
  

 

 

 

 

ʋʅʀɺɽʈɿʀʊɽʊ Ăʉɺ. ʂʀʈʀʃ ʀ ʄɽʊʆɼʀɱñ ʚʦ 

ʉʂʆʇɱɽ           

ʌɸʂʋʃʊɽʊ ɿɸ ɿɽʄɱʆɼɽʃʉʂʀ ʅɸʋʂʀ ʀ 

ʍʈɸʅɸ 
 

 

 

 

 

 

 

 

 

 

 

 

ʅʘʜʠʮʘ ʂʦʣʝ ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ 
 

 

ʂɸʈɸʂʊɽʈʀɿɸʎʀɱɸ ʀ ʋʊɺʈɼʋɺɸɳɽ ʅɸ ɻɽʅɽʊʉʂɸ 

ɺɸʈʀɱɸɹʀʃʅʆʉʊ ʇʆʄɽɬʋ ʄɸʂɽɼʆʅʉʂʀ ʃʆʂɸʃʅʀ 

ʇʆʇʋʃɸʎʀʀ ɺɽɿɽʅɸ ʇʀʇɽʈʂɸ 

 
 

ɼʦʢʪʦʨʩʢʠ ʪʨʫʜ 
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ɼʦʢʪʦʨʘʥʜ:  

ʅɸɼʀʎɸ ʂʆʃɽ ʉɸʅɼɽɺɸ ɸʊɸʅɸʉʆɺɸ 

ʊʝʤʘ:  

ʂɸʈɸʂʊɽʈʀɿɸʎʀɱɸ ʀ ʋʊɺʈɼʋɺɸɳɽ ɻɽʅɽʊʉʂɸ ɺɸʈʀɱɸɹʀʃʅʆʉʊ ʇʆʄɽɬʋ 

ʄɸʂɽɼʆʅʉʂʀ ʃʆʂɸʃʅʀ ʇʆʇʋʃɸʎʀʀ ɺɽɿɽʅɸ ʇʀʇɽʈʂɸ 

 

 

 

 

ʄʝʥʪʦʨ: 

ʇʨʦʬ. ʜ-ʨ ʄʀʈɱɸʅɸ ɱɸʅʂʋʃʆɺʉʂɸ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ăʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿñ ʚʦ ʉʢʦʧʿʝ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ ī 

ʉʢʦʧʿʝ 

 

 

ʂʦʤʠʩʠʿʘ ʟʘ ʦʜʙʨʘʥʘ: 

ʇʨʦʬ. ʜ-ʨ ʉʆɳɸ ʀɺɸʅʆɺʉʂɸ (ʧʨʝʪʩʝʜʘʪʝʣ) 

ʋʥʠʚʝʨʟʠʪʝʪ Ăʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿñ ʚʦ ʉʢʦʧʿʝ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ ī 

ʉʢʦʧʿʝ 

 

ɼʦʮ. ʜ-ʨ ʄʀʈɽʃɸ ʂɸɱʂʋʊ ɿɽɲʂʆɺʀɵ (ʯʣʝʥ) 

ʋʥʠʚʝʨʟʠʪʝʪ ʚʦ ɹʘˁʘ ʃʫʢʘ, ɿʝʤʿʦʜʝʣʩʢʠ ʬʘʢʫʣʪʝʪ, ɹʦʩʥʘ ʠ ʍʝʨʮʝʛʦʚʠʥʘ 

 

ʇʨʦʬ. ʜ-ʨ ɻʦʨʜʘʥʘ ʇʦʧʩʠʤʦʥʦʚʘ (ʯʣʝʥ) 

ʋʥʠʚʝʨʟʠʪʝʪ Ăʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿñ ʚʦ ʉʢʦʧʿʝ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ ī 

ʉʢʦʧʿʝ 

 

ʇʨʦʬ. ʜ-ʨ ɽʄʀʃʀɱɸ ʉʀʄɽʆʅʆɺʉʂɸ (ʯʣʝʥ)  

ʋʥʠʚʝʨʟʠʪʝʪ Ăʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿñ ʚʦ ʉʢʦʧʿʝ, ɿʝʤʿʦʜʝʣʩʢʠ ʠʥʩʪʠʪʫʪ - ʉʢʦʧʿʝ 

 

 

 

 

 

 

 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ:  

ɻʝʥʝʪʠʢʘ ʠ ʩʝʣʝʢʮʠʿʘ ʥʘ ʨʘʩʪʝʥʠʿʘ 

 

 

 

ɼʘʪʫʤ ʥʘ ʦʜʙʨʘʥʘ:  

24.3.2026 ʛʦʜʠʥʘ 

 

 

 

 

 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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ʅʘʜʠʮʘ ʂʦʣʝ ʉʘʥʜʝʚʘ-ɸʪʘʥʘʩʦʚʘ 

ʂɸʈɸʂʊɽʈʀɿɸʎʀɱɸ ʀ ʋʊɺʈɼʋɺɸɳɽ ʅɸ ɻɽʅɽʊʉʂɸ ɺɸʈʀɱɸɹʀʃʅʆʉʊ 

ʇʆʄɽɬʋ ʄɸʂɽɼʆʅʉʂʀ ʃʆʂɸʃʅʀ ʇʆʇʋʃɸʎʀʀ ɺɽɿɽʅɸ ʇʀʇɽʈʂɸ 

 

- ɸ ʧ ʩ ʪ ʨ ʘ ʢ ʪ - 

 
ʆʩʥʦʚʥʠʪʝ ʮʝʣʠ ʥʘ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʩʝ ʧʨʝʢʫ ʬʝʥʦʪʠʧʩʢʘ ʠ ʛʝʥʦʪʠʧʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ 

ʜʘ ʩʝ ʦʮʝʥʠ ʜʠʚʝʨʟʠʪʝʪʦʪ ʥʘ 189 ʛʝʥʦʪʠʧʦʚʠ ʤʘʢʝʜʦʥʩʢʘ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ (Capsicum spp.), ʜʘ ʩʝ 

ʫʪʚʨʜʠ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʚʨʟ ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʥʘ ʤʦʨʬʦʣʦʰʢʠʪʝ ʜʝʩʢʨʠʧʪʦʨʠ, ʜʘ ʩʝ 

ʜʝʪʝʢʪʠʨʘʘʪ ʧʦʪʝʥʮʠʿʘʣʥʠ ʜʫʧʣʠʢʘʪʠ ʠ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʛʝʥʦʪʠʧʦʚʠ ʩʦ ʧʨʠʦʨʠʪʝʪ ʟʘ 

ʜʦʣʛʦʨʦʯʥʘ ʢʦʥʟʝʨʚʘʮʠʿʘ ʠ ʟʘ ʠʥʪʝʛʨʠʨʘˁʝ ʚʦ ʠʜʥʠ ʩʝʣʝʢʮʠʩʢʠ ʧʨʦʛʨʘʤʠ, ʢʘʢʦ ʠ ʜʘ ʩʝ 

ʧʨʝʧʦʨʘʯʘʘʪ ʛʝʥʦʪʠʧʦʚʠ ʩʦʦʜʚʝʪʥʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʌʝʥʦʣʦʰʢʠʪʝ, ʤʦʨʬʦʣʦʰʢʠʪʝ ʠ 

ʧʨʦʜʫʢʪʠʚʥʠʪʝ ʩʚʦʿʩʪʚʘ ʙʝʘ ʦʮʝʥʫʚʘʥʠ ʚʦ ʪʝʢʦʪ ʥʘ ʚʝʛʝʪʘʮʠʿʘʪʘ ʥʘ ʪʨʠ ʣʦʢʘʮʠʠ ʠ ʣʘʙʦʨʘʪʦʨʠʩʢʠ 

ʧʦ ʙʝʨʙʘʪʘ, ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʩʪʘʥʜʘʨʜʠʟʠʨʘʥʠ ʤʝʺʫʥʘʨʦʜʥʠ ʜʝʩʢʨʠʧʪʦʨʠ ʟʘ Capsicum. 

ʌʝʥʦʪʠʧʩʢʘʪʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʧʦʪʚʨʜʠ ʚʠʩʦʢʘ ʨʘʟʥʦʚʠʜʥʦʩʪ ʥʘ ʢʚʘʣʠʪʘʪʠʚʥʠʪʝ ʠ 

ʢʚʘʥʪʠʪʘʪʠʚʥʠʪʝ ʩʚʦʿʩʪʚʘ ʚʦ ʢʦʣʝʢʮʠʿʘʪʘ. ɸʥʘʣʠʟʘʪʘ ʥʘ ʢʚʘʥʪʠʪʘʪʠʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʧʦʢʘʞʘ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʠ ʝʬʝʢʪʠ ʥʘ ʛʝʥʦʪʠʧʦʪ, ʣʦʢʘʮʠʿʘʪʘ ʠ ʠʥʪʝʨʘʢʮʠʿʘʪʘ ʛʝʥʦʪʠʧ Ĭ ʣʦʢʘʮʠʿʘ (p < 

0,05). ɼʝʥʦʚʠʪʝ ʜʦ ʥʠʢʥʫʚʘˁʝ ʩʝ ʠʟʜʚʦʠʿʘ ʢʘʢʦ ʨʝʣʘʪʠʚʥʦ ʩʪʘʙʠʣʝʥ ʜʝʩʢʨʠʧʪʦʨ, ʜʦʜʝʢʘ ʜʝʥʦʚʠʪʝ 

ʜʦ ʮʚʝʪʘˁʝ ʠ ʧʣʦʜʦʥʦʩʝˁʝ ʧʦʢʘʞʘʘ ʧʦʛʦʣʝʤʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʩʝʣʝʢʮʠʿʘ ʥʘ 

ʨʘʥʦʩʪʘʩʥʠ ʛʝʥʦʪʠʧʦʚʠ. ʉʚʦʿʩʪʚʘʪʘ ʥʘ ʧʣʦʜʦʪ (ʜʦʣʞʠʥʘ, ʰʠʨʠʥʘ, ʤʘʩʘ ʠ ʜʝʙʝʣʠʥʘ ʥʘ ʧʝʨʠʢʘʨʧ), 

ʢʘʢʦ ʠ ʜʦʣʞʠʥʘʪʘ ʥʘ ʜʨʰʢʘʪʘ, ʩʝ ʧʦʪʚʨʜʠʿʘ ʢʘʢʦ ʥʘʿʠʥʬʦʨʤʘʪʠʚʥʠ ʟʘ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʘ ʥʘ 

ʤʦʨʬʦʪʠʧʦʚʠ, ʜʦʜʝʢʘ ʙʨʦʿʦʪ ʥʘ ʢʦʤʦʨʠ ʩʝ ʧʦʪʚʨʜʠ ʢʘʢʦ ʧʨʝʪʝʞʥʦ ʛʝʥʦʪʠʧʩʢʠ ʫʩʣʦʚʝʥ ʠ 

ʨʝʣʘʪʠʚʥʦ ʩʪʘʙʠʣʝʥ ʤʘʨʢʝʨ. ɹʨʦʿʦʪ ʥʘ ʧʣʦʜʦʚʠ ʠ ʧʨʠʥʦʩʦʪ ʧʦ ʨʘʩʪʝʥʠʝ ʩʝ ʧʦʢʘʞʘʘ ʢʘʢʦ ʜʠʨʝʢʪʥʦ 

ʟʘʚʠʩʥʠ ʦʜ ʫʩʣʦʚʠʪʝ ʥʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ, ʰʪʦ ʫʧʘʪʫʚʘ ʜʝʢʘ ʧʨʝʧʦʨʘʢʠʪʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʩʝʣʝʢʮʠʿʘʪʘ ʪʨʝʙʘ ʜʘ ʩʝ ʪʝʤʝʣʘʪ ʥʘ ʩʪʘʙʠʣʥʦʩʪ ʚʦ ʨʘʟʣʠʯʥʠ ʫʩʣʦʚʠ. 

ʂʦʨʝʣʘʮʠʩʢʘʪʘ ʘʥʘʣʠʟʘ ʧʦʢʘʞʘ ʜʝʢʘ ʧʨʠʥʦʩʦʪ ʧʦ ʨʘʩʪʝʥʠʝ ʝ ʥʘʿʩʠʣʥʦ ʧʦʟʠʪʠʚʥʦ ʧʦʚʨʟʘʥ 

ʩʦ ʤʘʩʘʪʘ ʥʘ ʧʣʦʜʦʪ, ʘ ʧʦʪʦʘ ʩʦ ʰʠʨʠʥʘʪʘ ʠ ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ ʠ ʩʦ ʙʨʦʿʦʪ ʥʘ ʧʣʦʜʦʚʠ, ʧʨʠ 

ʿʘʩʝʥ ʢʦʤʧʨʦʤʠʩ ʤʝʺʫ ʧʣʦʜʥʦʩʪʘ ʠ ʛʦʣʝʤʠʥʘʪʘ/ʤʝʩʥʘʪʦʩʪʘ ʥʘ ʧʣʦʜʦʪ. PCA ʘʥʘʣʠʟʘʪʘ ʧʦʢʘʞʘ ʜʝʢʘ 

ʧʨʚʠʪʝ ʯʝʪʠʨʠ ʢʦʤʧʦʥʝʥʪʠ ʦʙʿʘʩʥʫʚʘʘʪ 68,94 % ʦʜ ʚʢʫʧʥʘʪʘ ʚʘʨʠʿʘʥʩʘ, ʧʨʠ ʰʪʦ ʥʘʿʛʦʣʝʤ ʫʜʝʣ 

ʠʤʘʘʪ ʩʚʦʿʩʪʚʘʪʘ ʧʦʚʨʟʘʥʠ ʩʦ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ ʠ ʧʨʠʥʦʩʥʦ - ʬʝʥʦʣʦʰʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʨʚʘʪʘ ʢʦʤʧʦʥʝʥʪʘ (PC1; 33,5 %) ʿʘ ʜʝʬʠʥʠʨʘ ʤʦʨʬʦʣʦʰʢʘʪʘ Ăʦʩʢʘ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʧʣʦʜñ, ʜʦʜʝʢʘ 

ʚʪʦʨʘʪʘ ʢʦʤʧʦʥʝʥʪʘ (PC2; 14,72 %) ʧʨʝʪʩʪʘʚʫʚʘ ʧʨʠʥʦʩʥʦ-ʬʝʥʦʣʦʰʢʘ ʦʩʢʘ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ 

ʬʝʥʦʪʠʧʩʢʘʪʘ ʜʠʩʪʘʥʮʘ ʠ UPGMA-ʢʣʘʩʪʝʨʠʟʘʮʠʿʘʪʘ ʙʝʘ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ 10 ʬʝʥʦʪʠʧʩʢʠ 

ʢʣʘʩʪʝʨʠ ʩʦ ʨʘʟʣʠʯʥʘ ʚʥʘʪʨʝʰʥʘ ʭʦʤʦʛʝʥʦʩʪ, ʰʪʦ ʝ ʦʩʥʦʚʘ ʟʘ ʠʟʙʦʨ ʥʘ ʛʝʥʦʪʠʧʦʚʠ ʟʘ 

ʢʦʥʟʝʨʚʘʮʠʿʘ ʠ ʟʘ ʩʝʣʝʢʮʠʩʢʦ ʧʣʘʥʠʨʘˁʝ. 

ɻʝʥʦʪʠʧʩʢʘʪʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʩʦ 10 SSR-ʤʘʨʢʝʨʠ ʧʦʪʚʨʜʠ ʟʥʘʯʘʝʥ ʛʝʥʝʪʩʢʠ ʜʠʚʝʨʟʠʪʝʪ 

ʠ ʦʚʦʟʤʦʞʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʪʝʩʥʦ ʩʨʦʜʥʠ ʛʝʥʦʪʠʧʦʚʠ/ʧʦʪʝʥʮʠʿʘʣʥʠ ʜʫʧʣʠʢʘʪʠ ʠ ʛʨʫʙʦ 

ʩʪʨʫʢʪʫʨʠʨʘˁʝ ʥʘ ʢʦʣʝʢʮʠʿʘʪʘ. ɸʥʘʣʠʟʘʪʘ ʥʘ ʛʝʥʝʪʩʢʘʪʘ ʜʠʩʪʘʥʮʘ ʠ PCoA ʫʢʘʞʘʘ ʥʘ ʫʤʝʨʝʥʘ 

ʧʦʪʩʪʨʫʢʪʫʨʘ ʩʦ ʢʦʝʛʟʠʩʪʝʥʮʠʿʘ ʥʘ ʤʥʦʛʫ ʙʣʠʩʢʠ ʠ ʝʢʩʪʨʝʤʥʦ ʜʠʚʝʨʛʝʥʪʥʠ ʛʝʥʦʪʠʧʦʚʠ. ʊʝʩʪʦʪ 

ʄʘʥʪʝʣ ʧʦʢʘʞʘ ʦʪʩʫʩʪʚʦ ʥʘ ʟʥʘʯʘʿʥʘ ʢʦʨʝʣʘʮʠʿʘ ʤʝʺʫ ʬʝʥʦʪʠʧʩʢʘʪʘ ʠ ʛʝʥʦʪʠʧʩʢʘʪʘ ʤʘʪʨʠʮʘ, ʰʪʦ 
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ʧʨʠʦʨʠʪʝʪʠ ʟʘ ʢʦʥʟʝʨʚʘʮʠʿʘ ʠ ʟʘ ʚʘʣʦʨʠʟʘʮʠʿʘ ʥʘ ʦʚʘʘ ʘʚʪʦʭʪʦʥʘ ʛʝʨʤʧʣʘʟʤʘ. 

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: Capsicum spp., ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ, ʛʝʥʝʪʩʢʠ ʨʝʩʫʨʩʠ, ʬʝʥʦʪʠʧʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ, 

SSR-ʤʘʨʢʝʨʠ, ʛʝʥʝʪʩʢʘ ʜʠʩʪʘʥʮʘ. 

 

 

 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 

_________________________________________________________________________________________________ 

4 

 

 

Nadica Kole Sandeva Atanasova 

CHARACTERIZATION AND ASSESSMENT OF GENETIC VARIA BILITY 

AMONG MACEDONIAN EMBROIDERED PEPPER LOCAL LANDRACE S 

 

- A b s t r a c t - 

 
The primary objective of this study was to assess the diversity of 189 genotypes Macedonian 

embroidered pepper (Capsicum spp.) through integrated phenotypic and genotypic characterization, to 

quantify the effect of the environment on the variability of morphological descriptors, to identify 

potential duplicates, and to define priority genotypes for long-term conservation and incorporation into 

future breeding programs, as well as to recommend genotypes suitable for cultivation. Phenological, 

morphological, and yield-related traits were evaluated during the growing season in three different 

environments and, after harvest, under laboratory conditions, using standardized international 

Capsicum descriptors. 

Phenotypic characterization revealed high diversity in both qualitative and quantitative traits 

across the collection. Analysis of quantitative traits showed statistically significant effects of genotype, 

environment, and genotype × environment interaction (p < 0.05). Days to emergence were identified as 

a relatively stable descriptor, whereas days to flowering and fruiting showed greater variability and 

greater potential for selecting early-maturing genotypes. Fruit traits (length, width, weight, and pericarp 

thickness), together with pedicel length, were the most informative for morphotype discrimination, 

while the number of locules was largely genotype-dependent and comparatively stable. Fruit number 

and yield per plant were strongly affected by environmental conditions, indicating that selection and 

production recommendations should emphasize yield stability across environments. 

Correlation analysis demonstrated that yield per plant was most strongly and positively 

associated with fruit weight, followed by fruit width, fruit length, and fruit number, highlighting a trade-

off between fruit number and fruit size/fleshiness. Principal component analysis (PCA) showed that the 

first four components accounted for 68.94% of the total phenotypic variation, with major contributions 

from fruit size-related traits and yield-phenological characteristics. The first principal component (PC1; 

33.5%) represented a morphological fruit size axis, whereas the second component (PC2; 14.72%) 

reflected a yield-phenological axis. UPGMA clustering based on phenotypic distances identified ten 

phenotypic clusters with differing levels of internal homogeneity, providing a framework for 

conservation-oriented selection and breeding strategy development. 

Genotypic characterization using ten SSR markers confirmed substantial genetic diversity and 

enabled the identification of closely related genotypes and potential duplicates, as well as a broad 

structuring of the collection. Genetic distance analysis and principal coordinate analysis (PCoA) 

revealed a moderate population substructure, characterized by the coexistence of highly similar and 

highly divergent genotypes. The Mantel test indicated no significant correlation between the phenotypic 

and genotypic distance matrices, underscoring the complementary nature of phenotypic and molecular 

approaches for accurately defining conservation priorities and effectively valorizing this autochthonous 

germplasm. 

 

Keywords: Capsicum spp., embroidered pepper, genetic resources, phenotypic 

characterization, SSR markers, genetic distance. 
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ʆʚʦʿ ʪʨʫʜ ʛʦ ʧʦʩʚʝʪʫʚʘʤ ʥʘ ʤʦʝʪʦ ʩʝʤʝʿʩʪʚʦ. 

ʅʘ ʤʦʠʪʝ ˃ʝʨʢʠ ɱʦʘʥʘ ʠ ʄʘʪʝʘ, ʢʦʠ ʤʠ ʙʝʘ ʥʘʛʿʦʣʝʤʘ ʤʦʪʠʚʘʮʠʿʘ ʠ ʠʥʩʧʠʨʘʮʠʿʘ! 
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1. ɺʆɺɽɼ  

ʇʦʯʝʪʦʮʠʪʝ ʥʘ ʟʝʤʿʦʜʝʣʩʪʚʦʪʦ ʩʝ ʥʝʨʘʟʜʝʣʥʦ ʧʦʚʨʟʘʥʠ ʩʦ ʩʝʣʝʢʮʠʿʘʪʘ ʥʘ ʨʘʩʪʝʥʠʿʘʪʘ, 

ʢʦʿʘ ʥʘʿʧʨʚʦ ʩʝ ʦʜʚʠʚʘʣʘ ʥʝʩʚʝʩʥʦ, ʘ ʧʦʜʦʮʥʘ ʠ ʩʚʝʩʥʦ, ʧʨʝʢʫ ʠʟʙʦʨ ʠ ʟʘʯʫʚʫʚʘˁʝ ʩʝʤʝ 

ʦʜ ʧʨʠʤʝʨʦʮʠ ʩʦ ʧʦʩʘʢʫʚʘʥʠ ʩʚʦʿʩʪʚʘ ʢʘʢʦ ʧʦʛʦʣʝʤ ʠ ʧʦʘʪʨʘʢʪʠʚʝʥ ʧʣʦʜ, ʧʦʜʦʙʘʨ ʚʢʫʩ, 

ʧʦʚʠʩʦʢ ʧʨʠʥʦʩ ʠ ʧʦʚʠʩʦʢʘ ʦʪʧʦʨʥʦʩʪ ʢʦʥ ʙʦʣʝʩʪʠ ʠ ʰʪʝʪʥʠʮʠ. ɺʦ ʨʘʥʠʪʝ ʬʘʟʠ ʥʘ 

ʜʦʤʝʩʪʠʢʘʮʠʿʘʪʘ, ʩʝʣʝʢʮʠʿʘʪʘ ʛʣʘʚʥʦ ʩʝ ʙʘʟʠʨʘʣʘ ʥʘ ʚʠʜʣʠʚʠʪʝ, ʤʦʨʬʦʣʦʰʢʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢʦ ʰʪʦ ʩʝ ʦʙʣʠʢʦʪ, ʛʦʣʝʤʠʥʘʪʘ ʠ ʙʦʿʘʪʘ ʥʘ ʧʣʦʜʦʪ, ʧʨʠ ʰʪʦ ʙʠʣʝ 

ʟʘʯʫʚʫʚʘʥʠ ʩʝʤʠˁʘ ʦʜ ʨʘʩʪʝʥʠʿʘ ʢʦʠ ʧʨʝʞʠʚʝʘʣʝ ʧʦʜ ʦʜʨʝʜʝʥʠ ʩʪʨʝʩʦʚʠ ʠ ʜʘʚʘʣʝ 

ʧʦʩʘʢʫʚʘʥʠ ʨʝʟʫʣʪʘʪʠ.  

 

ɼʝʥʝʩ ʩʦʚʨʝʤʝʥʘʪʘ ʩʝʣʝʢʮʠʿʘ ʧʨʝʪʩʪʘʚʫʚʘ ʩʠʥʪʝʟʘ ʥʘ ʢʣʘʩʠʯʥʠʪʝ ʤʝʪʦʜʠ ʠ ʥʘʧʨʝʜʥʠʪʝ 

ʤʦʣʝʢʫʣʘʨʥʠ ʧʨʠʩʪʘʧʠ, ʢʘʜʝ ʘʚʪʦʭʪʦʥʠʪʝ ʧʦʧʫʣʘʮʠʠ ʠ ʛʝʥʝʪʩʢʠʪʝ ʨʝʩʫʨʩʠ ʜʦʙʠʚʘʘʪ 

ʢʣʫʯʥʘ ʫʣʦʛʘ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʦʚʠ ʘʣʝʣʠ, ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʫʣʪʫʨʠʪʝ (SmĨkal et al., 

2018), ʦʩʦʙʝʥʦ ʚʦ ʢʦʥʪʝʢʩʪ ʥʘ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʠ ʟʛʦʣʝʤʝʥʘʪʘ ʧʦʪʨʝʙʘ ʟʘ ʦʪʧʦʨʥʠ ʠ 

ʧʨʦʜʫʢʪʠʚʥʠ ʩʦʨʪʠ. 

 

ɺʦ ʪʦʿ ʢʦʥʪʝʢʩʪ, ʧʠʧʝʨʢʘʪʘ (Capsicum spp.) ʩʝ ʚʙʨʦʿʫʚʘ ʤʝʺʫ ʝʢʦʥʦʤʩʢʠ ʥʘʿʟʥʘʯʘʿʥʠʪʝ 

ʛʨʘʜʠʥʘʨʩʢʠ ʢʫʣʪʫʨʠ ʚʦ ʩʚʝʪʦʪ ʠ ʚʦ ʈʝʧʫʙʣʠʢʘ ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ, ʧʨʠ ʰʪʦ ʩʝ 

ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʩʦ ʚʠʩʦʢʘ ʘʜʘʧʪʘʙʠʣʥʦʩʪ ʠ ʠʩʢʣʫʯʠʪʝʣʥʦ ʛʝʥʝʪʩʢʦ ʠ ʬʝʥʦʪʠʧʩʢʦ 

ʠʟʦʙʠʣʩʪʚʦ. ʈʘʟʥʦʚʠʜʥʦʩʪʘ ʥʘ ʚʠʜʦʚʠʪʝ ʠ ʤʦʨʬʦʪʠʧʦʚʠʪʝ ʥʘ Capsicum ʝ ʨʝʟʫʣʪʘʪ ʥʘ 

ʜʦʣʛʦʪʨʘʿʥʘ ʝʚʦʣʫʮʠʿʘ ʠ ʣʦʢʘʣʥʘ ʩʝʣʝʢʮʠʿʘ, ʘ ʩʦʟʥʘʥʠʿʘʪʘ ʟʘ ʤʦʨʬʦʣʦʰʢʠʦʪ, 

ʙʠʦʭʝʤʠʩʢʠʦʪ ʠ ʛʝʥʝʪʩʢʠʦʪ ʜʠʚʝʨʟʠʪʝʪ ʥʘ ʦʚʘʘ ʢʫʣʪʫʨʘ ʩʝ ʦʜ ʩʫʰʪʠʥʩʢʦ ʟʥʘʯʝˁʝ ʟʘ 

ʟʘʯʫʚʫʚʘˁʝ ʥʘ ʙʠʦʣʦʰʢʘʪʘ ʨʘʟʥʦʚʠʜʥʦʩʪ, ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʚʨʝʜʥʠ ʛʝʥʦʪʠʧʦʚʠ ʠ 

ʥʘʩʦʯʫʚʘˁʝ ʥʘ ʩʝʣʝʢʮʠʩʢʠʪʝ ʧʨʦʛʨʘʤʠ ʢʦʥ ʩʦʟʜʘʚʘˁʝ ʩʦʨʪʠ ʧʨʠʩʧʦʩʦʙʝʥʠ ʥʘ 

ʩʦʚʨʝʤʝʥʠʪʝ ʘʛʨʦʝʢʦʣʦʰʢʠ ʠ ʧʘʟʘʨʥʠ ʧʨʝʜʠʟʚʠʮʠ (Tripodi & Kumar, 2019). 

 

ʄʘʢʝʜʦʥʩʢʠʦʪ ʜʠʚʝʨʟʠʪʝʪ ʥʘ ʧʠʧʝʨʢʘ ʝ ʧʨʝʪʩʪʘʚʝʥ ʧʨʝʢʫ ʠʟʦʙʠʣʩʪʚʦ ʦʜ ʘʚʪʦʭʪʦʥʠ ʠ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠ ʬʦʨʤʠ, ʨʘʟʚʠʝʥʠ ʧʦʜ ʚʣʠʿʘʥʠʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʤʠʢʨʦʢʣʠʤʘʪʩʢʠ ʨʝʛʠʦʥʠ 

ʠ ʫʤʝʰʥʦʩʪʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠʪʝ ʧʨʠ ʦʜʙʠʨʘˁʝʪʦ ʥʘ ʟʜʨʘʚʠ ʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠ 

ʧʨʠʤʝʨʦʮʠ ʩʧʦʨʝʜ ʚʘʞʥʠ ʤʦʨʬʦʣʦʰʢʠ ʩʚʦʿʩʪʚʘ. ʆʚʠʝ ʣʦʢʘʣʥʠ ʩʦʨʪʠ ʩʝ ʥʝʨʘʟʜʝʣʝʥ ʜʝʣ 

ʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʘʪʘ ʠʩʭʨʘʥʘ ʠ ʢʫʣʪʫʨʥʦʪʦ ʥʘʩʣʝʜʩʪʚʦ ʙʠʜʝʿ˃ʠ ʩʝ ʢʦʨʠʩʪʘʪ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʿʘʜʝˁʘ, ʟʠʤʥʠʮʠ ʠ ʟʘʯʠʥʠ. ʄʝʺʫ ʥʠʚ, ʦʩʦʙʝʥʦ ʩʝ ʠʟʜʚʦʿʫʚʘ 

ʤʘʢʝʜʦʥʩʢʘʪʘ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ - ʫʥʠʢʘʪʝʥ ʤʦʨʬʦʪʠʧ ʩʦ ʧʨʝʧʦʟʥʘʪʣʠʚʠ ʧʣʦʜʦʚʠ ʠ 

ʩʧʝʮʠʬʠʯʥʘ ʪʝʭʥʦʣʦʰʢʘ ʥʘʤʝʥʘ, ʢʦʿʘ ʧʨʝʪʩʪʘʚʫʚʘ ʚʦʜʝʯʢʘ ʩʦʩʪʦʿʢʘ ʠ ʥʦʩʠʪʝʣ ʥʘ ʚʢʫʩʦʪ 

ʚʦ ʙʨʦʿʥʠ ʪʨʘʜʠʮʠʦʥʘʣʥʠ ʩʧʝʮʠʿʘʣʠʪʝʪʠ.  ʂʘʢʦ ʪʘʢʚʘ, ʠʤʘ ʠʟʨʘʟʝʥʦ ʠʩʪʦʨʠʩʢʦ ʠ 

ʥʘʮʠʦʥʘʣʥʦ ʟʥʘʯʝˁʝ ʠ ʪʨʝʙʘ ʜʘ ʩʝ ʪʨʝʪʠʨʘ ʢʘʢʦ ʥʘʮʠʦʥʘʣʥʦ ʙʦʛʘʪʩʪʚʦ ʰʪʦ ʤʦʨʘ ʜʘ ʩʝ 

ʟʘʯʫʚʘ ʟʘ ʠʜʥʠʪʝ ʛʝʥʝʨʘʮʠʠ (Ivanovska & Andonov, 2018; Jankulovska et al., 2019). 

 

ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʩʦʦʯʝʥʠ ʩʦ ʧʨʝʜʠʟʚʠʮʠʪʝ ʥʘ ʤʦʜʝʨʥʦʪʦ ʚʨʝʤʝ, ʤʠʛʨʘʮʠʿʘʪʘ ʥʘ 

ʥʘʩʝʣʝʥʠʝʪʦ ʠ ʤʘʩʦʚʥʘʪʘ ʫʧʦʪʨʝʙʘ ʥʘ ʭʠʙʨʠʜʥʠ ʩʦʨʪʠ, ʘʚʪʦʭʪʦʥʠʪʝ ʩʦʨʪʠ ʧʨʝʤʠʥʫʚʘʘʪ 

ʚʦ ʟʘʛʨʦʟʝʥʘ ʢʘʪʝʛʦʨʠʿʘ, ʠʩʧʨʘʚʝʥʠ ʧʨʝʜ ʨʠʟʠʢʦʪ ʟʘʩʝʢʦʛʘʰ ʜʘ ʙʠʜʘʪ ʠʟʛʫʙʝʥʠ. ʆʪʪʘʤʫ 

ʧʨʦʠʟʣʝʛʫʚʘ ʧʦʪʨʝʙʘʪʘ ʦʜ ʠʪʥʘ ʢʦʥʟʝʨʚʘʮʠʿʘ ʥʘ ʦʚʘʘ ʟʥʘʯʘʿʥʘ ʛʝʨʤʧʣʘʟʤʘ. 

ʂʦʥʟʝʨʚʘʮʠʿʘʪʘ ʥʘ ʨʘʩʪʠʪʝʣʥʠ ʛʝʥʝʪʩʢʠ ʨʝʩʫʨʩʠ (ʈɻʈ) ʝ ʢʣʫʯʥʘ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ 

ʦʜʨʞʣʠʚʘ ʠʜʥʠʥʘ ʚʦ ʫʩʣʦʚʠ ʥʘ ʢʣʠʤʘʪʩʢʠ ʧʨʦʤʝʥʠ ʠ ʟʛʦʣʝʤʝʥʘ ʧʦʪʨʝʙʘ ʟʘ ʭʨʘʥʘ. 

ʇʨʦʮʝʩʦʪ ʢʦʥʟʝʨʚʘʮʠʿʘ ʥʘ ʈɻʈ ʧʦʜʨʘʟʙʠʨʘ ʟʘʯʫʚʫʚʘˁʝ ʠ ʦʜʨʞʫʚʘˁʝ ʥʘ ʨʘʟʥʦʚʠʜʥʦʩʪʘ 

ʥʘ ʛʝʨʤʧʣʘʟʤʘʪʘ, ʰʪʦ ʝ ʦʜ ʩʫʰʪʠʥʩʢʦ ʟʥʘʯʝˁʝ ʟʘ ʛʨʘʜʝˁʝ ʥʘ ʦʜʨʞʣʠʚʦ ʟʝʤʿʦʜʝʣʩʪʚʦ ʠ 

ʫʥʘʧʨʝʜʫʚʘˁʝ ʥʘ ʝʢʦʩʠʩʪʝʤʠʪʝ, ʰʪʦ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʝ ʚʨʟ ʯʦʚʝʢʦʚʘʪʘ ʙʣʘʛʦʩʦʩʪʦʿʙʘ. ʀʩʪʦ 
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ʪʘʢʘ, ʧʨʝʢʫ ʦʚʦʿ ʧʨʦʮʝʩ ʩʝ ʦʙʝʟʙʝʜʫʚʘʘʪ ʛʝʥʝʪʩʢʠ ʨʝʩʫʨʩʠ ʟʘ ʠʜʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʠ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʫʣʪʫʨʠʪʝ (Pereira-Dias et al., 2019; Karaca et al., 2019; Salgotra & 

Chauhan, 2023). 

 

ʇʨʠ ʢʦʣʝʢʮʠʦʥʠʨʘˁʝʪʦ ʥʘ ʛʝʨʤʧʣʘʟʤʘʪʘ ʦʜ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ ʝ ʫʪʚʨʜʝʥʘ ʠʟʨʘʟʝʥʘ 

ʨʘʟʥʦʚʠʜʥʦʩʪ ʥʘ ʤʦʨʬʦʪʠʧʦʚʠ ʩʦ ʩʧʝʮʠʬʠʯʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʣʦʜʦʪ ʠ ʨʘʩʪʝʥʠʝʪʦ, 

ʦʜʛʣʝʜʫʚʘʥʠ ʚʦ ʨʘʟʣʠʯʥʠ ʨʝʛʠʦʥʠ ʥʘ ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ, ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ ʥʝʿʟʠʥʦʪʦ 

ʥʝʧʨʦʮʝʥʣʠʚʦ ʟʥʘʯʝˁʝ ʢʘʢʦ ʨʘʩʪʠʪʝʣʝʥ ʛʝʥʝʪʩʢʠ ʨʝʩʫʨʩ ʠ ʧʦʪʝʥʮʠʿʘʣʝʥ ʠʟʚʦʨ ʥʘ ʛʝʥʠ ʟʘ 

ʩʝʣʝʢʮʠʿʘ. ɺʦ ʪʘʢʚʠ ʫʩʣʦʚʠ, ʩʝʦʧʬʘʪʥʘʪʘ ʬʝʥʦʪʠʧʩʢʘ ʠ ʛʝʥʦʪʠʧʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ 

ʘʚʪʦʭʪʦʥʠʪʝ ʧʦʧʫʣʘʮʠʠ ʧʨʝʪʩʪʘʚʫʚʘ ʢʣʫʯʝʥ ʯʝʢʦʨ ʟʘ ʥʠʚʥʦ ʥʘʫʯʥʦ ʜʦʢʫʤʝʥʪʠʨʘˁʝ, 

ʨʘʮʠʦʥʘʣʥʦ ʫʧʨʘʚʫʚʘˁʝ ʠ ʝʬʝʢʪʠʚʥʦ ʚʢʣʫʯʫʚʘˁʝ ʚʦ ʩʦʚʨʝʤʝʥʠ ʩʝʣʝʢʮʠʩʢʠ ʧʨʦʛʨʘʤʠ. 

ʀʥʪʝʛʨʘʮʠʿʘʪʘ ʥʘ ʤʦʨʬʦʣʦʰʢʠ ʜʝʩʢʨʠʧʪʦʨʠ ʩʦ ʤʦʣʝʢʫʣʘʨʥʠ ʤʘʨʢʝʨʠ ʦʚʦʟʤʦʞʫʚʘ 

ʜʝʪʘʣʝʥ ʦʧʠʩ ʥʘ ʛʝʥʦʪʠʧʦʚʠʪʝ, ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʫʥʠʢʘʪʥʠ ʠ/ʠʣʠ ʩʨʦʜʥʠ ʣʠʥʠʠ, ʦʮʝʥʢʘ 

ʥʘ ʛʝʥʝʪʩʢʠʦʪ ʜʠʚʝʨʟʠʪʝʪ ʠ ʧʦʧʫʣʘʮʠʩʢʘʪʘ ʩʪʨʫʢʪʫʨʘ, ʢʘʢʦ ʠ ʜʝʪʝʢʮʠʿʘ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠ 

ʜʫʧʣʠʢʘʪʠ. ɼʦʧʦʣʥʠʪʝʣʥʦ, ʤʫʣʪʠʣʦʢʘʮʠʩʢʠʪʝ ʧʦʣʩʢʠ ʠʩʧʠʪʫʚʘˁʘ ʦʚʦʟʤʦʞʫʚʘʘʪ 

ʧʨʦʮʝʥʘ ʥʘ ʩʪʘʙʠʣʥʦʩʪʘ ʠ ʘʜʘʧʪʘʙʠʣʥʦʩʪʘ ʥʘ ʛʝʥʦʪʠʧʦʚʠʪʝ ʚʦ ʨʘʟʣʠʯʥʠ ʤʠʢʨʦʢʣʠʤʘʪʩʢʠ 

ʫʩʣʦʚʠ, ʰʪʦ ʝ ʩʫʰʪʠʥʩʢʦ ʧʨʠ ʬʦʨʤʫʣʠʨʘˁʝ ʧʨʝʧʦʨʘʢʠ ʟʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠʪʝ ʠ ʧʨʠ 

ʜʝʬʠʥʠʨʘˁʝ ʩʝʣʝʢʮʠʩʢʠ ʮʝʣʠ ʥʘʩʦʯʝʥʠ ʢʦʥ ʚʠʩʦʢ ʧʨʠʥʦʩ, ʢʚʘʣʠʪʝʪ ʠ ʦʪʧʦʨʥʦʩʪ ʥʘ ʩʪʨʝʩ 

ʧʨʝʜʠʟʚʠʢʘʥ ʦʜ ʙʠʦʪʩʢʠ ʠ ʘʙʠʦʪʩʢʠ ʬʘʢʪʦʨʠ (Sandeva Atanasova et al., 2021). 

 

ʀʤʘʿ˃ʠ ʧʨʝʜʚʠʜ ʜʝʢʘ ʤʘʢʝʜʦʥʩʢʠʪʝ ʣʦʢʘʣʥʠ ʩʦʨʪʠ ʧʠʧʝʨʢʘ, ʦʩʦʙʝʥʦ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ, ʜʦ 

ʜʝʥʝʩ ʥʝ ʩʝ ʮʝʣʦʩʥʦ ʬʝʥʦʪʠʧʩʢʠ ʠ ʛʝʥʦʪʠʧʩʢʠ ʢʘʨʘʢʪʝʨʠʟʠʨʘʥʠ, ʩʝ ʥʘʤʝʪʥʫʚʘ ʧʦʪʨʝʙʘʪʘ 

ʟʘ ʥʠʚʥʦʪʦ ʟʘʯʫʚʫʚʘˁʝ ʠ ʚʘʣʦʨʠʟʘʮʠʿʘ, ʢʘʢʦ ʠ ʟʘ ʥʠʚʥʦ ʚʢʣʫʯʫʚʘˁʝ ʚʦ ʩʝʣʝʢʮʠʩʢʠʪʝ 

ʧʨʦʛʨʘʤʠ, ʰʪʦ ʧʨʝʪʩʪʘʚʫʚʘ ʠʤʧʝʨʘʪʠʚ ʟʘ ʦʜʨʞʣʠʚʦ ʟʝʤʿʦʜʝʣʩʪʚʦ ʠ ʙʠʦʜʠʚʝʨʟʠʪʝʪ. ɺʨʟ 

ʦʩʥʦʚʘ ʥʘ ʜʦʩʝʛʘʰʥʠʪʝ ʩʦʟʥʘʥʠʿʘ, ʠʜʥʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʪʨʝʙʘ ʜʘ ʩʝ ʥʘʩʦʯʘʪ ʢʦʥ 

ʧʦʜʝʪʘʣʥʘ ʛʝʥʝʪʩʢʘ ʠ ʬʫʥʢʮʠʦʥʘʣʥʘ ʘʥʘʣʠʟʘ ʥʘ ʩʚʦʿʩʪʚʘʪʘ ʩʦ ʘʛʨʦʥʦʤʩʢʘ ʠ ʥʫʪʨʠʪʠʚʥʘ 

ʚʘʞʥʦʩʪ, ʢʘʢʦ ʠ ʢʦʥ ʧʨʦʰʠʨʫʚʘˁʝ ʥʘ ʩʚʝʪʩʢʠʪʝ ʙʘʟʠ ʥʘ ʧʦʜʘʪʦʮʠ ʩʦ ʧʦʜʘʪʦʮʠ ʟʘ 

ʤʘʢʝʜʦʥʩʢʠʪʝ ʨʘʩʪʠʪʝʣʥʠ ʛʝʥʝʪʩʢʠ ʨʝʩʫʨʩʠ ʢʦʠ ˃ʝ ʧʨʠʜʦʥʝʩʘʪ ʟʘ ʛʣʦʙʘʣʥʘ ʘʬʠʨʤʘʮʠʿʘ, 

ʨʘʟʤʝʥʘ ʠ ʟʘʰʪʠʪʘ ʥʘ ʨʘʩʪʠʪʝʣʥʦʪʦ ʛʝʥʝʪʩʢʦ ʥʘʩʣʝʜʩʪʚʦ.  
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2. ʇʈɽɼʄɽʊ ʀ ʎɽʃʀ ʅɸ ʀʉʊʈɸɾʋɺɸɳɽ 

ʀʤʘʿ˃ʠ ʛʦ ʧʨʝʜʚʠʜ ʥʘʮʠʦʥʘʣʥʦʪʦ ʟʥʘʯʝˁʝ ʥʘ ʚʝʟʝʥʘʪʘ ʧʠʧʝʨʢʘ ʢʘʢʦ ʠʩʢʣʫʯʠʪʝʣʥʦ 

ʚʨʝʜʝʥ ʛʝʥʝʪʩʢʠ ʨʝʩʫʨʩ, ʢʘʢʦ ʠ ʧʦʪʨʝʙʘʪʘ ʦʜ ʥʝʿʟʠʥʘ ʠʪʥʘ ʢʦʥʟʝʨʚʘʮʠʿʘ - ʛʣʘʚʥʘʪʘ ʮʝʣ ʥʘ 

ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʝ ʩʝʦʧʬʘʪʥʘ ʤʦʨʬʦʣʦʰʢʘ, ʬʝʥʦʪʠʧʩʢʘ ʠ ʛʝʥʦʪʠʧʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ 

ʥʘ ʣʦʢʘʣʥʠʪʝ ʧʦʧʫʣʘʮʠʠ ʥʘ ʤʘʢʝʜʦʥʩʢʘ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ (Capsicum spp.) ʟʘ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘ 

ʩʪʝʧʝʥʦʪ ʥʘ ʛʝʥʝʪʩʢʠʦʪ ʜʠʚʝʨʟʠʪʝʪ, ʜʘ ʩʝ ʫʪʚʨʜʠ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ 

ʚʨʟ ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʥʘ ʤʦʨʬʦʣʦʰʢʠʪʝ ʜʝʩʢʨʠʧʪʦʨʠ, ʜʘ ʩʝ ʜʝʪʝʢʪʠʨʘʘʪ ʧʦʪʝʥʮʠʿʘʣʥʠʪʝ 

ʜʫʧʣʠʢʘʪʠ ʠ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʩʧʝʮʠʬʠʯʥʠ ʛʝʥʦʪʠʧʦʚʠ ʟʘ ʜʦʣʛʦʨʦʯʥʘ ʢʦʥʟʝʨʚʘʮʠʿʘ 

ʢʦʠ ʝʬʠʢʘʩʥʦ ˃ʝ ʤʦʞʝ ʜʘ ʩʝ ʠʥʪʝʛʨʠʨʘʘʪ ʚʦ ʠʜʥʠʪʝ ʩʝʣʝʢʮʠʩʢʠ ʧʨʦʛʨʘʤʠ. 

 

ɻʣʘʚʥʘʪʘ ʮʝʣ ʚʦ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʩʝ ʨʝʘʣʠʟʠʨʘ ʧʨʝʢʫ ʦʩʪʚʘʨʫʚʘˁʝ ʥʘ ʩʣʝʜʥʠʪʝ ʧʦʪʮʝʣʠ: 

¶ ʌʝʥʦʪʠʧʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʦʮʝʥʘ ʥʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʧʦʤʝʺʫ ʣʦʢʘʣʥʠʪʝ 
ʧʦʧʫʣʘʮʠʠ ʤʘʢʝʜʦʥʩʢʘ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ; 

¶ ʇʨʦʮʝʥʢʘ ʥʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ (ʣʦʢʘʮʠʿʘ) ʚʨʟ 

ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʥʘ ʤʦʨʬʦʣʦʰʢʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ ʛʝʥʦʪʠʧʦʚʠʪʝ;  

¶ ɻʝʥʝʪʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʠʟʙʨʘʥʠ ʛʝʥʦʪʠʧʦʚʠ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʤʦʣʝʢʫʣʘʨʥʠ 
ʤʘʨʢʝʨʠ, ʩʦ ʮʝʣ ʦʧʪʠʤʠʟʠʨʘˁʝ ʥʘ ʧʨʦʪʦʢʦʣʦʪ ʟʘ ʤʦʣʝʢʫʣʘʨʥʘ ʘʥʘʣʠʟʘ ʢʘʿ 

ʚʝʟʝʥʘʪʘ ʧʠʧʝʨʢʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʜʠʚʝʨʟʠʪʝʪʦʪ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʛʝʥʝʪʩʢʠʪʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʛʝʥʦʪʠʧʦʚʠʪʝ; 

¶ ʆʜʨʝʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘʪʘ ʜʠʩʪʘʥʮʘ ʧʦʤʝʺʫ ʠʩʧʠʪʫʚʘʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʠ ʥʠʚʥʦ 
ʛʨʫʧʠʨʘˁʝ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʬʝʥʦʪʠʧʩʢʠʪʝ ʠ ʛʝʥʦʪʠʧʩʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

¶ ɼʝʪʝʢʪʠʨʘˁʝ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠ ʜʫʧʣʠʢʘʪʠ ʚʦ ʢʦʣʝʢʮʠʿʘʪʘ; 

¶ ʀʟʙʦʨ ʥʘ ʛʝʥʦʪʠʧʦʚʠ ʩʦ ʧʦʞʝʣʥʠ ʙʠʦʣʦʰʢʠ ʠ ʤʦʨʬʦʣʦʰʢʠ ʩʚʦʿʩʪʚʘ ʢʦʠ ʙʠ 

ʤʦʞʝʣʝ ʜʘ ʠʤ ʙʠʜʘʪ ʧʨʝʧʦʨʘʯʘʥʠ ʥʘ ʟʝʤʿʦʜʝʣʩʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʢʦʠ 

ʦʜʛʣʝʜʫʚʘʘʪ ʘʚʪʦʭʪʦʥʠ ʩʦʨʪʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ; 

¶ ʇʨʘʚʠʣʥʦ ʠ ʜʦʣʛʦʨʦʯʥʦ ʟʘʯʫʚʫʚʘˁʝ ʥʘ ʦʚʠʝ ʙʝʩʮʝʥʝʪʠ ʛʝʥʝʪʩʢʠ ʨʝʩʫʨʩʠ ʠ ʥʠʚʥʦ 
ʧʦʥʘʪʘʤʦʰʥʦ ʚʦʚʝʜʫʚʘˁʝ ʚʦ ʧʨʦʛʨʘʤʠʪʝ ʟʘ ʩʝʣʝʢʮʠʿʘ, ʩʦ ʮʝʣ ʩʦʟʜʘʚʘˁʝ ʥʦʚʠ 

ʩʫʧʝʨʠʦʨʥʠ ʩʦʨʪʠ ʠ ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʠʚʥʘ ʦʜʨʞʣʠʚʘ ʫʧʦʪʨʝʙʘ. 

 

ʈʝʟʫʣʪʘʪʠʪʝ ʜʦʙʠʝʥʠ ʦʜ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ˃ʝ ʦʚʦʟʤʦʞʘʪ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʠ ʜʦʩʪʘʧʥʦʩʪ ʥʘ 

ʛʝʥʦʪʠʧʦʚʠ ʩʦ ʩʧʝʮʠʬʠʯʥʠ ʘʛʨʦʥʦʤʩʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʢʘʢʦ ʧʨʠʥʦʩ, ʪʦʣʝʨʘʥʪʥʦʩʪ ʥʘ 

ʩʪʨʝʩʦʚʠ, ʢʚʘʣʠʪʝʪ), ʢʦʠ ʩʝ ʧʨʠʩʧʦʩʦʙʝʥʠ ʥʘ ʣʦʢʘʣʥʠʪʝ ʫʩʣʦʚʠ ʥʘ ʦʜʛʣʝʜʫʚʘˁʝ. ʊʦʘ ˃ʝ 

ʚʣʠʿʘʝ ʚʨʟ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʘ, ʩʪʘʙʠʣʥʦʩʪʘ ʠ ʝʢʦʥʦʤʩʢʘʪʘ ʜʦʙʠʚʢʘ ʟʘ 

ʟʝʤʿʦʜʝʣʮʠʪʝ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʟʘʯʫʚʫʚʘˁʝʪʦ ʠ ʚʘʣʦʨʠʟʘʮʠʿʘʪʘ ʥʘ ʘʚʪʦʭʪʦʥʠʪʝ ʛʝʥʝʪʩʢʠ 

ʨʝʩʫʨʩʠ ʚʦ ʥʘʰʘʪʘ ʟʝʤʿʘ, ʢʘʢʦ ʰʪʦ ʝ ʚʝʟʝʥʘʪʘ ʧʠʧʝʨʢʘ, ˃ʝ ʧʨʠʜʦʥʝʩʝ ʢʦʥ ʟʘʰʪʠʪʘ ʥʘ 

ʘʛʨʦʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ, ʙʝʟʙʝʜʥʦʩʪʘ ʥʘ ʭʨʘʥʘʪʘ ʠ ʨʫʨʘʣʥʠʦʪ ʨʘʟʚʦʿ, ʢʘʢʦ ʠ ʢʦʥ ʿʘʢʥʝˁʝ ʥʘ 

ʢʫʣʪʫʨʥʠʦʪ ʠʜʝʥʪʠʪʝʪ ʧʨʝʢʫ ʪʨʘʜʠʮʠʦʥʘʣʥʦʪʦ ʦʜʛʣʝʜʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʠ ʩʦ ʧʦʩʝʙʥʘ 

ʨʝʧʫʪʘʮʠʿʘ. ɺʦ ʩʚʝʪʩʢʠ ʨʘʤʢʠ, ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʿʘ ʟʙʦʛʘʪʫʚʘ ʛʣʦʙʘʣʥʘʪʘ ʙʘʟʘ ʥʘ 

ʩʦʟʥʘʥʠʿʘ ʟʘ ʧʠʧʝʨʢʘʪʘ, ʰʪʦ ʝ ʦʜ ʟʥʘʯʝˁʝ ʟʘ ʤʝʺʫʥʘʨʦʜʥʘʪʘ ʥʘʫʯʥʘ ʟʘʝʜʥʠʮʘ, ʘ ʦʩʦʙʝʥʦ 

ʟʘ ʠʩʪʨʘʞʫʚʘʯʠʪʝ ʠ ʩʝʣʝʢʮʠʦʥʝʨʠʪʝ. 
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_________________________________________________________________________________________________ 

12 

 

3. ʇʈɽɻʃɽɼ ʅɸ ʃʀʊɽʈɸʊʋʈɸ 

3.1. ɿʥʘʯʝˁʝ ʥʘ ʨʦʜʦʪ Capsicum  

 

ɻʦʣʝʤ ʜʝʣ ʦʜ ʭʫʤʘʥʘʪʘ ʠʩʭʨʘʥʘ ʙʘʟʠʨʘ ʥʘ ʧʨʦʜʫʢʪʠ ʦʜ ʨʘʩʪʠʪʝʣʥʦ ʧʦʪʝʢʣʦ. ʀʘʢʦ ʚʦ 

ʩʚʝʪʦʪ ʧʦʩʪʦʿʘʪ ʧʦʚʝ˃ʝ ʦʜ 50 000 ʚʠʜʦʚʠ ʿʘʩʪʠʚʠ ʨʘʩʪʝʥʠʿʘ (Gruber, 2017), ʧʦʚʝ˃ʝ ʦʜ 6 

000 ʨʘʩʪʠʪʝʣʥʠ ʚʠʜʦʚʠ ʩʝ ʢʫʣʪʠʚʠʨʘʘʪ ʟʘ ʭʨʘʥʘ, ʘ ʧʦʤʘʣʢʫ ʦʜ 200 ʟʥʘʯʘʿʥʦ 

ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʟʘ ʛʣʦʙʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʭʨʘʥʘ ʠ ʧʨʝʭʨʘʥʘʪʘ ʥʘ ʯʦʚʝʰʪʚʦʪʦ (FAO, 

2019). ʄʝʺʫ ʥʠʚ, ʧʠʧʝʨʢʘʪʘ (Capsicum spp.) ʠʤʘ ʠʩʢʣʫʯʠʪʝʣʥʦ ʟʥʘʯʝˁʝ ʢʘʢʦ ʝʜʥʘ ʦʜ 

ʥʘʿʟʘʩʪʘʧʝʥʠʪʝ ʛʨʘʜʠʥʘʨʩʢʠ ʢʫʣʪʫʨʠ ʚʦ ʠʩʭʨʘʥʘʪʘ, ʰʪʦ ʿʘ ʢʦʥʩʫʤʠʨʘ ʨʝʯʠʩʠ ʝʜʥʘ 

ʯʝʪʚʨʪʠʥʘ ʦʜ ʩʚʝʪʩʢʘʪʘ ʧʦʧʫʣʘʮʠʿʘ (Barboza et al., 2022). ʅʘ ʩʚʝʪʩʢʦ ʥʠʚʦ, ʚʦ 2023 

ʛʦʜʠʥʘ, ʦʚʘʘ ʢʫʣʪʫʨʘ (ʟʘ ʩʚʝʞʘ ʢʦʥʩʫʤʘʮʠʿʘ ʠ ʟʘ ʩʫʰʝˁʝ) ʩʝ ʦʜʛʣʝʜʫʚʘʣʘ ʥʘ ʧʦʚʨʰʠʥʘ 

ʧʦʛʦʣʝʤʘ ʦʜ 3,8 ʤʠʣʠʦʥʠ ʭʝʢʪʘʨʠ, ʩʦ ʚʢʫʧʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜ 38,3 ʤʠʣʠʦʥʠ ʪʦʥʠ ʥʘ 

ʩʚʝʞʘ ʠ 5,8 ʤʠʣʠʦʥʠ ʪʦʥʠ ʩʫʚʘ ʧʠʧʝʨʢʘ (FAO, 2023), ʩʦ ʧʦʩʪʦʿʘʥ ʪʨʝʥʜ ʥʘ ʨʘʩʪ ʧʦʨʘʜʠ 

ʩ ̄ʧʦʛʦʣʝʤʘʪʘ ʧʦʙʘʨʫʚʘʯʢʘ ʟʘ ʩʚʝʞʠ, ʩʫʰʝʥʠ ʠ ʠʥʜʫʩʪʨʠʩʢʠ ʧʨʝʨʘʙʦʪʝʥʠ ʧʨʦʠʟʚʦʜʠ. 

ʉʧʦʨʝʜ ʙʘʨʘˁʘʪʘ ʥʘ ʧʘʟʘʨʦʪ ʠ ʦʙʝʤʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʧʠʧʝʨʢʘʪʘ ʝ ʚʦʜʝʯʢʘ 

ʛʨʘʜʠʥʘʨʩʢʘ ʢʫʣʪʫʨʘ ʚʦ ʈʝʧʫʙʣʠʢʘ ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ, ʩʦ ʧʝʨʤʘʥʝʥʪʝʥ ʨʘʩʪ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʚʦ ʧʦʩʣʝʜʥʠʪʝ ʧʝʪ ʛʦʜʠʥʠ (ɼɿʉ, 2024ʘ). ʉʧʦʨʝʜ ʧʦʜʘʪʦʮʠʪʝ ʦʙʿʘʚʝʥʠ ʚʦ 

ʉʪʘʪʠʩʪʠʯʢʠʦʪ ʛʦʜʠʰʥʠʢ ʥʘ ɼʨʞʘʚʥʠʦʪ ʟʘʚʦʜ ʟʘ ʩʪʘʪʠʩʪʠʢʘ (2024), ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ 

ʧʠʧʝʨʢʘ ʚʦ ʥʘʰʘʪʘ ʟʝʤʿʘ ʚʦ 2023 ʛʦʜʠʥʘ ʩʝ ʨʝʘʣʠʟʠʨʘʣʦ ʥʘ ʧʦʚʨʰʠʥʘ ʦʜ 9 635 ʭʝʢʪʘʨʠ, 

ʘ ʨʝʟʫʣʪʠʨʘʣʦ ʩʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜ 247 417 ʪʦʥʠ. ʅʘʿʛʦʣʝʤ ʧʨʦʮʝʥʪ ʦʜ ʚʢʫʧʥʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʠʧʝʨʢʘ ʩʝ ʦʩʪʚʘʨʫʚʘ ʚʦ ɱʫʛʦʠʩʪʦʯʥʠʦʪ, ʇʝʣʘʛʦʥʠʩʢʠʦʪ ʠ ʉʢʦʧʩʢʠʦʪ 

ʈʝʛʠʦʥ. ʉʝʧʘʢ, ʟʘʛʨʠʞʫʚʘʯʢʠ ʝ ʬʘʢʪʦʪ ʜʝʢʘ ʚʦ ʧʦʩʣʝʜʥʠʪʝ ʪʨʠ ʛʦʜʠʥʠ ʚʢʫʧʥʠʦʪ ʦʪʢʫʧ ʥʘ 

ʩʚʝʞʘ ʧʠʧʝʨʢʘ ʙʝʣʝʞʠ ʧʘʜ ʦʜ ʥʘʜ 30 % (ɼɿʉ, 2024ʙ). 

 

ɺʦ ʩʧʦʨʝʜʙʘ ʩʦ ʠʟʤʠʥʘʪʠʪʝ ʜʝʮʝʥʠʠ, ʩʚʝʪʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʠʧʝʨʢʘ ʙʝʣʝʞʠ 

ʢʦʥʪʠʥʫʠʨʘʥ ʪʨʝʥʜ ʥʘ ʧʦʨʘʩʪ (FAO, 2024). ʂʣʫʯʥʠʪʝ ʬʘʢʪʦʨʠ ʟʘ ʚʘʢʚʠʦʪ ʨʘʟʚʦʿ ʩʝ 

ʟʛʦʣʝʤʝʥʘʪʘ ʛʣʦʙʘʣʥʘ ʧʦʙʘʨʫʚʘʯʢʘ, ʧʨʦʰʠʨʫʚʘˁʝʪʦ ʥʘ ʠʥʪʝʥʟʠʚʥʠʪʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ 

ʩʠʩʪʝʤʠ ð ʦʩʦʙʝʥʦ ʚʦ ʨʘʟʚʠʝʥʠʪʝ ʝʢʦʥʦʤʠʠ ð ʢʘʢʦ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘʪʘ ʥʘ ʥʘʧʨʝʜʥʠ 

ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʧʨʝʮʠʟʥʦ ʟʝʤʿʦʜʝʣʩʪʚʦ, ʧʨʚʝʥʩʪʚʝʥʦ ʚʦ ʢʦʥʪʨʦʣʠʨʘʥʠ ʫʩʣʦʚʠ (ʟʘʰʪʠʪʝʥʠ 

ʧʨʦʩʪʦʨʠ). 

 

ɼʦʤʠʥʘʥʪʝʥ ʧʨʦʠʟʚʦʜʠʪʝʣ ʥʘ ʧʠʧʝʨʢʘ ʚʦ ʩʚʝʪʦʪ ʝ ʂʠʥʘ, ʩʦ ʥʘʜ 60 % ʦʜ ʚʢʫʧʥʦʪʦ 

ʛʣʦʙʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʣʝʜʝʥʘ ʦʜ ʀʥʜʠʿʘ, ʄʝʢʩʠʢʦ, ʉɸɼ ʠ ʐʧʘʥʠʿʘ, ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 

ʚʠʜʦʪ ʠ ʧʘʟʘʨʥʘʪʘ ʦʨʠʝʥʪʘʮʠʿʘ (FAO, 2023; 2024). ɺʦ ʂʠʥʘ, ʀʥʜʠʿʘ ʠ ʄʝʢʩʠʢʦ ʨʝʯʠʩʠ 

ʠʩʢʣʫʯʠʪʝʣʥʦ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘ ʯʠʣʠ ʧʠʧʝʨʢʘ, ʥʘʤʝʥʝʪʘ ʟʘ ʟʘʯʠʥ. ɺʦ ʉɸɼ ʥʘʿʛʦʣʝʤ ʜʝʣ ʦʜ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʙʘʟʠʨʘ ʥʘ ʧʠʧʝʨʢʘ ʦʜ ʪʠʧʦʪ ʙʘʙʫʨʠ, ʜʦʜʝʢʘ ʚʦ ʐʧʘʥʠʿʘ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘʘʪ 

ʠ ʜʚʘʪʘ ʪʠʧʘ ʧʠʧʝʨʢʘ.  

 

ʇʦʩʣʝʜʥʠʪʝ ʥʝʢʦʣʢʫ ʛʦʜʠʥʠ, ʦʩʦʙʝʥʦ ʟʘ ʚʨʝʤʝ ʠ ʧʦ ʧʘʥʜʝʤʠʿʘʪʘ ʥʘ ʂʦʚʠʜ-19, ʩʝ 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʟʥʘʯʘʿʥʠ ʧʨʦʤʝʥʠ ʚʦ ʩʪʠʣʦʪ ʥʘ ʞʠʚʝʝˁʝ, ʧʦʩʝʙʥʦ ʢʘʿ ʧʦʤʣʘʜʘʪʘ 

ʧʦʧʫʣʘʮʠʿʘ ʢʦʿʘ ʩʝ ʩʪʨʝʤʠ ʢʦʥ ʚʦʚʝʜʫʚʘˁʝ ʧʦʚʝ˃ʝ ʩʚʝʞʠ ʧʨʦʜʫʢʪʠ ʚʦ ʩʝʢʦʿʜʥʝʚʥʦʪʦ 

ʤʝʥʠ, ʥʝʨʝʪʢʦ ʦʜ ʦʨʛʘʥʩʢʦ ʧʦʪʝʢʣʦ. ɺʦ ʩʧʣʝʪʦʪ ʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʠ ʩʧʝʮʠʿʘʣʠʪʝʪʠ ʠ ʥʦʚʠ 

ʟʜʨʘʚʠ ʥʘʚʠʢʠ ʧʠʧʝʨʢʘʪʘ ʥʘʦʺʘ ʩʠʛʫʨʥʦ ʤʝʩʪʦ. ʆʪʪʘʤʫ, ʢʣʫʯʥʠʪʝ ʬʘʢʪʦʨʠ ʢʦʠ ʛʦ 

ʧʦʪʪʠʢʥʫʚʘʘʪ ʨʘʩʪʦʪ ʥʘ ʧʘʟʘʨʦʪ ʥʘ ʧʠʧʝʨʢʘʪʘ ʚʢʣʫʯʫʚʘʘʪ: ʧʦʚʠʩʦʢʘ ʩʚʝʩʪ ʟʘ 

ʧʨʠʜʦʙʠʚʢʠʪʝ ʦʜ  ʠʩʭʨʘʥʘ ʢʦʿʘ ʩʦʜʨʞʠ ʧʠʧʝʨʢʘ, ʟʛʦʣʝʤʝʥʘʪʘ ʧʦʧʫʣʘʨʥʦʩʪ ʥʘ ʧʨʠʨʦʜʥʠ 

ʠ ʩʚʝʞʠ ʧʨʝʭʨʘʥʙʝʥʠ ʧʨʦʠʟʚʦʜʠ ʠ ʧʦʛʦʣʝʤʠ ʙʘʨʘˁʘ ʦʜ ʧʨʝʭʨʘʥʙʝʥʘʪʘ ʠʥʜʫʩʪʨʠʿʘ. ɺʦ 

ʦʜʥʦʩ ʥʘ ʧʘʟʘʨʥʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ ʧʠʧʝʨʢʘʪʘ ʥʘ ʩʚʝʪʩʢʦ ʥʠʚʦ, ʩʝ ʦʯʝʢʫʚʘ ʧʦʨʘʩʪ ʩʦ ʩʣʦʞʝʥʘ 

ʛʦʜʠʰʥʘ ʩʪʘʧʢʘ ʥʘ ʨʘʩʪ ʦʜ 8,0 % ʦʜ 2023 ʜʦ 2030 ʛʦʜʠʥʘ, ʩʦ ʰʪʦ ʙʠ ʩʝ ʜʦʩʪʠʛʥʘʣʘ 

ʚʨʝʜʥʦʩʪ ʦʜ 138,69 ʤʠʣʠʿʘʨʜʠ ʘʤʝʨʠʢʘʥʩʢʠ ʜʦʣʘʨʠ ʜʦ ʢʨʘʿʦʪ ʥʘ ʦʚʦʿ ʧʝʨʠʦʜ. ɺʦ ʦʜʥʦʩ 
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ʥʘ ʦʙʝʤʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʩʝ ʦʯʝʢʫʚʘ ʧʦʨʘʩʪ ʩʦ ʩʣʦʞʝʥʘ ʛʦʜʠʰʥʘ ʩʪʘʧʢʘ ʥʘ ʨʘʩʪ ʦʜ 

7,2 % ʦʜ 2023 ʜʦ 2030 ʛʦʜʠʥʘ ʠ ʠʩʪʠʦʪ ʜʘ ʜʦʩʪʠʛʥʝ 101 094 976,1 ʪʦʥʠ ʜʦ 2030 ʛʦʜʠʥʘ 

(Grand View Research, 2023). ʉʝʪʦ ʦʚʘ ʫʢʘʞʫʚʘ ʥʘ ʚʠʩʦʢʘʪʘ ʝʢʦʥʦʤʩʢʘ ʚʘʞʥʦʩʪ ʥʘ 

ʧʠʧʝʨʢʘʪʘ ʢʘʢʦ ʛʨʘʜʠʥʘʨʩʢʘ ʢʫʣʪʫʨʘ. ʊʘʘ ʥʘʦʺʘ ʰʠʨʦʢʘ ʧʨʠʤʝʥʘ ʚʦ ʠʩʭʨʘʥʘʪʘ ʢʘʢʦ ʩʚʝʞ 

ʟʝʣʝʥʯʫʢ, ʚʦ ʨʘʟʥʠ ʧʨʝʨʘʙʦʪʢʠ ʠ ʢʘʢʦ ʟʘʯʠʥ ʟʘ ʟʙʦʛʘʪʫʚʘˁʝ ʥʘ ʚʢʫʩʦʪ.  

 

ʇʦʢʨʘʿ ʝʢʦʥʦʤʩʢʦʪʦ ʟʥʘʯʝˁʝ, ʧʠʧʝʨʢʘʪʘ ʝ ʩʫʰʪʠʥʩʢʠ ʬʘʢʪʦʨ ʚʦ ʜʝʬʠʥʠʨʘˁʝʪʦ ʥʘ 

ʢʫʣʪʫʨʥʠʦʪ ʠʜʝʥʪʠʪʝʪ ʠ ʬʦʣʢʣʦʨʦʪ ʥʘ ʤʥʦʛʫ ʥʘʨʦʜʠ. ɺʨʝʜʥʦʩʥʠʦʪ ʩʠʩʪʝʤ ʧʦʚʨʟʘʥ ʩʦ 

ʦʚʘʘ ʢʫʣʪʫʨʘ ʩʝ ʛʨʘʜʝʣ ʩʦ ʚʝʢʦʚʠ, ʩʣʝʜʝʿ˃ʠ ʛʦ ʨʘʟʚʦʿʦʪ ʥʘ ʯʦʚʝʰʪʚʦʪʦ. ʊʘʘ ʥʝ ʝ ʩʘʤʦ 

ʭʨʘʥʘ, ʪʫʢʫ ʠ ʩʦʮʠʦ-ʢʫʣʪʫʨʝʥ ʤʘʨʢʝʨ ʢʘʿ ʜʦʤʦʨʦʜʥʦʪʦ ʥʘʩʝʣʝʥʠʝ ʚʦ ʮʝʥʪʨʠʪʝ ʥʘ 

ʥʝʿʟʠʥʦʪʦ ʧʦʪʝʢʣʦ. ɺʦ ʦʚʠʝ ʟʘʝʜʥʠʮʠ, ʧʠʧʝʨʢʘʪʘ ʧʦʩʝʜʫʚʘ ʪʨʘʜʠʮʠʦʥʘʣʝʥ ʠ ʨʠʪʫʘʣʝʥ 

ʩʪʘʪʫʩ, ʰʪʦ ʛʦ ʟʙʦʛʘʪʫʚʘ ʥʝʿʟʠʥʠʦʪ ʝʪʥʦʙʦʪʘʥʠʯʢʠ ʢʦʥʪʝʢʩʪ. ʂʘʢʦ ʩʦʩʪʘʚʝʥ ʜʝʣ ʦʜ 

ʪʨʘʜʠʮʠʦʥʘʣʥʘʪʘ ʛʘʩʪʨʦʥʦʤʠʿʘ, ʪʘʘ ʝ ʩʠʤʙʦʣ ʥʘ ʥʘʮʠʦʥʘʣʥʘʪʘ ʧʦʩʝʙʥʦʩʪ ʥʘ ʨʝʛʠʦʥʠʪʝ 

ʢʘʜʝ ʰʪʦ ʩʝ ʦʜʛʣʝʜʫʚʘ. (Pickersgill, 2007). 

 

ʀʩʪʦʨʠʩʢʠ, ʧʠʧʝʨʢʘʪʘ ʧʨʝʪʩʪʘʚʫʚʘ ʝʜʝʥ ʦʜ ʥʘʿʩʪʘʨʠʪʝ ʢʫʣʪʠʚʠʨʘʥʠ ʚʠʜʦʚʠ. ɹʨʦʿʥʠ 

ʘʨʭʝʦʙʦʪʘʥʠʯʢʠ ʥʘʦʜʠ ʦʜ ʧʨʝʜ 6 000 - 9 000 ʛʦʜʠʥʠ ʧʦʪʚʨʜʫʚʘʘʪ ʜʝʢʘ ʪʘʘ ʝ ʧʨʚʠʦʪ ʣʫʪ 

ʟʘʯʠʥ ʢʦʿ ʯʦʚʝʢʦʪ ʛʦ ʢʦʨʠʩʪʝʣ ʚʦ ʠʩʭʨʘʥʘʪʘ ʠ ʟʘ ʤʝʜʠʮʠʥʩʢʠ ʮʝʣʠ (Bosland, 1996; Kraft 

et al., 2014a). ʈʦʜʦʪ Capsicum ʝ ʮʝʥʪʨʘʣʝʥ ʚʦ ʛʘʩʪʨʦʥʦʤʠʿʘʪʘ ʠ ʚʦ ʜʝʬʠʥʠʨʘˁʝʪʦ ʥʘ 

ʚʢʫʩʦʪ ʥʘ ʭʨʘʥʘʪʘ ʚʦ ʃʘʪʠʥʩʢʘ ɸʤʝʨʠʢʘ, ʇʠʨʠʥʝʿʩʢʠʦʪ ʇʦʣʫʦʩʪʨʦʚ, ɹʘʣʢʘʥʩʢʠʦʪ 

ʇʦʣʫʦʩʪʨʦʚ, ɹʣʠʩʢʠʦʪ ʀʩʪʦʢ ʠ ɱʫʛʦʠʩʪʦʯʥʘ ɸʟʠʿʘ (Olatunji & Afolayan, 2018; Barboza et 

al., 2019; Silvar et al., 2022).  

 

ʇʦʪʦʘ, ʫʰʪʝ ʦʜ ʜʘʤʥʝʰʥʠ ʚʨʝʤʠˁʘ ʧʘ ʩⱪ ʜʦ ʜʝʥʝʩ, ʧʠʧʝʨʢʘʪʘ (Capsicum spp.) ʩʝ 

ʦʜʛʣʝʜʫʚʘ ʠ ʢʘʢʦ ʜʝʢʦʨʘʪʠʚʝʥ ʚʠʜ ʧʨʝʜ ʩⱪ ʧʦʨʘʜʠ ʞʠʚʠʪʝ ʙʦʠ ʥʘ ʧʣʦʜʦʚʠʪʝ, ʢʘʢʦ ʠ 

ʧʦʨʘʜʠ ʨʘʟʣʠʯʥʦ ʦʙʣʠʢʫʚʘʥʠʪʝ ʚʝʛʝʪʘʪʠʚʥʠ ʜʝʣʦʚʠ (Bosland & Votava, 2000; Stommel & 

Bosland, 2007; Bosland & Votava, 2012; Zhang et al., 2016; Fortunado et al., 2019; do 

Nascimento et al. 2025). ʆʚʦʿ ʧʦʪʝʥʮʠʿʘʣ ʝ ʦʩʦʙʝʥʦ ʚʘʞʝʥ ʚʦ ʚʨʝʤʝ ʢʦʛʘ ʜʝʢʦʨʘʪʠʚʥʦʪʦ 

ʛʨʘʜʠʥʘʨʩʪʚʦ ʙʝʣʝʞʠ ʦʩʦʙʝʥ ʧʦʨʘʩʪ ʚʦ ʫʨʙʘʥʠʪʝ ʠ ʩʪʘʥʙʝʥʠʪʝ ʧʝʿʩʘʞʠ (Rudnyk-

Ivashchenko et al., 2021; Francini et al., 2022). 

 

ʇʣʦʜʦʚʠʪʝ ʥʘ Capsicum spp. ʩʝ ʠʟʚʦʨ ʥʘ ʚʠʪʘʤʠʥʠʪʝ C, ɽ ʠ ʧʨʦʚʠʪʘʤʠʥ ɸ, ʘ ʙʦʛʘʪʠ ʩʝ ʠ 

ʩʦ ʙʨʦʿʥʠ ʙʠʦʘʢʪʠʚʥʠ ʩʦʝʜʠʥʝʥʠʿʘ, ʢʘʢʦ ʧʠʛʤʝʥʪʠ (ʭʣʦʨʦʬʠʣ, ʘʥʪʦʮʠʿʘʥʠ, ʣʫʪʝʠʥ), 

ʤʠʥʝʨʘʣʠ, ʬʣʘʚʦʥʦʠʜʠ, ʢʘʨʦʪʝʥʦʠʜʠ (ɓ-ʢʘʨʦʪʝʥ, ɓ-ʢʨʠʧʪʦʢʩʘʥʪʠʥ, ʣʫʪʝʠʥ ʠ ʟʝʘʢʩʘʥʪʠʥ), 

ʢʘʧʩʘʠʮʠʥʦʠʜʠ (ʢʘʧʩʘʥʪʠʥ ʠ ʢʘʧʩʦʨʫʙʠʥ) ʠ ʦʣʝʦʨʝʟʠʥ (Palevitch & Craker, 1996; Antonio 

et al., 2018; Baenas et al., 2019; Mohd Hassan et al., 2019; Batiha et al., 2020;  Echave et al., 

2020; Villa-Rivera et al., 2020). Oʚʠʝ ʩʦʝʜʠʥʝʥʠʿʘ Ⱬ ʦʚʦʟʤʦʞʫʚʘʘʪ ʥʘ ʧʠʧʝʨʢʘʪʘ ʜʘ ʜʝʣʫʚʘ 

ʢʘʢʦ ʤʦ˃ʝʥ ʘʥʪʠʦʢʩʠʜʘʥʩ, ʩʦ ʜʦʢʘʞʘʥʠ ʘʥʪʠʚʦʩʧʘʣʠʪʝʣʥʠ ʠ ʘʥʪʠʤʠʢʨʦʙʥʠ ʩʚʦʿʩʪʚʘ 

(Duranova et al., 2022; Romero-Luna et al., 2023). ʇʦʩʪʦʿʘʪ ʛʦʣʝʤ ʙʨʦʿ ʠʩʪʨʘʞʫʚʘˁʘ ʢʦʠ ʛʦ 

ʜʦʢʘʞʫʚʘʘʪ ʧʦʟʠʪʠʚʥʠʦʪ ʝʬʝʢʪ ʦʜ ʧʨʠʤʝʥʘʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʘʢʪʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ ʦʜ 

ʧʠʧʝʨʢʘʪʘ ʚʦ ʙʦʨʙʘʪʘ ʧʨʦʪʠʚ ʘʨʪʨʠʪʠʩ, ʥʝʚʨʦʣʦʰʢʠ ʟʘʙʦʣʫʚʘˁʘ, ʣʝʢʫʚʘˁʝ ʥʘ ʢʦʞʥʠ 

ʙʦʣʝʩʪʠ ʠʪʥ. (Hern§ndez-P®rez et al., 2020). ʃʫʪʠʥʘʪʘ ʢʘʿ ʧʠʧʝʨʢʘʪʘ ʝ ʜʠʨʝʢʪʥʦ ʧʦʚʨʟʘʥʘ 

ʩʦ ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ ʘʣʢʘʣʦʠʜʦʪ ʢʘʧʩʘʠʮʠʥ ʚʦ ʧʣʘʮʝʥʪʘʪʘ. ʊʦʿ ʝ ʧʦʟʥʘʪ ʘʥʘʣʛʝʪʠʢ ʠ 

ʩʨʝʜʩʪʚʦ ʟʘ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʪʝʣʝʩʥʘʪʘ ʪʝʞʠʥʘ (Naves et al., 2019; Szallasi, 2022). ʉ¯ ʧʦʚʝ˃ʝ 

ʥʘʫʯʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʛʦ ʧʦʪʚʨʜʫʚʘʘʪ ʥʝʛʦʚʠʦʪ ʮʠʪʦʪʦʢʩʠʯʝʥ ʝʬʝʢʪ ʚʨʟ ʢʘʥʮʝʨʥʠʪʝ 

ʢʣʝʪʢʠ (Chapa-Oliver & Mejía-Teniente, 2016; Clark & Lee, 2016; Luján-Méndez et al., 

2023). ʀʩʪʠʦʪ ʥʘʦʺʘ ʧʨʠʤʝʥʘ ʠ ʢʘʢʦ ʙʠʦʧʝʩʪʠʮʠʜ ʚʦ ʦʨʛʘʥʩʢʦʪʦ ʟʝʤʿʦʜʝʣʩʪʚʦ (Koleva 

Gudeva et al., 2013; Li et al., 2019; Tamilselvi et al., 2022). 
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3.2. ɼʠʚʝʨʟʠʪʝʪ ʥʘ ʨʦʜʦʪ Capsicum 

 

ʈʦʜʦʪ Capsicum ʚʦʜʠ ʧʦʪʝʢʣʦ ʦʜ ɱʫʞʥʘ ʠ ʎʝʥʪʨʘʣʥʘ ɸʤʝʨʠʢʘ, ʜʦʜʝʢʘ ʨʝʛʠʦʥʦʪ ʦʢʦʣʫ 

ɸʥʜʠʪʝ ʩʝ ʩʤʝʪʘ ʟʘ ʢʦʣʝʚʢʘ ʥʘ ʜʠʚʠʪʝ ʚʠʜʦʚʠ ʦʜ ʦʚʦʿ ʨʦʜ ʠ ʧʨʠʤʘʨʝʥ ʮʝʥʪʘʨ ʟʘ 

ʜʠʚʝʨʟʠʬʠʢʘʮʠʿʘ (Bosland & Votava, 2012; Da Veiga et al., 2022). ɿʘʝʜʥʦ ʩʦ ʜʦʤʘʪʦʪ ʠ 

ʢʦʤʧʠʨʦʪ, ʧʠʧʝʨʢʘʪʘ ʧʨʠʧʘʺʘ ʥʘ ʬʘʤʠʣʠʿʘʪʘ Solanaceae, ʢʦʿʘ ʚʢʣʫʯʫʚʘ ʧʦʚʝ˃ʝ ʦʜ 2500 

ʚʠʜʦʚʠ (Jarret et al., 2019). ʀʥʪʨʦʜʫʢʮʠʿʘʪʘ ʥʘ ʧʠʧʝʨʢʘʪʘ ʚʦ ɽʚʨʦʧʘ ʜʘʪʠʨʘ ʦʜ XV ʚʝʢ 

ʢʦʛʘ ʟʘʝʜʥʦ ʩʦ ʛʦʣʝʤ ʙʨʦʿ ʜʨʫʛʠ ʪʨʦʧʩʢʠ ʢʫʣʪʫʨʠ ʙʠʣʘ ʜʦʥʝʩʝʥʘ ʦʜ ʘʤʝʨʠʢʘʥʩʢʠʦʪ 

ʢʦʥʪʠʥʝʥʪ ʚʦ ʇʦʨʪʫʛʘʣʠʿʘ ʠ ʐʧʘʥʠʿʘ ʧʨʝʢʫ ʝʢʩʧʝʜʠʮʠʠʪʝ ʧʨʝʜʚʦʜʝʥʠ ʦʜ ʂʨʠʩʪʦʬʝʨ 

ʂʦʣʫʤʙʦ.  

 

ʆʚʦʿ ʨʦʜ ʦʧʬʘ˃ʘ ʰʠʨʦʢ ʛʝʥʝʪʩʢʠ ʠ ʬʝʥʦʪʠʧʩʢʠ ʜʠʚʝʨʟʠʪʝʪ, ʰʪʦ ʛʦ ʧʨʘʚʠ ʧʨʠʤʘʤʣʠʚ ʟʘ 

ʠʩʪʨʘʞʫʚʘʯʠʪʝ, ʘ ʩʧʦʨʝʜ ʥʘʿʥʦʚʠʪʝ ʩʦʟʥʘʥʠʿʘ ʩʦʜʨʞʠ 43 ʜʠʚʠ ʠ ʢʫʣʪʫʨʥʠ ʚʠʜʦʚʠ 

(Barboza et al., 2022). ʆʜ ʘʛʨʦʥʦʤʩʢʠ ʠ ʛʝʥʝʪʩʢʠ ʘʩʧʝʢʪ, ʦʜ ʥʠʚ ʥʘʿʟʥʘʯʘʿʥʠ ʩʝ ʩʣʝʜʥʠʚʝ 

ʧʝʪ: C. annuum, C. Baccatum, C. chinense, C. frutescens ʠ C. pubescens. ʀʩʪʠʪʝ ʙʠʣʝ 

ʦʜʦʤʘ˃ʠʥʝʪʠ ʚʦ ʥʘʿʤʘʣʢʫ ʧʝʪ ʧʨʠʤʘʨʥʠ ʮʝʥʪʨʠ ʥʘ ʜʠʚʝʨʟʠʪʝʪ (Moscone et al., 2007; 

Aguilar-Meléndez et al., 2009; Kraft et al., 2014; Tripodi et al., 2021; Silvar et al., 2022).  

 

Kʫʣʪʠʚʠʨʘʥʠʪʝ ʚʠʜʦʚʠ ʦʜ ʨʦʜʦʪ Capsicum, ʠʩʪʦ ʪʘʢʘ, ʩʝ ʦʜʣʠʢʫʚʘʘʪ ʩʦ ʠhʨʦʢʘ 

ʛʝʥʦʪʠʧʩʢʘ ʠ ʬʝʥʦʪʠʧʩʢʘ ʨʘʟʥʦʚʠʜʥʦʩʪ. ʊʠʝ ʥʘʩʪʘʥʘʣʝ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʝʚʦʣʫʮʠʿʘʪʘ, 

ʦʜʛʣʝʜʫʚʘˁʝʪʦ, ʧʨʠʨʦʜʥʘʪʘ ʩʝʣʝʢʮʠʿʘ ʚʦ ʨʘʟʣʠʯʥʠ ʘʛʨʦʢʣʠʤʘʪʩʢʠ ʫʩʣʦʚʠ ʚʦ ʧʨʠʤʘʨʥʠʪʝ 

ʠ ʩʝʢʫʥʜʘʨʥʠʪʝ ʮʝʥʪʨʠ ʥʘ ʜʠʚʝʨʟʠʪʝʪ (Nicolaµ et al., 2013). ɺʠʜʦʪ Capsicum annuum 

ʜʦʩʪʠʛʥʘʣ ʥʘʿʛʦʣʝʤʘ ʜʠʩʧʝʨʟʠʿʘ ʠ ʩʝ ʩʨʝ˃ʘʚʘ ʚʦ ʨʘʟʣʠʯʥʠ ʜʝʣʦʚʠ ʦʜ ʩʚʝʪʦʪ. ʇʦʨʘʜʠ 

ʥʝʛʦʚʘʪʘ ʛʣʦʙʘʣʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ, ʪʦʿ ʝ ʝʢʦʥʦʤʩʢʠ ʥʘʿʟʥʘʯʘʝʥ ʠ ʥʘʿʯʝʩʪʦ ʧʨʠʤʝʥʫʚʘʥ ʚʠʜ 

ʚʦ ʩʝʣʝʢʮʠʩʢʠʪʝ ʧʨʦʛʨʘʤʠ ʟʘ ʢʨʝʠʨʘˁʝ ʥʦʚʠ ʢʦʤʝʨʮʠʿʘʣʥʠ ʩʦʨʪʠ (González-Pérez et al., 

2014).  

 

3.2.1. ɼʠʚʝʨʟʠʪʝʪ ʥʘ ʧʠʧʝʨʢʘʪʘ ʚʦ ʥʘʰʘʪʘ ʟʝʤʿʘ 

 

ʇʦʨʘʜʠ ʮʝʥʪʨʘʣʥʘʪʘ ʛʝʦʛʨʘʬʩʢʘ ʧʦʣʦʞʙʘ ʚʦ ʩʨʮʝʪʦ ʥʘ ɹʘʣʢʘʥʩʢʠʦʪ ʧʦʣʫʦʩʪʨʦʚ, 

ʪʝʨʠʪʦʨʠʿʘʪʘ ʥʘ ʈʝʧʫʙʣʠʢʘ ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ ʥʠʟ ʚʝʢʦʚʠʪʝ ʧʨʝʪʩʪʘʚʫʚʘʣʘ ʚʘʞʝʥ 

ʢʦʨʠʜʦʨ ʟʘ ʙʨʦʿʥʠ ʪʨʛʦʚʩʢʠ ʨʫʪʠ, ʢʦʠ ʟʥʘʯʘʿʥʦ ʧʨʠʜʦʥʝʣʝ ʟʘ ʟʙʦʛʘʪʫʚʘˁʝ ʠ ʦʙʣʠʢʫʚʘˁʝ 

ʥʘ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ ʥʘ ʦʚʘ ʧʦʜʥʝʙʿʝ. ʅʘ ʪʦʿ ʥʘʯʠʥ, ʙʨʦʿʥʠ ʟʝʤʿʦʜʝʣʩʢʠ ʢʫʣʪʫʨʠ ʢʦʠ 

ʧʦʪʝʢʥʫʚʘʘʪ ʦʜ ɸʤʝʨʠʢʘ, ɸʟʠʿʘ ʠ ɸʬʨʠʢʘ ʥʘʰʣʝ ʧʦʛʦʜʥʠ ʫʩʣʦʚʠ ʟʘ ʨʘʟʚʦʿ ʠ ʘʜʘʧʪʘʮʠʿʘ 

ʪʦʢʤʫ ʚʦ ʥʘʰʘʪʘ ʟʝʤʿʘ. ʂʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʧʦʚʦʣʥʘʪʘ ʛʝʦʛʨʘʬʩʢʘ ʧʦʣʦʞʙʘ, ʧʦʜ ʚʣʠʿʘʥʠʝ 

ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʥʠʪʝ ʠ ʤʝʜʠʪʝʨʘʥʩʢʠʪʝ ʢʣʠʤʘʪʩʢʠ ʩʪʨʫʠ ʦʜ ʝʜʥʘ ʩʪʨʘʥʘ ʠ ʨʘʟʥʦʣʠʢʠʦʪ 

ʨʝʣʿʝʬ, ʢʦʤʧʣʝʢʩʥʘʪʘ ʧʝʜʦʣʦʰʢʘ ʢʘʨʪʘ ʠ ʜʦʩʪʘʧʥʠʪʝ ʚʦʜʥʠ ʨʝʩʫʨʩʠ ʦʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʩʝ 

ʬʦʨʤʠʨʘʣʝ ʩʧʝʮʠʬʠʯʥʠ ʤʠʢʨʦʢʣʠʤʘʪʩʢʠ ʨʝʛʠʦʥʠ ʚʦ ʢʦʠ ʩʝ ʦʙʣʠʢʫʚʘʣ ʙʦʛʘʪʠʦʪ 

ʨʘʩʪʠʪʝʣʝʥ ʜʠʚʝʨʟʠʪʝʪ ʥʘ ʥʘʰʘʪʘ ʟʝʤʿʘ. 

 

ʇʠʧʝʨʢʘʪʘ ʧʨʝʪʩʪʘʚʫʚʘ ʥʘʿʜʦʙʘʨ ʧʨʠʤʝʨ ʟʘ ʠʟʚʦʥʨʝʜʥʘ ʚʥʘʪʨʝʚʠʜʦʚʘ ʨʘʟʥʦʚʠʜʥʦʩʪ. ɺʦ 

ʟʘʚʠʩʥʦʩʪ ʦʜ ʥʘʤʝʥʘʪʘ, ʚʦ ʥʘʰʘʪʘ ʟʝʤʿʘ ʩʝ ʦʜʛʣʝʜʫʚʘʘʪ ʨʘʟʥʦʚʠʜʥʠ ʩʦʨʪʠ ʧʠʧʝʨʢʘ: 

Ăʪʝʥʢʦʢʦʨʠñ ʟʘ ʩʘʣʘʪʘ ʠ ʟʘ ʧʨʞʝˁʝ, ʧʠʧʝʨʢʠ ʩʦ ʧʦʜʝʙʝʣ ʧʝʨʠʢʘʨʧ - ʟʘ ʧʝʯʝˁʝ, 

Ăʧʦʤʝʩʥʘʪʠñ ʟʘ ʩʫʰʝˁʝ, ʪʫʨʰʠʿʘʨʢʠ, ʘʿʚʘʨʢʠ, ʬʝʬʝʨʦʥʠ, ʛʘʤʙʠ ʠ ʩʣ. ʄʥʦʛʫ ʩʝʤʝʿʩʪʚʘ ʚʦ 

ʨʫʨʘʣʥʠʪʝ ʩʨʝʜʠʥʠ ʠ ʜʝʥʝʩ ʦʜʨʞʫʚʘʘʪ ʙʨʦʿʥʠ ʨʘʟʣʠʯʥʠ ʣʦʢʘʣʥʠ ʧʦʧʫʣʘʮʠʠ ʧʠʧʝʨʢʠ, 

ʤʝʺʫ ʢʦʠ ʧʦʩʝʙʥʦ ʩʝ ʠʟʜʚʦʿʫʚʘʘʪ ʚʘʨʠʿʘʥʪʠ ʥʘ ʩʧʝʮʠʬʠʯʥʘʪʘ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ (Jankulovska 

et al., 2019). ʆʚʠʝ ʚʘʨʠʿʘʥʪʠ ʤʦʞʝ ʜʘ ʠʤʘʘʪ ʨʘʟʣʠʯʥʘ ʛʦʣʝʤʠʥʘ, ʬʦʨʤʘ, ʜʝʙʝʣʠʥʘ ʥʘ 

ʧʝʨʠʢʘʨʧ, ʥʦ ʝʜʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʿʘ ʛʠ ʧʦʚʨʟʫʚʘ ʠ ʛʠ ʧʨʘʚʠ ʫʥʠʢʘʪʥʠ ʝ Ăʚʝʟʝʥʦʩʪʘñ - 

ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ ʙʝʣʦ-ʩʠʚʠ ʮʨʪʠ ʠʣʠ ʣʠʥʠʠ ʥʘ ʣʫʰʧʘʪʘ. ʆʩʚʝʥ ʚʦ ʥʘʰʘʪʘ ʟʝʤʿʘ, ʚʦ ʤʥʦʛʫ 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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ʧʦʤʘʣʠ ʨʘʟʤʝʨʠ, ʦʚʦʿ ʪʠʧ ʧʠʧʝʨʢʘ ʩʝ ʦʜʛʣʝʜʫʚʘ ʠ ʚʦ ʧʦʛʨʘʥʠʯʥʠʪʝ ʨʝʛʠʦʥʠ ʦʜ ʩʦʩʝʜʥʠʪʝ 

ʜʨʞʘʚʠ ʂʦʩʦʚʦ, ɸʣʙʘʥʠʿʘ ʠ ʉʨʙʠʿʘ, ʢʘʜʝ ʰʪʦ ʩʦ ʚʝʢʦʚʠ ʛʨʘʚʠʪʠʨʘʣʦ ʤʘʢʝʜʦʥʩʢʦ 

ʥʘʩʝʣʝʥʠʝ. ʉʝʧʘʢ, ʧʦʨʘʜʠ ʪʦʘ ʰʪʦ ʧʦʙʘʨʫʚʘʯʢʘʪʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʚʦ ʩʦʩʝʜʥʠʪʝ ʟʝʤʿʠ 

ʩʝ ʦʛʨʘʥʠʯʝʥʠ ʥʘ ʧʦʤʘʣʠ ʨʝʛʠʦʥʠ, ʜʠʚʝʨʟʠʪʝʪʦʪ ʦʩʪʘʥʘʣ ʥʘ ʜʘʣʝʢʫ ʧʦʥʠʩʢʦ ʥʠʚʦ ʦʜ ʦʥʦʿ 

ʚʦ ʄʘʢʝʜʦʥʠʿʘ ʢʦʿ ʩʝʢʦʿʜʥʝʚʥʦ ʩʝ ʟʙʦʛʘʪʫʚʘ.  

 

ɺʝʟʝʥʘʪʘ ʧʠʧʝʨʢʘ, ʥʝʿʟʠʥʠʦʪ ʠʟʚʦʥʨʝʜʝʥ ʜʠʚʝʨʟʠʪʝʪ ʠ ʥʘʮʠʦʥʘʣʥʘ ʚʨʝʜʥʦʩʪ ʧʨʚ ʧʘʪ ʩʝ 

ʦʧʠʰʘʥʠ ʦʜ Jankulovska et al. (2019), ʧʨʠ ʰʪʦ ʝ ʧʦʪʝʥʮʠʨʘʥʦ ʜʝʢʘ ʧʦʩʪʦʠ ʩʝʨʠʦʟʝʥ 

ʥʝʜʦʩʪʘʪʦʢ ʥʘ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʛʝʥʝʪʩʢʘʪʘ ʨʘʟʥʦʚʠʜʥʦʩʪ ʥʘ ʦʚʘʘ ʛʝʨʤʧʣʘʟʤʘ ʟʘʪʦʘ ʰʪʦ 

ʥʠʢʦʛʘʰ ʧʨʝʪʭʦʜʥʦ ʥʝ ʙʠʣʘ ʧʨʦʫʯʫʚʘʥʘ ʠ ʢʘʨʘʢʪʝʨʠʟʠʨʘʥʘ. ʇʦʨʘʜʠ ʦʚʘ, ʬʦʢʫʩʦʪ ʥʘ ʦʚʦʿ 

ʪʨʫʜ ʝ ʩʪʘʚʝʥ ʚʨʟ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘʪʘ ʥʘ ʣʦʢʘʣʥʠʪʝ ʩʦʨʪʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ ʢʦʣʝʢʮʠʦʥʠʨʘʥʠ 

ʦʜ ʩʪʨʘʥʘ ʥʘ ʂʘʪʝʜʨʘʪʘ ʟʘ ʛʝʥʝʪʠʢʘ ʠ ʩʝʣʝʢʮʠʿʘ ʧʨʠ ʌʘʢʫʣʪʝʪʦʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ 

ʭʨʘʥʘ ʚʦ ʉʢʦʧʿʝ. ɺʘʢʚʦʪʦ ʧʨʦʫʯʫʚʘˁʝ ʝ ʢʣʫʯʥʦ ʟʘ ʨʘʟʚʠʚʘˁʝ ʩʪʨʘʪʝʛʠʿʘ ʩʦ ʢʦʿʘ ˃ʝ ʩʝ 

ʟʘʰʪʠʪʠ ʠ ˃ʝ ʩʝ ʧʦʪʚʨʜʠ ʚʨʝʜʥʦʩʪʘ ʥʘ ʦʚʘʘ ʩʧʝʮʠʬʠʯʥʘ ʛʝʨʤʧʣʘʟʤʘ. 

 

ʌʘʢʪʦʪ ʜʝʢʘ ʚʝʟʝʥʦʩʪʘ ʢʘʿ ʧʠʧʝʨʢʘʪʘ ʝ ʧʦʞʝʣʥʦ ʠ ʥʝʛʫʚʘʥʦ ʩʚʦʿʩʪʚʦ ʚʦ ʥʘʰʘʪʘ ʟʝʤʿʘ, ʥʠʟ 

ʙʨʦʿʥʠ ʛʝʥʝʨʘʮʠʠ, ʩʝ ʜʦʢʘʞʫʚʘ ʧʨʝʢʫ ʙʨʦʿʥʦʩʪʘ ʥʘ ʧʨʠʤʝʨʦʮʠʪʝ ʚʦ ʢʦʣʝʢʮʠʿʘʪʘ (ʧʦʚʝ˃ʝ 

ʦʜ 250 ʨʘʟʣʠʯʥʠ ʛʝʥʦʪʠʧʦʚʠ). ʅʘʿʛʦʣʝʤ ʜʝʣ ʦʜ ʣʦʢʘʣʥʠʪʝ ʩʦʨʪʠ ʢʦʠ ʩʝ ʦʜʛʣʝʜʫʚʘʘʪ ʚʦ 

ʨʫʨʘʣʥʠʪʝ ʦʙʣʘʩʪʠ ʩʝ ʥʘʩʣʝʜʝʥʠ ʦʜ ʧʦʩʪʘʨʠʪʝ ʛʝʥʝʨʘʮʠʠ ʢʦʠ ʛʠ ʩʝʣʝʢʪʠʨʘʣʝ ʠ ʦʜʨʞʫʚʘʣʝ 

ʧʦʚʝ˃ʝ ʦʜ 60 ʛʦʜʠʥʠ. ɺʝʟʝʥʘʪʘ ʧʠʧʝʨʢʘ ʩʝ ʦʜʛʣʝʜʫʚʘ ʚʦ ʨʘʟʣʠʯʥʠ ʨʝʛʠʦʥʠ ʚʦ ʥʘʰʘʪʘ 

ʟʝʤʿʘ, ʙʝʟ ʦʛʣʝʜ ʥʘ ʩʦʮʠʦʣʦʰʢʠʪʝ ʠ ʢʣʠʤʘʪʩʢʠʪʝ ʚʣʠʿʘʥʠʿʘ, ʦʩʚʝʥ ʚʦ ʟʘʧʘʜʥʠʦʪ ʜʝʣ ʢʘʜʝ 

ʨʝʪʢʦ ʩʝ ʩʨʝʪʥʫʚʘ. ʊʠʧʠʯʥʘʪʘ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ ʩʝ ʦʜʛʣʝʜʫʚʘʣʘ ʧʨʚʝʥʩʪʚʝʥʦ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʟʘʯʠʥ. ɺʝʟʝʥʦʩʪʘ ʢʘʿ ʨʘʟʣʠʯʥʠ ʤʦʨʬʦʪʠʧʦʚʠ ʢʦʠ ʩʝ ʫʧʦʪʨʝʙʫʚʘʘʪ ʟʘ 

ʩʚʝʞʘ ʢʦʥʩʫʤʘʮʠʿʘ ʠʣʠ ʜʨʫʛʠ ʥʝʪʠʧʠʯʥʠ ʢʨʘʿʥʠ ʧʨʦʠʟʚʦʜʠ ʩʝ ʫʰʪʝ ʝʜʥʘ ʧʦʪʚʨʜʘ ʟʘ 

ʧʨʠʚʣʝʯʥʦʩʪʘ ʥʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʠ ʧʦʪʨʝʙʘʪʘ ʜʘ ʩʝ ʧʨʝʩʣʠʢʘ ʢʘʿ ʤʦʨʬʦʪʠʧʦʚʠ ʥʘʤʝʥʝʪʠ ʟʘ 

ʨʘʟʣʠʯʥʠ ʧʘʟʘʨʥʠ ʩʝʛʤʝʥʪʠ ʠ ʥʘʯʠʥʠ ʥʘ ʫʧʦʪʨʝʙʘ. ʋʰʪʝ ʝʜʥʘ ʩʧʝʮʠʬʠʢʘ, ʧʦʚʨʟʘʥʘ ʩʦ 

ʦʚʘ ʩʚʦʿʩʪʚʦ, ʝ ʠʥʪʝʥʟʠʪʝʪʦʪ ʥʘ ʚʝʟʝʥʦʩʪʘ, ʦʜʥʦʩʥʦ ʠʟʨʘʟʝʥʦʩʪʘ ʥʘ ʮʨʪʠʪʝ, ʢʦʿʘ ʚʘʨʠʨʘ ʚʦ 

ʩʠʪʝ ʤʦʞʥʠ ʚʘʨʠʿʘʥʪʠ ʦʜ ʩʣʘʙʘ ʜʦ ʩʠʣʥʦ ʠʟʨʘʟʝʥʘ. ʂʘʿ ʛʝʥʦʪʠʧʦʚʠʪʝ ʩʦ ʩʠʣʥʘ ʠʟʨʘʟʝʥʦʩʪ 

ʥʘ ʚʝʟʝʥʦʩʪʘ, ʙʦʿʘʪʘ ʥʘ ʧʣʦʜʦʪ ʝ ʨʝʯʠʩʠ ʥʝʚʦʟʤʦʞʥʦ ʜʘ ʩʝ ʫʪʚʨʜʠ. ʊʘʢʚʠʪʝ ʧʣʦʜʦʚʠ ʠʤʘʘʪ 

ʩʧʝʮʠʬʠʯʥʘ ʢʘʬʝʥʦ-ʩʠʚʘ ʙʦʿʘ ʢʘʢʦ ʨʝʬʣʝʢʩʠʿʘ ʥʘ ʠʟʛʣʝʜʦʪ ʥʘ ʠʥʪʝʥʟʠʚʥʘʪʘ ʚʝʟʝʥʦʩʪ. 

 

3.3. ʊʨʘʜʠʮʠʦʥʘʣʥʘ ʫʧʦʪʨʝʙʘ ʥʘ ʚʝʟʝʥʘʪʘ ʧʠʧʝʨʢʘ 

 

ɿʥʘʯʝˁʝʪʦ ʠ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʚʝʟʝʥʘʪʘ ʧʠʧʝʨʢʘ ʚʦ ʦʬʦʨʤʫʚʘˁʝʪʦ ʥʘ ʪʨʘʿʥʠ ʥʘʮʠʦʥʘʣʥʠ 

ʚʨʝʜʥʦʩʪʠ ʤʦʞʝ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʘʪ ʦʜ ʧʦʚʝ˃ʝ ʘʩʧʝʢʪʠ. 

 

ʄʘʢʝʜʦʥʩʢʘʪʘ ʪʨʘʜʠʮʠʦʥʘʣʥʘ ʢʫʿʥʘ ʧʨʝʪʩʪʘʚʫʚʘ ʨʠʟʥʠʮʘ ʥʘ ʚʢʫʩʦʚʠ ʠ ʤʠʨʠʩʠ ʢʦʠ 

ʥʘʿʯʝʩʪʦ ʧʨʦʠʟʣʝʛʫʚʘʘʪ ʦʜ ʚʥʠʤʘʪʝʣʥʦ ʦʜʙʨʘʥʠʪʝ ʟʘʯʠʥʠ ʠ ʟʝʣʝʥʯʫʮʠ ʢʦʠ ʩʝ ʜʦʜʘʚʘʘʪ 

ʧʨʠ ʧʦʜʛʦʪʚʫʚʘˁʝ ʥʘ ʭʨʘʥʘʪʘ. ʇʠʧʝʨʢʘʪʘ ʝ ʝʜʝʥ ʦʜ ʛʣʘʚʥʠʪʝ ʜʦʜʘʪʦʮʠ ʠ ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʝ 

ʚʨʟ ʚʢʫʩʦʪ ʥʘ ʭʨʘʥʘʪʘ. ʇʨʠ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʤʥʦʛʫ ʤʘʢʝʜʦʥʩʢʠ ʪʨʘʜʠʮʠʦʥʘʣʥʠ 

ʩʧʝʮʠʿʘʣʠʪʝʪʠ, ʯʝʩʪʦ ʧʘʪʠ ʠʤʧʝʨʘʪʠʚ ʝ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʩʦʨʪʠ ʧʠʧʝʨʢʘ, ʢʦʠ 

ʚʣʠʿʘʘʪ ʚʨʟ ʜʝʬʠʥʠʨʘˁʝʪʦ ʥʘ ʚʢʫʩʦʪ, ʘʨʦʤʘʪʘ ʠ ʪʝʢʩʪʫʨʘʪʘ ʥʘ ʢʨʘʿʥʠʦʪ ʧʨʦʠʟʚʦʜ. ʊʘʢʘ, 

ʘʿʚʘʨʦʪ ʪʨʘʜʠʮʠʦʥʘʣʥʦ ʩʝ ʧʨʠʛʦʪʚʫʚʘ ʦʜ ʮʨʚʝʥʘ ʧʠʧʝʨʢʘ ʦʜ ʪʠʧʦʪ ʢʘʧʠʿʘ. ʊʘʘ, ʧʦʨʘʜʠ 

ʤʝʩʥʘʪʦʩʪʘ ʥʘ ʧʣʦʜʦʪ (ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʧʝʨʠʢʘʨʧʦʪ) ʠ ʠʥʪʝʥʟʠʚʥʘʪʘ ʮʨʚʝʥʘ ʙʦʿʘ, ʩʝ 

ʢʦʨʠʩʪʠ ʟʘ ʧʦʜʛʦʪʦʚʢʘ ʠ ʥʘ ʜʨʫʛʠ ʪʨʘʜʠʮʠʦʥʘʣʥʠ ʧʨʦʜʫʢʪʠ, ʢʘʢʦ ʣʫʪʝʥʠʮʘ, Ăʧʝʯʠ-ʛʤʝʯʠñ 

ʠ ʧʠʥ˅ʫʨ. ɺʦ ʥʝʢʦʠ ʨʝʛʠʦʥʠ, ʟʘ ʜʦʙʠʚʘˁʝ ʧʦʙʦʛʘʪʘ ʘʨʦʤʘ ʠʣʠ ʧʠʢʘʥʪʝʥ ʚʢʫʩ, ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʘʿʚʘʨ ʩʝ ʜʦʜʘʚʘʘʪ ʠ ʚʝʟʝʥʠ ʧʠʧʝʨʢʠ ʠʣʠ ʮʝʣʠ ʧʣʦʜʦʚʠ ʪ.ʥ. Ăʙʘ˅ʘʥʘʮʠñ 

(ʩʠʪʥʠ, ʣʫʪʠ ʚʝʟʝʥʠ ʧʣʦʜʦʚʠ) ʠ ʬʝʬʝʨʦʥʠ. ɺʦ ʪʝʭʥʦʣʦʰʢʘ ʟʨʝʣʦʩʪ, ʟʝʣʝʥʠʪʝ ʚʝʟʝʥʠ 

ʧʠʧʝʨʢʠ ʩʝ ʩʦʚʨʰʝʥ ʠʟʙʦʨ ʟʘ ʢʠʩʝʣʝˁʝ (ʪʫʨʰʠʿʘ) ʧʦʨʘʜʠ ʥʠʚʥʘʪʘ ʮʚʨʩʪʠʥʘ ʠ ʢʨʮʢʘʚʠʦʪ 

ʧʝʨʠʢʘʨʧ (Ivanovska et al., 2020; Ivanovska et al., 2021). 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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ɺʝʟʝʥʘʪʘ ʧʠʧʝʨʢʘ ʝ ʚʦʜʝʯʢʘ ʩʦʩʪʦʿʢʘ ʠ ʥʦʩʠʪʝʣ ʥʘ ʚʢʫʩʦʪ ʚʦ ʤʥʦʛʫ ʩʧʝʮʠʿʘʣʠʪʝʪʠ, ʢʘʢʦ 

ʰʪʦ ʩʝ: ʤʘʢʘʣʦ ʦʜ ʚʘʨʝʥ ʢʦʤʧʠʨ ʠ ʣʫʢ, ʧʨʘʟʘʨʥʠʢ (ʧʨʘʟ  ʩʦ ʩʚʠʥʩʢʦ ʤʝʩʦ, ʪʘʚʯʝ-ʛʨʘʚʯʝ, 

ʧʦʜʚʘʨʦʢ (ʢʠʩʝʣʘ ʟʝʣʢʘ ʩʦ ʦʨʠʟ) ʠ ʤʥʦʛʫ ʜʨʫʛʠ ʿʘʜʝˁʘ ʢʦʠ ʩʝ ʙʝʣʝʛ ʥʘ ʤʘʢʝʜʦʥʩʢʘʪʘ 

ʢʫʿʥʘ. ʉʦ ʪʨʘʜʠʮʠʦʥʘʣʥʠʪʝ ʨʝʮʝʧʪʠ, ʢʦʠ ʥʠʟ ʚʝʢʦʚʠʪʝ ʩʝ ʧʨʝʥʝʩʫʚʘʣʝ ʦʜ ʛʝʥʝʨʘʮʠʿʘ ʥʘ 

ʛʝʥʝʨʘʮʠʿʘ, ʧʦʨʘʩʥʘʣʝ ʤʥʦʛʫ ʩʝʤʝʿʩʪʚʘ, ʘ ʥʠʚʥʠʦʪ ʚʢʫʩ ʯʝʩʪʦ ʙʫʜʠ ʩʧʦʤʝʥʠ ʧʦʚʨʟʘʥʠ ʩʦ 

ʪʨʘʜʠʮʠʿʘʪʘ, ʨʝʣʠʛʠʦʟʥʠʪʝ ʦʙʠʯʘʠ ʠ ʩʝʤʝʿʥʠʪʝ ʚʨʝʜʥʦʩʪʠ. ʆʜ ʩʫʰʝʥʘ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ ʩʝ 

ʧʦʜʛʦʪʚʫʚʘʘʪ ʥʘʿʨʘʟʣʠʯʥʠ ʟʘʯʠʥʠ ʢʦʠ ʩʝ ʫʧʦʪʨʝʙʫʚʘʘʪ ʢʘʢʦ ʜʦʜʘʪʦʢ ʚʦ ʨʝʯʠʩʠ ʩʠʪʝ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠ ʛʦʪʚʝʥʠ ʿʘʜʝˁʘ, ʢʘʢʦ ʚʘʨʠʚʘ, ʧʝʯʝˁʘ, ʤʘʢʘʣʘ ʠ ʩʣ. ʅʘʿʧʦʟʥʘʪʠʦʪ ʟʘʯʠʥ 

ʢʦʿ ʩʝ ʢʦʨʠʩʪʠ ʚʦ ʥʘʰʘʪʘ ʟʝʤʿʘ ʝ ʙʫʢʦʚʝʮ. ʀʘʢʦ ʠʤʝʪʦ ʜʦʘʺʘ ʦʜ ʩʝʣʦʪʦ ɹʫʢʦʚʦ, ʢʘʜʝ ʦʚʦʿ 

ʟʘʯʠʥ ʩʝ ʧʨʘʚʠ ʦʜ ʩʪʘʨʘʪʘ ʘʚʪʦʭʪʦʥʘ ʩʦʨʪʘ ʩʦ ʠʩʪʦ ʠʤʝ (ɹʫʢʦʚʘ ʧʠʧʝʨʢʘ) ʢʦʿʘ ʝ ʜʦʣʛʘ, 

ʪʝʥʢʘ, ʩʦ ʠʥʪʝʥʟʠʚʥʘ ʮʨʚʝʥʘ ʙʦʿʘ ʠ ʥʝ ʝ ʚʝʟʝʥʘ, ʚʦ ʤʥʦʛʫ ʨʝʛʠʦʥʠ ʙʫʢʦʚʝʮ ʩʝ ʧʨʘʚʠ ʦʜ 

ʩʫʚʘ ʜʨʦʙʝʥʘ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ. ʅʠʟʠʪʝ ʦʜ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ (ʧʣʦʜʦʚʠ ʥʘʥʠʞʘʥʠ ʥʘ ʢʦʥʦʧ) 

ʦʪʩʝʢʦʛʘʰ ʙʠʣʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʫʢʨʘʩ ʥʘ ʯʘʨʜʘʮʠʪʝ ʦʜ ʢʫ˃ʠʪʝ ʠ ʟʘʝʜʥʦ ʩʦ ʥʠʟʠʪʝ ʦʜ 

ʣʫʢ, ʢʨʦʤʠʜ ʠ ʪʫʪʫʥ, ʛʦ ʟʙʦʛʘʪʫʚʘʣʝ ʪʨʘʜʠʮʠʦʥʘʣʥʠʦʪ ʤʘʢʝʜʦʥʩʢʠ ʘʤʙʠʝʥʪ (Jankulovska 

et al., 2019; Ivanovska et al., 2021). 

 

ʀʤʘʿ˃ʠ ʧʨʝʜʚʠʜ ʜʝʢʘ ʚʝʟʝʥʘʪʘ ʧʠʧʝʨʢʘ ʝ ʩʫʰʪʠʥʩʢʠ ʜʝʣ ʦʜ ʤʘʢʝʜʦʥʩʢʘʪʘ ʪʨʧʝʟʘ, ʤʦʞʝ 

ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʦʚʠʝ ʘʚʪʦʭʪʦʥʠ ʩʦʨʪʠ ʥʦʩʘʪ ʥʝʧʨʦʮʝʥʣʠʚʦ ʢʫʣʪʫʨʥʦ-ʠʩʪʦʨʠʩʢʦ ʠ 

ʪʨʘʜʠʮʠʦʥʘʣʥʦ ʦʙʝʣʝʞʿʝ. ʊʦʢʤʫ ʟʘʪʦʘ, ʥʝʦʧʭʦʜʥʦ ʝ ʪʘʘ ʜʘ ʩʝ ʪʨʝʪʠʨʘ ʢʘʢʦ ʩʢʘʧʦʮʝʥʦ 

ʥʘʩʣʝʜʩʪʚʦ ʢʦʝ ʤʦʨʘ ʜʘ ʩʝ ʟʘʯʫʚʘ ʠ ʜʘ ʠʤ ʩʝ ʧʨʝʥʝʩʝ ʥʘ ʠʜʥʠʪʝ ʛʝʥʝʨʘʮʠʠ. 

 

3.4. ɿʥʘʯʝˁʝ ʥʘ ʙʠʦʣʦʰʢʘʪʘ ʨʘʟʥʦʚʠʜʥʦʩʪ ʚʦ ʙʦʨʙʘʪʘ ʧʨʦʪʠʚ ʛʝʥʝʪʩʢʘʪʘ ʝʨʦʟʠʿʘ 

 

ɹʠʦʜʠʚʝʨʟʠʪʝʪʦʪ (ʙʠʦʣʦʰʢʘʪʘ ʨʘʟʥʦʚʠʜʥʦʩʪ) ʧʨʝʪʩʪʘʚʫʚʘ ʧʨʠʨʦʜʥʦ ʥʘʩʣʝʜʩʪʚʦ ʥʘ 

ʧʣʘʥʝʪʘʪʘ ʠ ʿʘ ʦʧʬʘ˃ʘ ʮʝʣʦʢʫʧʥʘʪʘ ʨʘʟʥʦʚʠʜʥʦʩʪ ʥʘ ʞʠʚʠʦʪ ʩʚʝʪ, ʦʜ ʤʥʦʰʪʚʦʪʦ ʚʠʜʦʚʠ 

ʢʦʠ ʝʛʟʠʩʪʠʨʘʘʪ ʜʝʥʝʩ, ʧʨʝʢʫ ʛʝʥʝʪʩʢʘʪʘ ʨʘʟʥʦʚʠʜʥʦʩʪ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʦʚʠʝ ʚʠʜʦʚʠ, ʜʦ 

ʨʘʟʣʠʯʥʠʪʝ ʝʢʦʩʠʩʪʝʤʠ ʚʦ ʢʦʠ ʩʝ ʨʘʟʚʠʣʝ, ʦʧʩʪʘʥʘʣʝ ʠ ʝʚʦʣʫʠʨʘʣʝ ʚʦ ʪʝʢʦʪ ʥʘ ʠʣʿʘʜʥʠʮʠ 

ʛʦʜʠʥʠ (Renna et al., 2019). ɽʢʦʣʦʰʢʦʪʦ ʟʥʘʯʝˁʝ ʥʘ ʙʠʦʣʦʰʢʘʪʘ ʨʘʟʥʦʚʠʜʥʦʩʪ 

ʧʨʦʠʟʣʝʛʫʚʘ ʦʜ ʥʝʛʦʚʦʪʦ ʚʣʠʿʘʥʠʝ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʦʜʨʞʫʚʘˁʝ ʥʘ ʩʪʘʙʠʣʥʦʩʪʘ ʠ 

ʘʜʘʧʪʘʙʠʣʥʦʩʪʘ ʚʦ ʝʢʦʩʠʩʪʝʤʠʪʝ. ɻʦʣʝʤ ʙʨʦʿ ʩʪʫʜʠʠ ʜʦʢʘʞʘʣʝ ʜʝʢʘ ʝʢʦʩʠʩʪʝʤʠʪʝ ʩʦ 

ʧʦʚʠʩʦʢʦ ʥʠʚʦ ʥʘ ʙʠʦʣʦʰʢʘ ʨʘʟʥʦʚʠʜʥʦʩʪ ʧʦʢʘʞʘʣʝ ʧʦʛʦʣʝʤʘ ʦʪʧʦʨʥʦʩʪ ʢʦʥ 

ʥʘʨʫʰʫʚʘˁʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʟʥʘʯʠʪʝʣʥʘ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʧʨʠʩʧʦʩʦʙʫʚʘˁʝ ʧʨʠ 

ʧʨʦʤʝʥʘ ʥʘ ʫʩʣʦʚʠʪʝ, ʩʦ ʰʪʦ ʩʝ ʧʦʪʚʨʜʫʚʘ ʩʠʣʥʘʪʘ ʚʨʩʢʘ ʧʦʤʝʺʫ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ ʠ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʘ ʥʘ ʝʢʦʩʠʩʪʝʤʠʪʝ. ʆʜʦʚʜʝ ʧʨʦʠʟʣʝʛʫʚʘ ʠ ʧʦʪʨʝʙʘʪʘ ʜʘ ʩʝ ʥʘʛʣʘʩʠ ʜʝʢʘ 

ʟʘʛʫʙʘʪʘ ʥʘ ʚʠʜʦʚʠʪʝ ʤʦʞʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʜʦʣʛʦʨʦʯʥʠ ʥʝʛʘʪʠʚʥʠ ʧʦʩʣʝʜʠʮʠ ʚʨʟ 

ʚʠʪʘʣʥʦʩʪʘ ʠ ʩʪʘʙʠʣʥʦʩʪʘ ʥʘ ʝʢʦʩʠʩʪʝʤʠʪʝ (Tilman et al., 2014; Isbell et al., 2015). 

 

ɸʛʨʦʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ ʿʘ ʦʧʬʘ˃ʘ ʮʝʣʦʢʫʧʥʘʪʘ ʨʘʟʥʦʚʠʜʥʦʩʪ ʥʘ ʨʘʩʪʠʪʝʣʥʠ ʠ ʞʠʚʦʪʠʥʩʢʠ 

ʚʠʜʦʚʠ ʰʪʦ ʩʝ ʢʦʨʠʩʪʘʪ ʜʠʨʝʢʪʥʦ ʠʣʠ ʠʥʜʠʨʝʢʪʥʦ ʟʘ ʠʩʭʨʘʥʘ ʥʘ ʯʦʚʝʢʦʪ, ʟʘ ʜʦʙʠʪʦʯʥʘ 

ʭʨʘʥʘ ʠʣʠ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʧʨʝʨʘʙʦʪʢʠ. ʈʘʩʪʝʥʠʿʘʪʘ ʩʝ ʢʣʫʯʥʘ ʘʣʢʘ ʚʦ ʩʠʥ˅ʠʨʦʪ ʥʘ 

ʠʩʭʨʘʥʘ, ʢʘʢʦ ʟʘ ʣʫʺʝʪʦ, ʪʘʢʘ ʠ ʟʘ ʞʠʚʦʪʥʠʪʝ. ʆʜʨʞʫʚʘˁʝʪʦ ʥʘ ʨʘʩʪʠʪʝʣʥʠʪʝ ʛʝʥʝʪʩʢʠ 

ʨʝʩʫʨʩʠ ʰʪʦ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʭʨʘʥʘ ʠ ʟʝʤʿʦʜʝʣʩʪʚʦ (ʈɻʈʍɿ) ʠʤʘ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʟʘʰʪʠʪʘʪʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʧʨʝʢʫ ʩʧʨʝʯʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘʪʘ ʝʨʦʟʠʿʘ, ʦʜʨʞʫʚʘˁʝ ʥʘ 

ʨʘʤʥʦʪʝʞʘʪʘ ʥʘ ʝʢʦʩʠʩʪʝʤʠʪʝ ʠ ʟʙʦʛʘʪʫʚʘˁʝ ʥʘ ʛʝʥʦʬʦʥʜʦʪ. ɼʦʩʪʘʧʥʦʩʪʘ ʠ ʫʧʦʪʨʝʙʘʪʘ 

ʥʘ ʨʘʩʪʠʪʝʣʥʠ ʛʝʥʝʪʩʢʠ ʨʝʩʫʨʩʠ ʦʜ ʜʠʚʠʪʝ ʩʨʦʜʥʠʮʠ, ʘʚʪʦʭʪʦʥʠʪʝ ʩʦʨʪʠ ʠ ʣʦʢʘʣʥʠʪʝ 

ʧʦʧʫʣʘʮʠʠ, ʢʘʢʦ ʠ ʦʜ ʘʢʪʫʝʣʥʠ ʠ ʩʪʘʨʠ ʩʦʨʪʠ, ʦʚʦʟʤʦʞʫʚʘ ʧʦʛʦʣʝʤʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʩʝʣʝʢʮʠʩʢʠʪʝ ʧʨʦʛʨʘʤʠ ʠ ʩʦʟʜʘʚʘˁʝ ʥʦʚʠ ʩʦʨʪʠ ʩʦ ʧʦʛʦʣʝʤʘ ʦʪʧʦʨʥʦʩʪ ʠ ʧʦʜʦʙʨʠ 

ʘʛʨʦʥʦʤʩʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʀʚʘʥʦʚʩʢʘ & ʇʦʧʩʠʤʦʥʦʚʘ, 2006; Khoury et al., 2022). 

ɿʘʪʦʘ, ʧʨʦʮʝʩʦʪ ʥʘ ʛʨʘʜʝˁʝ ʿʘʩʥʘ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʩʠʩʪʝʤʘʪʩʢʦ ʢʦʣʝʢʮʠʦʥʠʨʘˁʝ, ʦʜʨʞʫʚʘˁʝ 
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ʠ ʟʙʦʛʘʪʫʚʘˁʝ ʥʘ ʧʦʩʪʦʝʯʢʠʪʝ ʢʦʣʝʢʮʠʠ, ʢʘʢʦ ʠ ʧʨʘʢʪʠʯʥʘʪʘ ʠ ʦʜʨʞʣʠʚʘʪʘ ʫʧʦʪʨʝʙʘ ʥʘ 

ʦʚʠʝ ʨʝʩʫʨʩʠ ʝ ʦʜ ʠʩʢʣʫʯʠʪʝʣʥʦ ʟʥʘʯʝˁʝ ʟʘ ʟʘʰʪʠʪʘ ʥʘ ʘʛʨʦʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ (Dulloo et 

al., 2013; Dulloo, M.E., 2021; Salgotra & Chauhan, 2023).  

 

3.5. ɺʣʠʿʘʥʠʝ ʥʘ ʩʦʚʨʝʤʝʥʠʪʝ ʪʨʝʥʜʦʚʠ ʚʨʟ ʛʝʥʝʪʩʢʘʪʘ ʝʨʦʟʠʿʘ 

 

ɺʦ ʧʦʩʣʝʜʥʠʪʝ ʥʝʢʦʣʢʫ ʜʝʮʝʥʠʠ, ʠʥʪʝʥʟʠʚʥʘʪʘ ʤʠʛʨʘʮʠʿʘ ʩʝʣʦ-ʛʨʘʜ ʠ ʤʘʩʦʚʥʠʦʪ ʦʜʣʠʚ 

ʥʘ ʤʣʘʜʠ ʣʫʺʝ ʢʦʥ ʟʘʧʘʜʥʦʝʚʨʦʧʩʢʠʪʝ ʟʝʤʿʠ ʠ ʉɸɼ ʧʨʝʜʠʟʚʠʢʘʘ ʩʪʨʫʢʪʫʨʥʠ ʧʨʦʤʝʥʠ ʚʦ 

ʩʪʦʧʘʥʩʪʚʦʪʦ. ɿʝʤʿʦʜʝʣʩʢʠʦʪ ʩʝʢʪʦʨ ʝ ʦʩʦʙʝʥʦ ʟʘʩʝʛʥʘʪ, ʩʦʦʯʫʚʘʿ˃ʠ ʩʝ ʩʦ ʢʨʠʪʠʯʝʥ 

ʥʝʜʦʩʪʠʛ ʥʘ ʢʚʘʣʠʬʠʢʫʚʘʥ ʢʘʜʘʨ, ʦʜ ʠʥʞʝʥʝʨʠ ʜʦ ʤʘʥʫʝʣʥʘ ʨʘʙʦʪʥʘ ʩʠʣʘ. ʆʚʦʿ 

ʜʝʤʦʛʨʘʬʩʢʠ ʝʛʟʦʜʫʩ ʜʠʨʝʢʪʥʦ ʛʦ ʟʘʛʨʦʟʫʚʘ ʦʧʩʪʘʥʦʢʦʪ ʥʘ ʛʝʥʝʪʩʢʠʦʪ ʜʠʚʝʨʟʠʪʝʪ ʚʦ 

ʨʫʨʘʣʥʠʪʝ ʩʨʝʜʠʥʠ. ʊʨʘʜʠʮʠʦʥʘʣʥʦʪʦ ʟʝʤʿʦʜʝʣʩʪʚʦ, ʢʦʝ ʩʦ ʚʝʢʦʚʠ ʛʠ ʦʜʨʞʫʚʘʣʦ 

ʣʦʢʘʣʥʠʪʝ ʠ ʘʚʪʦʭʪʦʥʠʪʝ ʩʦʨʪʠ, ʩʝ ʟʘʤʝʥʫʚʘ ʩʦ ʢʦʤʝʨʮʠʿʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʘʟʠʨʘʥʦ ʥʘ 

ʫʥʠʬʠʮʠʨʘʥ ʩʝʤʝʥʩʢʠ ʤʘʪʝʨʠʿʘʣ. ʂʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʘ, ʘʚʪʦʭʪʦʥʠʪʝ ʛʝʥʝʪʩʢʠ ʨʝʩʫʨʩʠ ʩʝ 

ʠʟʣʦʞʝʥʠ ʥʘ ʛʝʥʝʪʩʢʘ ʝʨʦʟʠʿʘ, ʧʨʠ ʰʪʦ ʩʝʤʝʪʦ ʥʘ ʩʪʘʨʠʪʝ ʩʦʨʪʠ ʯʝʩʪʦ ʩʝ ʟʘʧʦʩʪʘʚʫʚʘ ʠ 

ʿʘ ʛʫʙʠ ʩʚʦʿʘʪʘ ʚʠʿʘʙʠʣʥʦʩʪ. ɽʜʠʥʩʪʚʝʥʠʦʪ ʧʨʝʦʩʪʘʥʘʪ ʤʝʭʘʥʠʟʘʤ ʟʘ in situ ʟʘʯʫʚʫʚʘˁʝ 

ʥʘ ʦʚʠʝ ʨʝʩʫʨʩʠ ʩʝ ʧʦʚʦʟʨʘʩʥʠʪʝ ʜʦʤʘ˃ʠʥʩʪʚʘ ʢʦʠ ʚʦ ʩʚʦʠʪʝ ʛʨʘʜʠʥʠ ʩ¯ ʫʰʪʝ ʛʠ 

ʦʜʛʣʝʜʫʚʘʘʪ ʠ ʨʝʧʨʦʜʫʮʠʨʘʘʪ ʦʚʠʝ ʫʥʠʢʘʪʥʠ ʥʘʩʣʝʜʝʥʠ ʩʦʨʪʠ (Ivanovska et al., 2021). 

 

ʇʨʦʬʝʩʠʦʥʘʣʥʠʪʝ ʟʝʤʿʦʜʝʣʩʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʨʝʯʠʩʠ ʮʝʣʦʩʥʦ ʩʝ ʧʦʪʧʠʨʘʘʪ ʥʘ 

ʢʦʤʝʨʮʠʿʘʣʥʠ ʩʦʨʪʠ, ʠʣʠ ʭʠʙʨʠʜʠ, ʩʦ ʫʥʠʬʦʨʤʥʠ, ʟʜʨʘʚʠ ʠ ʠʟʜʨʞʣʠʚʠ ʧʣʦʜʦʚʠ, ʢʦʠ 

ʚʝʪʫʚʘʘʪ ʛʘʨʘʥʪʠʨʘʥ ʧʨʠʥʦʩ ʠ ʩʠʛʫʨʝʥ ʧʣʘʩʤʘʥ. ʆʪʢʫʧʫʚʘʯʠʪʝ ʠ ʧʦʪʨʦʰʫʚʘʯʠʪʝ ʜʘʚʘʘʪ 

ʧʨʠʦʨʠʪʝʪ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʢʠʪʝ ʩʚʦʿʩʪʚʘ, ʧʘ ʟʘʪʦʘ ʚʦ ʧʦʥʫʜʘʪʘ ʥʘ ʧʘʟʘʨʠʪʝ ʜʦʤʠʥʠʨʘʘʪ 

ʢʦʤʝʨʮʠʿʘʣʥʠʪʝ ʩʦʨʪʠ. ɺʢʫʩʥʠʪʝ, ʘʨʦʤʘʪʠʯʥʠ ʧʣʦʜʦʚʠ ʢʦʠ ʥ¯ ʧʦʪʩʝʪʫʚʘʘʪ ʥʘ ʥʝʢʦʝ 

ʜʨʫʛʦ ʚʨʝʤʝ ʝ ʨʝʯʠʩʠ ʥʝʚʦʟʤʦʞʥʦ ʜʘ ʩʝ ʥʘʿʜʘʪ ʥʘ ʛʦʣʝʤʠʪʝ ʧʘʟʘʨʠ. ɽʜʠʥʩʪʚʝʥʦ ʚʦ ʤʘʣʠʪʝ 

ʤʝʩʪʘ ʩ¯ ʫʰʪʝ ʤʦʞʘʪ ʜʘ ʩʝ ʩʨʝʪʥʘʪ ʩʪʘʨʠʪʝ ʩʦʨʪʠ ʢʦʠ ʧʦʩʪʘʨʠʪʝ ʞʠʪʝʣʠ ʛʠ ʦʜʨʞʫʚʘʘʪ ʠ 

ʧʨʦʠʟʚʝʜʫʚʘʘʪ Ăʟʘ ʩʚʦʿʘ ʜʫʰʘñ (Ivanovska & Andonov, 2018). 

 

ʇʦʟʠʪʠʚʝʥ ʩʦʚʨʝʤʝʥ ʪʨʝʥʜ ʝ ʩ¯ ʧʦʛʦʣʝʤʠʦʪ ʠʥʪʝʨʝʩ ʟʘ ʦʨʛʘʥʩʢʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʦʩʦʙʝʥʦ 

ʤʝʺʫ ʤʣʘʜʠʪʝ ʨʦʜʠʪʝʣʠ, ʢʦʠ ʚʦ ʠʩʭʨʘʥʘʪʘ ʚʢʣʫʯʫʚʘʘʪ ʦʨʛʘʥʩʢʠ ʧʨʦʠʟʚʦʜʠ ʦʜ ʩʪʘʨʠ 

ʣʦʢʘʣʥʠ ʩʦʨʪʠ. ʀʩʪʦ ʪʘʢʘ, ʩ¯ ʧʦʚʝ˃ʝ ʣʫʺʝ ʦʜʨʞʫʚʘʘʪ ʤʠʥʠ ʛʨʘʜʠʥʠ ʚʦ ʜʚʦʨʦʚʠʪʝ ʠ ʥʘ 

ʙʘʣʢʦʥʠʪʝ, ʟʘ ʰʪʦ ʥʝʨʝʪʢʦ ʦʜʙʠʨʘʘʪ ʩʪʘʨʠ ʧʦʟʥʘʪʠ ʩʦʨʪʠ ʩʦ ʥʝʟʘʤʝʥʣʠʚʠ ʩʝʥʟʦʨʥʠ 

ʩʚʦʿʩʪʚʘ. 

 

ʉʦʚʨʝʤʝʥʦʪʦ ʟʝʤʿʦʜʝʣʩʪʚʦ ʨʝʯʠʩʠ ʮʝʣʦʩʥʦ ʩʝ ʧʦʪʧʠʨʘ ʥʘ ʭʠʙʨʠʜʥʠ ʩʦʨʪʠ ʩʦ ʫʥʠʬʦʨʤʥʠ 

ʠ ʠʟʜʨʞʣʠʚʠ ʧʣʦʜʦʚʠ, ʢʦʠ ʛʘʨʘʥʪʠʨʘʘʪ ʚʠʩʦʢ ʧʨʠʥʦʩ ʠ ʩʠʛʫʨʝʥ ʧʣʘʩʤʘʥ. ɹʠʜʝʿ˃ʠ 

ʦʪʢʫʧʫʚʘʯʠʪʝ ʠ ʧʘʟʘʨʦʪ ʯʝʩʪʦ ʜʘʚʘʘʪ ʧʨʠʦʨʠʪʝʪ ʥʘ ʥʘʜʚʦʨʝʰʥʠʦʪ ʠʟʛʣʝʜ ʠ ʠʟʜʨʞʣʠʚʦʩʪʘ 

ʧʨʠ ʪʨʘʥʩʧʦʨʪ, ʚʦ ʧʦʥʫʜʘʪʘ ʜʦʤʠʥʠʨʘʘʪ ʪʦʢʤʫ ʦʚʠʝ ʢʦʤʝʨʮʠʿʘʣʠʟʠʨʘʥʠ ʩʦʨʪʠ. ɺʢʫʩʥʠʪʝ 

ʠ ʘʨʦʤʘʪʠʯʥʠ ʧʣʦʜʦʚʠ, ʢʦʠ ʙʫʜʘʪ ʥʦʩʪʘʣʛʠʿʘ ʟʘ ʤʠʥʘʪʠʪʝ ʚʨʝʤʠˁʘ, ʜʝʥʝʩ ʝ ʨʝʯʠʩʠ 

ʥʝʚʦʟʤʦʞʥʦ ʜʘ ʩʝ ʥʘʿʜʘʪ ʥʘ ʛʦʣʝʤʠʪʝ ʧʘʟʘʨʠ. ʊʠʝ ʦʧʩʪʦʿʫʚʘʘʪ ʛʣʘʚʥʦ ʚʦ ʧʦʤʘʣʠʪʝ 

ʩʨʝʜʠʥʠ, ʢʘʜʝ ʣʦʢʘʣʥʦʪʦ ʥʘʩʝʣʝʥʠʝ ʩ¯ ʫʰʪʝ ʛʠ ʦʜʛʣʝʜʫʚʘ ʩʪʘʨʠʪʝ ʩʦʨʪʠ ʟʘ ʩʦʧʩʪʚʝʥʠ 

ʧʦʪʨʝʙʠ ʠ Ăʟʘ ʩʚʦʿʘ ʜʫʰʘñ. ʉʝʧʘʢ, ʦʭʨʘʙʨʫʚʘ ʩʦʚʨʝʤʝʥʠʦʪ ʪʨʝʥʜ ʥʘ ʟʛʦʣʝʤʝʥ ʠʥʪʝʨʝʩ ʟʘ 

ʦʨʛʘʥʩʢʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʘʚʪʦʭʪʦʥʠ ʩʦʨʪʠ, ʦʩʦʙʝʥʦ ʢʘʿ ʤʣʘʜʠʪʝ ʛʝʥʝʨʘʮʠʠ. ʇʘʨʘʣʝʣʥʦ ʩʦ 

ʦʚʘ, ʩ¯ ʧʦʚʝ˃ʝ ʣʫʺʝ ʦʜʛʣʝʜʫʚʘʘʪ ʩʚʦʠ ʤʠʥʠ ʛʨʘʜʠʥʠ ʚʦ ʜʚʦʨʦʚʠʪʝ ʠʣʠ ʥʘ ʙʘʣʢʦʥʠʪʝ, 

ʠʟʙʠʨʘʿ˃ʠ ʛʠ ʪʦʢʤʫ ʩʪʘʨʠʪʝ ʩʦʨʪʠ ʩʦ ʥʝʟʘʤʝʥʣʠʚ ʚʢʫʩ ʠ ʤʠʨʠʩ. 
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3.6. ɿʥʘʯʝˁʝ ʥʘ ʘʚʪʦʭʪʦʥʠʪʝ ʩʦʨʪʠ ʠ ʥʠʚʥʦʪʦ ʚʦʚʝʜʫʚʘˁʝ ʚʦ ʧʨʦʛʨʘʤʠʪʝ ʟʘ 

ʩʝʣʝʢʮʠʿʘ 

 

ʈʘʩʪʝʥʠʿʘʪʘ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʬʫʥʜʘʤʝʥʪʘʣʝʥ ʝʣʝʤʝʥʪ ʚʦ ʩʠʥ˅ʠʨʦʪ ʥʘ ʠʩʭʨʘʥʘ, ʢʘʢʦ ʟʘ 

ʣʫʺʝʪʦ ʪʘʢʘ ʠ ʟʘ ʞʠʚʦʪʥʠʪʝ. ʉʦ ʢʦʥʪʠʥʫʠʨʘʥʠʦʪ ʧʦʨʘʩʪ ʥʘ ʩʚʝʪʩʢʘʪʘ ʧʦʧʫʣʘʮʠʿʘ, ʨʘʩʪʝ ʠ 

ʧʦʙʘʨʫʚʘʯʢʘʪʘ ʟʘ ʭʨʘʥʘ. ʉʧʦʨʝʜ ʠʟʚʝʰʪʘʿʦʪ ʥʘ FAO et al., (2024), ʜʫʨʠ 733 ʤʠʣʠʦʥʠ ʣʫʺʝ 

ʩʝ ʩʦʦʯʫʚʘʘʪ ʩʦ ʛʣʘʜ, ʘ ʟʘ ʨʝʯʠʩʠ 30 % ʦʜ ʩʚʝʪʩʢʘʪʘ ʧʦʧʫʣʘʮʠʿʘ ʩʝʢʦʿʜʥʝʚʝʥ ʧʨʝʜʠʟʚʠʢ ʝ 

ʦʛʨʘʥʠʯʝʥʘʪʘ ʜʦʩʪʘʧʥʦʩʪ ʥʘ ʟʜʨʘʚʘ, ʙʝʟʙʝʜʥʘ ʠ ʥʫʪʨʠʪʠʚʥʦ ʙʦʛʘʪʘ ʭʨʘʥʘ ʥʝʦʧʭʦʜʥʘ ʟʘ 

ʟʜʨʘʚ ʞʠʚʦʪ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʧʦʨʘʜʠ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʫʚʘˁʝ, ʫʩʣʦʚʠʪʝ ʟʘ ʦʜʛʣʝʜʫʚʘˁʝ 

ʟʥʘʯʘʿʥʦ ʩʝ ʤʝʥʫʚʘʘʪ ʦʜ ʛʦʜʠʥʘ ʚʦ ʛʦʜʠʥʘ, ʧʨʠ ʰʪʦ ʢʦʤʝʨʮʠʿʘʣʥʠʪʝ ʩʦʨʪʠ ʢʦʠ ʙʘʨʘʘʪ 

ʦʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠ ʟʘ ʦʜʛʣʝʜʫʚʘˁʝ, ʩʦ ʮʝʣ ʜʘ ʛʦ ʜʦʩʪʠʛʥʘʪ ʩʚʦʿʦʪ ʤʘʢʩʠʤʘʣʝʥ ʧʨʠʥʦʩʝʥ 

ʧʦʪʝʥʮʠʿʘʣ, ʩⱪ ʧʦʚʝ˃ʝ ʠʤ ʧʦʪʢʣʝʢʥʫʚʘʘʪ ʥʘ ʢʣʠʤʘʪʩʢʠʪʝ ʬʣʫʢʪʫʘʮʠʠ.  

 

ɺʦ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ, ʩ¯ ʧʦʯʝʩʪʦ ʢʘʢʦ ʠʟʚʦʨ ʥʘ ʛʝʥʠ ʟʘ ʦʪʧʦʨʥʦʩʪ ʠ ʘʜʘʧʪʘʙʠʣʥʦʩʪ ʚʦ 

ʩʝʣʝʢʮʠʩʢʠʪʝ ʧʨʦʛʨʘʤʠ ʩʝ ʚʢʣʫʯʫʚʘʘʪ ʘʚʪʦʭʪʦʥʠ ʩʦʨʪʠ ʠʣʠ ʜʠʚʠ ʩʨʦʜʥʠʮʠ (Khoury et al., 

2020). ʅʝʜʦʩʪʠʛʦʪ ʦʜ ʩʦʦʜʚʝʪʥʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʛʝʨʤʧʣʘʟʤʘʪʘ ʥʝʨʝʪʢʦ ʛʦ ʫʩʣʦʞʥʫʚʘ 

ʧʨʦʮʝʩʦʪ ʥʘ ʥʠʚʥʦ ʚʦʚʝʜʫʚʘˁʝ ʚʦ ʧʨʦʛʨʘʤʠʪʝ ʟʘ ʩʝʣʝʢʮʠʿʘ (McCouch, 2013). 

ʀʥʬʦʨʤʘʮʠʠʪʝ ʟʘ ʣʦʢʘʣʥʠʦʪ ʛʝʥʝʪʩʢʠ ʜʠʚʝʨʟʠʪʝʪ ʩʝ ʥʝʦʧʭʦʜʥʠ ʟʘ ʦʜʨʞʫʚʘˁʝ ʥʘ 

ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ, ʟʘ ʩʧʨʝʯʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘʪʘ ʝʨʦʟʠʿʘ ʠ ʟʘ ʙʝʟʙʝʜʥʦʩʪʘ ʥʘ ʭʨʘʥʘʪʘ (Santos 

et al., 2019). ɼʝʥʝʩ, ʚʦ ʫʩʣʦʚʠ ʥʘ ʢʣʠʤʘʪʩʢʠ ʧʨʦʤʝʥʠ ʠ ʟʛʦʣʝʤʝʥʘ ʧʦʙʘʨʫʚʘʯʢʘ ʟʘ ʭʨʘʥʘ 

ʚʦ ʩʚʝʪʦʪ, ʦʜ ʩʫʰʪʠʥʩʢʦ ʟʥʘʯʝˁʝ ʟʘ ʥʘʜʦʤʝʩʪʫʚʘˁʝʪʦ ʥʘ ʠʟʛʫʙʝʥʘʪʘ ʛʝʥʝʪʩʢʘ 

ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʝ ʩʝʣʝʢʮʠʦʥʝʨʠʪʝ ʜʘ ʨʘʩʧʦʣʘʛʘʘʪ ʩʦ ʜʝʪʘʣʥʘ ʤʦʨʬʦʣʦʰʢʘ ʠ ʛʝʥʦʪʠʧʩʢʘ 

ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʘʚʪʦʭʪʦʥʠʪʝ ʧʦʧʫʣʘʮʠʠ (Rivera et al., 2016). ɼʝʪʘʣʥʘʪʘ 

ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʛʝʥʝʪʩʢʘʪʘ ʨʘʟʥʦʚʠʜʥʠʦʪ ʥʘ ʛʝʨʤʧʣʘʟʤʘʪʘ ʝ ʧʨʝʜʫʩʣʦʚ ʟʘ ʫʩʧʝʰʥʦ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʟʝʤʿʦʜʝʣʩʢʠʪʝ ʢʫʣʪʫʨʠ (Pereira-Dias et al., 2019). ʆʚʦʿ ʧʨʦʮʝʩ 

ʧʦʜʨʘʟʙʠʨʘ ʦʮʝʥʘ ʥʘ ʤʦʨʬʦʣʦʰʢʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ ʛʝʥʦʪʠʧʦʚʠʪʝ, ʧʦ ʰʪʦ ʚʦʦʙʠʯʘʝʥʦ ʩʣʝʜʠ  

ʛʝʥʝʪʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʩʦ ʫʧʦʪʨʝʙʘ ʥʘ ʩʦʚʨʝʤʝʥʠ ʛʝʥʝʪʩʢʠ ʤʝʪʦʜʠ, ʰʪʦ ʦʚʦʟʤʦʞʫʚʘ 

ʧʦʝʬʠʢʘʩʥʦ ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠ ʜʦʥʦʨʠ ʥʘ ʢʦʨʠʩʥʠ ʩʚʦʿʩʪʚʘ ʠ ʥʠʚʥʦ 

ʚʢʣʫʯʫʚʘˁʝ ʚʦ ʩʝʣʝʢʮʠʩʢʠʪʝ ʧʨʦʛʨʘʤʠ. 

 

ɺʦ ʦʚʦʿ ʢʦʥʪʝʢʩʪ, ʟʥʘʯʝˁʝʪʦ ʥʘ ʘʚʪʦʭʪʦʥʠʪʝ ʩʦʨʪʠ ʥʝ ʝ ʩʘʤʦ ʪʝʦʨʝʪʩʢʘ ʧʨʝʪʧʦʩʪʘʚʢʘ, 

ʪʫʢʫ ʠ ʧʨʘʢʪʠʯʝʥ ʧʨʠʩʪʘʧ ʚʦ ʩʦʚʨʝʤʝʥʘʪʘ ʩʝʣʝʢʮʠʿʘ ʥʘ ʨʘʩʪʝʥʠʿʘʪʘ. ɼʝʪʘʣʥʘʪʘ 

ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ, ʢʦʿʘ ʦʧʬʘ˃ʘ ʤʦʨʬʦʣʦʰʢʠ, ʙʠʦʭʝʤʠʩʢʠ ʠ ʤʦʣʝʢʫʣʘʨʥʠ ʘʥʘʣʠʟʠ, 

ʧʨʠʜʦʥʝʩʫʚʘ ʪʠʝ ʝʬʠʢʘʩʥʦ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʘʪ ʟʘ ʩʝʣʝʢʮʠʿʘ. ʉʦʦʜʚʝʪʥʘʪʘ ʜʦʢʫʤʝʥʪʘʮʠʿʘ ʥʘ 

ʬʝʥʦʪʠʧʩʢʠʪʝ ʠ ʛʝʥʦʪʠʧʩʢʠʪʝ ʩʚʦʿʩʪʚʘ ʦʚʦʟʤʦʞʫʚʘ ʦʚʠʝ ʩʦʨʪʠ ʜʘ ʙʠʜʘʪ ʠʥʪʝʛʨʠʨʘʥʠ ʚʦ 

ʩʝʣʝʢʮʠʩʢʠ ʧʨʦʛʨʘʤʠ ʩʦ ʿʘʩʥʦ ʜʝʬʠʥʠʨʘʥʠ ʮʝʣʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʠʥʦʩʦʪ, ʥʘ ʥʠʚʥʘʪʘ 

ʘʜʘʧʪʘʙʠʣʥʦʩʪ ʠʣʠ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʧʣʦʜʦʚʠʪʝ. 

 

3.7. ɿʘʩʪʘʧʝʥʦʩʪ ʥʘ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ ʚʦ ʛʝʥ-ʙʘʥʢʠʪʝ ʥʠʟ ʩʚʝʪʦʪ 

 

ʇʨʝʜ ʜʘ ʩʝ ʧʨʠʩʪʘʧʠ ʢʦʥ ʦʜʙʠʨʘˁʝ ʧʨʠʤʝʨʦʮʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ ʦʜ ʢʦʣʝʢʮʠʿʘʪʘ ʥʘ 

ʌʘʢʫʣʪʝʪʦʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ (ʌɿʅʍ), ʢʦʠ ˃ʝ ʙʠʜʘʪ ʬʝʥʦʪʠʧʩʢʠ ʠ 

ʛʝʥʝʪʩʢʠ ʢʘʨʘʢʪʝʨʠʟʠʨʘʥʠ, ʙʝʰʝ ʩʧʨʦʚʝʜʝʥʦ ʠʩʪʨʘʞʫʚʘˁʝ ʥʘ ʢʦʣʝʢʮʠʠʪʝ ʚʦ ʩʚʝʪʩʢʠʪʝ 

ʛʝʥ-ʙʘʥʢʠ. ʎʝʣʪʘ ʥʘ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʙʝʰʝ ʜʘ ʩʝ ʫʪʚʨʜʠ ʟʘʩʪʘʧʝʥʦʩʪʘ ʠ ʜʦʩʪʘʧʥʦʩʪʘ ʥʘ 

ʧʦʜʘʪʦʮʠʪʝ ʟʘ ʚʝʟʝʥʘʪʘ ʧʠʧʝʨʢʘ ʚʦ ʢʦʣʝʢʮʠʠʪʝ, ʢʘʢʦ ʠ ʟʘ ʤʦʞʥʠʪʝ ʥʝʜʦʩʪʘʪʦʮʠ ʦʜ 

ʧʦʜʘʪʦʮʠ ʧʦʚʨʟʘʥʠ ʩʦ ʥʠʚʥʦʪʦ ʧʦʪʝʢʣʦ, ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʝʚʘʣʫʘʮʠʿʘ. 

 

ʇʨʚʠʯʥʘʪʘ ʘʥʘʣʠʟʘ ʛʠ ʦʧʬʘʪʠ ʧʣʘʪʬʦʨʤʠʪʝ Genesys ʠ EURISCO. Genesys ʝ ʦʥʣʘʿʥ 

ʧʣʘʪʬʦʨʤʘ ʥʘ ʢʦʿʘ ʤʦʞʘʪ ʜʘ ʩʝ ʥʘʿʜʘʪ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʧʦʚʝ˃ʝ ʦʜ 4 ʤʠʣʠʦʥʠ ʧʨʠʤʝʨʦʮʠ 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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ʦʜ ʈɻʈ ʢʦʠ ʩʝ ʢʦʥʟʝʨʚʠʨʘʥʠ ʚʦ ʛʝʥ-ʙʘʥʢʠʪʝ. ʇʦʜʘʪʦʮʠʪʝ ʢʦʠ ʩʝ ʜʦʩʪʘʧʥʠ ʧʨʝʢʫ ʦʚʘʘ 

ʧʣʘʪʬʦʨʤʘ ʧʦʩʦʯʫʚʘʘʪ ʧʦʚʝ˃ʝ ʦʜ 1700 ʧʨʠʤʝʨʦʮʠ ʦʜ ʨʘʟʣʠʯʥʠ ʟʝʤʿʦʜʝʣʩʢʠ ʢʫʣʪʫʨʠ ʢʘʿ 

ʢʦʠ ʟʝʤʿʘ ʥʘ ʧʦʪʝʢʣʦ ʝ ʄʘʢʝʜʦʥʠʿʘ (North Macedonia), ʦʜ ʢʦʠ 174 ʧʨʠʤʝʨʦʮʠ ʦʜ ʧʠʧʝʨʢʘ. 

ʆʜ ʥʠʚ, 120 ʧʨʠʤʝʨʦʮʠ ʩʝ ʦʜ ʌʘʢʫʣʪʝʪʦʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥa ʚʦ ʉʢʦʧʿʝ (MKD 

001) ʠ ʩʧʦʨʝʜ ʠʤʝʪʦ ʥʘʚʝʜʝʥʦ ʚʦ ʧʘʩʦʰʢʠʪʝ ʧʦʜʘʪʦʮʠ, 10 ʦʜ ʥʠʚ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ ʢʘʢʦ 

ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ. ɿʘ ʦʩʪʘʥʘʪʠʪʝ 53 ʧʨʠʤʝʨʦʮʠ, ʟʘ ʢʦʠ ʧʦʜʘʪʦʮʠʪʝ ʩʝ ʜʦʩʪʘʚʝʥʠ ʦʜ 

ʥʝʚʣʘʜʠʥʘʪʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʌʘʙʠʘ ʎʉɹ ɹʦʛʜʘʥʮʠ (MKD 007), ʚʦ ʧʘʩʦʰʢʠʪʝ ʧʦʜʘʪʦʮʠ 

ʥʝʜʦʩʪʘʩʫʚʘ ʪʦʯʝʥ ʦʧʠʩ ʥʘ ʪʠʧʦʪ ʥʘ ʧʨʠʤʝʨʦʢʦʪ (Genesys, 15.Mar.2025).  

 

ɽʚʨʦʧʩʢʠʦʪ ʧʨʝʙʘʨʫʚʘʯʢʠ ʢʘʪʘʣʦʛ ʟʘ ʨʘʩʪʠʪʝʣʥʠ ʛʝʥʝʪʩʢʠ ʨʝʩʫʨʩʠ (EURISCO - European 

Search Catalogue for Plant Genetic Resources) ʩʦʜʨʞʠ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʧʦʚʝ˃ʝ ʦʜ 2 ʤʠʣʠʦʥʠ 

ʧʨʠʤʝʨʦʮʠ ʥʘ ʢʫʣʪʠʚʠʨʘʥʠ ʨʘʩʪʝʥʠʿʘ ʠ ʥʠʚʥʠ ʜʠʚʠ ʩʨʦʜʥʠʮʠ, ʟʘʯʫʚʘʥʠ ex situ ʦʜ ʩʪʨʘʥʘ 

ʥʘ ʧʦʚʝ˃ʝ ʦʜ 400 ʠʥʩʪʠʪʫʮʠʠ. ʂʘʪʘʣʦʛʦʪ ʙʘʟʠʨʘ ʥʘ ʤʨʝʞʘ ʦʜ ʥʘʮʠʦʥʘʣʥʠʪʝ ʨʘʩʪʠʪʝʣʥʠ 

ʛʝʥʝʪʩʢʠ ʨʝʩʫʨʩʠ ʥʘ ʝʚʨʦʧʩʢʠʪʝ ʟʝʤʿʠ-ʯʣʝʥʢʠ (National Inventories of European member 

countries) ʠ ʧʨʝʪʩʪʘʚʫʚʘ ʟʥʘʯʘʝʥ ʤʝʭʘʥʠʟʘʤ ʟʘ ʟʘʯʫʚʫʚʘˁʝ ʥʘ ʩʚʝʪʩʢʘʪʘ ʘʛʨʦʙʠʦʣʦʰʢʘ 

ʨʘʟʥʦʚʠʜʥʦʩʪ, ʦʚʦʟʤʦʞʫʚʘʿ˃ʠ ʧʨʠʩʪʘʧ ʜʦ ʛʦʣʝʤʘʪʘ ʛʝʥʝʪʩʢʘ ʨʘʟʥʦʚʠʜʥʦʩʪ ʰʪʦ ʿʘ ʯʫʚʘʘʪ 

ʦʚʠʝ ʠʥʩʪʠʪʫʮʠʠ. ʇʨʝʢʫ ʌʘʢʫʣʪʝʪʦʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ, ʚʦ ʦʚʦʿ ʢʘʪʘʣʦʛ ʩʝ 

ʩʧʦʜʝʣʝʥʠ ʧʦʜʘʪʦʮʠ ʟʘ 2158 ʧʨʠʤʝʨʦʮʠ ʦʜ ʨʘʟʣʠʯʥʠ ʟʝʤʿʦʜʝʣʩʢʠ ʢʫʣʪʫʨʠ ʦʜ ʈʉ 

ʄʘʢʝʜʦʥʠʿʘ, ʤʝʺʫ ʢʦʠ ʠʤʘ 121 ʧʨʠʤʝʨʦʢ ʦʜ ʧʠʧʝʨʢʘ, ʚʢʣʫʯʠʪʝʣʥʦ ʠ ʜʝʩʝʪ ʛʝʥʦʪʠʧʦʚʠ ʦʜ 

ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ (EURISCO, 2025). 

 

ɺʦ 1970-ʪʠʪʝ ʛʦʜʠʥʠ, ʧʨʦʬ. ʜ-ʨ ʃʘʟʘʨ ɸʣʘ˅ʘʿʢʦʚ ʫʯʝʩʪʚʫʚʘʣ ʚʦ ʧʨʦʝʢʪʦʪ E30-CR-33, 

ʧʦʜʜʨʞʘʥ ʦʜ ɺʣʘʜʘʪʘ ʥʘ ʉɸɼ, ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʯʠʠ ʘʢʪʠʚʥʦʩʪʠ 2103 ʧʨʠʤʝʨʦʮʠ ʦʜ 

ʟʝʤʿʦʜʝʣʩʢʠ ʢʫʣʪʫʨʠ ʢʦʣʝʢʮʠʦʥʠʨʘʥʠ ʦʜ ʪʝʨʠʪʦʨʠʿʘʪʘ ʥʘ ʈʉ ʄʘʢʝʜʦʥʠʿʘ ʩʝ ʜʦʥʠʨʘʥʠ ʚʦ 

USDA (United States Department of Agriculture) ʠ ʨʘʩʧʦʨʝʜʝʥʠ ʥʘ ʯʫʚʘˁʝ ʚʦ ʨʘʟʣʠʯʥʠ ʛʝʥ-

ʙʘʥʢʠ. ʉʧʦʨʝʜ ʧʣʘʪʬʦʨʤʘʪʘ GRIN, 485 ʧʨʠʤʝʨʦʮʠ ʦʜ ʨʦʜʦʪ Capsicum ʩʝ ʯʫʚʘʘʪ ʚʦ 

ʝʜʠʥʠʮʘʪʘ S9 ʚʦ ɻʨʠʬʠʥ, ɷʦʨ˅ʠʿʘ. ʇʦʜʘʪʦʮʠʪʝ ʟʘ ʢʦʣʝʢʮʠʠʪʝ ʠ ʧʨʠʤʝʨʦʮʠʪʝ ʢʦʠ ʩʝ 

ʯʫʚʘʘʪ ʠ ʦʜʨʞʫʚʘʘʪ ʚʦ ʦʚʘʘ ʛʝʥ-ʙʘʥʢʘ ʩʝ ʜʦʩʪʘʧʥʠ ʧʨʝʢʫ ʧʣʘʪʬʦʨʤʘʪʘ GRIN (Germplasm 

Resource Information Network).  

 

ɺʦ ʪʝʢʦʪ ʥʘ 1970-ʪʠʪʝ ʛʦʜʠʥʠ, ʩʦ ʫʯʝʩʪʚʦ ʥʘ ʧʨʦʬ. ʜ-ʨ ʃʘʟʘʨ ɸʣʘ˅ʘʿʢʦʚ, ʨʝʘʣʠʟʠʨʘʥ ʝ 

ʟʥʘʯʘʝʥ ʧʨʦʝʢʪ ʟʘ ʧʨʠʙʠʨʘˁʝ, ʤʝʺʫ ʦʩʪʘʥʘʪʦʪʦ, ʟʝʣʝʥʯʫʢʦʚʠ ʛʝʥʝʪʩʢʠ ʨʝʩʫʨʩʠ (E30-CR-

33), ʧʦʜʜʨʞʘʥ ʦʜ ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ ʟʘ ʟʝʤʿʦʜʝʣʩʪʚʦ ʥʘ ʉɸɼ (USDA) ʧʨʝʢʫ 

ʠʩʪʨʘʞʫʚʘʯʢʘʪʘ ʧʨʦʛʨʘʤʘ PL-480. ɺʦ ʨʘʤʢʠʪʝ ʥʘ ʦʚʠʝ ʘʢʪʠʚʥʦʩʪʠ, ʥʘ ʪʝʨʠʪʦʨʠʿʘʪʘ ʥʘ 

ʄʘʢʝʜʦʥʠʿʘ ʩʝ ʩʦʙʨʘʥʠ 2103 ʧʨʠʤʝʨʦʮʠ ʦʜ ʨʘʟʣʠʯʥʠ ʟʝʤʿʦʜʝʣʩʢʠ ʢʫʣʪʫʨʠ, ʢʦʠ ʧʦʪʦʘ ʩʝ 

ʜʝʧʦʥʠʨʘʥʠ ʚʦ ʥʘʮʠʦʥʘʣʥʠʦʪ ʩʠʩʪʝʤ ʥʘ ʛʝʥ-ʙʘʥʢʠ ʥʘ ʉɸɼ. ʉʧʦʨʝʜ ʧʦʜʘʪʦʮʠʪʝ ʦʜ 

ʠʥʬʦʨʤʘʪʠʚʥʘʪʘ ʤʨʝʞʘ GRIN (Germplasm Resource Information Network), ʜʝʥʝʩ ʚʦ 

ʝʜʠʥʠʮʘʪʘ S9 (Griffin, Georgia) ʩʝ ʯʫʚʘʘʪ ʠ ʦʜʨʞʫʚʘʘʪ 485 ʧʨʠʤʝʨʦʮʠ ʦʜ ʨʦʜʦʪ Capsicum 

ʩʦ ʤʘʢʝʜʦʥʩʢʦ ʧʦʪʝʢʣʦ. ʄʘʢʝʜʦʥʩʢʠʪʝ ʧʨʠʤʝʨʦʮʠ, ʢʦʠ ʩʧʦʨʝʜ ʧʘʩʦʰʢʠʪʝ ʧʦʜʘʪʦʮʠ ʩʝ 

ʢʦʣʝʢʮʠʦʥʠʨʘʥʠ ʦʜ ʥʘʩʝʣʝʥʠ ʤʝʩʪʘ ʚʦ ʥʘʰʘʪʘ ʜʨʞʘʚʘ, ʩʝ ʝʚʠʜʝʥʪʠʨʘʥʠ ʢʘʢʦ ʧʨʠʤʝʨʦʮʠ 

ʦʜ ʧʦʨʘʥʝʰʥʘ ʉʨʙʠʿʘ ʠ ʎʨʥʘ ɻʦʨʘ, ʟʘ ʨʘʟʣʠʢʘ ʦʜ ʧʨʠʤʝʨʦʮʠʪʝ ʦʜ ʜʨʫʛʠ ʛʨʘʜʠʥʘʨʩʢʠ 

ʢʫʣʪʫʨʠ, ʢʘʿ ʢʦʠ ʟʝʤʿʘ ʥʘ ʧʦʪʝʢʣʦ (origin) ʝ ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ. ʉʦ ʦʛʣʝʜ ʥʘ ʪʦʘ ʜʝʢʘ 

ʦʚʘʘ ʧʣʘʪʬʦʨʤʘ ʦʚʦʟʤʦʞʫʚʘ ʥʝʧʨʝʯʝʥ ʧʨʠʩʪʘʧ ʠ ʠʩʢʣʫʯʠʪʝʣʥʘ ʪʨʘʥʩʧʘʨʝʥʪʥʦʩʪ ʚʦ 

ʦʜʥʦʩ ʥʘ ʧʘʩʦʰʢʠ ʧʦʜʘʪʦʮʠ ʟʘ ʧʨʠʤʝʨʦʮʠʪʝ (ʠʤʝ, ʦʧʠʩ, ʧʦʪʝʢʣʦ), ʧʦʜʘʪʦʮʠ ʦʜ 

ʬʝʥʦʪʠʧʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʧʫʙʣʠʢʘʮʠʠ ʚʦ ʢʦʠ ʙʠʣʝ ʚʢʣʫʯʝʥʠ ʠʩʪʠʪʝ, ʩʧʦʨʝʜ 

ʧʘʩʦʰʢʠʪʝ ʧʦʜʘʪʦʮʠ ʝʚʠʜʝʥʪʠʨʘʥʠ ʩʝ 50 ʧʨʠʤʝʨʦʮʠ ʦʜ ʤʘʢʝʜʦʥʩʢʘ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ ʢʦʠ 

ʚʦ ʩʚʦʝʪʦ ʠʤʝ ʛʠ ʩʦʜʨʞʘʪ ʝʧʠʪʝʪʠʪʝ Ăʚʝʟʝʥñ, Ăʚʝʟʝʥʘñ, Ăʚʝʟʝʥʢʘñ ʠʪʥ. (GRIN, 2025). 

 

ɺʝʟʝʥʦʩʪʘ ʥʘ ʧʣʦʜʦʪ ʝ ʩʚʦʿʩʪʚʦ ʢʦʝ ʨʝʪʢʦ ʩʝ ʘʥʘʣʠʟʠʨʘ ʦʜ ʠʩʪʨʘʞʫʚʘʯʠʪʝ ʧʨʠ 

ʬʝʥʦʪʠʧʩʢʘʪʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ. ʉʧʦʨʝʜ ʧʦʜʘʪʦʮʠʪʝ ʦʜ ʜʘʪʘʙʘʟʘʪʘ GRIN, ʚʢʫʧʥʦ 2914 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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20 

 

ʧʨʠʤʝʨʦʮʠ (ʦʜ ʩʚʝʪʩʢʘʪʘ ʢʦʣʝʢʮʠʿʘ ʢʦʿʘ ʩʝ ʦʜʨʞʫʚʘ ʚʦ GRIN) ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘʥʠ ʚʨʟ 

ʦʩʥʦʚʘ ʥʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʠ 166 ʦʜ ʥʠʚ ʙʠʣʝ ʦʮʝʥʝʪʠ ʩʦ ʧʨʠʩʫʩʪʚʦ ʥʘ ʚʝʟʝʥʦʩʪ (ʦʜ 1 - ʩʣʘʙʘ, 

ʜʦ 9 - ʤʥʦʛʫ ʩʠʣʥʦ ʠʟʨʘʟʝʥʘ) ʠ ʤʝʰʘʥʦ (ʭʝʪʝʨʦʛʝʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʚʦ 

ʧʦʧʫʣʘʮʠʿʘʪʘ). ʉo ʥʘʿʚʠʩʦʢʘ ʠʟʨʘʟʝʥʦʩʪ ʥʘ ʚʝʟʝʥʦʩʪʘ ʩʝ ʦʮʝʥʝʪʠ ʧʨʠʤʝʨʦʮʠʪʝ PI 357576 

(VEZENA SLATKA) ʠ PI 379211 (VEZENA SR LJUTA) ʢʦʣʝʢʮʠʦʥʠʨʘʥʠ ʚʦ ʈʉ 

ʄʘʢʝʜʦʥʠʿʘ (GRIN, 2025). 

 

ʇʨʠʤʝʨʦʮʠʪʝ ʦʜ ʤʘʢʝʜʦʥʩʢʘʪʘ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ ʚʦ ʢʦʣʝʢʮʠʿʘʪʘ ʥʘ USDA ʙʠʣʝ ʚʢʣʫʯʝʥʠ 

ʚʦ ʥʝʢʦʣʢʫ ʟʥʘʯʘʿʥʠ ʠʩʪʨʘʞʫʚʘˁʘ. ʂʦʥʢʨʝʪʥʦ, ʛʝʥʦʪʠʧʦʚʠʪʝ ʩʦ ʥʘʿʚʠʩʦʢʘ ʠʟʨʘʟʝʥʦʩʪ ʥʘ 

ʚʝʟʝʥʦʩʪʘ ʩʝ ʚʢʣʫʯʝʥʠ ʚʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Parsons et al., (2013), ʚʦ ʢʦʝ ʩʝ ʠʩʧʠʪʫʚʘʥʠ 

ʣʠʧʠʜʥʘʪʘ ʢʦʤʧʦʟʠʮʠʿʘ ʚʦ ʢʫʪʠʢʫʣʘʪʘ ʥʘ ʧʣʦʜʦʚʠʪʝ ʠ ʩʪʘʧʢʘʪʘ ʥʘ ʟʘʛʫʙʘ ʥʘ ʚʦʜʘ ʦʜ 

ʧʣʦʜʦʪ. ʂʘʿ ʧʨʠʤʝʨʦʢʦʪ PI 379211 ʝ ʠʟʤʝʨʝʥʘ ʥʘʿʚʠʩʦʢʘ ʢʦʣʠʯʠʥʘ ʥʘ ʢʫʪʠʢʫʣʘʨʥʠ 

ʚʦʩʦʮʠ ʤʝʺʫ ʩʠʪʝ ʘʥʘʣʠʟʠʨʘʥʠ ʛʝʥʦʪʠʧʦʚʠ: 1377 ɛg/dmĮ ʠ ʚʠʩʦʢʘ ʟʘʩʪʘʧʝʥʦʩʪ ʥʘ ʥ-

ʘʣʢʘʥʠ (C29, C31), ʢʦʠ ʩʝ ʩʠʣʥʦ ʧʦʚʨʟʘʥʠ ʩʦ ʥʠʩʢʘ ʧʝʨʤʝʘʙʠʣʥʦʩʪ ʠ ʟʘʜʨʞʫʚʘˁʝ ʚʦʜʘ. 

ʇʣʦʜʦʚʠʪʝ ʧʦʢʘʞʘʣʝ ʥʠʩʢʘ ʩʪʘʧʢʘ ʥʘ ʛʫʙʝˁʝ ʚʦʜʘ ʠ ʤʘʟʥʘ ʧʦʚʨʰʠʥʘ ʙʝʟ ʚʠʜʣʠʚʠ 

ʧʫʢʥʘʪʠʥʠ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʢʘʿ ʧʨʠʤʝʨʦʢʦʪ PI 356576 ʙʠʣ ʫʪʚʨʜʝʥ ʤʥʦʛʫ ʚʠʩʦʢ ʚʢʫʧʝʥ 

ʠʟʥʦʩ ʥʘ ʢʫʪʠʥʩʢʠ ʤʦʥʦʤʝʨʠ (ʝʜʝʥ ʦʜ ʥʘʿʚʠʩʦʢʠʪʝ ʚʦ ʢʦʣʝʢʮʠʿʘʪʘ). ɺʦʩʦʯʥʠʦʪ ʩʣʦʿ ʠʤʘ 

ʧʦʚʠʩʦʢ ʫʜʝʣ ʥʘ ʪʨʠʪʝʨʧʝʥʦʠʜʠ ʠ ʩʪʝʨʦʣʠ, ʥʦ ʨʝʣʘʪʠʚʥʦ ʧʦʤʘʣ ʫʜʝʣ ʥʘ ʥ-ʘʣʢʘʥʠ ʰʪʦ ʿʘ 

ʟʛʦʣʝʤʫʚʘ ʧʝʨʤʝʘʙʠʣʥʦʩʪʘ. ʇʣʦʜʦʚʠʪʝ ʦʜ ʦʚʦʿ ʛʝʥʦʪʠʧ ʧʦʢʘʞʘʣʝ ʧʦʛʦʣʝʤʘ ʩʢʣʦʥʦʩʪ ʢʦʥ 

ʧʫʢʥʘʪʠʥʠ ʠ ʥʘʿʚʠʩʦʢʘ ʩʪʘʧʢʘ ʥʘ ʛʫʙʝˁʝ ʚʦʜʘ (65.0 mg/cmĮ ʧʦ 5 ʜʝʥʘ) ʦʜ ʩʠʪʝ ʧʨʠʤʝʨʦʮʠ 

ʚʢʣʫʯʝʥʠ ʚʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ. ʉʦ ʪʦʘ, PI 379211 ʧʨʝʪʩʪʘʚʫʚʘ Ăʚʦʩʦʯʝʥ ʪʠʧñ ʩʦ ʩʠʣʥʘ 

ʙʘʨʠʝʨʘ ʧʨʦʪʠʚ ʜʝʭʠʜʨʘʮʠʿʘ, ʜʦʜʝʢʘ PI 356576 ʝ Ăʢʫʪʠʥʩʢʠ ʪʠʧñ ʩʦ ʢʨʫʪʘ ʠ ʣʝʩʥʦ 

ʠʩʧʫʢʣʠʚʘ ʢʫʪʠʢʫʣʘ, ʰʪʦ ʛʦ ʧʨʘʚʠ ʟʥʘʯʘʿʥʦ ʧʦʤʘʣʢʫ ʦʪʧʦʨʝʥ ʚʦ ʧʦʩʪʙʝʨʙʝʥʠ ʫʩʣʦʚʠ. 

Tripodi et al. (2021) ʠʟʚʨʰʠʣʝ ʜʝʪʘʣʥʘ ʛʝʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʥʘ 10.000 ʧʨʠʤʝʨʦʮʠ Capsicum 

ʦʜ ʩʚʝʪʩʢʠʪʝ ʛʝʥ-ʙʘʥʢʠ, ʚʢʣʫʯʫʚʘʿ˃ʠ 50 ʤʘʢʝʜʦʥʩʢʠ ʚʝʟʝʥʠ ʧʠʧʝʨʢʠ. ʂʦʤʙʠʥʠʨʘʿ˃ʠ 

ʙʠʦʠʥʬʦʨʤʘʪʠʯʢʠ ʧʦʜʘʪʦʮʠ ʙʘʟʠʨʘʥʠ ʥʘ ʝʜʠʥʝʯʥʠ ʥʫʢʣʝʦʪʠʜʥʠ ʧʦʣʠʤʦʨʬʠʟʤʠ (SNPs) 

ʠ ʧʘʩʦʰʢʠ ʧʦʜʘʪʦʮʠ ʟʘ ʠʩʪʠʪʝ ʧʨʠʤʝʨʦʮʠ, ʜʦʰʣʝ ʜʦ ʟʥʘʯʘʿʥʠ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʛʝʥʦʤʩʢʘʪʘ 

ʨʘʟʥʦʚʠʜʥʦʩʪ ʠ ʧʦʧʫʣʘʮʠʩʢʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʜʠʚʠʪʝ ʠ ʦʜʦʤʘ˃ʠʥʝʪʠʪʝ ʛʝʥʦʪʠʧʦʚʠ 

ʧʠʧʝʨʢʘ, ʩʣʝʜʝʿ˃ʠ ʛʠ ʥʠʚʥʠʪʝ ʝʚʦʣʫʪʠʚʥʠ ʪʨʘʝʢʪʦʨʠʠ ʠ ʦʙʝʟʙʝʜʫʚʘʿ˃ʠ ʤʦʜʝʣ ʟʘ 

ʜʠʩʪʨʠʙʫʮʠʿʘʪʘ ʥʘ Capsicum annuum, ʢʦʿ ʛʦ ʦʜʨʘʟʫʚʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʪʨʛʦʚʠʿʘʪʘ ʠ 

ʠʩʪʦʨʠʩʢʠʪʝ ʠ ʢʫʣʪʫʨʥʠʪʝ ʬʘʢʪʦʨʠ. ʄʘʢʝʜʦʥʩʢʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʧʨʠʧʘʺʘʘʪ ʥʘ ʝʚʨʦʧʩʢʠʦʪ 

ʢʣʘʩʪʝʨ ʩʦ ʧʦʥʠʟʦʢ ʩʪʝʧʝʥ ʥʘ ʜʠʚʝʨʟʠʪʝʪ, ʰʪʦ ʘʚʪʦʨʠʪʝ ʛʦ ʧʨʠʧʠʰʫʚʘʘʪ ʥʘ ʨʝʛʠʦʥʘʣʥʠ 

ʢʫʣʠʥʘʨʩʢʠ ʠ ʩʝʣʝʢʮʠʩʢʠ ʪʨʘʜʠʮʠʠ. ʀʩʪʘʪʘ ʢʦʣʝʢʮʠʿʘ ʿʘ ʘʥʘʣʠʟʠʨʘʣʝ ʠ Rabanus-Wallace 

& Stein (2023) ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʘ ʪʘʢʩʦʥʦʤʩʢʘ ʦʮʝʥʘ, ʧʨʠ ʰʪʦ ʫʩʧʝʘʣʝ ʜʘ 

ʨʘʟʚʠʿʘʪ ʘʣʛʦʨʠʪʤʠ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ ʧʠʧʝʨʢʠʪʝ, ʠʤʘʿ˃ʠ ʿʘ ʧʨʝʜʚʠʜ ʥʠʚʥʘʪʘ 

ʢʦʤʧʣʝʢʩʥʘ ʧʦʧʫʣʘʮʠʩʢʘ ʩʪʨʫʢʪʫʨʘ ʠ ʝʚʦʣʫʮʠʿʘ. 

 

3.8. ʌʝʥʦʪʠʧʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʤʘʢʝʜʦʥʩʢʘʪʘ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ  

 

ʇʦʜʘʪʦʮʠʪʝ ʦʜ ʛʣʦʙʘʣʥʠʪʝ ʛʝʥ-ʙʘʥʢʠ ʫʢʘʞʫʚʘʘʪ ʥʘ ʪʦʘ ʜʝʢʘ ʚʝʟʝʥʘʪʘ ʧʠʧʝʨʢʘ ʦʜ ʉʝʚʝʨʥʘ 

ʄʘʢʝʜʦʥʠʿʘ ʝ ʜʦʢʫʤʝʥʪʠʨʘʥʘ ʠ ʟʘʩʪʘʧʝʥʘ ʚʦ ʧʦʚʝ˃ʝ ʤʝʺʫʥʘʨʦʜʥʠ ʢʦʣʝʢʮʠʠ, ʩʦ 

ʦʛʨʘʥʠʯʝʥʘ ʜʦʩʪʘʧʥʦʩʪ ʥʘ ʧʦʜʘʪʦʮʠ ʦʜ ʜʝʪʘʣʥʘ ʤʦʨʬʦʣʦʰʢʘ ʠ ʛʝʥʝʪʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ. 

ɺʘʢʚʠʪʝ ʩʦʟʥʘʥʠʿʘ ʦʪʚʦʨʘʘʪ ʧʨʦʩʪʦʨ ʟʘ ʜʦʧʦʣʥʠʪʝʣʥʠ ʠʩʪʨʘʞʫʚʘˁʘ, ʩʦ ʮʝʣ ʧʦʜʦʙʨʦ ʜʘ 

ʩʝ ʠʩʪʨʘʞʠ ʥʝʿʟʠʥʘʪʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʠ ʜʘ ʩʝ ʫʪʚʨʜʠ ʩʝʣʝʢʮʠʩʢʠʦʪ ʧʦʪʝʥʮʠʿʘʣ. 

ʂʦʣʝʢʮʠʿʘʪʘ ʰʪʦ ʩʝ ʦʜʨʞʫʚʘ ʥʘ ʌʘʢʫʣʪʝʪʦʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 

ʧʨʝʪʩʪʘʚʫʚʘ ʝʜʝʥ ʦʜ ʥʘʿʟʥʘʯʘʿʥʠʪʝ ʠʟʚʦʨʠ ʥʘ ʣʦʢʘʣʥʘ ʛʝʨʤʧʣʘʟʤʘ ʦʜ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ, 

ʢʦʿʘ, ʟʘ ʨʘʟʣʠʢʘ ʦʜ ʧʦʚʝ˃ʝʪʦ ʤʝʺʫʥʘʨʦʜʥʠ ʟʘʧʠʩʠ, ʩʦ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʝ ʜʝʪʘʣʥʦ 

ʜʦʢʫʤʝʥʪʠʨʘʥʘ ʠ ʜʦʩʪʘʧʥʘ ʟʘ ʩʠʩʪʝʤʘʪʩʢʘ ʬʝʥʦʪʠʧʩʢʘ ʠ ʛʝʥʦʪʠʧʩʢʘ ʘʥʘʣʠʟʘ. 

 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 

_________________________________________________________________________________________________ 

21 

 

ʌʝʥʦʪʠʧʩʢʘʪʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʤʦʨʬʦʣʦʰʢʠʪʝ ʩʚʦʿʩʪʚʘ (ʢʚʘʣʠʪʘʪʠʚʥʠ ʠ 

ʢʚʘʥʪʠʪʘʪʠʚʥʠ) ʧʨʝʪʩʪʘʚʫʚʘ ʥʝʦʧʭʦʜʥʘ ʘʣʘʪʢʘ ʟʘ ʩʠʩʪʝʤʘʪʩʢʦ ʧʨʦʬʠʣʠʨʘˁʝ ʠ 

ʠʥʜʠʚʠʜʫʘʣʥʦ ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʛʝʥʦʪʠʧʦʚʠʪʝ, ʩʦ ʮʝʣ ʧʦʣʝʩʥʦ ʫʧʨʘʚʫʚʘˁʝ ʩʦ 

ʨʘʩʪʠʪʝʣʥʠʪʝ ʛʝʥʝʪʩʢʠ ʨʝʩʫʨʩʠ ʠ ʥʠʚʥʦ ʝʬʝʢʪʠʚʥʦ ʚʦʚʝʜʫʚʘˁʝ ʚʦ ʩʝʣʝʢʮʠʩʢʠʪʝ 

ʧʨʦʛʨʘʤʠ. 

 

ɺʦ ʩʚʝʪʩʢʠ ʨʘʤʢʠ ʩʝ ʘʥʘʣʠʟʠʨʘʥʠ ʙʨʦʿʥʠ ʢʦʣʝʢʮʠʠ ʦʜ Capsicum spp., ʧʨʠ ʰʪʦ 

ʛʝʥʦʪʠʧʦʚʠʪʝ ʥʘʿʯʝʩʪʦ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʩʧʦʨʝʜ ʝʢʦʥʦʤʩʢʠ ʟʥʘʯʘʿʥʠʪʝ ʤʦʨʬʦʣʦʰʢʠ 

ʩʚʦʿʩʪʚʘ, ʭʝʤʠʩʢʠʦʪ ʩʦʩʪʘʚ ʠ ʥʠʚʦʪʦ ʥʘ ʧʠʢʘʥʪʥʦʩʪ. ʇʨʠʪʦʘ ʩʝ ʧʨʠʤʝʥʫʚʘʘʪ 

ʤʫʣʪʠʚʘʨʠʿʘʥʪʥʠ ʩʪʘʪʠʩʪʠʯʢʠ ʘʥʘʣʠʟʠ ʟʘ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘ ʬʝʥʦʪʠʧʩʢʠʦʪ ʠ ʛʝʥʝʪʩʢʠʦʪ 

ʜʠʚʝʨʟʠʪʝʪ ʥʘ ʨʘʩʧʦʣʦʞʣʠʚʠʦʪ ʛʝʥʝʪʩʢʠ ʤʘʪʝʨʠʿʘʣ. (Bosland & Votava, 2012; Nsabiyera 

et al., 2013; Sokona et al., 2013; Van Zonneveld et al., 2015; Naegele et al., 2016; Tsonev et 

al., 2017; Danojeviĺ & Mediĺ-Pap, 2018; Pessoa et al., 2018; Tripodi & Greco, 2018; Ridzuan 

et al., 2019; Santos et al., 2019; Lee et al., 2020; Pereira-Dias et al., 2020; Chhapekar et al., 

2020; Brilhante et al., 2021; de Almeida et al., 2022; Saisupriya et al., 2021; Martínez-Ispizua 

et al., 2022; Terefe et al., 2022; Mladenoviĺ et al., 2024). ʉʝʧʘʢ, ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʝ ʰʪʦ ʚʦ 

ʥʠʪʫ ʝʜʥʦ ʦʜ ʦʚʠʝ ʦʧʩʝʞʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʥʝ ʩʝ ʚʢʣʫʯʝʥʠ ʛʝʥʦʪʠʧʦʚʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ. 

 

ɺʦ ʥʝʢʦʣʢʫ ʠʩʪʨʘʞʫʚʘˁʘ ʚʦ ʥʘʮʠʦʥʘʣʥʠ ʠ ʨʝʛʠʦʥʘʣʥʠ ʨʘʤʢʠ ʦʜ ʧʦʩʣʝʜʥʘʚʘ ʜʝʢʘʜʘ, ʚʝ˃ʝ 

ʩʝ ʦʙʨʥʫʚʘ ʧʦʟʥʘʯʘʿʥʦ ʚʥʠʤʘʥʠʝ ʪʦʢʤʫ ʥʘ ʚʝʟʝʥʘʪʘ ʧʠʧʝʨʢʘ.  

 

ɸʥʘʣʠʟʠʨʘʥʘ ʝ ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʥʘ ʢʚʘʥʪʠʪʘʪʠʚʥʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ ʧʣʦʜʦʚʠʪʝ ʢʘʿ ʚʝʟʝʥʘʪʘ 

ʧʠʧʝʨʢʘ ʧʦʜ ʚʣʠʿʘʥʠʝ ʥʘ ʛʝʥʦʪʠʧʦʪ ʠ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ, ʧʨʠ ʰʪʦ ʝ ʫʪʚʨʜʝʥʦ ʜʝʢʘ ʠ 

ʛʝʥʦʪʠʧʦʪ ʠ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʘʪ ʚʨʟ ʥʠʚʥʘʪʘ ʝʢʩʧʨʝʩʠʿʘ  (Sandeva 

Atanasova et al., 2021a).  ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʤʦʨʬʦʣʦʰʢʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ ʧʣʦʜʦʚʠʪʝ ʦʜ 189 

ʛʝʥʦʪʠʧʦʚʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ, ʠʟʚʨʰʝʥʘ ʝ ʦʮʝʥʘ ʥʘ ʜʠʚʝʨʟʠʪʝʪʦʪ, ʧʨʠ ʰʪʦ ʝ 

ʠʜʝʥʪʠʬʠʢʫʚʘʥ ʟʥʘʯʘʝʥ ʛʝʥʝʪʩʢʠ ʜʠʚʝʨʟʠʪʝʪ ʧʦʤʝʺʫ ʥʠʚ (Sandeva Atanasova et al., 

2021b). ɺʦ ʜʨʫʛʘ ʘʥʘʣʠʟʘ ʥʘ 21 ʣʦʢʘʣʥʘ ʩʦʨʪʘ ʦʜ ʧʠʧʝʨʢʠ ʥʘʤʝʥʝʪʠ ʟʘ ʩʫʰʝˁʝ (ʚʝʟʝʥʠ 

ʧʠʧʝʨʢʠ ʠ ʧʠʧʝʨʢʠ ʟʘ ʥʠʞʝˁʝ), ʚʨʟ ʦʩʥʦʚʘ ʥʘ 13 ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʠ 13 ʢʚʘʣʠʪʘʪʠʚʥʠ 

ʩʚʦʿʩʪʚʘ, ʫʪʚʨʜʝʥʘ ʝ  ʚʠʩʦʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ (Drvoshanova et al., 2023).  ʂʘʢʦ ʜʝʣ ʦʜ 

ʠʩʪʨʘʞʫʚʘˁʝ ʥʘ ʚʢʫʧʥʦ 168 ʛʝʥʦʪʠʧʦʚʠ ʧʠʧʝʨʢʠ ʦʜ 6 ʙʘʣʢʘʥʩʢʠ ʟʝʤʿʠ,  ʚʢʣʫʯʝʥʠ ʩʝ  ʠ 

14 ʛʝʥʦʪʠʧʦʚʠ ʦʜ ʄʘʢʝʜʦʥʠʿʘ, ʤʝʺʫ ʢʦʠ 4 ʩʦʨʪʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ. ʅʘʧʨʘʚʝʥʘʪʘ 

ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ, ʩʦ ʧʨʠʤʝʥʘ ʥʘ Tomato Analyzer-TA (ʩʦʬʪʚʝʨ ʟʘ ʚʠʩʦʢʦʧʨʝʮʠʟʥʘ 

ʬʝʥʦʪʠʧʩʢʘ ʘʥʘʣʠʟʘ) ʠ ʩʧʦʨʝʜ ʫʪʚʨʜʝʥʠʦʪ ʜʠʚʝʨʟʠʪʝʪ ʥʘ ʘʛʨʦ-ʙʠʦ-ʤʦʨʬʦʣʦʰʢʠʪʝ 

ʩʚʦʿʩʪʚʘ, ʙʘʣʢʘʥʩʢʘʪʘ ʢʦʣʝʢʮʠʿʘ ʦʜ ʧʠʧʝʨʢʠ ʝʠʜʝʥʪʠʬʠʢʫʚʘʥʘ ʢʘʢʦ ʜʦʙʘʨ ʛʝʥʝʪʩʢʠ ʠʟʚʦʨ 

ʟʘ ʩʝʣʝʢʮʠʿʘ ʠ ʨʘʟʚʦʿ ʥʘ ʩʦʨʪʠ ʢʦʠ ʩʝ ʣʦʢʘʣʥʦ ʘʜʘʧʪʠʨʘʥʠ (Nankar et al., (2020). 

 

ɼʦʩʝʛʘʰʥʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʥʘ ʛʝʥʝʪʩʢʠʪʝ ʨʝʩʫʨʩʠ ʢʘʿ Capsicum spp. ʦʧʬʘ˃ʘʘʪ ʩʘʤʦ 

ʦʛʨʘʥʠʯʝʥ ʙʨʦʿ ʜʦʢʫʤʝʥʪʠʨʘʥʠ ʧʨʠʤʝʨʦʮʠ ʥʘ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ, ʰʪʦ ʥʝ ʿʘ ʦʜʨʘʟʫʚʘ 

ʨʝʘʣʥʘʪʘ ʨʘʟʥʦʚʠʜʥʦʩʪ ʧʨʠʩʫʪʥʘ ʚʦ ʉʝʚʝʨʥʘ ʄʘʢʝʜʦʥʠʿʘ. ɺʘʢʚʠʦʪ ʥʝʜʦʩʪʠʛ ʥʘ ʧʦʜʘʪʦʮʠ 

ʿʘ ʥʘʤʝʪʥʫʚʘ ʧʦʪʨʝʙʘʪʘ ʦʜ ʩʠʩʪʝʤʘʪʩʢʘ ʬʝʥʦʪʠʧʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʚʘʣʦʨʠʟʘʮʠʿʘ ʥʘ 

ʢʦʣʝʢʮʠʿʘʪʘ ʧʨʠ ʌɿʅʍ. ʆʚʘʘ ʫʥʠʢʘʪʥʘ ʢʦʣʝʢʮʠʿʘ ʧʨʝʪʩʪʘʚʫʚʘ ʜʨʘʛʦʮʝʥ ʠʟʚʦʨ ʥʘ 

ʛʝʥʝʪʩʢʠ ʜʠʚʝʨʟʠʪʝʪ ʠ ʩʦʣʠʜʥʘ ʦʩʥʦʚʘ ʟʘ ʠʜʥʠʪʝ ʩʝʣʝʢʮʠʩʢʠ ʧʨʦʛʨʘʤʠ ʚʦ ʥʘʩʦʢʘ ʥʘ 

ʟʘʯʫʚʫʚʘˁʝ ʠ ʫʥʘʧʨʝʜʫʚʘˁʝ ʥʘ ʦʚʦʿ ʩʧʝʮʠʬʠʯʝʥ ʪʠʧ ʧʠʧʝʨʢʘ. 

 

3.9. ʂʚʘʥʪʠʪʘʪʠʚʥʠ ʠ ʢʚʘʣʠʪʘʪʠʚʥʠ ʜʝʩʢʨʠʧʪʦʨʠ ʥʘ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ 

 

ʉʦ ʦʛʣʝʜ ʥʘ ʪʦʘ ʰʪʦ ʬʝʥʦʪʠʧʩʢʘʪʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʝ ʧʨʠʤʘʨʝʥ ʬʘʢʪʦʨ ʟʘ ʝʬʠʢʘʩʥʦ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʧʨʠʤʝʨʦʮʠʪʝ ʚʦ ʛʝʥ-ʙʘʥʢʠʪʝ, ʦʜ ʩʫʰʪʠʥʩʢʦ ʟʥʘʯʝˁʝ ʝ ʜʘ ʩʝ 

ʜʝʬʠʥʠʨʘʘʪ ʠ ʧʨʠʤʝʥʫʚʘʘʪ ʩʪʘʥʜʘʨʜʠʟʠʨʘʥʠ ʜʝʩʢʨʠʧʪʦʨʠ. ʅʘ ʪʦʿ ʥʘʯʠʥ 
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ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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ʢʘʨʘʢʪʝʨʠʟʘʮʠʩʢʠʪʝ ʧʦʜʘʪʦʮʠ ˃ʝ ʙʠʜʘʪ ʩʧʦʨʝʜʣʠʚʠ, ʢʘʢʦ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʝʜʥʘ ʢʦʣʝʢʮʠʿʘ, 

ʪʘʢʘ ʠ ʧʦʤʝʺʫ ʨʘʟʣʠʯʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʠ ʠʥʩʪʠʪʫʮʠʠ. 

 

ʄʦʨʬʦʣʦʰʢʠʪʝ ʜʝʩʢʨʠʧʪʦʨʠ (ʩʚʦʿʩʪʚʘ) ʩʝ ʛʨʫʧʠʨʘʘʪ ʚʦ ʢʚʘʣʠʪʘʪʠʚʥʠ 

(ʜʠʩʢʦʥʪʠʥʫʠʨʘʥʠ, ʚʠʟʫʝʣʥʦ ʜʝʪʝʢʪʠʙʠʣʥʠ ʩʚʦʿʩʪʚʘ ʢʘʢʦ ʬʦʨʤʘ, ʙʦʿʘ, ʧʨʠʩʫʩʪʚʦ ʠʣʠ 

ʦʪʩʫʩʪʚʦ ʥʘ ʦʜʨʝʜʝʥʘ ʩʪʨʫʢʪʫʨʘ ʠʣʠ ʧʦʿʘʚʘ) ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʠ (ʢʦʥʪʠʥʫʠʨʘʥʠ ʤʝʨʣʠʚʠ 

ʧʘʨʘʤʝʪʨʠ ʢʘʢʦ ʜʦʣʞʠʥʘ, ʰʠʨʠʥʘ, ʚʠʩʠʥʘ, ʤʘʩʘ, ʚʨʝʤʝʪʨʘʝˁʝ ʥʘ ʬʝʥʦʣʦʰʢʠ ʬʘʟʠ). 

ʂʚʘʣʠʪʘʪʠʚʥʠʪʝ ʩʚʦʿʩʪʚʘ ʩʝ ʛʣʘʚʥʦ ʧʦʜ ʩʠʣʥʘ ʛʝʥʝʪʩʢʘ ʢʦʥʪʨʦʣʘ ʠ ʧʦʤʘʣʢʫ ʧʦʜ ʚʣʠʿʘʥʠʝ 

ʥʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ, ʜʦʜʝʢʘ ʢʚʘʥʪʠʪʘʪʠʚʥʠʪʝ ʩʚʦʿʩʪʚʘ ʯʝʩʪʦ ʩʝ ʨʝʟʫʣʪʘʪ ʥʘ 

ʧʦʣʠʛʝʥʩʢʘ ʨʝʛʫʣʘʮʠʿʘ ʠ ʩʠʣʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʩʦ ʫʩʣʦʚʠʪʝ ʥʘ ʦʜʛʣʝʜʫʚʘˁʝ (Van Zonneveld 

et al., 2015; Tripodi et al., 2018). 

 

3.9.1. ʂʚʘʥʪʠʪʘʪʠʚʥʠ ʜʝʩʢʨʠʧʪʦʨʠ ʠ ʥʠʚʥʘ ʛʝʥʝʪʩʢʘ ʢʦʥʪʨʦʣʘ 

 

3.9.1.1. ʌʝʥʦʣʦʰʢʠ ʩʚʦʿʩʪʚʘ 

ʌʝʥʦʣʦʰʢʠʪʝ ʩʚʦʿʩʪʚʘ ʢʘʿ ʧʠʧʝʨʢʘʪʘ ʩʝ ʧʦʚʨʟʘʥʠ ʩʦ ʨʘʟʚʦʿʥʠʪʝ ʬʘʟʠ ʥʘ ʨʘʩʪʝʥʠʝʪʦ, ʢʘʢʦ 

ʰʪʦ ʩʝ ʙʨʦʿʦʪ ʥʘ ʜʝʥʦʚʠ ʜʦ ʥʠʢʥʫʚʘˁʝ, ʜʦ ʮʚʝʪʘˁʝ ʠ ʜʦ ʧʣʦʜʦʥʦʩʝˁʝ. ʊʠʝ ʠʤʘʘʪ ʢʣʫʯʥʦ 

ʚʣʠʿʘʥʠʝ ʚʨʟ ʘʜʘʧʪʘʮʠʿʘʪʘ ʥʘ ʢʫʣʪʫʨʘʪʘ ʢʦʥ ʨʘʟʣʠʯʥʠ ʘʛʨʦʝʢʦʣʦʰʢʠ ʫʩʣʦʚʠ, 

ʧʣʘʥʠʨʘˁʝʪʦ ʥʘ ʘʛʨʦʪʝʭʥʠʯʢʠʪʝ ʤʝʨʢʠ ʠ ʦʧʨʝʜʝʣʫʚʘˁʝʪʦ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʙʝʨʙʘ (Bosland 

& Votava, 2012; Tripodi & Kumar, 2019). ʇʦʢʨʘʿ ʪʦʘ, ʪʠʝ ʩʝ ʪʝʩʥʦ ʧʦʚʨʟʘʥʠ ʩʦ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʘ, ʜʦʣʞʠʥʘʪʘ ʥʘ ʚʝʛʝʪʘʮʠʩʢʠʦʪ ʧʝʨʠʦʜ ʠ ʧʦʪʨʝʙʠʪʝ ʟʘ ʚʦʜʘ. ʌʝʥʦʣʦʰʢʠʪʝ 

ʩʚʦʿʩʪʚʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘʥʠ ʦʜ ʩʣʦʞʝʥʘ ʤʨʝʞʘ ʥʘ ʛʝʥʠ ʠ ʦʜ ʥʠʚʥʘʪʘ ʠʥʪʝʨʘʢʮʠʿʘ ʩʦ 

ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ (Blümel et al., 2015; Hatfield & Prueger, 2015; Slafer et al., 2015).  

 

ɹʨʦʿʦʪ ʥʘ ʜʝʥʦʚʠ ʜʦ ʥʠʢʥʫʚʘˁʝ ʛʦ ʧʨʝʪʩʪʘʚʫʚʘ ʧʝʨʠʦʜʦʪ ʦʜ ʩʝʠʜʙʘ ʜʦ ʧʦʿʘʚʘ ʥʘ ʧʨʚʠʪʝ 

ʠʟʜʘʥʦʮʠ. ʀʘʢʦ ʦʚʘʘ ʬʝʥʦʣʦʰʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʣʘʚʥʦ ʟʘʚʠʩʠ ʦʜ ʥʘʜʚʦʨʝʰʥʠʪʝ 

ʬʘʢʪʦʨʠ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪ ʥʘ ʧʦʯʚʘʪʘ, óʨʪʣʠʚʦʩʪ ʥʘ ʩʝʤʝʪʦ), ʧʦʩʪʦʿʘʪ ʠʥʜʠʢʘʮʠʠ 

ʜʝʢʘ ʦʜʨʝʜʝʥʠ ʛʝʥʩʢʠ ʣʦʢʫʩʠ ʤʦʞʘʪ ʜʘ ʚʣʠʿʘʘʪ ʚʨʟ ʙʨʟʠʥʘʪʘ ʥʘ ʥʠʢʥʫʚʘˁʝ ʢʘʿ ʧʠʧʝʨʢʘʪʘ, 

ʥʦ ʠʩʪʠʪʝ ʜʦʩʝʛʘ ʥʝ ʩʝ ʩʦʦʜʚʝʪʥʦ ʧʨʦʫʯʝʥʠ (Bosland & Votava, 2012). 

 

ɹʨʦʿʦʪ ʥʘ ʜʝʥʦʚʠ ʜʦ ʮʚʝʪʘˁʝ ʧʨʝʪʩʪʘʚʫʚʘ ʠʥʜʠʢʘʪʦʨ ʟʘ ʚʨʝʤʝʪʨʘʝˁʝʪʦ ʥʘ ʚʝʛʝʪʘʪʠʚʥʘʪʘ 

ʬʘʟʘ ʠ ʝ ʚʘʞʝʥ ʧʘʨʘʤʝʪʘʨ ʟʘ ʩʝʣʝʢʮʠʿʘ ʥʘ ʨʘʥʠ ʩʦʨʪʠ. ɺʨʝʤʝʪʦ ʥʘ ʮʚʝʪʘˁʝ ʝ 

ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʜ ʝʥʜʦʛʝʥʠ ʠ ʝʛʟʦʛʝʥʠ ʩʠʛʥʘʣʠ, ʢʘʢʦ ʰʪʦ ʩʝ ʬʦʪʦʧʝʨʠʦʜʠʟʤʦʪ, 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʨʘʩʪʠʪʝʣʥʠʪʝ ʭʦʨʤʦʥʠ (Srikanth & Schmid, 2011). ɿʘʚʠʩʥʦ ʦʜ ʩʠʛʥʘʣʠʪʝ 

ʦʜ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ, ʥʘʯʠʥʦʪ ʥʘ ʝʢʩʧʨʝʩʠʿʘ ʥʘ ʛʝʥʠʪʝ ʟʘ ʮʚʝʪʘˁʝ ʤʦʞʝ ʜʘ ʙʠʜʝ 

ʨʘʟʣʠʯʝʥ (Cho et al., 2017; Ding et al., 2020). ʀʘʢʦ ʛʝʥʠʪʝ ʟʘ ʮʚʝʪʘˁʝ ʩʝ ʢʦʥʟʝʨʚʠʨʘʥʠ 

ʤʝʺʫ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʠ, ʥʠʚʥʠʪʝ ʬʫʥʢʮʠʠ ʤʦʞʘʪ ʟʥʘʯʘʿʥʦ ʜʘ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʢʘʿ ʩʝʢʦʿ 

ʧʦʝʜʠʥʝʯʝʥ ʚʠʜ. ʅʘ ʧʨʠʤʝʨ, SHORT VEGETATIVE PHASE (SVP) ʚʦ ʢʦʤʙʠʥʘʮʠʿʘ ʩʦ 

FLOWERING LOCUS C (FLC) ʢʘʿ Arabidopsis ʜʝʣʫʚʘ ʢʘʢʦ ʛʣʘʚʝʥ ʨʝʧʨʝʩʦʨ ʥʘ ʮʚʝʪʘˁʝʪʦ 

(Li et al., 2008), ʜʦʜʝʢʘ ʥʝʛʦʚʠʦʪ ʭʦʤʦʣʦʛ ʢʘʿ ʧʠʧʝʨʢʘʪʘ, CaJOINTLESS, ʚʘʞʠ ʟʘ ʛʣʘʚʝʥ 

ʘʢʪʠʚʘʪʦʨ ʥʘ ʮʚʝʪʘˁʝʪʦ (Cohen et al., 2012). Choi et al. (2023), ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ GWAS-

ʘʥʘʣʠʟʘ (Genome Wide Asociation Studies, ʛʝʥʦʤʩʢʘ ʘʩʦʮʠʿʘʮʠʩʢʘ ʩʪʫʜʠʿʘ), 

ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʥʦʚ ʣʦʢʫʩ ʥʘ ʛʝʥʠ ʟʘ ʮʚʝʪʘˁʝ ʢʘʿ ʧʠʧʝʨʢʘʪʘ ʠ ʧʨʝʜʣʘʛʘʘʪ ʯʝʪʠʨʠ 

ʢʘʥʜʠʜʘʪ-ʛʝʥʠ ʧʦʚʨʟʘʥʠ ʩʦ ʮʚʝʪʘˁʝʪʦ: APETALA2 (AP2), WUSCHEL-RELATED 

HOMEOBOX4 (WOX4), FLOWERING LOCUS T (FT) ʠ GIGANTEA (GI). ʇʦʨʘʜʠ 

ʜʝʪʝʢʪʠʨʘʥʠʪʝ ʨʘʟʣʠʢʠ, ʧʦʪʨʝʙʥʠ ʩʝ ʛʝʥʝʪʩʢʠ ʠʩʪʨʘʞʫʚʘˁʘ ʟʘ ʩʝʢʦʿ ʚʠʜ ʧʦʝʜʠʥʝʯʥʦ. 

ɼʦʧʦʣʥʠʪʝʣʥʦ, ʥʝʦʧʭʦʜʥʦ ʝ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʘʪ ʧʨʦʤʝʥʠʪʝ ʚʦ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʛʝʥʠʪʝ ʟʘ 

ʮʚʝʪʘˁʝ ʚʦ ʢʦʥʪʨʦʣʠʨʘʥʠ ʫʩʣʦʚʠ. ɺʘʢʚʘʪʘ ʛʝʥʝʪʩʢʘ ʘʥʘʣʠʟʘ ʙʠ ʧʦʤʦʛʥʘʣʘ ʜʘ ʩʝ 

ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʬʘʢʪʦʨʠʪʝ ʟʘ ʩʢʨʘʪʫʚʘˁʝ ʥʘ ʚʨʝʤʝʪʦ ʜʦ ʮʚʝʪʘˁʝ ʧʦʜ ʫʩʣʦʚʠ ʥʘ ʙʨʟʘ 

ʩʝʣʝʢʮʠʿʘ (speed breeding) ʢʘʿ ʩʝʢʦʿʘ ʢʫʣʪʫʨʘ (Choi et al., 2023).  
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ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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ɹʨʦʿʦʪ ʥʘ ʜʝʥʦʚʠ ʜʦ ʧʣʦʜʦʥʦʩʝˁʝ ʛʦ ʧʨʝʪʩʪʘʚʫʚʘ ʚʨʝʤʝʥʩʢʠʦʪ ʠʥʪʝʨʚʘʣ ʦʜ ʧʦʿʘʚʘʪʘ ʥʘ 

ʥʠʢʫʣʝʮʦʪ ʜʦ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʧʨʚʠʪʝ ʟʨʝʣʠ ʧʣʦʜʦʚʠ. ʆʚʘ ʩʚʦʿʩʪʚʦ ʧʨʝʪʩʪʘʚʫʚʘ ʢʣʫʯʝʥ 

ʬʝʥʦʣʦʰʢʠ ʠʥʜʠʢʘʪʦʨ ʢʦʿ ʩʠʣʥʦ ʢʦʨʝʣʠʨʘ ʩʦ ʮʚʝʪʘˁʝʪʦ, ʧʨʠ ʰʪʦ ʛʝʥʦʪʠʧʦʚʠʪʝ ʰʪʦ 

ʧʦʨʘʥʦ ʚʣʝʛʫʚʘʘʪ ʚʦ ʬʘʟʘ ʥʘ ʮʚʝʪʘˁʝ ʚʦʦʙʠʯʘʝʥʦ ʧʦʨʘʥʦ ʠ ʧʣʦʜʦʥʦʩʘʪ (Anani et al., 

2024). ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ ʠʤʘ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʧʨʠʥʦʩʦʪ ʧʨʝʢʫ ʙʨʦʿʦʪ ʥʘ ʜʝʥʦʚʠ ʜʦ 

ʟʨʝʣʦʩʪ, ʪʘʢʘ ʰʪʦ ʧʦʜʦʮʥʦʩʪʘʩʥʠʪʝ ʩʦʨʪʠ ʯʝʩʪʦ ʦʩʪʚʘʨʫʚʘʘʪ ʧʦʚʠʩʦʢ ʧʨʠʥʦʩ ʧʦʨʘʜʠ 

ʧʦʛʦʣʝʤʘ ʘʢʫʤʫʣʘʮʠʿʘ ʥʘ ʙʠʦʤʘʩʘ (Bekele et al., 2022). ɹʨʦʿʦʪ ʥʘ ʜʝʥʦʚʠ ʜʦ ʧʣʦʜʦʥʦʩʝˁʝ 

ʚʦ ʛʦʣʝʤʘ ʤʝʨʘ ʟʘʚʠʩʠ ʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʥʠʪʝ ʫʩʣʦʚʠ, ʧʨʠ ʰʪʦ ʧʦʚʠʩʦʢʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ ʿʘ 

ʩʢʨʘʪʫʚʘʘʪ ʚʝʛʝʪʘʮʠʩʢʘʪʘ ʬʘʟʘ, ʥʦ ʤʦʞʘʪ ʥʝʛʘʪʠʚʥʦ ʜʘ ʚʣʠʿʘʘʪ ʚʨʟ ʢʚʘʣʠʪʘʪʠʚʥʠʪʝ ʠ 

ʢʚʘʥʪʠʪʘʪʠʚʥʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ ʧʣʦʜʦʚʠʪʝ (Oh & Koh, 2019). ʆʚʘ ʩʚʦʿʩʪʚʦ ʝ ʧʦʜ ʢʦʤʧʣʝʢʩʥʘ 

ʛʝʥʩʢʘ ʨʝʛʫʣʘʮʠʿʘ, ʠʘʢʦ ʛʝʥʠʪʝ ʰʪʦ ʛʦ ʢʦʥʪʨʦʣʠʨʘʘʪ, ʥʝ ʩʝ ʧʨʝʮʠʟʥʦ ʜʝʬʠʥʠʨʘʥʠ. Wang 

et al. (2025) ʛʦ ʠʜʝʥʪʠʬʠʢʫʚʘʣʝ MADS-box ʪʨʘʥʩʢʨʠʧʮʠʩʢʠʦʪ ʬʘʢʪʦʨ RIPENING 

INHIBITOR (MADS-RIN) ʢʘʿ ʧʠʧʝʨʢʘʪʘ (Capsicum annuum), h ʪʦ ʧʨʝʪʩʪʘʚʫʚʘ ʬʘʢʪʦʨ ʢʦʿ 

ʛʦ ʨʝʛʫʣʠʨʘ ʙʠʦʭʝʤʠʩʢʠʦʪ ʧʨʦʮʝʩ ʥʘ ʟʨʝʝˁʝ.  

 

3.9.1.2. ʂʚʘʥʪʠʪʘʪʠʚʥʠ ʩʚʦʿʩʪʚʘ ʥʘ ʩʪʝʙʣʦʪʦ 

ɸʨʭʠʪʝʢʪʫʨʘʪʘ ʥʘ ʨʘʩʪʝʥʠʝʪʦ, ʜʝʬʠʥʠʨʘʥʘ ʦʜ ʩʚʦʿʩʪʚaʪʘ ʥʘ ʩʪʝʙʣʦʪʦ, ʢʘʢʦ ʚʠʩʠʥʘʪʘ ʥʘ 

ʨʘʩʪʝʥʠʝʪʦ ʠ ʰʠʨʠʥʘʪʘ ʥʘ ʨʘʩʪʠʪʝʣʥʘʪʘ ʧʦʢʨʠʚʢʘ, ʠʤʘʘʪ ʛʦʣʝʤʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʘʛʨʦʥʦʤʩʢʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ ʛʝʥʦʪʠʧʦʚʠʪʝ. ʆʜ ʥʠʚ ʟʘʚʠʩʠ ʛʫʩʪʠʥʘʪʘ ʥʘ ʩʘʜʝˁʝ ʥʘ 

ʧʠʧʝʨʢʘʪʘ, ʜʦʩʪʘʧʥʦʩʪʘ ʥʘ ʩʚʝʪʣʠʥʘʪʘ, ʧʨʦʚʝʪʨʫʚʘˁʝʪʦ ʥʘ ʧʦʩʝʚʦʪ ʠ ʠʟʣʦʞʝʥʦʩʪʘ ʥʘ 

ʙʦʣʝʩʪʠ.  

 

ɺʠʩʠʥʘʪʘ ʥʘ ʩʪʝʙʣʦʪʦ ʢʘʿ ʨʘʩʪʝʥʠʿʘʪʘ ʦʜ ʨʦʜʦʪ Capsicum ʟʥʘʯʘʿʥʦ ʚʘʨʠʨʘ ʢʘʿ ʨʘʟʣʠʯʥʠ 

ʠʩʧʠʪʫʚʘʥʠ ʛʝʥʦʪʠʧʦʚʠ. ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Lopez-Moreno et al. (2023) ʠʩʪʘʪʘ ʩʝ 

ʜʚʠʞʠ ʚʦ ʨʘʤʢʠ ʦʜ 34 ʜʦ 174 cm. ʀʩʪʠʪʝ ʘʚʪʦʨʠ ʛʦ ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ QTL (quantitative trait 

locus, ʣʦʢʫʩ ʥʘ ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʩʚʦʿʩʪʚʘ) ph8.1, ʣʦʮʠʨʘʥ ʥʘ ʭʨʦʤʦʟʦʤʦʪ 8, ʢʦʿ ʦʙʿʘʩʥʫʚʘ 

ʧʨʠʙʣʠʞʥʦ 17 % ʦʜ ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʥʘ ʚʠʩʠʥʘʪʘ ʥʘ ʩʪʝʙʣʦʪʦ ʢʘʿ ʧʠʧʝʨʢʘʪʘ. ɼʠʚʠʦʪ ʘʣʝʣ 

ʝ ʘʩʦʮʠʨʘʥ ʩʦ ʧʦʢʨʘʪʢʠ ʨʘʩʪʝʥʠʿʘ, ʜʦʜʝʢʘ ʢʘʿ ʦʜʦʤʘ˃ʠʥʝʪʠʪʝ ʚʠʜʦʚʠ ʘʣʝʣʦʪ ʝ ʚʦ 

ʢʦʨʝʣʘʮʠʿʘ ʩʦ ʧʦʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʚʠʩʠʥʘʪʘ ʥʘ ʩʪʝʙʣʦʪʦ ʢʘʿ ʧʠʧʝʨʢʘʪʘ. ʐʠʨʠʥʘʪʘ ʥʘ 

ʨʘʩʪʠʪʝʣʥʘ ʧʦʢʨʠʚʢʘ ʛʦ ʦʪʩʣʠʢʫʚʘ ʭʦʨʠʟʦʥʪʘʣʥʠʦʪ ʨʘʟʚʦʿ ʥʘ ʨʘʩʪʝʥʠʝʪʦ ʠ ʠʤʘ ʟʥʘʯʝˁʝ 

ʟʘ ʧʣʘʥʠʨʘˁʝ ʥʘ ʤʝʺʫʨʝʜʦʚʦʪʦ ʨʘʩʪʦʿʘʥʠʝ. Lopez-Moreno et al. (2023) ʟʘʢʣʫʯʫʚʘʘʪ ʜʝʢʘ 

ʦʚʘ ʩʚʦʿʩʪʚʦ ʝ ʧʦʚʨʟʘʥʦ ʩʦ QTL ph1.1 ʢʦʿ ʝ ʣʦʮʠʨʘʥ ʥʘ ʭʨʦʤʦʟʦʤʦʪ 1. ʀʩʪʠʦʪ ʦʙʿʘʩʥʫʚʘ 

ʧʨʠʙʣʠʞʥʦ 27 % ʦʜ ʚʘʨʠʿʘʥʩʘʪʘ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ, ʧʨʠ ʰʪʦ ʜʠʚʠʪʝ ʘʣʝʣʠ ʜʝʪʝʨʤʠʥʠʨʘʘʪ 

ʨʘʟʛʨʘʥʝʪʘ ʠ ʠʟʜʦʣʞʝʥʘ ʬʦʨʤʘ ʥʘ ʨʘʩʪ, ʜʦʜʝʢʘ ʢʫʣʪʠʚʠʨʘʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʠʤʘʘʪ 

ʧʦʢʦʤʧʘʢʪʝʥ ʨʘʩʪ. ʀʘʢʦ ʛʝʥʠʪʝ ʰʪʦ ʿʘ ʜʝʪʝʨʤʠʥʠʨʘʘʪ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʦʚʠʝ ʩʚʦʿʩʪʚʘ ʩ¯ 

ʫʰʪʝ ʥʝ ʩʝ ʜʝʪʘʣʥʦ ʢʘʨʘʢʪʝʨʠʟʠʨʘʥʠ, ʧʦʩʪʦʠ ʠʥʜʠʢʘʮʠʿʘ ʜʝʢʘ ʭʦʨʤʦʥʩʢʠʪʝ ʧʘʪʝʢʠ ʟʘ 

ʘʫʢʩʠʥʠ ʠ ʮʠʪʦʢʠʥʠʥʠ ʠʤʘʘʪ ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʜʝʬʠʥʠʨʘˁʝʪʦ ʥʘ ʠʟʛʣʝʜʦʪ ʥʘ 

ʨʘʩʪʝʥʠʝʪʦ. 

 

3.9.1.3. ʂʚʘʥʪʠʪʘʪʠʚʥʠ ʩʚʦʿʩʪʚʘ ʥʘ ʧʣʦʜʦʪ 

ʇʣʦʜʦʪ ʥʘ ʧʠʧʝʨʢʘʪʘ ʧʨʝʪʩʪʘʚʫʚʘ ʝʢʦʥʦʤʩʢʠ ʥʘʿʟʥʘʯʘʝʥ ʦʨʛʘʥ, ʧʨʠ ʰʪʦ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʧʣʦʜʦʪ, ʢʘʢʦ ʬʦʨʤʘʪʘ, ʛʦʣʝʤʠʥʘʪʘ, ʙʦʿʘʪʘ, ʤʘʩʘʪʘ, ʜʝʙʝʣʠʥʘʪʘ ʥʘ 

ʧʝʨʠʢʘʨʧʦʪ ʠ ʩʣ. ʩʝ ʜʠʨʝʢʪʥʦ ʧʦʚʨʟʘʥʠ ʩʦ ʥʘʤʝʥʘʪʘ ʥʘ ʩʦʨʪʘʪʘ (ʟʘ ʩʚʝʞʘ ʫʧʦʪʨʝʙʘ, ʟʘ 

ʩʫʰʝˁʝ, ʟʘ ʧʨʝʨʘʙʦʪʢʘ). ʎʝʣʦʢʫʧʥʠʦʪ ʦʧʠʩ ʥʘ ʧʣʦʜʦʪ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʠ ʠ ʩʚʦʿʩʪʚʘʪʘ ʢʘʢʦ 

ʬʦʨʤʘ ʥʘ ʧʣʦʜʥʘ ʜʨʰʢʘ, ʨʘʙʦʪ ʥʘ ʯʘʰʢʘʪʘ, ʧʨʠʩʫʩʪʚʦ ʥʘ ʚʨʘʪ ʠ ʙʦʿʘ ʚʦ ʨʘʟʣʠʯʥʠ ʬʘʟʠ ʥʘ 

ʟʨʝʣʦʩʪ, ʠʤʘ ʢʣʫʯʥʦ ʟʥʘʯʝˁʝ ʟʘ ʧʨʝʧʦʟʥʘʚʘˁʝʪʦ ʥʘ ʩʦʨʪʠʪʝ, ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʘʪʘ ʠ ʥʠʚʥʘʪʘ 

ʧʘʟʘʨʥʘ ʧʨʠʬʘʪʣʠʚʦʩʪ.  

 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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ɼʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ ʝ ʪʠʧʠʯʥʦ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʩʚʦʿʩʪʚʦ ʢʘʿ ʧʠʧʝʨʢʘʪʘ, ʢʘʿ ʢʦʝ ʩʝ 

ʟʘʙʝʣʝʞʫʚʘ ʟʥʘʯʘʿʥʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʜʠʚʠʪʝ ʠ ʢʫʣʪʠʚʠʨʘʥʠʪʝ ʬʦʨʤʠ. ʇʨʝʢʫ 

ʤʘʧʠʨʘˁʝ ʥʘ QTL (Ma et al., 2022) ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ ʣʦʢʫʩʠ ʢʦʠ ʩʝ ʧʦʚʨʟʘʥʠ ʩʦ 

ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ, ʢʘʢʦ ʰʪʦ ʩʝ ʣʦʢʫʩʠʪʝ fl2.1, fl3.1 ʠ ftl6.1 (ʣʦʮʠʨʘʥʠ ʥʘ ʭʨʦʤʦʟʦʤʠʪʝ 

2, 3 ʠ 6, ʩʦʦʜʚʝʪʥʦ). ʇʨʠ ʤʝʺʫʚʠʜʦʚʦ ʚʢʨʩʪʫʚʘˁʝ ʥʘ C. annuum ʠ C. galapagoense, ʠʩʪʦ 

ʪʘʢʘ, ʩʝ ʧʨʦʥʘʿʜʝʥʠ QTL ʟʘ ʜʦʣʞʠʥʘ ʥʘ ʧʣʦʜʦʪ, ʦʟʥʘʯʝʥʠ ʢʘʢʦ paufl2.1 ʠ paufl2.2, 

ʣʦʮʠʨʘʥʠ ʥʘ ʭʨʦʤʦʟʦʤʦʪ 2 (Ajrun et al., 2018), ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪʘ ʥʘ ʦʚʦʿ 

ʨʝʛʠʦʥ ʚʦ ʛʝʥʝʪʩʢʘʪʘ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ ʢʘʿ ʧʠʧʝʨʢʘʪʘ. ʇʦʢʨʘʿ ʧʦʤʘʣʠʪʝ 

ʝʬʝʢʪʠ ʥʘ ʧʦʚʝ˃ʝ ʛʝʥʠ, ʦʪʢʨʠʝʥʠ ʩʝ ʠ ʛʣʘʚʥʠ ʛʝʥʠ ʢʦʠʰʪʦ ʜʨʘʩʪʠʯʥʦ ʿʘ ʤʝʥʫʚʘʘʪ ʬʦʨʤʘʪʘ 

ʠ ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ. ʆʩʦʙʝʥʦ ʩʝ ʠʩʪʘʢʥʫʚʘ ʣʦʢʫʩʦʪ fs10.1 ʥʘ ʭʨʦʤʦʟʦʤʦʪ 10, QTL ʢʦʿ 

ʠʤʘ ʟʥʘʯʘʿʥʘ ʬʫʥʢʮʠʿʘ ʧʨʠ ʜʝʪʝʨʤʠʥʘʮʠʿʘʪʘ ʥʘ ʦʙʣʠʢʦʪ ʥʘ ʧʣʦʜʦʪ (ʦʜʥʦcʦʪ ʧʦʤʝʺʫ 

ʜʦʣʞʠʥʘʪʘ ʠ ʰʠʨʠʥʘʪʘ). ʀʩʪʠʦʪ ʦʙʿʘʩʥʫʚʘ ʧʨʠʙʣʠʞʥʦ 68 % ʦʜ ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʥʘ 

ʠʥʜʝʢʩʦʪ ʥʘ ʬʦʨʤʘʪʘ ʥʘ ʧʣʦʜʦʪ. ɺʦ ʨʘʤʢʠʪʝ ʥʘ ʨʝʛʠʦʥʦʪ fs10.1 ʝ ʠʜʝʥʪʠʬʠʢʫʚʘʥ ʛʝʥʦʪ 

CaOFP20 (Capsicum annuum Ovate Family Protein 20), ʢʦʿ ʧʨʝʪʩʪʘʚʫʚʘ ʦʨʪʦʣʦʛ ʥʘ 

ʧʦʟʥʘʪʠʦʪ ʛʝʥ SlOFP20 ʢʘʿ ʜʦʤʘʪʦʪ. ɼʦʢʘʞʘʥʦ ʝ ʜʝʢʘ CaOFP20 ʜʝʣʫʚʘ ʢʘʢʦ ʩʫʧʨʝʩʦʨ 

ʥʘ ʠʟʜʦʣʞʫʚʘˁʝʪʦ ʥʘ ʧʣʦʜʦʪ ʙʠʜʝʿ˃ʠ ʩʪʠʚʥʫʚʘˁʝʪʦ ʥʘ ʦʚʦʿ ʛʝʥ ʠʥʜʫʮʠʨʘʥʦ ʩʦ ʚʠʨʫʩ 

ʨʝʟʫʣʪʠʨʘ ʩʦ ʟʥʘʯʘʿʥʦ ʧʦʜʦʣʛʠ ʧʣʦʜʦʚʠ (Borovsky et al., 2022). ɼʦʧʦʣʥʠʪʝʣʥʦ, ʧʨʝʪʭʦʜʥʠ 

ʩʪʫʜʠʠ ʩʫʛʝʨʠʨʘʘʪ ʜʝʢʘ ʠ ʥʘ ʭʨʦʤʦʟʦʤʦʪ 3 ʝ ʣʦʮʠʨʘʥ ʢʦʥʟʝʨʚʠʨʘʥ QTL ʟʘ ʦʙʣʠʢʦʪ ʥʘ 

ʧʣʦʜʦʪ, ʘ ʣʦʢʫʩʦʪ fs3.1 ʝ ʦʜʛʦʚʦʨʝʥ ʟʘ ʠʟʜʦʣʞʫʚʘˁʝ ʥʘ ʧʣʦʜʦʪ ʢʘʿ ʧʦʚʝ˃ʝ ʘʥʘʣʠʟʠʨʘʥʠ 

ʧʦʧʫʣʘʮʠʠ (Hill et al., 2017). ʆʚʦʿ QTL ʥʝ ʚʣʠʿʘʝ ʜʠʨʝʢʪʥʦ ʚʨʟ ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ, ʪʫʢʫ 

ʠʥʜʠʨʝʢʪʥʦ ʧʨʝʢʫ ʦʜʥʦʩʦʪ ʜʦʣʞʠʥʘ/ʰʠʨʠʥʘ, ʠ ʦʩʚʝʥ ʢʘʿ Capsicum annuum, ʩʝ ʧʦʢʘʞʘʣ 

ʢʦʥʟʠʩʪʝʥʪʝʥ ʠ ʢʘʿ ʜʨʫʛʠ ʚʠʜʦʚʠ ʦʜ ʨʦʜʦʪ Capsicum (Chaim et al., 2003). ʉʚʦʿʩʪʚʦʪʦ 

ʜʦʣʞʠʥʘ ʥʘ ʧʣʦʜ ʢʘʿ ʧʠʧʝʨʢʘʪʘ ʝ ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʜ ʧʦʚʝ˃ʝ QTL ʩʦ ʤʘʣ ʜʦ ʫʤʝʨʝʥ ʝʬʝʢʪ, 

ʜʦʜʝʢʘ ʩʧʝʮʠʬʠʯʥʠ ʤʫʪʘʮʠʠ ʚʦ ʛʝʥʠʪʝ ʦʜ ʨʘʟʚʦʿʥʠʪʝ ʧʘʪʝʢʠ ʥʘ ʧʨʦʪʝʠʥʠʪʝ ʢʦʠ ʜʝʣʫʚʘʘʪ 

ʥʘ ʬʦʨʤʘʪʘ ʥʘ ʧʣʦʜʦʪ, ʢʘʢʦ ʰʪʦ ʝ ʬʘʤʠʣʠʿʘʪʘ ʧʨʦʪʝʠʥʠ Ovate, ʤʦʞʘʪ ʜʘ ʠʤʘʘʪ ʟʥʘʯʘʝʥ 

ʝʬʝʢʪ ʚʨʟ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʦʚʘ ʩʚʦʿʩʪʚʦ. Lee et al. (2020) ʛʦ ʜʝʪʝʢʪʠʨʘʣʝ ʛʝʥʦʪ CA.PGA 

v.1.6.scaffold517.20, ʣʦʮʠʨʘʥ ʥʘ ʭʨʦʤʦʟʦʤʦʪ 4, ʢʦʿ ʝ ʩʠʣʥʦ ʘʩʦʮʠʨʘʥ ʩʦ ʜʦʣʞʠʥʘʪʘ ʥʘ 

ʧʣʦʜʦʪ, ʜʦʜʝʢʘ ʩʝ ʧʨʝʪʧʦʩʪʘʚʫʚʘ ʜʝʢʘ CA.PGA v.1.6.scaffold517.21 ʝ ʚʘʞʝʥ ʨʝʛʫʣʘʪʦʨ ʥʘ 

ʦʚʘ ʩʚʦʿʩʪʚʦ.  

 

ɼʠʿʘʤʝʪʘʨʦʪ ʥʘ ʧʣʦʜʦʪ (ʰʠʨʠʥʘ ʥʘ ʧʣʦʜ) ʝ ʩʚʦʿʩʪʚʦ ʢʦʝ ʝ ʪʝʩʥʦ ʧʦʚʨʟʘʥʦ ʩʦ ʜʦʣʞʠʥʘʪʘ 

ʧʨʠ ʦʜʨʝʜʫʚʘˁʝʪʦ ʥʘ ʬʠʥʘʣʥʘʪʘ ʬʦʨʤʘ ʠ ʛʦʣʝʤʠʥʘ ʥʘ ʧʣʦʜʦʚʠʪʝ. ʇʨʝʢʫ ʛʝʥʦʤʩʢʦ 

ʤʘʧʠʨʘˁʝ ʠ ʘʥʘʣʠʟʘ ʥʘ ʣʦʢʫʩʠ ʟʘ ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʩʚʦʿʩʪʚʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ ʥʘʿʤʘʣʢʫ 

ʯʝʪʠʨʠ QTL ʟʘ ʰʠʨʠʥʘ ʥʘ ʧʣʦʜʦʪ ʢʘʿ C. annuum, ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʠ ʣʦʢʫʩʠʪʝ fd1.1, fd2.1, 

fd4.1 ʠ fd11.2, ʣʦʮʠʨʘʥʠ ʥʘ ʭʨʦʤʦʟʦʤʠʪʝ 1, 2, 4 ʠ 11, ʩʦʦʜʚʝʪʥʦ (Ma et al., 2022). ʉʣʠʯʥʦ 

ʢʘʢʦ ʠ ʢʘʿ ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ, ʧʦʚʝ˃ʝʪʦ ʦʜ ʦʚʠʝ ʣʦʢʫʩʠ ʠʤʘʘʪ ʫʤʝʨʝʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʬʝʥʦʪʠʧʦʪ, ʧʨʠ ʰʪʦ ʘʣʝʣʠʪʝ ʦʜ ʜʚʘʪʘ ʨʦʜʠʪʝʣa ʚʦ ʤʘʧʠʨʘʯʢʠʪʝ ʧʦʧʫʣʘʮʠʠ 

ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʢʦʥ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʩʚʦʿʩʪʚʦʪʦ. ʅʝʢʦʠ QTL ʟʘ ʰʠʨʠʥʘ ʩʝ ʩʦʚʧʘʺʘʘʪ ʩʦ 

ʦʥʠʝ ʟʘ ʦʙʣʠʢ ʠ ʜʝʙʝʣʠʥʘ ʥʘ ʧʝʨʠʢʘʨʧʦʪ, ʢʘʢʦ fs3.1 ʥʘ ʭʨʦʤʦʟʦʤʦʪ 3 (Chaim et al., 2003). 

ɼʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʜ ʧʨʝʪʭʦʜʥʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʫʢʘʞʫʚʘʘʪ ʜʝʢʘ ʛʝʥʝʪʩʢʠʪʝ ʬʘʢʪʦʨʠ 

ʢʦʠ ʛʦ ʢʦʥʪʨʦʣʠʨʘʘʪ ʪʨʘʥʩʚʝʨʟʘʣʥʠʦʪ ʨʘʩʪ ʥʘ ʧʣʦʜʦʪ (ʰʠʨʠʥʘʪʘ) ʤʦʞʘʪ ʠʩʪʦʚʨʝʤʝʥʦ ʜʘ 

ʚʣʠʿʘʘʪ ʠ ʚʨʟ ʜʨʫʛʠ ʤʦʨʬʦʣʦʰʢʠ ʩʚʦʿʩʪʚʘ. Lee et al. (2020) ʦʪʢʨʠʣʝ ʜʝʩʝʪ ʛʝʥʠ ʢʦʠ ʩʝ 

ʙʣʠʩʢʦ ʧʦʚʨʟʘʥʠ ʩʦ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʦʚʘ ʩʚʦʿʩʪʚʦ, ʦʜ ʢʦʠ ʦʩʫʤ ʩʝ ʣʦʮʠʨʘʥʠ ʥʘ ʭʨʦʤʦʟʦʤʦʪ 

9, ʘ ʜʚʘ ʥʘ ʭʨʦʤʦʟʦʤʦʪ 12. ɼʦʧʦʣʥʠʪʝʣʥʦ, ʛʝʥʠʪʝ ʢʦʠ ʚʣʠʿʘʘʪ ʚʨʟ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ 

ʬʦʨʤʘʪʘ ʥʘ ʧʣʦʜʦʪ, ʢʘʢʦ CaOFP20, ʠʥʜʠʨʝʢʪʥʦ ʚʣʠʿʘʘʪ ʠ ʚʨʟ ʰʠʨʠʥʘʪʘ. ʅʝʛʦʚʦʪʦ 

ʜʝʿʩʪʚʦ ʢʘʢʦ ʩʫʧʨʝʩʦʨ ʥʘ ʠʟʜʦʣʞʫʚʘˁʝʪʦ ʟʥʘʯʠ ʜʝʢʘ ʘʢʪʠʚʥʠʦʪ ʘʣʝʣ ʥʘ CaOFP20 

ʧʨʠʜʦʥʝʩʫʚʘ ʧʣʦʜʦʚʠʪʝ ʜʘ ʙʠʜʘʪ ʧʦʢʫʩʠ ʠ ʧʦʰʠʨʦʢʠ (Borovsky et al., 2022). 

 

ʄʘʩʘʪʘ ʠʣʠ ʪʝʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ ʝ ʜʠʨʝʢʪʥʦ ʧʦʚʨʟʘʥʘ ʩʦ ʧʨʠʥʦʩʦʪ ʢʘʿ ʧʠʧʝʨʢʘʪʘ. 

ʇʨʝʪʩʪʘʚʫʚʘ ʢʦʤʧʣʝʢʩʥʦ ʩʚʦʿʩʪʚʦ ʢʦʝ ʙʠʣʦ ʧʦʜ ʩʠʣʝʥ ʩʝʣʝʢʮʠʩʢʠ ʧʨʠʪʠʩʦʢ ʚʦ ʪʝʢʦʪ ʥʘ 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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ʜʦʤʝʩʪʠʢʘʮʠʿʘʪʘ ʥʘ ʧʠʧʝʨʢʘʪʘ. ɺʦ ʙʨʦʿʥʠ  QTL-ʩʪʫʜʠʠ, ʚʦ ʢʦʠ ʩʝ ʢʦʨʠʩʪʝʥʠ ʧʦʧʫʣʘʮʠʠ 

ʜʦʙʠʝʥʠ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʚʥʘʪʨʝʚʠʜʦʚʘ ʠ ʤʝʺʫʚʠʜʦʚʘ ʭʠʙʨʠʜʠʟʘʮʠʿʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ 

ʛʣʘʚʥʠ ʣʦʢʫʩʠ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʥʘ ʥʝʢʦʣʢʫ ʭʨʦʤʦʟʦʤʠ. ʅʘʿʯʝʩʪʦ ʩʝ ʿʘʚʫʚʘʘʪ QTL ʥʘ 

ʭʨʦʤʦʟʦʤʦʪ 2 (fw2.1), ʭʨʦʤʦʟʦʤʦʪ 3 (fw3.1, fw3.2), ʭʨʦʤʦʟʦʤʠʪʝ 4, 7 ʠ 10 (Chaim et al., 

2001; Rao et al., 2003; Zygier et al., 2005; Kim et al., 2014). ʇʦʪʚʨʜʝʥʦ ʝ ʜʝʢʘ QTL  fw2.1 

ʥʘ ʭʨʦʤʦʟʦʤʦʪ 2 ʠʤʘ ʛʣʘʚʝʥ ʝʬʝʢʪ ʚʨʟ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʢʘʿ ʠʥʪʨʦʛʨʝʩʠʚʥʠ 

ʣʠʥʠʠ ʦʜ C. chinense ʠ C. frutescens. ɸʣʝʣʠʪʝ ʦʜ fw2.1 ʦʙʿʘʩʥʠʣʝ ʦʢʦʣʫ 62 % ʦʜ 

ʚʘʨʠʿʘʮʠʿʘʪʘ ʚʦ ʪʝʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ (Guan et al., 2024), ʠʤʧʣʠʮʠʨʘʿ˃ʠ ʧʨʠʩʫʩʪʚʦ ʥʘ 

ʛʣʘʚʝʥ ʛʝʥ ʠʣʠ ʛʨʫʧʘ ʛʝʥʠ ʚʦ ʪʦʿ ʨʝʛʠʦʥ. ʇʨʠ ʤʝʺʫʚʠʜʦʚʦ ʚʢʨʩʪʫʚʘˁʝ ʥʘ ʢʫʣʪʠʚʠʨʘʥʠ C. 

annuum ʠ ʜʠʚʠ ʚʠʜʦʚʠ ʦʜ C. frutescens, Rao et al. (2003) ʠʜʝʥʪʠʬʠʢʫʚʘʣʝ ʦʩʫʤ QTL ʟʘ 

ʪʝʞʠʥʘ ʥʘ ʧʣʦʜʦʪ.  

 

ʉʦ ʥʘʧʨʝʜʦʢʦʪ ʥʘ ʛʝʥʦʤʠʢʘʪʘ ʠ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʧʦʥʦʚʠ ʪʝʭʥʠʢʠ ʢʘʢʦ QTL-seq ʠ GWAS, 

ʧʦʪʚʨʜʝʥʠ ʩʝ ʧʨʝʪʭʦʜʥʦ ʜʝʪʝʢʪʠʨʘʥʠʪʝ ʨʝʛʠʦʥʠ ʠ ʩʝ ʩʫʛʝʨʠʨʘʘ ʥʦʚʠ ʢʘʥʜʠʜʘʪ-ʛʝʥʠ. 

ʇʨʝʢʫ GWAS-ʘʥʘʣʠʟʘ ʥʘ 350 ʛʝʥʦʪʠʧʦʚʠ ʩʝ ʦʪʢʨʠʝʥʠ ʩʝʜʫʤ QTL ʧʦʚʨʟʘʥʠ ʩʦ ʪʝʞʠʥʘʪʘ 

ʥʘ ʧʣʦʜʦʪ, ʢʘʢʦ ʠ ʜʦʧʦʣʥʠʪʝʣʥʠ ʩʝʜʫʤ SNP-ʤʘʨʢʝʨʠ ʣʦʮʠʨʘʥʠ ʚʦ ʙʣʠʟʠʥʘ ʥʘ ʛʝʥʠʪʝ ʟʘ 

ʢʦʠ ʝ ʚʝ˃ʝ ʜʦʢʘʞʘʥʦ ʜʝʢʘ ʿʘ ʨʝʛʫʣʠʨʘʘʪ ʪʝʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ (Nimmakayala et al., 2016). 

ʄʝʺʫ ʥʠʚ, ʫʪʚʨʜʝʥʦ ʝ ʜʝʢʘ ʭʦʤʦʣʦʛʦʪ ʥʘ BEL1-LIKE HOMEODOMAIN PROTEIN 2 

(BLH2) ʚʦ QTL FWe-P2.4 ʧʦʢʘʞʫʚʘ ʥʘʿʩʠʣʥʘ ʘʩʦʮʠʿʘʮʠʿʘ ʧʦʤʝʺʫ ʤʘʨʢʝʨʦʪ ʠ ʩʚʦʿʩʪʚʦʪʦ, 

ʰʪʦ ʤʦʞʝ ʜʘ ʚʣʠʿʘʝ ʚʨʟ ʤʘʩʘʪʘ ʥʘ ʧʣʦʜʦʪ (McLeod et al., 2023).  

 

ɺʦ ʧʦʩʣʝʜʥʠʪʝ ʥʝʢʦʣʢʫ ʛʦʜʠʥʠ ʝ ʧʦʩʪʠʛʥʘʪ ʟʥʘʯʘʝʥ ʥʘʧʨʝʜʦʢ ʚʦ ʥʘʩʦʢʘ ʥʘ ʤʘʧʠʨʘˁʝ ʥʘ 

QTL ʟʘ ʤʘʩʘ ʥʘ ʧʣʦʜʦʪ. ɼʚʘ ʛʦʣʝʤʠ QTL,  qFW2.1 (ʥʘ Chr02) ʠ qFW3.1 (ʥʘ Chr03) ʙʝʘ 

ʜʝʪʘʣʥʦ ʤʘʧʠʨʘʥʠ ʚʦ ʭʠʙʨʠʜʥʦʪʦ ʧʦʪʦʤʩʪʚʦ ʜʦʙʠʝʥʦ ʦʜ ʚʢʨʩʪʫʚʘˁʝ ʥʘ ʢʨʫʧʥʦʧʣʦʜʥʘ 

ʢʫʣʪʠʚʠʨʘʥʘ ʣʠʥʠʿʘ ʠ ʩʠʪʥʦʧʣʦʜʝʥ ʜʠʚ ʛʝʥʦʪʠʧ. QTL qFW2.1 ʝ ʧʦʪʚʨʜʝʥ ʚʦ ʜʚʝ 

ʥʝʟʘʚʠʩʥʠ ʧʦʧʫʣʘʮʠʠ ʠ ʦʙʿʘʩʥʫʚʘ ʧʨʠʙʣʠʞʥʦ 12 % ʦʜ ʚʘʨʠʿʘʥʩʘʪʘ, ʘ ʩʣʠʯʝʥ ʧʨʦʮʝʥʪ 

ʦʙʿʘʩʥʫʚʘ ʠ qFW3.1 (Guan et al., 2024). ʀʩʪʠʪʝ ʠʩʪʨʘʞʫʚʘʯʠ, ʩʦ ʢʦʤʙʠʥʘʮʠʿʘ ʥʘ ʢʣʘʩʠʯʥʦ 

ʤʘʧʠʨʘˁʝ ʧʨʝʢʫ QTL-seq ʠ RNA-seq, ʟʘ ʦʚʠʝ ʜʚʘ ʣʦʢʫʩʘ ʠʟʜʚʦʿʫʚʘʘʪ ʢʦʥʢʨʝʪʥʠ 

ʢʘʥʜʠʜʘʪ-ʛʝʥʠ. ɺʦ ʨʝʛʠʦʥʦʪ ʥʘ qFW2.1 (ʦʢʦʣʫ 153-154 Mbp ʥʘ Chr02) ʥʘʿʠʩʪʘʢʥʘʪʠ 

ʢʘʥʜʠʜʘʪʠ ʩʝ ʛʝʥʠʪʝ Capana02g002938 ʠ Capana02g003021, ʜʦʜʝʢʘ ʟʘ qFW3.1 (ʦʢʦʣʫ 

14.5 Mbp ʥʘ Chr03 ʚʦ ʨʝʬʝʨʝʥʪʥʠʦʪ ʛʝʥʦʤ Zunla-1) ʛʣʘʚʝʥ ʢʘʥʜʠʜʘʪ-ʛʝʥ ʝ 

Capana03g000903. ɻʝʥʦʪ Capana02g002938 ʛʦ ʢʦʜʠʨʘ ʪʨʘʥʩʢʨʠʧʮʠʩʢʠʦʪ ʬʘʢʪʦʨ Growth-

Regulating Factor 2-like (GRF), ʘ Capana02g003021 ʢʦʜʠʨʘ ʝʥʟʠʤ ʦʜ ʬʘʤʠʣʠʿʘʪʘ Gretchen 

Hagen 3 (GH3) ʧʦʚʨʟʘʥ ʩʦ ʤʝʪʘʙʦʣʠʟʤʦʪ ʥʘ ʘʫʢʩʠʥʦʪ. Lee et al., (2020) ʥʘʚʝʜʫʚʘʘʪ ʜʝʚʝʪ 

ʢʘʥʜʠʜʘʪ-ʛʝʥʠ ʟʘ ʢʦʠ ʩʝ ʧʨʝʪʧʦʩʪʘʚʫʚʘ ʜʝʢʘ ʿʘ ʨʝʛʫʣʠʨʘʘʪ ʤʘʩʘʪʘ ʥʘ ʧʣʦʜʦʪ ʢʘʿ 

ʧʠʧʝʨʢʘʪʘ. ʀ ʧʦʢʨʘʿ ʦʚʦʿ ʥʘʧʨʝʜʦʢ ʚʦ ʦʪʢʨʠʚʘˁʝʪʦ ʠ ʤʘʧʠʨʘˁʝʪʦ ʥʘ ʛʝʥʠʪʝ, ʘʚʪʦʨʠʪʝ 

ʠʩʪʘʢʥʫʚʘʘʪ ʜʝʢʘ ʧʦʛʦʣʝʤʠʦʪ ʙʨʦʿ QTL ʟʘ ʤʘʩʘ ʥʘ ʧʣʦʜ ʩ¯ ʫʰʪʝ ʩʝ ʣʦʮʠʨʘʥʠ ʚʦ ʰʠʨʦʢʠ 

ʛʝʥʦʤʩʢʠ ʠʥʪʝʨʚʘʣʠ ʧʦʨʘʜʠ ʦʛʨʘʥʠʯʝʥʘʪʘ ʨʝʟʦʣʫʮʠʿʘ ʥʘ ʤʘʧʠʪʝ. ʇʦʢʨʘʿ ʩⱪ, 

ʤʦʣʝʢʫʣʘʨʥʠʦʪ ʨʝʛʫʣʘʪʦʨʝʥ ʤʝʭʘʥʠʟʘʤ ʧʦʚʨʟʘʥ ʩʦ ʪʝʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ ʢʘʿ Capsicum 

ʫʰʪʝ ʥʝ ʝ ʨʘʟʿʘʩʥʝʪ. ɿʘʪʦʘ, ʠʜʥʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʥʘʩʦʯʝʥʠ ʢʦʥ ʫʧʦʪʨʝʙʘ ʥʘ ʙʣʠʩʢʦ-

ʠʟʦʛʝʥʠ ʣʠʥʠʠ ʠ ʩʝʦʧʬʘʪʥʠ ʘʩʦʮʠʿʘʪʠʚʥʠ ʤʘʧʠʨʘˁʘ ʪʨʝʙʘ ʜʘ ʨʝʟʫʣʪʠʨʘʘʪ ʩʦ ʢʣʦʥʠʨʘˁʝ 

ʥʘ ʢʦʥʢʨʝʪʥʠ ʛʝʥʠ. ʉʦ ʪʦʘ ˃ʝ ʩʝ ʜʝʬʠʥʠʨʘʘʪ ʤʦʣʝʢʫʣʘʨʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʰʪʦ ʿʘ 

ʢʦʥʪʨʦʣʠʨʘʘʪ ʪʝʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ ʢʘʢʦ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʩʚʦʿʩʪʚʦ ʢʘʿ ʧʠʧʝʨʢʘʪʘ (Guan et 

al., 2024). 

 

ɼʝʙʝʣʠʥʘʪʘ ʥʘ ʧʝʨʠʢʘʨʧʦʪ (ʤʝʩʝʩʪʠʦʪ ʜʝʣ ʦʜ ʧʣʦʜʦʪ) ʝ ʝʜʥʘ ʦʜ ʛʣʘʚʥʠʪʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʿʘ ʛʦ ʦʜʨʝʜʫʚʘ ʢʚʘʣʠʪʝʪʦʪ ʢʘʿ ʧʠʧʝʨʢʠʪʝ ʠ ʥʠʚʥʘʪʘ ʥʘʤʝʥʘ. ʆʚʘ 

ʩʚʦʿʩʪʚʦ ʝ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʠ ʯʝʩʪʦ ʧʦʢʘʞʫʚʘ ʢʦʨʝʣʘʮʠʿʘ ʩʦ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ, ʪʘʢʘ 

ʰʪʦ ʧʦʢʨʫʧʥʠʪʝ ʧʣʦʜʦʚʠ ʥʘʿʯʝʩʪʦ ʠʤʘʘʪ ʪʝʥʜʝʥʮʠʿʘ ʜʘ ʨʘʟʚʠʿʘʪ ʧʦʜʝʙʝʣ ʧʝʨʠʢʘʨʧ. QTL-

ʤʘʧʠʨʘˁʘʪʘ ʧʦʪʚʨʜʠʣʝ ʜʝʢʘ ʜʝʣ ʦʜ ʣʦʢʫʩʠʪʝ ʟʘ ʜʝʙʝʣʠʥʘ ʥʘ ʧʝʨʠʢʘʨʧʦʪ ʩʝ ʩʦʚʧʘʺʘʘʪ ʩʦ 
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ʦʥʠʝ ʟʘ ʜʠʤʝʥʟʠʠʪʝ ʥʘ ʧʣʦʜʦʪ. ʊʘʢʘ, ʛʦʨʝʩʧʦʤʝʥʘʪʠʦʪ QTL fs3.1 ʥʘ ʭʨʦʤʦʟʦʤʦʪ 3, ʧʦʢʨʘʿ 

ʦʙʣʠʢʦʪ ʠ ʰʠʨʠʥʘʪʘ, ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʝ ʠ ʚʨʟ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʧʝʨʠʢʘʨʧʦʪ (Chaim et al., 2003). 

ʆʚʦʿ ʣʦʢʫʩ ʩʝ ʧʦʿʘʚʫʚʘ ʚʦ ʨʘʟʣʠʯʥʠ ʛʝʥʦʬʦʥʜʦʚʠ, ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ ʤʦʞʝʥ ʢʦʥʟʝʨʚʠʨʘʥ 

ʛʝʥʝʪʩʢʠ ʬʘʢʪʦʨ, ʥʘʿʚʝʨʦʿʘʪʥʦ ʪʨʘʥʩʢʨʠʧʮʠʩʢʠ ʨʝʛʫʣʘʪʦʨ, ʢʦʿ ʛʦ ʢʦʥʪʨʦʣʠʨʘ 

ʨʘʜʠʿʘʣʥʠʦʪ ʨʘʩʪ ʥʘ ʧʣʦʜʦʪ (ʪ.ʝ. ʙʨʦʿʦʪ ʥʘ ʢʣʝʪʦʯʥʠ ʩʣʦʝʚʠ ʚʦ ʧʝʨʠʢʘʨʧʦʪ). 

ɼʦʧʦʣʥʠʪʝʣʥʦ, QTL ʟʘ ʜʝʙʝʣʠʥʘ ʥʘ ʧʝʨʠʢʘʨʧʦʪ ʩʝ ʤʘʧʠʨʘʥʠ ʠ ʥʘ ʜʨʫʛʠ ʭʨʦʤʦʟʦʤʠ. ɺʦ 

ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Barchi et al. (2009), ʠʜʝʥʪʠʬʠʢʫʚʘʥ ʝ QTL ʥʘ ʭʨʦʤʦʟʦʤʦʪ 4 ʟʘ ʜʝʙʝʣʠʥʘ 

ʥʘ ʧʝʨʠʢʘʨʧ (ʦʟʥʘʯʝʥ ʢʘʢʦ Pet4.1), ʧʨʠ ʰʪʦ ʘʣʝʣʠʪʝ ʦʜ ʜʠʚʠʦʪ ʨʦʜʠʪʝʣ ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʟʘ 

ʤʘʥʠʬʝʩʪʘʮʠʿʘ ʥʘ ʧʦʪʝʥʦʢ ʧʝʨʠʢʘʨʧ, ʘ ʘʣʝʣʠʪʝ ʦʜ ʢʫʣʪʠʚʠʨʘʥʠʦʪ ʛʝʥʦʪʠʧ ʟʘ ʧʦʜʝʙʝʣ 

ʧʝʨʠʢʘʨʧ. ʆʚʠʝ ʨʝʟʫʣʪʘʪʠ ʩʫʛʝʨʠʨʘʘʪ ʜʝʢʘ ʥʝʢʦʣʢʫ ʛʣʘʚʥʠ ʛʝʥʠ, ʚʝʨʦʿʘʪʥʦ ʫʯʝʩʥʠʮʠ ʚʦ 

ʦʜʨʝʜʫʚʘˁʝʪʦ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʦʜʨʝʜʝʥʠ ʦʨʛʘʥʠ, ʜʝʣʫʚʘʘʪ ʧʣʝʠʦʪʨʦʧʥʦ ʥʘ ʧʦʚʝ˃ʝ 

ʦʩʦʙʠʥʠ ʥʘ ʧʣʦʜʦʪ. ɿʘʩʝʛʘ, ʥʝ ʧʦʩʪʦʠ ʢʣʦʥʠʨʘʥ ʩʧʝʮʠʬʠʯʝʥ ʛʝʥ ʟʘ ʜʝʙʝʣʠʥʘ ʥʘ 

ʧʝʨʠʢʘʨʧʦʪ ʢʘʿ ʧʠʧʝʨʢʘʪʘ. ʉʝʧʘʢ, ʢʘʢʦ ʢʘʥʜʠʜʘʪʩʢʠ ʛʝʥʠ ʤʦʞʝ ʜʘ ʩʝ ʩʤʝʪʘʘʪ ʭʦʤʦʣʦʟʠʪʝ 

ʥʘ ʛʝʥʠ ʢʘʿ ʜʦʤʘʪʦʪ, ʢʦʠ ʚʣʠʿʘʘʪ ʚʨʟ ʧʝʨʠʢʘʨʧʦʪ, ʢʘʢʦ ʛʝʥʦʪ CSR-FW11.3 (Cell Size 

Regulator) ʢʘʿ ʜʦʤʘʪʦʪ, ʢʦʿ ʿʘ ʟʛʦʣʝʤʫʚʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʢʣʝʪʢʠʪʝ ʠʣʠ FW3.2 (KLUH) ʢʦʿ 

ʛʦ ʟʛʦʣʝʤʫʚʘ ʙʨʦʿʦʪ ʥʘ ʩʣʦʝʚʠ. ɼʚʘʪʘ ʤʝʭʘʥʠʟʤʘ ʤʦʞʘʪ ʜʘ ʨʝʟʫʣʪʠʨʘʘʪ ʩʦ ʧʦʜʝʙʝʣ 

ʧʝʨʠʢʘʨʧ.  

 

ɼʦʣʞʠʥʘʪʘ ʥʘ ʧʣʘʮʝʥʪʘʪʘ, ʦʜʥʦʩʥʦ ʜʦʣʞʠʥʘʪʘ ʥʘ ʮʝʥʪʨʘʣʥʦʪʦ ʪʢʠʚʦ ʚʦ ʚʥʘʪʨʝʰʥʦʩʪʘ 

ʥʘ ʧʣʦʜʦʪ ʥʘ ʢʦʿ ʝ ʧʨʠʢʘʯʝʥʦ ʩʝʤʝʪʦ ʢʘʿ ʧʠʧʝʨʢʘʪʘ ʧʨʝʪʩʪʘʚʫʚʘ ʫʰʪʝ ʝʜʝʥ ʤʦʨʬʦʣʦʰʢʠ 

ʧʘʨʘʤʝʪʘʨ. ʅʘʿʯʝʩʪʦ ʧʣʘʮʝʥʪʘʪʘ ʢʘʿ ʠʟʜʦʣʞʝʥʠʪʝ, ʣʫʪʠ ʧʠʧʝʨʯʠˁʘ (ʢʘʢʦ ʯʠʣʠ 

ʧʠʧʝʨʢʠʪʝ) ʩʝ ʧʨʦʪʝʛʘ ʨʝʯʠʩʠ ʜʦ ʚʨʚʦʪ ʥʘ ʧʣʦʜʦʪ, ʜʦʜʝʢʘ ʢʘʿ ʧʦʢʨʘʪʢʠʪʝ ʠ ʧʦʜʝʙʝʣʠ 

ʧʣʦʜʦʚʠ (ʢʘʢʦ ʥʘ ʧʨ. ʙʘʙʫʨʠ) ʧʣʘʮʝʥʪʘʪʘ ʟʘʬʘ˃ʘ ʨʝʣʘʪʠʚʥʦ ʧʦʤʘʣ ʜʝʣ ʦʜ ʚʥʘʪʨʝʰʥʦʩʪʘ. 

ʆʚʘ ʥʘʚʝʜʫʚʘ ʥʘ ʧʨʝʪʧʦʩʪʘʚʢʘʪʘ ʜʝʢʘ ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʣʘʮʝʥʪʘʪʘ ʝ ʚʦ ʛʦʣʝʤʘ ʤʝʨʘ 

ʧʣʝʠʦʪʨʦʧʥʦ ʧʦʚʨʟʘʥʘ ʩʦ ʛʝʥʠʪʝ ʰʪʦ ʿʘ ʦʜʨʝʜʫʚʘʘʪ ʜʦʣʞʠʥʘʪʘ ʠ ʬʦʨʤʘʪʘ ʥʘ ʩʘʤʠʦʪ 

ʧʣʦʜ. ɺʝʨʦʿʘʪʥʦ ʦʚʘ ʩʚʦʿʩʪʚʦ ʝ ʧʦʜ ʧʦʣʠʛʝʥʩʢʘ ʢʦʥʪʨʦʣʘ, ʨʘʩʧʦʨʝʜʝʥʘ ʧʨʝʢʫ ʠʩʪʠʪʝ 

ʛʝʥʦʤʩʢʠ ʨʝʛʠʦʥʠ ʰʪʦ ʚʣʠʿʘʘʪ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ ʠ ʥʘ ʨʘʩʧʦʨʝʜʦʪ ʥʘ ʩʝʤʝʪʦ. 

ɼʦʢʦʣʢʫ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʝʜʝʥ ʛʝʥ ʧʨʝʜʠʟʚʠʢʫʚʘ ʧʦʜʦʣʛ ʧʣʦʜ, ʢʘʢʦ CaOFP20 ʠʣʠ ʜʨʫʛʠ 

ʛʝʥʠ ʟʘ ʠʟʜʦʣʞʫʚʘˁʝ (Borovsky et al., 2022), ʠʥʜʠʨʝʢʪʥʦ ˃ʝ ʨʝʟʫʣʪʠʨʘ ʠ ʩʦ ʧʦʜʦʣʛʘ 

ʧʣʘʮʝʥʪʘ ʙʠʜʝʿ˃ʠ ʪʢʠʚʦʪʦ ʥʘ ʧʣʘʮʝʥʪʘʪʘ ˃ʝ ʩʝ ʠʟʜʦʣʞʠ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʩʦ 

ʠʟʜʦʣʞʫʚʘˁʝʪʦ ʥʘ ʧʣʦʜʦʪ.  

 

ɹʨʦʿʦʪ ʥʘ ʢʦʤʦʨʠ ʚʦ ʚʥʘʪʨʝʰʥʦʩʪʘ ʥʘ ʧʣʦʜʦʪ, ʚʦ ʢʦʠ ʩʝ ʥʘʦʺʘ ʩʝʤʝʪʦ ʝ ʚʘʞʝʥ ʬʘʢʪʦʨ 

ʢʦʿ ʚʣʠʿʘʝ ʚʨʟ ʬʦʨʤʘʪʘ ʥʘ ʧʣʦʜʦʪ ʠ ʚʨʟ ʥʝʛʦʚʘʪʘ ʩʝʤʝʥʩʢʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ. ʂʘʿ ʜʠʚʠʪʝ 

ʬʦʨʤʠ ʧʠʧʝʨʢʠ ʥʘʿʯʝʩʪʦ ʧʣʦʜʦʪ ʠʤʘ ʝʜʥʘ ʠʣʠ ʜʚʝ ʢʦʤʦʨʠ, ʜʦʜʝʢʘ ʢʘʿ ʢʫʣʪʠʚʠʨʘʥʠʪʝ 

ʩʦʨʪʠ ʧʠʧʝʨʢʠ ʯʝʩʪʦ ʩʝ ʩʨʝ˃ʘʚʘʘʪ ʪʨʠ ʠʣʠ ʯʝʪʠʨʠ ʢʦʤʦʨʠ. ɻʝʥʝʪʩʢʘʪʘ ʦʩʥʦʚʘ ʥʘ ʦʚʘ 

ʩʚʦʿʩʪʚʦ ʧʦʢʘʞʫʚʘ ʧʘʨʘʣʝʣʠ ʩʦ ʜʨʫʛʠ ʚʠʜʦʚʠ ʦʜ ʬʘʤʠʣʠʿʘʪʘ Solanaceae, ʥʦ ʠʤʘ ʠ 

ʩʧʝʮʠʬʠʯʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʨʦʜʦʪ Capsicum. ʇʨʝʢʫ QTL-ʤʘʧʠʨʘˁʘʪʘ ʢʘʿ ʧʠʧʝʨʢʘʪʘ 

ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ ʥʝʢʦʣʢʫ ʨʝʛʠʦʥʠ ʧʦʚʨʟʘʥʠ ʩʦ ʙʨʦʿʦʪ ʥʘ ʢʦʤʦʨʠ (Lcn), ʦʜ ʢʦʠ 

ʥʘʿʟʥʘʯʘʝʥ ʝ ʣʦʢʫʩʦʪ lcn1.1 ʥʘ ʭʨʦʤʦʟʦʤʦʪ 1 (Ma et al., 2022). ɺʦ ʨʝʛʠʦʥʦʪ ʥʘ ʦʚʦʿ ʣʦʢʫʩ 

ʝ ʠʟʦʣʠʨʘʥ ʢʘʥʜʠʜʘʪ-ʛʝʥʦʪ Capana01g004285 (ʣʦʢʘʣʠʟʠʨʘʥ ʥʘ Chr01), ʢʦʿ ʛʦ ʢʦʜʠʨʘ 

ʧʨʦʪʝʠʥʦʪ BREVIS RADIX (BRX). ɺʣʠʿʘʥʠʝʪʦ ʥʘ CaBRX ʝ ʧʦʪʚʨʜʝʥʦ ʩʦ ʬʫʥʢʮʠʦʥʘʣʥʘ 

ʘʥʘʣʠʟʘ ʧʨʝʢʫ VIGS (virus-induced gene silencing, ʩʪʠʚʥʫʚʘˁʝ ʥʘ ʛʝʥʠ ʠʥʜʫʮʠʨʘʥʦ ʩʦ 

ʚʠʨʫʩ). ʉʪʠʚʥʫʚʘˁʝʪʦ ʥʘ ʦʚʦʿ ʛʝʥ ʨʝʟʫʣʪʠʨʘʣʦ ʩʦ ʟʥʘʯʘʿʥʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʙʨʦʿʦʪ ʥʘ 

ʢʦʤʦʨʠ ʚʦ ʧʣʦʜʦʚʠʪʝ, ʧʨʠʪʦʘ ʧʨʝʜʠʟʚʠʢʫʚʘʿ˃ʠ ʧʨʦʤʝʥʠ ʠ ʚʦ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʥʝʢʦʣʢʫ 

ʜʨʫʛʠ ʛʝʥʠ ʚʢʣʫʯʝʥʠ ʚʦ ʨʘʟʚʦʿʦʪ ʥʘ ʮʚʝʪʦʪ ʠ ʧʣʦʜʦʚʠʪʝ. ɼʦʧʦʣʥʠʪʝʣʥʦ, ʢʘʢʦ ʢʘʥʜʠʜʘʪ-

ʛʝʥ ʚʦ ʠʩʪʠʦʪ ʨʝʛʠʦʥ lcn1.1 ʝ ʧʨʝʜʣʦʞʝʥ ʠ CaGRF (Capana01g004288 ʢʦʿ ʢʦʜʠʨʘ Growth-

Regulating Factor), ʥʦ ʥʝʛʦʚʦʪʦ ʩʪʠʚʥʫʚʘˁʝ ʥʝʤʘʣʦ ʟʥʘʯʘʝʥ ʝʬʝʢʪ ʚʨʟ ʙʨʦʿʦʪ ʥʘ ʢʦʤʦʨʠ 

(Ma et al., 2022), ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ ʪʦʘ ʜʝʢʘ CaBRX ʝ ʛʣʘʚʥʠʦʪ ʬʘʢʪʦʨ. ʇʦʢʨʘʿ lcn1.1, 

ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ ʩʝ ʠ ʜʨʫʛʠ ʧʦʤʘʣʠ QTL ʟʘ ʙʨʦʿʦʪ ʥʘ ʢʦʤʦʨʠ. Barchi et al. (2009) 
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ʟʘʙʝʣʝʞʘʣʝ ʩʝʢʫʥʜʘʨʥʠ QTL ʥʘ ʭʨʦʤʦʟʦʤʠʪʝ 2 ʠ 4 ʢʦʠ ʚʣʠʿʘʘʪ ʥʘ ʧʦʿʘʚʘʪʘ ʥʘ Ñ0.5 

ʢʦʤʦʨʠ, ʥʦ ʥʠʚʥʠʦʪ ʝʬʝʢʪ ʝʧʠʩʪʘʪʩʢʠ ʟʘʚʠʩʠ ʦʜ ʛʝʥʝʪʩʢʘʪʘ ʟʘʜʥʠʥʘ. ɿʘʩʝʛʘ, ʥʠʪʫ ʝʜʝʥ 

ʦʜ ʪʠʝ ʧʦʤʘʣʠ ʣʦʢʫʩʠ ʥʝ ʝ ʧʦʥʘʪʘʤʫ ʠʩʪʨʘʞʝʥ. ʅʘʿʟʥʘʯʘʿʥʠʪʝ ʬʝʥʦʪʠʧʩʢʠ ʨʘʟʣʠʢʠ (2 

ʥʘʩʧʨʦʪʠ 3-4 ʢʦʤʦʨʠ) ʩʝ ʛʝʥʝʪʩʢʠ ʢʦʥʪʨʦʣʠʨʘʥʠ ʦʜ ʤʘʣ ʙʨʦʿ ʛʣʘʚʥʠ ʛʝʥʠ. ɺʘʢʚʠʪʝ 

ʨʝʟʫʣʪʘʪʠ ʫʢʘʞʫʚʘʘʪ ʜʝʢʘ ʩʝʣʝʢʮʠʿʘʪʘ ʟʘ ʧʦʩʘʢʫʚʘʥ ʙʨʦʿ ʥʘ ʢʦʤʦʨʠ (ʧʦʚʝ˃ʝ ʢʦʤʦʨʠ ʟʘ 

ʧʦʜʝʙʝʣʠ ʧʣʦʜʦʚʠ) ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʦ ʩʣʝʜʝˁʝ ʥʘ ʥʝʢʦʣʢʫ ʤʦʣʝʢʫʣʘʨʥʠ ʤʘʨʢʝʨʠ ʩʦ 

ʟʥʘʯʘʝʥ ʝʬʝʢʪ, ʥʘʤʝʩʪʦ ʜʘ ʩʝ ʧʦʪʧʠʨʘ ʩʘʤʦ ʥʘ ʬʝʥʦʪʠʧʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ. 

 

ɼʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʥʘʪʘ ʜʨʰʢʘ (ʧʝʜʠʮʝʣ) ʝ ʦʩʦʙʠʥʘ ʦʜ ʠʥʪʝʨʝʩ ʠ ʟʘ ʟʝʤʿʦʜʝʣʮʠʪʝ ʠ ʟʘ 

ʩʝʣʝʢʮʠʦʥʝʨʠʪʝ ʙʠʜʝʿ˃ʠ ʚʣʠʿʘʝ ʚʨʟ ʠʟʛʣʝʜʦʪ ʥʘ ʧʣʦʜʦʪ ʠ ʚʨʟ ʧʦʣʝʩʥʦʪʦ ʤʘʥʠʧʫʣʠʨʘˁʝ 

ʧʨʠ ʙʝʨʙʘ (ʤʝʭʘʥʠʯʢʘ ʠʣʠ ʨʘʯʥʘ). ʂʘʿ ʜʠʚʠʪʝ ʚʠʜʦʚʠ ʧʣʦʜʥʘʪʘ ʜʨʰʢʘ ʦʙʠʯʥʦ ʝ ʧʦʜʦʣʛʘ 

ʠ ʛʦ ʠʟʜʠʛʥʫʚʘ ʧʣʦʜʦʪ ʥʘʜ ʣʠʩʪʦʚʠʪʝ (ʯʝʩʪʦ ʧʣʦʜʦʪ ʝ ʠʩʧʨʘʚʝʥ), ʜʦʜʝʢʘ ʢʘʿ 

ʢʫʣʪʠʚʠʨʘʥʠʪʝ ʬʦʨʤʠ ʜʨʰʢʘʪʘ ʝ ʧʦʢʫʩʘ ʠ ʧʣʦʜʦʪ ʥʘʿʯʝʩʪʦ ʚʠʩʠ ʥʘʜʦʣʫ. ʂʘʢʦ 

ʢʚʘʥʪʠʪʘʪʠʚʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʝʜʠʮʝʣʦʪ ʝ ʧʦʣʠʛʝʥʩʢʠ ʢʦʥʪʨʦʣʠʨʘʥʘ ʠ 

ʚʦ ʤʘʧʠʨʘʯʢʠʪʝ ʧʦʧʫʣʘʮʠʠ ʧʦʢʘʞʫʚʘ ʪʨʘʥʩʛʨʝʩʠʚʥʘ ʩʝʛʨʝʛʘʮʠʿʘ. Barchi et al. (2009) 

ʠʟʚʨʰʠʣʝ ʚʢʨʩʪʫʚʘˁʝ ʥʘ ʨʦʜʠʪʝʣʠ ʢʦʠ ʠʤʘʣʝ ʩʣʠʯʥʘ ʜʦʣʞʠʥʘ ʥʘ ʜʨʰʢʘ (ʦʢʦʣʫ 40 mm), 

ʥʦ ʢʘʿ ʧʦʪʦʤʩʪʚʦʪʦ ʝ ʟʘʙʝʣʝʞʘʥʘ ʟʥʘʯʘʿʥʘ ʪʨʘʥʩʛʨʝʩʠʚʥʘ ʚʘʨʠʿʘʮʠʿʘ ʦʜ ʤʥʦʛʫ ʢʨʘʪʢʠ ʜʦ 

ʧʦʜʦʣʛʠ ʜʨʰʢʠ. ɺʦ ʪʘʘ ʧʦʧʫʣʘʮʠʿʘ ʥʘ ʨʝʢʦʤʙʠʥʘʥʪʥʠ ʠʥʙʨʝʜ ʣʠʥʠʠ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ 

ʥʘʿʤʘʣʢʫ ʧʝʪ QTL ʟʘ ʜʦʣʞʠʥʘ ʥʘ ʧʣʦʜʥʘʪʘ ʜʨʰʢʘ, ʦʟʥʘʯʝʥʠ ʢʘʢʦ Pel1.1, Pel2.1, Pel3.1, 

Pel4.1 ʠ Pel12.1, ʩʧʦʨʝʜ ʩʦʦʜʚʝʪʥʠʦʪ ʭʨʦʤʦʟʦʤ ʥʘ ʢʦʿ ʩʝ ʣʦʮʠʨʘʥʠ. ʉʝʢʦʿ ʦʜ ʥʠʚ ʠʤʘʣ 

ʨʝʣʘʪʠʚʥʦ ʤʘʣ ʠʥʜʠʚʠʜʫʘʣʝʥ ʝʬʝʢʪ (ʧʨʦʮʝʥʪ ʥʘ ʦʙʿʘʩʥʝʪʘ ʚʘʨʠʿʘʮʠʿʘ ʦʜ ʦʢʦʣʫ 7 % ʜʦ 12 

%), ʰʪʦ ʩʫʛʝʨʠʨʘ ʘʜʠʪʠʚʥʦ ʜʝʿʩʪʚʦ ʥʘ ʛʝʥʠʪʝ. ɺʦ ʜʨʫʛʘ ʩʪʫʜʠʿʘ, ʩʧʨʦʚʝʜʝʥʘ ʥʘ ʪʨʠ 

ʨʘʟʣʠʯʥʠ F2 ʧʦʧʫʣʘʮʠʠ ʜʦʙʠʝʥʠ ʧʨʝʢʫ ʚʢʨʩʪʫʚʘˁʝ ʩʦ ʟʘʝʜʥʠʯʢʠ ʨʦʜʠʪʝʣ ʢʦʿ ʥʦʩʠ ʛʝʥ ʟʘ 

ʣʝʩʥʦ ʦʜʚʦʿʫʚʘˁʝ ʥʘ ʜʨʰʢʘʪʘ ʦʜ ʧʣʦʜʦʪ (ʪ.ʥ. Ăeasy destemmingñ), ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ ʩʝ 

ʧʦʚʝ˃ʝ QTL ʧʦʚʨʟʘʥʠ ʩʦ ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʥʘʪʘ ʜʨʰʢʘ, ʢʘʢʦ ʠ ʩʪʝʧʝʥʦʪ ʥʘ ʮʚʨʩʪʠʥʘ ʩʦ 

ʢʦʿʘ ʩʝ ʜʨʞʠ ʟʘ ʧʣʦʜʦʪ. ʅʝʢʦʠ ʦʜ ʦʚʠʝ QTL, ʣʦʮʠʨʘʥʠ ʥʘ ʭʨʦʤʦʟʦʤʦʪ 4, ʩʝ ʧʦʢʣʦʧʫʚʘʘʪ 

ʩʦ QTL ʟʘ ʰʠʨʠʥʘ ʥʘ ʧʣʦʜʦʪ ʠ ʜʝʙʝʣʠʥʘ ʥʘ ʧʝʨʠʢʘʨʧʦʪ, ʰʪʦ ʤʦʞʝ ʜʘ ʫʢʘʞʫʚʘ ʜʝʢʘ 

ʙʣʠʩʢʠ ʛʝʥʠ ʠʣʠ ʝʜʝʥ ʠʩʪ ʧʣʝʠʦʪʨʦʧʝʥ ʛʝʥ ʚʣʠʿʘʝ ʚʨʟ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʦʚʠʝ ʧʦʚʨʟʘʥʠ 

ʩʚʦʿʩʪʚʘ (Ortega et al., 2024). 

 

ʂʚʘʥʪʠʪʘʪʠʚʥʠʪʝ ʩʚʦʿʩʪʚʘ ʠʤʘʘʪ ʮʝʥʪʨʘʣʥʦ ʟʥʘʯʝˁʝ ʚʦ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘʪʘ, 

ʦʜʛʣʝʜʫʚʘˁʝʪʦ ʠ ʩʝʣʝʢʮʠʿʘʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʩʦʨʪʠ ʧʠʧʝʨʢʘ. ʉʦʟʥʘʥʠʿʘʪʘ ʟʘ ʥʠʚʥʘʪʘ 

ʛʝʥʝʪʩʢʘ ʦʩʥʦʚʘ, ʢʘʢʦ ʠ ʟʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʫʩʣʦʚʠʪʝ ʥʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ ʚʨʟ ʥʠʚʥʘʪʘ 

ʝʢʩʧʨʝʩʠʿʘ, ʩʝ ʩʫʰʪʠʥʩʢʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ʩʦʨʪʠʪʝ. ʀʥʪʝʛʨʘʮʠʿʘʪʘ 

ʥʘ ʤʦʨʬʦʣʦʰʢʠʪʝ ʧʦʜʘʪʦʮʠ ʩʦ ʛʝʥʝʪʩʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʪʩʪʘʚʫʚʘ ʥʘʿʤʦ˃ʥʘ ʘʣʘʪʢʘ ʚʦ 

ʩʦʚʨʝʤʝʥʠʪʝ ʧʨʦʛʨʘʤʠ ʟʘ ʩʝʣʝʢʮʠʿʘ ʥʘ ʨʘʩʪʝʥʠʿʘʪʘ. 

 

3.9.2. ɺʣʠʿʘʥʠʝ ʥʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ ʚʨʟ ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʥʘ ʢʚʘʥʪʠʪʘʪʠʚʥʠʪʝ 

ʩʚʦʿʩʪʚʘ  

 

ʋʩʣʦʚʠʪʝ ʥʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ ʠʤʘʘʪ ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʤʘʥʠʬʝʩʪʠʨʘˁʝʪʦ ʥʘ 

ʢʚʘʥʪʠʪʘʪʠʚʥʠʪʝ ʩʚʦʿʩʪʚʘ ʢʘʿ ʟʝʤʿʦʜʝʣʩʢʠʪʝ ʢʫʣʪʫʨʠ, ʦʩʦʙʝʥʦ ʢʘʿ ʣʦʢʘʣʥʠʪʝ ʧʦʧʫʣʘʮʠʠ 

ʢʦʠ ʝʚʦʣʫʠʨʘʣʝ ʠ ʩʝ ʧʨʠʩʧʦʩʦʙʠʣʝ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʘʛʨʦʝʢʦʣʦʰʢʠ ʫʩʣʦʚʠ. ʉʚʦʿʩʪʚʘʪʘ, 

ʢʘʢʦ ʰʪʦ ʩʝ ʧʨʠʥʦʩʦʪ, ʤʦʨʬʦʣʦʛʠʿʘʪʘ ʥʘ ʧʣʦʜʦʪ ʠ ʬʠʪʦʭʝʤʠʩʢʠʦʪ ʩʦʩʪʘʚ, ʧʦʢʘʞʫʚʘʘʪ 

ʛʦʣʝʤʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʜ ʚʣʠʿʘʥʠʝ ʥʘ ʛʝʥʝʪʩʢʠʪʝ ʠ ʝʢʦʣʦʰʢʠʪʝ ʫʩʣʦʚʠ ʠ ʥʠʚʥʘʪʘ 

ʠʥʪʝʨʘʢʮʠʿʘ. ʉʝʢʦʿʘ ʩʦʨʪʘ ʠʤʘ ʩʧʝʮʠʬʠʯʥʠ ʬʝʥʦʣʦʰʢʠ ʤʝʭʘʥʠʟʤʠ ʥʘ ʢʦʥʪʨʦʣʘ ʢʦʠʰʪʦ 

ʚʣʠʿʘʘʪ ʚʨʟ ʥʝʿʟʠʥʘʪʘ ʨʝʘʢʮʠʿʘ, ʢʦʥ ʫʩʣʦʚʠʪʝ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʚʣʠʿʘʘʪ ʚʨʟ 

ʧʨʠʥʦʩʦʪ (Pirasteh & Welsh, 1980). ʀʤʘʿ˃ʠ ʧʨʝʜʚʠʜ ʜʝʢʘ ʛʝʥʦʪʠʧʦʚʠʪʝ ʩʝ ʚʦ ʧʦʩʪʦʿʘʥʘ 

ʠʥʪʝʨʘʢʮʠʿʘ ʩʦ ʬʘʢʪʦʨʠʪʝ ʥʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ, ʧʨʦʮʝʥʢʘʪʘ ʥʘ ʪʘʘ ʠʥʪʝʨʘʢʮʠʿʘ ʝ ʦʜ 

ʩʫʰʪʠʥʩʢʦ ʟʥʘʯʝˁʝ ʟʘ ʩʝʣʝʢʮʠʦʥʝʨʠʪʝ (Sayekti et al., 2021). ʉʦʚʨʝʤʝʥʠʪʝ ʤʝʪʦʜʠ ʟʘ 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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ʩʝʣʝʢʮʠʿʘ ʩʝ ʥʘʩʦʯʝʥʠ ʢʦʥ ʦʙʝʟʙʝʜʫʚʘˁʝ ʩʪʘʙʠʣʥʠ ʨʝʟʫʣʪʘʪʠ ʚʦ ʨʘʟʣʠʯʥʠ ʘʛʨʦʝʢʦʣʦʰʢʠ 

ʫʩʣʦʚʠ, ʩʣʝʜʩʪʚʝʥʦ ʠ ʩʪʘʙʠʣʝʥ ʧʨʠʥʦʩ (Corte et al., 2002). ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʪʦʘ, 

ʥʝʦʧʭʦʜʥʦ ʝ ʜʘ ʩʝ ʧʨʦʮʝʥʘʪ ʛʝʥʝʪʩʢʠʪʝ ʧʘʨʘʤʝʪʨʠ, ʩʦ ʮʝʣ ʨʘʮʠʦʥʘʣʥʦ ʜʘ ʩʝ ʧʣʘʥʠʨʘʘʪ ʠ 

ʜʘ ʩʝ ʨʘʩʧʨʝʜʝʣʘʪ ʦʛʨʘʥʠʯʝʥʠʪʝ ʨʝʩʫʨʩʠ (Joshi et al., 2018). ɻʝʥʝʪʩʢʠʪʝ ʠ ʝʢʦʣʦʰʢʠʪʝ 

ʬʘʢʪʦʨʠ ʬʦʨʤʠʨʘʘʪ ʢʦʤʧʣʝʢʩ ʦʜ ʫʩʣʦʚʠ ʢʦʠ ʚʣʠʿʘʘʪ ʚʨʟ ʨʘʩʪʦʪ ʠ ʨʘʟʚʦʿʦʪ ʥʘ ʝʜʠʥʢʘʪʘ, 

ʛʦ ʦʙʣʠʢʫʚʘʘʪ ʥʝʿʟʠʥʠʦʪ ʧʨʠʥʦʩʝʥ ʧʦʪʝʥʮʠʿʘʣ ʠ ʦʪʧʦʨʥʦʩʪʘ ʥʘ ʙʠʦʪʩʢʠ ʠ ʘʙʠʦʪʩʢʠ 

ʩʪʨʝʩʦʚʠ (Slafer et al., 2015; Luby & Shaw, 2009). 

 

ɺʦ ʩʪʫʜʠʿʘʪʘ ʥʘ Tripodi et al. (2018) ʩʝ ʧʦʢʘʞʘʣʦ ʜʝʢʘ ʧʨʠʥʦʩʦʪ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ 

ʙʠʦʘʢʪʠʚʥʠ ʩʦʝʜʠʥʝʥʠʿʘ ʢʘʿ ʩʦʨʪʠʪʝ ʣʫʪʘ ʧʠʧʝʨʢʘ ʟʥʘʯʘʿʥʦ ʚʘʨʠʨʘʘʪ ʟʘʚʠʩʥʦ ʦʜ ʫʩʣʦʚʠʪʝ 

ʟʘ ʦʜʛʣʝʜʫʚʘˁʝ, ʩʦ ʰʪʦ ʩʝ ʠʩʪʘʢʥʫʚʘ ʚʘʞʥʦʩʪʘ ʥʘ ʠʥʪʝʨʘʢʮʠʿʘʪʘ ʧʦʤʝʺʫ ʛʝʥʝʪʩʢʘʪʘ 

ʧʨʝʜʦʜʨʝʜʝʥʦʩʪ ʠ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ. ɼʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʫʢʘʞʫʚʘʘʪ ʥʘ ʧʦʪʨʝʙʘʪʘ 

ʦʜ ʠʩʧʠʪʫʚʘˁʝ ʥʘ ʛʝʥʦʪʠʧʦʚʠʪʝ ʚʦ ʨʘʟʣʠʯʥʠ ʝʢʦʣʦʰʢʠ ʫʩʣʦʚʠ ʟʘ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ 

ʦʥʠʝ ʛʝʥʦʪʠʧʦʚʠ ʢʦʠʰʪʦ ʧʦʢʘʞʫʚʘʘʪ ʩʪʘʙʠʣʝʥ ʠ ʚʠʩʦʢ ʧʨʠʥʦʩ. ɼʦʧʦʣʥʠʪʝʣʥʦ, ʚʦ 

ʠʩʪʨʘʞʫʚʘˁʘʪʘ ʥʘ Rivera et al. (2016), Anani et al. (2024) ʠ Verma et al. (2024) ʩʝ ʠʩʪʘʢʥʫʚʘ 

ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʩʢʠʪʝ ʫʩʣʦʚʠ ʚʨʟ ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʥʘʩʧʨʦʪʠ ʩʪʘʙʠʣʥʦʩʪʘ ʥʘ 

ʤʦʨʬʦʣʦʰʢʠʪʝ ʩʚʦʿʩʪʚʘ ʢʘʿ ʧʠʧʝʨʢʘʪʘ.  

 

ʉʠʪʝ ʦʚʠʝ ʩʪʫʜʠʠ ʿʘʩʥʦ ʿʘ ʧʦʪʝʥʮʠʨʘʘʪ ʧʦʪʨʝʙʘʪʘ ʦʜ ʜʝʪʘʣʥʦ ʧʨʦʫʯʫʚʘˁʝ ʥʘ 

ʠʥʪʝʨʘʢʮʠʿʘʪʘ ʧʦʤʝʺʫ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʛʝʥʦʪʠʧʦʪ, ʰʪʦ ʝ ʦʜ ʩʫʰʪʠʥʩʢʦ ʟʥʘʯʝˁʝ 

ʧʨʠ ʚʦʚʝʜʫʚʘˁʝ ʥʘ ʣʦʢʘʣʥʠʪʝ ʧʦʧʫʣʘʮʠʠ ʧʠʧʝʨʢʘ ʚʦ ʧʨʦʛʨʘʤʠʪʝ ʟʘ ʩʝʣʝʢʮʠʿʘ ʥʘʩʦʯʝʥʠ 

ʢʦʥ ʩʪʘʙʠʣʝʥ ʧʨʠʥʦʩ, ʧʦʜʦʙʨʝʥʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʩʪʨʝʩʦʚʠ ʠ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʥʫʪʨʠʪʠʚʥʠʦʪ 

ʢʚʘʣʠʪʝʪ. ʂʦʣʝʢʮʠʿʘʪʘ ʥʘ ʜʠʚʝʨʛʝʥʪʥʠ ʣʦʢʘʣʥʠ ʩʦʨʪʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ ʥʘ ʂʘʪʝʜʨʘʪʘ ʟʘ 

ʛʝʥʝʪʠʢʘ ʠ ʩʝʣʝʢʮʠʿʘ ʧʨʠ ʌʘʢʫʣʪʝʪʦʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ ʝ 

ʢʦʣʝʢʮʠʦʥʠʨʘʥʘ ʦʜ ʨʘʟʣʠʯʥʠ ʨʝʛʠʦʥʠ ʥʘ ʥʘʰʘʪʘ ʟʝʤʿʘ. ʀ ʧʦʢʨʘʿ ʪʦʘ ʰʪʦ ʈʉ ʄʘʢʝʜʦʥʠʿʘ 

ʠʤʘ ʤʘʣʘ ʧʦʚʨʰʠʥʘ, ʪʘʘ ʝ ʠʩʧʨʝʧʣʝʪʝʥʘ ʩʦ ʤʥʦʛʫ ʨʘʟʣʠʯʥʠ ʤʠʢʨʦʢʣʠʤʘʪʩʢʠ ʨʝʛʠʦʥʠ ʩʦ 

ʩʧʝʮʠʬʠʯʥʠ ʢʣʠʤʘʪʩʢʠ, ʭʠʜʨʦʣʦʰʢʠ ʠ ʧʝʜʦʣʦʰʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʚʠʝ ʫʩʣʦʚʠ ʥʠʟ 

ʜʦʣʛ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʝʣʝ ʚʨʟ ʦʬʦʨʤʫʚʘˁʝʪʦ ʥʘ ʩʪʘʙʠʣʥʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʩʦ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʬʝʥʦʪʠʧʩʢʠ ʩʚʦʿʩʪʚʘ (Jankulovska et al., 2019). 

 

ʇʨʠʨʦʜʥʘʪʘ ʩʝʣʝʢʮʠʿʘ ʚʦ ʨʘʟʣʠʯʥʠʪʝ ʩʧʝʮʠʬʠʯʥʠ ʛʝʦʛʨʘʬʩʢʠ ʨʝʛʠʦʥʠ, ʟʘʝʜʥʦ ʩʦ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠʪʝ ʧʨʘʢʪʠʢʠ ʥʘ ʦʜʛʣʝʜʫʚʘˁʝ ʠ ʦʛʨʘʥʠʯʝʥʦʪʦ ʜʚʠʞʝˁʝ ʥʘ ʛʝʥʝʪʩʢʠʦʪ 

ʤʘʪʝʨʠʿʘʣ, ʜʦʚʝʣʝ ʜʦ ʩʦʟʜʘʚʘˁʝ ʥʘ ʣʦʢʘʣʥʦ ʘʜʘʧʪʠʨʘʥʠ ʛʝʥʦʪʠʧʦʚʠ (Ivanovska & 

Andonov, 2018). ʉʦʚʨʝʤʝʥʠʪʝ ʤʝʪʦʜʠ ʥʘ ʩʝʣʝʢʮʠʿʘ, ʩʦ ʧʦʤʦʰ ʥʘ ʤʦʣʝʢʫʣʘʨʥʠ ʤʘʨʢʝʨʠ, 

ʦʚʦʟʤʦʞʫʚʘʘʪ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʛʝʥʝʪʩʢʠʪʝ ʨʘʟʣʠʢʠ ʢʦʠ ʩʝ ʧʦʚʨʟʘʥʠ ʩʦ ʩʧʝʮʠʬʠʯʥʠ 

ʩʚʦʿʩʪʚʘ, ʢʘʢʦ ʦʙʣʠʢ, ʙʦʿʘ ʠ ʚʢʫʩ ʥʘ ʧʣʦʜʦʪ, ʩʦʩʪʘʚ ʥʘ ʬʠʪʦʭʝʤʠʩʢʠʪʝ ʩʦʝʜʠʥʝʥʠʿʘ ʠ 

ʫʧʦʪʨʝʙʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʢʦʥʢʨʝʪʥʠ ʛʝʥʦʪʠʧʦʚʠ. ɺʘʢʚʠʪʝ ʩʦʟʥʘʥʠʿʘ ʩʝ ʚʘʞʝʥ ʨʝʩʫʨʩ ʟʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʛʝʥʦʪʠʧʦʚʠ ʩʦ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʘʜʘʧʪʘʮʠʿʘ ʢʦʥ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʠ 

ʟʘ ʥʠʚʥʦ ʚʢʣʫʯʫʚʘˁʝ ʚʦ ʥʘʧʨʝʜʥʠ ʩʝʣʝʢʮʠʩʢʠ ʧʨʦʛʨʘʤʠ. 

 

3.9.3. ʂʚʘʣʠʪʘʪʠʚʥʠ ʜʝʩʢʨʠʧʪʦʨʠ ʠ ʥʠʚʥʘ ʛʝʥʝʪʩʢʘ ʢʦʥʪʨʦʣʘ 

 

3.9.3.1. ɸʥʪʦʮʠʿʘʥʠ ʥʘ ʣʠʩʪʦʚʠ, ʥʦʜʠʠ ʠ ʩʪʝʙʣʦ  

ɸʥʪʦʮʠʿʘʥʠ ʩʝ ʬʝʥʦʣʥʠ ʩʦʝʜʠʥʝʥʠʿʘ ʢʦʠ ʠʤʘʘʪ ʟʘʰʪʠʪʥʘ ʬʫʥʢʮʠʿʘ ʠ ʩʝ ʘʢʫʤʫʣʠʨʘʘʪ ʚʦ 

ʨʘʟʣʠʯʥʠ ʜʝʣʦʚʠ ʥʘ ʨʘʩʪʝʥʠʿʘʪʘ: ʧʝʨʠʢʘʨʧʦʪ ʥʘ ʧʣʦʜʦʪ, ʣʠʩʪʦʚʠʪʝ, ʩʪʝʙʣʦʪʦ ʠ ʥʦʜʠʠʪʝ 

(Carvalho Lemos et al., 2019). ɸʢʫʤʫʣʘʮʠʿʘʪʘ ʥʘ ʦʚʦʿ ʧʠʛʤʝʥʪ ʝ ʥʘʿʠʥʪʝʥʟʠʚʥʘ ʚʦ 

ʧʘʣʠʩʘʜʥʠʪʝ ʠ ʤʝʟʦʬʠʣʥʠʪʝ ʢʣʝʪʢʠ ʠ/ʠʣʠ ʪʢʠʚʘ ʚʦ ʚʠʦʣʝʪʦʚʦ ʦʙʦʝʥʠʪʝ ʜʝʣʦʚʠ ʥʘ 

ʨʘʩʪʝʥʠʿʘʪʘ. 

 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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ʆʚʠʝ ʩʦʝʜʠʥʝʥʠʿʘ, ʢʘʢʦ ʩʝʢʫʥʜʘʨʥʠ ʤʝʪʘʙʦʣʠʪʠ ʩʦ ʠʟʨʘʟʝʥʠ ʬʦʪʦʧʨʦʪʝʢʪʠʚʥʠ (Grünig et 

al., 2025) ʠ ʘʥʪʠʧʘʪʦʛʝʥʠ ʩʚʦʿʩʪʚʘ, ʠʤʘʘʪ ʢʣʫʯʥʘ ʬʫʥʢʮʠʿʘ ʚʦ ʬʠʟʠʦʣʦʰʢʠʪʝ ʧʨʦʮʝʩʠ ʠ 

ʪʦʣʝʨʘʥʪʥʦʩʪʘ ʥʘ ʩʪʨʝʩ ʢʘʿ ʧʠʧʝʨʢʘʪʘ (Wang et al., 2018). ʀʩʪʦʚʨʝʤʝʥʦ, ʧʨʠʚʣʝʢʫʚʘʘʪ 

ʦʧʨʘʰʫʚʘʯʠ ʠ ʨʘʟʥʝʩʫʚʘʯʠ ʥʘ ʩʝʤʝ (Sheehan et al., 2016). ɺʠʦʣʝʪʦʚʠʦʪ ʧʠʛʤʝʥʪ ʥʘ 

ʣʠʩʪʦʚʠʪʝ ʩʝ ʥʘʩʣʝʜʫʚʘ ʜʦʤʠʥʘʥʪʥʦ ʧʦ ʤʘʿʯʠʥʘ ʣʠʥʠʿʘ (Cheng et al., 2018). ɻʝʥʦʪʠʧʦʚʠʪʝ 

ʢʦʠ ʛʦ ʥʘʩʣʝʜʠʣʝ ʦʚʘ ʩʚʦʿʩʪʚʦ ʧʦʢʘʞʫʚʘʘʪ ʟʥʘʯʘʿʥʦ ʧʦʛʦʣʝʤʘ ʘʢʫʤʫʣʘʮʠʿʘ ʥʘ ʘʥʪʦʮʠʿʘʥʠ 

ʠ ʭʣʦʨʦʬʠʣ, ʢʘʢʦ ʠ ʧʦʜʦʙʨʝʥʘ ʬʦʪʦʩʠʥʪʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ.  

 

ʂʦʤʙʠʥʠʨʘʥʦʪʦ ʧʨʠʩʫʩʪʚʦ ʥʘ ʭʣʦʨʦʬʠʣ ʠ ʘʥʪʦʮʠʿʘʥʠ ʚʦ ʣʠʩʪʦʚʠʪʝ ʦʚʦʟʤʦʞʫʚʘ ʧʦʜʦʙʨʘ 

ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʬʦʪʦʩʠʥʪʝʪʩʢʠʦʪ ʩʠʩʪʝʤ, ʧʨʠ ʰʪʦ ʘʥʪʦʮʠʿʘʥʠʪʝ ʛʦ ʬʠʣʪʨʠʨʘʘʪ ʚʠʰʦʢʦʪ 

ʩʚʝʪʣʠʥʘ ʠ ʿʘ ʥʘʤʘʣʫʚʘʘʪ ʬʦʪʦʠʥʭʠʙʠʮʠʿʘʪʘ. ʅʘ ʪʦʿ ʥʘʯʠʥ ʩʝ ʦʚʦʟʤʦʞʫʚʘ ʟʘʰʪʠʪʘ ʥʘ 

ʭʣʦʨʦʬʠʣʦʪ ʢʦʿ ʝ ʬʦʪʦʩʠʥʪʝʪʩʢʠ ʧʠʛʤʝʥʪ ʢʣʫʯʝʥ ʚʦ ʝʥʝʨʛʝʪʩʢʘʪʘ ʧʨʦʜʫʢʮʠʿʘ ʠ 

ʤʝʪʘʙʦʣʠʟʤʦʪ ʥʘ ʨʘʩʪʝʥʠʿʘʪʘ (Landi et al., 2015; Menzies et al., 2016; Mattila et al., 2023). 

 

ʆʚʠʝ ʩʦʟʥʘʥʠʿʘ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʜʘ ʛʠ ʫʥʘʧʨʝʜʘʪ ʩʝʣʝʢʮʠʩʢʠʪʝ ʧʨʦʛʨʘʤʠ ʧʨʝʢʫ 

ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʚʠʟʫʝʣʥʠ ʠ ʬʠʟʠʦʣʦʰʢʠ ʤʘʨʢʝʨʠ ʟʘ ʦʪʧʦʨʥʦʩʪ. ɺʘʨʠʿʘʮʠʠʪʝ ʚʦ ʙʦʿʘʪʘ ʥʘ 

ʣʠʩʪʦʚʠʪʝ ʢʘʿ ʨʘʩʪʝʥʠʿʘʪʘ ʥʘʿʯʝʩʪʦ ʧʨʦʠʟʣʝʛʫʚʘʘʪ ʦʜ ʥʝʫʨʘʤʥʦʪʝʞʝʥ ʦʜʥʦʩ ʥʘ 

ʧʠʛʤʝʥʪʠʪʝ. ʋʪʚʨʜʫʚʘˁʝʪʦ ʥʘ ʧʨʠʩʫʩʪʚʦʪʦ ʠ ʦʜʥʦʩʦʪ ʥʘ ʟʘʩʪʘʧʝʥʦʩʪʘ ʥʘ ʧʠʛʤʝʥʪʠʪʝ ʩʦ 

ʜʝʮʝʥʠʠ ʧʨʝʪʩʪʘʚʫʚʘ ʧʨʝʜʠʟʚʠʢ ʚʦ ʥʘʫʯʥʠʪʝ ʢʨʫʛʦʚʠ, ʦʩʦʙʝʥʦ ʩʧʝʮʠʬʠʯʥʠʪʝ ʥʠʿʘʥʩʠ ʥʘ 

ʣʠʩʪʦʚʠʪʝ, ʢʘʢʦ ʩʚʝʪʣʦʟʝʣʝʥʠ (Plastino et al., 2004), ʞʦʣʪʠ (Palmer & Mascia, 1980) ʠ 

ʚʠʦʣʝʪʦʚʠ (Wang et al., 2017). Cheng ʠ ʩʦʨ. (2018) ʜʦʢʘʞʘʣʝ ʜʝʢʘ ʤʫʪʘʥʪʠʪʝ ʩʦ ʥʝʜʦʩʪʠʛ 

ʥʘ ʧʠʛʤʝʥʪʠ ʠʣʠ ʥʘʨʫʰʝʥ ʧʠʛʤʝʥʪʝʥ ʙʘʣʘʥʩ ʩʝ ʧʦʩʝʥʟʠʪʠʚʥʠ ʥʘ ʰʪʝʪʥʠ ʠʥʩʝʢʪʠ. 

ʉʧʨʦʪʠʚʥʦ ʥʘ ʦʚʘ, ʢʘʿ ʛʝʥʦʪʠʧʦʚʠʪʝ ʩʦ ʚʠʦʣʝʪʦʚʘ ʦʙʦʝʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʪʝ ʝ ʧʦʪʚʨʜʝʥʘ 

ʟʘʰʪʠʪʥʘʪʘ ʠ ʦʜʙʨʘʥʙʝʥʘʪʘ ʬʫʥʢʮʠʿʘ ʥʘ ʘʥʪʦʮʠʿʘʥʠʪʝ, ʰʪʦ ʩʝ ʧʦʚʨʟʫʚʘ ʩʦ ʦʪʧʦʨʥʦʩʪʘ 

ʢʦʥ ʙʦʣʝʩʪʠ ʠ ʰʪʝʪʥʠʮʠ (Kaur et al., 202). ʉʝʣʝʢʮʠʿʘʪʘ ʥʘ ʚʠʜʦʚʠʪʝ ʦʜ ʨʦʜʦʪ Capsicum 

ʧʨʝʪʝʞʥʦ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʘʛʨʦʥʦʤʩʢʠ ʚʘʞʥʠ ʩʚʦʿʩʪʚʘ, ʢʘʢʦ ʧʨʠʥʦʩ ʠ ʥʫʪʨʠʪʠʚʥʘ 

ʚʨʝʜʥʦʩʪ (Zonneveld et al., 2015), ʜʦʜʝʢʘ ʙʦʿʘʪʘ ʥʘ ʣʠʩʪʦʚʠʪʝ, ʢʘʢʦ ʟʥʘʯʘʝʥ ʬʝʥʦʪʠʧʩʢʠ 

ʙʝʣʝʛ, ʯʝʩʪʦ ʝ ʟʘʥʝʤʘʨʝʥʘ. 

 

ɻʝʥʝʪʩʢʘʪʘ ʨʝʛʫʣʘʮʠʿʘ ʠʤʘ ʟʥʘʯʘʿʥʘ ʢʦʥʪʨʦʣʘ ʚʨʟ ʘʢʫʤʫʣʘʮʠʿʘʪʘ ʥʘ ʜʚʘʪʘ ʧʠʛʤʝʥʪʘ 

(ʭʣʦʨʦʬʠʣ ʠ ʘʥʪʦʮʠʿʘʥʠ), ʘ ʧʨʦʤʝʥʠʪʝ ʚʦ ʥʠʚʥʘʪʘ ʝʢʩʧʨʝʩʠʿʘ ʩʝ ʪʝʩʥʦ ʧʦʚʨʟʘʥʠ ʩʦ ʬʘʟʠʪʝ 

ʥʘ ʨʘʟʚʦʿ ʥʘ ʨʘʩʪʝʥʠʝʪʦ (Cooney et al., 2015). ʇʨʦʬʠʣʦʪ ʥʘ ʧʠʛʤʝʥʪʠʪʝ ʚʣʠʿʘʝ ʚʨʟ 

ʘʜʘʧʪʠʚʥʠʦʪ ʢʘʧʘʮʠʪʝʪ ʥʘ ʨʘʩʪʝʥʠʝʪʦ, ʦʩʦʙʝʥʦ ʧʨʝʢʫ ʬʦʪʦʩʠʥʪʝʪʩʢʠʦʪ ʠ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʦʪ ʩʠʩʪʝʤ (Kerchev et al., 2012; Espley & Jaakola, 2023), ʜʦʜʝʢʘ 

ʦʩʝʪʣʠʚʦʩʪʘ ʥʘ ʨʘʩʪʝʥʠʝʪʦ ʥʘ ʩʪʨʝʩ ʝ ʨʝʟʫʣʪʘʪ ʥʘ ʠʟʤʝʥʝʪʠʪʝ ʤʝʪʘʙʦʣʠʪʩʢʠ ʧʘʪʝʢʠ ʰʪʦ 

ʩʝ ʘʢʪʠʚʠʨʘʘʪ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʦʜʙʨʘʥʙʝʥʠʪʝ ʤʝʭʘʥʠʟʤʠ. 

 

ɺʦ ʠʩʪʨʘʞʫʚʘˁʘʪʘ ʥʘ Cheng et al. (2018), ʛʝʥʦʪʠʧʦʪ ʩʦ ʦʧʪʠʤʘʣʝʥ ʦʜʥʦʩ ʥʘ ʘʥʪʦʮʠʿʘʥʠ ʠ 

ʭʣʦʨʦʬʠʣ ʚʦ ʣʠʩʪʦʚʠʪʝ ʧʦʢʘʞʘʣ ʠ ʥʘʿʜʦʙʨʘ ʚʠʪʘʣʥʦʩʪ ʥʘ ʢʦʨʝʥʦʚʠʦʪ ʩʠʩʪʝʤ, ʥʘʿʥʠʩʢʘ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʘʢʪʠʚʥʦʩʪ (ʥʠʩʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ MDA, SOD, POD) ʠ ʥʘʿʥʠʟʦʢ ʧʨʦʮʝʥʪ 

ʥʘ ʰʪʝʪʠ ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʜ ʙʝʣʘ ʤʫʚʘ, ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʰʪʦ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʢʦ ʦʪʧʦʨʝʥ 

ʛʝʥʦʪʠʧ). ʀʩʪʨʘʞʫʚʘˁʝʪʦ ʧʦʪʚʨʜʫʚʘ ʜʝʢʘ ʚʠʦʣʝʪʦʚʘʪʘ ʦʙʦʝʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʪʝ, ʢʘʢʦ 

ʨʝʟʫʣʪʘʪ ʥʘ ʟʛʦʣʝʤʝʥʘ ʝʢʩʧʨʝʩʠʿʘ ʥʘ ʘʥʪʦʮʠʿʘʥʠ, ʥʝ ʩʘʤʦ ʰʪʦ ʠʤʘ ʬʦʪʦʟʘʰʪʠʪʥʘ 

ʬʫʥʢʮʠʿʘ, ʪʫʢʫ ʧʨʝʪʩʪʘʚʫʚʘ ʠ ʠʥʜʠʢʘʪʦʨ ʟʘ ʙʠʦʪʩʢʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ.  

 

Wang et al. (2018), ʠʜʝʥʪʠʬʠʢʫʚʘʣʝ 12 ʢʣʫʯʥʠ ʢʘʥʜʠʜʘʪ-ʛʝʥʠ ʧʦʚʨʟʘʥʠ ʩʦ ʙʠʦʩʠʥʪʝʟʘʪʘ 

ʠ ʨʝʛʫʣʘʮʠʿʘʪʘ ʥʘ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʘʥʪʦʮʠʿʘʥʠ ʚʦ ʩʪʝʙʣʦʪʦ ʠ ʥʦʜʠʠʪʝ ʢʘʿ ʧʠʧʝʨʢʘʪʘ. ʉʠʪʝ 

ʦʚʠʝ ʛʝʥʠ ʩʝ ʣʦʮʠʨʘʥʠ ʥʘ 10-ʪʠʦʪ ʭʨʦʤʦʟʦʤ, ʰʪʦ ʧʨʝʪʩʪʘʚʫʚʘ ʧʦʪʝʥʮʠʿʘʣʥʘ ʣʦʢʘʮʠʿʘ ʟʘ 

ʤʘʧʠʨʘˁʝ ʥʘ ʤʘʨʢʝʨʠ ʠ ʛʝʥʠ ʧʦʚʨʟʘʥʠ ʩʦ ʦʚʘʘ ʦʩʦʙʠʥʘ. 

 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 

_________________________________________________________________________________________________ 

30 

 

3.9.3.2. ɹʦʿʘ ʥʘ ʣʠʩʪ 

ɹʦʿʘʪʘ ʥʘ ʣʠʩʪʦʚʠʪʝ ʢʘʿ ʧʠʧʝʨʢʘʪʘ (Capsicum sp.) ʥʘʿʯʝʩʪʦ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʥʠʿʘʥʩʘʪʘ ʥʘ 

ʟʝʣʝʥʘʪʘ ʙʦʿʘ ʥʘ ʣʠʩʥʘʪʘ ʤʘʩʘ ʢʦʿʘ ʝ ʜʝʪʝʨʤʠʥʠʨʘʥʘ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʠ ʩʦʦʜʥʦʩʦʪ ʥʘ 

ʭʣʦʨʦʬʠʣʦʪ. ʉʝʧʘʢ, ʢʘʿ ʦʜʨʝʜʝʥʠ ʩʧʝʮʠʬʠʯʥʠ ʛʝʥʦʪʠʧʦʚʠ ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʧʨʠʩʫʩʪʚʦ ʥʘ 

ʘʥʪʦʮʠʿʘʥʠ ð ʧʠʛʤʝʥʪʠ ʨʘʩʪʚʦʨʣʠʚʠ ʚʦ ʚʦʜʘ, ʢʦʠ ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ ʚʠʦʣʝʪʦʚʦ ʜʦ ʨʝʯʠʩʠ 

ʮʨʥʦ ʦʙʦʿʫʚʘˁʝ ʥʘ ʣʠʩʥʘʪʘ ʧʣʦʯʘ ʠʣʠ ʥʘ ʥʝʨʚʘʪʫʨʘʪʘ. ʆʚʘʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʯʝʩʪʦ ʝ 

ʛʝʥʝʪʩʢʠ ʧʦʚʨʟʘʥʘ ʩʦ ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ ʘʥʪʦʮʠʿʘʥʠ ʠ ʚʦ ʜʨʫʛʠʪʝ ʦʨʛʘʥʠ ʥʘ ʨʘʩʪʝʥʠʝʪʦ, ʢʘʢʦ 

ʩʪʝʙʣʦʪʦ ʠ ʮʚʝʪʦʪ, ʰʪʦ ʧʨʝʪʩʪʘʚʫʚʘ ʚʘʞʝʥ ʤʘʨʢʝʨ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʦʜʨʝʜʝʥʠ 

ʘʚʪʦʭʪʦʥʠ ʩʦʨʪʠ. ʊʘʘ ʝ ʠʥʜʠʢʘʪʦʨ ʟʘ ʬʠʟʠʦʣʦʰʢʘʪʘ ʩʦʩʪʦʿʙʘ ʠ ʥʫʪʨʠʪʠʚʥʠʦʪ ʩʪʘʪʫʩ ʥʘ 

ʨʘʩʪʝʥʠʝʪʦ, ʘ ʚʦʝʜʥʦ ʧʨʝʪʩʪʘʚʫʚʘ ʠ ʦʜʨʘʟ ʥʘ ʥʝʛʦʚʘʪʘ ʛʝʥʝʪʩʢʘ ʧʨʝʜʦʜʨʝʜʝʥʦʩʪ. 

ʇʦʪʝʤʥʠʪʝ ʟʝʣʝʥʠ ʣʠʩʪʦʚʠ ʦʙʠʯʥʦ ʫʢʘʞʫʚʘʘʪ ʥʘ ʧʦʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʭʣʦʨʦʬʠʣ ʠ 

ʘʟʦʪ, ʰʪʦ ʩʝ ʧʦʚʨʟʫʚʘ ʩʦ ʧʦʠʥʪʝʥʟʠʚʝʥ ʨʘʩʪ ʠ ʟʛʦʣʝʤʝʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ. ʉʧʨʦʪʠʚʥʦ ʥʘ 

ʪʦʘ, ʧʦʩʚʝʪʣʠʪʝ ʟʝʣʝʥʠ ʠʣʠ ʞʦʣʪʦ-ʟʝʣʝʥʠ ʣʠʩʪʦʚʠ ʤʦʞʘʪ ʜʘ ʫʢʘʞʫʚʘʘʪ ʥʘ ʜʝʬʠʮʠʪ ʥʘ 

ʭʨʘʥʣʠʚʠ ʤʘʪʝʨʠʠ ʠʣʠ ʥʘ ʧʦʩʪʦʝˁʝ ʩʧʝʮʠʬʠʯʥʠ ʛʝʥʝʪʩʢʠ ʚʘʨʠʿʘʥʪʠ. ʇʨʠʩʫʩʪʚʦʪʦ ʥʘ 

ʘʥʪʦʮʠʿʘʥʠ ʢʘʿ ʥʝʢʦʠ ʩʦʨʪʠ ʥʝ ʩʘʤʦ ʰʪʦ ʠʤʘ ʜʝʢʦʨʘʪʠʚʝʥ ʝʬʝʢʪ, ʪʫʢʫ ʤʦʞʝ ʜʘ ʿʘ ʧʦʜʦʙʨʠ 

ʪʦʣʝʨʘʥʪʥʦʩʪʘ ʢʦʥ ʪʦʧʣʦʪʥʠ ʩʪʨʝʩʦʚʠ ʠ ʋɺ-ʟʨʘʯʝˁʝ, ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʬʦʪʦʟʘʰʪʠʪʥʘʪʘ 

ʬʫʥʢʮʠʿʘ ʥʘ ʦʚʠʝ ʧʠʛʤʝʥʪʠ (Meng et al., 2022).  

 

ʂʘʿ ʥʘʿʛʦʣʝʤ ʜʝʣ ʦʜ ʧʨʝʪʩʪʘʚʥʠʮʠʪʝ ʥʘ C. ʘnnuum ʙʦʿʘʪʘ ʥʘ ʣʠʩʪʦʚʠʪʝ ʚʘʨʠʨʘ ʦʜ 

ʩʚʝʪʣʦʟʝʣʝʥʘ ʜʦ ʪʝʤʥʦʟʝʣʝʥʘ. ʇʦʩʪʦʿʘʪ ʠ ʚʘʨʠʿʘʥʪʠ ʩʦ ʩʠʚʦʟʝʣʝʥʠ ʪʦʥʦʚʠ (ʢʘʢʦ ʨʝʟʫʣʪʘʪ 

ʥʘ ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ ʚʣʘʢʥʝʥʮʘ ʥʘ ʢʫʪʠʢʫʣʘʪʘ ʦʜ ʣʠʩʪʦʪ), ʢʘʢʦ ʠ ʣʠʥʠʠ ʩʦ ʚʠʦʣʝʪʦʚʘ 

ʥʠʿʘʥʩʘ, ʰʪʦ ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʢʘʿ ʛʝʥʦʪʠʧʦʚʠʪʝ ʢʦʠ ʠʤʘʘʪ ʚʠʦʣʝʪʦʚʘ ʙʦʿʘ ʥʘ ʩʪʝʙʣʦʪʦ ʠʣʠ 

ʮʚʝʪʦʚʠʪʝ. ʉʧʦʨʝʜ Paredes Andrade et al. (2020), 82,8 % ʦʜ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʧʨʠʤʝʨʦʮʠ ʦʜ 

ʥʠʚʥʘʪʘ ʢʦʣʝʢʮʠʿʘ ʠʤʘʣʝ ʣʠʩʪʦʚʠ ʩʦ ʩʨʝʜʥʦ ʟʝʣʝʥʘ ʙʦʿʘ, ʘ ʦʩʪʘʥʘʪʠʪʝ ʙʠʣʝ ʩʦ ʧʦʩʚʝʪʣʠ 

ʠʣʠ ʧʦʪʝʤʥʠ ʥʠʿʘʥʩʠ. 

 

ʀʥʪʝʥʟʠʪʝʪʦʪ ʥʘ ʙʦʿʘʪʘ ʥʘ ʣʠʩʪʦʪ ʢʘʿ ʧʠʧʝʨʢʘʪʘ ʝ ʧʦʜ ʚʣʠʿʘʥʠʝ ʥʘ ʛʝʥʠ ʰʪʦ ʿʘ 

ʢʦʥʪʨʦʣʠʨʘʘʪ ʧʨʦʜʫʢʮʠʿʘʪʘ ʥʘ ʭʣʦʨʦʬʠʣ ʠ ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ ʘʥʪʦʮʠʿʘʥʠ. ʉʧʦʨʝʜ Cheng et 

al. (2018), ʜʠʚʝʨʟʠʪʝʪʦʪ ʥʘ ʙʦʿʘʪʘ ʥʘ ʣʠʩʪʦʚʠʪʝ ʩʝ ʜʦʣʞʠ ʥʘ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʘʥʪʦʮʠʿʘʥʠ ʠ 

ʭʣʦʨʦʬʠʣ, ʧʨʠ ʰʪʦ ʥʘʿʯʝʩʪʦ ʤʫʪʘʮʠʠʪʝ ʚʦ ʦʜʨʝʜʝʥʠ ʛʝʥʠ ʚʣʠʿʘʘʪ ʚʨʟ ʢʦʤʧʦʟʠʮʠʿʘʪʘ ʥʘ 

ʧʠʛʤʝʥʪʠʪʝ. ʅʘ ʧʨʠʤʝʨ, ʨʝʮʝʩʠʚʝʥ ʛʝʥ ʰʪʦ ʚʣʠʿʘʝ ʚʨʟ ʩʫʧʨʝʩʠʿʘʪʘ ʥʘ ʭʣʦʨʦʬʠʣʦʪ ʤʦʞʝ 

ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʧʨʠʩʫʩʪʚʦ ʥʘ ʞʦʣʪʦ-ʟʝʣʝʥʠ ʣʠʩʪʦʚʠ.  

 

ɼʦʤʠʥʘʥʪʥʠʦʪ ʣʦʢʫʩ A ʿʘ ʨʝʛʫʣʠʨʘ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʘʥʪʦʮʠʿʘʥʠʪʝ ʠ ʤʦʞʝ ʜʘ ʨʝʟʫʣʪʠʨʘ 

ʩʦ ʧʦʪʝʤʥʘ ʠʣʠ ʚʠʦʣʝʪʦʚʘ ʙʦʿʘ ʥʘ ʣʠʩʪʦʚʠʪʝ (Chaim et al., 2003). ʉʦ ʧʨʠʤʝʥʘ ʥʘ ʪʝʭʥʠʢʘʪʘ 

VIGS (virus-induced gene silencing) ʝ ʫʪʚʨʜʝʥʦ ʜʝʢʘ ʪʨʘʥʩʢʨʠʧʮʠʩʢʠʦʪ ʬʘʢʪʦʨ CaMYB 

ʫʯʝʩʪʚʫʚʘ ʚʦ ʨʝʛʫʣʠʨʘˁʝʪʦ ʥʘ ʩʠʥʪʝʟʘʪʘ ʥʘ ʘʥʪʦʮʠʿʘʥʠ ʚʦ ʣʠʩʪʦʚʠʪʝ (Zhang et al., 2015), 

ʮʚʝʪʦʚʠʪʝ ʠ ʥʝʟʨʝʣʠʪʝ ʧʣʦʜʦʚʠ ʥʘ ʨʘʩʪʝʥʠʿʘʪʘ ʦʜ ʨʦʜʦʪ Capsicum (Wang et al., 2022). 

Filyushin et al. (2023) ʛʦ ʠʜʝʥʪʠʬʠʢʫʚʘʣʝ ʪʨʘʥʩʢʨʠʧʮʠʩʢʠʦʪ ʬʘʢʪʦʨ R2R3-MYB 

(CaMYB113) ʧʦʚʨʟʘʥ ʩʦ ʪʝʤʥʘ (ʚʠʦʣʝʪʦʚʘ) ʦʙʦʝʥʦʩʪ ʥʘ ʣʠʩʪʦʚʠʪʝ, ʤʘʧʠʨʘʥ ʥʘ 

ʭʨʦʤʦʟʦʤʦʪ 10. ʀʩʪʠʦʪ ʣʦʢʫʩ ʿʘ ʨʝʛʫʣʠʨʘ ʠ ʙʦʿʘʪʘ ʥʘ ʩʪʝʙʣʦʪʦ ʠ ʮʚʝʪʦʪ (Liu et al., 2024). 

ɻʝʥʠʪʝ CaMYB1 ʠ CaMYB2 ʧʨʝʪʩʪʘʚʫʚʘʘʪ R2R3-MYB ʪʨʘʥʩʢʨʠʧʮʠʩʢʠ ʬʘʢʪʦʨʠ. 

CaMYB2 ʝ ʛʣʘʚʝʥ ʨʝʛʫʣʘʪʦʨ ʥʘ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʩʪʨʫʢʪʫʨʥʠʪʝ ʛʝʥʠ ʧʦʚʨʟʘʥʠ ʩʦ 

ʙʠʦʩʠʥʪʝʟʘ ʥʘ ʘʥʪʦʮʠʿʘʥʠ. ʅʝʛʦʚʦʪʦ ʩʪʠʚʥʫʚʘˁʝ (silencing) ʜʦʚʝʜʫʚʘ ʜʦ ʠʥʭʠʙʠʨʘʥʘ 

ʝʢʩʧʨʝʩʠʿʘ ʥa ʛʝʥʠʪʝ CHS, CHI, DFR, ANS, F3GT, ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʩʦ ʥʘʤʘʣʝʥʘ 

ʘʢʫʤʫʣʘʮʠʿʘ ʥʘ ʘʥʪʦʮʠʿʘʥʠ ʚʦ ʣʠʩʪʦʚʠʪʝ. ɼʦʧʦʣʥʠʪʝʣʥʦ, ʛʝʥʠʪʝ WD40 ʠ bHLH 

ʬʦʨʤʠʨʘʘʪ MBW-ʢʦʤʧʣʝʢʩ, ʢʦʿ ʿʘ ʨʝʛʫʣʠʨʘ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʛʝʥʠʪʝ ʰʪʦ ʩʝ ʘʢʪʠʚʠʨʘʘʪ ʚʦ 

ʧʦʜʦʮʥʝʞʥʠʪʝ ʬʘʟʠ. ʉʠʪʝ ʦʚʠʝ ʛʝʥʠ ʩʝ ʣʦʮʠʨʘʥʠ ʥʘ ʭʨʦʤʦʟʦʤʠʪʝ 1, 6 ʠ 9 (Carvalho Lemos 

et al., 2019). 
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3.9.3.3. ɹʦʿʘ ʥʘ ʧʣʦʜ 

ɹʦʿʘʪʘ ʥʘ ʧʣʦʜʦʪ ʢʘʿ ʧʠʧʝʨʢʘʪʘ (Capsicum spp.) ʧʨʝʪʩʪʘʚʫʚʘ ʚʠʟʫʝʣʥʦ ʜʦʤʠʥʘʥʪʥʘ ʠ 

ʛʝʥʝʪʩʢʠ ʢʦʤʧʣʝʢʩʥʘ ʦʩʦʙʠʥʘ, ʢʦʿʘʰʪʦ ʧʨʝʪʨʧʫʚʘ ʜʨʘʤʘʪʠʯʥʠ ʧʨʦʤʝʥʠ ʚʦ ʪʝʢʦʪ ʥʘ 

ʨʘʟʚʦʿʦʪ ʥʘ ʧʣʦʜʦʪ, ʦʜ ʥʝʛʦʚʦʪʦ ʬʦʨʤʠʨʘˁʝ ʜʦ ʬʘʟʘʪʘ ʥʘ ʧʦʣʥʘ ʟʨʝʣʦʩʪ. 

ʊʨʘʥʩʬʦʨʤʘʮʠʿʘʪʘ ʥʘ ʙʦʿʘʪʘ ʝ ʪʝʩʥʦ ʧʦʚʨʟʘʥʘ ʩʦ ʬʘʟʠʪʝ ʥʘ ʩʦʟʨʝʚʘˁʝ.  

 

ɺʦ ʬʘʟʘʪʘ ʥʘ ʪʝʭʥʦʣʦʰʢʘ ʟʨʝʣʦʩʪ, ʧʣʦʜʦʪ ʝ ʧʘʟʘʨʥʦ ʫʧʦʪʨʝʙʣʠʚ ʠ ʥʘʿʯʝʩʪʦ ʩʝ 

ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʩʦ ʟʝʣʝʥʘ ʙʦʿʘ ʢʦʿʘ ʜʦʤʠʥʠʨʘ ʧʦʨʘʜʠ ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ ʭʣʦʨʦʬʠʣʥʠ 

ʧʠʛʤʝʥʪʠ. ʅʘʩʧʨʦʪʠ ʪʦʘ, ʬʠʟʠʦʣʦʰʢʘʪʘ ʟʨʝʣʦʩʪ ʦʟʥʘʯʫʚʘ ʬʘʟʘ ʥʘ ʮʝʣʦʩʝʥ ʙʠʦʣʦʰʢʠ 

ʨʘʟʚʦʿ ʥʘ ʩʝʤʝʪʦ, ʧʨʠ ʰʪʦ ʜʦʘʺʘ ʜʦ ʠʥʪʝʥʟʠʚʥʘ ʩʠʥʪʝʟʘ ʥʘ ʢʘʨʦʪʝʥʦʠʜʠ, ʩʦ ʰʪʦ ʧʣʦʜʦʪ ʿʘ 

ʜʦʙʠʚʘ ʩʚʦʿʘʪʘ ʢʦʥʝʯʥʘ, ʚʠʟʫʝʣʥʦ ʧʨʝʧʦʟʥʘʪʣʠʚʘ ʙʦʿʘ (ʥʘʿʯʝʩʪʦ ʮʨʚʝʥʘ). 

 

ʂʦʤʧʣʝʢʩʥʦʩʪʘ ʥʘ ʛʝʥʝʪʩʢʘʪʘ ʧʦʚʨʟʘʥʦʩʪ ʩʦ ʪʨʘʥʟʠʮʠʿʘʪʘ ʥʘ ʙʦʠʪʝ ʥʘ ʧʣʦʜʦʪ ʥʝ ʝ 

ʝʜʠʥʩʪʚʝʥʘ ʟʘ ʚʠʜʦʚʠʪʝ Capsicum spp., ʪʫʢʫ ʝ ʟʘʙʝʣʝʞʘʥʘ ʠ ʢʘʿ ʤʥʦʛʫ ʜʨʫʛʠ 

ʭʦʨʪʠʢʫʣʪʫʨʥʠ ʚʠʜʦʚʠ (Tong et al., 2022). ɿʨʝʣʠʪʝ ʧʣʦʜʦʚʠ ʥʘ ʧʠʧʝʨʢʘʪʘ ʩʝ ʙʦʛʘʪʠ ʩʦ 

ʢʘʨʦʪʝʥʦʠʜʠ ʢʘʢʦ ʢʘʧʩʘʥʪʠʥ, ʢʦʿ ʧʨʝʪʩʪʘʚʫʚʘ ʚʘʞʝʥ ʠʟʚʦʨ ʥʘ ʚʠʪʘʤʠʥ ɸ ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʩʠ (Venkatesh et al., 2023). ɾʦʣʪʠʪʝ ʠ ʧʦʨʪʦʢʘʣʦʚʠʪʝ ʧʣʦʜʦʚʠ ʠʤʘʘʪ 

ʧʦʠʥʘʢʦʚ ʢʘʨʦʪʝʥʦʠʜʝʥ ʧʨʦʬʠʣ (ʣʫʪʝʠʥ, ʚʠʦʣʘʢʩʘʥʪʠʥ), ʢʦʠ ʠʤʘʘʪ ʚʣʠʿʘʥʠʝ ʚʨʟ ʚʢʫʩʦʪ 

ʠ ʥʫʜʘʪ ʙʨʦʿʥʠ ʟʜʨʘʚʩʪʚʝʥʠ ʧʨʠʜʦʙʠʚʢʠ (De Azevedo-Meleiro et. al., 2009). ʀʩʪʦʨʠʩʢʠ, 

ʙʦʿʘʪʘ ʥʘ ʧʣʦʜʦʪ ʢʘʿ ʧʠʧʝʨʢʘʪʘ ʩʝ ʧʦʚʨʟʫʚʘʣʘ ʩʦ ʪʨʠ ʛʣʘʚʥʠ ʛʝʥʝʪʩʢʠ ʣʦʢʫʩʠ: y, c1 ʠ c2 

(Hurtado-Hernandez & Smith, 1985). 

 

ɺʦ ʧʦʥʦʚʦ ʚʨʝʤʝ ʩʝ ʜʦʢʘʞʘʣʦ ʜʝʢʘ ʨʘʟʥʦʚʠʜʥʦʩʪʘ ʥʘ ʙʦʠ ʢʘʿ ʟʨʝʣʠʪʝ ʧʣʦʜʦʚʠ ʥʘʿʯʝʩʪʦ 

ʧʨʦʠʟʣʝʛʫʚʘ ʦʜ ʢʦʥʚʝʨʟʠʿʘ ʥʘ ʭʣʦʨʦʧʣʘʩʪʠʪʝ ʚʦ ʭʨʦʤʦʧʣʘʩʪʠ ʚʦ ʪʝʢʦʪ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ 

ʟʨʝʝˁʝ. ʍʨʦʤʦʧʣʘʩʪʠʪʝ ʠʤʘʘʪ ʟʛʦʣʝʤʝʥ ʢʘʧʘʮʠʪʝʪ ʟʘ ʩʠʥʪʝʟʘ ʠ ʘʢʫʤʫʣʘʮʠʿʘ ʥʘ 

ʢʘʨʦʪʝʥʦʠʜʠ, ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʩʦ ʧʦʿʘʚʘ ʥʘ ʰʠʨʦʢʘ ʧʘʣʝʪʘ ʥʘ ʙʦʠ ʢʘʿ ʟʨʝʣʠʪʝ ʧʣʦʜʦʚʠ ʥʘ 

ʧʠʧʝʨʢʘʪʘ (Kapoor et al., 2022). ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Ou et al. (2018), ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ 

ʩʝ ʜʚʘ ʢʣʫʯʥʠ ʛʝʥa ʢʦʠ ʿʘ ʨʝʛʫʣʠʨʘʘʪ ʙʦʿʘʪʘ ʥʘ ʧʣʦʜʦʪ ʢʘʿ ʧʠʧʝʨʢʘʪʘ. ɻʝʥʦʪ 

pan04g025380, ʣʦʮʠʨʘʥ ʥʘ ʭʨʦʤʦʟʦʤʦʪ 4, ʛʦ ʢʦʜʠʨʘ ʝʥʟʠʤʦʪ phytoene synthase (PSY) ʢʦʿ 

ʠʤʘ ʢʣʫʯʥʘ ʬʫʥʢʮʠʿʘ ʚʦ ʙʠʦʩʠʥʪʝʟʘʪʘ ʥʘ ʢʘʨʦʪʝʥʦʠʜʠ, ʛʣʘʚʥʠʪʝ ʧʠʛʤʝʥʪʠ ʦʜʛʦʚʦʨʥʠ ʟʘ 

ʠʥʪʝʥʟʠʪʝʪʦʪ ʥʘ ʙʦʿʘʪʘ ʥʘ ʟʨʝʣʠʪʝ ʧʣʦʜʦʚʠ. ʉʦ ʜʝʣʝʮʠʿʘ ʥʘ ʦʚʦʿ ʛʝʥ ʩʝ ʥʘʤʘʣʫʚʘ 

ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ ʮʨʚʝʥʠ ʠ ʧʦʨʪʦʢʘʣʦʚʠ ʧʠʛʤʝʥʪʠ, ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʩʦ ʧʣʦʜʦʚʠ ʩʦ 

ʙʣʝʜʦʞʦʣʪʘ ʙʦʿʘ.  

 

ɻʝʥʦʪ pan06g005570, ʠʜʝʥʪʠʬʠʢʫʚʘʥ ʥʘ ʭʨʦʤʦʟʦʤʦʪ 6, ʛʦ ʢʦʜʠʨʘ ʝʥʟʠʤʦʪ 

capsanthin/capsorubin synthase (CCS), ʢʦʿ ʝ ʦʜʛʦʚʦʨʝʥ ʟʘ ʬʠʥʘʣʥʘʪʘ ʢʦʥʚʝʨʟʠʿʘ ʥʘ 

ʞʦʣʪʠʪʝ ʢʘʨʦʪʝʥʦʠʜʠ ʚʦ ʩʧʝʮʠʬʠʯʥʠ ʮʨʚʝʥʠ ʧʠʛʤʝʥʪʠ, ʢʘʢʦ ʢʘʧʩʘʥʪʠʥ ʠ ʢʘʧʩʦʨʫʙʠʥ. 

ʆʚʦʿ ʝʥʟʠʤ ʜʠʨʝʢʪʥo ʫʯʝʩʪʚʫʚʘ ʚʦ ʬʠʥʘʣʥʘʪʘ ʬʘʟʘ ʥʘ ʙʠʦʩʠʥʪʝʟʘ ʥʘ ʮʨʚʝʥʠʪʝ ʧʠʛʤʝʥʪʠ. 

ʂʦʛʘ ʦʚʦʿ ʛʝʥ ʝ ʦʪʩʫʪʝʥ ʠʣʠ ʥʝʬʫʥʢʮʠʦʥʘʣʝʥ, ʧʣʦʜʦʚʠʪʝ ʜʦʙʠʚʘʘʪ ʞʦʣʪʘ ʠʣʠ 

ʧʦʨʪʦʢʘʣʦʚʘ ʙʦʿʘ ʥʘʤʝʩʪʦ ʪʝʤʥʦʮʨʚʝʥʘ. ɿʘʪʦʘ, ʠʩʪʠʦʪ ʝ ʦʜ ʩʫʰʪʠʥʩʢʦ ʟʥʘʯʝˁʝ ʧʨʠ 

ʩʝʣʝʢʮʠʿʘ ʥʘ ʩʦʨʪʠ ʩʦ ʠʥʪʝʥʟʠʚʥʘ ʮʨʚʝʥʘ ʙʦʿʘ ʥʘ ʟʨʝʣ ʧʣʦʜ. ʌʫʥʢʮʠʿʘʪʘ ʥʘ ʦʚʠʝ ʛʝʥʠ ʚʦ 

ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʙʦʿʘʪʘ ʢʘʿ ʧʣʦʜʦʚʠʪʝ ʦʜ ʧʠʧʝʨʢʘʪʘ ʦʜ ʨʘʟʣʠʯʥʘ ʛʝʨʤʧʣʘʟʤʘ ʿʘ ʠʩʧʠʪʫʚʘʣʝ 

ʠ ʜʨʫʛʠ ʘʚʪʦʨʠ (Borovsky & Paran, 2008; Bhattarai et al., 2024; Wang et al., 2025). 

 

ʀʘʢʦ ʙʠʦʩʠʥʪʝʟʘʪʘ ʥʘ ʢʘʨʦʪʝʥʦʠʜʠ ʝ ʨʝʣʘʪʠʚʥʦ ʜʦʙʨʦ ʧʨʦʫʯʝʥʘ, ʬʫʥʢʮʠʿʘʪʘ ʥʘ ʜʨʫʛʠ 

ʧʠʛʤʝʥʪʠ, ʢʘʢʦ ʘʥʪʦʮʠʿʘʥʠʪʝ, ʭʣʦʨʦʬʠʣʦʪ ʠ ʬʣʘʚʦʥʦʠʜʠʪʝ, ʢʘʢʦ ʠ ʨʝʛʫʣʘʪʦʨʥʠʪʝ ʛʝʥʠ 

ʢʦʠ ʿʘ ʢʦʥʪʨʦʣʠʨʘʘʪ ʥʠʚʥʘʪʘ ʝʢʩʧʨʝʩʠʿʘ, ʩ¯ ʫʰʪʝ ʥʝ ʝ ʮʝʣʦʩʥʦ ʨʘʟʿʘʩʥʝʪʘ (Nabi et al., 

2023). ɺʠʦʣʝʪʦʚʘʪʘ ʙʦʿʘ ʥʘ ʧʣʦʜʦʚʠʪʝ ʦʜ ʥʝʢʦʠ ʛʝʥʦʪʠʧʦʚʠ ʧʠʧʝʨʢʘ ʩʝ ʤʘʥʠʬʝʩʪʠʨʘ ʢʘʢʦ  

ʨʝʟʫʣʪʘʪ ʥʘ ʧʨʠʩʫʩʪʚʦʪʦ ʘʥʪʦʮʠʿʘʥʠ ʚʦ ʧʣʦʜʦʪ. Meng ʠ ʩʦʨ., (2022) ʚʨʰʝʣʝ ʢʦʤʧʘʨʘʪʠʚʥʘ 

ʘʥʘʣʠʟʘ ʥʘ ʛʝʥʦʪʠʧʦʚʠ ʩʦ ʚʠʦʣʝʪʦʚʘ ʙʦʿʘ ʥʘ ʧʣʦʜ ʠ ʛʝʥʦʪʠʧʦʚʠ ʩʦ ʟʝʣʝʥ ʧʣʦʜ, ʧʨʠ ʰʪʦ 
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ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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ʧʦʪʚʨʜʠʣʝ ʜʝʢʘ ʛʝʥʦʪʠʧʦʚʠʪʝ ʩʦ ʚʠʦʣʝʪʦʚʠ ʧʣʦʜʦʚʠ ʠʤʘʘʪ ʟʥʘʯʘʿʥʦ ʧʦʚʠʩʦʢʦ ʥʠʚʦ ʥʘ 

ʝʢʩʧʨʝʩʠʿʘ ʥʘ 6 ʝʥʟʠʤʠ (PAL, C4H, CHI, DFR, ANS, UFGT) ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʛʝʥʦʪʠʧʦʚʠʪʝ 

ʩʦ ʟʝʣʝʥʘ ʙʦʿʘ, ʩʦ ʠʩʢʣʫʯʦʢ ʥʘ ʛʝʥʦʪ F3H. Filyushin et al. (2020) ʙʠʦʭʝʤʠʩʢʠ ʠʩʧʠʪʫʚʘʣʝ 

ʧʣʦʜʦʚʠ ʦʜ ʯʝʪʠʨʠ ʨʘʟʣʠʯʥʠ ʩʦʨʪʠ ʧʠʧʝʨʢʘ ʚʦ ʨʘʟʣʠʯʥʠ ʬʘʟʠ ʥʘ ʟʨʝʣʦʩʪ, ʬʦʢʫʩʠʨʘʿ˃ʠ ʩʝ 

ʥʘ ʧʨʠʩʫʩʪʚʦʪʦ ʠ ʦʜʥʦʩʦʪ ʧʦʤʝʺʫ ʭʣʦʨʦʬʠʣʦʪ, ʢʘʨʦʪʝʥʦʠʜʠʪʝ ʠ ʘʥʪʦʮʠʿʘʥʠʪʝ ʢʘʢʦ 

ʦʩʥʦʚʥʠ ʧʠʛʤʝʥʪʠ. ʋʪʚʨʜʠʣʝ ʜʝʢʘ ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ ʢʘʨʦʪʝʥʦʠʜʠ ʚʦ ʣʫʰʧʘʪʘ ʠ ʧʫʣʧʘʪʘ ʥʘ 

ʧʣʦʜʦʪ ʝ ʜʠʨʝʢʪʥʦ ʧʦʚʨʟʘʥʦ ʩʦ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʛʝʥʠʪʝ PSY1, PSY2, LCYb ʠ CCS, ʜʦʜʝʢʘ 

ʩʦʜʨʞʠʥʘʪʘ ʥʘ ʘʥʪʦʮʠʿʘʥʠ ʚʦ ʣʫʰʧʘʪʘ ʢʘʿ ʥʝʟʨʝʣʠʪʝ ʧʣʦʜʦʚʠ ʩʦ ʚʠʦʣʝʪʦʚʘ ʙʦʿʘ ʝ 

ʧʦʟʠʪʠʚʥʦ ʢʦʨʝʣʠʨʘʥʘ ʩʦ ʩʪʝʧʝʥʦʪ ʥʘ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʛʝʥʠʪʝ CHS, F3꜡'5꜡'H, DFR, ANS ʠ 

UFGT. ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Shu et al. (2023), ʩʦ ʧʦʤʦʰ ʥʘ ʤʦʣʝʢʫʣʘʨʥʠ ʤʘʨʢʝʨʠ ʩʝ ʚʨʰʠ 

ʧʨʝʜʠʢʮʠʿʘ ʥʘ ʙʦʿʘʪʘ ʥʘ ʧʣʦʜʦʪ ʢʘʿ ʭʠʙʨʠʜʠ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, Tripodi et al. (2024) 

ʧʦʪʚʨʜʫʚʘʘʪ ʜʝʢʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʝ ʧʦʜ ʢʦʥʪʨʦʣʘ ʥʘ ʧʦʣʠʛʝʥʠ, ʩʦ ʧʦʚʝ˃ʝ QTL-ʣʦʢʘʮʠʠ 

ʧʦʚʨʟʘʥʠ ʩʦ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʙʦʿʘʪʘ ʥʘ ʧʣʦʜʦʚʠʪʝ.  

 

3.9.3.4. ɹʦʿʘ ʥʘ ʩʪʝʙʣʦ 

ɹʦʿʘʪʘ ʥʘ ʩʪʝʙʣʦʪʦ ʢʘʿ ʧʠʧʝʨʢʘʪʘ ʝ ʚʘʞʥʘ ʤʦʨʬʦʣʦʰʢʘ ʠ ʬʠʟʠʦʣʦʰʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ.  

ʊʘʘ ʚʘʨʠʨʘ ʦʜ ʩʚʝʪʣʦʟʝʣʝʥʘ ʜʦ ʪʝʤʥʦʟʝʣʝʥʘ, ʧʘ ʩⱪ ʜʦ ʠʥʪʝʥʟʠʚʥʘ ʚʠʦʣʝʪʦʚʘ ʥʠʿʘʥʩʘ. ʆʚʘʘ 

ʧʦʿʘʚʘ ʝ ʨʝʟʫʣʪʘʪ ʥʘ ʦʪʩʫʩʪʚʦʪʦ ʠʣʠ ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ ʘʥʪʦʮʠʿʘʥʠ ʠ ʠʤʘ ʟʥʘʯʝˁʝ ʟʘ 

ʬʠʟʠʦʣʦʰʢʘʪʘ ʟʘʰʪʠʪʘ ʦʜ ʫʣʪʨʘʚʠʦʣʝʪʦʚʦ ʟʨʘʯʝˁʝ, ʘ ʠʩʪʦ ʪʘʢʘ ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ 

ʜʝʢʦʨʘʪʠʚʥʘʪʘ ʚʨʝʜʥʦʩʪ ʢʘʿ ʥʝʢʦʠ ʩʦʨʪʠ. ɺʠʦʣʝʪʦʚʘʪʘ ʙʦʿʘ ʝ ʧʦʚʨʟʘʥʘ ʩʦ ʧʦʛʦʣʝʤʘ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʘʢʪʠʚʥʦʩʪ ʠ ʦʪʧʦʨʥʦʩʪ ʥʘ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʩʫʰʘ (Sadowska-

Bartosz et al., 2024). 

 

ɼʠʚʘʪʘ ʬʦʨʤʘ Capsicum annuum var. glabriusculum ʠʤʘ ʩʪʝʙʣʦ ʩʦ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ 

ʚʠʦʣʝʪʦʚʘ ʙʦʿʘ, ʢʦʿʘ ʢʘʿ ʦʚʦʿ ʚʠʜ ʩʝ ʥʘʩʣʝʜʫʚʘ ʜʦʤʠʥʘʥʪʥʦ ʠ ʩʝ ʧʦʚʨʟʫʚʘ ʩʦ ʘʜʘʧʪʘʮʠʿʘʪʘ 

ʢʦʥ ʝʢʩʪʨʝʤʥʠʪʝ ʫʩʣʦʚʠ ʚʦ ʢʦʠ ʦʚʦʿ ʚʠʜ ʦʧʩʪʦʿʫʚʘ ʠʣʿʘʜʥʠʮʠ ʛʦʜʠʥʠ (Hurtado-Hernandez 

& Smith, 1985; Lopez-Moreno et al., 2023). ʂʘʿ ʥʘʿʛʦʣʝʤ ʜʝʣ ʦʜ ʩʦʚʨʝʤʝʥʠʪʝ ʩʦʨʪʠ ʥʘ 

ʚʠʜʦʪ Capsicum annuum ʜʦʤʠʥʠʨʘ ʟʝʣʝʥʘ ʙʦʿʘ ʥʘ ʩʪʝʙʣʦʪʦ, ʜʦʜʝʢʘ ʢʘʿ ʣʦʢʘʣʥʠʪʝ ʩʦʨʪʠ 

ʧʦʩʪʦʠ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʚʦ ʦʜʥʦʩ ʥʘ ʦʚʘ ʩʚʦʿʩʪʚʦ. ɺʘʢʚʘʪʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʿʘ ʦʪʩʣʠʢʫʚʘ 

ʛʝʥʝʪʩʢʘʪʘ ʭʝʪʝʨʦʛʝʥʦʩʪ ʥʘ ʘʚʪʦʭʪʦʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʠ ʥʠʚʥʘʪʘ ʘʜʘʧʪʘʮʠʿʘ ʥʘ 

ʩʧʝʮʠʬʠʯʥʠ ʘʛʨʦʝʢʦʣʦʰʢʠ ʫʩʣʦʚʠ. ʆʚʘ ʩʚʦʿʩʪʚʦ ʛʦ ʠʩʧʠʪʫʚʘʣʝ ʠ Meng et al. (2022), ʧʨʠ 

ʰʪʦ ʧʦʪʚʨʜʠʣʝ ʜʝʢʘ ʛʝʥʦʪʠʧʦʚʠʪʝ ʩʦ ʚʠʦʣʝʪʦʚʘ ʙʦʿʘ ʥʘ ʩʪʝʙʣʦ ʠʤʘʘʪ ʧʦʚʠʩʦʢʠ ʥʠʚʦʘ ʥʘ 

ʘʥʪʦʮʠʿʘʥʠ ʠ ʪʠʝ ʠʤʘʘʪ ʧʦʛʦʣʝʤʘ ʪʦʣʝʨʘʥʪʥʦʩʪ ʥʘ ʩʪʨʝʩ, ʰʪʦ ʛʦ ʧʦʪʚʨʜʫʚʘ ʟʥʘʯʝˁʝʪʦ ʥʘ 

ʦʚʘʘ ʦʩʦʙʠʥʘ ʢʘʢʦ ʬʝʥʦʪʠʧʩʢʠ ʤʘʨʢʝʨ ʧʨʠ ʩʝʣʝʢʮʠʿʘ ʟʘ ʦʪʧʦʨʥʦʩʪ. 

 

3.9.3.5. ʆʙʣʠʢ ʥʘ ʩʪʝʙʣʦʪʦ 

ʌʦʨʤʘʪʘ ʥʘ ʩʪʝʙʣʦʪʦ ʢʘʿ ʧʠʧʝʨʢʘʪʘ ʩʝ ʜʝʬʠʥʠʨʘ ʧʨʝʢʫ ʥʘʧʨʝʯʥʠʦʪ ʧʨʝʩʝʢ ʥʘ ʛʣʘʚʥʦʪʦ 

ʩʪʝʙʣʦ ʠ ʥʘʿʯʝʩʪʦ ʤʦʞʝ ʜʘ ʙʠʜʝ ʮʠʣʠʥʜʨʠʯʥʘ, ʘʛʣʝʩʪʘ ʠʣʠ ʩʧʣʝʩʥʘʪʘ. ʆʚʘʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʪʩʪʘʚʫʚʘ ʟʥʘʯʘʿʥʘ ʤʦʨʬʦʣʦʰʢʘ ʦʩʦʙʠʥʘ ʢʦʿʘ ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ 

ʩʪʨʫʢʪʫʨʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʨʘʩʪʝʥʠʝʪʦ ʠ ʥʝʛʦʚʘʪʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʧʦʣʝʛʥʫʚʘˁʝ, ʦʩʦʙʝʥʦ 

ʧʨʠ ʥʝʧʦʚʦʣʥʠ ʢʣʠʤʘʪʩʢʠ ʚʣʠʿʘʥʠʿʘ ʢʘʢʦ ʩʠʣʝʥ ʚʝʪʝʨ. 

 

ʀʘʢʦ ʦʚʘ ʩʚʦʿʩʪʚʦ ʥʝʤʘ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʧʨʠʥʦʩʦʪ, ʥʝʛʦʚʦʪʦ ʟʥʘʯʝˁʝ ʝ ʢʣʫʯʥʦ ʚʦ 

ʧʨʦʮʝʩʦʪ ʥʘ ʬʝʥʦʪʠʧʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ. ʂʘʢʦ ʜʝʣ ʦʜ DUS-ʪʝʩʪʦʚʠʪʝ (Distinctness, 

Uniformity, Stability), ʬʦʨʤʘʪʘ ʥʘ ʩʪʝʙʣʦʪʦ ʩʣʫʞʠ ʢʘʢʦ ʜʝʩʢʨʠʧʪʦʨ ʟʘ ʧʨʝʮʠʟʝʥ ʦʧʠʩ, 

ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʩʦʨʪʠʪʝ (Sahin et al., 2022). ʂʘʿ ʧʦʚʝ˃ʝʪʦ 

ʢʫʣʪʠʚʠʨʘʥʠ ʬʦʨʤʠ ʦʜ ʚʠʜʦʪ C. annuum ʜʦʤʠʥʠʨʘ ʮʠʣʠʥʜʨʠʯʥʦʪʦ ʠʣʠ ʙʣʘʛʦ ʘʛʦʣʥʦʪʦ 

ʩʪʝʙʣʦ, ʜʦʜʝʢʘ ʩʧʣʝʩʥʘʪʘʪʘ ʬʦʨʤʘ ʧʦʨʝʪʢʦ ʩʝ ʩʨʝ˃ʘʚʘ ʠ ʝ ʧʦʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʟʘ ʦʜʨʝʜʝʥʠ 

ʜʠʚʠ ʠʣʠ ʩʧʝʮʠʬʠʯʥʠ ʣʦʢʘʣʥʠ ʬʦʨʤʠ. 

 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Sahin et al. (2022) ʩʧʨʦʚʝʜʝʥʦ ʚʨʟ 29 ʛʝʥʦʪʠʧʦʚʠ ʥʘ ʧʠʧʝʨʢʘ, 

ʮʠʣʠʥʜʨʠʯʥʘʪʘ ʬʦʨʤʘ ʙʠʣʘ ʟʘʩʪʘʧʝʥʘ ʢʘʿ 20 ʛʝʥʦʪʠʧʦʚʠ, ʜʦʜʝʢʘ ʘʛʣʝʩʪʠʪʝ ʠ ʩʧʣʝʩʥʘʪʠʪʝ 

ʬʦʨʤʠ ʙʠʣʝ ʟʘʙʝʣʝʞʘʥʠ ʢʘʿ ʟʥʘʯʠʪʝʣʥʦ ʧʦʤʘʣ ʙʨʦʿ ʧʨʠʤʝʨʦʮʠ. ɺʘʢʚʠʪʝ ʨʝʟʫʣʪʘʪʠ 

ʧʦʪʚʨʜʫʚʘʘʪ ʜʝʢʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʢʘʿ ʚʠʜʦʪ C. annuum ʝ ʨʝʣʘʪʠʚʥʦ ʩʪʘʙʠʣʥʦ, ʩʦ ʫʤʝʨʝʥʘ 

ʚʘʨʠʿʘʙʠʣʥʦʩʪ. ʀʩʪʠʪʝ ʘʚʪʦʨʠ ʥʘʛʣʘʩʫʚʘʘʪ ʜʝʢʘ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʬʦʨʤʘʪʘ ʥʘ ʩʪʝʙʣʦʪʦ ʝ 

ʧʦʜ ʧʦʣʠʛʝʥʩʢʘ ʢʦʥʪʨʦʣʘ ʠ ʯʝʩʪʦ ʝ ʚʦ ʢʦʨʝʣʘʮʠʿʘ ʩʦ ʛʝʥʠʪʝ ʢʦʠ ʛʦ ʜʝʪʝʨʤʠʥʠʨʘʘʪ 

ʚʢʫʧʥʠʦʪ ʭʘʙʠʪʫʩ ʥʘ ʨʘʩʪʝʥʠʝʪʦ. 

 

3.9.3.6. ʍʘʙʠʪʫʩ ʥʘ ʨʘʩʪʝʥʠʝ 

ʍʘʙʠʪʫʩʦʪ ʥʘ ʨʘʩʪʝʥʠʝʪʦ ʛʦ ʦʧʠʰʫʚʘ ʮʝʣʦʩʥʠʦʪ ʠʟʛʣʝʜ ʠ ʚʝʨʪʠʢʘʣʥʘʪʘ ʦʨʠʝʥʪʘʮʠʿʘ ʥʘ 

ʨʘʩʪʝʥʠʝʪʦ, ʦʜʥʦʩʥʦ ʥʝʛʦʚʘʪʘ ʬʦʨʤʘ, ʢʦʤʧʘʢʪʥʦʩʪ ʠ ʥʘʯʠʥ ʥʘ ʨʘʟʛʨʘʥʫʚʘˁʝ. ʆʚʘʘ 

ʦʩʦʙʠʥʘ ʠʤʘ ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʝˁʝ ʧʨʠ ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʛʫʩʪʠʥʘʪʘ ʥʘ ʩʘʜʝˁʝ, ʤʝʭʘʥʠʯʢʘʪʘ 

ʙʝʨʙʘ ʠ ʦʪʧʦʨʥʦʩʪʘ ʥʘ ʨʘʩʪʝʥʠʿʘʪʘ ʥʘ ʥʘʜʚʦʨʝʰʥʠʪʝ ʫʩʣʦʚʠ. ʀʩʧʨʘʚʝʥʠʦʪ ʭʘʙʠʪʫʩ 

ʦʚʦʟʤʦʞʫʚʘ ʧʦʜʦʙʨʘ ʠʟʣʦʞʝʥʦʩʪ ʥʘ ʩʚʝʪʣʠʥʘ ʠ ʧʨʦʚʝʪʨʫʚʘˁʝ, ʧʦʣʝʩʥʘ ʤʘʥʠʧʫʣʘʮʠʿʘ 

ʧʨʠ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʘʛʨʦʪʝʭʥʠʯʢʠʪʝ ʤʝʨʢʠ ʠ ʧʦʣʝʩʥʘ ʙʝʨʙʘ. ɺʘʢʚʠʦʪ ʭʘʙʠʪʫʩ ʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʟʘ ʩʦʚʨʝʤʝʥʠʪʝ ʩʦʨʪʠ ʢʦʠ ʝʚʦʣʫʠʨʘʣʝ ʚʦ ʢʦʤʧʘʢʪʥʠ, ʜʝʪʝʨʤʠʥʘʥʪʥʠ 

ʪʠʧʦʚʠ. ʅʘʩʧʨʦʪʠ ʪʦʘ,  ʭʦʨʠʟʦʥʪʘʣʥʠʦʪ (ʧʨʦʩʪʨʘʥ) ʠʣʠ ʧʦʣʫʣʝʛʥʘʪ ʭʘʙʠʪʫʩ ʝ ʪʠʧʠʯʝʥ ʟʘ 

ʜʠʚʠʪʝ ʬʦʨʤʠ ʢʘʢʦ C. annuum var. glabriusculum, ʢʦʠ ʧʦʣʟʝʯʢʠʦʪ ʦʙʣʠʢ ʛʦ ʨʘʟʚʠʣʝ ʟʘ ʜʘ 

ʩʠ ʦʙʝʟʙʝʜʘʪ ʧʨʦʩʪʦʨ ʟʘ ʦʧʩʪʘʥʦʢ ʢʘʢʦ ʧʦʚʝ˃ʝʛʦʜʠʰʥʠ ʨʘʩʪʝʥʠʿʘ ʚʦ ʧʨʠʤʘʨʥʠʪʝ ʮʝʥʪʨʠ 

ʥʘ ʜʠʚʝʨʟʠʪʝʪ. ɺʦ ʨʘʤʢʠʪʝ ʥʘ ʚʠʜʦʪ C. annuum ʩʝ ʩʨʝ˃ʘʚʘʘʪ ʪʠʧʦʚʠ ʩʦ ʠʩʧʨʘʚʝʥ, 

ʢʦʤʧʘʢʪʝʥ ʠ ʧʨʦʰʠʨʝʥ ʭʘʙʠʪʫʩ (Lopez-Moreno et al., 2023). ɻʝʥʝʪʩʢʠ, ʦʚʘʘ ʦʩʦʙʠʥʘ ʝ ʧʦʜ 

ʢʦʥʪʨʦʣʘ ʥʘ ʜʚʘ ʛʣʘʚʥʠ ʛʝʥʘ, ʢʘʢʦ ʰʪʦ ʩʝ ʛʝʥʦʪ dt ʢʦʿ ʚʣʠʿʘʝ ʚʨʟ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ 

ʜʝʪʝʨʤʠʥʘʥʪʝʥ ʪʠʧ (ʢʦʤʧʘʢʪʥʘ ʛʨʤʫʰʢʘ) ʩʦ ʮʚʝʪʦʚʠ ʥʘ ʪʝʨʤʠʥʘʣʥʘ ʧʦʟʠʮʠʿʘ ʰʪʦ ʛʦ 

ʩʪʦʧʠʨʘ ʨʘʩʪʦʪ ʥʘ ʛʣʘʚʥʦʪʦ ʩʪʝʙʣʦ, ʩʧʨʦʪʠʚʥʦ ʥʘ ʠʥʜʝʪʝʨʤʠʥʘʥʪʥʠʦʪ ʪʠʧ. ɻʝʥʦʪ ct ʛʦ 

ʨʝʛʫʣʠʨʘ ʩʪʝʧʝʥʦʪ ʥʘ ʨʘʟʛʨʘʥʫʚʘˁʝʪʦ, ʢʦʤʧʘʢʪʥʦ ʥʘʩʧʨʦʪʠ ʧʨʦʩʪʨʘʥʦ ʨʘʟʛʨʘʥʝʪʦ 

ʨʘʩʪʝʥʠʝ (Wang & Bosland, 2006). ɼʦʧʦʣʥʠʪʝʣʥʦ, Lopez-Moreno et al. (2023) 

ʠʜʝʥʪʠʬʠʢʫʚʘʣʝ QTL-ʣʦʢʫʩ (GH1.1) ʥʘ ʭʨʦʤʦʟʦʤʦʪ 1 ʢʦʿ ʦʙʿʘʩʥʫʚʘ ʧʨʠʙʣʠʞʥʦ 27 % ʦʜ 

ʚʘʨʠʿʘʮʠʿʘʪʘ ʚʦ ʭʘʙʠʪʫʩʦʪ. 

 

ɺʦ ʧʨʘʢʩʘ, ʛʝʥʦʪʠʧʦʚʠʪʝ ʩʦ ʠʩʧʨʘʚʝʥ ʭʘʙʠʪʫʩ ʜʦʩʪʠʛʥʫʚʘʘʪ ʧʦʛʦʣʝʤʘ ʚʠʩʠʥʘ ʥʘ 

ʩʪʝʙʣʦʪʦ, ʰʪʦ ʝ ʧʦʟʠʪʠʚʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘ ʦʜʛʣʝʜʫʚʘˁʝ ʚʦ ʟʘʰʪʠʪʝʥ ʧʨʦʩʪʦʨ, 

ʦʚʦʟʤʦʞʫʚʘʿ˃ʠ ʧʦʣʝʩʥʘ ʤʘʥʠʧʫʣʘʮʠʿʘ ʠ ʜʚʠʞʝˁʝ ʤʝʺʫ ʨʝʜʦʚʠʪʝ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, 

ʚʠʩʦʢʠʪʝ ʨʘʩʪʝʥʠʿʘ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʧʦʜʣʦʞʥʠ ʥʘ ʧʦʣʝʛʥʫʚʘˁʝ ʠ ʢʨʰʝˁʝ, ʧʦʩʝʙʥʦ ʚʦ 

ʧʝʨʠʦʜʦʪ ʥʘ ʠʥʪʝʥʟʠʚʥʦ ʧʣʦʜʦʥʦʩʝˁʝ ʧʦʨʘʜʠ ʪʝʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʚʠʪʝ. ʂʦʤʧʘʢʪʥʠʦʪ 

ʭʘʙʠʪʫʩ ʠʤʘ ʦʧʪʠʤʘʣʥʘ ʛʨʘʜʙʘ ʢʦʿʘ ʦʚʦʟʤʦʞʫʚʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʨʘʩʪʝʥʠʝʪʦ, ʜʦʙʨʘ 

ʚʝʥʪʠʣʘʮʠʿʘ, ʧʨʠʩʪʘʧ ʠ ʜʦʚʦʣʥʘ ʚʠʩʠʥʘ ʟʘ ʧʣʦʜʦʚʠʪʝ ʥʝʧʨʝʯʝʥʦ ʜʘ ʨʘʩʪʘʪ ʠ ʜʘ ʥʝ ʜʦʘʺʘʘʪ 

ʚʦ ʢʦʥʪʘʢʪ ʩʦ ʧʦʯʚʘʪʘ. ɿʘ ʨʘʟʣʠʢʘ ʦʜ ʧʨʝʪʭʦʜʥʠʪʝ ʜʚʘ ʪʠʧʘ, ʢʘʿ ʧʨʦʩʪʨʘʥʠʦʪ (ʧʦʣʟʝʯʢʠ) 

ʭʘʙʠʪʫʩ, ʥʝʦʧʭʦʜʥʘ ʝ ʧʦʪʢʨʝʧʘ ʥʘ ʨʘʩʪʝʥʠʿʘʪʘ ʩʦ ʮʝʣ ʜʘ ʩʝ ʥʘʤʘʣʠ ʨʠʟʠʢʦʪ ʦʜ ʩʢʘʧʫʚʘˁʝ 

ʥʘ ʧʣʦʜʦʚʠʪʝ, ʦʩʦʙʝʥʦ ʚʦ ʧʝʨʠʦʜʦʪ ʥʘ ʟʨʝʝˁʝ, ʟʘʪʦʘ ʰʪʦ ʩʝ ʜʠʨʝʢʪʥʦ ʠʟʣʦʞʝʥʠ ʥʘ ʚʣʘʛʘ 

ʠ ʧʘʪʦʛʝʥʠ ʦʜ ʧʦʯʚʘʪʘ. 

 

3.9.3.7. ʈʘʟʛʨʘʥʫʚʘˁʝ ʥʘ ʩʪʝʙʣʦ 

ʈʘʟʛʨʘʥʫʚʘˁʝʪʦ ʥʘ ʩʪʝʙʣʦʪʦ ʠʣʠ ʛʫʩʪʠʥʘʪʘ ʥʘ ʨʘʟʛʨʘʥʝʪʦʩʪ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʙʨʦʿʦʪ ʠ 

ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʛʨʘʥʢʠʪʝ. ʆʚʘʘ ʦʩʦʙʠʥʘ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʝ ʚʨʟ ʮʝʣʦʢʫʧʥʘʪʘ ʤʦʨʬʦʣʦʛʠʿʘ 

ʥʘ ʨʘʩʪʝʥʠʝʪʦ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʘ ʠ ʤʠʢʨʦʢʣʠʤʘʪʘ ʦʢʦʣʫ ʨʘʩʪʝʥʠʝʪʦ. ʇʦʛʦʣʝʤʘʪʘ ʛʫʩʪʠʥʘ 

ʥʘ ʨʘʟʛʨʘʥʫʚʘˁʝ ʤʦʞʝ ʜʘ ʨʝʟʫʣʪʠʨʘ ʩʦ ʧʦʛʦʣʝʤʘ ʣʠʩʥʘ ʤʘʩʘ ʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʧʦʚʠʩʦʢ 

ʧʨʠʥʦʩ, ʥʦ ʠʩʪʦʚʨʝʤʝʥʦ ʠ ʜʘ ʛʦ ʟʛʦʣʝʤʠ ʨʠʟʠʢʦʪ ʦʜ ʟʘʜʨʞʫʚʘˁʝ ʚʣʘʛʘ ʠ ʧʦʿʘʚʘ ʥʘ 

ʙʦʣʝʩʪʠ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʩʣʘʙʦ ʨʘʟʛʨʘʥʝʪʠʪʝ ʨʘʩʪʝʥʠʿʘ ʦʙʝʟʙʝʜʫʚʘʘʪ ʧʦʜʦʙʨʘ 

ʧʨʦʚʝʪʨʝʥʦʩʪ ʠ ʧʦʣʝʩʝʥ ʧʨʠʩʪʘʧ ʜʦ ʧʣʦʜʦʚʠʪʝ ʧʨʠ ʙʝʨʙʘ.  



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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ʂʘʿ ʚʠʜʦʪ C. annuum ʤʦʞʝ ʜʘ ʠʤʘ ʨʘʩʪʝʥʠʿʘ ʩʦ ʩʣʘʙʘ, ʩʨʝʜʥʘ ʠ ʛʫʩʪʘ ʨʘʟʛʨʘʥʝʪʦʩʪ 

(International Board for Plant Genetic Resources, 1995). ʆʚʘʘ ʦʩʦʙʠʥʘ ʝ ʧʦʣʠʛʝʥʩʢʠ 

ʢʦʥʪʨʦʣʠʨʘʥʘ ʠ ʝ ʪʝʩʥʦ ʧʦʚʨʟʘʥʘ ʩʦ ʭʦʨʤʦʥʩʢʘ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʘʧʠʢʘʣʥʘʪʘ ʜʦʤʠʥʘʥʪʥʦʩʪ. 

ɼʠʚʠʪʝ ʬʦʨʤʠ ʥʘ Capsicum ʚʦʦʙʠʯʘʝʥʦ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘʘʪ ʩʦ ʧʦʠʟʨʘʟʝʥʦ ʨʘʟʛʨʘʥʫʚʘˁʝ. 

ʉʧʦʨʝʜ Paredes Andrade et al. (2020), ʛʫʩʪʠʥʘʪʘ ʥʘ ʨʘʟʛʨʘʥʫʚʘˁʝ ʝ ʝʜʝʥ ʦʜ 

ʥʘʿʜʠʩʢʨʠʤʠʥʘʥʪʥʠʪʝ ʤʦʨʬʦʣʦʰʢʠ ʜʝʩʢʨʠʧʪʦʨʠ ʤʝʺʫ ʚʠʜʦʚʠʪʝ ʥʘ Capsicum. Sahin et al. 

(2022) ʠʩʧʠʪʫʚʘʣʝ ʪʫʨʩʢʠ ʩʦʨʪʠ ʠ ʫʪʚʨʜʠʣʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʠ ʨʘʟʣʠʢʠ ʚʦ ʩʪʝʧʝʥʦʪ ʥʘ 

ʨʘʟʛʨʘʥʝʪʦʩʪ, ʧʨʠ ʰʪʦ ʜʝʣ ʦʜ ʛʝʥʦʪʠʧʦʚʠʪʝ ʙʠʣʝ ʦʮʝʥʝʪʠ ʢʘʢʦ ʤʥʦʛʫ ʨʘʟʛʨʘʥʝʪʠ. ɺʦ 

ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Joshi et al. (2021) ʝ ʟʘʙʝʣʝʞʘʥʦ ʜʝʢʘ ʦʢʦʣʫ ʜʚʝ ʪʨʝʪʠʥʠ ʦʜ 

ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʧʨʠʧʘʺʘʣʝ ʥʘ ʛʨʫʧʘʪʘ ʩʦ ʠʩʧʨʘʚʝʥ ʭʘʙʠʪʫʩ, ʘ ʦʩʪʘʪʦʢʦʪ ʠʤʘʣʝ 

ʢʦʤʧʘʢʪʝʥ ʪʠʧ ʥʘ ʨʘʩʪ. ʉʨʝʜʥʦ ʨʘʟʛʨʘʥʫʚʘˁʝ ʝ ʜʝʪʝʨʤʠʥʠʨʘʥʦ ʢʘʿ ʧʦʚʝ˃ʝ ʦʜ 93 % ʦʜ 

ʛʝʥʦʪʠʧʦʚʠʪʝ, ʜʦʜʝʢʘ ʧʦʤʘʣʢʫ ʦʜ 7 % ʩʝ ʦʮʝʥʝʪʠ ʢʘʢʦ ʛʫʩʪʦ ʨʘʟʛʨʘʥʝʪʠ. 

 

3.9.3.8. ɹʘʟʘʣʥʦ ʨʘʟʛʨʘʥʫʚʘˁʝ 

ɹʘʟʘʣʥʦ ʨʘʟʛʨʘʥʫʚʘˁʝ (tillering) ʧʨʝʪʩʪʘʚʫʚʘ ʧʦʿʘʚʘ ʥʘ ʬʦʨʤʠʨʘˁʝ ʠʟʜʘʥʦʮʠ ʦʜ ʦʩʥʦʚʘʪʘ 

ʥʘ ʨʘʩʪʝʥʠʝʪʦ ʠ ʠʤʘ ʩʫʰʪʠʥʩʢʦ ʟʥʘʯʝˁʝ ʚʦ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʛʨʤʫʰʝʩʪʠ ʬʦʨʤʠ, ʚʣʠʿʘʝ 

ʚʨʟ ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʚʢʫʧʥʘʪʘ ʙʠʦʤʘʩʘ ʠ ʢʦʨʝʣʠʨʘʥʦ ʝ ʩʦ ʧʨʦʠʟʚʦʜʥʠʦʪ ʧʦʪʝʥʮʠʿʘʣ ʥʘ 

ʨʘʩʪʝʥʠʝʪʦ. ʆʚʘ ʩʚʦʿʩʪʚʦ ʩʝ ʧʦʚʨʟʫʚʘ ʠ ʩʦ ʩʧʦʩʦʙʥʦʩʪʘ ʟʘ ʨʝʛʝʥʝʨʘʮʠʿʘ ʥʘ ʩʘʤʦʪʦ 

ʨʘʩʪʝʥʠʝ, ʦʜʥʦʩʥʦ ʦʙʥʦʚʫʚʘˁʝ ʥʘ ʨʘʩʪʝʥʠʝʪʦ ʧʦ ʤʝʭʘʥʠʯʢʦ ʦʰʪʝʪʫʚʘˁʝ ʠʣʠ ʩʪʨʝʩʦʚʠ ʦʜ 

ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ. 

 

ʂʘʿ ʢʫʣʪʠʚʠʨʘʥʠʪʝ ʬʦʨʤʠ ʦʜ ʚʠʜʦʪ C. annuum ʥʘʿʯʝʩʪʦ ʩʝ ʬʦʨʤʠʨʘ ʝʜʝʥ ʛʣʘʚʝʥ ʠʟʜʘʥʦʢ, 

ʜʦʜʝʢʘ ʢʘʿ ʜʠʚʠʪʝ ʬʦʨʤʠ ʩʝ ʿʘʚʫʚʘʘʪ ʧʦʚʝ˃ʝ ʙʘʟʘʣʥʠ ʠʟʜʘʥʦʮʠ. ʅʘ ʤʦʣʝʢʫʣʘʨʥʦ ʥʠʚʦ, 

TCP ʧʨʝʪʩʪʘʚʫʚʘ ʪʨʘʥʩʢʨʠʧʮʠʩʢʠ ʬʘʢʪʦʨ ʢʦʿ ʠʤʘ ʢʣʫʯʥʘ ʬʫʥʢʮʠʿʘ ʚʦ ʨʝʛʫʣʘʮʠʿʘʪʘ ʥʘ 

ʙʨʦʿʥʠ ʨʘʟʚʦʿʥʠ ʧʨʦʮʝʩʠ, ʤʝʺʫ ʢʦʠ ʩʝ ʠ ʙʘʟʘʣʥʦʪʦ ʨʘʟʛʨʘʥʫʚʘˁʝ, ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ 

ʮʚʝʪʦʚʠ ʠ ʣʠʩʪʦʚʠ. Dong et al. (2024) ʩʦ ʛʝʥʝʪʩʢʘ ʘʥʘʣʠʟʘ ʥʘ ʬʘʤʠʣʠʿʘʪʘ ʛʝʥʠ TCP ʢʘʿ 

ʧʠʧʝʨʢʘʪʘ (Capsicum annuum L.) ʠʜʝʥʪʠʬʠʢʫʚʘʣʝ 27 ʯʣʝʥʦʚʠ ʥʘ CaTCP (TCP ʢʘʿ 

Capsicum), ʧʦʜʝʣʝʥʠ ʚʦ ʜʚʝ ʢʣʘʩʠ. ʇʦʩʝʙʝʥ ʬʦʢʫʩ ʝ ʩʪʘʚʝʥ ʥʘ ʧʦʪʢʣʘʩʘʪʘ CYC/TB1, ʢʦʿʘ 

ʧʨʠʧʘʺʘ ʚʦ ʚʪʦʨʘʪʘ ʢʣʘʩʘ ʠ ʧʦʢʘʞʫʚʘ ʚʠʩʦʢʘ ʝʢʩʧʨʝʩʠʿʘ ʥʘ ʩʪʨʘʥʠʯʥʠ ʛʨʘʥʢʠ, ʰʪʦ 

ʫʢʘʞʫʚʘ ʥʘ ʪʦʘ ʜʝʢʘ ʝ ʜʠʨʝʢʪʥʦ ʚʢʣʫʯʝʥʘ ʚʦ ʛʝʥʝʪʩʢʘʪʘ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʩʪʨʘʥʠʯʥʦʪʦ ʠ 

ʙʘʟʘʣʥʦʪʦ ʨʘʟʛʨʘʥʫʚʘˁʝ. ɽʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʛʝʥʠʪʝ CaTCP ʝ ʧʨʝʮʠʟʥʦ ʧʦʚʨʟʘʥʘ ʩʦ 

ʩʧʝʮʠʬʠʯʥʠ ʪʢʠʚʘ ʠ ʬʘʟʠ ʥʘ ʨʘʟʚʦʿ. ʊʘʢʘ ʥʘ ʧʨʠʤʝʨ, ʛʝʥʦʪ CaTCP16 ʢʦʿ ʝ ʯʣʝʥ ʥʘ ʢʣʘʩʘʪʘ 

II ʠʤʘʣ ʟʥʘʯʘʿʥʦ ʚʠʩʦʢʘ ʝʢʩʧʨʝʩʠʿʘ ʚʦ ʮʚʝʪʦʚʠʪʝ, ʧʨʚʘʪʘ ʢʣʘʩʘ ʦʜ ʛʝʥʠʪʝ ʟʘ TCP-

ʬʘʢʪʦʨʠʪʝ ʩʝ ʝʢʩʧʨʝʩʠʨʘʣʝ ʟʥʘʯʘʿʥʦ ʚʠʩʦʢʦ ʚʦ ʣʠʩʪʦʚʠʪʝ, ʘ ʚʪʦʨʘʪʘ ʢʣʘʩʘ ʚʦ ʣʘʪʝʨʘʣʥʠʪʝ 

ʛʨʘʥʢʠ, ʦʩʦʙʝʥʦ ʦʥʠʝ ʦʜ ʧʦʪʢʣʘʩʘʪʘ CYC/TB1. ɼʦʧʦʣʥʠʪʝʣʥʦ, ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ ʩʝ ʠ 37 

miRNA ʤʦʣʝʢʫʣʠ ʢʦʠ ʪʘʨʛʝʪʠʨʘʘʪ 19 CaTCP-ʛʝʥʠ, ʢʦʠ ʜʝʣʫʚʘʘʪ ʢʘʢʦ ʨʝʛʫʣʘʪʦʨʝʥ 

ʤʝʭʘʥʠʟʘʤ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʨʘʟʛʨʘʥʫʚʘˁʝ ʥʘ ʧʦʩʪʪʨʘʥʩʢʨʠʧʮʠʩʢʦ ʥʠʚʦ (Dong et al. 2024).  

 

3.9.3.9. ɻʫʩʪʠʥʘ ʥʘ ʣʠʩʪʦʚʠ 

ɻʫʩʪʠʥʘʪʘ ʥʘ ʣʠʩʪʦʚʠʪʝ ʧʨʝʪʩʪʘʚʫʚʘ ʚʘʞʥʘ ʘʛʨʦʥʦʤʩʢʘ ʦʩʦʙʠʥʘ ʰʪʦ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʝ ʚʨʟ 

ʜʦʩʪʘʧʥʦʩʪʘ ʥʘ ʩʚʝʪʣʠʥʘ, ʩʪʝʧʝʥʦʪ ʥʘ ʪʨʘʥʩʧʠʨʘʮʠʿʘ, ʟʘʰʪʠʪʘʪʘ ʦʜ ʩʦʥʯʝʚʦ ʦʰʪʝʪʫʚʘˁʝ 

ʠ ʤʠʢʨʦʢʣʠʤʘʪʩʢʠʪʝ ʫʩʣʦʚʠ ʦʢʦʣʫ ʨʘʩʪʝʥʠʝʪʦ. ʇʦʛʫʩʪʠʦʪ ʨʘʩʧʦʨʝʜ ʥʘ ʣʠʩʪʦʚʠʪʝ ʤʦʞʝ 

ʜʘ ʦʙʝʟʙʝʜʠ ʧʦʜʦʙʨʘ ʬʦʪʦʩʠʥʪʝʟʘ, ʥʦ ʠ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʟʘʩʝʥʯʫʚʘˁʝ, ʟʘʜʨʞʫʚʘˁʝ ʥʘ 

ʚʣʘʛʘʪʘ ʠ ʜʘ ʛʦ ʟʛʦʣʝʤʠ ʨʠʟʠʢʦʪ ʦʜ ʧʦʿʘʚʘ ʥʘ ʛʘʙʥʠ ʟʘʙʦʣʫʚʘˁʘ, ʦʩʦʙʝʥʦ ʧʨʠ ʧʣʘʩʪʝʥʠʯʢʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ʂʘʿ ʚʠʜʦʚʠʪʝ ʦʜ C. annuum, ʛʫʩʪʠʥʘʪʘ ʥʘ ʣʠʩʪʦʚʠʪʝ ʩʝ ʦʮʝʥʫʚʘ ʢʘʢʦ ʨʝʪʢʘ, 

ʩʨʝʜʥʘ ʠʣʠ ʛʫʩʪʘ. ɼʠʚʠʪʝ ʬʦʨʤʠ, ʦʩʦʙʝʥʦ C. annuum var. glabriusculum, ʠʤʘʘʪ ʠʟʨʘʟʝʥʦ 

ʛʫʩʪʘ ʣʠʩʥʘ ʤʘʩʘ, ʢʦʿʘ ʠʤ ʦʚʦʟʤʦʞʫʚʘ ʧʦʛʦʣʝʤʘ ʟʘʰʪʠʪʘ ʦʜ ʝʢʩʪʨʝʤʥʠ ʚʨʝʤʝʥʩʢʠ ʫʩʣʦʚʠ 

(Ibarra-Legarda et al., 2025). 
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3.9.3.10. ʌʦʨʤʘ ʥʘ ʣʠʩʪ 

ʌʦʨʤʘʪʘ ʥʘ ʣʠʩʪʦʪ ʝ ʚʘʞʥʘ ʤʦʨʬʦʣʦʰʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘ ʪʘʢʩʦʥʦʤʩʢʘʪʘ 

ʢʣʘʩʠʬʠʢʘʮʠʿʘ, ʝʬʠʢʘʩʥʦʪʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʠ ʘʜʘʧʪʘʮʠʿʘ ʥʘ ʫʩʣʦʚʠʪʝ ʥʘ 

ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ. ʇʦʪʝʩʥʠʪʝ ʣʠʩʪʦʚʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʧʦʜʦʙʨʘ ʧʨʠʩʧʦʩʦʙʣʠʚʦʩʪ ʥʘ 

ʪʦʧʣʠ ʠ ʩʫʚʠ ʫʩʣʦʚʠ, ʜʦʜʝʢʘ ʧʦʰʠʨʦʢʠʪʝ ʣʠʩʪʦʚʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʧʦʛʦʣʝʤʘ ʧʦʚʨʰʠʥʘ ʟʘ 

ʬʦʪʦʩʠʥʪʝʪʩʢʘ ʘʢʪʠʚʥʦʩʪ ʠ ʘʧʩʦʨʧʮʠʿʘ ʥʘ ʩʚʝʪʣʠʥʘ. 

 

Sahin et al. (2022), ʧʨʠ ʘʥʘʣʠʟʘ ʥʘ ʪʫʨʩʢʠ ʛʝʥʦʪʠʧʦʚʠ ʧʠʧʝʨʢʘ, ʟʘʙʝʣʝʞʘʣʝ ʜʝʢʘ 

ʧʦʛʦʣʝʤʠʦʪ ʜʝʣ ʦʜ ʛʝʥʦʪʠʧʦʚʠʪʝ ʠʤʘʘʪ ʠʟʜʦʣʞʝʥʠ ʣʠʩʪʦʚʠ. Ibarra-Legarda et al. (2025) 

ʠʜʝʥʪʠʬʠʢʫʚʘʣʝ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʚʦ ʬʦʨʤʘʪʘ ʥʘ ʢʦʪʠʣʝʜʦʥʠʪʝ, ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ 

ʧʨʠʩʫʩʪʚʦ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʫʰʪʝ ʦʜ ʧʦʯʝʪʥʘʪʘ ʬʘʟʘ ʥʘ ʨʘʟʚʦʿ ʥʘ ʨʘʩʪʝʥʠʝʪʦ. 

 

3.9.3.11. ɺʣʘʢʥʘʚʦʩʪ ʥʘ ʭʠʧʦʢʦʪʠʣ ʠ ʩʪʝʙʣʦ 

ʂʘʿ ʚʠʜʦʚʠʪʝ ʦʜ C. annuum, ʣʠʩʪʦʚʠʪʝ ʥʘʿʯʝʩʪʦ ʩʝ ʤʘʟʥʠ ʩʦ ʩʣʘʙʘ ʚʣʘʢʥʘʚʦʩʪ 

(ʧʫʙʝʩʮʝʥʮʠʿʘ). ɼʠʚʠʪʝ ʬʦʨʤʠ ʠ ʥʝʢʦʠ ʚʠʜʦʚʠ ʢʘʢʦ C. pubescens ʠʤʘʘʪ ʟʥʘʯʘʿʥʦ 

ʧʦʚʣʘʢʥʝʩʪʠ ʣʠʩʪʦʚʠ. ɻʫʩʪʠʪʝ ʪʨʠʭʦʤʠ (ʚʣʘʢʥʝʥʮʘ) ʛʦ ʦʪʝʞʥʫʚʘʘʪ ʜʚʠʞʝˁʝʪʦ ʠ 

ʭʨʘʥʝˁʝʪʦ ʥʘ ʰʪʝʪʥʠʮʠʪʝ ʠ ʧʦʤʘʛʘʘʪ ʚʦ ʟʘʜʨʞʫʚʘˁʝ ʥʘ ʚʣʘʛʘʪʘ ʠ ʟʘʰʪʠʪʘ ʦʜ ʧʨʝʢʫʤʝʨʥʦ 

ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ. ʆʚʘʘ ʦʩʦʙʠʥʘ ʝ ʢʦʥʪʨʦʣʠʨʘʥʘ ʦʜ ʥʝʢʦʣʢʫ ʛʝʥʠ ʠ ʥʘʿʯʝʩʪʦ ʠʤʘ 

ʨʝʮʝʩʠʚʝʥ ʢʘʨʘʢʪʝʨ. Paredes Andrade et al. (2020) ʟʘʙʝʣʝʞʘʣʝ ʜʝʢʘ 88,5 % ʦʜ 

ʠʩʧʠʪʫʚʘʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʚʦ ʥʠʚʥʘʪʘ ʩʪʫʜʠʿʘ ʠʤʘʣʝ ʩʣʘʙʘ ʚʣʘʢʥʘʚʦʩʪ. Ibarra-Legarda et 

al. (2025) ʠʩʪʘʢʥʫʚʘʘʪ ʜʝʢʘ ʧʦʚʠʩʦʢ ʩʪʝʧʝʥ ʥʘ ʚʣʘʢʥʘʚʦʩʪ ʤʦʞʝ ʜʘ ʧʨʠʜʦʥʝʩʝ ʟʘ ʧʦʜʦʙʨʘ 

ʪʦʣʝʨʘʥʪʥʦʩʪ ʥʘ ʩʫʰʘ ʠ ʟʛʦʣʝʤʝʥʘ ʦʪʧʦʨʥʦʩʪ ʢʦʥ ʠʥʩʝʢʪʠ. Li et al. (2023) ʧʦʪʚʨʜʫʚʘʘʪ 

ʜʝʢʘ ʚʣʘʢʥʝʩʪʠʪʝ ʣʠʩʪʦʚʠ ʧʦʢʘʞʫʚʘʘʪ ʟʥʘʯʘʿʥʦ ʧʦʤʘʣʘ ʢʦʣʦʥʠʟʘʮʠʿʘ ʦʜ ʙʝʣʘʪʘ ʤʫʚʘ, ʰʪʦ 

ʿʘ ʥʘʛʣʘʩʫʚʘ ʟʘʰʪʠʪʥʘʪʘ ʬʫʥʢʮʠʿʘ ʥʘ ʦʚʘ ʩʚʦʿʩʪʚʦ. 

 

ɺʣʘʢʥʘʚʦʩʪʘ ʥʘ ʭʠʧʦʢʦʪʠʣʦʪ ʧʨʝʪʩʪʘʚʫʚʘ ʚʘʞʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦ ʬʘʟʘʪʘ ʥʘ 

ʧʦʥʠʢʥʫʚʘˁʝ ʠ ʧʦʯʝʪʥʠʦʪ ʨʘʟʚʦʿ ʥʘ ʨʘʩʪʝʥʠʝʪʦ, ʧʨʚʝʥʩʪʚʝʥʦ ʢʘʢʦ ʟʘʰʪʠʪʘ ʦʜ ʰʪʝʪʥʠʮʠ. 

ʇʨʠʩʫʩʪʚʦʪʦ ʥʘ ʚʣʘʢʥʝʥʮʘ ʥʘʣʠʢ ʥʘ ʤʦʚ, ʧʨʝʪʩʪʘʚʫʚʘ ʘʜʘʧʪʠʚʝʥ ʤʝʭʘʥʠʟʘʤ ʢʦʿ ʧʦʤʘʛʘ 

ʚʦ ʟʘʜʨʞʫʚʘˁʝʪʦ ʥʘ ʚʣʘʛʘ, ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʛʫʙʘʪʘ ʥʘ ʚʦʜʘ ʧʨʝʢʫ ʠʩʧʘʨʫʚʘˁʝ, ʘ ʚʦʝʜʥʦ 

ʧʨʝʪʩʪʘʚʫʚʘ ʠ ʬʠʟʠʯʢʘ ʙʘʨʠʝʨʘ ʟʘ ʧʦʯʚʝʥʠʪʝ ʧʘʪʦʛʝʥʠ ʠ ʰʪʝʪʥʠʮʠ. ɺʦ ʩʝʣʝʢʮʠʩʢʠʪʝ 

ʧʨʦʛʨʘʤʠ, ʦʚʘ ʩʚʦʿʩʪʚʦ ʩʣʫʞʠ ʢʘʢʦ ʤʦʨʬʦʣʦʰʢʠ ʤʘʨʢʝʨ ʟʘ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʘ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʩʦʨʪʠ, ʦʩʦʙʝʥʦ ʚʦ ʧʦʯʝʪʥʠʪʝ ʬʘʟʠ ʥʘ ʨʘʟʚʦʿ. ʈʘʩʪʝʥʠʿʘʪʘ ʦʜ ʚʠʜʦʚʠʪʝ 

C. pubescens ʠ C. annuum var. glabriusculum ʠʤʘʘʪ ʠʟʨʘʟʝʥʘ ʚʣʘʢʥʘʚʦʩʪ, ʟʘ ʨʘʟʣʠʢʘ ʦʜ 

ʧʦʚʝ˃ʝʪʦ ʢʫʣʪʠʚʠʨʘʥʠ ʬʦʨʤʠ ʥʘ ʚʠʜʦʪ C. annuum, ʢʦʠ ʩʝ ʧʨʝʪʝʞʥʦ ʩʦ ʤʘʟʝʥ ʭʠʧʦʢʦʪʠʣ 

(Barboza et al., 2022). ʉʧʦʨʝʜ Paredes Andrade et al. (2020), ʚʣʘʢʥʘʚʦʩʪʘ ʥʘ ʭʠʧʦʢʦʪʠʣʦʪ 

ʩʝ ʧʦʢʘʞʘʣʘ ʢʘʢʦ ʟʥʘʯʘʿʥʘ ʜʠʩʢʨʠʤʠʥʠʨʘʯʢʘ ʦʩʦʙʠʥʘ ʧʨʠ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʘʪʘ ʥʘ ʚʠʜʦʚʠ 

ʦʜ ʨʦʜʦʪ Capsicum. ʆʚʘ ʩʚʦʿʩʪʚʦ, ʦʩʦʙʝʥʦ ʢʘʿ ʜʠʚʠʪʝ ʬʦʨʤʠ, ʝ ʚʦ ʧʦʟʠʪʠʚʥʘ ʢʦʨʝʣʘʮʠʿʘ 

ʩʦ ʟʛʦʣʝʤʝʥʘʪʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʩʫʰʘ ʠ ʰʪʝʪʥʠʮʠ (Ibarra-Legarda et al., 2025), ʧʘ ʟʘʪʦʘ, 

ʛʝʥʦʪʠʧʦʚʠʪʝ ʩʦ ʠʟʨʘʟʝʥʘ ʚʣʘʢʥʘʚʦʩʪ ʥʘ ʭʠʧʦʢʦʪʠʣʦʪ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʠʟʚʦʥʨʝʜʝʥ ʚʨʝʜʝʥ 

ʛʝʥʝʪʩʢʠ ʨʝʩʫʨʩ ʢʦʿ ʤʦʞʝ ʜʘ ʩʝ ʚʢʣʫʯʠ ʚʦ ʧʨʦʛʨʘʤʠʪʝ ʟʘ ʩʝʣʝʢʮʠʿʘ ʥʘ ʩʦʨʪʠ ʩʦ ʧʦʛʦʣʝʤʘ 

ʦʪʧʦʨʥʦʩʪ ʥʘ ʩʪʨʝʩ. 

 

ɺʣʘʢʥʘʚʦʩʪʘ ʥʘ ʩʪʝʙʣʦʪʦ, ʠʣʠ ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ ʪʨʠʭʦʤʠ, ʧʨʝʪʩʪʘʚʫʚʘ ʟʥʘʯʘʿʥʦ ʩʚʦʿʩʪʚʦ 

ʢʦʝ ʠʤʘ ʬʫʥʢʮʠʿʘ ʥʘ ʩʦʟʜʘʚʘˁʝ ʬʠʟʠʯʢʘ ʙʘʨʠʝʨʘ, ʩʦ ʰʪʦ ʤʫ ʦʙʝʟʙʝʜʫʚʘ ʥʘ ʨʘʩʪʝʥʠʝʪʦ 

ʟʘʰʪʠʪʘ ʦʜ ʠʥʩʝʢʪʠ (ʪʨʠʧʩʠ ʠ ʚʦʰʢʠ) (Bobadilla-Larios et al., 2017; Ibarra-Legarda et al., 

2025). ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʩʣʦʿ ʩʦ ʧʦʚʠʩʦʢʘ ʚʣʘʞʥʦʩʪ ʦʢʦʣʫ ʩʘʤʦʪʦ ʩʪʝʙʣʦ 

ʚʣʠʿʘʝ ʚʨʟ ʤʠʢʨʦʢʣʠʤʘʪʘ ʦʢʦʣʫ ʨʘʩʪʝʥʠʝʪʦ ʠ ʿʘ ʥʘʤʘʣʫʚʘ ʪʨʘʥʩʧʠʨʘʮʠʿʘʪʘ. ʂʘʿ 

ʢʫʣʪʠʚʠʨʘʥʠʪʝ ʬʦʨʤʠ ʥʘ C. annuum, ʥʘʿʯʝʩʪʦ ʩʝ ʿʘʚʫʚʘ ʩʣʘʙʦ ʧʨʠʩʫʩʪʚʦ ʠʣʠ ʦʪʩʫʩʪʚʦ ʥʘ 

ʚʣʘʢʥʘʚʦʩʪ, ʜʦʜʝʢʘ ʜʠʚʠʪʝ ʬʦʨʤʠ ʩʝ ʠʟʨʘʟʝʥʦ ʚʣʘʢʥʝʩʪʠ. ɻʝʥʝʪʩʢʘʪʘ ʢʦʥʪʨʦʣʘ ʥʘ 
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ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 

_________________________________________________________________________________________________ 

36 

 

ʩʚʦʿʩʪʚʦʪʦ ʚʢʣʫʯʫʚʘ ʥʝʢʦʣʢʫ ʛʣʘʚʥʠ ʣʦʢʫʩʠ ʠ ʯʝʩʪʦ ʩʪʘʙʠʣʥʦ ʩʝ ʥʘʩʣʝʜʫʚʘ ʚʦ ʨʘʤʢʠ ʥʘ 

ʝʜʥʘ ʩʦʨʪʘ (Liu et al., 2021). 

 

3.9.3.12. ʂʦʥʩʪʨʠʢʮʠʿʘ ʥʘ ʢʘʣʠʢʩ 

ʂʦʥʩʪʨʠʢʮʠʿʘʪʘ ʥʘ ʢʘʣʠʢʩʦʪ, ʦʜʥʦʩʥʦ ʩʪʝʩʥʫʚʘˁʝ ʧʨʠ ʦʩʥʦʚʘʪʘ ʥʘ ʢʘʣʠʢʩʦʪ ʝ 

ʬʝʥʦʪʠʧʩʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʿʘ ʥʝ ʚʣʠʿʘʝ ʚʨʟ ʚʢʫʩʦʪ ʠʣʠ ʚʨʟ ʧʨʠʥʦʩʥʠʦʪ ʧʦʪʝʥʮʠʿʘʣ ʥʘ 

ʛʝʥʦʪʠʧʦʪ, ʥʦ ʤʦʞʝ ʜʘ ʛʦ ʧʨʦʤʝʥʠ ʥʘʯʠʥʦʪ ʥʘ ʢʦʿ ʧʣʦʜʦʪ ʩʝ ʦʜʚʦʿʫʚʘ ʦʜ ʨʘʩʪʝʥʠʝʪʦ. ʆʚʘ 

ʩʚʦʿʩʪʚʦ ʝ ʦʩʦʙʝʥʦ ʟʥʘʯʘʿʥʦ ʟʘ ʤʦʨʬʦʣʦʰʢʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʠ ʪʘʢʩʦʥʦʤʩʢʘʪʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʚʠʜʦʚʠ ʦʜ ʨʦʜʦʪ Capsicum.  

 

Agapie & Barcanu (2024) ʿʘ ʘʥʘʣʠʟʠʨʘʣʝ ʢʦʣʝʢʮʠʿʘʪʘ ʦʜ ʧʝʪʪʝ ʢʫʣʪʠʚʠʨʘʥʠ ʚʠʜʦʚʠ ʥʘ 

ʨʦʜʦʪ Capsicum ʢʦʿʘ ʩʝ ʦʜʨʞʫʚʘ ʚʦ Vegetable Research Development Station (VRDS) 

Buzau, ʈʦʤʘʥʠʿʘ,  ʩʦ ʮʝʣ  ʜʘ ʩʝ ʦʣʝʩʥʠ ʜʠʩʪʠʥʢʮʠʿʘʪʘ ʧʦʤʝʺʫ ʥʠʚ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʦʜʨʝʜʝʥʠ 

ʤʦʨʬʦʣʦʰʢʠ ʩʚʦʿʩʪʚʘ. ʇʨʠ ʪʦʘ ʪʠʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʜʝʢʘ ʨʘʩʪʝʥʠʿʘʪʘ ʦʜ ʚʠʜʦʪ C. chinense 

ʠʤʘʘʪ ʢʦʥʩʪʨʠʢʮʠʿʘ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʢʘʣʠʢʩʦʪ, ʜʦʜʝʢʘ ʨʘʩʪʝʥʠʿʘʪʘ ʦʜ ʚʠʜʦʪ C. frutescens 

ʥʝʤʘʘʪ ʢʦʥʩʪʨʠʢʮʠʿʘ ʥʘ ʢʘʣʠʢʩʦʪ.    

 

ʂʘʿ ʧʦʚʝ˃ʝʪʦ ʩʦʨʪʠ ʦʜ C. annuum ʥʝʤʘ ʠʟʨʘʟʝʥʘ ʢʦʥʩʪʨʠʢʮʠʿʘ ʥʘ ʢʘʣʠʢʩʦʪ, ʧʨʠ ʰʪʦ 

ʧʣʦʜʦʚʠʪʝ ʠʤʘʘʪ ʧʦʰʠʨʦʢʘ ʦʩʥʦʚʘ ʠ ʩʝ ʜʠʨʝʢʪʥʦ ʧʦʚʨʟʘʥʠ ʩʦ ʧʣʦʜʥʘʪʘ ʜʨʰʢʘ. 

ʇʨʠʩʫʩʪʚʦʪʦ ʠʣʠ ʦʪʩʫʩʪʚʦʪʦ ʥʘ ʦʚʘʘ ʦʩʦʙʠʥʘ ʝ ʛʝʥʝʪʩʢʠ ʧʨʝʜʦʜʨʝʜʝʥʦ ʠ ʥʘʿʯʝʩʪʦ ʝ 

ʢʦʥʟʠʩʪʝʥʪʥʘ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʝʜʝʥ ʛʝʥʦʪʠʧ. ɼʦʢʦʣʢʫ ʥʝʢʦʿ ʛʝʥʦʪʠʧ ʥʘ C. annuum ʧʦʢʘʞʫʚʘ 

ʩʪʝʩʥʫʚʘˁʝ ʥʘ ʚʨʘʪʦʪ ʥʘ ʦʩʥʦʚʘʪʘ, ʪʦʘ ʤʦʞʝ ʜʘ ʫʢʘʞʫʚʘ ʥʘ ʠʥʪʨʦʛʨʝʩʠʿʘ ʥʘ ʛʝʥʝʪʩʢʠʦʪ 

ʤʘʪʝʨʠʿʘʣ ʦʜ C. chinense ʠʣʠ ʥʘ ʧʨʠʩʫʩʪʚʦ ʥʘ ʩʧʝʮʠʬʠʯʝʥ ʘʣʝʣ. ɻʝʥʠʪʝ ʰʪʦ ʿʘ ʨʝʛʫʣʠʨʘʘʪ 

ʦʚʘʘ ʦʩʦʙʠʥʘ ʥʝ ʩʝ ʜʝʪʘʣʥʦ ʢʘʨʘʢʪʝʨʠʟʠʨʘʥʠ, ʥʦ ʧʦʨʘʜʠ ʥʝʿʟʠʥʘʪʘ ʧʦʚʨʟʘʥʦʩʪ ʩʦ 

ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʠ Capsicum, ʩʝ ʧʨʝʪʧʦʩʪʘʚʫʚʘ ʜʝʢʘ ʩʝ ʚʢʣʫʯʝʥʠ ʨʘʟʚʦʿʥʠ ʛʝʥʠ ʧʦʚʨʟʘʥʠ 

ʩʦ ʤʦʨʬʦʣʦʛʠʿʘʪʘ ʥʘ ʢʘʣʠʢʩʦʪ ʠʣʠ ʬʦʨʤʘʪʘ ʥʘ ʧʣʦʜʦʪ, ʢʦʠ ʩʝ ʠʟʤʝʥʠʣʝ ʚʦ ʪʝʢʦʪ ʥʘ 

ʝʚʦʣʫʮʠʿʘʪʘ ʥʘ ʨʦʜʦʪ Capsicum. ʆʜ ʩʝʣʝʢʮʠʩʢʘ ʧʝʨʩʧʝʢʪʠʚʘ, ʦʚʘʘ ʦʩʦʙʠʥʘ ʝ ʨʝʣʝʚʘʥʪʥʘ 

ʧʨʠ ʨʘʟʚʦʿ ʥʘ ʩʦʨʪʠ ʧʦʛʦʜʥʠ ʟʘ ʤʝʭʘʥʠʟʠʨʘʥʘ ʙʝʨʙʘ ʙʠʜʝʿ˃ʠ ʪʠʧʦʪ ʥʘ ʧʨʠʮʚʨʩʪʫʚʘˁʝ ʥʘ 

ʜʨʰʢʘʪʘ ʟʘ ʢʘʣʠʢʩʦʪ ʚʣʠʿʘʝ ʚʨʟ ʩʠʣʘʪʘ ʧʦʪʨʝʙʥʘ ʟʘ ʦʪʢʠʥʫʚʘˁʝ ʥʘ ʧʣʦʜʦʪ (fruit 

detachment force) (Paredes Andrade et al., 2020). 

 

Joshi et al. (2021) ʬʝʥʦʪʠʧʩʢʠ ʢʘʨʘʢʪʝʨʠʟʠʨʘʣʝ 15 ʛʝʥʦʪʠʧʦʚʠ ʦʜ Capsicum sp., ʧʨʠ ʰʪʦ 

ʢʘʿ ʥʠʪʫ ʝʜʝʥ ʧʨʠʤʝʨʦʢ ʥʝ ʝ ʫʪʚʨʜʝʥʦ ʧʨʠʩʫʩʪʚʦ ʥʘ ʢʦʥʩʪʨʠʢʮʠʿʘ, ʠʩʪʦ ʢʘʢʦ ʠ ʚʦ 

ʛʝʨʤʧʣʘʟʤʘʪʘ ʘʥʘʣʠʟʠʨʘʥʘ ʦʜ Gurung et al. (2020). ʀʘʢʦ ʩʫʧʪʠʣʥʘ, ʦʚʘʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝ 

ʥʘʩʣʝʜʥʘ ʠ ʩʪʘʙʠʣʥʘ, ʛʦ ʦʜʨʘʟʫʚʘ ʛʝʥʝʪʩʢʦʪʦ ʧʦʪʝʢʣʦ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʧʨʠʤʝʨʦʮʠ ʧʠʧʝʨʢʘ 

ʠ ʧʨʝʪʩʪʘʚʫʚʘ ʚʘʞʥʘ ʘʣʘʪʢʘ ʚʦ ʪʘʢʩʦʥʦʤʩʢʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʠ ʚʦ ʩʝʣʝʢʮʠʿʘʪʘ (IPGRI, 

AVRDC, & CATIE, 1995; Gurung et al., 2020). 

 

3.9.3.13. ɺʨʘʪ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʧʣʦʜʦʪ 

ɺʨʘʪʦʪ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʧʣʦʜʦʪ ʥʘ ʧʠʧʝʨʢʘʪʘ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʟʦʥʘʪʘ ʧʦʤʝʺʫ ʧʣʦʜʦʪ ʠ 

ʧʣʦʜʥʘʪʘ ʜʨʰʢʘ, ʢʘʜʝ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʦʿʘʚʠ ʩʪʝʩʥʫʚʘˁʝ (ʚʨʘʪ) ʠʣʠ ʧʣʦʜʦʪ ʜʘ ʟʘʚʨʰʫʚʘ 

ʩʦ ʨʘʤʥʘ ʠʣʠ ʰʠʨʦʢʘ ʦʩʥʦʚʘ. ʆʚʘ ʩʚʦʿʩʪʚʦ ʢʘʿ ʯʠʣʠ ʧʠʧʝʨʢʘʪʘ (C. annuum) ʝ ʘʥʘʣʠʟʠʨʘʥʦ 

ʦʜ Joshi et al. (2021), ʧʨʠ ʰʪʦ ʥʠʪʫ ʝʜʝʥ ʦʜ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʧʨʠʤʝʨʦʮʠ (15) ʥʝʤʘʣ ʚʨʘʪ ʥʘ 

ʦʩʥʦʚʘʪʘ ʥʘ ʧʣʦʜʦʪ, ʠ ʦʜ Gurung et al. (2020) ʢʘʜʝ 19 ʦʜ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʧʨʠʤʝʨʦʮʠ 

ʧʦʢʘʞʘʣʝ ʦʪʩʫʩʪʚʦ ʥʘ ʦʚʘ ʩʚʦʿʩʪʚʦ, ʘ ʢʘʿ 8 ʧʨʠʤʝʨʦʮʠ ʝ ʟʘʙʝʣʝʞʘʥʦ ʧʨʠʩʫʩʪʚʦ ʥʘ ʚʨʘʪ ʥʘ 

ʦʩʥʦʚʘʪʘ. ɼʦʧʦʣʥʠʪʝʣʥʦ, ʚʦ ʩʪʫʜʠʿʘʪʘ ʥʘ Bianchi et al. (2020) ʢʘʿ 55 ʧʨʠʤʝʨʦʮʠ ʦʜ ʚʠʜʦʪ 

C. chinense, ʚʨʘʪ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʧʣʦʜʦʪ ʙʠʣ ʟʘʙʝʣʝʞʘʥ ʢʘʿ ʩʘʤʦ 16,4 % ʦʜ ʧʨʠʤʝʨʦʮʠʪʝ, 

ʧʨʠ ʰʪʦ ʦʚʘ ʩʚʦʿʩʪʚʦ ʧʨʠʜʦʥʝʣʦ ʟʘ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʘ ʥʘ ʜʚʝ ʤʦʨʬʦʣʦʰʢʠʪʝ ʛʨʫʧʠ (ʝʜʥʘ 

ʛʨʫʧʘ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘʣʘ ʩʦ ʧʨʠʩʫʩʪʚʦ, ʘ ʜʨʫʛʘ ʩʦ ʦʪʩʫʩʪʚʦ ʥʘ ʚʨʘʪ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ 

ʧʣʦʜʦʪ). 
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ʀʘʢʦ ʥʝ ʧʦʩʪʦʠ ʜʠʨʝʢʪʥʘ ʧʦʚʨʟʘʥʦʩʪ ʥʘ ʦʚʘʘ ʦʩʦʙʠʥʘ ʩʦ ʘʛʨʦʥʦʤʩʢʠ ʚʘʞʥʠʪʝ ʩʚʦʿʩʪʚʘ, 

ʢʘʢʦ ʧʨʠʥʦʩ ʠʣʠ ʚʢʫʩ, ʪʘʘ ʤʦʞʝ ʜʘ ʙʠʜʝ ʦʜ ʟʥʘʯʝˁʝ ʧʨʠ ʬʝʥʦʪʠʧʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ 

ʩʦʨʪʠʪʝ, ʢʘʢʦ ʠ ʧʨʠ ʩʝʣʝʢʮʠʿʘ ʥʘ ʪʠʧʦʚʠ ʧʦʛʦʜʥʠ ʟʘ ʩʧʝʮʠʬʠʯʥʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʙʝʨʙʘ ʠ 

ʧʨʝʨʘʙʦʪʢʘ. 

 

3.9.3.14. ʌʦʨʤʘ ʥʘ ʧʣʦʜʦʪ ʢʘʿ ʧʠʧʝʨʢʘʪʘ 

ʌʦʨʤʘʪʘ ʥʘ ʧʣʦʜʦʪ ʧʨʝʪʩʪʘʚʫʚʘ ʝʜʥʘ ʦʜ ʥʘʿʨʘʟʥʦʚʠʜʥʠʪʝ ʤʦʨʬʦʣʦʰʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʘʿ ʨʦʜʦʪ Capsicum. ʊʦʘ ʝ ʝʜʥʦ ʦʜ ʥʘʿʚʘʞʥʠʪʝ ʢʚʘʣʠʪʘʪʠʚʥʠ ʩʚʦʿʩʪʚʘ ʠ ʛʠ ʦʜʨʝʜʫʚʘ ʢʘʢʦ 

ʧʨʝʬʝʨeʥʮʠʪʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʠʪʝ, ʪʘʢʘ ʠ ʩʝʣʝʢʮʠʩʢʠʪʝ ʮʝʣʠ. ɺʦʦʙʠʯʘʝʥʦ, ʜʠʚʠʪʝ 

ʧʠʧʝʨʢʠ ʠʤʘʘʪ ʤʘʣʠ, ʪʨʢʘʣʝʟʥʠ ʠʣʠ ʪʝʩʥʦ ʢʦʥʫʩʥʠ ʧʣʦʜʦʚʠ, ʢʦʠ ʧʪʠʮʠʪʝ ʣʝʩʥʦ ʛʠ 

ʨʘʩʧʨʦʩʪʨʘʥʫʚʘʘʪ (Tewksbury & Nabhan, 2001; van der Knaap and Ostergaard, 2017).  

ʅʘʩʧʨʦʪʠ ʪʦʘ, ʧʦʜ ʚʣʠʿʘʥʠʝ ʥʘ ʜʦʤʝʩʪʠʢʘʮʠʿʘʪʘ ʠ ʩʝʣʝʢʮʠʿʘʪʘ, ʢʘʿ ʢʫʣʪʠʚʠʨʘʥʠʪʝ ʚʠʜʦʚʠ 

ʝ ʩʦʟʜʘʜʝʥʘ ʰʠʨʦʢʘ ʧʘʣʝʪʘ ʥʘ ʥʘʿʨʘʟʣʠʯʥʠ ʬʦʨʤʠ, ʦʜ ʠʟʜʦʣʞʝʥʠ ʠ ʪʝʥʢʠ ʧʣʦʜʦʚʠ ʜʦ 

ʢʨʫʧʥʠ ʙʘʙʫʨʝʩʪʠ ʪʠʧʦʚʠ (Borovsky et al., 2022). ʉʪʘʥʜʘʨʜʥʠʪʝ ʜʝʩʢʨʠʧʪʦʨʠ ʟʘ Capsicum 

ʛʠ ʢʘʪʝʛʦʨʠʟʠʨʘʘʪ ʦʙʣʠʮʠʪʝ ʥʘ ʧʣʦʜʦʪ ʚʦ ʥʝʢʦʣʢʫ ʛʣʘʚʥʠ ʢʣʘʩʠ. ʄʝʺʫʥʘʨʦʜʥʠʪʝ IPGRI 

ʜʝʩʢʨʠʧʪʦʨʠ ʜʝʬʠʥʠʨʘʘʪ ʰʝʩʪ ʰʠʨʦʢʠ ʢʘʪʝʛʦʨʠʠ: ʠʟʜʦʣʞʝʥʘ, ʪʨʢʘʣʝʟʥʘ, ʪʨʠʘʛʦʣʥʘ, 

ʢʘʤʙʘʥʦʚʠʜʥʘ, ʙʘʙʫʨʦʚʠʜʥʘ ʠ Ăʜʨʫʛʘñ ʬʦʨʤʘ. ʉʣʠʯʥʦ ʥʘ ʪʦʘ, ʩʠʩʪʝʤʦʪ ʥʘ USDA (GRIN) 

ʢʦʨʠʩʪʠ ʩʝʜʫʤ ʢʘʪʝʛʦʨʠʠ ʟʘ ʦʙʣʠʢʦʪ ʥʘ ʧʣʦʜʦʪ: ʠʟʜʦʣʞʝʥ, ʩʧʣʝʩʥʘʪ, ʪʨʢʘʣʝʟʝʥ, 

ʢʦʥʫʩʦʚʠʜʝʥ, ʢʘʤʙʘʥʦʚʠʜʝʥ, ʛʦʣʝʤ ʙʘʙʫʨʦʚʠʜʝʥ ʠ ʤʝʰʦʚʠʪ ʪʠʧ. ʆʚʠʝ ʦʧʰʪʠ ʢʘʪʝʛʦʨʠʠ 

ʦʧʠʰʫʚʘʘʪ ʛʦʣʝʤ ʜʝʣ ʦʜ ʬʝʥʦʪʠʧʩʢʘʪʘ ʚʘʨʠʿʘʮʠʿʘ, ʠʘʢʦ ʚʦ ʧʨʘʢʪʠʢʘʪʘ ʧʦʩʪʦʿʘʪ ʠ ʛʦʣʝʤ 

ʙʨʦʿ ʧʨʝʦʜʥʠ ʬʦʨʤʠ, ʰʪʦ ʧʦʥʝʢʦʛʘʰ ʛʦ ʦʪʝʞʥʫʚʘ ʩʪʨʦʛʠʦʪ ʦʧʠʩ ʠ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ 

ʬʦʨʤʘʪʘ ʥʘ ʧʣʦʜʦʪ. 

 

ʈʘʟʥʦʚʠʜʥʦʩʪʘ ʥʘ ʬʦʨʤʠʪʝ ʝ ʟʘʙʝʣʝʞʠʪʝʣʥʘ ʠ ʧʦʤʝʺʫ ʢʫʣʪʠʚʠʨʘʥʠʪʝ ʠ ʧʦʤʝʺʫ ʜʠʚʠʪʝ 

ʚʠʜʦʚʠ ʥʘ ʨʦʜʦʪ Capsicum. ʅʘʿʯʝʩʪʦ ʦʜʛʣʝʜʫʚʘʥʠʦʪ ʚʠʜ, C. annuum, ʩʦʦʜʚʝʪʥʦ ʧʦʢʘʞʫʚʘ 

ʠ ʥʘʿʛʦʣʝʤʘ ʤʦʨʬʦʣʦʰʢʘ ʨʘʟʥʦʚʠʜʥʦʩʪ. ʂʘʿ ʥʝʛʦ ʩʝ ʜʝʪʝʢʪʠʨʘʥʠ ʧʣʦʜʦʚʠ ʩʦ ʥʘʿʨʘʟʣʠʯʝʥ 

ʦʙʣʠʢ, ʦʜ ʮʝʣʦʩʥʦ ʪʨʢʘʣʝʟʥʠ, ʧʨʝʢʫ ʢʦʥʫʩʦʚʠʜʥʠ, ʜʦ ʝʢʩʪʨʝʤʥʦ ʠʟʜʦʣʞʝʥʠ (Viafara-Vega 

et al., 2025). ʂʘʿ ʠʩʪʠʦʪ ʚʠʜ ʩʝ ʚʙʨʦʿʫʚʘʘʪ ʠ ʢʨʫʧʥʦʧʣʦʜʥʠʪʝ ʙʘʙʫʨʠ ʠ ʜʦʣʛʠʪʝ ʣʫʪʠ 

ʧʠʧʝʨʯʠˁʘ, ʠ ʤʘʣʠʪʝ ʜʝʢʦʨʘʪʠʚʥʠ ʬʦʨʤʠ, ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ ʠʥʪʝʥʟʠʚʥʘ ʩʝʣʝʢʮʠʿʘ ʟʘ 

ʨʘʟʣʠʯʥʠ ʥʘʤʝʥʠ (Bosland &Votava, 2000; Paran & van der Knaap; 2007). ʂʘʿ ʜʨʫʛʠʪʝ 

ʦʜʦʤʘ˃ʠʥʝʪʠ ʚʠʜʦʚʠ ʠʤʘ ʧʦʤʘʣʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ. ʇʨʦʮʝʩʦʪ ʥʘ ʜʦʤʝʩʪʠʢʘʮʠʿʘ ʢʘʿ 

ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʠ ʦʜ ʨʦʜʦʪ Capsicum ʨʝʟʫʣʪʠʨʘʣ ʩʦ ʟʥʘʯʠʪʝʣʥʘ ʜʠʚʝʨʟʠʬʠʢʘʮʠʿʘ ʥʘ 

ʜʠʤʝʥʟʠʠʪʝ ʥʘ ʧʣʦʜʦʪ ʠ ʧʦʿʘʚʘ ʥʘ ʥʦʚʠ ʤʦʨʬʦʪʠʧʦʚʠ, ʧʨʠ ʰʪʦ ʩʝʢʦʿ ʚʠʜ ʟʘʜʨʞʘʣ 

ʩʧʝʮʠʬʠʯʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʠ ʩʝ ʪʠʧʠʯʥʠ ʟʘ ʥʝʛʦʚʠʦʪ ʛʝʥʦʬʦʥʜ ʠ ʝʚʦʣʫʪʠʚʥʘ 

ʠʩʪʦʨʠʿʘ (Liu et al., 2023). 

 

ʌʦʨʤʘʪʘ ʥʘ ʧʣʦʜʦʪ ʝ ʢʦʤʧʣʝʢʩʥʘ ʢʚʘʥʪʠʪʘʪʠʚʥʘ ʦʩʦʙʠʥʘ ʢʦʿʘ ʝ ʧʦʜ ʧʦʣʠʛʝʥʩʢʘ ʢʦʥʪʨʦʣʘ 

(Vilarinho et al., 2015). ʀ ʧʦʢʨʘʿ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ, ʠʩʪʨʘʞʫʚʘˁʘʪʘ 

ʧʦʢʘʞʫʚʘʘʪ ʜʝʢʘ ʛʝʥʝʪʩʢʠʦʪ ʬʘʢʪʦʨ ʠʤʘ ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʜʝʬʠʥʠʨʘˁʝʪʦ ʥʘ ʦʙʣʠʢʦʪ 

(Ma et al., 2022; Liu et al., 2023). ʇʨʝʢʫ ʢʣʘʩʠʯʥʠ QTL-ʤʘʧʠʨʘˁʘ ʠ ʩʦʚʨʝʤʝʥʠ ʩʪʫʜʠʠ ʥʘ 

ʘʩʦʮʠʿʘʮʠʠ, ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ ʩʝ ʧʦʚʝ˃ʝ ʛʣʘʚʥʠ ʛʝʥʠ ʠ QTL ʧʦʚʨʟʘʥʠ ʩʦ ʤʦʨʬʦʣʦʛʠʿʘʪʘ 

ʥʘ ʧʣʦʜʦʪ. ɻʝʥʝʪʩʢʠʪʝ ʤʘʧʠʨʘˁʘ ʥʘ C. annuum ʛʠ ʧʦʚʨʟʫʚʘʘʪ ʣʦʢʫʩʠʪʝ fs3.1, fs10.1, fl2.1, 

fl3.1, fd1.1, fd2.1, fd4.1, fd11.2 ʩʦ ʬʦʨʤʘʪʘ ʥʘ ʧʣʦʜʦʪ ʢʘʿ ʧʠʧʝʨʢʘʪʘ (Chaim et al., 2001; 

Chaim et al., 2003; Rao et al. 2003; Zygier et al., 2005; Barchi et al., 2009; Kim et al., 2014; 

Nimmakayala et al., 2016; Hill et al., 2017; Lee et al.; 2020; Borovsky et al., 2022; Ma et al., 

2022; ʄcLeod et al., 2023; Guan et al., 2024).  

 

3.9.3.15. ʌʦʨʤʘ ʥʘ ʚʨʚ ʥʘ ʧʣʦʜ 

ʌʦʨʤʘʪʘ ʥʘ ʚʨʚʦʪ ʥʘ ʧʣʦʜʦʪ ʚʩʫʰʥʦʩʪ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʠʟʛʣʝʜʦʪ ʥʘ ʜʠʩʪʘʣʥʠʦʪ ʜʝʣ ʥʘ 

ʧʣʦʜʦʪ (ʮʚʝʪʥʠʦʪ ʢʨʘʿ), ʢʦʿ ʤʦʞʝ ʜʘ ʙʠʜʝ ʟʘʰʠʣʝʥ, ʟʘʦʙʣʝʥ ʠʣʠ ʚʜʣʘʙʥʘʪ. ʉʧʦʨʝʜ Paredes 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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Andrade et al. (2020), ʟʘʰʠʣʝʥʠʦʪ ʚʨʚ ʝ ʥʘʿʟʘʩʪʘʧʝʥ ʢʘʿ C. annuum ʠ C. frutescens, ʜʦʜʝʢʘ 

ʢʘʿ C. chinense ʧʨʝʚʣʘʜʫʚʘʘʪ ʚʜʣʘʙʥʘʪʠ ʠʣʠ ʪʘʧʠ ʚʨʚʦʚʠ. Hern§ndez et al. (2021) 

ʧʦʪʚʨʜʫʚʘʘʪ ʜʝʢʘ ʬʦʨʤʘʪʘ ʥʘ ʚʨʚʦʪ ʠʤʘ ʚʠʩʦʢʘ ʜʠʩʢʨʠʤʠʥʘʥʪʥʘ ʚʨʝʜʥʦʩʪ ʠ ʤʦʞʝ ʜʘ 

ʩʣʫʞʠ ʢʘʢʦ ʢʨʠʪʝʨʠʫʤ ʟʘ ʨʘʟʣʠʢʫʚʘˁʝ ʥʘ ʣʦʢʘʣʥʠʪʝ ʧʦʧʫʣʘʮʠʠ ʠ ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʧʦʚʨʟʫʚʘˁʝ ʩʦ ʛʝʥʝʪʩʢʦʪʦ ʧʦʪʝʢʣʦ ʥʘ ʩʦʨʪʠʪʝ. ʉʧʦʨʝʜ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Sampaio et al. 

(2023), ʚʦ ʢʦʝ ʩʝ ʘʥʘʣʠʟʠʨʘʥʠ 23 ʛʝʥʦʪʠʧʦʚʠ ʦʜ Capsicum spp., ʧʦʩʪʦʠ ʟʥʘʯʘʿʥʘ 

ʤʦʨʬʦʣʦʰʢʘ ʨʘʟʥʦʚʠʜʥʦʩʪ ʚʦ ʧʦʛʣʝʜ ʥʘ ʦʚʘ ʩʚʦʿʩʪʚʦ, ʧʨʠ ʰʪʦ ʝ ʫʪʚʨʜʝʥʘ ʜʦʤʠʥʘʥʪʥʘ 

ʟʘʩʪʘʧʝʥʦʩʪ ʥʘ ʟʘʰʠʣʝʥʘ ʬʦʨʤʘ ʥʘ ʚʨʚʦʪ ʥʘ ʧʣʦʜʦʪ.  

 

ɻʝʥʝʪʩʢʠ, ʦʚʘʘ ʦʩʦʙʠʥʘ ʩʝ ʩʤʝʪʘ ʟʘ ʢʚʘʣʠʪʘʪʠʚʥʘ ʠ ʨʝʣʘʪʠʚʥʦ ʩʪʘʙʠʣʥʘ ʚʦ ʨʘʤʢʠʪʝ ʥʘ 

ʝʜʥʘ ʩʦʨʪʘ. ʉʦʚʨʝʤʝʥʠʪʝ ʛʝʥʦʤʩʢʠ ʘʥʘʣʠʟʠ ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʧʦʚʝ˃ʝ ʛʝʥʠ ʧʦʚʨʟʘʥʠ ʩʦ 

ʬʦʨʤʘʪʘ ʥʘ ʧʣʦʜʦʪ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʦ ʠ ʚʨʚʦʪ. ʊʘʢʘ, ʛʝʥʦʪ CaPCR1 (Capana12g002165), ʜʝʣ 

ʦʜ ʬʘʤʠʣʠʿʘʪʘ OVATE, ʝ ʠʜʝʥʪʠʬʠʢʫʚʘʥ ʢʘʢʦ ʢʘʥʜʠʜʘʪ-ʛʝʥ ʧʦʟʠʮʠʦʥʠʨʘʥ ʥʘ 

ʭʨʦʤʦʟʦʤʦʪ 12, ʢʦʿʰʪʦ ʿʘ ʨʝʛʫʣʠʨʘ ʬʦʨʤʘʪʘ ʥʘ ʚʨʚʦʪ ʥʘ ʧʣʦʜʦʪ (Liu et al., 2024). ʅʝʛʦʚʘʪʘ 

ʝʢʩʧʨʝʩʠʿʘ ʝ ʟʛʦʣʝʤʝʥʘ ʢʘʿ ʧʨʠʤʝʨʦʮʠʪʝ ʩʦ ʚʜʣʘʙʥʘʪʠ (ʢʦʥʢʘʚʥʠ) ʚʨʚʦʚʠ. Du et al. (2019) 

ʟʘʙʝʣʝʞʫʚʘʘʪ ʜʝʢʘ ʙʨʦʿʦʪ ʥʘ ʢʦʤʦʨʠ ʠ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʛʝʥʠ ʢʘʢʦ OVATE, OFP5, fs2.1, 

fs3.1 ʠ fs10.1 ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʢʦʥ ʤʦʨʬʦʣʦʰʢʠ ʚʘʨʠʿʘʮʠʠ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʦ ʠ ʜʠʩʪʘʣʥʠʦʪ 

ʜʝʣ ʥʘ ʧʣʦʜʦʪ. ʉʠʪʝ ʦʚʠʝ ʠʩʪʨʘʞʫʚʘˁʘ ʧʦʪʚʨʜʫʚʘʘʪ ʜʝʢʘ ʬʦʨʤʘʪʘ ʥʘ ʚʨʚʦʪ ʝ ʛʝʥʝʪʩʢʠ 

ʢʦʥʪʨʦʣʠʨʘʥʘ ʠ ʬʝʥʦʪʠʧʩʢʠ ʢʦʥʟʠʩʪʝʥʪʥʘ ʦʩʦʙʠʥʘ, ʢʦʿʘ ʙʠ ʤʦʞʝʣʘ ʜʘ ʧʨʝʪʩʪʘʚʫʚʘ 

ʢʦʨʠʩʝʥ ʜʝʩʢʨʠʧʪʦʨ ʟʘ ʤʦʨʬʦʣʦʰʢʘ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʘ ʥʘ ʛʝʥʦʪʠʧʦʚʠʪʝ.  

 

3.9.3.16. ɿʘʜʨʞʫʚʘˁʝ ʥʘ ʮʚʝʪʥʠ ʦʩʪʘʪʦʮʠ ʥʘ ʚʨʚʦʪ ʥʘ ʧʣʦʜʦʪ 

ʆʚʘ ʩʚʦʿʩʪʚʦ ʛʦ ʦʧʠʰʫʚʘ ʧʨʠʩʫʩʪʚʦʪʦ ʠʣʠ ʦʪʩʫʩʪʚʦʪʦ ʥʘ ʮʚʝʪʥʠ ʜʝʣʦʚʠ (ʚʝʥʝʯʥʠ 

ʣʠʚʯʠˁʘ, ʧʨʘʰʥʠʮʠ) ʥʘ ʚʨʚʦʪ (ʜʠʩʪʘʣʥʠʦʪ ʜʝʣ) ʥʘ ʧʣʦʜʦʪ. ʇʦʿʘʚʘʪʘ ʝ ʪʝʩʥʦ ʧʦʚʨʟʘʥʘ ʩʦ 

ʤʝʭʘʥʠʟʤʦʪ ʥʘ ʦʧʨʘʰʫʚʘˁʝ ʠ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʝ ʚʨʟ ʢʦʤʝʨʮʠʿʘʣʥʠʦʪ ʠʟʛʣʝʜ ʥʘ ʧʣʦʜʦʪ. 

ɼʦʜʝʢʘ ʢʘʿ ʚʠʜʦʪ C. annuum, ʮʚʝʪʥʠʪʝ ʦʩʪʘʪʦʮʠ ʦʙʠʯʥʦ ʦʪʩʫʩʪʚʫʚʘʘʪ, ʢʘʿ ʦʜʨʝʜʝʥʠ 

ʬʦʨʤʠ ʥʘ C. chinense ʠ C. frutescens ʪʠʝ ʯʝʩʪʦ ʩʝ ʧʨʠʩʫʪʥʠ. ʆʜ ʛʝʥʝʪʩʢʠ ʘʩʧʝʢʪ, ʦʚʘ ʩʝ 

ʜʦʣʞʠ ʥʘ ʚʘʨʠʿʘʮʠʠ ʚʦ ʛʝʥʠʪʝ ʰʪʦ ʛʦ ʢʦʥʪʨʦʣʠʨʘʘʪ ʧʨʦʮʝʩʦʪ ʥʘ ʘʙʩʮʠʩʠʿʘ, ʦʜʥʦʩʥʦ 

ʥʘʚʨʝʤʝʥʦʪʦ ʦʜʚʦʿʫʚʘˁʝ ʥʘ ʮʚʝʪʦʪ ʧʦ ʦʧʣʦʜʫʚʘˁʝʪʦ. 

 

3.9.3.17. ʇʦʣʦʞʙʘ (ʧʦʟʠʮʠʿʘ) ʥʘ ʮʚʝʪ ʠ ʧʣʦʜ 

ɼʠʚʠʪʝ ʬʦʨʤʠ ʥʘ ʧʠʧʝʨʢʘʪʘ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘʘʪ ʩʦ ʤʘʣʠ, ʦʩʪʨʠ, ʮʨʚʝʥʠ ʧʣʦʜʦʚʠ ʢʦʠ 

ʣʝʩʥʦ ʩʝ ʦʜʜʝʣʫʚʘʘʪ ʦʜ ʢʘʣʠʢʩʦʪ (ʯʘʰʢʘʪʘ), ʢʘʢʦ ʠ ʩʦ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʤʘʣʠ ʠ 

ʧʫʙʝʩʮʝʥʪʥʠ ʣʠʩʪʦʚʠ ʠ ʩʠʣʥʦ ʠʟʨʘʟʝʥʘ ʣʫʪʠʥʘ. ʂʘʿ ʥʠʚ ʧʦʣʦʞʙʘʪʘ ʥʘ ʧʣʦʜʦʪ ʝ ʠʩʧʨʘʚʝʥʘ 

ʥʘʛʦʨʝ, ʰʪʦ ʦʚʦʟʤʦʞʫʚʘ ʧʨʠʨʦʜʥʦ ʦʧʘʺʘˁʝ ʥʘ ʧʣʦʜʦʚʠʪʝ ʠ ʧʦʣʝʩʥʘ ʜʠʩʧʝʨʟʠʿʘ ʥʘ 

ʩʝʤʝʪʦ. ɺʦ ʪʝʢʦʪ ʥʘ ʜʦʤʝʩʪʠʢʘʮʠʿʘʪʘ, ʧʨʝʢʫ ʩʝʣʝʢʮʠʿʘ ʙʠʣʝ ʜʦʙʠʝʥʠ ʩʦʨʪʠ ʩʦ ʧʣʦʜ ʢʦʿ ʝ 

ʧʦʮʚʨʩʪʦ ʧʦʚʨʟʘʥ ʩʦ ʯʘʰʢʘʪʘ, ʩʦ ʧʦʢʨʫʧʥʠ ʧʣʦʜʦʚʠ, ʥʘʤʘʣʝʥʘ ʣʫʪʠʥʘ, ʚʦ ʨʘʟʣʠʯʥʠ ʙʦʠ 

ʠ ʩʦ ʤʘʟʥʠ ʣʠʩʪʦʚʠ (ʙʝʟ ʪʨʠʭʦʤʠ). ʇʦʢʨʘʿ ʪʦʘ, ʚʘʞʝʥ ʯʝʢʦʨ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʜʦʤʝʩʪʠʢʘʮʠʿʘ 

ʝ ʧʨʦʤʝʥʘʪʘ ʥʘ ʧʦʣʦʞʙʘʪʘ ʥʘ ʧʣʦʜʦʪ, ʦʜ ʠʩʧʨʘʚʝʥʘ, ʢʘʜʝ ʧʣʦʜʦʪ ʝ ʥʘʩʦʯʝʥ ʥʘʛʦʨʝ, ʢʦʥ 

ʚʠʩʝʯʢʘ ʬʦʨʤʘ, ʧʨʠ ʰʪʦ ʧʣʦʜʦʪ ʩʣʦʙʦʜʥʦ ʚʠʩʠ ʥʘʜʦʣʫ. ʆʚʘʘ ʧʨʦʤʝʥʘ ʝ ʧʦʚʨʟʘʥʘ ʩʦ 

ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʧʣʦʜʦʪ, ʥʘʤʘʣʫʚʘˁʝʪʦ ʥʘ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʧʝʜʠʮʝʣʦʪ ʠ ʧʦʜʦʙʨʘ ʟʘʰʪʠʪʘ 

ʦʜ ʜʠʨʝʢʪʥʘ ʩʦʥʯʝʚʘ ʩʚʝʪʣʠʥʘ ʠ ʪʨʝʚʦʧʘʩʥʠ ʞʠʚʦʪʥʠ (Paran & Van Der Knaap, 2007; 

Albrecht et al., 2012; Chunthawodtiporn et al., 2018; Solomon et al., 2021).  

 

ʂʘʿ C. annuum ʥʘʿʯʝʩʪʦ ʩʝ ʿʘʚʫʚʘ ʚʠʩʝʯʢʘ ʧʦʣʦʞʙʘ ʥʘ ʮʚʝʪʦʪ ʠ ʧʣʦʜʦʪ. ʀʩʧʨʘʚʝʥʘʪʘ 

ʧʦʣʦʞʙʘ ʝ ʧʦʯʝʩʪʘ ʢʘʿ C. frutescens ʠ ʜʠʚʠʪʝ ʬʦʨʤʠ. Lee et al. (2008), ʧʨʝʢʫ ʚʢʨʩʪʫʚʘˁʝ 

ʥʘ ʩʦʨʪʠ ʩʦ ʨʘʟʣʠʯʥʘ ʦʨʠʝʥʪʘʮʠʿʘ ʥʘ ʧʣʦʜʦʪ ʧʦʢʘʞʘʣʝ ʜʝʢʘ ʛʝʥʦʪ ʟʘ ʝʨʝʢʪʥʘ ʬʦʨʤʘ ʝ 

ʨʝʮʝʩʠʚʝʥ ʠ ʤʘʧʠʨʘʣʝ CAPS- ʤʘʨʢʝʨ ʥʘ ʨʘʩʪʦʿʘʥʠʝ ʦʜ 4.3 cM ʦʜ ʣʦʢʫʩʦʪ ʥʘ ʛʝʥʦʪ. ʉʧʦʨʝʜ 

Cheng et al. (2016), ʦʨʠʝʥʪʘʮʠʿʘʪʘ ʥʘ ʧʣʦʜʦʪ ʢʘʿ Capsicum annuum ʝ ʢʦʥʪʨʦʣʠʨʘʥʘ ʦʜ ʛʝʥ 

ʢʦʿ ʝ ʧʦʟʠʮʠʦʥʠʨʘʥ ʥʘ ʭʨʦʤʦʟʦʤʦʪ 12, ʜʦʜʝʢʘ Han et al. (2016) ʠʜʝʥʪʠʬʠʢʫʚʘʣʝ QTL (FP-
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12.2) ʢʦʿ ʝ ʣʦʮʠʨʘʥ ʥʘ ʭʨʦʤʦʟʦʤʦʪ 12 ʠ ʢʦʿ ʦʙʿʘʩʥʫʚʘ ʥʘʜ 40 % ʦʜ ʬʝʥʦʪʠʧʩʢʘʪʘ 

ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʥʘ ʦʚʘ ʩʚʦʿʩʪʚʦ. Solomon et al. (2021) ʚʦ ʨʝʛʠʦʥʦʪ ĂCapUpñ, ʢʦʿ ʩʝ ʧʨʦʪʝʛʘ 

ʦʜ 200 ʜʦ 250 Mbp ʥʘ ʭʨʦʤʦʟʦʤʦʪ 12, ʫʩʧʝʘʣʝ ʜʘ ʣʦʮʠʨʘʘʪ ʩʝʜʫʤ ʢʘʥʜʠʜʘʪ-ʛʝʥʠ 

ʧʦʟʠʮʠʦʥʠʨʘʥʠ ʧʦʤʝʺʫ ʜʚʘ ʤʘʨʢʝʨʘ ʢʦʠ ʙʠʣʝ ʮʝʣʦʩʥʦ ʢʦʩʝʛʨʝʛʠʨʘʥʠ ʩʦ ʬʝʥʦʪʠʧʦʪ ʥʘ 

ʦʨʠʝʥʪʘʮʠʿʘ ʥʘ ʧʣʦʜʦʪ, ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ ʚʠʩʦʢ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʤʦʣʝʢʫʣʘʨʥʘ ʩʝʣʝʢʮʠʿʘ ʚʦ 

ʨʘʤʢʠ ʥʘ ʩʝʣʝʢʮʠʩʢʠʪʝ ʧʨʦʛʨʘʤʠ. 

 

3.9.3.18. ʃʫʪʠʥʘ ʢʘʿ ʧʠʧʝʨʢʘʪʘ  

ʃʫʪʠʥʘʪʘ ʢʘʿ ʧʠʧʝʨʢʠʪʝ ʩʝ ʧʦʿʘʚʫʚʘ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ ʢʘʧʩʘʠʮʠʥʦʠʜʥʠ 

ʩʦʝʜʠʥʝʥʠʿʘ, ʛʣʘʚʥʦ ʘʣʢʘʣʦʠʜʦʪ ʢʘʧʩʘʠʮʠʥ, ʢʦʠ ʩʝ ʩʠʥʪʝʪʠʟʠʨʘʘʪ ʚʦ ʪʢʠʚʦʪʦ ʥʘ 

ʧʣʘʮʝʥʪʘʪʘ ʥʘ ʧʣʦʜʦʪ. ʉʦʚʨʝʤʝʥʠʪʝ ʬʠʣʦʛʝʥʝʪʩʢʠ ʠʩʪʨʘʞʫʚʘˁʘ ʧʦʢʘʞʫʚʘʘʪ ʜʝʢʘ 

ʩʧʦʩʦʙʥʦʩʪʘ ʟʘ ʩʠʥʪʝʟʘ ʥʘ ʦʚʠʝ ʩʦʝʜʠʥʝʥʠʿʘ ʝ ʩʪʝʢʥʘʪʘ ʦʩʦʙʠʥʘ ʢʦʿʘ ʝʚʦʣʫʠʨʘʣʘ ʧʦʜʦʮʥʘ 

ʚʦ ʨʘʤʢʠ ʥʘ ʝʚʦʣʫʪʠʚʥʠʦʪ ʨʘʟʚʦʿ ʥʘ ʨʦʜʦʪ, ʢʘʢʦ ʘʜʘʧʪʠʚʥʘ ʧʨʝʜʥʦʩʪ ʢʘʿ ʧʦʜʦʮʥʝʞʥʠʪʝ 

ʣʠʥʠʠ. Kʘʿ ʥʘʿʩʪʘʨʠʪʝ ʬʦʨʤʠ ʥʘ Capsicum, ʢʦʠ ʛʠ ʦʧʬʘ˃ʘʘʪ ʚʠʜʦʚʠʪʝ Capsicum 

rhomboideum (ʩʠʥ. C. ciliatum) ʠ Capsicum lanceolatum ʠ ʧʨʠʧʘʺʘʘʪ ʥʘ ʪʘʢʘʥʘʨʝʯʝʥʠʦʪ 

Ăʘʥʜʩʢʠ ʢʣʘʩʪʝʨñ, ʢʘʧʩʘʠʮʠʥʦʠʜʠʪʝ ʮʝʣʦʩʥʦ ʦʪʩʫʩʪʚʫʚʘʘʪ (Walsh & Hoot, 2001; Carrizo 

García et al., 2016; Spalink et al., 2018). 

 

ʉʦʚʨʝʤʝʥʠʪʝ ʛʝʥʦʤʩʢʠ ʠʩʪʨʘʞʫʚʘˁʘ ʿʘ ʠʜʝʥʪʠʬʠʢʫʚʘʘ ʛʝʥʝʪʩʢʘʪʘ ʦʩʥʦʚʘ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʘ ʟʘ ʩʠʥʪʝʟʘ ʥʘ ʢʘʧʩʘʠʮʠʥʦʠʜʠ, ʢʦʿʘ ʩʝ ʟʘʩʥʦʚʘ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘˁʝʪʦ ʥʘ ʥʠʟʘ 

ʝʥʟʠʤʠ ʦʜ ʙʠʦʩʠʥʪʝʪʩʢʘʪʘ ʧʘʪʝʢʘ ʥʘ ʢʘʧʩʘʠʮʠʥʦʠʜʠʪʝ. ʅʘʿʟʥʘʯʘʝʥ ʤʝʺʫ ʥʠʚ ʝ ʛʝʥʦʪ Pun1 

(ʧʦʟʥʘʪ ʠ ʢʘʢʦ AT3), ʢʦʿ ʢʦʜʠʨʘ ʢʘʧʩʘʠʮʠʥ ʩʠʥʪʘʟʘ (BAHD ʘʮʠʣʪʨʘʥʩʬʝʨʘʟʘ), ʢʦʿʘ ʛʦ 

ʢʘʪʘʣʠʟʠʨʘ ʢʨʘʿʥʠʦʪ ʯʝʢʦʨ ʚʦ ʙʠʦʩʠʥʪʝʟʘʪʘ ʥʘ ʢʘʧʩʘʠʮʠʥʦʪ (Stewart et al., 2005). ʂʘʿ 

ʢʫʣʪʠʚʠʨʘʥʠʪʝ ʙʣʘʛʠ ʧʠʧʝʨʢʠ, ʢʘʢʦ C. annuum var. grossum, ʜʝʪʝʢʪʠʨʘʥʠ ʩʝ ʨʝʮʝʩʠʚʥʠ 

ʤʫʪʘʥʪʥʠ ʘʣʝʣʠ ʥʘ ʦʚʦʿ ʛʝʥ, ʩʦ ʜʝʣʝʮʠʠ ʠʣʠ ʧʨʦʤʝʥʠ ʰʪʦ ʿʘ ʧʨʝʢʠʥʫʚʘʘʪ ʩʠʥʪʝʟʘʪʘ ʥʘ 

ʢʘʧʩʘʠʮʠʥ (Stellari et al., 2009; Ou et al., 2018). 

 

ʂʘʿ ʜʠʚʠʪʝ, ʥʝʣʫʪʠ ʚʠʜʦʚʠ ʧʠʧʝʨʢʠ ʢʘʢʦ C. rhomboideum, ʛʝʥʦʪ Pun1 ʥʝ ʩʘʤʦ ʰʪʦ ʥʝ ʝ 

ʬʫʥʢʮʠʦʥʘʣʝʥ, ʪʫʢʫ ʝ ʠ ʩʪʨʫʢʪʫʨʥʦ ʧʨʦʤʝʥʝʪ. ʂʦʤʧʘʨʘʪʠʚʥʠʪʝ ʛʝʥʦʤʩʢʠ ʘʥʘʣʠʟʠ 

ʧʦʢʘʞʫʚʘʘʪ ʜʝʢʘ ʢʘʿ ʦʚʦʿ ʚʠʜ ʩʝ ʧʦʿʘʚʠʣʘ ʪʘʥʜʝʤʩʢʘ ʜʫʧʣʠʢʘʮʠʿʘ ʩʦ ʨʝʢʦʤʙʠʥʘʮʠʿʘ ʚʦ 

ʣʦʢʫʩʦʪ Pun1, ʢʦʿʘ ʨʝʟʫʣʪʠʨʘ ʩʦ ʥʝʬʫʥʢʮʠʦʥʘʣʝʥ ʝʥʟʠʤ ʠ ʮʝʣʦʩʝʥ ʥʝʜʦʩʪʘʪʦʢ ʥʘ 

ʙʠʦʩʠʥʪʝʟʘ ʥʘ ʢʘʧʩʘʠʮʠʥʦʠʜʠ. ɼʦʧʦʣʥʠʪʝʣʥʦ, ʧʨʠ ʘʥʘʣʠʟʘ ʥʘ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʦʚʠʝ ʛʝʥʠ 

ʚʦ ʪʢʠʚʦʪʦ ʥʘ ʧʣʦʜʦʪ, ʫʪʚʨʜʝʥʦ ʝ ʦʪʩʫʩʪʚʦ ʥʘ ʪʨʘʥʩʢʨʠʧʪʠ ʟʘ ʧʦʚʝ˃ʝ ʢʣʫʯʥʠ ʝʥʟʠʤʠ ʢʘʿ 

ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʚʠʜʦʚʠ (Stewart et al., 2007; Kim et al., 2014; Ogawa et al., 2015; Zhang et 

al., 2016; Egan et al., 2019). 

 

ʇʦʢʨʘʿ Pun1, ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ ʩʝ ʠ ʜʨʫʛʠ ʛʝʥʝʪʩʢʠ ʬʘʢʪʦʨʠ ʰʪʦ ʩʝ ʚʢʣʫʯʝʥʠ ʚʦ 

ʝʚʦʣʫʮʠʿʘʪʘ ʠ ʨʝʛʫʣʘʮʠʿʘʪʘ ʥʘ ʣʫʪʠʥʘʪʘ. ʅʘ ʧʨʠʤʝʨ, ʚʪʦʨʠʦʪ ʠʜʝʥʪʠʬʠʢʫʚʘʥ ʣʦʢʫʩ ʟʘ 

ʣʫʪʠʥʘ ʝ Pun2, ʦʪʢʨʠʝʥ ʩʦ ʧʦʤʦʰ ʥʘ QTL-ʤʘʧʠʨʘˁʝ ʢʘʿ ʙʦʣʠʚʠʩʢʠ ʧʦʧʫʣʘʮʠʠ ʧʠʧʝʨʢʠ. 

ʂʘʿ C. chacoense, ʥʝʢʦʠ ʜʠʚʠ ʨʘʩʪʝʥʠʿʘ ʠ ʧʦʢʨʘʿ ʪʦʘ ʰʪʦ ʧʦʩʝʜʫʚʘʘʪ ʬʫʥʢʮʠʦʥʘʣʝʥ ʛʝʥ 

Pun1, ʥʝ ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʢʘʧʩʘʠʮʠʥʦʠʜʠ ʧʦʨʘʜʠ ʤʫʪʘʮʠʿʘ ʚʦ ʛʝʥʦʪ CaKR1 (ketoacyl-ACP 

reductase), ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʩʦ ʧʨʝʢʠʥ ʚʦ ʙʠʦʩʠʥʪʝʪʩʢʘʪʘ ʧʘʪʝʢʘ ʫʰʪʝ ʚʦ ʨʘʥʘ ʬʘʟʘ (Koeda 

et al., 2014; Koeda et al., 2019). ʆʚʠʝ ʦʪʢʨʠʪʠʿʘ ʧʦʢʘʞʫʚʘʘʪ ʜʝʢʘ ʛʫʙʝˁʝʪʦ ʥʘ ʣʫʪʠʥʘʪʘ 

ʤʦʞʝ ʜʘ ʥʘʩʪʘʥʝ ʥʝʟʘʚʠʩʥʦ, ʧʨʝʢʫ ʨʘʟʣʠʯʥʠ ʛʝʥʝʪʩʢʠ ʤʝʭʘʥʠʟʤʠ, ʢʘʢʦ ʰʪʦ ʩʝ ʜʝʣʝʮʠʠ, 

ʤʫʪʘʮʠʠ ʠʣʠ ʦʪʩʫʩʪʚʦ ʥʘ ʛʝʥʝʪʩʢʘ ʝʢʩʧʨʝʩʠʿʘ. 

 

ʇʦʢʨʘʿ ʛʝʥʝʪʩʢʘʪʘ ʦʩʥʦʚʘ, ʩʪʝʧʝʥʦʪ ʥʘ ʟʨʝʣʦʩʪ ʥʘ ʧʠʧʝʨʢʘʪʘ ʠʩʪʦ ʪʘʢʘ ʠʤʘ ʟʥʘʯʘʿʥʦ 

ʚʣʠʿʘʥʠʝ ʚʨʟ ʘʢʫʤʫʣʘʮʠʿʘʪʘ ʥʘ ʢʘʧʩʘʠʮʠʥʦʠʜʠ (Arpaci et al. 2024). ʉʧʦʨʝʜ Schweiggert 

(2006), ʥʠʚʦʪʦ ʥʘ ʢʘʧʩʘʠʮʠʥ ʩʝ ʟʛʦʣʝʤʫʚʘ ʜʦ ʪʝʭʥʦʣʦʰʢʘ ʟʨʝʣʦʩʪ, ʧʦ ʰʪʦ ʤʦʞʝ ʜʘ ʦʩʪʘʥʝ 

ʩʪʘʙʠʣʥʦ ʠʣʠ ʚʦ ʧʦʜʦʮʥʝʞʥʠʪʝ ʬʘʟʠ ʜʘ ʩʝ ʥʘʤʘʣʠ ʠ ʜʦ 60 %. 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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3.9.3.19. ɺʝʟʝʥʦʩʪ ʢʘʿ ʧʠʧʝʨʢʘʪʘ 

ɺʝʟʝʥʦʩʪʘ ʧʨʝʪʩʪʘʚʫʚʘ ʤʦʨʬʦʣʦʰʢʦ ʩʚʦʿʩʪʚʦ ʢʦʝ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʩʦ ʧʦʿʘʚʘ ʥʘ 

ʠʩʧʘʢʥʘʪʠ, ʧʣʫʪʝʩʪʠ ʩʪʨʫʢʪʫʨʠ (ʮʨʪʠ ʠʣʠ ʤʨʝʞʘ) ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ. ɺʦ ʥʘʫʯʥʘʪʘ 

ʣʠʪʝʨʘʪʫʨʘ ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʢʦ ʬʦʨʤʠʨʘˁʝ ʥʘ ʧʝʨʠʜʝʨʤ - ʩʝʢʫʥʜʘʨʥʦ ʟʘʰʪʠʪʥʦ ʪʢʠʚʦ ʢʦʝ 

ʩʝ ʩʦʩʪʦʠ ʦʜ ʬʝʣʝʤ, ʬʝʣʦʛʝʥ ʠ ʬʝʣʦʜʝʨʤ. ʂʘʢʦ ʰʪʦ ʠʩʪʘʢʥʫʚʘ Lendzian (2006), ʦʚʦʿ 

ʢʦʤʧʣʝʢʩ ʧʨʝʪʩʪʘʚʫʚʘ ʝʚʦʣʫʪʠʚʥʘ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʟʘʰʪʠʪʘ ʥʘ ʚʥʘʪʨʝʰʥʠʪʝ ʪʢʠʚʘ ʧʨʝʢʫ 

ʟʘʤʝʥʫʚʘˁʝ ʥʘ ʝʧʠʜʝʨʤʠʩʦʪ ʠ ʢʫʪʠʢʫʣʘʪʘ ʩʦ ʧʣʫʪʝʥʦ ʪʢʠʚʦ (ʬʝʣʝʤ), ʰʪʦ ʤʫ ʿʘ ʜʘʚʘ ʥʘ 

ʧʣʦʜʦʪ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘʪʘ ʨʝʣʿʝʬʥʘ ʠ ʢʘʬʝʥʘ ʪʝʢʩʪʫʨʘ ʢʦʿʘ ʜʝʣʫʚʘ ʢʘʢʦ ʘʜʘʧʪʠʚʝʥ 

ʤʝʭʘʥʠʟʘʤ ʰʪʦ ʤʦʞʝ ʜʘ ʚʣʠʿʘʝ ʚʨʟ ʪʨʘʥʩʧʠʨʘʮʠʿʘʪʘ, ʧʦʩʣʝʙʝʨʙʝʥʠʦʪ ʢʚʘʣʠʪʝʪ ʠ 

ʧʘʟʘʨʥʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ ʧʣʦʜʦʪ.  

 

ʀʘʢʦ ʧʦʿʘʚʘʪʘ ʥʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʝ ʧʨʠʤʘʨʥʦ ʛʝʥʝʪʩʢʠ ʜʝʪʝʨʤʠʥʠʨʘʥʘ, ʥʝʿʟʠʥʠʦʪ ʠʥʪʝʥʟʠʪʝʪ 

ʝ ʩʠʣʥʦ ʤʦʜʫʣʠʨʘʥ ʦʜ ʘʙʠʦʪʩʢʠ ʩʪʨʝʩ-ʬʘʢʪʦʨʠ, ʧʨʚʝʥʩʪʚʝʥʦ ʬʣʫʢʪʫʘʮʠʠ ʚʦ ʚʣʘʞʥʦʩʪʘ 

ʢʦʠ ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ ʤʠʢʨʦʩʢʦʧʩʢʠ ʧʫʢʥʘʪʠʥʠ ʥʘ ʢʫʪʠʢʫʣʘʪʘ. ʉʧʦʨʝʜ Winkler et al. 

(2022), ʦʚʠʝ ʧʫʢʥʘʪʠʥʠ ʠʥʠʮʠʨʘʘʪ ʬʦʨʤʠʨʘˁʝ ʥʘ ʧʝʨʠʜʝʨʤʦʪ ʢʘʢʦ ʟʘʰʪʠʪʝʥ ʤʝʭʘʥʠʟʘʤ 

ʧʨʦʪʠʚ ʜʝʭʠʜʨʘʮʠʿʘ ʧʨʠ ʥʘʨʫʰʝʥ ʠʥʪʝʛʨʠʪʝʪ ʥʘ ʝʧʠʜʝʨʤʠʩʦʪ. ɼʦʧʦʣʥʠʪʝʣʥʦ, L·pez-

Marín et al. (2022) ʥʘʛʣʘʩʫʚʘʘʪ ʜʝʢʘ ʠʥʪʝʥʟʠʚʥʦʪʦ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ 

ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʘʪ ʚʨʟ ʜʠʥʘʤʠʢʘʪʘ ʥʘ ʩʦʟʨʝʚʘˁʝ ʠ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʧʣʦʜʦʚʠʪʝ, ʢʘʜʝ ʚʠʩʦʢʘʪʘ 

ʨʘʜʠʿʘʮʠʿʘ ʤʦʞʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʘʙʠʦʪʩʢʠ ʦʰʪʝʪʫʚʘˁʘ ʥʘ ʧʝʨʠʢʘʨʧʦʪ. ɺʘʢʚʘʪʘ ʘʜʘʧʪʘʮʠʿʘ 

ʥʘ ʥʘʜʚʦʨʝʰʥʠʪʝ ʚʣʠʿʘʥʠʿʘ ʝ ʦʩʦʙʝʥʦ ʟʥʘʯʘʿʥʘ ʢʘʿ ʣʦʢʘʣʥʠʪʝ ʙʘʣʢʘʥʩʢʠ ʧʦʧʫʣʘʮʠʠ, ʢʘʜʝ 

ʩʧʝʮʠʬʠʯʥʠʪʝ ʘʛʨʦʝʢʦʣʦʰʢʠ ʫʩʣʦʚʠ ʜʠʨʝʢʪʥʦ ʛʦ ʦʙʣʠʢʫʚʘʣʝ ʫʥʠʢʘʪʥʠʦʪ ʬʝʥʦʪʠʧ ʠ 

ʜʠʚʝʨʟʠʪʝʪ ʥʘ ʘʚʪʦʭʪʦʥʠʪʝ ʩʦʨʪʠ (Mladenoviĺ et al., 2024). 

 

ɺʝʟʝʥʦʩʪʘ ʝ ʟʘʩʪʘʧʝʥʘ ʢʘʿ ʧʦʚʝ˃ʝ ʟʝʤʿʦʜʝʣʩʢʠ ʢʫʣʪʫʨʠ, ʤʝʺʫ ʢʦʠ ʧʦʩʝʙʥʦ ʟʥʘʯʘʿʥʦ ʝ 

ʥʝʿʟʠʥʦʪʦ ʧʨʠʩʫʩʪʚʦ ʢʘʿ ʜʠˁʠʪʝ ʠ ʧʠʧʝʨʢʠʪʝ, ʢʘʜʝ ʠʤʘ ʩʝʣʝʢʮʠʩʢʦ ʠ ʢʦʤʝʨʮʠʿʘʣʥʦ 

ʟʥʘʯʝˁʝ. 

 

ʆʚʘʘ ʧʦʿʘʚʘ ʢʘʿ ʜʠˁʠʪʝ (Cucumis melo L.) ʩʝ ʦʟʥʘʯʫʚʘ ʢʘʢʦ Ăʤʨʝʞʘʚʦʩʪñ (netting). ʆʚʘ 

ʩʚʦʿʩʪʚʦ ʝ ʧʦʚʨʟʘʥʦ ʩʦ ʟʨʝʣʦʩʪʘ ʥʘ ʧʣʦʜʦʪ, ʧʨʠ ʰʪʦ ʠʥʪʝʥʟʠʪʝʪʦʪ ʥʘ ʤʨʝʞʘʚʦʩʪʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʩʝ ʟʛʦʣʝʤʫʚʘ ʩʦ ʥʘʧʨʝʜʫʚʘˁʝ ʥʘ ʟʨʝʣʦʩʪʘ (Keren-Keiserman et al., 2004). 

ʉʧʦʨʝʜ Nishizawa et al. (2017), ʤʨʝʞʘʚʦʩʪʘ ʩʝ ʧʦʚʨʟʫʚʘ ʩʦ ʨʘʟʚʦʿ ʥʘ ʩʫʙʝʨʠʟʠʨʘʥʠ 

ʧʝʨʠʜʝʨʤʘʣʥʠ ʪʢʠʚʘ ʰʪʦ ʿʘ ʟʘʜʨʞʫʚʘʘʪ ʚʣʘʛʘʪʘ ʚʦ ʧʣʦʜʦʪ. Puthmee et al. (2013) ʛʦ 

ʠʩʧʠʪʫʚʘʣʝ ʩʪʝʧʝʥʦʪ ʥʘ ʪʨʘʥʩʧʠʨʘʮʠʿʘ ʢʘʿ ʧʣʦʜʦʚʠʪʝ ʦʜ ʛʝʥʦʪʠʧʦʚʠ ʜʠˁʘ ʩʦ ʤʘʟʥʘ ʠ ʩʦ 

ʤʨʝʞʝʩʪʘ ʢʦʨʘ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʜ ʥʠʚʥʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ʧʦʢʘʞʘʣʝ ʜʝʢʘ ʜʠˁʠʪʝ ʩʦ ʤʨʝʞʝʩʪʘ 

ʢʦʨʘ ʤʦʞʘʪ ʜʘ ʠʟʛʫʙʘʪ ʧʦʚʝ˃ʝ ʚʣʘʛʘ ʚʦ ʨʘʥʠʪʝ ʬʘʟʠ ʥʘ ʨʘʟʚʦʿʦʪ ʘʢʦ ʤʨʝʞʘʪʘ ʥʝ ʝ ʜʦʚʦʣʥʦ 

ʨʘʟʚʠʝʥʘ, ʰʪʦ ʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʥʝʢʦʠ ʩʦʨʪʠ ʩʦ ʧʦʙʨʟ ʨʘʩʪ. ɺʦ ʟʘʚʨʰʥʠʪʝ ʬʘʟʠ ʥʘ 

ʟʨʝʣʦʩʪ, ʠ ʤʨʝʞʝʩʪʠʪʝ ʠ ʤʘʟʥʠʪʝ ʜʠˁʠ ʧʦʢʘʞʘʣʝ ʩʣʠʯʥʘ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʟʘʜʨʞʫʚʘˁʝ ʥʘ 

ʚʣʘʛʘ, ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʟʘʚʨʰʝʥʘʪʘ ʩʫʙʝʨʠʟʘʮʠʿʘ ʠ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʚʦʩʦʯʥʠ ʩʣʦʝʚʠ ʧʦʜ 

ʤʨʝʞʝʩʪʠʪʝ ʧʫʢʥʘʪʠʥʠ.  

 

Liang et al. (2023) ʛʦ ʠʜʝʥʪʠʬʠʢʫʚʘʣʝ ʛʝʥʦʪ SKIN NETTING (CmSN), ʢʦʿ ʢʦʜʠʨʘ ʧʨʦʪʝʠʥ 

ʦʜ ʩʝʤʝʿʩʪʚʦʪʦ ʥʘ EamA-like ʪʨʘʥʩʧʦʨʪʝʨʠ, ʢʦʿ ʝ ʦʜʛʦʚʦʨʝʥ ʟʘ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʤʨʝʞʝʩʪʘ 

ʢʦʨʘ ʢʘʿ ʜʠˁʘʪʘ. ʀʩʪʨʘʞʫʚʘˁʘʪʘ ʧʦʢʘʞʘʣʝ ʜʝʢʘ CmSN ʝ ʢʦʥʪʨʦʣʠʨʘʥ ʦʜ ʝʜʝʥ 

ʜʦʤʠʥʘʥʪʝʥ ʛʝʥ ʢʦʿ ʝ ʣʦʮʠʨʘʥ ʥʘ ʭʨʦʤʦʟʦʤʦʪ 2 ʢʘʿ ʜʠˁʘʪʘ, ʚʦ ʬʠʟʠʯʢʠ ʨʝʛʠʦʥ ʦʜ ʦʢʦʣʫ 

351 kb. ʉʦ ʧʨʝʮʠʟʥʦ ʤʘʧʠʨʘˁʝ ʫʩʧʝʘʣʝ ʜʘ ʛʦ ʥʘʤʘʣʘʪ ʦʚʦʿ ʨʝʛʠʦʥ ʥʘ 71 kb, ʠ ʪʦʿ ʩʦʜʨʞʠ 

ʧʝʪ ʛʝʥʠ, ʦʜ ʢʦʠ MELO3C010288 ʝ ʥʘʿʜʦʙʨʠʦʪ ʢʘʥʜʠʜʘʪ-ʛʝʥ ʦʜʛʦʚʦʨʝʥ ʟʘ ʬʝʥʦʪʠʧʦʪ ʥʘ 

ʤʨʝʞʝʩʪʘ ʢʦʨʘ. ɺʦ ʧʦʥʘʪʘʤʦʰʥʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʘʚʪʦʨʠʪʝ ʧʦʢʘʞʘʣʝ ʜʝʢʘ ʝʢʩʧʨʝʩʠʿʘʪʘ 

ʥʘ ʛʝʥʦʪ CmSN ʝ ʟʥʘʯʘʿʥʦ ʧʦʥʠʩʢʘ ʢʘʿ ʜʠˁʠʪʝ ʩʦ ʤʨʝʞʝʩʪʘ ʢʦʨʘ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʦʥʠʝ ʩʦ 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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ʤʘʟʥʘ ʢʦʨʘ, ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ ʥʝʛʘʪʠʚʥʘ ʢʦʨʝʣʘʮʠʿʘ ʧʦʤʝʺʫ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ CmSN ʠ 

ʬʦʨʤʠʨʘˁʝʪʦ ʤʨʝʞʘ ʥʘ ʢʦʨʘʪʘ ʦʜ ʧʣʦʜʦʪ (Liang et al., 2024).  

 

ʉʧʦʨʝʜ Bosland & Votava (2012), ʚʝʟʝʥʦʩʪʘ (ʢʘʿ ʧʠʧʝʨʢʘʪʘ ʪʝʨʤʠʥʦʪ ʥʘ ʘʥʛʣʠʩʢʠ ʿʘʟʠʢ ʝ 

corkiness) ʝ ʩʚʦʿʩʪʚʦ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʧʨʝʪʩʪʘʚʥʠʮʠ ʥʘ ʚʠʜʦʪ Capsicum annuum ʢʦʠ 

ʩʧʦʨʝʜ ʬʦʨʤʘʪʘ ʥʘ ʧʣʦʜʦʪ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʚʦ ʛʨʫʧʠʪʝ Cayenne ʠ Jalapeño. 

ʇʨʝʪʩʪʘʚʥʠʮʠʪʝ ʥʘ ʛʨʫʧʘʪʘ Cayenne ʚʦ ʧʦʣʥʘ ʟʨʝʣʦʩʪ ʠʤʘʘʪ ʧʣʦʜʦʚʠ ʩʦ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ 

ʮʨʚʝʥʘ ʙʦʿʘ ʚʦ ʟʨʝʣʦʩʪ ʠ ʩʧʝʮʠʬʠʯʥʦ ʥʘʙʨʘʥʘ ʧʦʚʨʰʠʥʘ. ɼʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ ʩʝ ʜʚʠʞʠ 

ʦʜ 13 ʜʦ 25 cm, ʰʠʨʠʥʘʪʘ ʦʜ 1,2 ʜʦ 2,5 cm. ɻʝʥʝʨʘʣʥʦ, ʣʫʪʠʥʘʪʘ ʚʦ ʦʚʘʘ ʛʨʫʧʘ ʩʝ ʜʚʠʞʠ 

ʦʜ 30 000 ʜʦ 50 000 ʉʢʦʚʠʣʦʚʠ ʝʜʠʥʠʮʠ. ʂʦʤʝʨʮʠʿʘʣʥʦ ʩʝ ʦʜʛʣʝʜʫʚʘʘʪ ʚʦ ɸʬʨʠʢʘ, 

ʀʥʜʠʿʘ, ʄʝʢʩʠʢʦ, ɱʘʧʦʥʠʿʘ ʠ ʉɸɼ. ɺʦ ʃʫʠʟʠʿʘʥʘ, ʅʦʚʦ ʄʝʢʩʠʢʦ ʠ ʊʝʢʩʘʩ, ʧʠʧʝʨʢʠʪʝ ʦʜ 

ʦʚʦʿ ʪʠʧ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʣʫʪʠ ʩʦʩʦʚʠ, ʜʦʜʝʢʘ ʩʦ ʩʫʰʝˁʝ ʠ ʤʝʣʝˁʝ ʥʘ 

ʧʣʦʜʦʚʠʪʝ ʩʝ ʧʦʜʛʦʪʚʫʚʘ ʟʘʯʠʥʦʪ Ăʮʨʚʝʥ ʧʠʧʝʨñ. ʊʠʝ ʜʘʚʘʘʪ ʧʨʠʤʝʨ ʥʘ ʧʣʦʜ ʢʘʿ ʢʦʿ ʝ 

ʟʘʙʝʣʝʞʘʥʘ Ăʝʢʩʪʨʝʤʥʘ ʚʝʟʝʥʦʩʪñ, ʩʧʦʨʝʜ ʠʥʪʝʥʟʠʪʝʪʦʪ ʠ ʧʨʘʚʝʮʦʪ ʥʘ ʮʨʪʠʪʝ. ʄʥʦʛʫ 

ʤʘʢʝʜʦʥʩʢʠ ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʠ ʧʠʧʝʨʢʠ ʧʦʢʘʞʫʚʘʘʪ ʬʝʥʦʪʠʧʩʢʠ ʩʣʠʯʥʦʩʪʠ ʩʦ ʦʚʘʘ 

ʛʨʫʧʘ. 

 

ʇʨʝʪʩʪʘʚʥʠʮʠʪʝ ʥʘ ʛʨʫʧʘʪʘ Jalapeño ʠʤʘʘʪ ʧʣʦʜʦʚʠ ʩʦ ʜʝʙʝʣ ʧʝʨʠʢʘʨʧ, ʢʦʥʫʩʥʘ ʬʦʨʤʘ 

ʠ ʪʝʤʥʦʟʝʣʝʥʘ ʙʦʿʘ, ʢʦʿʘ ʩʦ ʪʝʢʦʪ ʥʘ ʟʨʝʝˁʝʪʦ ʧʨʝʤʠʥʫʚʘ ʚʦ ʮʨʚʝʥʘ, ʠʘʢʦ ʧʦʩʪʦʿʘʪ ʠ ʩʦʨʪʠ 

ʩʦ ʧʦʛʦʣʝʤʘ ʧʘʣʝʪʘ ʥʘ ʧʨʝʦʜʥʠ ʙʦʠ ʢʦʠ ʩʝ ʤʝʥʫʚʘʘʪ ʦʜ ʩʚʝʪʣʦʟʝʣʝʥʘ ʜʦ ʞʦʣʪʘ, ʧʦʪʦʘ 

ʧʦʨʪʦʢʘʣʦʚʘ ʠ ʥʘ ʢʨʘʿ ʮʨʚʝʥʘ (Votava & Bosland, 1998). ʇʠʧʝʨʢʠʪʝ ʦʜ ʦʚʘʘ ʛʨʫʧʘ ʛʣʘʚʥʦ 

ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʢʦʥʟʝʨʚʠʨʘˁʝ, ʢʠʩʝʣʝˁʝ ʠ ʩʫʰʝˁʝ. ʂʘʿ ʥʝʢʦʠ ʚʠʜʦʚʠ ʦʜ ʦʚʘʘ ʛʨʫʧʘ 

ʚʝʟʝʥʦʩʪʘ ʩʝ ʤʘʥʠʬʝʩʪʠʨʘ ʢʘʢʦ ʭʦʨʠʟʦʥʪʘʣʥʠ ʣʠʥʠʠ ʠ/ʠʣʠ ʢʘʢʦ ʤʨʝʞʝʩʪʘ ʩʪʨʫʢʨʫʨʘ ʥʘ 

ʧʦʚʨʰʠʥʘʪʘ. ɺʦ ʄʝʢʩʠʢʦ, ʚʝʟʝʥʦʩʪʘ ʝ ʧʨʠʬʘʪʝʥʘ ʢʘʢʦ ʧʦʞʝʣʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʜʦʜʝʢʘ 

ʚʦ ʉɸɼ, ʠ ʥʘʿʤʘʣ ʧʨʦʮʝʥʪ ʥʘ ʚʝʟʝʥʦʩʪ ʢʘʿ Jalapeño ʧʠʧʝʨʢʠʪʝ ʠʤʘ ʦʜʙʠʚʝʥ ʝʬʝʢʪ ʚʨʟ 

ʧʦʪʨʦʰʫʚʘʯʠʪʝ. ʇʦʨʘʜʠ ʩʧʝʮʠʬʠʯʥʘʪʘ ʜʝʙʝʣʠʥʘ ʥʘ ʼʠʜʦʪ, ʟʨʝʣʠʪʝ ʮʨʚʝʥʠ Jalapeño 

ʧʠʧʝʨʢʠ ʩʝ ʩʫʰʘʪ ʩʦ ʯʘʜʝˁʝ ʥʘ ʜʨʚʘ, ʘ ʧʨʦʠʟʚʦʜʦʪ ʩʝ ʥʘʨʝʢʫʚʘ ñchipotleò (Bosland & 

Votava, 2012). Jansasithorn et al. (2014), ʩʦ ʧʦʤʦʰ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʘʪʘ ʤʠʢʨʦʩʢʦʧʠʿʘ, 

ʧʦʢʘʞʫʚʘʘʪ ʜʝʢʘ ʧʫʢʥʘʪʠʥʠʪʝ ʥʘ ʢʫʪʠʢʫʣʘʪʘ ʢʘʿ ʧʣʦʜʦʚʠʪʝ ʦʜ ʧʠʧʝʨʢʠʪʝ Jalapeño ʩʝ 

ʟʘʪʚʦʨʝʥʠ ʩʦ ʚʦʩʦʯʥʦ ʩʚʨʟʥʦ ʪʢʠʚʦ, ʥʦ ʠʤʘ ʜʝʣʦʚʠ ʙʝʟ ʩʫʙʝʨʠʥʠʟʘʮʠʿʘ ʧʨʝʢʫ ʢʦʠ ʚʦʜʘʪʘ 

ʦʜ ʧʣʦʜʦʪ ʠʩʧʘʨʫʚʘ ʪʨʠ ʧʘʪʠ ʧʦʙʨʟʦ ʩʧʦʨʝʜʝʥʦ ʩʦ ʥʝʥʘʧʫʢʥʘʪʠʪʝ ʧʣʦʜʦʚʠ. ʆʚʘ ʿʘ 

ʧʦʪʝʥʮʠʨʘ ʚʘʞʥʦʩʪʘ ʥʘ ʚʝʟʝʥʦʩʪʘ ʢʘʢʦ ʧʦʞʝʣʥʦ ʩʚʦʿʩʪʚʦ ʟʘ ʩʝʣʝʢʮʠʿʘ ʥʘ ʩʦʨʪʠ ʧʠʧʝʨʢʠ 

ʟʘ ʩʫʰʝˁʝ ʙʠʜʝʿ˃ʠ ʚʣʠʿʘʝ ʚʨʟ ʙʨʟʠʥʘʪʘ ʠ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʜʝʭʠʜʨʘʪʘʮʠʿʘʪʘ. 

 

ɺʦ ʥʘʰʘʪʘ ʟʝʤʿʘ, ʪʠʧʠʯʥʘʪʘ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ ʩʦ ʩʠʣʥʦ ʠʟʨʘʟʝʥʘ ʚʝʟʝʥʦʩʪ ʧʦ ʮʝʣʘʪʘ 

ʧʦʚʨʰʠʥʘ ʥʘ ʧʣʦʜʦʪ ʝ ʜʦʤʠʥʘʥʪʥʘ ʬʦʨʤʘ ʟʘ ʩʫʰʝˁʝ (Drvoshanova et al., 2023). 

ʊʨʘʜʠʮʠʦʥʘʣʥʦ, ʜʨʰʢʠʪʝ ʦʜ ʮʝʣʠ ʧʣʦʜʦʚʠ ʩʝ ʥʠʞʘʪ ʥʘ ʢʦʥʦʧ ʚʦ ʥʠʟʠ ʠ ʩʝ ʦʩʪʘʚʘʘʪ ʜʘ ʩʝ 

ʩʫʰʘʪ ʥʘ ʩʝʥʢʘ ʠ ʧʨʦʚʝʚ. ʆʚʦʿ ʪʠʧ ʥʘ ʧʠʧʝʨʢʘ ʜʘʚʘ ʥʘʿʜʦʙʘʨ ʨʝʟʫʣʪʘʪ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ 

ʜʝʭʠʜʨʠʨʘˁʝ, ʩʦ ʤʠʥʠʤʘʣʝʥ ʧʨʦʮʝʥʪ ʥʘ ʩʢʘʧʫʚʘˁʝ ʚʥʘʪʨʝ ʚʦ ʧʣʦʜʦʪ ʠ ʭʦʤʦʛʝʥʦ ʩʫʰʝˁʝ 

ʥʠʟ ʮʝʣʘʪʘ ʧʦʚʨʰʠʥʘ ʠʩʪʦʚʨʝʤʝʥʦ. ʎʚʨʩʪʠʥʘʪʘ ʥʘ ʧʣʦʜʦʚʠʪʝ ʚʦ ʩʚʝʞʘ ʠ ʩʫʚʘ ʩʦʩʪʦʿʙʘ, 

ʜʦʣʛʠʪʝ ʠ ʮʚʨʩʪʠ ʜʨʰʢʠ ʟʘ ʥʠʞʝˁʝ ʠ ʢʘʧʘʮʠʪʝʪʦʪ ʟʘ ʪʨʘʥʩʧʠʨʘʮʠʿʘ, ʛʠ ʧʨʘʚʘʪ ʚʝʟʝʥʠʪʝ 

ʧʠʧʝʨʢʠ ʣʝʩʥʠ ʟʘ ʙʝʨʙʘ, ʪʨʘʥʩʧʦʨʪ ʠ ʤʘʥʠʧʫʣʘʮʠʿʘ ʚʦ ʧʦʩʣʝʙʝʨʙʝʥʠʦʪ ʧʝʨʠʦʜ, ʢʘʢʦ ʠ ʟʘ 

ʪʨʘʜʠʮʠʦʥʘʣʥʘ ʠ ʠʥʜʫʩʪʨʠʩʢʘ ʧʨʝʨʘʙʦʪʢʘ.  

 

ʀʘʢʦ ʩʝ ʟʥʘʝ ʜʝʢʘ ʨʘʟʚʦʿʦʪ ʥʘ ʢʫʪʠʢʫʣʘʪʘ ʝ ʧʦʜ ʢʦʥʪʨʦʣʘ ʥʘ ʛʝʥʝʪʩʢʠ ʬʘʢʪʦʨʠ ʠ ʬʘʢʪʦʨʠ 

ʥʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ, ʠ ʧʦʢʨʘʿ ʧʦʩʪʦʝˁʝʪʦ ʥʘ ʤʥʦʛʫ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ ʛʝʥʠ ʧʦʚʨʟʘʥʠ 

ʩʦ ʢʫʪʠʢʫʣʘʪʘ (Isaacson et al., 2009; Kosma et al., 2010), ʩ¯ ʫʰʪʝ ʤʘʣʢʫ ʝ ʧʦʟʥʘʪʦ ʟʘ 

ʛʝʥʝʪʩʢʘʪʘ ʢʦʥʪʨʦʣʘ ʥʘ ʚʝʟʝʥʦʩʪʘ ʢʘʿ ʧʣʦʜʦʪ. ʆʚʘ ʦʪʚʦʨʘ ʤʦʞʥʦʩʪʠ ʟʘ ʧʦʥʘʪʘʤʦʰʥʠ 

ʠʩʪʨʘʞʫʚʘˁʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʩʧʝʮʠʬʠʯʥʠ QTL ʠʣʠ ʛʝʥʠ ʚʢʣʫʯʝʥʠ ʚʦ ʨʘʟʚʦʿʦʪ ʥʘ 

ʦʚʘ ʩʚʦʿʩʪʚʦ ʢʘʿ ʧʠʧʝʨʢʘʪʘ. 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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3.10. ʇʨʠʤʝʥʘ ʥʘ ʩʦʚʨʝʤʝʥʠ ʤʝʪʦʜʠ ʟʘ ʛʝʥʦʪʠʧʠʟʘʮʠʿʘ ʚʦ ʦʮʝʥʘʪʘ ʥʘ ʜʠʚʝʨʟʠʪʝʪʦʪ 

ʢʘʿ ʧʠʧʝʨʢʘʪʘ 

 

ɺʦ ʧʦʩʣʝʜʥʘʪʘ ʜʝʮʝʥʠʿʘ, ʙʨʟʠʦʪ ʥʘʧʨʝʜʦʢ ʥʘ ʤʦʣʝʢʫʣʘʨʥʘʪʘ ʙʠʦʣʦʛʠʿʘ ʠ ʛʝʥʦʤʠʢʘʪʘ 

ʟʥʘʯʘʿʥʦ ʛʦ ʧʨʦʤʝʥʠʿʘ ʢʫʨʩʦʪ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʙʠʦʪʝʭʥʦʣʦʛʠʿʘʪʘ ʠ ʛʠ ʜʦʚʝʜʦʘ ʛʝʥʝʪʩʢʠʪʝ 

ʠʩʪʨʘʞʫʚʘˁʘ ʥʘ ʤʥʦʛʫ ʧʦʚʠʩʦʢʦ ʥʠʚʦ, ʟʥʘʯʘʿʥʦ ʫʥʘʧʨʝʜʫʚʘʿ˃ʠ ʛʠ ʤʝʪʦʜʠʪʝ ʟʘ 

ʧʨʦʫʯʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʠʦʪ ʜʠʚʝʨʟʠʪʝʪ ʢʘʿ ʨʘʩʪʝʥʠʿʘʪʘ. ʉʦʚʨʝʤʝʥʠʪʝ ʪʝʭʥʠʢʠ ʟʘ 

ʩʝʢʚʝʥʮʠʦʥʠʨʘˁʝ ʥʘʧʨʘʚʠʿʘ ʨʝʚʦʣʫʮʠʦʥʝʨʥʠ ʧʨʦʤʝʥʠ ʠ ʜʦʚʝʜʦʘ ʜʦ ʩʦʩʝʤʘ ʥʦʚʠ 

ʩʦʟʥʘʥʠʿʘ ʟʘ ʠʩʪʨʘʞʫʚʘˁʝ ʥʘ ʜʠʚʝʨʟʠʪʝʪʦʪ ʠ ʟʘ ʜʝʪʘʣʥʘ ʛʝʥʝʪʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ 

ʨʘʩʪʠʪʝʣʥʠʪʝ ʛʝʥʝʪʩʢʠ ʨʝʩʫʨʩʠ. ʀʤʝʥʦ, ʚʦ 2014 ʛʦʜʠʥʘ, Qin et al., (2014) ʟʘ ʧʨʚ ʧʘʪ 

ʮʝʣʦʩʥʦ ʛʦ ʩʝʢʚʝʥʮʠʦʥʠʨʘʘʪ ʠ ʦʙʿʘʚʫʚʘʘʪ ʛʝʥʦʤʦʪ ʥʘ ʧʠʧʝʨʢʘʪʘ (Capsicum annuum). 

ʉʪʫʜʠʿʘʪʘ ʦʙʝʟʙʝʜʠʣʘ ʟʥʘʯʘʝʥ ʫʚʠʜ ʚʦ ʝʚʦʣʫʮʠʿʘʪʘ, ʜʦʤʝʩʪʠʢʘʮʠʿʘʪʘ ʠ ʧʨʝʜʚʠʜʫʚʘˁʘʪʘ 

ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʦʚʘʘ ʢʫʣʪʫʨʘ ʦʜ ʛʝʥʝʪʩʢʠ ʘʩʧʝʢʪ, ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʬʦʨʤʠʨʘʥʘʪʘ ʛʝʥʝʪʩʢʘ 

ʤʘʧʘ ʩʦ ʚʠʩʦʢʘ ʛʫʩʪʠʥʘ, ʨʝʣʝʚʘʥʪʥʘ ʟʘ ʨʘʟʚʦʿ ʥʘ SNP-ʤʘʨʢʝʨʠ. ɼʦʣʞʠʥʘʪʘ ʥʘ ʛʝʥʦʤʦʪ ʝ 

ʧʨʦʮʝʥʝʪʘ ʥʘ ʧʨʠʙʣʠʞʥʦ 3,48 Gb ʠ ʩʦʜʨʞʠ 34 476 ʛʝʥʠ ʢʦʠ ʢʦʜʠʨʘʘʪ ʧʨʦʪʝʠʥʠ. SNP- 

ʤʘʨʢʝʨʠʪʝ ʜʘʚʘʘʪ ʪʦʯʥʘ ʠ ʜʝʪʘʣʥʘ ʘʥʘʣʠʟʘ ʥʘ ʛʝʥʝʪʩʢʠʦʪ ʜʠʚʝʨʟʠʪʝʪ, ʦʚʦʟʤʦʞʫʚʘʿ˃ʠ 

ʜʠʨʝʢʪʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʠ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʦʪ ʢʘʿ ʩʘʤʦ ʝʜʝʥ ʥʫʢʣʝʦʪʠʜ 

(Taranto et al. 2016). 

 

ʉʦ ʨʘʟʚʦʿʦʪ ʥʘ NGS (Next Generation Sequencing) ʪʝʭʥʦʣʦʛʠʠʪʝ ʩʝ ʦʚʦʟʤʦʞʠ ʠʩʪʦʚʨʝʤʝʥʦ 

ʛʝʥʦʪʠʧʠʟʠʨʘˁʝ ʥʘ ʠʣʿʘʜʥʠʮʠ ʤʘʨʢʝʨʠ, ʩʦ ʰʪʦ ʟʥʘʯʘʿʥʦ ʩʝ ʟʛʦʣʝʤʠ ʝʬʠʢʘʩʥʦʩʪʘ ʚʦ 

ʘʩʦʮʠʿʘʪʠʚʥʦʪʦ ʤʘʧʠʨʘˁʝ ʥʘ ʩʚʦʿʩʪʚʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ QTL-ʨʝʛʠʦʥʠ (Pareek et al., 

2011). ʇʨʠʤʝʥʘʪʘ ʥʘ NGS ʪʝʭʥʦʣʦʛʠʠʪʝ ʦʚʦʟʤʦʞʠ ʨʘʟʚʦʿ ʥʘ ʩʧʝʮʠʬʠʯʥʠ SNP-ʧʘʥʝʣʠ 

ʧʦʚʨʟʘʥʠ ʩʦ ʘʛʨʦʥʦʤʩʢʠ ʚʘʞʥʠ ʩʚʦʿʩʪʚʘ, ʢʘʢʦ ʰʪʦ ʩʝ ʣʫʪʠʥʘ, ʪʦʣʝʨʘʥʮʠʿʘ ʥʘ ʘʙʠʦʪʩʢʠ ʠ 

ʙʠʦʪʩʢʠ ʩʪʨʝʩʦʚʠ, ʦʪʧʦʨʥʦʩʪ ʥʘ ʙʦʣʝʩʪʠ ʠ ʤʦʨʬʦʣʦʰʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ (Cheng et al., 

2016; Manivannan et al., 2018; Du et al., 2019). 

 

ɻʝʥʝʪʩʢʦʪʦ ʤʘʧʠʨʘˁʝ ʧʨʝʪʩʪʘʚʫʚʘ ʤʦ˃ʥʘ ʘʣʘʪʢʘ ʟʘ ʣʦʮʠʨʘˁʝ ʥʘ ʧʦʟʠʮʠʿʘʪʘ ʥʘ ʛʝʥʠʪʝ 

ʠʣʠ QTL-ʨʝʛʠʦʥʠʪʝ ʧʦʚʨʟʘʥʠ ʩʦ ʚʘʨʠʿʘʮʠʿʘʪʘ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʠʣʠ 

ʢʚʘʣʠʪʘʪʠʚʥʠ ʩʚʦʿʩʪʚʘ (Xu et al., 2017). ʇʨʠʤʝʥʘʪʘ ʥʘ ʥʦʚʠʪʝ ʤʝʪʦʜʠ ʢʘʢʦ GBS 

(Genotyping-by-Sequencing), RAD-seq (Restriction site Associated DNA sequencing) ʠ 

SLAF-seq (Specific Locus Amplified Fragment sequencing), ʦʚʦʟʤʦʞʫʚʘ ʙʨʟʘ ʠ ʝʢʦʥʦʤʠʯʥʘ 

ʛʝʥʦʪʠʧʠʟʘʮʠʿʘ ʜʫʨʠ ʠ ʢʘʿ ʚʠʜʦʚʠ ʩʦ ʛʦʣʝʤʠ ʠ ʢʦʤʧʣʝʢʩʥʠ ʛʝʥʦʤʠ, ʢʘʢʦ ʰʪʦ ʝ ʧʠʧʝʨʢʘʪʘ. 

ʉʦʚʨʝʤʝʥʠʪʝ ʚʘʨʠʿʘʥʪʠ ʥʘ ʦʚʠʝ ʪʝʭʥʠʢʠ (ʢʘʢʦ ʰʪʦ ʩʝ dRAD-seq, tGBS ʠ hdRAD) ʠʤʘʘʪ 

ʧʦʛʦʣʝʤ ʦʧʩʝʛ ʠ ʧʦʛʦʣʝʤʘ ʪʦʯʥʦʩʪ, ʰʪʦ ʜʦʧʦʣʥʠʪʝʣʥʦ ʿʘ ʟʛʦʣʝʤʫʚʘ ʥʠʚʥʘʪʘ ʚʨʝʜʥʦʩʪ ʚʦ 

ʛʝʥʝʪʩʢʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ. 

 

ʂʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʦʚʠʝ ʪʝʭʥʦʣʦʰʢʠ ʜʦʩʪʠʛʥʫʚʘˁʘ, ʩʦʟʜʘʜʝʥʠ ʩʝ ʛʦʣʝʤ ʙʨʦʿ ʿʘʚʥʠ 

ʛʝʥʦʤʩʢʠ ʙʘʟʠ ʥʘ ʧʦʜʘʪʦʮʠ, ʢʘʢʦ ʰʪʦ ʩʝ GenBank (GenBank Overview) ʠ Ensembl Plants 

(https://plants.ensembl.org/), ʢʦʠ ʦʙʝʟʙʝʜʫʚʘʘʪ ʥʝʧʨʝʯʝʥ ʧʨʠʩʪʘʧ ʜʦ ʠʥʬʦʨʤʘʮʠʠ ʟʘ 

ʛʝʥʝʪʩʢʠʪʝ ʩʝʢʚʝʥʮʠ ʦʜ ʛʝʥʦʤʠ ʟʘ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʥʘ ʨʘʩʪʠʪʝʣʥʠ ʚʠʜʦʚʠ. ʆʚʠʝ ʨʝʩʫʨʩʠ 

ʠʤʘʘʪ ʩʫʰʪʠʥʩʢʦ ʟʥʘʯʝˁʝ ʟʘ ʧʨʦʫʯʫʚʘˁʝ ʥʘ ʝʚʦʣʫʪʠʚʥʠʪʝ ʦʜʥʦʩʠ, ʟʘʯʫʚʫʚʘˁʝ ʥʘ 

ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ ʛʝʥʦʤʩʢʘʪʘ ʩʝʣʝʢʮʠʿʘ ʚʦ ʧʨʦʛʨʘʤʠʪʝ ʟʘ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʫʣʪʫʨʠʪʝ (Benson et al., 2018). 

 

ɺʦ ʢʦʥʪʝʢʩʪ ʥʘ Capsicum spp., ʩʦʚʨʝʤʝʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʛʝʥʦʪʠʧʠʟʘʮʠʿʘ ʦʚʦʟʤʦʞʫʚʘʘʪ 

ʜʝʪʝʢʮʠʿʘ ʥʘ ʢʦʨʠʩʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ, ʜʠʟʘʿʥ ʥʘ ʤʘʨʢʝʨʠ ʧʦʚʨʟʘʥʠ ʩʦ 

ʩʧʝʮʠʬʠʯʥʠ ʩʝʣʝʢʮʠʩʢʠ ʩʚʦʿʩʪʚʘ ʠ ʠʥʪʝʛʨʘʮʠʿʘ ʥʘ ʤʦʣʝʢʫʣʘʨʥʠʪʝ ʧʦʜʘʪʦʮʠ ʚʦ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʧʨʦʛʨʘʤʠ ʟʘ ʩʝʣʝʢʮʠʿʘ. ʆʚʘ ʦʪʚʦʨʘ ʤʦʞʥʦʩʪ ʟʘ ʧʨʝʮʠʟʥʦ ʦʜʛʣʝʜʫʚʘˁʝ 

https://www.ncbi.nlm.nih.gov/genbank/
https://plants.ensembl.org/
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ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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ʥʘ ʥʦʚʠ ʩʦʨʪʠ ʩʦ ʧʦʜʦʙʨʝʥʠ ʘʛʨʦʥʦʤʩʢʠ, ʪʝʭʥʦʣʦʰʢʠ ʠ ʥʫʪʨʠʪʠʚʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʢʘʢʦ ʠ ʟʘ ʟʘʯʫʚʫʚʘˁʝ ʠ ʚʘʣʦʨʠʟʘʮʠʿʘ ʥʘ ʣʦʢʘʣʥʠʪʝ ʛʝʥʝʪʩʢʠ ʨʝʩʫʨʩʠ. 

 

3.10.1. ʇʨʠʤʝʥʘ ʥʘ ʤʦʣʝʢʫʣʘʨʥʠ ʤʘʨʢʝʨʠ ʧʨʠ ʦʮʝʥʘ ʥʘ ʛʝʥʝʪʩʢʠʦʪ ʜʠʚʝʨʟʠʪʝʪ ʢʘʿ 

ʧʠʧʝʨʢʘʪʘ 

 

ʉʦʚʨʝʤʝʥʠʪʝ ʧʨʦʛʨʘʤʠ ʟʘ ʩʝʣʝʢʮʠʿʘ ʥʘ ʧʠʧʝʨʢʘ ʩ¯ ʧʦʚʝ˃ʝ ʩʝ ʥʘʩʦʯʝʥʠ ʢʦʥ ʧʦʜʦʙʨʫʚʘˁʝ 

ʥʘ ʢʣʫʯʥʠʪʝ ʘʛʨʦʥʦʤʩʢʠ ʩʚʦʿʩʪʚʘ, ʢʘʢʦ ʰʪʦ ʩʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʘ, ʤʦʨʬʦʣʦʰʢʠʪʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʣʦʜʦʚʠʪʝ, ʦʪʧʦʨʥʦʩʪʘ ʥʘ ʙʠʦʪʩʢʠ ʠ ʘʙʠʦʪʩʢʠ ʩʪʨʝʩʦʚʠ ʠ 

ʨʝʛʫʣʠʨʘˁʝʪʦ ʥʘ ʩʦʜʨʞʠʥʘʪʘ ʥʘ ʢʘʧʩʘʠʮʠʥ. ʄʥʦʛʫ ʦʜ ʦʚʠʝ ʩʚʦʿʩʪʚʘ ʩʝ ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʠ 

ʠʤʘʘʪ ʢʦʤʧʣʝʢʩʥʘ ʥʘʩʣʝʜʥʘ ʦʩʥʦʚʘ, ʰʪʦ ʛʦ ʦʪʝʞʥʫʚʘ ʥʠʚʥʦʪʦ ʝʬʠʢʘʩʥʦ ʧʦʜʦʙʨʫʚʘˁʝ 

ʢʦʛʘ ʩʝ ʢʦʨʠʩʪʘʪ ʩʘʤʦ ʢʣʘʩʠʯʥʠ ʤʝʪʦʜʠ ʥʘ ʩʝʣʝʢʮʠʿʘ ʢʦʠ ʙʘʟʠʨʘʘʪ ʥʘ ʬʝʥʦʪʠʧʩʢʘ 

ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ. ɺʦ ʦʚʘʘ ʥʘʩʦʢʘ, ʤʦʣʝʢʫʣʘʨʥʠʪʝ ʤʘʨʢʝʨʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʤʦ˃ʥʘ ʘʣʘʪʢʘ ʟʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʠ ʩʝʣʝʢʮʠʿʘ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʛʝʥʦʪʠʧʦʚʠ. ʉʦ ʥʠʚʥʘ ʧʨʠʤʝʥʘ ʩʝ 

ʦʚʦʟʤʦʞʫʚʘ ʧʦʝʬʠʢʘʩʥʦ ʥʘʩʦʯʫʚʘˁʝ ʥʘ ʩʝʣʝʢʮʠʩʢʠʦʪ ʧʨʦʮʝʩ, ʧʨʝʢʫ ʨʘʥʘ ʜʝʪʝʢʮʠʿʘ ʥʘ 

ʛʝʥʝʪʩʢʠʪʝ ʨʘʟʣʠʢʠ ʧʦʚʨʟʘʥʠ ʩʦ ʧʦʩʘʢʫʚʘʥʠʪʝ ʩʚʦʿʩʪʚʘ, ʩʦ ʰʪʦ ʟʥʘʯʘʿʥʦ ʩʝ ʩʢʨʘʪʫʚʘ 

ʚʨʝʤʝʪʦ ʟʘ ʜʦʙʠʚʘˁʝ ʥʦʚʠ ʩʦʨʪʠ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʤʝʪʦʜʠ ʥʘ ʩʝʣʝʢʮʠʿʘ 

(Minamiyama et al., 2006). ɼʦʧʦʣʥʠʪʝʣʥʦ, ʤʦʣʝʢʫʣʘʨʥʠʪʝ ʤʘʨʢʝʨʠ ʩʝ ʥʝʟʘʚʠʩʥʠ ʦʜ 

ʫʩʣʦʚʠʪʝ ʥʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ, ʰʪʦ ʛʠ ʧʨʘʚʠ ʟʥʘʯʘʿʥʦ ʧʦʩʠʛʫʨʥʠ ʦʜ ʬʝʥʦʪʠʧʩʢʠʪʝ 

ʜʝʩʢʨʠʧʪʦʨʠ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʛʝʥʝʪʩʢʠʦʪ ʜʠʚʝʨʟʠʪʝʪ (Rahevar et al., 2019). 

 

ɻʝʥʝʨʘʣʥʦ, ʤʦʣʝʢʫʣʘʨʥʠʪʝ ʤʘʨʢʝʨʠ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʚʦ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: ʙʠʦʭʝʤʠʩʢʠ ʠ 

ɼʅʂ-ʤʘʨʢʝʨʠ (Chesnokov, 2018; Yali, 2022).  

 

ɹʠʦʭʝʤʠʩʢʠʪʝ ʤʘʨʢʝʨʠ, ʧʦʜʦʙʨʦ ʧʦʟʥʘʪʠ ʢʘʢʦ ʧʨʦʪʝʠʥʩʢʠ ʠʣʠ ʠʟʦʟʠʤʩʢʠ ʤʘʨʢʝʨʠ, 

ʦʚʦʟʤʦʞʫʚʘʘʪ ʚʠʟʫʘʣʠʟʘʮʠʿʘ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʠʪʝ ʩʝʢʚʝʥʮʠ ʩʦ ʧʦʤʦʰ 

ʥʘ ʝʣʝʢʪʨʦʬʦʨʝʟʘ. ʌʫʥʢʮʠʦʥʠʨʘʘʪ ʢʘʢʦ ʢʦʜʦʤʠʥʘʥʪʥʠ ʤʘʨʢʝʨʠ, ʥʦ ʥʠʚʥʘʪʘ ʫʧʦʪʨʝʙʘ ʝ 

ʦʛʨʘʥʠʯʝʥʘ ʧʦʨʘʜʠ ʦʛʨʘʥʠʯʝʥʠʦʪ ʠʟʙʦʨ ʥʘ ʜʦʩʪʘʧʥʠ ʤʘʨʢʝʨʠ ʠ ʤʦʞʥʦʩʪʘ ʟʘ ʧʦʿʘʚʘ ʥʘ 

ʧʦʩʪʪʨʘʥʩʣʘʮʠʩʢʠ ʤʦʜʠʬʠʢʘʮʠʠ, ʢʦʠʰʪʦ ʤʦʞʘʪ ʜʘ ʚʣʠʿʘʘʪ ʚʨʟ ʪʦʯʥʦʩʪʘ ʥʘ ʜʦʙʠʝʥʠʪʝ 

ʨʝʟʫʣʪʘʪʠ ʠ ʥʠʚʥʘʪʘ ʘʥʘʣʠʟʘ (Vodenicharova, 1989; Kumar, 1999; Al-Samarai & Al-Kazaz, 

2015; Yali, 2022).  

 

ʇʦʟʥʘʯʘʿʥʠ ʩʝ ɼʅʂ-ʤʘʨʢʝʨʠʪʝ ʧʦʨʘʜʠ ʥʠʚʥʘʪʘ ʰʠʨʦʢʘ ʫʧʦʪʨʝʙʘ. ʉʦ ʦʚoʿ ʪʠʧ ʤʘʨʢʝʨʠ ʩʝ 

ʜʝʪʝʢʪʠʨʘʘʪ ʨʘʟʣʠʢʠ ʚʦ ɼʅʂ-ʩʝʢʚʝʥʮʠʪʝ, ʘ ʩʧʦʨʝʜ ʤʝʪʦʜʦʪ ʥʘ ʜʝʪʝʢʮʠʿʘ ʥʘ 

ʧʦʣʠʤʦʨʬʠʟʤʠʪʝ, ɼʅʂ-ʤʘʨʢʝʨʠʪʝ ʩʝ ʜʝʣʘʪ ʚʦ ʜʚʝ ʛʨʫʧʠ: ʤʘʨʢʝʨʠ ʢʦʠ ʙʘʟʠʨʘʘʪ ʥʘ 

ʭʠʙʨʠʜʠʟʘʮʠʿʘ ʠ ʤʘʨʢʝʨʠ ʢʦʠ ʙʘʟʠʨʘʘʪ ʥʘ ʧʦʣʠʤʝʨʘʟʥʦ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʿʘ (Polymerase 

Chain Reaction - PCR) (Kumar, 1999; Amiteye, 2021; Bidyananda et al., 2024).   

 

ʄʘʨʢʝʨʠʪʝ ʢʦʠ ʙʘʟʠʨʘʘʪ ʥʘ ʭʠʙʨʠʜʠʟʘʮʠʿʘ ʩʝ RFLP-Restriction fragment length 

polymorphism (Botstein et al., 1980) ʠ VNTR-Variable number of tandem repeats (Namakura 

et al., 1987) ʢʦʠ ʦʙʠʯʥʦ ʢʦʨʠʩʪʘʪ ʩʧʝʮʠʬʠʯʥʠ ʧʨʦʙʠ ʠ Southern blot ʪʝʭʥʠʢʘ ʟʘ 

ʜʝʪʝʢʪʠʨʘˁʝ ʥʘ ʚʘʨʠʿʘʮʠʠ. 

 

ʇʦʛʦʣʝʤʘ ʧʨʠʤʝʥʘ ʥʘʦʺʘʘʪ PCR-ʙʘʟʠʨʘʥʠʪʝ ʤʘʨʢʝʨʠ, ʢʦʠ ʩʝ ʜʝʣʘʪ ʥʘ ʩʣʫʯʘʿʥʠ ʠ 

ʩʧʝʮʠʬʠʯʥʠ, ʟʘʚʠʩʥʦ ʦʜ ʪʠʧʦʪ ʥʘ ʧʨʘʿʤʝʨʠ ʰʪʦ ʩʝ ʢʦʨʠʩʪʘʪ. ʄʝʺʫ ʥʘʿʯʝʩʪʦ ʢʦʨʠʩʪʝʥʠʪʝ 

ʩʣʫʯʘʿʥʦ ʘʤʧʣʠʬʠʮʠʨʘʯʢʠ ʤʘʨʢʝʨʠ ʩʝ: RAPD (Random Amplified Polymorphic DNA) 

(Williams et al.,1990), AP-PCR (Arbitrarily Primed PCR) (Welsh & McClelland,1990), DAF 

(DNA Amplification Fingerprinting) (Caetano-Anollés et al., 1991), ISSR (Inter-Simple 

Sequence Repeat) (Gupta et al., 1994; Zietkiewicz et al., 1994), AFLP (Amplified Fragment 

Length Polymorphism) (Vos et al., 1995), ʜʦʜʝʢʘ ʩʧʝʮʠʬʠʯʥʦ ʘʤʧʣʠʬʠʮʠʨʘʯʢʠʪʝ ʩʝ SSR 
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(Simple Sequence Repeat) (Hearne et al., 1992), CAPS (Cleaved Amplified Polymorphic 

Sequence) (Konieczny & Ausubel, 1993; Lyamichev et al., 1993), SCAR (Sequence 

Characterized Amplified Region) (Paran & Michelmore, 1993), SNP (Single Nucleotide 

Polymorphism) (Wang et al., 1998). 

 

ʇʨʠʤʝʥʘʪʘ ʥʘ ʦʚʠʝ ʤʘʨʢʝʨʠ ʦʚʦʟʤʦʞʫʚʘ ʚʠʩʦʢʘ ʨʝʟʦʣʫʮʠʿʘ ʧʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ 

ʛʝʥʦʪʠʧʦʚʠ, ʩʣʝʜʝˁʝ ʥʘ ʥʘʩʣʝʜʫʚʘˁʝʪʦ ʥʘ ʩʚʦʿʩʪʚʘʪʘ ʢʘʿ ʦʨʛʘʥʠʟʤʠʪʝ, ʛʝʥʝʪʩʢʦ 

ʤʘʧʠʨʘˁʝ ʠ ʩʝʣʝʢʮʠʿʘ ʩʦ ʧʦʤʦʰ ʥʘ ʤʘʨʢʝʨʠ (MAS - Marker Assisted Selection). ʂʘʿ 

ʧʠʧʝʨʢʘʪʘ, ʚʘʢʚʠʪʝ ʪʝʭʥʠʢʠ ʩ¯ ʧʦʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʥʘʩʦʢʘ ʥʘ ʦʪʢʨʠʚʘˁʝ ʥʘ 

ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʥʘ ʣʦʢʘʣʥʠʪʝ ʧʦʧʫʣʘʮʠʠ ʠ ʩʦʨʪʠ, ʤʘʧʠʨʘˁʝ ʥʘ QTL-ʨʝʛʠʦʥʠ ʧʦʚʨʟʘʥʠ 

ʩʦ ʛʦʣʝʤʠʥʘʪʘ ʠ ʬʦʨʤʘʪʘ ʥʘ ʧʣʦʜʦʪ, ʣʫʪʠʥʘʪʘ, ʦʪʧʦʨʥʦʩʪʘ ʥʘ ʙʦʣʝʩʪʠ, ʙʦʿʘʪʘ ʠ ʥʠʚʥʘ 

ʠʥʪʝʛʨʘʮʠʿʘ ʚʦ ʧʨʦʛʨʘʤʠʪʝ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʠ ʩʝʣʝʢʮʠʿʘ ʥʘ ʥʦʚʠ ʩʦʨʪʠ (Lozada et al., 2022; 

Na Jinda et al., 2023). 

 

3.10.2. ʇʨʠʤʝʥʘ ʥʘ SSR-ʤʘʨʢʝʨʠ ʟʘ ʦʮʝʥʘ ʥʘ ʛʝʥʝʪʩʢʠ ʜʠʚʝʨʟʠʪʝʪ ʢʘʿ ʧʠʧʝʨʢʘʪʘ  

 

ʄʠʢʨʦʩʘʪʝʣʠʪʠʪʝ ʠʣʠ ʝʜʥʦʩʪʘʚʥʠʪʝ ʧʦʚʪʦʨʫʚʘʯʢʠ ʩʝʢʚʝʥʮʠ (SSR) ʩʝ ʝʜʥʠ ʦʜ ʥʘʿʯʝʩʪʦ 

ʢʦʨʠʩʪʝʥʠʪʝ ɼʅʂ-ʤʘʨʢʝʨʠ ʧʨʠ ʧʨʦʮʝʥʢʘ ʥʘ ʛʝʥʝʪʩʢʠʦʪ ʜʠʚʝʨʟʠʪʝʪ ʥʘ ʟʝʤʿʦʜʝʣʩʢʠʪʝ 

ʢʫʣʪʫʨʠ. ʊʠʝ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʢʨʘʪʢʠ ʪʘʥʜʝʤʥʦ ʧʦʚʪʦʨʫʚʘʯʢʠ ʩʝʢʚʝʥʮʠ ʥʘ ɼʅʂ, ʩʦ 

ʜʦʣʞʠʥʘ ʦʜ 1 ʜʦ 6 ʙʘʟʥʠ ʧʘʨʦʚʠ, ʢʦʠ ʩʝ ʦʜʣʠʢʫʚʘʘʪ ʩʦ ʚʠʩʦʢʘ ʧʦʣʠʤʦʨʬʥʦʩʪ, ʨʘʤʥʦʤʝʨʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʪʦʩʪ ʥʠʟ ʛʝʥʦʤʦʪ ʠ ʩʪʘʙʠʣʥʘ ʥʘʩʣʝʜʥʦʩʪ. ʉʝ ʥʘʩʣʝʜʫʚʘʘʪ ʢʦʜʦʤʠʥʘʥʪʥʦ ʠ 

ʤʦʞʘʪ ʙʨʟʦ ʠ ʝʜʥʦʩʪʘʚʥʦ ʜʘ ʩʝ ʜʝʪʝʢʪʠʨʘʘʪ ʧʨʝʢʫ ʧʦʣʠʤʝʨʘʟʥʦ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʿʘ (PCR), 

ʩʦ ʧʦʤʦʰ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʧʘʨʦʚʠ ʧʨʘʿʤʝʨʠ ʥʘʩʦʯʝʥʠ ʢʦʥ ʤʠʢʨʦʩʘʪʝʣʠʪʩʢʠʦʪ ʜʦʤʝʥ.  

 

ʆʩʚʝʥ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʛʝʥʝʪʩʢʘʪʘ ʨʘʟʥʦʚʠʜʥʦʩʪ, ʤʠʢʨʦʩʘʪʝʣʠʪʠʪʝ ʤʦʞʘʪ ʜʘ ʩʝ ʢʦʨʠʩʪʘʪ 

ʢʘʢʦ ʦʟʥʘʢʠ ʟʘ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʥʘ ʛʝʥʠʪʝ ʚʦ ʛʝʥʝʪʩʢʠʪʝ ʤʘʧʠ (Karaca et al., 2002; 

Minamiyama et al., 2006; Ince et al., 2009; Zhong et al., 2021; Motbaynor et al., 2022), ʢʘʢʦ 

ʠ ʧʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʠ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʤʫʪʘʥʪʠ ʦʜ ʚʠʜʦʚʠʪʝ Capsicum ʜʦʙʠʝʥʠ ʧʦ 

ʧʘʪ ʥʘ ʭʝʤʠʩʢʠ ʠʥʜʫʮʠʨʘʥʘ ʤʫʪʘʛʝʥʝʟʘ (Hasan et al., 2024). ʐʠʨʦʢʠʦʪ ʠʟʙʦʨ, 

ʩʪʘʥʜʘʨʜʠʟʠʨʘʥʘʪʘ ʣʘʙʦʨʘʪʦʨʠʩʢʘ ʧʨʠʤʝʥʘ ʠ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʘʪʘ ʮʝʥʘ ʥʘ SSR-ʤʘʨʢʝʨʠʪʝ 

ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʪʠʝ ʠ ʧʦʥʘʪʘʤʫ ʜʘ ʦʩʪʘʥʘʪ ʤʝʺʫ ʥʘʿʫʧʦʪʨʝʙʫʚʘʥʠʪʝ ʘʣʘʪʢʠ ʚʦ ʛʝʥʝʪʩʢʠʪʝ 

ʠʩʪʨʘʞʫʚʘˁʘ ʠ ʩʝʣʝʢʮʠʿʘʪʘ ʢʘʿ ʧʠʧʝʨʢʘʪʘ - ʦʜ ʢʦʥʩʪʨʫʠʨʘˁʝ ʠ ʝʚʘʣʫʘʮʠʿʘ ʥʘ core-

ʢʦʣʝʢʮʠʠ, ʜʦ ʚʘʣʠʜʘʮʠʿʘ ʥʘ ʤʘʨʢʝʨʠ ʟʘ marker-assisted selection (MAS).ñ (Lee at al., 2016; 

Bukhari et al., 2024; Viáfara-Vega et al., 2025). ɹʨʦʿʥʠ ʠʩʪʨʘʞʫʚʘʯʢʠ ʪʠʤʦʚʠ ʠʤʘʘʪ 

ʨʘʟʚʠʝʥʦ SSR-ʙʘʟʠʨʘʥʠ ʛʝʥʝʪʩʢʠ ʤʘʧʠ ʟʘ ʨʘʟʣʠʯʥʠ ʢʦʣʝʢʮʠʠ ʥʘ Capsicum (Ince et al., 

2009; Mimura et al., 2012; Santhy et al., 2023). Yi ʠ ʩʦʨ. (2006), ʩʦ ʧʨʠʤʝʥʘ ʥʘ in silico 

ʘʥʘʣʠʟʘ ʥʘ 10.232 EST ʩʝʢʚʝʥʮʠ, ʠʜʝʥʪʠʬʠʢʫʚʘʣʝ ʚʢʫʧʥʦ 1 201 SSR-ʝʣʝʤʝʥʪʠ, ʦʜʥʦʩʥʦ 

ʧʦ ʝʜʝʥ SSR ʥʘ ʩʝʢʦʠ 3,8 kb. ʅʘʿʟʘʩʪʘʧʝʥʠ ʙʠʣʝ ʪʨʠʥʫʢʣʝʦʪʠʜʥʠʪʝ ʧʦʚʪʦʨʫʚʘʯʢʠ 

ʩʝʢʚʝʥʮʠ (66 %), ʧʨʦʩʣʝʜʝʥʠ ʩʦ ʜʠʥʫʢʣʝʦʪʠʜʥʠ (18 %), ʧʝʥʪʘʥʫʢʣʝʦʪʠʜʥʠ (8.2 %) ʠ 

ʪʝʪʨʘʥʫʢʣʝʦʪʠʜʥʠ (7.7 %). ʅʘʿʯʝʩʪʠ ʤʦʪʠʚʠ ʙʠʣʝ AAG (14 %) ʠ AG (12.4 %). ʇʦʟʠʮʠʠʪʝ 

ʥʘ ʦʚʠʝ ʤʘʨʢʝʨʠ ʩʝ ʧʨʝʮʠʟʥʦ ʤʘʧʠʨʘʥʠ ʥʠʟ ʨʘʟʣʠʯʥʠʪʝ ʭʨʦʤʦʟʦʤʠ ʥʘ ʛʝʥʦʤʦʪ ʥʘ 

ʧʠʧʝʨʢʘʪʘ, ʰʪʦ ʦʚʦʟʤʦʞʫʚʘ ʧʦʜʝʪʘʣʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʿʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ʥʘ ʧʦʚʨʟʘʥʠ ʨʝʛʠʦʥʠ ʩʦ ʩʧʝʮʠʬʠʯʥʠ ʩʚʦʿʩʪʚʘ. 

 

Kong et al. (2012) ʨʘʟʚʠʣʝ ʧʨʦʪʦʢʦʣʠ ʟʘ ʧʨʠʤʝʥʘ ʥʘ 33 ʧʦʣʠʤʦʨʬʥʠ SSR-ʤʘʨʢʝʨʠ. 

ʇʨʠʤʝʥʘʪʘ ʥʘ ʦʚʠʝ ʤʘʨʢʝʨʠ ʝ ʧʦʪʚʨʜʝʥʘ ʠ ʚʦ ʙʨʦʿʥʠ ʜʨʫʛʠ ʩʪʫʜʠʠ ʥʘʩʦʯʝʥʠ ʢʦʥ ʛʝʥʝʪʩʢʘ 

ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʣʦʢʘʣʥʠ ʠ ʛʣʦʙʘʣʥʠ ʢʦʣʝʢʮʠʠ ʥʘ Capsicum spp., ʢʘʢʦ ʰʪʦ ʩʝ ʦʥʠʝ ʥʘ 

Pacheco Olvera et al. (2012), Dhaliwal et al. (2013) ʠ Sharmin et al. (2018), ʢʘʢʦ ʠ 

ʠʩʪʨʘʞʫʚʘˁʘ ʧʦʚʨʟʘʥʠ ʩʦ ʧʦʪʝʢʣʦʪʦ ʠ ʬʠʣʦʛʝʥʝʪʩʢʘʪʘ ʧʦʚʨʟʘʥʦʩʪ ʥʘ ʩʦʨʪʠʪʝ (Nicolaµ et 

al., 2013).  
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ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Dhaliwal et al. (2013) ʙʠʣʝ ʘʥʘʣʠʟʠʨʘʥʠ 6 ʝʣʠʪʥʠ ʣʠʥʠʠ ʥʘ ʯʠʣʠ 

ʧʠʧʝʨʢʘ (C. annuum) ʧʣʫʩ ʜʚʝ ʚʘʨʠʿʘʥʪʠ ʥʘ GMS ʣʠʥʠʿʘʪʘ óMS-12ô (ʩʪʝʨʠʣʥʘ ʠ 

ʬʝʨʪʠʣʥʘ), ʢʦʨʠʩʪʝʿ˃ʠ 58 SSR ʤʘʨʢʝʨʠ (ʦʜ ʢʦʠ 30 ʙʠʣʝ ʧʦʣʠʤʦʨʬʥʠ ʩʦ ʚʢʫʧʝʥ ʙʨʦʿ ʦʜ 

83 ʜʝʪʝʢʪʠʨʘʥʠ ʘʣʝʣʠ). ʊʠʝ ʧʦʢʘʞʘʣʝ ʜʝʢʘ SSR-ʤʘʨʢʝʨʠʪʝ ʩʝ ʝʬʠʢʘʩʥʘ ʘʣʘʪʢʘ ʟʘ 

ʜʝʪʝʢʪʠʨʘˁʝ ʥʘ ʨʘʟʣʠʢʠʪʝ ʢʘʿ ʙʣʠʩʢʠ ʝʣʠʪʥʠ ʛʝʥʦʪʠʧʦʚʠ, ʢʘʢʦ ʠ ʟʘ ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ 

ʥʘʿʜʠʚʝʨʛʝʥʪʥʠ ʣʠʥʠʠ ʚʦ ʢʦʣʝʢʮʠʿʘʪʘ, ʰʪʦ ʿʘ ʧʦʪʢʨʝʧʫʚʘ ʥʠʚʥʘʪʘ ʧʨʠʤʝʥʘ ʚʦ ʩʝʣʝʢʮʠʿʘ 

ʠ ʦʜʨʞʫʚʘˁʝ ʥʘ ʨʦʜʠʪʝʣʩʢʠ ʣʠʥʠʠ. ɺʦ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʙʠʣʝ ʚʢʣʫʯʝʥʠ ʜʚʘ ʤʘʨʢʝʨʠ 

HpmsCaSIG19 (Hpms CaSIG-19) ʠ CAMS-864 ʢʦʠ ʩʝ ʢʦʨʠʩʪʝʥʠ ʠ ʚʦ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ 

ʜʠʩʝʨʪʘʮʠʿʘ. ʉʦ ʚʢʫʧʥʦ 8 SSR-ʤʘʨʢʝʨʠ ʤʝʺʫ ʢʦʠ ʯʝʪʠʨʠ ʩʝ ʢʦʨʠʩʪʝʥʠ ʠ ʦʚʜʝ (CAMS-065, 

CAMS-647, CAMS-864, CAMS-885), Haque et al. (2021) ʠʟʚʨʰʠʣʝ ʛʝʥʝʪʩʢʦ ʧʨʦʬʠʣʠʨʘˁʝ 

ʥʘ ʛʝʨʤʧʣʘʟʤʘ ʦʜ 40 ʯʠʣʠ ʧʠʧʝʨʢʠ  ʠ ʧʦʢʘʞʘʣʝ ʜʝʢʘ ʤʘʨʢʝʨʠʪʝ ʩʝ ʧʦʣʠʤʦʨʬʥʠ ʠ 

ʩʦʦʜʚʝʪʝʥ ʟʘ ʙʨʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʛʝʥʝʪʩʢʘ ʨʘʟʥʦʚʠʜʥʦʩʪ ʠ ʩʨʦʜʥʦʩʪ. Molla et al. (2022) 

ʘʥʘʣʠʟʠʨʘʣʝ 96 ʣʦʢʘʣʥʠ ʩʦʨʪʠ ʥʘ ʯʠʣʠ ʧʠʧʝʨʢʘ ʦʜ ɹʘʥʛʣʘʜʝʰ ʠ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ 

ʜʠʚʝʨʟʠʪʝʪʦʪ ʢʦʨʠʩʪʝʣʝ 39 SSR-ʤʘʨʢʝʨʠ, ʤʝʺʫ ʢʦʠ ʩʝ: CAMS-065, CAMS-117, CAMS-

336, CAMS-405, CAMS-647, CAMS-838, CAMS-844, CAMS-864 ʠ CAMS-885, ʢʦʨʠʩʪʝʥʠ 

ʚʦ ʦʚʘʘ ʜʠʩʝʨʪʘʮʠʿʘ. Guo et al. (2023) ʩʧʦʨʝʜʫʚʘʣʝ 94 ʣʦʢʘʣʥʠ ʩʦʨʪʠ ʠ 85 ʩʝʣʝʢʮʠʩʢʠ 

ʣʠʥʠʠ (ʚʢʫʧʥʦ 179 ʧʨʠʤʝʨʦʮʠ) ʩʦ ʧʨʠʤʝʥʘ ʥʘ 26 SSR + 1 InDel-ʤʘʨʢʝʨʠ, ʢʘʢʦ ʠ ʚʨʟ 

ʦʩʥʦʚʘ ʥʘ ʤʦʨʬʦʣʦʰʢʠʪʝ ʩʚʦʿʩʪʚʘ ʠ ʪʠʝ ʜʦʢʘʞʘʣʝ ʜʝʢʘ ʩʦʚʨʝʤʝʥʠʪʝ ʩʝʣʝʢʮʠʩʢʠ ʣʠʥʠʠ 

ʠʤʘʘʪ ʧʦʚʠʩʦʢʠ Shannon- ʠʥʜʝʢʩʠ ʟʘ ʜʝʣ ʦʜ ʩʚʦʿʩʪʚʘʪʘ (ʦʩʦʙʝʥʦ ʧʦʚʨʟʘʥʠ ʩʦ ʧʣʦʜʦʪ) ʠ 

ʜʝʢʘ ʧʦʩʪʦʠ ʜʝʪʝʢʪʠʙʠʣʥʘ ʧʦʧʫʣʘʮʠʩʢʘ ʩʪʨʫʢʪʫʨʘ ʤʝʺʫ ʬʦʨʤʠʨʘʥʠʪʝ ʛʨʫʧʠ. ʆʜ 

ʤʘʨʢʝʨʠʪʝ ʢʦʨʠʩʪʝʥʠ ʚʦ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʚʦ ʥʠʚʥʘʪʘ ʣʠʩʪʘ ʩʝ ʧʦʿʘʚʫʚʘ 

HpmsCaSIG19. 

 

ʇʨʠʤʝʥʘʪʘ ʥʘ ʥʘʧʨʝʜʥʠ ʤʦʣʝʢʫʣʘʨʥʠ ʪʝʭʥʠʢʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʧʦʜʣʘʙʦʢʦ ʨʘʟʙʠʨʘˁʝ ʥʘ 

ʛʝʥʝʪʩʢʘʪʘ ʩʪʨʫʢʪʫʨʘ, ʤʠʛʨʘʮʠʿʘʪʘ ʠ ʝʚʦʣʫʪʠʚʥʠʪʝ ʧʨʦʮʝʩʠ ʚʦ ʨʘʤʢʠ ʥʘ ʨʦʜʦʪ Capsicum. 

 

3.10.3. ʂʦʤʙʠʥʠʨʘˁʝ ʥʘ ʤʦʨʬʦʣʦʰʢʠ ʠ ʤʦʣʝʢʫʣʘʨʥʠ ʤʘʨʢʝʨʠ ʧʨʠ ʦʮʝʥʘ ʥʘ 

ʛʝʥʝʪʩʢʠʦʪ ʜʠʚʝʨʟʠʪʝʪ ʠ ʩʝʣʝʢʮʠʿʘʪʘ ʥʘ ʧʠʧʝʨʢʘʪʘ 

 

ʂʦʤʙʠʥʠʨʘˁʝʪʦ ʥʘ ʤʦʨʬʦʣʦʰʢʘ ʠ ʤʦʣʝʢʫʣʘʨʥʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʧʨʝʪʩʪʘʚʫʚʘ ʝʜʝʥ ʦʜ 

ʥʘʿʮʝʣʦʩʥʠʪʝ ʧʨʠʩʪʘʧʠ ʟʘ ʧʨʦʮʝʥʘ ʥʘ ʛʝʥʝʪʩʢʘʪʘ ʨʘʟʥʦʚʠʜʥʦʩʪ ʢʘʿ ʨʘʩʪʠʪʝʣʥʠʪʝ 

ʛʝʥʦʪʠʧʦʚʠ. ʄʦʨʬʦʣʦʰʢʠʪʝ ʤʘʨʢʝʨʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʚʠʟʫʝʣʥʘ ʧʨʦʮʝʥʘ ʥʘ ʬʝʥʦʪʠʧʩʢʠʪʝ 

ʩʚʦʿʩʪʚʘ ʰʪʦ ʩʝ ʦʜ ʟʥʘʯʝˁʝ ʟʘ ʦʜʛʣʝʜʫʚʘˁʝ ʠ ʧʘʟʘʨʥʘ ʫʧʦʪʨʝʙʘ, ʜʦʜʝʢʘ ʤʦʣʝʢʫʣʘʨʥʠʪʝ 

ʤʘʨʢʝʨʠ ʜʘʚʘʘʪ ʧʦʜʣʘʙʦʢ ʫʚʠʜ ʚʦ ʛʝʥʝʪʩʢʘʪʘ ʩʪʨʫʢʪʫʨʘ, ʥʝʟʘʚʠʩʥʦ ʦʜ ʚʣʠʿʘʥʠʝʪʦ ʥʘ 

ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. 

 

ʆʚʦʿ ʢʦʤʙʠʥʠʨʘʥ ʧʨʠʩʪʘʧ ʦʚʦʟʤʦʞʫʚʘ ʧʦʦʙʿʝʢʪʠʚʥʘ ʩʝʣʝʢʮʠʿʘ ʥʘ ʛʝʥʦʪʠʧʦʚʠ ʩʦ 

ʧʦʞʝʣʥʠ ʘʛʨʦʥʦʤʩʢʠ ʩʚʦʿʩʪʚʘ ʠ ʚʠʩʦʢ ʛʝʥʝʪʩʢʠ ʜʠʚʝʨʟʠʪʝʪ, ʰʪʦ ʝ ʦʩʦʙʝʥʦ ʟʥʘʯʘʿʥʦ ʧʨʠ 

ʠʟʙʦʨ ʥʘ ʨʦʜʠʪʝʣʠ ʠʣʠ ʧʨʦʰʠʨʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘʪʘ ʦʩʥʦʚʘ ʟʘ ʩʝʣʝʢʮʠʩʢʠʪʝ ʧʨʦʛʨʘʤʠ ʟʘ 

ʧʠʧʝʨʢʘ. ɺʦ ʙʨʦʿʥʠ ʧʨʝʪʭʦʜʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʩʝ ʘʥʘʣʠʟʠʨʘʥʠ ʤʦʨʬʦʣʦʰʢʠ ʧʘʨʘʤʝʪʨʠ ʠ ʝ 

ʠʟʚʨʰʝʥʘ ʛʝʥʦʪʠʧʠʟʘʮʠʿʘ ʥʘ ʨʘʟʣʠʯʥʘ ʛʝʨʤʧʣʘʟʤʘ ʦʜ ʧʠʧʝʨʢʘ, ʩʦ ʮʝʣ ʜʘ ʩʝ 

ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʢʣʫʯʥʠʪʝ ʨʘʟʣʠʢʠ ʧʦʚʨʟʘʥʠ ʩʦ ʘʜʘʧʪʘʮʠʿʘ, ʦʪʧʦʨʥʦʩʪ ʥʘ ʙʠʦʪʩʢʠ ʠ 

ʘʙʠʦʪʩʢʠ ʩʪʨʝʩʦʚʠ, ʧʣʦʜʦʚʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʠʥʦʩ. ʀʩʪʨʘʞʫʚʘˁʘʪʘ ʧʦʪʝʥʮʠʨʘʘʪ ʜʝʢʘ 

ʤʦʨʬʦʣʦʰʢʘʪʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʝ ʦʩʦʙʝʥʦ ʝʬʠʢʘʩʥʘ ʢʦʛʘ ʩʝ ʥʘʜʦʧʦʣʥʫʚʘ ʩʦ ʤʦʣʝʢʫʣʘʨʥʠ 

ʧʦʜʘʪʦʮʠ ʟʘ ʧʦʪʚʨʜʝʥʘ ʛʝʥʝʪʩʢʘ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʘ ʧʦʤʝʺʫ ʬʝʥʦʪʠʧʩʢʠ ʩʣʠʯʥʠ ʣʠʥʠʠ 

(Paredes Andrade et al., 2020; Liu et al., 2023; Silvar et al., 2025; Viafara-Vega et al., 2025). 

 

ʉʦ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠ ʦʜ ʤʦʨʬʦʣʦʰʢʠ ʜʝʩʢʨʠʧʪʦʨʠ ʠ ʤʦʣʝʢʫʣʘʨʥʠ ʤʘʨʢʝʨʠ, 

ʠʩʪʨʘʞʫʚʘʯʠʪʝ ʤʦʞʘʪ ʜʘ ʠʟʛʨʘʜʘʪ ʧʦʢʦʥʟʠʩʪʝʥʪʥʠ ʠ ʧʦʩʠʛʫʨʥʠ ʤʦʜʝʣʠ ʟʘ ʧʨʦʮʝʥʘ ʥʘ 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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ʛʝʥʝʪʩʢʠʦʪ ʜʠʚʝʨʟʠʪʝʪ, ʰʪʦ ʧʨʝʪʩʪʘʚʫʚʘ ʦʩʥʦʚʘ ʟʘ ʫʥʘʧʨʝʜʫʚʘˁʝ ʥʘ ʩʝʣʝʢʮʠʩʢʠʪʝ 

ʧʨʦʛʨʘʤʠ, ʟʘʯʫʚʫʚʘˁʝ ʥʘ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ ʠ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʣʦʢʘʣʥʠʪʝ ʩʦʨʪʠ.  



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 
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4. ʄɸʊɽʈʀɱɸʃʀ ʀ ʄɽʊʆɼʀ 

4.1. ʈʘʩʪʠʪʝʣʝʥ ʤʘʪʝʨʠʿʘʣ ʠ ʜʠʟʘʿʥ ʥʘ ʧʦʣʩʢʠ ʦʧʠʪ 

 

ʀʩʪʨʘʞʫʚʘˁʝʪʦ ʙʝʰʝ ʩʧʨʦʚʝʜʝʥʦ ʚʦ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʛʦʜʠʥʠ (2018 ʠ 2019) ʥʘ ʪʨʠ 

ʨʘʟʣʠʯʥʠ ʣʦʢʘʮʠʠ, ʢʦʠ ʟʥʘʯʠʪʝʣʥʦ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʚʦ ʦʜʥʦʩ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪʩʢʠʪʝ 

ʫʩʣʦʚʠ. ɺʦ 2018 ʛʦʜʠʥʘ ʙʝʰʝ ʧʦʩʪʘʚʝʥ ʦʧʠʪ ʚʦ ʩ. ɻʣʫʚʦ, ʢʦʝ ʩʝ ʥʘʦʺʘ ʚʦ ʩʝʚʝʨʥʠʦʪ ʜʝʣ 

ʥʘ ʉʢʦʧʩʢʘʪʘ ʂʦʪʣʠʥʘ, ʥʘ ʪʝʨʠʪʦʨʠʿʘʪʘ ʥʘ ʦʧʰʪʠʥʘ ʏʫʯʝʨ-ʉʘʥʜʝʚʦ. ʉʝʣʦʪʦ ʝ 

ʨʘʤʥʠʯʘʨʩʢʦ, ʥʘ ʥʘʜʤʦʨʩʢʘ ʚʠʩʠʥʘ ʦʜ 410 m. ɺʦ 2019 ʛʦʜʠʥʘ ʙʝʘ ʧʦʩʪʘʚʝʥʠ ʧʦʣʩʢʠ ʦʧʠʪʠ 

ʥʘ ʜʚʝ ʣʦʢʘʮʠʠ, ʚʦ ʙʣʠʟʠʥʘ ʥʘ ʉʢʦʧʿʝ (ʩ. ʉʪʘʿʢʦʚʮʠ) ʠ ʚʦ ʙʣʠʟʠʥʘ ʥʘ ʈʘʜʦʚʠʰ (ʣʦʢʘʣʠʪʝʪ 

ʉʪʘʨʘ ʈʝʢʘ). ʉʝʣʦʪʦ ʉʪʘʿʢʦʚʮʠ ʢʦʝ ʧʨʠʧʘʺʘ ʥʘ ʦʧʰʪʠʥʘ ɻʘʟʠ ɹʘʙʘ ʩʝ ʥʘʦʺʘ ʚʦ 

ʩʝʚʝʨʦʠʩʪʦʯʥʠʦʪ ʜʝʣ ʥʘ ʉʢʦʧʩʢʘʪʘ ʂʦʪʣʠʥʘ ʥʘ ʥʘʜʤʦʨʩʢʘ ʚʠʩʠʥʘ ʦʜ 237 m. ɻʨʘʜʦʪ 

ʈʘʜʦʚʠʰ ʩʝ ʥʘʦʺʘ ʚʦ ʿʫʛʦʠʩʪʦʯʥʠʦʪ ʜʝʣ ʥʘ ʄʘʢʝʜʦʥʠʿʘ, ʜʦʜʝʢʘ ʣʦʢʘʮʠʿʘʪʘ ʥʘ ʢʦʿʘ ʙʝʰʝ 

ʧʦʩʪʘʚʝʥ ʦʧʠʪʦʪ ʩʝ ʥʘʦʺʘ ʥʘ 4 km ʦʜ ʛʨʘʜʦʪ, ʧʦ ʪʝʯʝʥʠʝʪʦ ʥʘ ʉʪʘʨʘ ʈʝʢʘ, ʚʦ ʧʦʜʥʦʞʿʝʪʦ 

ʥʘ ʧʣʘʥʠʥʘʪʘ ʇʣʘʯʢʦʚʠʮʘ, ʥʘ ʥʘʜʤʦʨʩʢʘ ʚʠʩʠʥʘ ʦʜ ʥʘʜ 380 m. ʅʘ ʩʠʪʝ ʪʨʠ ʣʦʢʘʮʠʠ ʚʦ 

ʦʧʠʪʠʪʝ ʙʝʘ ʚʢʣʫʯʝʥʠ ʠʩʪʠʪʝ ʛʝʥʦʪʠʧʦʚʠ, 189 ʣʦʢʘʣʥʠ ʩʦʨʪʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ ʚʦ 

ʨʘʥʜʦʤʠʟʠʨʘʥ ʙʣʦʢ-ʜʠʟʘʿʥ ʩʦ ʜʚʝ ʧʦʚʪʦʨʫʚʘˁʘ. ɺʦ ʩʝʢʦʝ ʧʦʚʪʦʨʫʚʘˁʝ ʙʝʘ ʟʘʩʘʜʝʥʠ ʧʦ 6 

ʨʘʩʪʝʥʠʿʘ ʦʜ ʩʝʢʦʿ ʛʝʥʦʪʠʧ, ʥʘ ʤʝʺʫʨʝʜʦʚʦ ʨʘʩʪʦʿʘʥʠʝ ʦʜ 50 cm ʠ ʨʘʩʪʦʿʘʥʠʝ ʚʦ ʨʝʜʦʪ ʦʜ 

30 cm. ɺʦ ʪʝʢʦʪ ʥʘ ʚʝʛʝʪʘʮʠʿʘʪʘ ʙʝʘ ʧʨʠʤʝʥʝʪʠ ʩʪʘʥʜʘʨʜʥʠ ʘʛʨʦʪʝʭʥʠʯʢʠ ʤʝʨʢʠ ʟʘ 

ʦʜʛʣʝʜʫʚʘˁʝ ʧʠʧʝʨʢʘ ʥʘ ʦʪʚʦʨʝʥʦ. 

 

4.2. ʌʝʥʦʪʠʧʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ 

 

ʅʘʯʠʥʦʪ ʥʘ ʥʘʙˀʫʜʫʚʘˁʝ, ʤʝʨʝˁʝ ʥʘ ʩʚʦʿʩʪʚʘʪʘ ʠ ʙʝʣʝʞʝˁʝʪʦ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʙʝʘ 

ʠʟʚʝʜʫʚʘʥʠ ʩʧʦʨʝʜ ʫʧʘʪʩʪʚʦʪʦ ʜʘʜʝʥʦ ʚʦ ʜʝʩʢʨʠʧʪʦʨʦʪ ʥʘ International Board for Plant 

Genetic Resources (IPGRI AVRDC CATIE, 1995). ʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘʪʘ ʩʝ ʚʨʰʝʰʝ ʥʘ ʩʠʪʝ 

ʨʘʩʪʝʥʠʿʘ ʦʜ ʩʝʢʦʝ ʧʦʚʪʦʨʫʚʘˁʝ, ʘ ʘʥʘʣʠʟʘʪʘ ʥʘ ʩʚʦʿʩʪʚʘʪʘ ʥʘ ʧʣʦʜʦʚʠʪʝ ʙʝʰʝ ʩʧʨʦʚʝʜʝʥʘ 

ʥʘ ʜʝʩʝʪ ʪʠʧʠʯʥʠ ʧʣʦʜʦʚʠ ʦʜ ʩʝʢʦʿ ʛʝʥʦʪʠʧ ʦʜ ʜʚʝʪʝ ʧʦʚʪʦʨʫʚʘˁʘ. 

 

ʉʠʪʝ ʩʧʝʮʠʬʠʯʥʠ ʜʝʩʢʨʠʧʪʦʨʠ ʟʘ ʤʝʨʝˁʝ ʠ ʥʘʙˀʫʜʫʚʘˁʝ ʥʘ ʤʦʨʬʦʣʦʰʢʠʪʝ ʩʚʦʿʩʪʚʘ 

ʘʥʘʣʠʟʠʨʘʥʠ ʚʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʦ ʊʘʙʝʣʘ 1.  
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ʊʘʙʝʣʘ 1. ʄʦʨʬʦʣʦʰʢʠ ʩʚʦʿʩʪʚʘ ʘʥʘʣʠʟʠʨʘʥʠ ʚʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ 

 

 

  

ʂʘʪʝʛʦʨʠʿʘ ʥʘ ʩʚʦʿʩʪʚʦ ʉʧʝʮʠʬʠʯʥʠ ʜʝʩʢʨʠʧʪʦʨʠ ʟʘ ʤʝʨʝˁʝ ʠ 

ʥʘʙˀʫʜʫʚʘˁʝ 

ʌʝʥʦʣʦʰʢʠ ʩʚʦʿʩʪʚʘ ɹʨʦʿ ʥʘ ʜʝʥʦʚʠ ʜʦ: ʥʠʢʥʫʚʘˁʝ, ʮʚʝʪʘˁʝ ʠ 

ʧʣʦʜʦʥʦʩʝˁʝ. 

Cʚʦʿʩʪʚʘ ʥʘ ʩʪʝʙʣʦ ɺʠʩʠʥʘ ʥʘ ʩʪʝʙʣʦ (cm); ʰʠʨʠʥʘ ʥʘ ʨʘʩʪʠʪʝʣʥʘ 

ʧʦʢʨʠʚʢʘ (cm); aʥʪʦʮʠʿʘʥʠ ʥʘ ʥʦʜʠʠ; ʦʙʣʠʢ ʥʘ 

ʩʪʝʙʣʦ (ʮʠʣʠʥʜʨʠʯʝʥ, ʘʛʣʝʩʪ, ʩʧʣʝʩʥʘʪ); 

ʧʫʙʝʩʮʝʥʮʠʿʘ; ʭʘʙʠʪʫʩ ʥʘ ʨʘʩʪʝʥʠʝ; ʩʪʝʧʝʥ ʥʘ 

ʨʘʟʛʨʘʥʫʚʘˁʝ (ʙʘʟʘʣʥʦ ʨʘʟʛʨʘʥʫʚʘˁʝ). 

ʉʚʦʿʩʪʚʘ ʥʘ ʣʠʩʪʦʚʠ ɹʦʿʘ ʥʘ ʣʠʩʪ; ʦʙʣʠʢ ʥʘ ʣʠʩʪ; ʨʘʙ ʥʘ ʣʠʩʢʘʪʘ; 

ʧʫʙʝʩʮʝʥʮʠʿʘ ʥʘ ʣʠʩʪʦʚʠʪʝ; ʛʫʩʪʠʥʘ ʥʘ 

ʣʠʩʪʦʚʠ. 

ʉʚʦʿʩʪʚʘ ʥʘ ʮʚʝʪʦʚʠ ɹʨʦʿ ʥʘ ʮʚʝʪʦʚʠ ʧʦ ʦʩʢʘ; ʧʦʟʠʮʠʿʘ ʥʘ ʮʚʝʪ; ʙʦʿʘ 

ʥʘ ʚʝʥʝʯʥʠ ʣʠʚʯʠˁʘ ʠ ʜʘʤʢʠ; ʬʦʨʤʘ ʥʘ ʚʝʥʯʝ; 

ʜʦʣʞʠʥʘ ʥʘ ʚʝʥʝʯʥʠ ʣʠʚʯʠˁʘ; ʙʦʿʘ ʥʘ 

ʧʨʘʰʥʠʮʠ ʠ ʧʨʘʰʥʠʢʦʚ ʢʦʥʝʮ; ʚʠʩʠʥʘ ʥʘ 

ʪʦʣʯʥʠʢ ʠ ʧʨʘʰʥʠʢ. 

ʂʚʘʥʪʠʪʘʪʠʚʥʠ ʩʚʦʿʩʪʚʘ ʥʘ ʧʣʦʜ ʄʘʩʘ ʥʘ ʧʣʦʜ (g); ʜʦʣʞʠʥʘ ʠ ʰʠʨʠʥʘ ʥʘ ʧʣʦʜ 

(cm); ʜʝʙʝʣʠʥʘ ʥʘ ʧʝʨʠʢʘʨʧ (mm); ʜʦʣʞʠʥʘ ʥʘ 

ʧʣʘʮʝʥʪʘ (mm); ʙʨʦʿ ʥʘ ʢʦʤʦʨʠ; ʜʦʣʞʠʥʘ ʥʘ 

ʧʣʦʜʥʘ ʜʨʰʢʘ (mm). 

ʂʚʘʣʠʪʘʪʠʚʥʠ ʩʚʦʿʩʪʚʘ ʥʘ ʧʣʦʜ ɹʦʿʘ ʚʦ ʬʠʟʠʦʣʦʰʢʘ ʟʨʝʣʦʩʪ; ʧʨʝʦʜʥʘ ʙʦʿʘ; 

ʦʙʣʠʢ (ʬʦʨʤʘ) ʥʘ ʧʣʦʜ; ʬʦʨʤʘ ʥʘ ʧʨʝʩʝʢ; 

ʬʦʨʤʘ ʥʘ ʜʨʰʢʘ; ʧʠʛʤʝʥʪ ʠ ʤʘʨʛʠʥʘ ʥʘ 

ʢʘʣʠʢʩ; ʩʪʝʩʥʫʚʘˁʝ (ʢʦʥʩʪʨʠʢʮʠʿʘ) ʥʘ ʢʘʣʠʢʩ; 

ʚʨʘʪ ʥʘ ʦʩʥʦʚʘʪʘ; ʦʙʣʠʢ ʥʘ ʚʨʚʦʪ; ʦʩʪʘʪʦʢ ʦʜ 

ʮʚʝʪ ʥʘ ʚʨʚʦʪ. 

ʉʚʦʿʩʪʚʘ ʥʘ ʚʝʟʝʥʦʩʪ ʀʟʨʘʟʝʥʦʩʪ ʥʘ ʮʨʪʠ (ʠʥʪʝʥʟʠʪʝʪ 1-9); ʧʨʦʮʝʥʪ 

ʥʘ ʠʟʚʝʟʝʥʦʩʪ (0-100 %); ʧʨʘʚʝʮ ʥʘ ʮʨʪʠ 

(ʭʦʨʠʟʦʥʪʘʣʝʥ, ʚʝʨʪʠʢʘʣʝʥ, ʪʦʯʢʘʩʪ). 

ʉʝʥʟʦʨʥʠ ʩʚʦʿʩʪʚʘ ʃʫʪʠʥʘ - ʧʨʠʩʫʩʪʚʦ ʥʘ ʢʘʧʩʘʠʮʠʥʦʠʜʠ. 



ʉʘʥʜʝʚʘ ɸʪʘʥʘʩʦʚʘ ʅ.: Ăʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʤʘʢʝʜʦʥʩʢʠ ʣʦʢʘʣʥʠ 

ʧʦʧʫʣʘʮʠʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘñ. ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ, ʌʘʢʫʣʪʝʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ - ʉʢʦʧʿʝ 

_________________________________________________________________________________________________ 

49 

 

4.3. ɻʝʥʦʪʠʧʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ 

 

ʆʜ ʩʠʪʝ 189 ʛʝʥʦʪʠʧʦʚʠ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ ʚʦ ʣʘʙʦʨʘʪʦʨʠʩʢʠ ʫʩʣʦʚʠ ʙʝʘ ʦʜʛʣʝʜʘʥʠ ʟʜʨʘʚʠ 

ʨʘʩʪʝʥʠʿʘ, ʦʜ ʢʦʠ ʙʝʘ ʟʝʤʝʥʠ ʧʨʠʤʝʨʦʮʠ ʦʜ ʤʣʘʜʠ ʣʠʩʪʦʚʠ ʟʘ ʝʢʩʪʨʘʢʮʠʿʘ ʥʘ ɼʅʂ. 

ʉʚʝʞʠʦʪ ʨʘʩʪʠʪʝʣʝʥ ʤʘʪʝʨʠʿʘʣ ʦʜ ʩʝʢʦʿ ʧʨʠʤʝʨʦʢ ʧʦʝʜʥʠʥʝʯʥʦ ʙʝʰʝ ʧʦʩʪʘʚʝʥ ʚʦ 

ʝʧʝʥʜʦʨʬ-ʪʫʙʘ ʦʜ 2 mL ʠ ʧʦʜʣʦʞʝʥ ʥʘ ʣʠʦʬʠʣʠʟʘʮʠʿʘ. ʉʫʚʠʦʪ ʨʘʩʪʠʪʝʣʝʥ ʤʘʪʝʨʠʿʘʣ 

ʙʝʰʝ ʠʩʪʦʣʯʝʥ ʠ ʭʦʤʦʛʝʥʟʠʨʘʥ ʩʦ Tissue Lyser II (Qiagen). 

 

4.3.1. ɽʢʩʪʨʘʢʮʠʿʘ ʥʘ ɼʅʂ, ʜʝʪʝʨʤʠʥʠʨʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ ʠ ʢʚʘʥʪʠʪʝʪ ʠ 

ʦʧʪʠʤʠʟʘʮʠʿʘ 

 

ɻʝʥʦʤʩʢʘʪʘ ɼʅʂ ʙʝʰʝ ʠʟʦʣʠʨʘʥʘ ʦʜ ʤʣʘʜʠ ʣʠʩʪʦʚʠ (ʣʠʦʬʠʣʠʟʠʨʘʥ ʤʘʪʝʨʠʿʘʣ) ʩʣʝʜʝʿ˃ʠ 

ʛʦ ʧʨʦʪʦʢʦʣʦʪ micro-CTAB ʥʘ Khanuja et al., (1999), ʤʦʜʠʬʠʮʠʨʘʥ ʩʧʦʨʝʜ Tusevski et al., 

(2013). ʂʚʘʥʪʠʪʝʪʦʪ ʠ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʠʟʦʣʠʨʘʥʘʪʘ ɼʅʂ ʙʝʘ ʜʝʪʝʨʤʠʥʠʨʘʥʠ ʩʦ ʫʧʦʪʨʝʙʘ 

ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʘʨ (Nano Drop 2000) ʥʘ ʙʨʘʥʦʚʘ ʜʦʣʞʠʥʘ ʦʜ 260 nm, ʘ ʜʦʧʦʣʥʠʪʝʣʥʦ 

ʠʥʪʝʛʨʠʪʝʪʦʪ ʥʘ ʠʟʦʣʠʨʘʥʘʪʘ ɼʅʂ ʙʝʰʝ ʧʨʦʚʝʨʝʥ ʥʘ 1 % ʘʛʘʨʦʟʝʥ ʛʝʣ ʩʦ ʧʨʠʤʝʥʘ ʥʘ UV- 

ʪʨʘʥʩʠʣʫʤʠʥʘʪʦʨ. 

 

4.3.2. ɸʥʘʣʠʟʘ ʩʦ SSR-ʤʘʨʢʝʨʠ (ʤʠʢʨʦʩʘʪʝʣʠʪʩʢʠ ʤʘʨʢʝʨʠ) 

 

ʇʨʝʣʠʤʠʥʘʨʥʦ ʙʝʘ ʪʝʩʪʠʨʘʥʠ 25 SSR (Simple Sequence Repeat) ʤʘʨʢʝʨʠ, ʦʜ ʢʦʠ 10 

ʧʦʢʘʞʘʘ ʿʘʩʥʠ ʠ ʦʯʝʢʫʚʘʥʠ ʬʨʘʛʤʝʥʪʠ, ʩʦʛʣʘʩʥʦ ʩʦ ʣʠʪʝʨʘʪʫʨʥʠʪʝ ʧʦʜʘʪʦʮʠ. ʆʜʙʨʘʥʠʪʝ 

SSR-ʤʘʨʢʝʨʠ ʢʦʠ ʙʝʘ ʢʦʨʠʩʪʝʥʠ ʚʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʦ ʊʘʙʝʣʘ 2. ɸʥʘʣʠʟʘʪʘ 

ʙʝʰʝ ʩʧʨʦʚʝʜʝʥʘ ʚʦ ʃʘʙʦʨʘʪʦʨʠʿʘʪʘ ʟʘ ʤʦʣʝʢʫʣʘʨʥʠ ʘʥʘʣʠʟʠ ʧʨʠ ʀʥʩʪʠʪʫʪʦʪ ʟʘ ʛʝʥʝʪʩʢʠ 

ʨʝʩʫʨʩʠ ʚʦ ɹʘˁʘ ʃʫʢʘ, ɹʦʩʥʘ ʠ ʍʝʨʮʝʛʦʚʠʥʘ ʠ ʚʦ ʃʘʙʦʨʘʪʦʨʠʿʘʪʘ ʟʘ ʤʦʣʝʢʫʣʘʨʥʘ 

ʛʝʥʝʪʠʢʘ ʠ ʩʝʣʝʢʮʠʿʘ ʥʘ ʌʘʢʫʣʪʝʪʦʪ ʟʘ ʟʝʤʿʦʜʝʣʩʢʠ ʥʘʫʢʠ ʠ ʭʨʘʥʘ ʧʨʠ ʋʂʀʄ ʚʦ ʉʢʦʧʿʝ. 

 

ʊʘʙʝʣʘ 2. SSR-ʤʘʨʢʝʨʠ ʢʦʨʠʩʪʝʥʠ ʚʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ 
SSR-ʤʘʨʢʝʨ Forward ʩʝʢʚʝʥʮʘ (5ô-3ô) Reverse ʩʝʢʚʝʥʮʘ (5ô-3ô) ʇʦʚʪʦʨʫʚʘʯʢʘ 

ʩʝʢʚʝʥʮʘ 

 (ʊʘÁʉ)* 

CAMS-065 ccagtctcatccagcagaca catatgctgctcctgcattc (ac)12 53 

CAMS-117 ttgtggaggaaacaagcaaa cctcagcccaggagacataa (tg)21(ta)3 54 

CAMS-336 ggtggaaacttgcttggaga cccagaaccatccacctact (tc)16 54 

CAMS-405 ttcttgggtcccacactttc aggttgaaaggagggcaata (tc)18 53 

CAMS-647 cggattcggttgagtcgata gtgctttggtttcggtctttc (tat)6tg(tta)3é(tat)21 54 

CAMS-838 ccaggatggtgttaagggttt gtcgcatcaatgagcatagg (aga)19 59 

CAMS-844 gcaaagaaaaagaaaagcctga ctgcaactgctgcttcattc (gaa)6 54 

CAMS-864 ctgttgtggaagaagaggaca gcttcttttcaacctcctcct (aga)32 55 

CAMS-885 aacgaaaaacaaacccaatca ttgaaattgctgaaactctgaa (gaa)28 56 

HpmsCaSIG19 catgaatttcgtcttgaaggtccc aagggtgtatcgtacgcagcctta (ct)6(at)8(gtat)5 58 

* ʊʘÁʉ - ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʘʥʠʣʠʨʘˁʝ 

 

ɿʘ ʩʝʢʦʿ ʤʘʨʢʝʨ, PCR-ʘʤʧʣʠʬʠʢʘʮʠʿʘʪʘ ʙʝʰʝ ʠʟʚʝʜʝʥʘ ʚʦ ʚʢʫʧʝʥ ʚʦʣʫʤʝʥ ʥʘ ʨʝʘʢʮʠʿʘ ʦʜ 

10 ɛL. ʈʝʘʢʮʠʩʢʘʪʘ ʩʤʝʩʘ ʩʦʜʨʞʝʰʝ ʧʨʠʙʣʠʞʥʦ 20 ng ʛʝʥʦʤʩʢʘ ɼʅʂ (1 ɛL ʨʘʩʪʚʦʨ ʩʦ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ 20 ng ɛL ĭ), 1 ɛL 10Ĭ DreamTaq Green buffer (ʬʠʥʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 1Ĭ), 

1 ɛL dNTP ʤʠʢʩ (2 mM; 0,2 mM ʦʜ ʩʝʢʦʿ ʜʝʦʢʩʠʨʠʙʦʥʫʢʣʝʦʪʠʜ), 0,5 ɛL forward ʧʨʘʿʤʝʨ 

ʠ 0,5 ɛL reverse ʧʨʘʿʤʝʨ (10 ɛM; ʬʠʥʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 0,5 ɛM ʦʜ ʩʝʢʦʿ ʧʨʘʿʤʝʨ), ʢʘʢʦ 

ʠ 0,2 ɛL DreamTaq DNA polymerase (5 U ɛL ĭ; 1 U ʧʦ ʨʝʘʢʮʠʿʘ). ʇʨʝʦʩʪʘʥʘʪʠʦʪ ʚʦʣʫʤʝʥ 

ʙʝʰʝ ʜʦʧʦʣʥʝʪ ʩʦ ddH O (5,8 ɛL) ʜʦ ʚʢʫʧʥo 10 ɛL. 
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ʇʨʦʛʨʘʤʘʪʘ ʟʘ ʘʤʧʣʠʬʠʢʘʮʠʿʘ ʥʘ ʧʨʦʜʫʢʪʠʪʝ ʦʜ PCR ʩʝ ʦʜʚʠʚʘʰʝ ʥʠʟ 30 ʮʠʢʣʫʩʠ, 

ʟʘʧʦʯʥʫʚʘʿ˃ʠ ʩʦ ʠʥʠʮʠʿʘʣʥʘ ʜʝʥʘʪʫʨʘʮʠʿʘ ʥʘ 94 ÁC - 3 ʤʠʥʫʪʠ, ʜʝʥʘʪʫʨʘʮʠʿʘ ʥʘ 94 ÁC - 

30 ʩʝʢʫʥʜʠ, ʘʥʠʣʠʨʘˁʝ 53-59 °C - 30 ʩʝʢʫʥʜʠ, ʝʣʦʥʛʘʮʠʿʘ 72 ÁC - 2 ʤʠʥʫʪʠ ʠ ʟʘʚʨʰʥʘ 

ʝʣʦʥʛʘʮʠʿʘ 72 ÁC - 5 ʤʠʥʫʪʠ. ʆʧʪʠʤʘʣʥʠʪʝ  ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʘʥʠʣʠʨʘˁʝ, ʧʦʝʜʠʥʝʯʥʦ ʟʘ 

ʩʝʢʦʿ ʤʘʨʢʝʨ, ʩʝ ʧʨʝʪʩʪʘʚʝʥʠ ʚʦ ʊʘʙʝʣʘ 2.  

 

ɸʤʧʣʠʬʠʮʠʨʘʥʠʪʝ ʧʨʦʜʫʢʪʠ ʙʝʘ ʦʜʚʦʝʥʠ ʥʘ 7 % ʧʦʣʠʘʢʨʠʣʘʤʠʜʝʥ ʛʝʣ (ʘʢʨʠʣʘʤʠʜ : ʙʠʩ-

ʘʢʨʠʣʘʤʠʜ 19:1) ʚʦ 1x Tris-borate-EDTA (TBE) ʧʫʬʝʨ, ʦʙʦʝʥ ʩʦ ʝʪʠʜʠʫʤ ʙʨʦʤʠʜ. ɿʘ 

ʦʧʨʝʜʝʣʫʚʘˁʝ ʥʘ ʜʦʣʞʠʥʘʪʘ ʥʘ ʬʨʘʛʤʝʥʪʠʪʝ ʦʜ ɼʅʂ ʙʝʰʝ ʫʧʦʪʨʝʙʝʥ ɼʅʂ-ʤʘʨʢʝʨ, ʪ.ʝ. 

ʩʢʘʣʘ, ʩʦ ʧʦʟʥʘʪʘ ʜʦʣʞʠʥʘ ʥʘ ʬʨʘʛʤʝʥʪʠʪʝ (GeneRuler 1 kb DNA Ladder (Thermo Fisher 

Scientific)). ʌʨʘʛʤʝʥʪʠʪʝ/ʘʤʧʣʠʢʦʥʠʪʝ ʙʝʘ ʚʠʟʫʘʣʠʟʠʨʘʥʠ ʩo UV ʪʨʘʥʩʠʣʫʤʠʥʘʪʦʨ 

(Carestream Gel Logic 112 Imaging System) ʠ ʘʥʘʣʠʟʠʨʘʥʠ ʩʦ ʩʦʬʪʚʝʨʦʪ Carestream 

Molecular Imaging Software. 

 

ʂʘʿ ʩʠʪʝ ʘʥʘʣʠʟʠʨʘʥʠ ʛʝʥʦʪʠʧʦʚʠ ʠʥʜʠʚʠʜʫʘʣʥʦ ʙʝʰʝ ʦʮʝʥʫʚʘʥʦ ʧʨʠʩʫʩʪʚʦ (1) ʠʣʠ 

ʦʪʩʫʩʪʚʦ (0) ʥʘ ʘʣʝʣʠ ʟʘ ʩʝʢʦʿ ʤʘʨʢʝʨ ʧʦʝʜʠʥʝʯʥʦ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʛʝʥʝʨʠʨʘ ʙʠʥʘʨʥʘ 

ʧʦʜʘʪʦʯʥʘ ʤʘʪʨʠʮʘ ʢʦʿʘ ʧʨʝʪʩʪʘʚʫʚʘʰʝ ʦʩʥʦʚʘ ʟʘ ʧʨʝʩʤʝʪʢʘ ʥʘ ʛʝʥʝʪʩʢʘʪʘ ʜʠʩʪʘʥʮʘ.  

 

4.4. ʉʪʘʪʠʩʪʠʯʢʠ ʘʥʘʣʠʟʠ 

 

ɿʘ ʜʘ ʩʝ ʫʪʚʨʜʠ ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʚʦ ʠ ʤʝʺʫ ʛʝʥʦʪʠʧʦʚʠʪʝ, ʢʘʢʦ ʠ ʝʬʝʢʪʦʪ ʥʘ ʛʝʥʦʪʠʧʦʪ, 

ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʥʠʚʥʘʪʘ ʠʥʪʝʨʘʢʮʠʿʘ ʚʨʟ ʬʝʥʦʪʠʧʩʢʘʪʘ ʝʢʩʧʨʝʩʠʿʘ ʥʘ 

ʩʚʦʿʩʪʚʘʪʘ, ʜʦʙʠʝʥʠʪʝ ʧʦʜʘʪʦʮʠ ʟʘ ʢʚʘʥʪʠʪʘʪʠʚʥʠʪʝ ʩʚʦʿʩʪʚʘ ʙʝʘ ʧʦʜʣʦʞʝʥʠ ʥʘ ʘʥʘʣʠʟʘ 

ʥʘ ʚʘʨʠʿʘʥʩʘ. ɽʬʝʢʪʠʪʝ ʥʘ ʩʝʢʦʿ ʦʜ ʬʘʢʪʦʨʠʪʝ ʠ ʥʠʚʥʘʪʘ ʠʥʪʝʨʘʢʮʠʿʘ ʩʝ ʧʨʝʪʩʪʘʚʝʥʠ ʚʦ 

ʩʦʦʜʚʝʪʥʠ ʛʨʘʬʠʢʦʥʠ. ʉʝʢʦʝ ʢʚʘʣʠʪʘʪʠʚʥʦ ʩʚʦʿʩʪʚʦ ʝ ʧʨʝʪʩʪʘʚʝʥʦ ʧʨʝʢʫ ʜʠʩʪʨʠʙʫʮʠʿʘ 

ʥʘ ʬʨʝʢʚʝʥʮʠʠ ʟʘ ʩʝʢʦʿʘ ʧʦʝʜʠʥʝʯʥʘ ʣʦʢʘʮʠʿʘ.  

 

ʉʪʝʧʝʥʦʪ ʠ ʥʘʩʦʢʘʪʘ ʥʘ ʤʝʺʫʩʝʙʥʘʪʘ ʧʦʚʨʟʘʥʦʩʪ ʧʦʤʝʺʫ ʢʚʘʥʪʠʪʘʪʠʚʥʠʪʝ, ʬʝʥʦʣʦʰʢʠʪʝ 

ʩʚʦʿʩʪʚʘ ʠ ʧʨʠʥʦʩʥʠʦʪ ʧʦʪʝʥʮʠʿʘʣ ʤʝʺʫ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʙʝʘ ʫʪʚʨʜʝʥʠ ʧʨʝʢʫ 

ʢʦʨʝʣʘʮʠʩʢʘ ʘʥʘʣʠʟʘ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʩʨʝʜʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʦʜ ʩʝʢʦʿ ʛʝʥʦʪʠʧ, ʟʘ ʩʝʢʦʿʘ 

ʢʦʤʙʠʥʘʮʠʿʘ ʥʘ ʩʚʦʿʩʪʚʘ ʙʝʰʝ ʧʨʝʩʤʝʪʘʥ ʇʠʨʩʦʥʦʚ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʣʠʥʝʘʨʥʘ ʢʦʨʝʣʘʮʠʿʘ 

(r). ɿʥʘʯʘʿʥʦʩʪʘ ʥʘ ʢʦʨʝʣʘʮʠʠʪʝ ʙʝʰʝ ʪʝʩʪʠʨʘʥʘ ʥʘ ʥʠʚʦʘ ʥʘ ʚʝʨʦʿʘʪʥʦʩʪ p < 0,05 ʠ p < 

0,01. ɿʘ ʛʨʘʬʠʯʢʘ ʠʣʫʩʪʨʘʮʠʿʘ ʥʘ ʦʜʥʦʩʦʪ ʤʝʺʫ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ ʩʝʢʦʿʘ ʣʦʢʘʮʠʿʘ 

ʙʝʘ ʠʟʨʘʙʦʪʝʥʠ ʜʠʩʧʝʨʟʠʨʘʯʢʠ ʜʠʿʘʛʨʘʤʠ ʩʦ ʣʠʥʝʘʨʥʠ ʨʝʛʨʝʩʠʩʢʠ ʧʨʘʚʠ (y ~ x) ʠ 95 % 

ʠʥʪʝʨʚʘʣ ʥʘ ʜʦʚʝʨʙʘ.  

 

ɿʘ ʜʘ ʩʝ ʦʜʨʝʜʘʪ ʢʚʘʥʪʠʪʘʪʠʚʥʠʪʝ ʩʚʦʿʩʪʚʘ ʢʦʠ ʠʤʘʘʪ ʥʘʿʛʦʣʝʤʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʥʘ ʛʝʥʦʪʠʧʦʚʠʪʝ ʙʝʰʝ ʥʘʧʨʘʚʝʥʘ ʘʥʘʣʠʟʘ ʥʘ ʛʣʘʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ (PCA). 

ɿʘ ʦʙʿʘʩʥʫʚʘˁʝ ʥʘ ʚʘʨʠʿʘʥʩʘʪʘ ʟʝʤʝʥʠ ʩʝ ʧʨʝʜʚʠʜ ʩʘʤʦ ʛʣʘʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʢʦʠ ʠʤʘʘʪ 

Eigen-ʚʨʝʜʥʦʩʪ > 1. ʈʘʩʧʦʨʝʜʦʪ ʥʘ ʛʝʥʦʪʠʧʦʚʠʪʝ ʚʦ ʦʜʥʦʩ ʥʘ ʚʝʢʪʦʨʠʪʝ ʥʘ ʘʥʘʣʠʟʠʨʘʥʠʪʝ 

ʩʚʦʿʩʪʚʘ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʝʥ ʙʠʧʣʦʪ ʛʨʘʬʠʢʦʥ. 

 

ʉʪʝʧʝʥʦʪ ʠ ʨʘʩʧʦʨʝʜʦʪ ʥʘ ʬʝʥʦʪʠʧʩʢʘʪʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʛʝʥʦʪʠʧʦʚʠʪʝ ʙʝʰʝ 

ʦʮʝʥʝʪ ʧʨʝʢʫ ʢʦʥʩʪʨʫʠʨʘˁʝ ʥʘ ʤʘʪʨʠʮʘ ʟʘ ʬʝʥʦʪʠʧʩʢʘ ʜʠʩʪʘʥʮʘ ʚʨʟ ʦʩʥʦʚʘ ʥʘ 

ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʠ ʢʚʘʣʠʪʘʪʠʚʥʠ ʩʚʦʿʩʪʚʘ. ɿʘ ʪʘʘ ʮʝʣ ʙʝʰʝ ʧʨʠʤʝʥʝʪ 

ɻʦʚʝʨʦʚ ʢʦʝʬʠʮʠʝʥʪ, ʢʦʿ ʦʚʦʟʤʦʞʫʚʘ ʠʩʪʦʚʨʝʤʝʥʦ ʚʢʣʫʯʫʚʘˁʝ ʠ ʩʧʦʨʝʜʫʚʘˁʝ ʥʘ 

ʢʦʥʪʠʥʫʠʨʘʥʠ (ʤʝʨʣʠʚʠ) ʠ ʢʘʪʝʛʦʨʠʩʢʠ (ʥʦʤʠʥʘʣʥʠ) ʧʨʦʤʝʥʣʠʚʠ ʚʦ ʝʜʠʥʩʪʚʝʥʘ ʤʝʨʢʘ 

ʥʘ ʩʣʠʯʥʦʩʪ/ʨʘʟʣʠʯʥʦʩʪ ʤʝʺʫ ʛʝʥʦʪʠʧʦʚʠʪʝ. ʌʝʥʦʪʠʧʩʢʘʪʘ ʜʠʩʪʘʥʮʘ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ 

ʪʦʧʣʦʪʥʘ ʤʘʧʘ (Heatmap), ʘ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʤʘʪʨʠʮʘʪʘ ʥʘ ʜʠʩʪʘʥʮʠ ʝ ʠʟʚʨʰʝʥʘ ʢʣʘʩʪʝʨ-
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ʘʥʘʣʠʟʘ ʠ ʝ ʢʦʥʩʪʨʫʠʨʘʥ ʜʝʥʜʨʦʛʨʘʤ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ UPGMA-ʤʝʪʦʜʦʪ (unweighted pair 

group method with arithmetic mean).  

 

ɻʝʥʝʪʩʢʘʪʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʠʩʧʠʪʫʚʘʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʙʝʰʝ ʠʟʚʨʰʝʥʘ ʩʦ ʧʨʠʤʝʥʘ ʥʘ 

SSR-ʤʘʨʢʝʨʠ, ʢʦʠ ʩʝ ʰʠʨʦʢʦ ʢʦʨʠʩʪʝʥʠ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʛʝʥʝʪʩʢʘ ʜʠʚʝʨʛʝʥʪʥʦʩʪ ʧʦʨʘʜʠ 

ʤʫʣʪʠʘʣʝʣʥʘʪʘ ʧʨʠʨʦʜʘ ʠ ʚʠʩʦʢʠʦʪ ʩʪʝʧʝʥ ʥʘ ʧʦʣʠʤʦʨʬʠʟʘʤ. ɼʝʪʝʢʪʠʨʘʥʠʪʝ ʘʣʝʣʠ ʙʝʘ 

ʝʚʠʜʝʥʪʠʨʘʥʠ ʢʘʢʦ ʧʨʠʩʫʩʪʚʦ (1) ʠʣʠ ʦʪʩʫʩʪʚʦ (0) ʥʘ ʧʦʝʜʠʥʝʯʝʥ ʘʣʝʣʝʥ ʧʨʦʜʫʢʪ, ʧʨʠ 

ʰʪʦ ʢʘʿ ʝʜʝʥ ʛʝʥʦʪʠʧ ʙʝʰʝ ʜʦʟʚʦʣʝʥʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʧʦʚʝ˃ʝ ʘʣʝʣʠ ʚʦ ʨʘʤʢʠ ʥʘ ʠʩʪ ʣʦʢʫʩ. 

SSR-ʧʦʜʘʪʦʮʠʪʝ ʙʝʘ ʦʨʛʘʥʠʟʠʨʘʥʠ ʚʦ ʙʠʥʘʨʥʘ ʤʘʪʨʠʮʘ (0/1), ʢʘʜʝ ʨʝʜʦʚʠʪʝ ʛʠ 

ʧʨʝʪʩʪʘʚʫʚʘʘ ʛʝʥʦʪʠʧʦʚʠʪʝ, ʘ ʢʦʣʦʥʠʪʝ ʧʦʝʜʠʥʝʯʥʠʪʝ ʘʣʝʣʠ ʜʝʬʠʥʠʨʘʥʠ ʧʦ ʣʦʢʫʩ. 

ɸʣʝʣʠʪʝ ʙʝʘ ʛʨʫʧʠʨʘʥʠ ʧʦ ʣʦʢʫʩʠ ʩʧʦʨʝʜ ʥʠʚʥʘʪʘ ʥʦʪʘʮʠʿʘ, ʧʨʠ ʰʪʦ ʘʥʘʣʠʟʠʪʝ ʥʘ 

ʛʝʥʝʪʩʢʘ ʜʠʚʝʨʛʝʥʪʥʦʩʪ ʙʝʘ ʩʧʨʦʚʝʜʝʥʠ ʥʘ ʥʠʚʦ ʥʘ ʣʦʢʫʩ, ʘ ʥʝ ʥʘ ʥʠʚʦ ʥʘ ʧʦʝʜʠʥʝʯʝʥ 

ʘʣʝʣ. 

 

ɿʘ ʩʝʢʦʿ SSR-ʣʦʢʫʩ ʙʝʰʝ ʦʧʨʝʜʝʣʝʥ ʙʨʦʿʦʪ ʥʘ ʘʣʝʣʠ (Na), ʜʝʬʠʥʠʨʘʥ ʢʘʢʦ ʚʢʫʧʝʥ ʙʨʦʿ ʥʘ 

ʨʘʟʣʠʯʥʠ ʘʣʝʣʥʠ ʧʨʦʜʫʢʪʠ ʜʝʪʝʢʪʠʨʘʥʠ ʚʦ ʘʥʘʣʠʟʠʨʘʥʘʪʘ ʢʦʣʝʢʮʠʿʘ, ʢʦʿ ʙʝʰʝ ʢʦʨʠʩʪʝʥ 

ʢʘʢʦ ʠʥʜʠʢʘʪʦʨ ʟʘ ʘʣʝʣʥʘ ʜʠʚʝʨʛʝʥʪʥʦʩʪ. ʍʝʪʝʨʦʟʠʛʦʪʥʦʩʪʘ ʙʝʰʝ ʦʮʝʥʝʪʘ ʧʨʝʢʫ ʚʦʦʯʝʥʘ 

(Ho) ʠ ʦʯʝʢʫʚʘʥʘ ʭʝʪʝʨʦʟʠʛʦʪʥʦʩʪ (He). ɺʦʦʯʝʥʘʪʘ ʭʝʪʝʨʦʟʠʛʦʪʥʦʩʪ (Ho) ʛʦ 

ʧʨʝʪʩʪʘʚʫʚʘʰʝ ʫʜʝʣʦʪ ʥʘ ʭʝʪʝʨʦʟʠʛʦʪʥʠ ʝʜʠʥʢʠ ʟʘ ʜʘʜʝʥʠʦʪ ʣʦʢʫʩ ʚʦ ʦʜʥʦʩ ʥʘ ʚʢʫʧʥʠʦʪ 

ʙʨʦʿ ʘʥʘʣʠʟʠʨʘʥʠ ʝʜʠʥʢʠ. ʆʯʝʢʫʚʘʥʘʪʘ ʭʝʪʝʨʦʟʠʛʦʪʥʦʩʪ (He), ʦʜʥʦʩʥʦ ʛʝʥʩʢʠʦʪ 

ʜʠʚʝʨʟʠʪʝʪ, ʙʝʰʝ ʧʨʝʩʤʝʪʘʥʘ ʢʘʢʦ ʦʯʝʢʫʚʘʥʘ ʬʨʝʢʚʝʥʮʠʿʘ ʥʘ ʭʝʪʝʨʦʟʠʛʦʪʥʠ ʝʜʠʥʢʠ ʧʦʜ 

ʧʨʝʪʧʦʩʪʘʚʢʘ ʥʘ ʍʘʨʜʠ-ɺʘʿʥʙʝʨʛʦʚʘ ʨʘʤʥʦʪʝʞʘ (Hardy-Weinberg equilibrium, HWE), 

ʦʜʥʦʩʥʦ ʢʘʢʦ ʚʝʨʦʿʘʪʥʦʩʪ ʜʚʘ ʩʣʫʯʘʿʥʦ ʦʜʙʨʘʥʠ ʘʣʝʣʠ ʦʜ ʧʦʧʫʣʘʮʠʿʘʪʘ ʜʘ ʙʠʜʘʪ ʨʘʟʣʠʯʥʠ 

(Nei, 1973). ɼʦʧʦʣʥʠʪʝʣʥʦ, ʟʘ ʩʝʢʦʿ ʣʦʢʫʩ ʙʝʰʝ ʧʨʝʩʤʝʪʘʥ ʠʥʜʝʢʩʦʪ ʥʘ ʧʦʣʠʤʦʨʬʠʟʘʤ 

(PIC), ʢʦʿ ʿʘ ʦʜʨʘʟʫʚʘ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʘ ʥʘ ʤʘʨʢʝʨʦʪ ʟʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʧʦʣʠʤʦʨʬʠʟʘʤ ʠ 

ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʦʪ ʥʘ ʘʣʝʣʠ ʠ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʥʠʚʥʠʪʝ ʬʨʝʢʚʝʥʮʠʠ. ʇʦʢʨʘʿ ʦʩʥʦʚʥʠʪʝ 

ʧʘʨʘʤʝʪʨʠ, ʟʘ ʩʝʢʦʿ ʣʦʢʫʩ ʙʝʘ ʧʨʝʩʤʝʪʘʥʠ ʠ ʜʦʧʦʣʥʠʪʝʣʥʠ ʜʠʿʘʛʥʦʩʪʠʯʢʠ ʠʥʜʠʢʘʪʦʨʠ: 

ʧʨʦʩʝʯʝʥ ʙʨʦʿ ʥʘ ʘʣʝʣʠ ʧʦ ʛʝʥʦʪʠʧ (Ab), ʤʘʢʩʠʤʘʣʝʥ ʙʨʦʿ ʥʘ ʘʣʝʣʠ ʜʝʪʝʢʪʠʨʘʥʠ ʢʘʿ 

ʧʦʝʜʠʥʝʯʥʠ ʛʝʥʦʪʠʧʦʚʠ (Mb) ʠ ʧʨʦʮʝʥʪ ʥʘ ʛʝʥʦʪʠʧʦʚʠ ʙʝʟ ʜʝʪʝʢʪʠʨʘʥʠ ʘʣʝʣʠ ʚʦ ʨʘʤʢʠ 

ʥʘ ʣʦʢʫʩʦʪ (Mis). 

 

ɿʘ ʧʨʦʮʝʥʢʘ ʥʘ ʩʪʝʧʝʥʦʪ ʥʘ ʛʝʥʝʪʩʢʘʪʘ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʘ ʤʝʺʫ ʛʝʥʦʪʠʧʦʚʠʪʝ ʙʝʰʝ 

ʠʟʚʨʰʝʥʘ ʘʥʘʣʠʟʘ ʥʘ ʛʝʥʝʪʩʢʘ ʜʠʩʪʘʥʮʘ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʜʦʙʠʝʥʠ ʦʜ 

ʩʧʨʦʚʝʜʝʥʘʪʘ ʘʥʘʣʠʟʘ ʩʦ SSR-ʤʘʨʢʝʨʠ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʙʠʥʘʨʥʘʪʘ ʤʘʪʨʠʮʘ ʥʘ ʧʦʜʘʪʦʮʠ 

(ʧʨʠʩʫʩʪʚʦ/ʦʪʩʫʩʪʚʦ ʥʘ ʘʣʝʣʠ) ʙʝʰʝ ʢʦʥʩʪʨʫʠʨʘʥʘ ʤʘʪʨʠʮʘ ʥʘ ʛʝʥʝʪʩʢʠ ʜʠʩʪʘʥʮʠ, 

ʧʨʝʩʤʝʪʘʥʠ ʩʧʦʨʝʜ ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ Nei ʠ Li (1979), ʧʨʠ ʰʪʦ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ ʜʠʩʪʘʥʮʘʪʘ 

ʚʘʨʠʨʘʘʪ ʦʜ 0 (ʠʜʝʥʪʠʯʥʠ ʛʝʥʦʪʠʧʦʚʠ) ʜʦ 1 (ʮʝʣʦʩʥʦ ʨʘʟʣʠʯʥʠ ʛʝʥʦʪʠʧʦʚʠ). ʆʚʦʿ 

ʧʨʠʩʪʘʧ ʦʚʦʟʤʦʞʠ ʢʚʘʥʪʠʪʘʪʠʚʥʘ ʦʮʝʥʢʘ ʥʘ ʛʝʥʝʪʩʢʘʪʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʠ ʧʦʥʘʪʘʤʦʰʥʦ 

ʛʨʫʧʠʨʘˁʝ ʥʘ ʛʝʥʦʪʠʧʦʚʠʪʝ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʧʦʣʠʤʦʨʬʥʦʩʪʘ ʥʘ ʥʠʚʥʘʪʘ ɼʅʂ. ɻʝʥʝʪʩʢʘʪʘ 

ʜʠʩʪʘʥʮʘ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ ʪʦʧʣʦʪʥʘ ʤʘʧʘ (Heatmap), ʘ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʤʘʪʨʠʮʘʪʘ ʥʘ 

ʜʠʩʪʘʥʮʠ ʝ ʠʟʚʨʰʝʥʘ ʢʣʘʩʪʝʨ-ʘʥʘʣʠʟʘ ʠ ʝ ʢʦʥʩʪʨʫʠʨʘʥ ʜʝʥʜʨʦʛʨʘʤ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ 

UPGMA-ʤʝʪʦʜʦʪ. 

 

ɿʘ ʜʘ ʩʝ ʧʨʦʮʝʥʠ ʩʪʝʧʝʥʦʪ ʥʘ ʧʦʚʨʟʘʥʦʩʪ ʧʦʤʝʺʫ ʬʝʥʦʪʠʧʩʢʘʪʘ ʠ ʛʝʥʝʪʩʢʘʪʘ ʜʠʩʪʘʥʮʘ 

ʧʦʤʝʺʫ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ, ʙʝʰʝ ʩʧʨʦʚʝʜʝʥ ʄʘʥʪʝʣ ʪʝʩʪ (Mantel, 1967) ʥʘ 

ʢʦʨʝʣʘʮʠʿʘ ʤʝʺʫ ʜʚʝʪʝ ʤʘʪʨʠʮʠ ʥʘ ʜʠʩʪʘʥʮʠ. ɺʦ ʘʥʘʣʠʟʘʪʘ ʙʝʘ ʚʢʣʫʯʝʥʠ ʬʝʥʦʪʠʧʩʢʘʪʘ 

ʤʘʪʨʠʮʘ ʥʘ ʜʠʩʪʘʥʮʠ ʧʨʝʩʤʝʪʘʥʘ ʩʦ ɻʦʚʝʨʦʚ ʢʦʝʬʠʮʠʝʥʪ ʠ ʛʝʥʝʪʩʢʘʪʘ ʤʘʪʨʠʮʘ ʥʘ 

ʜʠʩʪʘʥʮʠ ʧʨʝʩʤʝʪʘʥʘ ʩʧʦʨʝʜ ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ Nei ʠ Li (1979). ʂʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʄʘʥʪʝʣ 

ʪʝʩʪ ʩʝ ʜʦʙʠʚʘ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʢʦʨʝʣʘʮʠʿʘ, ʯʠʠ ʚʨʝʜʥʦʩʪʠ ʩʝ ʜʚʠʞʘʪ ʚʦ ʦʧʩʝʛ ʦʜ -1 ʜʦ 1, 

ʢʘʜʝ ʚʨʝʜʥʦʩʪʘ -1 ʥʘ r ʫʢʘʞʫʚʘ ʥʘ ʩʠʣʥʘ ʥʝʛʘʪʠʚʥʘ ʢʦʨʝʣʘʮʠʿʘ, ʚʨʝʜʥʦʩʪʘ 0 ʜʝʢʘ ʥʝʤʘ 
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ʥʠʢʘʢʚʘ ʧʦʚʨʟʘʥʦʩʪ, ʘ ʚʨʝʜʥʦʩʪʘ 1 ʥʘ ʩʠʣʥʘ ʧʦʟʠʪʠʚʥʘ ʢʦʨʝʣʘʮʠʿʘ  ʤʝʺʫ ʤʘʪʨʠʮʠʪʝ ʥʘ 

ʜʠʩʪʘʥʮʠ. 

 

ʉʠʪʝ ʩʪʘʪʠʩʪʠʯʢʠ ʘʥʘʣʠʟʠ ʙʝʘ ʠʟʚʨʰʝʥʠ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʩʪʘʪʠʩʪʠʯʢʠʦʪ ʩʦʬʪʚʝʨ R-4.3.1 

(R Core Team, 2021).  
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5. ʈɽɿʋʃʊɸʊʀ ʀ ɼʀʉʂʋʉʀɱɸ 

 

5.1. ɺʘʨʠʿʘʙʠʣʥʦʩʪ ʥʘ ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʩʚʦʿʩʪʚʘ 

 

ʆʜ ʘʥʘʣʠʟʘʪʘ ʥʘ ʚʘʨʠʿʘʥʩʘ ʿʘʩʥʦ ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʜʝʢʘ ʠʩʧʠʪʫʚʘʥʠʪʝ ʬʘʢʪʦʨʠ (ʛʝʥʦʪʠʧ ʠ 

ʣʦʢʘʮʠʿʘ), ʢʘʢʦ ʠ ʥʠʚʥʘʪʘ ʠʥʪʝʨʘʢʮʠʿʘ, ʠʤʘʘʪ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʩʚʦʿʩʪʚʘ (p < 0,05). ʃʦʢʘʮʠʿʘʪʘ ʝʜʠʥʩʪʚʝʥʦ ʥʝ ʧʦʢʘʞʘ 

ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʙʨʦʿʦʪ ʥʘ ʜʝʥʦʚʠ ʜʦ ʥʠʢʥʫʚʘˁʝ. ʇʦʚʪʦʨʫʚʘˁʝʪʦ ʠʤʘ ʟʥʘʯʘʿʥʦ 

ʩʪʘʪʠʩʪʠʯʢʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʨʝʯʠʩʠ ʩʠʪʝ ʠʩʧʠʪʫʚʘʥʠ ʩʚʦʿʩʪʚʘ, ʰʪʦ ʝ ʨʘʟʙʠʨʣʠʚʦ ʜʦʢʦʣʢʫ ʩʝ 

ʠʤʘ ʧʨʝʜʚʠʜ ʜʝʢʘ ʠʩʧʠʪʫʚʘʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʩʝ ʣʦʢʘʣʥʠ ʩʦʨʪʠ ʠ ʢʘʿ ʛʦʣʝʤ ʙʨʦʿ ʦʜ ʥʠʚ ʝ 

ʟʘʙʝʣʝʞʘʥʘ ʚʥʘʪʨʝʧʦʧʫʣʘʮʠʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ (ʊʘʙʝʣʘ 3).  

 

5.1.1. ɼʦʣʞʠʥʘ ʥʘ ʧʣʦʜ 

 

ɼʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ ʢʘʿ ʠʩʧʠʪʫʚʘʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʚʝʟʝʥʠ ʧʠʧʝʨʢʠ ʟʘʚʠʩʠ ʦʜ ʪʠʧʦʪ ʥʘ 

ʧʠʧʝʨʢʘʪʘ ʠ ʥʝʿʟʠʥʘʪʘ ʧʨʠʤʝʥʘ ʚʦ ʠʩʭʨʘʥʘʪʘ. ʊʘʢʘ, ʩʦ ʥʘʿʥʠʩʢʠ ʚʨʝʜʥʦʩʪʠ ʩʝ 

ʢʘʨʘʢʪʝʨʠʟʠʨʘʘʪ ʚʝʟʝʥʠʪʝ ʧʠʧʝʨʢʠ ʦʜ ʪʠʧʦʪ ʥʘ ʬʝʬʝʨʦʥʠ, ʛʘʤʙʠ ʠ ʙʘ˅ʘʥʘʮʠ, ʜʦʜʝʢʘ 

ʥʘʿʜʦʣʛʠ ʧʣʦʜʦʚʠ ʠʤʘʘʪ ʧʠʧʝʨʢʠʪʝ ʥʘʤʝʥʝʪʠ ʟʘ ʩʚʝʞʘ ʢʦʥʩʫʤʘʮʠʿʘ, ʩʫʰʝˁʝ ʠ 

ʧʨʝʨʘʙʦʪʢʘ. ɺʦ ʦʜʥʦʩ ʥʘ ʣʦʢʘʮʠʠʪʝ (1 - ɻʣʫʚʦ, 2 - ʉʪʘʿʢʦʚʮʠ, 3 - ʈʘʜʦʚʠʰ), ʥʘ ɻʨʘʬʠʢʦʥ 

1 ʿʘʩʥʦ ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʜʝʢʘ ʧʨʦʩʝʯʥʘʪʘ ʚʨʝʜʥʦʩʪ ʟʘ ʩʠʪʝ ʠʩʧʠʪʫʚʘʥʠ ʛʝʥʦʪʠʧʦʚʠ ʝ 

ʥʘʿʥʠʩʢʘ ʚʦ ʉʪʘʿʢʦʚʮʠ (14,43 cm), ʘ ʥʘʿʚʠʩʦʢʘ ʚʦ ʈʘʜʦʚʠʰ (19,73 cm). ʇʨʠ ʩʧʦʨʝʜʙʘʪʘ ʥʘ 

ʧʨʦʩʝʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʚʦʿʩʪʚʦʪʦ ʜʦʣʞʠʥʘ ʥʘ ʧʣʦʜ ʧʦʤʝʺʫ ʩʠʪʝ ʠʩʧʠʪʫʚʘʥʠ 

ʛʝʥʦʪʠʧʦʚʠ (ɻʨʘʬʠʢʦʥ 2), ʜʝʪʝʢʪʠʨʘʥʦ ʝ ʜʝʢʘ ʥʘʿʢʫʩʠ ʧʣʦʜʦʚʠ ʠʤʘ ʛʝʥʦʪʠʧʦʪ 164 (4,97 

cm), ʘ ʥʘʿʜʦʣʛʠ ʛʝʥʦʪʠʧʦʪ 148 (24,54 cm). ʅʘʿʥʠʩʢʘʪʘ ʚʨʝʜʥʦʩʪ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʝ ʠʟʤʝʨʝʥʘ 

ʢʘʿ ʛʝʥʦʪʠʧʦʪ 164 ʚʦ ʉʪʘʿʢʦʚʮʠ (4,11 cm), ʘ ʧʣʦʜʦʚʠʪʝ ʥʘ ʛʝʥʦʪʠʧʦʪ 148 ʜʦʩʪʠʛʥʘʘ 

ʜʦʣʞʠʥʘ ʦʜ 27 cm ʚʦ ɻʣʫʚʦ (ɻʨʘʬʠʢʦʥ 3). 

 

ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ ɼʨʚʦʰʘʥʦʚʘ (2023), ʚʦ ʢʦʝ ʙʠʣʝ ʦʮʝʥʫʚʘʥʠ 101 ʣʦʢʘʣʥʘ ʩʦʨʪʘ ʦʜ 

ʈʉʄ, ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʚʠʪʝ ʩʝ ʜʚʠʞʝʣʘ ʦʜ 11,35 cm ʜʦ 16,90 cm, ʜʦʜʝʢʘ ʢʘʿ Todorova 

et al. (2024) ʚʦ ʘʥʘʣʠʟʠʨʘʥʘʪʘ ʛʝʨʤʧʣʘʟʤʘ ʥʘ C. annuum ʦʜ ʨʝʛʠʦʥʠ ʥʘ ɹʘʣʢʘʥʩʢʠʦʪ 

ʇʦʣʫʦʩʪʨʦʚ, ʙʠʣʘ ʫʪʚʨʜʝʥʘ ʜʦʣʞʠʥʘ ʦʜ 2 cm ʜʦ 27,5 cm. Moon et al. (2023) ʘʥʘʣʠʟʠʨʘʣʝ 

380 ʛʝʥʦʪʠʧʦʚʠ C. annuum ʠ ʢʦʥʩʪʘʪʠʨʘʣʝ ʜʝʢʘ ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ ʩʝ ʜʚʠʞʝʣʘ ʚʦ 

ʨʘʤʢʠʪʝ ʦʜ 1,20 cm ʜʦ 22,30 cm, ʘ ʧʨʦʩʝʯʥʘʪʘ ʚʨʝʜʥʦʩʪ ʟʘ ʮʝʣʘʪʘ ʛʝʨʤʧʣʘʟʤʘ ʠʟʥʝʩʫʚʘʣʘ 

10,06 cm. ɿʘ ʨʘʟʣʠʢʘ ʦʜ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʧʨʝʪʭʦʜʥʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ, ʧʨʠ ʘʥʘʣʠʟʘʪʘ ʥʘ ʦʚʘ 

ʩʚʦʿʩʪʚʦ, ʢʘʿ 12 ʛʝʥʦʪʠʧʦʚʠ ʦʜ ʪʠʧʦʪ ʙʘʙʫʨʘ, Likeng-Li -Ngue et al. (2025) ʟʘʙʝʣʝʞʘʣʝ 

ʟʥʘʯʠʪʝʣʥʦ ʧʦʥʠʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ. ɼʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ ʚʦ ʥʠʚʥʦʪʦ 

ʠʩʪʨʘʞʫʚʘˁʝ ʩʝ ʜʚʠʞʝʣʘ ʚʦ ʨʘʤʢʠʪʝ ʦʜ 4,43 cm ʜʦ 6,65 cm, ʰʪʦ ʧʦʚʝ˃ʝ ʘʩʦʮʠʨʘ ʥʘ 

ʜʦʣʞʠʥʘ ʥʘ ʧʣʦʜ ʪʠʧʠʯʥʘ ʟʘ ʯʠʣʠ ʧʠʧʝʨʢʘ (ʢʘʢʦ ʰʪʦ ʝ ʠ ʥʘʚʝʜʝʥʦ ʚʦ ʥʘʩʣʦʚʦʪ ʥʘ ʪʨʫʜʦʪ, 

ʠʘʢʦ ʧʨʠ ʦʧʠʩ ʥʘ ʢʦʣʝʢʮʠʿʘʪʘ, ʘʚʪʦʨʠʪʝ ʠʩʪʘʢʥʫʚʘʘʪ ʜʝʢʘ ʘʥʘʣʠʟʠʨʘʣʝ ʛʝʨʤʧʣʘʟʤʘ ʦʜ 

ʜʨʫʛ ʪʠʧ ʧʠʧʝʨʢʘ, ʢʘʢʦ ʰʪʦ ʝ ʧʦʩʦʯʝʥʦ ʧʦʛʦʨʝ ʚʦ ʪʝʢʩʪʦʪ). Thilak et al. (2019) ʠ Parvin et 

al. (2024) ʠʩʪʦ ʪʘʢʘ ʧʦʪʚʨʜʠʣʝ ʟʥʘʯʘʿʥʠ ʨʘʟʣʠʢʠ ʢʘʿ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʚʦ ʦʜʥʦʩ 

ʥʘ ʧʨʦʩʝʯʥʘʪʘ ʜʦʣʞʠʥʘ ʥʘ ʧʣʦʜʦʪ. ʆʪʪʫʢʘ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʥʘ 

ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ ʝ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʤʧʣʝʢʩʥʦ ʜʝʿʩʪʚʫʚʘˁʝ ʥʘ ʪʠʧʦʪ ʥʘ ʛʝʨʤʧʣʘʟʤʘʪʘ, 

ʘʛʨʦʝʢʦʣʦʰʢʠʪʝ ʫʩʣʦʚʠ ʠ ʧʨʠʤʝʥʝʪʘʪʘ ʘʛʨʦʪʝʭʥʠʢʘ, ʧʨʠ ʰʪʦ ʛʝʥʦʪʠʧʩʢʠʪʝ ʨʘʟʣʠʢʠ ʠ 

ʬʘʢʪʦʨʠʪʝ ʥʘ ʩʨʝʜʠʥʘʪʘ ʟʘʝʜʥʠʯʢʠ ʛʦ ʦʜʨʝʜʫʚʘʘʪ ʢʦʥʝʯʥʠʦʪ ʬʝʥʦʪʠʧʩʢʠ ʠʟʨʘʟ ʥʘ ʦʚʘ 

ʩʚʦʿʩʪʚʦ.
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ʇʦʚʪʦʨʫʚʘˁʝ 1 3,0** 0,45** 3 0,23** 0,39** 0,242* 2,4* 6697** 0,2549 1,3 229** 

ɻʝʥʦʪʠʧ 188 76,7** 2,12** 1230** 2,78** 2,49** 0,453** 114,6** 136153** 2,4869** 39,7** 470** 

ʃʦʢʘʮʠʿʘ 2 1296,9 ** 38,82** 26098 ** 76,75 ** 101,89 ** 3,831** 2217,2** 6438906** 0,0644 1707,3 **  12819 **  

ɻʝʥʦʪʠʧ ʭ ʣʦʢʘʮʠʿʘ 376 9,6** 116,6 ** 207** 1,02** 0,54** 0,213** 16,3** 33190** 1,4270 **  27,3** 188** 

ɻʨʝʰʢʘ 566 0,1 0,03 4 0,02 0,03 0,047 0,4 656 0,4015 7,9 5 
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ɻʨʘʬʠʢʦʥ 3. ʇʨʦʩʝʯʥʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜ ʥʘ ʠʩʧʠʪʫʚʘʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʧʦ 

ʣʦʢʘʮʠʠ 

 

5.1.2. ʐʠʨʠʥʘ ʥʘ ʧʣʦʜ 

 

ʀʤʘʿ˃ʠ ʧʨʝʜʚʠʜ ʜʝʢʘ ʘʥʘʣʠʟʠʨʘʥʘʪʘ ʛʝʨʤʧʣʘʟʤʘ ʦʜ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ ʦʧʬʘ˃ʘ ʨʘʟʣʠʯʥʠ 

ʤʦʨʬʦʪʠʧʦʚʠ, ʦʚʠʝ ʛʝʥʝʪʩʢʠ ʨʘʟʣʠʢʠ ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʘʪ ʚʨʟ ʦʧʩʝʛʦʪ ʥʘ ʚʘʨʠʨʘˁʝ ʥʘ 

ʰʠʨʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ. ɿʘʪʦʘ, ʩʦʩʝʤʘ ʝ ʦʯʝʢʫʚʘʥʦ ʰʠʨʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ ʜʘ ʙʠʜʝ ʤʥʦʛʫ 

ʧʦʤʘʣʘ ʢʘʿ ʚʝʟʝʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʦʜ ʪʠʧʦʪ ʬʝʬʝʨʦʥʠ ʠʣʠ ʙʘ˅ʘʥʘʮʠ, ʥʘʩʧʨʦʪʠ ʟʥʘʯʠʪʝʣʥʦ 

ʧʦʛʦʣʝʤʘʪʘ ʰʠʨʠʥʘ ʢʘʿ ʧʠʧʝʨʢʠʪʝ ʦʜ ʪʠʧʦʪ ʢʘʧʠʿʘ ʠ ʛʘʤʙʠ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʠ ʫʩʣʦʚʠʪʝ 

ʥʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ ʠʤʘʘʪ ʟʥʘʯʠʪʝʣʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʮʝʣʦʢʫʧʥʠʦʪ ʨʘʟʚʦʿ ʥʘ ʧʣʦʜʦʪ, 

ʚʢʣʫʯʠʪʝʣʥʦ ʠ ʚʨʟ ʥʝʛʦʚʘʪʘ ʰʠʨʠʥʘ.  

 

ʅʘʿʥʠʩʢʘʪʘ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʝ ʫʪʚʨʜʝʥʘ ʚʦ ʉʪʘʿʢʦʚʮʠ (2,49 cm), ʘ 

ʥʘʿʚʠʩʦʢʘʪʘ (3,09 cm) ʚʦ ʈʘʜʦʚʠʰ (ɻʨʘʬʠʢʦʥ 4). ʇʨʦʩʝʯʥʘʪʘ ʰʠʨʠʥʘ ʥʘ ʧʣʦʜ ʟʘ ʩʠʪʝ 

ʠʩʧʠʪʫʚʘʥʠ ʛʝʥʦʪʠʧʦʚʠ ʥʘ ʪʨʠʪʝ ʣʦʢʘʮʠʠ ʠʟʥʝʩʫʚʘ 2,84 cm. ʅʘ ɻʨʘʬʠʢʦʥ 5 ʩʝ ʧʨʠʢʘʞʘʥʠ 

ʧʨʦʩʝʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʰʠʨʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ ʥʘ ʩʠʪʝ ʣʦʢʘʮʠʠ, ʢʘʜʝ ʝʚʠʜʝʥʪʥʦ ʩʝ 

ʦʜʜʝʣʫʚʘ ʛʝʥʦʪʠʧʦʪ 137 ʩʦ ʥʘʿʤʘʣʘ ʰʠʨʠʥʘ ʥʘ ʧʣʦʜ ʦʜ 1,36 cm, ʜʦʜʝʢʘ ʥʘʿʚʠʩʦʢʘʪʘ 

ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʝ ʟʘʙʝʣʝʞʘʥʘ ʢʘʿ ʛʝʥʦʪʠʧʦʪ 154 (6,06 cm). ʅʘʿʥʠʩʢʘʪʘ 

ʚʨʝʜʥʦʩʪ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʥʘ ʠʥʜʠʚʠʜʫʘʣʝʥ ʧʣʦʜ (1,1 cm) ʝ ʢʦʥʩʪʘʪʠʨʘʥʘ ʚʦ ɻʣʫʚʦ ʢʘʿ 

ʛʝʥʦʪʠʧʦʪ 137, ʜʦʜʝʢʘ ʥʘʿʛʦʣʝʤʘ ʰʠʨʠʥʘ ʥʘ ʧʣʦʜ ʦʜ 6,13 cm ʝ ʠʟʤʝʨʝʥʘ ʢʘʿ ʛʝʥʦʪʠʧʦʪ 83 

ʚʦ ʈʘʜʦʚʠʰ (ɻʨʘʬʠʢʦʥ 6). ɼʦʙʠʝʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʤʘʢʝʜʦʥʩʢʠʪʝ ʚʝʟʝʥʠ ʧʠʧʝʨʢʠ 

ʟʥʘʯʠʪʝʣʥʦ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʦʜ ʚʨʝʜʥʦʩʪʠʪʝ ʜʦʙʠʝʥʠ ʚʦ ʠʩʧʠʪʫʚʘˁʘʪʘ ʥʘ Tripodi et al. 

(2021), ʢʘʜʝ ʥʘʿʚʠʩʦʢʘʪʘ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʰʠʨʠʥʘ ʥʘ ʧʣʦʜ ʢʘʿ ʛʝʥʦʪʠʧʦʚʠʪʝ ʚʝʟʝʥʘ 

ʧʠʧʝʨʢʘ ʠʟʥʝʩʫʚʘʣʘ 3,9 cm, ʘ ʤʠʥʠʤʘʣʥʘʪʘ 2 cm.  

 

ʅʘʿʚʠʩʦʢʘ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʰʠʨʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ, ʧʨʦʩʝʯʥʦ ʟʘ ʩʠʪʝ ʪʨʠ ʣʦʢʘʮʠʠ, ʝ 

ʢʦʥʩʪʘʪʠʨʘʥʘ ʢʘʿ ʛʝʥʦʪʠʧʦʚʠʪʝ 98 (6 cm) ʠ 154 (6,1cm). Oʚʠʝ ʛʝʥʦʪʠʧʦʚʠ ʧʦʢʘʞʫʚʘʘʪ 

ʥʠʩʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʣʦʢʘʮʠʠʪʝ, ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ ʪʦʘ ʜʝʢʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʝ ʩʪʘʙʠʣʥʦ 

ʚʦ ʨʘʟʣʠʯʥʠ ʫʩʣʦʚʠ ʥʘ ʦʜʛʣʝʜʫʚʘˁʝ. ʇʨʠ ʘʥʘʣʠʟʘʪʘ ʥʘ ʢʦʣʝʢʮʠʿʘ ʧʠʧʝʨʢʠ ʦʜ 

ɹʘʣʢʘʥʩʢʠʦʪ ʇʦʣʫʦʩʪʨʦʚ, Todorova et al. (2024) ʢʦʥʩʪʘʪʠʨʘʣʝ ʰʠʨʠʥʘ ʥʘ ʧʣʦʜ ʦʜ 1,7 cm, 

ʢʘʿ ʤʥʦʛʫ ʪʝʥʢʠ ʣʫʪʠ ʧʠʧʝʨʢʠ, ʜʦ 10,4 cm ʢʘʿ ʧʠʧʝʨʢʠ ʩʦ ʬʦʨʤʘ ʥʘ ʪʠʢʚʘ. ʆʚʠʝ ʚʨʝʜʥʦʩʪʠ 

ʩʝ ʟʥʘʯʘʿʥʦ ʧʦʚʠʩʦʢʠ ʦʜ ʚʨʝʜʥʦʩʪʠʪʝ ʜʦʙʠʝʥʠ ʚʦ ʥʘʰʝʪʦ ʠʩʪʨʘʞʫʚʘˁʝ, ʰʪʦ ʝ ʦʯʝʢʫʚʘʥʦ 

ʠʤʘʿ˃ʠ ʧʨʝʜʚʠʜ ʜʝʢʘ ʜʦ ʩʝʛʘ ʥʝ ʩʝ ʢʦʣʝʢʮʠʦʥʠʨʘʥʠ ʚʝʟʝʥʠ ʧʠʧʝʨʢʠ ʦʜ ʪʠʧʦʪ ʙʘʙʫʨʘ ʠʣʠ 

ʩʦ ʬʦʨʤʘ ʥʘ ʪʠʢʚʘ. ɺʦ ʩʪʫʜʠʿʘʪʘ ʥʘ Khan et al. (2025b) ʙʠʣʝ ʘʥʘʣʠʟʠʨʘʥʠ 95 ʛʝʥʦʪʠʧʦʚʠ 

ʦʜ Capsicum annuum, ʩʧʦʨʝʜ 9 ʤʦʨʬʦʣʦʰʢʦ-ʘʛʨʦʥʦʤʩʢʠ ʩʚʦʿʩʪʚʘ. ɺʦ ʦʚʘʘ ʛʝʨʤʧʣʘʟʤʘ 
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cm, ʰʪʦ ʝ ʚʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ʨʝʟʫʣʪʘʪʠʪʝ ʜʦʙʠʝʥʠ ʚʦ ʦʚʘʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ. 
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5.1.3. ʄʘʩʘ ʥʘ ʧʣʦʜ 

 

ʄʘʩʘʪʘ ʥʘ ʧʣʦʜʦʪ ʝ ʝʜʥʘ ʦʜ ʛʣʘʚʥʠʪʝ ʜʝʪʝʨʤʠʥʘʥʪʠ ʢʦʿʘ ʝ ʜʠʨʝʢʪʥʦ ʧʦʚʨʟʘʥʘ ʩʦ 

ʧʨʝʬʝʨʝʥʮʠʪʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʠʪʝ ʠ ʚʣʠʿʘʝ ʚʨʟ ʧʘʟʘʨʥʠʦʪ ʧʦʪʝʥʮʠʿʘʣ ʥʘ ʩʦʨʪʘʪʘ. ʀʤʘ 

ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʧʨʦʮʝʥʘʪʘ ʥʘ ʚʢʫʧʥʠʦʪ ʧʨʠʥʦʩ ʠ ʦʧʨʝʜʝʣʫʚʘˁʝʪʦ ʥʘ ʪʠʧʦʪ ʥʘ 

ʫʧʦʪʨʝʙʘ (ʩʚʝʞʘ ʠʣʠ ʟʘ ʧʨʝʨʘʙʦʪʢʘ). ʅʘ ɻʨʘʬʠʢʦʥ 7 ʝ ʧʨʝʪʩʪʘʚʝʥʘ ʧʨʦʩʝʯʥʘʪʘ ʤʘʩʘ ʥʘ 

ʧʣʦʜ ʦʜ ʩʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʥʘ ʪʨʠʪʝ ʣʦʢʘʮʠʠ, ʧʨʠ ʰʪʦ ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʜʝʢʘ ʪʘʘ ʠʤʘ ʥʘʿʥʠʩʢʘ 

ʚʨʝʜʥʦʩʪ ʚʦ ʉʪʘʿʢʦʚʮʠ (31,79 g), ʜʦʜʝʢʘ ʥʘʿʚʠʩʦʢʘʪʘ ʚʨʝʜʥʦʩʪ ʝ ʠʟʤʝʨʝʥʘ ʚʦ ʈʘʜʦʚʠʰ 

(47,51 g). ʄʠʥʠʤʘʣʥʘʪʘ ʧʨʦʩʝʯʥʘ ʤʘʩʘ ʥʘ ʧʣʦʜ ʝ ʢʦʥʩʪʘʪʠʨʘʥʘ ʢʘʿ ʛʝʥʦʪʠʧʦʪ 122 (8,41 

g), ʘ ʥʘʿʛʦʣʝʤʘ ʧʨʦʩʝʯʥʘ ʤʘʩʘ (102,15 g) ʜʦʩʪʠʛʥʫʚʘ ʧʣʦʜʦʪ ʥʘ ʛʝʥʦʪʠʧʦʪ 154 (ɻʨʘʬʠʢʦʥ 

8). ʅʘ ɻʨʘʬʠʢʦʥ 9 ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʜʝʢʘ ʛʝʥʦʪʠʧʦʪ 137 ʚʦ ʉʪʘʿʢʦʚʮʠ ʠʤʘ ʫʙʝʜʣʠʚʦ ʥʘʿʤʘʣʘ 

ʧʨʦʩʝʯʥʘ ʤʘʩʘ ʥʘ ʧʣʦʜ (4,1 g), ʰʪʦ ʧʨʝʪʩʪʘʚʫʚʘ ʧʦʤʘʣʢʫ ʦʜ ʧʦʣʦʚʠʥʘ ʦʜ ʤʘʩʘʪʘ ʥʘ ʧʣʦʜʦʪ 

ʥʘ ʠʩʪʠʦʪ ʛʝʥʦʪʠʧ ʥʘ ʜʨʫʛʠʪʝ ʜʚʝ ʣʦʢʘʮʠʠ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʛʝʥʦʪʠʧʦʪ 154 ʦʪʩʢʦʢʥʫʚʘ 

ʩʦ ʥʘʿʛʦʣʝʤʘ ʧʨʦʩʝʯʥʘ ʤʘʩʘ ʥʘ ʧʣʦʜ (102,2 g) ʥʘ ʩʠʪʝ ʪʨʠ ʣʦʢʘʮʠʠ, ʧʨʠ ʰʪʦ ʤʘʢʩʠʤʘʣʥʘʪʘ 

ʚʨʝʜʥʦʩʪ ʿʘ ʜʦʩʪʠʛʥʫʚʘ ʚʦ ɻʣʫʚʦ (103,55 g). 

 

Moon et al. (2023) ʫʪʚʨʜʠʣʝ ʛʦʣʝʤʘ ʤʦʨʬʦʣʦʰʢʘ ʨʘʟʥʦʚʠʜʥʦʩʪ ʚʦ ʦʜʥʦʩ ʥʘ ʪʝʞʠʥʘʪʘ ʥʘ 

ʧʣʦʜʦʚʠʪʝ ʢʘʿ ʧʠʧʝʨʢʘʪʘ, ʰʪʦ ʝ ʦʯʠʛʣʝʜʥʦ ʜʦʢʦʣʢʫ ʩʝ ʟʝʤʝ ʧʨʝʜʚʠʜ ʜʝʢʘ ʠʟʤʝʨʝʥʠʪʝ 

ʚʨʝʜʥʦʩʪʠ ʚʘʨʠʨʘʣʝ ʚʦ ʰʠʨʦʢ ʦʧʩʝʛ (ʦʜ 0,30 g ʜʦ 218,40 g). ɺʨʝʜʥʦʩʪʠʪʝ ʰʪʦ ʛʠ 

ʢʦʥʩʪʘʪʠʨʘʣʝ Todorova et al. (2024) ʢʘʿ ʧʨʠʤʝʨʦʮʠʪʝ ʧʠʧʝʨʢʘ ʩʦ ʧʦʪʝʢʣʦ ʦʜ ʨʘʟʣʠʯʥʠ 

ʟʝʤʿʠ ʦʜ ɹʘʣʢʘʥʦʪ ʙʠʣʝ ʧʦʚʠʩʦʢʠ (ʦʜ 15,5 g ʜʦ 245 g) ʦʜ ʧʨʦʩʝʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʦʚʘ 

ʩʚʦʿʩʪʚʦ ʚʦ ʥʘʰʘʪʘ ʢʦʣʝʢʮʠʿʘ. ɻʦʣʝʤʘ ʜʠʚʝʨʛʝʥʪʥʦʩʪ ʟʘ ʩʚʦʿʩʪʚʦʪʦ ʤʘʩʘ ʥʘ ʧʣʦʜ ʝ 

ʜʝʪʝʢʪʠʨʘʥʘ ʠ ʦʜ Mladenoviĺ et al. (2024), ʚʦ ʢʦʣʝʢʮʠʿʘ ʦʜ 15 ʘʚʪʦʭʪʦʥʠ ʩʦʨʪʠ ʦʜ ʉʨʙʠʿʘ 

ʢʘʜʝ ʪʝʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʚʠʪʝ ʩʝ ʜʚʠʞʝʣʘ ʦʜ 8,4 g ʜʦ 183,4 g. ɺʦ ʠʩʪʨʘʞʫʚʘˁʘʪʘ ʥʘ Likeng-

Li -Ngue et al. (2025) ʠ Khan et al. (2025b) ʩʝ ʠʟʤʝʨʝʥʠ ʧʦʥʠʩʢʠ ʚʨʝʜʥʦʩʪʠ ʠ ʚʦ 

ʠʩʧʠʪʫʚʘʥʘʪʘ ʛʝʨʤʧʣʘʟʤʘ ʝ ʫʪʚʨʜʝʥʘ ʧʦʤʘʣʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ (ʦʜ 23 g ʜʦ 

80 g  ʠ ʦʜ 21 g ʜʦ 100 g, ʩʦʦʜʚʝʪʥʦ) ʩʧʦʨʝʜʝʥʦ ʩʦ ʧʨʦʩʝʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʚʦ ʥʘʰʘʪʘ 

ʢʦʣʝʢʮʠʿʘ. ʎʝʣʦʢʫʧʥʘʪʘ ʧʨʦʩʝʯʥʘ ʩʨʝʜʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʤʘʩʘʪʘ ʥʘ ʧʣʦʜʦʪ ʦʜ 40,41 g, 

ʧʨʝʩʤʝʪʘʥʘ ʚʦ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ, ʝ ʟʥʘʯʘʿʥʦ ʧʦʚʠʩʦʢʘ ʦʜ ʩʨʝʜʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʦʚʘ 

ʩʚʦʿʩʪʚʦ ʜʦʙʠʝʥʠ ʚʦ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ.  
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5.1.4. ɼʝʙʝʣʠʥʘ ʥʘ ʧʝʨʠʢʘʨʧ 

 

ʇʦʜʘʪʦʮʠʪʝ ʟʘ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʧʣʦʜʦʚʠʦʪ ʼʠʜ (ʧʝʨʠʢʘʨʧʦʪ) ʩʝ ʦʜ ʠʩʢʣʫʯʠʪʝʣʥʦ ʟʥʘʯʝˁʝ 

ʟʘ ʧʨʝʨʘʙʦʪʢʘʪʘ ʥʘ ʧʠʧʝʨʢʘʪʘ. ʆʩʦʙʝʥʦ ʢʘʿ ʚʝʟʝʥʘʪʘ ʧʠʧʝʨʢʘ, ʦʚʘ ʩʚʦʿʩʪʚʦ ʝ ʢʣʫʯʝʥ 

ʬʘʢʪʦʨ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʩʝʣʝʢʮʠʿʘ ʥʘ ʩʦʦʜʚʝʪʥʠ ʪʠʧʦʚʠ. ʄʝʩʥʘʪʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʩʦ ʧʦʜʝʙʝʣ 

ʧʝʨʠʢʘʨʧ ʙʠ ʙʠʣʝ ʧʦʧʦʛʦʜʥʠ ʟʘ ʩʚʝʞʘ ʫʧʦʪʨʝʙʘ ʠ ʢʦʥʟʝʨʚʠʨʘˁʝ, ʜʦʜʝʢʘ ʛʝʥʦʪʠʧʦʚʠʪʝ ʩʦ 

ʧʦʪʝʥʦʢ ʧʝʨʠʢʘʨʧ ʙʠ ʙʠʣʝ ʧʦʧʦʛʦʜʥʠ ʟʘ ʩʫʰʝˁʝ. ɻʝʥʝʨʘʣʥʦ, ʧʨʦʩʝʯʥʘʪʘ ʚʨʝʜʥʦʩʪ ʟʘ ʦʚʘ 

ʩʚʦʿʩʪʚʦ ʠʟʥʝʩʫʚʘ 3,42 mm, ʰʪʦ ʥʝ ʩʝ ʨʘʟʣʠʢʫʚʘ ʚʦ ʛʦʣʝʤʘ ʤʝʨʘ ʦʜ ʥʘʿʚʠʩʦʢʘʪʘ ʧʨʦʩʝʯʥʘ 

ʚʨʝʜʥʦʩʪ (3,92 mm), ʠʟʤʝʨʝʥʘ ʢʘʿ ʧʣʦʜʦʚʠʪʝ ʜʦʙʠʝʥʠ ʚʦ ʈʘʜʦʚʠʰ, ʢʘʢʦ ʥʠ ʦʜ ʥʘʿʤʘʣʘʪʘ 

ʧʨʦʩʝʯʥʘ ʜʝʙʝʣʠʥʘ ʥʘ ʧʝʨʠʢʘʨʧ (3,11 mm) ʠʟʤʝʨʝʥʘ ʚʦ ʉʪʘʿʢʦʚʮʠ (ɻʨʘʬʠʢʦʥ 10). ʉʧʦʨʝʜ 

ʧʨʦʩʝʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʠʚʦ ʥʘ ʛʝʥʦʪʠʧ, ʥʘʿʪʝʥʦʢ ʧʝʨʠʢʘʨʧ ʥʘ ʧʣʦʜʦʪ (1,62 mm) ʠʤʘ 

ʛʝʥʦʪʠʧʦʪ 137, ʩʧʨʦʪʠʚʥʦ ʥʘ ʛʝʥʦʪʠʧʦʪ 109, ʢʦʿ ʩʝ ʦʜʣʠʢʫʚʘ ʩʦ ʥʘʿʜʝʙʝʣ ʧʝʨʠʢʘʨʧ ʦʜ 5,24 

mm (ɻʨʘʬʠʢʦʥ 11). ʈʝʟʫʣʪʘʪʠʪʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ɻʨʘʬʠʢʦʥ 12 ʫʢʘʞʫʚʘʘʪ ʥʘ ʪʦʘ ʜʝʢʘ ʠ 

ʥʘʿʚʠʩʦʢʠʪʝ ʠ ʥʘʿʥʠʩʢʠʪʝ ʧʨʦʩʝʯʥʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʩʝ ʠʟʤʝʨʝʥʠ ʥʘ ʠʩʪʘ 

ʣʦʢʘʮʠʿʘ (ʈʘʜʦʚʠʰ), ʢʘʜʝ ʛʝʥʦʪʠʧʦʚʠʪʝ 16 ʠ 96 ʠʤʘʣʝ ʥʘʿʪʝʥʦʢ ʧʝʨʠʢʘʨʧ, ʜʦʜʝʢʘ ʢʘʿ 

ʛʝʥʦʪʠʧʦʪ 2 ʝ ʠʟʤʝʨʝʥʘ ʥʘʿʛʦʣʝʤʘ ʜʝʙʝʣʠʥʘ ʥʘ ʧʝʨʠʢʘʨʧʦʪ, ʦʜ 7,2 mm, ʘ ʚʝʜʥʘʰ ʧʦ ʥʝʛʦ 

ʩʝ ʛʝʥʦʪʠʧʦʚʠʪʝ 1 ʠ 29 ʩʦ 7,1 mm ʠ 7 mm, ʩʦʦʜʚʝʪʥʦ.  

 

ʇʨʠ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʜʨʫʛʘ ʛʝʨʤʧʣʘʟʤʘ ʦʜ Capsicum annuum,  Khan et al. (2025) ʜʦʙʠʣʝ 

ʧʨʦʩʝʯʥʘ ʜʝʙʝʣʠʥʘ ʥʘ ʧʝʨʠʢʘʨʧ ʦʜ 3,6 mm (Ñ0.1 mm), ʧʨʠ ʰʪʦ ʤʠʥʠʤʘʣʥʘʪʘ ʠʟʤʝʨʝʥʘ 

ʜʝʙʝʣʠʥʘ ʠʟʥʝʩʫʚʘʣʘ 0,9 mm, ʘ ʤʘʢʩʠʤʘʣʥʘʪʘ 4,8 mm. ʆʚʠʝ ʚʨʝʜʥʦʩʪʠ ʩʝ ʟʥʘʯʠʪʝʣʥʦ 

ʧʦʥʠʩʢʠ ʦʜ ʤʘʢʩʠʤʘʣʥʘʪʘ ʜʝʙʝʣʠʥʘ ʠʟʤʝʨʝʥʘ ʚʦ ʥʘʰʘʪʘ ʢʦʣʝʢʮʠʿʘ, ʢʘʢʦ ʠ ʦʜ 

ʚʨʝʜʥʦʩʪʠʪʝ ʜʦʙʠʝʥʠ ʦʜ ʢʦʣʝʢʮʠʿʘʪʘ ʥʘ Todorova et al. (2024), ʚʦ ʢʦʿʘ ʛʝʥʦʪʠʧʦʚʠʪʝ ʩʦ 

ʥʘʿʜʝʙʝʣ ʧʝʨʠʢʘʨʧ ʜʦʩʪʠʛʥʫʚʘʘʪ ʧʨʦʩʝʢ ʦʜ 8,14 mm. ʂʘʿ Tripodi et al. (2021), ʧʨʦʩʝʯʥʠʪʝ 

ʚʨʝʜʥʦʩʪʠ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʢʘʿ ʚʝʟʝʥʠʪʝ ʧʠʧʝʨʢʠ ʩʝ ʜʚʠʞʘʪ ʦʜ 1,1 mm ʜʦ 3,5 mm. 
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5.1.5. ɼʦʣʞʠʥʘ ʥʘ ʜʨʰʢʘ 

 

ɼʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʥʘʪʘ ʜʨʰʢʘ ʚʘʨʠʨʘ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʤʦʨʬʦʪʠʧʦʪ ʥʘ ʧʠʧʝʨʢʘʪʘ. 

ɻʝʥʦʪʠʧʦʚʠʪʝ ʩʦ ʨʝʣʘʪʠʚʥʦ ʤʘʣʠ ʧʣʦʜʦʚʠ, ʛʝʥʝʨʘʣʥʦ, ʠʤʘʘʪ ʧʦʜʦʣʛʠ ʧʣʦʜʥʠ ʜʨʰʢʠ 

(Bosland & Votava, 2012). ɼʦʣʞʠʥʘʪʘ ʠ ʮʚʨʩʪʠʥʘʪʘ ʥʘ ʧʣʦʜʥʘʪʘ ʜʨʰʢʘ ʩʝ ʦʩʦʙʝʥʦ 

ʟʥʘʯʘʿʥʠ ʢʦʛʘ ʬʠʥʘʣʥʠʦʪ ʧʨʦʠʟʚʦʜ ʝ ʩʫʚʘ ʧʠʧʝʨʢʘ. ɼʦʣʛʠʪʝ ʜʨʰʢʠ ʛʦ ʦʣʝʩʥʫʚʘʘʪ 

ʪʨʘʜʠʮʠʦʥʘʣʥʦʪʦ ʥʠʞʝˁʝ ʥʘ ʧʣʦʜʦʚʠʪʝ ʚʦ ʥʠʟʠ, ʩʦ ʰʪʦ ʩʝ ʟʘʙʨʟʫʚʘ ʮʝʣʠʦʪ (ʥʘʿʯʝʩʪʦ 

ʨʘʯʝʥ) ʧʨʦʮʝʩ ʥʘ ʧʦʜʛʦʪʦʚʢʘ ʟʘ ʩʫʰʝˁʝ. ʀʩʪʦʚʨʝʤʝʥʦ, ʤʝʭʘʥʠʯʢʠʪʝ ʠ ʙʠʦʣʦʰʢʠʪʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʜʨʰʢʘʪʘ, ʢʘʢʦ ʠ ʥʘ ʜʨʫʛʠ ʩʚʦʿʩʪʚʘ ʢʘʿ ʧʠʧʝʨʢʘʪʘ, ʩʝ ʦʜ ʠʩʢʣʫʯʠʪʝʣʥʦ 

ʟʥʘʯʝˁʝ ʟʘ ʩʝʣʝʢʮʠʿʘ ʥʘ ʩʦʨʪʠ ʧʦʛʦʜʥʠ ʟʘ ʤʝʭʘʥʠʟʠʨʘʥʘ ʞʝʪʚʘ (Zhang et al., 2025). 

 

ɸʥʘʣʠʟʠʨʘʿ˃ʠ ʛʠ ʧʨʦʩʝʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʜʦʣʞʠʥʘʪʘ ʥʘ ʜʨʰʢʘʪʘ ʧʦ ʣʦʢʘʮʠʠ (ɻʨʘʬʠʢʦʥ 

13), ʧʨʦʠʟʣʝʛʫʚʘ ʜʝʢʘ ʥʘʿʚʠʩʦʢʘʪʘ ʚʨʝʜʥʦʩʪ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ (4,42 cm) ʝ ʫʪʚʨʜʝʥʘ ʚʦ 

ʈʘʜʦʚʠʰ, ʢʦʿʘ ʝ ʧʦʚʝ˃ʝ ʦʜ 1 cm ʧʦʚʠʩʦʢʘ ʦʜ ʧʨʦʩʝʯʥʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʚʦ 

ʉʪʘʿʢʦʚʮʠ. ʅʘ ʦʚʘʘ ʣʦʢʘʮʠʿʘ ʝ ʫʪʚʨʜʝʥ ʥʘʿʥʠʟʦʢ ʧʨʦʩʝʢ (3,39 cm). ʂʘʿ ʥʘʿʛʦʣʝʤ ʜʝʣ ʦʜ 

ʛʝʥʦʪʠʧʦʚʠʪʝ ʠʟʤʝʨʝʥʘʪʘ ʜʦʣʞʠʥʘ ʥʘ ʜʨʰʢʘʪʘ ʥʝ ʦʪʩʪʘʧʫʚʘ ʟʥʘʯʘʿʥʦ ʦʜ ʧʨʦʩʝʢʦʪ ʥʘ 

ʮʝʣʦʢʫʧʥʘʪʘ ʘʥʘʣʠʟʠʨʘʥʘ ʛʝʨʤʧʣʘʟʤʘ (3,91 cm). ʀʩʢʣʫʯʦʢ ʩʝ ʥʝʢʦʣʢʫ ʛʝʥʦʪʠʧʦʚʠ, ʤʝʺʫ 

ʢʦʠ ʛʝʥʦʪʠʧʦʪ 134 ʢʦʿ ʩʝ ʦʜʜʝʣʫʚʘ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʥʘʿʥʠʩʢʘʪʘ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʦʚʘ 

ʩʚʦʿʩʪʚʦ ʦʜ 2,24 cm, ʩʧʨʦʪʠʚʥʦ ʥʘ ʛʝʥʦʪʠʧʦʪ 132 ʢʦʿ ʩʝ ʠʩʪʘʢʥʫʚʘ ʩʧʦʨʝʜ ʥʘʿʚʠʩʦʢʘʪʘ 

ʜʦʙʠʝʥʘ ʧʨʦʩʝʯʥʘ ʜʦʣʞʠʥʘ ʥʘ ʜʨʰʢʘ (6,26 cm) ʥʘ ʩʠʪʝ ʪʨʠ ʣʦʢʘʮʠʠ (ɻʨʘʬʠʢʦʥ 14). 

ʄʠʥʠʤʘʣʥʘʪʘ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ (2,15 cm) ʝ ʫʪʚʨʜʝʥʘ ʢʘʿ ʛʝʥʦʪʠʧʦʪ 135 ʥʘ ʚʪʦʨʘʪʘ 

ʣʦʢʘʮʠʿʘ (ʉʪʘʿʢʦʚʮʠ), ʜʦʜʝʢʘ ʤʘʢʩʠʤʘʣʥʘʪʘ (7,76 cm) ʝ ʠʟʤʝʨʝʥʘ ʚʦ ʈʘʜʦʚʠʰ, ʢʘʿ 

ʛʝʥʦʪʠʧʦʪ 54. ɻʝʥʦʪʠʧʦʪ 134 ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʩʦ ʥʘʿʢʫʩʘ ʜʨʰʢʘ ʥʘ ʩʠʪʝ ʪʨʠ ʣʦʢʘʮʠʠ, ʘ 

ʚʝʜʥʘʰ ʧʦ ʥʝʛʦ ʩʝ ʛʝʥʦʪʠʧʦʚʠʪʝ 28 ʠ 96 (ɻʨʘʬʠʢʦʥ 15).   

 

ʀ ʢʘʿ ʜʨʫʛʠ ʘʥʘʣʠʟʠʨʘʥʠ ʢʦʣʝʢʮʠʠ ʦʜ ʧʠʧʝʨʢʘ, ʧʨʦʩʝʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ 

ʚʘʨʠʨʘʘʪ ʚʦ ʩʣʠʯʥʠ ʨʘʤʢʠ, ʥʘ ʧʨʠʤʝʨ ʦʜ 2,7 cm ʜʦ 4,9 cm (Tripodi et al., 2021) ʠ ʦʜ 3,1 cm 

ʜʦ 5,05 cm (Likeng-Li -Ngue et al., 2025). ɿʘ ʩʧʦʨʝʜʙʘ, ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʢʣʘʩʪʝʨ-ʘʥʘʣʠʟʘʪʘ 

ʥʘ Drvoshanova et al. (2023) ʧʦʢʘʞʫʚʘʘʪ ʜʝʢʘ ʧʨʦʩʝʯʥʘʪʘ ʜʦʣʞʠʥʘ ʥʘ ʜʨʰʢʘʪʘ ʚʦ ʧʨʚʠʦʪ 

ʢʣʘʩʪʝʨ ʠʟʥʝʩʫʚʘʣʘ 3,76 cm, ʜʦʜʝʢʘ ʚʦ ʚʪʦʨʠʦʪ ʠ ʪʨʝʪʠʦʪ ʢʣʘʩʪʝʨ ʚʨʝʜʥʦʩʪʠʪʝ ʙʠʣʝ 3,42 

cm ʠ 3,08 cm, ʩʦʦʜʚʝʪʥʦ. ɺʦ ʩʠʪʝ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠ ʠʩʪʨʘʞʫʚʘˁʘ, ʤʘʢʩʠʤʘʣʥʠʪʝ 

ʚʨʝʜʥʦʩʪʠ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʩʝ ʟʥʘʯʘʿʥʦ ʧʦʥʠʩʢʠ ʦʜ ʤʘʢʩʠʤʘʣʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʝʥʠ ʚʦ 

ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ. 
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ʛʝʥʦʪʠʧʦʚʠ ʧʦ ʣʦʢʘʮʠʠ  

 

5.1.6. ɹʨʦʿ ʥʘ ʢʦʤʦʨʠ  

 

ɹʨʦʿʦʪ ʥʘ ʢʦʤʦʨʠ ʚʦ ʧʣʦʜʦʪ ʥʘ ʧʠʧʝʨʢʘʪʘ ʚʦ ʥʘʿʛʦʣʝʤʘ ʤʝʨʘ ʟʘʚʠʩʠ ʦʜ ʪʠʧʦʪ ʠ ʬʦʨʤʘʪʘ 

ʥʘ ʧʣʦʜʦʪ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʧʨʝʪʩʪʘʚʝʥʠ ʥʘ ɻʨʘʬʠʢʦʥ 16, ʤʦʞʝ ʜʘ ʩʝ 

ʢʦʥʩʪʘʪʠʨʘ ʜʝʢʘ ʣʦʢʘʮʠʿʘʪʘ ʢʘʢʦ ʬʘʢʪʦʨ ʥʝʤʘ ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʥʘ 

ʦʚʘ ʩʚʦʿʩʪʚʦ. ɻʝʥʦʪʠʧʦʪ 132 ʠʤʘ ʥʘʿʥʠʩʢʘ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʩʦ 2,03 ʢʦʤʦʨʠ ʚʦ ʧʣʦʜ, ʟʘ 

ʨʘʟʣʠʢʘ ʦʜ ʛʝʥʦʪʠʧʦʪ 2, ʢʦʿ ʠʤʘ ʥʘʿʚʠʩʦʢʘ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʩʦ 3,76 ʢʦʤʦʨʠ ʚʦ ʧʣʦʜ 

(ɻʨʘʬʠʢʦʥ 17).  

ʈʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʚʨʝʜʥʦʩʪʠʪʝ ʧʦ ʛʝʥʦʪʠʧ ʠ ʣʦʢʘʮʠʿʘ (ɻʨʘʬʠʢʦʥ 18) ʫʢʘʞʫʚʘ ʥʘ ʧʦʰʠʨʦʢ 

ʦʧʩʝʛ ʥʘ ʚʘʨʠʨʘˁʝ ʥʘ ʦʚʘ ʩʚʦʿʩʪʚʦ. ɼʝʪʝʢʪʠʨʘʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʩʝ ʜʚʠʞʘʪ ʚʦ ʨʘʤʢʠʪʝ ʦʜ 

1,83 ʢʘʿ ʛʝʥʦʪʠʧʦʪ 166 ʜʦ 5,1 ʢʘʿ ʛʝʥʦʪʠʧʦʪ 18. ʀ ʤʠʥʠʤʘʣʥʘʪʘ (1,8) ʠ ʤʘʢʩʠʤʘʣʥʘʪʘ 

ʚʨʝʜʥʦʩʪ (5,1) ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʩʝ ʢʦʥʩʪʘʪʠʨʘʥʠ ʚʦ ɻʣʫʚʦ. 

 

Todorova et al. (2024) ʚʦ ʙʘʣʢʘʥʩʢʘʪʘ ʢʦʣʝʢʮʠʿʘ ʧʠʧʝʨʢʠ ʢʦʿʘ ʿʘ ʢʘʨʘʢʪʝʨʠʟʠʨʘʣʝ, 

ʟʘʙʝʣʝʞʘʣʝ ʥʘʿʤʘʣ ʙʨʦʿ ʥʘ ʢʦʤʦʨʠ ʢʘʿ ʝʜʝʥ Ăʨʦʛʦʚʠʜʝʥñ ʛʝʥʦʪʠʧ (ʧʨʦʩʝʯʥʦ 2,17 ʢʦʤʦʨʠ), 

ʜʦʜʝʢʘ ʥʘʿʤʥʦʛʫ ʢʦʤʦʨʠ (3,35) ʠʤʘʣʝ ʙʘʙʫʨʠʪʝ. ɹʨʦʿʦʪ ʥʘ ʢʦʤʦʨʠ ʚʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ 

Khan et al. (2025b) ʩʝ ʜʚʠʞʝʣ ʚʦ ʨʘʤʢʠʪʝ ʦʜ 2 ʜʦ 4,2 ʢʦʤʦʨʠ ʚʦ ʧʣʦʜ.  
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5.1.7. ɹʨʦʿ ʥʘ ʧʣʦʜʦʚʠ ʧʦ ʨʘʩʪʝʥʠʝ 

 

ɺʢʫʧʥʠʦʪ ʙʨʦʿ ʥʘ ʧʣʦʜʦʚʠ ʧʦ ʨʘʩʪʝʥʠʝ ʧʨʝʪʩʪʘʚʫʚʘ ʛʣʘʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʧʨʠʥʦʩʦʪ ʠ ʝ 

ʦʩʦʙʝʥʦ ʚʘʞʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʿ ʪʠʧʦʚʠ ʧʠʧʝʨʢʘ ʩʦ ʤʘʣʠ ʧʣʦʜʦʚʠ, ʢʘʿ ʢʦʠ ʤʘʩʘʪʘ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʧʣʦʜʦʚʠ ʝ ʥʠʩʢʘ. ɺʦʦʙʠʯʘʝʥʦ ʙʨʦʿʦʪ ʥʘ ʧʣʦʜʦʚʠ ʧʦ ʨʘʩʪʝʥʠʝ ʝ ʚʦ 

ʢʦʨʝʣʘʮʠʿʘ ʩʦ ʙʨʦʿʦʪ ʥʘ ʧʣʦʜʥʠ ʛʨʘʥʢʠ ʠ ʧʨʦʩʝʯʥʘʪʘ ʤʘʩʘ ʥʘ ʧʣʦʜʦʪ (Ramjattan & 

Umaharan, 2021). ɺʢʫʧʥʠʦʪ ʙʨʦʿ ʥʘ ʧʣʦʜʦʚʠ ʝ ʧʦʜ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʥʠʝ ʥʘ ʛʝʥʝʪʩʢʠʦʪ 

ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʬʦʨʤʠʨʘˁʝ ʮʚʝʪʦʚʠ, ʢʘʢʦ ʠ ʥʘ ʙʠʦʪʩʢʠʪʝ ʠ ʘʙʠʦʪʩʢʠʪʝ ʬʘʢʪʦʨʠ ʢʦʠ 

ʚʣʠʿʘʘʪ ʚʨʟ ʟʘʜʨʞʫʚʘˁʝʪʦ ʠ ʦʧʣʦʜʫʚʘˁʝʪʦ ʥʘ ʮʚʝʪʦʚʠʪʝ. ʀʩʪʦ ʪʘʢʘ, ʤʦʨʬʦʪʠʧʦʪ ʠ 

ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ ʚʦ ʛʦʣʝʤʘ ʤʝʨʘ ʛʦ ʦʜʨʝʜʫʚʘʘʪ ʙʨʦʿʦʪ ʥʘ ʧʣʦʜʦʚʠ ʧʦ ʨʘʩʪʝʥʠʝ, ʧʨʠ 

ʰʪʦ ʥʘʿʯʝʩʪʦ ʛʝʥʦʪʠʧʦʚʠʪʝ ʩʦ ʩʠʪʥʠ ʧʣʦʜʦʚʠ ʬʦʨʤʠʨʘʘʪ ʟʥʘʯʠʪʝʣʥʦ ʧʦʚʝ˃ʝ ʧʣʦʜʦʚʠ 

ʦʪʢʦʣʢʫ ʛʝʥʦʪʠʧʦʚʠʪʝ ʩʦ ʢʨʫʧʥʠ ʧʣʦʜʦʚʠ.  

 

ʅʘʿʛʦʣʝʤʘʪʘ ʧʨʦʩʝʯʥʘ ʩʨʝʜʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʙʨʦʿʦʪ ʥʘ ʧʣʦʜʦʚʠ ʝ ʜʦʙʠʝʥʘ ʚʦ ɻʣʫʚʦ (10, 12), 

ʟʘ ʨʘʟʣʠʢʘ ʦʜ ʉʪʘʿʢʦʚʮʠ, ʢʘʜʝ ʧʨʦʩʝʯʥʠʦʪ ʙʨʦʿ ʥʘ ʧʣʦʜʦʚʠ ʧʦ ʨʘʩʪʝʥʠʝ ʠʟʥʝʩʫʚʘʰʝ 

ʨʝʯʠʩʠ ʜʚʦʿʥʦ ʧʦʤʘʣʢʫ, ʦʜʥʦʩʥʦ 5,49 (ɻʨʘʬʠʢʦʥ 19). ʇʨʠ ʩʧʦʨʝʜʙʘ ʥʘ ʧʨʦʩʝʯʥʠʪʝ 

ʚʨʝʜʥʦʩʪʠ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʥʘ ʪʨʠʪʝ ʣʦʢʘʮʠʠ ʤʦʞʝ ʜʘ ʩʝ ʢʦʥʩʪʘʪʠʨʘ ʜʝʢʘ ʣʦʢʘʮʠʿʘʪʘ ʢʘʢʦ 

ʬʘʢʪʦʨ ʠʤʘ ʦʩʦʙʝʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʩʪʘʙʠʣʥʦʩʪʘ, ʦʜʥʦʩʥʦ ʚʨʟ ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʥʘ ʦʚʘ 

ʩʚʦʿʩʪʚʦ. ʅʘʿʚʠʩʦʢʘ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʙʨʦʿʦʪ ʥʘ ʧʣʦʜʦʚʠ ʦʜ ʩʠʪʝ ʪʨʠ ʣʦʢʘʮʠʠ ʝ 

ʜʦʙʠʝʥʘ ʢʘʿ ʛʝʥʦʪʠʧʦʪ 136 (46,58), ʜʦʜʝʢʘ ʩʦ ʧʨʦʩʝʢ ʦʜ ʩʘʤʦ 3,17 ʧʣʦʜʦʚʠ ʥʘ ʨʘʩʪʝʥʠʝ ʩʝ 

ʦʜʜʝʣʫʚʘ ʛʝʥʦʪʠʧʦʪ 11 (ɻʨʘʬʠʢʦʥ 20). ʅʘ ɻʨʘʬʠʢʦʥ 21 ʩʝ ʧʨʠʢʘʞʘʥʠ ʧʨʦʩʝʯʥʠʪʝ 

ʚʨʝʜʥʦʩʪʠ ʟʘ ʙʨʦʿ ʥʘ ʧʣʦʜʦʚʠ ʧʦ ʛʝʥʦʪʠʧ ʠ ʣʦʢʘʮʠʿʘ. ʅʘʿʛʦʣʝʤ ʙʨʦʿ ʥʘ ʧʣʦʜʦʚʠ (56,77) 

ʠʤʘʣ ʛʝʥʦʪʠʧʦʪ 136 ʚʦ ɻʣʫʚʦ, ʜʦʜʝʢʘ ʚʦ ʈʘʜʦʚʠʰ ʠ ʉʪʘʿʢʦʚʮʠ ʦʚʦʿ ʛʝʥʦʪʠʧ ʠʤʘʣ ʧʦʤʘʣʢʫ 

ʧʣʦʜʦʚʠ. ʄʠʥʠʤʘʣʝʥ ʙʨʦʿ ʥʘ ʧʣʦʜʦʚʠ ʧʦ ʨʘʩʪʝʥʠʝ (1,39) ʝ ʫʪʚʨʜʝʥ ʚʦ ʉʪʘʿʢʦʚʮʠ ʢʘʿ 

ʛʝʥʦʪʠʧʦʪ 3. ʀʩʪʠʦʪ ʛʝʥʦʪʠʧ ʧʦʢʘʞʘʣ ʟʥʘʯʠʪʝʣʥʦ ʧʦʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ ʚʦ ɻʣʫʚʦ, ʩʦ 10,9 

ʧʣʦʜʦʚʠ ʧʦ ʨʘʩʪʝʥʠʝ. ʊʦʘ ʦʟʥʘʯʫʚʘ ʜʝʢʘ ʤʠʢʨʦʢʣʠʤʘʪʩʢʠʪʝ ʫʩʣʦʚʠ ʠʤʘʘʪ ʛʦʣʝʤʦ 

ʚʣʠʿʘʥʠʝ ʚʨʟ ʧʣʦʜʦʥʦʩʝˁʝʪʦ, ʦʩʦʙʝʥʦ ʢʘʿ ʣʦʢʘʣʥʠ ʧʦʧʫʣʘʮʠʠ ʢʦʠ ʥʝ ʩʝ ʩʪʘʙʠʣʠʟʠʨʘʥʠ 

ʩʝʣʝʢʮʠʩʢʠ.  

 

ɺʦ ʧʨʝʪʭʦʜʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʚʦ ʢʦʠ ʩʝ ʘʥʘʣʠʟʠʨʘʥʠ ʨʘʟʣʠʯʥʠ ʢʦʣʝʢʮʠʠ ʦʜ ʜʨʫʛʠ ʜʝʣʦʚʠ 

ʥʘ ʩʚʝʪʦʪ ʩʝ ʜʦʙʠʝʥʠ ʚʘʨʠʿʘʙʠʣʥʠ ʨʝʟʫʣʪʘʪʠ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ. Sufiyan (2024) ʘʥʘʣʠʟʠʨʘʣ 

ʢʦʣʝʢʮʠʿʘ ʦʜ ʣʫʪʠ ʧʠʧʝʨʢʠ ʢʘʿ ʢʦʿʘ ʚʢʫʧʥʠʦʪ ʙʨʦʿ ʥʘ ʧʣʦʜʦʚʠ ʧʦ ʨʘʩʪʝʥʠʝ ʩʝ ʜʚʠʞʝʣ ʦʜ 

12,67 ʜʦ 42,67, ʩʦ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʦʜ 23,64. ʉʧʦʨʝʜ ʧʨʝʛʣʝʜʦʪ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʜʦʙʠʝʥʠ 

ʦʜ ʨʘʟʣʠʯʥʠ ʛʝʨʤʧʣʘʟʤʠ, ʤʦʞʝ ʜʘ ʩʝ ʢʦʥʩʪʘʪʠʨʘ ʜʝʢʘ ʙʨʦʿʦʪ ʥʘ ʧʣʦʜʦʚʠ ʝ ʟʥʘʯʠʪʝʣʥʦ 

ʧʦʛʦʣʝʤ ʢʘʿ ʛʝʥʦʪʠʧʦʚʠʪʝ ʩʦ ʧʦʩʠʪʥʠ ʧʣʦʜʦʚʠ, ʢʘʢʦ ʯʠʣʠ ʠ ʿʘʣʘʧʝʥʦ, ʰʪʦ ʩʝ ʜʦʢʘʞʫʚʘ 
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ʚʦ ʠʩʪʨʘʞʫʚʘˁʘʪʘ ʥʘ Indrabi et al. (2022), ʢʦʠ ʢʦʥʩʪʘʪʠʨʘʣʝ 100,5 ʧʣʦʜʘ ʠ ʥʘ Tembhurne 

et al. (2020), ʢʦʠ ʨʝʛʠʩʪʨʠʨʘʣʝ 144,2 ʧʣʦʜʘ ʧʦ ʨʘʩʪʝʥʠʝ. ʅʘʿʛʦʣʝʤ ʙʨʦʿ ʥʘ ʧʣʦʜʦʚʠ ʧʦ 

ʨʘʩʪʝʥʠʝ ʟʘʙʝʣʝʞʘʣʝ Padilha et al. (2016), ʚʦ ʯʠʝ ʠʩʪʨʘʞʫʚʘˁʝ ʩʝ ʧʦʪʚʨʜʫʚʘ ʜʝʢʘ ʙʨʦʿʦʪ 

ʥʘ ʧʣʦʜʦʚʠ ʧʦ ʨʘʩʪʝʥʠʝ ʝ ʚʦ ʥʝʛʘʪʠʚʥʘ ʢʦʨʝʣʘʮʠʿʘ ʩʦ ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ. ʊʘʢʘ, ʚʦ 

ʥʠʚʥʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ʛʝʥʦʪʠʧʦʪ ʩʦ ʧʦʜʦʣʛʠ ʧʣʦʜʦʚʠ (ʦʢʦʣʫ 6,7 cm) ʧʨʦʜʫʮʠʨʘʣ ʚʦ 

ʧʨʦʩʝʢ ʧʨʠʙʣʠʞʥʦ 49 ʧʣʦʜʦʚʠ, ʜʦʜʝʢʘ ʛʝʥʦʪʠʧʦʪ ʩʦ ʠʩʢʣʫʯʠʪʝʣʥʦ ʢʨʘʪʢʠ ʧʣʦʜʦʚʠ 

(ʦʢʦʣʫ 1,2 cm) ʠʤʘʣ ʧʦʚʝ˃ʝ ʦʜ 890 ʧʣʦʜʦʚʠ ʧʦ ʨʘʩʪʝʥʠʝ.  

  

 
ɻʨʘʬʠʢʦʥ 19. ʇʨʦʩʝʯʥʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʙʨʦʿ ʥʘ ʧʣʦʜʦʚʠ ʧʦ ʨʘʩʪʝʥʠʝ ʥʘ ʪʨʠʪʝ ʣʦʢʘʮʠʠ 
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ɻʨʘʬʠʢʦʥ 20. ʇʨʦʩʝʯʥʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʙʨʦʿ ʥʘ ʧʣʦʜʦʚʠ ʧʦ ʨʘʩʪʝʥʠʝ ʢʘʿ ʠʩʧʠʪʫʚʘʥʠʪʝ 

ʛʝʥʦʪʠʧʦʚʠ 

 
ɻʨʘʬʠʢʦʥ 21. ʇʨʦʩʝʯʥʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʙʨʦʿ ʥʘ ʧʣʦʜʦʚʠ ʧʦ ʨʘʩʪʝʥʠʝ ʢʘʿ ʠʩʧʠʪʫʚʘʥʠʪʝ 

ʛʝʥʦʪʠʧʦʚʠ ʧʦ ʣʦʢʘʮʠʠ  

 

 

5.1.8. ʇʨʠʥʦʩ ʧʦ ʨʘʩʪʝʥʠʝ 

 

ʇʨʠʥʦʩʦʪ ʢʘʿ ʟʝʤʿʦʜʝʣʩʢʠʪʝ ʢʫʣʪʫʨʠ ʧʨʝʪʩʪʘʚʫʚʘ ʢʦʤʧʣʝʢʩʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʨʟ ʢʦʿʘ 

ʚʣʠʿʘʘʪ ʠ ʛʝʥʝʪʩʢʠʦʪ ʬʘʢʪʦʨ ʠ ʫʩʣʦʚʠʪʝ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ʆʚʦʿ ʧʦʢʘʟʘʪʝʣ ʿʘ 

ʦʜʨʘʟʫʚʘ ʚʢʫʧʥʘʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʥʘ ʨʘʩʪʝʥʠʝʪʦ, ʢʦʿʘ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ ʠ ʩʝ ʧʨʝʩʤʝʪʫʚʘ 

ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʚʢʫʧʥʘʪʘ ʤʘʩʘ ʥʘ ʩʠʪʝ ʧʣʦʜʦʚʠ ʜʦʙʠʝʥʠ ʦʜ ʩʝʢʦʿ ʧʦʝʜʠʥʝʯʝʥ ʛʝʥʦʪʠʧ. 

ʇʦʪʝʥʮʠʿʘʣʦʪ ʟʘ ʧʨʠʥʦʩ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʜʘ ʩʝ ʨʘʟʣʠʢʫʚʘ ʧʦʤʝʺʫ ʣʦʢʘʣʥʠʪʝ 

ʩʦʨʪʠ/ʧʦʧʫʣʘʮʠʠ ʠ ʩʝʣʝʢʮʠʦʥʠʨʘʥʠʪʝ ʭʠʙʨʠʜʠ ʠ ʩʦʨʪʠ. ɻʝʥʝʨʘʣʥʦ, ʣʦʢʘʣʥʠʪʝ ʩʦʨʪʠ 
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ʜʘʚʘʘʪ ʧʦʤʘʣ, ʥʦ ʩʪʘʙʠʣʝʥ ʧʨʠʥʦʩ ʙʠʜʝʿ˃ʠ ʩʝ ʧʦʘʜʘʧʪʘʙʠʣʥʠ ʥʘ ʜʝʿʩʪʚʦʪʦ ʥʘ 

ʥʘʜʚʦʨʝʰʥʠʪʝ ʬʘʢʪʦʨʠ.  

 

ɼʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʜ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʧʦʢʘʞʫʚʘʘʪ ʟʥʘʯʘʿʥʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʚʦ 

ʧʨʦʩʝʯʥʠʦʪ ʧʨʠʥʦʩ ʦʜ ʨʘʩʪʝʥʠʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʣʦʢʘʮʠʠ ʥʘ ʢʦʠ ʙʝʘ ʦʜʛʣʝʜʫʚʘʥʠ 

ʛʝʥʦʪʠʧʦʚʠʪʝ. ʅʘʿʚʠʩʦʢ ʧʨʦʩʝʯʝʥ ʧʨʠʥʦʩ ʦʜ 401,31 g ʝ ʫʪʚʨʜʝʥ ʥʘ ʪʨʝʪʘʪʘ ʣʦʢʘʮʠʿʘ 

(ʈʘʜʦʚʠʰ), ʢʦʿ ʝ ʟʥʘʯʘʿʥʦ ʧʦʛʦʣʝʤ ʦʜ ʜʦʩʪʠʛʥʘʪʠʦʪ ʧʨʠʥʦʩ ʦʜ 168,66 g ʚʦ ʉʪʘʿʢʦʚʮʠ 

(ɻʨʘʬʠʢʦʥ 22). ʆʜ ʩʠʪʝ ʘʥʘʣʠʟʠʨʘʥʠ ʛʝʥʦʪʠʧʦʚʠ, ʛʝʥʦʪʠʧʦʪ 98 ʩʝ ʠʩʪʘʢʥʫʚʘ ʩʦ 

ʤʘʢʩʠʤʘʣʝʥ ʧʨʠʥʦʩ ʦʜ ʨʘʩʪʝʥʠʝ, ʧʨʦʩʝʯʥʦ ʥʘ ʪʨʠʪʝ ʣʦʢʘʮʠʠ (1 060,43 g), ʜʦʜʝʢʘ 

ʛʝʥʦʪʠʧʦʪ 44 ʝ ʥʘʿʥʠʩʢʦ ʧʦʟʠʮʠʦʥʠʨʘʥ ʩʦ ʩʘʤʦ 70,73 g ʧʨʠʥʦʩ ʦʜ ʨʘʩʪʝʥʠʝ (ɻʨʘʬʠʢʦʥ 

23). ʇʨʦʩʝʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʠʥʦʩ ʥʘ ʠʩʧʠʪʫʚʘʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʥʘ ʩʝʢʦʿʘ ʧʦʝʜʠʥʝʯʥʘ 

ʣʦʢʘʮʠʿʘ ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ɻʨʘʬʠʢʦʥ 24, ʥʘ ʢʦʿʰʪʦ ʣʝʩʥʦ ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʜʦʤʠʥʘʥʪʥʘʪʘ 

ʧʦʟʠʮʠʿʘ ʥʘ ʛʝʥʦʪʠʧʦʪ 98, ʩʦ ʤʘʢʩʠʤʘʣʝʥ ʧʨʠʥʦʩʝʥ ʧʦʪʝʥʮʠʿʘʣ ʜʦʩʪʠʛʥʘʪ ʚʦ ɻʣʫʚʦ (1 

473,25 g). ʅʘ ʜʨʫʛʠʪʝ ʜʚʝ ʣʦʢʘʮʠʠ ʨʝʛʠʩʪʨʠʨʘʥ ʝ ʧʦʥʠʟʦʢ ʧʨʠʥʦʩ ʥʘ ʦʚʦʿ ʛʝʥʦʪʠʧ. 

ʄʠʥʠʤʘʣʝʥ ʧʨʠʥʦʩ ʦʜ 9,96 g ʝ ʟʘʙʝʣʝʞʘʥ ʢʘʿ ʛʝʥʦʪʠʧʦʪ 95 ʚʦ ʉʪʘʿʢʦʚʮʠ, ʜʦʜʝʢʘ ʥʘ 

ʜʨʫʛʠʪʝ ʜʚʝ ʣʦʢʘʮʠʠ ʦʚʦʿ ʛʝʥʦʪʠʧ ʠʤʘ ʧʦʚʠʩʦʢ ʧʨʠʥʦʩ. ʇʨʦʩʝʯʥʠʦʪ ʧʨʠʥʦʩʝʥ ʧʦʪʝʥʮʠʿʘʣ 

ʥʘ ʩʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʥʘ ʪʨʠʪʝ ʣʦʢʘʮʠʠ ʠʟʥʝʩʫʚʘ 318,8 g. ɻʝʥʝʨʘʣʥʦ, ʚʦ ʈʘʜʦʚʠʰ ʝ 

ʧʦʩʪʠʛʥʘʪ ʥʘʿʜʦʙʘʨ ʧʨʦʩʝʯʝʥ ʧʨʠʥʦʩ ʦʜ ʩʠʪʝ ʣʦʢʘʮʠʠ, ʜʦʜʝʢʘ ʥʘʿʥʠʩʢʘʪʘ ʚʨʝʜʥʦʩʪ ʟʘ ʦʚʘ 

ʩʚʦʿʩʪʚʦ ʝ ʨʝʛʠʩʪʨʠʨʘʥʘ ʚʦ ʉʪʘʿʢʦʚʮʠ. ʀʩʢʣʫʯʦʢ ʧʨʝʪʩʪʘʚʫʚʘ ʛʝʥʦʪʠʧʦʪ 165 ʩʦ ʥʘʿʜʦʙʘʨ 

ʧʨʠʥʦʩ (832,4 g) ʚʦ ʉʪʘʿʢʦʚʮʠ, ʢʦʿ ʝ ʦʢʦʣʫ 40 g ʧʦʚʠʩʦʢ ʦʜ ʧʦʩʪʠʛʥʘʪʠʦʪ ʧʨʠʥʦʩ ʚʦ ɻʣʫʚʦ 

ʠ ʨʝʯʠʩʠ ʜʚʦʿʥʦ ʧʦʚʠʩʦʢ ʦʜ ʧʦʩʪʠʛʥʘʪʠʦʪ ʧʨʠʥʦʩ ʚʦ ʈʘʜʦʚʠʰ (371,2 g).  

 

ɺʣʠʿʘʥʠʝʪʦ ʥʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ ʚʨʟ ʧʨʠʥʦʩʥʠʦʪ ʧʦʪʝʥʮʠʿʘʣ ʛʦ ʧʦʪʚʨʜʠʣ ʠ Abrham, 

2019) ʧʨʠ ʧʨʦʫʯʫʚʘˁʝ ʥʘ 55 ʛʝʥʦʪʠʧʦʚʠ ʣʫʪʘ ʧʠʧʝʨʢʘ. ɺʦ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʥʘ ʨʘʟʣʠʯʥʠ 

ʛʝʥʦʪʠʧʦʚʠ ʧʠʧʝʨʢʘ ʧʨʠʥʦʩʦʪ ʚʘʨʠʨʘʣ ʦʜ ʧʨʠʙʣʠʞʥʦ 3 151,43 ʜʦ 43 002,86 kg/ha, ʰʪʦ 

ʜʦʧʦʣʥʠʪʝʣʥʦ ʿʘ ʠʣʫʩʪʨʠʨʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʥʘ ʩʚʦʿʩʪʚʦʪʦ ʧʦʜ ʜʝʿʩʪʚʦ ʥʘ ʨʘʟʣʠʯʥʠ 

ʘʛʨʦʢʣʠʤʘʪʩʢʠ ʫʩʣʦʚʠ. ʉʣʠʯʥʦ ʥʘ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ, Usman et al. 

(2014) ʟʘʙʝʣʝʞʘʣʝ ʜʝʢʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʚʘʨʠʨʘ ʦʜ 108,69 g ʜʦ 1 144,3 g, ʜʦʜʝʢʘ ʚʦ 

ʠʩʪʨʘʞʫʚʘˁʘʪʘ ʥʘ Todorova et al. (2024) ʧʨʠʥʦʩʦʪ ʦʜ ʨʘʩʪʝʥʠʝ ʚʘʨʠʨʘʣ ʦʜ 460 g ʜʦ 740 g. 

ʀʩʢʣʫʯʠʪʝʣʥʦ ʚʠʩʦʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʢʦʥʩʪʘʪʠʨʘʣʝ Khan et al. (2025b), ʚʦ 

ʯʠʿʘ ʢʦʣʝʢʮʠʿʘ ʧʨʦʩʝʯʥʠʦʪ ʧʨʠʥʦʩ ʠʟʥʝʩʫʚʘʣ ʦʢʦʣʫ 1,107 kg/ʨʘʩʪʝʥʠʝ, ʜʦʜʝʢʘ 

ʚʨʝʜʥʦʩʪʠʪʝ ʟʘ ʩʚʦʿʩʪʚʦʪʦ ʩʝ ʜʚʠʞʝʣʝ ʦʜ 0,282 kg ʜʦ 1,809 kg ʧʦ ʨʘʩʪʝʥʠʝ. ʆʚʠʝ 

ʨʝʟʫʣʪʘʪʠ ʿʘ ʧʦʪʝʥʮʠʨʘʘʪ ʫʣʦʛʘʪʘ ʥʘ ʛʝʥʦʪʠʧʦʪ, ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʥʠʚʥʘʪʘ 

ʠʥʪʝʨʘʢʮʠʿʘ ʚʦ ʦʜʨʝʜʫʚʘˁʝʪʦ ʥʘ ʘʜʘʧʪʘʙʠʣʥʦʩʪʘ, ʩʪʘʙʠʣʥʦʩʪʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʘ ʥʘ 

ʧʠʧʝʨʢʘʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʣʦʢʘʮʠʠ, ʢʘʢʦ ʠ ʥʠʚʥʠʦʪ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʩʝʣʝʢʮʠʿʘ ʥʘ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠ ʣʠʥʠʠ. 
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5.1.9. ɹʨʦʿ ʥʘ ʜʝʥʦʚʠ ʜʦ ʥʠʢʥʫʚʘˁʝ 

 

ɺʦ ʦʜʥʦʩ ʥʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʝ ʫʪʚʨʜʝʥʘ ʥʝʟʥʘʯʠʪʝʣʥʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ. ʀʤʘʿ˃ʠ ʧʨʝʜʚʠʜ ʜʝʢʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʨʘʩʘʜ ʟʘ ʩʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʩʝ ʦʜʚʠʚʘʰʝ ʚʦ ʟʘʰʪʠʪʝʥ ʧʨʦʩʪʦʨ, 

ʦʯʝʢʫʚʘʥʦ ʝ ʜʝʢʘ ʣʦʢʘʮʠʿʘʪʘ ʥʝʤʘ ʚʣʠʿʘʥʠʝ ʚʨʟ ʙʨʦʿʦʪ ʥʘ ʜʝʥʦʚʠ ʜʦ ʥʠʢʥʫʚʘˁʝ (ɻʨʘʬ.25). 

ʅʘ ɻʨʘʬʠʢʦʥ 27 ʩʝ ʧʨʠʢʘʞʘʥʠ ʧʨʦʩʝʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʜʝʥʦʚʠ ʜʦ ʥʠʢʥʫʚʘˁʝ ʥʘ 

ʠʩʧʠʪʫʚʘʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʧʦ ʣʦʢʘʮʠʠ, ʢʘʜʝ ʥʘ ʠʩʪʘ ʣʦʢʘʮʠʿʘ (ɻʣʫʚʦ) ʩʝ ʨʝʛʠʩʪʨʠʨʘʥʠ 

ʥʘʿʥʠʩʢʘʪʘ ʚʨʝʜʥʦʩʪ (10 ʜʝʥʘ) ʢʘʿ ʛʝʥʦʪʠʧʦʪ 61 ʠ ʥʘʿʚʠʩʦʢʘʪʘ ʚʨʝʜʥʦʩʪ (14,5 ʜʝʥʘ) ʢʘʿ 

ʛʝʥʦʪʠʧʦʪ 16. ʉʧʦʨʝʜ ʧʨʦʩʝʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʦʜ ʪʨʠʪʝ ʣʦʢʘʮʠʠ ʟʘ ʩʝʢʦʿ ʛʝʥʦʪʠʧ, ʥʘʿʨʘʥʦ 

ʧʦʥʠʢʥʫʚʘˁʝ ʝ ʟʘʙʝʣʝʞʘʥʦ ʢʘʿ ʛʝʥʦʪʠʧʦʪ 97 (10,5 ʜʝʥʘ), ʟʘ ʨʘʟʣʠʢʘ ʦʜ ʛʝʥʦʪʠʧʦʪ 2, ʢʦʿ 

ʧʦʥʠʢʥʘʣ ʜʫʨʠ ʧʦ 13,83 ʜʝʥʘ (ɻʨʘʬʠʢʦʥ 26). ɺʦ ʩʧʦʨʝʜʙʘ ʩʦ ʨʝʟʫʣʪʘʪʠʪʝ ʥʘ ɼʨʚʦʰʘʥʦʚʘ 

(2023), ʢʘʜʝ ʰʪʦ ʙʨʦʿʦʪ ʥʘ ʜʝʥʦʚʠ ʜʦ ʥʠʢʥʫʚʘˁʝ ʚʘʨʠʨʘ ʦʜ 8 ʜʦ 18 ʜʝʥʘ, ʚʦ ʦʚʘʘ 

ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʝ ʫʪʚʨʜʝʥ ʧʦʪʝʩʝʥ ʨʘʩʧʦʥ ʥʘ ʚʨʝʜʥʦʩʪʠ (10-14,5 ʜʝʥʘ). ʉʦ ʦʛʣʝʜ 

ʜʝʢʘ ʨʘʩʘʜʦʪ ʦʜ ʩʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʙʝʰʝ ʦʜʛʣʝʜʫʚʘʥ ʧʨʠ ʠʩʪʠ ʧʦʯʚʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʠ 

ʫʩʣʦʚʠ, ʤʦʞʝ ʜʘ ʩʝ ʢʦʥʩʪʘʪʠʨʘ ʜʝʢʘ ʩʪʘʥʜʘʨʜʠʟʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʨʘʩʘʜ ʚʦ 

ʟʘʰʪʠʪʝʥ ʧʨʦʩʪʦʨ ʿʘ ʥʘʤʘʣʫʚʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʚʦ ʙʨʦʿʦʪ ʥʘ ʜʝʥʦʚʠ ʜʦ ʥʠʢʥʫʚʘˁʝ. 

ʋʪʚʨʜʝʥʠʪʝ ʨʘʟʣʠʢʠ ʤʝʺʫ ʛʝʥʦʪʠʧʦʚʠʪʝ ʥʘʿʚʝʨʦʿʘʪʥʦ ʧʦʪʝʢʥʫʚʘʘʪ ʦʜ ʥʠʚʥʘʪʘ ʛʝʥʝʪʩʢʘ 

ʦʩʥʦʚʘ, ʠʘʢʦ ʟʥʘʯʘʿʥʘ ʫʣʦʛʘ ʚʦ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʠʤʘ ʠ ʚʠʪʘʣʥʦʩʪʘ ʥʘ ʩʝʤʝʪʦ. 
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5.1.10. ɹʨʦʿ ʥʘ ʜʝʥʦʚʠ ʜʦ ʮʚʝʪʘˁʝ 

 

ʎʚʝʪʘˁʝʪʦ ʚʦ ʛʦʣʝʤʘ ʤʝʨʘ ʟʘʚʠʩʠ ʦʜ ʥʘʜʚʦʨʝʰʥʠʪʝ ʬʘʢʪʦʨʠ, ʪʘʢʘ ʰʪʦ ʦʧʘʺʘˁʝʪʦ 

(ʘʙʦʨʪʠʨʘˁʝʪʦ) ʥʘ ʮʚʝʪʦʚʠʪʝ ʥʘʿʯʝʩʪʦ ʩʝ ʧʦʚʨʟʫʚʘ ʩʦ ʥʠʩʢʘʪʘ ʪʦʣʝʨʘʥʪʥʦʩʪ ʥʘ 

ʨʘʩʪʝʥʠʿʘʪʘ ʥʘ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ. Usman et al. (2014), ʭʝʨʠʪʘʙʠʣʥʦʩʪʘ ʢʘʿ ʦʚʘ ʩʚʦʿʩʪʚʦ 

ʿʘ ʧʨʦʮʝʥʠʣʝ ʥʘ ʩʘʤʦ 6,99 %, ʰʪʦ ʫʢʘʞʫʚʘ ʜʝʢʘ ʫʩʣʦʚʠʪʝ ʥʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ ʠʤʘʘʪ 

ʧʦʛʦʣʝʤʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʙʨʦʿʦʪ ʥʘ ʜʝʥʦʚʠ ʜʦ ʮʚʝʪʘˁʝ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʥʘʩʣʝʜʥʠʦʪ ʬʘʢʪʦʨ.  

 

ʉʧʦʨʝʜ ʨʝʟʫʣʪʘʪʠʪʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ɻʨʘʬʠʢʦʥ 28, ʥʘʿʥʠʩʢʘʪʘ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʦʚʘ 

ʩʚʦʿʩʪʚʦ ʝ ʫʪʚʨʜʝʥʘ ʚʦ ɻʣʫʚʦ (76,1 ʜʝʥ), ʜʦʜʝʢʘ ʥʘʿʚʠʩʦʢʘʪʘ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʝ 

ʟʘʙʝʣʝʞʘʥʘ ʚʦ ʈʘʜʦʚʠʰ (80,35 ʜʝʥʘ). ʇʨʠ ʩʧʦʨʝʜʙʘ ʥʘ ʧʨʦʩʝʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ 

ʛʝʥʦʪʠʧʦʚʠʪʝ ʟʘ ʩʚʦʿʩʪʚʦʪʦ ʙʨʦʿ ʥʘ ʜʝʥʦʚʠ ʜʦ ʮʚʝʪʘˁʝ (ɻʨʘʬʠʢʦʥ 29), ʫʪʚʨʜʝʥʦ ʝ ʜʝʢʘ 

ʛʝʥʦʪʠʧʦʪ 122 ʠʤʘ ʥʘʿʥʠʟʦʢ ʧʨʦʩʝʢ (72 ʜʝʥʘ), ʜʦʜʝʢʘ ʛʝʥʦʪʠʧʦʪ 172 ʥʘʿʜʦʮʥʘ ʧʦʯʥʫʚʘ ʜʘ 

ʮʚʝʪʘ ʠ ʦʪʩʢʦʢʥʫʚʘ ʩʦ ʥʘʿʚʠʩʦʢʘ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ (86,17 ʜʝʥʘ). ʅʘ 

ɻʨʘʬʠʢʦʥ 30 ʿʘʩʥʦ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʛʝʥʦʪʠʧʦʚʠʪʝ ʢʘʿ ʢʦʠ ʩʝ ʫʪʚʨʜʝʥʠ ʥʘʿʛʦʣʝʤʠ 

ʚʨʝʜʥʦʩʪʠ ʟʘ ʙʨʦʿʦʪ ʥʘ ʜʝʥʦʚʠ ʜʦ ʮʚʝʪʘˁʝ. ʄʝʺʫ ʥʠʚ ʥʘʿʤʥʦʛʫ ʦʪʩʢʦʢʥʫʚʘ ʛʝʥʦʪʠʧʦʪ 172 

ʩʦ 92,5 ʜʝʥʘ ʜʦ ʮʚʝʪʘˁʝ ʚʦ ʉʪʘʿʢʦʚʮʠ, ʘ ʚʝʜʥʘʰ ʧʦ ʥʝʛʦ ʩʦ ʧʦ 91,5 ʜʝʥʘ ʩʝ ʛʝʥʦʪʠʧʦʚʠʪʝ 

25 ʚʦ ʉʪʘʿʢʦʚʮʠ ʠ 94 ʚʦ ʈʘʜʦʚʠʰ. ʅʘʩʧʨʦʪʠ ʥʠʚ, ʥʘʿʤʘʣ ʙʨʦʿ ʥʘ ʜʝʥʦʚʠ ʜʦ ʮʚʝʪʘˁʝ (61) 

ʝ ʢʦʥʩʪʘʪʠʨʘʥ ʢʘʿ ʛʝʥʦʪʠʧʦʪ 104 ʚʦ ɻʣʫʚʦ.  

 

ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Tripodi et al. (2021), ʢʘʿ ʧʨʠʤʝʨʦʮʠʪʝ ʦʜ ʚʝʟʝʥʘ ʧʠʧʝʨʢʘ ʥʘʿʥʠʩʢʘʪʘ 

ʚʨʝʜʥʦʩʪ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ ʠʟʥʝʩʫʚʘʣʘ 51 ʜʝʥ, ʜʦʜʝʢʘ ʥʘʿʚʠʩʦʢʘʪʘ ʚʨʝʜʥʦʩʪ (76 ʜʝʥʘ) ʝ 

ʟʘʙʝʣʝʞʘʥʘ ʢʘʿ ʪʨʠ ʛʝʥʦʪʠʧʘ. ʇʨʦʩʝʯʥʘʪʘ ʚʨʝʜʥʦʩʪ ʟʘ ʛʝʨʤʧʣʘʟʤʘʪʘ ʰʪʦ ʿʘ ʘʥʘʣʠʟʠʨʘʣʝ 

ʠʟʥʝʩʫʚʘʣʘ 62,98 ʜʝʥʘ ʠ ʪʘʘ ʥʝ ʦʪʩʪʘʧʫʚʘ ʤʥʦʛʫ ʦʜ ʨʝʟʫʣʪʘʪʠʪʝ ʜʦʙʠʝʥʠ ʚʦ ʦʚʘ 

ʠʩʪʨʘʞʫʚʘˁʝ.  
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5.1.11. ɹʨʦʿ ʥʘ ʜʝʥʦʚʠ ʜʦ ʧʣʦʜʦʥʦʩʝˁʝ 

 

ʈʘʥʦʩʪʘʩʥʦʩʪʘ ʝ ʦʜ ʚʠʪʘʣʥʦ ʟʥʘʯʝˁʝ ʟʘ ʠʟʙʝʛʥʫʚʘˁʝ ʦʜʨʝʜʝʥʠ ʘʙʠʦʪʩʢʠ ʩʪʨʝʩʦʚʠ ʠ 

ʫʩʧʝʰʥʦ ʚʢʣʦʧʫʚʘˁʝ ʥʘ ʛʝʥʦʪʠʧʦʚʠʪʝ ʚʦ ʨʘʟʣʠʯʥʠ ʩʠʩʪʝʤʠ ʥʘ ʦʜʛʣʝʜʫʚʘˁʝ. ʆʜ ʜʨʫʛʘ 

ʩʪʨʘʥʘ, ʙʨʦʿʦʪ ʥʘ ʜʝʥʦʚʠ ʜʦ ʧʣʦʜʦʥʦʩʝˁʝ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʦʪ ʥʘ ʜʝʥʦʚʠ ʜʦ ʮʚʝʪʘˁʝ, 

ʚʨʝʤʝʪʨʘʝˁʝʪʦ ʥʘ ʮʚʝʪʘˁʝʪʦ, ʪʠʧʦʪ ʥʘ ʧʠʧʝʨʢʘʪʘ ʠ ʦʜ ʥʘʜʚʦʨʝʰʥʠʪʝ ʫʩʣʦʚʠ.  

 

ʉʧʦʨʝʜ ʧʨʦʩʝʯʥʠʦʪ ʙʨʦʿ ʥʘ ʜʝʥʦʚʠ ʜʦ ʧʣʦʜʦʥʦʩʝˁʝ ʥʘ ʪʨʠʪʝ ʣʦʢʘʮʠʠ, ʛʝʥʦʪʠʧʦʚʠʪʝ 

ʥʘʿʨʘʥʦ ʬʦʨʤʠʨʘʣʝ ʧʣʦʜʦʚʠ ʚʦ ʉʪʘʿʢʦʚʮʠ, ʟʘ 137.94 ʜʝʥʘ, ʟʘ ʨʘʟʣʠʢʘ ʦʜ ʈʘʜʦʚʠʰ ʢʘʜʝ 

ʧʦʯʥʘʣʝ ʜʘ ʧʣʦʜʦʥʦʩʘʪ ʧʦ 148.48 ʜʝʥʘ (ɻʨʘʬʠʢʦʥ 31). ʇʨʦʩʝʯʥʠʦʪ ʙʨʦʿ ʥʘ ʜʝʥʦʚʠ ʜʦ 

ʧʣʦʜʦʥʦʩʝˁʝ ʢʘʿ ʠʩʧʠʪʫʚʘʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʝ ʥʘʿʥʠʟʦʢ ʢʘʿ ʛʝʥʦʪʠʧʦʪ 103 (121,33 ʜʝʥʘ), 

ʜʦʜʝʢʘ ʢʘʿ ʛʝʥʦʪʠʧʦʪ 13 ʝ ʥʘʿʚʠʩʦʢ ʠ ʠʟʥʝʩʫʚʘ 168,5 ʜʝʥʘ (ɻʨʘʬʠʢʦʥ 32). ʄʠʥʠʤʘʣʥʠʦʪ 

ʙʨʦʿ ʥʘ ʜʝʥʦʚʠ ʜʦ ʧʣʦʜʦʥʦʩʝˁʝ (113) ʝ ʫʪʚʨʜʝʥ ʢʘʿ ʛʝʥʦʪʠʧʦʪ 77, ʘ ʤʘʢʩʠʤʘʣʥʠʦʪ ʙʨʦʿ 

(177.5) ʢʘʿ ʛʝʥʦʪʠʧʦʪ 19 (ɻʨʘʬʠʢʦʥ 33).   

 

ʀ ʚʦ ʜʨʫʛʠ ʠʩʪʨʘʞʫʚʘˁʘ ʝ ʟʘʙʝʣʝʞʝʥʘ ʟʥʘʯʠʪʝʣʥʘ ʚʘʨʠʿʘʮʠʿʘ ʚʦ ʚʨʝʤʝʪʦ ʜʦ 

ʧʣʦʜʦʥʦʩʝˁʝ. ʅʘ ʧʨʠʤʝʨ, Likeng-Li -Ngue et al. (2025) ʟʘʙʝʣʝʞʘʣʝ ʜʝʢʘ ʜʘʪʫʤʦʪ ʥʘ ʧʨʚʦʪʦ 

ʧʣʦʜʦʥʦʩʝˁʝ ʢʘʿ ʨʘʟʣʠʯʥʠ ʛʝʥʦʪʠʧʦʚʠ ʧʠʧʝʨʢʘ ʚʘʨʠʨʘʣ ʦʜ 32,67 ʜʦ 40 ʜʝʥʘ ʧʦ ʩʝʠʜʙʘʪʘ 

ʥʘ ʩʝʤʝʪʦ, ʜʦʜʝʢʘ 50 % ʦʜ ʧʣʦʜʦʚʠʪʝ ʩʝ ʬʦʨʤʠʨʘʣʝ ʟʘ ʧʝʨʠʦʜ ʦʜ 48 ʜʦ 53,33 ʜʝʥʘ ʧʦ 

ʨʘʩʘʜʫʚʘˁʝ. ʆʚʠʝ ʧʦʜʘʪʦʮʠ ʜʦʧʦʣʥʠʪʝʣʥʦ ʛʠ ʧʦʪʚʨʜʫʚʘʘʪ ʩʦʟʥʘʥʠʿʘʪʘ ʜʝʢʘ ʧʦʩʪʦʠ 

ʰʠʨʦʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʟʘ ʦʚʘ ʩʚʦʿʩʪʚʦ, ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ ʤʦʞʥʦʩʪʘ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ 

ʛʝʥʦʪʠʧʦʚʠ ʢʦʠ ʬʦʨʤʠʨʘʘʪ ʧʣʦʜʦʚʠ ʠʩʢʣʫʯʠʪʝʣʥʦ ʨʘʥʦ ʠ ʠʩʪʠʪʝ ʙʠ ʙʠʣʝ ʚʢʣʫʯʝʥʠ ʚʦ 

ʩʝʣʝʢʮʠʩʢʠʪʝ ʧʨʦʛʨʘʤʠ ʟʘ ʧʠʧʝʨʢʘ. 
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5.2. ʂʦʨʝʣʘʮʠʠ ʧʦʤʝʺʫ ʢʚʘʥʪʠʪʘʪʠʚʥʠʪʝ ʩʚʦʿʩʪʚʘ  

 

ʂʦʨʝʣʘʮʠʩʢʘʪʘ ʘʥʘʣʠʟʘ ʥʘ ʢʚʘʥʪʠʪʘʪʠʚʥʠʪʝ ʩʚʦʿʩʪʚʘ ʢʘʿ ʧʠʧʝʨʢʘʪʘ (Capsicum annuum L.) 

ʜʘʚʘ ʫʚʠʜ ʚʦ ʤʝʺʫʩʝʙʥʠʪʝ ʦʜʥʦʩʠ ʥʘ ʘʛʨʦʤʦʨʬʦʣʦʰʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʦʩʦʙʝʥʦ ʥʘ 

ʥʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʧʨʠʥʦʩʦʪ, ʢʘʢʦ ʛʣʘʚʥʘ ʮʝʣ ʚʦ ʩʝʣʝʢʮʠʩʢʠʪʝ ʧʨʦʛʨʘʤʠ. ʈʘʟʙʠʨʘˁʝʪʦ 

ʥʘ ʦʚʠʝ ʩʪʘʪʠʩʪʠʯʢʠ ʢʦʨʝʣʘʮʠʠ ʝ ʦʜ ʢʣʫʯʥʘ ʚʘʞʥʦʩʪ ʟʘ ʩʝʣʝʢʮʠʿʘʪʘ ʙʠʜʝʿ˃ʠ ʧʦʟʠʪʠʚʥʠʪʝ 

ʠʣʠ ʥʝʛʘʪʠʚʥʠʪʝ ʚʨʩʢʠ ʤʝʺʫ ʩʚʦʿʩʪʚʘʪʘ ʤʦʞʘʪ ʜʘ ʛʦ ʥʘʩʦʯʘʪ ʧʨʘʚʝʮʦʪ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝʪʦ 

ʥʘ ʠʜʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ.  

 

5.2.1. ʂʦʨʝʣʘʮʠʠ ʧʦʤʝʺʫ ʧʨʠʥʦʩʦʪ ʠ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʧʨʠʥʦʩʦʪ 

 

ʇʨʠʥʦʩʦʪ ʧʦ ʨʘʩʪʝʥʠʝ ʢʘʿ ʧʠʧʝʨʢʘʪʘ ʝ ʢʦʤʧʣʝʢʩʥʘ ʦʩʦʙʠʥʘ ʢʦʿʘʰʪʦ ʟʘʚʠʩʠ ʦʜ ʧʦʚʝ˃ʝ 

ʢʦʤʧʦʥʝʥʪʠ, ʧʨʝʜ ʩ¯ ʦʜ ʙʨʦʿʦʪ ʥʘ ʧʣʦʜʦʚʠ ʧʦ ʨʘʩʪʝʥʠʝ ʠ ʧʨʦʩʝʯʥʘʪʘ ʤʘʩʘ ʥʘ ʧʣʦʜʦʪ. 

ʇʨʠʥʦʩʦʪ ʧʦ ʨʘʩʪʝʥʠʝ, ʧʨʦʩʝʯʥʦ ʟʘ ʩʠʪʝ ʪʨʠ ʣʦʢʘʮʠʠ, ʧʦʢʘʞʫʚʘ ʩʪʘʪʠʩʪʠʯʢʠ ʚʠʩʦʢʦ 

ʟʥʘʯʘʿʥʘ ʧʦʟʠʪʠʚʥʘ ʧʦʚʨʟʘʥʦʩʪ ʩʦ ʤʘʩʘʪʘ ʥʘ ʧʣʦʜʦʪ (r = 0,593), ʰʠʨʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ (r = 

0,510), ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʣʦʜʦʪ (r = 0,463), ʙʨʦʿʦʪ ʥʘ ʧʣʦʜʦʚʠ ʧʦ ʨʘʩʪʝʥʠʝ (r = 0,406), 

ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʧʝʨʠʢʘʨʧʦʪ (r = 0,323) ʠ ʜʦʣʞʠʥʘʪʘ ʥʘ ʜʨʰʢʘʪʘ (r = 0,270). ʆʜ ʜʨʫʛʘ 

ʩʪʨʘʥʘ, ʧʨʠʥʦʩʦʪ ʝ ʥʝʛʘʪʠʚʥʦ ʢʦʨʝʣʠʨʘʥ ʩʦ ʙʨʦʿʦʪ ʥʘ ʜʝʥʦʚʠ ʜʦ ʮʚʝʪʘˁʝ (r = - 0,214), ʰʪʦ 

ʦʟʥʘʯʫʚʘ ʜʝʢʘ ʧʦʨʘʥʠʪʝ ʛʝʥʦʪʠʧʦʚʠ ʠʤʘʘʪ ʧʦʛʦʣʝʤ ʧʨʦʜʫʢʪʠʚʝʥ ʧʦʪʝʥʮʠʿʘʣ (ʊʘʙʝʣʘ 4). 

ʋʩʣʦʚʠʪʝ ʥʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ ʠʤʘʘʪ ʟʥʘʯʘʿʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʠʥʪʝʥʟʠʪʝʪʦʪ ʥʘ 

ʢʦʨʝʣʘʮʠʠʪʝ ʠ ʪʦʘ ʿʘʩʥʦ ʩʝ ʛʣʝʜʘ ʥʘ ɻʨʘʬʠʢʦʥ 34 ʢʦʿ ʩʦʜʨʞʠ 55 ʧʦʜʛʨʘʬʠʢʦʥʠ (2/1 - 2/55) 

ʥʘ ʢʦʠ ʩʝ ʧʨʠʢʘʞʘʥʠ ʢʦʨʝʣʘʮʠʠʪʝ ʧʦʤʝʺʫ ʢʚʘʥʪʠʪʘʪʠʚʥʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ ʪʨʠʪʝ ʧʦʝʜʠʥʝʯʥʠ 

ʣʦʢʘʮʠʠ (ʚʠʦʣʝʪʦʚʦ - ɻʣʫʚʦ, ʩʠʥʦ - ʉʪʘʿʢʦʚʮʠ, ʞʦʣʪʦ - ʈʘʜʦʚʠʰ).  

 

ɹʨʦʿʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʧʦʪʚʨʜʫʚʘʘʪ ʩʠʣʥʠ ʧʦʟʠʪʠʚʥʠ ʢʦʨʝʣʘʮʠʠ ʧʦʤʝʺʫ ʧʨʠʥʦʩʦʪ ʠ 

ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʧʨʠʥʦʩʦʪ. ʊʘʢʘ, Awasthi et al. (2024) ʫʪʚʨʜʠʣʝ ʜʝʢʘ ʧʨʠʥʦʩʦʪ ʥʘ ʩʚʝʞʠ 

ʧʣʦʜʦʚʠ ʧʦ ʨʘʩʪʝʥʠʝ ʝ ʚʦ ʚʠʩʦʢʦ ʟʥʘʯʘʿʥʘ ʧʦʟʠʪʠʚʥʘ ʢʦʨʝʣʘʮʠʿʘ ʩʦ ʚʢʫʧʥʠʦʪ ʙʨʦʿ ʥʘ 

ʧʣʦʜʦʚʠ ʧʦ ʨʘʩʪʝʥʠʝ (r = 0,91), ʧʨʦʩʝʯʥʘʪʘ ʜʦʣʞʠʥʘ ʥʘ ʧʣʦʜʦʪ (r = 0,92), ʰʠʨʠʥʘʪʘ ʥʘ 

ʧʣʦʜʦʪ (r = 0,98) ʠ ʧʨʦʩʝʯʥʘʪʘ ʤʘʩʘ ʥʘ ʧʣʦʜʦʪ (r = 0,87). ʉʣʠʯʥʦ ʥʘ ʪʦʘ, Singh (2022), ʧʨʠ 

ʘʥʘʣʠʟʘ ʥʘ 21 ʣʦʢʘʣʥʠ ʧʦʧʫʣʘʮʠʠ ʧʠʧʝʨʢʘ ʫʪʚʨʜʠʣʝ ʜʝʢʘ ʠ ʙʨʦʿʦʪ ʥʘ ʟʨʝʣʠ ʧʣʦʜʦʚʠ ʧʦ 

ʨʘʩʪʝʥʠʝ ʠ ʧʨʦʩʝʯʥʘʪʘ ʤʘʩʘ ʥʘ ʧʣʦʜʦʪ ʧʦʟʠʪʠʚʥʦ ʠ ʟʥʘʯʘʿʥʦ ʢʦʨʝʣʠʨʘʘʪ ʩʦ ʧʨʠʥʦʩʦʪ ʥʘ 

ʟʨʝʣʠ ʧʣʦʜʦʚʠ.  
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ʄʘʩʘʪʘ ʥʘ ʧʣʦʜʦʪ ʚʠʩʦʢʦ ʟʥʘʯʘʿʥʦ ʢʦʨʝʣʠʨʘ ʩʦ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʼʠʜʦʪ, ʧʨʠʥʦʩʦʪ ʧʦ 

ʨʘʩʪʝʥʠʝ ʠ ʜʦʣʞʠʥʘʪʘ ʥʘ ʜʨʰʢʘʪʘ, ʜʦʜʝʢʘ ʩʦ ʙʨʦʿʦʪ ʥʘ ʜʝʥʦʚʠ ʜʦ ʮʚʝʪʘˁʝ ʝ ʟʘʙʝʣʝʞʘʥʘ 

ʧʦʩʣʘʙʘ, ʥʦ ʩʝʧʘʢ ʧʦʟʠʪʠʚʥʘ ʚʨʩʢʘ. Awasthi (2024) ʠ Sufiyan (2025) ʧʦʪʚʨʜʫʚʘʘʪ ʜʝʢʘ 

ʧʨʦʩʝʯʥʘʪʘ ʤʘʩʘ ʥʘ ʧʣʦʜ ʝ ʚʦ ʚʠʩʦʢʘ ʧʦʟʠʪʠʚʥʘ ʢʦʨʝʣʘʮʠʿʘ ʩʦ ʧʨʠʥʦʩʦʪ ʧʦ ʨʘʩʪʝʥʠʝ, ʰʪʦ 

ʿʘ ʠʩʪʘʢʥʫʚʘ ʦʚʘʘ ʦʩʦʙʠʥʘ ʢʘʢʦ ʢʣʫʯʥʘ ʧʨʠ ʩʝʣʝʢʮʠʿʘ ʥʘ ʩʦʨʪʠ ʩʦ ʧʦʚʠʩʦʢ ʧʨʠʥʦʩʝʥ 

ʧʦʪʝʥʮʠʿʘʣ. ʉʣʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʩʝ ʦʙʿʘʚʝʥʠ ʠ ʦʜ Hussain et al. (2021) ʠ Thakur et al. (2019), 

ʢʦʠ ʧʦʩʦʯʫʚʘʘʪ ʜʝʢʘ ʤʘʩʘʪʘ ʥʘ ʧʣʦʜʦʪ ʠʤʘ ʜʠʨʝʢʪʥʦ ʠ ʧʦʟʠʪʠʚʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʧʨʠʥʦʩʦʪ 

ʠ ʟʘʪʦʘ ʧʨʝʪʩʪʘʚʫʚʘ ʧʨʠʤʘʨʝʥ ʢʨʠʪʝʨʠʫʤ ʟʘ ʩʝʣʝʢʮʠʿʘ ʥʘ ʚʠʩʦʢʦʧʨʠʥʦʩʥʠ ʩʦʨʪʠ. 

ʇʦʟʠʪʠʚʥʘʪʘ ʧʦʚʨʟʘʥʦʩʪ ʝ ʦʯʝʢʫʚʘʥʘ ʙʠʜʝʿ˃ʠ ʨʘʩʪʝʥʠʿʘʪʘ ʰʪʦ ʬʦʨʤʠʨʘʘʪ ʧʦʚʝ˃ʝ 

ʧʣʦʜʦʚʠ ʠ/ʠʣʠ ʧʦʛʦʣʝʤʠ ʠ ʧʦʪʝʰʢʠ ʧʣʦʜʦʚʠ, ʚʦʦʙʠʯʘʝʥʦ ʜʘʚʘʘʪ ʧʦʛʦʣʝʤ ʚʢʫʧʝʥ ʧʨʠʥʦʩ. 

ʆʚʠʝ ʨʝʟʫʣʪʘʪʠ ʫʢʘʞʫʚʘʘʪ ʜʝʢʘ ʧʦʢʨʫʧʥʠʪʝ ʠ ʧʦʙʨʦʿʥʠ ʧʣʦʜʦʚʠ, ʢʘʢʦ ʠ ʧʦʛʦʣʝʤʘʪʘ 

ʨʘʟʛʨʘʥʝʪʦʩʪ ʠ ʙʫʿʥʦʩʪ ʥʘ ʨʘʩʪʝʥʠʝʪʦ, ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʢʦʥ ʧʦʚʠʩʦʢ ʧʨʠʥʦʩ ʧʦ ʨʘʩʪʝʥʠʝ. 
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ʊʘʙʝʣʘ 4. ʂʦʨʝʣʘʮʠʠ ʧʦʤʝʺʫ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʩʚʦʿʩʪʚʘ 

 

ʉʚʦʿʩʪʚʘ 
ɼʦʣʞʠʥʘ 

ʥʘ ʧʣʦʜ 

ʐʠʨʠʥʘ ʥʘ 

ʧʣʦʜ 

ʄʘʩʘ ʥʘ 

ʧʣʦʜ 

ɼʝʙʝʣʠʥʘ 

ʥʘ 

ʧʝʨʠʢʘʨʧ 

ɼʦʣʞʠʥʘ 

ʥʘ ʜʨʰʢʘ 

ɹʨʦʿ ʥʘ 

ʢʦʤʦʨʠ 

ɹʨʦʿ ʥʘ 

ʧʣʦʜʦʚʠ ʧʦ 

ʨʘʩʪʝʥʠʝ 

ʇʨʠʥʦʩ ʧʦ 

ʨʘʩʪʝʥʠʝ 

ɼʝʥʦʚʠ ʜʦ 

ʥʠʢʥʫʚʘˁʝ 

ɼʝʥʦʚʠ ʜʦ 

ʮʚʝʪʘˁʝ 

ʐʠʨʠʥʘ ʥʘ ʧʣʦʜ 0,383*** 1         

ʄʘʩʘ ʥʘ ʧʣʦʜ 0,765*** 0,791*** 1        

ɼʝʙʝʣʠʥʘ ʥʘ 

ʧʝʨʠʢʘʨʧ 
0,424*** 0,570*** 0,608*** 1       

ɼʦʣʞʠʥʘ ʥʘ ʜʨʰʢʘ 0,411*** 0,344*** 0,475*** 0,463*** 1      

ɹʨʦʿ ʥʘ ʢʦʤʦʨʠ -0,092 0,163* 0,022 0,107 0,025 1     

ɹʨʦʿ ʥʘ ʧʣʦʜʦʚʠ 

ʧʦ ʨʘʩʪʝʥʠʝ 
-0,338*** -0,242*** -0,339*** -0,289*** -0,129 0,029 1    

ʇʨʠʥʦʩ ʧʦ 

ʨʘʩʪʝʥʠʝ 
0,463*** 0,510*** 0,593*** 0,323*** 0,270*** 0,015 0,406*** 1   

ɼʝʥʦʚʠ ʜʦ 

ʥʠʢʥʫʚʘˁʝ 
-0,115 0,023 -0,057 -0,010 0,054 -0,027 -0,021 -0,081 1  

ɼʝʥʦʚʠ ʜʦ 

ʮʚʝʪʘˁʝ 
0,230*** 0,252*** 0,223** 0,110 0,099 0,088 -0,212** -0,000 -0,154* 1 

ɼʝʥʦʚʠ ʜʦ 

ʧʣʦʜʦʥʦʩʝˁʝ 
0,116 0,155* 0,071 0,082 0,065 0,019 -0,169* -0,05 0,065 0,43***  
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