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The aims of this research are to investigate the concentration of 7,8-dihydro-8h -20-
hydroxyecdysone (DHECD) in riceberry rice plants and the effects of DHECD on chlorophyll fluorescence 
(Fv/Fm), performance index (Pi), relative water content (%RWC), photosynthetic pigment content, growth and 
development, total soluble sugar, proline, hydrogen peroxide (H2O2), malondialdehyde (MDA) content, 
catalase activity (CAT) and grain yield in riceberry rice plants under drought stress. The experiment was 
divided into three phases. Firstly, the level of drought tolerance was tested using polyethylene glycol 6000 
(W/V) at 0%, 5%, 10%, 15%, and 20% (W/V) (PEG). After 51 days, the results demonstrated that riceberry 
rice can tolerate 10% (W/V) PEG. Secondly, the concentration of DHECD in riceberry rice was examined 
using DHECD at the concentration 1 and 1.5 micromolar in a 10% (W/V) PEG solution. 1 micromolar of 
DHECD was shown to be the most optimal and effective concentration for riceberry rice. Lastly, the effect of 
1 micromolar DHECD on physiological responses of two growth phases in riceberry rice plants, including 
vegetative and reproductive phases. In the vegetative phase, riceberry rice plants were grown under normal 
conditions and did not spray of DHECD. In the reproductive phase, riceberry rice plants were grown under 
short-term drought stress conditions (five days) and sprayed with DHECD. The results found that in 
vegetative phase, riceberry rice plants in normal conditions and sprayed with DHECD showed increases of 
Fv/Fm, Pi, chlorophyll, carotenoids, anthocyanin, total soluble sugar, proline, H2O2, MDA, shoot length, fresh 
weight, dry weight and %RWC when compared with the control group. In the reproductive phases, riceberry 
rice plants were grown under short-term drought stress and sprayed with DHECD found that Fv/Fm, Pi, 
chlorophyll, carotenoids, anthocyanin, total soluble sugar, proline, shoot length, fresh weight, dry weight and 
%RWC increased when compared with riceberry rice plants treated with drought stress and not sprayed with 
DHECD showed a decrease in H2O2 and MDA content. Furthermore, riceberry rice plants sprayed with 
DHECD encountered drought stress and able to withstand drought for five days when compared with the 
others without spraying of DHECD. Additionally, spraying DHECD affected recovery in drought stress in 
riceberry rice plants and promoted increased grain weight and anthocyanin content in rice grain. 
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ÛØÚČó 

 
áúâõìæòÈ 

Ã­óèÿÜĆÚßøËÿéäêÑÂõÉØöćâöÅèóâëČóÅòÎÃîÈÜäñËóÂäāæÂ āÕãÜäñËóÂäâóÂÂè¬óÅä÷ćÈÛäõāáÅ
Ã­óèÿÜĆÚîóìóäìæòÂāÕãÿÊßóñîã¬óÈãõćÈĂÚØèöÜÿîÿËöã Ì÷ćÈÿÜĆÚØòĈÈÝú­ÝæõÖĀæñÝú­ÛäõāáÅìæòÂØöćâöÂóä
ÛäõāáÅâóÂ×÷È 90% (îäîÚÈÅ° ÚòãèõÂùæ, 2560) ëČóìäòÛĂÚÜäñÿØéăØã Ã­óèÿÜĆÚßøËØöćâöÅèóâëČóÅòÎ
ØòĈÈĂÚØóÈÿéäêÑÂõÉĀæñÂóäÛäõāáÅ É÷ÈâöÂóäÜæúÂÃ­óèîãú¬ØòćèØùÂáúâõáóÅ ØČóĂì­ĂÚÜäñÿØéăØãâö
Âóäé÷ÂêóßòÓÚóĀæñÜäòÛÜäùÈßòÚÙù°Ã­óè ÿßøćîĂì­ăÕ­ëóãßòÚÙù°Ã­óèØöćâöÅùÔáóßÖóâÅèóâÖ­îÈÂóäÃîÈ
ÖæóÕ Ã­óèăäÌ°ÿÛîäöćÿÜĆÚîöÂìÚ÷ćÈëóãßòÚÙù°ØöćâöÂóäßòÓÚóĀæñăÕ­äòÛÅèóâëÚĂÉÉóÂÝú­ÛäõāáÅÿßõćââóÂ
Ã÷ĈÚ ÿÚøćîÈÉóÂÿÜĆÚÃ­óèØöćâöÅùÔÅ¬óØóÈāáËÚóÂóäëúÈ ÿË¬Ú âöÂóäëñëâëóäĀîÚāØăÌãóÚõÚĂÚë¬èÚÃîÈ
ÿâæĆÕÃ­óè Ì÷ćÈâöÛØÛóØĂÚÂóäÖ­óÚîÚùâúæîõëäñáóãĂÚÿÌææ°ăÕ­ ĀæñØČóĂì­ÿÜĆÚØöćÚõãâÃîÈÝú­ÛäõāáÅĂÚ
ÜòÉÉùÛòÚ (Luang-In et al., 2018) ÉóÂë×óÚÂóäÔ°ĂÚÜòÉÉùÛòÚ ßÛè¬óâöÂóäÿÜæöćãÚĀÜæÈÃîÈëáóß
áúâõîóÂóéØòćèāæÂ ØČóĂì­îùÔìáúâõÃîÈëáóßĀèÕæ­îâÿßõćâÃ÷ĈÚ ĀæñÂóäÿßõćâÃ÷ĈÚÃîÈîùÔìáúâõÕòÈÂæ¬óè
ë¬ÈÝæÖ¬îÂóäÿÂõÕÅèóâĀæ­È  (Bulut & Gürkan, 2017) Ì÷ćÈÅèóâĀæ­ÈÿÂõÕÉóÂÂóäÃóÕĀÅæÚÚČĈóĂÚ
ßøĈÚØöćĂÕßøĈÚØöćìÚ÷ćÈÿÜĆÚÿèæóÚóÚ ÿÚøćîÈÉóÂÞÚăâ¬ÖÂÖóâåÕúÂóæ ìäøîÅèóâăâ¬ëâÕùæÃîÈÚČĈóáóãĂÚ
ÕõÚÂòÛÂóääñÿìãÃîÈÚČĈóÉóÂÕõÚ  (Saud et al., 2016) ÉÚÂ¬îĂì­ÿÂõÕÅèóâĀì­ÈĀæ­ÈĀæñë¬ÈÝæÂäñØÛ
Ö¬îÂóäîùÜāáÅÛäõāáÅ äèâ×÷ÈÂõÉÂóäÕ­óÚÜéùëòÖè°ĀæñÿÂêÖäÂääâ āÕãÿÊßóñîã¬óÈãõćÈÝæÂäñØÛÖ¬î
ßøËÝæØóÈÂóäÿÂêÖä āÕãßøËØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈÉñâöÂæăÂÂóäÖîÛëÚîÈØóÈ
ëäöäèõØãóÖ¬îÅèóâÿÅäöãÕØöćßøËăÕ­äòÛÿË¬Ú ÂóäÿßõćâÅèóâãóèĂÚë¬èÚÃîÈäóÂÿßøćîìóĀìæ¬ÈÚČĈóĂÚ
Ë¬îÈè¬óÈäñìè¬óÈîÚùáóÅÿâĆÕÕõÚ ÂóäÜõÕÜóÂĂÛāÕãîóéòãÂóäë¬ÈëòÎÎóÔÃîÈïîä°āâÚÂäÕĀîÛăÌ
ÌõÂ (Abscisic acid, ABA) ÂóäÿßõćâÂóäëñëâÜäõâóÔÃîÈÂäÕîñâõāÚāßäæöÚ ÿÜĆÚÖ­Ú  ÂæăÂ
ÕòÈÂæ¬óèÉñË¬èãĂÚÂóäÜäòÛÖòèÃîÈßøËĂì­ëóâóä×ÿÉäõÎÿÖõÛāÖîãú¬ăÕ­áóãĂÖ­ÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­È îã¬óÈăäÂĆÖóâĀâ­è¬óßøËÉñâöÂæăÂĂÚÂóäÜäòÛÖòèÖ¬îÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È ĀÖ¬ÝæÝæõÖÃîÈ
ßøËÂĆãòÈâöÜäõâóÔæÕæÈÿâøćîÿØöãÛÂòÛÂóäÿÉäõÎÿÖõÛāÖÃîÈßøËáóãĂÖ­ëáóèñĀèÕæ­îâØöćăÕ­äòÛÚČĈóîã¬óÈ
ÿßöãÈßî ÕòÈÚòĈÚÚòÂëäöäèõØãóßøËÉ÷ÈâöÂóäÚČóëóäÅèÛÅùâÂóäÿÉäõÎÿÖõÛāÖÃîÈßøË (Plant growth 
regulators ; PGRs) ÛóÈËÚõÕâóĂË­ ÿßøćîÿßõćâÅèóâØÚØóÚĂÚÂóäØÚÖ¬îëáóèñĀèÕæ­îâØöćăâ¬
ÿìâóñëâĂì­ĀÂ¬ßøË (Abobatta, 2019) ÿË¬Ú ëóäĂÚÂæù¬âÛäóëëõāÚëÿÖöãäîãÕ° (Brassinosteroid 
;BRs) Ì÷ćÈâöäóãÈóÚè¬ó ëóâóä×ÿßõćâÂóäØČóÈóÚÃîÈÿîÚăÌâ°Ö­óÚîÚùâúæîõëäñ ÜäõâóÔÅæîāäàõææ° 
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Åèóâëóâóä×ĂÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ äèâØòĈÈÂóäÿßõćâÜäõâóÔÅóä°āÛăïÿÕäÖáóãĂÚÖ­ÚßøË ÿâøćî
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëõćÈĀèÕæ­îâ (Ali et al., 2018) ÉóÂÝæÂóäé÷ÂêóØöćâöâóÂ¬îÚìÚ­óÚöĈßÛè¬ó
ëóäÛäóëëõāÚëÿÖöãäîãÕ°ëóâóä×ÿßõćâÅèóâëúÈ ÉČóÚèÚĂÛ ÿë­ÚÝ¬óÚéúÚã°ÂæóÈæČóÖ­Ú ÃÚóÕØäÈßù¬â 
ÚČĈóìÚòÂëÕæČóÖ­Ú ÚČĈóìÚòÂĀì­ÈĂÛ æČóÖ­Ú ÕîÂ ĀæñÜäõâóÔĀÅāäØöÚîãÕ°ĂÚÕóèÿäøîÈăÕ­ (ÙÚèÕö 
ßäìâÉòÚØä°, 2560) ĀæñăÕ­âöÂóäØÕæîÈĂË­ëóäØöćâöāÅäÈëä­óÈÅæ­óãëóäĂÚÂæù¬âÛäóëëõāÚëÿÖöãäîãÕ°
ĂÚÖ­ÚÃ­óèßÛè¬ó ëóâóä×ÿßõćâîòÖäóÂóäëòÈÿÅäóñì°Õ­èãĀëÈëùØÙõÃîÈÃ­óèßòÚÙù°ÜØùâÙóÚö 1 ĂÚäñãñ
ÂóäÿÉäõÎÿÖõÛāÖØóÈÕ­óÚæČóÖ­ÚáóãĂÖ­ëáóèñÿÅäöãÕÉóÂÅèóâä­îÚăÕ­ (Thussagunpanit et al., 
2015)  ĀÖ¬ÿÚøćîÈÉóÂëóäÛäóëëõāÚëÿÖöãäîãÕ°ÿÜĆÚëóäÅèÛÅùâÂóäÿÉäõÎÿÖõÛāÖÃîÈßøËØöćâöäóÅóëúÈ 
ØČóĂì­âöÂóäÅ­ÚÅè­óĀæñßòÓÚóëóäØöćâöÅùÔëâÛòÖõĂÂæ­ÿÅöãÈÂòÛëóäĂÚÂæù¬âÛäóëëõāÚëÿÖöãäîãÕ° 

ăÕ­ĀÂ¬ ëóä 7,8-dihydro-8a-20-hydroxyecdysone (DHECD) ìäøîÛäóëëõāÚëÿÖöãäîãÕ°âõâõÂ 
(Brassinosteroid mimic) Ì÷ćÈâöÅùÔëâÛòÖõÅæ­óãëóäÛäóëëõāÚëÿÖöãäîãÕ° ÿÜĆÚëóäØöćăÕ­âóÉóÂÂóä
ÿÜæöćãÚĀÜæÈāÅäÈëä­óÈØóÈÿÅâöÃîÈëóä 20-hydroxyecdysone Ì÷ćÈëÂòÕăÕ­ÉóÂÿÜæøîÂÃîÈÖ­Ú
ăÃ¬ÿÚ¬ó (Vitex glabrata) (Suksamrarn et al., 2002) ÉòÕÿÜĆÚëóäÅèÛÅùâÂóäÿÉäõÎÿÖõÛāÖÃîÈßøË 
ëóâóä×ÿßõćâÂóäÿÉäõÎÿÖõÛāÖÃîÈÿÌææ°ßøË ØČóĂì­ßøËâöÅèóâØÚØóÚÖ¬îëáóèñÅèóâÿÅäöãÕÖ¬óÈ ą 
ÉóÂÂóäé÷ÂêóÝæÃîÈëóä DHECD ßÛè¬ó ÿâøćîÖ­ÚÃ­óèØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâä­îÚ ĀæñăÕ­äòÛ
Âóäß¬ÚÕ­èãëóä DHECD ÉñâöÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈÿßõćâÃ÷ĈÚ ÂóäÿÂõÕæõßõÕÿÜîä°îîÂÌõ
ÿÕËòćÚæÕæÈ ĀæñË¬èãÿßõćâÂóäëñëâÜäõâóÔÚČĈóÖóæĂÚßøË (Thussagunpanit et al., 2014) Āæñ
ÚîÂÉóÂÚöĈãòÈßÛè¬óĂÚâñÿÃøîÿØéØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È ÿâøćîăÕ­äòÛëóä DHECD Éñâö
ÜäõâóÔÅæîāäàõææ° ĀæñâöÂóäÿÖõÛāÖĂÚë¬èÚÃîÈÖ­ÚÿßõćâÃ÷ĈÚ ĂÚÃÔñØöćÂóäÿÂõÕæõßõÕÿÜîä°îîÂÌõÿÕËòćÚ
æÕæÈ (ßËä âÔöāËÖõ et al., 2561) 

îã¬óÈăäÂĆÖóâ ÉóÂÂóäé÷ÂêóØöćâöâóÂ¬îÚìÚ­óÚöĈë¬èÚĂìÎ¬ÉñÿÜĆÚÂóäé÷ÂêóÛØÛóØÃîÈëóä
ÅèÛÅùâÂóäÿÉäõÎÿÖõÛāÖÃîÈßøËĂÚÂæù¬âÃîÈëóäÛäóëëõāÚëÿÖöãäîãÕ° ĀÖ¬Âóäé÷ÂêóÛØÛóØÃîÈëóä 
DHECD ĂÚÜòÉÉùÛòÚãòÈâöÂóäé÷Âêóîãú¬Ú­îã É÷ÈØČóĂì­ÚòÂëäöäèõØãóßøËâöÅèóâëÚĂÉØöćÉñØČóÂóäé÷Âêó
ÝæÃîÈëóä DHECD Ö¬îÂóäÿÜæöćãÚĀÜæÈØóÈëäöäèõØãóÃîÈßøËìæóãËÚõÕÌ÷ćÈÿÜĆÚßøËÿéäêÑÂõÉØöć
ëČóÅòÎÃîÈÜäñÿØéăØã ÿË¬Ú Ã­óè âñÿÃøîÿØé ĀæñĀÖÈÂèó ÿÜĆÚÖ­Ú ÿÚøćîÈÉóÂÂäñÛèÚÂóäÖîÛëÚîÈ
ÃîÈßøËËÚõÕÖ¬óÈ ą ØöćăÕ­äòÛëóä DHECD áóãĂÖ­ëáóßĀèÕæ­îâØóÈÂóãáóßØöćăâ¬ÿìâóñëâ îóÉÉñ
âöÂæăÂØöćĀÖÂÖ¬óÈÂòÚ ÜäñÂîÛÂòÛãòÈăâ¬âöÂóäé÷ÂêóÝæÃîÈëóä DHECD Ö¬îÂóäëòÈÿÅäóñì°Õ­èãĀëÈ
ĀæñÂóäÿÉäõÎÿÖõÛāÖÃîÈÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ëáóèñĀæ­È Ì÷ćÈÃ­óèăäÌ°ÿÛîäöćÚòÛè¬óÿÜĆÚÃ­óèËÚõÕìÚ÷ćÈØöćâö
ÅùÔÅ¬óØóÈāáËÚóÂóäëúÈĀæñÿÜĆÚØöćÖ­îÈÂóäÃîÈÖæóÕØòĈÈĂÚÜäñÿØéĀæñÖ¬óÈÜäñÿØé ÕòÈÚòĈÚĂÚ
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ÈóÚèõÉòãÚöĈÝú­èõÉòãÉ÷ÈëÚĂÉé÷ÂêóÝæÃîÈëóä DHECD Ö¬îÂóäëòÈÿÅäóñì°Õ­èãĀëÈĀæñÂóäÿÉäõÎÿÖõÛāÖ
ÃîÈÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ëáóèñĀæ­È ÿßøćîĂì­ØäóÛ×÷ÈÛØÛóØÃîÈëóä DHECD ØöćâöÖ¬îÂóäÖîÛëÚîÈ
ØóÈëäöäèõØãóÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ì÷ćÈÿÜĆÚÂóäìóĀÚèØóÈÿßøćî
ÂóäÉòÕÂóääñÛÛÂóäÿßóñÜæúÂÃ­óèăäÌ°ÿÛîäöćĂÚßøĈÚØöćÿÂêÖäÂääâÃîÈÜäñÿØéăØãÖ¬îăÜ ĀæñãòÈÿÜĆÚ
ÂóäÿÖäöãâßä­îâĂÚÂóääòÛâøîÂòÛÂóäÿÜæöćãÚĀÜæÈÃîÈÜòÎìóáòãĀæ­ÈØöćÚòÛèòÚÉñØèöÅèóâäùÚĀäÈâóÂ
Ã÷ĈÚ ĀæñÿßøćîĂì­ÿÂêÖäÂäëóâóä×ØČóÂóäÿßóñÜæúÂÃ­óèăäÌ°ÿÛîäöćØöćãòÈÅÈâöÝæÝæõÖĀæñÅùÔáóßÃîÈ
ÿâæĆÕÃ­óèØöćÕöáóãĂÖ­ëáóèñĀæ­È āÕãĂÚÈóÚèõÉòãÝú­èõÉòãăÕ­ØČóÂóäÜæúÂÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­Âóä
ÉČóæîÈĂì­ßøËăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È ĀæñØČóÂóäèòÕÅèóâëóâóä×ĂÚÂóäëòÈÿÅäóñì°Õ­èã
ĀëÈ (Performance index, Pi) Å¬óÅæîāäàõææ°àæúîîÿäëÿÌÚÌ° (Chlorophyll fluorescence, 
Fv/Fm) ÜäõâóÔÃîÈäÈÅèòÖ×ùØöćëČóÅòÎÃîÈÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ ăÕ­ĀÂ¬ ÜäõâóÔ
Åæîāäàõææ° ÿî Åæîāäàõææ° Ûö Åæîāäàõææ°äèâ ĀÅāäØöÚîãÕ° ĀæñĀîÚāØăÌãóÚõÚ Âóäé÷ÂêóÂóä
ÿÉäõÎÿÖõÛāÖÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØČóāÕãÂóäèòÕÅèóâãóèæČóÖ­Ú ĀæñÂóäÿÜæöćãÚĀÜæÈØóÈëäöäèõØãó
ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ëáóèñĀæ­È āÕãÂóäé÷ÂêóÜäõâóÔÚČĈóëòâßòØÙ° ÜäõâóÔÚČĈóÖóæ ÜäõâóÔ
āßäæöÚ ĀæñÂõÉÂääâÂóäØČóÈóÚÃîÈÿîÚăÌâ°Ö­óÚîÚùâúæîõëäñ ăÕ­ĀÂ¬ Catalase (CAT) äèâØòĈÈ
Âóäé÷ÂêóÅùÔáóßÃîÈÝæÝæõÖÃ­óèăäÌ°ÿÛîäöć ăÕ­ĀÂ¬ ÉČóÚèÚÿâæĆÕÖ¬îÖ­Ú ÜäõâóÔĀîÚāØăÌãóÚõÚĂÚ
ÿâæĆÕÃ­óè ÿÜĆÚÖ­Ú 

 
Åèóââù¬ÈìâóãÃîÈÈóÚèõÉòã 

ĂÚÂóäèõÉòãÅäòĈÈÚöĈăÕ­ÖòĈÈÅèóââù¬ÈìâóãÕòÈÚöĈ 
1 ÿßøćîé÷ÂêóÝæÃîÈëóä DHECD Ö¬îÂóäëòÈÿÅäóñì°Õ­èãĀëÈ ăÕ­ĀÂ¬ ÂóäèòÕ

Åèóâëóâóä×ĂÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ (Performance index, Pi) Å¬óÅæîāäàõææ°àæúîîÿäëÿÌÚÌ° 
(Chlorophyll fluorescence, Fv/Fm) Å¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛ ĀæñÜäõâóÔÃîÈäÈÅèòÖ×ùØöćëČóÅòÎ
ÃîÈÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

2. ÿßøćîé÷ÂêóÝæÃîÈëóä DHECD Ö¬îÂóäÿÉäõÎÿÖõÛāÖ ăÕ­ĀÂ¬ ÂóäÿÉäõÎÿÖõÛāÖÕ­óÚæČó
Ö­ÚÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

3. ÿßøćîé÷ÂêóÝæÃîÈëóä DHECD Ö¬îÂóäÿÜæöćãÚĀÜæÈØóÈëäöäèõØãó ăÕ­ĀÂ¬ ÜäõâóÔ
ÚČĈóëòâßòØÙ° ÜäõâóÔÚČĈóÖóæ ÜäõâóÔāßäæöÚ ĀæñÂõÉÂääâÂóäØČóÈóÚÃîÈÿîÚăÌâ°Ö­óÚîÚùâúæîõëäñ 
ăÕ­ĀÂ¬ Catalase (CAT) ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È  
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4. ÿßøćîé÷ÂêóÝæÃîÈëóä DHECD Ö¬îÅùÔáóßÃîÈÝæÝæõÖ ăÕ­ĀÂ¬ ÉČóÚèÚÿâæĆÕÖ¬îÖ­Ú 
ĀæñÜäõâóÔĀîÚāØăÌãóÚõÚĂÚÿâæĆÕÃ­óè ĂÚÿâæĆÕÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 
ëââÖõÑóÚÈóÚèõÉòã 

1 ëóäÛäóëëõāÚëÿÖöãäîãÕ°âõâõÂ âöÛØÛóØĂÚÂóäÿßõćâÜäñëõØÙõáóßÃîÈÂäñÛèÂóä
ëòÈÿÅäóñì°Õ­èãĀëÈÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈăÕ­  

2 ëóäÛäóëëõāÚëÿÖöãäîãÕ°âõâõÂ âöÝæĂÚÂóäÿßõćâÂóäÿÉäõÎÿÖõÛāÖ āÕãËòÂÚČóĂì­ßøËÿÂõÕ
ÂóäÿÜæöćãÚĀÜæÈØóÈëäöäèõØãóÛóÈÜäñÂóäĂÚÂóäØÚØóÚÖ¬îëáóèñĀæ­È ĀæñË¬èãÿßõćâÅùÔáóß
ÝæÝæõÖÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈăÕ­ 
 

 
 



 
 

ÛØØöć 2  
ÿîÂëóäĀæñÈóÚèõÉòã 

 
ĂÚÂóäèõÉòãÅäòĈÈÚöĈ Ýú­èõÉòãăÕ­é÷ÂêóÿîÂëóäĀæñÈóÚèõÉòãØöćÿÂöćãèÃ­îÈ ĀæñăÕ­ÚČóÿëÚîÖóâ

ìòèÃ­îÖ¬îăÜÚöĈ 
Ɨ. Ã­óèăäÌ°ÿÛîäöć 
Ƙ. ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
ƙ. ÂæăÂÃîÈßøËØöćÖ­óÚØóÚÅèóâĀì­ÈĀæ­È  
ƚ. ÛäóëëõāÚëÿÖöãäîãÕ° 
ƛ. äÈÅèòÖ×ù äñÛÛĀëÈ ĀæñÂóäÖîÛëÚîÈÖ¬îÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
 

Ã­óèăäÌ°ÿÛîäöć 
Ã­óèăäÌ°ÿÛîäöć (Riceberry rice) ÿÜĆÚÃ­óèÿÉ­óëóãßòÚÙù°Ăìâ¬ØöćăÕ­äòÛÂóäÅòÕÿæøîÂĀæñßòÓÚó

ßòÚÙù° āÕãÂóäÝëâÃ­óâßòÚÙù°äñìè¬óÈ Ã­óèÿÉ­óìîâÚõæ âìóèõØãóæòãÿÂêÖäéóëÖä° (ßòÚÙù°ß¬î) ÂòÛ 
Ã­óèÃóèÕîÂâñæõ 105 (Ã­óèìîââñæõ) ÉóÂë×óÛòÚèõÉòãÃ­óè (ßòÚÙù°Āâ¬) (Kongkachuichai et al., 
ƘƖƗƙ) ÿßøćîÜæúÂĀæñÅòÕÿæøîÂÖ­ÚØöćĂì­ÝæÝæõÖëúÈ ÖõÕÿâæĆÕÕö ÃÚóÕÿâæĆÕĂìÎ¬ ãóèÿäöãè ăâ¬ÿÜĆÚāäÅ
ăìâ­ÅîäèÈ ÿÜæøîÂÿâæĆÕëñîóÕ ÅòÕÿæøîÂëóãßòÚÙù°ØöćâöÿâæĆÕÃ­óèÂæ­îÈëöâ¬èÈÿÃ­â-ÕČó ÚČĈóìÚòÂÖ¬î
ÿâæĆÕ ĀæñèõÿÅäóñì°ÅùÔÅ¬óØóÈāáËÚóÂóäÌČĈóîöÂÅäòĈÈìÚ÷ćÈ ØČóĂì­Å­ÚßÛÃ­óèÿÉ­óëöâ¬èÈÿÃ­â ÿâæĆÕÿäöãè
ãóè âöëóäÖ­óÚîÚùâúæîõëäñëúÈĀæñâöÅùÔÅ¬óØóÈāáËÚóÂóäāÕãäèâÕöÿÕ¬Ú 1 ëóãßòÚÙù°ĂÚÜö ß.é. 
2548 (ÖóäóÈØöć1) āÕãĂì­ËøćîßòÚÙù°è¬ó ´ăäÌ°ÿÛîäöćµ ÉóÂÂóäèõÉòãßÛè¬ó ëóäëÂòÕØöćăÕ­ÉóÂÿâæĆÕÃîÈÃ­óè
ăäÌ°ÿÛîäöćâöëóäÖ­óÚîÚùâúæîõëäñĂÚÜäõâóÔëúÈ ÿË¬Ú èõÖóâõÚ îö (Vitamin E : tocotrienols) ĀîÚāØăÌ
ãóÚõÚ (anthocyanin : cyaniding-3-O-glucoside Āæñ peonidin-3-O-glucoside) ĀæñăàāÖë

ÿÖöãäîãÕ° ( Phytosteroid :  g-oryzanol, b-sitosterol Āæñ triterpene alcohol) (Suttiarporn et 
al., 2016) ĀæñëóäëÂòÕÉóÂÿâæĆÕÃ­óèăäÌ°ÿÛîäöćãòÈâöÛØÛóØĂÚÂóäÖ­óÚÂóäØČóÈóÚÃîÈÿÌææ°âñÿäĆÈ
ĂÚâÚùêã°ăÕ­ (Leardkamolkarn et al., 2011) 
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ÖóäóÈ 1 æòÂêÔñÜäñÉČóßòÚÙù°ÃîÈÃ­óèăäÌ°ÿÛîäöć 
 

Ã­óèăäÌ°ÿÛîäöć 
æòÂêÔñÜäñÉČóßòÚÙù° 
ÅèóâëúÈ 105-110 ÿÌÚÖõÿâÖä 
îóãùÿÂĆÛÿÂöćãè 130 èòÚ 
ÝæÝæõÖ 300-500 ăä¬ 
ÿÜîä°ÿÌĆÚÖ°Ã­óèÂæ­îÈ 76% 
ÿÜîä°ÿÌĆÚÖ°Ö­ÚÃ­óèìäøîÃ­óèÿÖĆâÿâæĆÕ 50% 
ÜäõâóÔîñăâāæë 15.60% 
îùÔìáúâõĀÜ­ÈëùÂ < 70 °C 
ÅèóâãóèÃîÈÿâæĆÕ 
Ã­óèÿÜæøîÂ 11 âõææõÿâÖä 
Ã­óèÂæ­îÈ 7.5 âõææõÿâÖä 
Ã­óèÃòÕ 7.0 âõææõÿâÖä 
ÅùÔëâÛòÖõØóÈāáËÚóÂóäĂÚÿâæĆÕÃ­óèÂæ­îÈ 
ÙóÖùÿìæĆÂ 13-18 âõææõÂäòâ/ÂõāæÂäòâ 
ÙóÖùëòÈÂñëö 31.9 âõææõÂäòâ/ÂõāæÂäòâ 
āîÿâÂó-3 25.51 âõææõÂäòâ/100 ÂõāæÂäòâ 
èõÖóâõÚ îö 678 ăâāÅäÂäòâ/100 Âäòâ 
āàÿæÖ 48.1 ăâāÅäÂäòâ/100 Âäòâ 
ÿÛÖ­óĀÅāäØöÚ 63 ăâāÅäÂäòâ/100 Âäòâ 
āßæöàöÚîæ 113.5 âõææõÂäòâ/100 Âäòâ 
ĀØÚÚõÚ 89.33 âõææõÂäòâ/100 Âäòâ 
ĀÂââó-āîăäÌóÚîæ 462 ăâāÅäÂäòâ/Âäòâ 
ëóäÖ­óÚîÚùâúæîõëäñ 
ËÚõÕæñæóãĂÚÚČĈó 47.5 âõææõÂäòâ 

Ascorbic acid quivalent/100 Âäòâ 
ËÚõÕæñæóãĂÚÚČĈóâòÚ              33.4 âõææõÂäòâ Trolox equivalent/100 Âäòâ 

 
Øöćâó: éúÚã°èõØãóéóëÖä°Ã­óè âìóèõØãóæòãÿÂêÖäéóëÖä° 
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æòÂêÔñØóÈßåÂêéóëÖä°ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöć (ÖóäóÈ 1) 
Ã­óèăäÌ°ÿÛîäöć âöæòÂêÔñØóÈßåÂêéóëÖä°ÕòÈÚöĈ (Dunna & Roy, 2013)  
Ã­óèÿÜĆÚßøËØöćîãú¬ĂÚÖäñÂúæìÎ­ó (Poaceae) âöæČóÖ­ÚëúÈĀÖÂîîÂÿÜĆÚÂî æČóÖ­ÚÂæâÂæèÈ

âöÃ­îÜæ­îÈ Ö­ÚëöÿÃöãèâ¬èÈâöÃÚî¬îÚąÜÂÅæùâ æòÂêÔñĂÛÿÜĆÚĂÛÿæöĈãÈÿÕöćãè ÃîÛĂÛÿäöãÛÅâ âöëöÿÃöãè
ÿÃ­âĀÂââ¬èÈ ÝõèĂÛìãóÛ äóÂ ÿÜĆÚäñÛÛäóÂÞîã âöæòÂêÔñÂæâÿæĆÂ ą ĀØÈæÈĂÚÕõÚ âöäóÂîîÂØöć
Ã­îæČóÖ­ÚØöćîãú¬ĂÖ­ÕõÚ îîÂÛäõÿèÔäîÛ ą æČóÖ­Ú âöëöÚ­óÖóæ îîÂÕîÂÿÜĆÚË¬î âöÕîÂã¬îãÛÚË¬îÉČóÚèÚ
âóÂ ĀæñÉñÖõÕÝæĀÛÛÿÜĆÚÿâæĆÕÛÚË¬îÚòĈÚą ÿâæĆÕâöæòÂêÔñØäÈäö ÿäöãèãóèÿæĆÂ ą âöÿÜæøîÂĀÃĆÈ
Āì­Èìù­âÿâæĆÕ ÿÜæøîÂÿâæĆÕî¬îÚâöëöÿÃöãè ÿÜæøîÂÿâæĆÕâöëöâ¬èÈ Ã­óÈĂÚâöÿâæĆÕĀÃĆÈâóÂ âöëöâ¬èÈÿÃ­â Ýõè
âòÚèóè ÿâøćîìùÈëùÂĀæ­èÿâæĆÕÉñä¬èÚĀæñëèã âöÂæõćÚìîâ (áóßÜäñÂîÛ Ɨ) 

 

 

 
 

 
 

áóßÜäñÂîÛ 1 îÈÅ°ÜäñÂîÛÃîÈÖ­ÚÃ­óè 
  
Øöćâó: (Yidong et al., 2017) 
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ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È (Drought stress) 
ëáóèñĀæ­ÈÿÜĆÚìÚ÷ćÈĂÚÅèóâÿÅäöãÕØöćÿÂõÕÉóÂëõćÈĀèÕæ­îâØóÈÂóãáóß ë¬ÈÝæÂäñØÛ

āÕãÖäÈÖ¬îÖ­ÚßøË āÕãâöÝæÖ¬îÂóäÿÜæöćãÚĀÜæÈØòĈÈØóÈÕ­óÚëäöäèõØãó ÂóãèõáóÅéóëÖä° Āæñ
ëòÔÑóÚèõØãóÃîÈßøË  (Toupchi et al., 2018) ÅèóâÿÅäöãÕÉóÂÅèóâĀæ­Èë¬ÈÝæÖ¬îÂóäĀÛ¬ÈÿÌææ° 
ÂóäãøÕÖòèÃîÈÿÌææ° ĀæñÂóäÿÉäõÎÿÖõÛāÖÃîÈÿÌææ° (Hussain et al., ƘƖƗƞ) āÕãØČóĂì­ÅèóâëúÈĀæñ
ÉČóÚèÚĂÛÖ¬îÖ­ÚÃîÈÖ­ÚßøËæÕæÈ  (Abdullah et al., 2015) ÉóÂäóãÈóÚÝæÂóäé÷ÂêóÝæÃîÈÅèóâ
Āæ­ÈÖ¬îÂóäÿÉäõÎÿÖõÛāÖÃîÈÖ­ÚÃ­óèëóæößÛè¬ó ÿâøćîÿÂõÕëáóèñĀæ­ÈÖ­ÚÃ­óèÉñâöÝæÝæõÖæÕæÈĀæñÖ­Ú
Ã­óèÉñăÕ­äòÛÝæÂäñØÛÉóÂëáóèñĀæ­ÈâóÂØöćëùÕĂÚË¬èÈäñãñÖòĈÈØ­îÈĀæñäñãñÿâæĆÕÚČĈóÚâ (Liu et 
al., 2006) ĀæñăÕ­âöÂóäé÷ÂêóĂÚÃ­óèßòÚÙù°ÚóÂöÚ¬ó 22 (Nagina 22) ĀæñÃ­óèëóæö ßÛè¬óëáóèñĀæ­È
ë¬ÈÝæØČóĂì­ßøĈÚØöćĂÛÃîÈÖ­ÚÃ­óèâöÃÚóÕÿæĆÂæÈÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâ (N. Kadam et al., 
ƘƖƗƝ) ÿË¬ÚÿÕöãèÂòÛÂóäé÷ÂêóÖ­Ú×òćèæúÂăÂ¬ (Cicer arietinum L.) ØöćâöÂóääóãÈóÚ×÷ÈÝæÂäñØÛÉóÂ
ëáóèñĀæ­ÈßÛè¬ó ëáóèñĀæ­Èë¬ÈÝæÖ¬îÅèóâĀÃĆÈĀäÈÃîÈÖ­Ú×òćèæúÂăÂ¬æÕæÈĀæñ ØČóĂì­âöÜäõâóÔÃîÈ
ÝæÝæõÖØöćæÕæÈ (Serraj et al., 2004) 

ÝæÂäñØÛÃîÈëáóèñĀæ­ÈØöćâöÖ¬îÂóäÿÜæöćãÚĀÜæÈÃîÈßøË 
ßøËØöćăÕ­äòÛëáóèñÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È ÉñâöÂóäÖîÛëÚîÈÕòÈÖ¬îăÜÚöĈ 
1. ÂóäÿÜæöćãÚĀÜæÈØóÈëòÔÑóÚèõØãóßÛè¬ó ÿâøćîÃ­óèăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È

Éñë¬ÈÝæÖ¬îÂóäÿÜæöćãÚĀÜæÈØóÈëòÔÑóÚèõØãóāÕãÉñâöÝæÖ¬îÅèóâëúÈ ÃÚóÕĂÛØöćæÕæÈ ë¬ÈÝæ
ÂäñØÛÖ¬îßøËØČóĂì­ÚČĈóìÚòÂëÕ ÚČĈóìÚòÂĀì­È ĀæñâèæäèâÃîÈÝæÝæõÖæÕæÈ ĀæñãòÈë¬ÈÝæØČóĂì­ÿÂõÕ
ÂóäÿëøćîâËäóÃîÈĂÛßøËÿäĆèÃ÷ĈÚ(Abdullah et al., 2015; N. N. Kadam et al., 2017; Sankar et al., 
2008; Upadhyaya et al., ƘƖƗƛ) ÅèóâÿÅäöãÕÉóÂÅèóâĀæ­ÈãòÈë¬ÈÝæÖ¬îÂóäÿÜæöćãÚĀÜæÈæòÂêÔñ
ÃîÈäóÂ āÕãßÛè¬óäóÂÃîÈÖ­ÚÃ­óèØöćăÕ­äòÛÅèóâĀæ­ÈĂÚäñãñßòÓÚóÉñâöÂóäÿÜæöćãÚĀÜæÈâùâÃîÈ
äóÂ ĀæñßÛè¬óäóÂâöÂóäãøÕãóèâóÂÂè¬óÜÂÖõÿßøćîÜäòÛÖòèĂÚÂóäìóÚČĈóØöćîãú¬æ÷ÂæÈĂÖ­ÕõÚ (N. N. 
Kadam et al., 2017; Uga et al., 2013) ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈâöÅèóâëòâßòÚÙ°āÕãÖäÈÖ¬î
îÈÅ°ÜäñÂîÛÃîÈÝæÝæõÖÃ­óè ÉóÂÂóäé÷ÂêóØöćâöâóÂ¬îÚìÚ­óÚöĈßÛè¬ó ÿâøćîÖ­ÚÃ­óèăÕ­äòÛëáóèñĀæ­È 
ØČóĂì­äèÈÃ­óèâöÃÚóÕëòĈÚæÈ ÂóäÖõÕÿâæĆÕæÕæÈ ĀæñÚČĈóìÚòÂÿâæĆÕÖ¬îäèÈæÕæÈ (Muthurajan et al., 
2011; Wei et al., 2017) 

2. ÂóäÿÜæöćãÚĀÜæÈØóÈëäöäèõØãó ÿâøćîÃ­óèăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈÉñâöÂóä
ÖîÛëÚîÈāÕãâöÂóäÜäòÛÿÜæöćãÚĀäÈÕòÚîîëāâÌõë (Osmotic pressure) Ì÷ćÈÿÜĆÚÅ¬óØöćâöÅèóâ
ÿÂöćãèÃ­îÈÂòÛÂóääòÂêóëáóßÃîÈÂóäÅèÛÅùâÂóäÿÜõÕÜõÕÃîÈÜóÂĂÛ ÂóäëòÈÿÅäóñì°Õ­èãĀëÈ 
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ÜäõâóÔÚČĈóĂÚĂÛĀæñÂóäÿÉäõÎÿÖõÛāÖÃîÈßøË ÚîÂÉóÂÂóääòÂêóëâÕùæÚČĈóĂÚßøËĂì­îãú¬ĂÚëáóèñ
ÜÂÖõÿâøćîăÕ­äòÛëáóèñĀæ­ÈĀæ­è ãòÈßÛè¬óßøËâöÂóäÖîÛëÚîÈÃîÈÿîÚăÌâ°ÂæúÖóÿâØ ÕöăïāÕäÉöÿÚë 
(Glutamate dehydrogenase , GDH) Ì÷ćÈâöìÚ­óØöćĂÚÂóäëòÈÿÅäóñì°āßäæöÚ āÕãāßäæöÚÿÜĆÚÂäÕîñ
âõāÚØöćâöÛØÛóØÿÜĆÚëóäîîëāâāßäÿØÅĀØÚÖ° (Osmoprotectant) Ë¬èãÜäòÛëâÕùæÚČĈóáóãĂÚßøË 
(Yidong et al., 2017; Zhou et al., 2015) ÚîÂÉóÂÚöĈãòÈßÛè¬ó ëáóèñĀæ­Èë¬ÈÝæÖ¬îÜäõâóÔ
Åóä°ÛîÚăÕîîÂăÌÕ° (Carbon dioxide , CO2) áóãĂÚÿÌææ°ßøË ØČóĂì­âöÜäõâóÔÅóä°ÛîÚăÕîîÂăÌÕ° 
æÕæÈĀæñë¬ÈÝæÖ¬îÂäñÛèÚÂóäÖä÷ÈÅóä°ÛîÚăÕîîÂăÌÕ°ĂÚÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ Āæñ 
ØČóæóãäÈÅèòÖ×ùØöćĂË­ĂÚÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ æÕÂóäØČóÈóÚÃîÈÿîÚăÌâ° ĀæñæÕÂõÉÂääâ
áóãĂÚäñÛÛĀëÈëîÈĂÚßøË (Jain et al., 2010) 
 
ÂæăÂÃîÈßøËØöćÖ­óÚØóÚÅèóâĀì­ÈĀæ­È (Mechanisms of drought resistance)  

ÂóäìæöÂÿæöćãÈÅèóâĀæ­È (Drought avoidance) ĀæñÂóäØÚØóÚÖ¬îÅèóâĀæ­È (Drought 
tolerance) 

 ÂóäìæöÂÿæöćãÈÅèóâĀæ­È (Drought avoidance)  
1) ÂóäìæöÂìÚöÅèóâĀæ­È (Drought escape) ÅøîÅèóâëóâóä×ÃîÈßøËØöćÉñ

ÿÉäõÎÿÖõÛāÖĂì­ÿÜĆÚăÜÖóâÜÂÖõÉÚÅäÛèÈÉäÃîÈßøË Â¬îÚØöćëáóèñÂóäÃóÕÚČĈóÉñÿÂõÕÃ÷ĈÚÂòÛßøË  
2) ëä­óÈÅèóâÖ­óÚØóÚāÕãÿÚøĈîÿãøćîãòÈÅÈëáóßâöÚČĈóëúÈ (Drought tolerance with 

high tissue water potential) ÿÜĆÚÅèóâëóâóä×ÃîÈßøËîã¬óÈìÚ÷ćÈ ÿâøćîÃóÕÚČĈóĀæ­èãòÈëóâóä×
äòÂêóëáóßĂì­âöÚČĈóĂÚÜäõâóÔØöćÿìâóñëâĂÚÿÚøĈîÿãøćî ÿßøćîìæöÂÿæöćãÈ (Avoidance) ÅèóâĀì­ÈĀæ­È 
(Torres-Ruiz et al., 2013) 

 ÅèóâØÚØóÚÖ¬îÅèóâĀì­ÈĀæ­È (Drought tolerance) ÿâøćîßøËâöäñÕòÛéòÂã°ÃîÈÚČĈó 
(Water potential) ĂÚÿÚøĈîÿãøćîÖČćó ÅèóâØÚØóÚÃîÈßøË (Tolerance) ßãóãóâØöćÉñäòÂêóäñÕòÛéòÂã°
ÃîÈÚČĈó (Water potential) Ăì­îãú¬ÅÈÿÕõâ (Drought tolerance with low tissue water potential)  

1) äòÂêóäñÕòÛÅèóâÿÖ¬ÈÃîÈÿÌææ° (Maintenance of turgor) 
 - ëñëâëóäæñæóãÿßøćîäòÂêóÅèóâÕòÚÚČĈóĂÚÿÌææ° (Solute accumulation) āÕãÂóä

ÜäòÛĀäÈÕòÚîîëāâÖõÂ (Osmotic pressure) ÿË¬Ú ÂóäëñëâÃîÈāßäæöÚĂÚìîâĂìÎ¬ 3 ëóãßòÚÙù° ĂÚ
ëáóèñĀæ­È ßÛè¬óĂÚëáóèñĀæ­ÈìîâĂìÎ¬ØòĈÈ 3 ëóãßòÚÙù°âöÂóäÿßõćâÃ÷ĈÚÃîÈÜäõâóÔāßäæöÚ ÿâøćî
ÿØöãÛÂòÛËùÕÅèÛÅùâ āÕãÛóÈëóãßòÚÙù°âöÂóäëñëâÜäõâóÔāßäæöÚÿßõćâÃ÷ĈÚ 8.80 ăâāÅäāâæÖ¬îÂäòâ 
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ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćâöÿßöãÈ 1.9 ăâāÅäāâæÖ¬îÂäòâ (Hanci & Cebeci, ƘƖƗƚ) Ì÷ćÈË¬èãĂì­ßøË
ëóâóä×ØÚÖ¬îÅèóâĀæ­ÈÿßõćââóÂÃ÷ĈÚ 

2) ëä­óÈÅèóâØÚØóÚÃîÈÂóäÃóÕÚČĈó (Desiccation tolerance) (îùÕâÜäñÿëäõÑ, 
2558)  

 
ÛäóëëõāÚëÿÖöãäîãÕ° (Brassinosteroid) 

ÛäóëëõāÚëÿÖöãäîãÕ° ÉòÕÿÜĆÚëóäÅèÛÅùâÂóäÿÉäõÎÿÖõÛāÖÃîÈßøËØöć Ë¬èãÂäñÖù­ÚÂóä
ÿÉäõÎÿÖõÛāÖÃîÈßøË āÕãâöāÅäÈëä­óÈÿÜĆÚëÿÖöãäîãÕ° (áóßÜäñÂîÛ 2) âöÅèóâëóâóä×ØöćÅæ­óãÂòÛ
ëóäÅèÛÅùâÂóäÿÉäõÎÿÖõÛāÖÃîÈßøËìæóãËÚõÕ ÿË¬Ú îîÂÌõÚ ÉõÛÿÛîÿäææõÚ (Hamada, ƗƟƞƜ) Ûäóë
ëõāÚëÿÖöãäîãÕ°ßÛĂÚßøËËòĈÚëúÈìæóãËÚõÕ āÕãÅ­ÚßÛÅäòĈÈĀäÂĂÚÕîÂÃîÈÝòÂÂóÕ (Brassica 
napus) âöÛØÛóØĂÚÂóäØČóĂì­ÿÌææ°âöÂóäãøÕÖòè ËòÂÚČóĂì­ÿÂõÕÂóäÈîÂÃîÈìæîÕæñîîÈÿäÔú (Pollen 
tube) ÂóäÉòÕâùâĂÛ ÂóäØČóÈóÚÃîÈāÜäÖäîÚÜòĉâ ÂóäßòÓÚóÃîÈÿÚøĈîÿãøćîăÌÿæâ (Xylem) ĀæñÂóä
ÅèÛÅùâÂóäĀëÕÈîîÂÃîÈãöÚ (Clouse & Sasse, 1998; Mandava, ƘƖƖƙ) äèâØòĈÈË¬èãÿßõćâ
ÜäñëõØÙõáóßĂì­ÂòÛßøËĂÚÂóäØÚÖ¬îëáóèñÿÅäöãÕÖ¬óÈ ą ÿÜĆÚÖ­Ú ßøËØöćăÕ­äòÛëóäÛäóëëõāÚë
ÿÖöãäîãÕ°Éñëóâóä×ØÚÖ¬îÅèóâÿÅĆâ îùÔìáúâõØöćëúÈÃ÷ĈÚìäøîÖČćóæÈ ÅèóâÿÅäöãÕÉóÂāæìñìÚòÂăÕ­  
(Alyemeni et al., 2013; Hayat et al., 2010; Ramakrishna & Rao, ƘƖƗƚ) āÕãëóäÛäóëëõāÚë
ÿÖöãäîãÕ°ÉñÿßõćâîòÖäóÂóäëòÈÿÅäóñì°Õ­èãĀëÈ ÂóäÿÜõÕÜõÕÃîÈÜóÂĂÛĀæñÂóäÿßõćâÜäñëõØÙõáóßĂÚ
ÂóäĂË­ÚČĈó ÿßøćîæÕÅèóâÿÅäöãÕØöćßøËăÕ­äòÛ (Fariduddin et al., 2009) ĀæñãòÈÿßõćâÂóäØČóÈóÚÃîÈ
ÿîÚăÌâ°Ö­óÚîÚùâùæîõëäñ Ì÷ćÈË¬èãØČóĂì­ßøËëóâóä×ØÚÖ¬îÅèóâÿÅäöãÕÉóÂÜòÉÉòãØóÈÂóãáóßØöćăâ¬
ÿìâóñëâăÕ­ (Yuan et al., 2010) ÉóÂÂóäé÷ÂêóÝæÃîÈëóäÛäóëõāÚëÿÖöãäîãÕ°ĂÚÖ­ÚÃ­óèáóãĂÖ­
ëáóèñĀæ­ÈßÛè¬ó ËùÕÂóäØÕæîÈØöćăÕ­äòÛëóäÛäóëëõāÚëÿÖöãäîãÕ°ÅèóâÿÃ­âÃ­Ú 100 ÚóāÚāâæóä° âö
ÂóäÿßõćâÃ÷ĈÚÃîÈÅ¬ó Maximum quantum efficiency of PSII photochemistry (Fv/Fm) ÿâøćîÿØöãÛ
ÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛëóä ÿË¬ÚÿÕöãèÂòÛÂóäØČóÈóÚÃîÈÿîÚăÌâ°Ö­óÚîÚùâúæîõëäñ ăÕ­ĀÂ¬ ÌúÿÜîä°
îîÂăÌÕ° ÕõëâõèÿØë (Superoxide dismutase ; SOD) ØöćâöÂóäØČóÈóÚÿßõćâÃ÷ĈÚÅõÕÿÜĆÚ 25% Åñ
Öñÿæë (Catalase ; CAT) âöÂóäØČóÈóÚÿßõćâÃ÷ĈÚÅõÕÿÜĆÚ 29% ĀæñĀîëÅîä°ÿÛë ÿÜîä°îîÂÌõÿÕë
(Ascorbate peroxidase ; APX) âöÂóäØČóÈóÚÿßõćâÃ÷ĈÚÅõÕÿÜĆÚ 50% ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­
äòÛëóäÛäóëëõāÚëÿÖöãäîãÕ° (Lima & Lobato, 2017b) ĀæñÉóÂÂóäé÷ÂêóÝæÃîÈëóäÛäóëõāÚë
ÿÖöãäîãÕ°ĂÚßøËáóãĂÖ­ëáóèñĀæ­ÈßÛè¬ó ÿâøćîĂË­ëóäÛäóëëõāÚëÿÖöãäîãÕ°ÅèóâÿÃ­âÃ­Ú 0.001 ăâ
āÅäāâæóä° ÂòÛßøËØöćăÕ­äòÛëáóèñĀæ­È ÉñâöÂóäæÕæÈÃîÈâóæîÚăÕîòæÕöăïÕ° (Malondialdehyde , 

https://en.wikipedia.org/wiki/Brassica_napus
https://en.wikipedia.org/wiki/Brassica_napus
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MDA) ĀÖ¬Ë¬èãØČóĂì­âöÂóäëñëâÜäõâóÔāßäæöÚĀæñÅæîāäàõææ°áóãĂÚÖ­ÚßøËÿßõćâÃ÷ĈÚÿâøćîÿØöãÛÂòÛ
ËùÕÅèÛÅùâ (Wang et al., 2019) 

 
ÛäóëëõāÚëÿÖöãäîãÕ°âõâõÂ (Brassinosteroid mimic) 
ÛäóëëõāÚëÿÖöãäîãÕ° ÿÜĆÚëóäØöćâöÛØÛóØìæóãÜäñÂóäÖ¬îÂäñÛèÚÂóäÿÜæöćãÚĀÜæÈØóÈ

ëäöäèõØãóÃîÈßøË ĀÖ¬ÿÚøćîÈÉóÂÃ­îÉČóÂòÕÃîÈëóäÛäóëëõāÚëÿÖöãäîãÕ°ØöćâöäóÅóëúÈ ØČóĂì­âöÖ­ÚØùÚĂÚ
ÂóäÝæõÖÅ¬îÚÃ­óÈëúÈ ÕòÈÚòĈÚÚòÂèõÉòãÕ­óÚëäöäèõØãóßøËÉ÷ÈâöÅèóâßãóãóâĂÚÂóäÜäòÛÜäùÈĀæñÅ­Úìó
ëóäØöćâöÅùÔëâÛòÖõĂÂæ­ÿÅöãÈÂòÛëóäÛäóëëõāÚëÿÖöãäîãÕ° āÕãăÕ­âöÂóäé÷ÂêóëóäÿîÅăÕëÿÖîäîãÕ° 
(Ecdysteroid) Ì÷ćÈÿÜĆÚïîä°āâÚæîÂÅäóÛÃîÈëòÖè°ÖäñÂúæ Arthropods ßÛăÕ­ĂÚÿÜæøîÂÃîÈÖ­Ú
ăÃ¬ÿÚ¬ó (Vitex glabrata) âöāÅäÈëä­óÈØóÈÿÅâöÅæ­óãÂòÛëóäÅèÛÅùâÂóäÿÉäõÎÿÖõÛāÖÃîÈßøËĂÚÂæù¬â 
ÛäóëëõāÚëÿÖöãäîãÕ° (áóßÜäñÂîÛ 3) É÷ÈâöÂóäëÂòÕĀæñëòÈÿÅäóñì°ëóäÛäóëëõāÚëÿÖöãäîãÕ°âõâõ

ÂÉóÂÿÜæøîÂÖ­ÚăÃ¬ÿÚ¬óăÕ­ÿÜĆÚëóä 7,8-dihydro-8a-20-hydroxyecdysone, DHECD 4 Āæñ 7,8-

dihydro-8a,5a-20- hydroxyecdysone, DHECD 5 (áóßÜäñÂîÛ 4) (Suksamrarn et al., 
ƘƖƖƘ) ëóäÛäóëëõāÚëÿÖöäîãÕ°âõâõÂ ëóâóä×Ë¬èãĂÚÂóäÿßõćâÜäñëõØÙõáóßĂÚÂóäëòÈÿÅäóñì°Õ­èã
ĀëÈĀæñÂóäĀæÂÿÜæöćãÚÂ®óÌ ÿßõćâÜäõâóÔÂóäëñëâÜäõâóÔÚČĈóÖóæäèâĀæñâèæäèâÃîÈÖ­ÚÃ­óèØöć
îãú¬ĂÚëáóèñîùÔìáúâõëúÈ (Sonjaroon et al., 2018) ÉóÂÝæÂóäé÷Âêóëóä DHECD ĂÚÖ­ÚÃ­óè
ßÛè¬ó ÂóäĂË­ëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° Ë¬èãÿßõćâÅèóâëóâóä×ÃîÈÖ­ÚÃ­óèĂÚÂóä
ëòÈÿÅäóñì°Õ­èãĀëÈ ÂóäØČóÈóÚÃîÈÿîÚăÌâ°Ö­óÚîÚùâúæîõëäñ ÿßõćâîòÖäóÂóäÂóäÈîÂÃîÈÿäÔúĀæñÂóä
ÖõÕÿâæĆÕÃîÈÃ­óèáóãĂÖ­ëáóèñÅèóâÿÅäöãÕÉóÂÅèóâä­îÚ (Sonjaroon et al., 2016; 
Thussagunpanit et al., 2013) ÚîÂÉóÂÚöĈãòÈßÛè¬óëóä DHECD ÿßõćâÅèóâëúÈÃîÈæČóÖ­Ú ßøĈÚØöćĂÛ 
ÜäõâóÔÅæîāäàõææ°ĀæñĀÅāäØöÚîãÕ° Ë¬èãäòÂêóëâÕùæÃîÈîòÖäóÂóäĀæÂÿÜæöćãÚ
Åóä°ÛîÚăÕîîÂăÌÕ°áóãĂÚÖ­ÚÃ­óèāÕãÂóäÿßõćâîòÖäóÂóäÿÜõÕÜõÕÃîÈÜóÂĂÛĀæñÂäñÛèÚÂóä
×¬óãØîÕîõÿæĆÂÖäîÚáóãĂÚÖ­ÚÃ­óèăÕ­ ĀæñãòÈË¬èãæÕÜäõâóÔâóæîÚăÕîòæÕöăïÕ° ĀæñăïāÕäÿÉÚÿÜä°
îîÂăÌÕ° ĂÚÃÔñÿÕöãèÂòÚãòÈË¬èãÿßõćâÂóäëñëâÜäõâóÔÚČĈóÖóæäèâáóãĂÚÖ­ÚÃ­óèØöćîãú¬áóãĂÖ­
ëáóèñÅèóâÿÅäöãÕÉóÂÅèóâä­îÚ (Thussagunpanit et al., ƘƖƗƚ) ÚîÂÉóÂÚöĈãòÈâöäóãÈóÚè¬óăÕ­âö
ÂóäÚČóëóä DHECD âóĂË­ĂÚÂóäØÕëîÛßøËìæóãËÚõÕ ÿË¬Ú âòÚëČóÜñìæòÈ âñÿÃøîÿØé ÿâæ¬îÚ Āæñ
ëòÛÜñäÕ ÿßøćîĂì­ØäóÛ×÷ÈéòÂãáóßëúÈëùÕÃîÈëóä DHECD ØöćâöÖ¬îÂäñÛèÚÿÜæöćãÚĀÜæÈØóÈ
ëäöäèõØãóÃîÈßøËĂÚÂóäÖîÛëÚîÈÖ¬îÜòÉÉòãØóÈÂóãáóßØöćăâ¬ÿìâóñëâÂòÛÂóäÿÉäõÎÿÖõÛāÖÃîÈßøË 
ÿÜĆÚÖ­Ú (Sasse, 2003)  
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áóßÜäñÂîÛ 2 āÅäÈëä­óÈÃîÈëóäÛäóëëõāÚëÿÖöãäîãÕ° 

 
Øöćâó: (Clouse, 2011) 
 

 
 

 
áóßÜäñÂîÛ ƙ āÅäÈëä­óÈëóäÛäóëëõāÚëÿÖöãäîãÕ°âõâõÂ 

 

Øöćâó: (Sonjaroon et al., 2018) 
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áóßÜäñÂîÛ 4 ÂäñÛèÚÂóäëòÈÿÅäóñì°ëóä DHECD 
 

Øöćâó (Suksamrarn et al., 1999) 
 
äÈÅèòÖ×ù äñÛÛĀëÈ ĀæñÂóäÖîÛëÚîÈÖ¬îÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È 

 ÂóäëòÈÿÅäóñì°Õ­èãĀëÈ 
ÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ ÿÜĆÚÂäñÛèÚÂóäØöćßøËÿÜæöćãÚßæòÈÈóÚĀëÈĂì­îãú¬ĂÚäúÜ

ÃîÈßæòÈÈóÚÿÅâöØöćîãú¬ĂÚāâÿæÂùæÃîÈëóäîõÚØäöã°Øöćëä­óÈÃ÷ĈÚ ßæòÈÈóÚØöćîãú¬ĂÚāâÿæÂùæëóäîõÚØäöã°ÚöĈ 
×úÂĂË­ÿÜĆÚĀìæ¬ÈßæòÈÈóÚĂÚÂóäÕČóäÈËöèõÖÃîÈßøËĀæñëõćÈâöËöèõÖØòĈÈìæóãÛÚāæÂ ĂÚÂóäÿÜæöćãÚ
ßæòÈÈóÚĀëÈĂì­îãú¬ĂÚäúÜÃîÈßæòÈÈóÚÿÅâöĂÚāâÿæÂùæÃîÈëóäîõÚØäöã°ÚòĈÚ ÉñĀÛ¬ÈîîÂÿÜĆÚ 2 ÃòĈÚÖîÚ
Åøî 
ÜÐõÂõäõãóØöćÖ­îÈĂË­ĀëÈ (Light reaction) 
ÜÐõÂõäõãóÂóäÖä÷ÈÅóä°ÛîÚăÕîîÂăÌÕ° (CO2 fixation reaction)  
ÜÐõÂõäõãóØöćÖ­îÈĂË­ĀëÈ ÿÜĆÚÂäñÛèÚÂóäØöćÿÂõÕÃ÷ĈÚÛäõÿèÔăØæóÅîãÕ° āÕãâöäÈÅèòÖ×ùäòÛ

ßæòÈÈóÚĀëÈ Āæ­èÚČóßæòÈÈóÚĀëÈÚòĈÚâóĂË­ĂÚÂóäëä­óÈëóäØöćâößæòÈÈóÚëúÈ Ì÷ćÈăÕ­ĀÂ¬ ATP Āæñ 
NADPH ÿßøćîÚČóßæòÈÈóÚÉóÂāâÿæÂùæÿìæ¬óÚöĈăÜĂË­ĂÚÂóäëä­óÈëóäîõÚØäöã°ĂÚÂäñÛèÚÂóäÖä÷È
Åóä°ÛîÚăÕîîÂăÌÕ°Ö¬îăÜ Ì÷ćÈÿÂõÕÃ÷ĈÚÛäõÿèÔëāÖäâóĂÚÅæîāäßæóëÖ° ĂÚÜÐõÂõäõãóØöćÖ­îÈĂË­ĀëÈäÈÅ
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èòÖ×ùËÚõÕÖ¬óÈ ą Øöćîãú¬ÛÚăØæóÅîãÕ° Éñîãú¬äèâÂòÚÿÜĆÚÂæù¬âāÕãâöÂóäÿÂóñÖòèîãú¬ÂòÛāÜäÖöÚìæóã
ËÚõÕ Âæù¬âÃîÈāÜäÖöÚÛÚăØæóÅîãÕ°ØöćâöäÈÅèòÖ×ùÜäñÂîÛîãú¬Õ­èãÚöĈÿäöãÂè¬ó äñÛÛĀëÈ 
(Photosystem) ĂÚßøËËòĈÚëúÈäÈÅèòÖ×ùØöćÜäñÂîÛîãú¬ĂÚäñÛÛĀëÈ ăÕ­ĀÂ¬ ĀÅāäØöÚîãÕ° Åæîāäàõææ° Ûö 
ĀæñÅæîāäàõææ° ÿî  ĂÚäñÛÛĀëÈÉñâöìÚ¬èãäòÛßæòÈÈóÚĀëÈØöćØČóÈóÚä¬èâÂòÚĂÚÂóääòÛßæòÈÈóÚĀëÈ 
Āæ­èë¬ÈßæòÈÈóÚÚòĈÚÿÃ­óëú¬éúÚã°ÂæóÈÜÐõÂõäõãó ÅøîāâÿæÂùæÃîÈÅæîāäàõææ° ÿî Ì÷ćÈāâÿæÂùæÅæîāäàõææ° 
ÿî ÚöĈÿâøćîăÕ­äòÛßæòÈÈóÚĂÚË¬èÈÅæøćÚØöćßîÿìâóñ îõÿæĆÂÖäîÚĂÚāâÿæÂùæÃîÈÅæîāäàõææ°Éñ×úÂÂäñÖù­Ú
Ăì­îãú¬ĂÚËòĈÚÃîÈäñÕòÛßæòÈÈóÚØöćëúÈÃ÷ĈÚ (Excited state) ßä­îâØöćÉñ×¬óãØîÕîõÿæĆÂÖäîÚÚöĈĂì­ÂòÛ
ÖòèäòÛîõÿæĆÂÖäîÚÖòè×òÕăÜ 

ßøËĀæñëõćÈâöËöèõÖØöćëóâóä×ëòÈÿÅäóñì°Õ­èãĀëÈăÕ­ ë¬èÚĂìÎ¬âöäñÛÛĀëÈ 2 äñÛÛÅøî äñÛÛ
ĀëÈ I (Photosystem I, PSI) ĀæñäñÛÛĀëÈ II (Photosystem II, PSII) Ì÷ćÈäñÛÛĀëÈØòĈÈëîÈÉñØČó
ìÚ­óØöćä¬èâÂòÚÿßøćîĂì­ëóâóä×ÿÂõÕÂóäë¬ÈßæòÈÈóÚĂÚÂóäëä­óÈ ATP Āæñ NADPH ÿâøćîäñÛÛĀëÈ
ăÕ­äòÛßæòÈÈóÚ āÕãÂóäÕúÕÂæøÚĀëÈÃîÈäÈÅèòÖ×ùØöćîãú¬ĂÚäñÛÛĀëÈ ÉñâöÂóäë¬È×¬óãßæòÈÈóÚØöćăÕ­äòÛëú¬
éúÚã°ÂæóÈÜÐõÂõäõãó (Reaction center) Åøî Åæîāäàõææ° ÿî 

        ĂÚäñìè¬óÈÂóä×¬óãØîÕîõÿæĆÂÖäîÚÉóÂ PSI ăÜëú¬ PSII ÉñÝ¬óÚäñÛÛÂóääòÛ
îõÿæĆÂÖäîÚØöćØČóĂì­ÿÂõÕÂóäÿÜæöćãÚĀÜæÈÃîÈßæòÈÈóÚÛóÈë¬èÚØöćăÕ­ÉóÂÂóä×¬óãØîÕîõÿæĆÂÖäîÚ 
ÚČóâóĂË­ĂÚÂóäëä­óÈ ATP Õ­èã ØČóĂì­ÿâøćîëõĈÚëùÕÜÐõÂõäõãóØöćÖ­îÈĂË­ĀëÈ ØČóĂì­ÿÂõÕëóäØöćâößæòÈÈóÚëúÈ
ëîÈËÚõÕÅøî NADPH Āæñ ATP ØöćÉñ×úÂÚČóăÜĂË­ĂÚÂóäÖä÷ÈÅóä°ÛîÚăÕîîÂăÌÕ°Ö¬îăÜ ĀæñãòÈÿÂõÕ
Âóäëä­óÈîîÂÌõÿÉÚ (Oxygen, O2) ØöćăÕ­ÉóÂÂóäëæóãÃîÈāâÿæÂùæÚČĈóÃ÷ĈÚîöÂÕ­èã 

        ĂÚÂóä×¬óãØîÕîõÿæĆÂÖäîÚÉóÂ PSII ăÜãòÈÖòèäòÛîõÿæĆÂÖäîÚÖòèëùÕØ­óãÃîÈÜÐõÂõäõãó
ăÕ­ÿÜĆÚ NADPH ÿäöãÂÂóä×¬óãØîÕîõÿæĆÂÖäîÚÚöĈè¬ó Âóä×¬óãØîÕîõÿæĆÂÖäîÚĀÛÛăâ¬ÿÜĆÚèòÐÉòÂä 
(Non-cyclic electron transfer) ÿâøćî PSI ×¬óãØîÕîõÿæĆÂÖäîÚăÜãòÈÖòèäòÛîõÿæĆÂÖäîÚÖòè×òÕăÜĀæ­è 
îóÉăâ¬ăÕ­âöÂóäë¬ÈîõÿæĆÂÖäîÚÖ¬îăÜÉÚ×÷È NADP+ ÂĆăÕ­ ĀÖ¬ë¬ÈîõÿæĆÂÖäîÚÂæòÛâóãòÈäñÛÛØöćäòÛ
îõÿæĆÂÖäîÚÉóÂ PSII ĀØÚ Ì÷ćÈëóâóä×ë¬ÈîõÿæĆÂÖäîÚ ÂæòÛăÜãòÈ PSI ăÕ­ ØČóĂì­ÿÂõÕÂóä×¬óãØîÕ
îõÿæĆÂÖäîÚĀÛÛÿÜĆÚèòÐÉòÂä (Cyclic electron transfer) Ì÷ćÈĂÚÂäÔöÿË¬ÚÚöĈ ÉñØČóĂì­ßæòÈÈóÚĀëÈØöć×úÂ
ÕúÕÂæøÚăâ¬ăÕ­ÚČóăÜĂË­ĂÚÂóäëòÈÿÅäóñì° NADPH ĀÖ¬ëóâóä×ÚČóăÜĂË­ĂÚÂóäëä­óÈ ATP ăÕ­  (Yahia 
et al., 2019) 
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ÜÐõÂõäõãóÂóäÖä÷ÈÅóä°ÛîÚăÕîîÂăÌÕ° (CO2 fixation reaction) 
        ÜÐõÂõäõãóÂóäÖä÷ÈÅóä°ÛîÚăÕîîÂăÌÕ° ìäøî Calvin cycle Ì÷ćÈÿÜĆÚÜÐõÂõäõãóØöćÚČó

ßæòÈÈóÚÉóÂ ATP Āæñ NADPH ØöćăÕ­ÉóÂÜÐõÂõäõãóØöćÖ­îÈĂË­ĀëÈ âóĂË­ĂÚÂóäëä­óÈāâÿæÂùæÃîÈ
ëóäîõÚØäöã°ÉóÂëóäîÚõÚØäöã° ëóäîõÚØäöã°ÿìæ¬óÚöĈÿÜĆÚÖ­ÚÂČóÿÚõÕĂì­ÿÂõÕÂóäÚČóßæòÈÈóÚØöćÿÂĆÛăè­ĂÚ
āâÿæÂùæăÜĂË­ĂÚÂäñÛèÚÂóäÖ¬óÈ ą ÃîÈßøËÖ¬îăÜ äèâØòĈÈÂóäëä­óÈëóäËÚõÕîøćÚ ą ÿÂõÕÂóä
ÿÉäõÎÿÖõÛāÖÖæîÕÉÚÿÜĆÚĀìæ¬ÈîóìóäÃîÈÝú­ÛäõāáÅæČóÕòÛ×òÕÃ÷ĈÚăÜ 

Calvin cycle (áóßÜäñÂîÛ 5) ÿÜĆÚÜÐõÂõäõãóØöćÿÂõÕÃ÷ĈÚĂÚ Stroma ÃîÈÅæîāäßæóëÖ°
ÜäñÂîÛÕ­èã 3 ÃòĈÚÖîÚĂìÎ¬ ą Åøî Carboxylation Reduction Āæñ Regeneration 

1. Carboxylation ÿÜĆÚÃòĈÚÖîÚØöć Ribulose-1,5-bisphosphate (RuBP) ÿÃ­óäèâÖòè
ÂòÛ CO2 ĀæñÿÂõÕÿÜĆÚ 3-phosphoglycerate ÉČóÚèÚ 2 āâÿæÂùæ Ì÷ćÈÿÜĆÚëóäØöćÿë×öãä (Stable 
intermediate) ÖòèĀäÂÃîÈ Calvin cycle 

2. Reduction ÿÜĆÚÃòĈÚÖîÚØöć 3-phosphoglycerate ×úÂäöÕõèÌ°ÿÂõÕÿÜĆÚ 
Glyceraldehyde-3-phosphate Ì÷ćÈÿÜĆÚëóäÜäñÿáØÚČĈóÖóæ ÃòĈÚÖîÚÚöĈÉñâöÂóäĂË­ëóäßæòÈÈóÚëúÈØöć
ăÕ­ÉóÂÜÐõÂõäõãóĀëÈ Åøî ATP Āæñ NADPH 

3. Regeneration ÿÜĆÚÃòĈÚÖîÚØöćÉñëä­óÈāâÿæÂùæ RuBP Ã÷ĈÚâóîöÂÅäòĈÈìÚ÷ćÈ ÿßøćîèÚ
ÂæòÛăÜÿÜĆÚÖòèäòÛ CO2 ĂÚäîÛÖ¬îăÜ ĂÚÃòĈÚÖîÚÚöĈÖ­îÈîóéòãßæòÈÈóÚÉóÂ ATP Ì÷ćÈăÕ­ÉóÂÜÐõÂõäõãó
ĀëÈ (Yahia et al., 2019) 

 

áóßÜäñÂîÛ 5 ÂóäÿÂõÕ Calvin cycle 
 

Øöćâó: (Yahia et al., 2019) 
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Åæîāäàõææ°àæúîîÿäëÿÌÚÌ° 
Maximum quantum efficiency of PSII photochemistry (Fv/Fm) 
ÂóäèòÕÅèóâëóâóä×ĂÚÂóäĂË­ĀëÈ ĀæñÜäñëõØÙõáóßĂÚÂóäë¬ÈÖ¬îîõÿæĆÂÖäîÚĂÚäñÛÛ

ĀëÈ ëóâóä×ĂË­ÿÅäøćîÈ Chlorophyll fluorometer āÕãÿÅäøćîÈèòÕÉñĂì­ĀëÈÅèóâÿÃ­âÖČćóÂ¬îÚ āÕãî¬óÚ
Å¬óîîÂâóÿÜĆÚÅ¬ó Fo (Minimum, quasi-dark fluorescence yield) ìæòÈÉóÂÚòĈÚÉñĂì­ĀëÈÅèóâ
ÿÃ­âÃ­ÚëúÈâóÂÿßøćîĂì­âöÂóäÿÅæøćîÚã­óãîõÿæĆÂÖäîÚÿÖĆâÂČóæòÈäòÛÃîÈ PSII (Saturating light pulse) 
(áóßÜäñÂîÛ 7) ÅøîĂì­ Reaction centers îãú¬ĂÚëáóßÜõÕìâÕ ÿßøćîĂì­ÿÂõÕäòÈëöàæúîîÿäëÿÌÚÌ°
ÿÖĆâØöć Ì÷ćÈî¬óÚÅ¬óîîÂâóÿÜĆÚÅ¬ó Fm (Maximum total fluorescence yield) ÝæÖ¬óÈÃîÈØòĈÈëîÈÅ¬ó
ÿäöãÂè¬ó Fv (Variable fluorescence, Fv = Fm -Fo ) Å¬óØöćÅČóÚèÔ ÅøîÅ¬óëòÕë¬èÚÃîÈ Fv /Fm 
ÿäöãÂè¬ó Maximum quantum yield (ū dark) Ì÷ćÈÉñĀëÕÈ×÷ÈÜäñëõØÙõáóßÃîÈÂóäÉòÛßæòÈÈóÚāÕã 
Reaction centers ìäøîÿÜĆÚÅ¬óëòÕë¬èÚÃîÈßæòÈÈóÚĀëÈØöćßøËÕúÕÌòÛØòĈÈìâÕØöć×úÂÚČóăÜĂË­ĂÚ
ÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ ÕòÈÚòĈÚ×­óĂÛßøËîãú¬ĂÚëáóßâøÕĀæñ reaction centers îãú¬ĂÚëáóß
ÿÜõÕÿÖĆâØöć ÅøîìæòÈÉóÂâö ÂóäÿÅæøćîÚØöćÃîÈîõÿæĆÂÖäîÚÝ¬óÚ PSII ëâÛúäÔ°Āæ­èÉñÿÃöãÚëâÂóäăÕ­ĂÚ
äúÜ 

ūdark =Fv-F0/Fm 
ÿâøćî ʌ dark = ëòÕë¬èÚÃîÈ Photon Øöć×úÂÕúÕÂæøÚØöć PSII ĂË­ĂÚÂóäÿÂõÕ Photochemistry 

ÿÜĆÚ Å¬óëúÈëùÕØöćèòÕăÕ­ ìæòÈÉóÂĂì­ĂÛîãú¬ÚÅèóââøÕÚóÚßî (éäöÚòÕÕó ÛČóÿßĆÎÝæ, 2554) Maximum 
quantum efficiency of PSII photochemistry (Fv/Fm) ÿÜĆÚÅ¬óØöćëČóÅòÎØöćĂË­ĂÚÂóäÛîÂ×÷È
Åèóâëóâóä×ĀæñÜäñëõØÙõáóßĂÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈÃîÈßøË ÿâøćîÿÂõÕëáóèñÿÅäöãÕÉóÂÅèóâ
Āæ­È Éñë¬ÈÝæĂì­Å¬ó Fv/Fm æÕæÈ ÉóÂÅ¬óØöćæÕæÈâöÝæÖ¬îÂóäëòÈÿÅäóñì°Õ­èãĀëÈĀæñâöÝæÖ¬îÂóä
ÿÉäõÎÿÖõÛāÖÃîÈßøËÖóâæČóÕòÛ   (Cielniak et al., 2006) 
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áóßÜäñÂîÛ 6 ÂäóàĀëÕÈÂóäÿÂõÕ Chlorophyll fluorescence 
 

Øöćâó: (Chien, 2012) 
 

ÉóÂÂóäé÷ÂêóÃîÈ Vezan (2000) ăÕ­äóãÈóÚÝæÃîÈÅèóâÿÅäöãÕÉóÂÅèóâĀæ­ÈØöćâöÖ¬î
ÂóäæÕæÈÃîÈÅ¬ó Fv (Variable fluorescence ) Å¬ó Fo (Minimum, quasi-dark fluorescence 
yield) ĀæñÅ¬ó Fv/Fm (Maximum quantum efficiency of PSII photochemistry) ĀæñÝæ
Âóäé÷ÂêóĂÚÃ­óèÛóä°ÿæã° 2 ßòÚÙù°ØöćØÚĀæ­ÈĀæñăèÖ¬îÅèóâĀæ­ÈßÛè¬ó ÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èã
ĀëÈÃîÈÃ­óèÛóä°ÿæã°ØöćăèÖ¬îÅèóâĀæ­ÈăÕ­äòÛÝæÂäñØÛÉóÂÅèóâÿÅäöãÕØöćÿÂõÕÉóÂÅèóâĀæ­È ë¬ÈÝæ
Ăì­Å¬ó Fv Å¬ó Fo ĀæñÅ¬ó Fv/Fm æÕæÈĀæñâöÅèóâĀÖÂÖ¬óÈîã¬óÈâöÚòãëČóÅòÎÿâøćîÿØöãÛÂòÛÃ­óè
Ûóä°ÿæã°ßòÚÙù°ØöćØÚÅèóâĀæ­È (Li et al., 2006) ĂÚÖ­ÚĀîÜÿÜõĈæØöćăÕ­äòÛÅèóâĀæ­ÈĂÚäñÕòÛëúÈ ßÛè¬óĂÚ
èòÚØöć 5 ÃîÈÂóäØÕæîÈÖ­ÚĀîÜÿÜõĈæâöÅ¬ó Fv/Fm æÕæÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâ ĀæñÿâøćîÅäÛ 33 èòÚ
Ö­ÚĀîÜÿÜõĈæâöÅ¬ó Fv/Fm æÕæÈ×÷È 24% ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâ ĀæñÿâøćîÅäÛ 33 èòÚØČóÂóäàøĈÚàú
ëáóß (Recovery) ßÛè¬óÖ­ÚĀîÜÿÜõĈæØöćăÕ­äòÛëáóèñĀæ­ÈäñÕòÛÖČćóĀæñäñÕòÛÜóÚÂæóÈ ßÛè¬ó Å¬ó 
Fv/Fm ëóâóä×àøĈÚÂæòÛëú¬ëáóßÜÂÖõăÕ­ ĂÚÃÔñØöćÖ­ÚÃ­óèØöćăÕ­äòÛÅèóâĀæ­ÈäñÕòÛëúÈÅ¬ó Fv/Fm ăâ¬
ëóâóä×àøĈÚÖòèăÕ­ (Wang et al., 2018) ÚîÂÉóÂÚöĈÂóäØÕæîÈĂÚÖ­ÚÃ­óèØöćăÕ­äòÛëáóèñĀæ­ÈßÛè¬ó 
ĂÚËùÕÂóäØÕæîÈØöćăÕ­äòÛÅèóâĀæ­ÈĂÚäñÕòÛëúÈ âöÅ¬ó Fv/Fm æÈæÈîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(p<0.05) ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâ (Xu et al., 2020) ÂóäØÕæîÈĂÚßøË Arabidopsis ØöćăÕ­äòÛ
ëáóèñĀæ­ÈÿÜĆÚäñãñÿèæó 5 èòÚ ßÛè¬óâöÅ¬ó Fv/Fm æÕæÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâĂÚëáóèñÜÂÖõ 
(Yao et al., 2018) 
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Performance index (Pi) 
Å¬ó Performance index ÿÜĆÚÅ¬óØöćîÙõÛóã×÷ÈÜòÉÉòãØöćÿÜĆÚîõëäñÖ¬îÂòÚĂÚÂäñÛèÚÂóä

ëòÈÿÅäóñì°Õ­èãĀëÈÃîÈßøË ăÕ­ĀÂ¬ 1) ÅèóâìÚóĀÚ¬ÚÃîÈÖòèäòÛîõÿæĆÂÖäîÚ 2) ÜäñëõØÙõáóßĂÚÂóä
ÿÅæøćîÚã­óãîõÿæĆÂÖäîÚāÕã QA Āæñ 3) ÅèóâÚ¬óÉñÿÜĆÚĂÚÂóäÕúÕÌòÛāÜäÖäîÚ āÕãÖòèäòÛ
îõÿæĆÂÖäîÚ Å¬ó Pi ÉñÛîÂ×÷ÈÂóäØČóÈóÚÃîÈ PSI Āæñ PSII ĀæñÛîÂ×÷ÈÃ­îâúæÿËõÈÜäõâóÔÃîÈ
ë×óÚñÜòÉÉùÛòÚÃîÈÂóäØČóÈóÚÃîÈäñÛÛĀëÈÃîÈßøË (Strasser et al., 2004) āÕãÅ¬ó Pi ÿÜĆÚÅ¬óØöćâö
ÅèóâăèĀæñĂË­Û¬ÈÛîÂëáóßÅèóâĀæ­ÈÃîÈĀÜæÈÜæúÂăÕ­ (Oukarroum et al., 2007; Strasser et 
al., ƘƖƖƖ) ÉóÂÝæÂóäØÕæîÈĂÚÖ­Ú×òćèæúÂăÂ¬ßÛè¬ó ÿâøćîÿÂõÕëáóèñĀæ­ÈĂÚÖ­Ú×òćèæúÂăÂ¬ ÉñØČóĂì­âöÅ¬ó 
Pi æÕæÈ ĀæñÅ¬ó Pi ãòÈëóâóä×ĂË­ÿÜĆÚÅ¬óĂÚÂóäÅČóÚèÔìóÕòËÚöÅèóâĀæ­ÈÿßøćîĂË­ĂÚÂóäÉČóĀÚÂ
ÅèóâØÚÖ¬îÅèóâĀæ­ÈĂÚÖ­Ú×òćèæúÂăÂ¬ĀÖ¬æñßòÚÙù°ăÕ­ (Çiçek et al., 2018) ÿË¬ÚÿÕöãèÂòÚÂòÛĂÚßøË 
CAM (Crassulacean acid metabolism) ØöćÿâøćîăÕ­äòÛÅèóâÿÅäöãÕÉóÂîùÔìáúâõëúÈĀæñëáóèñĀæ­È 
Éñë¬ÈÝæÖ¬îÂóäÿÜæöćãÚĀÜæÈÃîÈÅ¬ó Pi ØČóĂì­Å¬ó Pi ĂÚßøËæÕæÈĀæñëóâóä×ĂË­ÿÜĆÚÖòèËöĈèòÕäñÕòÛ
ÃîÈÅèóâØÚØóÚÃîÈßøËÖ¬îëáóèñĀæ­ÈăÕ­ (Ceusters et al., 2019) ÉóÂÂóäé÷ÂêóĂÚÖ­ÚÃ­óèëóæö
ßÛè¬ó ÂóäæÕæÈÃîÈÅ¬ó Pi âöÅèóâëòâßòÚÙ°ÂòÛÂóäÃóÕÚČĈóĀæñÅ¬óÜäõâóÔÚČĈóëòâßòØÙ°ÃîÈßøË 
(Zivcak et al., 2008b) ÉóÂÝæÂóäé÷ÂêóìÎ­óÿäã° (Perennial Ryegrass) áóãĂÖ­ëáóèñĀæ­È
ßÛè¬ó Ö­ÚìÎ­óØöćăÕ­äòÛÅèóâËøĈÚ 30%FC  âöÅ¬ó Pi æÕæÈÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâ  

 
Å¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛ (SPAD value) 

ÂóäèòÕÅ¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛĂË­ĂÚÂóäÜäñÿâõÚÜäõâóÔăÚāÖäÿÉÚĀæñÅæîāäàõææ°ĂÚ
ßøË ĀæñÿÜĆÚèõÙöÂóäØöćăâ¬Ö­îÈØČóæóãĂÛßøË āÕãÿâøćîÚČóÅæîāäàõææ°âõÿÖîä°ăÜèòÕÅ¬óÕòËÚöÅèóâÿÃöãè
ÃîÈĂÛßøË Å¬óØöćëóâóä×î¬óÚăÕ­ÉóÂÂóäèòÕÕ­èãÅæîāäàõææ°âõÿÖîä° ÉñâöÅèóâëîÕÅæ­îÈÂòÛÜäõâóÔ
Åæîāäàõææ°ĂÚĂÛßøË āÕãÅ¬óÉñ×úÂÅČóÚèÔÉóÂÜäõâóÔĀëÈØöćë¬îÈÝ¬óÚĂÛßøË ĂÚ 2 Ë¬èÈÅèóâãóè
ÅæøćÚĀëÈØöćÅæîāäàõææ°ëóâóä×ÕúÕÌòÛăÕ­ ĂÚË¬èÈĀëÈØöćĀÖÂÖ¬óÈÂòÚ Åøî Ë¬èÈĀëÈëöĀÕÈ (Red) âöÅèóâ
ãóè ÅæøćÚ 650 ÚóāÚÿâÖä ĀæñË¬èÈĀëÈëöĀÕÈăÂæ (Infrared) âöÅèóâãóèÅæøćÚ 940 ÚóāÚÿâÖä 
LEDs (Light-emitting diodes) Ì÷ćÈÿÜĆÚÖòèĂì­ĀëÈÉñ×úÂëä­óÈÃ÷ĈÚáóãĂÚìòèèòÕÃîÈÿÅäøćîÈèòÕÅ¬óÅèóâ
ÿÃöãèØòĈÈ 2 Õ­óÚ Åøî Emitting window Āæñ Receiving window ÿâøćîØČóÂóäèòÕĀëÈÉñ×úÂÜæ¬îã
îîÂâóÉóÂ Emitting window Ý¬óÚÖòèîã¬óÈĂÛßøËÿÃ­óëú¬ Receiving window ÿâøćîØČóÂóäèòÕ LEDs 
Ì÷ćÈÿÜĆÚÖòèĂì­ĀëÈØöćîãú¬ĂÚäñÛÛĂì­ĀëÈ (Illuminating system) ÉñÜæ¬îãĀëÈëöĀÕÈĀæñĀëÈëöĀÕÈăÂæ



  19 

îîÂâó āÕãĀëÈÉñë¬îÈÝ¬óÚÖòèîã¬óÈăÜĂÛßøËăÜËÚÂòÛÖòèäòÛĀëÈ (Receptors) ÉóÂÚòĈÚÉñ×úÂĀÜæÈ
ăÜÿÜĆÚëòÎÎóÔîòÖāÚâòÖõ āÕãÖòèĀÜæÈëòÎÎóÔ (Amplifier Āæñ A/D converter) Āæ­èë¬È
ëòÎÎóÔÖ¬îăÜãòÈ Microprocessor Ì÷ćÈÉñĀÜæÈëòÎÎóÔîöÂÅäòĈÈìÚ÷ćÈ Āæ­èĀëÕÈÝæÅ¬óØöćăÕ­ÉóÂ
ÂóäèòÕîîÂâóØöćÉîĀëÕÈÝæ (Display) ĀæñÿÂĆÛăè­ĂÚìÚ¬èãÅèóâÉČóÃ­îâúæ (Anonymous, 1986; 

Saberioon et al., ƘƖƗƚ)ÉóÂÂóäé÷ÂêóßÛè¬ó ÚîÂÉóÂÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈÉñë¬ÈÝæÖ¬î
îòÖäóÂóäëòÈÿÅäóñì°Õ­èãĀëÈĀæ­è ãòÈë¬ÈÝæÖ¬îÜäõâóÔĀæñāÅäÈëä­óÈÃîÈÅæîāäàõææ°Ì÷ćÈÿÜĆÚäÈÅèòÖ×ù
ìæòÂØöćĂË­ĂÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈĀæñĂì­ëöÿÃöãèĀÂ¬ĂÛßøË ÉóÂÂóäØÕæîÈÃîÈ (Pakniyat et al., 
2008) ĂÚßøËÿäßÌöÕ (Brassica napus) ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È ØČóĂì­Å¬óÅèóâÿÃöãè
ÃîÈĂÛæÕæÈÿË¬ÚÿÕöãèÂòÚÂòÛÈóÚèõÉòãÃîÈ Zhao et al. (ƘƖƖƟ) ßÛè¬ó ĂÚÃ­óèÛóä°ÿæã°ØöćăÕ­äòÛëáóèñ
Āæ­ÈÿÜĆÚÿèæó 7 èòÚ âöÂóäæÕæÈÃîÈÅ¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛ Âóäé÷ÂêóÅ¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛ
ĂÚÖ­ÚÞ­óãĀæñ×òćèæõëÈ áóãĂÖ­ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È ßÛè¬óĂÚÖ­ÚÞ­óãâöÅ¬óÖČćóÂè¬ó 12.4% 
ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâ ÿË¬ÚÿÕöãèÂòÛÂóäé÷ÂêóĂÚÖ­Ú×òćèæõëÈØöćăÕ­äòÛëáóèñĀæ­È âöÅ¬óÕòËÚöÅèóâ
ÿÃöãèÃîÈĂÛæÕæÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâ (Shahenshah & Isoda, 2010a) ĀæñĂÚÖ­ÚâñÿÃøîÿØé
ØöćăÕ­äòÛëáóèñĀæ­È ßÛè¬óĂÚÖ­ÚâñÿÃøîÿØéßòÚÙù° LE 114 âöÅ¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛÿØ¬óÂòÛ 45.8 
Ö­ÚâñÿÃøîÿØéßòÚÙù° LE57 âöÅ¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛÿØ¬óÂòÛ 45.7 Ö­ÚâñÿÃøîÿØéßòÚÙù° COTH 2 âö
Å¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛÿØ¬óÂòÛ 45.5 ĀæñÖ­ÚâñÿÃøîÿØéßòÚÙù° LE 118 âöÅ¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛ
ÿØ¬óÂòÛ 45 āÕãÖ­ÚâñÿÃøîÿØéØòĈÈ 4 ßòÚÙù°ØöćăÕ­äòÛëáóèñĀæ­ÈâöÅ¬óÿÊæöćãÃîÈÕòËÚöÅèóâÿÃöãèÃîÈĂÛ
æÕæÈÿâøćîÿØöãÛÂòÛâñÿÃøîÿØéĂÚËùÕÅèÛÅùâ (Sivakumar et al., 2014) ÚîÂÉóÂÚöĈãòÈßÛè¬óÉóÂÝæ
ÂóäØÕæîÈĂÚÖ­ÚÃ­óèØöćÜæúÂáóãĂÖ­ëáóèñĀæ­È âöÅ¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛĂÚË¬èÈ 35.96-39.0 
ĂÚÃÔñØöćÖ­ÚÃ­óèĂÚËùÕÅèÛÅùââöÅ¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛĂÚË¬èÈ 36.7- 40.1 (Moonmoon et al., 
2017) 

 
äÈÅèòÖ×ù (Pigments) 

äÈÅèòÖ×ù Åøî āâÿæÂùæØöćâöÅèóâëóâóä×ĂÚÂóäÕúÕÂæøÚĀëÈØöćâöîãú¬ĂÚßøË äÈÅèòÖ×ùØöćĂË­ĂÚ
ÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ (Photosynthetic pigment) ëóâóä×ĀÛ¬ÈîîÂ ÖóâæòÂêÔñÃîÈ
āÅäÈëä­óÈÃîÈāâÿæÂùæ ÕòÈÚöĈ 

Åæîāäàõææ° (Chlorophylls)  
Åæîāäàõææ°ÿÜĆÚäÈÅèòÖ×ùØöćßÛØòćèăÜĂÚßøËĀæñëõćÈâöËöèõÖØöâöÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ 

āÅäÈëä­óÈÜäñÂîÛăÜÕ­èãë¬èÚØöćÿÜĆÚ Porphyrin-like structure Ì÷ćÈâö Mg2+ îãú¬ë¬èÚÂæóÈÃîÈ
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āÅäÈëä­óÈĀæñë¬èÚØöćÿÜĆÚëóããóèÃîÈăïāÕäÅóä°ÛîÚ Ì÷ćÈÿÜĆÚë¬èÚØöćÿÜĆÚ Hydrophobic region Ì÷ćÈ
ÞòÈÖòèîãú¬ÛÚ Photosynthetic membrane ĂÚÅæîāäßæóëÖ° Åæîāäàõææ°ÿÜĆÚäÈÅèòÖ×ùØöćëČóÅòÎ Āæñ
ÿëöãëáóßăÕ­È¬óãÉóÂÅèóâÿÅäöãÕØöćăÕ­äòÛ ÿË¬Ú ÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È ÅèóâÿÅäöãÕÉóÂ
îùÔìáúâõëúÈ ÿÜĆÚÖ­Ú ÂóäÿëöãëáóßÃîÈÅæîāäàõææ°ë¬ÈÝæāÕãÖäÈÖ¬îÝæÝæõÖÃîÈßøË ĀæñÂóä
ÿÉäõÎÿÖõÛāÖÃîÈßøË (Khayatnezhad & Gholamin, ƘƖƖƞ) āÕãÅæîāäàõææ°ĂÚßøË âöîãú¬ìæóãËÚõÕ 
ăÕ­ĀÂ¬ 

 Åæîāäàõææ° ÿî  (Chlorophyll a) ÿÜĆÚëóäëöØöćâöÅèóâëČóÅòÎØöćëùÕ ÿßäóñÿÜĆÚëóäØöć
ØČóĂì­ÿÂõÕÜÐõÂõäõãóĀëÈĂÚÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ āÕãìâú¬àòÈÂ°ËòÚÃîÈÅæîāäàõææ° ÿî ÿÜĆÚ
ìâú¬ÿâØõæ (Methyl group : OCH3) (áóßÜäñÂîÛ 8) Åæîāäàõææ° ÿî ÕúÕÂæøÚĀëÈăÕ­ÕöØöćëùÕØöćÅèóâ
ãóèÅæøćÚĀëÈ ƚƙƖ ÚóāÚÿâÖä Āæñ ƜƜƘ ÚóāÚÿâÖä (áóßÜäñÂîÛ 9) ĀæñëñØ­îÚĀëÈØČóĂì­
âîÈÿìĆÚÿÜĆÚëöÿÃöãè 

 Åæîāäàõææ° Ûö (Chlorophyll b) ÿÜĆÚëóäëöØöćË¬èãĂÚÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èã
ĀëÈ ìâú¬àòÈÂ°ËòÚÃîÈÅæîāäàõææ° Ûö ÿÜĆÚìâú¬Åóä°āÛÚõæ (Carbonyl group : OCHO) (áóßÜäñÂîÛ 
8) Åæîāäàõææ° Ûö ÕúÕÂæøÚĀëÈăÕ­ÕöØöćëùÕØöćÅèóâãóèÅæøćÚ ƛƚƙ ÚóāÚÿâÖä (áóßÜäñÂîÛ 9) ĀæñÉñ
ëñØ­îÚĀëÈØČóĂì­âîÈÿìĆÚÿÜĆÚëöÿÃöãèÖîÈî¬îÚ 

 ÂóäæÕæÈÃîÈÜäõâóÔÅæîāäàõææ°áóãĂÖ­ëáóèñØöćâöÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È
îóÉÿÜĆÚÝæØöćÿÂõÕÉóÂÅèóâÿÅäöãÕîîÂÌõÿÕØöà (Oxidative stress) ĀæñîóÉÿÜĆÚÝæÉóÂÂóäÿëöã
ëáóßÃîÈäñÛÛØöćĂË­ĂÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈäèâØòĈÈÅæîāäßæóëÖ° (Arabshahi & Mobasser, 
ƘƖƗƝ) ÉóÂÝæÈóÚèõÉòãØöćâöâóÂ¬îÚìÚ­óÚöĈÉñßÛè¬ó ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èë¬ÈÝæĂì­Ã­óèâö
ÚČĈóìÚòÂÿâæĆÕæÕæÈ îòÖäóÂóäëòÈÿÅäóñì°Õ­èãĀëÈĀæñÜäõâóÔÅæîāäàõææ°ÃîÈĂÛæÕæÈĂÚäñãñÂóä
ëøÛßòÚÙù° (Reproductive stage) (Moonmoon et al., 2017) ÚîÂÉóÂÚöĈßÛè¬óÕîÂØóÚÖñèòÚÿâøćî
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èë¬ÈÝæĂì­Åæîāäàõææ° ÿî Åæîāäàõææ° Ûö ĀæñÅæîāäàõææ°äèâæÕæÈ 
(Manivannan et al., 2008) ĀæñÂóäé÷ÂêóĂÚÖ­Ú×òćèæúÂăÂ¬ ÿâøćîăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È
ë¬ÈÝæĂì­Åæîāäàõææ° ÿî Åæîāäàõææ° Ûö ĀæñÅæîāäàõææ°äèââöÜäõâóÔæÕæÈ ĀæñîòÖäóë¬èÚäñìè¬óÈ
Åæîāäàõææ° ÿî ĀæñÅæîāäàõææ° Ûö æÕæÈ Ì÷ćÈÿÜĆÚÖòèÛ¬ÈËöĈè¬óÅæîāäàõææ° ÿî âöÅèóâăèÖ¬îÅèóâÿÅäöãÕ
ÉóÂëáóèñĀæ­ÈâóÂÂè¬óÅæîāäàõææ° Ûö   (Mafakheri et al., 2010) ÉóÂÝæÂóäØÕæîÈĂÚìîâĂìÎ¬ 
2 ßòÚÙù°ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È ßÛè¬óÜäõâóÔÅæîāäàõææ°äèâĂÚìîâĂìÎ¬ßòÚÙù° Akgun-
12 âöÅ¬óæÕæÈ 68% ĀæñßòÚÙù° Kantartopu-3 âöÅ¬óæÕæÈ 4% ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâîã¬óÈâö
ÚòãëČóÅòÎØóÈë×õÖõ (p<0.01) ÜäõâóÔÅæîāäàõææ° ÿî ĂÚìîâĂìÎ¬ßòÚÙù° Akgun-12 âöÅ¬óæÕæÈ 37% 
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ĀæñßòÚÙù° Kantartopu-ƙ âöÅ¬óæÕæÈ 25% ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 
(p<0.01) (Hanci & Cebeci, 2014) ĂÚÖ­ÚâñÿÃøîãóèĀîàäõÂóØöćăÕ­äòÛëáóèñĀæ­ÈÿÜĆÚÿèæó 4 
ëòÜÕóì°ßÛè¬óÜäõâóÔÅæîāäàõææ°áóãĂÚĂÛÃîÈÖ­ÚâñÿÃøîãóèæÕæÈ ÿâøćîÿØöãÛÂòÛâñÿÃøîãóè
ĀîàäõÂóĂÚëáóèñÜÂÖõ (Mibei et al., 2016) 

 

 

áóßÜäñÂîÛ 7 āÅäÈëä­óÈÅæîāäàõææ° ÿî ĀæñÅæîāäàõææ° Ûö 

 
Øöćâó: (Pham Phu, 2014) 
 

 

áóßÜäñÂîÛ 8 ÂóäÕúÕÂæøÚĀëÈÃîÈÅæîāäàõææ° ÿî ĀæñÅæîāäàõææ° Ûö 
 

Øöćâó : (Solomon, 2011) 
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ĀÅāäØöÚîãÕ° (Carotenoids) 
ĀÅāäØöÚîãÕ° ÿÜĆÚÂæù¬âäÈÅèòÖ×ùØöćâöëöÿìæøîÈ-ë­â ßÛØòćèăÜĂÚßøËĀæñëõćÈâöËöèõÖØöćëóâóä×

ëòÈÿÅäóñì°Õ­èãĀëÈăÕ­ âöìÚ­óØöćĂÚÂóäË¬èãäòÛßæòÈÈóÚĀëÈ (Accessory light-harvesting pigment) 
ÿßøćîÚČóăÜĂË­ĂÚÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ ĀæñØČóìÚ­óØöćĂÚÂóäÜ­îÈÂòÚîòÚÖäóãÉóÂĀëÈ 
(Photoprotective agents) āÅäÈëä­óÈìæòÂÃîÈäÈÅèòÖ×ùÂæù¬âÚöĈÅøî ÂóäÿÜĆÚëóãăïāÕäÅóä°ÛîÚ Ì÷ćÈ
ÜäñÂîÛÕ­èãÅóä°ÛîÚ 40 îñÖîâ (áóßÜäñÂîÛ 10) Ì÷ćÈëóâóä×ÉČóĀÚÂăÕ­ÿÜĆÚ 2 Âæù¬âã¬îãÅøî 
Carotenes Āæñ Xanthophylls  

Carotenes ÿÜĆÚäÈÅèòÖ×ùØöćâöëöë­â ìäøîë­â-ĀÕÈ ÿÜĆÚëóããóèÃîÈăïāÕäÅóä°ÛîÚ ë¬èÚ 
Xanthophyll âöëöÿìæøîÈìäøîë­â-ÿìæøîÈ Ì÷ćÈÚîÂÉóÂÉñÜäñÂîÛÕ­èãëóããóèÃîÈăïāÕäÅóä°ÛîÚ
Āæ­è ãòÈâöîîÂÌõÿÉÚ (O) ÿÜĆÚîÈÅ°ÜäñÂîÛ Ì÷ćÈ Xanthophylls âöìæóãËÚõÕÃ÷ĈÚîãú¬ÂòÛäñÕòÛ 
Oxidation ÃîÈāâÿæÂùæ ĀæñÿË¬ÚÿÕöãèÂòÛÅæîāäàõææ° ÅèóâÿÃ­âÃ­ÚÃîÈĀÅāäØöÚîãÕ°ĂÚßøËÉñæÕæÈ
ÿâøćîßøËăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È (Mibei et al., 2016) ÉóÂÝæÂóäØÕæîÈĂÚÖ­ÚìîâĂìÎ¬
ßÛè¬ó ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èë¬ÈÝæĂì­ÜäõâóÔĀÅāäØöÚîãÕ°ĂÚìîâĂìÎ¬âöÜäõâóÔæÕæÈ  
(Hanci & Cebeci, ƘƖƗƚ) ĀæñÝæÃîÈÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØČóĂì­âñÿÃøîãóèĀîàäõÂóâö
ÜäõâóÔĀÅāäØöÚîãÕ°æÕæÈ ÿË¬Ú ĂÚâñÿÃøîãóèĀîàäõÂóßòÚÙù° RV100343 ĂÚëáóèñÜÂÖõâöÅ¬óÿÊæöćãÚ
ĀÅāäØöÚîãÕ°ÿØ¬óÂòÛ 1182.3 ăâāÅäÂäòâÖ¬îÂäòâ (ÚČĈóìÚòÂëÕ) ĀÖ¬ĂÚëáóèñĀæ­ÈâöÅ¬óÿÊæöćãÚĀÅāäØö
ÚîãÕ°ÿØ¬óÂòÛ 1020.9 ăâāÅäÂäòâÖ¬îÂäòâ (ÚČĈóìÚòÂëÕ) (Mibei et al., 2016) ÝæÂóäØÕæîÈĂÚìîâ
ĂìÎ¬ 2 ßòÚÙù°ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È ßÛè¬óÜäõâóÔĀÅāäØöÚîãÕ°ĂÚìîâĂìÎ¬ßòÚÙù° 
Akgun-12 âöÜäõâóÔæÕæÈ 53% ĀæñßòÚÙù° Kantartopu-3 âöÜäõâóÔæÕæÈ 44% ÿâøćîÿØöãÛÂòÛËùÕ

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.01) (Hanci & Cebeci, 2014) 

 
áóßÜäñÂîÛ 9 āÅäÈëä­óÈĀÅāäØöÚîãÕ° 

 
Øöćâó: (Butnariu, 2016) 
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ĀîÚāØăÌãóÚõÚ (Anthocyanin) 
ĀîÚāØăÌãóÚõÚ ÿÜĆÚäÈÅèòÖ×ùØöćÉòÕîãú¬ĂÚÂæù¬âàæóāèÚîãÕ° (Flavonoids) (áóßÜäñÂîÛ 

11) ßÛăÕ­ØòĈÈĂÚÛäõÿèÔÕîÂ ÝæĀæñÿâæĆÕ (Grotewold, 2006)  ëòÈÿÅäóñì°âóÉóÂëóäØùÖõãáúâõÉóÂ
ÂäÕîñâõāÚàöÚõæîñæóÚöÚ (Phenylalanine) Ăì­ëöĀÕÈĀæñâ¬èÈ (Reddy et al., 1995) āÕãĀîÚāØăÌ
ãóÚõÚÉñ×úÂëòÈÿÅäóñì°Ã÷ĈÚÉóÂÂóäÅèÛÅùâÃîÈ Transcription factors (TFs) 3 ËÚõÕ (MYB,bHLH 
Āæñ WD40) (Naing & Kim, 2018) ÿÜĆÚëóäÖ­óÚîÚùâúæîõëäñ (Antioxidant) ØČóĂì­ĀîÚāØăÌãóÚõÚ
âöÛØÛóØÖ¬îÂóäÜ­îÈÂòÚÂóäÿÂõÕāäÅÿäøĈîäòÈÖ¬óÈ ą ÿË¬Ú āäÅÿÂöćãèÂòÛìæîÕÿæøîÕìòèĂÉ 
(Cardiovascular disease) āäÅâñÿäĆÈ (Cancer) ĀæñāäÅÿÛóìèóÚ (Diabetes) ÿÜĆÚÖ­Ú (Ghiselli 
et al., 1998) ĀîÚāØăÌãóÚõÚâöÜäñëõØÙõáóßĂÚ ÂóäÂČóÉòÕ Reactive oxygen species (ROS) 
ĀæñãòÛãòĈÈÂóäÿÂõÕîîÂÌõÿÕËòćÚÃîÈæõāÜāÜäÖöÚ (Lipoprotein) ÚîÂÉóÂÚöĈãòÈÉòÕÿÜĆÚ 
Osmoregulators ÿßøćîäòÂêóëâÕùæÃîÈëóäæñæóãáóãĂÚÖ­ÚßøËÿßøćîæÕÂóäëúÎÿëöãÚČĈóăÕ­ (Hughes 
et al., ƘƖƗƙ) ĀîÚāØăÌãóÚõÚÉòÕÿÜĆÚëóäÜäñÂîÛàæóāèÚîãÕ° (Flavonoid) ĂÚÂæù¬âàöÚîæõÂ 
(Phenolic) āÕãëóäàæóāèÚîãÕ°ÚöĈ ÜäñÂîÛăÜÕ­èãÅóä°ÛîÚ 15 îñÖîâ âöìâú¬ÿÛÚÌöÚ 2 ìâú¬ âó
ÿËøćîâÖ¬îÂòÚÕ­èãÅóä°ÛîÚ 3 îñÖîâ ĀîÚāØăÌãóÚõÚÿÂõÕÉóÂÂóäâöĀîÚāØăÌãóÚõÕõÚØöćăâ¬ÿë×öãäĂÚ
ÙääâËóÖõâöìâú¬ÚČĈóÖóæâóÉòÛĂÚÖČóĀìÚ¬ÈØöć 3 ìäøî 3, 5 ÃîÈĀîÚāØăÌãóÚõÕõÚ (Sivamaruthi et al., 
ƘƖƗƞ) ÉóÂÂóäé÷ÂêóßÛè¬óĀîÚāØăÌãóÚõÚÉñ×úÂÂäñÖù­ÚĂì­âöÂóäëä­óÈĀæñÿÂĆÛëñëââóÂÃ÷ĈÚØòćèØòĈÈ
Ö­ÚāÕãÿÊßóñÛäõÿèÔĂÛĀæñÝæ ÿâøćîßøËăÕ­äòÛÅèóâÿÅäöãÕÉóÂÜòÉÉòãØóÈÂóãáóß ÿË¬Ú ĂÚÝõèÃîÈ
ÝæÿÛîä°äöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂîùÔìáúâõëúÈ ĀæñĂÚÝæîÈù¬ÚØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ì÷ćÈ
ëîÕÅæ­îÈÂòÛäóãÈóÚÝæÂóäÿßõćâÃ÷ĈÚÃîÈĀîÚāØăÌãóÚõÚĂÚßøË Arabidopsis ÿâøćîăÕ­äòÛÅèóâÿÅäöãÕ
ÉóÂëáóèñĀæ­È (Kovinich et al., ƘƖƗƛ) āÕãÂóäÿßõćâÃ÷ĈÚÃîÈĀîÚāØăÌãóÚõÚØöćâóÉóÂÅèóâÿÅäöãÕ
ÉóÂÜòÉÉòãëõćÈĀèÕæ­îââöÂóäÅ­ÚßÛè¬ó ×úÂÅèÛÅùâāÕããöÚ GLRa V-3, GLRa V-5 Āæñ GLRa V-9 
Ì÷ćÈÿÜĆÚÂæăÂìÚ÷ćÈØöćëČóÅòÎØöćØČóĂì­ßøËëóâóä×ØÚÖ¬îÅèóâÿÅäöãÕÉóÂÜòÉÉòãĀèÕæ­îâØöćßøËăÕ­äòÛ 
(Vega et al., 2011) ÉóÂÝæÂóäé÷ÂêóĂÚÖ­ÚÃ­óèëóëöëöâ¬èÈØöćØČóÂóäÉČóæîÈëáóèñĀæ­ÈÕ­èã 
PEG6000 ÅèóâÿÃ­âÃ­Ú 20 âõææõāâæ Āæñ 40 âõææõāâæ ßÛè¬óĂÚèòÚØöć 15 ÃîÈÂóäØÕæîÈ Ö­ÚÃ­óèØöć
ăÕ­äòÛëáóèñĀæ­ÈØöćëóäæñæóã PEG6000 ØöćäñÕòÛÅèóâÿÃ­âÃ­Ú 20 âõææõāâæĀæñ 40 âõææõāâæ ØČóĂì­
Ö­ÚÃ­óèâöÂóäëñëâÜäõâóÔÂóäĀîÚāØăÌãóÚõÚÿßõćâÃ÷ĈÚ 30.67% Āæñ 29.47% (Li et al., 2018)
ÉóÂÝæÂóäØÕæîÈĂÚÖ­ÚÂäñÿÉöĉãÛ 3 ßòÚÙù°ØöćăÕ­äòÛëáóèñĀæ­È (ÅèóâËøĈÚĂÚÕõÚ 65%) ßÛè¬óÖ­Ú
ÂäñÿÉöĉãÛßòÚÙù° Cruza Negra âöÂóäëñëâÃîÈĀîÚāØăÌãóÚõÚÿßõćâÃ÷ĈÚ 23%, Ö­ÚÂäñÿÉöĉãÛßòÚÙù° 4Q4 
âöÂóäëñëâÃîÈĀîÚāØăÌãóÚõÚÿßõćâÃ÷ĈÚ 72% Āæñ Ö­ÚÂäñÿÉöĉãÛßòÚÙù° UAN16-2 âöÂóäëñëâÃîÈ
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ĀîÚāØăÌãóÚõÚÿßõćâÃ÷ĈÚ 92% ÿâøćîÿØöãÛÂòÛÖ­ÚÂäñÿÉöĉãÛØöćăÕ­äòÛÂóäÜæúÂĂÚëáóèñÜÂÖõ (ÅèóâËøĈÚ
100%) (Hinojosa-Gómez et al., 2020) ĀæñãòÈâöÂóäé÷ÂêóĂÚßøËìæóãËÚõÕØöćĀëÕÈĂì­ÿìĆÚ×÷ÈÝæ
ÃîÈĀîÚāØăÌãóÚõÚØöćË¬èãĂÚÂóäØČóĂì­ßøËØÚÖ¬îÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È ÿË¬Ú ĂÚÖ­ÚãóëúÛ 
(Nicotiana tabacum cv. Samsun) ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È ßÛè¬óâöÂóäëñëâĀîÚāØ
ăÌãóÚõÚĂÚÜäõâóÔØöćÿßõćââóÂÃ÷ĈÚäèâ×÷ÈÂóäĀëÕÈîîÂÃîÈãöÚØöćÅèÛÅùâÂóäëä­óÈĀîÚāØăÌãóÚõÚ 
ÂóäÿßõćâÃ÷ĈÚÕòÈÂæ¬óèë¬ÈÝæĂì­Ö­ÚãóëúÛØÚÖ¬îÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È (Cirillo et al., ƘƖƘƗ)Āæñ
ÈóÚèõÉòãÃîÈ Nakabayashi et al. (2014) ØöćăÕ­é÷ÂêóÂóäëñëâĀîÚāØăÌãóÚõÚĂÚÜäõâóÔØöćÿßõćâ
âóÂÃ÷ĈÚĂÚ Arabidopsis ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È āÕãé÷ÂêóÝ¬óÚ Transcrpiotomic Āæñ 
Metabolomics ßÛè¬óÅèóâÿÅäöãÕÉóÂÅèóâĀæ­ÈÂäñÖù­ÚĂì­ÿÂõÕÂóäëñëâĀîÚāØăÌãóÚõÚÿßøćîĂË­ĂÚ
ÂæăÂÂóäÜäòÛÖòèĂì­ßøËëóâóä×ØÚÖ¬îÅèóâÿÅäöãÕÉóÂÅèóâĀæ­ÈØöćÿÂõÕÃ÷ĈÚăÕ­   

 

 
 

áóßÜäñÂîÛ 10 āÅäÈëä­óàæóāèÚîãÕ° (Flavonoid structure) 
 

Øöćâó:  (Panche, 2016) 
 
ÜäõâóÔÚČĈóëòâßòØÙ° (Relative water content, RWC) 

ÜäõâóÔÚČĈóëòâßòØÙ° ÅøîÂóäèòÕÜäõâóÔÚČĈóØöćĀØ­ÉäõÈØöćëòâßòÚÙ°ÂòÛÜäõâóÔÚČĈóØöćØČóĂì­ÿÌææ°
ÿÖ¬È ÜäõâóÔÚČĈóëòâßòØÙ°ÛîÂ×÷ÈÅèóâëâÕùæÃîÈÚČĈóĂÚÿÌææ° ĀæñÿÜĆÚÖòèèòÕÅèóâäùÚĀäÈĂÚÂóä
ĀëÕÈîîÂÃîÈëáóèñÿÅäöãÕØöćÿÂõÕÉóÂÅèóâĀæ­ÈĀæñÅèóâä­îÚ  ÜäõâóÔÚČĈóëòâßòØÙ°ÿÜĆÚÅ¬óØöćâö
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ÅèóâÿÂöćãèÃ­îÈÂòÛéòÂã°ÃîÈÚČĈó Ì÷ćÈëóâóä×ÚČóâóĂË­èòÕÅèóâÿÅäöãÕØöćÿÂõÕÂòÛßøËăÕ­  (Main et al., 
2012) 

ÂóäèòÕÜäõâóÔÚČĈóĂÚßøËßÛè¬ó Å¬óØöćÿìâóñëâĂÚÂóäÿÜäöãÛÿØöãÛÅèóâëòâßòÚÙ° Åøî 
ÚČĈóìÚòÂÃîÈßøËÿÖ¬ÈÖòèÿÖĆâØöć (Fully turgid weight ìäøî TW) ÿÜäöãÛÿØöãÛÂòÛÅ¬óÚČĈóìÚòÂëÕ (Fresh 
weight) ĀæñÚČĈóìÚòÂĀì­È (Dry weight) ÃîÈßøË ÕòÈÚòĈÚÉ÷ÈĀëÕÈëúÖäÅČóÚèÔÕòÈÚö 

 
RWC = (FW - DW) x 100 
   (TW - DW) 
(FW = ÚČĈóìÚòÂëÕÃîÈßøË, TW = ÚČĈóìÚòÂßøËØöćÿÖ¬ÈÖòèÿÖĆâØöć āÕãÂóäĀË¬ËõĈÚë¬èÚ

Öòèîã¬óÈßøËĂÚÚČĈó, DW = ÚČĈóìÚòÂĀì­ÈÃîÈßøË) 
 ÉóÂÂóäé÷ÂêóĂÚÖ­ÚâòÚÞäòćÈßÛè¬ó ÜäõâóÔÚČĈóëòâßòØÙ°ĂÚëáóèñĀæ­ÈĂÚĂÛÃîÈÖ­Ú

âòÚÞäòćÈâöÅ¬óØöćæÕæÈîã¬óÈâöÚòãëČóÅòÎÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâ (Soltys-Kalina et al., 2016) 
Âóäé÷ÂêóÜäõâóÔÚČĈóëòâßòØÙ°ĂÚĂÛÃîÈÖ­Ú×òćèæõëÈáóãĂÖ­ëáóèñĀæ­ÈØöć×úÂÉČóæîÈāÕãĂË­ëóäāßæöÿîØ
ØöæöÚăÂæÅîæ (Polyethylene glycol; PEG6000) ØöćäñÕòÛÅèóâÿÃ­âÃ­Ú 0%, 5%, 10%, 15% Āæñ 
20% (W/V) ÿÜĆÚÿèæó 40 èòÚ ßÛè¬óÜäõâóÔÚČĈóëòâßòØÙ°ĂÚĂÛÃîÈÖ­Ú×òćèæõëÈâöÅ¬óæÕæÈÿâøćîÿØöãÛÂòÛ
ËùÕÅèÛÅùâ āÕãâöÅ¬óä­îãæñÜäõâóÔÚČĈóëòâßòØÙ° ÿØ¬óÂòÛ 0.831, 0.64, 0.523, 0.4 Āæñ 0.35 
ÖóâæČóÕòÛ ĀæñãòÈßÛÅèóâëòâßòÚÙ°ÃîÈÜäõâóÔÚČĈóëòâßòÚÙ°ÂòÛîòÖäóÂóäëòÈÿÅäóñì°Õ­èãĀëÈĀæñ
Åæîāäàõææ°ØöćâöÅ¬óæÕæÈÿË¬ÚÿÕöãèÂòÚ (Meher et al., 2018) ĀæñÉóÂÂóäé÷ÂêóĂÚÖ­Ú×òćèÿìæøîÈØöć
ăÕ­äòÛëáóèñĀæ­È āÕãØČóÂóäÿÂĆÛÝæÂóäØÕæîÈ 3 äñãñ ÅøîäñãñÂóäÿÉäõÎÿÖõÛāÖ äñãñîîÂÕîÂ 
ĀæñäñãñÂóäßòÓÚó ÖóâæČóÕòÛßÛè¬ó ĂÚßòÚÙù° Shohag âöÅ¬óÂóäÿÉäõÎÿÖõÛāÖ äñãñîîÂÕîÂ Āæñ
äñãñÂóäßòÓÚó æÕæÈ 9.58%, 10.32% Āæñ 10.94% ÖóâæČóÕòÛ Ö­Ú×òćèÿìæøîÈßòÚÙù° BARI 
Soybean-6  âöÅ¬óÂóäÿÉäõÎÿÖõÛāÖ äñãñîîÂÕîÂ ĀæñäñãñÂóäßòÓÚóæÕæÈ 9.02%, 9.84% Āæñ 
10.65% ÖóâæČóÕòÛ Ö­Ú×òćèÿìæøîÈßòÚÙù° BD2331 âöÅ¬óÂóäÿÉäõÎÿÖõÛāÖ äñãñîîÂÕîÂ Āæñäñãñ
ÂóäßòÓÚó æÕæÈ 8.90%, 11.68% Āæñ 12.94% ÖóâæČóÕòÛ ĀæñÖ­Ú×òćèÿìæøîÈßòÚÙù° BGM2026 âö
Å¬óÂóäÿÉäõÎÿÖõÛāÖ äñãñîîÂÕîÂ ĀæñäñãñÂóäßòÓÚó æÕæÈ 13.90%, 15.31% Āæñ 16.21% 
ÖóâæČóÕòÛ (Chowdhury et al., 2018) 
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ÚČĈóÖóæ (Soluble sugar) 
ÚČĈóÖóæÿÜĆÚëóäîõÚØäöã°âöÅèóâëČóÅòÎÖ¬îÂóäÖîÛëÚîÈĂÚÂäñÛèÚÂóäØóÈëäöäèõØãóÃîÈ

ßøË ÿË¬Ú ÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ ÂóäÿÉäõÎÿÖõÛāÖ āÕãÚČĈóÖóæâöÛØÛóØĂÚÂóäË¬èãÜäòÛ
ëâÕùæĂì­ÂòÛÅ¬óÅèóâÖ¬óÈéòÂã°ÃîÈÚČĈóĀæñÂóäÅÈëáóßÃîÈÜäõâóÔÚČĈóÖóæÉñÿßõćââóÂÃ÷ĈÚÿâøćîăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È (Sami et al., ƘƖƗƜ) ÚČĈóÖóæË¬èãäòÂêóëáóßÃîÈÜäõâóÔÚČĈóĂÚĂÛßøË
ĀæñîîëāâÌõëÃîÈÚČĈóÿÃ­óëú¬ÿÚøĈîÿãøćîßøËáóãĂÖ­ëáóèñÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È (Koster & 
Leopard, 1988; Xu et al., 2007) ĀæñĂÚÂóäØÕæîÈĂÚÃ­óèßÛè¬ó ÿâøćîÃ­óèăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ÅèóâĀæ­ÈÉñâöÂóäëñëâÚČĈóÖóæäèâÿßõćâÃ÷ĈÚØòĈÈĂÚĂÛĀæñäóÂÃîÈÃ­óèØöćâöÅèóâăèÖ¬îÅèóâÿÅäöãÕ
ÉóÂÅèóâĀæ­È  (Xu et al., 2007) ÂóäØÕæîÈĂÚÖ­Ú×òćèÿìæøîÈØöćăÕ­äòÛëáóèñĀæ­ÈßÛè¬óĂÚĂÛÃîÈÖ­Ú
×òćèÿìæøîÈâöÂóäëñëâÃîÈÚČĈóÖóæäèâØöćæñæóãÚČĈóăÕ­äèâØòĈÈÜäõâóÔÌúāÅäëØöćÿßõćâÃ÷ĈÚÿâøćîÿØöãÛÂòÛËùÕ
ÅèÛÅùâîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĀÖ¬ĂÚë¬èÚäóÂßÛè¬ó âöÂóäëñëâÃîÈÚČĈóÖóæÚ­îãÂè¬ó
ĂÚĂÛ (Du et al., 2020) ëîÕÅæ­îÈÂòÛÂóäé÷ÂêóĂÚÖ­ÚëÖäîè°ÿÛîäöćØöćăÕ­äòÛëáóèñĀæ­ÈāÕãÂóäÜæúÂ
ĂÚÕõÚØöćâöÅèóâËøĈÚ 25% Āæñ 50% FC ßÛè¬óâöÂóäëñëâÜäõâóÔÂæúāÅëĂÚÖ­ÚëÖäîè°ÿÛîäöćØöćăÕ­äòÛ
ëáóèñĀæ­È (Nezhadahmadi et al., 2015) ÿË¬ÚÿÕöãèÂòÛÝæÂóäé÷ÂêóĂÚÖ­ÚÃ­óèëóæöØöćăÕ­äòÛëáóèñ
Āæ­ÈßÛè¬ó âöÂóäëñëâÃîÈÚČĈóÖóæäèâĀæñÚČĈóÖóæàäùÂāÖëÿßõćâÃ÷ĈÚĀæñâöÂóäëñëâÜäõâóÔÃîÈ
ÚČĈóÖóæÿßõćâëúÈëùÕĂÚèòÚØöć 10 ÃîÈÂóäØÕæîÈ ĀæñÿâøćîØČóÂóäàøĈÚàúëáóßìæòÈăÕ­äòÛëáóèñĀæ­È
ßÛè¬ó Ö­ÚëÖäîè°ÿÛîäöćâöÂóäëñëâÜäõâóÔÚČĈóÖóææÕæÈÿâøćîÿØöãÛÂòÛË¬èÈØöćÖ­ÚëÖäîÿÛîäöćăÕ­äòÛ
ëáóèñĀæ­È (Abid et al., 2018) Âóäé÷ÂêóĂÚÖ­ÚÿãîäâòÚÅóä°āâăâæ°ßÛè¬óâöÂóäëñëâÃîÈÚČĈóÖóæ
ĂÚĂÛÿßõćâÃ÷ĈÚÿâøćîăÕ­äòÛëáóèñĀæ­È āÕãÂóäëñëâÃîÈÜäõâóÔÚČĈóÖóæÉñëúÈÃ÷ĈÚÖóâäñÕòÛëáóèñĀæ­È
ØöćßøËăÕ­äòÛ (Salehi et al., 2016) ÚîÂÉóÂÚöĈãòÈßÛè¬óÂóäÿßõćâÃ÷ĈÚÃîÈÜäõâóÔÚČĈóÖóæâö
ÅèóâëòâßòÚÙ°ÂòÛÜäõâóÔÚČĈóĂÚĂÛÌ÷ćÈë¬ÈÝæØČóĂì­ßøËëóâóä×ØÚÖ¬îÅèóâĀæ­ÈăÕ­ (Karimi et al., 
2015; Königshofer & Löppert, 2015) 

 
āßäæöÚ (Proline) 

āßäæöÚ ÿÜĆÚÂäÕîñâõāÚËÚõÕìÚ÷ćÈØöćßÛĂÚßøËìæóãËÚõÕ (áóßÜäñÂîÛ 12) ÉòÕîãú¬ĂÚÂæù¬â
ÂäÕîñâõāÚăâ¬ÉČóÿÜĆÚ (Non-essential amino acid) ØČóìÚ­óØöćÿÜĆÚëóäÖ­óÚîÚùâúæîõëäñ ĀæñßÛè¬ó
ßøËâöÂóäëñëâÜäõâóÔāßäæöÚâóÂÃ÷ĈÚÿâøćîăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ì÷ćÈË¬èãØČóĂì­ßøË
ëóâóä×ØÚÖ¬îÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈăÕ­ āßäæöÚÉ÷È×úÂÚČóâóÿÜĆÚÖòèËöĈèòÕĂÚÂóäé÷ÂêóÂóä
ÖîÛëÚîÈÃîÈßøËÖ¬îÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È (Ferreira et al., ƗƟƝƟ) ÂóäëñëâÃîÈāßäæöÚ
ÿÜĆÚÂóäÖîÛëÚîÈîòÚÕòÛĀäÂ ą ÃîÈßøËÖ¬îÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È ÿßøćîÜ­îÈÂòÚÂóäÛóÕÿÉĆÛ
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ÃîÈÿÌææ°  (Arabshahi & Mobasser, 2017) ÉóÂÈóÚèõÉòãĂÚÖ­ÚÃ­óèëóæößÛè¬ó ÂóäëñëâÃîÈ     
āßäæöÚĂÚÖ­ÚÃ­óèëóæöË¬èãÿßõćâÅèóâØÚØóÚĂì­ÂòÛÖ­ÚÃ­óèëóæöÿâøćîÿÃ­óëú¬ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
(Nayyar & Walia, 2003; Tatar & Gevrek, 2008; Zgallai et al., 2005) ÿË¬ÚÿÕöãèÂòÛÂóäØÕæîÈ
ĂÚÖ­ÚÃ­óèāßÕßÛè¬ó ÿâøćîÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈÿßõćââóÂÃ÷ĈÚÖ­ÚÃ­óèāßÕÉñâöÂóäëñëâāßäæöÚ
ĂÚÜäõâóÔØöćÿßõćâÃ÷ĈÚ (Anjum et al., 2011) ĀæñâöÂóäé÷ÂêóĂÚÖ­ÚâòÚÞäòćÈßÛè¬ó ÂóäëñëâÃîÈ      
āßäæöÚĂÚâòÚÞäòćÈßòÚÙù°ØöćăèÖ¬îëáóèñĀæ­ÈÉñâöÜäõâóÔÃîÈāßäæöÚëúÈÂè¬óßòÚÙù°ØöćØÚĀæ­È (Bansal & 
Nagarajan, 1986; Schafleitner et al., 2007) ÿË¬ÚÿÕöãèÂòÛÂóäé÷Âêó ĂÚÖ­Ú×òćèæõëÈ 2 ßòÚÙù° ăÕ­ĀÂ¬ 
ßòÚÙù° JL-24 Ì÷ćÈÿÜĆÚßòÚÙù°ØöćăèÖ¬îëáóèñĀæ­È ĀæñßòÚÙù° K-1375 Ì÷ćÈÿÜĆÚßòÚÙù°ØöćØÚÖ¬îëáóèñĀæ­È 
ßÛè¬óĂÚÖ­Ú×òćèæõëÈßòÚÙù° JL-24 âöÂóäëñëâÃîÈÜäõâóÔāßäæöÚëúÈØöćëùÕ (1.766 ăâāÅäāâæÖ¬îÂäòâ) 
ÿâøćîăÕ­äòÛëáóèñĀæ­ÈÿÜĆÚäñãñÿèæó 21 èòÚĀæñĂÚÖ­Ú×òćèæõëÈßòÚÙù° K-1375 âöÂóäëñëâāßäæöÚĂÚ
ÜäõâóÔëúÈØöćëùÕ (6.751 ăâāÅäāâæÖ¬îÂäòâ) ÿâøćîăÕ­äòÛëáóèñĀæ­ÈÿÜĆÚäñãñÿèæó 21 èòÚ Ì÷ćÈâóÂÂè¬ó
Ö­Ú×òćèæõëÈßòÚÙù° JL-24 îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) (Solanki et al., ƘƖƗƚ) ÿË¬ÚÿÕöãèÂòÛ
ÈóÚèõÉòãØöćăÕ­ØÕæîÈĂÚÖ­ÚÃ­óè ÉČóÚèÚ 6 ßòÚÙù° ăÕ¬ĀÂ¬ DA8, Malagkit Pirurutong, Thierno 
Bande, Pate Blance MN1, Kinandany Patong Āæñ Moroberekan ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈäñÕòÛÜóÚÂæóÈĀæñäñÕòÛäùÚĀäÈ ßÛè¬óâöÂóäëñëâÃîÈāßäæöÚĂÚÜäõâóÔÿßõćâÃ÷ĈÚ 
āÕãÿÊßóñîã¬óÈãõćÈĂÚÖ­ÚÃ­óèßòÚÙù° DA8 ØöćâöÂóäëñëâÃîÈāßäæöÚëúÈ×÷È 24.13 ăâāÅäāâæÖ¬îÂäòâ 
(ëáóèñĀæ­ÈäñÕòÛÜóÚÂæóÈ) Āæñ 27.67 ăâāÅäāâæÖ¬îÂäòâ (ëáóèñĀæ­ÈäñÕòÛäùÚĀäÈ) (Dien et 
al., 2019) ÚîÂÉóÂÚöĈãòÈßÛè¬óßøËâöÂóäëñëâÃîÈÜäõâóÔāßäæöÚÿßõćâÃ÷ĈÚÿâøćîßøËăÕ­äòÛÅèóâÿÅäöãÕ
ÉóÂëáóèñĀæ­ÈĂÚßøËìæóãËÚõÕ ÿË¬Ú Ö­Ú×òćèæúÂăÂ¬ (Mafakheri et al., 2010) ĀæñÖ­ÚìîâĂìÎ¬ 
(Hanci & Cebeci, 2014) ÿÜĆÚÖ­Ú 

 

 
áóßÜäñÂîÛ ƗƗ āÅäÈëä­óÈÃîÈāßäæöÚ (Proline structure) 

Øöćâó: (Beghetto, 2013) 
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ÂóäëòÈÿÅäóñì°āßäæöÚĂÚßøËËòĈÚëúÈ (áóßÜäñÂîÛ 13) ×úÂëä­óÈÃ÷ĈÚĂÚÅæîāäßæóëÖ°Āæñăâ
āØÅîÚÿÕäöãÌ÷ćÈâöÂäñÛèÚÂóäëä­óÈÅæ­óãÂòÛĂÚāßäĀÅäõāîÖ āÕãÂäñÛèÚÂóäëä­óÈÉñÝ¬óÚëóäÖòĈÈÖ­Ú
ăÕ­ĀÂ¬ èõ×öÂæúÖóÿâØ (Glutamate pathway) ìäøîèõ×öîîä°ÚöØöÚ (Ornithine pathway) (Delauney & 
Verma, 2002) 

èõ×öÂæúÖóÿâØ (Glutamate pathway) ÿÜĆÚÂäñÛèÚÂóäëòÈÿÅäóñì°āßäæöÚØöćßÛØòĈÈĂÚāßä
ĀÅäöāîÖĀæñãúĀÅäõāîÖāÕãÉñĂË­ëóäÖòĈÈÖ­ÚÿÜĆÚ L-Glutamic acid ÿÜæöćãÚÿÜĆÚ Glutamic-semi-
aldehyde (GSA) āÕãÿîÚăÌâ° Pyrroline-5-carboxylate synthetase (P5C5) Āæñ Glutamic-
semi-aldehyde (GSA) Éñ×úÂÿÜæöćãÚÿÜĆÚ Pyrroline-5-caboxylate (P5C) Â¬îÚØöćÉñ×úÂÿÜæöćãÚÿÜĆÚ 
L-Proline āÕãÿîÚăÌâ° Pyrroline-5-carboxylate reductase (P5CR) 

èõ×öîîä°ÚöØöÚ (Ornithine pathway) Éñ×úÂÿÜæöćãÚÕ­èãÿîÚăÌâ° 2 ËÚõÕăÕ­ĀÂ¬ Ornithine-d 
aminotransferase ăÕ­ÿÜĆÚ Glutamic-semi-aldehyde (GSA) Â¬îÚØöćÉñÿÜæöćãÚÿÜĆÚ L-Proline Āæñ 

Ornithine-a aminotransferase  āÕã Ornithine Éñ×úÂÿÜæöćãÚÿÜĆÚa-keto-d aminotransferase 
ĀæñÿÜæöćãÚÿÜĆÚ Pyrroline-2-caboxylate (P2C) L-Proline  (Trovato et al., 2008) 

 

 
 

áóßÜäñÂîÛ 12 ÂäñÛèÚÂóäëòÈÿÅäóñì°ĀæñëæóãāßäæöÚĂÚßøËËòĈÚëúÈ 
 
Øöćâó: (Trovato et al., 2008) 
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îÚùâúæîõëäñ (Free radical) 
îñÖîâìäøîāâÿæÂùæ ØöćâöîõÿæĆÂÖäîÚăâ¬ÿÜĆÚÅú¬ (Unpaired electron) îã¬óÈÚ­îã 1 Öòè āÅÉä

äîÛèÈÚîÂëùÕ îÚùâúæîõëäñÿÂõÕÃ÷ĈÚăÕ­ÿâøćîßòÚÙñäñìè¬óÈîñÖîâĀÖÂîîÂ ØČóĂì­îÚùâúæîõëäñăâ¬ÿë×öãä
ĀæñăèÖ¬îÂóäÿÂõÕÜÐõÂõäõãóîã¬óÈäèÕÿäĆè É÷ÈØČóÜÐõÂõäõãóÂòÛāâÿæÂùæØöćîãú¬äîÛ ą āÕãÕ÷ÈìäøîĂì­
îõÿæĆÂÖäîÚĀÂ¬āâÿæÂùæÃ­óÈÿÅöãÈÿßøćîĂì­ÿÂõÕëáóèñÿë×öãä āâÿæÂùæÃ­óÈÿÅöãÈØöćëúÎÿëöãìäøîäòÛ
îõÿæĆÂÖäîÚÉñÂæóãÿÜĆÚîÚùâúæîõëäñÖòèĂìâ¬Øöćăâ¬ÿë×öãäĀæñÿÃ­óØČóÜÐõÂõäõãóÂòÛāâÿæÂùæîøćÚÖ¬îăÜÿÜĆÚ
ÜÐõÂõäõãóæúÂāÌ¬ (Chain reaction) ÿâøćîßøËăÕ­äòÛÅèóâÿÅäöãÕÉñÿÂõÕîÚùâúæîõëäñĂÚÂæù¬â Reactive 
oxygen species (ROS)  (áóßÜäñÂîÛ 14) ăÕ­ĀÂ¬  Peroxides  (H2O2), Superoxide (O2-), 
Hydroxyl radical (HO2-) Āæñ Singlet oxygen (1O2) ÂóäÿßõćâÃ÷ĈÚÃîÈîÚùâúæîõëäñÉñë¬ÈÝæÖ¬î
æòÂêÔñØóÈëòÔÑóÚèõØãó ÂóäÖîÛëÚîÈØóÈËöèÿÅâö ëäöäèõØãóĀæñÂóäÖîÛëÚîÈĂÚäñÕòÛãöÚÃîÈ
ßøË  (Upadhyaya et al., 2013) ÿâøćîßøËăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈÉñë¬ÈÝæĂì­ÿÂõÕÂóä
ëñëâÃîÈîÚùâúæîõëäñ ÿË¬Ú Ö­ÚÃ­óèà¬óÈØöćăÕ­äòÛëáóèñĀæ­ÈÿÜĆÚÿèæó 16 èòÚ ßÛè¬óĂÚĂÛÃîÈÃ­óèà¬óÈ
âöÂóäëñëâ H2O2 ëúÈ×÷È 113% ĀæñĂÚäóÂâöÂóäëñëâ H2O2 38% ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâ ÉóÂ
ÂóäëñëâÃîÈ H2O2 ßÛè¬óÂ¬îĂì­ÿÂõÕÂóäÖóãÃîÈÿÌææ° Āæñë¬ÈÝæØČóĂì­âèæäèâÃîÈÃ­óèà¬óÈæÕæÈ 
(Nxele et al., 2017) ÿË¬ÚÿÕöãèÂòÛĂÚÂóäØÕæîÈĂÚÖ­ÚâòëÖóä°ÕØöćăÕ­äòÛëáóèñĀæ­È ßÛè¬óâöÂóä
ëñëâÃîÈ H2O2 ëúÈÃ÷ĈÚ 18% Ì÷ćÈĀÖÂÖ¬óÈîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõÂòÛÖ­ÚâòëÖóä°ÕØöćÜæúÂĂÚëáóèñ
ÜÂÖõ ÚîÂÉóÂÚöĈãòÈßÛè¬ó H2O2 ë¬ÈÝæÖ¬îÂóäÿßõćâÃ÷ĈÚÃîÈâóæîÚăÕîòæÕöăïÕ° Ì÷ćÈÂóäÿßõćâÃ÷ĈÚÕòÈÂæ¬óè
ÉñÂäñÖù­ÚĂì­ÿÂõÕæõßõÕÿÜîä°îîÂÌõÿÕËòćÚ ĀæñÂóäÿëöãëáóßÃîÈÿÌææ°Ö¬îăÜ (Hossain, 2013) 
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áóßÜäñÂîÛ 13 ÂóäÿÂõÕîÚùâúæîõëäñĀæñÂóäÂČóÉòÕáóãĂÚÿÌææ°ßøË 
 

Øöćâó: (Jankǻ et al., 2019) 
 
ăïāÕäÿÉÚÿßîä°îîÂăÌÕ° (Hydrogen peroxide , H2O2)  
ăïāÕäÿÉÚÿßîä°îîÂăÌÕ° (Hydrogen peroxide , H2OƘ) ÿÜĆÚìÚ÷ćÈĂÚ Reactive oxygen 

species (ROS) ØöćßÛăÕ­ĂÚßøË ĂÚëáóèñÜÂÖõ H2O2 âöÛØÛóØĂÚÂóäÂäñÛèÚÂóäØóÈëäöäèõØãó
ÃîÈßøË ÿË¬Ú ÂäñÛèÚÂóäĀÂ¬ÃîÈßøË ÂóäìóãĂÉ ĀæñÂóäëòÈÿÅäóñì°Õ­èãĀëÈ ÂóäÿÜõÕÜõÕÜóÂĂÛ èòÐ
ÉòÂÿÌææ° ĀæñÂóäÿÉäõÎÿÖõÛāÖÃîÈßøË (Quan et al., ƘƖƖƞ) ÚîÂÉóÂÚöĈãòÈâöÛØÛóØëČóÅòÎÿâøćîßøË
ăÕ­äòÛÝæÂäñØÛÉóÂÂóäÿÜæöćãÚĀÜæÈÃîÈëõćÈĀèÕæ­îâäèâ×÷ÈÅèóâÿÅäöãÕÉóÂÅèóâĀæ­ÈßÛè¬óßøËâö
ÂóäëñëâÜäõâóÔ H2O2 ÿßõćâëúÈÃ÷ĈÚ (Dat et al., 2000) ÿË¬ÚĂÚÃ­óè (Oryza sativa L. cv. 
KDML105) ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­ÈßÛè¬óÃ­óèâöÂóäëñëâ H2O2 ÿßõćâÃ÷ĈÚÿâøćîÿØöãÛ
ÂòÛÃ­óèØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È (Jira-Anunkul & Pattanagul, 2020) ĀæñĂÚÈóÚèõÉòã 
Øöćé÷ÂêóÝæÃîÈÅèóâÿÅäöãÕÉóÂÅèóâĀæ­ÈØöćâöÖ¬îĀÖÈÂèó ßÛè¬óĀÖÈÂèóØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ÅèóâĀæ­ÈâöÂóäëñëâÜäõâóÔ H2O2 ÿßõćâëúÈÃ÷ĈÚ (Sun et al., 2016) ÉóÂäóãÈóÚÂóäé÷ÂêóØöćâöâó

Â¬îÚìÚ­óÚöĈßÛè¬óëóäĂÚÂæù¬âÛäóëëõāÚëÿÖöãäîãÕ° äèâ×÷È 7,8-dihydro-8a-20-
hydroxyecdysone (DHECD) âöÅèóâëóâóä×ĂÚÂóäæÕÂóäëñëâ H2O2 āÕã DHECD ÉñÂäñÖù­Ú
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ÂóäØČóÈóÚÃîÈÿîÚăÌâ°ÅñÖñÿæë (Catalase, CAT) Ì÷ćÈÉñØČóæóã H2O2 ØöćÿÂõÕÉóÂÂóäËòÂÚČóÉóÂ
ÅèóâĀæ­È(Luna et al., 2005) 

 
âóæîÚăÕîòæÕöăïÕ° (Malondialdehyde, MDA) 

MDA  ÿÜĆÚāâÿæÂùæØöćÜäñÂîÛăÜÕ­èãÅóä°ÛîÚ (C) ƙ îñÖîâ ĀæñîòæÕöăïÕ° 2 Âæù¬âØöćÿÂóñ
îãú¬ÛäõÿèÔÜæóãëóãÅóä°ÛîÚØöćÖČóĀìÚ¬ÈØöć 1 Āæñ 3 āÕã MDA Éñ active ÿâøćîîãú¬ĂÚëáóèñØöćâöÅ¬ó 
pH ÖČćó  MDA Éñ×úÂÂäñÖù­ÚĂì­ÿÂõÕÂóäÿßõćâÜäõâóÔ āÕã  nonenzymatically ăÕ­ĀÂ¬ ROS ĀæñÂæù¬â
ØöćÿÜĆÚ enzymatically ăÕ­ĀÂ¬ lipoxygenase (Farmer & Mueller, 2013) āÕã MDA âòÂ×úÂÚČóâóĂË­
ĂÚÂóäèòÕÂóäÿÂõÕÂäñÛèÚÂóä Lipidperoxidation Ì÷ćÈÿÜĆÚÂäñÛèÚÂóäØöćÿÂõÕÉóÂÂóä Oxidative 
stress ÿÂõÕÂóäØČóæóãëóãÃîÈ Polyunsaturated fatty acid ìäøîÂäÕăÃâòÚăâ¬îõćâÖòè ÂäñÛèÚÂóä
ÕòÈÂæ¬óèë¬ÈÝæÖ¬îÂóäÿÜæöćãÚĀÜæÈÃîÈāÅäÈëä­óÈĀæñÅèóâĀÃĆÈĀäÈÃîÈÿââÿÛäÚ ĀæñăÕ­ÝæõÖáòÔÒ°
îîÂâóÿÜĆÚ MDA (Yadav et al., 2019) âóæîÚăÕîòæÕöăïÕ° ÿÜĆÚìÚ÷ćÈĂÚÖòèÛ¬ÈËöĈØöćØČóĂì­ØäóÛ×÷È
ÂóäÿëöãëáóßÃîÈæõßõÕÿââÿÛäÚÌ÷ćÈÿÂõÕÉóÂÂóäëñëâ ROS äèâ×÷È H2OƘ ØöćâóÉóÂÅèóâÿÅäöãÕ
ÉóÂÂóäÿÜæöćãÚĀÜæÈÃîÈëáóèñĀèÕæ­îâ ÿË¬Ú ÅèóâĀæ­È (Kong et al., ƘƖƗƜ) ÿË¬Ú ĂÚÃ­óè (Oryza 
sativa L. cv. KDML105) ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­ÈßÛè¬óÃ­óèâöÂóäëñëâ MDA ÿßõćâÃ÷ĈÚ
ÿâøćîÿØöãÛÂòÛÃ­óèØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È (Jira-Anunkul & Pattanagul, ƘƖƘƖ) ÉóÂ
äóãÈóÚÂóäé÷ÂêóØöćâöâóÂ¬îÚìÚ­óÚöĈßÛè¬óëóäĂÚÂæù¬âÛäóëëõāÚëÿÖöãäîãÕ° äèâ×÷È 7,8-dihydro-

8a-20-hydroxyecdysone (DHECD) âöÅèóâëóâóä×ĂÚÂóäæÕÂóäëñëâÜäõâóÔ MDA 
ÿÚøćîÈÉóÂëóâóä×ÿßõćâÂóäØČóÈóÚÃîÈÿîÚăÌâ°Ö­óÚîÚùâúæîõëäñ Ì÷ćÈîÚùâúæîõëäñÕòÈÂæ¬óèÿÜĆÚÖòèËòÂÚČó
Ăì­ÿÂõÕÂóäÿëöãëáóßÃîÈæõßõÕÿââÿÛäÚĀæñÿÂõÕÂóäëñëâÃîÈ MDA (Khripach et al., 2000) ÿË¬Ú
ĂÚÈóÚèõÉòãÃîÈ Behnamnia et al. (ƘƖƖƟ) ØöćăÕé÷ÂêóÝæÃîÈëóä 24-epibrassinolide Åèóâ
ÿÃ­âÃ­Ú 0.01 Āæñ 1 ăâāÅäāâæóä° Ăì­ÂòÛÖ­ÚâñÿÃøîÿØé (Lycopersicon esulentum Mill. Var. 
Tomba (BB204)) ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È ßÛè¬óâöÜäõâóÔ MDA æÕæÈ ÿâøćîÿØöãÛÂòÛ
Ö­ÚâñÿÃøîÿØéØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­ÈĀÖ¬ăâ¬ăÕ­äòÛëóä 24-epibrassinolide ĀæñĂÚÖ­Ú
ĀäÕõË (Raphanus sativus L.) ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È ßÛè¬óÖ­ÚĀäÕõËØöćăÕ­äòÛëóä 24-
epibrassinolide Āæñ 28-homobrassinolide âöÜäõâóÔ MDA æÕæÈ ÿâøćîÿØöãÛÂòÛÖ­ÚĀäÕõËØöć
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­ÈĀÖ¬ăâ¬ăÕ­äòÛëóä 24-epibrassinolide Āæñ 28-homobrassinolide 
(Mahesh et al., 2013) 
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Catalase (CAT) (EC 1.11.1.6) 
ÅèóâÿÅäöãÕÉóÂÅèóâĀæ­ÈÿÜĆÚìÚ÷ćÈĂÚÜòÉÉòãØöćËòÂÚČóĂì­ÿÂõÕÅèóâÿÅäöãÕîîÂÌõÿÕØöà 

ÿÚøćîÈÉóÂÅèóâĀæ­ÈØČóĂì­ÿÂõÕÂóäëñëâ reactive oxygen species (ROS) ÿË¬Ú Hydrogen 
peroxide (H2O2), Singlet oxygen (1O2) ÂóäëñëâÕòÈÂæ¬óèÉñë¬ÈÝæÂäñØÛØČóĂì­áóãĂÚÿÌææ°ßøË
ÿÜĆÚßõêĀæñÿëöãëáóß ÕòÈÚòĈÚßøËÉ÷ÈâöÂæăÂĂÚÂóäæÕÅèóâÿÅäöãÕØöćÿÂõÕÉóÂÂóäëñëâ ROS āÕãÂóä
ëä­óÈëóäÂæù¬âØöćăâ¬ĂË¬ÿîÚăÌâ°Ö­óÚîÚùâúæîõëäñ (Nonenzymatic antioxidants) ÿË¬Ú èõÖóâõÚÌö 
(Ascoebic acid)  ĀæñÂæù¬âØöćÿÜĆÚÿîÚăÌâ°Ö­óÚîÚùâúæîõëäñ(Enzymatic antioxidants) ÿË¬Ú 
ÿîÚăÌâ°ÅñÖñÿæë (Catalase, CAT) Ì÷ćÈâöÛØÛóØĂÚÂóäÂČóÉòÕ H2O2 (Sarker & Oba, 2018) āÕã
ÿîÚăÌâ°ÿÜĆÚÅ¬óØöćÛ¬ÈÛîÂ×÷ÈÜäõâóÔÃîÈëóäÖòĈÈÖ­Ú ØöćÿÜæöćãÚĀÜæÈÕ­èãÜÐõÂõäõãóÿÊßóñÃîÈÿîÚăÌâ°
ÉČóÚèÚìÚ÷ćÈĂÚìÚ÷ćÈìÚ¬èãÿèæó ÚîÂÉóÂÚöĈãòÈâöÅ¬ó Specific activity Ì÷ćÈÿÜĆÚÅ¬óØöćèòÕÉČóÚèÚÂóä
ØČóÈóÚÃîÈÿîÚăÌâ°Ö¬îâõææõÂäòâāÜäÖöÚ Å¬ó Specific activity ãòÈĂË­Û¬ÈÛîÂÅèóâÛäõëùØÙõċÃîÈ
ÿîÚăÌâ° (Roberts & Gibb, 2013) ÿË¬ÚĂÚÈóÚèõÉòãÃîÈ Sarker and Oba (ƘƖƗƞ) Øöćé÷ÂêóÝæÃîÈ
ÅèóâÿÅäöãÕÉóÂÅèóâĀæ­ÈĂÚÖ­ÚÝòÂāÃâëèÚ (Amaranthus tricolor) ßÛè¬óÖ­ÚÝòÂāÃââöÂóäÿßõćâÃ÷ĈÚ
ÃîÈ CAT ÿâøćîßøËăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­ÈĂÚäñÕòÛÂæóÈĀæñäñÕòÛäùÚĀäÈ ÿâøćîÿØöãÛÂòÛÖ­Ú
ÝòÂāÃâØöćîãú¬ĂÚËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È ĀæñĂÚÈóÚèõÉòãÃîÈ Mafakheri et 
al. (2011) ßÛè¬óÃîÈÅèóâÿÅäöãÕÉóÂÅèóâĀæ­ÈØöćâöÖ¬îÖ­Ú×òćèæúÂăÂ¬ (Cicer arietinum) ßÛè¬óĂÚ
äñãñ Vegetative ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­ÈâöÂóäÿßõćâÃ÷ĈÚÃîÈÿîÚăÌâ° CAT ÿâøćîÿØöãÛÂòÛ
ËùÕØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È ÉóÂäóãÈóÚÂóäé÷ÂêóØöćâöâóÂ¬îÚìÚ­óÚöĈßÛè¬óëóäĂÚ

Âæù¬âÛäóëëõāÚëÿÖöãäîãÕ° äèâ×÷Èëóä 7,8-dihydro-8a-20-hydroxyecdysone (DHECD) âö
Åèóâëóâóä×ĂÚÂóäÂäñÖù­ÚÂóäØČóÈóÚÃîÈÿîÚăÌâ°ÅñÖñÿæë (Catalase, CAT) Ì÷ćÈâöìÚ­óØöćØČóæóã 
H2O2 ØöćÿÂõÕÉóÂÂóäËòÂÚČóÉóÂÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È (Luna et al., 2005) 

 

 
áóßÜäñÂîÛ 14 ëâÂóäÂóäØČóÈóÚÃîÈÿîÚăÌâ° Catalase (CAT) 



 
 

ÛØØöć ƙ  
èõÙöÂóäÕČóÿÚõÚÈóÚèõÉòã 

 
ĂÚÂóäèõÉòãÅäòĈÈÚöĈ Ýú­èõÉòãăÕ­ÕČóÿÚõÚÂóäÖóâÃòĈÚÖîÚÕòÈÚöĈ 
ÖîÚØöć 1 ÂóäÉČóæîÈëáóèñĀæ­ÈĂì­ÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöć 
ÖîÚØöć Ƙ ÂóäìóäñÕòÛÅèóâÿÃ­âÃ­ÚÃîÈëóä DHECD ØöćÿìâóñëâÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöć

áóãĂÖ­ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
ÖîÚØöć ƙ Âóäé÷ÂêóÝæÃîÈëóä DHECD Ö¬îÂóäÿÜæöćãÚĀÜæÈØóÈëäöäèõØãóÃîÈÃ­óèăäÌ°

ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È  āÕãØČóÂóäé÷Âêó ÕòÈÚöĈ 
 

èòëÕù îùÜÂäÔ°ĀæñëóäÿÅâö  
1. èòëÕùĀæñîùÜÂäÔ°ëČóìäòÛÿÖäöãâÖ­ÚÂæ­ó ăÕ­ĀÂ¬ 
ÿâæĆÕßòÚÙù°Ã­óèăäÌ°ÿÛîäöć 
ÃèÕĀÂ­è 
ëóäæñæóãÙóÖùîóìóäßøËëúÖä WP No.2 (Vajrabhaya & Vajrabhaya, 1991) 
ÕõÚÿìÚöãè 
Âäñ×óÈ 
2. èòëÕùĀæñîùÜÂäÔ°ëČóìäòÛèòÕÅùÔëâÛòÖõĀæñÅèóâËøĈÚĂÚÕõÚ ăÕ­ĀÂ¬  

ÿÅäøćîÈ Soil moisture meter 
3. èòëÕùĀæñîùÜÂäÔ°ëČóìäòÛèòÕÂóäÿÉäõÎÿÖõÛāÖØóÈæČóÖ­ÚĀæñÂóäĂì­ÝæÝæõÖ ăÕ­ĀÂ¬  

ÿÅäøćîÈ Chlorophyll meter (SPAD-502, Konica Minolta Co., Ltd., Japan) 
ÿÅäøćîÈ Chlorophyll fluorometer (Pocket PEA, Hansatech Instruments Ltd, 

King³s Lynn,  Norfolk, UK) 
ÿÅäøćîÈèòÕÅ¬óÂóäÕúÕÂæøÚĀëÈ 
80% (v/v) Ethanol 
Anthrone 
72% (v/v) Sulfuric acid 
3% (w/v) Sulfosalicylic acid 
Glacial acetic acid 
Acid ninhydrin 
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Toluene 
4. èòëÕù îùÜÂäÔ° ĀæñëóäÿÅâöëČóìäòÛÂóäèõÿÅäóñì°ÜäõâóÔäÈÅèòÖ×ùØöćëČóÅòÎĂÚ

ÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ ăÕ­ĀÂ¬           
ÿÅäøćîÈèòÕÅ¬óÂóäÕúÕÂæøÚĀëÈ  
Dimethyl sulfoxide (DMSO) 
Acidic methanol  
5. èòëÕù îùÜÂäÔ° ĀæñëóäÿÅâöëČóìäòÛÂóäèõÿÅäóñì°ÜäñëõØÙõáóßÂóäØČóÈóÚÃîÈÿîÚăÌâ°Øöć

ÿÂöćãèÃ­îÈÂòÛÂóäÂČóÉòÕîÚùâúæîõëäñ ăÕ­ĀÂ¬  
 ÿÅäøćîÈèòÕÅ¬óÂóäÕúÕÂæøÚĀëÈ (äù¬Ú Unico S1200 Visible Spectrophotometer, United 

Products & Instruments, Inc.)  
 ÿÅäøćîÈèòÕÅ¬óÂóäÕúÕÂæøÚĀëÈãúèö (UV-VIS Spectrophotometer äù¬Ú UV-1800, 

Shimadzu Scientific Instruments, Japan) 
 10 mM Potassium phosphate buffer (pH 7.0) 
 50 mM Potassium phosphate buffer (pH 7.0) 
 4% (w/v) Polyvinyl-polypyrrolidome (PVP) 
 13 mM Methionine 
 75 µM Nitroblue tetrazolium (NBT) 
 2 µM Riboflavin  
 15 mM Hydrogen peroxide 
 15 mM Hydrogen peroxide 
 0.5 mM Ascorbic acid 
6. èòëÕù îùÜÂäÔ° ĀæñëóäÿÅâöëČóìäòÛÂóäèõÿÅäóñì°ÅùÔáóßÃîÈÿâæĆÕÃ­óèăäÌ°ÿÛîäöćăÕ­ĀÂ¬ 
Verner caliper  
ÿÅäøćîÈËòćÈÚČĈóìÚòÂ 
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ëäùÜÃòĈÚÖîÚÃîÈÂóäèõÉòã 
ÖîÚØöć 1 ÂóäÉČóæîÈëáóèñĀæ­ÈĂì­ÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöć  
 āÕãÂóäÉČóæîÈëáóèñĀæ­ÈÕ­èãëóäæñæóãÙóÖùîóìóäßøËëúÖä WP No.2 (Vajrabhaya & 

Vajrabhaya, ƗƟƟƗ) Øöćâöëóä Polyethylene  glycol (PEG6000) ØöćäñÕòÛÅèóâÿÃ­âÃ­Ú 0, 5, 10,15 
Āæñ 20% (w/v) ÖóâæČóÕòÛ āÕãØČóÂóäé÷Âêó ÕòÈÚöĈ 

1.1 Å¬óÜäñëõØÙõáóßÂóäëòÈÿÅäóñì°Õ­èãĀëÈ ăÕ­ĀÂ¬ Åæîāäàõææ°àæúîîÿäëÿÌÚÌ° 
(Fv/Fm) ĀæñÅ¬ó Performance index (Pi) 

1.2 Å¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛ 
ÖîÚØöć 2 ÂóäìóäñÕòÛÅèóâÿÃ­âÃ­ÚÃîÈëóä DHECD ØöćÿìâóñëâÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöć

áóãĂÖ­ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È āÕãØČóÂóäé÷Âêó ÕòÈÚöĈ 
2.1 Å¬óÜäñëõØÙõáóßÂóäëòÈÿÅäóñì°Õ­èãĀëÈ ăÕ­ĀÂ¬ Åæîāäàõææ°àæúîîÿäëÿÌÚÌ° 

(Fv/Fm) ĀæñÅ¬ó Performance index (Pi) 
2.2 Å¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛ 
2.3 ÜäõâóÔäÈÅèòÖ×ù 

ÖîÚØöć ƙ Âóäé÷ÂêóÝæÃîÈëóä DHECD Ö¬îÂóäÿÜæöćãÚĀÜæÈØóÈëäöäèõØãóÃîÈÃ­óèăäÌ°
ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È  āÕãØČóÂóäé÷Âêó ÕòÈÚöĈ 

3.1 ÂóäÿÜæöćãÚĀÜæÈØóÈëäöäèõØãó 
3.1.1 Å¬óÜäñëõØÙõáóßÂóäëòÈÿÅäóñì°Õ­èãĀëÈ ăÕ­ĀÂ¬ Åæîāäàõææ°àæúîîÿäëÿÌÚÌ° 

(Fv/Fm) ĀæñÅ¬ó Performance index (Pi) 
3.1.2 ÜäõâóÔäÈÅèòÖ×ùØöćëČóÅòÎÃîÈÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ  
         3.1.2.1 Åæîāäàõææ°ĀæñĀÅāäØöÚîãÕ° 
  3.1.2.2 ĀîÚāØăÌãóÚõÚ 
3.1.3 ÂóäÿÉäõÎÿÖõÛāÖÃîÈÃ­óèăäÌ°ÿÛîäöć āÕãØČóÂóäé÷Âêó ÕòÈÚöĈ 

3.1.3.1 Åèóâãóèë¬èÚÖ­Ú 
3.1.3.2 ÚČĈóìÚòÂëÕĀæñÚČĈóìÚòÂĀì­È 

3.1.4 ÂóäÿÜæöćãÚĀÜæÈØóÈëäöäèõØãóÛóÈÜäñÂóä 
3.1.4.1 ÜäõâóÔÚČĈóëòâßòØÙ°  
3.1.4.2 ÜäõâóÔÚČĈóÖóæ  
3.1.4.3 ÜäõâóÔāßäæöÚ  
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3.1.4.4 ÜäõâóÔăïāÕäÿÉÚÿÜîä°îîÂăÌÕ° 
3.1.4.5 ÜäõâóÔĂæîÚăÕîòæÕöăïÕ° 

3.1.5 ÂõÉÂääâÂóäØČóÈóÚÃîÈÿîÚăÌâ°Ö­óÚîÚùâúæîõëäñ ăÕ­ĀÂ¬ Catalase (CAT)  
3.2 ÂóäàøĈÚÖòèÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäÉČóæîÈÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
3.3 ÅùÔáóßÃîÈÝæÝæõÖ 
3.3.1 ÉČóÚèÚÿâæĆÕÖ¬îÂî 

3.3.1.1 ÉČóÚèÚÿâæĆÕÕöÖ¬îÂî  
3.3.1.2 ÉČóÚèÚÿâæĆÕæöÛÖ¬îÂî 
3.3.1.3 ÉČóÚèÚÿâæĆÕäèâÖ¬îÂî 

3.3.2 äèÈ 
 3.3.2.1 ÅèóâãóèäèÈ 
 3.3.2.2 ÚČĈóìÚòÂäèÈ 
3.3.3 ÚČĈóìÚòÂÿâæĆÕÃ­óè 100 ÿâæĆÕ  
3.3.4 ÃÚóÕÿâæĆÕ 
 3.3.4.1 ÅèóâÂè­óÈÿâæĆÕ 
 3.3.4.2 ÅèóâìÚóÿâæĆÕ 
 3.3.4.3 ÅèóâãóèÿâæĆÕ 
3.3.5 ÜäõâóÔĀîÚāØăÌãóÚõÚĂÚÿâæĆÕÃ­óè  

 
èõÙöÂóä 
ÂóäÿÖäöãâÖ­ÚÂæ­óÃîÈÃ­óèăäÌ°ÿÛîäöć  
ÚČóÿâæĆÕÃ­óèăäÌ°ÿÛîäöć ÉČóÚèÚ 3,000 ÿâæĆÕăÜĀË¬ĂÚÚČĈó ÿÜĆÚäñãñÿèæó 72 ËòćèāâÈ āÕã

äñìè¬óÈÚöĈÿâæĆÕÃ­óèØöćæîãÚČĈó ìäøîăâ¬âöäóÂĀäÂÿÂõÕ (Radicle) ÈîÂîîÂâóÉñÅòÕØõĈÈ ÿâøćîÅäÛ
äñãñÿèæó 72 ËòćèāâÈ ÚČóÿâæĆÕăÜÿäöãÈĂÚÖñÂä­óØöćâöÂäñÕóêÿßóñÿâæĆÕèóÈäîÈăè­ĀæñÚČóÖñÂä­óèóÈ
Ì­îÚæÈăÜĂÚÂäñÛñ ÉóÂÚòĈÚÿÖõâÚČĈóæÈĂÚÂäñÛñĂì­ÖñÂä­óĀæñÂäñÕóêÿßóñÿâæĆÕÿÜöãÂËù¬â ăæ¬
îóÂóéîîÂÉóÂÂäñÕóê ăâ¬Ăì­ÿÂõÕÿÜĆÚàîÈîóÂóé ÿâøćîÅäÛ 7 èòÚ Ö­ÚÂæ­óÿäõćââöĂÛÿÃöãèÉ÷ÈÚČóÖ­Ú
Âæ­óâóĂë¬ĂÚÃèÕØöćâöëóäæñæóãÙóÖùîóìóäßøËëúÖä WP No.2 (Vajrabhaya & Vajrabhaya, ƗƟƟƗ)
āÕãèóÈĂÚāäÈÿäøîÚØöćâöĀëÈÙääâËóÖõÖæîÕäñãñÿèæóØČóÂóäØÕæîÈ ÅèÛÅùâäñÕòÛÃîÈëóäæñæóã
ÙóÖùîóìóä āÕãÿÖõâÚČĈóÂäîÈĂì­ëóäæñæóãîãú¬ĂÚäñÕòÛÿÕöãèÂòÚÂòÛÖîÚÿäõćâØČóÂóäØÕæîÈØùÂèòÚ 



  39 

ĀæñÿÜæöćãÚëóäæñæóãØùÂ 5 èòÚ ÿâøćîÅäÛÂČóìÚÕ 15 èòÚ ØČóÂóäÅòÕÿæøîÂÖ­ÚÂæ­óÃ­óèØöćâöÃÚóÕÅèóâ
ëúÈÃîÈÖ­ÚØöćëâČćóÿëâîÂòÚ ÿßøćîÚČóâóĂË­ĂÚÂóäìóäñÕòÛÅèóâĀæ­ÈëúÈëùÕØöćÖ­ÚÃ­óèëóâóä×
ÿÉäõÎÿÖõÛāÖăÕ­ ĀæñØČóÂóäÿßóñÖ­ÚÂæ­óÃ­óèë¬èÚØöćÿìæøîĂì­âöîóãù 35 èòÚ Āæ­èØČóÂóäÅòÕÿæøîÂÖ­ÚÃ­óè
ØöćâöÃÚóÕÅèóâëúÈëâČćóÿëâîÂòÚÿßøćîÚČóăÜÜòÂÕČóæÈĂÚÂäñ×óÈØöćĂë¬ÕõÚÿìÚöãè ÉČóÚèÚ 200 Âäñ×óÈ ą 
æñ 10 Ö­Ú āÕãØČóÂóäÃòÈÚČĈóĂÚäñÕòÛØöćßîÿìâóñÿßøćîÿÖäöãâÖ­ÚÂæ­óëČóìäòÛÚČóăÜĂË­ĂÚÂóäØÕæîÈ
ÖîÚØöć 2 
ÖîÚØöć 1 ÂóäÉČóæîÈëáóèñĀæ­ÈĂì­ÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöć 
ĀÛ¬ÈÖ­ÚÂæ­óÃ­óèîîÂÿÜĆÚ 5 ËùÕÂóäØÕæîÈ āÕãÂóäÉČóæîÈĂì­Ö­ÚÃ­óèăÕ­äòÛÅèóâÿÅäöãÕ

ÉóÂëáóèñĀæ­È Õ­èãÂóäÜæúÂÖ­ÚÃ­óèĂÚëóäæóãÙóÖùîóìóäßøËëúÖäÕòÕĀÜæÈ WP No.2 Øöćâö 
Polyethylene glycol (PEG 6000) ÕòÈÚöĈ  

ËùÕÂóäØÕæîÈØöć 1 ëóäæñæóãÙóÖùîóìóäßøËëúÖäÕòÕĀÜæÈ WP No.2 
ËùÕÂóäØÕæîÈØöć 2 ëóäæñæóãÙóÖùîóìóäßøËëúÖäÕòÕĀÜæÈ WP No.2 ØöćâöÅèóâÿÃ­âÃ­Ú 

5% (w/v) PEG6000 
ËùÕÂóäØÕæîÈØöć 3 ëóäæñæóãÙóÖùîóìóäßøËëúÖäÕòÕĀÜæÈ WP No.2 ØöćâöÅèóâÿÃ­âÃ­Ú 

10% (w/v) PEG6000 
ËùÕÂóäØÕæîÈØöć 4 ëóäæñæóãÙóÖùîóìóäßøËëúÖäÕòÕĀÜæÈ WP No.2 ØöćâöÅèóâÿÃ­âÃ­Ú 

15% (w/v) PEG6000  
ËùÕÂóäØÕæîÈØöć 5 ëóäæñæóãÙóÖùîóìóäßøËëúÖäÕòÕĀÜæÈ WP No.2 ØöćâöÅèóâÿÃ­âÃ­Ú 

20% (w/v) PEG6000 
ÚČóÖ­ÚÃ­óèØöćâöîóãùÅäÛ 15 èòÚĀæñâöÃÚóÕÅèóâëúÈëâČćóÿëâîÂòÚ âóĂë¬ĂÚÃèÕĀÂ­èëČóìäòÛ

ÜæúÂÖ­ÚÃ­óèØöćâöëóäæñæóãÙóÖùîóìóäßøËëúÖä WP No.2 (Vajrabhaya & Vajrabhaya, ƗƟƟƗ) āÕã
ĂÚëóãæñæóãÙóÖùîóìóäßøËØöćâöëóä Polyethylene  glycol (PEG6000) ØöćäñÕòÛÅèóâÿÃ­âÃ­Ú 0, 5, 
10, 15 Āæñ 20% (w/v) ÖóâæČóÕòÛ ÿßøćîÉČóæîÈëáóèñĀæ­ÈĂì­ÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöć āÕãÿÂĆÛÖòèîã¬óÈ
Ö­ÚÃ­óèĂÚĀÖ¬æñËùÕÂóäØÕæîÈ ËùÕæñ 4 ÌČĈó ą æñ 20 Ö­Ú ĂÚèòÚØöć 0, 3, 6, 9, 12, 15, 18, 21, 24, 
27, 30, 33, 36, 39, 42, 45, 48 Āæñ 51 èòÚ (äèâØòĈÈìâÕ 18 ÅäòĈÈ) ÿßøćîé÷Âêó 

1.1 Å¬óÜäñëõØÙõáóßÂóäëòÈÿÅäóñì°Õ­èãĀëÈ ăÕ­ĀÂ¬ Åæîāäàõææ°àæúîîÿäëÿÌÚÌ° (Fv/Fm) 
ĀæñÅ¬ó Performance index (Pi) 

èòÕÅ¬óÜäñëõØÙõáóßÂóäĂË­ĀëÈÃîÈĂÛÃ­óè āÕãĂË­ÿÅäøćîÈâøîÜäñÿáØ Pulse amplitude 
modulation fluorometer (PAM ƘƛƖƖ ÛäõêòØ Heinz Walz GmbH ÜäñÿØéÿãîäâòÚ) Â¬îÚÂóäèòÕ
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Å¬ó Maximum quantum yield of PSII photochemistry (Fv/Fm) Ö­îÈØČóÂóä Dark-adapted āÕã
ÂóäìÚöÛĂÛÕ­èã Dark leaf clip ÚóÚ 15-20 ÚóØö ÿßøćîĂì­âöÂóäÿÅæøćîÚã­óãîõÿæĆÂÖäîÚÝ¬óÚäñÛÛ
ĀëÈØöćëîÈ (PSII) ÿëäĆÉëõĈÚĀæ­è  Reaction centers Éñîãú¬ĂÚëáóßÿÜõÕ ìæòÈÉóÂÚòĈÚÚČó Dark leaf 
clip îîÂ Āæ­èØõĈÈĂì­ĂÛäòÛĀëÈØöćÅèóâÿÃ­âĀëÈÜäñâóÔ 120 µmol.m-2s-Ɨ ÿÜĆÚÿèæó Ƙ ÚóØö Āæ­èÉ÷È

èòÕÅ¬ó Effective quantum yield of PSII photochemistry (ʊPSII) Õ­èã Leaf-clip holder ĂÚ
ëáóßĀëÈÙääâËóÖõĀæñØČóÂóäèòÕÅ¬ó Photochemical quenching (qP), Non-photochemical 
quenching (qN) Āæñ Electron transport rate (ETR) ÖóâëâÂóäÃîÈ Guo et al. (2005) ÕòÈÚöĈ 

 qP  = ( Fm - Fs )/( Fm - Fo) 
 qN  = [( Fm · Fs )/( Fm - Fo)]-1  

 ETR  = yield x PPF x 0.5 x h leaf   
 
 ÿâøćî  
 Fm = Å¬óàæúîîÿäëÿÌÚÌ°ëúÈëùÕØöćèòÕăÕ­ÃÔñØöćĂÛßøËîãú¬ĂÚëáóßâøÕ 
      ÿâøćîĂì­ÅèóâÿÃ­âĀëÈëúÈÿÖĆâØöć (Maximum fluorescence) 
 F0 = Å¬óàæúîîÿäëÿÌÚÌ°ÖČćóëùÕØöćèòÕăÕ­ÃÔñØöćĂÛßøËăÕ­äòÛĀëÈ  
      (Minimum fluorescence in luminated leaves) 
 Fs = Å¬óàæúîîÿäëÿÌÚÌ°ØöćèòÕăÕ­ÃÔñØöćĂÛßøËăÕ­äòÛĀëÈ (Steady- 
     state fluorescence) 
 PPF = ÅèóâÿÃ­âĀëÈ, µmolPPF m-2s-1 

 lheaf = ëòÕë¬èÚÃîÈĀëÈØöćÖÂÂäñØÛ Āæñ×úÂÕúÕÂæøÚāÕãĂÛ (Fraction 
     of incident light absorbed by leaf âöÅ¬óÿØ¬óÂòÛ Ɩ.ƞƚ)  

 
1.2 Å¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛ 
èòÕÅ¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛ (SPAD value) Õ­èãÿÅäøćîÈ Chlorophyll meter āÕãèòÕĂÛ

Ã­óèĂÚ 1 ËùÕÂóäØÕæîÈ ØČóÂóäèòÕÉČóÚèÚ 4 ÌČĈó ĂÚ 1 ÌČĈó āÕãØČóÂóäèòÕ 3 Ö­Ú ÿæøîÂèòÕĂÚĂÛØöć  3 
ÃîÈÖ­Ú ØČóÂóäèòÕ 3 ÖČóĀìÚ¬ÈÃîÈĂÛ ăÕ­ĀÂ¬ ÜæóãĂÛ ÂæóÈĂÛ ĀæñāÅÚĂÛÃîÈĂÚĀÖ¬æñĂÛ Āæ­è
ÛòÚØ÷ÂÅ¬óÿÊæöćã  
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ÖîÚØöć 2 ÂóäìóäñÕòÛÅèóâÿÃ­âÃ­ÚÃîÈëóä DHECD ØöćÿìâóñëâÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 ÉóÂÝæÂóäØÕæîÈÖîÚØöć 1 ßÛè¬óÖ­ÚÃ­óèăäÌ°ÿÛîäöćëóâóä×ØÚÖ¬îäñÕòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈăÕ­ëúÈëùÕØöćäñÕòÛ 10% (w/v) PEG 6000 ÕòÈÚòĈÚÝú­èõÉòãÉ÷ÈăÕ­ØČóÂóäé÷ÂêóÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈØöćäñÕòÛ 10% (w/v) PEG 6000 ÿßøćîĂË­ĂÚÂóäØÕæîÈÖîÚØöć 2  āÕãØČóÂóäìóäñÕòÛÃîÈ
ÅèóâÿÃ­âÃ­ÚÃîÈëóä DHECD ØöćÿìâóñëâĂÚÂóäß¬ÚĂì­ÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­È āÕãĀÛ¬ÈËùÕÂóäØÕæîÈ îîÂÿÜĆÚ 4 ËùÕ ÂóäØÕæîÈ ą æñ 4 ÌČĈó āÕãÜæúÂÖ­ÚÃ­óèĂÚ
ëóäæñæóãÙóÖùîóìóäßøËëúÖäÕòÕĀÜæÈ WP No.2 ØöćâöÅèóâÿÃ­âÃ­Ú 10% (w/v) PEG6000 ÉČóÚèÚ  
4 ÌČĈóæñ 10 Ö­Ú ØČóÂóäß¬Úëóäæñæóã DHECD ØöćäñÕòÛÅèóâÿÃ­âÃ­Ú  0, 1 Āæñ 1.5 ăâāÅäāâæóä° 
ĂÚèòÚØöć 0 ÃîÈÂóäØÕæîÈāÕãß¬Úëóä DHECDĂÚÖîÚÿË­óÖäú¬ (āÕãØČóÂóäß¬ÚëóäĂì­ÂòÛÖ­ÚÃ­óèÿßöãÈ 
1 ÅäòĈÈ) Āæñß¬Úëóä DHECD Ăì­ÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöć ÜäõâóÖä 5 âõææõæõÖäÖ¬îÖ­Ú āÕãâöËùÕÂóä
ØÕæîÈ ÕòÈÚöĈ 

ËùÕÂóäØÕæîÈØöć 1  Ö­ÚÃ­óèăäÌ°ÿÛîäöć ØöćÜæúÂĂÚëáóèñÜÂÖõ Øöćăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD 

ËùÕÂóäØÕæîÈØöć 2  Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćÜæúÂĂÚëóäæñæóãÙóÖùîóìóäßøËëúÖäÕòÕĀÜæÈ
WP No.2 ØöćâöÅèóâÿÃ­âÃ­Ú 10% (w/v) PEG6000 Øöćăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 

ËùÕÂóäØÕæîÈØöć 3 Ö­ÚÃ­óèăäÌ°ÿÛîä°äöćØöćÜæúÂĂÚëóäæñæóãÙóÖùîóìóäßøËëúÖäÕòÕĀÜæÈ 
WP No.2 ØöćâöÅèóâÿÃ­âÃ­Ú 10% (w/v) PEG6000 Āæñß¬ÚÕ­èãëóäæñæóã DHECD ÅèóâÿÃ­âÃ­Ú 1 
ăâāÅäāâæóä°  

ËùÕÂóäØÕæîÈØöć 4  Ö­ÚÃ­óèăäÌ°ÿÛîä°äöćØöćÜæúÂĂÚëóäæñæóãÙóÖùîóìóäßøËëúÖäÕòÕĀÜæÈ 
WP No.2 ØöćâöÅèóâÿÃ­âÃ­Ú 10% (w/v) PEG6000 Āæñß¬ÚÕ­èãëóäæñæóã DHECD ÅèóâÿÃ­âÃ­Ú 
1.5 ăâāÅäāâæóä°  

ØČóÂóäÿÂĆÛÝæÂóäØÕæîÈØùÂ ą 3 èòÚ Ö¬îÂòÚÿÜĆÚÿèæó 12 èòÚ ÿßøćîÚČóâóé÷Âêó
ÜäñëõØÙõáóßÃîÈÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ ăÕ­ĀÂ¬ Fv/Fm  Å¬ó Pi Å¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛ 
ĀæñÜäõâóÔÅæîāäàõææ°ĀæñĀÅāäØöÚîãÕ°ĂÚĂÛÖóâèõÙöÂóä ÕòÈÚöĈ 

2.1 Å¬óÜäñëõØÙõáóßÂóäëòÈÿÅäóñì°Õ­èãĀëÈ ăÕ­ĀÂ¬ Åæîāäàõææ°àæúîîÿäëÿÌÚÌ° (Fv/Fm) 
ĀæñÅ¬ó Performance index (Pi) 

āÕãâöèõÙöÂóäØÕæîÈÿìâøîÚÂòÛÂóäØÕæîÈĂÚÃ­îØöć 1.1 
2.2 Å¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛ 
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āÕãâöèõÙöÂóäØÕæîÈÿìâøîÚÂòÛÂóäØÕæîÈĂÚÃ­îØöć 1.2.2 
2.3 ÜäõâóÔäÈÅèòÖ×ùØöćëČóÅòÎÃîÈÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ 
Åæîāäàõææ°ĀæñĀÅāäØöÚîãÕ° 
  ÂóäèõÿÅäóñì°äÈÅèòÖ×ùĂÚĂÛßøË ÕòÕĀÜæÈÉóÂèõÙöÃîÈ Wellburn (1994) āÕãØČóÂóä

èõÿÅäóñì°ÜäõâóÔÅæîāäàõææ° ÿî Åæîāäàõææ° Ûö ÜäõâóÔÅæîāäàõææ°äèâ ëòÕë¬èÚÜäõâóÔ
Åæîāäàõææ° ÿî ĀæñÅæîāäàõææ° Ûö ĀæñÜäõâóÔĀÅāäØöÚîãÕ° āÕãÖòÕÿÚøĈîÿãøćîĂÛÃîÈÃ­óèăäÌ°ÿÛîäöćĂÚ
ĀÖ¬æñËùÕÂóäØÕæîÈĂÚÛäõÿèÔØöćèòÕÅ¬óÕòËÚöÅèóâÿÃöãèÃîÈĂÛ ËòćÈÚČĈóìÚòÂĂÛ 10 âõææõÂäòâ Āæ­èĀË¬ĂÚ
ëóäæñæóã Dimethyl sulfoxide (DMSO) ÜäõâóÖä 5 âõææõæõÖä èóÈăè­ØöćîùÔìáúâõì­îÈĀæñĂÚØöćâøÕ
ÿÜĆÚäñãñÿèæó 24 ËòćèāâÈ ÉÚĂÛĂë ÚČóëóäëÂòÕØöćăÕ­âóèõÿÅäóñì°ÜäõâóÔÅæîāäàõææ°ĀæñĀÅāäØö
ÚîãÕ° āÕãèòÕÅ¬óÂóäÕúÕÂæøÚĀëÈ (Absorbance, A) ØöćÅèóâãóèÅæøćÚ 480, 649 Āæñ 665 ÚóāÚ
ÿâÖä ÚČóÅ¬óÂóäÕúÕÂæøÚĀëÈ (A) ØöćèòÕăÕ­âóÅČóÚèÔìóÜäõâóÔÅæîāäàõææ° ÿî Åæîāäàõææ° Ûö Āæñ
ÜäõâóÔĀÅāäØöÚîãÕ° āÕãĂË­ëâÂóäÕòÈÖ¬îăÜÚöĈ 

Chlorophyll a content (mg/g leaf F.W.) = 12.47(A665) · 3.62(A649) 
Chlorophyll b content (mg/g leaf F.W.) = 25.06(A649) · 6.5(A665) 
Carotenoids content (mg/g leaf F.W.)   =[1000(A480)· 1.29(Ca)- 

53.78(Cb)] / 220 
ìâóãÿìÖù A = Absorbance, Ca = Chlorophyll a, Cb = Chlorophyll b 
 

ÖîÚØöć 3 Âóäé÷ÂêóÝæÃîÈëóä DHECD Ö¬îÂóäÿÜæöćãÚĀÜæÈØóÈëäöäèõØãóÃîÈÃ­óèăäÌ°ÿÛîäöć
ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È  
ØČóÂóäÅòÕÿæøîÂÖ­ÚÃ­óèăäÌ°ÿÛîäöć ØöćâöÃÚóÕÅèóâëúÈÃîÈÖ­ÚëâČćóÿëâîÂòÚÿßøćîÚČóâóĂË­

ëČóìäòÛÂóäé÷ÂêóÝæÃîÈëóä DHECD Ö¬îÂóäëòÈÿÅäóñì°Õ­èãĀëÈÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È āÕãèóÈĀÝÚÂóäØÕæîÈĀÛÛ Completely Randomized Design 
(CRD) ĀÛ¬ÈËùÕÂóäØÕæîÈ îîÂÿÜĆÚ 4 ËùÕÂóäØÕæîÈ ą æñ 16 ÌČĈó ą æñ 4 Ö­Ú āÕãÜæúÂÖ­ÚÃ­óèĂÚ
Âäñ×óÈØöćâöÕõÚÿìÚöãè  Ì÷ćÈÅèóâÿÃ­âÃ­ÚÃîÈëóä DHECD ØöćĂË­ĂÚÂóäØÕæîÈÚöĈăÕ­ÉóÂÝæÂóäØÕæîÈ
ĂÚÖîÚØöć 2 āÕãÿæøîÂĂË­ØöćäñÕòÛÅèóâÿÃ­âÃ­ÚÃîÈëóä DHECD 1 ăâāÅäāâæóä° āÕãâöËùÕÂóäØÕæîÈ 
ÕòÈÚöĈ 

ËùÕÂóäØÕæîÈØöć 1  Ö­ÚÃ­óèăäÌ°ÿÛîäöć ØöćÜæúÂĂÚëáóèñÜÂÖõ Øöćăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD 
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ËùÕÂóäØÕæîÈØöć 2  Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćÜæúÂĂÚÕõÚØöćÅèÛÅùâÅèóâËøĈÚØöćäñÕòÛ 10% FC Øöć
ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 

ËùÕÂóäØÕæîÈØöć 3 Ö­ÚÃ­óèăäÌ°ÿÛîä°äöćØöćÜæúÂĂÚÕõÚØöćÅèÛÅùâÅèóâËøĈÚØöćäñÕòÛ 10% FC Āæñ
ÊöÕß¬Úëóäæñæóã DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° 

Ö­ÚÃ­óèØöćĂË­ĂÚÂóäØÕæîÈÚöĈÉñÿäõćâØČóÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèâöîóãù 40 èòÚ Ì÷ćÈÚòÛÿÜĆÚèòÚØöć 
0 ÃîÈÂóäØÕæîÈØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD āÕãĂÚÂóäØÕæîÈÚöĈ ØČóÂóäß¬ÚÕ­èãëóä 
DHECD Ăì­ÂòÛÖ­ÚÃ­óè ÉČóÚèÚ 2 äñãñ ăÕ­ĀÂ¬ 

Âóäß¬ÚÅäòĈÈØöć 1 ÿÜĆÚÂóäß¬Úëóä DHECD Ăì­ÂòÛÖ­ÚÃ­óèĂÚäñãñ Vegetative ØöćâöÂóäĀÖÂ
Âî (Tillering stage) ĂÚèòÚØöć 0 ÃîÈÂóäØÕæîÈ (Ö­ÚÃ­óèăäÌ°ÿÛîäöćâöîóãù 40 èòÚ ÚòÛÉóÂèòÚØöćÈîÂ
ÉóÂÿâæĆÕ) 

Âóäß¬ÚÅäòĈÈØöć  2 ÿÜĆÚÂóäß¬Úëóä DHECD Ăì­ÂòÛÖ­ÚÃ­óèĂÚäñãñ Reproductive Øöćÿäõćâ
ëä­óÈË¬îÕîÂî¬îÚ (Panicle initiation stage) ĂÚèòÚØöć 35 ÃîÈÂóäØÕæîÈ  (Ö­ÚÃ­óèăäÌ°ÿÛîäöćâöîóãù 
75 èòÚ ÚòÛÉóÂèòÚØöćÈîÂÉóÂÿâæĆÕ) (áóßÜäñÂîÛ 16) 

 
 

áóßÜäñÂîÛ Ɨƛ äñãñÂóäß¬Úëóä DHECD ĀæñÂóäÉČóæîÈëáóèñĀæ­ÈĂì­ĀÂ¬Ö­ÚÃ­óèăäÌ°ÿÛîäöć 
 

ØČóÂóäÊöÕß¬ÚÕ­èãëóä DHECD ØöćÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° (Ì÷ćÈăÕ­ÉóÂÝæÂóäØÕæîÈ
ĂÚÖîÚØöć 2) ÜäõâóÖä 50 âõææõæõÖäÖ¬îÖ­Ú ØČóÂóäÿÂĆÛÝæÂóäØÕæîÈØùÂą 5 èòÚ ÖòĈÈĀÖ¬Ã­óèăäÌ°ÿÛîäöć
îóãù 40 èòÚ ÉÚÂäñØòćÈÖ­ÚÃ­óèâöîóãù 115 èòÚ āÕãĂÚäñãñ Vegetative ØČóÂóäÿÂĆÛÝæÂóäØÕæîÈØùÂ 
ą  5  èòÚ (äèâ ƞ ÅäòĈÈ) ĀæñĂÚäñãñ Reproductive ØČóÂóäÿÂĆÛÝæÂóäØÕæîÈØùÂ ą  èòÚ (äèâ ƞ 
ÅäòĈÈ) 
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3.1 ÂóäÿÜæöćãÚĀÜæÈØóÈëäöäèõØãó 
3.1.1 Å¬óÜäñëõØÙõáóßÂóäëòÈÿÅäóñì°Õ­èãĀëÈ ăÕ­ĀÂ¬ Åæîāäàõææ°àæúîîÿäëÿÌÚÌ° (Fv/Fm) 

ĀæñÅ¬ó Performance index (Pi) 
āÕãâöèõÙöÂóäØÕæîÈÿìâøîÚÂòÛÂóäØÕæîÈĂÚÃ­îØöć 1.1 
3.1.2 ÜäõâóÔäÈÅèòÖ×ùØöćëČóÅòÎÃîÈÂäñÛèÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ 
3.1.2.1 Åæîāäàõææ°ĀæñĀÅāäØöÚîãÕ° 
āÕãâöèõÙöÂóäØÕæîÈÿìâøîÚÂòÛÂóäØÕæîÈĂÚÃ­îØöć 2.3 
3.1.2.2 ĀîÚāØăÌãóÚõÚ 
ÂóäèòÕÜäõâóÔĀîÚāØāÌãóÚõÚÕòÕĀÜæÈÉóÂèõÙöÃîÈ Rabino and Mancinelli (1986)  

āÕãØČóÂóäèõÿÅäóñì°ÜäõâóÔĀîÚāØăÌãóÚõÚäèâĂÚĂÛÃ­óèăäÌ°ÿÛîäöć āÕãÖòÕËõĈÚÿÚøĈîÿãøćîĂÛÃ­óè ËòćÈ
ÚČĈóìÚòÂĂì­ăÕ­ 0.2 Âäòâ Āæ­èĀË¬ĂÚ 80% Acidic methanol  (ÿÖäöãâÉóÂ 0.16% Ascorbic acid, 
0.16% t-butyl hydroquinone Āæñ 0.1% Hydrochloric acid) ÜäõâóÔ 1 âõææõæõÖä ØõĈÈăè­ĂÚØöćâøÕ
ØöćîùÔìáúâõì­îÈÿÜĆÚÿèæó 12-18 ËòćèāâÈ ìæòÈÉóÂÚòĈÚÕúÕëóäæñæóãë¬èÚĂë ÜäõâóÖä 400 ăâāÅäæõÖä 
Ăë¬ĂÚìæîÕØÕæîÈ Āæ­èÿÖõâ 80% Acidic methanol  ÜäõâóÖä 600 ăâāÅäæõÖä ÚČóâóèòÕÅ¬óÂóä
ÕúÕÂæøÚĀëÈØöćÅèóâãóèÅæøćÚ 530 Āæñ 657 ÚóāÚÿâÖä ĀæñÚČóÅ¬óØöćăÕ­âóÅČóÚèÔÜäõâóÔĀîÚāØăÌ
ãóÚõÚäèâ ÖóâëâÂóäÕòÈÚöĈ 

 
Anthocyanin = (A530 · 0.25 x A657) x M-1 

 
3.1.3 ÂóäÿÉäõÎÿÖõÛāÖÃîÈÃ­óèăäÌ°ÿÛîäöć āÕãØČóÂóäé÷Âêó ÕòÈÚöĈ 
3.1.3.1 Åèóâãóèë¬èÚÖ­Ú 
ÂóäèòÕÅèóâãóèæČóÖ­Ú āÕãÂóäèòÕÉóÂāÅÚÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöć ăÜÉÚ×÷ÈÜæóãÃîÈĂÛØöć

ãóèØöćëùÕÕ­èãëóãèòÕÅèóâãóè āÕãÿÂĆÛÝæÂóäØÕæîÈ 4 ËùÕÂóäØÕæîÈ ą æñ 16 ÌČĈó ą æñ 4 Ö­Ú 
3.1.3.2 ÚČĈóìÚòÂëÕĀæñÚČĈóìÚòÂĀì­È 
ØČóÂóäËòćÈÚČĈóìÚòÂëÕĀæñÚČĈóìÚòÂĀì­È āÕãÿÂĆÛÖòèîã¬óÈÉóÂÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚĀÖ¬æñËùÕ

ÃîÈÂóäØÕæîÈ Āæ­èÚČóÖòèîã¬óÈÖ­ÚÃ­óèØöćÿÂĆÛâóāÕãæ­óÈØČóÅèóâëñîóÕë¬èÚÖ¬óÈ ą ÌòÛĂì­Āì­È Āæ­è
É÷ÈÚČóâóËòćÈÚČĈóìÚòÂëÕ (Fresh weight, FW)  Āæ­èÚČóÖòèîã¬óÈØöćËòćÈÚČĈóìÚòÂëÕĀæ­èĂë¬×ùÈÂäñÕóê 
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ÚČóăÜîÛĂÚÖú­îÛîùÔìáúâõ 65 îÈéóÿÌæÿÌöãë ÿÜĆÚÿèæó 48 ËòćèāâÈ Āæ­èÚČó×ùÈÂäñÕóêØöćîÛîîÂâó
ßòÂĂì­ÿãĆÚ Āæ­èÚČóâóËòćÈÌČĈóîöÂÅäòĈÈìÚ÷ćÈ ÉñăÕ­Å¬óÃîÈÚČĈóìÚòÂĀì­È (Dry weight, DW) 

3.1.4 ÂóäÿÜæöćãÚĀÜæÈØóÈëäöäèõØãóÛóÈÜäñÂóä 
3.1.4.1 ÜäõâóÔÚČĈóëòâßòØÙ°  
ÿÂĆÛÖòèîã¬óÈĂÛÉóÂÖ­ÚÃ­óèăäÌ°ÿÛîäöć āÕãÿÂĆÛÝæÂóäØÕæîÈ 4 ËùÕÂóäØÕæîÈ ą æñ 16 ÌČĈó 

ą æñ 4 Ö­Ú āÕãÿæøîÂÿÂĆÛĂÛØöć 3 ÃîÈÖ­Ú ÚČóÖòèîã¬óÈØöćÿÂĆÛâóæ­óÈØČóÅèóâëñîóÕ ÉóÂÚòĈÚÖòÕ
Öòèîã¬óÈĂÛÿÜĆÚËõĈÚ 10 ËõĈÚÃÚóÕÜäñâóÔ 1x1 ÿÌÚÖõÿâÖä ËòćÈÚČĈóìÚòÂāÕãÚČĈóìÚòÂØöćăÕ­ÅøîÚČĈóìÚòÂëÕ 
(Fresh weight, FW) Āæ­èÚČóÖòèîã¬óÈĂÛĀË¬ĂÚÚČĈóÿÜĆÚÿèæó 24 ËòćèāâÈ ÿâøćîÅäÛÖóâÂČóìÚÕÉ÷ÈÚČó
Ã÷ĈÚâóÌòÛÚČĈóßîìâóÕ Āæ­èËòćÈÚČĈóìÚòÂāÕãÚČĈóìÚòÂØöćăÕ­ÅøîÚČĈóìÚòÂßøËØöćÿÖ¬ÈÖòèÿÖĆâØöć (Turgor weight, 
TW)  ÚČóÖòèîã¬óÈØöćËòćÈÚČĈóìÚòÂĀæ­èĂë¬ÌîÈÂäñÕóêĀæ­èîÛÿÜĆÚÿèæó 24 ËòćèāâÈ ØöćîùÔáúâõ 65 îÈéó
ÿÌæÿÌöãë ÿâøćîÅäÛÖóâÿèæó ÚČóÖòèîã¬óÈîîÂâóßòÂĂì­ÿãĆÚĀæ­èÚČóîîÂâóËòćÈÚČĈóìÚòÂāÕãÚČĈóìÚòÂØöćăÕ­
ÅøîÚČĈóìÚòÂĀì­È (Dry weight, DW) ÚČóÅ¬óØöćăÕ­âóÅČóÚèÔÖóâëâÂóäÕòÈÚöĈ 

 

RWC=  x 100 

 
ÿâøćî  FW = ÚČĈóìÚòÂëÕÃîÈßøË 
TW = ÚČĈóìÚòÂßøËØöćÿÖ¬ÈÖòèÿÖĆâØöć 
DW = ÚČĈóìÚòÂĀì­ÈÃîÈßøË 

 
3.1.4.2 ÜäõâóÔÚČĈóÖóæ  
ÂóäèòÕÜäõâóÔÚČĈóÖóæäèâÕòÕĀÜæÈÉóÂèõÙöÃîÈ (Robbins & Pharr, 1987) āÕãÿÂĆÛÝæ

ÂóäØÕæîÈ 4 ËùÕÂóäØÕæîÈ ą æñ 16 ÌČĈó ą æñ 4 Ö­Ú āÕãèõÿÅäóñì°ÜäõâóÔäèâÃîÈÚČĈóÖóæĂÚĂÛ
Ã­óèăäÌ°ÿÛîäöćÉóÂÿÚøĈîÿãøćîĂÛ 0.1 Âäòâ ÚČóÖòèîã¬óÈâóÛÕĂÚăÚāÖäÿÉÚÿìæè ĀæñÿÖõâ 80% ÿîÙóÚîæ 
(Ethanol) ÜäõâóÖä 10 âõææõæõÖä æÈĂÚÖòèîã¬óÈØöćÛÕ  Û¬âÖòèîã¬óÈØöćăÕ­ØöćîùÔìáúâõ ·4 îÈéóÿÌæÿÌöãë 
ÿÜĆÚÿèæó 30 ÚóØö ìæòÈÉóÂÚòĈÚÚČóëóäØöćëÂòÕăÕ­ÉóÂÂóäÛ¬âĂÛÃ­óèăäÌ°ÿÛîäöć ÜäõâóÖä 0.5 âõææõæõÖä 
âóÿÖõâĀîÚāÙäÚäöÿîÿÉÚÖ° ÜäõâóÖä 4.5 âõææõæõÖä Āæ­èÖ­âĂÚÚČĈóÿÕøîÕÿÜĆÚÿèæó 10 ÚóØö ÿâøćîÅäÛ
ÿèæóÚČóâóßòÂĂì­îùÔìáúâõæÕæÈ Āæ­èÚČóâóèòÕÅ¬óÂóäÕúÕÂæøÚĀëÈÕ­èãÿÅäøćîÈëÿÜÂāÖäāàāÖâõÿÖîä° Øöć
ÅèóâãóèÅæøćÚ 620 ÚóāÚÿâÖä ÚČóÅ¬óØöćăÕ­âóÿÜäöãÛÿØöãÛÂòÛÂäóàâóÖäÑóÚ 
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3.1.4.3 ÜäõâóÔāßäæöÚ  
ÂóäèòÕÜäõâóÔāßäæöÚÕòÕĀÜæÈÉóÂèõÙöÃîÈ (Bates et al., 1973)āÕãÿÂĆÛÝæÂóäØÕæîÈ 4 

ËùÕÂóäØÕæîÈ ą æñ 16 ÌČĈó ą æñ 4 Ö­Ú āÕãèõÿÅäóñì°ÜäõâóÔāßäæöÚĂÚĂÛÃ­óèăäÌ°ÿÛîäöćÉóÂÿÚøĈîÿãøćî
ĂÛ 0.2 Âäòâ ÚČóÖòèîã¬óÈØöćËòćÈÚČĈóìÚòÂĀæ­èÛÕĂÚăÚāÖäÿÉÚÿìæè ÿÖõâÂäÕÌóæõăÌæõÂÅèóâÿÃ­âÃ­Ú 3%  
ÜäõâóÖä 10 âõææõæõÖä æÈĂÚÖòèîã¬óÈ ÂäîÈÖòèîã¬óÈĂì­ăÕ­ë¬èÚĂë ÚČóëóäæñæóãë¬èÚĂë ÜäõâóÖä 2 
âõææõæõÖä âóÿÖõâÂäÕîñÌõÖõÂ 2 âõææõæõÖä ĀæñÂäÕÚõÚăïÕäõÚ 2 âõææõæõÖä ÝëâĂì­ÿÃ­óÂòÚĀæñÖ­âĂÚ
ÚČĈóÿÕøîÕ 1 ËòćèāâÈ ÿâøćîÅäÛÖóâÿèæó ÚČóâóĀË¬ĂÚÚČĈóĀÃĆÈÿßøćîÅèÛÅùâîùÔìáúâõĀæñÿÖõâāØæúîöÚ 2 
âõææõæõÖä ÝëâĂì­ÿÃ­óÂòÚĀæ­èèòÕÅ¬óÂóäÕúÕÂæøÚĀëÈÕ­èãÿÅäøćîÈëÿÜÂāÖäāàāÖâõÿÖîä° ØöćÅèóâãóèÅæøćÚ 
520 ÚóāÚÿâÖä Āæ­èÚČóÝæâóÿØöãÛÂäóàâóÖäÑóÚ 

3.1.4.4 ÜäõâóÔăïāÕäÿÉÚÿÜîä°îîÂăÌÕ° 
ÂóäèòÕÜäõâóÔăïāÕäÿÉÚÿÜîä°îîÂăÌÕ° ÖóâèõÙöÃîÈ Sergiev and Alexieva (1997)āÕã

ÚČóĂÛÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćìÚòÂ 0.2 Âäòâ âóÿÖõâĂÚëóäæñæóã 0.1% Trichloroacetic acid (TCA) 
ÜäõâóÔ 5 âõææõæõÖä ÿÜĆÚÿèæó 30 ÚóØö ØöćîùÔìáúâõ 4 îÈéóÿÌæÿÌöãë ÿâøćîÅäÛÿèæóÚČóîîÂâóÂäîÈ 
ÚČóëóäØöćăÕ­ÜäõâóÔ 0.5 âõææõæõÖäâóÿÖõâ Phosphate buffer ÅèóâÿÃ­âÃ­Ú 1 āâæóä° ÜäõâóÔ 0.5 
âõææõæõÖä Û¬â 20 ÚóØö Â¬îÚÚČóâóÿÖõâ Potassium iodide ÅèóâÿÃ­âÃ­Ú 1 āâæóä° ÜäõâóÔ 1
âõææõæõÖä ÝëâĂì­ÿÃ­óÂòÚĀæ­èÚČóâóèòÕÅ¬óÂóäÕúÕÂæøÚĀëÈØöćÅèóâãóèÅæøćÚ 390 ÚóāÚÿâÖä 

 
3.1.4.5 ÜäõâóÔâóæîÚăÕîòæÕöăïÕ° 
ÜäõâóÔâóæîÚăÕîòæÕöăïÕ°óâèõÙöÃîÈ Velikova et al. (2000) āÕãÚČóĂÛÃîÈÖ­ÚÃ­óèăäÌ°

ÿÛîäöćìÚòÂ 0.2 ÂäòââóÿÖõâëóäæñæóã 0.1% Trichloroacetic acid (TCA) ÜäõâóÔ 5 âõææõæõÖä 
ÿÜĆÚÿèæó 30 ÚóØö ØöćîùÔìáúâõ 4 îÈéóÿÌæÿÌöãë ÿâøćîÅäÛÿèæóÚČóîîÂâóÂäîÈ ÚČóëóäØöćăÕ­ÜäõâóÔ 1 
âõææõæõÖä âóÿÖõâ 0.5% Thiobarbituric acid (TBA) ĂÚ TCA 20% ÜäõâóÔ 2 âõææõæõÖä ÝëâĂì­ÿÃ­ó
ÂòÚÂ¬îÚÚČóăÜÖ­âÿÜĆÚÿèæó ƙƖ ÚóØö ÚČóâóèòÕÅ¬óÂóäÕúÕÂæøÚĀëÈØöćÅèóâãóèÅæøćÚ 532 Āæñ 600 Úó
āÚÿâÖä 

3.1.4.6 ÂõÉÂääâÂóäØČóÈóÚÃîÈÿîÚăÌâ°Ö­óÚîÚùâúæîõëäñ ăÕ­ĀÂ¬ Catalase (CAT) 
3.1.4.6.1 ÂóäëÂòÕÿîÚăÌâ°Ö­óÚîîÂÌõÿÕËòÚ  
ÂóäëÂòÕÿîÚăÌâ°Ö­óÚîîÂÌõÿÕËòÚ ÖóâèõÙöÃîÈ (Badawi et al., 2004) ËòćÈÿÚøĈîÿãøćîĂÛ ìÚòÂ 

0.5 Âäòâ ÛÕĂÚāÂä¬ÈÿãĆÚÉòÕ ßä­îâÂòÛÿÖõâ Extraction buffer ØöćÜäñÂîÛÕ­èã 50 âõææõāâæóä° àîë
ÿàëÛòàÿàîä° (Phosphate buffer pH 7.6)  1 âõææõāâæóä° ĀîëÅîä°ÿÛØ Āæñ1 âõææõāâæóä° 
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Ethylene diamine tetra-acetic acid (EDTA) ÜäõâóÖä 5 âõææõæõÖä ÉóÂÚòĈÚÚČóăÜÜòćÚÿìèöćãÈÕ­èã
ÅèóâÿäĆè 14,000 rpm ØöćîùÔìáúâõ 3 îÈéóÿÌæÿÌöãë ÿÜĆÚäñãñÿèæó 4 ÚóØö ÿÂĆÛäòÂêóëóäëÂòÕ
ÿîÚăÌâ° (Enzyme extract) ÉóÂëóäæñæóãë¬èÚÛÚăè­ĂÚìæîÕĀË¬ĀÃĆÈ (Cryo tube) ăè­ØöćîùÔìáúâõ 
 -20 îÈéóÿÌæÿÌöãë ÿßøćîĂË­ĂÚÂóäèòÕÂõÉÂääâÃîÈÿîÚăÌâ° Catalase  (CAT) ÿâøćîÖ­îÈÂóäèòÕ
ÂõÉÂääâÃîÈÿîÚăÌâ°ÅèäèóÈìæîÕĀË¬ĀÃĆÈĂÚÂæ¬îÈÅèÛÅùâîùÔìáúâõ (Cryobox) ÉÚÂäñØòćÈëóäëÂòÕ
ÿîÚăÌâ°ÿäõćâæñæóãÉ÷ÈÚČóâóĂË­èòÕÂõÉÂääâÃîÈÿîÚăÌâ°Ö¬îăÜ  

3.1.4.6.2 ÂóäèòÕÂõÉÂääâÃîÈÿîÚăÌâ° Catalase (CAT, EC 1.11.1.6)  
èòÕÂõÉÂääâÃîÈÿîÚăÌâ° CAT ÖóâèõÙöÃîÈ Nakano and Asada (1981) āÕãÚČóëóäÝëâ

äñìè¬óÈ āßĀØëÿÌöãâ àîëÿàÖ Ûòàÿàîä° (potassium phosphate buffer (pH 7.0) ÅèóâÿÃ­âÃ­Ú 
50 âõææõāâæóä° ÜäõâóÖä 0.8 âõææõæõÖä Āæñëóäæñæóã H2O2 ÅèóâÿÃ­âÃ­Ú 15 âõææõāâæóä° ÜäõâóÖä 
0.1 âõææõæõÖä ÿäõćâÜÐõÂõäõãóāÕãÂóäÿÖõâëóäëÂòÕÿîÚăÌâ° ÜäõâóÖä 0.1 âõææõæõÖä  èòÕÂõÉÂääâÃîÈ
ÿîÚăÌâ° CAT ÉóÂîòÖäóÂóäæÕæÈÃîÈÅ¬óÂóäÕúÕÂæøÚĀëÈØöćÅèóâãóèÅæøćÚ 240 nm āÕãÛòÚØ÷ÂÅ¬ó
ØùÂ 20 èõÚóØö ÿÜĆÚäñãñÿèæó 4 ÚóØö ÅČóÚèÔÂõÉÂääâÃîÈÿîÚăÌâ° ØöćâöìÚ¬èãÿÜĆÚ units min-1 
gF.W.-1 āÕãĂË­Å¬ó extinction coefficient ÿØ¬óÂòÛ 40 mM-1cm-1 ÕòÕĀÜæÈÉóÂèõÙöÃîÈ (Velikova et 
al., 2000) 

 
ƙ.Ƙ Âóäé÷ÂêóÝæÃîÈëóä DHECD Ö¬îÂóäàøĈÚÖòèÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäÉČóæîÈ

ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
ÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćîóãùÅäÛ 80 èòÚÚòÛÉóÂèòÚØöćÈîÂÉóÂÿâæĆÕ (èòÚØöć 40 ÃîÈÂóäØÕæîÈ

ÚòÛÉóÂèòÚØöćÿäõćâØČóÂóäØÕæîÈèòÚØöć 0) ØČóÂóäÈÕĂì­ÚČĈóÿßøćîÉČóæîÈÅèóâĀæ­ÈĂì­ĀÂ¬Ö­ÚÃ­óèăäÌ°ÿÛîäöć 
āÕãäñÛóãÚČĈóîîÂĀæñÈÕÂóäĂì­ÚČĈó ØČóÂóäÅèÛÅùâÅèóâËøĈÚÃîÈÚČĈóáóãĂÚÕõÚÕ­èãèõÙöÂóäĂË­
ÿÅäøćîÈâøîèòÕÅèóâËøĈÚĂÚÕõÚ èòÕÅèóâËøĈÚáóãĂÚÕõÚØùÂ ą 2 èòÚ āÕãØČóÂóäÿÂĆÛÝæÂóäØÕæîÈØùÂèòÚ 
ÿÜĆÚÿèæó 7 èòÚ  (Ã­óèăäÌ°ÿÛîäöćÉñăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈÖõÕÖ¬îÂòÚÿÜĆÚÿèæó 7 èòÚ) 
ìæòÈÉóÂØČóÂóääÕÚČĈóĂì­ÂòÛÖ­ÚÃ­óèĂÚËùÕØÕæîÈÿßøćîĂì­Ö­ÚÃ­óèÿÃ­óëú¬äñãñÂóäàøĈÚÖòè (Recovery) 
āÕãÛòÚØ÷ÚÝæÂóäĂì­ÅñĀÚÚæòÂêÔñÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È ÉóÂ

èõÙöÂóäÅòÕĀÜæÈÉóÂ (IRRI, 1996) ÖóâÖóäóÈØöć 2 ĀæñÖóäóÈØöć ƙ ÕòÈÚöĈ  
 
 
 



  48 

 
ÖóäóÈ 2 ÂóäĂì­ÅñĀÚÚÅèóâÿÅäöãÕĂÚÃ­óè ÕòÕĀÜæÈÉóÂ IRRI (1976) 
 

ÅùÔëâÛòÖõ ÅñĀÚÚ æòÂêÔñ 
ÅèóâÖ­óÚØóÚ
Ö¬îÅèóâĀæ­È 

0 âöÅèóâÖ­óÚØóÚÅèóâĀæ­ÈëúÈ : ÜæóãĂÛÜÂÖõ 
1 âöÅèóâÖ­óÚØóÚÅèóâĀæ­È : ÜæóãĂÛĀì­È 
3 âöÅèóâÖ­óÚØóÚÅèóâĀæ­ÈÜóÚÂæóÈ : ÜæóãĂÛ×÷È ¼ ÃîÈ

ĂÛĀì­È 
5 âöÅèóâăèÖ¬îÅèóâĀæ­ÈÜóÚÂæóÈ : ¼ ×÷È ½ ÃîÈĂÛĀì­È 
7 âöÅèóâăèÖ¬îÅèóâĀæ­È: ¼ ×÷È ½ ÃîÈĂÛĀì­È 
9 âöÅèóâăèÖ¬îÅèóâĀæ­ÈëúÈ : ßøËØòĈÈÖ­ÚÖóã 

 
ÖóäóÈ 3 ÂóäĂì­ÅñĀÚÚÅèóâÿÅäöãÕĂÚÃ­óè ÕòÕĀÜæÈÉóÂ IRRI (1976)  
 

ÅñĀÚÚÂóäàøĈÚ
ÖòèìæòÈăÕ­äòÛ
ÅèóâĀæ­È 

1 90-100% ÃîÈßøËàøĈÚÖòè 
3 70-89% ÃîÈßøËàøĈÚÖòè 
5 40-69% ÃîÈßøËàøĈÚÖòè 
7 20-39% ÃîÈßøËàøĈÚÖòè 
9 0-19% ÃîÈßøËàøĈÚÖòè 

ÅñĀÚÚÅèóâ
â­èÚÃîÈĂÛ 

0 ĂÛÜÂÖõăâ¬ßÛÂóäâ­èÚÖòè 
1 ÃîÛĂÛÿäõćââöÂóäāÅ­ÈÃ÷ĈÚ 
3 ÃîÛĂÛâöÂóäāÅ­ÈÃ÷ĈÚ (æ÷ÂÿÜĆÚÖòè V ) 
5 âöÂóäāÅ­ÈØòĈÈĂÛ (Åæ­óãÖòè U) 
7 ĂÛâöÂóäâ­èÚ (Åæ­óãÖòè O) 
9 ĂÛâ­èÚĀÚ¬Ú (Åæ­óãÿÃĆâ) 
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3.3 ÅùÔáóßÃîÈÝæÝæõÖ 
ÿÂĆÛÝæÂóäØÕæîÈ 4 ËùÕÂóäØÕæîÈ ą æñ 16 ÌČĈó ą æñ 4 Ö­Ú ÕòÈÚöĈ 

3.3.1 ÉČóÚèÚÿâæĆÕÖ¬îÂî 
3.3.1.1 ÉČóÚèÚÿâæĆÕÕöÖ¬îÂî  
ÉČóÚèÚÿâæĆÕÕöÖ¬îÂî = (ÉČóÚèÚÿâæĆÕÕöØòĈÈäèÈÖ¬îÌČĈó) / (ÉČóÚèÚÿâæĆÕäèâØòĈÈäèÈ

Ö¬îÌČĈó) 
3.3.1.2 ÉČóÚèÚÿâæĆÕæöÛÖ¬îÂî  
ÉČóÚèÚÿâæĆÕæöÛÖ¬îÂî = (ÉČóÚèÚÿâæĆÕæöÛØòĈÈäèÈÖ¬îÌČĈó) / (ÉČóÚèÚÿâæĆÕäèâØòĈÈ

äèÈÖ¬îÌČĈó) 
3.3.1.3 ÉČóÚèÚÿâæĆÕäèâ 
ÉČóÚèÚÿâæĆÕäèâ = ÉČóÚèÚÿâæĆÕÕöÖ¬îÂî + ÉČóÚèÚÿâæĆÕæöÛÖ¬îÂî 

3.3.2 äèÈ 
3.3.2.1 ÅèóâãóèäèÈ 
āÕãØČóÂóäèòÕÉóÂÃ­îĀäÂÃîÈØ­óãäèÈÃ÷ĈÚâó×÷ÈÜæóãäèÈ  
3.3.2.2 ÚČĈóìÚòÂäèÈ  
āÕãÚČóäèÈØöćăÕ­ÉóÂÃ­î 3.3.2.1 âóËòćÈÿßøćîÛòÚØ÷ÂÚČĈóìÚòÂ 

3.3.3 ÚČĈóìÚòÂÿâæĆÕÃ­óè 100 ÿâæĆÕ  
āÕãëù¬âÿâæĆÕÃ­óè 100 ÿâæĆÕ ØöćÅèóâËøĈÚ 14 ÿÜîä°ÿÌĆÚÖ° 
3.3.4 ÃÚóÕÿâæĆÕ 

3.3.4.1 ÅèóâÂè­óÈÿæĆÕ 
3.3.4.2 ÅèóâìÚóÿâæĆÕ 
3.3.4.3 ÅèóâãóèÿâæĆÕ 

3.3.5 ÜäõâóÔĀîÚāØăÌãóÚõÚĂÚÿâæĆÕÃ­óè  
ÂóäèòÕÜäõâóÔĀîÚāØāÌãóÚõÚÕòÕĀÜæÈÉóÂèõÙöÃîÈ (Rabino & Mancinelli, 1986) 

āÕãÿÂĆÛÝæÂóäØÕæîÈ 4 ËùÕÂóäØÕæîÈ ą æñ 16 ÌČĈó ą æñ 4 Ö­Ú āÕãØČóÂóäèõÿÅäóñì°ÜäõâóÔĀîÚ
āØăÌãóÚõÚäèâĂÚÿâæĆÕÃ­óèăäÌ°ÿÛîäöć āÕãÚČóÿâæĆÕÃ­óèËòćÈÚČĈóìÚòÂ 0.2 Âäòâ Āæ­èĀË¬ĂÚ Acidic 
methanol ƞƖ% (ÿÖäöãâÉóÂ Ɩ.ƗƜ% Ascorbic acid,0.16% t-butyl hydroquinone Āæñ Ɩ.Ɨ% 
Hydrochloric acid) ÜäõâóÔ 1 âõææõæõÖä ØõĈÈăè­ĂÚØöćâøÕØöćîùÔìáúâõì­îÈÿÜĆÚÿèæó Ɨ2-18 ËòćèāâÈ 
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ìæòÈÉóÂÚòĈÚÕúÕëóäæñæóãë¬èÚĂë ÜäõâóÖä 400 ăâāÅäæõÖä Ăë¬ĂÚìæîÕØÕæîÈ Āæ­èÿÖõâ Acidic 
methanol ƞƖ% ÜäõâóÖä 600 ăâāÅäæõÖä ÚČóâóèòÕÅ¬óÂóäÕúÕÂæøÚĀëÈØöćÅèóâãóèÅæøćÚ 530Āæñ 
657 ÚóāÚÿâÖä ĀæñÚČóÅ¬óØöćăÕ­âóÅČóÚèÔÜäõâóÔĀîÚāØăÌãóÚõÚäèâ ÖóâëâÂóäÕòÈÚöĈ 

 
Anthocyanin = (A530 · 0.25 x A657) x M-1 

 
ÂóäèõÿÅäóñì°Ã­îâúæØóÈë×õÖõ 
ÚČóÝæÂóäØÕæîÈØöćăÕ­âóèõÿÅäóñì°ÅèóâĀÜäÜäèÚ (Analysis of variance; ANOVA) 

ĀæñÖäèÉëîÛÅèóâĀÖÂÖ¬óÈÃîÈÅ¬óÿÊæöćãāÕãèõÙö Duncan³s multiple-range test (DMRT) Õ­èã
āÜäĀÂäâ SPSS version 23 (Statistics package for the social sci) 



 
 

ÛØØöć ƚ  
ÝæÂóäØÕæîÈ 

 
äñÕòÛÅèóâĀæ­ÈØöćÖ­ÚÃ­óèăäÌ°ÿÛîäöćëóâóä×ØÚăÕ­ 
Å¬óÅæîāäàõææ°àæúîîÿäëÿÌÚÌ° (chlorophyll fluorescence, Fv/Fm) ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöć
áóãĂÖ­ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È  
ÉóÂÝæÂóäØÕæîÈÖóâÖóäóÈ 4 ßÛè¬ó ĂÚèòÚØöć 3 ÃîÈÂóäØÕæîÈ ÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöć

ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó Fv/Fm ăâ¬ĀÖÂÖ¬óÈÂòÛËùÕ
ÅèÛÅùâ ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Fv/Fm æÕæÈ ÅõÕÿÜĆÚ 0.98 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕ

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 15% (W/V) PEG6000 âöÅ¬ó Fv/Fm ăâ¬
ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâ ØöćäñÕòÛ 20% (W/V) PEG6000 âöÅ¬ó Fv/Fm æÕæÈ ÅõÕÿÜĆÚ 0.01 

ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 6 
ÃîÈÂóäØÕæîÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó  Fv/Fm âóÂÂè¬ó ÅõÕÿÜĆÚ 1.01 ÿØ¬ó ÿâøćîÿØöãÛ

ÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG 
âöÅ¬ó Fv/Fm  ăâ¬ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâ  ØöćäñÕòÛ 15% (W/V) PEG6000 âöÅ¬ó Fv/Fm 
æÕæÈ ÅõÕÿÜĆÚ 0.82 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(p<0.05) ØöćäñÕòÛ 20% (W/V) PEG6000 âöÅ¬ó Fv/Fm æÕæÈ ÅõÕÿÜĆÚ 0.02 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­Ú

Ã­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 9 ÃîÈÂóäØÕæîÈÿâøćîÖ­Ú
Ã­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó Fv/Fm âóÂÂè¬ó 

ÅõÕÿÜĆÚ 1.02 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) 
ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Fv/Fm ăâ¬ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâ ØöćäñÕòÛ 15% 
(W/V) PEG6000 âöÅ¬ó Fv/Fm æÕæÈ ÅõÕÿÜĆÚ 0.69 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ 

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 20% (W/V) PEG6000 âöÅ¬ó Fv/Fm æÕæÈ ÅõÕÿÜĆÚ 

0.02 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 
12 ÃîÈÂóäØÕæîÈÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 
5% (W/V) PEG6000 âöÅ¬ó  Fv/Fm ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.02 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕ

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Fv/Fm  ăâ¬
ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâØöćäñÕòÛ 15% (W/V) PEG6000 âöÅ¬ó Fv/Fm æÕæÈ ÅõÕÿÜĆÚ 0.95 

ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 20% 



  52 

(W/V) PEG6000 âöÅ¬ó Fv/Fm æÕæÈ ÅõÕÿÜĆÚ 0.04 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ 

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 15 ÃîÈÂóäØÕæîÈÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛî
äöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó Fv/Fm âóÂÂè¬ó ăâ¬ĀÖÂÖ¬óÈ
ÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâ  ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Fv/Fm  ăâ¬ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚËùÕ
ÅèÛÅùâ ØöćäñÕòÛ 15% (W/V) PEG6000 âöÅ¬ó Fv/Fm æÕæÈ ÅõÕÿÜĆÚ 0.86 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óè

ăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 20% (W/V) PEG6000 ăâ¬
ëóâóä×èòÕÅ¬ó Fv/Fm ăÕ­ĂÚèòÚØöć 18 ÃîÈÂóäØÕæîÈÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó  Fv/Fm ăâ¬ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚ
ËùÕÅèÛÅùâ  ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Fv/Fm  ăâ¬ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâ ĂÚ
èòÚØöć 21 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) 
PEG6000 âöÅ¬ó  Fv/Fm âóÂÂè¬ó ÅõÕÿÜĆÚ 1.02 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ 

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Fv/Fm âóÂÂè¬ó ÅõÕÿÜĆÚ 

1.04 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 
24 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) 
PEG6000 âöÅ¬ó  Fv/Fm âóÂÂè¬ó ÅõÕÿÜĆÚ 1.03 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ 

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó  Fv/Fm âóÂÂè¬ó ÅõÕ

ÿÜĆÚ 1.03 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚ
èòÚØöć 27 ÃîÈÂóäØÕæîÈÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöć
äñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó  Fv/Fm ăâ¬ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâ ØöćäñÕòÛ 10% (W/V) 
PEG6000 âöÅ¬ó  Fv/Fm âóÂÂè¬ó ÅõÕÿÜĆÚ 1.01 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ 

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 30 ÃîÈÂóäØÕæîÈÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛî
äöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó Fv/Fm âóÂÂè¬ó ÅõÕÿÜĆÚ 

1.01 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 
10% (W/V) PEG6000 âöÅ¬ó  Fv/Fm âóÂÂè¬ó ÅõÕÿÜĆÚ 1.02 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚ

ËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 33 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöć
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó  Fv/Fm Ú­îãÂè¬ó ÅõÕÿÜĆÚ 

0.97 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 
10% (W/V) PEG6000 âöÅ¬ó Fv/Fm Ú­îãÂè¬ó ÅõÕÿÜĆÚ 0.99 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕ
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ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 36 ÃîÈÂóäØÕæîÈÃîÈÂóäØÕæîÈÿâøćîÖ­Ú
Ã­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó Fv/Fm Ú­îãÂè¬ó 

ÅõÕÿÜĆÚ 0.99 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) 
ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Fv/Fm Ú­îãÂè¬ó ÅõÕÿÜĆÚ 0.99 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°

ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 39 ÃîÈÂóäØÕæîÈÃîÈÂóä
ØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó
Fv/Fm Ú­îãÂè¬ó ÅõÕÿÜĆÚ 0.99 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎ

ØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó  Fv/Fm Ú­îãÂè¬ó ÅõÕÿÜĆÚ 1 ÿØ¬ó ÿâøćî

ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 42 ÃîÈÂóä
ØÕæîÈÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) 
PEG6000 âöÅ¬ó  Fv/Fm ăâ¬ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâ ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó 
Fv/Fm Ú­îãÂè¬ó ÅõÕÿÜĆÚ 1.02 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎ

ØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 45 ÃîÈÂóäØÕæîÈÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó  Fv/Fm Ú­îãÂè¬ó ÅõÕÿÜĆÚ 0.99 ÿØ¬ó 

ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% 
(W/V) PEG6000 âöÅ¬ó  Fv/Fm Ú­îãÂè¬ó ÅõÕÿÜĆÚ 0.98 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕ

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 48 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó  Fv/Fm Ú­îãÂè¬ó ÅõÕÿÜĆÚ 0.98 ÿØ¬ó 

ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% 
(W/V) PEG6000 âöÅ¬ó Fv/Fm Ú­îãÂè¬ó ÅõÕÿÜĆÚ 0.95 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕ

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 51 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó Fv/Fm Ú­îãÂè¬ó ÅõÕÿÜĆÚ 0.99 ÿØ¬ó 

ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% 
(W/V) PEG6000 âöÅ¬ó Fv/Fm Ú­îãÂè¬ó ÅõÕÿÜĆÚ 0.65 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕ

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) 
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ÖóäóÈ ƚ Å¬óÅæîāäàõææ°àæúîîÿäëÿÌÚÌ° (Chlorophyll fluorescence, Fv/Fm) ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛî 
äöćáóãĂÖ­ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
 

 

1 ÖòèîòÂêäáóêóîòÈÂåêìæòÈÖòèÿæÃØöćÿìâøîÚÂòÚĂÚĀÚèÚîÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćî
ÿÜäöãÛÿØöãÛÕ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=
Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 

Day(s) ėƞŅėĸŀőĶĲƕĸĸƢĲĸŌŀŀŏĶĽŏĞĬĞƢȮ&chlorophyll fluorescence, Fv/Fm) 

(Å¬óÿÊæöćã ° SE) 
Treatment (s) 

Control 5% (W/V) 
PEG6000 

10% (W/V) 
PEG6000 

15% (W/V) 
PEG6000 

20% (W/V) 
PEG6000 

0 0.805±0.004a 0.805±0.004a 0.804±0.002a 0.804±0.002a 0.805±0.004a 
3 0.799±0.003c 0.796±0.004c 0.785±0.007b 0.8±0.004c 0.012±0.001a 
6 0.785±0.004c 0.794±0.003d 0.79±0.005c 0.643±0.097b 0.014±0.001a 
9 0.808±0.001c 0.823±0.002d 0.814±0.003c 0.56±0.12b 0.016±0.002a 
12 0.807±0.002c 0.823±0.001d 0.802±0.006c 0.765±0.028b 0.032±0.007a 
15 0.803±0.002b 0.806±0.002b 0.803±0.004b 0.688±0.097a 0 
18 0.815±0.003a 0.813±0.002a 0.818±0.002a 0 0 
21 0.781±0.004a 0.797±0.003b 0.813±0.001b 0 0 
24 0.786±0.004a 0.807±0.003b 0.812±0.001b 0 0 
27 0.822±0.002a 0.824±0.001a 0.828±0.002b 0 0 
30 0.804±0.002a 0.811±0.001b 0.817±0.002c 0 0 
33 0.823±0.002c 0.798±0.0107a 0.817±0.003b 0 0 
36 0.826±0.002b 0.82±0.004a 0.815±0.003a 0 0 
39 0.819±0.001c 0.812±0.002a 0.817±0.001b 0 0 
42 0.8±0.002a 0.792±0.003a 0.815±0.002b 0 0 
45 0.817±0.001b 0.806±0.003a 0.803±0.006a 0 0 
48 0.811±0.002c 0.798±0.005b 0.768±0.017a 0 0 
51 0.805±0.002c 0.795±0.005b 0.522±0.133a 0 0 
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Å¬ó Performance index (Pi) ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
ÉóÂÝæÂóäØÕæîÈÖóäóÈ 5 ĂÚèòÚØöć 3 ÃîÈÂóäØÕæîÈ ÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛ

ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó  Pi  ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.15 ÿØ¬ó ÿâøćî

ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) 
PEG6000 âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 0.85 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 15% (W/V) PEG6000 âöÅ¬ó Pi ăâ¬ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛËùÕ
ÅèÛÅùâ ØöćäñÕòÛ 20% (W/V) PEG6000 ăâ¬ëóâóä×èòÕÅ¬ó Pi ăÕ­ ĂÚèòÚØöć 6 ÃîÈÂóäØÕæîÈ ÿâøćîÖ­Ú
Ã­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó  Pi  ÿßõćâÃ÷ĈÚ ÅõÕ

ÿÜĆÚ 1.59 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) Øöć
äñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Pi ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.49 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕ

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 15% (W/V) PEG6000 âöÅ¬ó Pi ăâ¬ĀÖÂÖ¬óÈ
ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâ ĂÚèòÚØöć 9 ÃîÈÂóäØÕæîÈ ÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó  Pi  ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.19 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óè

ăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó 
Pi ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.1 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(p<0.05) ØöćäñÕòÛ 15% (W/V) PEG6000 âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 0.4 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°

ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 12 ÃîÈÂóäØÕæîÈ ÿâøćîÖ­ÚÃ­óè
ăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó  Pi  ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 

1.65 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 
10% (W/V) PEG6000 âöÅ¬ó Pi ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.39 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕ

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 15% (W/V) PEG6000 âöÅ¬ó Pi æÕæÈ ÅõÕ

ÿÜĆÚ 1.26 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚ
èòÚØöć 15 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) 
PEG6000 âöÅ¬ó  Pi  ăâ¬ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâ ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Pi 
ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.41 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(p<0.05) ØöćäñÕòÛ 15% (W/V) PEG6000 âöÅ¬ó Pi ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 0.62 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óè

ăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 18 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óè
ăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó  Pi  æÕæÈ ÅõÕÿÜĆÚ 
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0.62 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05)  ØöćäñÕòÛ 
10% (W/V) PEG6000 âöÅ¬ó Pi ăâ¬ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâ  ĂÚèòÚØöć 21 ÃîÈÂóäØÕæîÈ 
ÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó Pi ăâ¬
ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâ  ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Pi ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.53 

ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 24 
ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) 
PEG6000 âöÅ¬ó Pi ăâ¬ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâ  ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Pi 
ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.56 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(p<0.05) ĂÚèòÚØöć 27 ÃîÈÂóäØÕæîÈ ÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöć
äñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 0.8 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕ

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Pi ăâ¬ĀÖÂÖ¬óÈ
ÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâ  ĂÚèòÚØöć 30 ÃîÈÂóäØÕæîÈ ÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 0.83 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°

ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Pi 
ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.1 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(p<0.05) ĂÚèòÚØöć 33 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 
5% (W/V) PEG6000 âöÅ¬ó  Pi  æÕæÈ ÅõÕÿÜĆÚ 0.46 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ 

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 0.85 

ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 36 
ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) 
PEG6000 âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 0.61 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (p<0.05)ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 0.72 ÿØ¬ó ÿâøćî

ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 39 ÃîÈÂóä
ØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó Pi 
æÕæÈ ÅõÕÿÜĆÚ 0.58 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Pi ăâ¬ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâ  ĂÚèòÚØöć 42 
ÃîÈÂóäØÕæîÈ ÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) 
PEG6000 âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 0.53 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâö
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ÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Pi ăâ¬ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚËùÕ
ÅèÛÅùâ ĂÚèòÚØöć 45 ÃîÈÂóäØÕæîÈ ÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 
5% (W/V) PEG6000 âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 0.62 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ 

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 0.67 

ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 48 
ÃîÈÂóäØÕæîÈ ÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) 
PEG6000 âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 0.45 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 0.44 ÿØ¬ó ÿâøćî

ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 51 ÃîÈÂóä
ØÕæîÈ ÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó 
Pi æÕæÈ ÅõÕÿÜĆÚ 0.47 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 3.36 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°

ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) 
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ÖóäóÈ 5 Å¬ó Performance index (Pi) ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 

Day(s) Performance index (Å¬óÿÊæöćã ° SE) 
Treatment (s) 

Control 5% (W /V) 
PEG6000 

10% (W/V) 
PEG6000 

15% (W/V) 
PEG6000 

20% (W/V) 
PEG6000 

0 2.674±0.136a 2.674±0.136a 2.674±0.136a 2.538±0.105a 2.674±0.136a 
3 2.38±0.108c 2.748±0.153d 2.033±0.18b 2.232±0.137bc 0.00003±0.00002a 
6 1.406±0.124b 2.235±0.158c 2.097±0.19c 1.086±0.259b 0.00003±0.00002a 
9 2.552±0.057c 3.047±0.186d 2.798±0.193d 1.024±0.386b 0.00004±0.00002a 
12 1.886±0.175b 3.112±0.132d 2.619±0.364d 2.373±0.475b 0.001±0.0004a 
15 2.814±0.148b 3.075±0.218b 3.957±0.202c 1.739±0.348a 0 
18 3.732±0.178b 2.325±0.203a 3.624±0.277b 0 0 
21 2.041±0.237a 1.998±0.232a 3.121±0.088b 0 0 
24 2.203±0.149a 2.105±0.164a 3.434±0.155b 0 0 
27 5.169±0.312b 4.13±0.245a 5.176±0.258b 0 0 
30 3.18±0.093b 2.639±0.182a 3.516±0.239c 0 0 
33 4.413±0.114c 2.023±0.383a 3.767±0.25b 0 0 
36 4.459±0.255b 2.741±0.265a 3.235±0.375a 0 0 
39 5.039±0.352b 2.913±0.245a 4.777±0.277b 0 0 
42 3.775±0.111b 2.019±0.167a 3.769±0.285b 0 0 
45 3.514±0.102b 2.194±0.26a 2.361±0.381a 0 0 
48 3.692±0.31b 1.653±0.3a 1.621±0.394a 0 0 
51 4.216±0.303b 1.985±0.233a 1.524±0.519a 0 0 

 

1 ÖòèîòÂêäáóêóîòÈÂåêìæòÈÖòèÿæÃØöćÿìâøîÚÂòÚĂÚĀÚèÚîÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćî
ÿÜäöãÛÿØöãÛÕ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=
Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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Å¬óÅèóâÿÃöãèÃîÈĂÛ (SPAD value) ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­È 
ÉóÂÝæÂóäØÕæîÈĂÚÖóäóÈ 6 ßÛè¬óĂÚèòÚØöć 3 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛ

ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ ăâ¬ĀÖÂÖ¬óÈÂòÛ
Ö­ÚÃ­óèĂÚËùÕÅèÛÅùâ ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ æÕæÈ ÅõÕÿÜĆÚ 0.8 

ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 15% 
(W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.71 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚ

ËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 20% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãè
ÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.41 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈ

ë×õÖõ (p<0.05) ĂÚèòÚØöć 6 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöć
äñÕòÛ 5% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.2 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óè

ăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó
ÅèóâÿÃöãèÃîÈĂÛ  ăâ¬ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâ ØöćäñÕòÛ 15% (W/V) PEG6000 âöÅ¬óÅèóâ
ÿÃöãèÃîÈĂÛ ăâ¬ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâ ØöćäñÕòÛ 20% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãè
ÃîÈĂÛ æÕæÈ ÅõÕÿÜĆÚ 0.48 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈ

ë×õÖõ (p<0.05) ĂÚèòÚØöć 9 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöć
äñÕòÛ 5% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ ăâ¬ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâ ØöćäñÕòÛ 
10% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ ăâ¬ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèĂÚËùÕÅèÛÅùâ ØöćäñÕòÛ 15% 
(W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ æÕæÈ ÅõÕÿÜĆÚ 0.72 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚ

ËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 20% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãè
ÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.23 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈ

ë×õÖõ (p<0.05) ĂÚèòÚØöć 12 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöć
äñÕòÛ 5% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.94 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óè

ăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬ó
ÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.94 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 15% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ æÕæÈ ÅõÕ

ÿÜĆÚ 0.51 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) Øöć
äñÕòÛ 20% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ æÕæÈ ÅõÕÿÜĆÚ 0.12 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óè
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ăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 15 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óè
ăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ 
æÕæÈ ÅõÕÿÜĆÚ 0.95 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.9 ÿØ¬ó ÿâøćîÿØöãÛ

ÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 15% (W/V) 
PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.72 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕ

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 18 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 

0.71 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 
10% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.74 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛî

äöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 21 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛî
äöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕ

ÿÜĆÚ 0.73 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) Øöć
äñÕòÛ 10% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.78 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óè

ăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 24 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óè
ăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ
æÕæÈ ÅõÕÿÜĆÚ 0.68 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.81 ÿØ¬ó ÿâøćî

ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 27 ÃîÈÂóä
ØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó
ÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.79 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 

0.9 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 
30 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) 
PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.82 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕ

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈ
ĂÛæÕæÈ ÅõÕÿÜĆÚ 0.81 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(p<0.05) ĂÚèòÚØöć 33 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 
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5% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ æÕæÈ ÅõÕÿÜĆÚ 0.68 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöć

ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬óÅèóâ
ÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.72 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎ

ØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 36 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.71 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­Ú

Ã­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âö
Å¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.83 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 39 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕ
ÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.8 ÿØ¬ó ÿâøćî

ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) 
PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.92 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕ

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 42 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ æÕæÈ ÅõÕÿÜĆÚ 

0.73 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 
10% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.81 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛî

äöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 45 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛî
äöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕ

ÿÜĆÚ 0.72 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) Øöć
äñÕòÛ 10% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.74 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óè

ăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 48 ÃîÈÂóäØÕæîÈÿâøćîÖ­ÚÃ­óè
ăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ
æÕæÈ ÅõÕÿÜĆÚ 0.58 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.68 ÿØ¬ó ÿâøćî

ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 51 ÃîÈÂóä
ØÕæîÈÿâøćîÖ­ÚÃ­óèăäÌ°ÿÛîäöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈØöćäñÕòÛ 5% (W/V) PEG6000 âöÅ¬ó
ÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.61 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ØöćäñÕòÛ 10% (W/V) PEG6000 âöÅ¬óÅèóâÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 

0.68 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05)  
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ÖóäóÈ 6 Å¬óÅèóâÿÃöãèÃîÈĂÛ (SPAD value) ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­È 

 

Day(s) Å¬óÅèóâÿÃöãèÃîÈĂÛ (Å¬óÿÊæöćã ° SE) 
Treatment (s) 

Control 5% (W/V) 
PEG6000 

10% (W/V) 
PEG6000 

15% (W/V) 
PEG6000 

20% (W/V) 
PEG6000 

0 19.9±0.541a 19.888±0.386a 19.888±0.386a 19.9±0.541a 19.9±0.541a 
3 22.063±0.642c 21.1±0.698c 17.638±1.29b 15.638±1.279b 9.15±1.015a 
6 17.713±2.48b 21.237±0.666c 20.35±0.724bc 16.8±0.534b 8.513±0.868a 
9 21.15±0.502c 21.325±0.274c 21.075±0.663c 15.288±1.371b 4.825±0.719a 
12 22.988±0.341d 21.738±0.759c 21.55±0.812c 11.65±1.262b 2.825±0.948a 
15 23.163±0.2c 22.012±0.438b 20.875±1.091b 16.725±1.145a 0 
18 27.063±0.836b 19.238±0.75a 19.975±0.757a 0 0 
21 28.412±0.818b 20.738±0.86a 22.225±1.076a 0 0 
24 28.025±0.479c 19.138±1.326a 22.725±0.619b 0 0 
27 28.138±0.689c 22.287±0.803a 25.413±0.718b 0 0 
30 26.063±0.412b 21.425±0.597a 21.225±0.642a 0 0 
33 26.737±0.791b 17.9±0.993a 19.4±0.74a 0 0 
36 26.663±0.648b 19.013±1.016a 22.125±1.066a 0 0 
39 24.787±0.479c 19.813±0.668a 22.888±0.582b 0 0 
42 27.475±0.599b 20.188±0.649a 22.275±1.264a 0 0 
45 26.412±0.771b 19.088±0.566a 19.675±1.235a 0 0 
48 27.575±0.491c 16.013±0.841a 18.863±1.118b 0 0 
51 26.45±0.731b 16.037±0.888a 18.05±2.984a 0 0 

 

1 ÖòèîòÂêäáóêóîòÈÂåêìæòÈÖòèÿæÃØöćÿìâøîÚÂòÚĂÚĀÚèÚîÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćî
ÿÜäöãÛÿØöãÛÕ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=
Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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äñÕòÛÅèóâÿÃ­âÃ­ÚÃîÈ DHECD ØöćÿìâóñëâÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ëáóèñĀæ­È 
äñÕòÛÅèóâÿÃ­âÃ­ÚÃîÈ DHECD ØöćâöÖ¬îÅ¬óÜäñëõØÙõáóßÂóäëòÈÿÅäóñì°Õ­èãĀëÈ 
(Chlorophyll fluorescence , Fv/Fm ) ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ëáóèñĀæ­È 

 ÉóÂÝæÂóäØÕæîÈĂÚèòÚØöć 3 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­È âöÅ¬ó Fv/Fm ăâ¬ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅä
āâæóä°  âöÅ¬ó Fv/Fm ăâ¬ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­Ú
Ã­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâ
æóä°  âöÅ¬ó Fv/Fm ăâ¬ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óè
ăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  
âöÅ¬ó Fv/Fm ăâ¬ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óè
ăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  
âöÅ¬ó Fv/Fm ăâ¬ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óè
ăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú1 ăâāÅäāâæóä°  âö
Å¬ó Fv/Fm ăâ¬ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛ
ëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°   

ĂÚèòÚØöć 6 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÅ¬ó Fv/Fm ÿßõćâÃ÷ĈÚ 
ÅõÕÿÜĆÚ 1.01 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎ

ØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD 
ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬ó Fv/Fm ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.02 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­

äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅ¬ó Fv/Fm 
ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.01 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È  îã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬ó Fv/Fm ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.01 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕ

ÅèÛÅùâîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È
ĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅ¬ó Fv/Fm ăâ¬ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛÖ­Ú
Ã­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬ó Fv/Fm ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1 ÿØ¬ó  ÿâøćî
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ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 
1.5 ăâāÅäāâæóä°   

ĂÚèòÚØöć 9 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÅ¬ó Fv/Fm ăâ¬
ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬ó Fv/Fm 
æÕæÈ ÅõÕÿÜĆÚ 0.99 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅ¬ó Fv/Fm ăâ¬ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬ó Fv/Fm ăâ¬ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöć
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛ
ëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅ¬ó Fv/Fm ăâ¬ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛî
äöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛ
ëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬ó Fv/Fm æÕæÈ ÅõÕÿÜĆÚ 0.99 ÿØ¬ó  ÿâøćîÿØöãÛÂòÛÖ­Ú
Ã­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâ
æóä°   

ĂÚèòÚØöć 12 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈâöÅ¬ó Fv/Fm 
ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.01 ÿØ¬ó ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛ
ëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬ó Fv/Fm ăâ¬ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­
äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅ¬ó Fv/Fm ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.01 ÿØ¬ó ĀÖÂÖ¬óÈÿâøćîÿØöãÛ

ÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âö
Å¬ó Fv/Fm ăâ¬ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬ó 
Fv/Fm æÕæÈ ÅõÕÿÜĆÚ 0.99 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È
ĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  (áóßÜäñÂîÛ 17 ) 
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áóßÜäñÂîÛ 16 äñÕòÛÅèóâÿÃ­âÃ­ÚÃîÈ DHECD ØöćâöÖ¬îÅ¬óÜäñëõØÙõáóßÂóäëòÈÿÅäóñì°Õ­èãĀëÈ( 
Chlorophyll fluorescence , Fv/Fm )ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ëáóèñĀæ­È 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 
äñÕòÛÅèóâÿÃ­âÃ­ÚÃîÈ DHECD ØöćâöÖ¬îÅ¬ó Performance index  (Pi) ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöć
áóãĂÖ­ëáóèñĀæ­È 

 ÉóÂÝæÂóäØÕæîÈĂÚèòÚØöć 3 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­È âöÅ¬ó Pi ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.54 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂ

ëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1ăâāÅäāâæóä°  âöÅ¬ó Pi ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.65 ÿØ¬ó ÿâøćî

ÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­Ú
Ã­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâ
æóä°  âöÅ¬ó Pi ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.59 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ

Āæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñ
ăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÅ¬ó Pi ăâ¬ĀÖÂÖ¬óÈÉóÂÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ



  66 

ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅ¬ó Pi ăâ¬ĀÖÂÖ¬óÈÉóÂÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬ó Pi  ăâ¬ĀÖÂÖ¬óÈ  ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°   

ĂÚèòÚØöć 6 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÅ¬ó Pi ăâ¬ĀÖÂÖ¬óÈ
ÉóÂËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬ó Pi ăâ¬ĀÖÂÖ¬óÈÉóÂËùÕ
ÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È
ĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 0.79 ÿØ¬ó ÿâøćîÿØöãÛ

ÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÅ¬ó 
Pi ăâ¬ĀÖÂÖ¬óÈÉóÂÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬ó Pi æÕæÈ 

ÅõÕÿÜĆÚ 0.71 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöć
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬ó Pi 
ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.54 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñ

ăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
ĂÚèòÚØöć 9 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÅ¬ó Pi ăâ¬ĀÖÂÖ¬óÈ

ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕ
ÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 0.61 
ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 
1.5 ăâāÅäāâæóä°  âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 0.74 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕ

ÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 0.68 ÿØ¬ó 

ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕ
ÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 

0.83 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
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ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬ó Pi  æÕæÈ 
ÅõÕÿÜĆÚ 1.5 ÿØ¬ó  ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 

DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P< 0.05) 
ĂÚèòÚØöć 12 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÅ¬ó Pi æÕæÈ ÅõÕ

ÿÜĆÚ 0.76 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈ

ë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD Åèóâ
ÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬ó Pi æÕæÈ ÅõÕÿÜĆÚ 0.85 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛ

ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅ¬ó Pi æÕæÈ 
ÅõÕÿÜĆÚ 0.21 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎ

ØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD 
ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÅ¬ó Pi ăâ¬ĀÖÂÖ¬óÈÉóÂÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD Åèóâ
ÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  ăâ¬ĀÖÂÖ¬óÈÉóÂÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈÖ­Ú
Ã­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâ
æóä°  âöÅ¬ó Pi  ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñ
ăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  (áóßÜäñÂîÛ 18) 
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áóßÜäñÂîÛ 17 äñÕòÛÅèóâÿÃ­âÃ­ÚÃîÈ DHECD ØöćâöÖ¬îÅ¬ó Performance index (Pi) ÃîÈÖ­ÚÃ­óè
ăäÌ°ÿÛîäöćáóãĂÖ­ëáóèñĀæ­È 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 
äñÕòÛÅèóâÿÃ­âÃ­ÚÃîÈ DHECD ØöćâöÖ¬îÅèóâÿÃöãèÃîÈĂÛÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ëáóèñ
Āæ­È 
ÉóÂÝæÂóäØÕæîÈĂÚèòÚØöć 3 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

âöÅ¬óÅèóâÿÃöãèÃîÈĂÛÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.08 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂ

ëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 
1.16 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 
1.5 ăâāÅäāâæóä°  âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.08 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­

äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬óÅèóâÿÃöãè
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ÃîÈĂÛÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.08 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛ
ëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­Ú
Ã­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 
1.07 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD 

ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
ĂÚèòÚØöć 6 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÅ¬óÅèóâÿÃöãèÃîÈ

ĂÛæÕæÈ ÅõÕÿÜĆÚ 0.75 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ ăâ¬ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâ 
Øöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñ
ăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅ¬óÅèóâÿÃöãèÃîÈĂÛÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.04 
ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 
1 ăâāÅäāâæóä°  âöÅ¬óÅèóâÿÃöãèÃîÈĂÛÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.26 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöć
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È  Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛ
ëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.39 ÿØ¬ó 
ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1ăâāÅäāâæóä°  âöÅ¬óÅèóâÿÃöãè
ÃîÈĂÛ æÕæÈ ÅõÕÿÜĆÚ 0.9 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È
ĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°   

ĂÚèòÚØöć 9 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÅ¬óÅèóâÿÃöãèÃîÈ
ĂÛæÕæÈ ÅõÕÿÜĆÚ 0.78 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (P<0.05)Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° æÕæÈ ÅõÕÿÜĆÚ 0.87 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛ

ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅ¬óÅèóâ
ÿÃöãèÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.77 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È
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îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛ
ëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.12 ÿØ¬ó ÿâøćî
ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕ
ÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ ăâ¬
ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú ƗăâāÅäāâæóä°  âöÅ¬óÅèóâÿÃöãè
ÃîÈĂÛ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.13 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È

ĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
ĂÚèòÚØöć 12 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÅ¬óÅèóâÿÃöãè

ÃîÈĂÛæÕæÈ ÅõÕÿÜĆÚ 0.73 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈ

âöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÅ¬óÅèóâÿÃöãèÃîÈĂÛăâ¬ĀÖÂÖ¬óÈÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöć

ăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅ¬óÅèóâ
ÿÃöãèÃîÈĂÛ ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅ¬ó
ÅèóâÿÃöãèÃîÈĂÛ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.31 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ

ëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05)  Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 
1.3 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05)  Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD Åèóâ
ÿÃ­âÃ­Ú 1ăâāÅäāâæóä°  âöÅ¬óÅèóâÿÃöãèÃîÈĂÛ ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  (áóßÜäñÂîÛ 
19) 
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áóßÜäñÂîÛ 18 äñÕòÛÅèóâÿÃ­âÃ­ÚÃîÈ DHECD ØöćâöÖ¬îÅ¬óÅèóâÿÃöãèÃîÈĂÛ (SPAD Value) ÃîÈ
Ö­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ëáóèñĀæ­È 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 
ÜäõâóÔÅæîāäàõææ° ÿî (Chlorophyll a content) 
ÉóÂÝæÂóäØÕæîÈĂÚèòÚØöć 3 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

âöÜäõâóÔÅæîāäàõææ° ÿî æÕæÈ ÅõÕÿÜĆÚ 0.84 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕ

ÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° ÿî ÿßõćâÃ÷ĈÚ 
ÅõÕÿÜĆÚ 1.54 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎ

ØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD 
ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° ÿî ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 0.94 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕ

ÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛî
äöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âö
ÜäõâóÔÅæîāäàõææ° ÿî ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.82 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕ
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ÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° ÿî 
ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.39 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° ÿî ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.31 ÿØ¬ó ÿâøćî
ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 

1.5 ăâāÅäāâæóä°  îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
ĂÚèòÚØöć 6 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÜäõâóÔ

Åæîāäàõææ° ÿî ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óè
ăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  
âöÜäõâóÔÅæîāäàõææ° ÿî ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.51 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕ

ÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° ÿî ăâ¬
ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔ
Åæîāäàõææ° ÿî ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.37 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 
1.5 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° ÿî ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° ÿî ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.6 ÿØ¬ó ÿâøćîÿØöãÛ
ÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâ

āÅäāâæóä°  îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
ĂÚèòÚØöć 9 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÜäõâóÔ

Åæîāäàõææ° ÿî ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óè
ăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  
âöÜäõâóÔÅæîāäàõææ° ÿî ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.57 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕ

ÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° ÿî 
ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.29 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâö
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ÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° ÿî ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.41 ÿØ¬ó ÿâøćî

ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâ
āÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° ÿî ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕ
ÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD Åèóâ
ÿÃ­âÃ­Ú Ɨ ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° ÿî ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.22 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
ĂÚèòÚØöć 12 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÜäõâóÔ

Åæîāäàõææ° ÿî ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óè
ăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  
âöÜäõâóÔÅæîāäàõææ° ÿî ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâ
āÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° ÿî ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD Åèóâ
ÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° ÿî ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° ÿî ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óè
ăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È
ĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú ƗăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° ÿî ăâ¬ĀÖÂÖ¬óÈ ÿâøćî
ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 

1.5 ăâāÅäāâæóä°  îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) (áóßÜäñÂîÛ 20 ) 
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áóßÜäñÂîÛ 19 äñÕòÛÅèóâÿÃ­âÃ­ÚÃîÈ DHECD ØöćâöÖ¬îÜäõâóÔÅæîāäàõææ° ÿî ÃîÈÖ­ÚÃ­óèăäÌ°
ÿÛîäöćáóãĂÖ­ëáóèñĀæ­È 

 
1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 
ÜäõâóÔÅæîāäàõææ° Ûö (Chlorophyll b content) 
ÉóÂÝæÂóäØÕæîÈĂÚèòÚØöć 3 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

âöÜäõâóÔÅæîāäàõææ° Ûö æÕæÈ ÅõÕÿÜĆÚ 0.71 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕ

ÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° Ûö ÿßõćâÃ÷ĈÚ 
ÅõÕÿÜĆÚ 1.31 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎ

ØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD 
ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° Ûö ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­
äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° Ûö ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.84 ÿØ¬ó ÿâøćî

ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâ
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āÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° Ûö ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.25 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ

ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1ăâāÅäāâæóä°  âöÜäõâóÔ
Åæîāäàõææ° Ûö ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.47 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) 
ĂÚèòÚØöć 6 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÜäõâóÔ

Åæîāäàõææ° Ûö ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.41 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ

Āæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñ
ăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° Ûö ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.69 
ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 
1.5 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° Ûö ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâîã¬óÈâöÚòãëČóÅòÎ

ØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD 
ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° Ûö ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöć

ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÜäõâóÔ
Åæîāäàõææ° Ûö æÕæÈ ÅõÕÿÜĆÚ 0.58 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ

ëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° Ûö ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 
2.04 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD 

ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
ĂÚèòÚØöć 9 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÜäõâóÔ

Åæîāäàõææ° Ûö ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óè
ăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  
âöÜäõâóÔÅæîāäàõææ° Ûö ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 2.05 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕ

ÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° Ûö 
ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.92 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâö
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ÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° Ûö ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óè
ăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È
ĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° Ûö ăâ¬ĀÖÂÖ¬óÈ ÿâøćî
ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕ
ÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ° Ûö ăâ¬
ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD 
ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâ (áóßÜäñÂîÛ  21 ) 

 

áóßÜäñÂîÛ 20 äñÕòÛÅèóâÿÃ­âÃ­ÚÃîÈ DHECD ØöćâöÖ¬îÜäõâóÔÅæîāäàõææ° Ûö ÃîÈÖ­ÚÃ­óèăäÌ°
ÿÛîäöćáóãĂÖ­ëáóèñĀæ­È 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 
ÜäõâóÔÅæîāäàõææ°äèâ (Total chlorophyll content) 
ÉóÂÝæÂóäØÕæîÈĂÚèòÚØöć 3 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

âöÜäõâóÔÅæîāäàõææ°äèâ æÕæÈ ÅõÕÿÜĆÚ 0.81 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕ



  77 

ÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ°äèâ ÿßõćâÃ÷ĈÚ 
ÅõÕÿÜĆÚ 1.48 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎ

ØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD 
ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅæîāäàõææ°äèâ ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅæîāäàõææ°äèâ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.83 ÿØ¬óÿâøćîÿØöãÛÂòÛÖ­Ú

Ã­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âö
Åæîāäàõææ°äèâ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.35 ÿØ¬óÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ

ëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú ƗăâāÅäāâæóä°  âöÅæîāäàõææ°äèâ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.35 
ÿØ¬óÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD Åèóâ

ÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
ĂÚèòÚØöć 6 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÜäõâóÔ

Åæîāäàõææ°äèâ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.14 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂ

ëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ°äèâ ÿßõćâÃ÷ĈÚ ÅõÕ
ÿÜĆÚ 1.54 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈ

ë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD Åèóâ
ÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅæîāäàõææ°äèâ ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅæîāäàõææ°äèâ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.35 ÿØ¬óÿâøćîÿØöãÛÂòÛÖ­Ú

Ã­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âö
Åæîāäàõææ°äèâ æÕæÈ ÅõÕÿÜĆÚ 0.81 ÿØ¬óÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ

ëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅæîāäàõææ°äèâ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.66 
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ÿØ¬óÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD Åèóâ

ÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
ĂÚèòÚØöć 9 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÜäõâóÔ

Åæîāäàõææ°äèâ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.14 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂ

ëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ°äèâ ÿßõćâÃ÷ĈÚ ÅõÕ
ÿÜĆÚ 1.58 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈ

ë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD Åèóâ
ÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅæîāäàõææ°äèâ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.36 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöć

ăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅæîāäàõææ°
äèâ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.38 ÿØ¬óÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛ
ëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅæîāäàõææ°äèâ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.19 ÿØ¬óÿâøćîÿØöãÛ

ÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­Ú
Ã­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâ
æóä°  âöÅæîāäàõææ°äèâ ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.16 ÿØ¬óÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕ
ÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) 
ĂÚèòÚØöć 12 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÜäõâóÔ

Åæîāäàõææ°äèâ æÕæÈ ÅõÕÿÜĆÚ 0.89 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ

Āæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñ
ăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔÅæîāäàõææ°äèâ ăâ¬ĀÖÂÖ¬óÈÿâøćîÿØöãÛ
ÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅæîāäàõææ°äèâæÕæÈ ÅõÕÿÜĆÚ 
0.87ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 
1 ăâāÅäāâæóä°  âöÅæîāäàõææ°äèâ ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕ
ÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD Åèóâ
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ÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÅæîāäàõææ°äèâăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÅæîāäàõææ°äèâ ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöć
ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  
(áóßÜäñÂîÛ  22) 

 

áóßÜäñÂîÛ 21 äñÕòÛÅèóâÿÃ­âÃ­ÚÃîÈ DHECD ØöćâöÖ¬îÜäõâóÔÅæîāäàõææ°äèâ ÃîÈÖ­ÚÃ­óèăäÌ°
ÿÛîäöćáóãĂÖ­ëáóèñĀæ­È 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 
ÜäõâóÔĀÅāäØöÚîãÕ° (Carotenoid content) 
ÉóÂÝæÂóäØÕæîÈĂÚèòÚØöć 3 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

âöÜäõâóÔĀÅāäØöÚîãÕ° ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅä
āâæóä°  âöÜäõâóÔĀÅāäØöÚîãÕ° ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.47 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛ

ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05)  Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÜäõâóÔĀÅ
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āäØöÚîãÕ° ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.15 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛ
ëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔĀÅāäØöÚîãÕ° ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.73 ÿØ¬óÿâøćî

ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâ
āÅäāâæóä°  âöÜäõâóÔĀÅāäØöÚîãÕ° ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.36 ÿØ¬óÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ

ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔĀÅāäØö
ÚîãÕ° ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.28 ÿØ¬óÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È

ĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
ĂÚèòÚØöć 6 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÜäõâóÔĀÅāäØö

ÚîãÕ° ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöć
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔ
ĀÅāäØöÚîãÕ° ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.37 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ

Āæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñ
ăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÜäõâóÔĀÅāäØöÚîãÕ° æÕæÈ ÅõÕÿÜĆÚ 0.87 ÿØ¬ó 

ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅä
āâæóä°  âöÜäõâóÔĀÅāäØöÚîãÕ° ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.25 ÿØ¬óÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ

ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­Èîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÜäõâóÔĀÅ
āäØöÚîãÕ° æÕæÈ ÅõÕÿÜĆÚ 0.79 ÿØ¬óÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛ
ëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔĀÅāäØöÚîãÕ° ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.28 ÿØ¬óÿâøćî
ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 

1.57 ăâāÅäāâæóä°  îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
ĂÚèòÚØöć 9 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÜäõâóÔĀÅāäØö

ÚîãÕ° ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöć
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔ
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ĀÅāäØöÚîãÕ° ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âö
ÜäõâóÔĀÅāäØöÚîãÕ° ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅä
āâæóä°  âöÜäõâóÔĀÅāäØöÚîãÕ° ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD Åèóâ
ÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÜäõâóÔĀÅāäØöÚîãÕ° ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú ƗăâāÅäāâæóä°  âöÜäõâóÔĀÅāäØöÚîãÕ° ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°   

ĂÚèòÚØöć 12 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÜäõâóÔĀÅāäØö
ÚîãÕ° ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöć
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä°  âöÜäõâóÔ
ĀÅāäØöÚîãÕ° ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âö
ÜäõâóÔĀÅāäØöÚîãÕ° ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅä
āâæóä°  âöÜäõâóÔĀÅāäØöÚîãÕ° ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD Åèóâ
ÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  âöÜäõâóÔĀÅāäØöÚîãÕ° ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1ăâāÅäāâæóä°  âöÜäõâóÔĀÅāäØöÚîãÕ° ăâ¬ĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛëóä DHECD ÅèóâÿÃ­âÃ­Ú 1.5 ăâāÅäāâæóä°  
(áóßÜäñÂîÛ  23 ) 
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áóßÜäñÂîÛ 22 äñÕòÛÅèóâÿÃ­âÃ­ÚÃîÈ DHECD ØöćâöÖ¬îÜäõâóÔĀÅāäØöÚîãÕ° ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛî
äöćáóãĂÖ­ëáóèñĀæ­È 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 
Âóäé÷ÂêóÝæÃîÈëóä DHECD Ö¬îÂóäÿÜæöćãÚĀÜæÈØóÈëäöäèõØãóÃîÈÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È   
Å¬óÜäñëõØÙõáóßÂóäëòÈÿÅäóñì°Õ­èãĀëÈ (Chlorophyll fluorescence, Fv/Fm) 
ÉóÂÝæÂóäØÕæîÈĂÚÖóäóÈ 7 ĀëÕÈĂì­ÿìĆÚè¬óÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Vegetative Ö­Ú

Ã­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 1 ăâāÅäāâ
æóä° âöÅ¬ó Fv/Fm ÿßõćâÃ÷ĈÚĂÚèòÚØöć 5, 15, 20 Āæñ 25 ÅõÕÿÜĆÚ 1.05, 1.01, 1.02 Āæñ 1.02 ÿØ¬ó
ÖóâæČóÕòÛ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬Ú

Õ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĀæñĂÚèòÚØöć 5, 10, 30 Āæñ 35 ßÛè¬ó Ö­Ú
Ã­óèăäÌ°ÿÛîäöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 
1 ăâāÅäāâæóä° âöÅ¬ó Fv/Fm ăâ¬ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È
Āæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD (áóßÜäñÂîÛ 24) 
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ĂÚäñãñ Reproductive ĂÚèòÚØöć 40, 41, 43, 44 Āæñ 45 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­ß¬ÚÕ­èãëóä DHECD âöÅ¬ó Fv/Fm æÕæÈ ÅõÕÿÜĆÚ 0.99, 0.99, 

0.99, 0.98 Āæñ 0.98 ÿØ¬óÖóâæČóÕòÛîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĂÚèòÚØöć 42 Āæñ 50 ăâ¬
ßÛÅèóâĀÖÂÖ¬óÈ ĀæñĂÚèòÚØöć 46 âöÅ¬ó Fv/Fm ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.01 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎ

ØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD 1 ăâāÅäāâæóä° ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñ
ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ßÛè¬óĂÚèòÚØöć 41, 44 Āæñ 45 âöÅ¬ó Fv/Fm æÕæÈ ÅõÕÿÜĆÚ 0.98, 

0.98 Āæñ 0.89 ÿØ¬ó îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĂÚèòÚØöć 40, 42, 43 Āæñ 46 ăâ¬ßÛÅèóâ

ĀÖÂÖ¬óÈ ĀæñĂÚèòÚØöć 50 ßÛè¬ó âöÅ¬ó Fv/Fm ÿßõćâÃ÷ĈÚ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ÅõÕÿÜĆÚ 
1.01 ÿØ¬ó ĀæñÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD 1 ăâāÅäāâæóä° ĂÚèòÚØöć 45 Āæñ 46 âöÅ¬ó Fv/Fm æÕæÈ ÅõÕÿÜĆÚ 0.91 Āæñ 0.98 ÿØ¬ó îã¬óÈ

âöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĂÚèòÚØöć 41, 42 Āæñ 44 ăâ¬ßÛÅèóâĀÖÂÖ¬óÈ ĀæñĂÚèòÚØöć 40, 43 
Āæñ 50 ßÛè¬ó âöÅ¬ó Fv/Fm ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.01, 1.01 Āæñ 1.01 ÿØ¬óîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬Ú
Õ­èãëóä DHECD (áóßÜäñÂîÛ 25) 
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áóßÜäñÂîÛ 23 Å¬óÜäñëõØÙõáóßÂóäëòÈÿÅäóñì°Õ­èãĀëÈ (Chlorophyll fluorescence , Fv/Fm) 
ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Vegetative ØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö T-Test ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 

 

áóßÜäñÂîÛ 24 Å¬óÜäñëõØÙõáóßÂóäëòÈÿÅäóñì°Õ­èãĀëÈ (Chlorophyll fluorescence, Fv/Fm) 
ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive ØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD áóãĂÖ­ÅèóâÿÅäöãÕ

ÉóÂëáóèñĀæ­È 
 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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ÖóäóÈ 7 ĀëÕÈÅ¬óÜäñëõØÙõáóßĂÚÂóäëòÈÿÅäóñì°Õ­èãĀëÈ (Chlorophyll fluorescence, Fv/Fm) 
 

Growth phases Day(s) Treatment (s) 

Control (0 mM 
DHECD) 

Drought (0 mM 
DHECD) 

Drought (1mM 
DHECD) 

Vegetative stage 0 0.81±0.003a 0.817±0.002a 0.818±0.002a 

5 0.783±0.001a 0.789±0.002b 0.794±0.002b 

10 0.802±0.002a 0.805±0.001a 0.804±0.001a 

15 0.783±0.001a 0.7861±0.002b 0.791±0.002a 

20 0.752±0.003a 0.777±0.003b 0.769±0.003c 

25 0.74±0.008a 0.757±0.004b 0.756±0.006a 

30 0.799±0.003b 0.794±0.003b 0.8±0.002a 

35 0.789±0.003ab 0.794±0.002b 0.785±0.005a 

Reproductive 
stage 

40 0.794±0.002b 0.785±0.003a 0.793±0.002b 

41 0.8±0.002b 0.79±0.005a 0.788±0.003a 

42 0.806±0.002a 0.805±0.001a 0.802±0.003a 

43 0.804±0.002b 0.8±0.001a 0.807±0.002b 

44 0.793±0.004b 0.777±0.004a 0.782±0.004a 

45 0.794±0.006c 0.778±0.009b 0.706±0.011a 

46 0.767±0.005a 0.778±0.002b 0.762±0.004a 

50 0.807±0.002a 0.807±0.004a 0.814±0.002b 

 

1 ÖòèîòÂêäáóêóîòÈÂåêĂÚÖóäóÈØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛÕ­èã
èõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕ
ÿÅæøćîÚ (Standard error) 
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Performance index (Pi) 
Å¬ó Pi ĂÚÖóäóÈ 8 ĂÚäñãñ Vegetative ßÛè¬óÖ­ÚÃ­óèăäÌøÿÛîäöćØöćăâ¬ăÕ­îãú¬ĂÚëáóèñĀæ­ÈĀÖ¬

ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° ĂÚèòÚØöć 5 Āæñ 20 ÃîÈÂóäØÕæîÈâö

Å¬ó Pi ÿßõćâÃ÷ĈÚ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ÅõÕÿÜĆÚ 1.6 Āæñ 1.03 ÿØ¬óÖóâæóÕòÛ ĀæñĂÚ
èòÚØöć 10, 15, 25, 30 Āæñ 35 ăâ¬ßÛÅèóâĀÖÂÖ¬óÈÃîÈÅ¬ó Pi ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­
îãú¬ĂÚëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛëóä DHECD (áóßÜäñÂîÛ 26) 

ĂÚäñãñ Reproductive Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛ

Âóäß¬ÚÕ­èãëóä DHECD âöÅ¬ó Pi æÕæÈ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĂÚèòÚØöć 40 ×÷È 44 
Āæñ 46 ÅõÕÿÜĆÚ 0.78, 0.82, 0.84, 0.92, 0.6 Āæñ 0.42 ÿØ¬óÖóâæČóÕòÛ ĀæñĂÚèòÚØöć 45 Āæñ 50 
ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 1 

ăâāÅäāâæóä° âöÅ¬ó Pi æÕæÈĂÚèòÚØöć 40 Āæñ 42 ×÷È 46 îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ÅõÕ
ÿÜĆÚ 0.89, 0.8, 0.86, 0.62, 0.24 Āæñ0.46 ÿØ¬óÖóâæČóÕòÛ ĂÚèòÚØöć 41 ÃîÈÂóäØÕæîÈăâ¬ßÛÅèóâ
ĀÖÂÖ¬óÈ ĀæñĂÚèòÚØöć 50 ßÛè¬óâöÅ¬ó Pi ÿßõćâÃ÷ĈÚ 1.33 ÿØ¬ó ÿâøćîÿØöãÛÂòÛËùÕØöćÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­
äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) ĀæñÿâøćîÿØöãÛÅ¬ó Pi ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD 1 ăâāÅäāâæóä° ÂòÛËùÕØöćÖ­ÚÃ­óèăÕ­äòÛëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 

ßÛè¬ó ĂÚèòÚØöć 45 ÃîÈÂóäØÕæîÈâöÅ¬ó Pi æÕæÈ îã¬óâöÚòãëóÅòÎØóÈë×õÖõ(P<0.05) ÅõÕÿÜĆÚ 0.25 
ÿØ¬ó (áóßÜäñÂîÛ 27) 
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áóßÜäñÂîÛ 25 Å¬ó Performance index (Pi) ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Vegetative ØöćăÕ­äòÛ
Âóäß¬ÚÕ­èãëóä DHECD 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö T-Test ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 

 

áóßÜäñÂîÛ 26 Å¬ó Performance index (Pi) ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive Øöć
ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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ÖóäóÈ 8 Å¬ó Performance index (Pi) ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD Øöć
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
 

Growth phases Day(s) Treatment (s) 

Control (0 mM 
DHECD) 

Drought (0 mM 
DHECD) 

Drought (1mM 
DHECD) 

Vegetative stage 0 2.109±0.127a 2.177±0.085a 2.037±0.098a 

5 3.429±0.124a 4.193±0.24b 3.903±0.199a 

10 5.028±0.45a 5.163±0.375a 5.481±0.231a 

15 3.442±0.182b 3.843±0.192ab 3.874±0.295a 

20 1.627±0.139a 2.759±0.153b 2.174±0.156b 

25 2.968±0.174b 3.17±0.226b 3.385±0.329a 

30 6.695±0.363b 6.135±0.611b 6.523±0.17a 

35 5.803±0.373a 5.495±0.354a 4.953±0.578a 

Reproductive 
stage 

40 8.103±0.32b 6.353±0.423a 7.197±0.468a 

41 8.104±0.38b 6.621±0.477a 7.302±0.542ab 

42 9.748±0.485b 8.237±0.535a 8.459±0.379a 

43 9.361±0.247b 8.619±0.386a 8.092±0.709a 

44 8.063±0.556b 4.813±0.327a 5.022±0.36a 

45 6.291±0.437b 6.013±0.548b 1.5±0.22a 

46 6.557±0.551b 2.7581±0.461a 3.041±0.29a 

50 5.105±0.301a 5.909±0.628ab 6.799±0.314b 

 

1 ÖòèîòÂêäáóêóîòÈÂåêĂÚÖóäóÈØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛÕ­èã
èõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕ
ÿÅæøćîÚ (Standard error) 
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ÜäõâóÔÅæîāäàõææ° ÿî (Chlorophyll a content) 
ÜäõâóÔÅæîāäàõææ° ÿî ĂÚÖóäóÈ 9 ĂÚäñãñ Vegetative ßÛè¬óÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛ

ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âö
ÜäõâóÔÅæîāäàõææ° ÿî æÕæÈ ÅõÕÿÜĆÚ 0.84 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕ

ÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĂÚèòÚØöć 
25 ÃîÈÂóäØÕæîÈăâ¬ßÛÅèóâĀÖÂÖ¬óÈ ĀæñĂÚèòÚØöć10, 15, 20, 30 Āæñ 35 âöÜäõâóÔÅæîāäàõææ° 
ÿî ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.32, 1.18, 1.85, 2 Āæñ 1.24 ÿØ¬óÖóâæČóÕòÛ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) (áóßÜäñÂîÛ 28) 
ĂÚäñãñ Reproductive Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćîãú¬áóãĂÖ­ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Āæñ

ăâ¬ăÕ­äòÛëóä DHECD âöÜäõâóÔÅæîāäàõææ° ÿî æÕæÈ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĂÚèòÚØöć 
40, 41, 42, 45 Āæñ 46 ÅõÕÿÜĆÚ 0.81, 0.86, 0.83, 0.7 Āæñ 0.71 ÿØ¬óÖóâæČóÕòÛ ĂÚèòÚØöć 45 Āæñ 
50 ăâ¬ßÛÅèóâÖ¬óÈÃîÈÜäõâóÔÅæîāäàõææ° ÿî ĀæñĂÚèòÚØöć 50 ßÛè¬óâöÜäõâóÔÅæîāäàõææ° ÿî 

ÿßõćâÃ÷ĈÚ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ÅõÕÿÜĆÚ 1.2 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöć Øöćăâ¬ăÕ­
äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćáóãĂÖ­
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È ĀæñăÕ­äòÛÂóäß¬Úëóä DHECD 1 ăâāÅäāâæóä° ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óè
ăäÌ°ÿÛîäöć Øöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ßÛè¬óĂÚ
èòÚØöć 41 ×÷È 44 ÃîÈÂóäØÕæîÈâöÂóäëñëâÜäõâóÔÅæîāäàõææ° ÿî ÿßõćâÃ÷ĈÚ îã¬óÈâöÚòãëČóÅòÎØóÈ

ë×õÖõ (P<0.05) ÅõÕÿÜĆÚ 1.17, 1.37, 1.23 Āæñ 1.1 ÿØ¬óÖóâæČóÕòÛ ĀæñâöÂóäëñëâÜäõâóÔ

Åæîāäàõææ° ÿî æÕæÈîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĂÚèòÚØöć 40 Āæñ 46 ÃîÈÂóäØÕæîÈÅõÕ
ÿÜĆÚ 0.87 Āæñ 0.68 ÿØ¬óÖóâæČóÕòÛ ĀæñĂÚèòÚØöć 45 Āæñ 50 ăâ¬ßÛÅèóâĀÖÂÖ¬óÈØóÈë×õÖõ Āæñÿâøćî
ÿØöãÛÜäõâóÔÅæîāäàõææ° ÿî äñìè¬óÈ Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćáóãĂÖ­ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Āæñ
ăÕ­äòÛÂóäß¬Úëóä DHECD 1 ăâāÅäāâæóä° ĀæñÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćîãú¬áóãĂÖ­ÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­È Āæñăâ¬ăÕ­äòÛëóä DHECD ßÛè¬óâöÂóäëñëâÿßõćâÃ÷ĈÚĂÚèòÚØöć 41, 42, 44 Āæñ 45 ÃîÈÂóä

ØÕæîÈ ÅõÕÿÜĆÚ 1.35, 1.65, 1.14 Āæñ 1.49 ÿØ¬óÖóâæČóÕòÛîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
ĀæñĂÚèòÚØöć 40,43 Āæñ 46 ăâ¬ßÛÅèóâĀÖÂÖ¬óÈ ĂÚèòÚØöć 50 âöÂóäëñëâÜäõâóÔÅæîāäàõææ° ÿî 

æÕæÈîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ÅõÕÿÜĆÚ 0.72 ÿØ¬ó (áóßÜäñÂîÛ 29) 
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áóßÜäñÂîÛ 27 ÜäõâóÔÅæîāäàõææ° ÿî ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Vegetative ØöćăÕ­äòÛÂóäß¬Ú

Õ­èãëóä DHECD 
 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö T-Test ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 

 

áóßÜäñÂîÛ 28 ÜäõâóÔÅæîāäàõææ° ÿî ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive ØöćăÕ­äòÛÂóä
ß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È 

 
1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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ÖóäóÈ 9 ÜäõâóÔÅæîāäàõææ° ÿî ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
 

Growth phases Day(s) Treatment (s) 

Control (0 mM DHECD) Drought (0 mM 
DHECD) 

Drought (1mM DHECD) 

Vegetative stage 0 883.255±63.687a 777.523±42.335a 974.902±36.298a 
5 3213.102±217.254b 2134.8±308.615a 2702.548±112.854a 
10 2682.046±429.085a 3886.441±191.334b 3532.532±113.816a 
15 1909.929±112.602a 2132.468±246.951a 2262.557±151.042b 
20 1475.772±171.192a 1203.824±92.142b 2728.085±73.968a 
25 2032.149±153.246b 2578.887±332.712b 1942.923±74.266a 
30 1142.694±36.499a 1652.349±69.199c 2283.586±118.805b 
35 2956.872±109.781a 3309.153±94.792b 3662.717±199.676c 

Reproductive 
stage 

40 4581.309±113.778b 3737.2±325.16a 4012.534±110.73a 
41 3888.481±215.708b 3359.872±98.148a 4540.515±358.987c 
42 3500.966±127.07b 2903.756±127.612a 4784.862±278.875c 
43 3015.421±210.818a 3104.915±348.996ab 3717.845±287.143b 
44 4150.471±167.147a 3995.587±219.98a 4576.101±48.240b 
45 3816.21±332.988b 2676.52±370.325a 3991.479±102.43b 
46 3417.129±310.631b 2419.61±184.694a 2337.114±133.068a 
50 2071.111±112.52a 2478.786±164.389b 1793.381±465.756a 

 

1 ÖòèîòÂêäáóêóîòÈÂåêĂÚÖóäóÈØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛÕ­èã
èõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕ
ÿÅæøćîÚ (Standard error) 
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 ÜäõâóÔÅæîāäàõææ° Ûö (Chlorophyll b content) 
ÉóÂÝæÂóäØÕæîÈĂÚÖóäóÈ 10 ĂÚäñãñ Vegetative ĂÚëáóèñÜÂÖõ ßÛè¬óâöÂóäëñëâ

ÜäõâóÔÅæîāäàõææ° Ûö ÿßõćâëúÈÃ÷ĈÚ ĂÚËùÕÂóäØÕæîÈØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 1 ăâāÅäāâæóä° 
ĂÚèòÚØöć 10, 20 Āæñ 30 ÅõÕÿÜĆÚ 1.33, 1.57 Āæñ 1.93 ÿØ¬óÖóâæČóÕòÛ ÿâøćîÿØöãÛÂòÛËùÕØöćăâ¬ăÕ­äòÛ

ëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) (áóßÜäñÂîÛ 30) 
ÂóäëñëâÜäõâóÔÅæîāäàõææ° Ûö ĂÚäñãñ Reproductive ĂÚÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ

ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È ĀÖ¬ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD âöÅ¬óæÕæÈ îã¬óÈâöÚòãëóÅòÎØóÈ

ë×õÖõ (P<0.05) ĂÚèòÚØöć40, 42, 45 Āæñ 46 ÅõÕÿÜĆÚ 0.76, 0.71, 0.61 Āæñ 0.77 ÿØ¬óÖóâæČóÕòÛ 
ĀæñĂÚèòÚØöć 40, 43, 44 Āæñ 50 ăâ¬ßÛÅèóâĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È ĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ßÛÂóäëñëâÜäõâóÔÅæîāäàõææ° 

Ûö ÿßõćâÃ÷ĈÚ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĂÚèòÚØöć 42, 44 Āæñ 50 āÕãâöÅ¬óëúÈëùÕØöć 1.83 ÿØ¬ó 

ĀæñâöÂóäëñëâæÕæÈîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĂÚèòÚØöć 40 Āæñ 46 ÅõÕÿÜĆÚ 0.73 Āæñ 
0.61 ÿØ¬óÖóâæČóÕòÛ ĀæñĂÚèòÚØöć 41, 43 Āæñ 45 ăâ¬ßÛÅèóâÖ¬óÈÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöć
ăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĀæñĂÚÖ­ÚÃ­óèăäÌ°ÿÛîäöć
ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È ĀæñăÕ­äòÛëóä DHECD 1 ăâāÅäāâæóä° ÿØöãÛÂòÛËùÕØöćăâ¬ăÕ­äòÛ

ëóä ßÛè¬óâöÂóäëñëâÅæîāäàõææ° Ûö ÿßõćâÃ÷ĈÚîã¬óÈâöÚòããëóÅòÎØóÈë×õÖõ (P<0.05) ĂÚèòÚØöć 41 ×÷È
45 Āæñ 50 āÕãâöÅ¬óëúÈëùÕĂÚèòÚØöć 42 ÅõÕÿÜĆÚ 2.08 ÿØ¬ó (áóßÜäñÂîÛ 31) 
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áóßÜäñÂîÛ 29 ÜäõâóÔÅæîāäàõææ° Ûö ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Vegetative ØöćăÕ­äòÛÂóäß¬Ú
Õ­èãëóä DHECD 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö T-Test ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 

 

áóßÜäñÂîÛ 30 ÜäõâóÔÅæîāäàõææ° Ûö ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive ØöćăÕ­äòÛÂóä
ß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂÅèóâĀæ­È 

 
1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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ÖóäóÈ 10 ÜäõâóÔÅæîāäàõææ° Ûö ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
 

Growth phases Day(s) Treatment (s) 

Control (0 mM 
DHECD) 

Drought (0 mM 
DHECD) 

Drought (1mM 
DHECD) 

Vegetative stage 0 187.048±18.28a 183.438±10.404a 211.371±11.622a 
5 867.997±62.490b 589.751±71.703ab 798.686±64.189a 
10 699.442±124.676ab 930.972±85.545b 928.391±48.922a 
15 498.121±67.431a 742.204±59.755a 546.099±26.247b 
20 432.303±16.839a 385.35±26.341b 678.352±69.26a 
25 452.656±18.613a 753.486±112.993a 477.091±14.809a 
30 243.417±19.027a 466.704±23.17b 469.794±82.131a 
35 892.38±55.342c 612.324±41.939b 743.974±48.998a 

Reproductive 
stage 

40 511.452±31.644b 394.603±156.999ab 373.288±45.613a 
41 1026.967±97.503b 776.856±9.952a 1201.028±50.277b 
42 822.07±31.321b 582.542±20.68a 1212.314±81.881c 
43 908.406±130.497ab 843.467±39.341a 1132.567±181.893b 
44 927.027±66.257a 677.433±209.263a 1162.937±103.171b 
45 1044.617±181.124b 640.033±74.015a 1102.562±82.305a 
46 1106.795±85.099b 849.773±135.419a 673.394±264.807a 
50 794.068±106.017a 725.766±53.775a 1452.912±116.175b 

 

1 ÖòèîòÂêäáóêóîòÈÂåêĂÚÖóäóÈØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛÕ­èã
èõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕ
ÿÅæøćîÚ (Standard error) 

 
 



  95 

ÜäõâóÔÅæîāäàõææ°äèâ (Total chlorophyll content) 
ÉóÂÝæÂóäØÕæîÈ (ÖóäóÈ 11) ßÛè¬óĂÚèòÚØöć 5 Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕ

ÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÜäõâóÔ
Åæîāäàõææ°äèâæÕæÈ ÅõÕÿÜĆÚ 0.86 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂ

ëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĂÚèòÚØöć 10, 
20 Āæñ 30 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÜäõâóÔÅæîāäàõææ°äèâÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.32, 1.78 Āæñ 
1.98 ÿØ¬óÖóâæČóÕòÛ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­

äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĂÚèòÚØöć 15, 25 Āæñ 35 ßÛè¬óâö
ÜäõâóÔÅæîāäàõææ°äèâăâ¬ĀÖÂÖ¬óÈÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñ
ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD (áóßÜäñÂîÛ 32) 

ÜäõâóÔÅæîāäàõææ°äèâÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive ßÛè¬ó Ö­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Āæñăâ¬ăÕ­äòÛëóä DHECD âöÅ¬óæÕæÈÿâøćîÿØöãÛÂòÛËùÕØöć
ăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) ĂÚèòÚØöć 40, 41, 42, 45, 46 Āæñ 50 ÃîÈÂóäØÕæîÈ āÕãâöÅ¬óæÕæÈëúÈëùÕÅõÕÿÜĆÚ 0.84 
ÿØ¬ó ĂÚÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È ĀæñăÕ­äòÛëóä DHECD 1 ăâāÅäāâæóä° 
ÿâøćîÿØöãÛÂòÛ Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Āæñăâ¬ăÕ­äòÛëóä DHECD ßÛè¬ó

âöÂóäëñëâÅæîāäàõææ°äèâÿßõćâëúÈÃ÷ĈÚîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĂÚèòÚØöć 41Āæñ 42 ÅõÕ

ÿÜĆÚ 1.78 Āæñ 1.38 ÿØ¬ó ĀæñæÕæÈîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĂÚèòÚØöć 40 Āæñ 46 ÅõÕ
ÿÜĆÚ 0.71 Āæñ 0.85 ÿØ¬óÖóâæČóÕòÛ Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛ
Âóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÜäõâóÔÅæîāäàõææ°äèâÿßõćâÃ÷ĈÚ ĂÚèòÚØöć 
ƚƗ×÷Èƚƛ ĀæñƛƖ ëúÈëùÕÅõÕÿÜĆÚ 1.72  ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ

ëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
(áóßÜäñÂîÛ 33) 
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áóßÜäñÂîÛ 31 ÜäõâóÔÅæîāäàõææ°äèâÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Vegetative ØöćăÕ­äòÛÂóäß¬Ú
Õ­èãëóä DHECD 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö T-Test ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 

 

áóßÜäñÂîÛ 32 ÜäõâóÔÅæîāäàõææ°äèâÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive ØöćăÕ­äòÛÂóä
ß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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ÖóäóÈ 11 ÜäõâóÔÅæîāäàõææ°äèâ ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 

Growth phases Day(s) Treatment (s) 

Control (0 mM 
DHECD) 

Drought (0 mM 
DHECD) 

Drought (1mM DHECD) 

Vegetative stage 0 1060.337±84.919a 1087.93±59.601a 1186.273±26.88a 
5 4081.099±265.265b 2724.551±380.243ab 3501.234±172.816a 
10 3381.488±549.269a 4817.413±276.399b 4460.922±156.528a 
15 2478.596±224.497a 2886.744±318.063a 2808.656±175.776b 
20 1916.94±185.543a 1589.174±117.126b 3406.437±136.268a 
25 2472.676±152.718a 3332.373±439.366a 2428.543±70.511a 
30 1388.427±25.947a 2135.672±76.287b 2753.38±196.51a 
35 4159.549±159.504b 3570.051±156.504a 4479.73±158.618b 

Reproductive 
stage 

40 5140.639±38.884b 4198.788±447.686a 4369.086±213.11a 
41 4915.447±286.38b 4139.267±108.676a 5789.716±398.81c 
42 4343.5617±149.298b 3486.298±148.188a 5997.176±355.819c 
43 4025.802±483.583ab 3856.609±234.937a 4850.412±457.737b 
44 5223.682±234.937ab 4642.264±483.583a 5782.695±457.737b 
45 4865.909±513.248b 3388.54±460.873a 5021.175±71.48b 
46 4400.2±419.88b 3276.981±238.867a 3129.946±263.986a 
50 3231.455±182.122b 2717.38±158.337a 3455.756±426.434b 

 

1 ÖòèîòÂêäáóêóîòÈÂåêĂÚÖóäóÈØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛÕ­èã
èõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕ
ÿÅæøćîÚ (Standard error) 
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ÜäõâóÔĀÅāäØöÚîãÕ° (Carotenoid content) 
ÉóÂÝæÂóäØÕæîÈÖóâÖóäóÈ 12 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂ

ëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÜäõâóÔĀÅāäØöÚî

ãÕ°æÕæÈĂÚèòÚØöć 5 îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ÅõÕÿÜĆÚ 0.79 ÿØ¬ó ĀæñâöÂóäëñëâĀÅāäØö

ÚîãÕ°ÿßõćâÃ÷ĈÚîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĂÚèòÚØöć 10, 20, 30 Āæñ 35 āÕÚâöÅ¬óëúÈëùÕÅõÕ
ÿÜĆÚ 1.83 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóä
ß¬ÚÕ­èãëóä DHECD (áóßÜäñÂîÛ 34) 

Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 
âöÜäõâóÔĀÅāäØöÚîãÕ°æÕæÈ ĂÚèòÚØöć 40, 41, 42, 43, 45 Āæñ 50 ÃîÈÂóäØÕæîÈ āÕãÅõÕÿÜĆÚ 
0.63, 0.67, 0.86, 0.79, 0.68 Āæñ 0.91 ÿØ¬ó ÖóâæČóÕòÛ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 
ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÜäõâóÔĀÅāäØöÚîãÕ° ÿßõćâÃ÷ĈÚ ĂÚèòÚØöć 42 Āæñ 44 ÅõÕÿÜĆÚ 1.34 Āæñ 
1.21 ÿØ¬ó ĀæñæÕæÈ ĂÚèòÚØöć 46 Āæñ 50 ÅõÕÿÜĆÚ 0.73 Āæñ 0.32 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöć
Øöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈ

ë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÜäõâóÔĀÅāäØöÚîãÕ° ÿßõćâÃ÷ĈÚÅõÕëúÈëùÕÿÜĆÚ 1.95 ÿØ¬ó āÕã
ÿßõćâÃ÷ĈÚĂÚèòÚØöć 41 ×÷È 45 ĀæñæÕæÈĂÚèòÚØöć 50 ÅõÕÿÜĆÚ 0.33 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöć
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) (áóßÜäñÂîÛ 35) 
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áóßÜäñÂîÛ 33 ÜäõâóÔĀÅāäØöÚîãÕ° (Carotenoids content) ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ 
Vegetative ØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö T-Test ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 

 

áóßÜäñÂîÛ 34 ÜäõâóÔĀÅāäØöÚîãÕ° (Carotenoids content) ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ 
Reproductive ØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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ÖóäóÈ 12 ÜäõâóÔĀÅāäØöÚîãÕ°ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
 

Growth phases Day(s) Treatment (s) 

Control (0 mM 
DHECD) 

Drought (0 mM 
DHECD) 

Drought (1mM 
DHECD) 

Vegetative stage 0 189.377±3.354a 199.601±13.045a 237.511±2.686a 
5 672.073±54.904b 440.729±57.524a 531.151±38.698a 
10 593.234±99.44a 808.65±67.842b 808.498±42.53a 
15 460.053±42.480a 435.884±66.785a 498.918±28.458b 
20 321.541±28.585a 290.449±22.518b 517.797±13.785a 
25 472.937±23.138a 630.349±55.362b 439.358±15.054a 
30 301.172±9.535a 470.248±7.012b 552.296±51.216a 
35 572.78±14.741a 712.832±34.292b 683.153±35.722b 

Reproductive 
stage 

40 932.301±23.806b 595.696±37.0236a 955.22±29.943b 
41 817.421±63.457b 549.402±13.912a 947.63±61.719b 
42 661.968±28.136b 449.444±11.105a 889.5±62.885c 
43 629.799±48.472b 497.797±24.858a 706.307±67.456b 
44 736.221±59.22a 554.702±166.992a 892.175±35.082b 
45 817.034±104.936b 556.847±76.174a 795.651±23.93b 
46 587.149±77.097b 432.102±82.316ab 426.707±48.082a 
50 490.145±15.71c 446.581±10.452b 148.074±27.352a 

 

1 ÖòèîòÂêäáóêóîòÈÂåêĂÚÖóäóÈØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛÕ­èã
èõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕ
ÿÅæøćîÚ (Standard error) 
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ÜäõâóÔĀîÚāØăÌãóÚõÚäèâ (Total anthocyanin content) 
ÉóÂÝæÂóäØÕæîÈĂÚÖóäóÈ 13 ßÛè¬óĂÚèòÚØöć 20 Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕ

ÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬Úëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÜäõâóÔĀîÚāØăÌ
ãóÚõÚäèâæÕæÈ ÅõÕÿÜĆÚ 0.68 ÿØ¬ó ĀæñÿßõćâÃ÷ĈÚĂÚèòÚØöć 30 Āæñ 35 ÅõÕÿÜĆÚ 1.6 Āæñ 1.06 ÿØ¬ó ÿâøćî
ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä 

DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) (áóßÜäñÂîÛ 36) 
ĂÚèòÚØöć 40, 42, 44, 45 Āæñ 46 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ

Āæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD âöÜäõâóÔĀîÚāØăÌãóÚõÚäèâÿßõćâÃ÷ĈÚëúÈëùÕ ÅõÕÿÜĆÚ 1.64 
ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èã

ëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° ĂÚèòÚØöć 40 ×÷È 50 âöÜäõâóÔ
ĀîÚāØăÌãóÚõÚäèâÿßõćâÃ÷ĈÚ āÕãÿßõćâÃ÷ĈÚëúÈëùÕÅõÕÿÜĆÚ 2.06 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­
äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 
ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÜäõâóÔĀîÚāØăÌãóÚõÚäèâÿßõćâÃ÷ĈÚ ĂÚèòÚØöć 40, 41, 43 Āæñ 44 
āÕãÿßõćâëúÈëùÕÅõÕÿÜĆÚ 2.04 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È

Āæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) (áóßÜäñÂîÛ 37 ) 
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áóßÜäñÂîÛ 35 ÜäõâóÔĀîÚāØăÌãóÚõÚäèâÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Vegetative ØöćăÕ­äòÛÂóä
ß¬ÚÕ­èãëóä DHECD 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö T-Test ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 

 

áóßÜäñÂîÛ 36 ÜäõâóÔĀîÚāØăÌãóÚõÚÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive ØöćăÕ­äòÛÂóä
ß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 
1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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ÖóäóÈ 13 ÜäõâóÔĀîÚāØăÌãóÚõÚÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
 

Growth phases Day(s) Treatment (s) 

Control (0 mM DHECD) Drought (0 mM DHECD) Drought (1mM 
DHECD) 

Vegetative stage 0 0.0007±0.00004a 0.0006±0.0001a 0.0008±0.0001a 

5 0.009±0.0002a 0.0076±0.0003a 0.0083±0.0008a 

10 0.0094±0.0005b 0.0079±0.0007ab 0.009±0.0006b 

15 0.0059±0.0009a 0.0039±0.0006a 0.0055±0.0003b 

20 0.0093±0.0018a 0.0085±0.0023a 0.0063±0.0005a 

25 0.0067±0.001b 0.0089±0.0006b 0.006±0.0004a 

30 0.0064±0.0009a 0.0065±0.0001b 0.0103±0.0004b 

35 0.0055±0.0002a 0.0059±0.0001b 0.0059±0.0001b 

Reproductive 
stage 

40 0.0077±0.0003a 0.0089±0.0003b 0.0125±0.0002c 

41 0.0067±0.0001a 0.0068±0.0003a 0.0079±0.0006b 

42 0.0068±0.0002a 0.0084±0.0003b 0.0085±0.0003b 

43 0.0046±0.0002a 0.0046±0.0002a 0.0095±0.0009b 

44 0.0088±0.0004a 0.0114±0.0005b 0.0154±0.0013c 

45 0.0078±0.0011a 0.0101±0.0009b 0.0103±0.0009b 

46 0.0072±0.0003a 0.0118±0.0018b 0.0119±0.0013b 

50 0.007±0.0008a 0.0083±0.0012ab 0.009±0.0009b 

 

1 ÖòèîòÂêäáóêóîòÈÂåêĂÚÖóäóÈØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛÕ­èã
èõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕ
ÿÅæøćîÚ (Standard error) 



  104 

ÝæÃîÈëóä DHECD Ö¬îÚČĈóìÚòÂëÕĀæñÚČĈóìÚòÂĀì­ÈÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ÅèóâÿÅäöãÕ
ÉóÂëáóèñĀæ­È 
ÚČĈóìÚòÂëÕ 
ÉóÂÝæÂóäØÕæîÈ (ÖóäóÈ 14) ĂÚèòÚØöć 5 Āæñ 20 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäß¬Ú

Õ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÚ­óìÚòÂëÕÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.45 Āæñ 1.22 ÿØ¬ó 
ĀæñæÕæÈĂÚèòÚØöć 30 ÅõÕÿÜĆÚ 0.81 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) (áóßÜäñÂîÛ 38) 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È âöÚ­óìÚòÂëÕ ăâ¬ĀÖÂÖ¬óÈÂòÛÚ­óìÚòÂ

ëÕÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬Ú

Õ­èãëóä DHECD ãÂÿè­ÚĂÚèòÚØöć 42 ØöćÚ­óìÚòÂëÕâöÅ¬óæÕæÈîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) 
ÅõÕÿÜĆÚ 0.79 ÿØ¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÚ­óìÚòÂëÕÿßõćâÃ÷ĈÚ ĂÚèòÚØöć 40 ÅõÕÿÜĆÚ 1.36 ÿØ¬ó ĀæñæÕæÈ
ĂÚèòÚØöć 41 ÅõÕÿÜĆÚ 0.69 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È

Āæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÚ­ó
ìÚòÂëÕ æÕæÈĂÚèòÚØöć 41 ÅõÕÿÜĆÚ 0.67 ÿØ¬ó ĀæñÿßõćâÃ÷ĈÚĂÚèòÚØöć 42 ÅõÕÿÜĆÚ 1.26 ÿØ¬ó ÿâøćîÿØöãÛÂòÛ
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀÖ¬ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECDîã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) (áóßÜäñÂîÛ 39) 
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áóßÜäñÂîÛ 37 ÚČĈóìÚòÂëÕÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Vegetative ØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö T-Test ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 

 

 

áóßÜäñÂîÛ 38 ÚČĈóìÚòÂëÕÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive ØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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ÖóäóÈ 14  ÚČĈóìÚòÂëÕÃîÈæČóÖ­ÚÃ­óèăäÌ°ÿÛîäöćÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 
ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
 

Growth phases Day(s) Treatment (s) 

Control (0 mM 
DHECD) 

Drought (0 mM 
DHECD) 

Drought (1mM 
DHECD) 

Vegetative stage 0 0.257±0.043a 0.289±0.097a 0.142±0.023a 

5 0.488±0.01a 0.783±0.068b 0.71±0.066b 

10 1.211±0.151b 0.847±0.043a 1.343±0.169b 

15 1.716±0.176ab 1.904±0.17b 1.552±0.118a 

20 1.494±0.088a 1.91±0.221b 1.828±0.13b 

25 2.213±0.125a 2.161±0.248a 2.197±0.258a 

30 2.523±0.224b 2.416±0.117b 2.045±0.218a 

35 1.712±0.082a 2.404±0.508b 2.074±0.419ab 

Reproductive 
stage 

40 2.826±0.213a 3.067±0.183ab 3.86±0.634b 

41 3.789±0.42b 3.858±0.588b 2.6±0.311a 

42 3.871±0.15b 3.073±0.1a 3.863±0.676b 

43 5.855±1.367a 5.351±1.551a 4.294±0.421a 

44 6.087±1.725a 4.746±1.975a 4.532±1.514a 

45 6.526±1.77a 4.681±1.769a 5.281±0.304a 

46 5.745±0.992a 5.66±0.792a 5.204±1.294a 

50 6.161±1.955a 5.137±1.575a 5.365±0.81a 

 

1 ÖòèîòÂêäáóêóîòÈÂåêĂÚÖóäóÈØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛÕ­èã
èõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕ
ÿÅæøćîÚ (Standard error) 
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ÚČĈóìÚòÂĀì­È 
ÉóÂÝæÂóäØÕæîÈ (ÖóäóÈ 15) ßÛè¬óÚ­óìÚòÂëÕÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöć ăâ¬âöÅèóâĀÖÂÖ¬óÈ 

ÿè­ÚĂÚèòÚØöć 20 ØöćßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬Ú
Õ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÚ­óìÚòÂĀì­ÈÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.27 ÿØ¬ó ÿâøćîÿØöãÛ
ÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚ

ËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) (áóßÜäñÂîÛ 40) 
ÿË¬ÚÿÕöãèÂòÛäñãñ Vegetative ßÛè¬óÚ­óìÚòÂĀì­ÈÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöć ăâ¬ßÛÅèóâ

ĀÖÂÖ¬óÈØóÈë×õÖõ ÿè­Ú ĂÚèòÚØöć 40 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñ
ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD âöÚ­óìÚòÂĀì­ÈÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.49 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ 

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛ
Âóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÚ­óìÚòÂĀì­ÈÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.78 ÿØ¬ó ÿâøćî
ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä 

DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĂÚèòÚØöć 41 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöć
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° 
âöÚ­óìÚòÂĀì­È æÕæÈ ÅõÕÿÜĆÚ 0.6 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ

Āæ­ÈĀÖ¬ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĂÚèòÚØöć 50 ßÛè¬ó 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD âöÚ­ó
ìÚòÂĀì­ÈÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.44 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ

Āæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ÉóÂ
ÝæÂóäØÕæîÈßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÚ­óìÚòÂĀì­ÈÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.62 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óè
ăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ 

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛ
Âóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÚ­óìÚòÂĀì­ÈÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.12 ÿØ¬ó ÿâøćî
ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀÖ¬ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) (áóßÜäñÂîÛ 41) 
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áóßÜäñÂîÛ 39 ÚČĈóìÚòÂĀì­ÈÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Vegetative ØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö T-Test ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 

 

áóßÜäñÂîÛ 40 ÚČĈóìÚòÂĀì­ÈÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive ØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 
1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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ÖóäóÈ 15 ÚČĈóìÚòÂĀì­ÈÃîÈæČóÖ­ÚÃ­óèăäÌ°ÿÛîäöćÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 
ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
 

Growth phases Day(s) Treatment (s) 

Control (0 mM 
DHECD) 

Drought (0 mM 
DHECD) 

Drought (1mM 
DHECD) 

Vegetative stage 0 0.084±0.006a 0.085±0.006a 0.073±0.005a 

5 0.118±0.012a 0.143±0.015a 0.142±0.011a 

10 0.24±0.04a 0.237±0.015a 0.246±0.015a 

15 0.312±0.029a 0.332±0.045ab 0.329±0.017b 

20 0.3±0.021a 0.355±0.08a 0.382±0.027a 

25 0.449±0.053a 0.491±0.038a 0.469±0.045a 

30 0.73±0.044b 0.544±0.066a 0.672±0.058b 

35 0.552±0.021a 0.813±0.12b 0.696±0.141ab 

Reproductive 
stage 

40 0.583±0.082a 0.87±0.052b 1.038±0.242b 

41 1.144±0.201b 1.279±0.253b 0.767±0.055a 

42 1.064±0.066a 0.934±0.095a 1.054±0.075a 

43 1.99±0.512a 1.894±0.809a 1.634±0.608a 

44 2.754±0.943a 2.615±0.734a 3.187±0.665a 

45 3.125±1.385a 2.828±0.944a 2.649±0.771a 

46 2.976±0.984a 2.399±0.709a 3.0297±0.868a 

50 2.181±0.18a 3.15±0.082b 3.527±0.119c 

 

1 ÖòèîòÂêäáóêóîòÈÂåêĂÚÖóäóÈØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛÕ­èã
èõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕ
ÿÅæøćîÚ (Standard error) 
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ÝæÃîÈëóä DHECD Ö¬îÅèóâãóèæČóÖ­ÚÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ÅèóâÿÅäöãÕÉóÂÅèóâ
Āæ­È 
ÉóÂÝæÂóäØÕæîÈ (ÖóäóÈ 16) ĂÚèòÚØöć 5, 10, 15, 30 Āæñ 35 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöć

ăâ¬ăÕ­ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° 
âöÅèóâãóèæóÖ­ÚÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.06, 1.03, 1.11, 1.18 Āæñ 1.13 ÿØ¬óÖóâæČóÕòÛ ÿâøćîÿØöãÛÂòÛ
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕ

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) (áóßÜäñÂîÛ 42) 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 

âöÅèóâãóèæóÖ­ÚÿßõćâÃ÷ĈÚ ĂÚèòÚØöć 40 Āæñ 42 ÅõÕÿÜĆÚ 1.11 Āæñ 1.1 ÿØ¬ó ĀæñæÕæÈĂÚèòÚØöć 43 ÅõÕ
ÿÜĆÚ 0.85 ÿØ¬óÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóä

ß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âö
ÅèóâãóèæóÖ­Ú ÿßõćâÃ÷ĈÚĂÚèòÚØöć 46 ÅõÕÿÜĆÚ 1.23 ÿØ¬ó ĀæñæÕæÈĂÚèòÚØöć 42 Āæñ 50 ÅõÕÿÜĆÚ 0.88 
Āæñ 0.84 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóä
ß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛ
Âóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÅèóâãóèæóÖ­ÚæÕæÈĂÚèòÚØöć 40, 42 Āæñ 
50 ÅõÕÿÜĆÚ 0.85, 0.8 Āæñ 0.82 ÿØ¬ó ĀæñÿßõćâÃ÷ĈÚĂÚèòÚØöć 46 ÅõÕÿÜĆÚ 1.15 ÿØ¬óÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óè
ăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀÖ¬ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎ

ØóÈë×õÖõ (P<0.05) (áóßÜäñÂîÛ 43) 
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áóßÜäñÂîÛ 41 ÅèóâãóèæČóÖ­ÚÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Vegetative ØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö T-Test ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 

 

 

áóßÜäñÂîÛ 42 ÅèóâãóèæČóÖ­ÚÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive ØöćăÕ­äòÛÂóäß¬ÚÕ­èã
ëóä DHECD ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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ÖóäóÈ 16 ÅèóâãóèÃîÈæČóÖ­ÚÃ­óèăäÌ°ÿÛîäöćÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD Øöć
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
 

Growth phases Day(s) Treatment (s) 

Control (0 mM 
DHECD) 

Drought (0 mM 
DHECD) 

Drought (1mM 
DHECD) 

Vegetative stage 0 26.517±0.091a 26.683±0.114a 26.533±0.133a 

5 39±0.725a 39.8±0.542b 41.333±0.333c 

10 42.583±0.271a 43.55±0.386b 44±0.365a 

15 46±2a 46.333±0.882b 51.083±1.068a 

20 53±1.549b 52.117±1.265b 54.5±0.992a 

25 55.667±2.974a 58.833±2.574ab 60.167±1.327b 

30 60.833±1.4a 55.333±0.422b 72±1.549b 

35 56.5±0.671a 63.833±1.014b 63.833±1.641b 

Reproductive 
stage 

40 66.833±3.145a 74.5±0.719b 63.333±1.764a 

41 66.333±2.29a 67.833±0.749a 68.167±2.072a 

42 67.833±2.482b 74.5±0.719c 59.667±2.186a 

43 66.333±2.29b 56.333±4.507a 62.833±2.903ab 

44 70.167±2.663a 72.167±3.311a 66.667±2.333a 

45 77±0.816a 75.5±2.141a 74.917±2.325a 

46 66.833±3.928a 71.333±3.353a 82.333±2.028b 

50 84.583±3.153b 86.667±0.422b 71.5±1.784a 

 

1 ÖòèîòÂêäáóêóîòÈÂåêĂÚÖóäóÈØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛÕ­èã
èõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕ
ÿÅæøćîÚ (Standard error) 
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ÝæÃîÈëóä DHECD Ö¬îÜäõâóÔÚČĈóëòâßòØÙ°ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­È 
ÉóÂÝæÂóäØÕæîÈĂÚÖóäóÈ 17 ßÛè¬ó ĂÚèòÚØöć 5, 20 Āæñ 35 Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛ

ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âö
ÜäõâóÔÚČĈóëòâßòØÙ°ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.38, 1.38 Āæñ 1.51 ÿØ¬ó ĀæñæÕæÈĂÚèòÚØöć 10 ÅõÕÿÜĆÚ 0.73 
ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èã

ëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) (áóßÜäñÂîÛ 44) 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 

âöÜäõâóÔÚČĈóëòâßòØÙ° ÿßõćâÃ÷ĈÚĂÚèòÚØöć 41, 42, 46 Āæñ 50 āÕãÿßõćâÃ÷ĈÚëúÈëùÕÅõÕÿÜĆÚ 1.43 ÿØ¬ó Āæñ
æÕæÈĂÚèòÚØöć 44 Āæñ 45 ÅõÕÿÜĆÚ 0.57 Āæñ 0.67 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâîã¬óÈâöÚòãëČóÅòÎ

ØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÜäõâóÔÚČĈóëòâßòØÙ° ÿßõćâÃ÷ĈÚĂÚèòÚØöć 40, 42 Āæñ 45 ÅõÕÿÜĆÚ
1.26, 1.32 Āæñ 1.58 ÿØ¬ó ĀæñæÕæÈĂÚèòÚØöć 50 ÅõÕÿÜĆÚ 0.57 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöć
ăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĀæñßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñ
ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÜäõâóÔÚ­óëòâßòØÙ°ÿßõćâÃ÷ĈÚĂÚèòÚØöć 
40, 42, 44 Āæñ 45 ÅõÕÿÜĆÚ 1.36, 1.12, 1.46 Āæñ 2.38 ÿØ¬ó ĀæñâöÜäõâóÔÚ­óëòâßòØÙ° æÕæÈĂÚ
èòÚØöć 41 Āæñ 50 ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀÖ¬ăâ¬ăÕ­äòÛÂóä

ß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) (áóßÜäñÂîÛ 45) 
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áóßÜäñÂîÛ 43 ÜäõâóÔÚČĈóëòâßòØÙ°ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Vegetative ØöćăÕ­äòÛÂóäß¬ÚÕ­èã
ëóä DHECD 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö T-Test ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 

 

 

áóßÜäñÂîÛ 44 ÜäõâóÔÚČĈóëòâßòØÙ°ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive ØöćăÕ­äòÛÂóäß¬Ú
Õ­èãëóä DHECD ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 
1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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ÖóäóÈ 17  Relative water content (RWC) ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 
ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
 
Growth phases Day(s) Treatment (s) 

Control 

(0 mM DHECD) 

Drought 

(0 mM DHECD) 

Drought 

(1mM DHECD) 
Vegetative stage 0 29.950±0.891a 46.768±3.028b 31.904±0.519a 

5 20.27±2.299a 41.081±5.761c 27.926±2.427b 

10 26.479±4.830b 31.933±2.333b 19.271±2.396a 

15 35.093±5.6a 36.576±0.965a 40.399±1.354a 

20 28.527±0.92a 53.155±4.394c 39.558±4.978b 

25 37.576±3.829b 24.31±1.648a 34.825±4.785b 

30 30.491±3.505a 31.006±2.844a 34.9±5.803a 

35 33.719±1.757b 25.385±4.456a 51.146±6.879c 

Reproductive 
stage 

40 40.489±3.452a 37.643±2.422a 51.101±5.149b 

41 38.312±2.997a 46.09±1.374b 41.572±1.981a 

42 35.083±1.422a 41.131±0.697b 46.278±3.055c 

43 29.345±3.586a 31.454±2.234a 31.521±5.162a 

44 49.584±4.884bc 28.413±2.09a 41.703±3.475b 

45 31.71±5.087b 21.16±2.296a 50.347±6.020c 

46 35.077±1.125a 39.37±1.892b 40.009±4.991ab 

50 40.149±3.351b 57.407±2.675c 23.068±2.171a 

 

1 ÖòèîòÂêäáóêóîòÈÂåêĂÚÖóäóÈØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛÕ­èã
èõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕ
ÿÅæøćîÚ (Standard error) 



  116 

ÝæÃîÈëóä DHECD Ö¬îÜäõâóÔÚČĈóÖóæØöćæñæóãÚ­óăÕ­ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
ÉóÂÝæÂóäØÕæîÈ (ÖóäóÈ 18) ĂÚèòÚØöć 5, 25 Āæñ 30 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛ

ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âö
ÜäõâóÔÚČĈóÖóæØöćæñæóãÚ­óăÕ­ÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 2.21, 1.31 Āæñ 1.57 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ 

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) (áóßÜäñÂîÛ 46) 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 

âöÜäõâóÔÚČĈóÖóæØöćæñæóãÚ­óăÕ­ ÿßõćâÃ÷ĈÚĂÚèòÚØöć 42, 43, 44, 46 Āæñ 50 āÕãÿßõćâÃ÷ĈÚëúÈëùÕÅõÕÿÜĆÚ 
1.54 ÿØ¬óĀæñæÕæÈ ĂÚèòÚØöć 45 ÅõÕÿÜĆÚ 0.69 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎ

ØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD ÅèóâÿÃ­âÃ­Ú ƗăâāÅäāâæóä° âöÜäõâóÔÚČĈóÖóæØöćæñæóãÚ­óăÕ­ÿßõćâÃ÷ĈÚĂÚèòÚØöć 40, 42, 43, 
44, 45, 46 Āæñ 50 āÕãÿßõćâÃ÷ĈÚëúÈëùÕÅõÕÿÜĆÚ 1.75 ÿØ¬ó ĀæñæÕæÈ ĂÚèòÚØöć 41 ÅõÕÿÜĆÚ 0.93 ÿØ¬ó 
ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä 

DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕ
ÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú Ɨ ăâāÅäāâæóä° âöÜäõâóÔÚČĈóÖóæ
ØöćæñæóãÚČĈóăÕ­ÿßõćâÃ÷ĈÚĂÚèòÚØöć 40, 44, 45 Āæñ 50 ÅõÕÿÜĆÚ 1.25, 1.26, 1.9, Āæñ 1.19 ÿØ¬ó Āæñ
æÕæÈ ĂÚèòÚØöć 41 Āæñ 46 ÅõÕÿÜĆÚ 0.92 Āæñ 0.89 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀÖ¬ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) (áóßÜäñÂîÛ 47) 
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áóßÜäñÂîÛ 45 ÜäõâóÔÚČĈóÖóæØöćæñæóãÚČĈóăÕ­ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Vegetative ØöćăÕ­äòÛ
Âóäß¬ÚÕ­èãëóä DHECD 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö T-Test ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 

 

 

áóßÜäñÂîÛ 46 ÜäõâóÔÚČĈóÖóæØöćæñæóãÚČĈóăÕ­ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive Øöć
ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 
1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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ÖóäóÈ 18 ÜäõâóÔÚČĈóÖóæØöćæñæóãÚČĈóăÕ­ ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD Øöć
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
 

Growth phases Day(s) Treatment (s) 

Control (0mM DHECD) Drought (0 mM DHECD) Drought (1mM DHECD) 

Vegetative 
stage 

0 10831.93±963.462a 16981.213±917.058a 10314.141±831.21a 

5 13485.576±1390.2a 24605.235±1711b 29812.908±2270.171c 

10 38026.377±1759.271b 32353.583±683.363a 36337.068±1320.011b 

15 50641.426±6742.184b 52787.759±3495.762b 42267.461±419.835a 

20 43189.872±4111.809a 39115.657±3170.566a 41093.634±2156.518a 

25 25590.211±1171.89a 37569.653±789.538c 33454.987±1357.123b 

30 22624.047±923.94a 21731.843±1287.596a 35523.651±1045.616b 

35 44353.96±1835.676b 39743.114±2051.34a 44221.273±1090.924b 

Reproductive 
stage 

40 53403.624±4417.461a 53472.251±533.74a 68595.344±1374.509b 

41 56469.458±2077.082b 57031.451±891.478b 52552.304±1790.081a 

42 42108.09±1533.446a 63722.419±3630.851b 64618.259±3105.927b 

43 32359.067±1071.455a 50008.552±5881.09b 43789.208±961.318b 

44 25566.409±1973.14a 35399.642±446.562b 44787.477±839.046c 

45 46409.481±499.693b 32069.321±1789.23a 61171.829±2528.308c 

46 55152.783±1916.341a 78559.137±2257.843c 70313.898±2153.738b 

50 40436.62±1708.075a 46513.894±2115.401b 55463.281±3826.607c 

 

1 ÖòèîòÂêäáóêóîòÈÂåêĂÚÖóäóÈØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛÕ­èã
èõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕ
ÿÅæøćîÚ (Standard error) 
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ÝæÃîÈëóä DHECD Ö¬îÜäõâóÔāßäæöÚÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­È 
ÉóÂÝæÂóäØÕæîÈÖóâÖóäóÈ 19 Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È

ĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÜäõâóÔāßäæöÚÿßõćâÃ÷ĈÚĂÚèòÚØöć 
10, 20, 25 Āæñ 30 ÅõÕÿÜĆÚ 2.51, 1.86, 1.28 Āæñ 1.75 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­
äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) (áóßÜäñÂîÛ 48) 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 

âöÜäõâóÔāßäæöÚ ÿßõćâÃ÷ĈÚĂÚèòÚØöć 43 ×÷È 50 āÕãÿßõćâÃ÷ĈÚëúÈëùÕÅõÕÿÜĆÚ 114.68 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­Ú
Ã­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬Ú
Õ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÜäõâóÔāßäæöÚ ÿßõćâÃ÷ĈÚĂÚèòÚØöć 43 ×÷È 50 āÕã
ÿßõćâÃ÷ĈÚëúÈëùÕÅõÕÿÜĆÚ 12.81 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ

Āæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05)Āæñ
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD Åèóâ
ÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÜäõâóÔāßäæöÚ ÿßõćâÃ÷ĈÚ ĂÚèòÚØöć 42 Āæñ 43 ÅõÕÿÜĆÚ 1.52 Āæñ 2.42 ÿØ¬ó 
ĀæñæÕæÈĂÚèòÚØöć 41 Āæñ 46 ÅõÕÿÜĆÚ 0.15 Āæñ 0.05 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀÖ¬ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) (áóßÜäñÂîÛ 49) 
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áóßÜäñÂîÛ 47 ÜäõâóÔāßäæöÚÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Vegetative ØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö T-Test ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 

 

áóßÜäñÂîÛ 48 ÜäõâóÔāßäæöÚÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive ØöćăÕ­äòÛÂóäß¬ÚÕ­èã
ëóä DHECD ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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ÖóäóÈ 19 ÜäõâóÔāßäæöÚÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛÅèóâÿÅäöãÕ
ÉóÂëáóèñĀæ­È 
 

Growth phases Day(s) Treatment (s) 

Control  

(0 mM DHECD) 

Drought  

(0 mM DHECD) 

Drought  

(1mM DHECD) 
Vegetative stage 0 22.45±1.2a 23.755±2.0398a 15.755±1.505a 

5 17.221±4.995ab 12.214±2.236a 17.681±1.188b 

10 20.052±4.109a 52.518±3.043b 50.449±3.043b 

15 37.713±11.656ab 35.769±3.309a 50.775±5.343b 

20 25.158±2.698a 33.80443±3.448b 46.79681±8.72c 

25 35.996±6.373b 24.446±1.473a 46.05±2.08c 

30 28.555±1.808a 50.257±3.199b 49.944±1.81b 

35 158.116±18.92a 148.436±2.907a 155.992±19.595a 

Reproductive 
stage 

40 124.886±11.962 145.352±16.182 149.717±7.936 

41 126.948±12.424a 141.06±9.564a 79.716±2.36a 

42 166.053±11.988b 143.440±13.585b 218.529±31.389a 

43 118.036±7.603a 535.406±83.173b 1297.576±250.201c 

44 218.191±57.539a 2305.325±81.612c 640.401±69.172b 

45 62.746±19.742a 752.133±47.135b 803.621±116.745b 

46 11.505±3.554a 1319.433±330.731c 70.545±4.937b 

50 435.088±14.947a 562.512±60.708b 538.146±79.544b 

 

1 ÖòèîòÂêäáóêóîòÈÂåêĂÚÖóäóÈØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛÕ­èã
èõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕ
ÿÅæøćîÚ (Standard error) 
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ÝæÃîÈëóä DHECD Ö¬îÜäõâóÔăïāÕäÿÉÚÿÜîä°îîÂăÌÕ°ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
ÉóÂÝæÂóäØÕæîÈÖóâÖóäóÈØöć 20 ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂ

ëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÜäõâóÔăïāÕäÿÉÚ
ÿÜîä°îîÂăÌÕ° ĂÚèòÚØöć 10 æÕæÈ ÅõÕÿÜĆÚ 0.7 ÿØ¬ó ĀæñÿßõćâÃ÷ĈÚĂÚèòÚØöć 15, 20, 25 Āæñ 35 ÃîÈÂóä
ØÕæîÈ ÅõÕÿÜĆÚ 2.58, 2.18, 1.94 Āæñ 4.57 ÿØ¬óÖóâæČóÕòÛ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎ

ØóÈë×õÖõ (P<0.05) (áóßÜäñÂîÛ 50) 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀÖ¬ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 

âöÜäõâóÔăïāÕäÿÉÚÿÜîä°îîÂăÌÕ° ÿßõćâÃ÷ĈÚĂÚèòÚØöć 42 ÅõÕÿÜĆÚ 1.61 ÿØ¬ó ĀæñæÕæÈĂÚèòÚØöć 45 ×÷È 50
āÕãæÕæÈâóÂëùÕØöć 0.71 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È

Āæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05)Ö­ÚÃ­óè
ăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâ
āÅäāâæóä° âöÜäõâóÔăïāÕäÿÉÚÿÜîä°îîÂăÌÕ° ÿßõćâÃ÷ĈÚĂÚèòÚØöć 40 ×÷È 43 āÕãÿßõćâÃ÷ĈÚëúÈëùÕÅõÕÿÜĆÚ 
1.87 ÿØ¬ó ĀæñæÕæÈÖòĈÈĀÖ¬èòÚØöć 44 ×÷È 50āÕãæÕæÈâóÂëùÕÅõÕÿÜĆÚ 0.54 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óè
ăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ 

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<Ɩ.Ɩƛ) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛ
Âóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÜäõâóÔăïāÕäÿÉÚÿÜîä°îîÂăÌÕ° ÿßõćâÃ÷ĈÚ
ĂÚèòÚØöć 40 Āæñ 41 ÅõÕÿÜĆÚ 1.5 Āæñ 1.29 ÿØ¬ó ĀæñæÕæÈĂÚèòÚØöć 44 ÅõÕÿÜĆÚ 0.18 ÿØ¬ó ÿâøćîÿØöãÛ
ÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀÖ¬ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) (áóßÜäñÂîÛ 51) 
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áóßÜäñÂîÛ 49 ÜäõâóÔăïāÕäÿÉÚÿÜîä°îîÂăÌÕ°ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Vegetative ØöćăÕ­äòÛ
Âóäß¬ÚÕ­èãëóä DHECD 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö T-Test ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 

 

áóßÜäñÂîÛ 50 ÜäõâóÔăïāÕäÿÉÚÿÜîä°îîÂăÌÕ°ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive Øöć
ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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ÖóäóÈ 20 ÜäõâóÔăïāÕäÿÉÚÿÜîä°îîÂăÌÕ°ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD Øöć
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
 

Growth phases Day(s) Treatment (s) 

Control  

(0 mM DHECD) 

Drought  

(0 mM DHECD) 

Drought 

 (1mM DHECD) 
Vegetative stage 0 1006.505±17.924a 926.414±34.298a 1082.334±35.486a 

5 644.112±130.153ab 753.866±122.636b 512.271±77.108a 

10 370.706±27.697b 349.196±70.358ab 259.54±63.568a 

15 139.233±83.54a 495.031±72.183c 358.773±60.642b 

20 269.283±53.457a 504.902±4.012b 586.453±58.925c 

25 173.411±65.624a 341.449±50.866b 337.256±62.553b 

30 697.629±77.164a 758.527±90.703a 678.06±60.267a 

35 176.494±19.037a 625.848±39.2588b 807.541±52.374c 

Reproductive 
stage 

40 299.256±94.072a 372.234±35.332a 559.263±66.383b 

41 627.723±28.887a 592.031±25.795a 761.601±14.535b 

42 327.136±35.343a 526.127±45.026b 541.042±20.926b 

43 289.505±21.479a 318.251±28.57ab 358.661±13.634b 

44 439.238±4.661b 432.387±5.595b 77.687±25.963a 

45 381.744±48.86b 173.711±70.919a 134.333±6.83a 

46 267.721±28.271b 190.377±34.406a 144.912±6.061a 

50 243.105±19.5535b 99.624±24.548a 96.481±7.031a 

 

1 ÖòèîòÂêäáóêóîòÈÂåêĂÚÖóäóÈØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛÕ­èã
èõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕ
ÿÅæøćîÚ (Standard error) 
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ÝæÃîÈëóä DHECD Ö¬îÜäõâóÔâóæîÚăÕîòæÕöăïÕ°ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ÅèóâÿÅäöãÕ
ÉóÂëáóèñĀæ­È 

   Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛëóä DHECD âöÜäõâóÔâóæîÚăÕîòæÕöăïÕ° æÕæÈĂÚèòÚØöć 10ÅõÕ
ÿÜĆÚ 0.4 ÿØ¬ó ĀæñÿßõćâÃ÷ĈÚĂÚèòÚØöć 20 ×÷È 30 ÃîÈÂóäØÕæîÈ āÕãÿßõćâëúÈëùÕØöć 1.51 ÿØ¬ó ÿâøćîÿØöãÛÂòÛ
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕ

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<Ɩ.Ɩƛ) (áóßÜäñÂîÛ 52) 
ĂÚÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä 

DHECD âöÜäõâóÔâóæîÚăÕîòæÕöăïÕ° ÿßõćâÃ÷ĈÚ ĂÚèòÚØöć 41, 46 Āæñ 50 ÅõÕÿÜĆÚ 1.57, 1.45 Āæñ
1.13 ÿØ¬óÖóâæóÕòÛ ĀæñææÕæÈĂÚèòÚØöć 45 ÅõÕÿÜĆÚ 0.71 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­
äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (P<0.05)Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬Ú
Õ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÜäõâóÔâóæîÚăÕîòæÕöăïÕ°æÕæÈ ĂÚèòÚØöć 40 ÅõÕ
ÿÜĆÚ 0.86 ÿØ¬ó ĀæñÿßõćâÃ÷ĈÚĂÚèòÚØöć 41, 44, 46 Āæñ 50 āÕãÿßõćâëúÈëùÕÅõÕÿÜĆÚ 1.61 ÿØ¬ó ÿâøćîÿØöãÛ
ÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚ

ËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÜäõâóÔâóæîÚăÕîòæÕöăïÕ°
æÕæÈĂÚèòÚØöć 40 ÅõÕÿÜĆÚ 0.77 ÿØ¬ó ĀæñÿßõćâÃ÷ĈÚĂÚèòÚØöć 41, 44, 46 Āæñ 50 āÕãÿßõćâëúÈëùÕÅõÕÿÜĆÚ 
1.48 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀÖ¬ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èã

ëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<Ɩ.Ɩƛ) (áóßÜäñÂîÛ 53) 
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áóßÜäñÂîÛ 51 ÜäõâóÔâóæîÚăÕîòæÕöăïÕ°ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Vegetative ØöćăÕ­äòÛÂóä
ß¬ÚÕ­èãëóä DHECD 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö T-Test ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 

 

áóßÜäñÂîÛ 52 ÜäõâóÔâóæîÚăÕîòæÕöăïÕ°ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive ØöćăÕ­äòÛ
Âóäß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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ÖóäóÈ 21 ÜäõâóÔâóæîÚăÕîòæÕöăïÕ°ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛ

ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 

Growth phases Day(s) 
Treatment (s) 

Control (0 mM DHECD) Drought (0 mM DHECD) Drought (1mM DHECD) 

Vegetative stage 

0 0.013±0.0004a 0.01±0.001a 0.012±0.001a 

5 0.019±0.003a 0.026±0.006ab 0.016±0.001a 

10 0.012±0.001b 0.006±0.002a 0.005±0.0006a 

15 0.027±0.0005a 0.026±0.001a 0.029±0.001b 

20 0.021±0.0006a 0.028±0.001b 0.028±0.001b 

25 0.024±0.001a 0.026±0.001b 0.026±0.001b 

30 0.01±0.001a 0.014±0.001b 0.015±0.0005b 

35 0.027±0.001a 0.026±0.001a 0.037±0.005b 

Reproductive stage 

40 0.032±0.003b 0.035±0.002b 0.027±0.001a 

41 0.021±0.001a 0.033±0.003c 0.027±0.001b 

42 0.011±0.001a 0.011±0.001a 0.011±0.001a 

43 0.034±0.002a 0.034±0.004a 0.036±0.002a 

44 0.021±0.003a 0.022±0.001a 0.033±0.002b 

45 0.034±0.004b 0.026±0.003a 0.035±0.002b 

46 0.018±0.001a 0.027±0.0004b 0.029±0.001c 

50 0.013±0.001a 0.015±0.0003b 0.018±0.001c 
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1 ÖòèîòÂêäáóêóîòÈÂåêĂÚÖóäóÈØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛÕ­èã
èõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕ
ÿÅæøćîÚ (Standard error) 
 
ÝæÃîÈëóä DHECD Ö¬îÿîÚăÌâ°ÅñÖñÿæëÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­È 
ÉóÂÝæÂóäØÕæîÈ (ÖóäóÈ 20) ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ

Āæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÂõÉÂääâÂóäØóÈóÚÃîÈ
ÿîÚăÌâ°ÅñÖñÿæë æÕæÈĂÚèòÚØöć 10 ÅõÕÿÜĆÚ 0.49 ÿØ¬ó ĀæñÿßõćâÃ÷ĈÚĂÚèòÚØöć 15 Āæñ 35 ÅõÕÿÜĆÚ1.6 
Āæñ 1.74 ÿØ¬óÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóä

ß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) (áóßÜäñÂîÛ 54) 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 

âöÂõÉÂääâÂóäØóÈóÚÃîÈÿîÚăÌâ°ÅñÖñÿæëÿßõćâÃ÷ĈÚĂÚèòÚØöć 40 Āæñ 43 ÅõÕÿÜĆÚ 2.51 Āæñ 1.67 ÿØ¬ó 
ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä 

DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕ
ÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÂõÉÂääâÂóäØó
ÈóÚÃîÈÿîÚăÌâ°ÅñÖñÿæë ÿßõćâÃ÷ĈÚĂÚèòÚØöć 40 Āæñ 43 ÅõÕÿÜĆÚ 2.14 Āæñ 1.68 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­Ú
Ã­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕ

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È
ĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÂõÉÂääâÂóäØóÈóÚÃîÈÿîÚăÌâ°
ÅñÖñÿæë æÕæÈĂÚèòÚØöć 40, 43 Āæñ 46 ÿâøćîÿâöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈĀÖ¬ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD (áóßÜäñÂîÛ 55) 
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áóßÜäñÂîÛ 53 ÂõÉÂääâÂóäØČóÈóÚÃîÈÿîÚăÌâ°ÅñÖñÿæëÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ 
Vegetative ØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 

 
1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö T-Test ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 

 

áóßÜäñÂîÛ 54 ÂõÉÂääâÂóäØČóÈóÚÃîÈÿîÚăÌâ°ÅñÖñÿæëÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ 
Reproductive ØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 
1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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ÖóäóÈ 22 ÂóäØČóÈóÚÃîÈÿîÚăÌâ°ÅñÖñÿæëÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD Øöć
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 

   Treatments 

Stage Days Control 

 (0m DHECD) 

Drought  

(0mM DHECD) 

Drought  

(1 mM DHECD) 
Vegetative 

stage 
0 0.01±0.004a 0.027±0.006b 0.052±0.015c 

10 0.054±0.01b 0.022±0.005a 0.027±0.002a 

15 0.023±0.001a 0.04±0.006b 0.038±0.006b 

30 0.017±0.004a 0.025±0.006a 0.019±0.007a 

35 0.029±0.009a 0.021±0.005a 0.05±0.003b 

Reproductive 
stage 

40 0.022±0.007a 0.055±0.003b 0.047±0.005b 

43 0.023±0.004a 0.039±0.006b 0.039±0.005b 

45 0.049±0.001b 0.049±0.001b 0.046±0.001a 

46 0.051±0.001b 0.05±0.0002b 0.05±0.0001a 

 

1 ÖòèîòÂêäáóêóîòÈÂåêĂÚÖóäóÈØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛÕ­èã
èõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕ
ÿÅæøćîÚ (Standard error) 

 
ÝæÃîÈëóä DHECD Ö¬îÂõÉÂääâÉóÿßóñÃîÈÿîÚăÌâ°ÅñÖñÿæë (Enzyme specific activity) 
ÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćáóãĂÖ­ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È ĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä 

DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÂõÉÂääâÉóÿßóñÃîÈÿîÚăÌâ°ÅñÖñÿæë (Enzyme specific 
activity) æÕæÈĂÚèòÚØöć 10 ÅõÕÿÜĆÚ 0.58 ÿØ¬ó ĀæñĂÚèòÚØöć 15 Āæñ 35 âöÂóäØóÈóÚÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 
1.67 Āæñ 1.96 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Āæñăâ¬ăÕ­
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äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëeÅòÎØóÈë×õÖõ (P<0.05) (áóßÜäñÂîÛ 
56) 

Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Āæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD âöÂõÉÂääâÉóÿßóñÃîÈÿîÚăÌâ°ÅñÖñÿæë ÿßõćâÃ÷ĈÚ ĂÚèòÚØöć 40 ÅõÕÿÜĆÚ 2.62 ÿØ¬ó îã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (P<0.05) ĀæñĂÚèòÚØöć 43 ×÷È 46 ăâ¬ßÛÅèóâĀÖÂÖ¬óÈ ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Āæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È ĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD Åèóâ
ÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° âöÂõÉÂääâÉóÿßóñÃîÈÿîÚăÌâ°ÅñÖñÿæë ÿßõćâÃ÷ĈÚîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(P<0.05) ĂÚèòÚØöć 40 Āæñ 43 ÅõÕÿÜĆÚ 2.11 Āæñ 1.61 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöć
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÅèóâÿÃ­âÃ­Ú 1 ăâāÅäāâæóä° 
âöÂõÉÂääâÉóÿßóñÃîÈÿîÚăÌâ°ÅñÖñÿæë æÕæÈĂÚèòÚØöć 40 Āæñ 45 ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöć
ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀÖ¬ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD (áóßÜäñÂîÛ 57) 

  

 

áóßÜäñÂîÛ 55 ÂõÉÂääâÉČóÿßóñÃîÈÿîÚăÌâ°ÅñÖñÿæëÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Vegetative 
ØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö T-Test ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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áóßÜäñÂîÛ 56 ÂõÉÂääâÉČóÿßóñÃîÈÿîÚăÌâ°ÅñÖñÿæëÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ 
Reproductive ØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 

1 ÖòèîòÂêäáóêóîòÈÂåêÛÚĀØ¬ÈÂäóàØöćÿìâøîÚÂòÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćîÿÜäöãÛÿØöãÛ
Õ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=Å¬ó
ÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 
ÅñĀÚÚÅèóâĀæ­ÈÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćìæòÈÉóÂăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È  

 ÉóÂÝæÂóäØÕæîÈßÛè¬ó ĂÚèòÚØöć40 Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­È ĀÖ¬ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD âöÅñĀÚÚÅèóâĀæ­Èăâ¬ĀÖÂÖ¬óÈÂòÛÅñĀÚÚÅèóâ
Āæ­ÈÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Āæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD ĂÚËùÕÅèÛÅùâ Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èã
ëóä DHECD  âöÅñĀÚÚÅèóâĀæ­Èăâ¬ĀÖÂÖ¬óÈÂòÛÅñĀÚÚëáóèñĀæ­ÈÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ ĀæñÖ­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD  âöÅñĀÚÚÅèóâĀæ­Èăâ¬
ĀÖÂÖ¬óÈÂòÛÅñĀÚÚëáóèñĀæ­ÈÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛ
Âóäß¬ÚÕ­èãëóä DHECD  ĂÚèòÚØöć41 Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­
äòÛÂóäß¬ÚÕ­èãëóä DHECD âöÅñĀÚÚÅèóâĀæ­ÈÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 2.75 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ 

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ÉóÂÝæÂóäØÕæîÈßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕ
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ÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD âöÅñĀÚÚëáóèñĀæ­Èăâ¬ĀÖÂÖ¬óÈÂòÛÅñĀÚÚ
ëáóèñĀæ­ÈÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD ĂÚËùÕÅèÛÅùâ ĀæñßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛ
Âóäß¬ÚÕ­èãëóä DHECD  âöÅñĀÚÚÅèóâĀæ­ÈæÕæÈ ÅõÕÿÜĆÚ 0.364 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÅñĀÚÚÅèóâ
Āæ­ÈÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć42 ßÛè¬óÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD âöÅñĀÚÚÅèóâĀæ­ÈÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 3 ÿØ¬ó ÿâøćî
ÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä 

DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ÉóÂÝæÂóäØÕæîÈßÛè¬ó Ö­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD  âöÅñĀÚÚëáóèñĀæ­È 
ăâ¬ĀÖÂÖ¬óÈÂòÛÅñĀÚÚÅèóâĀæ­ÈÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñ
ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ ĀæñßÛè¬óÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­È ĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD  âöÅñĀÚÚëáóèñĀæ­È æÕæÈ ÅõÕÿÜĆÚ 0.333 ÿØ¬ó 
ÿâøćîÿØöãÛÂòÛÅñĀÚÚÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬Ú

Õ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöćƚƙ Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD âöÅñĀÚÚÅèóâĀæ­ÈÿßõćâÃ÷ĈÚ ÅõÕ
ÿÜĆÚ 3.5 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóä

ß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD  âöÅñĀÚÚÅèóâĀæ­ÈÿßõćâÃ÷ĈÚ ÅõÕ
ÿÜĆÚ 1.5 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È Āæñăâ¬ăÕ­äòÛÂóä

ß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĀæñßÛè¬óÖ­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD  âöÅñĀÚÚÅèóâĀæ­È
æÕæÈ ÅõÕÿÜĆÚ 0.428 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÅñĀÚÚÅèóâĀæ­ÈÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕ

ÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć
ƚƚ Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD âö
ÅñĀÚÚÅèóâĀæ­ÈØöćĀëÕÈĂì­ÿìĆÚè¬óÖ­ÚÃ­óèăäÌ°ÿÛîäöćăâ¬ëóâóä×ØÚÖ¬îÅèóâĀæ­ÈăÕ­ É÷ÈăÕ­ØČóÂóäÿÖõâ
ÚČĈóÿßøćîàøĈÚëáóßĂì­ĀÂ¬Ö­ÚÃ­óèăäÌ°ÿÛîäöć ĀæñßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD  âöÅñĀÚÚÅèóâĀæ­ÈÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 2.25 ÿØ¬ó ÿâøćîÿØöãÛÂòÛ
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕ



  134 

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöćƚƛ ÉóÂÝæÂóäØÕæîÈßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöć
ØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD  âöÅñĀÚÚÅèóâĀæ­ÈÿßõćâÃ÷ĈÚ 
ÅõÕÿÜĆÚ ƙ.Ƙƛ ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛ

Âóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) (áóßÜäñÂîÛ 58) 
 

 

 

áóßÜäñÂîÛ 57 ÅñĀÚÚÅèóâĀæ­ÈÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive ØöćăÕ­äòÛÂóäß¬Ú
Õ­èãëóä DHECD ĀæñăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 

1 ÖòèîòÂêäáóêóîòÈÂåêìæòÈÖòèÿæÃØöćÿìâøîÚÂòÚĂÚĀÚèÚîÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćî
ÿÜäöãÛÿØöãÛÕ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=
Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
 
ÅñĀÚÚÂóäâ­èÚÃîÈĂÛÃ­óèăäÌ°ÿÛîäöćìæòÈÉóÂăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

ÉóÂÝæÂóäØÕæîÈßÛè¬ó ĂÚèòÚØöć 40 Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È
Āæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD âöÅñĀÚÚÂóäâ­èÚÃîÈĂÛăâ¬ĀÖÂÖ¬óÈÂòÛÅñĀÚÚÂóäâ­èÚÃîÈ
ĂÛÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 
ĂÚËùÕÅèÛÅùâ Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD âöÅñĀÚÚÂóäâ­èÚÃîÈĂÛăâ¬ĀÖÂÖ¬óÈÂòÛÅñĀÚÚÂóäâ­èÚÃîÈĂÛÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­
äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ ĂÚèòÚØöć 41 Ö­Ú
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Ã­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD âöÅñĀÚÚ
Âóäâ­èÚĂÛÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.75 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(p<0.05) ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä 
DHECD  âöÅñĀÚÚÂóäâ­èÚÃîÈĂÛăâ¬ĀÖÂÖ¬óÈÂòÛÅñĀÚÚÂóäâ­èÚÃîÈĂÛÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöć
ăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ Ö­ÚÃ­óè
ăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD  âöÅñĀÚÚÂóäâ­èÚ
ÃîÈĂÛÚ­îãÂè¬ó ÅõÕÿÜĆÚ 0.517 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÅñĀÚÚÂóäâ­èÚÃîÈĂÛÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(p<0.05) ĂÚèòÚØöć42 Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èã
ëóä DHECD âöÅñĀÚÚÂóäâ­èÚÃîÈĂÛÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 2.5 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöć
ăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬Ú
Õ­èãëóä DHECD âöÅñĀÚÚÂóäâ­èÚÃîÈĂÛăâ¬ĀÖÂÖ¬óÈÂòÛÅñĀÚÚÂóäâ­èÚÃîÈĂÛÃîÈÖ­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ 
ÉóÂÝæÂóäØÕæîÈßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èã
ëóä DHECD  âöÅñĀÚÚÂóäâ­èÚÃîÈĂÛÚ­îãÂè¬ó ÅõÕÿÜĆÚ 0.4 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÅñĀÚÚÃîÈÖ­ÚÃ­óè
ăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâö

ÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć43Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñ
ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD  âöÅñĀÚÚÂóäâ­èÚÃîÈĂÛÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 3.5 ÿØ¬ó ÿâøćîÿØöãÛÂòÛ
Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕ

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ÉóÂÝæÂóäØÕæîÈßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD  âöÅñĀÚÚÂóäâ­èÚÃîÈĂÛÿßõćâÃ÷ĈÚ 
ÅõÕÿÜĆÚ 1.5 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛ

Âóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć 44 Ö­ÚÃ­óè
ăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD âöÅñĀÚÚÂóä
â­èÚÃîÈĂÛØöćĀëÕÈĂì­ÿìĆÚè¬óÖ­ÚÃ­óèăäÌ°ÿÛîäöćăâ¬ëóâóä×ØÚÖ¬îÅèóâĀæ­ÈăÕ­ É÷ÈăÕ­ØČóÂóäÿÖõâÚČĈóÿßøćî
àøĈÚëáóßĂì­ĀÂ¬Ö­ÚÃ­óèăäÌ°ÿÛîäöć ÉóÂÝæÂóäØÕæîÈßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD  âöÅñĀÚÚÂóäâ­èÚÃîÈĂÛÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 1.75 ÿØ¬ó 
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ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä 

DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛ
ÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD  âöÅñĀÚÚÂóäâ­èÚÃîÈĂÛÚ­îãÂè¬ó 
ÅõÕÿÜĆÚ 0.286 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÅñĀÚÚÂóäâ­èÚÃîÈĂÛÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕ

ÉóÂëáóèñĀæ­ÈĀÖ¬ăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚ
èòÚØöć45 ÉóÂÝæÂóäØÕæîÈßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóä
ß¬ÚÕ­èãëóä DHECD  âöÅñĀÚÚÂóäâ­èÚÃîÈĂÛÿßõćâÃ÷ĈÚ ÅõÕÿÜĆÚ 2.25 ÿØ¬ó ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°
ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ 

îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) (áóßÜäñÂîÛ 59) 
 

 

áóßÜäñÂîÛ 58 ÅñĀÚÚÂóäâ­èÚÃîÈĂÛÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive ØöćăÕ­äòÛÂóä
ß¬ÚÕ­èãëóä DHECD ĀæñăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 

 

1 ÖòèîòÂêäáóêóîòÈÂåêìæòÈÖòèÿæÃØöćÿìâøîÚÂòÚĂÚĀÚèÚîÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćî
ÿÜäöãÛÿØöãÛÕ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05 Āæñ SE=
Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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ÅñĀÚÚÂóäàøĈÚÖòèÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćìæòÈăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
ÉóÂÝæÂóäØÕæîÈßÛè¬ó ĂÚèòÚØöć44 Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È

Āæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÿâøćîăÕ­äòÛÚČĈóÿßøćîØČóÂóäàøĈÚÖòèÃîÈÖ­ÚÃ­óè ßÛè¬ó âöÅñĀÚÚ
ÂóäàøĈÚÖòèÚ­îãÂè¬ó ÅõÕÿÜĆÚä­îãæñ 0.272 ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(p<0.05) ĂÚèòÚØöć45 Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èã
ëóä DHECD ÿâøćîăÕ­äòÛÚČĈóÿßøćîØČóÂóäàøĈÚÖòèÃîÈÖ­ÚÃ­óè ßÛè¬ó âöÅñĀÚÚÂóäàøĈÚÖòèÚ­îãÂè¬ó ÅõÕ
ÿÜĆÚä­îãæñ 0.452 ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛ

Âóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĂÚèòÚØöć46 Ö­ÚÃ­óè
ăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ÿâøćîăÕ­äòÛÚČĈóÿßøćî
ØČóÂóäàøĈÚÖòèÃîÈÖ­ÚÃ­óèßÛè¬ó âöÅñĀÚÚÂóäàøĈÚÖòèÚ­îãÂè¬ó ÅõÕÿÜĆÚä­îãæñ 0.597 ÿâøćîÿØöãÛÂòÛÖ­Ú
Ã­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕ

ÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ĀæñÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñ
Āæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD  ÿâøćîăÕ­äòÛÚČĈóÿßøćîØČóÂóäàøĈÚÖòèÃîÈÖ­ÚÃ­óè ßÛè¬óâöÅñĀÚÚ
ÂóäàøĈÚÖòèÚ­îãÂè¬ó ÅõÕÿÜĆÚä­îãæñ 0.672 ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂ
ëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ 

(p<0.05) ĂÚèòÚØöć50 Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èã
ëóä DHECD ÿâøćîăÕ­äòÛÚČĈóÿßøćîØČóÂóäàøĈÚÖòèÃîÈÖ­ÚÃ­óè ßÛè¬ó âöÅñĀÚÚÂóäàøĈÚÖòèÚ­îãÂè¬ó ÅõÕ
ÿÜĆÚä­îãæñ 0.875 ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛ

Âóäß¬ÚÕ­èãëóä DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) ÉóÂÝæÂóäØÕæîÈ
ßÛè¬ó Ö­ÚÃ­óèăäÌ°ÿÛîäöćØöćăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD  ÿâøćî
ăÕ­äòÛÚČĈóÿßøćîØČóÂóäàøĈÚÖòèÃîÈÖ­ÚÃ­óè ßÛè¬ó âöÅñĀÚÚÂóäàøĈÚÖòèÚ­îãÂè¬óÅõÕÿÜĆÚä­îãæñ 0.915 
ÿâøćîÿØöãÛÂòÛÖ­ÚÃ­óèăäÌ°ÿÛîäöćØöćăâ¬ăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­ÈĀæñăâ¬ăÕ­äòÛÂóäß¬ÚÕ­èãëóä 

DHECD ĂÚËùÕÅèÛÅùâ îã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõ (p<0.05) (áóßÜäñÂîÛ 60) 
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áóßÜäñÂîÛ 59 ÅñĀÚÚÂóäàøĈÚÖòèÃîÈÖ­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Reproductive ØöćăÕ­äòÛÂóäß¬Ú

Õ­èãëóä DHECD ĀæñăÕ­äòÛÅèóâÿÅäöãÕÉóÂëáóèñĀæ­È 
1 ÖòèîòÂêäáóêóîòÈÂåêìæòÈÖòèÿæÃØöćÿìâøîÚÂòÚĂÚĀÚèÚîÚăâ¬âöÅèóâĀÖÂÖ¬óÈÂòÚØóÈë×õÖõ ÿâøćî
ÿÜäöãÛÿØöãÛÕ­èãèõÙö Duncan³s Multiple Range Test (DMRT) ØöćäñÕòÛÚòãëČóÅòÎ 0.05Āæñ SE=
Å¬óÅèóâÅæóÕÿÅæøćîÚ (Standard error) 
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áóßÜäñÂîÛ 60 Ö­ÚÃ­óèăäÌ°ÿÛîäöćĂÚäñãñ Vegetative ØöćăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD 
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Ö­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâØöćăÕ­äòÛÚČĈóÿßöãÈßî ĂÚäñãñÿèæóØöćĀÖÂÖ¬óÈÂòÚ (èòÚ) ăÕ­ĀÂ¬ 0(A), 
5(C), 10(E), 15(G), 20(I), 25(K), 30(M) Āæñ 35(O) èòÚ ÖóâæČóÕòÛ 
Ö­ÚÃ­óèăäÌ°ÿÛîäöćĂÚËùÕÅèÛÅùâØöćăÕ­äòÛÜäõâóÔÚČĈóÿßöãÈßî ĀæñăÕ­äòÛÂóäß¬ÚÕ­èãëóä DHECD Åèóâ
ÿÃ­âÃ­Ú Ɨ ăâāÅäāâæóä° ĂÚäñãñÿèæóØöćĀÖÂÖ¬óÈÂòÚ (èòÚ) ăÕ­ĀÂ¬ 0(B), 5(D), 10(F), 15(H), 20(J), 
25(L), 30(N) Āæñ 35(P) èòÚ ÖóâæČóÕòÛ 
 


