʚʘˁʘ ʠ ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʛʨʘʰʢʘ ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʚʠʩʦʢ ʥʠʚʦ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ 

ʣʦʟʝ ʦʜ E. necator. Warneke et al. (2019) ʯʘʢ ʥʘʚʦʜʝ ʜʘ ʩʝ ʧʨʘʚʦʚʨʝʤʝʥʦʤ ʠʥʪʝʛʨʘʮʠʿʦʤ 

ʠʟʨʘʟʠʪʦ ʩʠʩʪʝʤʠʯʥʠʭ ʬʫʥʛʠʮʠʜʘ, ʧʦʧʫʪ ʬʣʫʦʧʠʨʘʤʘ, ʫ ʧʨʦʛʨʘʤʝ ʟʘʰʪʠʪʝ ʤʦʞʝ ʟʥʘʯʘʿʥʦ 

ʩʤʘˁʠʪʠ ʧʦʿʘʚʘ ʦʙʦˀʝˁʘ ʠ ʧʦʩʪʠ˂ʠ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʫʢʦʣʠʢʦ ʩʝ ʦʚʘʿ ʬʫʥʛʠʮʠʜ ʧʨʠʤʝʥʠ 

ʫ ʙʣʦʢ ʪʨʝʪʤʘʥʫ ʫ ʬʝʥʦʬʘʟʘʤʘ ʢʨʘʿ ʮʚʝʪʘˁʘ-ʧʨʝʮʚʝʪʘʚʘˁʝ/ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʧʠʨʠʥʯʘ 

(BBCH 69-73). 

ʅʘ ʦʩʥʦʚʫ ʩʚʠʭ ʨʝʟʫʣʪʘʪʘ ʠ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʫ ʠʟʥʝʪʠ, ʫ ʟʘʰʪʠʪʠ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʩʚʫ ʧʘʞˁʫ ʪʨʝʙʘ ʫʩʤʝʨʠʪʠ ʥʘ ʦʜʘʙʠʨ ʚʠʩʦʢʦ ʝʬʠʢʘʩʥʠʭ 

ʬʫʥʛʠʮʠʜʘ ʫ ʥʘʿʦʩʝʪˀʠʚʠʿʠʤ ʬʝʥʦʬʘʟʘʤʘ, ʦʜʥʦʩʥʦ ʦʜ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʝ ʮʚʘʩʪʠ/ʮʚʘʩʪʠ 

ʥʘʙʫʙʨʝʣʝ ʜʦ ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʧʠʨʠʥʯʘ/ʛʨʘʰʢʘ (BBCH 55/57 ï 73/75). ʋʢʦʣʠʢʦ ʩʝ ʫ 

ʦʚʦʤ ʧʝʨʠʦʜʫ ʩʧʨʦʚʝʜʝ ʘʜʝʢʚʘʪʥʘ ʟʘʰʪʠʪʘ, ʤʦʞʝ ʩʝ ʦʯʝʢʠʚʘʪʠ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʢʦʿʘ 

ʧʦʩʣʝʜʠʯʥʦ ʚʦʜʠ ʢʘ ʜʦʙʠʿʘˁʫ ʚʠʩʦʢʦ ʢʚʘʣʠʪʝʪʥʠʭ ʛʨʦʟʜʦʚʘ, ʰʪʦ ʿʝ ʦʩʥʦʚʥʠ ʮʠ ˀ ʫ 

ʧʨʦʠʟʚʦʜˁʠ. ɸʧʣʠʢʘʮʠʿʘ ʩʫʤʧʦʨʘ ʥʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ ʬʦʨʤʠʨʘˁʘ ʣʠʩʪʦʚʘ, ʫ ʦʧʪʠʤʘʣʥʠʤ 

ʫʩʣʦʚʠʤʘ (> 16 ), ʧʨʝʜʩʪʘʚˀʘ ʜʦʙʨʫ ʧʦʣʘʟʥʫ ʪʘʯʢʫ ʟʘ ʟʘʰʪʠʪʫ ʚʠʥʦʚʝ ʣʦʟʝ, ʿʝʨ ʩʝ ʦʚʠʤ 

ʪʨʝʪʠʨʘˁʝʤ ʫʪʠʯʝ ʥʘ ʩʤʘˁʝʥʫ ʧʦʿʘʚʫ E. necator, ʘ ʧʨʠ ʪʦʤ ʿʝ ʩʫʤʧʦʨ ʚʨʣʦ ʝʢʦʥʦʤʠʯʘʥ 

ʬʫʥʛʠʮʠʜ. ʆʚʫ ʢʦʥʩʪʘʪʘʮʠʿʫ ʧʦʪʚʨʹʫʿʫ ʠ ʨʝʟʫʣʪʘʪʠ ʥʘʰʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʠʟ ʅʝʰʪʠʥʘ 2022. 

ʛʦʜʠʥʝ, ʛʜʝ ʿʝ ʫ ʢʦʥʪʨʦʣʠ 2 ʩʫʤʧʦʨ ʧʨʠʤʝˁʝʥ ʥʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ, ʘ ʟʘʪʠʤ ʩʫ ʪʨʝʪʠʨʘˁʘ 

ʬʫʥʛʠʮʠʜʠʤʘ ʠʟʦʩʪʘʚˀʝʥʘ ʜʦ ʬʝʥʦʬʘʟʝ ʧʦʯʝʪʘʢ ʜʦʜʠʨʠʚʘˁʘ ʙʦʙʠʮʘ, ʠ ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʜʘ 

ʿʝ ʦʜʨʝʹʝʥʠ ʝʬʝʢʘʪ ʧʦʩʪʠʛʥʫʪ, ʦʜʥʦʩʥʦ ʜʘ ʿʝ ʟʘ 13% ʙʠʣʘ ʥʠʞʘ ʧʦʿʘʚʘ ʦʙʦˀʝˁʘ ʫ ʦʚʦʿ 

ʢʦʥʪʨʦʣʠ ʥʝʛʦ ʫ ʢʦʥʪʨʦʣʠ ʢʦʿʘ ʿʝ ʦʜ ʧʦʯʝʪʢʘ ʥʝʪʨʝʪʠʨʘʥʘ. ʅʘʢʦʥ ʧʨʠʤʝʥʝ ʩʫʤʧʦʨʘ, ʦʜ 

ʬʝʥʦʬʘʟʝ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʝ ʮʚʘʩʪʠ ʜʦ ʬʝʥʦʬʘʟʝ ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʛʨʘʰʢʘ, ʚʠʩʦʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʧʦʩʪʠʞʝ ʩʝ ʧʨʠʤʝʥʦʤ ʩʧʠʨʦʢʩʘʤʠʥʘ, ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʘ, ʬʣʫʦʧʠʨʘʤʘ, 

ʧʨʦʢʚʠʥʘʟʠʜʘ ʠ ʮʠʬʣʫʬʝʥʘʤʠʜʘ, ʘ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʛʜʝ ʥʠʿʝ ʫʪʚʨʹʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ DMI 

ʬʫʥʛʠʮʠʜʝ ʠ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʝ, ʫ ʧʨʦʛʨʘʤʠʤʘ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣ, 

ʤʝʪʨʘʬʝʥʦʥ ʠ ʧʠʨʠʦʬʝʥʦʥ. ɼʦʜʘʪʥʦ, ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʛʜʝ ʜʠʬʝʥʦʢʦʥʘʟʦʣ ʠʩʧʦˀʘʚʘ ʥʝʰʪʦ 

ʥʠʞʫ ʝʬʠʢʘʩʥʦʩʪ, ʘʣʪʝʨʥʘʪʠʚʘ ʤʦʞʝ ʙʠʪʠ ʧʨʠʤʝʥʘ ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣʘ, ʦʙʟʠʨʦʤ ʜʘ ʥʠʿʝ 

ʫʪʚʨʹʝʥʘ ʧʦʿʘʚʘ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ. ɼʘʢʣʝ, ʪʦʢʦʤ 

ʬʝʥʦʬʘʟʘ ʧʦʯʝʪʘʢ ʮʚʝʪʘˁʘ, ʢʨʘʿ ʮʚʝʪʘˁʘ/ʧʦʯʝʪʘʢ ʧʨʝʮʚʝʪʘʚʘˁʘ ʠ ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ 

ʧʠʨʠʥʯʘ, ʥʝʦʧʭʦʜʦ ʿʝ ʧʨʠʤʝʥʠʪʠ ʩʠʩʪʝʤʠʯʥʝ ʬʫʥʛʠʮʠʜʝ, ʧʦʧʫʪ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʘ, 

ʬʣʫʦʧʠʨʘʤʘ, ʩʧʠʨʦʢʩʘʤʠʥʘ ʠʣʠ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ/ʤʝʬʝʥʪʨʠʬʣʫʢʦʥʘʟʦʣʘ, ʢʘʢʦ ʙʠ ʩʝ 

ʦʙʝʟʙʝʜʠʣʘ ʩʠʛʫʨʥʘ ʟʘʰʪʠʪʘ ʣʠʩʪʦʚʘ ʠ ʙʦʙʠʮʘ. ʅʘʢʦʥ ʬʝʥʦʬʘʟʝ ʙʦʙʠʮʝ ʚʝʣʠʯʠʥʝ ʟʨʥʘ 

ʛʨʘʰʢʘ, ʢʘʜʘ ʩʝ ʩʪʠʯʝ ʠ ʦʥʪʦʛʝʥʝʪʩʢʘ ʦʪʧʦʨʥʦʩʪ ʙʦʙʠʮʝ ʧʨʝʤʘ ʠʥʬʝʢʮʠʿʠ, ʤʦʞʝ ʩʝ 

ʥʘʩʪʘʚʠʪʠ ʩʘ ʧʨʠʤʝʥʦʤ ʩʫʤʧʦʨʘ ʜʦ ʬʝʥʦʬʘʟʝ ʰʘʨʢʘ, ʯʠʿʘ ʧʨʠʤʝʥʘ ʦʩʠʤ ʰʪʦ ʦʙʝʟʙʝʹʫʿʝ 

ʜʦʙʨʫ ʟʘʰʪʠʪʫ ʙʦʙʠʮʘ, ʧʨʫʞʘ ʠ ʜʫʛʦʪʨʘʿʥʫ ʟʘʰʪʠʪʫ ʣʠʩʪʦʚʘ.  

ʋ ʙʫʜʫ˂ʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ, ʫ ʜʦʤʝʥʫ ʢʨʝʨʠʨʘˁʘ ʦʜʨʞʠʚʠʭ ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ 

ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʪʨʝʙʘ ʩʝ ʬʦʢʫʩʠʨʘʪʠ ʥʘ ʪʨʝʪʠʨʘˁʘ ʥʘʢʦʥ ʙʝʨʙʝ ʠ 

ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʢʨʝʪʘˁʘ ʚʝʛʝʪʘʮʠʿʝ (ʫ ʩʘʤʦʤ ʙʫʙʨʝˁʫ ʧʫʧʦˀʘʢʘ), ʯʠʤʝ ʙʠ ʩʝ ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʨʝʜʫʢʦʚʘʦ ʠʥʦʢʫʣʫʤ ʧʘʪʦʛʝʥʘ ʠ ʦʤʦʛʫ˂ʠʣʦ ʦʜʣʘʛʘˁʝ ʧʦʯʝʪʢʘ ʟʘʰʪʠʪʝ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʿʝ. 
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ʇʦʩʪʦʿʝ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʫ ʩʧʨʦʚʝʜʝʥʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ (Caffi et al., 2013; Redl et al., 2021), 

ʘʣʠ ʥʠʿʝ ʜʦ ʢʨʘʿʘ ʨʘʟʿʘʰˁʝʥʦ ʜʦ ʢʦʿʝ ʬʝʥʦʬʘʟʝ ʙʠ ʤʦʛʣʘ ʜʘ ʩʝ ʦʜʣʦʞʠ ʧʨʠʤʝʥʘ ʬʫʥʛʠʮʠʜʘ, 

ʦʜʥʦʩʥʦ ʢʘʜʘ ʪʨʝʙʘ ʟʘʧʦʯʝʪʠ ʩʘ ʟʘʰʪʠʪʦʤ ʫʢʦʣʠʢʦ ʩʘʥʠʪʘʮʠʦʥʝ ʤʝʨʝ ʠʤʘʿʫ ʝʬʝʢʪʘ. ʊʘʢʦʹʝ, 

ʧʦʪʨʝʙʥʦ ʿʝ ʫʩʪʘʥʦʚʠʪʠ ʠ ʢʘʢʚʘ ʿʝ ʩʧʨʝʛʘ ʩʘʥʠʪʘʮʠʦʥʠʭ ʤʝʨʘ ʠ ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ E. 

necator ʥʘ ʦʜʨʝʹʝʥʝ ʛʨʫʧʝ ʬʫʥʛʠʮʠʜʘ (ʧʦʧʫʪ DMI ʬʫʥʛʠʮʠʜʘ), ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ 

ʩʘʥʠʪʘʮʠʦʥʠʭ ʤʝʨʘ ʫʪʠʯʝ ʥʘ ʤʘˁʝ ʦʙʨʘʟʦʚʘˁʝ ʢʘʟʤʦʪʝʮʠʿʘ ʠ ʘʩʢʦʩʧʦʨʘ ʫ ˁʠʤʘ, ʢʦʿʝ ʩʫ 

ʥʦʩʠʦʮʠ ʨʝʟʠʩʪʝʥʪʥʠʭ ʘʣʝʣʘ, ʰʪʦ ʙʠ ʤʦʛʣʦ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʠ ʟʘ ʨʝʜʫʢʮʠʿʫ ʠ ʩʧʨʝʯʘʚʘˁʝ 

ʰʠʨʝˁʘ ʨʝʟʠʩʪʝʥʠʭ ʿʝʜʠʥʢʠ ʫ ʦʢʚʠʨʫ ʿʝʜʥʝ ʧʦʧʫʣʘʮʠʿʝ.  
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7. ɿɸʂɲʋʏɸʂ 

ʅʘ ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʩʢʣʦʧʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʤʦʛʫ ʩʝ ʠʟʚʝʩʪʠ 

ʩʣʝʜʝ˂ʠ ʟʘʢˀʫʯʮʠ: 

 

¶ ʀʩʧʠʪʠʚʘˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʬʫʥʛʠʮʠʜʘ ʫ ʧʦˀʫ, ʢʦʿʘ ʩʫ ʠʟʚʝʜʝʥʘ ʫ ʧʝʨʠʦʜʫ ʦʜ 2019. ʜʦ 2023. 

ʛʦʜʠʥʝ ʥʘ ʯʝʪʠʨʠ ʣʦʢʘʣʠʪʝʪʘ (ʿʝʜʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠ ʪʨʠ ʢʦʤʝʨʮʠʿʘʣʥʘ ʚʠʥʦʛʨʘʜʘ), 

ʦʙʫʭʚʘʪʠʣʘ ʩʫ ʥʘʿʚʘʞʥʠʿʝ ʛʨʫʧʝ ʬʫʥʛʠʮʠʜʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʫ ʥʘʰʦʿ 

ʟʝʤˀʠ. ʋʩʣʦʚʠ ʟʘ ʨʘʟʚʦʿ ʧʘʪʦʛʝʥʘ ʙʠʣʠ ʩʫ ʧʦʛʦʜʥʠ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ ʟʥʘʯʘʿʥʦʤ ʧʦʿʘʚʦʤ 

ʩʠʤʧʪʦʤʘ ʦʙʦˀʝˁʘ ʫ ʢʦʥʪʨʦʣʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ, ʧʘ ʿʝ ʫ ʧʦʿʝʜʠʥʠʤ ʛʦʜʠʥʘʤʘ ʠʥʪʝʥʟʠʪʝʪ 

ʦʙʦˀʝˁʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠʟʥʦʩʠʦ ʠ ʜʦ 90%, ʘ ʥʘ ʣʠʩʪʦʚʠʤʘ ʠ ʜʦ 60%.  

¶ ʅʘʿʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʬʣʫʢʩʘʧʠʨʦʢʩʘʜʘ ʠ 

ʬʣʫʦʧʠʨʘʤʘ. ʌʣʫʢʩʘʧʠʨʦʢʩʘʜ ʿʝ ʠʩʧʦˀʠʦ ʤʘʢʩʠʤʘʣʥʫ ʝʬʠʢʘʩʥʦʩʪ (100%) ʫ ʚʝ˂ʠʥʠ 

ʦʛʣʝʜʘ, ʜʦʢ ʿʝ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʬʣʫʦʧʠʨʘʤʘ ʫʪʚʨʹʝʥʘ, ʢʘʢʦ ʫ ʩʘʤʦʩʪʘʣʥʦʿ ʧʨʠʤʝʥʠ, 

ʪʘʢʦ ʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʩʧʠʨʦʢʩʘʤʠʥʦʤ. ɽʬʠʢʘʩʥʦʩʪ ʙʦʩʢʘʣʠʜʘ ʫ ʩʫʟʙʠʿʘˁʫ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʙʠʣʘ ʿʝ ʚʠʩʦʢʘ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʅʝʰʪʠʥ ʠ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ (> 90%), ʜʦʢ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʈʘʜʤʠʣʦʚʘʮ 

ʟʘʙʝʣʝʞʝʥʘ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʦʚʦʛ ʬʫʥʛʠʮʠʜʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʜʘ ʿʝ 

ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʝ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʙʦʩʢʘʣʠʜ ʥʘ 

ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʈʘʜʤʠʣʦʚʘʮ, ʪʿ. ʜʘ ʿʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʚʝʨʦʚʘʪʥʦ ʠʥʜʫʢʦʚʘʥʘ 

ʤʫʪʘʮʠʿʦʤ H242R, ʢʦʿʘ ʿʝ ʦʜʛʦʚʦʨʥʘ ʟʘ ʨʘʟʚʦʿ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ ʦʚʦʛ ʧʘʪʦʛʝʥʘ 

ʥʘ ʙʦʩʢʘʣʠʜ ʠ ʠʟʦʧʠʨʘʟʘʤ, ʜʦʢ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʩʘ ʜʨʫʛʠʤ ʧʨʝʜʩʪʘʚʥʠʮʠʤʘ 

SDHI ʬʫʥʛʠʮʠʜʘ ʥʝʤʘ.  

¶ ʅʘ ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ ʫʪʚʨʹʝʥʘ ʿʝ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ QoI ʬʫʥʛʠʮʠʜʘ  

(ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʘ, ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ ʠ ʧʠʨʘʢʣʦʩʪʨʦʙʠʥʘ). ʂʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ ʿʝ 

ʠʩʧʦˀʠʦ ʥʠʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ, ʢʦʿʘ ʩʝ 

ʢʨʝʪʘʣʘ ʦʜ 14,3 ʜʦ 58,9% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʠ ʦʜ 31,9 ʜʦ 63,4% ʥʘ ʣʠʩʪʦʚʠʤʘ. ɽʬʠʢʘʩʥʦʩʪ 

ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ ʙʠʣʘ ʿʝ ʠʟʫʟʝʪʥʦ ʥʠʩʢʘ, ʫ ʧʦʿʝʜʠʥʠʤ ʛʦʜʠʥʘʤʘ ʠ ʥʝʛʘʪʠʚʥʘ, ʢʘʢʦ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ (-15,6%), ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ (-14,7%). ɽʬʠʢʘʩʥʦʩʪ ʧʠʨʘʢʣʦʩʪʨʦʙʠʥʘ ʫ 

ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 27,3 ʜʦ 68,4% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʦʜ 44,8 

ʜʦ 59,0% ʥʘ ʣʠʩʪʦʚʠʤʘ, ʯʠʤʝ ʿʝ ʧʦʪʚʨʹʝʥʘ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʩʚʠʭ ʪʝʩʪʠʨʘʥʠʭ QoI 

ʬʫʥʛʠʮʠʜʘ ʠ ʧʨʠʤʝ˂ʝʥʘ ʧʦʿʘʚʘ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ.  

¶ ʈʝʟʠʩʪʝʥʪʥʦʩʪ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ QoI ʬʫʥʛʠʮʠʜʝ ʧʦʪʚʨʹʝʥʘ ʿʝ ʥʘ ʤʦʣʝʢʫʣʘʨʥʦʤ 

ʥʠʚʦʫ ʜʝʪʝʢʮʠʿʦʤ G143A ʤʫʪʘʮʠʿʝ ʫ cyt b ʛʝʥʫ. ʆʚʘ ʤʫʪʘʮʠʿʘ ʜʝʪʝʢʦʚʘʥʘ ʿʝ ʢʦʜ ʩʚʠʭ 

ʠʟʦʣʘʪʘ ʧʦʨʝʢʣʦʤ ʠʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʚʠʥʦʛʨʘʜʘ ʠ ʢʦʜ ʚʠʰʝ ʦʜ 80% ʠʟʦʣʘʪʘ ʢʦʿʠ ʚʦʜʝ 

ʧʦʨʝʢʣʦ ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʚʠʥʦʛʨʘʜʘ, ʩʘ ʬʨʝʢʚʝʥʮʠʿʦʤ G143A ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ 

ʚʝ˂ʦʤ ʦʜ 95%. ʆʜ ʫʢʫʧʥʦ 110 ʪʝʩʪʠʨʘʥʠʭ ʠʟʦʣʘʪʘ, ʚʠʰʝ ʦʜ 60% ʦʢʘʨʘʢʪʝʨʠʩʘʥʠ ʩʫ ʢʘʦ 

ʤʫʪʘʥʪʠ, ʜʦʢ ʿʝ ʤʘˁʝ ʦʜ 10% ʧʨʠʧʘʜʘʣʦ ʪʟʚ. Ăwild-typeñ ʢʘʪʝʛʦʨʠʿʠ, ʘ ʧʨʝʦʩʪʘʣʠ ʠʟʦʣʘʪʠ 

ʩʚʨʩʪʘʥʠ ʩʫ ʫ ʛʨʫʧʫ ʤʝʰʘʥʠʭ. ʋʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʤʝʹʫ ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣʘ ʠ 

ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥʘ ʧʦʪʚʨʹʝʥʘ ʿʝ ʙʠʦʪʝʩʪʦʚʠʤʘ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ. ʆʜ ʫʢʫʧʥʦ 92 

ʪʝʩʪʠʨʘʥʘ ʠʟʦʣʘʪʘ, ʚʠʰʝ ʦʜ 75% ʿʝ ʦʟʥʘʯʝʥʦ ʢʘʦ ʨʝʟʠʩʪʝʥʪʥʦ, ʘ ʩʚʠ ʠʟʦʣʘʪʠ ʩʘ ʚʠʰʝ ʦʜ 

95% G143A ʘʣʝʣʘ ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʫ ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʦʛ DNK, ʙʠʣʠ ʩʫ ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ 

ʢʨʝʟʦʢʩʠʤ-ʤʝʪʠʣ ʠ ʪʨʠʬʣʦʢʩʠʩʪʨʦʙʠʥ ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ 

ʥʝʜʚʦʩʤʠʣʝʥʦ ʫʢʘʟʫʿʫ ʥʘ ʰʠʨʦʢʫ ʜʠʩʪʨʠʙʫʮʠʿʫ ʨʝʟʠʩʪʝʥʪʥʠʭ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ 

QoI ʬʫʥʛʠʮʠʜʝ ʫ ʉʨʙʠʿʠ ʠ ʧʦʿʘʚʫ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʤʝʹʫ ʩʚʠʭ QoI ʬʫʥʛʠʮʠʜʘ. 
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ʇʦʩʤʘʪʨʘʥʦ ʩʘ ʧʨʘʢʪʠʯʥʦʛ ʘʩʧʝʢʪʘ, ʜʘˀʘ ʧʨʠʤʝʥʘ ʦʚʠʭ ʬʫʥʛʠʮʠʜʘ ʫ ʚʝ˂ʠʥʠ 

ʚʠʥʦʛʨʘʜʘʨʩʢʠʭ ʨʝʿʦʥʘ ʫ ʥʘʰʦʿ ʟʝʤˀʠ ʥʝʤʘ ʧʝʨʩʧʝʢʪʠʚʫ ʠ ʦʚʝ ʬʫʥʛʠʮʠʜʝ ʙʠ ʪʨʝʙʘʣʦ 

ʠʩʢˀʫʯʠʪʠ ʠʟ ʧʨʦʛʨʘʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ.  

¶ ʅʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʢʚʠʥʦʢʩʠʬʝʥʘ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʫʪʚʨʹʝʥʘ ʿʝ  ʛʦʪʦʚʦ ʥʘ ʩʚʠʤ 

ʠʩʧʠʪʠʚʘʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ, ʜʦʢ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʧʨʦʢʚʠʥʘʟʠʜʘ ʙʠʣʘ ʚʠʩʦʢʘ, ʥʘʨʦʯʠʪʦ ʫ 

ʩʫʟʙʠʿʘˁʫ ʦʚʦʛ ʧʘʪʦʛʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʠ ʫʛʣʘʚʥʦʤ ʝʿ ʙʠʣʘ ʧʨʝʢʦ 90%. ʅʝʰʪʦ ʩʣʘʙʠʿʘ 

ʝʬʠʢʘʩʥʦʩʪ ʧʨʦʢʚʠʥʘʟʠʜʘ ʫʪʚʨʹʝʥʘ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ. ʅʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʢʚʠʥʦʢʩʠʬʝʥʘ ʫ 

ʧʦˀʫ ʙʠʣʘ ʿʝ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʜʝʪʝʢʮʠʿʦʤ ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ. ʀʟʦʣʘʪʠ 

ʧʦʨʝʢʣʦʤ ʠʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠ ʪʨʠ ʢʦʤʝʨʮʠʿʘʣʥʘ ʚʠʥʦʛʨʘʜʘ ʫ ʢʦʿʠʤʘ ʩʫ ʚʨʰʝʥʘ 

ʠʩʧʠʪʠʚʘˁʘ ʝʬʠʢʘʩʥʦʩʪʠ, ʨʘʟʚʠʿʘʣʠ ʩʫ ʩʝ ʧʨʠ ʩʚʘʢʦʿ ʦʜ ʪʨʠ ʪʝʩʪʠʨʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʢʚʠʥʦʢʩʠʬʝʥʘ, ʩʘ ʧʨʦʮʝʥʪʠʤʘ ʠʥʭʠʙʠʮʠʿʝ ʢʦʿʠ ʥʠʩʫ ʧʨʝʣʘʟʠʣʠ 50% ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʦʚʦʛ ʬʫʥʛʠʮʠʜʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʢʚʠʥʦʢʩʠʬʝʥʘ, ʧʨʦʢʚʠʥʘʟʠʜ ʿʝ ʠʩʧʦˀʠʦ 

ʟʥʘʯʘʿʥʦ ʚʝ˂ʫ ʠʥʭʠʙʠʮʠʿʫ ʧʦʨʘʩʪʘ ʩʚʠʭ ʠʩʧʠʪʠʚʘʥʠʭ ʠʟʦʣʘʪʘ. ʀʟʦʣʘʪʠ ʧʦʨʝʢʣʦʤ ʩʘ 

ʣʦʢʘʣʠʪʝʪʘ ʈʘʜʤʠʣʦʚʘʮ ʠ ʊʦʧʦʣʘ, ʨʘʟʚʠʿʘʣʠ ʩʫ ʩʝ ʧʨʠ ʩʚʝ ʪʨʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ, ʩʘ 

ʧʨʦʮʝʥʪʠʤʘ ʠʥʭʠʙʠʮʠʿʝ ʦʜ 59 ʜʦ 97%, ʜʦʢ ʩʫ ʩʝ ʠʟʦʣʘʪʠ ʧʦʨʝʢʣʦʤ ʠʟ ʅʝʰʪʠʥʘ ʠ ɺʨʰʮʘ 

ʨʘʟʚʠʿʘʣʠ ʩʘʤʦ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ. ɺʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, ʢʘʦ ʠ ʟʥʘʯʘʿʥʦ ʚʝ˂ʘ ʠʥʭʠʙʠʮʠʿʘ ʢʦʿʫ ʿʝ ʧʨʦʢʚʠʥʘʟʠʜ ʠʩʧʦˀʠʦ 

ʫ ʦʜʥʦʩʫ ʥʘ ʢʚʠʥʦʢʩʠʬʝʥ ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ, ʫʧʫ˂ʫʿʫ ʥʘ ʟʘʢˀʫʯʘʢ ʜʘ 

ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ ʥʠʿʝ ʧʨʠʩʫʪʥʘ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ. ʆʚʘʿ ʧʦʜʘʪʘʢ ʿʝ ʦʜ 

ʠʟʫʟʝʪʥʦʛ ʧʨʘʢʪʠʯʥʦʛ ʟʥʘʯʘʿʘ, ʿʝʨ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʩʝ ʧʨʦʢʚʠʥʘʟʠʜ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ 

ʧʦʫʟʜʘʥʘ ʘʣʪʝʨʥʘʪʠʚʘ ʢʚʠʥʦʢʩʠʬʝʥʫ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʛʜʝ ʿʝ ʫʪʚʨʹʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ 

ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ ʦʚʘʿ ʬʫʥʛʠʮʠʜ.  

¶ ʅʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʠʟ ʛʨʫʧʝ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ 

ʧʝʧʝʣʥʠʮʝ ʫʪʚʨʹʝʥʘ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʈʘʜʤʠʣʦʚʘʮ ʠ ʊʦʧʦʣʘ, ʜʦʢ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ 

ʅʝʰʪʠʥ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʟʘʙʝʣʝʞʝʥʘ ˁʠʭʦʚʘ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ. 

ɽʬʠʢʘʩʥʦʩʪ ʤʝʪʨʘʬʝʥʦʥʘ ʠ ʧʠʨʠʦʬʝʥʦʥʘ ʫ ʩʫʟʙʠʿʘˁʫ E. necator ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʥʘ 

ʣʦʢʘʣʠʪʝʪʠʤʘ ʈʘʜʤʠʣʦʚʘʮ ʠ ʊʦʧʦʣʘ, ʢʨʝʪʘʣʘ ʩʝ ʦʜ 8,5 ʜʦ 44,7%, ʦʜʥʦʩʥʦ ʦʜ 7,5 ʜʦ 49,7%. 

ʇʨʠʤʝʥʦʤ ʧʠʨʠʦʬʝʥʦʥʘ, ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʊʦʧʦʣʘ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʠ ʥʝʛʘʪʠʚʥʘ ʝʬʠʢʘʩʥʦʩʪ ʫ 

ʩʫʟʙʠʿʘˁʫ ʦʚʦʛ ʧʘʪʦʛʝʥʘ ʥʘ ʣʠʩʪʦʚʠʤʘ (-1,0%). ʉʫʧʨʦʪʥʦ, ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʅʝʰʪʠʥ ʠ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, ʫʪʚʨʹʝʥʘ ʿʝ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ (> 90%) ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ ʫ 

ʩʫʟʙʠʿʘˁʫ E. necator. ʋ ʙʠʦʪʝʩʪʦʚʠʤʘ ʩʘ ʣʠʩʥʠʤ ʜʠʩʢʦʚʠʤʘ, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʥʠʩʢʘ 

ʠʥʭʠʙʠʮʠʿʘ ʧʦʨʘʩʪʘ ʠʟʦʣʘʪʘ E. necator ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ, ʜʚʘ ʠ ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʤʝʪʨʘʬʝʥʦʥʘ ʠ ʧʠʨʠʦʬʝʥʦʥʘ, ʯʠʤʝ ʿʝ ʧʦʪʚʨʹʝʥʘ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ 

ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʬʫʥʛʠʮʠʜʘ. ʈʝʟʠʩʪʝʥʪʥʦʩʪ ʿʝ ʜʝʪʝʢʪʦʚʘʥʘ ʢʦʜ ʠʟʦʣʘʪʘ ʢʦʿʠ ʚʦʜʝ ʧʦʨʝʢʣʦ 

ʩʘ ʯʝʪʠʨʠ ʨʘʟʣʠʯʠʪʘ ʣʦʢʘʣʠʪʝʪʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ, ʩʘ ʧʨʘʢʪʠʯʥʝ ʪʘʯʢʝ ʛʣʝʜʠʰʪʘ, 

ʫʢʘʟʫʿʫ ʜʘ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʛʜʝ ʿʝ ʟʘʙʝʣʝʞʝʥʘ ʩʤʘˁʝʥʘ ʝʬʠʢʘʩʥʦʩʪ ʬʫʥʛʠʮʠʜʘ ʠʟ ʛʨʫʧʝ 

ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʘ, ʦʜʥʦʩʥʦ ʛʜʝ ʿʝ ʧʦʪʚʨʹʝʥʘ ʧʨʦʤʝʥʘ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. 

necator, ʦʚʝ ʬʫʥʛʠʮʠʜʝ ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʢʦʨʠʩʠʪʠ ʫ ʧʨʦʛʨʘʤʠʤʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ.  

¶ ʅʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ 
ʫʪʚʨʹʝʥʘ ʿʝ ʥʘ ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ, ʢʘʢʦ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ ʪʘʢʦ ʠ ʧʨʠ 

ʜʚʦʩʪʨʫʢʦ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ. ʅʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʈʘʜʤʠʣʦʚʘʮ ʠ 

ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʫ 

ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ, ʜʦʢ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʅʝʰʪʠʥ ʟʘʙʝʣʝʞʝʥʘ ʥʠʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʦʚʦʛ ʬʫʥʛʠʮʠʜʘ ʧʨʠ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʠ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʧʨʠ 

ʜʚʦʩʪʨʫʢʦ ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ. ʅʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ, 
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ʪʝʙʫʢʦʥʘʟʦʣ, ʧʨʠʤʝˁʝʥ ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ, ʠʩʧʦˀʠʦ ʿʝ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʫ 

ʝʬʠʢʘʩʥʦʩʪ, ʜʦʢ ʿʝ ʧʨʠ 50% ʚʝ˂ʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ ʧʦʩʪʠʛʥʫʪʘ ʙʦˀʘ 

ʝʬʠʢʘʩʥʦʩʪ, ʘ ʥʘʿʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʦʚʦʛ ʬʫʥʛʠʮʠʜʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʜʚʦʩʪʨʫʢʦ 

ʚʝ˂ʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ. ʅʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʧʝʥʢʦʥʘʟʦʣʘ ʫ ʩʫʟʙʠʿʘˁʫ E. 

necator ʫ ʧʨʝʧʦʨʫʯʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʫʪʚʨʹʝʥʘ ʿʝ ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʊʦʧʦʣʘ ʠ ʅʝʰʪʠʥ.  

¶ ʅʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʛʜʝ ʿʝ ʫʩʪʘʥʦʚˀʝʥʘ ʥʠʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʪʨʠʘʟʦʣʘ ʫ ʧʨʝʧʦʨʫʯʝʥʠʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʧʨʠʤʝʥʝ, ʫʪʚʨʹʝʥʘ ʿʝ ʠ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʤʝʹʫ ʤʠʢʣʦʙʫʪʘʥʠʣʘ, 

ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʠ ʪʝʙʫʢʦʥʘʟʦʣʘ. ʉʫʧʨʦʪʥʦ, ʥʘ ʣʦʢʘʣʠʪʝʪʠʤʘ ʛʜʝ ʿʝ ʝʬʠʢʘʩʥʦʩʪ 

ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ ʙʠʣʘ ʚʠʩʦʢʘ, ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʫ ʙʠʦʪʝʩʪʦʚʠʤʘ ʫʪʚʨʹʝʥʘ ʿʝ ʩʘʤʦ 

ʠʟʤʝʹʫ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʠ ʪʝʙʫʢʦʥʘʟʦʣʘ, ʘʣʠ ʿʝ ʪʝʙʫʢʦʥʘʟʦʣ ʟʥʘʪʥʦ ʿʘʯʝ ʠʥʭʠʙʠʨʘʦ ʧʦʨʘʩʪ 

ʨʝʟʠʩʪʝʥʪʥʠʭ ʠʟʦʣʘʪʘ E. necator ʦʜ ʤʠʢʣʦʙʫʪʘʥʠʣʘ. ʇʦʿʘʚʘ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʠʟʤʝʹʫ ʩʚʠʭ ʪʨʠʘʟʦʣʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʢʦʜ ʠʟʦʣʘʪʘ ʧʦʨʝʢʣʦʤ ʠʟ ɱʘʛʦʜʠʥʝ, ɺʨʰʮʘ ʠ ʂʨˁʝʚʘ, 

ʜʦʢ ʢʦʜ ʦʩʪʘʣʠʭ ʠʟʦʣʘʪʘ ʥʠʿʝ ʫʪʚʨʹʝʥʘ ʫʢʨʰʪʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʠʟʤʝʹʫ ʤʠʢʣʦʙʫʪʘʥʠʣʘ ʠ 

ʜʠʬʝʥʦʢʦʥʘʟʦʣʘ. ʄʦʣʝʢʫʣʘʨʥʘ ʜʝʪʝʢʮʠʿʘ ʤʫʪʘʮʠʿʝ Y136F ʫʪʚʨʹʝʥʘ ʿʝ ʢʦʜ ʠʟʦʣʘʪʘ E. 

necator ʰʠʨʦʤ ʉʨʙʠʿʝ, ʘʣʠ ʧʨʠʩʫʩʪʚʦ ʦʚʝ ʤʫʪʘʮʠʿʝ ʥʝ ʠʣʫʩʪʨʫʿʝ ʥʘ ʧʨʘʚʠ ʥʘʯʠʥ 

ʟʘʩʪʫʧˀʝʥʦʩʪ ʠ ʩʪʘʙʠʣʥʦʩʪ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʫ ʦʢʚʠʨʫ ʧʦʧʫʣʘʮʠʿʘ. ʇʨʠʤʝ˂ʝʥʦ ʿ ʝ ʜʘ ʰʪʦ ʿʝ 

ʚʠʰʝ ʠʟʦʣʘʪʘ ʫ ʦʢʚʠʨʫ ʧʦʧʫʣʘʮʠʿʝ ʢʦʿʠ ʥʦʩʝ ʦʚʫ ʤʫʪʘʮʠʿʫ, ʫʪʦʣʠʢʦ ʿʝ ʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪ 

ʠʟʨʘʞʝʥʠʿʘ, ʦʜʥʦʩʥʦ ʧʨʠʤʝʪʥʦ ʿʝ ʩʤʘˁʝˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʩʚʠʭ ʬʫʥʛʠʮʠʜʘ ʠʟ ʛʨʫʧʝ 

ʪʨʠʘʟʦʣʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʢʦʜ ʠʟʦʣʘʪʘ ʢʦʿʠ ʩʫ ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʤʠʢʣʦʙʫʪʘʥʠʣ ʠ 

ʪʝʙʫʢʦʥʘʟʦʣ, ʘʣʠ ʥʝ ʠ ʥʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣ, ʤʫʪʘʮʠʿʘ ʥʠʿʝ ʜʝʪʝʢʪʦʚʘʥʘ ʫ ʚʠʩʦʢʦʤ ʧʨʦʮʝʥʪʫ, 

ʚʝ˂ ʩʧʦʨʘʜʠʯʥʦ, ʪʝ ʙʠ ʩʝ ʤʦʛʣʦ ʟʘʢˀʫʯʠʪʠ ʜʘ ʚʝ˂ʠ ʙʨʦʿ ʤʝʭʘʥʠʟʘʤʘ ʠʥʪʝʨʬʝʨʠʨʘ ʫ ʩʘʤʦʤ 

ʨʘʟʚʦʿʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʧʦʧʫʣʘʮʠʿʘ E. necator ʥʘ DMI ʬʫʥʛʠʮʠʜʝ ʠ ʜʘ ʤʝʭʘʥʠʟʘʤ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʟʘʧʨʘʚʦ, ʦʜʨʝʹʫʿʝ ʨʘʟʚʦʿ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʇʦʜʘʮʠ ʦ ʨʘʟʚʦʿʫ 

ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʫ ʦʢʚʠʨʫ ʧʦʧʫʣʘʮʠʿʘ ʚʨʣʦ ʩʫ ʜʨʘʛʦʮʝʥʠ ʿʝʨ ʤʦʛʫ ʜʘ ʫʢʘʞʫ ʢʦʿʠ 

ʬʫʥʛʠʮʠʜʠ ʙʠ ʤʦʛʣʠ ʜʘ ʩʝ ʧʨʠʤʝˁʫʿʫ, ʘ ʢʦʿʝ ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʧʨʠʤʝˁʠʚʘʪʠ ʫ ʧʨʦʛʨʘʤʠʤʘ 

ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ.  

¶ ɽʬʠʢʘʩʥʦʩʪ ʩʧʠʨʦʢʩʘʤʠʥʘ ʠ ʢʦʤʙʠʥʘʮʠʿʝ ʩʧʠʨʦʢʩʘʤʠʥ+ʬʣʫʦʧʠʨʘʤ ʫ ʩʫʟʙʠʿʘˁʫ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ ʙʠʣʘ ʿʝ ʚʠʩʦʢʘ ʫ ʩʚʠʤ ʛʦʜʠʥʘʤʘ ʠʩʧʠʪʠʚʘˁʘ. 

ʉʧʠʨʦʢʩʘʤʠʥ ʧʨʠʤʝˁʝʥ ʩʘʤʦʩʪʘʣʥʦ ʠʩʧʦˀʠʦ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʢʦʿʘ ʿʝ ʫ ʚʝ˂ʠʥʠ ʦʛʣʝʜʘ ʙʠʣʘ 

ʠʟʥʘʜ 85%, ʜʦʢ ʿʝ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʬʣʫʦʧʠʨʘʤʦʤ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator 

ʫʛʣʘʚʥʦʤ ʙʠʣʘ ʠʟʥʘʜ 95%, ʢʘʢʦ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʪʘʢʦ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ.  

¶ ʎʠʬʣʫʬʝʥʘʤʠʜ, ʧʨʠʤʝˁʝʥ ʩʘʤʦʩʪʘʣʥʦ, ʠʩʧʦˀʠʦ ʿʝ ʚʠʩʦʢʫ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ 

ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ ʚʠʥʦʚʝ ʣʦʟʝ, ʢʦʿʘ ʿʝ ʙʠʣʘ ʠʟʥʘʜ 85% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʠʟʥʘʜ 83% 

ʥʘ ʣʠʩʪʦʚʠʤʘ. ʋ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʜʠʬʝʥʦʢʦʥʘʟʦʣʦʤ, ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʫ 

ʩʫʟʙʠʿʘˁʫ E. necator, ʢʦʿʘ ʿʝ ʠ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʥʘ ʣʠʩʪʦʚʠʤʘ ʙʠʣʘ ʠʟʥʘʜ 90%.  

¶ ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʝʟʦʥʝ ʫ ʢʦʿʦʿ ʩʫ ʠʟʚʦʹʝʥʠ ʦʛʣʝʜʠ, ʝʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ ʚʘʨʠʨʘʣʘ ʿʝ ʦʜ 

ʥʠʩʢʝ ʜʦ ʚʠʩʦʢʝ. ɻʝʥʝʨʘʣʥʦ, ʚʠʩʦʢʘ ʝʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ ʫ ʩʫʟʙʠʿʘˁʫ ʧʨʦʫʟʨʦʢʦʚʘʯʘ 

ʧʝʧʝʣʥʠʮʝ ʥʘ ʣʠʩʪʦʚʠʤʘ ʿʝ ʟʘʙʝʣʝʞʝʥʘ ʛʦʪʦʚʦ ʫ ʩʚʠʤ ʛʦʜʠʥʘʤʘ ʠʩʧʠʪʠʚʘˁʘ (ʦʩʠʤ 2020. 

ʛʦʜʠʥʝ) ʠ ʙʠʣʘ ʿʝ ʚʝ˂ʘ ʦʜ 80%. ʋ ʩʫʟʙʠʿʘˁʫ ʧʘʪʦʛʝʥʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʫ ʦʧʪʠʤʘʣʥʠʤ 

ʫʩʣʦʚʠʤʘ ʟʘ ˁʝʛʦʚʦ ʜʝʣʦʚʘˁʝ, ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʠʟʤʝʹʫ 50 ʠ 80%. ʀʟʫʟʝʪʥʦ ʥʠʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʩʫʤʧʦʨʘ ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʣʠʩʪʦʚʠʤʘ ʢʦʿʘ ʿʝ ʟʘʙʝʣʝʞʝʥʘ 2020. ʛʦʜʠʥʝ, 

ʧʦʩʣʝʜʠʮʘ ʿʝ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʫʩʣʦʚʘ ʢʦʿʠ ʥʠʩʫ ʙʠʣʠ ʦʧʪʠʤʘʣʥʠ ʟʘ ˁʝʛʦʚʦ ʜʝʣʦʚʘˁʝ ʫ 

ʧʝʨʠʦʜʫ ʧʨʠʤʘʨʥʠʭ ʠʥʬʝʢʮʠʿʘ, ʰʪʦ ʩʝ ʠ ʦʜʨʘʟʠʣʦ ʥʘ ˁʝʛʦʚʫ ʝʬʠʢʘʩʥʦʩʪ ʢʦʿʝ ʿʝ ʥʘ 

ʛʨʦʟʜʦʚʠʤʘ ʙʠʣʘ ʥʝʛʘʪʠʚʥʘ (ʠ ʜʦ -45% ʥʘ ʣʦʢʘʣʠʪʝʪʫ ʉʣʘʥʢʘʤʝʥʘʯʢʠ ɺʠʥʦʛʨʘʜʠ). 



181 
 

ʅʘʿʙʦˀʘ ʝʬʠʢʘʩʥʦʩʪ ʧʦʩʪʠʛʥʫʪʘ ʿʝ 2023. ʛʦʜʠʥʝ, ʢʘʜʘ ʿʝ ʠʩʧʠʪʠʚʘʥʘ ʪʝʯʥʘ ʬʦʨʤʫʣʘʮʠʿʘ 

ʩʫʤʧʦʨʘ, ʠ ʪʘʜʘ ʿʝ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ > 90% ʥʘ ʣʠʩʪʦʚʠʤʘ, ʦʜʥʦʩʥʦ > 88% ʥʘ ʛʨʦʟʜʦʚʠʤʘ.  

¶ ʀʩʧʠʪʠʚʘˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʟʘʰʪʠʪʝ ʚʠʥʦʚʝ ʣʦʟʝ ʦʜ ʧʨʦʫʟʨʦʢʦʚʘʯʘ ʧʝʧʝʣʥʠʮʝ, 

ʜʦʰʣʦ ʩʝ ʜʦ ʟʘʢˀʫʯʘʢʘ ʜʘ, ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʩʪʘʥʜʘʨʜʥʠʤ ʧʨʦʛʨʘʤʦʤ ʟʘʰʪʠʪʝ, ʩʣʠʯʥʠ 

ʝʬʝʢʪʠ ʩʝ ʤʦʛʫ ʦʩʪʚʘʨʠʪʠ ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 3, 4 ʠ 5. ʋ ʧʦʿʝʜʠʥʠʤ ʦʛʣʝʜʠʤʘ, ʚʠʩʦʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʫ ʟʘʰʪʠʪʠ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʠ ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 2 (> 80%), ʘʣʠ ʿʝ ʠʩʪʦ ʪʘʢʦ ʫ 

ʧʦʿʝʜʠʥʠʤ ʦʛʣʝʜʠʤʘ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ ʠ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʘ (< 70%). ʇʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 3, 

ʝʬʠʢʘʩʥʦʩʪ ʩʝ ʢʨʝʪʘʣʘ ʦʜ 80 ʜʦ 100% ʥʘ ʛʨʦʟʜʦʚʠʤʘ, ʠ ʦʜ 74 ʜʦ 97% ʥʘ ʣʠʩʪʦʚʠʤʘ. 

ʉʣʠʯʥʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 4 (81-100%), ʜʦʢ ʿʝ ʥʘ ʣʠʩʪʦʚʠʤʘ 

ʟʘʙʝʣʝʞʝʥʘ ʥʝʰʪʦ ʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʤʦʜʝʣ 3 (ʦʜ 81 ʜʦ 99%). ʋ ʚʝ˂ʠʥʠ ʦʛʣʝʜʘ, 

ʧʨʠʤʝʥʦʤ ʤʦʜʝʣʘ 5, ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʥʘʿʙʦˀʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʩʫʟʙʠʿʘˁʫ E. necator, ʠ ʦʥʘ ʩʝ 

ʢʨʝʪʘʣʘ ʦʜ 87 ʜʦ 99% ʥʘ ʛʨʦʟʜʦʚʠʤʘ ʠ ʦʜ 86 ʜʦ 98% ʥʘ ʣʠʩʪʦʚʠʤʘ. ʋ ʧʨʦʩʝʢʫ, ʮʝʥʘ ʩʚʠʭ 

ʪʨʦʰʢʦʚʘ ʟʘʰʪʠʪʝ (ʮʝʥʘ ʧʨʝʧʘʨʘʪʘ, ʮʝʥʘ ʛʦʨʠʚʘ ʠ ʜʥʝʚʥʠʮʘ ʨʘʜʥʠʢʘ) ʢʦʜ ʠʩʧʠʪʠʚʘʥʠʭ 

ʤʦʜʝʣʘ ʙʠʣʘ ʿʝ: ʤʦʜʝʣ 3 ï 207 ʝʚʨʘ (24333 ʜʠʥʘʨʘ) ʧʦ ʭʝʢʪʘʨʫ; ʤʦʜʝʣ 4 ï 235 ʝʚʨʘ (27587 

ʜʠʥʘʨʘ) ʧʦ ʭʝʢʪʘʨʫ; ʤʦʜʝʣ 5 ï 255 ʝʚʨʘ (29919 ʜʠʥʘʨʘ) ʧʦ ʭʝʢʪʘʨʫ. ʋ ʦʜʥʦʩʫ ʥʘ 

ʩʪʘʥʜʘʨʜʥʠ ʧʨʦʛʨʘʤ ʟʘʰʪʠʪʝ ʛʜʝ ʩʫ ʧʨʦʩʝʯʥʠ ʪʨʦʰʢʦʚʠ ʟʘʰʪʠʪʝ ʙʠʣʠ 305 ʝʚʨʘ (35848 

ʜʠʥʘʨʘ) ʧʦ ʭʝʢʪʘʨʫ, ʤʦʜʝʣ 3 ʙʠʦ ʿʝ ʝʢʦʥʦʤʠʯʥʠʿʠ ʫ ʧʨʦʩʝʢʫ ʟʘ 98 ʝʫʨʘ (11515 ʜʠʥʘʨʘ), 

ʤʦʜʝʣ 4 ʫ ʧʨʦʩʝʢʫ ʟʘ 70 ʝʫʨʘ (8261 ʜʠʥʘʨ), ʘ ʤʦʜʝʣ 5 ʟʘ 50 ʝʫʨʘ (5929 ʜʠʥʘʨʘ), ʯʠʤʝ ʩʝ 

ʥʝʩʫʤˁʠʚʦ ʦʙʝʟʙʝʹʫʿʝ ʟʥʘʯʘʿʥʘ ʫʰʪʝʜʘ ʥʦʚʮʘ ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʚʨʰʠʥʝ.  

¶ ʇʨʠʤʝʥʦʤ ʢʣʘʩʠʯʥʠʭ ʠ ʤʦʣʝʢʫʣʘʨʥʠʭ ʤʝʪʦʜʘ ʥʝʜʚʦʩʤʠʩʣʝʥʦ ʩʫ ʫʪʚʨʹʝʥʝ ʨʝʟʠʩʪʝʥʪʥʝ 

ʧʦʧʫʣʘʮʠʿʝ E. necator ʥʘ QoI ʠ DMI ʬʫʥʛʠʮʠʜʝ ʰʠʨʦʤ ʉʨʙʠʿʝ, ʠ ʪʦ ʧʨʝʚʘʩʭʦʜʥʦ ʫ 

ʢʦʤʝʨʮʠʿʘʣʥʠʤ ʚʠʥʦʛʨʘʜʠʤʘ ʠʟ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʚʠʥʦʛʨʘʜʘʨʩʢʠʭ ʨʝʿʦʥʘ ʥʘʰʝ ʟʝʤˀʝ. 

ʇʨʠʤʝʥʦʤ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʘ, ʢʦʜ ʦʜʨʝʹʝʥʠʭ ʧʦʧʫʣʘʮʠʿʘ, ʫʪʚʨʹʝʥʘ ʿʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʥʘ 

ʬʫʥʛʠʮʠʜʝ ʠʟ ʛʨʫʧʝ ʘʨʠʣ-ʬʝʥʠʣ ʢʝʪʦʥʘ, ʘ ʪʘʢʦʹʝ ʩʫ ʫʪʚʨʹʝʥʝ ʠ ʨʝʟʠʩʪʝʥʪʥʝ ʧʦʧʫʣʘʮʠʿʝ 

ʥʘ ʢʚʠʥʦʢʩʠʬʝʥ, ʜʦʢ ʥʠʿʝ ʫʪʚʨʹʝʥʦ ʧʦʩʪʦʿʘˁʝ ʫʢʨʰʪʝʥʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ ʦʚʦʛ 

ʬʫʥʛʠʮʠʜʘ ʠ ʧʨʦʢʚʠʥʘʟʠʜʘ.   

¶ ʈʝʟʫʣʪʘʪʠ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʫʢʘʟʫʿʫ ʥʘ ʧʦʪʨʝʙʫ ʧʝʨʤʘʥʝʥʪʥʦʛ ʠʩʧʠʪʠʚʘˁʘ 

ʦʩʝʪˀʠʚʦʩʪʠ ʠʟʦʣʘʪʘ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʣʦʢʘʣʠʪʝʪʘ ʠ ʚʠʥʦʛʦʨʿʘ ʩʘ ʮʠˀʝʤ ʫʪʚʨʹʠʚʘˁʘ ˁʠʭʦʚʝ 

ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʛʨʫʧʘ, ʢʘʢʦ ʙʠ ʩʝ ʥʘ ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʠʭ 

ʨʝʟʫʣʪʘʪʘ ʢʨʝʠʨʘʣʘ ʪʟʚ. Ătailored plant protectionñ ʠʣʠ ʟʘʰʪʠʪʘ ʙʠˀʘ Ăʩʘʰʠʚʝʥʘ ʧʦ ʤʝʨʠñ, 

ʦʜʥʦʩʥʦ ʧʨʦʛʨʘʤʠ ʟʘʰʪʠʪʝ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʧʨʠʣʘʛʦʹʝʥʠ ʢʦʥʢʨʝʪʥʠʤ ʫʩʣʦʚʠʤʘ ʥʘ ʪʝʨʝʥʫ. 
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