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âûĐýûĆĈăđû 

éýăć ĊĎčĀć āĀĆăć ÿû ČĀ Ĉû×ăČąċĀĈă×Ā ĂûĐýûĆăć Čýăćû ąĉ×ă ČĎ ÿûĆă ÿĉĊċăĈĉČ Ď ăĂċûÿă ĉýĀ 
ÿĉąčĉċČąĀ ÿăČĀċčûđă×Ā+ êċýĀĈČčýĀĈĉ üăĐ ČĀ ĂûĐýûĆăĉ Čýĉ×ĉ× ćĀĈčĉċąă ÿċ ëĎāăđă ìčċăĒĀýăÉ Ăû 
ýĀĆăąă ÿĉĊċăĈĉČ Ď ĉČćăēÆûýûÇĎ) ăĈĉýûčăýĈĉć ĊċăČčĎĊĎ ă ăĈČĊăċûđă×ă Ăû ĊăČûÇĀ ĉýĉþ ċûÿû) ąûĉ 
ă ĒĆûĈĉýăćû ąĉćăČă×Ā ÿċ èĀýĀĈąă ½ĎċĉýăÉ ă çûċă×ă ÃĉČăÉ Ĉû ĈĀČĀüăĒĈĉ× ĊĉćĉÉă ă ćĉčăýûđă×ă 
čĉąĉć ČýăĐ ĊċĀčĐĉÿĈăĐ þĉÿăĈû ăČčċûāăýûÇû+ íûąĉÅĀ) ĂûĐýûÆĎ×Āć ČĀ ă ĒĆûĈĎ ąĉćăČă×Ā ÿċ 
ÛčăĆă ÜĀĂÿûĈĎ Ĉû ĈĀČĀüăĒĈĉ× ĊĉćĉÉă Ď ċĀûĆăĂûđă×ă ăČčċûāăýûÇû ă ĀÿĎąûđă×ă Ď ĊĉþĆĀÿĎ 
ĊċăćĀĈĀ ĈĉýăĐ čĀĐĈĉĆĉþă×û Ď ĉýĉć ċûÿĎ) ąûĉ ă ÿċ ½ĉċÅĎ çĉċûýĒĀýăÉĎ ąĉ×ă ×Ā Čýĉ×ăć ČûýĀčăćû ă 
ăČąĎČčýĉć ÿĉĊċăĈĀĉ Ď üċĉ×Ĉăć ûČĊĀąčăćû ĉýĉþ ċûÿû+ âûĐýûĆăĉ üăĐ ČĀ ÿċ ÞĉċÿûĈă çûčĉýăÉ Ĉû 
ČûýĀčăćû ă ČĎþĀČčă×ûćû Ċċă ĊċĀþĆĀÿûÇĎ ÿĉąčĉċČąĀ ÿăČĀċčûđă×Ā+ 

êĉČĀüĈĎ ĂûĐýûĆĈĉČč ÿĎþĎ×Āć ½ĉċÅĎ óýĀÆĎ) ÿăċĀąčĉċĎ ąĉĊćĊûĈă×Ā }èûĊċĀÿûą¦ û+ ÿ+ ăĂ 
ìčûċĀ êûĂĉýĀ) ąûĉ ă ÿċûþăć ąĉĆĀþûćû ½Ďċă âûþĉċđĎ ă ƈċûþûĈĎ ÍĉąČăćĉýăÉĎ ąĉ×ă ČĎ ĉÿĉüċăĆă ă 
ĎĒĀČčĉýûĆă Ď ĀąČĊĀċăćĀĈčûĆĈĉć ÿĀĆĎ ăČčċûāăýûÇû+ íûąĉÅĀ) ĂûĐýûĆăĉ üăĐ ČĀ ûþċĉĈĉćĎ çûċąă 
ðċăđ ă ąĉĆĀþûćû Ĉû čĀċĀĈĎ ă Íĉýăđă ă ëûÿĉćăċĎ ëĎČăÉĎ ąĉ×ă ČĎ Čýĉ×ăć ăČąĎČčýĉć) ċûÿĉć ă 
üċăþĉć ÿĉĊċăĈĀĆă ÿû ĉþĆĀÿ üĎÿĀ ĎČĊĀēûĈ+  

ãČąċĀĈĉ ČĀ ĂûĐýûÆĎ×Āć Čýăć Ċċă×ûčĀÆăćû ă ąĉĆĀþûćû) û üăĆĉ ăĐ ×Ā ĂûăČčû ĊĎĈĉ) ąĉ×ă ČĎ ĉÿ 
Čċđû ĊĉćûþûĆă Ď čĉąĎ ďĉċćăċûÇû ă ĊċûÉĀÇû ĉþĆĀÿû) þÿĀ üăĐ ĊĉČĀüĈĉ ăČčûąûĉ ąĉĆĀþĎ ûþċĉĈĉćû 
ìĆûýăēĎ ½ĉċÅĀýăÉû ă Ċċă×ûčĀÆû ÜċûĈăćăċû ƈĎąĎ+ 

âûĐýûÆĎ×Āć ČĀ ÿċ ÜĉēąĎ Þû×ăÉĎ Ĉû ĈĀČĀüăĒĈĉ× ĊĉćĉÉă ă ĊċĀĈĀČĀĈĉć ĂĈûÇĎ ĊċăĆăąĉć 
Ćûüĉċûčĉċă×ČąăĐ ûĈûĆăĂû ĂĀćÆăēčû) ąûĉ ă ÿċ ÛĈþĀĆăĈă íûĊûĈûċĉýĉ× Ĉû ČûýĀčăćû čĉąĉć 
ûĈûĆăĂû ĂĀćÆăēčû) ă Čýăć ĒĆûĈĉýăćû åûčĀÿċĀ Ăû ćĀĆăĉċûđă×Ā ĂĀćÆăēčû êĉÆĉĊċăýċĀÿĈĉþ 
ďûąĎĆčĀčû) ąĉ×ă ČĎ ÿûĆă Čýĉ× ÿĉĊċăĈĉČ ă ĊĉÿċēąĎ Ď ăĂċûÿă ĉýĉþ ċûÿû+ êĉČĀüĈĉ ČĀ ĂûĐýûÆĎ×Āć 
ąĉĆĀþăĈăđă ćûČčĀċ üăĉĆĉþĎ ÍĀĆĀĈă ÜĉþĉČûýÆĀýăÉ ă ĉČčûĆăć ĒĆûĈĉýăćû åûčĀÿċĀ Ăû ĊĀÿĉĆĉþă×Ď ă 
þĀĉĆĉþă×Ď Ĉû ĊĉćĉÉă ĊċăĆăąĉć Ćûüĉċûčĉċă×ČąăĐ ûĈûĆăĂû ĂĀćÆăēčû+ íûąĉÅĀ ĂûĐýûÆĎ×Āć ČĀ ÿċ 
âĉċăđă ÍĉýûĈĉýăÉ ąûĉ ă ĉČčûĆăć ĒĆûĈĉýăćû åûčĀÿċĀ Ăû ûþċĉĐĀćă×Ď ă ďăĂăĉĆĉþă×Ď üăÆûąû Ĉû 
ĉćĉþĎÉûýûÇĎ ąĉċăēÉĀÇû Ćûüĉċûčĉċă×Ā+ íûąĉÅĀ) ĂûĐýûĆĈĉČč ÿĎþĎ×Āć ąĉĆĀþăĈăđă âĉċăđă ÃĉČăÉ ă 
ĉČčûĆăć ĒĆûĈĉýăćû åûčĀÿċĀ Ăû ċûčûċČčýĉ ă ĊĉýċčûċČčýĉ Ĉû ĎČčĎĊûÇĎ ĉĊċĀćĀ ă ĊĉćĉÉă 
ĊċăĆăąĉć ûĈûĆăĂăċûÇû ąýûĆăčĀčû ĊûČĎÆû+ âûĐýûÆĎ×Āć ČĀ ă ÿċ êûýĀĆĎ ÜĀĈąă Ĉû ĊĉćĉÉăć Ċċă 
ČĈăćûÇĎ ĉþĆĀÿû ćĎĆčăČĊĀąčċûĆĈĉć ąûćĀċĉć ă ĉüċûÿă ÿĉüă×ĀĈăĐ ČĈăćûąû+ 

âûĐýûĆăĉ üăĐ ČĀ ćĉ×ăć Ċċă× ûčĀÆăćû, û Ď×ĀÿĈĉ ă ąĉĆĀþûćû) ìčĀďûĈĎ ìčĀĊăÉĎ) ƈċûþûĈĎ 
ìčûĈĉ×ĀýăÉĎ) ½ĉċÅĎ ÜĉēąĉýĎ) æûĂûċĎ åûĆĎÅĀċĉýăÉĎ) èĀćûÇă ÞċēăÉĎ, ÛĆĀąČûĈÿċĎ ìăćăÉĎ, 
ƈĎÇă ìĉčĉĈăđă ă èĀćûÇă íĀēăÉĎ Ĉû ćĉčăýûđăĉĈĉ× Ċĉÿċēđă ă ĊĉćĉÉă+ 

èû ąċû×Ď) ĂûĐýûĆĈĉČč ÿĎþĎ×Āć ċĉÿăčĀÆăćû çûċă×ă ă ƈċûþûĈĎ Ĉû üċăāĈĉ× Ċĉÿċēđă ă 
ċûĂĎćĀýûÇĎ čĉąĉć Ēăčýûĉþ ĊĀċăĉÿû ăĂċûÿĀ ÿĉąčĉċûčû) ąûĉ ă ČĀČčċûćû çăċ×ûĈă ă ðċăČčăĈă ă 
üċûčĎ çăĆĉēĎ ąĉ×ă ČĎ Čû Čýĉ×ăć Ċĉċĉÿăđûćû ĎýĀą üăĆă ĊĉÿČčċĀą ă ĈĀĊċĀČĎēĈû ćĉčăýûđă×û+ 
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ʆʚʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʜʝʦ ʨʝʟʫʣʪʘʪʘ ʧʨʦʿʝʢʪʘ ʊʈ 37005 ʧʦʜ 

ʥʘʟʠʚʦʤ Ăʆʮʝʥʘ ʫʪʠʮʘʿʘ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʥʘ ʚʦʜʥʝ ʨʝʩʫʨʩʝ ʉʨʙʠʿʝñ ʘ ʢʦʿʠ ʬʠʥʘʥʩʠʨʘ 

ʄʠʥʠʩʪʘʨʩʪʚʦ ʧʨʦʩʚʝʪʝ, ʥʘʫʢʝ ʠ ʪʝʭʥʦʣʦʰʢʦʛ ʨʘʟʚʦʿʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ (ʝʚʠʜʝʥʮʠʦʥʠ ʙʨʦʿ 

ʫʛʦʚʦʨʘ: 451-03-47/2023-01/200116)   



 
 

ʋʪʠʮʘʿ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʠ ʨʦʢʘ ʩʝʪʚʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ, 

ʧʨʠʥʦʩ ʠ ʢʚʘʣʠʪʝʪ ʟʨʥʘ ʧʘʩʫˀʘ 

 

ʈʝʟʠʤʝ 

 

ʉʘʚʨʝʤʝʥʦ ʜʨʫʰʪʚʦ ʩʝ ʩʫʩʨʝ˂ʝ ʩʘ ʚʨʣʦ ʦʟʙʠˀʥʠʤ ʠʟʘʟʦʚʠʤʘ ʫ ʧʦˀʦʧʨʠʚʨʝʜʥʦʿ 

ʧʨʦʠʟʚʦʜˁʠ, ʘ ʚʝʟʘʥʦ ʟʘ ʩʚʝ ʚʝ˂ʝ ʟʘʭʪʝʚʝ ʟʘ ʭʨʘʥʦʤ ʢʘʦ ʠ ʥʝʜʦʩʪʘʪʢʦʤ ʚʦʜʝ ʫ ʦʚʦʤ ʩʝʢʪʦʨʫ. 

ʇʦʣʘʟʝ˂ʠ ʦʜ ʦʚʠʭ ʯʠˁʝʥʠʮʘ, ʠʩʪʨʘʞʠʚʘˁʝ ʢʦʿʝ ʿʝ ʦʧʠʩʘʥʦ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʧʨʚʝʥʩʪʚʝʥʦ 

ʧʦʩʚʝ˂ʝʥʦ ʨʘʮʠʦʥʘʣʥʦʤ ʢʦʨʠʰ˂ʝˁʫ ʚʦʜʥʠʭ ʨʝʩʫʨʩʘ ʠ ʧʨʦʥʘʣʘʞʝˁʫ ʥʘʯʠʥʘ ʢʘʢʦ ʧʦʚʝ˂ʘʪʠ 

ʧʨʦʠʟʚʦʜˁʫ ʭʨʘʥʝ. 

ʎʠˀ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʙʠʦ ʿʝ ʜʘ ʩʝ ʠʩʧʠʪʘ ʫʪʠʮʘʿ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʠ ʨʦʢʘ 

ʩʝʪʚʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ, ʧʨʠʥʦʩ ʠ ʢʚʘʣʠʪʝʪ ʟʨʥʘ ʧʘʩʫˀʘ. ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ 

ʚʨʰʝʥʦ ʥʘ ʧʘʩʫˀʫ ʩʦʨʪʝ ʩʨʝʤʘʮ. ʇʦʩʪʘʚˀʝʥ ʿʝ ʜʚʦʬʘʢʪʦʨʠʿʘʣʥʠ ʦʛʣʝʜ ʧʦ split plot ʧʣʘʥʫ 

(ʧʣʘʥʫ ʧʦʜʝˀʝʥʠʭ ʧʘʨʮʝʣʘ) ʫ ʪʨʠ ʧʦʥʘʚˀʘˁʘ. ʇʨʚʠ ʬʘʢʪʦʨ (ʧʘʨʮʝʣʘ) ʙʠʦ ʿʝ ʨʦʢ ʩʝʪʚʝ: ʩʝʪʚʘ 

ʫ ʨʝʜʦʚʥʦʤ ʨʦʢʫ, ʧʦʣʦʚʠʥʦʤ ʘʧʨʠʣʘ (I) ʠ ʜʚʝ ʢʘʩʥʝ ʩʝʪʚʝ (ʢʨʘʿ ʤʘʿʘ/ʧʦʯʝʪʘʢ ʿʫʥʘ (II)  ʠ ʢʨʘʿ 

ʿʫʥʘ/ʧʦʯʝʪʘʢ ʿʫʣʘ (III)). ɼʨʫʛʠ ʬʘʢʪʦʨ (ʧʦʜʧʘʨʮʝʣʘ) ʙʠʦ ʿʝ ʨʝʞʠʤ ʥʘʚʦʜˁʘʚʘˁʘ (ʪʨʝʪʤʘʥ 

ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (ʌ) ʠ ʜʚʘ ʪʨʝʪʤʘʥʘ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (ɼ1 ʠ ɼ2)). ʊʨʦʛʦʜʠʰˁʝ 

ʠʩʪʨʘʞʠʚʘˁʝ ʫ ʧʝʨʠʦʜʫ ʦʜ ʧʦʣʦʚʠʥʝ ʘʧʨʠʣʘ ʜʦ ʧʦʯʝʪʢʘ ʦʢʪʦʙʨʘ (2018, 2019. ʠ 2020. ʛʦʜʠʥʝ) 

ʠʟʚʨʰʝʥʦ ʿʝ ʥʘ ʦʛʣʝʜʥʦʤ ʧʦˀʫ ʢʦʤʧʘʥʠʿʝ Ăʅʘʧʨʝʜʘʢñ ʘ. ʜ. ʉʪʘʨʘ ʇʘʟʦʚʘ. ʉʚʝ ʪʨʠ ʛʦʜʠʥʝ ʙʠʣʝ 

ʩʫ ʚʝʦʤʘ ʪʦʧʣʝ, ʘʣʠ ʠʩʪʦʚʨʝʤʝʥʦ ʠ ʚʝʦʤʘ ʢʠʰʥʝ. ʉʫʤʘ ʧʘʜʘʚʠʥʘ ʪʦʢʦʤ ʠʩʪʨʘʞʠʚʘʥʦʛ 

ʧʝʨʠʦʜʘ ʚʘʨʠʨʘʣʘ ʿʝ ʦʜ 590 mm (2019) ʜʦ 434 mm (2020) ʛʦʜʠʥʝ, ʰʪʦ ʿʝ ʜʘʣʝʢʦ ʠʟʥʘʜ 

ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʦʚʘʿ ʧʝʨʠʦʜ ʢʦʿʘ ʠʟʥʦʩʠ 359 mm. 

ʋ ʦʢʚʠʨʫ ʠʩʧʠʪʠʚʘʥʠʭ ʬʘʢʪʦʨʘ (ʨʦʢ ʩʝʪʚʝ ʠ ʨʝʞʠʤ ʥʘʚʦʜˁʘʚʘˁʘ) ʧʨʘ˂ʝʥʘ ʿʝ ʬʝʥʦʣʦʛʠʿʘ 

ʧʘʩʫˀʘ, ʚʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ, ʧʦʢʨʦʚʥʦʩʪ ʟʝʤˀʠʰʪʘ, ʘʢʫʤʫʣʘʮʠʿʘ ʩʫʚʝ ʙʠʦʤʘʩʝ, ʠʥʜʝʢʩ ʣʠʩʥʝ 

ʧʦʚʨʰʠʥʝ, ʧʦʪʨʦʰˁʘ ʚʦʜʝ ʧʘʩʫˀʘ, ʩʪʘˁʝ ʚʝʛʝʪʘʮʠʿʝ ʠ ʩʥʘʙʜʝʚʝʥʦʩʪ ʚʦʜʦʤ, ʧʨʠʥʦʩ ʧʘʩʫˀʘ, 

ʧʨʠʥʦʩ ʩʫʚʝ ʙʠʦʤʘʩʝ, ʙʨʦʿ ʤʘʭʫʥʘ ʧʦ ʙʠˀʮʠ, ʤʘʩʘ 1000 ʟʨʥʘ, ʞʝʪʚʝʥʠ ʠʥʜʝʢʩ, ʭʝʤʠʿʩʢʝ 

ʦʩʦʙʠʥʝ ʟʨʥʘ ʧʘʩʫˀʘ (ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʠ ʫˀʘ), ʢʘʦ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʚʦʜʝ ʠ ʝʬʠʢʘʩʥʦʩʪ 

ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ. ʋ ʨʘʜʫ ʩʫ, ʧʦʨʝʜ ʦʩʪʘʣʠʭ, ʧʨʠʤʝˁʝʥʝ ʩʘʚʨʝʤʝʥʝ ʤʝʪʦʜʝ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ 

(ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠ ʠ ʪʝʨʤʘʣʥʠ ʩʥʠʤʮʠ). 

ʅʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʩʘʜʨʞʘʿʘ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʨʝʛʠʩʪʨʦʚʘʥʝ ʩʫ ʫ ʦʢʚʠʨʫ ʌ ʪʨʝʪʤʘʥʘ ʫ 

ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ, ʠ ʦʚʘʿ ʩʘʜʨʞʘʿ ʚʦʜʝ ʥʠʿʝ ʩʝ ʩʧʫʰʪʘʦ ʠʩʧʦʜ ʛʨʘʥʠʮʝ ʣʘʢʦ 

ʧʨʠʩʪʫʧʘʯʥʝ ʚʦʜʝ ʙʠˀʢʘʤʘ, ʠʟʫʟʝʚ ʪʦʢʦʤ ʩʘʟʨʝʚʘˁʘ. ʈʝʞʠʤ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (ʌ) 

ʦʩʪʚʘʨʠʦ ʿʝ ʟʥʘʯʘʿʥʦ ʚʝ˂ʫ (p<0,05) ʘʢʫʤʫʣʘʮʠʿʫ ʙʠʦʤʘʩʝ ʠ ʧʨʦʮʝʥʘʪ ʧʦʢʨʦʚʥʦʩʪʠ ʟʝʤˀʠʰʪʘ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ɼ2 ʪʨʝʪʤʘʥʦʤ, ʜʦʢ ʩʝ ʪʨʝʪʤʘʥ ɼ1 ʥʠʿʝ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʦ. 

ʈʝʞʠʤ ʥʘʚʦʜˁʘʚʘˁʘ ʠ ʨʦʢʦʚʠ ʩʝʪʚʝ ʠʩʧʦˀʠʣʠ ʩʫ ʩʪʘʪʠʩʪʠʯʢʫ ʟʥʘʯʘʿʥʦʩʪ ʥʘ ʧʨʦʤʝʥʫ 

ʚʨʝʜʥʦʩʪʠ ʩʪʚʘʨʥʝ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ. ʋʪʚʨʹʝʥʘ ʿʝ ʨʘʟʣʠʢʘ ʫ ʧʨʦʩʝʯʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ 

ʩʪʚʘʨʥʝ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʠʟʤʝʹʫ ʪʨʝʪʤʘʥʘ ʥʘʚʦʜˁʘʚʘˁʘ ʠ ʠʟʤʝʹʫ ʧʦʿʝʜʠʥʠʭ ʨʦʢʦʚʘ ʩʝʪʚʠ. 

ʋ ʪʨʦʛʦʜʠʰˁʝʤ ʧʝʨʠʦʜʫ ʫ ʧʨʚʦʤ ʨʦʢʫ ʩʝʪʚʝ ʫ ʧʨʦʩʝʢʫ ʿʝ ʪʨʦʰʝʥʦ 383,4 mm, ʫ ʜʨʫʛʦʤ 407,9 

mm ʘ ʫ ʪʨʝ˂ʝʤ 360,0 mm. ʅʘ ʚʘʨʠʿʘʥʪʠ ʩʘ ʧʫʥʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ ʫ ʧʨʦʩʝʢʫ ʿʝ ʧʦʪʨʦʰʝʥʦ 

401,7 mm, ʜʦʢ ʿʝ ʧʦʪʨʦʰˁʘ ʚʦʜʝ ʥʘ ʪʨʝʪʤʘʥʠʤʘ ʨʝʜʫʢʦʚʘʥʦʛ ʟʘʣʠʚʘˁʘ ʤʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʌ 

ʪʨʝʪʤʘʥʝ (383,1 mm ʠ 366,9 mm ʥʘ ʪʨʝʪʤʘʥʠʤʘ ɼ1 ʠ ɼ2, ʨʝʜʦʤ).  

ʀʟʨʘʯʫʥʘʪʠ ʚʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩʠ (NDVI - ʚʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʨʘʟʣʠʢʝ; 

GNDVI - ʟʝʣʝʥʠ ʚʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʨʘʟʣʠʢʝ; MCARI1 - ʤʦʜʠʬʠʢʦʚʘʥʠ 

ʠʥʜʝʢʩ ʘʙʩʦʨʧʮʠʿʝ ʭʣʦʨʦʬʠʣʘ ʫ ʨʝʬʣʝʢʩʠʿʠ) ʜʦʙʠʿʝʥʠ ʩʫ ʥʘ ʦʩʥʦʚʫ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠʭ 

ʩʥʠʤʘʢʘ ʙʝʩʧʠʣʦʪʥʦʤ ʣʝʪʝʣʠʮʦʤ (ʜʨʦʥʦʤ). ɺʨʝʜʥʦʩʪʠ NDVI, MCARI1 ʠ GNDVI ʩʫ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʚʠʰʝ ʫ ʌ ʪʨʝʪʤʘʥʫ ʥʝʛʦ ʥʘ ʪʨʝʪʤʘʥʠʤʘ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ. 

ɺʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩʠ NDVI, MCARI1, ʠ GNDVI ʙʠʣʠ ʩʫ ʫ ʜʦʙʨʦʿ ʜʦ ʿʘʢʦʿ ʢʦʨʝʣʘʮʠʿʠ ʩʘ 

ʚʝʣʠʯʠʥʘʤʘ ʥʘ ʢʦʿʝ ʫʪʠʯʝ ʨʝʞʠʤ ʥʘʚʦʜˁʘʚʘˁʘ: ʧʦʢʨʠʚʝʥʦʰ˂ʫ, ʠʥʜʝʢʩʦʤ ʣʠʩʥʝ ʧʦʚʨʰʠʥʝ ʠ 

ʪʨʘʥʩʧʠʨʘʮʠʿʦʤ, ʘʣʠ ʠ ʫ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʦʿ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʚʣʘʞʥʦʩʪʠ ʟʝʤˀʠʰʪʘ. 



 
 

ɺʠʩʦʢʝ ʢʦʨʝʣʘʮʠʿʝ ʠʥʜʝʢʩʘ NDVI, MCARI1 ʠ GNDVI ʫʟ ʜʝʪʝʢʪʦʚʘˁʝ ʨʘʟʣʠʢʝ ʫ ʨʝʞʠʤʠʤʘ 

ʥʘʚʦʜˁʘʚʘˁʘ ʢʚʘʣʠʬʠʢʫʿʝ ʠʭ ʢʘʦ ʧʦʫʟʜʘʥ ʘʣʘʪ ʟʘ ʧʨʦʮʝʥʫ ʧʨʠʥʦʩʘ ʧʘʩʫˀʘ. ʇʨʦʮʝˁʝʥʠ 

ʧʦʜʘʮʠ ʦ ʧʨʠʥʦʩʫ ʥʘ ʦʩʥʦʚʫ NDVI ʠʥʜʝʢʩʘ ʩʫ ʫ ʜʦʙʨʦʿ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʠʟʤʝʨʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ 

ʧʨʠʥʦʩʘ, ʜʦʢ ʩʫ ʧʨʦʮʝˁʝʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʦʩʥʦʚʫ MCARI1 ʠ GNDVI ʠʥʜʝʢʩʘ ʧʦʢʘʟʘʣʝ ʫʤʝʨʝʥʫ 

ʢʦʨʝʣʘʮʠʿʫ ʩʘ ʠʟʤʝʨʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ.  

ʅʘʿʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʢʘʦ ʿʝʜʥʦʛ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʧʦʢʘʟʘʪʝˀʘ ʚʦʜʥʦʛ 

ʩʪʨʝʩʘ ʩʫ ʟʘʧʘʞʝʥʝ ʥʘ ʌ ʪʨʝʪʤʘʥʠʤʘ, ʦʜʥʦʩʥʦ, ʰʪʦ ʩʫ ʙʠˀʢʝ ʙʠʣʝ ʙʦˀʝ ʩʥʘʙʜʝʚʝʥʝ ʚʦʜʦʤ, 

ʪʝʤʧeʨʘʪʫʨʘ ʠʤ ʿʝ ʙʠʣʘ ʥʠʞʘ. ʋ ʦʢʚʠʨʫ ʨʦʢʦʚʘ ʩʝʪʚʝ, ʥʘʿʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʤʝʨʝʥʝ ʩʫ ʫ 

ʧʨʚʦʤ ʨʦʢʫ ʩʝʪʚʝ, ʜʦʢ ʩʫ ʫ ʜʨʫʛʦʤ ʠ ʪʨʝ˂ʝʤ ʨʦʢʫ ʩʝʪʚʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʠʰʝ, ʿʝʨ ʩʫ ʙʠˀʢʝ 

ʠʟʣʦʞʝʥʝ ʚʠʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʚʘʟʜʫʭʘ. ʅʘʿʥʠʞʝ ʚʨʝʜʥʦʩʪʠ ʠʥʜʝʢʩʘ ʙʠˀʥʦʛ ʚʦʜʥʦʛ ʩʪʨʝʩʘ 

(CWSI) ʟʘʧʘʞʝʥʝ ʩʫ ʫ ʧʨʚʦʤ ʨʦʢʫ ʩʝʪʚʝ ʠ ʧʦʚʝ˂ʘʚʘʣʝ ʩʫ ʩʝ ʫ ʢʘʩʥʠʿʠʤ ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ. ʅʘ ʌ 

ʪʨʝʪʤʘʥʫ ʫʦʯʝʥʝ ʩʫ ʥʘʿʤʘˁʝ ʚʨʝʜʥʦʩʪʠ ʠʥʜʝʢʩʘ ʙʠˀʥʦʛ ʚʦʜʥʦʛ ʩʪʨʝʩʘ (0,06), ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ 

ʙʠˀʢʝ ʧʨʠ ʧʫʥʦʤ ʥʘʚʦʜˁʘʚʘˁʫ ʥʠʩʫ ʙʠʣʝ ʠʟʣʦʞʝʥʝ ʚʦʜʥʦʤ ʩʪʨʝʩʫ. ɺʨʝʜʥʦʩʪʠ CWSI ʠʥʜʝʢʩʘ 

ʙʠʣʝ ʩʫ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʪʨʝʥʫʪʥʠʤ ʩʘʜʨʞʘʿʝʤ ʚʣʘʛʝ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʚʠʩʦʢ ʧʦʪʝʥʮʠʿʘʣ 

ʧʨʠʤʝʥʝ ʠʥʜʝʢʩʘ ʙʠˀʥʦʛ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʫ ʦʜʨʝʹʠʚʘˁʫ ʪʨʝʥʫʪʢʘ ʧʦʯʝʪʢʘ ʟʘʣʠʚʘˁʘ. 

ʅʘʿʚʝ˂ʠ ʧʨʠʥʦʩ ʟʨʥʘ ʧʘʩʫˀʘ ʟʘʧʘʞʝʥ ʿʝ ʫ ʧʨʚʦʤ ʨʦʢʫ ʩʝʪʚʝ (4,55 tϊha
-1
), ʦʜʥʦʩʥʦ ʟʘ 

12,07% ʚʠʰʝ ʥʝʛʦ ʫ ʜʨʫʛʦʤ ʨʦʢʫ ʩʝʪʚʝ ʠ ʟʘ 41,3% ʚʠʰʝ ʥʝʛʦ ʫ ʪʨʝ˂ʝʤ ʨʦʢʫ ʩʝʪʚʝ. ʅʘ 

ʪʨʝʪʤʘʥʫ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʦʩʪʚʘʨʝʥʠ ʩʫ ʥʘʿʚʠʰʠ ʧʨʠʥʦʩʠ (4,24 tϊha
-1
), ʰʪʦ ʿʝ ʟʘ 5,74% 

ʚʠʰʝ ʥʝʛʦ ʥʘ ɼ1 ʪʨʝʪʤʘʥʫ, ʦʜʥʦʩʥʦ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʚʠʰʝ (18,11%) ʫ ʧʦʨʝʹʝˁʫ ʩʘ ɼ2 

ʪʨʝʪʤʘʥʦʤ.  

ʅʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʫʢʫʧʥʝ ʩʫʚʝ ʙʠʦʤʘʩʝ ʧʦʩʪʠʛʥʫʪʝ ʩʫ ʫ ʧʨʚʦʤ ʨʦʢʫ ʩʝʪʚʝ (9,09 tϊha
-1

), 

ʰʪʦ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʚʝʦʤʘ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʦ (p<0,01) ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʠ ʠ ʪʨʝ˂ʠ ʨʦʢ ʩʝʪʚʝ, 

ʫ ʢʦʿʠʤʘ ʩʫ ʦʩʪʚʘʨʝʥʝ ʥʠʞʝ ʚʨʝʜʥʦʩʪʠ ʫʢʫʧʥʝ ʩʫʚʝ ʙʠʦʤʘʩʝ ʟʘ 9,68% ʠ 14,74 %, ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʚʠ ʨʦʢ.ʋ ʦʢʚʠʨʫ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʌ ʠ ɼ1 ʪʨʝʪʤʘʥʘ ʦʩʪʚʘʨʝʥʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʦʜ 8,76 tϊha
-

1
 ʠ 8,40 tϊha

-1
, ʨʝʜʦʤ, ʰʪʦ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʣʦ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ɼ2 ʪʨʝʪʤʘʥʦʤ 

ʥʘ ʢʦʤʝ ʿʝ ʟʘʧʘʞʝʥʘ ʚʨʝʜʥʦʩʪ 7,89 tϊha
-1

.  

ɱʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʧʦʢʘʟʘʪʝˀʘ ʧʨʠʥʦʩʘ ʧʘʩʫˀʘ ʿʝʩʪʝ ʙʨʦʿ ʤʘʭʫʥʘ. ʅʘʿʚʠʰʝ ʤʘʭʫʥʘ ʧʦ 

ʙʠˀʮʠ ʨʝʛʠʩʪʨʦʚʘʥʦ ʿʝ ʫ ʧʨʚʦʤ ʨʦʢʫ ʩʝʪʚʝ (7,4). ʋ ʦʢʚʠʨʫ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʦʯʝʢʠʚʘʥʦ 

ʥʘʿʚʠʰʝ ʤʘʭʫʥʘ ʧʦ ʙʠˀʮʠ ʦʩʤʦʪʨʝʥʦ ʿʝ ʥʘ ʌ ʪʨʝʪʤʘʥʫ (6,92), ʰʪʦ ʿʝ ʟʘ 2,82 % ʚʠʰʝ ʫ ʦʜʥʦʩʫ 

ʥʘ ɼ1 ʪʨʝʪʤʘʥ, ʘʣʠ ʠ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʚʠʰʝ (9,67 %) ʫ ʦʜʥʦʩʫ ʥʘ ɼ2 ʪʨʝʪʤʘʥ. ʈʝʟʫʣʪʘʪʠ 

ʞʝʪʚʝʥʦʛ ʠʥʜʝʢʩʘ ʫʢʘʟʫʿʫ ʜʘ ʩʫ ʩʝ ʧʨʚʠ ʠ ʜʨʫʛʠ ʨʦʢ ʩʝʪʚʝ ʠ ʪʨʝʪʤʘʥ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ 

ʧʦʢʘʟʘʣʠ ʢʘʦ ʥʘʿʘʜʝʢʚʘʪʥʠʿʠ. ʄʘʩʘ 1000 ʟʨʥʘ ʧʦʢʘʟʫʿʝ ʜʘ ʩʝ ʥʘ ʌ (407,61 g) ʠ ɼ1 (404,04 g) 

ʪʨʝʪʤʘʥʠʤʘ ʦʩʪʚʘʨʫʿʫ ʟʥʘʯʘʿʥʦ ʚʠʰʝ ʚʨʝʜʥʦʩʪʠ ʥʝʛʦ ʥʘ ɼ2 ʪʨʝʪʤʘʥʫ (396,50 g), ʜʦʢ ʩʝ ʫ 

ʧʨʚʦʤ ʠ ʜʨʫʛʦʤ ʨʦʢʫ ʩʝʪʚʝ ʦʩʪʚʘʨʫʿʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʚʠʰʝ ʚʨʝʜʥʦʩʪʠ ʤʘʩʝ 1000 ʟʨʥʘ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʪʨʝ˂ʠʤ ʨʦʢʦʤ ʩʝʪʚʝ. ʄʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜʝ ʟʘʧʘʞʝʥʝ ʩʫ ʫ 

ʧʨʚʦʤ ʨʦʢʫ ʩʝʪʚʝ (12,32 g·m
-2
), ʰʪʦ ʿʝ ʟʘ 4,23% ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ II ʨʦʢ ʩʝʪʚʝ, ʦʜʥʦʩʥʦ 

14,60% ʫ ʦʜʥʦʩʫ ʥʘ III ʨʦʢ. ʈʝʞʠʤ ʥʘʚʦʜˁʘʚʘˁʘ ʥʠʿʝ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʦ ʥʘ ʚʨʝʜʥʦʩʪʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜʝ, ʘʣʠ ʩʝ ʧʨʠʤʝ˂ʫʿʝ ʜʘ ʿʝ ʥʘ ɼ1 ʠ ɼ2 ʪʨʝʪʤʘʥʠʤʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʚʦʜʝ 

ʥʘʿʚʝ˂ʘ (11,79 g·m
-2

 ʠ 11,78 gĿm
-2
), ʰʪʦ ʿʝ ʟʘ 4,15% ʠ 4,06%  ʚʠʰʝ ʥʝʛʦ ʥʘ ʌ ʪʨʝʪʤʘʥʫ. 

ʉʣʠʯʥʦ ʢʘʦ ʠ ʢʦʜ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜʝ, ʝʬʠʢʘʩʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ ʙʠʣʘ ʿʝ ʥʘʿʚʝ˂ʘ ʫ ʧʨʚʦʤ 

ʨʦʢʫ ʩʝʪʚʝ (1,19 kgĀm
-3
). ɸʢʦ ʩʝ ʧʦʩʤʘʪʨʘ ʨʝʞʠʤ ʥʘʚʦʜˁʘʚʘˁʘ, ʥʘʿʤʘˁʘ ʝʬʠʢʘʩʥʦʩʪ 

ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ ʫʦʯʝʥʘ ʿʝ ʢʦʜ ɼ2 ʪʨʝʪʤʘʥʘ (1,01 kgĀm
-3
), ʜʦʢ ʿʝ ʢʦʜ ʨʝʞʠʤʘ ʧʫʥʦʛ 

ʥʘʚʦʜˁʘʚʘˁʘ ʠ ɼ1 ʪʨʝʪʤʘʥʘ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʝʬʠʢʘʩʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ 

ʧʨʠʙʣʠʞʥʦ ʠʩʪʘ (1,1 kgĀm
-3

 ʠ 1,09 kgĀm
-3

). 

ʇʨʦʩʝʯʘʥ ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʫ ʧʨʚʦʤ ʠ ʜʨʫʛʦʤ ʨʦʢʫ ʩʝʪʚʝ ʠʟʥʦʩʠʦ ʿʝ 26,74% ʠ 26,05%, 

ʨʝʜʦʤ, ʰʪʦ ʿʝ ʟʥʘʯʘʿʥʦ ʚʠʰʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʪʨʝ˂ʠʤ ʨʦʢʦʤ ʩʝʪʚʝ ʥʘ ʢʦʤʝ ʩʫ ʦʩʪʚʘʨʝʥʝ 

ʚʨʝʜʥʦʩʪʠ ʦʜ 19,45%. ʉʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʩʝ ʙʣʘʛʦ ʧʦʚʝ˂ʘʚʘʦ ʫ ʪʨʝʪʤʘʥʠʤʘ ʨʝʜʫʢʦʚʘʥʦʛ 

ʥʘʚʦʜˁʘʚʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʝʪʤʘʥ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (23,94%, 24,02% ʠ 24,28% ʥʘ ʌ, ɼ1 ʠ 

ɼ2 ʪʨʝʪʤʘʥʠʤʘ, ʨʝʜʦʤ). ɺʨʝʜʥʦʩʪ ʧʨʦʩʝʯʥʦʛ ʩʘʜʨʞʘʿʘ ʫˀʘ ʫ ʦʢʚʠʨʫ ʧʨʚʦʛ ʨʦʢʘ ʩʝʪʚʝ ʿʝ 



 
 

8,83%, ʰʪʦ ʿʝ ʟʘ 11,77% ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʠ ʨʦʢ ʩʝʪʚʝ, ʦʜʥʦʩʥʦ 53,03% ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʪʨʝ˂ʠ ʨʦʢ ʩʝʪʚʝ. ɸʢʦ ʩʝ ʧʦʩʤʘʪʨʘ ʨʝʞʠʤ ʥʘʚʦʜˁʘʚʘˁʘ, ʠʟʤʝʹʫ ʪʨʝʪʤʘʥʘ ʥʠʿʝ ʦʩʪʚʘʨʝʥʘ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʩʘʜʨʞʘʿʫ ʫˀʘ. ʅʘʿʚʝ˂ʠ ʩʘʜʨʞʘʿ ʠʟʤʝʨʝʥ ʿʝ ʥʘ ʌ ʪʨʝʪʤʘʥʫ 

(7,53%). 

ʈʝʜʫʢʦʚʘʥʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ (ɼ1) ʦʩʪʚʘʨʝʥʠ ʩʫ ʥʝʟʥʘʪʥʦ ʥʠʞʠ ʧʨʠʥʦʩʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʪʨʝʪʤʘʥʦʤ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʫʟ ʠʩʪʦʚʨʝʤʝʥʫ ʟʥʘʯʘʿʥʫ ʫʰʪʝʜʫ ʚʦʜʝ ʠ ʧʦʚʝ˂ʘˁʝ ʢʚʘʣʠʪʝʪʘ 

ʟʨʥʘ ʧʘʩʫˀʘ.  
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The Effect of Irrigation Treatments and Sowing Periods on Water Use Efficiency, 

Yield and Quality of Common Bean  

 

Summary 

 

Modern society is facing serious challenges in agricultural production related to increasing 

food demand and water scarcity. Based on these facts, the research described in this dissertation is 

primarily dedicated to the rational use of water resources and finding ways to ramp up food 

production. 

The aim of this doctoral dissertation was to examine the impact of irrigation regimes and 

sowing periods on water use efficiency, yield, and grain quality of beans, specifically the sremac 

bean variety. The research was conducted in a two-factorial trial using a split-plot design divided 

into three repetitions. The first factor (plot) was the sowing period, including sowing in the regular 

term, mid-April (I)  and two late sowings (end of May/beginning of June (II)  and end of 

June/beginning of July (III) ). The second factor (subplot) was the irrigation regime, which included 

full irrigation treatment (F) and two deficit irrigation treatments (D1 and D2). The three-year study 

was conducted from mid-April to early October (2018, 2019, 2020) on the experimental field of the 

company "Napredak" a.d. Stara Pazova. All three years were warm and rainy, with total 

precipitation during the study period ranging from 590 mm (2019) to 434 mm (2020), which is well 

above the average value of 359 mm for this period. 

Within the framework of the examined factors (sowing period and irrigation regime), the 

following aspects were monitored: phenology of beans, soil moisture, canopy cover, dry biomass 

accumulation, leaf area index, water consumption of common bean, plant health and water status, 

grain yield, dry biomass yield, number of pods per plant, 1000-grain weight, harvest index, 

chemical properties of bean grains (protein and oil content), and water productivity and water use 

efficiency. The research also applied modern remote sensing methods, including multispectral and 

thermal images.  

The highest soil moisture was observed in the F treatment (full irrigation) during all three 

sowing periods and water content did not drop below the readily avaliable water level, except 

during maturation. The full irrigation regime (F) achieved significantly higher (p<0.05) biomass 

accumulation and canopy cover compared to the D2 treatment, while the D1 did not differ 

significantly. 

The effect of the irrigation regime and sowing period was statistically significant in changing 

the values of actual evapotranspiration. The difference in average values of actual 

evapotranspiration between irrigation treatments and between sowing periods was determined. In 

the three-year period, an average of 383.4 mm was spent in the first sowing period, 407.9 mm in the 

second, and 360.0 mm in the third. In the full irrigation treatment, an average of 401.7 mm was 

consumed, while water consumption in deficit irrigation treatments was lower compared to the F 

treatment (381.1 mm and 366.9 mm in the D1 and D2 treatments, respectively) 

 Calculated vegetation indices (NDVI - normalized difference vegetation index, GNDVI - 

green normalized difference vegetation index, and MCARI1 - modified chlorophyll absorption ratio 

index at 700 nm) were obtained from multispectral images taken by an unmanned aerial vehicle 

(drone). The values of NDVI, MCARI1 and GNDVI were significantly higher in the F treatment than 

in the deficit irrigation treatments. Vegetation indices NDVI, MCARI1, and GNDVI were in good to 

strong correlation with the variables affected by the irrigation regime: canopy cover, leaf area index 

and transpiration, as well as satisfactory correlation with soil moisture values. The high correlations 

of the NDVI, MCARI1 and GNDVI indices with the detection of differences in irrigation regimes 

qualify them as a reliable tools for estimating bean yields. The estimated yield data based on the 

NDVI index showed good correlation with the measured yield values, while the estimated values 



 
 

based on the MCARI1 and GNDVI indices showed moderate correlation with the measured values.  

Observing leaf temperature of beans, it is noted that the lowest temperatures of the plant 

canopy were observed in F treatments, i.e. when plants were better supplied with water, their 

temperature was lower. Within the sowing periods, the lowest temperatures were achieved in the 

second and third sowing periods, when plants were exposed to high air temperatures. The lowest 

values of the crop water stress index were observed in the first sowing period and increased in the 

later sowing periods, while plants in the F treatment achieved the lowest values of the crop water 

stress index (0.06), indicating that plants under full irrigation were not exposed to water stress. The 

values of the CWSI index were consistent with the soil moisture content, indicating the high 

potential of using the plant water stress index to determine the appropriate timing for irrigation. 

The highest bean yield was recorded during the first sowing period, with a yield of 4.55 tĀha
-1

. 

This was 12.07% and 41.3% higher compared to the second and third sowing periods, respectively. 

Full irrigation scheduling achieved the highest yields (4.24 tĀha
-1

), which is only 5.74% higher than 

the D1 treatment and statistically significantly higher (18,11%) than the D2 treatment.  

In the first and second sowing periods, significantly higher values of dry biomass 

accumulation were observed compared to the third sowing period, furthermore the F and D1 

treatments showed a significantly higher accumulation of dry biomass compared to the D2 

treatment. 

The highest values of total dry biomass were achieved in the first sowing period (9.09 tĀha
-1

), 

which was significantly different (p<0.01) compared to the second and third sowing periods. The 

second and third sowing periods achieved lower values of total dry biomass by 9.68% and 14.74%, 

respectively, compared to the first sowing period. Within the irrigation regimes, the F and D1 

treatments achieved values of 8.76 tĀha
-1

 and 8.40 tĀha
-1

, respectively, which was significantly 

different compared to the D2 treatment, where the observed value was 7.89 tĀha
-1

. 

The number of pods is one of the main indicators of bean yield. The most pods per plant were 

registered in the first sowing period (7.4). Within the irrigation regime, the expected highest number 

of pods per plant was observed in the F treatment (6.92), which is 2.75% more compared to the D1 

treatment, but also significantly more (9.67%) compared to the D2 treatment. The results of the 

harvest index indicate that the first and second sowing periods and the full irrigation treatment 

proved to be the most adequate. The mass of 1000 grains shows that significantly higher values 

were achieved in the F (407.61 g) and D1 (404.04 g) treatments compared to the D2 treatment 

(396.50 g), while significantly higher values of the weight of 1000 grains were achieved in the first 

and second sowing periods compared to the third sowing period. The maximum values of water 

productivity were observed in the first sowing period (12.32 gĀm
-2

), which is 4.23% higher 

compared to the second sowing period or 14.60% higher compared to the third sowing period. The 

irrigation regime did not significantly affect water productivity, but it was observed that water 

productivity was highest in the D1 and D2 treatment (11.79 gĀm
-2

 and 11.78 gĀm
-2

, respectively), 

which is 4.15% and 4.06  higher than in the F treatment. Similar to water productivity, water use 

efficiency was highest in the first sowing period (1.19 kgĀm
-3

). If the irrigation regime is observed, 

the lowest water use efficiency was observed in the D2
 
treatment (1.01 kgĀm

-3
), while the full 

irrigation regime and the D1 deficit irrigation treatment had similar water use efficiency (1.1 kgĀm
-3

 

and 1.09 kgĀm
-3

). 

The average protein content in the first and second sowing periods was 26.74% and 26.05%, 

respectively, which is significantly higher compared to the third sowing date, which achieved 

values of 19.45%. Protein content slightly increased in the deficit irrigation treatments compared to 

the full irrigation (23.94%, 24.02% and 24.28% in F, D1 and D2 treatments, respectively). The value 

of the average oil content within the first sowing period is 8.83%, which is 11.77% higher 

compared to the second sowing period, or 53.03% higher compared to the third sowing period. If 

the irrigation regime is observed, there was no statistically significant difference in oil content 



 
 

between the treatments. The highest content was measured in the F treatment (7.53%). 

By adopting deficit irrigation (D1), we can achieve comparable yields to the full irrigation (F 

treatment), while saving significant amounts of water and enhancing the quality of bean grain. 

 

Keywords: common bean, sowing period, irrigation regime, yield and quality, remote sensing, 

water productivity.  
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ʉʇʀʉɸʂ ɻʈɸʌʀʂɸ 

ɻʨʘʬʠʢ 1. ɺʘʣʪʝʨʦʚ ʢʣʠʤʘ ʜʠʿʘʛʨʘʤ ʟʘ ʧʝʨʠʦʜ ʦʜ 1998. ʜʦ 2017. ʟʘ ʧʦʜʨʫʯʿʝ ʉʫʨʯʠʥʘ 

ɻʨʘʬʠʢ 2. ʇʦʨʝʹʝˁʝ ʢʣʠʤʘʪʩʢʠʭ ʧʦʜʘʪʘʢʘ  ʪʦʢʦʤ 2018. (ɸ), 2019. (ɹ), 2020. (ɺ) ʩʘ 

ʚʠʰʝʛʦʜʠʰˁʠʤ ʧʨʦʩʝʢʦʤ (1988-2017) ʛʦʜʠʥʝ 

ɻʨʘʬʠʢ 3. ʇʨʠʢʘʟ ʜʫʞʠʥʝ ʪʨʘʿʘˁʘ ʧʦʿʝʜʠʥʠʭ ʬʝʥʦʬʘʟʘ ʧʘʩʫˀʘ ʫ ʪʦʢʫ ʪʨʦʛʦʜʠʰˁʝʛ ʧʝʨʠʦʜʘ 

ʠʩʪʨʘʞʠʚʘˁʘ (2018-2020) ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʧʦˀʫ ʫ ʉʪʘʨʦʿ ʇʘʟʦʚʠ 

ɻʨʘʬʠʢ 4. ɼʦʩʪʫʧʥʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʟʘ ʧʘʩʫˀ ʫ ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ ʪʨʝʪʤʘʥʠʤʘ (I-ʌ, 

II-ʌ, III-ʌ, I-ɼ1, II-ɼ1, III -ɼ1, I-ɼ2, II-ɼ2, III -ɼ2) ʟʘ 2018. ʛʦʜʠʥʫ 

ɻʨʘʬʠʢ 5. ɼʦʩʪʫʧʥʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʟʘ ʧʘʩʫˀ ʫ ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ ʪʨʝʪʤʘʥʠʤʘ (I-ʌ, 

II-ʌ, III-ʌ, I-ɼ1, II-ɼ1, III -ɼ1, I-ɼ2, II-ɼ2, III -ɼ2) ʟʘ 2019. ɻʦʜʠʥʫ 

ɻʨʘʬʠʢ 6. ɼʦʩʪʫʧʥʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʟʘ ʧʘʩʫˀ ʫ ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ ʪʨʝʪʤʘʥʠʤʘ (I-ʌ, 

II-ʌ, III-ʌ, I-ɼ1, II-ɼ1, III -ɼ1, I-ɼ2, II-ɼ2, III -ɼ2) ʟʘ 2020. ʛʦʜʠʥʫ 

ɻʨʘʬʠʢ 7. ɺʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ (%ʟʘʧ.) ʤʝʨʝʥʘ TDR ʩʦʥʜʘʤʘ (ʌ (%), ɼ1 (%) ʠ ɼ2 (%)) ʠ 

ʛʨʘʚʠʤʝʪʨʠʿʩʢʠ, ʥʦʨʤʝ ʟʘʣʠʚʘˁʘ ʠ ʧʘʜʘʚʠʥʝ ʧʦ ʠʩʧʠʪʠʚʘʥʠʤ ʨʝʞʠʤʠʤʘ ʟʘʣʠʚʘˁʘ ʠ ʨʦʢʦʚʠʤʘ 

ʩʝʪʚʝ ʪʦʢʦʤ 2018. ʛʦʜʠʥʝ 

ɻʨʘʬʠʢ 8. ɺʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ (%ʟʘʧ.) ʤʝʨʝʥʘ TDR ʩʦʥʜʘʤʘ (ʌ (%), ɼ1 (%) ʠ ɼ2 (%)) ʠ 

ʛʨʘʚʠʤʝʪʨʠʿʩʢʠ, ʥʦʨʤʝ ʟʘʣʠʚʘˁʘ ʠ ʧʘʜʘʚʠʥʝ ʧʦ ʠʩʧʠʪʠʚʘʥʠʤ ʨʝʞʠʤʠʤʘ ʟʘʣʠʚʘˁʘ ʠ ʨʦʢʦʚʠʤʘ 

ʩʝʪʚʝ ʪʦʢʦʤ 2019. ʛʦʜʠʥʝ 

ɻʨʘʬʠʢ 9. ɺʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ (%ʟʘʧ.) ʤʝʨʝʥʘ TDR ʩʦʥʜʘʤʘ (ʌ (%), ɼ1 (%) ʠ ɼ2 (%)) ʠ 

ʛʨʘʚʠʤʝʪʨʠʿʩʢʠ, ʥʦʨʤʝ ʟʘʣʠʚʘˁʘ ʠ ʧʘʜʘʚʠʥʝ ʧʦ ʠʩʧʠʪʠʚʘʥʠʤ ʨʝʞʠʤʠʤʘ ʟʘʣʠʚʘˁʘ ʠ ʨʦʢʦʚʠʤʘ 

ʩʝʪʚʝ ʪʦʢʦʤ 2020. ʛʦʜʠʥʝ 

ɻʨʘʬʠʢ 10. ʇʦʢʨʦʚʥʦʩʪ ʟʝʤˀʠʰʪʘ ʣʠʩʥʦʤ ʤʘʩʦʤ ʧʨʠ ʨʝʞʠʤʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ (ʌ, ɼ1, ɼ2) ʫ 

ʪʨʠ ʠʩʧʠʪʠʚʘʥʘ ʨʦʢʘ ʩʝʪʚʝ (I, II, ʠ III) ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ 

ɻʨʘʬʠʢ 11. ɸʢʫʤʫʣʘʮʠʿʘ ʩʫʚʝ ʙʠʦʤʘʩʝ ʧʨʠ ʨʝʞʠʤʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ (ʌ, ɼ1, ɼ2) ʫ ʪʨʠ 

ʠʩʧʠʪʠʚʘʥʘ ʨʦʢʘ ʩʝʪʚʝ (I, II, ʠ III) ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ 

ɻʨʘʬʠʢ 12. ʀʥʜʝʢʩ ʣʠʩʥʝ ʧʦʚʨʰʠʥʝ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʨʝʞʠʤʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ (ʌ, ɼ1, ɼ2) ʫ 

ʪʨʠ ʠʩʧʠʪʠʚʘʥʘ ʨʦʢʘ ʩʝʪʚʝ (I, II, ʠ III) ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ 

ɻʨʘʬʠʢ 13. ɽʚʘʧʦʨʘʮʠʿʘ, ʪʨʘʥʩʧʠʨʘʮʠʿʘ ʠ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ ʧʘʩʫˀʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ 

ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ (I, II, ʠ III) ʠ ʨʝʞʠʤʠʤʘ ʟʘʣʠʚʘˁʘ (ʌ, ɼ1, ɼ2) ʫ ʪʦʢʫ 2018. ʛʦʜʠʥʝ 

ɻʨʘʬʠʢ 14.  ɽʚʘʧʦʨʘʮʠʿʘ, ʪʨʘʥʩʧʠʨʘʮʠʿʘ ʠ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ  ʧʘʩʫˀʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ 

ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ (I, II, ʠ III) ʠ ʨʝʞʠʤʠʤʘ ʟʘʣʠʚʘˁʘ (ʌ, ɼ1, ɼ2) ʫ ʪʦʢʫ 2019. ʛʦʜʠʥʝ 

ɻʨʘʬʠʢ 15. ɽʚʘʧʦʨʘʮʠʿʘ, ʪʨʘʥʩʧʠʨʘʮʠʿʘ ʠ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʘ  ʧʘʩʫˀʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ 

ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ (I, II, ʠ III) ʠ ʨʝʞʠʤʠʤʘ ʟʘʣʠʚʘˁʘ (ʌ, ɼ1, ɼ2) ʫ ʪʦʢʫ 2020. ʛʦʜʠʥʝ 

ɻʨʘʬʠʢ 16. ʉʝʟʦʥʩʢʠ ʪʨʝʥʜ ʪʝʤʧʝʨʘʪʫʨʝ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʥʘ ʪʨʝʪʤʘʥʠʤʘ ʧʦ ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ 

ʠ ʨʝʞʠʤʠʤʘ ʟʘʣʠʚʘˁʘ ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ 

ɻʨʘʬʠʢ 17. ɹʠˀʥʠ ʚʦʜʥʠ ʩʪʨʝʩ ʠʥʜʝʢʩ (CWSI) ʥʘ ʩʚʠʤ ʪʨʝʪʤʘʥʠʤʘ ʟʘʣʠʚʘˁʘ ʠ ʨʦʢʦʚʠʤʘ 

ʩʝʪʚʝ ʪʦʢʦʤ 2018. ʛʦʜʠʥʝ 

ɻʨʘʬʠʢ 18. ɹʠˀʥʠ ʚʦʜʥʠ ʩʪʨʝʩ ʠʥʜʝʢʩ (CWSI) ʥʘ ʩʚʠʤ ʪʨʝʪʤʘʥʠʤʘ ʟʘʣʠʚʘˁʘ ʠ ʨʦʢʦʚʠʤʘ 

ʩʝʪʚʝ ʪʦʢʦʤ 2019. ʛʦʜʠʥʝ 

ɻʨʘʬʠʢ 19. ɹʠˀʥʠ ʚʦʜʥʠ ʩʪʨʝʩ ʠʥʜʝʢʩ (CWSI) ʥʘ ʩʚʠʤ ʪʨʝʪʤʘʥʠʤʘ ʟʘʣʠʚʘˁʘ ʠ ʨʦʢʦʚʠʤʘ 

ʩʝʪʚʝ ʪʦʢʦʤ 2020. ʛʦʜʠʥʝ 

ɻʨʘʬʠʢ 20. ɹʠˀʥʠ ʚʦʜʥʠ ʩʪʨʝʩ ʠʥʜʝʢʩ (CWSI) ʠ ʚʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ (%ʟʘʧ) ʥʘ ʩʚʠʤ 

ʪʨʝʪʤʘʥʠʤʘ ʟʘʣʠʚʘˁʘ ʠ ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ ʪʦʢʦʤ 2018. ʛʦʜʠʥʝ 



 
 

ɻʨʘʬʠʢ 21. ɹʠˀʥʠ ʚʦʜʥʠ ʩʪʨʝʩ ʠʥʜʝʢʩ (CWSI) ʠ ʚʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ (%ʟʘʧ) ʥʘ ʩʚʠʤ 

ʪʨʝʪʤʘʥʠʤʘ ʟʘʣʠʚʘˁʘ ʠ ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ ʪʦʢʦʤ 2019. ʛʦʜʠʥʝ 

ɻʨʘʬʠʢ 22. ɹʠˀʥʠ ʚʦʜʥʠ ʩʪʨʝʩ ʠʥʜʝʢʩ (CWSI) ʠ ʚʣʘʞʥʦʩʪ ʟʝʤˀʠʰʪʘ (%ʟʘʧ) ʥʘ ʩʚʠʤ 

ʪʨʝʪʤʘʥʠʤʘ ʟʘʣʠʚʘˁʘ ʠ ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ ʪʦʢʦʤ 2020. ʛʦʜʠʥʝ 

ɻʨʘʬʠʢ 23. ʆʜʥʦʩ ʠʟʤʝʹʫ ʙʠˀʥʦʛ ʚʦʜʥʦʛ ʩʪʨʝʩ ʠʥʜʝʢʩʘ CWSI ʠ ʚʣʘʞʥʦʩʪʠ ʟʝʤˀʠʰʪʘ (%ʟʘʧ) 

ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ ʠ ʨʝʞʠʤʠʤʘ ʟʘʣʠʚʘˁʘ ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ. 

ɻʨʘʬʠʢ 24. ɼʥʝʚʥʘ ʩʨʝʜˁʘ (Tsr), ʤʘʢʩʠʤʘʣʥʘ (Tmax) ʠ ʤʠʥʠʤʘʣʥʘ (Tmin) ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʠ 

ʧʘʜʘʚʠʥʝ ʪʦʢʦʤ 2018 ʛʦʜʠʥʝ 

ɻʨʘʬʠʢ 25. ɼʥʝʚʥʘ ʩʨʝʜˁʘ (Tsr), ʤʘʢʩʠʤʘʣʥʘ (Tmax) ʠ ʤʠʥʠʤʘʣʥʘ (Tmin) ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʠ 

ʧʘʜʘʚʠʥʝ ʪʦʢʦʤ 2019 ʛʦʜʠʥʝ 

ɻʨʘʬʠʢ 26. ɼʥʝʚʥʘ ʩʨʝʜˁʘ (Tsr), ʤʘʢʩʠʤʘʣʥʘ (Tmax) ʠ ʤʠʥʠʤʘʣʥʘ (Tmin)  ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʠ 

ʧʘʜʘʚʠʥʝ ʪʦʢʦʤ 2020 ʛʦʜʠʥʝ 

ɻʨʘʬʠʢ 27. ʇʨʦʩʝʯʥʘ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ ʪʦʢʦʤ 2018. ʛʦʜʠʥʝ 

ɻʨʘʬʠʢ 28. ʇʨʦʩʝʯʥʘ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ ʪʦʢʦʤ 2019. ʛʦʜʠʥʝ 

ɻʨʘʬʠʢ 29. ʇʨʦʩʝʯʥʘ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ ʪʦʢʦʤ 2020. ʛʦʜʠʥʝ 

  



 
 

ʉʇʀʉɸʂ ʉʃʀʂɸ 

ʉʣʠʢʘ 1. ʃʦʢʘʮʠʿʘ ʦʛʣʝʜʥʝ ʧʘʨʮʝʣʝ ʫ ʉʪʘʨʦʿ ʇʘʟʦʚʠ 

ʉʣʠʢʘ 2. ʉʝʪʚʘ ʧʘʩʫˀʘ ʥʘ ʦʛʣʝʜʥʦʿ ʧʘʨʮʝʣʠ ʠ ʧʦʩʪʘʚˀʘˁʝ ʩʠʩʪʝʤʘ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ 

ʉʣʠʢʘ 3. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʦʛʣʝʜʘ ʩʘ ʩʠʩʪʝʤʦʤ ʥʘʚʦʜˁʘʚʘˁʘ 

ʉʣʠʢʘ 4. ʄʝʪʝoʨʦʣʦʰʢʘ ʩʪʘʥʠʮʘ ʥʘ ʦʛʣʝʜʥʦʤ ʧʦˀʫ 

ʉʣʠʢʘ 5. ʉʝʥʟʦʨʠ ʟʘ ʧʨʘ˂ʝˁʝ ʢʣʠʤʘʪʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʉʣʠʢʘ 6. ɽʥʜʦʤʦʨʬʦʣʦʛʠʿʘ ʧʝʜʦʣʦʰʢʦʛ ʧʨʦʬʠʣʘ ʠ ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʟʝʤˀʠʰʪʘ ʟʘ 

ʣʘʙʦʨʘʪʦʨʠʿʩʢʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʉʣʠʢʘ 7. ʇʨʠʢʘʟ ʧʦʿʝʜʠʥʠʭ ʝʪʘʧʘ ʛʨʘʚʠʤʝʪʨʠʿʩʢʦʛ ʤʝʪʦʜʘ ʦʜʨʝʹʠʚʘˁʘ ʚʣʘʞʥʦʩʪʠ ʟʝʤˀʠʰʪʘ 

ʉʣʠʢʘ 8. TDR ʩʝʥʟʦʨʠ ʩʘ ʜʘʪʘ ʣʦʛʝʨʦʤ ʧʦʩʪʘʚˀʝʥʠʤ ʥʘ ʦʛʣʝʜʥʦʿ ʧʘʨʮʝʣʠ ʫ ʉʪʘʨʦʿ ʇʘʟʦʚʠ 

ʉʣʠʢʘ 9. ʄʝʨʝˁʝ ʧʦʢʨʦʚʥʦʩʪʠ ʧʘʩʫˀʘ ʠ ʘʥʘʣʠʟʘ ʜʦʙʠʿʝʥʝ ʬʦʪʦʛʨʘʬʠʿʝ 

ʉʣʠʢʘ 10. ʄʝʨʝˁʝ ʣʠʩʥʝ ʧʦʚʨʰʠʥʝ ʧʘʩʫˀʘ ʥʘ ʫʨʝʹʘʿʫ LC-3100C Area Meter  

ʉʣʠʢʘ 11. ʉʣʠʢʘ ʜʨʦʥʘ ʩʘ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʦʤ ʢʘʤʝʨʦʤ (ɸ), ʧʦʩʪʫʧʢʦʤ ʨʘʜʠʦʤʝʪʨʠʿʩʢʝ 

ʢʘʣʠʙʨʘʮʠʿʝ (ɹ) ʠ ʧʦʯʝʪʢʦʤ ʩʥʠʤʘˁʘ (ɺ) 

ʉʣʠʢʘ 12. ʇʨʠʢʘʟ ʪʝʨʤʘʣʥʝ ʢʘʤʝʨʝ (FLIR, T335) 

ʉʣʠʢʘ 13. ʇʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ NDVI ʠʥʜʝʢʩʘ ʧʦ ʪʨʝʪʤʘʥʠʤʘ ʟʘʣʠʚʘˁʘ ʠ ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ ʟʘ 

04.7.2019. (ʘ) ʠ 03.07.2020.(ʙ) 

  



 
 

ʉʇʀʉɸʂ ʊɸɹɽʃɸ 

ʊʘʙʝʣʘ 1. ʇʨʦʩʝʯʥʝ ʤʝʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʦʩʥʦʚʥʠʭ ʢʣʠʤʘʪʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʧʝʨʠʦʜ ʦʜ 1988. ʜʦ 

2017. ʛʦʜʠʥʝ ʟʘ ʤʝʪʝʦʨʦʣʦʰʢʫ ʩʪʘʥʠʮʫ ʉʫʨʯʠʥ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ (Tsr-ʩʨʝʜˁʘ; ʊmax-

ʤʘʢʩʠʤʘʣʥʘ; Tmin-ʤʠʥʠʤʘʣʥʘ), ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ (RH), ʙʨʟʠʥʘ ʚʝʪʨʘ (V) ʠ ʧʘʜʘʚʠʥʝ (P)  

ʊʘʙʝʣʘ 2. ʇʨʦʩʝʯʥʘ ʤʝʩʝʯʥʘ ʛʣʦʙʘʣʥʘ ʨʘʜʠʿʘʮʠʿʘ, ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ ʠ ʙʨʟʠʥʘ ʚʝʪʨʘ 

ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʧʝʨʠʦʜʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʊʘʙʝʣʘ 3. ʊʝʤʧʝʨʘʪʫʨʥʝ ʩʫʤʝ ʧʘʩʫˀʘ ʫ ʦʢʚʠʨʫ ʩʚʘʢʦʛ ʨʦʢʘ ʩʝʪʚʝ ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ 

ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʧʦˀʫ 

ʊʘʙʝʣʘ 4. Mʝʭʘʥʠʯʢʠ ʩʘʩʪʘʚ ʠ ʪʝʢʩʪʫʨʥʝ ʢʣʘʩʝ ʟʝʤˀʠʰʪʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʧʦˀʫ 

ʊʘʙʝʣʘ 5. ɺʦʜʥʦ-ʚʘʟʜʫʰʥʝ ʦʩʦʙʠʥʝ ʟʝʤˀʠʰʪʘ 

ʊʘʙʝʣʘ 6. ɸʛʨʝʛʘʪʥʠ ʩʘʩʪʘʚ ʟʝʤˀʠʰʪʘ ʜʦʙʠʿʝʥ ʩʫʚʠʤ ʧʨʦʩʝʿʘʚʘˁʝʤ 

ʊʘʙʝʣʘ 7. ɸʛʨʝʛʘʪʥʠ ʩʘʩʪʘʚ ʟʝʤˀʠʰʪʘ ʜʦʙʠʿʝʥ ʤʦʢʨʠʤ ʧʨʦʩʝʿʘʚʘˁʝʤ  

ʊʘʙʝʣʘ 8. ʀʥʜʝʢʩʠ ʩʪʨʫʢʪʫʨʝ ʠʩʧʠʪʠʚʘʥʦʛ ʯʝʨʥʦʟʝʤʘ  

ʊʘʙʝʣʘ 9. ʈʝʟʫʣʪʘʪʠ ʦʩʥʦʚʥʠʭ ʭʝʤʠʿʩʢʠʭ ʩʚʦʿʩʪʘʚʘ ʟʝʤˀʠʰʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʧʦˀʘ 

ʊʘʙʝʣʘ 10. ʉʘʜʨʞʘʿ ʄg, Na, Ca ʠ ʤʠʢʨʦʝʣʝʤʝʥʘʪʘ (Cu, Fe, Mn, Ni ʠ Zn) ʫ ʟʝʤˀʠʰʪʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʧʦˀʘ 

ʊʘʙʝʣʘ 11. ɼʘʪʫʤʠ ʩʝʪʚʝ ʧʘʩʫˀʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʊʘʙʝʣʘ 12. ʉʨʝʜˁʝ (ʊsr) ʠ ʤʠʥʠʤʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ (ʊmin) ʟʝʤˀʠʰʪʘ ʦʩʨʝʜˁʝʥʝ ʟʘ ʧʝʨʠʦʜ ʦʜ 7 

ʜʘʥʘ ʧʨʝ ʩʝʪʚʝ 

ʊʘʙʝʣʘ 13. ʇʨʠʤʝʥʘ ʩʨʝʜʩʪʚʘ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʙʦʣʝʩʪʠ ʠ ʰʪʝʪʦʯʠʥʘ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʠʩʪʨaʞʠʚʘˁʘ 

ʊʘʙʝʣʘ 14. ɼʘʪʫʤʠ ʠ ʥʦʨʤʝ ʟʘʣʠʚʘˁʘ (mm) ʧʘʩʫˀʘ ʧʦ ʨʦʢʦʚʠʤʘ ʩʝʪʚʠ ʠ ʪʨʝʪʤʘʥʠʤʘ 

ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ 2018. ʛʦʜʠʥʝ 

ʊʘʙʝʣʘ 15. ɼʘʪʫʤʠ ʠ ʥʦʨʤʝ ʟʘʣʠʚʘˁʘ (mm) ʧʦ ʨʦʢʦʚʠʤʘ ʩʝʪʚʠ ʠ ʪʨʝʪʤʘʥʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ 

2019. ʛʦʜʠʥʝ 

ʊʘʙʝʣʘ 16. ɼʘʪʫʤʠ ʠ ʥʦʨʤʝ ʟʘʣʠʚʘˁʘ (mm) ʧʘʩʫˀʘ ʧʦ ʨʦʢʦʚʠʤʘ ʩʝʪʚʠ ʠ ʪʨʝʪʤʘʥʠʤʘ 

ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ 2020. ʛʦʜʠʥʝ  

ʊʘʙʝʣʘ 17. ʆʧʩʝʟʠ ʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʩʪʦʨʥʝ ʨʝʟʦʣʫʮʠʿʝ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠʭ ʧʦʜʘʪʘʢʘ 

ʊʘʙʝʣʘ 18. ɼʘʪʫʤʠ ʩʥʠʤʘˁʘ ʦʛʣʝʜʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʠʩʪʨʘʞʠʚʘˁʘ  

ʊʘʙʝʣʘ 19. ɽʬʝʢʘʪ ʨʦʢʘ ʩʝʪʚʝ ʥʘ ʜʫʞʠʥʫ ʪʨʘʿʘˁʘ ʧʦʿʝʜʠʥʠʭ ʬʝʥʦʬʘʟʘ ʧʘʩʫˀʘ (ʙʨʦʿ ʜʘʥʘ) 

ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʧʝʨʠʦʜʘ ʠʩʪʨʘʞʠʚʘˁʘ (2018-2020) 

ʊʘʙʝʣʘ 20. ɽʬʝʢʘʪ ʨʦʢʦʚʘ ʩʝʪʚʝ ʠ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʦʢʨʦʚʥʦʩʪ (%) ʟʝʤˀʠʰʪʘ ʣʠʩʥʦʤ 

ʤʘʩʦʤ ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ 

ʊʘʙʝʣʘ 21. ɽʬʝʢʘʪ ʨʦʢʦʚʘ ʩʝʪʚʝ ʠ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʘʢʫʤʫʣʘʮʠʿʫ ʩʫʚʝ ʙʠʦʤʘʩʝ (gĀm
-2

) 

ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ 

ʊʘʙʝʣʘ 22. ɽʬʝʢʘʪ ʨʦʢʦʚʘ ʩʝʪʚʝ ʠ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʠʥʜʝʢʩ ʣʠʩʥʝ ʧʦʚʨʰʠʥʝ (m
2
Ām

-2
) 

ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ. 

ʊʘʙʝʣʘ 23. ɽʬʝʢʘʪ ʨʦʢʦʚʘ ʩʝʪʚʝ ʠ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʨʦʩʝʯʥʫ ʩʪʚʘʨʥʫ 

ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʫ ʧʘʩʫˀʘ ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ 

ʊʘʙʝʣʘ 24. ʇʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ ʠ ʧʘʨʮʠʿʘʣʥʘ ʘʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ 

ʫʪʠʮʘʿʘ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʠʩʧʠʪʠʚʘʥʝ ʚʝʛʝʪʘʮʠʦʥʝ ʠʥʜʝʢʩʝ ʫ ʦʢʚʠʨʫ ʩʚʘʢʦʛ ʨʦʢʘ ʩʝʪʚʝ 

ʟʘ 2019. ʛʦʜʠʥʫ 



 
 

ʊʘʙʝʣʘ 25. ʇʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ ʠ ʧʘʨʮʠʿʘʣʥʘ ʘʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ 

ʫʪʠʮʘʿʘ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʠʩʧʠʪʠʚʘʥʝ ʚʝʛʝʪʘʮʠʦʥʝ ʠʥʜʝʢʩʝ ʫ ʦʢʚʠʨʫ ʩʚʘʢʦʛ ʨʦʢʘ ʩʝʪʚʝ 

ʟʘ 2020. ʛʦʜʠʥʫ 

ʊʘʙʝʣʘ 26. ʇʠʨʩʦʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ ʚʝʛʝʪʘʮʠʦʥʠʭ 

ʠʥʜʝʢʩʘ (ɺʀ) ʠ ʤʝʨʝˁʘ ʩʘ ʦʛʣʝʜʥʠʭ ʧʘʨʮʝʣʘ (ʇʂ, ʀʃʇ, ʊ, ɺʟ) ʪʦʢʦʤ 2019. ʠ 2020. ʛʦʜʠʥʝ 

ʊʘʙʝʣʘ 27. ʈʝʛʨʝʩʠʦʥʘ ʿʝʜʥʘʯʠʥʘ ʟʘ ʧʨʦʮʝʥʫ ʧʨʠʥʦʩʘ ʧʘʩʫˀʘ ʥʘ ʦʩʥʦʚʫ ʪʨʠ ʠʟʘʙʨʘʥʘ 

ʚʝʛʝʪʘʮʠʦʥʘ ʠʥʜʝʢʩʘ 

ʊʘʙʝʣʘ 28. ɽʬʝʢʘʪ ʨʦʢʘ ʩʝʪʚʝ ʠ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʨʠʥʦʩ ʠ ʢʦʤʧʦʥʝʥʪʝ ʧʨʠʥʦʩʘ 

ʧʘʩʫˀʘ 

ʊʘʙʝʣʘ 29. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ ʫʪʠʮʘʿʘ ʛʦʜʠʥʝ, ʨʦʢʘ ʩʝʪʚʝ ʠ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʨʠʥʦʩ ʠ 

ʢʦʤʧʦʥʝʥʪʝ ʧʨʠʥʦʩʘ ʧʘʩʫˀʘ 

ʊʘʙʝʣʘ 30. ʇʨʦʜʫʢʪʠʚʥʦʩʪ ʠ ʝʬʠʢʘʩʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ ʧʘʩʫˀʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʨʦʢʦʚʠʤʘ 

ʩʝʪʚʝ ʠ ʨʝʞʠʤʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʠʩʪʨʘʞʠʚʘˁʘ 

ʊʘʙʝʣʘ 31. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ ʫʪʠʮʘʿʘ ʛʦʜʠʥʝ, ʨʦʢʘ ʩʝʪʚʝ ʠ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʚʦʜʝ, ʝʬʠʢʘʩʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ ʠ ʦʜʥʦʩ ʪʨʘʥʠʩʧʨʘʮʠʠʿʝ ʠ ʝʚʘʧʦʨʘʮʠʿʝ 

ʊʘʙʝʣʘ 32. ɽʬʝʢʘʪ ʨʦʢʘ ʩʝʪʚʝ ʠ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʩʘʜʨʞʘʿ ʫˀʘ ʠ ʧʨʦʪʝʠʥʘ ʫ ʟʨʥʫ 

ʧʘʩʫˀʘ ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ ʧʝʨʠʦʜʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʊʘʙʝʣʘ 33. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ ʫʪʠʮʘʿʘ ʛʦʜʠʥʝ, ʨʦʢʘ ʩʝʪʚʝ ʠ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʩʘʜʨʞʘʿ 

ʫˀʘ ʠ ʧʨʦʪʝʠʥʘ ʫ ʟʨʥʫ ʧʘʩʫˀʘ 



1 
 

1. ʋɺʆɼ 

ʇʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ, ʧʨʦʤʝʥʘ ʨʘʩʧʦʨʝʜʘ ʠ ʠʥʪʝʥʟʠʪʝʪʘ ʧʘʜʘʚʠʥʘ, ʧʦʿʘʚʘ ʩʫʰʝ, 

ʥʝʜʦʩʪʘʪʘʢ ʚʦʜʝ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ ʦʟʙʠˀʥʘ ʩʫ ʧʨʝʪˁʘ ʙʠˀʥʦʿ ʧʨʦʠʟʚʦʜˁʠ (Fereres ʠ Soriano, 

2007; Forzieri et al., 2016; Striļeviĺ et al., 2020). ʋ ʫʩʣʦʚʠʤʘ ʠʥʪʝʥʟʠʚʥʝ ʧʦˀʦʧʨʠʚʨʝʜʥʝ 

ʧʨʦʠʟʚʦʜˁʝ, ʦʯʫʚʘˁʝ ʨʝʩʫʨʩʘ ʟʝʤˀʠʰʪʘ ʠ ʚʦʜʘ ʿʝ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ. ʂʘʢʦ ʩʝ ʧʨʠ 

ʘʛʨʦʪʝʭʥʠʯʢʦʿ ʤʝʨʠ ʥʘʚʦʜˁʘʚʘˁʘ ʢʦʨʠʩʪʝ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʩʣʘʪʢʝ ʚʦʜʝ (ʦʢʦ 70% ʦʜ ʫʢʫʧʥʝ 

ʢʦʣʠʯʠʥʝ ʦʙʥʦʚˀʠʚʠʭ ʨʝʩʫʨʩʘ ʚʦʜʘ) ʧʦʩʝʙʘʥ ʘʢʮʝʥʘʪ ʩʝ ʤʦʨʘ ʩʪʘʚʠʪʠ ʥʘ ʝʬʠʢʘʩʥʦ 

ʢʦʨʠʰ˂ʝˁʝ ʦʚʦʛ ʨʝʩʫʨʩʘ. ʆʢʦ ʧʦʣʦʚʠʥʝ ʦʜ ʧʨʦʮʝˁʝʥʝ ʢʦʣʠʯʠʥʝ ʚʦʜʝ ʥʝ ʩʪʠʛʥʝ ʜʦ ʫʩʝʚʘ. 

ʇʨʦʿʝʢʮʠʿʝ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʧʨʝʜʚʠʹʘʿʫ ʩʤʘˁʝˁʝ ʧʘʜʘʚʠʥʘ ʥʘ ʧʦʜʨʫʯʿʫ ʫʿʛʦʠʩʪʦʯʥʝ 

ɽʚʨʦʧʝ (Olesen et al., 2011), ʫʟ ʧʦʚʝ˂ʘˁʝ ʧʦʪʨʝʙʘ ʟʘ ʚʦʜʦʤ ʫ ʩʝʢʪʦʨʫ ʧʦˀʦʧʨʠʚʨʝʜʝ (Pastor et 

al., 2019). ɱʘʩʥʦ ʿʝ ʜʘ ˂ʝ ʦʙʝʟʙʝʹʠʚʘˁʝ ʨʘʮʠʦʥʘʣʥʝ ʢʦʣʠʯʠʥʝ ʚʦʜʝ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ ʦʜʨʝʹʝʥʠʭ 

ʫʩʝʚʘ ʫ ʙʫʜʫ˂ʥʦʩʪʠ ʙʠʪʠ ʥʝʦʧʭʦʜʥo, ʢʘʢʦ ʙʠ ʩʝ ʟʘʜʦʚʦˀʠʣʝ ʩʚʝ ʚʝ˂ʝ ʧʦʪʨʝʙʝ ʫʟ ʫʰʪʝʜʫ ʚʦʜʝ.  

ɱʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʫʰʪʝʜʝ ʚʦʜʝ ʧʨʝʜʩʪʘʚˀʘ ʨʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ. ʈʝʜʫʢʦʚʘʥʦ 

ʥʘʚʦʜˁʘʚʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʩʪʨʘʪʝʛʠʿʝ ʥʘʚʦʜˁʘʚʘˁʘ, ʢʘʜʘ ʩʝ ʫʩʝʚ ʧʣʘʥʩʢʠ 

ʠʟʣʘʞʝ ʚʦʜʥʦʤ ʩʪʨʝʩʫ ʪʦʢʦʤ ʯʠʪʘʚʦʛ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʿʝ ʠʣʠ ʩʘʤʦ ʫ ʧʦʿʝʜʠʥʠʤ ʬʝʥʦʬʘʟʘʤʘ, 

ʢʘʜʘ ʿʝ ʙʠˀʢʘ ʤʘˁʝ ʦʩʝʪˀʠʚʘ ʥʘ ʩʪʨʝʩ ʩʫʰʝ (Geerts ʠ Raes, 2009). ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʩʤʘˁʫʿʝ ʩʝ 

ʧʦʪʨʦʰˁʘ ʚʦʜʝ ʠ ʝʥʝʨʛʠʿʝ ʫ ʧʦˀʦʧʨʠʚʨʝʜʠ ʫʟ ʧʦʙʦˀʰʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ, 

ʥʘʫʰʪʨʙ ʧʨʠʥʦʩʘ, ʰʪʦ ʠʧʘʢ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʙʦˀʝ ʝʢʦʥʦʤʩʢʝ ʟʘʨʘʜʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʧʦʩʪʠʟʘˁʝʤ ʤʘʢʩʠʤʘʣʥʠʭ ʧʨʠʥʦʩʘ. 

ʄʝʹʫʪʠʤ, ʧʦʨʝʜ ʥʝʜʦʩʪʘʪʢʘ ʚʦʜʝ, ʧʦʨʘʩʪ ˀʫʜʩʢʝ ʧʦʧʫʣʘʮʠʿʝ ʥʘ ʧʣʘʥʝʪʠ ʫʩʣʦʚˀʘʚʘ ʩʚʝ 

ʚʝ˂ʝ ʟʘʭʪʝʚʝ ʟʘ ʭʨʘʥʦʤ, ʪʝ ˂ʝ ʿʦʰ ʿʝʜʘʥ ʦʜ ʠʟʘʟʦʚʘ ʩ ʢʦʿʠʤ ʩʝ ʩʫʦʯʘʚʘ ʧʦˀʦʧʨʠʚʨʝʜʥʘ 

ʧʨʦʠʟʚʦʜˁʘ ʙʠʪʠ ʧʨʦʰʠʨʝˁʝ ʠ ʫʥʘʧʨʝʹʝˁʝ ʙʠˀʥʝ ʧʨʦʠʟʚʦʜˁʝ ʫ ʚʝ˂ ʧʦʛʦʨʰʘʥʠʤ 

ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ. ɼʘʢʣʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʜʦʚʦˀʥʦ ʟʜʨʘʚʩʪʚʝʥʦ-ʙʝʟʙʝʜʥʝ, 

ʚʠʩʦʢʦ ʢʚʘʣʠʪʝʪʥʝ ʭʨʘʥʝ ʫʟ ʧʨʦʬʠʪʘʙʠʣʥʫ ʧʨʦʠʟʚʦʜˁʫ, ʘ ʧʨʠ ʪʦʤ ʦʯʫʚʘʪʠ ʟʝʤˀʠʰʪʝ ʠ 

ʝʬʠʢʘʩʥʦ ʢʦʨʠʩʪʠʪʠ ʚʦʜʫ, ʩʚʝ ʩ ʮʠˀʝʤ ʦʜʨʞʠʚʝ ʠ ʩʪʘʙʠʣʥʝ ʧʦˀʦʧʨʠʚʨʝʜʝ ʫ ʜʫʞʝʤ 

ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ.  

ɼʦʙʘʨ ʧʣʘʥ ʧʦʚʝ˂ʘˁʘ ʧʨʦʠʟʚʦʜˁʝ ʭʨʘʥʝ ʤʦʞʝ ʙʠʪʠ ʠ ʛʘʿʝˁʝ ʥʘʢʥʘʜʥʠʭ ʫʩʝʚʘ, ʥʘʢʦʥ 

ʞʝʪʚʝ ʦʟʠʤʝ ʧʰʝʥʠʮʝ, ʫˀʘʥʝ ʨʝʧʠʮʝ ʠʣʠ ʨʘʥʦʛ ʧʦʚʨ˂ʘ ʫʟ ʧʨʠʤʝʥʫ ʥʘʚʦʜˁʘʚʘˁʘ. ʇʦʨʝʜ 

ʧʨʦʰʠʨʝˁʘ ʧʨʦʠʟʚʦʜˁʝ, ʧʦˀʦʧʨʠʚʨʝʜʥʠʮʠ ʙʠ ʦʙʝʟʙʝʜʠʣʠ ʚʝ˂ʫ ʝʢʦʥʦʤʩʢʫ ʜʦʙʠʪ ʩʘ ˁʠʭʦʚʠʭ 

ʧʘʨʮʝʣʘ. ʅʘ ʧʨʦʩʪʦʨʠʤʘ ʉʨʙʠʿʝ, ʢʘʦ ʥʘʢʥʘʜʥʠ ʫʩʝʚʠ ʥʘʿʯʝʰ˂ʝ ʩʝ ʛʘʿʠ ʩʠʣʘʞʥʠ ʢʫʢʫʨʫʟ, ʩʦʿʘ, 

ʩʪʦʯʥʠ ʛʨʘʰʘʢ, ʩʫʥʮʦʢʨʝʪ, ʢʨʤʥʠ ʩʠʨʘʢ, ʩʫʜʘʥʩʢʘ ʪʨʘʚʘ ʠ ʚʝʣʠʢʠ ʙʨʦʿ ʧʦʚʨʪʘʨʩʢʠʭ ʢʫʣʪʫʨʘ. 

ɻʘʿʝˁʝʤ ʚʠʰʝ ʫʩʝʚʘ ʫ ʩʝʟʦʥʠ ʧʦʚʝ˂ʘʚʘ ʩʝ ʦʙʠʤ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʨʦʬʠʪ, ʘʣʠ ʩʝ ʥʘʤʝ˂ʝ ʧʨʦʙʣʝʤ 

ʥʝʜʦʚʦˀʥʠʭ ʢʦʣʠʯʠʥʘ ʚʦʜʝ, ʦʜʥʦʩʥʦ ʟʘʭʪʝʚʘ ʩʝ ʚʝʰʪʠʥʘ ʝʬʠʢʘʩʥʦʛ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ ʪʦʢʦʤ 

ʮʝʣʝ ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ. 

ʇʨʠʤʝʥʦʤ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʫʩʝʚʘ ʛʘʿʝʥʠʭ ʫ ʨʘʟʣʠʯʠʪʠʤ ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ (ʢʘʦ 

ʥʘʢʥʘʜʥʠ ʫʩʝʚ), ʧʦʩʪʠʛʣʦ ʙʠ ʩʝ ʫʿʝʜʥʦ ʠ ʨʘʮʠʦʥʘʣʥʦ ʫʧʨʘʚˀʘˁʝ ʚʦʜʥʠʤ ʨʝʩʫʨʩʠʤʘ ʫʟ 

ʧʦʚʝ˂ʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʭʨʘʥʝ. ʆʚʘʢʚʘ ʢʦʤʙʠʥʘʮʠʿʘ ʤʦʞʝ ʧʨʝʜʩʪʘʚˀʘʪʠ ʿʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʟʘ 

ʘʜʘʧʪʘʮʠʿʫ ʥʘ ʥʦʚʦʥʘʩʪʘʣʝ ʛʣʦʙʘʣʥʝ ʧʨʦʤʝʥʝ ʩ ʢʦʿʠʤʘ ʩʝ ʩʫʦʯʘʚʘ ʯʠʪʘʚʘ ʧʦˀʦʧʨʠʚʨʝʜʥʘ 

ʧʨʦʠʟʚʦʜˁʘ. 

ʇʨʦʰʠʨʝˁʝ ʠ ʠʥʪʝʥʟʠʚʠʨʘˁʝ ʧʦˀʦʧʨʠʚʨʝʜʥʝ ʧʨʦʠʟʚʦʜˁʝ ʟʘʭʪʝʚʘ ʠ ʧʨʠʤʝʥʫ ʥʦʚʠʭ 

ʤʝʪʦʜʘ ʟʘ ʧʨʘ˂ʝˁʝ ʩʪʘˁʘ ʚʝʛʝʪʘʮʠʿʝ ʠ ʫʧʨʘʚˀʘˁʝ ʩʠʩʪʝʤʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʫ ʮʠˀʫ ʫʰʪʝʜʝ 

ʚʦʜʝ ʠ ʦʧʪʠʤʠʟʘʮʠʿʝ ʧʨʠʥʦʩʘ. ʄʝʪʦʜʝ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ, ʢʘʦ ʙʨʟʝ, ʿʝʬʪʠʥʝ ʠ 

ʥʝʜʝʩʪʨʫʢʪʠʚʥʝ, ʩʚʝ ʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʣʘʥʠʨʘˁʝ ʥʘʚʦʜˁʘʚʘˁʘ, ʠʩʭʨʘʥʫ ʠ ʟʘʰʪʠʪʫ 

ʙʠˀʘʢʘ, ʧʨʦʮʝʥʫ ʩʪʘˁʘ ʫʩʝʚʘ ʠ ʰʪʦ ʙʦˀʫ ʧʨʠʤʝʥʫ ʤʥʦʛʦʙʨʦʿʥʠʭ ʘʛʨʦʪʝʭʥʠʯʢʠʭ ʤʝʨʘ 

(Shanmugapriya et al., 2019). ʇʨʠʤʝʥʦʤ ʙʝʩʧʠʣʦʪʥʠʭ ʣʝʪʝʣʠʮʘ (ʜʨʦʥʦʚʘ) ʠ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠʭ 

ʢʘʤʝʨʘ ʤʦʛʫ ʩʝ ʜʦʙʠʪʠ ʧʨʦʩʪʦʨʥʠ ʧʨʠʢʘʟʠ ʩʪʘˁʘ ʚʝʛʝʪʘʮʠʿʝ ʫ ʚʠʩʦʢʦʿ ʨʝʟʦʣʫʮʠʿʠ, ʰʪʦ 

ʦʤʦʛʫ˂ʘʚʘ ʧʨʝʮʠʟʥʫ ʦʮʝʥʫ ʩʪʘˁʘ ʚʝʛʝʪʘʮʠʿʝ ʠ ʩʥʘʙʜʝʚʝʥʦʩʪʠ ʫʩʝʚʘ ʚʦʜʦʤ (Tsouros et al., 
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2019). ʊʘʢʦʹʝ, ʧʨʦʮʝʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʧʨʠʤʝʥʦʤ ʪʝʨʤʦʚʠʟʠʿʩʢʠʭ ʢʘʤʝʨʘ, 

ʤʦʞʝ ʧʦʢʘʟʘʪʠ ʜʘ ʣʠ ʿʝ ʙʠˀʢʘ ʫ ʚʦʜʥʦʤ ʩʪʨʝʩʫ ʧʨʝ ʥʝʛʦ ʰʪʦ ʿʝ ʪʦ ʚʠʜˀʠʚʦ ʛʦʣʠʤ ʦʢʦʤ.  

ʇʨʘ˂ʝˁʝ ʩʪʘˁʘ ʫʩʝʚʘ ʤʝʪʦʜʘʤʘ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ, ʚʨʝʤʝʥʦʤ ˂ʝ ʩʝ ʫʩʘʚʨʰʘʚʘʪʠ ʠ 

ʧʦʩʪʘʪʠ ʥʝʦʧʭʦʜʘʥ ʘʣʘʪ ʟʘ ʧʨʝʮʠʟʥʦ ʫʧʨʘʚˀʘˁʝ ʫ ʧʦˀʦʧʨʠʚʨʝʜʠ, ʰʪʦ ʤʦʞʝ ʟʥʘʯʘʿʥʦ 

ʜʦʧʨʠʥʝʪʠ ʠʟʘʟʦʚʠʤʘ ʩ ʢʦʿʠʤʘ ʩʝ ʩʫʦʯʘʚʘ ʧʦˀʦʧʨʠʚʨʝʜʥʘ ʧʨʦʠʟʚʦʜˁʘ 21. ʚʝʢʘ. ɼʘʢʣʝ, 

ʧʨʦʰʠʨʝˁʝ ʧʦˀʦʧʨʠʚʨʝʜʥʝ ʧʨʦʠʟʚʦʜˁʝ ʫʟ ʨʘʮʠʦʥʘʣʥʫ ʫʧʦʪʨʝʙʫ ʚʦʜʝ ʤʦʞʝ ʙʠʪʠ ʩʧʨʦʚʝʜʝʥʦ 

ʫʟ ʧʦʤʦ˂ ʥʝʜʝʩʪʨʫʢʪʠʚʥʠʭ ʤʝʪʦʜʘ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ. 

ɿʘ ʦʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʦʜʘʙʨʘʥʘ ʿʝ ʙʠˀʥʘ ʚʨʩʪʘ ʧʘʩʫˀ (Phaseolus vulgaris, L.). 

ʇʨʚʝʥʩʪʚʝʥʦ, ʿʝʨ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʥʦ ʚʘʨʠʚʦ ʫ ʠʩʭʨʘʥʠ ʩʚʝʪʩʢʦʛ ʩʪʘʥʦʚʥʠʰʪʚʘ (Graham ʠ 

Ranalli, 1997) ʠ ʿʝʜʘʥ ʿʝ ʦʜ ʥʘʿʙʦʛʘʪʠʿʠʭ ʠʟʚʦʨʘ ʧʨʦʪʝʠʥʘ ʢʦʿʠ ʩʫ ʙʠʦʣʦʰʢʠ ʥʘʿʚʨʝʜʥʠʿʠ ʫ 

ˀʫʜʩʢʦʿ ʠʩʭʨʘʥʠ (Tepiĺ et al., 2007). ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʨʦʩʝʯʥʠ ʧʨʠʥʦʩʠ ʧʘʩʫˀʘ ʥʘ ʧʨʦʩʪʦʨʫ 

ʉʨʙʠʿʝ ʠʟʥʦʩʝ ʪʝʢ ʥʝʰʪʦ ʚʠʰʝ ʦʜ 1 tĀha
-1
, ʘ ʉʨʙʠʿʘ ʢʦʥʩʪʘʥʪʥʦ ʧʦʚʝ˂ʘʚʘ ʫʚʦʟ ʧʘʩʫˀʘ. ʇʨʝʤʘ 

ʧʦʩʣʝʜˁʠʤ ʧʦʜʘʮʠʤʘ ʥʘ ʫʚʦʟ ʧʘʩʫˀʘ ʿʝ ʧʦʪʨʦh ʝʥʦ 17,2 ʤʠʣʠʦʥʘ ʝʫʨʘ (FAOSTAT, 2023). 

ʇʦʨʝʜ ʥʘʚʝʜʝʥʦʛ, ʤʥʦʛʝ ʩʦʨʪʝ ʧʘʩʫˀʘ ʠʤʘʿʫ ʢʨʘʪʢʫ ʚʝʛʝʪʘʮʠʿʫ, ʦʜʣʠʢʫʿʝ ʠʭ ʩʨʝʜˁʘ 

ʪʦʣʝʨʘʥʪʥʦʩʪ ʥʘ ʩʫʰʫ ʠ ʥʘ ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʮʚʝʪʘˁʘ, ʰʪʦ ʠʭ ʯʠʥʠ 

ʧʦʛʦʜʥʠʤ ʟʘ ʛʘʿʝˁʝ ʫ ʢʘʩʥʠʤ ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ ʠʣʠ ʢʘʦ ʥʘʢʥʘʜʥʠ ʫʩʝʚ. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʿʦʰ 

ʜʘ ʿʝ ʧʘʩʫˀ ʧʦʟʥʘʪ ʢʘʦ ʢʫʣʪʫʨʘ ʢʦʿʘ ʩʝ ʛʘʿʠʣʘ ʢʘʦ ʟʜʨʫʞʝʥʠ ʫʩʝʚ, ʥʘʿʯʝʰ˂ʝ ʩʘ ʢʫʢʫʨʫʟʦʤ, ʜʦʢ 

ʩʝ ʜʘʥʘʩ ʛʘʿʠ ʢʘʦ ʯʠʩʪ ʫʩʝʚ. ɿʙʦʛ ʫʛʣʘʚʥʦʤ ʧʣʠʪʢʦʛ ʢʦʨʝʥʦʚʦʛ ʩʠʩʪʝʤʘ, ʧʘʩʫˀ ʠʤʘ ʩʨʝʜˁʝ 

ʟʘʭʪʝʚʝ ʟʘ ʚʦʜʦʤ, ʜʦʢ ʩʝ ʥʘʿʚʝ˂ʝ ʧʦʪʨʝʙʝ ʿʘʚˀʘʿʫ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʮʚʝʪʘˁʘ ʠ ʦʙʨʘʟʦʚʘˁʘ 

ʤʘʭʫʥʘ, ʢʘʜʘ ʩʫʰʘ ʠ ʥʘʥʦʩʠ ʚʝʣʠʢʝ ʰʪʝʪʝ ʙʠˀʢʘʤʘ. ʇʘʩʫˀ ʩʝ ʫ ʥʘʰʝʤ ʢʣʠʤʘʪʫ ʫʛʣʘʚʥʦʤ ʛʘʿʠ 

ʫ ʫʩʣʦʚʠʤʘ ʧʨʠʨʦʜʥʝ ʩʥʘʙʜʝʚʝʥʦʩʪʠ ʚʦʜʦʤ, ʘ ʟʘ ʜʦʙʘʨ ʨʘʩʪ ʠ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ ʧʨʠʥʦʩ 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʦʜ 250 ʜʦ 500 mm ʚʦʜʝ (Brouwer ʠ Heibloem, 1986; ʊʦʜʦʨʦʚʠ˂ ʠ 

ʩʘʨ., 2008). 
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2. ʎʀɲ ʀ ɿʅɸʏɸɱ ʀʉʊʈɸɾʀɺɸɳɸ 

ʆʩʥʦʚʥʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʝʜʚʠʹʝʥ ʦʚʦʤ ʜʦʢʪʦʨʩʢʦʤ ʜʠʩʝʨʪʘʮʠʿʦʤ ʙʠʦ ʿʝ 

ʠʩʧʠʪʠʚʘˁʝ ʧʦʪʝʥʮʠʿʘʣʘ ʛʘʿʝˁʘ ʧʘʩʫˀʘ ʫ ʨʝʜʦʚʥʠʤ ʠ ʢʘʩʥʠʤ ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ (ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʛʘʿʝʥ ʢʘʦ ʥʘʢʥʘʜʥʠ ʫʩʝʚ) ʫʟ ʜʝʬʠʥʠʩʘˁʝ ʧʦʪʨʝʙʝ ʧʘʩʫˀʘ ʟʘ ʚʦʜʦʤ, ʨʘʜʠ ʜʝʬʠʥʠʩʘˁʘ 

ʝʬʠʢʘʩʥʦʛ ʠ ʨʘʮʠʦʥʘʣʥʦʛ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ, ʯʠʿʠ ˂ʝ ʢʨʘʿˁʠ ʨʝʟʫʣʪʘʪ ʙʠʪʠ ʚʠʩʦʢ ʧʨʠʥʦʩ ʠ 

ʢʚʘʣʠʪʝʪ ʟʨʥʘ. ɿʘʪʠʤ, ʮʠ ˀʿʝ ʜʘ ʩʝ ʧʦʚʝ˂ʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ ʝʬʠʢʘʩʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ ʫ 

ʩʚʠʤ ʩʝʪʚʝʥʠʤ ʨʦʢʦʚʠʤʘ, ʜʘ ʩʝ ʦʜʨʝʜʝ ʠʥʜʝʢʩʠ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʠ ʩʘʛʣʝʜʘ ʤʦʛʫ˂ʥʦʩʪ ʧʨʠʤʝʥʝ 

ʤʝʪʦʜʘ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ ʟʘ ʫʩʧʦʩʪʘʚˀʘˁʝ ʦʧʪʠʤʘʣʥʦʛ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʧʘʩʫˀʘ. 

ɼʝʬʠʥʠʩʘˁʝʤ ʦʧʪʠʤʘʣʥʠʭ ʨʝʞʠʤʘ ʟʘʣʠʚʘˁʘ ʠ ʫʪʚʨʹʠʚʘˁʝʤ ʧʦʪʝʥʮʠʿʘʣʘ ʛʘʿʝˁʘ ʧʘʩʫˀʘ 

ʢʘʦ ʧʦʩʪʨʥʦʛ ʫʩʝʚʘ, ʦʤʦʛʫ˂ʠʣʦ ʙʠ ʩʝ ʠʥʪʝʥʟʠʚʥʠʿʝ ʛʘʿʝˁʝ ʦʚʝ ʚʨʩʪʝ ʠ ʟʥʘʯʘʿʥʦ ʫʥʘʧʨʝʜʠʣʦ 

ʩʧʨʦʚʦʹʝˁʝ ʘʜʝʢʚʘʪʥʦʛ ʧʣʦʜʦʨʝʜʘ, ʫʟ ʦʯʫʚʘˁʝ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʘ ʢʘʦ ʰʪʦ ʩʫ ʟʝʤˀʠʰʪʝ ʠ 

ʚʦʜʘ. 
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3. ʈɸɼʅɽ ʍʀʇʆʊɽɿɽ 

ʆʩʥʦʚʥʝ ʭʠʧʦʪʝʟʝ ʦʜ ʢʦʿʠʭ ʩʝ ʧʦʣʘʟʠ ʫ ʠʩʪʨʘʞʠʚʘˁʫ 

ʆʩʥʦʚʥʝ ʭʠʧʦʪʝʟʝ ʦʜ ʢʦʿʠʭ ʩʝ ʧʦʣʘʟʠ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʩʫ ʩʣʝʜʝ˂ʝ: 

ǒ ʋ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʩʝ ʧʦʣʘʟʠ ʦʜ ʧʨʝʪʧʦʩʪʘʚʢʝ ʜʘ ˂ʝ ʫ ʫʩʣʦʚʠʤʘ ʫʤʝʨʝʥʝ ʩʫʰʝ ʫ 

ʩʚʠʤ ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ (ʪʨʝʪʤʘʥ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʢʘʜʘ ʿʝ ʦʙʝʟʙʝʹʝʥʦ 80% Eʊc - 

ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʢʫʣʪʫʨʝ) ʜʦ˂ʠ ʜʦ ʥʝʟʥʘʪʥʦʛ ʩʤʘˁʝˁʘ ʧʨʠʥʦʩʘ ʧʘʩʫˀʘ, ʘʣʠ ʫʟ ʟʥʘʯʘʿʥʦ 

ʧʦʚʝ˂ʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʫʰʪʝʜʝ ʚʦʜʝ; 

ǒ ʋ ʪʨʝʪʤʘʥʫ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (60% ʦʜ ɽʊc) ʦʯʝʢʫʿʝ ʩʝ ʟʥʘʯʘʿʥʠʿʝ 

ʩʤʘˁʝˁʝ ʧʨʠʥʦʩʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʫʥʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ ʫ ʩʚʠʤ ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ (100% ʦʜ ɽʊc), 

ʘʣʠ ʠ ʚʝ˂ʘ ʝʬʠʢʘʩʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ, ʢʘʦ ʠ ʟʥʘʯʘʿʥʝ ʫʰʪʝʜʝ ʚʦʜʝ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ; 

ǒ ʉʝʪʚʝʥʠ ʨʦʢʦʚʠ ʥʝ˂ʝ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʪʠ ʥʘ ʧʨʠʥʦʩ ʧʘʩʫˀʘ ʧʨʠ ʧʫʥʦʤ 

ʥʘʚʦʜˁʘʚʘˁʫ; 

ǒ ʆʯʝʢʫʿʝ ʩʝ ʜʘ ʠʟʤʝʹʫ ʫʩʝʚʘ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʨʦʢʦʚʘ ʩʝʪʚʝ ʥʝ˂ʝ ʧʦʩʪʦʿʘʪʠ ʟʥʘʯʘʿʥʝ 

ʨʘʟʣʠʢʝ ʫ ʢʚʘʣʠʪʝʪʫ ʟʨʥʘ ʧʘʩʫˀʘ, ʧʨʠ ʧʫʥʦʤ ʥʘʚʦʜˁʘʚʘˁʫ; 

ǒ ʆʯʝʢʫʿʝ ʩʝ ʜʘ ʠʟʤʝʹʫ ʧʫʥʦʛ ʠ ʨʝʜʫʢʦʚʘʥʦʛ ʪʨʝʪʤʘʥʘ ʟʘʣʠʚʘˁʘ ʥʝ˂ʝ ʧʦʩʪʦʿʘʪʠ 

ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʫ ʢʚʘʣʠʪʝʪʫ ʟʨʥʘ ʧʘʩʫˀʘ; 

ǒ ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ˂ʝ ʚʝ˂ʝ ʧʦʪʨʝʙʝ ʧʘʩʫˀʘ ʟʘ ʚʦʜʦʤ ʙʠʪʠ ʫ ʧʦʩʪʨʥʠʤ ʨʦʢʦʚʠʤʘ 

ʩʝʪʚʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʨʝʜʦʚʥʦʤ ʩʝʪʚʦʤ; 

ǒ ʈʝʞʠʤ ʥʘʚʦʜˁʘʚʘˁʘ ˂ʝ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʪʠ ʥʘ ʤʦʨʬʦʣʦʰʢʝ ʦʩʦʙʠʥʝ ʠ ʧʨʠʥʦʩ 

ʧʘʩʫˀʘ; 

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

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

ʦʜʥʦʩʥʦ ʧʨʦʮʝʥʘ ʫʪʠʮʘʿʘ ʩʫʰʝ ʥʘ ʧʨʠʥʦʩ. 
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4. ʇʈɽɻʃɽɼ ʃʀʊɽʈɸʊʋʈɽ 

ʇʦˀʦʧʨʠʚʨʝʜʘ ʿʝ ʥʘʿʚʝ˂ʠ ʧʦʪʨʦʰʘʯ ʩʣʘʪʢʝ ʚʦʜʝ ʥʘ ʩʚʝʪʫ ʢʦʿʘ ʧʨʦʩʝʯʥʦ ʢʦʨʠʩʪʠ ʦʢʦ 

75% ʦʜ ʫʢʫʧʥʦ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ (FAO, 2014; Finogenova et al., 2019), ʦʜ ʯʝʛʘ ʟʘ 

ʥʘʚʦʜˁʘʚʘˁʝ ʦʜʣʘʟʠ ʦʢʦ 70% (FAO, 2006; Foley et al., 2011), ʧʘ ʯʘʢ ʠ 80% ʫ ʟʝʤˀʘʤʘ ʘʨʠʜʥʝ 

ʢʣʠʤʝ (ʇʘʢʠʩʪʘʥ, ʀʟʨʘʝʣ, ʀʨʘʥ, ʋʿʝʜʠˁʝʥʠ ɸʨʘʧʩʢʠ ɽʤʠʨʘʪʠ ʠʪʜ.). ʆʚʘʢʦ ʚʝʣʠʢʠʤ 

ʢʦʣʠʯʠʥʘʤʘ ʚʦʜʝ ʤʦʞʝ ʩʝ ʟʘʣʠʚʘʪʠ ʩʚʝʛʘ 20% ʦʙʨʘʜʠʚʠʭ ʧʦʚʨʰʠʥʘ ʫ ʩʚʝʪʫ, ʩʘ ʢʦʿʠʭ ʩʝ 

ʧʨʦʠʟʚʦʜʠ ʦʢʦ 40% ʭʨʘʥʝ (Droogers et al., 2010). ʅʝʜʦʩʪʘʪʘʢ ʚʦʜʝ ʚʝ˂ ʧʨʝʜʩʪʘʚˀʘ ʦʟʙʠˀʥʫ 

ʛʣʦʙʘʣʥʫ ʧʨʝʪˁʫ, ʘ ʉʚʝʪʩʢʠ ʝʢʦʥʦʤʩʢʠ ʬʦʨʫʤ ʿʝ 2015. ʛʦʜʠʥʝ ʥʘ ʩʚʦʿʦʿ ʣʠʩʪʠ ʭʠʪʥʠʭ 

ʛʣʦʙʘʣʥʠʭ ʨʠʟʠʢʘ ʠʩʪʘʢʘʦ Ăʚʦʜʝʥʝ ʢʨʠʟʝñ. ʋ ʤʝʹʫʚʨʝʤʝʥʫ, ʨʘʩʪʝ ʟʘʙʨʠʥʫʪʦʩʪ ʟʙʦʛ ʙʫʜʫ˂ʠʭ 

ʟʘʣʠʭʘ ʚʦʜʝ, ʿʝʨ ʧʦʨʘʩʪ ʩʪʘʥʦʚʥʠʰʪʚʘ ʟʘʭʪʝʚʘ ʧʨʦʠʟʚʦʜˁʫ ʚʝ˂ʠʭ ʢʦʣʠʯʠʥʘ ʭʨʘʥʝ, ʘ ʩʘʤʠʤ 

ʪʠʤ ʠ ʧʦʪʨʦʰˁʫ ʚʦʜʝ, ʜʦʢ ʩʚʝ ʫʯʝʩʪʘʣʠʿʝ ʧʨʦʤʝʥʝ ʢʣʠʤʝ ʫʪʠʯʫ ʥʘ ʩʤʘˁʝˁʝ ʙʨʦʿʘ ʠʟʚʦʨʠʰʪʘ 

ʚʦʜʘ (De Fraiture ʠ Wichelns, 2010; Haddeland et al., 2014; Hoekstra, 2014).  

ʇʨʝʤʘ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʠ ʩʚʝʜʦʯʝˁʠʤʘ ʩʘʤʠʭ ʘʛʨʦʥʦʤʘ ʠ ʧʦˀʦʧʨʠʚʨʝʜʥʠʢʘ ʫ ʉʨʙʠʿʠ, 

ʙʠˀʥʘ ʧʨʦʠʟʚʦʜˁʘ ʢʘʢʦ ʫ ʩʘʜʘʰˁʠʤ ʪʘʢʦ ʠ ʫ ʙʫʜʫ˂ʠʤ ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ ʙʠ˂ʝ ʫʛʨʦʞʝʥʘ 

ʫʩʣʝʜ ʧʦʨʘʩʪʘ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ, ʧʨʦʤʝʥʘ ʨʘʩʧʦʨʝʜʘ ʠ ʢʦʣʠʯʠʥʝ ʧʘʜʘʚʠʥʘ, ʧʦʿʘʚʝ ʜʫʞʠʭ 

ʧʝʨʠʦʜʘ ʩʫʰʝ, ʝʢʩʪʨʝʤʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʥʝʧʦʛʦʜʘ (ʪʦʧʣʦʪʥʠ ʠ ʭʣʘʜʥʠ ʪʘʣʘʩʠ), ʦʣʫʿʘ ʠ ʛʨʘʜʘ 

(Forzieri et al., 2016; Striļeviĺ et al., 2020a; Striļeviĺ et al., 2020b). ʋʟ ʪʦ, ʫ ʜʨʫʛʠʤ ʟʝʤˀʘʤʘ 

ʥʘʚʦʜʝ ʜʘ ˂ʝ ʥʝʜʦʩʪʘʪʘʢ ʚʦʜʝ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ ʙʠʪʠ ʛʣʘʚʥʘ ʧʨʝʪˁʘ ʧʨʦʠʟʚʦʜˁʠ ʭʨʘʥʝ (Fereres 

ʠ Soriano, 2007; Pastor et al., 2019). ɻʣʦʙʘʣʥʝ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʥʝʧʨʝʩʪʘʥʦ ʧʦʜʩʪʠʯʫ 

ʯʦʚʝʯʘʥʩʪʚʦ ʟʘ ʧʨʦʥʘʣʘʞʝˁʝ ʥʦʚʠʭ ʥʘʯʠʥʘ ʟʘ ʧʦʩʪʠʟʘˁʝ ʩʪʘʙʠʣʥʝ ʠ ʦʜʨʞʠʚʝ ʧʦˀʦʧʨʠʚʨʝʜʥʝ 

ʧʨʦʠʟʚʦʜˁʝ, ʫʟ ʦʯʫʚʘˁʝ ʥʘʿʚʘʞʥʠʿʠʭ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʘ, ʟʝʤˀʠʰʪʘ ʠ ʚʦʜʘ.  

ʇʨʝʜʣʦʞʝʥʦ ʿʝ ʤʥʦʛʦ ʥʘʯʠʥʘ ʜʘ ʩʝ ʨʝʰʘʚʘʿʫ ʪʝʢʫ˂ʠ ʧʨʦʙʣʝʤʠ ʧʦʧʫʪ ʩʤʘˁʝˁʘ ʨʘʟʣʠʢʘ 

ʠʟʤʝʹʫ ʜʦʩʪʠʛʥʫʪʠʭ ʠ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʧʨʠʥʦʩʘ, ʧʦʚʝ˂ʘˁʘ ʧʨʦʜʫʢʪʠʚʥʝ ʩʧʦʩʦʙʥʦʩʪʠ ʫʩʝʚʘ 

(ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝˁʝʤ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʫʣʘʛʘˁʝʤ ʫ ʠʩʪʨʘʞʠʚʘˁʘ), ʩʤʘˁʝˁʘ ʦʪʧʘʜʘ, 

ʧʨʦʤʝʥʘ ʥʘʯʠʥʘ ʠʩʭʨʘʥʝ ʠ ʧʨʦʰʠʨʠʚʘˁʘ ʧʦˀʦʧʨʠʚʨʝʜʥʝ ʧʨʦʠʟʚʦʜˁʝ. ʉʚʝ ʥʘʚʝʜʝʥʦ ʤʦʨʘ 

ʙʠʪʠ ʢʦʦʨʜʠʥʠʨʘʥʦ ʫ ʚʠʰʝʩʪʨʫʢʦʿ ʠ ʧʦʚʝʟʘʥʦʿ ʛʣʦʙʘʣʥʦʿ ʩʪʨʘʪʝʛʠʿʠ ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʣʘ 

ʦʜʨʞʠʚʘ ʠ ʧʨʘʚʠʯʥʘ ʧʨʦʠʟʚʦʜˁʘ ʠ ʧʨʝʨʘʩʧʦʜʝʣʘ ʭʨʘʥʝ (Godfray et al., 2010). ʄʝʨʝ 

ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʧʦˀʦʧʨʠʚʨʝʜʥʝ ʧʨʦʠʟʚʦʜˁʝ ʫ ʉʨʙʠʿʠ ʩʫ ʚʝ˂ ʧʨʝʧʦʟʥʘʪʝ, ʧʦʧʫʪ ʥʘʚʦʜˁʘʚʘˁʘ, 

ʦʜʚʦʜˁʘʚʘˁʘ, ʘʜʘʧʪʘʮʠʿʘ ʧʦʩʪʦʿʝ˂ʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʛʘʿʝˁʘ ʫʩʝʚʘ, ʠʟʤʝʥʘ ʙʠˀʥʠʭ ʚʨʩʪʘ ʠ 

ʩʦʨʪʠʤʝʥʪʘ, ʧʨʘʚʠʣʘʥ ʠʟʙʦʨ ʩʦʨʪʠʤʝʥʪʘ, ʫʚʦʹʝˁʝ ʠ ʢʦʨʠʰ˂ʝˁʝ ʩʦʨʪʠ ʪʦʣʝʨʘʥʪʥʠʿʠʭ ʥʘ 

ʩʪʨʝʩʥʝ ʫʩʣʦʚʝ, ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʧʣʦʜʦʨʝʜʘ, ʠʟʤʝʥʝ ʫ ʚʨʝʤʝʥʫ ʠ ʛʫʩʪʠʥʘʤʘ ʩʝʪʚʝ ʠ ʩʣ. 

(https://www.klimatskepromene.rs/wp-content/uploads/2017/09/NAP-UNDP-2015-srpski.pdf; 

ʉʪʨʠʯʝʚʠ˂ ʠ ʩʘʨ., 2019).  

ʀʩʪʨʘʞʠʚʘˁʠʤʘ ʩʝ ʟʘʢˀʫʯʫʿʝ ʜʘ ʩʝ ʫ ʥʘʨʝʜʥʦʤ ʧʝʨʠʦʜʫ ʦʯʝʢʫʿʝ ʧʦʤʝʨʘˁʝ ʨʦʢʦʚʘ ʩʝʪʚʝ 

ʠ ʧʨʦʤʝʥʘ ʧʦʪʨʝʙʘ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝʤ (ʄʦʣʥʘʨ ʠ ʩʘʨ., 2003; Lipovac et al., 2018), ʜʦʢ Striļeviĺ 

et al. (2020a; 2020b) ʫʢʘʟʫʿʫ ʜʘ ʧʦˀʦʧʨʠʚʨʝʜʥʠʮʠ ʉʨʙʠʿʝ ʚʝ˂ ʧʨʠʤʝˁʫʿʫ ʧʦʿʝʜʠʥʝ 

ʘʜʘʧʪʘʮʠʦʥʝ ʤʝʨʝ (ʧʦʤʝʨʘˁʝ ʨʦʢʦʚʘ ʩʝʪʚʝ, ʥʘʚʦʜˁʘʚʘˁʝ, ʠʟʙʦʨ ʢʫʣʪʫʨʘ ʠ ʩʦʨʪʠʤʝʥʪʘ ʠ ʩʣ.) 

ʢʘʢʦ ʙʠ ʫʙʣʘʞʠʣʠ ʝʬʝʢʪʝ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ. 

ɻʘʿʝˁʝ ʦʜʨʝʹʝʥʠʭ ʢʫʣʪʫʨʘ ʢʨʘʪʢʝ ʚʝʛʝʪʘʮʠʿʝ ʢʘʦ ʥʘʢʥʘʜʥʠʭ ʫʩʝʚʘ, ʫ ʢʘʩʥʠʤ ʨʦʢʦʚʠʤʘ 

ʩʝʪʚʝ ʫʟ ʧʨʠʤʝʥʫ ʘʜʝʢʚʘʪʥʝ ʢʦʣʠʯʠʥʝ ʚʦʜʝ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ ʤʦʞʝ ʙʠʪʠ ʜʦʙʘʨ ʦʜʛʦʚʦʨ ʥʘ 

ʠʟʘʟʦʚʝ ʢʘʦ ʰʪʦ ʩʫ ʥʝʩʪʘʰʠʮʘ ʚʦʜʝ ʠ ʩʠʛʫʨʥʦʩʪ ʭʨʘʥʝ. 

4.1. ʇʦʪʝʥʮʠʿʘʣ ʛʘʿʝˁʘ ʧʘʩʫˀʘ  

ʂʘʜʘ ʛʦʚʦʨʠʤʦ ʦ ʧʘʩʫˀʫ, ʧʨʦʠʟʚʦʜˁʫ ʦʚʝ ʤʘʭʫʥʘʨʢʝ ʫ ʥʘʰʦʿ ʜʨʞʘʚʠ ʢʘʨʘʢʪʝʨʠʰʫ 

ʥʠʩʢʠ ʠ ʢʦʣʝʙˀʠʚʠ ʧʨʦʩʝʯʥʠ ʧʨʠʥʦʩʠ. ʇʨʦʠʟʚʦʜˁʘ ʧʘʩʫˀʘ ʜʘʥʘʩ ʩʝ ʥʘʿʯʝʰ˂ʝ ʦʜʚʠʿʘ ʙʝʟ 

ʥʘʚʦʜˁʘʚʘˁʘ, ʫ ʯʠʩʪʦʤ ʫʩʝʚʫ ʩʘ ʤʘʣʦ ʤʝʭʘʥʠʟʦʚʘʥʠʭ ʦʧʝʨʘʮʠʿʘ (ʊʦʜʦʨʦʚʠ˂ ʠ ʩʘʨ., 2003; 

ɴʦʪʘ ʠ ɽʣʝʟʦʚʠ˂, 2005; ɹʦʰˁʘʢ ʠ ɺʘʩʠ˂, 2006), ʧʘ ʫ ʩʢʣʘʜʫ ʩʘ ʪʠʤ,  ʥʝʤʘʤʦ ʟʚʘʥʠʯʥʠʭ 

ʠʥʬʦʨʤʘʮʠʿʘ ʠ ʠʩʪʨʘʞʠʚʘˁʘ ʦ ʧʦʪʨʝʙʘʤʘ ʦʚʝ ʢʫʣʪʫʨʝ ʟʘ ʚʦʜʦʤ. 

https://www.sciencedirect.com/science/article/pii/S0303243418304793#bib0110
https://www.sciencedirect.com/science/article/pii/S0303243418304793#bib0120
https://www.klimatskepromene.rs/wp-content/uploads/2017/09/NAP-UNDP-2015-srpski.pdf
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ʇʘʩʫˀ (Phaseolus vulgaris) ʩʝ ʩʤʘʪʨʘ ʥʘʿʚʘʞʥʠʿʦʤ ʤʘʭʫʥʘʨʢʦʤ ʟʘ ʠʩʭʨʘʥʫ ˀʫʜʠ ʰʠʨʦʤ 

ʩʚʝʪʘ (Graham ʠ Ranailli, 1997; Cuadra et al., 2000; Tepiĺ et al., 2007). ɺʘʞʘʥ ʿʝ ʠʟʚʦʨ ʧʨʦʪʝʠʥʘ 

ʠ ʚʣʘʢʘʥʘ (Bennink, 2005; Hayat et al., 2013, Basso Los et al., 2018). ɻʦʜʠʰˁʝ ʩʝ ʫʢʫʧʥʦ 

ʧʨʦʠʟʚʝʜʝ ʦʢʦ 26 ʤʠʣʠʦʥʘ ʪʦʥʘ ʦʚʦʛ ʫʩʝʚʘ (FAOSTAT, 2018). ʋ ʉʨʙʠʿʠ, ʧʘʩʫˀ ʩʝ ʧʨʦʠʟʚʦʜʠ 

ʥʘ ʧʦʚʨʰʠʥʠ ʦʜ ʦʢʦ 9100 ʭʝʢʪʘʨʘ, ʩʘ ʧʨʦʩʝʯʥʠʤ ʧʨʠʥʦʩʦʤ ʦʢʦ 1 tĀha
-1 
(ʉʪʘʪʠʩʪʠʯʢʠ 

ʛʦʜʠʰˁʘʢ ʈʉ, 2020). Tʨʘʜʠʮʠʦʥʘʣʥʦ, ʥʘ ʥʘʰʠʤ ʧʨʦʩʪʦʨʠʤʘ ʛʘʿʠʦ ʩʝ ʢʘʦ ʤʝʹʫʫʩʝʚ ʫ 

ʢʫʢʫʨʫʟʫ. ɱʫʛʦʩʣʘʚʠʿʘ ʿʝ ʧʨʝ ɼʨʫʛʦʛ ʩʚʝʪʩʢʦʛ ʨʘʪʘ ʙʠʣʘ ʿʝʜʘʥ ʦʜ ʚʝʣʠʢʠʭ ʝʚʨʦʧʩʢʠʭ 

ʧʨʦʠʟʚʦʹʘʯʘ ʧʘʩʫˀʘ, ʩʘ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠʤ ʧʨʦʩʝʯʥʠʤ ʧʨʠʥʦʩʠʤʘ (Vulf et al., 1937). ʋʚʦʹʝˁʝʤ 

ʭʠʙʨʠʜʘ ʢʫʢʫʨʫʟʘ ʢʦʿʠ ʩʫ ʟʘʭʪʝʚʘʣʠ ʛʫʰ˂ʠ ʩʢʣʦʧ ʙʠˀʘʢʘ, ʧʘʩʫˀ ʩʝ ʩʚʝ ʨʝʹʝ ʛʘʿʠʦ ʢʘʦ 

ʤʝʹʫʫʩʝʚ (ʈʦʩʠ˂, 1957; ɺʠʜʦʚʠ˂, 1964). ʆʩʘʚʨʝʤʝˁʘʚʘˁʝʤ ʧʦˀʦʧʨʠʚʨʝʜʥʝ ʧʨʦʠʟʚʦʜˁʝ, 

ʥʝʩʪʘʣʘ ʿʝ ʤʦʛʫ˂ʥʦʩʪ ʛʘʿʝˁʘ ʧʘʩʫˀʘ ʫ ʟʜʨʫʞʝʥʦʤ ʫʩʝʚʫ ʩʘ ʢʫʢʫʨʫʟʦʤ. ʋ ʧʨʝʪʭʦʜʥʠʭ ʥʝʢʦʣʠʢʦ 

ʛʦʜʠʥʘ, ʜʝʪʝʨʤʠʥʘʥʪʥʝ ʩʦʨʪʝ ʧʘʩʫˀʘ ʧʦʯʝʣʝ ʩʫ ʜʘ ʩʝ ʧʨʦʠʟʚʦʜʝ ʥʘ ʚʝ˂ʠʤ ʧʦʚʨʰʠʥʘʤʘ, ʰʪʦ ʿʝ 

ʦʪʚʦʨʠʣʦ ʚʨʘʪʘ ʟʘ ʥʦʚʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʧʨʦʠʟʚʦʜˁʠ ʦʚʝ ʚʨʩʪʝ ʫ ʯʠʩʪʦʤ ʫʩʝʚʫ. 

ʇʘʩʫˀ ʠʣʠ ʛʨʘʭ (Phaseolus vulgaris L.) ʧʦʨʝʢʣʦʤ ʿʝ ʠʟ ɸʤʝʨʠʢʝ. ʇʨʝʥʝʪ ʿʝ ʫ ɽʚʨʦʧʫ 

ʢʨʘʿʝʤ XVI ʚʝʢʘ ʫ ʜʨʫʛʦʤ ʂʦʣʫʤʙʦʚʦʤ ʧʫʪʦʚʘˁʫ, ʘ ʫ ʥʘʰʝ ʧʨʝʜʝʣʝ ʩʪʠʛʘʦ ʿʝ ʠʟ ʜʚʘ ʧʨʘʚʮʘ, 

ʧʨʚʠ ʠʟ ʊʫʨʩʢʝ ʧʨʝʢʦ ʄʘʢʝʜʦʥʠʿʝ, ʛʜʝ ʩʫ ʩʝ ʰʠʨʠʣʠ ʢʨʫʧʥʦʟʨʥʠ ʙʝʣʠ ʧʘʩʫˀʠ ʠ ʤʥʦʛʦʮʚʝʪʥʠ 

ʧʘʩʫˀ ʠ ʜʨʫʛʠ ʩʘ ʩʝʚʝʨʘ, ʠʟ ʌʨʘʮʫʩʢʝ ʠ ʀʪʘʣʠʿʝ ʫ ɺʦʿʚʦʜʠʥʫ, ʩʪʠʛʘʦ ʿʝ ʧʘʩʫˀ ʩʘ ʩʝʤʝˁʘʯʦʤ ʫ 

ʙʦʿʠ ʠ ʩʘ ʰʘʨʝʥʠʤ ʩʝʤʝˁʘʯʘʤʘ. ʇʘʩʫˀ ʿʝ ʟʝˀʘʩʪʘ ʿʝʜʥʦʛʦʜʠʰˁʘ ʙʠˀʢʘ ʠʟ ʧʦʨʦʜʠʮʝ 

Fabaceae, ʨʦʜ Phaseolus, ʚʨʩʪʘ Vulgaris. ʉʤʘʪʨʘ ʩʝ ʜʘ ʜʘʥʘʩ ʧʦʩʪʦʿʠ ʚʠʰʝ ʦʜ 1000 ʬʦʨʤʠ ʦʚʝ 

ʙʠˀʢʝ. ɼʝʣʠ ʩʝ ʥʘ ʜʚʝ ʧʦʜʚʨʩʪʝ; ssp. volubilis ʟʘ ʠʥʜʝʪʝʨʤʠʥʘʥʪʥʝ ʠ ssp. nanus ʟʘ 

ʜʝʪʝʨʤʠʥʘʪʥʝ ʚʨʩʪʝ (Tudģarov, 1981).  

ʆʩʥʦʚʠ ʩʧʦˀʘʰʥʠ ʫʩʣʦʚʠ ʟʘ ʨʘʩʪ ʠ ʨʘʟʚʦʿ ʛʘʿʝʥʠʭ ʙʠˀʘʢʘ ʿʝʩʫ ʩʚʝʪʣʦʩʪ, ʪʦʧʣʦʪʘ, ʚʦʜʘ ʠ 

ʟʝʤˀʠʰʪʝ. ɿʘ ʧʘʩʫˀ, ʦʧʪʠʤʫʤ ʬʦʪʦʩʠʥʪʝʪʠʯʢʝ ʘʢʪʠʚʥʝ ʨʘʜʠʿʘʮʠʿʝ ʿʝ ʦʢʦ 20.000 ʣʫʢʩʘ. 

ɺʝ˂ʠʥʘ ʩʦʨʪʠ ʚʨʩʪʝ Phaseolus vulgaris ʢʦʿʝ ʩʝ ʜʘʥʘʩ ʫʟʛʘʿʘʿʫ ʩʫ ʙʠˀʢʝ ʢʨʘʪʢʦʛ ʜʘʥʘ ʪʿ. ʫ 

ʫʩʣʦʚʠʤʘ ʜʥʝʚʥʦʛ ʦʩʚʝʪˀʝˁʘ ʜʦ 12 ʩʘʪʠ ʫʙʨʟʘʥʦ ʮʚʝʪʘʿʫ, ʰʪʦ ʿʝ ʥʘʨʦʯʠʪʦ ʚʘʞʥʦ ʟʘ ʢʘʩʥʫ 

ʩʝʪʚʫ ʧʘʩʫˀʘ. ʉʦʨʪʝ ʢʨʘʪʢʦʛ ʜʘʥʘ, ʪʘʤʦ ʛʜʝ ʿʝ ʤʦʛʫ˂ʝ ʥʘʚʦʜˁʘʚʘˁʝ, ʧʦʛʦʜʥʝ ʩʫ ʟʘ ʧʦʩʪʨʥʫ 

ʩʝʪʚʫ (ʊʦʜʦʨʦʚʠ˂ ʠ ʩʘʨ., 2008).  

ʇʘʩʫˀ ʧʦʪʠʯʝ ʠʟ ʪʦʧʣʠʭ ʧʦʜʨʫʯʿʘ, ʪʝ ʥʝ ʧʦʜʥʦʩʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʧʦʜ 0 ÁC, ʪʘʢʦʹʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʥʘʜ 35 ÁC ʥʠʩʫ ʧʦʛʦʜʥʝ ʟʘ ʨʘʩʪ ʠ ʨʘʟʚʠ˂ʝ. ʄʠʥʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʣʠʿʘˁʘ ʠ 

ʥʠʮʘˁʘ ʚʘʨʠʨʘ ʦʜ 8 ÁC ʜʦ 12 ÁC, ʜʦʢ ʿʝ ʥʘʿʧʦʚʦˀʥʠʿʘ ʠʟʤʝʹʫ 18 ÁC ʠ 25 ÁC, ʢʘʜʘ ʥʠʯʝ ʟʘ 4 ʜʦ 

10 ʜʘʥʘ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʘˁʘ ʟʝʤˀʠʰʪʘ ʠ ʦʩʦʙʠʥʝ ʩʝʤʝʥʘ. ʇʘʩʫˀ ʥʝ ʪʨʝʙʘ ʩʝʿʘʪʠ ʠʩʫʚʠʰʝ 

ʨʘʥʦ ʫ ʧʨʦʣʝ˂ʝ, ʿʝʨ ʩʝ ʨʘʩʪ ʙʠˀʘʢʘ ʟʘʫʩʪʘʚˀʘ ʥʘ 5 ÁC. ʆʧʪʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʮʚʝʪʘˁʝ ʠ 

ʟʘʤʝʪʘˁʝ ʤʘʭʫʥʘ ʚʘʨʠʨʘ ʫ ʦʧʩʝʛʫ ʦʜ 20 ÁC ʜʦ 25 ÁC, ʘ ʮʚʝʪʘˁʝ ʩʝ ʟʘʫʩʪʘʚˀʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʤʘˁʠʤ ʦʜ 15 °C, ʦʜʥʦʩʥʦ ʚʠʰʠʤ ʦʜ 35 ÁC. ʃʝʪˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʥʘʜ 30 ÁC ʜʦ 

35 ÁC, ʧʦʩʝʙʥʦ ʫʟ ʩʤʘˁʝʥʫ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ ʦʥʝʤʦʛʫ˂ʘʚʘʿʫ ʦʧʣʦʜˁʫ. ʆʧʣʦʜˁʘ ʠʟʦʩʪʘʿʝ ʠ 

ʢʘʜʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʞʘ ʦʜ 15 °C (ʊʦʜʦʨʦʚʠ˂ ʠ ʩʘʨ., 2008). ɺʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʧʝʨʠʦʜʫ 

ʮʚʝʪʘˁʘ ʜʦʚʦʜʝ ʜʦ ʩʤʘˁʝʥʦʛ ʙʨʦʿʘ ʤʘʭʫʥʘ ʠ ʦʧʘʜʘˁʘ ʧʨʠʥʦʩʘ ʩʝʤʝʥʘ, ʟʙʦʛ ʦʜʙʘʮʠʚʘˁʘ 

ʮʚʝʪʦʚʘ ʠ ʤʘʭʫʥʘ (Monterroso ʠ Wien, 1990; Konsens et al., 1991). ʉʣʘʙʦ ʿʝ ʦʪʧʦʨʘʥ ʥʘ 

ʤʨʘʟʝʚʝ, ʧʘ ʪʝʤʧʝʨʘʪʫʨʝ ʦʜ -3 °C ʧʦʪʧʫʥʦ ʫʥʠʰʪʘʚʘʿʫ ʢʣʠʿʘʥʮʝ, -2 ÁC ʙʠˀʢʝ ʫ ʬʘʟʠ ʮʚʝʪʘˁʘ, 

-4 °C ʫ ʬʘʟʠ ʩʘʟʨʝʚʘˁʘ. ɿʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʿʝ ʧʘʩʫˀ ʪʦʧʣʦˀʫʙʠʚʘ ʙʠˀʢʘ ʢʦʿʘ ʩʝ ʥʘʿʙʦˀʝ ʨʘʟʚʠʿʘ 

ʫ ʨʘʩʧʦʥʫ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ 15 ÁC ʜʦ 30 ÁC, ʘʣʠ ʥʝ ʧʦʜʥʦʩʠ ʚʨʝʜʥʦʩʪʠ ʠʟʚʘʥ ʜʘʪʠʭ ʦʧʩʝʛʘ 

(ɻʣʘʤʦʯʣʠʿʘ, 2012). 

ʇʦʪʨʝʙʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʫʤʘ ʫ ʪʦʢʫ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʧʘʩʫˀʘ ʢʨʝ˂ʝ ʩʝ ʠʟʤʝʹʫ 1900 

°C ʠ 3000 °C. ʅʘ ʦʩʥʦʚʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʩʫʤʘ, ʢʦʿʝ ʩʫ ʩʦʨʪʥʘ ʩʧʝʮʠʬʠʯʥʦʩʪ, ʧʨʘʚʝ ʩʝ ʧʣʘʥʦʚʠ 

ʨʦʢʦʚʘ ʩʝʪʚʝ ʤʘʭʫʥʘʨʢʠ ʧʦʧʫʪ ʙʦʨʘʥʠʿʝ ʠ ʧʘʩʫˀʘ (Ĺota, 1989). 

ʇʨʝʜʫʩʣʦʚ ʟʘ ʜʦʙʨʫ ʧʨʦʠʟʚʦʜˁʫ ʧʘʩʫˀʘ ʿʝ ʜʫʙʦʢʦ, ʨʘʩʪʨʝʩʠʪʦ, ʜʦʙʨʦ ʧʨʠʧʨʝʤˀʝʥʦ 

ʟʝʤˀʠʰʪʝ ʩʘ pH ʚʨʝʜʥʦʰ˂ʫ ʦʜ 6,5 ʜʦ 7. ʈʘʟʚʦʿ ʢʚʨʞʠʯʥʠʭ ʙʘʢʪʝʨʠʿʘ ʥʘ ʢʦʨʝʥʦʚʦʤ ʩʠʩʪʝʤʫ 

ʠʟʦʩʪʘʿʝ ʢʘʜʘ ʩʫ ʟʝʤˀʠʰʪʘ ʢʠʩʝʣʝ ʨʝʘʢʮʠʿʝ, ʘ ʩʘʤʠʤ ʪʠʤ ʩʤʘˁʫʿʝ ʩʝ ʠ ʩʥʘʙʜʝʚʘˁʝ ʙʠˀʢʝ 

ʘʟʦʪʦʤ. ʅʘʿʧʦʛʦʜʥʠʿʘ ʟʝʤˀʠʰʪʘ ʟʘ ʛʘʿʝˁʝ ʧʘʩʫˀʘ ʩʫ ʯʝʨʥʦʟʝʤ, ʣʠʚʘʜʩʢʘ ʮʨʥʠʮʘ ʠ ʧʦʿʝʜʠʥʘ 
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ʘʣʫʚʠʿʘʣʥʘ ʟʝʤˀʠʰʪʘ, ʜʦʢ ʩʝ ʩʘ ʥʝʰʪʦ ʤʘˁʠʤ ʫʩʧʝʭʦʤ ʤʦʞʝ ʧʨʦʠʟʚʦʜʠʪʠ ʥʘ ʩʤʦʥʠʮʘʤʘ, 

ʛʘʿˁʘʯʘʤʘ, ʜʦʙʨʦ ʜʨʝʥʠʨʘʥʠʤ ʨʠʪʩʢʠʤ ʮʨʥʠʮʘʤʘ. 

ʉʘ ʩʪʘʥʦʚʠʰʪʘ ʧʦʪʨʝʙʘ ʟʘ ʚʦʜʦʤ, ʧʘʩʫˀ ʠʤʘ ʫʤʝʨʝʥʝ ʧʦʪʨʝʙʝ ʠ ʝʢʦʥʦʤʠʯʥʦ ʿʝ ʪʨʦʰʠ. 

ɿʘ ʜʦʙʘʨ ʨʘʩʪ, ʨʘʟʚʦʿ ʠ ʚʠʩʦʢ ʧʨʠʥʦʩ ʧʦʪʨʝʙʥʦ ʿʝ ʦʜ 300 mm ʜʦ 500 mm ʧʘʜʘʚʠʥʘ (Brouwer ʠ 

Heibloem, 1986). ʄʝʹʫʪʠʤ, ʧʘʩʫˀ ʩʝ ʤʦʞʝ ʛʘʿʠʪʠ ʫʩʧʝʰʥʦ ʠ ʫ ʧʦʜʨʫʯʿʠʤʘ ʩʘ 200-250 mm 

ʧʘʜʘʚʠʥʘ ʧʨʘʚʠʣʥʦ ʨʘʩʧʦʨʝʹʝʥʠʭ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ (ɻʣʘʤʦʯʣʠʿʘ, 2012). ɿʘ ʜʦʙʨʦ 

ʥʠʮʘˁʝ ʧʘʩʫˀʘ, ʧʦʨʝʜ ʘʜʝʢʚʘʪʥʦ ʧʨʠʧʨʝʤˀʝʥʦʛ ʟʝʤˀʠʰʪʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʜʦʚʦˀʥʫ 

ʢʦʣʠʯʠʥʫ ʚʦʜʝ ʟʘ ʙʫʙʨʝˁʝ ʠ ʢʣʠʿʘˁʝ ʩʝʤʝʥʘ. ʋ ʧʦʯʝʪʥʠʤ ʬʝʥʦʬʘʟʘʤʘ ʨʘʩʪʘ, ʧʘʩʫˀ ʜʦʙʨʦ 

ʧʦʜʥʦʩʠ ʢʨʘʪʢʦʪʨʘʿʥʫ ʩʫʰʫ, ʜʦʢ ʫ ʬʝʥʦʬʘʟʘʤʘ ʮʚʝʪʘˁʘ, ʩʘʟʨʝʚʘˁʘ ʠ ʥʘʣʠʚʘˁʘ ʟʨʥʘ ʤʦʞʝ 

ʜʦ˂ʠ ʜʦ ʟʥʘʯʘʿʥʠʭ ʰʪʝʪʘ. ʆʢʦ 60% ʧʨʦʠʟʚʦʜˁe ʧʘʩʫˀʘ ʫ ʩʚʝʪʫ ʦʜʚʠʿʘ ʩʝ ʫ ʫʩʣʦʚʠʤʘ ʚʦʜʥʦʛ 

ʩʪʨʝʩʘ (Rao, 2014). ɿʙʦʛ ʥʝʨʘʚʥʦʤʝʨʥʦʛ ʨʘʩʧʦʨʝʜʘ ʧʘʜʘʚʠʥʘ, ʧʘʩʫˀ ʥʘʿʚʠʰʝ ʧʘʪʠ ʫ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʿ ʬʘʟʠ (Laing et al., 1984). ʋʟʝʚʰʠ ʫ ʦʙʟʠʨ ʜʘ ʩʝ ʥʘʿʚʝ˂ʠ ʜʝʦ ʛʝʥʝʨʘʪʠʚʥʦʛ 

ʧʝʨʠʦʜʘ ʦʜʚʠʿʘ ʫ ʣʝʪˁʝʤ ʧʝʨʠʦʜʫ, ʢʘʜʘ ʩʝ ʿʘʚˀʘ ʥʘʿʚʝ˂ʠ ʜʝʬʠʮʠʪ ʚʦʜʝ, ʥʝʜʦʩʪʘʪʘʢ ʚʣʘʞʥʦʩʪʠ 

ʤʦʞʝ ʫʟʨʦʢʦʚʘʪʠ ʦʜʙʘʮʠʚʘˁʝ ʮʚʝʪʦʚʘ ʠ ʤʘʭʫʥʘ (Rezene et al., 2013; Mathobo et al., 2017), ʰʪʦ 

ʟʘ ʢʨʘʿˁʫ ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʩʤʘˁʝˁʝ ʧʨʠʥʦʩʘ ʧʘʩʫˀʘ (Ter§n ʠ Singh, 2002; Liebenberg, 2017). 

ʇʘʩʫˀ ʩʧʘʜʘ ʫ ʚʨʣʦ ʦʩʝʪˀʠʚʝ ʙʠˀʥʝ ʚʨʩʪʝ. ʂʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ ʩʫ ʫʟʨʦʢ ʚʨʝʤʝʥʩʢʠʭ ʫʩʣʦʚʘ 

ʢʦʿʝ ʦʪʝʞʘʚʘʿʫ ʧʨʦʠʟʚʦʜˁʫ ʦʚʝ ʤʘʭʫʥʘʨʢʝ, ʰʪʦ ʟʙʦʛ ʝʢʩʪʨʝʤʥʠʭ ʧʝʨʠʦʜʘ ʩʫʰʝ ʦʜʥʦʩʥʦ ʢʠʰʝ, 

ʪʘʢʦ ʠ ʟʙʦʛ ʠʥʪʝʥʟʠʚʠʨʘˁʘ ʥʘʧʘʜʘ ʠʟʘʟʠʚʘʯʘ ʙʠˀʥʠʭ ʙʦʣʝʩʪʠ (Hagedorn ʠ Inglis, 1986) ʠ 

ʠʥʩʝʢʘʪʘ (ʊʦʜʦʨʦʚʠ˂ ʠ ʩʘʨ., 2008). ʉʦʨʪʝ ʢʦʿʝ ʧʦʪʠʯʫ ʠʟ ʩʝʤʠʘʨʠʜʥʠʭ ʧʦʜʨʫʯʿʘ ʩʫʙʪʨʦʧʩʢʝ 

ʢʣʠʤʝ ʙʦˀʝ ʧʦʜʥʦʩʝ ʩʫʰʫ. ʊʦ ʩʫ ʛʝʥʦʪʠʧʦʚʠ ʥʠʩʢʠʭ ʞʙʫʥʦʣʠʢʠʭ ʩʪʘʙʘʣʘ, ʫʩʢʠʭ ʣʠʩʪʦʚʘ ʠ 

ʩʠʪʥʠʭ ʣʦʧʪʘʩʪʠʭ ʩʝʤʝʥʘ ʪʘʤʥʝ ʙʦʿʝ (ɻʣʘʤʦʯʣʠʿʘ, 2012). 

ʊʝʭʥʦʣʦʛʠʿʘ ʧʨʦʠʟʚʦʜˁʝ ʧʘʩʫˀʘ ʿʝ ʨʘʟʥʦʚʨʩʥʘ. ʄʦʞʝ ʩʝ ʛʘʿʠʪʠ ʫ ʯʠʩʪʦʤ ʫʩʝʚʫ ʠʣʠ 

ʩʝʿʘʪʠ ʫ ʥʘʠʟʤʝʥʠʯʥʝ ʪʨʘʢʝ (ʥʘʿʯʝʰ˂ʝ ʩʦʨʪʝ ʥʠʩʢʦʛ ʨʘʩʪʘ, ʪʟʚ. ʯʫʯʘʚʮʠ), ʠ ʫ ʟʜʨʫʞʝʥʦʤ 

ʫʩʝʚʫ, ʪʨʘʜʠʮʠʦʥʘʣʥʦ ʩʘ ʢʫʢʫʨʫʟʦʤ (ʩʦʨʪʝ ʚʠʩʦʢʦʛ ʨʘʩʪʘ, ʠʥʜʝʪʝʨʤʠʥʘʥʪʥʝ, ʪʟʚ. ʧʫʟʘʚʠʮʝ).  

ʇʨʝʜʩʝʪʚʝʥʘ ʧʨʠʧʨʝʤʘ ʟʝʤˀʠʰʪʘ ʩʝ ʠʟʚʦʜʠ ʫ ʮʠˀʫ ʬʦʨʤʠʨʘˁʘ ʨʘʩʪʨʝʩʠʪʦʛ 

ʧʦʚʨʰʠʥʩʢʦʛ ʩʣʦʿʘ ʟʝʤˀʠʰʪʘ, ʢʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʣʦ ʰʪʦ ʙʦˀʝ ʠ ʫʿʝʜʥʘʯʝʥʠʿʝ ʥʠʮʘˁʝ ʩʝʤʝʥʘ. 

ʉʪʚʘʨʘˁʝ ʧʦʢʦʨʠʮʝ ʥʘ ʟʝʤˀʠʰʪʫ ʫʩʣʝʜ ʧˀʫʩʢʦʚʘ, ʰʪʦ ʩʝ ʯʝʰ˂ʝ ʜʝʰʘʚʘ ʫ ʧʦʩʪʨʥʦʿ ʩʝʪʚʠ, 

ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʥʝʫʿʝʜʥʘʯʝʥʦʛ ʥʠʮʘˁʘ ʩʝʤʝʥʘ, ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʛ ʧʦʨʘʩʪʘ ʙʠˀʘʢʘ, ʰʪʦ ʦʤʝʪʘ 

ˁʝʥ ʜʘˀʠ ʨʘʟʚʦʿ ʠ ʨʝʜʫʢʫʿʝ ʧʨʠʥʦʩ. ʂʘʜʘ ʛʦʚʦʨʠʤʦ ʦ ʩʝʪʚʠ ʥʠʩʢʠʭ ʩʦʨʪʠ, ʜʘ ʙʠ ʩʝ ʧʦʩʪʠʛʘʦ 

ʩʢʣʦʧ ʦʜ ʦʢʦ 400.000 ʭʠˀʘʜʘ ʙʠˀʘʢʘ ʧʦ ʭʝʢʪʘʨʫ, ʩʝʪʚʘ ʩʝ ʦʙʘʚˀʘ ʩʘ ʨʘʟʤʘʢʦʤ ʠʟʤʝʹʫ ʨʝʜʦʚʘ 

ʦʜ 50 cm ʠ ʨʘʟʤʘʢʦʤ ʠʟʤʝʹʫ ʙʠˀʘʢʘ ʫ ʨʝʜʫ ʦʜ 5 cm. 

ʇʨʚʫ ʢʫʣʪʠʚʘʮʠʿʫ ʪʨʝʙʘ ʠʟʚʨʰʠʪʠ ʦʜ ʬʘʟʝ ʧʨʚʦʛ ʜʦ ʬʘʟʝ ʜʨʫʛʦʛ ʧʨʘʚʦʛ ʣʠʩʪʘ, ʥʝ ʜʫʙˀʝ 

ʦʜ 10 cm. ʅʘʨʝʜʥʝ ʢʫʣʪʠʚʘʮʠʿʝ ʪʨʝʙʘ ʜʘ ʩʫ ʧʣʠ˂ʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʚʫ (ʊʦʜʦʨʦʚʠ˂ ʠ ʩʘʨ., 2008). 

ʊʦʢʦʤ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʧʘʩʫˀ ʠʟʥʦʩʠ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʿʫʤʘ 

ʠʟ ʟʝʤˀʠʰʪʘ. ʇʨʝʤʘ ʠʩʪʨʘʞʠʚʘˁʠʤʘ Leġiĺ et al. (1981), ʦʚʘ ʢʫʣʪʫʨʘ ʧʨʠʥʦʩʦʤ ʟʨʥʘ ʦʜ 2430 

kgĀha
-1

 ʠʟʥʦʩʠ 87 kgĀha
-1

 ʘʟʦʪʘ, 27 kgĀha
-1

 ʣʘʢʦʧʨʠʩʪʫʯʘʥʦʛ ʬʦʩʬʦʨʘ (P2O5) ʠ 37 kgĀha
-1

 

ʢʘʣʠʿʫʤʘ (K2O). ʋ ʧʦʯʝʪʥʠʤ ʬʘʟʘʤʘ ʨʘʟʚʦʿʘ ʧʘʩʫˀʘ ʿʘʚˀʘ ʩʝ ʚʝʣʠʢʘ ʧʦʪʨʝʙʘ ʟʘ ʘʟʦʪʦʤ ʠ 

ʢʘʣʮʠʿʫʤʦʤ, ʩʚʝ ʜʦ ʪʨʝʥʫʪʢʘ ʜʦʢ ʩʝ ʥʝ ʨʘʟʚʠʿʫ ʢʚʨʞʠʯʥʝ ʙʘʢʪʝʨʠʿʝ ʥʘ ʢʦʨʝʥʫ (ʂʘʩʪʦʨʠ, 1983). 

ɻʣʘʤʦʯʣʠʿʘ (2012), ʩʤʘʪʨʘ ʜʘ ʫ ʫʩʣʦʚʠʤʘ ʦʧʪʠʤʘʣʥʝ ʘʢʪʠʚʥʦʩʪʠ ʩʠʤʙʠʦʪʩʢʝ ʙʘʢʪʝʨʠʿʝ 

ʦʙʝʟʙʝʜʝ ʦʢʦ 80% ʧʦʪʨʝʙʘ ʧʘʩʫˀʘ ʟʘ ʘʟʦʪʦʤ. ʇʨʝʧʦʨʫʢʘ ʿʝ ʜʘ ʩʝ ʥʘ ʯʝʨʥʦʟʝʤʠʤʘ ʠ ʨʠʪʩʢʠʤ 

ʟʝʤˀʠʰʪʠʤʘ 30% ʘʟʦʪʥʠʭ ʹʫʙʨʠʚʘ ʫʥʝʩʝ ʥʘ ʿʝʩʝʥ ʩʘ ʮʝʣʦʢʫʧʥʦʤ ʜʦʟʦʤ ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʿʫʤʘ, 

ʘ ʦʩʪʘʣʘ ʢʦʣʠʯʠʥʘ ʫ ʧʨʦʣʝ˂ʝ (ʊʦʜʦʨʦʚʠ˂ ʠ ʩʘʨ., 2006). ʇʨʠʭʨʘˁʠʚʘˁʝ ʩʝ ʧʨʝʧʦʨʫʯʫʿʝ ʢʘʜʘ ʩʝ 

ʧʘʩʫˀ ʫʟʛʘʿʘ ʥʘ ʣʘʢʠʤ ʠ ʧʨʦʧʫʩʥʠʤ ʟʝʤˀʠʰʪʠʤʘ ʠʟ ʢʦʿʠʭ ʩʝ ʙʨʟʦ ʠʩʧʠʨʘ ʣʘʢʦʨʘʩʪʚʦʨˀʠʚʠ 

ʘʟʦʪ. ʌʝʨʪʠʨʠʛʘʮʠʿʘ ʿʝ ʜʦʙʘʨ ʥʘʯʠʥ ʧʨʠʭʨʘʥʝ, ʢʘʜʘ ʩʝ ʫʩʝʚ ʛʘʿʠ ʧʦʜ ʩʠʩʪʝʤʦʤ ʟʘ 

ʥʘʚʦʜˁʘʚʘˁʝ. 

ʇʦʨʝʜ ʛʘʿʝˁʘ ʧʘʩʫˀʘ ʫ ʨʝʜʦʚʥʦʿ ʩʝʪʚʠ, ʟʙʦʛ ʢʨʘʪʢʝ ʚʝʛʝʪʘʮʠʿʝ ʤʦʞʝ ʩʝ ʩʝʿʘʪʠ ʠ ʢʘʩʥʠʿʝ, 

ʩʚʝ ʜʦ ʧʦʯʝʪʢʘ ʿʫʣʘ ʤʝʩʝʮʘ, ʪʝ ʤʦʞʝ ʙʠʪʠ ʠʥʪʝʨʝʩʘʥʪʘʥ ʢʘʦ ʥʘʢʥʘʜʥʠ ʫʩʝʚ. 
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4.2. ʋʪʠʮʘʿ ʨʦʢʦʚʘ ʩʝʪʚʝ ʥʘ ʧʦʪʨʝʙʝ ʟʘ ʚʦʜʦʤ, ʝʬʠʢʘʩʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ ʠ ʧʨʠʥʦʩ  

ɱʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʟʘ ʙʦˀʝ ʠʩʢʦʨʠʰ˂ʘʚʘˁʝ ʟʝʤˀʠʰʪʘ, ʘ ʫʿʝʜʥʦ ʠ ʧʦʚʝ˂ʘˁʝ ʧʨʠʥʦʩʘ ʠ 

ʧʨʠʭʦʜʘ ʩʘ ʿʝʜʠʥʠʮʝ ʧʦʚʨʰʠʥʝ ʿʝʩʪʝ ʩʤʝˁʠʚʘˁʝ ʚʠʰʝ ʫʩʝʚʘ ʛʦʜʠʰˁʝ ʥʘ ʠʩʪʦʤ ʤʝʩʪʫ 

(ʄʦʣʥʘʨ ʠ ʩʘʨ., 2003). ɺʦʿʚʦʜʠʥʘ ʿʝ ʪʘʢʚʦ ʧʦʜʨʫʯʿʝ ʛʜʝ ʩʫ ʜʚʝ ʞʝʪʚʝ ʛʦʜʠʰˁʝ ʤʦʛʫ˂ʝ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʠʟʙʦʨʘ ʫʩʝʚʘ (Vuļiĺ, 1981) ʠ ʫ ʫʩʣʦʚʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ (ɹʦʰˁʘʢ, 1999).  

ʂʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʤʝʩʪʫ ʫ ʧʣʦʜʦʨʝʜʫ, ʤʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʩʫ ʤʘʭʫʥʘʨʢʝ ʧʨʠʣʘʛʦʹʝʥʝ ʥʘ 

ʨʘʟʣʠʯʠʪʝ ʩʠʩʪʝʤʝ ʠ ʫʩʣʦʚʝ ʛʘʿʝˁʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʧʦʩʪʦʿʠ ʧʫʥʦ ʩʦʨʪʠ ʢʨʘʪʢʝ ʚʝʛʝʪʘʮʠʿʝ, 

ʤʘʭʫʥʘʨʢʝ ʩʝ ʤʦʛʫ ʛʘʿʠʪʠ ʠ ʢʘʦ ʛʣʘʚʥʠ ʠ ʢʘʦ ʧʦʩʪʨʥʠ (ʥʘʢʥʘʜʥʠ) ʫʩʝʚ. ʆʜ ʩʚʠʭ ʤʘʭʫʥʘʨʢʠ, ʜʦ 

ʩʘʜʘ ʿʝ ʢʦʜ ʥʘʩ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʘ ʫ ʧʦʩʪʨʥʦʿ ʩʝʪʚʠ ʙʠʣʘ ʩʦʿʘ (ʄʠʣʘʜʠʥʦʚʠ˂ ʠ ʩʘʨ., 2006; 

ʄʘʢʩʠʤʦʚʠ˂ ʠ ʩʘʨ., 2008). ɹʨʦʿʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʛʦʚʦʨʝ ʜʘ ʩʝ ʧʦʨʝʜ ʩʦʿʝ, ʠ ʧʘʩʫˀ ʤʦʞʝ ʛʘʿʠʪʠ 

ʫ ʧʦʩʪʨʥʦʿ ʩʝʪʚʠ ʢʘʢʦ ʫ ʩʚʝʪʫ (Babaeian et al., 2012; Tunc et al., 2020) ʪʘʢʦ ʠ ʫ ʘʛʨʦʝʢʦʣʦʰʢʠʤ 

ʫʩʣʦʚʠʤʘ ʉʨʙʠʿʝ (ɺʘʩʠ˂ ʠ ʩʘʨ., 2007; ʇʘʥʜʫʨʦʚʠ˂ ʠ ʩʘʨ., 2019). 

ʀʩʧʠʪʠʚʘˁʝ ʦʧʪʠʤʘʣʥʠʭ ʠ ʢʘʩʥʠʭ ʨʦʢʦʚʘ ʩʝʪʚʝ ʥʘ ʤʘʭʫʥʘʨʢʘʤʘ ʚʨʰʝʥʦ ʿʝ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʘʛʨʦʝʢʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ ʰʠʨʦʤ ʩʚʝʪʘ. 

ʋʪʠʮʘʿ ʥʘʚʦʜˁʘʚʘˁʘ, ʨʦʢʘ ʩʝʪʚʝ ʠ ʧʨʠʤʝʥʝ ʘʟʦʪʘ ʥʘ ʢʚʘʣʠʪʝʪ ʠ ʧʨʠʥʦʩ ʛʨʘʰʢʘ ʥʘ 

ʧʦʜʨʫʯʿʫ ʀʨʘʥʘ ʠʩʪʨʘʞʠʚʘʣʠ ʩʫ Ghodsi et al. (2022). ʇʨʠʤʝˁʝʥʘ ʩʫ ʪʨʠ ʨʝʞʠʤʘ ʟʘʣʠʚʘˁʘ 

(50% ʦʜ ʧʦˀʩʢʦʛ ʚʦʜʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (ʇɺʂ), 75% ʦʜ ʇɺʂ ʠ 100% ʦʜ ʇɺʂ), ʜʚʘ ʨʦʢʘ ʩʝʪʝ 

(ʬʝʙʨʫʘʨ ʠ ʤʘʨʪ) ʠ ʪʨʝʪʤʘʥ ʘʟʦʪʥʦʛ ʹʫʙʨʝˁʘ (ʩʘ ʠ ʙʝʟ ʧʨʠʤʝʥʝ). ʋʪʚʨʜʠʣʠ ʩʫ ʜʘ ʩʝ ʩʘʜʨʞʘʿ 

ʭʣʦʨʦʬʠʣʘ, ʠʥʜʝʢʩ ʣʠʩʥʝ ʧʦʚʨʰʠʥʝ, ʧʨʠʥʦʩ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʚʦʜʝ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʚʘʿʫ ʫ 

ʢʘʩʥʦʿ ʩʝʪʚʠ. ʈʝʜʫʢʦʚʘʥʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ ʤʦʞʝ ʩʝ ʫʰʪʝʜʝʪʠ ʥʘʿʤʘˁʝ 25% ʚʦʜʝ ʙʝʟ ʟʥʘʯʘʿʥʠʭ 

ʩʤʘˁʝˁʘ ʧʨʠʥʦʩʘ. 

Manning et al. (2020) ʠʩʪʨʘʞʠʚʘʣʠ ʩʫ ʢʘʢʦ ʨʘʟʣʠʯʠʪʠ ʨʦʢʦʚʠ ʩʝʪʚʝ (ʧʦʣʦʚʠʥʘ ʘʧʨʠʣʘ, 

ʧʦʯʝʪʘʢ ʤʘʿʘ ʠ ʢʨʘʿ ʤʘʿʘ/ʧʦʯʝʪʘʢ ʿʫʥʘ) ʥʘ ʜʚʝ ʣʦʢʘʮʠʿʝ (ʧʦʜʨʫʯʿʝ ɸʫʩʪʨʘʣʠʿʝ) ʫʟ ʧʨʠʤʝʥʫ 

ʟʘʣʠʚʘˁʘ ʫʪʠʯʫ ʥʘ ʧʨʠʥʦʩ ʚʠʰʝ ʛʝʥʦʪʠʧʦʚʘ ʙʦʙʘ. ʅʘʿʚʝ˂ʠ ʧʨʠʥʦʩʠ ʦʩʪʚʘʨʝʥʠ ʩʫ ʩʝʪʚʦʤ 

ʧʦʯʝʪʢʦʤ ʤʘʿʘ (3,05 tĀha
-1
) ʫʟ ʧʦʩʪʠʟʘˁʝ ʥʘʿʚʝ˂ʝʛ ʞʝʪʚʝʥʦʛ ʠʥʜʝʢʩʘ (0,44), ʜʦʢ ʩʝ ʥʘʿʥʠʞʠ 

ʧʨʠʥʦʩʠ ʧʦʩʪʠʞʫ ʩʝʪʚʦʤ ʫ ʧʨʚʦʿ ʧʦʣʦʚʠʥʠ ʘʧʨʠʣʘ (2,04 tĀha
-1
). ʂʘʩʥʦʤ ʩʝʪʚʦʤ ʩʤʘˁʫʿʝ ʩʝ 

ʚʨʝʤʝ ʩʘʟʨʝʚʘˁʘ, ʜʦʢ ʩʝ ʩʝʪʚʦʤ ʢʨʘʿʝʤ ʤʘʿʘ/ʧʦʯʝʪʢʦʤ ʿʫʥʘ ʟʥʘʯʘʿʥʦ ʩʤʘˁʫʿʝ ʤʘʩʘ 1000 

ʩʝʤʝʥʘ. 

Tunc et al. (2020) ʩʫ ʠʩʧʠʪʠʚʘʣʠ ʫʪʠʮʘʿ ʧʦʩʪʨʥʝ ʩʝʪʚʝ ʥʘ ʢʦʤʧʦʥʝʥʪʝ ʧʨʠʥʦʩʘ ʜʝʩʝʪ 

ʩʦʨʪʠ ʧʘʩʫˀʘ. ɼʚʦʛʦʜʠʰˁʠ ʦʛʣʝʜ ʿʝ ʧʦʩʪʘʚˀʝʥ ʢʘʦ ʧʦʪʧʫʥʦ ʩʣʫʯʘʿʘʥ ʙʣʦʢ ʩʠʩʪʝʤ ʩʘ ʪʨʠ 

ʧʦʥʘʚˀʘˁʘ. ʆʛʣʝʜ ʿʝ ʩʝʿʘʥ 16. ʿʫʥʘ ʪʦʢʦʤ 2017. ʛʦʜʠʥʝ ʠ 20. ʿʫʥʘ ʪʦʢʦʤ 2018. ʛʦʜʠʥʝ. 

ʅʘʚʦʜˁʘʚʘˁʝ ʿʝ ʚʨʰʝʥʦ ʤʝʪʦʜʦʤ ʢʘʧʘˁʘ. ʆʩʪʚʘʨʝʥʠ ʩʫ ʧʨʦʩʝʯʥʠ ʧʨʠʥʦʩʠ ʦʜ 1912 kgĀha
-1

 

(2017) ʠ 1505 (2018) kgĀha
-1
. ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʿʝ ʧʨʦʠʟʚʦʜˁʘ ʧʘʩʫˀʘ ʢʘʦ ʜʨʫʛʦʛ ʫʩʝʚʘ ʤʦʛʫ˂ʘ 

ʫʟ ʧʨʠʤʝʥʫ ʥʘʚʦʜˁʘʚʘˁʘ. Babaeian et al. (2012) ʩʫ ʠʩʧʠʪʘʣʠ ʫʪʠʮʘʿ ʨʦʢʘ ʩʝʪʚʝ ʠ ʛʫʩʪʠʥʝ ʫʩʝʚʘ 

ʧʘʩʫˀʘ. ʈʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʜʘ ʿʝ ʧʨʚʘ ʩʝʪʚʘ ʠʤʘʣʘ ʚʝ˂ʫ ʤʘʩʫ 1000 ʩʝʤʝʥʘ, ʜʦʢ ʿʝ ʫ ʜʨʫʛʦʿ ʩʝʪʚʠ 

ʟʘʙʝʣʝʞʝʥ ʤʘˁʠ ʙʨʦʿ ʤʘʭʫʥʘ ʧʦ ʙʠˀʮʠ ʠ ʩʤʘˁʝʥ ʙʨʦʿ ʟʨʥʘ ʧʦ ʙʠˀʮʠ. ʊʘʢʦʹʝ, ʫʢʘʟʘʣʠ ʩʫ ʠ ʜʘ 

ʧʝʨʠʦʜʠ ʩʝʪʚʝ ʥʠʩʫ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʣʠ ʥʘ ʚʠʩʠʥʫ ʙʠˀʢʝ ʠ ʞʝʪʚʝʥʠ ʠʥʜʝʢʩ. Zeleke ʠ Nendel, 

(2019) ʠʩʧʠʪʠʚʘʣʠ ʩʫ ʫʪʠʮʘʿ ʜʚʘ ʨʦʢʘ ʩʝʪʚʝ ʠ ʯʝʪʠʨʠ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʦʨʘʩʪ ʠ 

ʧʨʠʥʦʩ ʙʦʙʘ (Vicia faba L.). ɿʘʢˀʫʯʠʣʠ ʩʫ ʜʘ ʦʜʣʘʛʘˁʝʤ ʩʝʪʚʝ ʜʦʣʘʟʠ ʜʦ ʦʧʘʜʘˁʘ ʧʨʠʥʦʩʘ, 

ʤʘʩʝ 1000 ʩʝʤʝʥʘ ʠ ʧʦʢʨʦʚʥʦʩʪʠ ʫʩʝʚʘ, ʜʦʢ ʩʝ ʙʨʦʿ ʤʘʭʫʥʘ ʧʦ ʙʠˀʮʠ ʥʠʿʝ ʟʥʘʯʘʿʥʦ 

ʨʘʟʣʠʢʦʚʘʦ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʨʝʜʦʚʥʠʤ ʨʦʢʦʤ ʩʝʪʚʝ. ʊʨʝʪʤʘʥ ʥʘʚʦʜˁʘʚʘˁʘ ʫ ʨʝʧʨʦʜʫʢʪʠʚʥʦʿ 

ʬʘʟʠ, ʦʩʪʚʘʨʠʦ ʿʝ ʝʢʚʠʚʘʣʝʥʪʥʝ ʧʨʠʥʦʩʝ ʢʘʦ ʨʝʞʠʤ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʫʟ ʫʰʪʝʜʫ ʚʦʜʝ ʦʜ 

28%. Arredondo et al. (2020) ʠʩʧʠʪʘʣʠ ʩʫ ʫʪʠʮʘʿ ʢʘʩʥʝ ʩʝʪʚʝ ʧʘʩʫˀʘ ʥʘ ʧʦʜʨʫʯʿʫ ʩʝʤʠʘʨʜʠʥʝ 

ʢʣʠʤʝ ʄʝʢʩʠʢʘ ʫ ʤʦʜʠʬʠʢʦʚʘʥʠʤ ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʢʦʿʠ ʩʠʤʫʣʠʨʘʿʫ ʧʦʚʝ˂ʘˁʝ 

ʘʤʙʠʿʝʥʪʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘ 2 ÁC ʫʟ ʩʥʠʞʝʥʝ ʧʘʜʘʚʠʥʝ ʟʘ 30%. ʀʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ 

ʩʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘ 2 ÁC ʧʨʠʥʦʩ ʧʘʩʫˀʘ ʪʘʢʦʹʝ ʧʦʚʝ˂ʘʚʘ ʠ ʫ ʢʘʩʥʠʠʿʤ ʨʦʢʦʚʠʤʘ 

ʩʝʪʚʝ. 
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ʀʩʪʨʘʞʠʚʘˁʘ ʤʦʛʫ˂ʥʦʩʪʠ ʛʘʿʝˁʘ ʧʘʩʫˀʘ ʫ ʧʦʩʪʨʥʦʿ ʩʝʪʚʠ (ʥʘʢʦʥ ʞʝʪʚʝ ʿʝʯʤʘ) ʦʙʘʚʠʣʠ 

ʩʫ ɺʘʩʠ˂ ʠ ʩʘʨ. (2007), ʠʩʧʠʪʫʿ ʫ˂ʠ ʫʢʫʧʥʦ 16 ʛʝʥʦʪʠʧʦʚʘ. ɼʦʢʘʟʘʣʠ ʩʫ ʜʘ ʩʝ ʧʘʩʫˀ ʤʦʞʝ 

ʫʩʧʝʰʥʦ ʛʘʿʠʪʠ ʫ ʧʦʩʪʨʥʦʿ ʩʝʪʚʠ ʫʟ ʧʨʠʤʝʥʫ ʥʘʚʦʜˁʘʚʘˁʘ ʤʝʪʦʜʦʤ ʢʠʰʝˁʘ. ʋ ʧʦʩʪʨʥʦʿ 

ʩʝʪʚʠ ʪʦʢʦʤ ʧʨʚʝ ʛʦʜʠʥʝ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʠʤʝˁʝʥʘ ʿʝ ʥʦʨʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʦʜ 90 mm, ʘ ʫ ʪʦʢʫ 

ʜʨʫʛʝ ʛʦʜʠʥʝ ʧʨʠʤʝˁʝʥʦ ʿʝ 195 mm. ʂʦʜ ʥʝʢʠʭ ʛʝʥʦʪʠʧʦʚʘ ʟʘʙʝʣʝʞʝʥ ʿʝ ʧʦʚʝ˂ʘʥ ʙʨʦʿ ʤʘʭʫʥʘ 

ʧʦ ʙʠˀʮʠ, ʘʣʠ ʩʤʘˁʝʥ ʙʨʦʿ ʩʝʤʝʥʘ ʧʦ ʤʘʭʫʥʠ. ʇʨʠʥʦʩʠ ʫ ʧʦʩʪʨʥʦʿ ʩʝʪʚʠ ʠʟʥʦʩʠʣʠ ʩʫ ʦʢʦ 

1900 kgĀha
-1
, ʪʝʢ ʥʝʰʪʦ ʤʘˁʝ ʦʜ ʧʨʦʩʝʯʥʠʭ ʧʨʠʥʦʩʘ ʠʟ ʨʝʜʦʚʥʝ ʩʝʪʚʝ. ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʝ 

ʧʘʩʫˀ ʫ ʧʦʩʪʨʥʦʿ ʩʝʪʚʠ ʤʦʞʝ ʩʝʿʘʪʠ ʥʘʿʢʘʩʥʠʿʝ ʜʦ ʧʦʯʝʪʢʘ ʿʫʣʘ ʤʝʩʝʮʘ.  

ʇʘʥʜʫʨʦʚʠ˂ ʠ ʩʘʨ. (2019) ʩʫ ʫ ʯʝʪʚʦʨʦʛʦʜʠʰˁʝʤ ʧʝʨʠʦʜʫ ʠʩʪʨʘʞʠʚʘʣʠ ʤʦʛʫ˂ʥʦʩʪ 

ʧʨʦʠʟʚʦʜˁʝ ʧʘʩʫˀʘ ʩʦʨʪʝ ʩʨʝʤʘʮ ʫ ʫʩʣʦʚʠʤʘ ʧʨʠʨʦʜʥʝ ʩʥʘʙʜʝʚʝʥʦʩʪʠ ʚʦʜʦʤ, ʥʘ ʧʦʜʨʫʯʿʫ 

ʐʘʧʮʘ. ʇʨʚʝ ʪʨʠ ʛʦʜʠʥʝ ʩʝʿʘʥ ʿʝ ʧʘʩʫˀ ʫ ʨʝʜʦʚʥʦʿ ʧʨʦʣʝ˂ʥʦʿ ʩʝʪʚʠ, ʜʦʢ ʩʝ ʯʝʪʚʨʪʝ ʛʦʜʠʥʝ 

ʧʘʩʫˀ ʩʝʿʘʦ ʢʘʦ ʧʦʩʪʨʥʠ ʫʩʝʚ. ʇʨʠʥʦʩʠ ʧʦ ʛʦʜʠʥʠ ʩʫ ʩʝ ʢʨʝʪʘʣʠ ʦʜ 1510 kgĀha
-1

 ʜʦ 2520 kgĀha
-

1
 (2015. ʠ 2018. ʛʦʜ.). ʋ ʧʦʩʪʨʥʦʿ ʩʝʪʚʠ ʧʘʩʫˀ ʿʝ ʩʝʿʘʥ 6. ʿʫʣʘ, ʘ ʧʨʠʥʦʩ ʿʝ ʠʟʥʦʩʠʦ 1980 kgĀha

-1
, 

ʯʠʤʝ ʩʝ ʟʘʢˀʫʯʫʿʝ ʜʘ ʫ ʧʦʚʦˀʥʠʤ ʛʦʜʠʥʘʤʘ ʩʘ ʘʩʧʝʢʪʘ ʨʘʩʧʦʨʝʜʘ ʧʘʜʘʚʠʥʘ ʧʘʩʫˀ ʤʦʞʝ 

ʫʩʧʝʰʥʦ ʧʨʦʠʟʚʦʜʠʪʠ ʠ ʫ ʢʘʩʥʠʤ ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ ʢʘʦ ʧʦʩʪʨʥʠ ʫʩʝʚ. 

4.3. ʇʦʚʝ˂ʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ ʨʝʜʫʢʦʚʘʥʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ 

ʂʘʜʘ ʛʦʚʦʨʠʤʦ ʦ ʥʘʚʦʜˁʘʚʘˁʫ, ʧʦʩʪʦʿʠ ʚʠʰʝ ʥʘʯʠʥʘ ʟʘ ʧʦʚʝ˂ʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ 

ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ ʫ ʮʠˀʫ ˁʝʥʦʛ ʨʘʮʠʦʥʘʣʥʦʛ ʢʦʨʠʰ˂ʝˁʘ. ʅʝʢʠ ʦʜ ʥʘʯʠʥʘ ʤʦʛʫ ʙʠʪʠ 

ʨʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ (ʈʅ) ʠ ʨʝʛʫʣʠʩʘʥʦ ʨʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁ ʝ (ʈʈʅ), ʢʦʿʠ ʫʿʝʜʥʦ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʘʜʘʧʪʠʚʥʫ ʤʝʨʫ ʟʘ ʦʜʨʞʘʚʘˁʝ ʚʠʩʦʢʠʭ ʧʨʠʥʦʩʘ ʫʟ ʟʥʘʯʘʿʥʝ ʫʰʪʝʜʝ ʚʦʜʝ (Zhang 

et al., 2021), ʘʣʠ ʠ ʧʦʚʝ˂ʘˁʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜʝ (ʇɺ) (Rathore et al., 2021). 

ʈʝʜʫʢʦʚʘʥʦ ʟʘʣʠʚʘˁʝ ʿʝ ʚʠʜ ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʪʨʘʪʝʛʠʿʝ ʥʘʚʦʜˁʘʚʘˁʘ, ʛʜʝ ʩʝ ʟʘʣʠʚʘˁʝʤ 

ʜʦʟʚʦˀʘʚʘ ʜʘ ʫʩʝʚ ʫʹʝ ʫ ʩʪʨʝʩ ʩʫʰʝ, ʨʘʜʠ ʫʰʪʝʜʝ ʚʦʜʝ ʫʟ ʤʠʥʠʤʘʣʥʝ ʫʪʠʮʘʿʝ ʥʘ ʩʤʘˁʝˁʝ 

ʧʨʠʥʦʩʘ (Geerts ʠ Raes, 2009). ʊʦʢʦʤ ʬʝʥʦʬʘʟʘ ʪʦʣʝʨʘʥʪʥʠʿʠʭ ʥʘ ʩʫʰʫ (ʥʘʿʯʝʰ˂ʝ ʠʥʪʝʥʟʠʚʥʠ 

ʧʦʨʘʩʪ ʠ ʩʘʟʨʝʚʘˁʝ) ʙʠˀʢʝ ʩʝ ʠʟʣʘʞʫ ʩʪʨʝʩʫ ʩʫʰʝ. ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʪʘʢʦʹʝ ʩʨʝ˂ʝ ʪʝʨʤʠʥ 

Ăʟʘʣʠʚʘˁʝ ʫʩʝʚʘ ʧʦ ʧʦʪʨʝʙʠñ (eng. Supplemental irrigation), ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʠʥʪʝʨʚʝʥʪʥʦ 

ʟʘʣʠʚʘˁʝ ʫʩʝʚʘ ʪʦʢʦʤ ʯʠʪʘʚʝ ʩʝʟʦʥʝ. ʆʙʘ ʪʝʨʤʠʥʘ ʩʝ ʢʦʨʠʩʪʝ ʢʘʦ ʢʦʥʮʝʧʪ ʫʰʪʝʜʝ ʚʦʜʝ ʟʘ 

ʥʘʚʦʜˁʘʚʘˁʝ. 

ʂʦʥʮʝʧʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜʝ (ʇɺ) ʠ ʝʬʠʢʘʩʥʦʩʪʠ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ (ɽʂɺ) ʩʫ ʦʩʥʦʚʥʠ 

ʧʘʨʘʤʝʪʨʠ ʫ ʧʨʦʮʝʥʠ ʩʪʨʘʪʝʛʠʿʝ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (Molden et al., 2003). ʈʝʜʫʢʦʚʘʥʦ 

ʥʘʚʦʜˁʘʚʘˁʝ ʠʤʘ ʟʘ ʮʠˀ ʩʪʘʙʠʣʠʟʘʮʠʿʫ ʧʨʠʥʦʩʘ ʫʟ ʤʘʢʩʠʤʠʟʠʨʘˁʝ ʇɺ, ʥʘʫʰʪʨʙ ʧʦʩʪʠʟʘˁʘ 

ʤʘʢʩʠʤʘʣʥʠʭ ʧʨʠʥʦʩʘ. ʇʦʨʝʜ ʫʰʪʝʜʝ ʚʦʜʝ, ʨʝʜʫʢʦʚʘʥʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ, ʩʤʘˁʫʿʝ ʩʝ 

ʠʩʧʠʨʘˁʝ ʭʨʘʥʠʚʘ ʠʟ ʟʦʥʝ ʢʦʨʝʥʦʚʦʛ ʩʠʩʪʝʤʘ, ʰʪʦ ʜʦʧʨʠʥʦʩʠ ʙʦˀʝʤ ʢʚʘʣʠʪʝʪʫ ʧʦʜʟʝʤʥʠʭ 

ʚʦʜʘ (¦nl¿ et al., 2006) ʠ ʝʬʠʢʘʩʥʠʿʝʤ ʢʦʨʠʰ˂ʝˁʫ ʤʠʥʝʨʘʣʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʟʝʤˀʠʰʪʫ. 

ʇʦʩʪʦʿʠ ʤʥʦʛʦ ʠʩʪʨʘʞʠʚʘˁʘ ʦ ʪʦʤʝ ʢʘʢʦ ʨʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ ʫʪʠʯʝ ʥʘ 

ʤʦʨʬʦʣʦʛʠʿʫ, ʢʚʘʣʠʪʝʪ ʠ ʧʨʠʥʦʩ ʧʣʦʜʦʚʘ. ʇʨʘʚʠʣʥʘ ʧʨʠʤʝʥʘ ʦʚʝ ʤʝʨʝ ʟʘʭʪʝʚʘ ʪʝʤʝˀʥʫ 

ʧʨʦʮʝʥʫ ʝʢʦʥʦʤʩʢʦʛ ʫʪʠʮʘʿʘ ʩʤʘˁʝˁʘ ʧʨʠʥʦʩʘ ʠʟʘʟʚʘʥʦʛ ʩʪʨʝʩʦʤ ʩʫʰʝ (English, 1990; 

Sepaskhah et al., 2006). ɿʘ ʘʜʝʢʚʘʪʥʫ ʩʪʨʘʪʝʛʠʿʫ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʧʦʪʨʝʙʥʘ ʩʫ 

ʚʠʰʝʛʦʜʠʰˁʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʛʣʝʜʠʤʘ ʥʘ ʦʪʚʦʨʝʥʦʤ ʧʦˀʫ. 

Zhang et al. (2019) ʩʫ ʟʘʢˀʫʯʠʣʠ ʜʘ ʨʝʜʫʢʦʚʘʥʦ ʟʘʣʠʚʘˁʝ ʪʦʢʦʤ ʬʘʟʝ ʥʘʣʠʚʘˁʘ ʟʨʥʘ 

ʢʫʢʫʨʫʟʘ ʟʥʘʯʘʿʥʦ ʩʥʠʞʘʚʘ ʧʨʠʥʦʩ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʨʝʜʫʢʦʚʘʥʠʤ ʟʘʣʠʚʘˁʝʤ ʪʦʢʦʤ ʬʘʟʝ 

ʚʝʛʝʪʘʪʠʚʥʦʛ ʧʦʨʘʩʪʘ, ʜʦʢ Comas et al. (2019) ʧʨʝʜʣʘʞʫ ʤʘˁʫ ʥʦʨʤʫ ʟʘʣʠʚʘˁʘ ʪʦʢʦʤ ʢʘʩʥʝ 

ʬʘʟʝ ʠʥʪʝʥʟʠʚʥʦʛ ʧʦʨʘʩʪʘ, ʢʘʢʦ ʙʠ ʩʝ ʟʘʣʠʚʘˁʝ ʠʥʪʝʥʟʠʚʠʨʘʣʦ ʪʦʢʦʤ ʥʘʣʠʚʘˁʘ ʟʨʥʘ 

ʢʫʢʫʨʫʟʘ. 

Mila et al. (2017) ʩʫ ʠʩʪʨʘʞʠʚʘʣʠ ʝʬʝʢʘʪ ʨʝʜʫʢʦʚʘʥʦʛ ʟʘʣʠʚʘˁʘ ʥʘ ʇɺ, ʧʨʠʥʦʩ ʠ 

ʝʢʦʥʦʤʩʢʫ ʦʧʨʘʚʜʘʥʦʩʪ ʧʨʦʠʟʚʦʜˁʝ ʩʫʥʮʦʢʨʝʪʘ. ʊʨʝʪʤʘʥʠ ʥʘʚʦʜˁʘʚʘˁʘ ʦʜ 100%, 80%, 60% 

ʠ 40% ʦʜ ʝʚʘʧʦʪʨʘʩʥʧʠʨʘʮʠʿʝ ʢʫʣʪʫʨʝ (Eʊc) ʩʫ ʧʨʠʤʝˁʠʚʘʥʠ ʥʘ ʩʫʥʮʦʢʨʝʪ ʫ ʚʝʛʝʪʘʪʠʚʥʦʿ 

ʬʘʟʠ, ʬʘʟʠ ʧʨʝʜ ʮʚʝʪʘˁʘ ʠ ʬʦʨʤʠʨʘˁʘ ʛʣʘʚʠʮʝ. ʄʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʇɺ ʜʦʙʠʿʝʥʝ ʩʫ ʥʘ 
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ʪʨʝʪʤʘʥʠʤʘ ʥʘ ʢʦʿʠʤʘ ʿʝ ʫʩʧʦʩʪʘʚˀʝʥ 60% ʜʝʬʠʮʠʪʘ ʚʦʜʝ ʫ ʪʦʢʫ ʚʝʛʝʪʘʪʠʚʥʦʛ ʧʦʨʘʩʪʘ ʠ ʬʘʟʝ 

ʧʨʝʜ ʮʚʝʪʘˁʝ. Bell et al. (2018) ʩʫ ʠʩʪʨʘʞʠʚʘʣʠ ʝʬʝʢʘʪ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʨʠʥʦʩ ʠ 

ʢʦʤʧʦʥʝʥʪʝ ʧʨʠʥʦʩʘ ʩʠʨʢʘ. ɿʘʢˀʫʯʠʣʠ ʩʫ ʜʘ ʿʝ ʥʘʚʦʜˁʘʚʘˁʝ ʪʦʢʦʤ ʢʨʠʪʠʯʥʠʭ ʬʝʥʦʬʘʟʘ, 

ʥʘʿʙʦˀʝ ʩʘ ʘʩʧʝʢʪʘ ʝʬʠʢʘʩʥʦʩʪʠ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ ʠ ʧʨʠʥʦʩʘ, ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʫʥʠʤ 

ʥʘʚʦʜˁʘʚʘˁʝʤ. 

ʈʝʜʫʢʦʚʘʥʦ ʟʘʣʠʚʘˁʝ ʫ ʦʜʤʘʢʣʦʿ ʬʘʟʠ ʧʦʨʘʩʪʘ, ʥʘ 17 ʛʝʥʦʪʠʧʦʚʘ ʫˀʘʥʝ ʨʝʧʠʮʝ ʫ ʮʠˀʫ 

ʫʰʪʝʜʝ ʚʦʜʝ, ʠʩʪʨʘʞʠʣʠ ʩʫ Eyni-Nargeseh et al. (2019). ʉʘʜʨʞʘʿʠ ʦʣʝʠʥʩʢʝ ʢʠʩʝʣʠʥʝ ʩʫ ʩʝ 

ʧʦʚʝ˂ʘʣʠ ʫ ʪʨʝʪʤʘʥʠʤʘ ʨʝʜʫʢʦʚʘʥʦʛ ʟʘʣʠʚʘˁʘ. ʅʘʿʙʦˀʠ ʛʝʥʦʪʠʧ ʧʦʩʪʠʛʘʦ ʿʝ ʚʠʩʦʢʝ ʧʨʠʥʦʩʝ 

(3892,45 kgĀha
-1
), ʧʨʦʮʝʥʘʪ ʥʝʟʘʩʠ˂ʝʥʝ ʤʘʩʥʝ ʢʠʩʝʣʠʥʝ (87,63%) ʠ ʥʠʩʢʝ ʚʨʝʜʥʦʩʪʠ ʟʘʩʠ˂ʝʥʝ 

ʤʘʩʥʝ ʢʠʩʝʣʠʥʝ (7,98%), ʰʪʦ ʛʘ ʯʠʥʠ ʥʘʿʧʦʛʦʜʥʠʿʠʤ ʟʘ ʛʘʿʝˁʝ ʫ ʫʩʣʦʚʠʤʘ ʜʝʬʠʮʠʪʘ ʚʦʜʝ ʫ 

ʩʝʤʠʘʨʠʜʥʠʤ ʢʣʠʤʘʪʠʤʘ. 

Kifle ʠ Gebretsadikan (2016) ʩʫ ʧʦʩʪʘʚʠʣʠ ʦʛʣʝʜ ʩʘ ʦʩʘʤ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʠʟ ʙʨʘʟʜʝ 

ʢʦʜ ʢʨʦʤʧʠʨʘ. ʇʝʪ ʪʨʝʪʤʘʥʘ ʟʘʩʥʠʚʘʣʦ ʩʝ ʥʘ ʧʫʥʦʤ ʟʘʣʠʚʘˁʫ ʩʘʤʦ ʫ ʧʦʿʝʜʠʥʠʤ ʬʝʥʦʬʘʟʘʤʘ 

ʢʨʦʤʧʠʨʘ, ʜʦʢ ʩʫ ʧʨʝʦʩʪʘʣʘ ʪʨʠ ʪʨʝʪʤʘʥʘ ʦʙʫʭʚʘʪʘʣʘ ʨʝʜʫʢʦʚʘʥʦ ʟʘʣʠʚʘˁʝ ʦʜ 25%, 35% ʠ 

50% ʦʜ ETc. ʈʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʢʨʦʤʧʠʨ ʥʘʿʦʩʝʪˀʠʚʠʿʠ ʥʘ ʥʝʜʦʩʪʘʪʘʢ ʚʦʜʝ ʪʦʢʦʤ 

ʮʚʝʪʘˁʘ. ʅʘʚʦʜˁʘʚʘˁʝ ʩʘ 65% ʦʜ ʫʢʫʧʥʠʭ ʧʦʪʨʝʙʘ ʟʘ ʚʦʜʦʤ ʪʦʢʦʤ ʯʠʪʘʚʝ ʩʝʟʦʥʝ ʧʦʢʘʟʘʣʦ ʩʝ 

ʙʦˀʝ ʦʜ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʩʘʤʦ ʫ ʧʝʨʠʦʜʫ ʮʚʝʪʘˁʘ, ʜʦʢ ʩʝ ʩʘ ʜʝʬʠʮʠʪʦʤ ʦʜ 25% 

ʧʦʩʪʠʛʣʦ ʝʬʠʢʘʩʥʠʿʝ ʢʦʨʠʰ˂ʝˁʝ ʚʦʜʝ ʥʝʛʦ ʫ ʧʫʥʦʤ ʥʘʚʦʜˁʘʚʘˁʫ. 

ʋ ʉʨʙʠʿʠ ʿʝ ʠʟʚʨʰʝʥʦ ʥʝʢʦʣʠʢʦ ʠʩʪʨʘʞʠʚʘˁʘ ʦ ʝʬʝʢʪʫ ʨʝʜʫʢʦʚʘʥʦʛ ʟʘʣʠʚʘˁʘ ʨʘʪʘʨʩʢʠʭ 

ʠ ʧʦʚʨʪʘʨʩʢʠʭ ʢʫʣʪʫʨʘ. ʋ ʦʛʣʝʜʠʤʘ ʥʘ ʦʪʚʦʨʝʥʦʤ ʧʦˀʫ ʠʩʪʨʘʞʠʚʘʥʠ ʩʫ ʫʪʠʮʘʿʠ ʨʝʜʫʢʦʚʘʥʦʛ 

ʟʘʣʠʚʘˁʘ ʧʘʨʘʜʘʿʟʘ ʠ ʧʘʧʨʠʢʝ (Djuroviĺ et al., 2016; Ĺosiĺ et al., 2018), ʢʘʥʘʙʠʩʘ (Pejiĺ et al., 

2018) ʠ ʩʦʿʝ (Gajiĺ et al., 2018). 

ɽʬʝʢʘʪ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʠ ʧʨʠʤʝʥʝ ʢʘʦʣʠʥʘ ʥʘ ʢʚʘʣʠʪʝʪ ʠ ʝʬʠʢʘʩʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ 

ʚʦʜʝ ʧʘʨʘʜʘʿʟʘ ʘʥʘʣʠʟʠʨʘʣʠ ʩʫ Djurovic et al. (2016). ʇʦʨʝʹʝˁʝʤ ʪʨʝʪʤʘʥʘ ʧʫʥʦʛ (100% ʦʜ 

ETc) ʠ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (50% ʦʜ ETc), ʢʦʥʩʪʘʪʦʚʘʥʠ ʩʫ ʚʝ˂ʠ ʧʨʠʥʦʩʠ ʧʘʨʘʜʘʿʟʘ ʟʘ 

21% ʫ ʪʨʝʪʤʘʥʫ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ, ʘʣʠ ʠ ʤʘˁʘ ʧʦʪʨʦʰˁʘ ʚʦʜʝ ʟʘ 28% ʫ ʨʝʜʫʢʦʚʘʥʦʤ 

ʥʘʚʦʜˁʘʚʘˁʫ.  

Ĺosiĺ et al. (2018) ʩʫ ʠʩʪʨʘʞʠʚʘʣʠ ʫʪʠʮʘʿ ʨʘʟʣʠʯʠʪʠʭ ʥʠʚʦʘ ʥʘʚʦʜˁʘʚʘˁʘ ʠ ʧʨʠʤʝʥʝ 

ʢʘʦʣʠʥʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʧʘʧʨʠʢʝ ʠ ʧʘʨʘʜʘʿʟʘ. ʊʨʦʛʦʜʠʰˁʠ ʦʛʣʝʜ ʿʝ 

ʧʦʩʪʘʚˀʝʥ ʢʘʦ ʜʚʦʬʘʢʪʦʨʩʢʠ ʧʦʪʧʫʥʦ ʩʣʫʯʘʿʥʠ ʙʣʦʢ ʩʠʩʪʝʤ. ʅʘ ʧʘʧʨʠʮʠ ʿʝ ʧʨʠʤʝˁʝʥʦ ʪʨʠ 

ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ (100%, 80% ʠ 70% ʦʜ ɽʊc), ʘ ʥʘ ʧʘʨʘʜʘjʟʫ ʜʚʘ ʨʝʞʠʤʘ (100% ʠ 50% ʦʜ 

ɽʊc). ʂʘʦʣʠʥ ʿʝ ʧʨʠʤʝˁʠʚʘʥ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʦʜ 5% ʥʘ ʩʚʝ ʪʨʝʪʤʘʥʝ, ʜʦʢ ʿʝ ʢʦʥʪʨʦʣʘ 

ʧʨʝʜʩʪʘʚˀʘʣʘ ʪʨʝʪʤʘʥʝ ʙʝʟ ʧʨʠʤʝʥʝ ʢʘʦʣʠʥʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ ʥʘʚʦʜˁʘʚʘˁʝ 

ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʣʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʣʠʩʪʘ. ʋʦʯʝʥ ʿʝ ʿʘʩʘʥ ʪʨʝʥʜ ʧʦʨʘʩʪʘ ʪʝʤʧʝʨʘʪʫʨʝ ʙʠˀʥʦʛ 

ʧʦʢʨʠʚʘʯʘ ʩʘ ʩʤʘˁʝˁʝʤ ʥʦʨʤʝ ʟʘʣʠʚʘˁʘ. ʄʝʹʫʪʠʤ, ʥʠʿʝ ʫʦʯʝʥʘ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ 

ʙʠˀʥʦʛ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʠ ʧʨʠʥʦʩʘ ʧʘʧʨʠʢʝ ʠ ʧʘʨʘʜʘʿʟʘ.  

Pejiĺ et al. (2018) ʠʩʪʨʘʞʠʚʘʣʠ ʩʫ ʝʬʝʢʘʪ ʥʘʚʦʜˁʘʚʘˁʘ ʤʝʪʦʜʦʤ ʢʘʧʘˁʘ ʥʘ ʧʨʠʥʦʩ ʠ 

ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʫ ʢʘʥʘʙʠʩʘ. ʇʨʠʤʝˁʝʥ ʿʝ ʿʝʜʘʥ ʪʨʝʪʤʘʥ ʩʘ ʥʘʚʦʜˁʘʚʘˁʝʤ ʥʘ ʦʩʥʦʚʫ 

ʙʠʣʘʥʩʠʨʘˁʘ ʚʦʜʝ ʠ ʢʦʥʪʨʦʣʘ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ. ʊʦʢʦʤ ʚʝʛʝʪʘʮʠʿʝ ʥʘʚʦʜˁʘʚʘˁʝʤ ʿʝ ʜʦʜʘʪʦ 

320 mm ʚʦʜʝ. ʋʢʫʧʘʥ ʫʪʨʦʰʘʢ ʚʦʜʝ ʥʘ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʫ ʙʠˀʘʢʘ ʫ ʫʩʣʦʚʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ 

ʠʟʥʦʩʠʦ ʿʝ 470 mm, ʘ ʫ ʫʩʣʦʚʠʤʘ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ 129 mm. ɿʘʢˀʫʯʘʢ ʿʝ ʜʘ ʿʝ ʥʘʚʦʜˁʘʚʘˁʝ 

ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʣʦ ʧʨʠʥʦʩ ʩʪʘʙˀʠʢʝ, ʩʚʝʞʫ ʤʘʩʫ ʣʠʩʪʦʚʘ ʠ ʮʚʘʩʪʠ, ʧʨʝʯʥʠʢ ʩʪʘʙˀʠʢʝ ʠ 

ʚʠʩʠʥʫ ʙʠˀʢʝ. ɹʠˀʢʝ ʩʫ ʫʩʚʦʿʠʣʝ ʥʘʿʚʠʰʝ ʚʦʜʝ ʪʦʢʦʤ ʧʦʿʘʚʝ ʤʫʰʢʠʭ ʮʚʝʪʦʚʘ (54% ʦʜ ʫʢʫʧʥʝ 

ʢʦʣʠʯʠʥʝ ʚʦʜʝ).  

ʋʪʠʮʘʿ ʨʘʟʣʠʯʠʪʠʭ ʥʠʚʦʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʨʠʥʦʩ, ʞʝʪʚʝʥʠ ʠʥʜʝʢʩ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪ 

ʚʦʜʝ ʩʦʿʝ, ʛʘʿʝʥʝ ʥʘ ʦʪʚʦʨʝʥʦʤ ʧʦˀʫ ʩʫ ʠʩʧʠʪʠʚʘʣʠ Gajiĺ et al. (2018). ʊʨʦʛʦʜʠʰˁʠ 

ʝʢʩʧʝʨʠʤʝʥʪ ʿʝ ʦʙʫʭʚʘʪʘʦ ʯʝʪʠʨʠ ʥʠʚʦʘ ʟʘʣʠʚʘˁʘ (100%, 65%, 40% 0% ʦʜ ʧʦˀʩʢʦʛ ʚʦʜʥʦʛ 

ʢʘʧʘʮʠʪʝʪʘ). ʅʘʚʦʜˁʘʚʘˁʝ ʿʝ ʚʨʰʝʥʦ ʢʘʜʘ ʩʘʜʨʞʘʿ ʧʨʠʩʪʫʧʘʯʥʝ ʚʦʜʝ ʫ ʟʝʤˀʠʰʪʫ ʜʦʩʪʠʛʥʝ 

ʚʨʝʜʥʦʩʪʠ ʦʜ 50%. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʫ ʪʨʝʪʤʘʥʠ ʩʘ ʟʘʣʠʚʘˁʝʤ ʫ ʧʦʨʝʹʝˁʫ 
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ʩʘ ʢʦʥʪʨʦʣʦʤ ʧʨʦʩʝʯʥʦ ʧʦʚʝ˂ʘʣʠ ʧʨʠʥʦʩ ʩʦʿʝ ʟʘ 29% ʫʟ ʧʦʚʝ˂ʘˁʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜʝ ʟʘ 

13%. ʅʘʿʚʠʰʠ ʧʨʠʥʦʩʠ ʧʦʩʪʠʛʥʫʪʠ ʩʫ ʥʘ ʨʝʜʫʢʦʚʘʥʦʤ ʟʘʣʠʚʘˁʫ ʟʘ 65% ʦʜ ʧʦˀʩʢʦʛ ʚʦʜʥʦʛ 

ʢʘʧʘʮʠʪʝʪʘ (ʇɺʂ). 

ʇʦʩʪʦʿʝ ʙʨʦʿʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʤʘʭʫʥʘʨʢʠ ʫ ʩʚʝʪʫ. ʋʪʠʮʘʿ 

ʠʥʪʝʨʚʝʥʪʥʦʛ ʟʘʣʠʚʘˁʘ ʥʘ ʢʦʤʧʦʥʝʥʪʝ ʧʨʠʥʦʩʘ ʛʨʘʰʢʘ ʠʩʧʠʪʠʚʘʣʠ ʩʫ Dogan et al. (2015). 

ʇʨʠʤʝˁʝʥʦ ʿʝ ʧʝʪ ʥʠʚʦʘ ʟʘʣʠʚʘˁʘ, 25%, 50%, 75%, 100% ʠ 125% ʦʜ ʧʦʪʨʝʙʥʝ ʢʦʣʠʯʠʥʝ ʚʦʜʝ 

ʠ ʢʦʥʪʨʦʣʘ (ʧʨʠʨʦʜʥʘ ʩʥʘʙʜʝʚʝʥʦʩʪ ʚʦʜʦʤ). ʇʨʠʥʦʩ ʙʠʦʤʘʩʝ ʢʨʝʪʘʦ ʩʝ ʦʜ 1300 kgĀha
-1

 

(ʢʦʥʪʨʦʣʘ) ʜʦ 3450 kgĀha
-1

 (ʧʫʥʦ ʟʘʣʠʚʘˁʝ). ɿʘʢˀʫʯʠʣʠ ʩʫ ʜʘ ʿʝ ʟʘ ʦʧʪʠʤʘʣʘʥ ʧʨʠʥʦʩ ʙʠʦʤʘʩʝ 

ʠ ʟʨʥʘ ʧʦʪʨʝʙʥʦ ʧʫʥʦ ʥʘʚʦʜˁʘʚʘˁʝ, ʜʦʢ ʩʝ ʨʝʜʫʢʦʚʘʥʠʤ ʟʘʣʠʚʘˁʝʤ ʤʦʞʝ ʦʯʝʢʠʚʘʪʠ ʟʥʘʯʘʿʥʦ 

ʩʤʘˁʝˁʝ ʧʨʠʥʦʩʘ.  

Saleh et al. (2018) ʩʫ ʠʩʧʠʪʠʚʘʣʠ ʫʪʠʮʘʿ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʦʨʘʩʪ, ʧʨʠʥʦʩ ʠ ʭʝʤʠʿʩʢʝ 

ʦʩʦʙʠʥʝ ʜʚʝ ʩʦʨʪʝ ʙʦʨʘʥʠʿʝ. ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ ʦʙʘʚˀʝʥʦ ʫ ʩʪʘʢʣʝʥʠʢʫ ʩʘ ʢʦʥʪʨʦʣʠʩʘʥʠʤ 

ʫʩʣʦʚʠʤʘ, ʩʝʪʚʘ ʿʝ ʠʟʚʨʰʝʥʘ ʫ ʩʘʢʩʠʿʘʤʘ, ʢʦʿʝ ʩʫ ʥʘʚʦʜˁʘʚʘʥʝ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ. 

ʇʨʠʤʝˁʝʥʘ ʩʫ ʪʨʠ ʪʨʝʪʤʘʥʘ ʥʘʚʦʜˁʘʚʘˁʘ; 100%, 80% ʠ 60% ʦʜ ETo. ʊʨʝʪʤʘʥ ʩʘ 

ʨʝʜʫʢʦʚʘʥʠʤ ʟʘʣʠʚʘˁʝʤ 80% ʦʜ ɽʊʦ ʧʦʢʘʟʘʦ ʩʝ ʥʘʿʧʨʦʜʫʢʪʠʚʥʠʿʠʤ ʫ ʧʦʛʣʝʜʫ ʝʬʠʢʘʩʥʦʩʪʠ 

ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ (5,68 gĀl
-1
), ʙʨʦʿʘ ʤʘʭʫʥʘ ʧʦ ʙʠˀʮʠ (15 ʤʘʭʫʥʘ) ʠ ʧʨʠʥʦʩʘ (1188 gĀm

-2
). ʇʫʥʦ 

ʥʘʚʦʜˁʘʚʘˁʝ (100% ʦʜ ɽʊʦ) ʥʠʿʝ ʧʦʢʘʟʘʣʦ ʧʦʚʝ˂ʘˁʝ ʧʨʠʥʦʩʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʨʝʜʫʢʦʚʘʥʠʤ 

ʪʨʝʪʤʘʥʦʤ 80% ʦʜ ɽʊʦ.   

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʨʝʯʝʥʦ, ʟʘ ʥʦʨʤʘʣʘʥ ʨʘʩʪ ʠ ʨʘʟʚʦʿ ʧʘʩʫˀʘ ʪʦʢʦʤ ʚʝʛʝʪʘʮʠʿʝ ʧʦʪʨʝʙʥʦ ʿʝ 

ʦʙʝʟʙʝʜʠʪʠ 250-500 mm ʚʦʜʝ. ʉʘ 3-4 ʪʫʨʥʫʩʘ ʟʘʣʠʚʘˁʘ ʫʟ ʟʘʣʠʚʥʫ ʥʦʨʤʫ ʦʜ 30 ʜʦ 40 mm 

ʤʦʛʫ ʩʝ ʧʦʩʪʠ˂ʠ ʚʠʩʦʢʠ ʧʨʠʥʦʩʠ. ʈʘʟʣʠʢʝ ʫ ʢʦʣʠʯʠʥʘʤʘ ʚʦʜʝ ʧʦʪʠʯʫ ʦʜ ʨʘʟʣʠʢʘ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʘ ʧʦʿʝʜʠʥʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ, ʜʫʞʠʥʝ ʚʝʛʝʪʘʮʠʿʝ, ʩʦʨʪʠ ʧʘʩʫˀʘ ʠʪʜ. ʇʦʪʨʝʙʝ ʧʘʩʫˀʘ ʟʘ ʚʦʜʦʤ 

ʤʝˁʘʿʫ ʩʝ ʧʦ ʬʝʥʦʬʘʟʘʤʘ ʨʘʟʚʠ˂ʘ. ɺʝʣʠʢʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʪʨʦʰʠ ʩʝ ʟʘ ʙʫʙʨʝˁʝ ʠ ʥʠʮʘˁʝ.  

ʉʝʤʝʥʫ ʪʨʝʙʘ 120 g ʚʦʜʝ ʥʘ 100 g ˁʝʛʦʚʝ ʤʘʩʝ ʟʘ ʫʩʧʝʰʥʦ ʧʦʢʨʝʪʘˁʝ ʧʨʦʮʝʩʘ ʥʠʮʘˁʘ. ʋ 

ʚʨʝʤʝ ʩʝʪʚʝ, ʚʣʘʛʝ ʫ ʟʝʤˀʠʰʪʫ ʫʛʣʘʚʥʦʤ ʠʤʘ ʜʦʚʦˀʥʦ, ʤʝʹʫʪʠʤ ʩ ʦʙʟʠʨʦʤ ʜʘ ʫ ʧʦʿʝʜʠʥʠʤ 

ʛʦʜʠʥʘʤʘ ʠʤʘʤʦ ʿʘʢʦ ʩʫʚʘ ʧʨʦʣʝ˂ʘ, ʩʘ ʤʘʣʦʤ ʨʝʟʝʨʚʦʤ ʚʦʜʝ ʟʙʦʛ ʩʫʚʠʭ ʟʠʤʘ, ʯʝʩʪʦ ʩʝ ʧʨʠ 

ʩʝʪʚʠ ʧʘʩʫˀ ʦʜʤʘʭ ʟʘʣʠʚʘ. ʇʘʩʫˀʫ ʿʝ ʥʘʿʚʠʰʝ ʚʦʜʝ ʧʦʪʨʝʙʥʦ ʥʘ ʧʨʝʣʘʩʢʫ ʠʟ ʚʝʛʝʪʘʪʠʚʥʝ ʫ 

ʛʝʥʝʨʘʪʠʚʥʫ ʬʘʟʫ, ʪʿ. ʧʦʯʝʪʢʦʤ ʮʚʝʪʘˁʘ, ʠ ʪʘʿ ʧʝʨʠʦʜ ʚʨʰʥʝ ʧʦʪʨʦʰˁʝ ʪʨʘʿʝ ʦʢʦ ʪʨʠ ʥʝʜʝˀʝ, 

ʘ ʟʘʚʨʰʘʚʘ ʩʝ ʫ ʬʘʟʠ ʧʦʯʝʪʢʘ ʥʘʣʠʚʘˁʘ ʟʨʥʘ. ʋ ʪʦʤ ʧʝʨʠʦʜʫ ʪʨʦʰʠ ʩʝ ʯʘʢ ʠ ʜʦ 7,5 mm ʚʦʜʝ 

ʜʥʝʚʥʦ (ʊʦʜʦʨʦʚʠ˂ ʠ ʩʘʨ., 2008).  

Campos et al. (2021) ʩʫ ʠʩʧʠʪʠʚʘʣʠ ʝʬʝʢʘʪ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʬʠʟʠʦʣʦʛʠʿʫ ʠ 

ʧʨʠʥʦʩ ʧʘʩʫˀʘ. ʀʟʚʨʰʝʥʘ ʩʫ ʜʚʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʦʪʚʦʨʝʥʦʤ ʧʦˀʫ, ʧʨʚʠ ʿʝ ʧʦʩʪʘʚˀʝʥ ʫ 

ʩʘʢʩʠʿʘʤʘ, ʘ ʜʨʫʛʠ ʥʘ ʩʪʘʥʜʘʨʜʥʦʿ ʧʘʨʮʝʣʠ. ʀʩʧʠʪʠʚʘʥʝ ʩʫ ʯʝʪʠʨʠ ʩʦʨʪʝ ʧʘʩʫˀʘ; ʜʚʝ 

ʠʥʜʝʪʝʜʝʨʤʠʥʘʪʥʦʛ ʠ ʜʚʝ ʜʝʪʝʨʤʠʥʘʪʥʦʛ ʧʦʨʘʩʪʘ. ʇʨʠʤʝˁʝʥʘ ʩʫ ʪʨʠ ʥʠʚʦʘ ʟʘʣʠʚʘˁʘ ʫ 

ʩʘʢʩʠʿʘʤʘ; 100%, 50% ʠ 30% ʦʜ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ ʫʩʝʚʘ (ETc). ʅʘ ʧʘʨʮʝʣʠ ʩʫ ʧʨʠʤʝˁʝʥʘ 

ʜʚʘ ʪʨʝʪʤʘʥʘ; 100% ʠ 40% ʦʜ ETc. ʀʩʪʨʘʞʠʚʘʯʠ ʩʫ ʟʘʢˀʫʯʠʣʠ ʜʘ ʩʫ ʪʨʝʪʤʘʥʠ ʩʘ 30% ʠ 40% 

ʦʜ ETc ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʣʠ ʥʘ ʩʤʘˁʝˁʝ ʧʨʠʥʦʩʘ ʧʘʩʫˀʘ, ʤʝʹʫʪʠʤ ʪʨʝʪʤʘʥ 50% ʦʜ ETc ʩʝ 

ʧʦʢʘʟʘʦ ʢʘʦ ʜʦʙʘʨ ʫ ʩʤʠʩʣʫ ʫʰʪʝʜʝ ʚʦʜʝ, ʘʣʠ ʥʘʫʰʪʨʙ ʧʨʠʥʦʩʘ ʧʘʩʫˀʘ, ʢʦʿʠ ʥʠʿʝ ʙʠʦ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʘʥ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʨʝʜʫʢʦʚʘʥʝ ʪʨʝʪʤʘʥʝ. ʂʘʢʦ ʙʠ ʠʩʪʨʘʞʠʣʠ ʫʪʠʮʘʿ 

ʩʫʰʝ ʥʘ ʤʦʨʬʦʣʦʛʠʿʫ ʠ ʬʠʟʠʦʣʦʛʠʿʫ ʧʘʩʫˀʘ, Rasti Sani et al. (2017) ʩʫ ʦʙʘʚʠʣʠ ʝʢʩʧʝʨʠʤʝʥʪ ʫ 

ʟʘʰʪʠ˂ʝʥʦʤ ʧʨʦʩʪʦʨʫ ʩʘ ʜʚʝ ʩʦʨʪʝ ʠ ʯʝʪʠʨʠ ʨʝʞʠʤʘ ʟʘʣʠʚʘˁʘ ʠ ʪʦ 100% (ʢʦʥʪʨʦʣʘ), 74%, 

50% ʠ 25%  ʦʜ ʧʦˀʩʢʦʛ ʚʦʜʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (ʇɺʂ). ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʿʝ ʩʫʰʘ 

ʫʪʠʮʘʣʘ ʥʘ ʩʚʝ ʤʦʨʬʦʣʦʰʢʝ ʦʩʦʙʠʥʝ ʠʩʪʨʘʞʠʚʘʥʝ ʢʫʣʪʫʨʝ. ʉʚʝ ʩʦʨʪʝ ʩʫ ʫ ʩʚʠʤ ʪʨʝʪʤʘʥʠʤʘ 

ʧʦʢʘʟʘʣʝ ʩʤʘˁʝˁʝ ʣʠʩʥʝ ʧʦʚʨʰʠʥʝ, ʩʫʚʝ ʤʘʩʝ ʤʘʭʫʥʘ, ʚʠʩʠʥʝ ʩʪʘʙʣʘ ʠ ʩʫʚʝ ʤʘʩʝ ʢʦʨʝʥʘ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʢʦʥʪʨʦʣʥʠʤ ʪʨʝʪʤʘʥʦʤ. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ ʪʘʢʦʹʝ ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʿʝ ʥʘ ʩʚʝ 

ʬʠʟʠʦʣʦʰʢʝ ʦʩʦʙʠʥʝ (ʨʝʣʘʪʠʚʥʠ ʩʘʜʨʞʘʿ ʚʦʜʝ, ʠʥʜʝʢʩ ʩʪʘʙʠʣʥʦʩʪʠ ʤʝʤʙʨʘʥʝ, 

ʬʦʪʦʩʠʥʪʝʥʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʠʥʜʝʢʩ ʭʣʦʨʦʬʠʣʘ, ʝʬʠʢʘʩʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ, ʦʪʧʦʨʥʦʩʪ 

ʩʪʦʤʘ) ʫʪʠʮʘʦ ʥʝʜʦʩʪʘʪʘʢ ʚʦʜʝ.  

Satriani et al. (2018) ʩʫ ʠʩʧʠʪʠʚʘʣʠ ʫʪʠʮʘʿ ʧʨʠʤʝʥʝ ʭʠʜʨʦʛʝʣʘ ʠ ʨʘʟʣʠʯʠʪʠʭ ʨʝʞʠʤʘ 

ʟʘʣʠʚʘˁʘ ʥʘ ʧʨʠʥʦʩ ʧʘʩʫˀʘ ʫ ʦʙʣʘʩʪʠ ʿʫʞʥʝ ʀʪʘʣʠʿʝ. ʍʠʜʨʦʛʝʣ ʯʠʥʠ ʛʨʫʧʫ ʧʦʣʠʤʝʨʥʠʭ 
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ʤʘʪʝʨʠʿʘʣʘ, ʯʠʿʘ ʭʠʜʨʦʬʠʣʥʘ ʩʪʨʫʢʪʫʨʘ ʠʤ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʜʨʞʝ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʚʦʜʝ. 

ʇʨʠʤʝˁʝʥʘ ʩʫ ʪʨʠ ʪʨʝʪʤʘʥʘ ʥʘʚʦʜˁʘʚʘˁʘ; ʪʨʝʪʤʘʥ ʩʘ 100% ʦʜ ETc ʠ ʙʝʟ ʧʨʠʤʝʥʝ ʭʠʜʨʦʛʝʣʘ, 

ʪʨʝʪʤʘʥ ʩʘ 70% ʦʜ ETc ʠ ʧʨʠʤʝʥʦʤ 5 g ʭʠʜʨʦʛʝʣʘ ʧʦ ʙʠˀʮʠ, ʠ ʪʨʝʪʤʘʥ ʩʘ 50% ʦʜ ETc ʠ 

ʧʨʠʤʝʥʦʤ 10 g ʭʠʜʨʦʛʝʣʘ ʧʦ ʙʠˀʮʠ. ʅʘʿʚʝ˂ʠ ʧʨʠʥʦʩʠ ʧʘʩʫˀʘ ʜʦʙʠʿʝʥʠ ʩʫ ʫ ʪʨʝʪʤʘʥʠʤʘ ʩʘ 

100% ʠ 50% ʦʜ ETc. ʉʭʦʜʥʦ ʪʦʤʝ, ʟʘʢˀʫʯʘʢ ʿʝ ʜʘ ʩʝ ʢʦʤʙʠʥʘʮʠʿʦʤ ʭʠʜʨʦʛʝʣʘ ʠ ʨʝʜʫʢʦʚʘʥʦʛ 

ʥʘʚʦʜˁʘʚʘˁʘ ʤʦʛʫ ʧʦʩʪʠ˂ʠ ʚʠʩʦʢʠ ʧʨʠʥʦʩʠ ʫʟ ʫʰʪʝʜʫ ʚʦʜʝ. Karimzadeh-Soureshjani et al. 

(2019) ʩʫ ʠʩʪʨʘʞʠʚʘʣʠ ʫʪʠʮʘʿ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʨʠʥʦʩ, ʤʦʨʬʦʣʦʛʠʿʫ ʠ ʙʠʦʭʝʤʠʿʫ 

ʜʚʝ ʩʦʨʪʝ ʧʘʩʫˀʘ (ʩʦʨʪʘ ʦʩʝʪˀʠʚʘ (1) ʠ ʦʪʧʦʨʥʘ (2) ʥʘ ʩʪʨʝʩ). ʇʨʠʤʝˁʠʚʘʥ ʿʝ ʩʠʩʪʝʤ 

ʥʘʚʦʜˁʘʚʘˁʘ ʠʟ ʙʨʘʟʜʝ, ʩʘ ʪʨʠ ʨʘʟʣʠʯʠʪʝ ʥʦʨʤʝ ʟʘʣʠʚʘˁʘ; ʪʨʝʪʤʘʥ ʙʝʟ ʩʪʨʝʩʘ ʩʫʰʝ, ʪʨʝʪʤʘʥ 

ʫʤʝʨʝʥʦʛ ʩʪʨʝʩʘ ʩʫʰʝ ʠ ʪʨʝʪʤʘʥ ʿʘʢʦʛ ʩʪʨʝʩʘ ʩʫʰʝ. ɻʝʥʦʪʠʧ 1 ʿʝ ʦʩʪʚʘʨʠʦ ʚʝ˂ʝ ʧʨʠʥʦʩʝ ʫ 

ʫʩʣʦʚʠʤʘ ʜʦʙʨʝ ʩʥʘʙʜʝʚʝʥʦʩʪʠ ʚʦʜʦʤ, ʤʝʹʫʪʠʤ ʟʥʘʯʘʿʘʥ ʧʘʜ ʧʨʠʥʦʩʘ ʟʘʙʝʣʝʞʝʥ ʿʝ ʫʩʣʦʚʠʤʘ 

ʩʫʰʝ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʛʝʥʦʪʠʧ 2 ʿʝ ʟʘʙʝʣʝʞʠʦ ʥʠʞʠ ʧʘʜ ʧʨʠʥʦʩʘ ʫ ʫʩʣʦʚʠʤʘ ʫʤʝʨʝʥʦʛ ʠ ʿʘʢʦʛ 

ʩʪʨʝʩʘ ʩʫʰʝ. 

Webber et al. (2006) ʩʫ ʦʜʨʝʹʠʚʘʣʠ ʝʬʠʢʘʩʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ (ɽʂɺ) ʧʘʩʫˀʘ 

ʥʘʚʦʜˁʘʚʘʥʦʛ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʘʥ ʠ ʫʥʘʧʨʝʹʝʥ ʥʘʯʠʥ ʠʟ ʙʨʘʟʜʘ. ʆʛʣʝʜ ʿʝ ʠʟʚʝʜʝʥ ʥʘ 

ʫʦʙʠʯʘʿʝʥʦʤ ʩʦʨʪʠʤʝʥʪʫ ʧʘʩʫˀʘ ʠ ʥʘ ʤʫʥʛʦ ʧʘʩʫˀʫ, ʥʘʢʦʥ ʞʝʪʚʝ ʧʰʝʥʠʮʝ. ʇʨʠʤʝˁʝʥʝ ʩʫ 

ʪʨʠ ʥʦʨʤʝ ʟʘʣʠʚʘˁʘ (ʧʫʥʘ ʥʦʨʤʘ, ʥʦʨʤʘ ʫʤʝʨʝʥʦʛ ʩʪʨʝʩʘ ʠ ʥʦʨʤʘ ʿʘʢʦʛ ʩʪʨʝʩʘ). ɿʘʢˀʫʯʝʥʦ ʿʝ 

ʜʘ ʦʙʘ ʥʘʯʠʥʘ ʟʘʣʠʚʘˁʘ ʤʦʛʫ ʫʤʘˁʠʪʠ ʧʦʪʨʝʙʝ ʙʠˀʢʝ ʟʘ ʚʦʜʦʤ ʠ ʧʦʚʝ˂ʘʪʠ ɽʂɺ ʥʘʧʨʝʜʥʦʤ 

ʤʝʪʦʜʦʤ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ ʠʟ ʙʨʘʟʜʝ ʫʟ ʧʨʠʤʝʥʫ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʠ ʜʦ 50% ʙʝʟ 

ʛʫʙʠʪʢʘ ʧʨʠʥʦʩʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʫʥʦʤ ʥʦʨʤʦʤ ʟʘʣʠʚʘˁʘ.  

Abd El-Wahed et al. (2017) ʠʩʪʨʘʞʠʚʘʣʠ ʩʫ ʥʘ ʫʩʝʚʫ ʧʘʩʫˀʘ ʝʬʝʢʘʪ ʜʚʘ ʥʘʯʠʥʘ 

ʤʘʣʯʠʨʘˁʘ (ʩʣʘʤʘ ʧʠʨʠʥʯʘ ʠ ʧʨʠʤʝʥʘ ʩʪʘʿˁʘʢʘ), ʪʨʠ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ 

ʢʘʧ (100%, 85% ʠ 70% ʦʜ ETc) ʠ ʯʝʪʠʨʠ ʜʝʙˀʠʥʝ ʩʣʦʿʘ ʤʘʣʯʘ (0 cm, 3 cm, 6 cm ʠ 9 cm) ʥʘ 

ʝʬʠʢʘʩʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʝ ʠ ʩʘʣʠʥʠʪʝʪ ʟʝʤˀʠh ʪʘ. ʅʘ ʦʩʥʦʚʫ ʠʩʪʨʘʞʠʚʘʥʦʛ, ʟʘʢˀʫʯʝʥʦ ʿʝ 

ʜʘ ʩʝ ʟʘ ʧʦʩʪʠʟʘˁʝ ʚʠʩʦʢʠʭ ʧʨʠʥʦʩʘ ʧʘʩʫˀʘ ʥʘʿʙʦˀʝ ʧʦʢʘʟʘʣʘ ʢʦʤʙʠʥʘʮʠʿʘ ʧʫʥʦʛ 

ʥʘʚʦʜˁʘʚʘˁʘ (100% ʦʜ ETc) ʫʟ ʧʨʠʤʝʥʫ ʩʪʘʿˁʘʢʘ ʠ ʩʣʦʿʘ ʤʘʣʯʘ ʦʜ 9 cm, ʜʦʢ ʩʝ ʨʝʜʫʢʦʚʘʥʠʤ 

ʥʘʚʦʜˁʘʚʘˁʝʤ (85% ʦʜ ETc) ʦʩʪʚʘʨʠʣʘ ʫʰʪʝʜʘ ʚʦʜʝ ʦʜ 15%.  

Ghassemi-Golezani et al. (2008) ʩʫ ʚʨʰʠʣʠ ʦʛʣʝʜʝ ʩʘ ʪʨʠ ʩʦʨʪʝ ʧʘʩʫˀʘ, ʜʘ ʙʠ ʫʪʚʨʜʠʣʠ 

ʢʘʢʦ ʪʨʠ ʪʨʝʪʤʘʥʘ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ (ʧʦʯʝʪʘʢ ʥʘʚʦʜˁʘʚʘˁʘ ʢʘʜʘ ʠʟ ʝʚʘʧʦʨʠʤʝʪʨʘ 

ʢʣʘʩʝ Ăɸñ ʠʩʧʘʨʠ 60 mm, 80 mm ʠ 100 mm ʚʦʜʝ) ʫʪʠʯʫ ʥʘ ʧʝʨʠʦʜ ʟʨʝˁʘ ʠ ʢʚʘʣʠʪʝʪ ʩʝʤʝʥʩʢʦʛ 

ʟʨʥʘ. ɼʦʰʣʠ ʩʫ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʿʝ ʤʦʛʫ˂ʝ ʧʨʦʠʟʚʝʩʪʠ ʢʚʘʣʠʪʝʪʥʦ ʩʝʤʝ ʧʘʩʫˀʘ ʫ ʩʚʠʤ 

ʨʝʞʠʤʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ, ʫʢʦʣʠʢʦ ʩʝ ʞʝʪʚʘ ʚʨʰʠ ʥʘʢʦʥ ʬʘʟʝ ʥʘʣʠʚʘˁʘ ʟʨʥʘ, ʧʨʠ ʚʣʘʞʥʦʩʪʠ 

ʟʨʥʘ ʠʟʤʝʹʫ 16-25%. ʈʘʥʦʤ ʠ ʢʘʩʥʦʤ ʞʝʪʚʦʤ ʜʦʙʠʿʘ ʩʝ ʣʦʰ ʢʚʘʣʠʪʝʪ ʩʝʤʝʥʩʢʦʛ ʧʘʩʫˀʘ. 

Rosales ʝt al. (2013) ʩʫ ʠʩʪʨʘʞʠʚʘʣʠ ʝʬʝʢʘʪ ʩʫʰʝ ʥʘ ʬʠʟʠʦʣʦʰʢʝ ʧʘʨʘʤʝʪʨʝ ʢʦʜ ʯʝʪʠʨʠ ʩʦʨʪʝ 

ʧʘʩʫˀʘ, ʦʜ ʢʦʿʠʭ ʜʚʝ ʜʦʙʨʦ ʧʦʜʥʦʩʝ ʩʫʰʫ, ʘ ʜʨʫʛʝ ʜʚʝ ʩʦʨʪʝ ʩʫ ʦʩʝʪˀʠʚʠʿʝ. ʆʛʣʝʜ ʿʝ ʦʙʘʚˀʝʥ 

ʫ ʩʪʘʢʣʝʥʠʢʫ (ʢʦʥʪʨʦʣʠʩʘʥʠ ʧʨʦʩʪʦʨ) ʫʟ ʧʨʠʤʝʥʫ ʜʚʘ ʨʝʞʠʤʘ ʟʘʣʠʚʘˁʘ (100% ʠ 70% ʦʜ 

ʇɺʂ). ʈʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʜʘ ʩʦʨʪʝ ʪʦʣʝʨʘʥʪʥʝ ʥʘ ʩʫʰʫ ʝʬʠʢʘʩʥʠʿʝ ʫʩʚʘʿʘʿʫ ʫʛˀʝʥʠʢ ʠ ʫʤʘˁʫʿʫ 

ʛʫʙʠʪʢʝ ʚʦʜʝ ʫʩʣʝʜ ʩʫʰʝ, ʠʥʪʝʥʟʠʚʥʠʿʠʤ ʟʘʪʚʘʨʘˁʝʤ ʩʪʦʤʘ ʪʦʢʦʤ ʜʘʥʘ ʠ ʧʦʩʪʠʞʫ ʧʦʚʝ˂ʘˁʝ 

ʨʝʣʘʪʠʚʥʦʛ ʩʘʜʨʞʘʿʘ ʚʣʘʞʥʦʩʪʠ ʫ ʣʠʩʪʦʚʠʤʘ ʪʦʢʦʤ ʥʦ˂ʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʩʦʨʪʘʤʘ ʦʩʝʪˀʠʚʠʤ 

ʥʘ ʩʫʰʫ.  

Herrera et al. (2021) ʩʫ ʠʩʧʠʪʠʚʘʣʠ ʫʪʠʮʘʿ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʧʨʠʥʦʩ, 

ʬʠʪʦʭʝʤʠʿʫ ʠ ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʚʦʿʩʪʚʘ ʜʚʝ ʩʦʨʪʝ ʧʘʩʫˀʘ (Raramuri ʠ Pinto Saltillo) ʫ 

ʩʝʤʠʘʨʠʜʥʠʤ ʚʠʩʦʨʘʚʥʠʤʘ ʄʝʢʩʠʢʘ. ʇʨʠʤʝˁʝʥʘ ʩʫ ʪʨʠ ʨʝʞʠʤʘ ʟʘʣʠʚʘˁʘ: ʥʘʚʦʜˁʘʚʘˁʝ 

ʪʦʢʦʤ ʯʠʪʘʚʦʛ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʧʘʩʫˀʘ (IWC - 60% ʠʟʥʘʜ ʇɺʂ), ʧʨʝʢʠʜ ʥʘʚʦʜˁʘʚʘˁʘ 

ʪʦʢʦʤ ʬʘʟʝ ʧʣʦʜʦʥʦʰʝˁʘ (TD - ʙʝʟ ʟʘʣʠʚʘˁʘ ʦʜ ʮʚʝʪʘˁʘ ʜʦ ʢʨʘʿʘ ʚʝʛʝʪʘʮʠʿʝ) ʠ ʨʝʜʫʢʦʚʘʥʦ 

ʥʘʚʦʜˁʘʚʘˁʝ ʪʦʢʦʤ ʯʠʪʘʚʦʛ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ (RI - 40% ʠʟʥʘʜ ʇɺʂ). ʈʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ 

ʜʘ ʩʫ ʙʠˀʢʝ ʥʘ TD ʪʨʝʪʤʘʥʠʤʘ ʠʤʘʣʠ ʨʝʜʫʢʮʠʿʫ ʧʨʠʥʦʩʘ ʦʜ 13% ʠ 20%. ʂʦʜ RI ʪʨʝʪʤʘʥʘ 

ʟʘʧʘʞʝʥʦ ʿʝ ʧʦʚʝ˂ʘˁʝ ʧʨʠʥʦʩʘ ʦʜ 33% ʠ 5% ʟʘ Raramuri ʠ Pinto Saltillo. ʅʘʿʚʝ˂ʠ ʩʘʜʨʞʘʿ 

ʧʨʦʪʝʠʥʘ ʜʦʙʠʿʝʥ ʿʝ ʫ RI ʪʨʝʪʤʘʥʫ (5% ʠ 9% ʟʘ Raramuri ʠ Pinto Saltillo ʫ ʦʜʥʦʩʫ ʥʘ IWC 

ʪʨʝʪʤʘʥ), ʩʣʠʯʘʥ ʪʨʝʥʜ ʟʘʧʘʞʝʥ ʿʝ ʠ ʢʦʜ ʩʘʜʨʞʘʿʘ ʣʠʧʠʜʘ. ʋ ʪʨʝʪʤʘʥʠʤʘ TD ʠ RI ʟʘʙʝʣʝʞʝʥ ʿʝ 
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ʧʦʨʘʩʪ ʚʝ˂ʠʥʝ ʬʠʪʦʭʝʤʠʿʩʢʠʭ ʩʚʦʿʩʪʘʚʘ. ʈʝʜʫʢʦʚʘʥʦ ʟʘʣʠʚʘˁʝ ʤʦʞʝ ʧʦʙʦˀʰʘʪʠ ʢʚʘʣʠʪʝʪ ʠ 

ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʚʦʿʩʪʚʘ ʧʘʩʫˀʘ ʫʟ ʥʝʟʥʘʪʥʠ ʫʪʠʮʘʿ ʥʘ ʧʨʠʥʦʩ.  

Dewedar et al. (2020) ʩʫ ʧʦʩʪʘʚʠʣʠ ʜʚʦʛʦʜʠʰˁʠ ʦʛʣʝʜ ʩʘ ʮʠˀʝʤ ʜʘ ʠʩʪʨʘʞʝ ʫʪʠʮʘʿ 

ʧʦʚʨʰʠʥʩʢʦʛ ʠ ʧʦʜʧʦʚʨʰʠʥʩʢʦʛ ʥʘʯʠʥʘ ʥʘʚʦʜˁʘʚʘˁʘ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ ʠ ʥʦʨʤʝ ʟʘʣʠʚʘˁʘ 

(100%, 80% ʠ 60% ʦʜ ɽʊʩ) ʥʘ ʧʨʠʥʦʩ ʧʘʩʫˀʘ ʫʟ ʧʨʦʮʝʥʫ ʤʦʜʝʣʘ SALTMED. ʊʨʝʪʤʘʥ 

ʨʝʜʫʢʦʚʘʥʦʛ ʟʘʣʠʚʘˁʘ (80% ʦʜ Eʊc) ʧʦʢʘʟʘʦ ʿʝ ʩʪʘʪʠʩʪʠʯʢʠ ʥʝʟʥʘʪʥʦ ʩʤʘˁʝˁʝ ʧʨʠʥʦʩʘ 

ʫʢʘʟʘʚʰʠ ʜʘ ʩʝ ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʫʰʪʝʜʘ ʚʦʜʝ ʦʜ 20%. ʇʨʦʜʫʢʪʠʚʥʦʩʪ ʚʦʜʝ ʿʝ ʙʠʣʘ ʚʝ˂ʘ ʢʦʜ 

ʧʦʜʧʦʚʨʰʠʥʩʢʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʦʚʨʰʠʥʩʢʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ ʥʘ ʩʚʠʤ 

ʪʨʝʪʤʘʥʠʤʘ; ʟʘ 1,27% ʧʨʠ ʨʝʞʠʤʫ 100% ETc, ʟʘ 4,2 % ʧʨʠ ʨʝʞʠʤʫ 80% ETc ʠ ʟʘ 3,93% ʧʨʠ 

ʨʝʞʠʤʫ 60% ʦʜ ETc. ʈʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʜʘ ʧʦʜʧʦʚʨʰʠʥʩʢʠ ʩʠʩʪʝʤʠ ʦʤʦʛʫ˂ʫʿʫ ʧʦʚʝ˂ʘˁʝ 

ʧʨʠʥʦʩʘ ʦʜ 3,57% ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʦʚʨʰʠʥʩʢʠʤ ʥʘʯʠʥʦʤ ʥʘʚʦʜˁʘʚʘˁʘ, ʘʣʠ ʫʟ ʙʦˀʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʚʦʜʝ ʠ ʧʦʩʪʠʟʘˁʝ ʚʠʩʦʢʠʭ ʧʨʠʥʦʩʘ ʧʨʠ ʨʝʞʠʤʫ ʥʘʚʦʜˁʘʚʘˁʘ ʦʜ 80% ETc.  

ʇʦʨʝʜ ʪʦʛʘ ʰʪʦ ʩʝ ʥʘʚʦʜˁʘʚʘˁʝʤ ʧʘʩʫˀʘ ʧʦʩʪʠʞʫ ʚʠʩʦʢʠ ʧʨʠʥʦʩʠ, ʚʝʣʠʢʝ ʥʦʨʤʝ 

ʥʘʚʦʜˁʘʚʘˁʘ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʩʣʘʙʠʭ ʧʨʠʥʦʩʘ ʟʨʥʘ ʧʘʩʫˀʘ ʠ ʜʨʫʛʠʭ ʣʝʛʫʤʠʥʦʟʘ (Forsythe et 

al., 1979; Deschamps ʠ Wery, 1987). ʉʪʦʛʘ, ʚʝʛʝʪʘʮʠʦʥʠ ʧʦʨʘʩʪ ʠ ʫʧʦʪʨʝʙʘ ʚʦʜʝ ʤʦʨʘʿʫ ʙʠʪʠ 

ʠʟʙʘʣʘʥʩʠʨʘʥʠ. ʅʘʠʤʝ, ʨʝʜʫʢʦʚʘʥʦ ʥʘʚʦʜˁʘʚʘˁʝ ʤʦʞʝ ʙʠʪʠ ʜʦʙʘʨ ʥʘʯʠʥ ʧʦʩʪʠʟʘˁʘ 

ʩʪʘʙʠʣʥʠʭ ʧʨʠʥʦʩʘ ʟʨʥʘ ʧʘʩʫˀʘ (English et al., 1990).  

4.4. ʉʘʚʨʝʤʝʥʝ ʤʝʪʦʜʝ ʫʧʨʘʚˀʘˁʘ ʚʦʜʘʤʘ (ʇʨʠʤʝʥʘ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ ʫ 

ʧʦˀʦʧʨʠʚʨʝʜʠ) 

ʉʪʨʘʪʝʛʠʿʝ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʠ ʧʦʩʪʨʥʝ ʩʝʪʚʝ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʤʦʛʫ 

ʧʨʝʜʩʪʘʚˀʘʪʠ ʜʦʙʨʦ ʨʝʰʝˁʝ ʫʿʝʜʥʦ ʟʘ ʫʰʪʝʜʫ ʚʦʜʝ ʠ ʧʦʚʝ˂ʘʥʫ ʧʨʦʠʟʚʦʜˁʫ ʭʨʘʥʝ ʫ ʫʩʣʦʚʠʤʘ 

ʛʣʦʙʘʣʥʠʭ ʧʨʦʤʝʥʘ. ʀʧʘʢ, ʜʘʥʘʩ ʨʘʜʠ ʰʪʦ ʧʨʝʮʠʟʥʠʿʝʛ ʧʨʘ˂ʝˁʘ ʩʪʘˁʘ ʫʩʝʚʘ, ʚʣʘʞʥʦʩʪʠ 

ʟʝʤˀʠʰʪʘ ʠ ʩʣ. ʩʚʝ ʚʠʰʝ ʩʝ ʧʨʠʤʝˁʫʿʫ ʤʝʪʦʜʝ ʧʨʝʮʠʟʥʝ ʧʦˀʦʧʨʠʚʨʝʜʝ ʠ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ 

(Jiang et al., 2020).  

ɼʘˀʠʥʩʢʘ ʜʝʪʝʢʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʩʝ ʜʦʙʠʿʘˁʘ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʦʙʿʝʢʪʠʤʘ ʙʝʟ 

ʜʠʨʝʢʪʥʦʛ ʢʦʥʪʘʢʪʘ ʩʘ ʠʩʪʠʤ (Vadivambal ʠ Jayas, 2011; W·jtowicz et al., 2016). ʇʨʠʥʮʠʧ ʩʝ 

ʟʘʩʥʠʚʘ ʥʘ ʫʧʦʪʨʝʙʠ ʩʝʥʟʦʨʘ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʠʥʬʦʨʤʘʮʠʿʘ ʧʦʤʦ˂ʫ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʝ ʝʥʝʨʛʠʿʝ 

(Lu et al., 2021). ʈʝʛʠʩʪʨʦʚʘʥʠ ʩʠʛʥʘʣʠ ʧʨʦʣʘʟʝ ʢʨʦʟ ʥʠʟ ʦʧʝʨʘʮʠʿʘ ʠ ʢʦʨʝʢʮʠʿʘ (ʧʨʝʚʦʹʝˁʝ ʫ 

ʜʠʛʠʪʘʣʥʠ ʠʣʠ ʘʥʘʣʦʛʥʠ ʦʙʣʠʢ, ʨʝʢʪʠʬʠʢʘʮʠʿʘ, ʠʥʪʝʨʧʨʝʪʘʮʠʿʘ ʠ ʢʣʘʩʠʬʠʢʘʮʠʿʘ) (Jones ʠ 

Vaughan, 2010). 

ʉʝʥʟʦʨʠ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ ʩʝ ʧʦʩʪʘʚˀʘʿʫ ʥʘ ʧʣʘʪʬʦʨʤʝ, ʢʦʿʝ ʤʦʛʫ ʙʠʪʠ: 

ʪʝʨʝʩʪʠʯʢʝ (ʥʘ ʟʝʤˀʠ), ʘʝʨʦ (ʫ ʚʘʟʜʫʭʫ) ʠ ʢʦʩʤʠʯʢʝ (ʫ ʩʚʝʤʠʨʫ). 

ɿʘʙʝʣʝʞʝʥʦ ʟʨʘʯʝˁʝ ʢʦʿʝ ʩʘ ʩʦʙʦʤ ʥʦʩʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʘ ʝʥʝʨʛʠʿʘ ʟʦʚʝ ʩʝ ʿʝʜʥʠʤ 

ʠʤʝʥʦʤ ʩʥʠʤʘʢ (Mather, 1999). 

ʇʨʝ ʫʧʦʪʨʝʙʝ ʩʥʠʤʢʘ ʚʨʰʠ ʩʝ ˁʝʛʦʚʘ ʦʙʨʘʜʘ ʢʨʦʟ ʨʘʟʥʝ ʚʨʩʪʝ ʢʦʨʝʢʮʠʿʘ, ʧʦʙʦˀʰʘˁʘ 

ʚʠʟʫʝʣʥʝ ʠʥʪʝʨʧʨʝʪʘʮʠʿʝ ʠ ʢʣʘʩʠʬʠʢʘʮʠʿʝ.  

ʇʝʨʤʘʥʝʥʪʥʠʤ ʨʘʟʚʦʿʝʤ ʥʘʫʢʝ ʠ ʪʝʭʥʦʣʦʛʠʿʝ ʧʦʙʦˀʰʘʚʘ ʩʝ ʢʚʘʣʠʪʝʪ ʩʥʠʤʘʢʘ. ɼʘʥʘʩ ʩʫ 

ʫ ʫʧʦʪʨʝʙʠ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠ ʩʥʠʤʮʠ (ʩʘ 3-10 ʢʘʥʘʣʘ), ʠ ʭʠʧʝʨʩʧʝʢʪʨʘʣʥʠ ʩʥʠʤʮʠ (ʧʨʝʢʦ 100 

ʢʘʥʘʣʘ). ɳʠʭʦʚʦ ʢʦʨʠʰ˂ʝˁʝ ʦʪʚʘʨʘ ʦʛʨʦʤʥʝ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʧʨʘ˂ʝˁʝ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʫ 

ʧʨʦʮʝʥʫ ʦʜʨʝʹʝʥʠʭ ʩʚʦʿʩʪʘʚʘ ʥʝʢʦʛ ʧʦʜʨʫʯʿʘ ʠʣʠ ʦʙʿʝʢʪʘ (Illarionova et al., 2021). ʉʘʩʪʦʿʝ ʩʝ 

ʦʜ ʥʝʢʦʣʠʢʦ ʨʘʟʣʠʯʠʪʠʭ ʢʘʥʘʣʘ (bands). ʉʥʠʤʮʠ ʩʝ ʤʦʛʫ ʧʨʠʢʘʟʠʚʘʪʠ ʟʘ ʩʚʘʢʠ ʢʘʥʘʣ ʧʦʩʝʙʥʦ 

ʠʣʠ ʢʦʤʙʠʥʘʮʠʿʦʤ ʪʨʠ ʢʘʥʘʣʘ (ʄʠʣʘʥʦʚʠ˂ ʠ ɲʝʰʝʚʠ˂, 2009). 

ʄʫʣʪʠʩʧʝʢʪʨʘʣʥʠ ʩʥʠʤʮʠ ʜʦʙʠʿʝʥʠ ʩʘ ʨʘʟʣʠʯʠʪʠʭ ʢʘʥʘʣʘ ʤʦʛʫ ʩʝ ʢʦʤʙʠʥʦʚʘʪʠ ʢʘʢʦ ʙʠ 

ʩʝ ʠʟʚʨʰʠʦ ʧʦʧʠʩ ʚʝʛʝʪʘʮʠʿʝ ʠ ʜʦʙʠʣʠ ʨʘʟʣʠʯʠʪʠ ʚʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩʠ (ɺʀ). ɼʘʥʘʩ ʩʝ ʟʘ 

ʧʨʦʮʝʥʫ ʩʪʘˁʘ ʚʝʛʝʪʘʮʠʿʝ ʢʦʨʠʩʪʝ ʥʝʢʦʣʠʢʦ ʠʥʜʝʢʩʘ: NDVI - ʚʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩ 

ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʨʘʟʣʠʢʝ; MCARI - ʤʦʜʠʬʠʢʦʚʘʥʠ ʠʥʜʝʢʩ ʘʙʩʦʨʧʮʠʿʝ ʭʣʦʨʦʬʠʣʘ ʫ ʨʝʬʣʝʢʩʠʿʠ; 

LCI - ʠʥʜʝʢʩ ʭʣʦʨʦʬʠʣʘ ʣʠʩʪʘ; GNDVI - ʟʝʣʝʥʠ ʚʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʨʘʟʣʠʢʝ; 
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BNDVI - ʧʣʘʚʠ ʚʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʨʘʟʣʠʢʝ; SAVI - ʠʥʜʝʢʩ ʚʝʛʝʪʘʮʠʿʝ 

ʧʨʠʣʘʛʦʹʝʥ ʟʝʤˀʠʰʪʫ ʦʧʠʩʘʥʠ ʦʜ ʩʪʨʘʥʝ (Jones ʠ Vaughan, 2010) ʠ ʤʥʦʛʠ ʜʨʫʛʠ. 

ɺʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩʠ ʩʫ ʚʘʞʥʠ ʧʦʢʘʟʘʪʝˀʠ ʩʪʘˁʘ ʙʠˀʘʢʘ, ʿʝʨ ʩʫ ʫ ʚʠʩʦʢʦʿ ʢʦʨʝʣʘʮʠʿʠ 

ʩʘ ʧʦʢʨʦʚʥʦʰ˂ʫ, ʠʥʜʝʢʩʦʤ ʣʠʩʥʝ ʧʦʚʨʰʠʥʝ, ʩʘʜʨʞʘʿʝʤ ʭʣʦʨʦʬʠʣʘ, ʙʠʦʤʘʩʦʤ ʠ 

ʬʦʪʦʩʠʥʪʝʥʪʩʢʦʤ ʘʢʪʠʚʥʦʰ˂ʫ (Jones ʠ Vaughan, 2010), ʰʪʦ ʠʭ ʯʠʥʠ ʧʦʛʦʜʥʠʤ ʟʘ ʙʨʟʦ 

ʧʨʘ˂ʝˁʝ ʩʪʘˁʘ ʚʝʛʝʪʘʮʠʿʝ ʠ ʧʨʦʮʝʥʫ ʧʨʠʥʦʩʘ. ʉʥʠʤʮʠ ʜʦʙʠʿʝʥʠ ʧʨʝʢʦ ʩʘʪʝʣʠʪʘ, ʘʚʠʦʥʘ, 

ʙʝʩʧʠʣʦʪʥʝ ʣʝʪʝʣʠʮʝ ʠʣʠ ʧʣʘʪʬʦʨʤʝ ʧʨʫʞʘʿʫ ʚʨʝʜʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʟʘ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʫ 

ʧʦˀʦʧʨʠʚʨʝʜʥʦʿ ʧʨʦʠʟʚʦʜˁʠ (Ballester et al., 2019; Siegfried et al., 2019). ɹʝʩʧʠʣʦʪʥʝ ʣʝʪʝʣʠʮʝ 

(ʜʨʦʥʦʚʠ) ʩʤʘʪʨʘʿʫ ʩʝ ʧʦʛʦʜʥʠʤ ʟʘ ʫʧʨʘʚˀʘˁʝ ʚʦʜʥʠʤ ʨʝʩʫʨʩʠʤʘ ʫ ʧʦˀʦʧʨʠʚʨʝʜʠ ʟʙʦʛ 

ʤʦʛʫ˂ʥʦʩʪʠ ʧʨʠʢʫʧˀʘˁʘ ʧʦʜʘʪʘʢʘ ʫ ʚʠʩʦʢʦʿ ʨʝʟʦʣʫʮʠʿʠ ʠ ʿʝʬʪʠʥʦʿ ʮʝʥʠ ʢʦʰʪʘˁʘ, ʙʝʟ 

ʫʪʠʮʘʿʘ ʚʨʝʤʝʥʩʢʠʭ ʧʨʠʣʠʢʘ (ʦʙʣʘʯʥʦʩʪ) ʥʘ ʨʝʟʫʣʪʘʪʝ (Alvino ʠ Marino, 2017). 

ʄʫʣʪʠʩʧʝʢʪʨʘʣʥʠ ʩʥʠʤʮʠ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʠ ʟʘ ʧʨʦʮʝʥʫ ʩʪʚʘʨʥʝ ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ 

(Glenn et al., 2010). ʅʘ ʧʨʠʤʝʨ, ʜʦʙʨʦ ʥʘʚʦʜˁʘʚʘʥ ʫʩʝʚ ʨʝʟʫʣʪʦʚʘ˂ʝ ʚʠʩʦʢʦʤ ʨʝʬʣʝʢʩʠʿʦʤ 

ʙʣʠʩʢʦʛ ʠʥʬʨʘʮʨʚʝʥʦʛ ʟʨʘʯʝˁʘ (NIR), ʦʜʥʦʩʥʦ ʥʠʩʢʦʤ ʨʝʬʣʝʢʩʠʿʦʤ ʮʨʚʝʥʦʛ ʟʨʘʯʝˁʘ (R) 

(Genc, et al., 2013; Van Beek et al., 2013), ʘ ʚʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩʠ ʢʦʿʠ ʩʫ ʜʦʙʠʿʝʥʠ ʥʘ ʦʩʥʦʚʫ 

ʪʠʭ ʢʘʥʘʣʘ ʧʦʢʘʟʘ˂ʝ ʩʝ ʥʘʿʙʦˀʠ ʟʘ ʧʨʘ˂ʝˁʝ ʚʦʜʥʦʛ ʩʪʘʪʫʩʘ. 

ʇʦʨʝʜ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠʭ ʩʥʠʤʘʢʘ, ʫ ʧʨʦʮʝʥʠ ʧʦʪʨʝʙʘ ʙʠˀʘʢʘ ʟʘ ʚʦʜʦʤ ʢʦʨʠʩʪʝ ʩʝ ʠ 

ʪʝʨʤʘʣʥʠ ʩʥʠʤʮʠ ʩʘ ʪʝʨʤʦʚʠʟʠʿʩʢʠʭ ʢʘʤʝʨʘ. ʉʥʠʤʮʠ ʩʘ ʦʚʠʭ ʢʘʤʝʨʘ ʦʤʦʛʫ˂ʘʚʘʿʫ 

ʚʠʟʫʝʣʠʟʘʮʠʿʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʘʟʣʠʢʘ ʦʙʿʝʢʪʘ, ʤʝʨʝ˂ʠ ʨʘʟʣʠʢʝ ʫ ʜʫʛʦʪʘʣʘʩʥʦʿ ʠʥʬʨʘʮʨʚʝʥʦʿ 

ʨʘʜʠʿʘʮʠʿʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʨʰʠʥʝ ʙʠˀʘʢʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ ʠʥʪʝʥʟʠʪʝʪʘ 

ʪʨʘʥʩʧʠʨʘʮʠʿʝ (Nobel, 1991), ʪʘʢʦ ʜʘ ʩʝ ʟʘʢˀʫʯʫʿʝ ʜʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʝʛʝʪʘʮʠʿʝ ʚʘʞʘʥ 

ʧʦʢʘʟʘʪʝˀ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʙʠˀʘʢʘ, ʪʝ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʫ ʦʜʨʝʹʠʚʘˁʫ ʚʨʝʤʝʥʘ ʟʘʣʠʚʘˁʘ 

(Wang et al., 2010). 

ʋ ʧʦˀʦʧʨʠʚʨʝʜʥʦʿ ʧʨʦʠʟʚʦʜˁʠ, ʤʝʪʦʜʝ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ 

ʫʧʨʘʚˀʘˁʝ ʥʘʚʦʜˁʘʚʘˁʝʤ (Veysi et al., 2016; Ranjan et al., 2019; Jorge et al., 2019; Rai et al., 

2020), ʧʨʦʮʝʥʫ ʧʨʠʥʦʩʘ (Spitk· et al., 2016; da Silva et al., 2020), ʧʨʦʮʝʥʫ ʙʠʦʤʘʩʝ, ʠʥʜʝʢʩʘ 

ʣʠʩʥʝ ʧʦʚʨʰʠʥʝ, ʦʜʨʝʹʠʚʘˁʝ ʟʨʝʣʦʩʪʠ ʙʠˀʢʝ (Li et al., 2016) ʠ ʩʣʠʯʥʦ. 

Stone et al. (2016) ʠʩʧʠʪʠʚʘʣʠ ʩʫ ʤʦʛʫ˂ʥʦʩʪ ʫʧʨʘʚˀʘˁʘ ʚʘʨʠʿʘʙʠʣʥʠʤ ʥʘʚʦʜʘʚʘˁʝʤ 

ʢʫʢʫʨʫʟʘ ʥʘ ʦʩʥʦʚʫ NDVI ʠʥʜʝʢʩʘ, ʪʝʥʟʠʦʤʝʪʘʨʘ (ʩʪʘʥʜʘʨʜʥʦ) ʠ Irrigator Pro ʩʠʩʪʝʤʘ ʥʘ 

ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʟʝʤˀʠʰʪʘ. ʅʠʿʝ ʧʦʩʪʦʿʘʣʘ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ɽʂɺ ʠʟʤʝʹʫ 

ʠʩʧʠʪʠʚʘʥʠʭ ʪʨʝʪʤʘʥʘ. ɸʫʪʦʨʠ ʩʫ ʟʘʢˀʫʯʠʣʠ ʜʘ ʩʫ ʤʝʪʦʜʝ ʥʘ ʦʩʥʦʚʫ NDVI ʠ Irrigator Pro 

ʩʠʩʪʝʤʘ ʿʝʜʥʘʢʦ ʜʦʙʨʝ ʢʘʦ ʠ ʩʪʘʥʜʘʨʜʥʘ ʤʝʪʦʜʘ, ʪʝ ʜʘ ʩʝ ʤʦʛʫ ʩʘ ʚʝʣʠʢʠʤ ʫʩʧʝʭʦʤ ʢʦʨʠʩʪʠʪʠ 

ʟʘ ʫʧʨʘʚˀʘˁʝ ʚʘʨʠʿʘʙʠʣʥʠʤ ʩʠʩʪʝʤʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ. Ranjan et al. (2019) ʩʫ ʘʥʘʣʠʟʠʨʘʣʠ 

ʤʦʛʫ˂ʥʦʩʪ ʧʨʘ˂ʝˁʘ ʩʪʨʝʩʘ ʠ ʧʨʠʥʦʩʘ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘʥʦʛ ʧʘʩʫˀʘ, ʢʦʨʠʰ˂ʝˁʝʤ 

ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠʭ ʢʘʤʝʨʘ. ʆʛʣʝʜ ʩʝ ʩʘʩʪʦʿʘʦ ʠʟ ʜʚʘ ʬʘʢʪʦʨʘ: ʨʝʞʠʤʘ ʟʘʣʠʚʘˁʘ ʠ ʥʘʯʠʥʘ 

ʦʙʨʘʜʝ. ʂʦʨʠʩʪʠʣʠ ʩʫ ʚʠʰʝ ʦʜ 20 ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ. ʀʥʜʝʢʩʠ IPVI (ʀʥʜʝʢʩ 

ʠʥʬʨʘʮʨʚʝʥʦʛ ʧʨʦʮʝʥʪʘ ʚʝʛʝʪʘʮʠʿʝ), TDVI (ɺʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩ ʪʨʘʥʩʬʦʨʤʠʩʘʥʝ ʨʘʟʣʠʢʝ), 

NLI (ʥʝʣʠʥʝʘʨʥʠ ʚʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩ) ʠ MNLI (ʤʦʜʠʬʠʢʦʚʘʥʠ ʥʝʣʠʥʝʘʨʥʠ ʚʝʛʝʪʘʮʠʦʥʠ 

ʠʥʜʝʢʩ) ʩʫ ʙʠʣʠ ʫ ʜʦʙʨʦʿ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʚʦʜʥʠʤ ʩʪʨʝʩʦʤ ʠ ʧʨʠʥʦʩʦʤ ʧʘʩʫˀʘ, ʜʦʢ ʩʝ ʠʥʜʝʢʩʠ 

ʢʘʦ ʰʪʦ ʩʫ NDVI, MSAVI (ʄʦʜʠʬʠʢʦʚʘʥʠ ʠʥʜʝʢʩ ʚʝʛʝʪʘʮʠʿʝ ʧʨʠʣʘʛʦʹʝʥ ʟʝʤˀʠʰʪʫ) ʠ OSAVI 

(ʆʧʪʠʤʠʟʦʚʘʥʠ ʠʥʜʝʢʩ ʚʝʛʝʪʘʮʠʿʝ ʧʨʠʣʘʛʦʹʝʥ ʟʝʤˀʠʰʪʫ) ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʜʦʧʫʥʩʢʠ 

ʠʥʜʝʢʩʠ. 

Rai et al. (2020) ʩʫ ʠʩʪʨʘʞʠʚʘʣʠ ʢʘʢʦ ʚʘʨʠʿʘʙʠʣʥʦ ʥʘʚʦʜˁʘʚʘˁʝ ʫʪʠʯʝ ʥʘ ʧʦʨʘʩʪ ʠ 

ʧʨʠʥʦʩ ʧʘʩʫˀʘ, ʘ ʫʿʝʜʥʦ ʠ ʧʨʠʤʝʥʫ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ ʟʘ ʧʨʘ˂ʝˁʝ ʩʪʘˁʘ ʫʩʝʚʘ. ʈʝʜʫʢʦʚʘʥʦ 

ʟʘʣʠʚʘˁʝ ʿʝ ʜʦʚʝʣʦ ʜʦ ʩʤʘˁʝˁʘ ʧʨʠʥʦʩʘ ʦʜ 30% ʜʦ 93% ʫ ʦʜʥʦʩʫ ʥʘ ʧʫʥʦ ʥʘʚʦʜˁʘʚʘˁʝ. ʅʘ 

ʦʩʥoʚʫ ʀʃʇ (ʠʥʜʝʢʩ ʣʠʩʥʝ ʧʦʚʨʰʠʥʝ), NDVI ʠ ʚʠʩʠʥʝ ʙʠˀʢʝ ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʥʦʨʤʘ 

ʥʘʚʦʜˁʘʚʘˁʘ ʧʘʩʫˀʘ ʟʘ ʦʧʪʠʤʘʣʥʠ ʧʦʨʘʩʪ ʠʟʥʦʩʠ ʦʜ 250-270 mm. ʊʘʢʦʹʝ, ʜʦʥʝʩʝʥ ʿʝ 

ʟʘʢˀʫʯʘʢ ʜʘ ʀʃʇ ʠ NDVI ʤʦʛʫ ʙʠʪʠ ʜʦʙʨʠ ʠʥʜʠʢʘʪʦʨʠ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʨʠʥʦʩʘ ʧʘʩʫˀʘ. 

ʇʦʨʝʜ NDVI, GNDVI ʠ OSAVI, Jorge et al. (2019) ʧʨʝʧʦʨʫʯʫʿʫ ʧʨʠʤʝʥʫ ʠʥʜʝʢʩʘ 
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ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʨʘʟʣʠʢʝ ʨʫʙʘ ʮʨʚʝʥʦʛ ʩʧʝʢʪʨʘ (NDRE) ʟʘ ʜʝʪʝʢʪʦʚʘˁʝ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʤʘʩʣʠʥʘ. 

Spitk· et al. (2016) ʠʩʧʠʪʠʚʘʣʠ ʩʫ ʧʦʚʝʟʘʥʦʩʪ NDVI ʠʥʜʝʢʩʘ ʠ ʧʨʠʥʦʩʘ ʢʫʢʫʨʫʟʘ ʛʘʿʝʥʦʛ 

ʫ ʩʠʩʪʝʤʫ ʩʘ ʠ ʙʝʟ ʥʘʚʦʜˁʘʚʘˁʘ. ʋʩʪʘʥʦʚʠʣʠ ʩʫ ʜʘ ʩʝ ʦʜ ʩʨʝʜʠʥʝ ʬʘʟʝ ʤʝʪʣʠʯʝˁʘ ʤʦʛʫ 

ʫʦʯʠʪʠ ʨʘʟʣʠʢʝ ʫ NDVI ʠʥʜʝʢʩʠʤʘ, ʘ ʫ ʢʘʩʥʠʿʠʤ ʬʝʥʦʬʘʟʘʤʘ ʧʦʚʝʟʘʥʦʩʪ ʠʥʜʝʢʩʘ ʠ ʧʨʠʥʦʩʘ ʿʝ 

ʿʘʯʘ, ʪʝ ʩʝ ʦʩʪʚʘʨʫʿʫ ʙʦˀʝ ʧʨʦʮʝʥʝ ʧʨʠʥʦʩʘ. Da Silva et al. (2020) ʠʩʧʠʪʠʚʘʣʠ ʩʫ ʤʦʛʫ˂ʥʦʩʪ 

ʧʨʠʤʝʥʝ ʚʝʛʝʪʘʮʠʦʥʠʭ ʠʥʜʝʢʩʘ ʜʦʙʠʿʝʥʠʭ ʜʨʦʥʦʤ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʨʠʥʦʩʘ ʩʦʿʝ ʛʘʿʝʥʝ ʧʨʠ 

ʨʘʟʣʠʯʠʪʠʤ ʛʫʩʪʠʥʘʤʘ ʩʝʪʚʝ ʥʘ ʧʦʜʨʫʯʿʫ ɹʨʘʟʠʣʘ. ʂʘʦ ʥʘʿʙʦˀʠ ʠʥʜʝʢʩʠ ʠʟʜʚʦʿʠʣʠ ʩʫ ʩʝ 

NDVI, MSAVI2 ʠ SAVI (ʚʝʛʝʪʘʮʠʦʥʠ ʠʥʜʝʢʩ ʧʨʠʣʘʛʦʹʝʥ ʟʝʤˀʠʰʪʫ), ʯʠʿʦʤ ʩʝ ʧʨʠʤʝʥʦʤ ʤʦʞʝ 

ʧʨʝʜʚʠʜʝʪʠ ʧʨʠʥʦʩ ʩʘ ʧʨʝʮʠʟʥʦʰ˂ʫ ʦʜ 93%. 

Nemesk®ri et al. (2017) ʧʨʘʪʠʣʠ ʩʫ ʧʦʨʘʩʪ ʚʠʰʝ ʩʦʨʘʪʘ ʟʝʣʝʥʝ ʠ ʞʫʪʝ ʙʦʨʘʥʠʿʝ ʫ 

ʫʩʣʦʚʠʤʘ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʫʟ ʧʨʠʤʝʥʫ ʨʫʯʥʝ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʝ ʢʘʤʝʨʝ ʥʘ ʧʦʜʨʫʯʿʫ 

ʄʘʹʘʨʩʢʝ. ʇʨʠʤʝˁʝʥʘ ʩʫ ʪʨʠ ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ (100% ʠ 50% ʦʜ ETc ʠ ʪʨʝʪʤʘʥ ʙʝʟ 

ʧʨʠʤʝʥʝ ʥʘʚʦʜˁʘʚʘˁʘ). ɸʫʪʦʨʠ ʟʘʢˀʫʯʫʿʫ ʜʘ NDVI ʚʨʝʜʥʦʩʪʠ ʪʦʢʦʤ ʬʝʥʦʬʘʟʘ ʮʚʝʪʘˁʘ ʠ 

ʬʦʨʤʠʨʘˁʘ ʤʘʭʫʥʘ ʧʦʢʘʟʫʿʫ ʚʝʦʤʘ ʜʦʙʨʫ ʢʦʨʝʣʘʮʠʿʫ ʩʘ ʧʨʠʥʦʩʠʤʘ, ʪʝ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ 

ʧʨʝʜʚʠʹʘˁʝ ʧʨʠʥʦʩʘ ʫ ʫʩʣʦʚʠʤʘ ʜʝʬʠʮʠʪʘ ʚʦʜʝ. 

Toureiro et al. (2017) ʠʩʧʠʪʘʣʠ ʩʫ ʤʦʛʫ˂ʥʦʩʪ ʧʨʠʤʝʥʝ NDVI ʠʥʜʝʢʩʘ ʜʦʙʠʿʝʥʠʭ ʩʘ 

Landsat 5 ʩʘʪʝʣʠʪʘ ʟʘ ʫʧʨʘʚˀʘˁʝ ʩʠʩʪʝʤʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ. ɿʘ ʧʨʦʮʝʥʫ ʧʦʛʦʜʥʦʩʪʠ NDVI, 

ʥʘʚʦʜˁʘʚʘˁʝʤ ʩʝ ʫʧʨʘʚˀʘʣʦ ʥʘ ʜʚʘ ʥʘʯʠʥʘ: ʧʨʘ˂ʝˁʝʤ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʪʝʨʝʥʫ (ʚʣʘʞʥʦʩʪ ʠ 

ʀʃʇ) ʠ ʥʘʚʦʜˁʘʚʘˁʝʤ ʥʘ ʦʩʥʦʚʫ FAO ʤʝʪʦʜʦʣʦʛʠʿʝ. NDVI ʠʥʜʝʢʩ ʧʦʢʘʟʘʦ ʿʝ ʚʠʩʦʢʫ 

ʢʦʨʝʣʘʮʠʿʫ ʩʘ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʢʫʣʪʫʨʝ ʠ ʜʫʘʣʥʠʤ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʢʫʣʪʫʨʝ, ʪʝ ʜʘ ʩʝ ʦʚʘʿ 

ʠʥʜʝʢʩ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʫ ʫʧʨʘʚˀʘˁʫ ʥʘʚʦʜˁʘʚʘˁʝʤ. ʄʝʹʫʪʠʤ, ʢʘʦ ʥʝʜʦʩʪʘʪʘʢ ʠʟʜʚʘʿʘʿʫ 

ʥʝʜʦʩʪʘʪʘʢ ʙʨʦʿʘ ʤʝʨʝˁʘ, ʿʝʨ Landsat 5 ʜʘʿʝ ʧʨʦʩʪʦʨʥʫ ʧʨʝʜʩʪʘʚʫ ʪʝʨʝʥʘ ʥʘ ʩʚʘʢʠʭ 16 ʜʘʥʘ. 

ʄʝʪʦʜʝ ʜʘˀʠʥʩʢʝ ʜʝʪʝʢʮʠʿʝ ʥʘ ʙʘʟʠ ʪʝʨʤʘʣʥʠʭ ʢʘʤʝʨʘ ʩʝ ʫʚʝʣʠʢʦ ʧʨʠʤʝˁʫʿʫ ʟʘ 

ʜʝʪʝʢʮʠʿʫ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʟʘʪʦ ʰʪʦ ʩʫ ʥʝʜʝʩʪʨʫʢʪʠʚʥʝ ʠ ʥʝ ʟʘʭʪʝʚʘʿʫ ʧʫʥʦ ʚʨʝʤʝʥʘ ʠ ʨʘʜʥʝ 

ʩʥʘʛʝ (Ihouma ʠ Madramootoo, 2019). Oʚʝ ʤʝʪʦʜʝ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʤʝʨʝˁʫ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʰ˂ʘ, 

ʰʪʦ ʿʝ ʧʨʚʦ ʧʨʝʜʣʦʞʠʦ Jackson et al. (1977), ʘ ʥʝʰʪʦ ʢʘʩʥʠʿʝ Idso et al. (1981) ʧʨʝʜʣʘʞʝ 

ʫʧʦʪʨʝʙʫ ʠʥʜʝʢʩʘ ʙʠˀʥʦʛ ʚʦʜʥʦʛ ʩʪʨʝʩʘ (CWSI) ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʧʨʠʪʠʩʢʫ ʚʦʜʝʥʝ ʧʘʨʝ ʠ 

ʨʘʟʣʠʮʠ ʠʟʤʝʹʫ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʰ˂ʘ. 

Erdem et al. (2006) ʩʫ ʠʩʧʠʪʠʚʘʣʠ ʚʝʟʫ ʠʟʤʝʹʫ ʪʝʤʧʝʨʘʪʫʨʝ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʠ 

ʜʝʬʠʮʠʪʘ ʥʘʧʦʥʘ ʚʦʜʝʥʝ ʧʘʨʝ, ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʠʥʜʝʢʩʘ ʙʠˀʥʦʛ ʚʦʜʥʦʛ ʩʪʨʝʩʘ 

(CWSI) ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʨʝʞʠʤʠʤʘ ʟʘʣʠʚʘˁʘ. ɼʦʢʘʟʘʣʠ ʩʫ ʜʘ ʿʝ ʚʨʝʜʥʦʩʪ CWSI ʫ ʣʠʥʝʘʨʥʦʿ 

ʚʝʟʠ ʩʘ ʧʨʠʥʦʩʦʤ ʟʨʥʘ ʧʘʩʫˀʘ, ʪʝ ʩʝ ʥʘ ʦʩʥʦʚʫ ʜʘʪʦʛ ʠʥʜʝʢʩʘ ʤʦʞʝ ʨʘʟʚʠʿʘʪʠ ʩʪʨʘʪʝʛʠʿʘ 

ʫʧʨʘʚˀʘˁʘ ʩʠʩʪʝʤʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ ʥʘ ʤʝʩʪʠʤʘ ʛʜʝ ʥʝʤʘ ʜʦʚʦˀʥʦ ʚʦʜʝ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ. ʉʘ 

ʜʨʫʛʝ ʩʪʨʘʥʝ, Striļeviĺ ʠ Ļaki (1997) ʠʩʪʠʯʫ ʜʘ ʩʝ ʪʝʤʧʝʨʘʪʫʨʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʙʠˀʥʦʛ 

ʧʦʢʨʠʚʘʯʘ ʠ ʚʘʟʜʫʭʘ, ʥʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʚʨʝʤʝʥʘ ʟʘʣʠʚʘˁʘ ʩʠʨʢʘ ʰʝ˂ʝʨʮʘ, 

ʟʙʦʛ ʟʥʘʯʘʿʥʝ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʧʨʦʤʝʥʫ ʜʥʝʚʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʫʩʣʦʚʘ, ʘʣʠ ʿʘʩʥʦ ʫʢʘʟʫʿʫ ʥʘ ʩʪʨʝʩ 

ʫʩʝʚʘ ʢʘʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʪʝʤʧʝʨʘʪʫʨʥʘ ʨʘʟʣʠʢʘ ʧʨʝʢʦ 2 Áʉ. 

ʇʦʪʝʥʮʠʿʘʣ ʧʨʠʤʝʥʝ ʠʥʜʝʢʩʘ ʙʠˀʥʦʛ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʟʘ ʫʩʧʦʩʪʘʚˀʘˁʝ ʨʝʞʠʤʘ ʟʘʣʠʚʘˁʘ 

ʙʫʥʜʝʚʝ ʠʩʪʨʘʞʠʣʠ ʩʫ Kirnak et al. (2019). ʇʨʠʤʝˁʝʥʦ ʿʝ 6 ʥʠʚʦʘ ʟʘʣʠʚʘˁʘ; ʧʫʥʦ 

ʥʘʚʦʜˁʘʚʘˁʝ ʠ 5 ʨʝʜʫʢʦʚʘʥʠʭ ʪʨʝʪʤʘʥʘ. ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʿʝ CWSI ʫ ʚʠʩʦʢʦʿ ʢʦʨʝʣʘʮʠʿʠ ʩʘ 

ʧʨʠʥʦʩʦʤ, ʠʥʜʝʢʩʦʤ ʣʠʩʥʝ ʧʦʚʨʰʠʥʝ, ʩʘʜʨʞʘʿʝʤ ʫˀʘ ʠ ʧʨʦʪʝʠʥʘ, ʪʝ ʜʘ ʩʝ ʥʘ ʦʩʥʦʚʫ 

ʚʨʝʜʥʦʩʪʠ CWSI ʤʦʞʝ ʦʨʛʘʥʠʟʦʚʘʪʠ ʜʦʙʘʨ ʨʝʞʠʤ ʟʘʣʠʚʘˁʘ. Ĺosiĺ et al. (2018) ʥʘʚʦʜʝ ʜʘ ʿʝ 

ʥʘʚʦʜˁʘʚʘˁʝ ʫʪʠʮʘʣʦ ʥʘ ʩʥʠʞʘʚʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʩʪʘ ʧʘʧʨʠʢʝ, ʟʘʢˀʫʯʠʚhʠ ʜʘ ʟʘʣʠʚʘˁʝ 

ʟʥʘʯʘʿʥʦ ʫʪʠʯʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʣʠʩʪʘ. ɼʦʙʨʘ ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʧʨʠʥʦʩʘ ʠ CWSI ʥʠʿʝ 

ʜʦʙʠʿʝʥʘ, ʪʝ ʘʫʪʦʨʠ ʧʨʝʜʣʘʞʫ ʫʯʝʩʪʘʣʠʿʘ ʧʨʘ˂ʝˁʘ ʪʝʤʧʝʨʘʪʫʨʝ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ.  

ʋʧʘʨʠʚʘˁʝ ʩʥʠʤʘʢʘ ʩʘ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʝ ʠ ʪʝʨʤʘʣʥʝ ʢʘʤʝʨʝ ʧʦʢʘʟʘʣʦ ʿʝ ʚʠʩʦʢ 

ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʨʠʥʦʩʘ. Zhou et al. (2018) ʩʫ ʠʩʧʠʪʠʚʘʣʠ ʤʦʛʫ˂ʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ 

ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠʭ ʠ ʠʥʬʨʘʮʨʚʝʥʠʭ ʪʝʨʤʘʣʥʠʭ ʬʦʪʦʛʨʘʬʠʿʘ ʟʘ ʧʨʘ˂ʝˁʝ ʩʪʨʝʩʘ ʧʘʩʫˀʘ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʪʨʝʪʤʘʥʠʤʘ ʨʝʞʠʤʘ ʟʘʣʠʚʘˁʘ ʠ ʥʘʯʠʥʘ ʦʙʨʘʜʝ ʟʝʤˀʠʰʪʘ. ɿʘʢˀʫʯʠʣʠ ʩʫ ʜʘ ʩʫ 
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GNDVI ʠʥʜʝʢʩ, ʪʝʤʧʝʨʘʪʫʨʘ ʙʠˀʥʦʛ ʧʦʢʨʠʚʘʯʘ ʠ ʧʦʢʨʦʚʥʦʩʪ ʫʩʝʚʘ (ʇʂ) ʫ ʚʠʩʦʢʦʿ 

ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʧʨʠʥʦʩʦʤ ʧʘʩʫˀʘ ʠ ʠʥʜʝʢʩʦʤ ʣʠʩʥʝ ʧʦʚʨʰʠʥʝ (ʀʃʇ), ʪʝ ʜʘ ʩʝ ʜʘʪʠ ʠʥʜʝʢʩʠ 

ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʠʥʜʠʢʘʪʦʨʠ ʩʪʨʝʩʘ ʫʩʝʚʘ ʟʘ ʧʨʘ˂ʝˁʝ ʩʪʨʝʩʘ ʩʫʰʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʙʠˀʥʦʛ 

ʧʦʢʨʠʚʘʯʘ ʿʝ ʧʦʢʘʟʘʣʘ ʥʘʿʚʝ˂ʫ ʢʦʨʝʣʘʮʠʿʫ ʩʘ ʧʨʠʥʦʩʦʤ ʫ ʧʦʨʝʹʝˁʫ ʩʘ GNDVI ʠ ʇʂ, ʪʝ ʩʝ 

ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʠʥʜʠʢʘʪʦʨ ʩʪʨʝʩʘ ʫʩʝʚʘ ʥʘ ʧʨʠʥʦʩ. ʊʝʤʧʝʨʘʪʫʨʘ ʣʠʰ˂ʘ ʫ ʪʨʝʪʤʘʥʠʤʘ ʩʘ 

ʨʝʜʫʢʦʚʘʥʠʤ ʟʘʣʠʚʘˁʝʤ ʿʝ ʙʠʣʘ ʟʥʘʯʘʿʥʦ ʚʝ˂ʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʦʧʪʠʤʘʣʥʦ ʥʘʚʦʜˁʘʚʘʥʠʤ 

ʪʨʝʪʤʘʥʠʤʘ, ʜʦʢ ʥʘʯʠʥ ʦʙʨʘʜʝ ʥʠʿʝ ʠʤʘʦ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ. Mwinuka et al. (2021) ʪʝʩʪʠʨʘʣʠ ʩʫ 

ʤʦʛʫ˂ʥʦʩʪ ʫʧʘʨʠʚʘˁʘ ʩʥʠʤʘʢʘ ʩʘ ʪʝʨʤʘʣʥʝ ʢʘʤʝʨʝ ʤʦʙʠʣʥʦʛ ʪʝʣʝʬʦʥʘ ʠ ʤʫʣʪʠʩʧʝʢʪʨʘʣʥʠʭ 

ʩʥʠʤʘʢʘ ʜʦʙʠʿʝʥʠʭ ʙʝʩʧʠʣʦʪʥʦʤ ʣʝʪʝʣʠʮʦʤ ʜʘ ʙʠ ʦʮʝʥʠʣʠ ʝʬʠʢʘʩʥʦʩʪ ʟʘʣʠʚʘˁʘ ʘʬʨʠʯʢʦʛ 

ʧʘʪʣʠ˅ʘʥʘ. ʇʨʠʤʝˁʝʥʘ ʩʫ 4 ʨʝʞʠʤʘ ʥʘʚʦʜˁʘʚʘˁʘ: 100%, 80%, ʠ 60% ʦʜ ETc. ɼʦʙʠʿʝʥʠ 

ʠʥʜʝʢʩ ʙʠˀʥʦʛ ʚʦʜʥʦʛ ʩʪʨʝʩʘ ʠ ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʫ ʣʠʩʪʫ ʟʥʘʯʘʿʥʦ ʩʫ ʩʝ ʨʘʟʣʠʢʦʚʘʣʠ ʠʟʤʝʹʫ 

ʠʩʧʠʪʠʚʘʥʠʭ ʪʨʝʪʤʘʥʘ ʟʘʣʠʚʘˁʘ ʪʦʢʦʤ ʯʠʪʘʚʦʛ ʚʝʛʝʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ, ʜʦʢ ʩʫ NDVI ʠ OSAVI 

ʠʥʜʝʢʩ ʫʩʧʝʣʠ ʜʘ ʜʝʪʝʢʪʫʿʫ ʚʦʜʥʠ ʩʪʨʝʩ ʪʝʢ ʥʘʢʦʥ ʠʥʪʝʥʟʠʚʥʦʛ ʧʦʨʘʩʪʘ. ʆʚʘ ʜʚʘ ʠʥʜʝʢʩʘ 

ʜʦʙʨʦ ʩʫ ʢʦʨʝʣʠʨʘʣʘ ʩʘ ʩʘʜʨʞʘʿʝʤ ʚʣʘʛʝ ʫ ʣʠʩʪʫ. ɸʫʪʦʨʠ ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʩʝ ʢʦʤʙʠʥʘʮʠʿʦʤ 

CWSI, OSAVI ʠ NDVI ʤʦʛʫ ʨʘʥʦ ʧʨʝʜʚʠʜʝʪʠ ʧʨʠʥʦʩʠ ʧʘʪʣʠ˅ʘʥʘ. 
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5. ʄɸʊɽʈʀɱɸʃ ʀ ʄɽʊʆɼɽ 

5.1. ʇʦʩʪʘʚʢʘ ʦʛʣʝʜʘ 

ɽʢʩʧʝʨʠʤʝʥʪ ʿʝ ʧʦʩʪʘʚˀʝʥ ʥʘ ʦʪʚʦʨʝʥʦʤ ʧʦˀʫ ʦʛʣʝʜʥʦʛ ʧʦˀʦʧʨʠʚʨʝʜʥʦʛ ʜʦʙʨʘ 

Ăʅʘʧʨʝʜʘʢñ ʘ.ʜ. ʥʘ ʢʦʤʝ ʩʝ ʦʙʘʚˀʘ ʨʘʪʘʨʩʢʘ ʠ ʧʦʚʨʪʘʨʩʢʘ ʧʨʦʠʟʚʦʜˁʘ ʫ ʩʢʣʦʧʫ ʢʦʤʧʘʥʠʿʝ 

ɼʝʣʪʘ ɸʛʨʘʨ. ʆʛʣʝʜʥʦ ʜʦʙʨʦ ʩʝ ʥʘʣʘʟʠ ʫ ʉʪʘʨʦʿ ʇʘʟʦʚʠ ʥʘ 40-ʘʢ ʢʠʣʦʤʝʪʘʨʘ ʩʝʚʝʨʥʦ ʦʜ 

ɿʝʤʫʥʘ (ʇʦˀʦʧʨʠʚʨʝʜʥʠ ʬʘʢʫʣʪʝʪ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ), ʉʨʙʠʿʘ (44Á58'50,29" ʩʝʚʝʨʥʝ 

ʛʝʦʛʨʘʬʩʢʝ ʰʠʨʠʥʝ ʠ 20Á7'45,16" ʠʩʪʦʯʥʝ ʛʝʦʛʨʘʬʩʢʝ ʜʫʞʠʥʝ; ʥʘ 79 ʤʝʪʘʨʘ ʥʘʜʤʦʨʩʢʝ 

ʚʠʩʠʥʝ). ʃʦʢʘʮʠʿʘ ʦʛʣʝʜʥʝ ʧʘʨʮʝʣʝ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 1. 

 

 
ʉʣʠʢʘ 1. ʃʦʢʘʮʠʿʘ ʦʛʣʝʜʥʝ ʧʘʨʮʝʣʝ ʫ ʉʪʘʨʦʿ ʇʘʟʦʚʠ 

 

ʊʨʦʛʦʜʠʰˁʠ ʦʛʣʝʜ ʿʝ ʧʦʩʪʘʚˀʝʥ ʢʘʦ ʜʚʦʬʘʢʪʦʨʠʿʘʣʥʠ ʩʧʣʠʪ ʧʣʦʪ ʧʣʘʥ ʧʦʜʝˀʝʥʠʭ 

ʧʘʨʮʝʣʘ ʫ ʪʨʠ ʧʦʥʘʚˀʘˁʘ. ɻʘʿʝʥ ʿʝ ʧʘʩʫˀ ʩʦʨʪʝ ʩʨʝʤʘʮ ʫ ʨʘʟʣʠʯʠʪʠʤ ʨʦʢʦʚʠʤʘ ʩʝʪʚʝ ʠ 

ʨʝʞʠʤʠʤʘ ʟʘʣʠʚʘˁʘ. 

ʊʨʝʪʤʘʥ ʩʘ ʪʨʠ ʨʦʢʘ ʩʝʪʚʝ ʧʨʝʜʩʪʘʚˀʘʦ ʿʝ ʧʨʚʠ ʬʘʢʪʦʨ: 

1. ɺʘʨʠʿʘʥʪʘ ʩʘ ʨʝʜʦʚʥʦʤ ʩʝʪʚʦʤ (ʩʨʝʜʠʥʘ ʘʧʨʠʣʘ ʫ ʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ ʉʨʙʠʿʝ) (I); 

2. ɺʘʨʠʿʘʥʪʘ ʩʘ ʧʦʩʪʨʥʦʤ ʩʝʪʚʦʤ (ʢʨʘʿ ʤʘʿʘ ʠ ʧʦʯʝʪʘʢ ʿʫʥʘ) (II) ; 

3. ɺʘʨʠʿʘʥʪʘ ʩʘ ʧʦʩʪʨʥʦʤ ʩʝʪʚʦʤ (ʪʨʝ˂ʘ ʜʝʢʘʜʘ ʿʫʥʘ ʠ ʧʦʯʝʪʘʢ ʿʫʣʘ) (III) . 

4.  

ɼʨʫʛʠ ʠʩʧʠʪʠʚʘʥʠ ʬʘʢʪʦʨ ʿʝ ʦʙʫʭʚʘʪʘʦ ʪʨʠ ʚʘʨʠʿʘʥʪʝ ʟʘʣʠʚʘˁʘ:  

1. ɺʘʨʠʿʘʥʪʘ ʩʘ ʧʫʥʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ ʢʘʜʘ ʿʝ ʦʙʝʟʙʝʹʝʥʦ 100% ʝʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʿʝ 

ʫʩʝʚʘ (ETc) (ʌ); 

2. ɺʘʨʠʿʘʥʪʘ ʩʘ ʨʝʜʫʢʦʚʘʥʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ ʢʘʜʘ ʿʝ ʦʙʝʟʙʝʹʝʥʦ 80% Eʊc (ɼ1); 

3. ɺʘʨʠʿʘʥʪʘ ʩʘ ʨʝʜʫʢʦʚʘʥʠʤ ʥʘʚʦʜˁʘʚʘˁʝʤ ʢʘʜʘ ʿʝ ʦʙʝʟʙʝʹʝʥʦ 60% Eʊc (ɼ2). 
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ʇʘʩʫˀ ʩʦʨʪʝ ʩʨʝʤʘʮ ʩʝʿʘʥ ʿʝ ʫ ʪʨʠ ʨʦʢʘ ʩʝʪʚʝ (ʿʝʜʘʥ ʨʝʜʦʚʘʥ ʠ ʜʚʝ ʧʦʩʪʨʥʝ) ʥʘ ʦʛʣʝʜʥʠʤ 

ʧʘʨʮʝʣʘʤʘ ʫ ʪʨʠ ʧʦʥʘʚˀʘˁʘ. ʄʝʹʫʨʝʜʥʦ ʨʘʩʪʦʿʘˁʝ ʿʝ ʙʠʣʦ 0,5 m, ʘ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʙʠˀʘʢʘ 

ʫ ʨʝʜʫ 5 cm, ʯʠʤʝ ʿʝ ʧʦʩʪʠʛʥʫʪʘ ʛʫʩʪʠʥʘ ʩʝʪʚʝ ʦʜ ʦʢʦ 400 000 ʙʠˀʘʢʘ ʧʦ ʭʝʢʪʘʨʫ. ʋʢʫʧʥʘ 

ʧʦʚʨʰʠʥʘ ʦʛʣʝʜʘ ʠʟʥʦʩʠʣʘ ʿʝ 2371,5 m
2
.  

ī ʇʦʚʨʰʠʥʘ ʫʩʝʚʘ ʧʘʩʫˀʘ ʧʦ ʿʝʜʥʦʤ ʨʦʢʫ ʩʝʪʚʝ: 90 m x 7,5 m = 675 m
2
. 

ī ʇʦʚʨʰʠʥʘ ʫʩʝʚʘ ʧʘʩʫˀʘ ʫ ʪʨʝʪʤʘʥʫ ʧʫʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ ʫ ʿʝʜʥʦʤ ʨʦʢʫ ʩʝʪʚʝ: 2,5 m x 

90 m = 225 m
2
. 

ī ʇʦʚʨʰʠʥʘ ʫʩʝʚʘ ʧʘʩʫˀʘ ʫ ʪʨʝʪʤʘʥʫ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ 80% ETc ʫ ʿʝʜʥʦʤ ʨʦʢʫ 

ʩʝʪʚʝ: 2,5 m x 90 m = 225 m
2
. 

ī ʇʦʚʨʰʠʥʘ ʫʩʝʚʘ ʧʘʩʫˀʘ ʫ ʪʨʝʪʤʘʥʫ ʨʝʜʫʢʦʚʘʥʦʛ ʥʘʚʦʜˁʘʚʘˁʘ 60% Eʊc ʫ ʿʝʜʥʦʤ 

ʨʦʢʫ: 2,5 m x 90 m = 225 m
2
. 

ī ʇʦʚʨʰʠʥʘ ʙʦʯʥʠʭ ʨʝʜʦʚʘ (ʟʘʰʪʠʪʥʠ ʧʦʿʘʩ - ʙʫʬʝʨ) ʠ ʧʫʪʝʚʘ ʠʟʤʝʹʫ ʧʦʥʘʚˀʘˁʘ 

ʠʟʥʦʩʠ 346,5 m
2
. 

ʇʦʩʪʘʚʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʙʠʣʘ ʿʝ ʠʜʝʥʪʠʯʥʘ ʪʦʢʦʤ ʩʚʠʭ ʛʦʜʠʥʘ ʠʩʪʨʘʞʠʚʘˁʘ. ʉʝʪʚʘ ʿʝ 

ʚʨʰʝʥʘ ʤʘʰʠʥʩʢʠ (ʩʣʠʢʘ 2), ʥʘʢʦʥ ʯʝʛʘ ʿʝ ʧʦʩʪʘʚˀʘʥ ʩʠʩʪʝʤ ʟʘ ʟʘʣʠʚʘˁʝ ʤʝʪʦʜʦʤ ʢʘʧ ʧʦ ʢʘʧ.  

 

 
ʉʣʠʢʘ 2. ʉʝʪʚʘ ʧʘʩʫˀʘ ʥʘ ʦʛʣʝʜʥʦʿ ʧʘʨʮʝʣʠ ʠ ʧʦʩʪʘʚˀʘˁʝ ʩʠʩʪʝʤʘ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ 

 

ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʦʛʣʝʜʘ ʩʘ ʪʨʝʪʤʘʥʠʤʘ ʟʘʣʠʚʘˁʘ ʠ ʩʠʩʪʝʤʦʤ ʥʘʚʦʜˁʘʚʘˁʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ 

ʩʣʠʮʠ 3.  
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ʉʣʠʢʘ 3. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʦʛʣʝʜʘ ʩʘ ʩʠʩʪʝʤʦʤ ʥʘʚʦʜˁʘʚʘˁʘ 

 

5.2. ʂʣʠʤʘʪʩʢʠ ʠ ʤʝʪʝʦʨʦʣʦʰʢʠ ʫʩʣʦʚʠ ʛʘʿʝˁʘ  

ɸʥʘʣʠʟʘ ʢʣʠʤʘʪʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠʟʚʨʰʝʥʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʟʘ ʪʨʠʜʝʩʝʪʦʛʦʜʠʰˁʠ 

ʧʝʨʠʦʜ (1988-2017) ʠʟ ʛʦʜʠʰˁʘʢʘ ʈʝʧʫʙʣʠʯʢʦʛ ʭʠʜʨʦʤʝʪʝoʨʦʣʦʰʢʦʛ ʟʘʚʦʜʘ (ʈʍʄɿ) 

ʧʨʝʫʟʝʪʠʭ ʩʘ ʤʝʪʝoʨʦʣʦʰʢʝ ʩʪʘʥʠʮʝ ʫ ʉʫʨʯʠʥʫ, ʢʦʿʘ ʩʝ ʩʤʘʪʨʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʤ ʟʘ ʦʛʣʝʜʥʦ 

ʧʦʜʨʫʯʿʝ. ʇʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʧʘʨʘʤʝʪʘʨʘ ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ ʪʘʙʝʣʠ 1. 

ʂʣʠʤʘ ʣʦʢʘʣʠʪʝʪʘ ʿʝ ʫʤʝʨʝʥʦ ʢʦʥʪʠʥʝʥʪʘʣʥʘ. ʇʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ 

ʠʟʥʦʩʠ 12,4 ÁC, ʥʘʿʪʦʧʣʠʿʠ ʤʝʩʝʮʠ ʩʫ ʿʫʣ ʠ ʘʚʛʫʩʪ ʩʘ ʧʨʦʩʝʯʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ ʦʜ 22,9 ÁC, ʘ 

ʥʘʿʭʣʘʜʥʠʿʠ ʿʘʥʫʘʨ ʠ ʜʝʮʝʤʙʘʨ ʩʘ ʧʨʦʩʝʯʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ ʦʜ 1,1 ÁC. ʇʨʦʩʝʯʥʘ ʚʣʘʞʥʦʩʪ 

ʚʘʟʜʫʭʘ ʠʟʥʦʩʠ 74,3%, ʘ ʥʘʿʚʠʰʝ (86,3%) ʠ ʥʘʿʥʠʞʝ (65,2%) ʚʨʝʜʥʦʩʪʠ ʜʦʩʪʠʞʝ ʫ ʤʝʩʝʮʠʤʘ 

ʢʘʜʘ ʿʝ ʠ ʥʘʿʥʠʞʘ ʦʜʥʦʩʥʦ ʥʘʿʚʠʰʘ ʧʨʦʩʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ, ʜʘʢʣʝ ʫ ʿʘʥʫʘʨʫ ʠ ʘʚʛʫʩʪʫ, 

ʨʝʜʦʤ. ʇʨʦʩʝʯʥʘ ʙʨʟʠʥʘ ʚʝʪʨʘ ʠʟʥʦʩʠ 2,5 mῊs
-1
, ʘ ʥʘʿʚʝʪʨʦʚʠʪʠʿʠ ʤʝʩʝʮ ʿʝ ʤʘʨʪ (3,1 mῊs

-1
). 

ʇʨʦʩʝʯʥʘ ʛʦʜʠʰˁʘ ʚʠʩʠʥʘ ʧʘʜʘʚʠʥʘ ʠʟʥʦʩʠ 620 mm ʠ ʫ ʪʨʠʜʝʩʝʪʦʛʦʜʠʰˁʝʤ ʧʝʨʠʦʜʫ 

ʚʘʨʠʨʘʣʘ ʿʝ ʦʜ 937,3 mm ʜʦ 351,6 mm. ʅʘʿʚʝ˂ʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʿʘʚˀʘ ʩʝ ʫ ʿʫʥʫ (ʧʨʦʩʝʯʥʦ 

79,7 mm), ʘ ʥʘʿʥʠʞʘ ʫ ʬʝʙʨʫʘʨʫ (ʧʨʦʩʝʯʥʦ 33,2 mm).  
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ʊʘʙʝʣʘ 1. ʇʨʦʩʝʯʥʝ ʤʝʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʦʩʥʦʚʥʠʭ ʢʣʠʤʘʪʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʟʘ 

ʧʝʨʠʦʜ ʦʜ 1988. ʜʦ 2017. ʛʦʜʠʥʝ ʟʘ ʤʝʪʝʦʨʦʣʦʰʢʫ ʩʪʘʥʠʮʫ ʉʫʨʯʠʥ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ (Tsr-ʩʨʝʜˁʘ; ʊmax-ʤʘʢʩʠʤʘʣʥʘ; Tmin-ʤʠʥʠʤʘʣʥʘ), 

ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ (RH), ʙʨʟʠʥʘ ʚʝʪʨʘ (V) ʠ ʧʘʜʘʚʠʥʝ (P)  

ʄʝʩʝʮ 
Tsr 

(ęC) 

ʊmin 

(ęC) 

Tmax 

(ęC) 

RH 

% 

V 

(mῊs
-1
) 

P 

(mm) 

ɱʘʥʫʘʨ 1,1 4,5 -2,3 86,3 2,5 40,2 

ʌʝʙʨʫʘʨ 3,3 7,5 -1,0 79,7 2,8 33,2 

ʄʘʨʪ 7,7 12,9 2,6 71,4 3,1 43,6 

ɸʧʨʠʣ 12,6 18,1 7,0 68,6 3,0 50,9 

ʄʘʿ 17,4 23,1 11,7 68,5 2,5 64,4 

ɱʫʥ 20,8 26,6 15,1 69,2 2,3 79,7 

ɱʫʣ 22,9 29,0 16,7 65,6 2,2 56,3 

ɸʚʛʫʩʪ 22,9 29,2 16,6 65,2 2,0 51,2 

ʉʝʧʪʝʤʙʘʨ 18,0 23,7 12,4 72,0 2,3 56,9 

ʆʢʪʦʙʘʨ 13,0 18,2 7,7 76,7 2,4 50,5 

ʅʦʚʝʤʙʘʨ 7,3 11,5 3,1 81,8 2,6 47,6 

ɼʝʮʝʤʙʘʨ 2,1 5,3 -1,1 86,3 2,6 45,6 

ʄʘʢʩʠʤʫʤ 22,9 29,2 16,7 86,3 3,1 79,7 

ʄʠʥʠʤʫʤ 1,1 4,5 -2,3 65,2 2,0 33,2 

ʇʨʦʩʝʢ 12,4 17,5 7,4 74,3 2,5 51,7 

 

ɼʠʿʘʛʨʘʤ ʧʦ ɺʘʣʪʝʨʫ (Walter et al., 1975) (ʛʨʘʬʠʢ 1) ʜʘʿʝ ʫʚʠʜ ʢʘʜʘ ʩʝ ʥʘ ʥʝʢʦʤ ʧʦʜʨʫʯʿʫ 

ʤʦʞʝ ʦʯʝʢʠʚʘʪʠ ʥʝʜʦʩʪʘʪʘʢ ʚʦʜʝ ʟʘ ʙʠˀʢʝ. ʅʝʜʦʩʪʘʪʘʢ ʚʦʜʝ ʟʘ ʛʘʿʝʥʝ ʢʫʣʪʫʨʝ ʩʝ ʥʘ 

ʠʩʪʨʘʞʠʚʘʥʦʤ ʧʦʜʨʫʯʿʫ (1988 - 2017) ʧʨʝʤʘ ʜʠʿʘʛʨʘʤʫ ʧʦ ɺʘʣʪʝʨʫ ʿʘʚˀʘ ʪʦʢʦʤ ʿʫʥʘ, ʿʫʣʘ ʠ 

ʘʚʛʫʩʪʘ.  

 

 
ɻʨʘʬʠʢ 1. ɺʘʣʪʝʨʦʚ ʢʣʠʤʘ ʜʠʿʘʛʨʘʤ ʟʘ ʧʝʨʠʦʜ ʦʜ 1988. ʜʦ 2017. ʟʘ ʧʦʜʨʫʯʿʝ ʉʫʨʯʠʥʘ 
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5.3. ʄʝʪʝʦʨʦʣʦʰʢʘ ʦʩʤʘʪʨʘˁʘ 

ɿʘ ʧʦʪʨʝʙʝ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʦʛʣʝʜʥʦʤ ʧʦˀʫ ʧʦʩʪʘʚˀʝʥʘ ʿʝ ʘʫʪʦʤʘʪʩʢʘ ʤʝʪʝʦʨʦʣʦʰʢʘ 

ʩʪʘʥʠʮʘ ʢʦʤʧʘʥʠʿʝ ĂEMS Brnoñ. ʉʪʘʥʠʮʘ ʿʝ ʧʦʩʪʘʚˀʝʥʘ ʥʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʤ ʤʝʩʪʫ, ʫ 

ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʦʛʣʝʜʥʠʭ ʧʘʨʮʝʣʘ, ʥʘ ʪʨʘʚʥʘʪʦʤ ʫʩʝʚʫ, ʢʦʿʠ ʿʝ ʪʦʢʦʤ ʩʝʟʦʥʝ 

ʥʘʚʦʜˁʘʚʘʥ, ʨʝʜʦʚʥʦ ʢʦʰʝʥ ʠ ʦʜʨʞʘʚʘʥ (ʩʣʠʢʘ 4). 

 

 
ʉʣʠʢʘ 4. ʄʝʪʝoʨʦʣʦʰʢʘ ʩʪʘʥʠʮʘ ʥʘ ʦʛʣʝʜʥʦʤ ʧʦˀʫ 

 

ɿʘ ʧʨʘ˂ʝˁʝ ʢʣʠʤʘʪʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʤʝʪʝoʨʦʣʦʰʢʦʿ ʩʪʘʥʠʮʠ, ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʩʣʝʜʝ˂ʠ 

ʩʝʥʟʦʨʠ (ʩʣʠʢʘ 5): 

Minikin RTHi ʜʘʪʘʣʦʛʝʨ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʪʨʠ ʩʝʥʟʦʨʘ: RTHI - ʟʘ ʧʨʘ˂ʝˁʝ ʛʣʦʙʘʣʥʝ 

ʨʘʜʠʿʘʮʠʿʝ (WĀm
2
), Pt1000 ʟʘ ʤʝʨʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ (ÁC) ʠ Thi ʟʘ ʤʝʨʝˁʝ ʚʣʘʞʥʦʩʪʠ 

ʚʘʟʜʫʭʘ (%);  

MicroLog SDI-DS2 ʩʘ Decagon ʩʦʥʠʯʥʠʤ ʘʥʝʤʦʤʝʪʨʦʤ - ʟʘ ʧʨʘ˂ʝˁʝ ʙʨʟʠʥʝ ʠ ʧʨʘʚʮʘ 

ʜʫʚʘˁʘ ʚʝʪʨʘ (mĀs
-1

); 

Datalogger Minikin ERi - ʟʘ ʧʨʘ˂ʝˁʝ ʚʠʩʠʥʝ ʧʘʜʘʚʠʥʘ (mm); 

F3T3-MicroLog ʩʘ ʩʝʥʟʦʨʠʤʘ Cambell Scientific CS 616-LC ʠ PT100/8 - ʟʘ ʧʨʘ˂ʝˁʝ 

ʚʣʘʞʥʦʩʪʠ (%) ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʟʝʤˀʠʰʪʘ (ÁC); 

Irda/USB ʢʘʙʘʣ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠ ʧʨʝʫʟʠʤʘˁʝ ʧʦʜʘʪʘʢʘ ʩʘ ʜʘʪʘʣʦʛʝʨʘ. 

ʈʘʜ ʩʝʥʟʦʨʘ ʠ ʦʙʨʘʜʘ ʧʦʜʘʪʘʢʘ ʠʟʚʨʰʝʥʘ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʫʥʠʚʝʨʟʘʣʥʦʛ Mini 32 

ʩʦʬʪʚʝʨʘ. ʆʚʠʤ ʫʨʝʹʘʿʠʤʘ ʤʦʛʫ˂ʝ ʿʝ ʧʦʜʝʰʘʚʘˁʝ ʚʨʝʤʝʥʩʢʠʭ ʠʥʪʝʨʚʘʣʘ ʧʦʭʨʘˁʠʚʘˁʘ 

ʧʦʜʘʪʘʢʘ, ʚʨʰʝˁʝ ʢʦʥʪʨʦʣʝ ʨʘʜʘ ʩʝʥʟʦʨʘ ʠ ʫʧʨʘʚˀʘˁʘ ʙʘʟʦʤ ʧʦʜʘʪʘʢʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ 

(ʧʨʝʫʟʠʤʘˁʝ ʩʠʨʦʚʠʭ ʧʦʜʘʪʘʢʘ ʠʣʠ ʩʪʘʪʠʩʪʠʯʢʠ ʦʙʨʘʹʝʥʠʭ ʧʦʜʘʪʘʢʘ ʫ ʚʠʜʫ ʪʘʙʝʣʘ ʠʣʠ 

ʛʨʘʬʠʢʦʥʘ). ɿʘ ʧʦʪʨʝʙʝ ʦʚʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʩʚʠ ʩʝʥʟʦʨʠ ʩʫ ʧʦʜʝʰʝʥʠ ʜʘ ʚʨʰʝ ʤʝʨʝˁʝ ʠ 

ʧʦʭʨʘˁʠʚʘˁʝ ʧʦʜʘʪʘʢʘ ʫ ʠʥʪʝʨʚʘʣʫ ʦʜ ʩʘʪ ʚʨʝʤʝʥʘ, ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʘʜʝʢʚʘʪʥʘ ʧʨʝʮʠʟʥʦʩʪ 

ʤʝʨʝˁʘ. 
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ʉʣʠʢʘ 5. ʉʝʥʟʦʨʠ ʟʘ ʧʨʘ˂ʝˁʝ ʢʣʠʤʘʪʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ 

 

ʈʝʟʫʣʪʘʪʠ ʧʨʦʩʝʯʥʝ ʤʝʩʝʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ ʩʫʤʝ ʧʘʜʘʚʠʥʘ ʪʦʢʦʤ ʪʨʦʛʦʜʠʰˁʝʛ 

ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʨʝʹʝʥʠ ʩʫ ʩʘ ʚʠʰʝʛʦʜʠʰˁʠʤ ʧʦʜʘʮʠʤʘ (1988-2017) ʠ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʚʠʜʫ 

ɺʘʣʪʝʨʦʚʦʛ ʜʠʿʘʛʨʘʤʘ ʥʘ ʛʨʘʬʠʢʫ 2.  

 

 
ɻʨʘʬʠʢ 2. ʇʦʨʝʹʝˁʝ ʢʣʠʤʘʪʩʢʠʭ ʧʦʜʘʪʘʢʘ ʪʦʢʦʤ 2018. (ɸ), 2019. (ɹ), 2020. (ɺ) ʩʘ 

ʚʠʰʝʛʦʜʠʰˁʠʤ ʧʨʦʩʝʢʦʤ (1988-2017) ʛʦʜʠʥʝ 

 

ʊʦʢʦʤ ʪʨʘʿʘˁʘ ʦʛʣʝʜʘ 2018. ʛʦʜʠʥʝ ʩʨʝʜˁʘ ʤʝʩʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʠʟʥʦʩʠʣʘ ʿʝ 

21,05 Áʉ, ʰʪʦ ʿʝ ʟʘ 3,32 Áʉ ʚʠʰʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʚʠʰʝʛʦʜʠʰˁʠʤ ʧʨʦʩʝʢʦʤ (ʛʨʘʬʠʢ 2ɸ). 

ʇʨʦʩʝʯʥʝ ʤʘʢʩʠʤʘʣʥʝ ʠ ʤʠʥʠʤʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠʟʥʦʩʠʣʝ ʩʫ 27,19 Áʉ ʠ 14,83 Áʉ, 

ʨʝʜʦʤ (ʜʦʜʘʪʥʠ ʤʘʪʝʨʠʿʘʣ 1). ʆʥʦ ʰʪʦ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʦʚʫ ʛʦʜʠʥʫ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝʩʪʝ 

ʪʦ ʰʪʦ ʿʝ ʦʩʤʦʪʨʝʥʦ ʯʘʢ 59 ʪʨʦʧʩʢʠʭ ʜʘʥʘ ʢʘʜʘ ʿʝ Tmax ʧʨʝʤʘʰʠʚʘʣʘ 30 Áʉ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʟʘʙʝʣʝʞʝʥʦ ʿʝ 52 ʜʘʥʘ ʩ ʧʘʜʘʚʠʥʘʤʘ, ʘ ʫʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʧʘʜʘʚʠʥʘ ʠʟʥʦʩʠʣʘ ʿʝ 434,00 mm, ʰʪʦ 

ʿʝ ʟʘ 24,10 mm ʚʠʰʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʚʠʰʝʛʦʜʠʰˁʠʤ ʧʨʦʩʝʢʦʤ ʩʫʤʝ ʧʘʜʘʚʠʥʘ. ʊʦʢʦʤ ʜʚʘ 

ʧʘʜʘʚʠʥʩʢʘ ʜʦʛʘʹʘʿʘ, ʟʘʙʝʣʝʞʝʥʝ ʩʫ ʜʥʝʚʥʝ ʚʠʩʠʥʝ ʧʘʜʘʚʠʥʘ ʦʜ 48,8 mm (7. ʿʫʣ) ʠ 47 mm (26. 

ʘʚʛʫʩʪ). ɼʘʢʣʝ, ʛʦʜʠʥʘ ʿʝ ʙʠʣʘ ʘʪʠʧʠʯʥʘ, ʪʦʧʣʘ ʠ ʚʣʘʞʥʘ. 

ʈʝʟʫʣʪʘʪʠ ʧʨʦʩʝʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʠ ʩʫʤʝ ʧʘʜʘʚʠʥʘ 2019. ʛʦʜʠʥʝ ʧʨʝʜʩʪʘʚˀʝʥʠ 

ʩʫ ʥʘ ʛʨʘʬʠʢʫ 2ɹ. ʉʨʝʜˁʘ ʤʝʩʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʠʟʥʦʩʠʣʘ ʿʝ 19,04 Áʉ, ʰʪʦ ʿʝ 1,32 Áʉ 

ʚʠʰʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʚʠʰʝʛʦʜʠʰˁʠʤ ʧʨʦʩʝʢʦʤ (ʛʨʘʬʠʢ 2ɹ). ʇʨʦʩʝʯʥʝ ʤʘʢʩʠʤʘʣʥʝ ʠ 












































































































































































































































