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Abstract 

 This study was conducted to investigate : 1) socio-economic attributes of the farmers 
growing Arabika coffee; 2) a level of the adaptation of Arabika coffee growing technology of the 
farmer; and 3) factors effecting the adoption of Arabika coffee growing technology of the farmers. 
Data were collected from 148 the farmers growing Arabika coffee in the area of Mae Salong 
Highland Development Royal Project. 
 Results of the study revealed that two-thirds of the respondents were male and 43.28 
years old on average. More than one-half of the respondents were Akhas, illiterate, and married. 
They had 5.82 family members and yearly household incomes for 295,837.84 baht on average. 
They held agricultural land for 21.31 rai and expenses town capital on Arabika coffee growing for 
3,618.14 baht per rai on average.The respondents perceived news/information through 
agricultural extension workers and they did not join educational trip in the past year. However, 
the respondents attended a traning on Arabika coffee growing in the pastgen. They had a high 
level of knowledge and understanding about Arabika coffee growing. 
 Findings showed that as a whole the respondents adopted Arabika coffee growing 
technology at a moderate level but a high level in terms of deep cultivation method and 
resistant varieties using. They adopted the technology on bio-way and deception/physics 
methods, respectively at a moderate level. It was also found that independent variables had a 
relationship with dependent variable in term of the adoption of Arabika coffee growing 
technology. This included sex, training, and knowledge/understanding (sig<0.05).  
Keywords: Adoption, Plantation Technology, Arabica coffee  
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ĪħŐĪĬĔŅĶĮĸŌĔİƕƧĬœħƟľŅĔĴňĔŅĶȮŐĬŃĬŜŅĽƞĚŏĽĶŇĴŐĸŃĽŀĬŒľƟĝŅĺŏĕŅĶŌƟěńĔĺŇīňěńħĔŅĶĪňŗħňŵȮĮƕƧĬŀĬĚėƢȮĮŅĬĝŊŗĬȮ&ĶŃĭĭ
ŀŀĬœĸĬƢȮ: 033.' 

ĔŅŐĲŀĶŅĭŇĔƟŅȮĩŊŀĺƞŅŏĮƦĬıŊĝŏĻĶļģĔŇěĪňŗĽŜŅėńĠŀňĔĝĬŇħľĬŉŗĚĪňŗĽĶƟŅĚĶŅĵœħƟŒľƟĔńĭŏĔļĨĶĔĶŒĬıŊŘĬĪňŗȮĪňŗĴŀĚĕƟŅĴ
œĴƞœħƟȮŏıĶŅŃěŃœħƟĶŅėŅĽŌĚľĶŊŀĨŗŜŅȮĕŉŘĬŀĵŌƞĔńĭĔŅĶěńħĔŅĶħƟŅĬėŋĦĳŅıŒľƟœħƟĨŅĴĴŅĨĶģŅĬĪňŗĨĸŅħĨƟŀĚĔŅĶȮĞŉŗĚŏĮƦĬŏĶŊŗŀĚĪňŗ
ŏĔļĨĶĔĶĨƟŀĚŏĕƟŅŒěľĸńĔĔŅĶŐĸŃĺŇīňĔŅĶĪŜŅėŋĦĳŅıįĸįĸŇĨŒľƟœħƟĨŅĴĴŅĨĶģŅĬěŃĪŜŅŐĭĭĺŇīňŏħŇĴȮŕȮĔŖĪŜŅŒľƟĔŅĶŐĕƞĚĕńĬ
ĪŅĚħƟŅĬĨĸŅħĸħĬƟŀĵĸĚȮĮĶŃŏĪĻœĪĵĴňĨĸŅħįŌƟĭĶŇőĳėĔŅŐĲĪňŗĔŜŅĸńĚĕĵŅĵĨńĺŀĵƞŅĚĶĺħŏĶŖĺȮőħĵŏľŖĬœħƟĺƞŅŀŋĨĽŅľĔĶĶĴ
ĔŅŐĲĕŀĚœĪĵĴňĨńŘĚŐĨƞĨƟĬĬŘŜŅĩŉĚĮĸŅĵĬŘŜŅŀĵŌƞŒĬĮĶŃŏĪĻŏħňĵĺȮŏĮƦĬĮƤěěńĵľĬŉŗĚĪňŗĽŅĴŅĶĩĝƞĺĵĝŅĺĽĺĬıńĥĬŅėŋĦĳŅı
ĔŅŐĲœħƟŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŏıĶŅŃœĴƞŒĝƞĔŅŐĲĪŋĔĸŖŀħĪňŗĝŅĺĽĺĬįĸŇĨěŃĴňėŋĦĳŅıħňȮŏĬŊŗŀĚěŅĔĔŅŐĲĴňĨńĺŐĮĶľĸŅĵŀĵƞŅĚĪňŗ
ŀŅěěŃŀĵŌƞŏľĬŊŀĔŅĶėĺĭėŋĴĕŀĚŏĔļĨĶĔĶȮĶĺĴĩŉĚĔŅĶĕŅħĔŅĶŐĕƞĚĕńĬĕŀĚĨĸŅħĔŅŐĲœĪĵěŅĔĔŅŐĲĨƞŅĚĮĶŃŏĪĻĬńŘĬȮ
ĪŜŅŒľƟĝŅĺĽĺĬĪňŗĪŜŅĔŅŐĲėŋĦĳŅıħňĕŅĵœħƟŒĬĶŅėŅĪňŗœĴƞĨƞŅĚĔńĭĝŅĺĽĺĬĪňŗĪŜŅĔŅŐĲœħƟėŋĦĳŅıĪńŗĺœĮȮĪŜŅŒľƟœĴƞŏĔŇħ
ŐĶĚįĸńĔħńĬŒĬĔŅĶıńĥĬŅėŋĦĳŅıȮĶŅėŅĪňŗœħƟĽŌĚėŊŀœħƟĴŅěŅĔĔŅĶĴňĔŜŅŐıĚĳŅļňĝƞĺĵœĺƟėƞŀĬĕƟŅĚĴŅĔȮœĴƞŒĝƞĶŅėŅĪňŗœħƟěŅĔ
ĔŅŐĲĪňŗĴňėŋĦĳŅıĽĴĔńĭĶŅėŅŐĸŃėĺŅĴĨƟŀĚĔŅĶĕŀĚĨĸŅħȮĬŀĔěŅĔĬňŘȮĔŅĶĔŜŅľĬħŀńĨĶŅĳŅļňĪňŗĽŌĚŏĔŇĬėĺĶŏıĶŅŃĔĸńĺ
ĺƞŅĔŅŐĲœĪĵěŃĴňėŋĦĳŅıĽŌƟĔŅŐĲĬŀĔœĴƞœħƟȮĽƞĚįĸŒľƟŏĔŇħĔŅĶĸńĔĸŀĭĬŜŅŏĕƟŅĔŅŐĲěŅĔĮĶŃŏĪĻŏıŊŗŀĬĭƟŅĬőħĵœĴƞĴňĔŅĶ
ŏĽňĵĳŅļňĪňŗĩŌĔĨƟŀĚȮĞŉŗĚŏĮƦĬĮƤĠľŅŒľĠƞŒĬĺĚĔŅĶĔŅŐĲœĪĵȮĽŇŗĚŏľĸƞŅĬňŘœĴƞœħƟŏĮƦĬįĸħňĨƞŀŀĬŅėĨĔŅŐĲœĪĵŀĵƞŅĚŐĬƞĬŀĬȮ
ħńĚĬńŘĬĔŅĶĻŉĔļŅėĶńŘĚĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢȮ/'ȮŏıŊŗŀĻŉĔļŅĸńĔļĦŃĽƞĺĬĭŋėėĸȮŏĻĶļģĔŇěȮŐĸŃĽńĚėĴĕŀĚŏĔļĨĶĔĶįŌƟĮĸŌĔ
ĔŅŐĲŀĶŅĭŇĔƟŅŒĬıŊŘĬĪňŗőėĶĚĔŅĶıńĥĬŅıŊŘĬĪňŗĽŌĚŐĭĭőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚȮ0'ȮŏıŊŗŀĻŉĔļŅĶŃħńĭĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵň
ĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅĕŀĚŏĔļĨĶĔĶŒĬıŊŘĬĪňŗőėĶĚĔŅĶıńĥĬŅıŊŘĬĪňŗĽŌĚŐĭĭőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚȮŐĸŃ1'ȮŏıŊŗŀĻŉĔļŅ
ĮƤěěńĵĪňŗĴňįĸĨƞŀĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅĕŀĚŏĔļĨĶĔĶŒĬıŊŘĬĪňŗőėĶĚĔŅĶıńĥĬŅıŊŘĬĪňŗĽŌĚŐĭĭ
őėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚ  

 

ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵ 

 /,ȮŏıŊŗŀĻŉĔļŅĸńĔļĦŃĽƞĺĬĭŋėėĸȮŏĻĶļģĔŇěȮŐĸŃĽńĚėĴĕŀĚŏĔļĨĶĔĶįŌƟĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬıŊŘĬĪňŗőėĶĚĔŅĶ
ıńĥĬŅıŊŘĬĪňŗĽŌĚŐĭĭőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚ 
 0,ȮŏıŊŗŀĻŉĔļŅĶŃħńĭĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅĕŀĚŏĔļĨĶĔĶŒĬıŊŘĬĪňŗőėĶĚĔŅĶıńĥĬŅıŊŘĬĪňŗ
ĽŌĚŐĭĭőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚ 
 1,ȮŏıŊŗŀĻŉĔļŅĮƤěěńĵĪňŗĴňįĸĨƞŀĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅĕŀĚŏĔļĨĶĔĶŒĬıŊŘĬĪňŗőėĶĚĔŅĶ
ıńĥĬŅıŊŘĬĪňŗĽŌĚŐĭĭőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚ  

2,ȮŏıŊŗŀĻŉĔļŅĮƤĠľŅȮŀŋĮĽĶĶėȮŐĸŃĕƟŀŏĽĬŀŐĬŃĕŀĚŏĔļĨĶĔĶŒĬŏĶŊŗŀĚĔŅŐĲŀĶŅĭŇĔƟŅȮěŅĔĔŅĶĽƞĚŏĽĶŇĴĕŀĚ
ŏĔļĨĶĔĶŒĬıŊŘĬĪňŗőėĶĚĔŅĶıńĥĬŅıŊŘĬĪňŗĽŌĚŐĭĭőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚ  
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĺŇīňħŜŅŏĬŇĬĔŅĶĺŇěńĵ 
ĮĶŃĝŅĔĶŐĸŃĔŅĶĽŋƞĴĨńĺŀĵƞŅĚ 

 įŌƟŒľƟĕƟŀĴŌĸŒĬĔŅĶĺŇěńĵŏĶŊŗŀĚĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅĕŀĚŏĔļĨĶĔĶŒĬıŊŘĬĪňŗőėĶĚĔŅĶ
ıńĥĬŅıŊŘĬĪňŗĽŌĚŐĭĭőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚȮŀŜŅŏĳŀŐĴƞĲƚŅľĸĺĚȮěńĚľĺńħŏĝňĵĚĶŅĵȮėĶńŘĚĬňŘȮėŊŀȮ 

/,ȮŏĔļĨĶĔĶįŌƟĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅȮ2ȮľĴŌƞĭƟŅĬȮœħƟŐĔƞȮĭƟŅĬŐĴƞŏĨơŀ-ŐĴƞěńĬľĸĺĚȮĭƟŅĬıĬŅĽĶĶėƢȮĭƟŅĬīŅĨŋŐĸŃ
ĭƟŅĬĮƙŅėŅĽŋĕŒěȮőħĵĴňŏĔļĨĶĔĶȮ014ȮėĬ įŌƟĺŇěńĵŒĝƟĺŇīňĔŅĶėŜŅĬĺĦľŅĕĬŅħĕŀĚĔĸŋƞĴĨńĺŀĵƞŅĚȮħƟĺĵėĺŅĴėĸŅħŏėĸŊŗŀĬȮ
.,.3ȮőħĵŒĝƟĽŌĨĶȮYamane œħƟĕĬŅħĨńĺŀĵƞŅĚŏĪƞŅĔńĭȮ/26ȮėĬȮ 

0,ȮěŜŅĬĺĬĮĶŃĝŅĔĶŐĸŃĔĸŋƞĴĨńĺŀĵƞŅĚĕŀĚŏĔļĨĶĔĶįŌƟĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬŐĨƞĸŃľĴŌƞĭƟŅĬĪńŘĚȮ4 ľĴŌƞĭƟŅĬȮ
őħĵĪŜŅĔŅĶȮĽŋƞĴĨńĺŀĵƞŅĚŏĔļĨĶĔĶŐĨƞĸŃľĴŌƞĭƟŅĬŐĭĭŏĮƦĬĽńħĽƞĺĬĔńĭĮĶŃĝŅĔĶ 

 
 
ŏėĶŊŗŀĚĴŊŀŒĬĔŅĶĺŇěńĵ 
ŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸĽŜŅľĶńĭĔŅĶĺŇěńĵėĶńŘĚĬňŘȮŏĮƦĬŐĭĭĽńĴĳŅļĦƢĔńĭŏĔļĨĶĔĶįŌƟĮĸŌĔĔŅŐĲŀĶŅ

ĭŇĔƟŅőħĵȮĴňȮ0ȮĸńĔļĦŃȮėŊŀȮėŜŅĩŅĴŐĭĭĔŜŅľĬħŒľƟĨŀĭľĶŊŀŐĭĭĮĸŅĵĮƕħȮ&close-ended questions'ȮŐĸŃėŜŅĩŅĴ
ŐĭĭŏĮƕħőŀĔŅĽŒľƟįŌƟĨŀĭĶƞĺĴŐĽħĚėĺŅĴėŇħŏľŖĬľĶŊŀŐĭĭĮĸŅĵŏĮƕħȮ&open-ended questions'ȮőħĵŀŅĻńĵŐĬĺėŇħȮ
ĪķļĢňŐĸŃįĸĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĳŅĵŒĨƟĔŅĶėĺĭėŋĴħŌŐĸŐĸŃŒľƟėŜŅŐĬŃĬŜŅěŅĔįŌƟŏĝňŗĵĺĝŅĠȮĸńĔļĦŃĕŀĚŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟ
ŒĬĔŅĶĺŇěńĵœħƟŐĭƞĚŀŀĔŏĮƦĬȮ1ȮĨŀĬėŊŀȮĨŀĬĪňŗȮ/'ȮŏıŊŗŀĶĺĭĶĺĴĕƟŀĴŌĸĶŅĵĸŃŏŀňĵħŏĔňŗĵĺĔńĭȮĸńĔļĦŃıŊŘĬģŅĬĽƞĺĬĭŋėėĸȮ
ŏĻĶļģĔŇěȮŐĸŃĽńĚėĴȮĨŀĬĪňŗȮ0'ȮĕƟŀĴŌĸħƟŅĬĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅĕŀĚŏĔļĨĶĔĶŒĬıŊŘĬĪňŗ
őėĶĚĔŅĶıńĥĬŅıŊŘĬĪňŗĽŌĚŐĭĭőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚȮœħƟŐĔƞȮĺŇīňĔŅĶŏĕĨĔĶĶĴȮŒĝƟıńĬīŋƢĨƟŅĬĪŅĬȮĝňĺĺŇīňȮĺŇīňĔĸŐĸŃĲƕĽŇĔĽƢ
ŏĮƦĬŐĭĭĪħĽŀĭŒĬĔŅĶĪħĽŀĭėĺŅĴĶŌƟĕŀĚŏĔļĨĶĔĶįŌƟĮĸŌĔĔŅŐĲȮĨŀĬĪňŗȮ1'ȮŏıŊŗŀĶĺĭĶĺĴĕƟŀĴŌĸŏĔňŗĵĺĔńĭȮĔŅĶĵŀĴĶńĭ
ŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅĕŀĚŏĔļĨĶĔĶŒĬıŊŘĬĪňŗőėĶĚĔŅĶıńĥĬŅıŊŘĬĪňŗĽŌĚŐĭĭőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚȮĞŉŗĚŏĮƦĬ
ĔŅĶĺńħŐĭĭȮjgicprŲqȮqa_jcȮŏĴŊŗŀĪŜŅĔŅĶĪħĽŀĭėĺŅĴŏĪňŗĵĚıĭĺƞŅĴňėƞŅȮCroubach Alpha ŏĪƞŅĔńĭȮ.,62ȮĞŉŗĚĩŊŀĺƞŅĴň
ėĺŅĴŏĪňŗĵĚŏıňĵĚıŀĪňŗěŃĬŜŅœĮŒĝƟěĶŇĚĨƞŀœĮ 

ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸ 
 ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸőħĵĬŜŅĕƟŀĴŌĸĪňŗœħƟĴŅĨĶĺěĽŀĭėĺŅĴĽĴĭŌĶĦƢȮĕŀĚĕƟŀĴŌĸŒĬŐĭĭĽńĴĳŅļĦƢěŅĔĬńŘĬĬŜŅĴŅ
ĩŀħĶľńĽȮěńħľĴĺħľĴŌƞŐĸŃĺŇŏėĶŅŃľƢĕƟŀĴŌĸőħĵŒĝƟőĮĶŐĔĶĴĺŇŏėĶŅŃľƢĪŅĚĽĩŇĨŇĽŜŅŏĶŖěĶŌĮȮĪŜŅĔŅĶĺŇŏėĶŅŃľƢĽĩŇĨŇıĶĶĦĬŅȮ
ŐĸŃĔŅĶĺŇŏėĶŅŃľƢĔŅĶĩħĩŀĵ 
 

įĸĔŅĶĺŇěńĵ 
/'ȮĸńĔļĦŃĽƞĺĬĭŋėėĸȮŏĻĶļģĔŇěȮŐĸŃĽńĚėĴĕŀĚŏĔļĨĶĔĶįŌƟĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅȮıĭĺƞŅȮįŌƟŒľƟĕƟŀĴŌĸ&ĶƟŀĵĸŃȮ

66.89'ȮœĴƞŏĮƦĬĽĴŅĝŇĔőėĶĚĔŅĶıńĥĬŅĪňŗĽŌĚŐĭĭőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚȮŐĸŃŏĮƦĬĽĴŅĝŇĔȮėŇħŏĮƦĬĶƟŀĵĸŃȮ33.11 įŌƟŒľƟ
ĕƟŀĴŌĸĽƞĺĬŒľĠƞŏĮƦĬŏıĻĝŅĵȮĴňŀŅĵŋŏĜĸňŗĵȮ43.28ȮĮƖȮĶŃħńĭĔŅĶĻŉĔļŅȮıĭĺƞŅȮįŌƟŒľƟĕƟŀĴŌĸĴŅĔĔĺƞŅėĶŉŗĚľĬŉŗĚœĴƞœħƟŏĶňĵĬ
ľĬńĚĽŊŀȮįŌƟŒľƟĕƟŀĴŌĸĽƞĺĬŒľĠƞĴňĽĩŅĬĳŅıĽĴĶĽŐĸƟĺȮįŌƟŒľƟĕƟŀĴŌĸŏĔŊŀĭĪńŘĚľĴħĮĶŃĔŀĭŀŅĝňıŏĔļĨĶĔĶȮĴňěŜŅĬĺĬĽĴŅĝŇĔŒĬ
ėĶńĺŏĶŊŀĬŏĜĸňŗĵȮ5.82ȮėĬȮįŌƟŒľƟĕƟŀĴŌĸĽƞĺĬŒľĠƞĴňĝŅĨŇıńĬīŋƢŏĮƦĬĝŅĺŀŅĕƞŅȮįŌƟŒľƟĕƟŀĴŌĸĴňĶŅĵœħƟĕŀĚėĶńĺŏĶŊŀĬŏĜĸňŗĵȮ
073,615,62ȮĭŅĪĨƞŀĮƖȮįŌƟŒľƟĕƟŀĴŌĸŏĔŊŀĭĪńŘĚľĴħĴňĪňŗħŇĬŏĮƦĬĕŀĚĨĬŏŀĚȮĴňěŜŅĬĺĬıŊŘĬĪňŗĩŊŀėĶŀĚŏĜĸňŗĵȮ21.31 œĶƞȮĴň
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ėƞŅŒĝƟěƞŅĵŒĬĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŏĜĸňŗĵȮ1,4/6,/2ȮĭŅĪĨƞŀœĶƞȮŒĝƟŏĚŇĬĪŋĬĕŀĚĨĬŏŀĚŒĬĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅȮįŌƟŒľƟ
ĕƟŀĴŌĸĽƞĺĬŒľĠƞœħƟĶńĭĕƟŀĴŌĸĕƞŅĺĽŅĶŏĔňŗĵĺĔńĭĔŅĶĮĸŌĔĔŅŐĲȮŀĶŅĭŇĔƟŅěŅĔŏěƟŅľĬƟŅĪňŗȮįŌƟŒľƟĕƟŀĴŌĸĽƞĺĬŒľĠƞœĴƞŏėĵŏĕƟŅĶƞĺĴ
ĻŉĔļŅħŌĚŅĬŏĔňŗĵĺĔńĭĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬĮƖĪňŗįƞŅĬĴŅȮįŌƟŒľƟĕƟŀĴŌĸĽƞĺĬŒľĠƞŏėĵœħƟĶńĭĔŅĶİƗĔŀĭĶĴŏĔňŗĵĺĔńĭĔŅĶĮĸŌĔ
ĔŅŐĲŀĶŅĭŇĔƟŅŒĬĮƖĪňŗįƞŅĬĴŅȮ 

0'ȮėĺŅĴĶŌƟŐĸŃėĺŅĴŏĕƟŅŒěĕŀĚŏĔļĨĶĔĶįŌƟĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅȮıĭĺƞŅȮőħĵĽƞĺĬŒľĠƞĴňėĺŅĴĶŌƟŐĸŃėĺŅĴŏĕƟŅŒě
ŏĔňŗĵĺĔńĭĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬĶŃħńĭĴŅĔȮıĭĺƞŅȮįŌƟŒľƟĕƟŀĴŌĸĴňėŃŐĬĬŏĜĸňŗĵŏĪƞŅĔńĭȮ/1,.3ȮėŃŐĬĬȮěŅĔėŃŐĬĬŏĨŖĴȮ
/2ȮėŃŐĬĬ 

1'ȮĶŃħńĭĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅĕŀĚŏĔļĨĶĔĶȮįŌƟŒľƟĕƟŀĴŌĸĴňĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵň
ĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬĳŅıĶĺĴŒĬĶŃħńĭĮŅĬĔĸŅĚ&ėƞŅŏĜĸňŗĵȮ3.27'ȮŏĴŊŗŀıŇěŅĶĦŅŒĬĶŅĵħƟŅĬȮıĭĺƞŅȮįŌƟŒľƟĕƟŀĴŌĸĴň
ĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬĶŃħńĭĴŅĔŒĬħƟŅĬĔŅĶŒĝƟĺŇīňŏĕĨĔĶĶĴȮ&ėƞŅŏĜĸňŗĵ3.62'ȮŐĸŃħƟŅĬĔŅĶŒĝƟ
ıńĬīŋƢĨƟŅĬĪŅĬȮ&ėƞŅŏĜĸňŗĵȮ3.58'ȮĴňĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňŒĬĶŃħńĭĮŅĬĔĸŅĚŒĬħƟŅĬĔŅĶŒĝƟĝňĺĺŇīňȮ&ėƞŅŏĜĸňŗĵȮ2.95) ŐĸŃ
ħƟŅĬĔŅĶŒĝƟĺŇīňĔĸŐĸŃĲƕĽŇĔĽƢȮ&ėƞŅŏĜĸňŗĵȮ2.93'Ȯ 

2'ȮĮƤěěńĵĪňŗĴňįĸĨƞŀĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅĕŀĚŏĔļĨĶĔĶŒĬıŊŘĬĪňŗőėĶĚĔŅĶıńĥĬŅıŊŘĬĪňŗ
ĽŌĚŐĭĭőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚȮőħĵĔŅĶĺŇŏėĶŅŃľƢĔŅĶĩħĩŀĵȮıĭĺƞŅĴňĨńĺŐĮĶŀŇĽĶŃȮ5ȮĨńĺȮĪňŗĴňėĺŅĴĽńĴıńĬīƢĔńĭĔŅĶ
ĵŀĴĶńĭŏĪėőĬőĸĵň 
 

ĨŅĶŅĚȮ/ ėƞŅĽńĴĮĶŃĽŇĪīŇśĽľĽńĴıńĬīƢĶŃľĺƞŅĚĨńĺŐĮĶ 

 
ACCEP SEX AGE EDU STA OCC MEMBER INCOME INFOR VISIT TRAINING 

ACCEP 1 
          SEX .254** 1 

         

 
0.002 

          AGE 0.006 -0.125 1 
        

 
0.945 0.131 

         EDU -0.027 0.139 -.576** 1 
       

 
0.746 0.093 0.000 

        STA -0.034 -0.035 .259** -0.101 1 
      

 
0.679 0.673 0.002 0.221 

       OCC 0.069 0.035 -0.01 -0.054 .259** 1 
     

 
0.402 0.669 0.908 0.516 0.001 

      MEMBER 0.087 0.029 -0.048 0.063 .234** -0.032 1 
    

 
0.292 0.729 0.561 0.448 0.004 0.695 

     INCOME 0.04 -0.057 0.003 0.1 0.068 0.033 .206* 1 
   

 
0.628 0.493 0.968 0.228 0.413 0.686 0.012 

    INFOR -0.041 0.089 -.302** .233** -0.132 -0.054 .226** .220** 1 
  

 
0.623 0.282 0.000 0.004 0.111 0.517 0.006 0.007 

   VISIT .346** 0.137 -0.139 .220** -0.065 0.092 0.043 0.048 0.006 1 
 

 
0.000 0.096 0.092 0.007 0.434 0.266 0.601 0.563 0.945 

  TRAINING .490** .171* -0.009 0.087 -0.102 0.105 0.081 0.061 -0.009 .443** 1 

 
0.000 0.038 0.918 0.291 0.218 0.203 0.331 0.461 0.910 0.000 

 KNOW -.380** -0.153 0.024 0.051 0.063 -0.038 -0.021 0.06 0.136 -.209* -0.139 

 
0.000 0.064 0.774 0.537 0.448 0.646 0.796 0.466 0.100 0.011 0.091 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

3'ȮĮƤĠľŅŀŋĮĽĶĶėŐĸŃĕƟŀŏĽĬŀŐĬŃȮĕŀĚŏĔļĨĶĔĶįŌƟĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅȮıĭĺƞŅȮįŌƟŒľƟĕƟŀĴŌĸĽƞĺĬŒľĠƞĴňĮƤĠľŅ
ŒĬŏĶŊŗŀĚĕŀĚŐĶĚĚŅĬŒĬĔŅĶŏĔŖĭĽŇŗĚĪňŗŏĬƞŅŏĽňĵȮĩŀĬĨƟĬĪňŗŏĮƦĬőĶėĨŅĴıŊŘĬħŇĬŀŀĔœĮĪŜŅĸŅĵȮŐĸŃĮƤĠľŅħŇĬŏĽŊŗŀĴőĪĶĴȮĴň
ĮƤĠľŅŒĬŏĶŊŗŀĚıńĬīŋƢĔŅŐĲŏĴŊŗŀĮĸŌĔĬŅĬŕȮĔŖœĴƞĽŅĴŅĶĩĨƟŅĬĪŅĬőĶėœħƟȮĴňĮƤĠľŅŒĬŏĶŊŗŀĚĻńĨĶŌıŊĝıĺĔŐĴĸĚĨƞŅĚŕȮĴňĔŅĶ
ħŊŘŀĵŅȮĴňĮƤĠľŅŒĬŏĶŊŗŀĚĔŅĶĕŅħŐėĸĬŐĶĚĚŅĬŒĬĔŅĶĨńħŐĨƞĚĪĶĚĨƟĬĪňŗőĪĶĴŏıŊŗŀĽĶƟŅĚĨƟĬŒľĴƞȮĞŉŗĚĽŅĴŅĶĩĪŜŅœħƟŐėƞ
ĭŅĚĽƞĺĬ 
 

ĽĶŋĮŐĸŃŀĳŇĮĶŅĵįĸ 
įĸĔŅĶĻŉĔļŅĸńĔļĦŃĽƞĺĬĭŋėėĸȮŏĻĶļģĔŇěȮŐĸŃĽńĚėĴĕŀĚŏĔļĨĶĔĶįŌƟĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅ ıĭĺƞŅȮįŌƟŒľƟ

ĕƟŀĴŌĸĮĶŃĴŅĦĽŀĚŒĬĽŅĴȮ&ĶƟŀĵĸŃȮ44,67' ŏĮƦĬŏıĻĝŅĵȮėŇħŏĮƦĬĶƟŀĵĸŃȮ55,.1ȮĴňŀŅĵŋŏĜĸňŗĵȮ21,06ȮĮƖȮĽƞĺĬŏĭňŗĵĚŏĭĬ
ĴŅĨĶģŅĬŏĪƞŅĔńĭȮ/.,55ȮĴňŀŅĵŋĨŗŜŅĽŋħȮ01ȮĮƖȮŐĸŃŀŅĵŋĽŌĚĽŋħȮ26ȮĮƖȮĴŅĔĔĺƞŅėĶŉŗĚľĬŉŗĚœĴƞœħƟŏĶňĵĬľĬńĚĽŊŀȮėŇħŏĮƦĬĶƟŀĵĸŃȮ
3.,.1ȮĴňĽĩŅĬĳŅıĽĴĶĽŐĸƟĺȮėŇħŏĮƦĬĶƟŀĵĸŃȮ67,/7ȮŏĔŊŀĭĪńŘĚľĴħĮĶŃĔŀĭŀŅĝňıŏĔļĨĶĔĶȮėŇħŏĮƦĬĶƟŀĵĸŃȮ75,74ȮĴň
ěŜŅĬĺĬĽĴŅĝŇĔŒĬėĶńĺŏĶŊŀĬŏĜĸňŗĵȮ3,60ȮėĬȮĽƞĺĬŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬŏĪƞŅĔńĭȮ0,04ȮĴňěŜŅĬĺĬĽĴŅĝŇĔŒĬėĶńĺŏĶŊŀĬĨŗŜŅĽŋħȮ0Ȯ
ėĬȮŐĸŃěŜŅĬĺĬĽĴŅĝŇĔŒĬėĶńĺŏĶŊŀĬĽŌĚĽŋħȮ/2ȮėĬȮĴňĝŅĨŇıńĬīŋƢŏĮƦĬĝŅĺŀŅĕƞŅȮėŇħŏĮƦĬĶƟŀĵĸŃȮ5.,73 įŌƟŒľƟĕƟŀĴŌĸĴňĶŅĵœħƟ
ĕŀĚėĶńĺŏĶŊŀĬŏĜĸňŗĵȮ073*615,62ȮĭŅĪĨƞŀĮƖȮĴňĶŅĵœħƟĕŀĚėĶńĺŏĶŊŀĬĨŗŜŅĽŋħȮ6*...ȮĭŅĪĨƞŀĮƖȮŐĸŃĶŅĵœħƟĕŀĚėĶńĺŏĶŊŀĬ
ĽŌĚĽŋħȮ3*...*...ȮĭŅĪĨƞŀĮƖ ĴňěŜŅĬĺĬıŊŘĬĪňŗĩŊŀėĶŀĚŏĜĸňŗĵȮ0/,1/ȮœĶƞȮĽƞĺĬŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬŏĪƞŅĔńĭȮ/5,6.ȮĴňěŜŅĬĺĬ
ıŊŘĬĪňŗĩŊŀėĶŀĚĨŗŜŅĽŋħȮ/ȮœĶƞȮŐĸŃěŜŅĬĺĬıŊŘĬĪňŗĩŊŀėĶŀĚĽŌĚĽŋħȮ6.ȮœĶƞȮ ĴňėƞŅŒĝƟěƞŅĵŒĬĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŏĜĸňŗĵȮ
1*4/6,/2ȮĭŅĪĨƞŀœĶƞȮĴňėƞŅŒĝƟěƞŅĵŒĬĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅĨŗŜŅĽŋħȮ053ȮĭŅĪĨƞŀœĶƞȮŐĸŃėƞŅŒĝƟěƞŅĵŒĬĔŅĶĮĸŌĔĔŅŐĲŀĶŅ
ĭŇĔƟŅĽŌĚĽŋħȮ/0*666,67ȮĭŅĪĨƞŀœĶƞȮŐĸŃįŌƟŒľƟĕƟŀĴŌĸĪńŘĚľĴħȮ&ĶƟŀĵĸŃȮ/..,..'ȮŒĝƟŏĚŇĬĪŋĬĕŀĚĨĬŏŀĚŒĬĔŅĶĮĸŌĔĔŅŐĲŀĶŅ
ĭŇĔƟŅȮĽƞĺĬŒľĠƞœħƟĶńĭĕƟŀĴŌĸĕƞŅĺĽŅĶŏĔňŗĵĺĔńĭĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅěŅĔŏěƟŅľĬƟŅĪňŗȮėŇħŏĮƦĬĶƟŀĵĸŃȮ51,43ȮĽƞĺĬŒľĠƞœĴƞ
ŏėĵŏĕƟŅĶƞĺĴĻŉĔļŅħŌĚŅĬŏĔňŗĵĺĔńĭĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬĮƖĪňŗįƞŅĬĴŅȮėŇħŏĮƦĬĶƟŀĵĸŃȮ5.,73ȮŏėĵœħƟĶńĭĔŅĶİƗĔŀĭĶĴ
ŏĔňŗĵĺĔńĭĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬĮƖĪňŗįƞŅĬĴŅȮėŇħŏĮƦĬĶƟŀĵĸŃȮ45,35 
 įĸĔŅĶĻŉĔļŅėĺŅĴĶŌƟŐĸŃėĺŅĴŏĕƟŅŒěĕŀĚŏĔļĨĶĔĶįŌƟĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅȮıĭĺƞŅȮįŌƟŒľƟĕƟŀĴŌĸĽƞĺĬŒľĠƞĴň
ėĺŅĴĶŌƟŐĸŃėĺŅĴŏĕƟŅŒěŏĔňŗĵĺĔńĭĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬĶŃħńĭĴŅĔȮėŇħŏĮƦĬĶƟŀĵĸŃȮ71,70ȮŐĸŃĴňėĺŅĴĶŌƟėĺŅĴŏĕƟŅŒě
ŒĬĶŃħńĭĮŅĬĔĸŅĚȮėŇħŏĮƦĬĶƟŀĵĸŃȮ4,.6 
 įĸĔŅĶĻŉĔļŅĶŃħńĭĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅȮıĭĺƞŅȮįŌƟŒľƟĕƟŀĴŌĸĴňĔŅĶĵŀĴĶńĭ
ŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬĳŅıĶĺĴŒĬĶŃħńĭĮŅĬĔĸŅĚȮ&ėƞŅŏĜĸňŗĵȮ1,05'ȮŏĴŊŗŀıŇěŅĶĦŅŒĬĶŅĵħƟŅĬȮıĭĺƞŅȮįŌƟŒľƟ
ĕƟŀĴŌĸĴňĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬĶŃħńĭĴŅĔŒĬħƟŅĬĔŅĶŒĝƟĺŇīňŏĕĨĔĶĶĴȮŐĸŃħƟŅĬĔŅĶŒĝƟıńĬīŋƢ
ĨƟŅĬĪŅĬȮĴňĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňŒĬĶŃħńĭĮŅĬĔĸŅĚŒĬħƟŅĬĔŅĶŒĝƟĝňĺĺŇīňȮŐĸŃħƟŅĬĔŅĶŒĝƟĺŇīňĔĸŐĸŃĲƕĽŇĔĽƢȮĨŅĴĸŜŅħńĭȮ
ŏĴŊŗŀıŇěŅĶĦŅŏĮƦĬĶŅĵħƟŅĬıĭĺƞŅ 
 ħƟŅĬĔŅĶŒĝƟĺŇīňŏĕĨĔĶĶĴȮıĭĺƞŅȮįŌƟŒľƟĕƟŀĴŌĸĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬħƟŅĬĔŅĶŒĝƟĺŇīňŏĕĨ
ĔĶĶĴŒĬĶĺĴĶŃħńĭĴŅĔȮ&ėƞŅŏĜĸňŗĵȮ1,40'ȮőħĵįŌƟŒľƟĕƟŀĴŌĸĴňĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬĶŃħńĭĴŅĔŒĬ
ĮĶŃŏħŖĬȮ/'ȮĔŅĶĶńĔļŅėĺŅĴŀŋħĴĽĴĭŌĶĦƢĕŀĚħŇĬħƟĺĵŀŇĬĪĶňĵĺńĨĩŋȮŏĝƞĬȮėĸŋĴőėĬĨƟĬȮĮŋƜĵėŀĔȮĮŋƜĵľĴńĔŐĸŃĮŋƜĵıŊĝĽħȮ
ŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮ0'ȮĔŅĶĔŜŅľĬħĝƞĺĚŏĺĸŅĮĸŌĔŐĸŃŏĔŖĭŏĔňŗĵĺĪňŗȮŏľĴŅŃĽĴŏıŊŗŀľĸňĔŏĸňŗĵĚŏĶŊŗŀĚėŋĦĳŅıĕŀĚĔŅŐĲŀĶŅĭŇĔƟŅȮ
ŐĸŃȮ1'ȮĔŅĶĮĸŌĔıŊĝĶƞĴŏĚŅŏıŊŗŀĮƚŀĚĔńĬŐĴĸĚŒĬıŊŘĬĪňŗȮŐĸŃĝƞĺĵĵŊħŀŅĵŋĕŀĚĨƟĬĔŅŐĲȮĮƚŀĚĔńĬĔŅĶĨŇħįĸĴŅĔŏĔŇĬœĮȮȮĴň
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬĶŃħńĭĮŅĬĔĸŅĚŒĬĮĶŃŏħŖĬĔŅĶŏĔŖĭĽŇŗĚĪňŗŏĬƞŅŏĽňĵĩŀĬĨƟĬĪňŗŏĮƦĬőĶėĨŅĴ
ıŊŘĬħŇĬŀŀĔœĮĪŜŅĸŅĵȮŐĸŃȮĔŅĶľĸňĔŏĸňŗĵĚľĶŊŀĸħĔŅĶŒĝƟŏėĶŊŗŀĚěńĔĶŒĬıŊŘĬĪňŗȮĨŅĴĸŜŅħńĭ 
 ħƟŅĬĔŅĶŒĝƟıńĬīŋƢĨƟŅĬĪŅĬȮıĭĺƞŅȮįŌƟŒľƟĕƟŀĴŌĸĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬħƟŅĬĔŅĶŒĝƟıńĬīŋƢ
ĨƟŅĬĪŅĬŒĬĶĺĴĶŃħńĭĴŅĔȮ&ėƞŅŏĜĸňŗĵȮ1,36'ȮőħĵįŌƟŒľƟĕƟŀĴŌĸĴňĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬĶŃħńĭ
ĴŅĔŒĬĮĶŃŏħŖĬȮ/'ȮĔŅĶĽŜŅĶĺěŐĸŃĽńĚŏĔĨĔŅĶŏĮĸňŗĵĬŐĮĸĚĪňŗŏĔŇħĕŉŘĬŒĬŐĮĸĚŀĵƞŅĚĽĴŗŜŅŏĽĴŀȮ0'ȮĔŅĶŒĝƟŏĴĸŖħıńĬīŋƢ
ĨƟŅĬĪŅĬőĶėȮŐĸŃŐĴĸĚŒĬĔŅĶĮĸŌĔȮȮĴňĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬĶŃħńĭĮŅĬĔĸŅĚŒĬĮĶŃŏħŖĬ
ĔŅĶŒĝƟıńĬīŋƢıŊĝĪňŗĮĸŌĔĪňŗľĸŅĔľĸŅĵŏľĴŅŃĽĴŏıŊŗŀĸħĮƤĠľŅĻńĨĶŌıŊĝȮŐĸŃĔŅĶĻŉĔļŅŏĴĸŖħıńĬīŋƢĪňŗĨƟŅĬĪŅĬőĶėŐĸŃŐĴĸĚ
ĻńĨĶŌıŊĝŐĸƟĺȮĨŅĴĸŜŅħńĭ 

ħƟŅĬĔŅĶŒĝƟĝňĺĺŇīňȮıĭĺƞŅȮįŌƟŒľƟĕƟŀĴŌĸĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬħƟŅĬĔŅĶŒĝƟĝňĺĺŇīňŒĬĶĺĴ
ĶŃħńĭĮŅĬĔĸŅĚȮ&ėƞŅŏĜĸňŗĵȮ0,73'ȮőħĵįŌƟŒľƟĕƟŀĴŌĸĴňĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬĶŃħńĭĮŅĬĔĸŅĚŒĬ
ĮĶŃŏħŖĬȮ 

/'ȮĔŅĶĮĸŌĔıŊĝľĸŅĔĝĬŇħȮŏıŊŗŀĸħėĺŅĴŏĽňŗĵĚŒĬĔŅĶĮƚŀĚĔńĬőĶėŐĸŃŐĴĸĚĻńĨĶŌıŊĝȮ0'ȮĔŅĶŏěŅŃěĚŒĝƟĽŅĶŏėĴň
ŒľƟĨĶĚĔńĭĝĬŇħĻńĨĶŌıŊĝȮȮȮ1'ȮĔŅĶŒĝƟĨńĺľŘŜŅȮĨńĺŏĭňĵĬȮĽŅĶĶƞŀŐĴĸĚȮŐĸŃŏĝŊŘŀőĶėŒĬĔŅĶĔŜŅěńħőĶėŐĸŃŐĴĸĚĻńĨĶŌıŊĝŒĬ
ıŊŘĬĪňŗȮŐĸŃȮ2'ȮĔŅĶŒĝƟĔńĭħńĔĔŅĺĽňŏľĸŊŀĚŒĬĔŅĶĔŜŅěńħŐĴĸĚĻńĨĶŌıŊĝŒĬıŊŘĬĪňŗȮĨŅĴĸŜŅħńĭ 

ħƟŅĬĔŅĶŒĝƟĺŇīňĔĸŐĸŃĲƕĽŇĔĽƢȮıĭĺƞŅȮįŌƟŒľƟĕƟŀĴŌĸĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬħƟŅĬĔŅĶŒĝƟĺŇīň
ĔĸŐĸŃĲƕĽŇĔĽƢŒĬĶĺĴĶŃħńĭĮŅĬĔĸŅĚȮ&ėƞŅŏĜĸňŗĵȮ0,71'ȮőħĵįŌƟŒľƟĕƟŀĴŌĸĴňĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅ
ŒĬĶŃħńĭĴŅĔŒĬĮĶŃŏħŖĬȮĔŅĶĨńħŐĨƞĚĪĶĚĨƟĬĪňŗőĪĶĴŏıŊŗŀĽĶƟŅĚĨƟĬŒľĴƞȮĴňĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅ
ŒĬĶŃħńĭĮŅĬĔĸŅĚŒĬĮĶŃŏħŖĬȮ/'ȮĔŅĶĔŜŅěńħĺńĝıŊĝŏıŊŗŀĮƚŀĚĔńĬőĶėŐĸŃŐĴĸĚȮ0'ȮĔŅĶŒĝƟĔńĭħńĔľĶŊŀĽĶƟŅĚŏėĶŊŗŀĚĔňħĕĺŅĚ
őħĵĨŅĕƞŅĵȮȮŐĸŃĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŒĬĶŃħńĭĮŅĬĔĸŅĚŒĬĮĶŃŏħŖĬĔŅĶŒĝƟŐĽĚȮŏĽňĵĚȮľĶŊŀ
ľŋƞĬœĸƞĔŅȮŒĬĔŅĶĮƚŀĚĔńĬŐĴĸĚĻńĨĶŌıŊĝȮ 

įĸĔŅĶĻŉĔļŅĮƤěěńĵĪňŗĴňįĸĨƞŀĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅĕŀĚŏĔļĨĶĔĶŒĬıŊŘĬĪňŗ
őėĶĚĔŅĶıńĥĬŅıŊŘĬĪňŗĽŌĚŐĭĭőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚȮıĭĺƞŅĨńĺŐĮĶŀŇĽĶŃĴňėĺŅĴĽńĴıńĬīƢĔńĭĨńĺŐĮĶĨŅĴĔŅĶĵŀĴĶńĭ
ŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅĕŀĚŏĔļĨĶĔĶȮĴňȮ1ȮĨńĺŐĮĶȮœħƟŐĔƞȮŏıĻȮĔŅĶİƗĔŀĭĶĴȮŐĸŃėĺŅĴĶŌƟėĺŅĴŏĕƟŅŒěȮőħĵĴň
ĶŃħńĭĬńĵĽŜŅėńĠĪňŗȮ.,.16, .,...ȮŐĸŃȮ.,...ȮĨŅĴĸŜŅħńĭȮŐĸŃĨńĺŐĮĶĪńŘĚľĴħĽŅĴŅĶĩŀīŇĭŅĵėĺŅĴįńĬŐĮĶĕŀĚĨńĺŐĮĶ
ĨŅĴľĶŊŀĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅĕŀĚŏĔļĨĶĔĶœħƟĶƟŀĵĸŃȮ15,5ȮĽƞĺĬĪňŗŏľĸŊŀĶƟŀĵĸŃȮ40,1ȮŏĮƦĬ
ŀŇĪīŇıĸěŅĔĨńĺŐĮĶŀŊŗĬŕȮ 

įĸĔŅĶŏĮĶňĵĭŏĪňĵĭĶŃľĺƞŅĚĔŅĶŏĮƦĬĽĴŅĝŇĔőėĶĚĔŅĶĔńĭĶŃħńĭėĺŅĴĶŌƟėĺŅĴŏĕƟŅŒěŐĸŃĔŅĶĵŀĴĶńĭ
ŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅĕŀĚŏĔļĨĶĔĶȮıĭĺƞŅ ĔŅĶŏĮƦĬĽĴŅĝŇĔőėĶĚĔŅĶıńĥĬŅĪňŗĽŌĚőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚ
ľĶŊŀœĴƞŏĮƦĬĽĴŅĝŇĔőėĶĚĔŅĶıńĥĬŅĪňŗĽŌĚőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚœĴƞĽƞĚįĸŒľƟĴňėĺŅĴĶŌƟŐĸŃėĺŅĴŏĕƟŅŒěŏĔňŗĵĺĔńĭĔŅĶĮĸŌĔ
ĔŅŐĲŀĶŅĭŇĔƟŅŐĨĔĨƞŅĚĔńĬȮŒĬĕĦŃĪňŗĔŅĶŏĮƦĬĽĴŅĝŇĔőėĶĚĔŅĶıńĥĬŅĪňŗĽŌĚőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚľĶŊŀœĴƞŏĮƦĬĽĴŅĝŇĔ
őėĶĚĔŅĶıńĥĬŅĪňŗĽŌĚőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚĽƞĚįĸŒľƟĴňĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅŐĨĔĨƞŅĚĔńĬȮőħĵ
įŌƟŒľƟĕƟŀĴŌĸĪňŗŏĮƦĬĽĴŅĝŇĔőėĶĚĔŅĶıńĥĬŅĪňŗĽŌĚőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚĴňĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅ
ĴŅĔĔĺƞŅįŌƟŒľƟĕƟŀĴŌĸĪňŗœĴƞœħƟŏĮƦĬĽĴŅĝŇĔőėĶĚĔŅĶıńĥĬŅĪňŗĽŌĚőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚ 
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ĕƟŀŏĽĬŀŐĬŃěŅĔįĸĔŅĶĻŉĔļŅıĭĺƞŅŏıĻȮĔŅĶİƗĔŀĭĶĴȮŐĸŃėĺŅĴĶŌƟėĺŅĴŏĕƟŅŒěĴňėĺŅĴĽńĴıńĬīƢĔńĭĔŅĶ
ĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅĕŀĚŏĔļĨĶĔĶŒĬıŊŘĬĪňŗőėĶĚĔŅĶıńĥĬŅıŊŘĬĪňŗĽŌĚŐĭĭőėĶĚĔŅĶľĸĺĚŐĴƞĽĸŀĚȮ
ħńĚĬńŘĬŏěƟŅľĬƟŅĪňŗőėĶĚĔŅĶľĸĺĚľĶŊŀľĬƞĺĵĚŅĬĪňŗŏĔňŗĵĺĕƟŀĚŀŊŗĬŕȮėĺĶŒľƟėĺŅĴĽŜŅėńĠŒĬĮƤěěńĵħńĚĔĸƞŅĺŒĬĔŅĶĽƞĚŏĽĶŇĴ
ŏĔļĨĶĔĶŒĬĔŅĶĬŜŅŏĪėőĬőĸĵňŏĔňŗĵĺĔńĭĔŅĶĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅœĮŒĝƟȮĔŅĶŏĕƟŅœĮĽƞĚŏĽĶŇĴŏĔļĨĶĔĶľĬƞĺĵĚŅĬĪňŗŏĔňŗĵĺĕƟŀĚ
œĴƞĺƞŅěŃŏĮƦĬĳŅėĶńģľĶŊŀĳŅėŏŀĔĝĬȮėĺĶĴňĔŅĶĻŉĔļŅėĺŅĴıĶƟŀĴĕŀĚŏĔļĨĶĔĶŒĬħƟŅĬĨƞŅĚŕȮœĴƞĺƞŅěŃŏĮƦĬŒĬŏĶŊŗŀĚĕŀĚ
ėĺŅĴĶŌƟȮĪŋĬĪňŗŒĝƟŒĬĔŅĶħŜŅŏĬŇĬĚŅĬȮŏĮƦĬĨƟĬȮŏıŊŗŀĪňŗěŃĪŜŅŒľƟŏĔļĨĶĔĶŏĔŇħėĺŅĴĵŀĴĶńĭœħƟŀĵƞŅĚŏĨŖĴĪňŗ 
 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻȮ 
įŌƟěńħĪŜŅĕŀĕŀĭėŋĦĨńĺŐĪĬŏĔļĨĶĔĶįŌƟĮĸŌĔĔŅŐĲŀĶŅĭŇĔƟŅȮĭƟŅĬŐĴƞŏĨơŀ-ŐĴƞěńĬľĸĺĚȮĭƟŅĬīŅĨŋȮĭƟŅĬĮƙŅėŅĽŋĕ

ŒěȮŐĸŃĭƟŅĬıĬŅĽĺĶĶėȮĨŜŅĭĸŐĴƞĽĸŀĚĬŀĔȮŀŜŅŏĳŀŐĴƞĲƚŅľĸĺĚȮěńĚľĺńħŏĝňĵĚĶŅĵȮŐĸŃĕŀĕŀĭėŋĦȮėĦŅěŅĶĵƢĪňŗ
ĮĶŉĔļŅȮĪňŗėŀĵŒľƟėŜŅĮĶŉĔļŅŒĬĔŅĶĻŉĔļŅŒĬėĶńŘĚĬňŘȮĕŀĕŀĭėŋĦĨńĺŐĪĬĔĸŋƞĴĪňŗėŀĵĝƞĺĵŏľĸŊŀŒĬĔŅĶĮĶŃĽŅĬĚŅĬŏĮƦĬ
ŀĵƞŅĚħňȮĪŜŅŒľƟĚŅĬĺŇěńĵĽŜŅŏĶŖěĸŋĸƞĺĚœħƟħƟĺĵħň 
 

ŏŀĔĽŅĶŀƟŅĚŀŇĚ 
ĔĶĴĺŇĝŅĔŅĶŏĔļĨĶ,Ȯ2551. ĔŅŐĲŀĶŅĭŇĔƟŅ,Ȯ&Publication.: Available) 

:http://it.doa.go.th/vichakan/news.php?newsid=9 (11ȮŏĴļŅĵĬȮ2560). 
ĭŋĠĽĴȮĺĶŅŏŀĔĻŇĶŇȮ&0307'.  ĽƞĚŏĽĶŇĴĔŅĶŏĔļĨĶȮľĸńĔŐĸŃĺŇīňĔŅĶ. ȮıŇĴıƢėĶńŘĚĪňŗȮ3.  ŏĝňĵĚŒľĴƞ: ĳŅėĺŇĝŅĽƞĚŏĽĶŇĴ

ĔŅĶŏĔļĨĶ ĽĩŅĭńĬŏĪėőĬőĸĵňĔŅĶŏĔļĨĶŐĴƞőěƟ. 
ĮƕƧĬŀĬĚėƢȮȮĮŅĬĝŊŗĬ,Ȯ(2550).  ĔŅŐĲĕŀĚ,,,ŒĬľĸĺĚ,ȮȮ[ĶŃĭĭŀŀĬœĸĬƢ]. ŐľĸƞĚĪňŗĴŅ Available : 

http://www.healthcorners.com/2007/coffee_web/view.php?board_name=coffee&q_id=42
03 (11 ŏĴļŅĵĬȮ034.', 

ıńĬīƢĻńĔħŇśȮŐĽĬıĶĴĴŅ,Ȯ&0335'. ĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĔŅĶĮĸŌĔĵŅĚıŅĶŅĕŀĚŏĔļĨĶĔĶŒĬŀŜŅŏĳŀĮĚȮěńĚľĺńħıŃŏĵŅ. ;
ĺŇĪĵŅĬŇıĬīƢȮ&ĺŇĪĵŅĻŅĽĨĶĴľŅĭńĦĤŇĨ'ȮĴľŅĺŇĪĵŅĸńĵŐĴƞőěƟ, ŏĝňĵĚŒľĴƞ, 

ŏĶŇĚĝńĵȮĨńĬĽŋĝŅĨŇȮĝĬŇĨŅȮıńĬīŋƢĴĦňȮŐĸŃŏĔļĴȮĔŋĦŅĻĶň,Ȯ0336,ȮĔŅĶĻŉĔļŅĻńĔĵĳŅıĔŅĶŐĕƞĚĕńĬĕŀĚĔŅŐĲŀĶŅĭŇĔƟŅĪňŗįĸŇĨ
ŒĬĶŃĭĭĪňŗŏĮƦĬĴŇĨĶĨƞŀĽŇŗĚŐĺħĸƟŀĴőħĵĔĸŋƞĴĺŇĽŅľĔŇěįŌƟįĸŇĨĔŅŐĲŀĶŅĭŇĔƟŅ,ȮŒĬĶŅĵĚŅĬĜĭńĭĽĴĭŌĶĦƢ,Ȯ
ĽĩŅĭńĬĺŇěńĵŐĸŃıńĥĬŅıŊŘĬĪňŗĽŌĚȮ&ŀĚėƢĔŅĶĴľŅĝĬ', 
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ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĮƤěěńĵĪňŗĴňįĸĨƞŀĔŅĶĵŀĴĶńĭĕŀĚŏĔļĨĶĔĶĨƞŀĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬ 
ĕŀĚőėĶĚĔŅĶĕĵŅĵįĸőėĶĚĔŅĶľĸĺĚȮŒĬŀŜŅŏĳŀėĸŀĚĸŅĬȮěńĚľĺńħĔŜŅŐıĚŏıĝĶ 
D_armpqȮ?ddcargleȮD_pkcpqŲȮ?bmnrgmlȮglȮNpmkmrgmlȮmdȮTcecr_`jcȮ

Greenhouses Production of the Royal Project Extension Project in Klong 
Lan District, Kamphaeng Phet Province 

ĬŘŜŅĪŇıĵƢȮĔńĦĪŃĺĚėƢ&Namtip Kantawong'/ȮȮĽŋĶıĸȮŏĻĶļģĭŋĨĶ&Suraphol Sreshthaputra'0  
ėĦŃŏĔļĨĶĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮ 

 
ĭĪėńħĵƞŀ 

ĔŅĶĺŇěńĵŏĶŊŗŀĚĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĻŉĔļŅĮƤěěńĵıŊŘĬģŅĬĽƞĺĬĭŋėėĸȮĮƤěěńĵĪŅĚħƟŅĬŏĻĶļģĔŇěŐĸŃĽńĚėĴȮŐĸŃ
ĮƤěěńĵħƟŅĬŀŊŗĬŕȮĨĸŀħěĬĮƤěěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĵŀĴĶńĭĕŀĚŏĔļĨĶĔĶĪňŗĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬŒĬıŊŘĬĪňŗőėĶĚĔŅĶ
ĕĵŅĵįĸőėĶĚĔŅĶľĸĺĚȮŒĬŀŜŅŏĳŀėĸŀĚĸŅĬȮěńĚľĺńħĔŜŅŐıĚŏıĝĶȮŏıŊŗŀĔŅĶĵŀĴĶńĭĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬ
őĶĚŏĶŊŀĬȮŐĸŃŏıŊŗŀĻŉĔļŅĮƤĠľŅŐĸŃĕƟŀŏĽĬŀŐĬŃĕŀĚŏĔļĨĶĔĶȮőħĵĔĸŋƞĴŏĮƚŅľĴŅĵĪňŗŒĝƟŒĬĔŅĶĻŉĔļŅœħƟŐĔƞȮŏĔļĨĶĔĶįŌƟ
ĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮěŜŅĬĺĬȮ12ȮĶŅĵȮŒĬıŊŘĬĪňŗȮ5ȮľĴŌƞĭƟŅĬȮįĸĔŅĶĻŉĔļŅıĭĺƞŅȮŏĔļĨĶĔĶĽƞĺĬŒľĠƞȮĶƟŀĵĸŃȮ4/,6 ŏĮƦĬ
ŏıĻľĠŇĚȮĴňŀŅĵŋŏĜĸňŗĵ 3..47ȮĮƖȮŏĮƦĬĝĬŏįƞŅŏĵƟŅȮĴŌŏĞŀȮėĬœĪĵȮŐĸŃĔĶŃŏľĶňŗĵĚȮĽƞĺĬŒľĠƞěĭĔŅĶĻŉĔļŅĳŅėĭńĚėńĭȮ&Į.4/
Į.6'ȮĴňěŜŅĬĺĬĽĴŅĝŇĔŒĬėĶńĺŏĶŊŀĬŏĜĸňŗĵȮ4.71ȮėĬȮĴňŐĶĚĚŅĬĳŅėĔŅĶŏĔļĨĶŒĬėĶńĺŏĶŊŀĬŏĜĸňŗĵȮ2.18ȮėĬȮŏėĵœħƟĶńĭĔŅĶ
ŀĭĶĴħƟŅĬĔŅĶħƟŅĬĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬĴŅŐĸƟĺŏĜĸňŗĵȮ1.87ȮėĶńŘĚȮŐĸŃĴňĮĶŃĽĭĔŅĶĦƢŒĬĔŅĶĮĸŌĔıŊĝįńĔŒĬ
őĶĚŏĶŊŀĬŏĜĸňŗĵȮ3.45ȮĮƖ ĴňŀŅĝňıĪŜŅœĶƞŏĮƦĬŀŅĝňıľĸńĔȮĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬŐĸŃĶńĭěƟŅĚŏĮƦĬŀŅĝňıĶŀĚȮőħĵĴňıŊŘĬĪňŗĪŜŅ
ĔŅĶŏĔļĨĶĪńŘĚľĴħŏĜĸňŗĵȮ6.33ȮœĶƞȮőħĵŏĜĸňŗĵŐĸƟĺŏĔļĨĶĔĶĴňĶŅĵœħƟěŅĔĳŅėĔŅĶŏĔļĨĶĶĺĴĨƞŀĮƖȮ42,623.53 ĭŅĪȮĴň
ĶŅĵœħƟĬŀĔĳŅėŏĔļĨĶĨƞŀĮƖȮ42*0..ȮĭŅĪȮĕĦŃĪňŗŏĔļĨĶĔĶĴňĶŅĵěƞŅĵĶĺĴĨƞŀĮƖȮ66*602,37ȮĭŅĪȮŏĮƦĬĶŅĵěƞŅĵĳŅė
ĔŅĶŏĔļĨĶȮ21,015.76ȮĭŅĪȮĶŅĵěƞŅĵėĶńĺŏĶŊŀĬȮ69,397.06 ĭŅĪȮĴňľĬňŘĽŇĬȮ36*661,11ȮĭŅĪ ŒĬħƟŅĬĔŅĶœħƟĶńĭėĺŅĴĶŌƟ
ĕƞŅĺĽŅĶȮŏĔļĨĶĔĶĴňĶŃħńĭĔŅĶĶńĭĶŌƟĕƞŅĺĽŅĶĪŅĚĔŅĶŏĔļĨĶěŅĔĽŊŗŀĭŋėėĸȮĽŊŗŀĮĶŃŏĳĪĨƞŅĚŕȮŐĸŃĽŊŗŀĔŇěĔĶĶĴȮŒĬĶŃħńĭ
ĮŅĬĔĸŅĚȮŏĔļĨĶĔĶĴŅĔĔĺƞŅĶƟŀĵĸŃȮ54,3ȮĕŉŘĬœĮȮĴňėĺŅĴĶŌƟŏĔňŗĵĺĔńĭĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮĔŅĶĴňŏěƟŅľĬƟŅĪňŗħŌŐĸŏŀŅ
ŒěŒĽƞŒľƟėŜŅŐĬŃĬŜŅħňŐĸŃĨƞŀŏĬŊŗŀĚȮŏĮƦĬŐĶĚěŌĚŒěĨƞŀŏĔļĨĶĔĶįŌƟĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬŒĬĶŃħńĭĴŅĔ ŏĔļĨĶĔĶĴňĪńĻĬėĨŇ
ĨƞŀĶŃĭĭĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬŒĬĶŃħńĭĴŅĔȮĴňĪńĻĬėĨŇĨƞŀŏěƟŅľĬƟŅĪňŗŐĸŃėĺŅĴŏĝŊŗŀĴńŗĬĨƞŀĽĩŅĭńĬĺŇěńĵŐĸŃıńĥĬŅ
ıŊŘĬĪňŗĽŌĚȮ&ŀĚėƢĴľŅĝĬ'ȮŒĬĶŃħńĭĴŅĔȮŐĨƞĴňĪńĻĬėĨŇĨƞŀŏěƟŅľĬƟŅĪňŗŐĸŃėĺŅĴŏĝŊŗŀĴńŗĬĨƞŀľĬƞĺĵĚŅĬŀŊŗĬŕȮŒĬĶŃħńĭĮŅĬĔĸŅĚȮ
ĔŅĶĵŀĴĶńĭĕŀĚŏĔļĨĶĔĶĨƞŀĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬŒĬĳŅıĶĺĴŀĵŌƞŒĬĶŃħńĭĴŅĔȮŐĸŃĪŋĔĔŇěĔĶĶĴĪńŘĚ 3Ȯ
ħƟŅĬ ĨńŘĚŐĨƞĔŅĶŏĨĶňĵĴĔŅĶĔƞŀĬĮĸŌĔȮĔŅĶĮĸŌĔŐĸŃĔŅĶħŌŐĸĶńĔļŅȮŐĸŃĔŅĶěńħĔŅĶŏĔŖĭŏĔňŗĵĺȮŀĵŌƞŒĬĶŃħńĭĴŅĔ 

ěŅĔĔŅĶĪħĽŀĭĽĴĴĨŇģŅĬȮıĭĺƞŅȮĮƤěěńĵĪňŗĽńĴıńĬīƢĔńĭĔŅĶĵŀĴĶńĭĕŀĚŏĔļĨĶĔĶĨƞŀĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔ
ıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮœħƟŐĔƞȮĶŃħńĭĔŅĶĻŉĔļŅ ĔŅĶŀĭĶĴėĺŅĴĶŌƟħƟŅĬĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬ ȮĮĶŃĽĭĔŅĶĦƢŒĬĔŅĶĮĸŌĔ
ıŊĝįńĔȮěŜŅĬĺĬĽĴŅĝŇĔŒĬėĶńĺŏĶŊŀĬ ȮěŜŅĬĺĬŐĶĚĚŅĬŏĔļĨĶŒĬėĶńĺŏĶŊŀĬ ŐľĸƞĚĶŅĵœħƟĬŀĔĳŅėŏĔļĨĶ ĶŅĵěƞŅĵĪńŘĚľĴħ 
ĔŅĶŏĮƦĬľĬňŘĽŇĬ ĪńĻĬėĨŇĨƞŀŏěƟŅľĬƟŅĪňŗĽƞĚŏĽĶŇĴĕŀĚĽĩŅĭńĬĺŇěńĵŐĸŃıńĥĬŅıŊŘĬĪňŗĽŌĚȮ&ŀĚėƢĴľŅĝĬ'ȮŐĸŃȮėĺŅĴŏĝŊŗŀĴńŗĬĨƞŀ
ĔŅĶĽƞĚŏĽĶŇĴĕŀĚĽĩŅĭńĬĺŇěńĵŐĸŃıńĥĬŅıŊŘĬĪňŗĽŌĚȮ&ŀĚėƢĴľŅĝĬ'Ȯ ĪňŗĶŃħńĭėĺŅĴŏĝŊŗŀĴńŗĬĪňŗ 0.01 ŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇ  
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ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

 ĮƤĠľŅȮŐĸŃĕƟŀŏĽĬŀŐĬŃȮŒĬĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬĕŀĚŏĔļĨĶĔĶȮĮƤĠľŅĪňŗĽŜŅėńĠœħƟŐĔƞȮŏĔļĨĶĔĶĴň
ĮƤĠľŅĔŅĶĮĸŌĔıŊĝįńĔĞŘŜŅľĸŅĵėĶńŘĚŏĔŇħĮƤĠľŅőĶėŐĸŃŐĴĸĚĕŉŘĬȮŐĸŃĴňĪŅĚŏĸŊŀĔĝĬŇħıŊĝįńĔĬƟŀĵȮŏĬŊŗŀĚěŅĔĽĳŅı
ŀŅĔŅĻĶƟŀĬœĴƞĽŅĴŅĶĩĮĸŌĔıŊĝįńĔŏĴŊŀĚľĬŅĺľĶŊŀıŊĝįńĔĶŅėŅŐıĚœħƟȮŏĝƞĬȮıĶŇĔľĺŅĬȮĴŃŏĕŊŀŏĪĻȮŏĮƦĬĨƟĬȮĶŀĚĸĚĴŅ
ŏĔļĨĶĔĶĴňĮƤĠľŅœĴƟœįƞŐĸŃĮŋƜĵėŀĔľŅĵŅĔȮŐĸŃĴňĶŅėŅŐıĚȮ 
ėŜŅĽŜŅėńĠȮ: ĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮȮĮƤěěńĵĪňŗĴňįĸȮȮėĺŅĴĶŌƟȮȮĔŅĶĵŀĴĶńĭȮȮőėĶĚĔŅĶĕĵŅĵįĸőėĶĚĔŅĶľĸĺĚ 
 

ABSTRACT 
The objective of the study was to explore the personal background factor, socio-

camlmkgaȮd_armpȮ_lbȮmrfcpȮd_armpqȮglajsbgleȮrfcȮd_armpqȮpcj_rcbȮrmȮd_pkcpqŲȮ_bmnrgmlȮglȮ
promotion of vegetable greenhouses production of the Royal Project Extension Project in Klong 
Lan District, Kamphaeng Phet Province in order to adopt the promotion of vegetable greenhouses 
npmbsargmlȮ_lbȮ_jqmȮrmȮdglbȮmsrȮrfcȮd_pkcpqŲȮnpm`jckqȮ_lbȮqseecqrgmlq, 

The sample of this study was 34 farmers selected from the farmers who grow vegetable 
in greenhouses in the area of 7 villages. 

The results of the study indicated that 61.8 % of the farmers are female of the average 
age at 50.47 years. They were Yao (Mien), Lahu (Muser), Karen and Thai people. Most of them 
completed the compulsory education (Pratom 4 or 6). The average family members was 4.71 and 
the average family labors was 2.18 and they have been educated and trained about vegetable 
greenhouses production for 3.45 years in average. Their main career was being the farmer who 
grow vegetable in greenhouses and was sometimes hired to do labor jobs. They have agricultural 
_pc_Ȯ_rȮ4,11ȮP_gqȮglȮ_tcp_ec,ȮRfcȮ_tcp_ecȮmdȮrfcȮd_pkcpŲqȮrmr_jȮglamkcȮc_plcbȮdpmkȮ_epgasjrsp_jȮ
jobs was 64,623.53 Baht yearly and earned from non-agricultural jobs was 64,200 Baht yearly. 
Meanwhile, they have the average annual expenses at 88,824.59 Baht dividing to 21,015.76 Baht 
for agricultural expense and 69,397.06 Baht for household expense. The average debt was 
58,883.33 Baht. For the knowledge or information gained and learnt from other people, all types 
of media and activities was at medium level. More than 76.5 % of the farmers have the 
knowledge of vegetable greenhouse production. 

The good and continuous advice or suggestion from the officers was the high motivation 
for the farmers who grow vegetable in greenhouses. They have very good attitude and high 
confidence towards the officers of Highland Research and Development Institute (Public 
Organization). However, their attitude and confidence towards the officers from other 
organizations w_qȮglȮkcbgskȮjctcj,ȮDmpȮrfcȮd_pkcpqŲȮ_bmnrgmlȮglȮnpmkmrgmlȮmdȮtcecr_`jcȮ
greenhouses production as a whole was in high level. Also, all 3 activities: the preparation for 
growing, growing and taking care, and harvesting were in high level. 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

From the fwnmrfcqgqȮcv_kgl_rgml*ȮgrȮu_qȮdmslbȮrf_rȮrfcȮd_armpqȮpcj_rcbȮrmȮrfcȮd_pkcpqŲȮ
adoption in promotion of vegetable greenhouses production were their education levels, training 
for vegetable greenhouses production, experience for vegetable growing, number of family 
members, number of family labors, non-agricultural income, total expense, debts, and the 
attitude towards the officers of Highland Research and Development Institute (Public 
Organization) and there was statistically significant at 0,01 level. 
The problems and suggestion for their vegetable greenhouse production: the most important 
problems were they had to grow vegetables repeatedly for many times because of insect and 
disease problems; there were a few types of vegetable for growing. Owing to the tropical climate, 
they could not grow cold weather vegetable or expensive vegetable such as capsicum (bell 
pepper), and tomatoes. The other problem was the high price of bamboo and manure and they 
were rare 

 

ĭĪĬŜŅ 
ĽĩŅĭńĬĺŇěńĵŐĸŃıńĥĬŅıŊŘĬĪňŗĽŌĚȮ&ŀĚėƢĔŅĶĴľŅĝĬ'ȮœħƟĶńĭĴŀĭľĴŅĵŏĕƟŅœĮĺŇŏėĶŅŃľƢıŊŘĬĪňŗŏıŊŗŀĬŜŅŀĚėƢėĺŅĴĶŌƟ

ěŅĔőėĶĚĔŅĶľĸĺĚœĮĮĶńĭŒĝƟŒľƟŏľĴŅŃĽĴĔńĭĭĶŇĭĪĽĳŅıĪŅĚŏĻĶļģĔŇěŐĸŃĽńĚėĴĕŀĚıŊŘĬĪňŗȮĨĸŀħěĬĽĶƟŅĚėĺŅĴ
ŏĕƟĴŐĕŖĚĕŀĚĝŋĴĝĬŐĸŃĔŅĶĲƘƨĬĲŌĮƙŅĨƟĬĬŘŜŅĸŜŅīŅĶȮőħĵŀŅĻńĵľĸńĔĔŅĶħŜŅŏĬŇĬĚŅĬĨŅĴŐĬĺĪŅĚĕŀĚőėĶĚĔŅĶľĸĺĚŐĸŃ
ĮĶńĝĠŅŏĻĶļģĔŇěıŀŏıňĵĚȮŏıŊŗŀŒľƟėĬĽŅĴŅĶĩŀĵŌƞĶƞĺĴĔńĭĽŇŗĚŐĺħĸƟŀĴœħƟŀĵƞŅĚĵńŗĚĵŊĬȮěŅĔĔŅĶĽŜŅĶĺěıĭĺƞŅŏĔļĨĶĔĶĽƞĺĬ
ŒľĠƞŒĬıŊŘĬĪňŗőėĶĚĔŅĶĴňėĺŅĴĵŅĔěĬȮĴňľĬňŘĽŇĬȮŏıĶŅŃĮĶŃĔŀĭŀŅĝňıĮĸŌĔĴńĬĽŜŅĮŃľĸńĚȮŐĸŃĶńĭěƟŅĚĭŋėėĸĳŅĵĬŀĔ 
ŏĔŇħĔŅĶĵƟŅĵĩŇŗĬģŅĬȮŏĴŊŗŀĮĸŌĔĴńĬĽŜŅĮŃľĸńĚŏĮƦĬĶŃĵŃŏĺĸŅĬŅĬĪŜŅŒľƟħŇĬŏĽŊŗŀĴőĪĶĴȮĕŅħėĺŅĴŀŋħĴĽĴĭŌĶĦƢȮįĸįĸŇĨ
ĸħĸĚȮŐĨƞĕĦŃŏħňĵĺĔńĬĺŇĩňĝňĺŇĨĕŀĚĝŋĴĝĬĔŖĵńĚħŜŅŏĬŇĬœĮĨŅĴĮĔĨŇĽƞĚįĸŒľƟŏĔļĨĶĔĶĴňľĬňŘĽŇĬĪňŗĬŜŅĴŅŒĝƟěƞŅĵŏıŊŗŀĔŅĶĵńĚ
ĝňıȮĳŅĵŒĨƟĽĳŅııŊŘĬĪňŗħŇĬĕŅħėĺŅĴŀŋħĴĽĴĭŌĶĦƢȮĽĳŅıŀŅĔŅĻĪňŗĶƟŀĬŏĕƟŅĕńŘĬĺŇĔķĨŇĬńŘĬȮĽĩŅĭńĬěŉĚŏĸŊŀĔĽƞĚŏĽĶŇĴĔŅĶ
ĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮŏĬŊŗŀĚěŅĔŏĮƦĬĔŅĶĮĸŌĔıŊĝĪňŗŒĝƟıŊŘĬĪňŗĬƟŀĵȮŒĝƟĬŘŜŅĬƟŀĵȮŐĸƟĺœħƟĮĶŃőĵĝĬƢĽŌĚĽŋħȮŀňĔĪńŘĚĵńĚĴňėĺŅĴ
ĨƟŀĚĔŅĶĕŀĚĨĸŅħĽŌĚȮ&ĕƟŀĴŌĸıŊŘĬģŅĬőėĶĚĔŅĶĕĵŅĵįĸőėĶĚĔŅĶľĸĺĚ*Ȯ0335' 

įĸěŅĔĔŅĶħŜŅŏĬŇĬĚŅĬĕŀĚĽĩŅĭńĬĺŇěńĵŐĸŃıńĥĬŅıŊŘĬĪňŗĽŌĚ&ŀĚėƢĔŅĶĴľŅĝĬ'ȮĮƤěěŋĭńĬŏĔļĨĶĔĶŒĬıŊŘĬĪňŗȮľńĬ
ĴŅĽĬŒěĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮĶĺĴĪńŘĚĮĶńĭĶŃĭĭĔŅĶĮĸŌĔıŊĝŏĮƦĬœĴƟįĸȮŏĝƞĬȮĸŜŅœĵȮĴŃĬŅĺȮȮĸħıŊŘĬĪňŗĮĸŌĔĴńĬ
ĽŜŅĮŃľĸńĚĸĚœħƟŒĬĶŃħńĭľĬŉŗĚȮőħĵŏĔļĨĶĔĶĽƞĺĬŒľĠƞœħƟĶńĭĮƤěěńĵĔŅĶįĸŇĨȮŏĪėőĬőĸĵňĔŅĶįĸŇĨȮŐĸŃėŜŅŐĬŃĬŜŅĮĶŉĔļŅ
ěŅĔŏěƟŅľĬƟŅĪňŗĕŀĚĽĩŅĭńĬłȮŐĨƞĔŖĵńĚıĭĺƞŅĴňŏĔļĨĶĔĶĴŅĔĔĺƞŅėĶŉŗĚĕŀĚőėĶĚĔŅĶĵńĚĵŀĴĶńĭĔŅĶħŜŅŏĬŇĬĔŅĶĽƞĚŏĽĶŇĴĕŀĚ
ŏěƟŅľĬƟŅĪňŗŒĬĸńĔļĦŃĬňŘĝƟŅȮĩŉĚŐĴƟĺƞŅıŊĝĪňŗĽƞĚŏĽĶŇĴěŃĴňĨĸŅħĶŀĚĶńĭĔŅĶěŜŅľĬƞŅĵįĸįĸŇĨĔŖĨŅĴȮĵńĚėĚĮĶŃĔŀĭŀŅĝňıĮĸŌĔ
ĴńĬĽŜŅĮŃľĸńĚŐĸŃĶńĭěƟŅĚŀĵŌƞŏĝƞĬŏħŇĴ 

ĚŅĬĺŇěńĵĬňŘĴňėĺŅĴĽĬŒěĪňŗěŃĪĶŅĭĩŉĚĮƤěěńĵĪňŗĴňįĸĨƞŀĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĕŀĚŏĔļĨĶĔĶĨƞŀĔŅĶĽƞĚŏĽĶŇĴĔŅĶ
ĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬŒĬıŊŘĬĪňŗőėĶĚĔŅĶĕĵŅĵįĸőėĶĚĔŅĶľĸĺĚȮŒĬŀŜŅŏĳŀėĸŀĚĸŅĬȮŏıŊŗŀěŃœħƟĬŜŅĕƟŀĴŌĸĪňŗœħƟœĮŒĝƟŒĬ
ĔŅĶĮĶńĭĮĶŋĚĔŅĶĽƞĚŏĽĶŇĴĔŅĶŏĔļĨĶŒĬıŊŘĬĪňŗȮŐĸŃıŊŘĬĪňŗŀŊŗĬŕĨƞŀœĮ 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĺńĨĩŋĮĶŃĽĚėƢĔŅĶĺŇěńĵ 

/,ȮŏıŊŗŀĻŉĔļŅĮƤěěńĵıŊŘĬģŅĬĽƞĺĬĭŋėėĸȮĮƤěěńĵĪŅĚħƟŅĬŏĻĶļģĔŇěŐĸŃĽńĚėĴȮŐĸŃĮƤěěńĵħƟŅĬŀŊŗĬŕȮĕŀĚ
ŏĔļĨĶĔĶĪňŗŀĵŌƞŒĬıŊŘĬĪňŗĕŀĚőėĶĚĔŅĶĕĵŅĵįĸőėĶĚĔŅĶľĸĺĚȮŒĬŀŜŅŏĳŀėĸŀĚĸŅĬ 
 0,ȮŏıŊŗŀĻŉĔļŅĔŅĶĵŀĴĶńĭĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮĨĸŀħěĬĮƤěěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĵŀĴĶńĭ
ĕŀĚŏĔļĨĶĔĶȮŒĬıŊŘĬĪňŗőėĶĚĔŅĶĕĵŅĵįĸőėĶĚĔŅĶľĸĺĚȮŒĬŀŜŅŏĳŀėĸŀĚĸŅĬ 
 3. ŏıŊŗŀĻŉĔļŅĮƤĠľŅŐĸŃĕƟŀŏĽĬŀŐĬŃȮĕŀĚŏĔļĨĶĔĶĪňŗŀĵŌƞŒĬıŊŘĬĪňŗĕŀĚőėĶĚĔŅĶĕĵŅĵįĸőėĶĚĔŅĶľĸĺĚȮŒĬ
ŀŜŅŏĳŀėĸŀĚĸŅĬ 
 

ĺŇīňħŜŅŏĬŇĬĔŅĶĺŇěńĵ 
 ĮĶŃĝŅĔĶĪňŗŒĝƟŒĬĔŅĶĻŉĔļŅĺŇěńĵŒĬėĶńŘĚĬňŘŏĮƦĬŏĔļĨĶĔĶĝĬŏįƞŅĔĶŃŏľĶňŗĵĚȮŏĵƟŅȮĴŌŏĞŀȮŐĸŃėĬœĪĵȮěŜŅĬĺĬ
ĪńŘĚĽŇŘĬȮ34 ĶŅĵȮŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĔŅĶĻŉĔļŅĺŇěńĵėĶńŘĚĬňŘȮŏĮƦĬĔŅĶĻŉĔļŅĮƤěěńĵĪňŗĽńĴıńĬīƢĔńĭĔŅĶĵŀĴĶńĭĕŀĚŏĔļĨĶĔĶĨƞŀ
ĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮĕŀĚőėĶĚĔŅĶĕĵŅĵįĸőėĶĚĔŅĶľĸĺĚȮŒĬŀŜŅŏĳŀėĸŀĚĸŅĬȮěńĚľĺńħĔŜŅŐıĚŏıĝĶȮ
ŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĔŅĶĺŇěńĵėĶńŘĚĬňŘŏĮƦĬŐĭĭĽńĴĳŅļĦƢŐĭĭĴňőėĶĚĽĶƟŅĚĪňŗįŌƟĺŇěńĵĽĶƟŅĚĕŉŘĬȮŏĮƦĬėŜŅĩŅĴŐĭĭĮĸŅĵĮƕħȮŐĸŃ
ėŜŅĩŅĴŐĭĭĮĸŅĵŏĮƕħȮĴňĕńŘĬĨŀĬĔŅĶĽĶƟŅĚŐĭĭĽńĴĳŅļĦƢȮŐĸŃĔŅĶĨĶĺěĽŀĭėŋĦĳŅıŏėĶŊŗŀĚĴŊŀȮħńĚĬňŘȮȮĔŅĶĽĶƟŅĚŐĭĭ
ĽńĴĳŅļĦƢȮĔŜŅľĬħĕƟŀĴŌĸĪňŗĨƟŀĚĔŅĶŒĬĮĶŃŏħŖĬĨƞŅĚȮŕȮĨŅĴĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵȮŐĸƟĺěŉĚĔŜŅľĬħĨńĺĝňŘĺńħȮŐĸŃĴŅĨĶ
ĺńħĕƟŀĴŌĸŒĬŐĨƞĸŃĮĶŃŏħŖĬĨŅĴĪňŗœħƟĔŜŅľĬħœĺƟȮŐĸƟĺěŉĚĬŜŅĕƟŀĴŌĸĨŅĴĮĶŃŏħŖĬĨńĺĝňŘĺńħȮŐĸŃĴŅĨĶĺńħĴŅĽĶƟŅĚŏĮƦĬĕƟŀ
ėŜŅĩŅĴȮ 

ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸ 

 įŌƟĺŇěńĵĬŜŅŐĭĭĽńĴĳŅļĦƢĪňŗœħƟěŅĔĔŅĶĽńĴĳŅļĦƢĔĸŋƞĴĨńĺŀĵƞŅĚĴŅĨĶĺěĽŀĭėĺŅĴĽĴĭŌĶĦƢĕŀĚĕƟŀĴŌĸȮŐĸƟĺ
ĺŇŏėĶŅŃľƢĕƟŀĴŌĸħƟĺĵėŀĴıŇĺŏĨŀĶƢőĮĶŐĔĶĴĽŜŅŏĶŖěĶŌĮȮ&SPSS'ȮĽŜŅľĶńĭĽĩŇĨŇĪňŗŒĝƟŒĬĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸĴňħńĚĬňŘȮĽĩŇĨŇėƞŅĶƟŀĵ
ĸŃȮ(percentage) ėƞŅŏĜĸňŗĵȮ(arithmetic mean) ėƞŅŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬȮ(standard deviation) ŐĸŃľŅ
ėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĨńĺŐĮĶŀŇĽĶŃĔńĭĨńĺŐĮĶĨŅĴȮőħĵŒĝƟĔŅĶĺŇŏėĶŅŃľƢėƞŅĽľĽńĴıńĬīƢȮ&Correlation Analysis'ȮŏĮƦĬ
ĔŅĶĻŉĔļŅėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĨńĺŐĮĶĨńŘĚŐĨƞȮ0ȮĨńĺĕŉŘĬœĮȮŒĬĔŅĶıŇěŅĶĦŅėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĨńĺŐĮĶĺƞŅĴňĴŅĔĬƟŀĵ
ŏıňĵĚŒħĬńŘĬȮěŃŒĝƟėƞŅĽńĴĮĶŃĽŇĪīŇśĽľĽńĴıńĬīƢȮ(Correlation coefficient) ŏĮƦĬėƞŅĪňŗĺńħėĺŅĴĽńĴıńĬīƢȮŒĬĔŅĶĺŇěńĵėĶńŘĚĬňŘ
ŒĝƟėƞŅĽńĴĮĶŃĽŇĪīŇśĽľĽńĴıńĬīƢŐĭĭŏıňĵĶƢĽńĬȮ&Person Product Moment Correlation'Ȯ 
 

ĽĶŋĮįĸŐĸŃŀĳŇĮĶŅĵįĸĔŅĶĺŇěńĵ 

 /,ȮĽĶŋĮįĸĔŅĶĺŇěńĵ 

 1.1 ĮƤěěńĵıŊŘĬģŅĬĽƞĺĬĭŋėėĸ 
 ȮŏĔļĨĶĔĶĕŀĚőėĶĚĔŅĶĕĵŅĵįĸőėĶĚĔŅĶľĸĺĚȮŒĬŀŜŅŏĳŀėĸŀĚĸŅĬȮěńĚľĺńħĔŜŅŐıĚŏıĝĶȮĪňŗĮĸŌĔıŊĝįńĔŒĬ
őĶĚŏĶŊŀĬ ĔĸŋƞĴĨńĺŀĵƞŅĚĽƞĺĬŒľĠƞŏĮƦĬľĠŇĚȮĴňŀŅĵŋŏĜĸňŗĵ 3..47ȮĮƖȮŏĮƦĬĝĬŏįƞŅŏĵƟŅȮĴŌŏĞŀȮėĬœĪĵȮŐĸŃĔĶŃŏľĶňŗĵĚȮĽƞĺĬ
ŒľĠƞěĭĔŅĶĻŉĔļŅĳŅėĭńĚėńĭȮ&Į.4/Į.6'ȮœĴƞĴňĨŜŅŐľĬƞĚĪŅĚĽńĚėĴȮĽƞĺĬŒľĠƞœĴƞŏĮƦĬĽĴŅĝŇĔĔĸŋƞĴŏĔļĨĶĔĶȮĴňěŜŅĬĺĬ
ĽĴŅĝŇĔŒĬėĶńĺŏĶŊŀĬŏĜĸňŗĵȮ4.71ȮėĬȮĴňĔŅĶĨŇħĨƞŀŏěƟŅľĬƟŅĪňŗĨƞŀŏħŊŀĬŏĜĸňŗĵȮ3,7/ȮėĶńŘĚȮŐĸŃŏėĵœħƟĶńĭĔŅĶŀĭĶĴħƟŅĬĔŅĶ
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ħƟŅĬĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬĴŅŐĸƟĺŏĜĸňŗĵȮ1.87ȮėĶńŘĚȮŐĸŃĴňĮĶŃĽĭĔŅĶĦƢŒĬĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬŏĜĸňŗĵȮ3.45ȮĮƖ 
ŐĸŃŏėĵŏħŇĬĪŅĚŀŀĔĬŀĔıŊŘĬĪňŗŏĜĸňŗĵȮ10.68 ėĶńŘĚ 
 1.2 ĮƤěěńĵħƟŅĬŏĻĶļģĔŇěŐĸŃĽńĚėĴ 
 ŏĔļĨĶĔĶĕŀĚőėĶĚĔŅĶĕĵŅĵįĸőėĶĚĔŅĶľĸĺĚȮŒĬŀŜŅŏĳŀėĸŀĚĸŅĬȮěńĚľĺńħĔŜŅŐıĚŏıĝĶȮĪňŗĮĸŌĔıŊĝįńĔŒĬ
őĶĚŏĶŊŀĬĪňŗŏĮƦĬĔĸŋƞĴĨńĺŀĵƞŅĚĴňŀŅĝňıĪŜŅœĶƞŏĮƦĬŀŅĝňıľĸńĔȮĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬŐĸŃĶńĭěƟŅĚŏĮƦĬŀŅĝňıĶŀĚȮĴňŐĶĚĚŅĬ
ĳŅėĔŅĶŏĔļĨĶŒĬėĶńĺŏĶŊŀĬŏĜĸňŗĵȮ2.18ȮėĬȮőħĵĴňıŊŘĬĪňŗĪŜŅĔŅĶŏĔļĨĶĪńŘĚľĴħŏĜĸňŗĵȮ6.33ȮœĶƞȮŏĮƦĬıŊŘĬĪňŗŏĝƞŅŏĜĸňŗĵȮ6œĶƞȮĴň
ěŜŅĬĺĬőĶĚŏĶŊŀĬĮĸŌĔıŊĝįńĔŏĜĸňŗĵȮ/,37ȮőĶĚŏĶŊŀĬȮőħĵŏĜĸňŗĵŐĸƟĺŏĔļĨĶĔĶĴňĶŅĵœħƟěŅĔĳŅėĔŅĶŏĔļĨĶĶĺĴĨƞŀĮƖŏĜĸňŗĵȮ
42,623.53 ĭŅĪȮŏĮƦĬĶŅĵœħƟěŅĔĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬĨƞŀĮƖŏĜĸňŗĵȮ11*23/,25ȮĭŅĪȮĴňĶŅĵœħƟĬŀĔĳŅėŏĔļĨĶĨƞŀĮƖ
ŏĜĸňŗĵȮ42*0..ȮĭŅĪȮĕĦŃĪňŗŏĔļĨĶĔĶĴňĶŅĵěƞŅĵĶĺĴĨƞŀĮƖŏĜĸňŗĵȮ66*602,37ȮĭŅĪȮŏĮƦĬĶŅĵěƞŅĵĳŅėĔŅĶŏĔļĨĶĶĺĴŏĜĸňŗĵȮ
21,015.76ȮĭŅĪȮĶŅĵěƞŅĵėĶńĺŏĶŊŀĬĶĺĴŏĜĸňŗĵȮ69,397.06 ĭŅĪȮŏĔļĨĶĔĶŒĝƟĪŋĬĕŀĚĨĬŏŀĚŐĸŃŏĚŇĬĔŌƟŒĬĔŅĶĸĚĪŋĬĪŜŅ
ĔŅĶŏĔļĨĶőħĵŏĜıŅŃěŅĔĔŀĚĪŋĬľĴŌƞĭƟŅĬ ĴňľĬňŘĽŇĬĶĺĴŏĜĸňŗĵȮ36*661,11ȮĭŅĪ 
 1.3 ĮƤěěńĵŀŊŗĬȮŕȮ 
 ŒĬħƟŅĬĔŅĶœħƟĶńĭėĺŅĴĶŌƟĕƞŅĺĽŅĶȮŏĔļĨĶĔĶįŌƟĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮĕŀĚőėĶĚĔŅĶĕĵŅĵįĸőėĶĚĔŅĶľĸĺĚȮŒĬ
ŀŜŅŏĳŀėĸŀĚĸŅĬȮěńĚľĺńħĔŜŅŐıĚŏıĝĶȮĴňĶŃħńĭĔŅĶĶńĭĶŌƟĕƞŅĺĽŅĶĪŅĚĔŅĶŏĔļĨĶěŅĔĽŊŗŀĭŋėėĸȮĽŊŗŀĮĶŃŏĳĪĨƞŅĚŕȮŐĸŃĽŊŗŀ
ĔŇěĔĶĶĴȮŒĬĶŃħńĭĮŅĬĔĸŅĚȮŏĔļĨĶĔĶĴŅĔĔĺƞŅĶƟŀĵĸŃ54,3ȮĕŉŘĬœĮȮĴňėĺŅĴĶŌƟŏĔňŗĵĺĔńĭĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮĔŅĶĴň
ŏěƟŅľĬƟŅĪňŗħŌŐĸŏŀŅŒěŒĽƞŒľƟėŜŅŐĬŃĬŜŅħňŐĸŃĨƞŀŏĬŊŗŀĚȮŏĮƦĬŐĶĚěŌĚŒěĨƞŀŏĔļĨĶĔĶįŌƟĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬŒĬĶŃħńĭĴŅĔ 
ŏĔļĨĶĔĶĴňĪńĻĬėĨŇĨƞŀĶŃĭĭĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬŒĬĶŃħńĭĴŅĔȮĴňĪńĻĬėĨŇĨƞŀŏěƟŅľĬƟŅĪňŗŐĸŃėĺŅĴŏĝŊŗŀĴńŗĬĨƞŀ
ĽĩŅĭńĬĺŇěńĵŐĸŃıńĥĬŅıŊŘĬĪňŗĽŌĚȮ&ŀĚėƢĴľŅĝĬ'ȮŒĬĶŃħńĭĴŅĔȮŐĨƞĴňĪńĻĬėĨŇĨƞŀŏěƟŅľĬƟŅĪňŗŐĸŃėĺŅĴŏĝŊŗŀĴńŗĬĨƞŀľĬƞĺĵĚŅĬ
ŀŊŗĬŕȮŒĬĶŃħńĭĮŅĬĔĸŅĚ 
 
 1.4ȮĔŅĶĵŀĴĶńĭĕŀĚŏĔļĨĶĔĶĨƞŀĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮĕŀĚőėĶĚĔŅĶĕĵŅĵįĸ
őėĶĚĔŅĶľĸĺĚȮŒĬŀŜŅŏĳŀėĸŀĚĸŅĬȮěńĚľĺńħĔŜŅŐıĚŏıĝĶȮŏĝŇĚėĺŅĴėŇħŏľŖĬ ŐĸŃȮĔŅĶĬŜŅœĮĮġŇĭńĨŇ 

ĔŅĶĵŀĴĶńĭĕŀĚŏĔļĨĶĔĶĨƞŀĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬŒĬĳŅıĶĺĴŀĵŌƞŒĬĶŃħńĭĴŅĔŐĸŃĪŋĔ
ĔŇěĔĶĶĴĪńŘĚ 3ȮħƟŅĬ ĨńŘĚŐĨƞĔŅĶŏĨĶňĵĴĔŅĶĔƞŀĬĮĸŌĔȮĔŅĶĮĸŌĔŐĸŃĔŅĶħŌŐĸĶńĔļŅŐĸŃĔŅĶěńħĔŅĶŏĔŖĭŏĔňŗĵĺȮŀĵŌƞŒĬĶŃħńĭ
ĴŅĔȮħńĚĨŅĶŅĚĪňŗ/ 
ĨŅĶŅĚĪňŗȮ/ ĔŅĶĵŀĴĶńĭĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮĕŀĚŏĔļĨĶĔĶőėĶĚĔŅĶĕĵŅĵįĸőėĶĚĔŅĶľĸĺĚȮŒĬ

ŀŜŅŏĳŀėĸŀĚĸŅĬȮěńĚľĺńħĔŜŅŐıĚŏıĝĶȮ 

ĔŅĶĵŀĴĶńĭĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬ ėƞŅŏĜĸňŗĵ ŐĮĸįĸ 

ĔŅĶŏĨĶňĵĴĔŅĶĔƞŀĬĮĸŌĔ   
/,ȮĔŅĶĽĶƟŅĚőĶĚŏĶŊŀĬ 0,62 ĴŅĔ 
/'ȮĽĶƟŅĚőĶĚŏĶŊŀĬœĴƟœįƞȮĕĬŅħȮ4Ȯx 02ȮŏĴĨĶȮĨŅĴŐĭĭĪňŗĔŜŅľĬħŒľƟȮ&ĶŌĮŐĭĭȮĔ,ȮĮĶŃĵŋĔĨƢ' 2.91 ĴŅĔ 
0'ȮĔŅĶĮĶŃĔŀĭıĸŅĽĨŇĔĪŜŅľĸńĚėŅőĶĚŏĶŊŀĬŐĸŃėĸŋĴħƟŅĬĕƟŅĚőĶĚŏĶŊŀĬħƟĺĵĴŋƟĚœĬĸƞŀĬĽňĕŅĺĨŅĩňŗĴň
ěŜŅĬĺĬŏĽƟĬĪŀȮ10ȮŏĽƟĬ-ėĺŅĴĵŅĺȮ/ȮĬŇŘĺȮĴŋƟĚœĬĸƞŀĬĝĬŇħĬňŘȮĮƚŀĚĔńĬĔŅĶŏĕƟŅĶĭĔĺĬěŅĔŏıĸňŘĵœĲŐĸŃ
ľĴńħĔĶŃőħħœħƟ 

2.91 ĴŅĔ 

1'ȮĪŇĻĪŅĚĕŀĚőĶĚŏĶŊŀĬȮėĺĶĺŅĚŐĬĺŀĵŌƞŒĬŐĬĺŏľĬŊŀ-ŒĨƟ 2.71 ĴŅĔ 
0,ȮĔŅĶŏĨĶňĵĴŏĴĸŖħıńĬīŋƢ 2.88 ĴŅĔ 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĔŅĶĵŀĴĶńĭĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬ ėƞŅŏĜĸňŗĵ ŐĮĸįĸ 

/'ȮĔŅĶŏıŅŃĔĸƟŅįńĔŒĬĩŅħľĸŋĴȮĕĬŅħȮ/.2ȮľĸŋĴȮĔƞŀĬĵƟŅĵĮĸŌĔŒĬŐĮĸĚĳŅĵŒĬőĶĚŏĶŊŀĬ 2.88 ĴŅĔ 
1,ȮĔŅĶĪŜŅėĸńĚŀŅľŅĶ 2.78 ĴŅĔ 
1) ĕŋħĶƞŀĚĶŃľĺƞŅĚŐĮĸĚĮĸŌĔȮŒľƟĴňėĺŅĴĸŉĔĮĶŃĴŅĦȮ30 - 50 ŏĞĬĨŇŏĴĨĶ ŐĸŃĔĺƟŅĚȮ50-60 
ŏĞĬĨŇŏĴĨĶȮěŅĔĬńŘĬĬŜŅŏĻļıŊĝĪňŗŐľƟĚȮŏĝƞĬȮŒĭœĴƟȮĺńĝıŊĝ ĞŅĔıŊĝĨĶŃĔŌĸĩńŗĺȮľĶŊŀĺńĽħŋŏľĸŊŀŒĝƟĪŅĚ
ĔŅĶŏĔļĨĶĪňŗĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟ ĬŜŅĴŅŒĽƞŒĬĶƞŀĚĪňŗĕŋħœĺƟ 

2.85 
 

ĴŅĔ 

0'ȮŒĽƞĮŋƜĵĶŀĚıŊŘĬĽŌĨĶȮ.-24-.ȮľĶŊŀľŇĬĲŀĽŏĲĨȮŀńĨĶŅȮ3ȮĔŇőĸĔĶńĴĨƞŀőĶĚŏĶŊŀĬȮőħĵőĶĵŒľƟĪńŗĺŏĻļĺńĽħŋ 2.71 ĴŅĔ 
1'ȮőĶĵĮŋƜĵėŀĔ&ĴŌĸœĔƞȮĴŌĸľĴŌľĸŋĴȮľĶŊŀľĴŌĲŅĶƢĴȮľĶŊŀĴŌĸĺńĺıŊŘĬŏĴŊŀĚ'ȮĭĬŏĻļĺńĽħŋŒĬŀńĨĶŅȮ0..Ȯ
ĔŇőĸĔĶńĴĨƞŀőĶĚŏĶŊŀĬȮľĶŊŀėŇħŏĮƦĬĮŋƜĵėŀĔȮěŜŅĬĺĬȮ0.ȮĔĶŃĽŀĭȮ&ĔĶŃĽŀĭĸŃȮ/.ȮĔŇőĸĔĶńĴ' 

2.88 ĴŅĔ 

2'ȮŒĽƞĮŋƜĵĽŌĨĶȮ24-.-.ȮŀńĨĶŅȮ/-0ȮĔŇőĸĔĶńĴĨƞŀőĶĚŏĶŊŀĬȮŏıŊŗŀŒĝƟŏĮƦĬŐľĸƞĚıĸńĚĚŅĬŐĸŃŀŅľŅĶĕŀĚ
ěŋĸŇĬĪĶňĵƢŒĬĕĭĺĬĔŅĶĵƞŀĵĽĸŅĵŏĻļıŊĝȮŐĸƟĺĶħĬŘŜŅŒľƟĝŋƞĴ 

2.56 ĴŅĔ 

3'ȮĕŉŘĬŐĮĸĚĮĸŌĔŒľƟĴňėĺŅĴĔĺƟŅĚȮ/ȮŏĴĨĶȮĽŌĚȮ/3Ȯ-Ȯ03ȮŏĞĬĨŇŏĴĨĶȮ&2ȮŐĮĸĚĨƞŀőĶĚŏĶŊŀĬ' 2.91 ĴŅĔ 

ėƞŅŏĜĸňŗĵĶĺĴĶŃħńĭĔŅĶĵŀĴĶńĭŏĝŇĚėĺŅĴėŇħŏľŖĬĔŅĶŏĨĶňĵĴĔŅĶĔƞŀĬĮĸŌĔ 2.83 ĴŅĔ 

ĔŅĶĮĸŌĔŐĸŃħŌŐĸĶńĔļŅ   
/,ȮĺŇīňĔŅĶĮĸŌĔ 0,75 ĴŅĔ 
/'ȮĶŃĵŃĮĸŌĔĕŉŘĬŀĵŌƞĔńĭĝĬŇħĕŀĚıŊĝįńĔĪňŗŏĔļĨĶĔĶŏĸŊŀĔĮĸŌĔȮŐĨƞĴňĕƟŀŐĬŃĬŜŅȮėŊŀŏĔļĨĶĔĶėĺĶĮĸŌĔįńĔ
ŒľƟĴňĶŃĵŃľƞŅĚıŀĽĴėĺĶŀĵƞŅŒľƟŐĬƞĬěĬŏĔŇĬœĮȮŏıŊŗŀŒľƟĴňĔŅĶĶŃĭŅĵŀŅĔŅĻĪňŗħňȮŐĸŃĮĶńĭ
ĽĳŅıŐĺħĸƟŀĴŒľƟœĴƞŏľĴŅŃĽĴĨƞŀĔŅĶĶŃĭŅħĕŀĚőĶė 

3.00 ĴŅĔ 

0'ȮėĺĶľĴńŗĬĨĶĺěŐĮĸĚŀĵŌƞŏĽĴŀȮőħĵŀŅěŏĸŊŀĔĽŜŅĶĺěŏĮƦĬěŋħŕȮĮĶŃĴŅĦȮ/.-0.Ȯěŋħ-őĶĚŏĶŊŀĬȮĩƟŅ
ıĭĺƞŅĴňĔŅĶĶŃĭŅħĕŀĚőĶėŐĸŃŐĴĸĚŒĬĶŃħńĭĪňŗĔƞŀŒľƟŏĔŇħėĺŅĴŏĽňĵľŅĵŐĔƞıŊĝįńĔĬńŘĬȮĔŖėĺĶħŜŅŏĬŇĬĔŅĶ
ĔŜŅěńħőĶėŐĸŃŐĴĸĚĪňŗıĭĪńĬĪň 

2.94 ĴŅĔ 

0,ȮĔŅĶħŌŐĸĶńĔļŅ 2.71 ĴŅĔ 
/'ȮĔŅĶŒľƟĬŘŜŅȮĔŅĶĮĸŌĔıŊĝįńĔěŜŅŏĮƦĬĨƟŀĚŒľƟĬŘŜŅŏıňĵĚıŀȮĔŅĶŒľƟĬŘŜŅįńĔėĺĶĶħĬŘŜŅŒĬĝƞĺĚȮŏĝƟŅ-ȮŏĵŖĬȮœĴƞėĺĶ
ĶħĨŀĬŐħħěńħȮŐĸŃĶħĬŘŜŅŐĨƞıŀĝŋƞĴŀĵƞŅŒľƟőĝĔ 

3.00 ĴŅĔ 

0'ȮĔŅĶŒĽƞĮŋƜĵȮŒĽƞŏĴŊŗŀıŊĝŐĽħĚŀŅĔŅĶĕŅħīŅĨŋŀŅľŅĶȮŐĸŃĨŅĴĝƞĺĚŏĺĸŅĪňŗıŊĝĨƟŀĚĔŅĶȮĽŌĨĶĮŋƜĵĪňŗŒĝƟĔńĭ
ıŊĝįńĔȮœħƟŐĔƞȮĵŌŏĶňĵȮĽŜŅľĶńĭĭŜŅĶŋĚĨƟĬŐĸŃŒĭȮŐĸŃĮŋƜĵĽŌĨĶȮ/3-/3-/3ȮŐĸŃȮ/0-02-/0ȮĽŜŅľĶńĭŏĶƞĚĔŅĶ
ŀŀĔħŀĔŐĸŃįĸ 

2.53 ĴŅĔ 

3) ĔŅĶŒľƟīŅĨŋŀŅľŅĶŏĽĶŇĴŐĔƞıŊĝ ěŃĴňėĺŅĴěŜŅŏĮƦĬĨƞŀıŊĝįńĔŒĬĭŅĚĝĬŇħŏĪƞŅĬńŘĬ ĪńŘĚĬňŘŏıŊŗŀĽĶƟŅĚėĺŅĴ
ĨƟŅĬĪŅĬőĶėŒľƟŐĔƞıŊĝĬńŘĬȮŏĝƞĬȮıŊĝŒĬĺĚĻƢĔŃľĸŗŜŅ ěŃĨƟŀĚĔŅĶīŅĨŋőĭĶŀĬŏıŊŗŀĽĶƟŅĚėĺŅĴĨƟŅĬĪŅĬőĶė
œĽƟĔĸĺĚħŜŅ ĴŃŏĕŊŀŏĪĻěŃĨƟŀĚĔŅĶīŅĨŋŐėĸŏĞňĵĴŏıŊŗŀĽĶƟŅĚėĺŅĴĨƟŅĬĪŅĬőĶėįĸŏĬƞŅȮŏĮƦĬĨƟĬ 

2.41 ĴŅĔ 

2'ȮĔŅĶĮƚŀĚĔńĬĔŜŅěńħĻńĨĶŌıŊĝȮėĺĶĭŜŅĶŋĚĶńĔļŅĨƟĬıŊĝŒľƟŐĕŖĚŐĶĚőħĵĔŅĶĔŜŅěńħĺńĝıŊĝȮŒľƟĬŘŜŅŀĵƞŅĚ
ŏıňĵĚıŀŐĸŃŒĽƞĮŋƜĵĨŅĴŏľĴŅŃĽĴŏıŊŗŀŒľƟįńĔŏěĶŇĠŏĨŇĭőĨȮŐĕŖĚŐĶĚȮĪĬĨƞŀőĶėŐĸŃŐĴĸĚȮľŅĔĴňőĶėŐĸŃ
ŐĴĸĚĶŃĭŅħĴŅĔėĺĶŒĝƟĽŅĶīĶĶĴĝŅĨŇȮľĶŊŀŒĝƟĺŇīňĔĸĨƞŅĚŕȮŒĬĔŅĶĮƚŀĚĔńĬĔŜŅěńħȮŏĝƞĬȮľĬŀĬĨƞŅĚŕȮŒĝƟ
ĴŊŀěńĭŀŀĔȮŏĮƦĬĨƟĬ 

2.91 ĴŅĔ 

ėƞŅŏĜĸňŗĵĶĺĴĶŃħńĭĔŅĶĵŀĴĶńĭŏĝŇĚėĺŅĴėŇħŏľŖĬĔŅĶĮĸŌĔŐĸŃħŌŐĸĶńĔļŅ 2.84 ĴŅĔ 

ĔŅĶěńħĔŅĶŏĔŖĭŏĔňŗĵĺ     
/'ȮĔŅĶŏĔŖĭŏĔňŗĵĺįńĔėĺĶŏĔŖĭŒĬŏĺĸŅŏĝƟŅěŃĪŜŅŒľƟœħƟįńĔĽħĶĽħňȮĽŜŅľĶńĭįńĔĮĶŃŏĳĪįĸėĺĶŏĔŖĭŒĬĕĦŃĪňŗ
įĸœĴƞŐĔƞěńħȮěŃœħƟįĸĪňŗĴňĶĽħňŐĸŃěŃĪŜŅŒľƟįĸħĔȮľŅĔĮĸƞŀĵŒľƟįĸŐĔƞėŅĨƟĬȮĨƞŀœĮěŃŀŀĔįĸĬƟŀĵĸĚ 

2.97 ĴŅĔ 

0'ȮĔŅĶĮĸŌĔıŊĝľĴŋĬŏĺňĵĬĽĸńĭĝĬŇħľĶŊŀĮĸŌĔįńĔĪňŗĴňŀŅĵŋĔŅĶŏĔŖĭŏĔňŗĵĺĽńŘĬĭƟŅĚĵŅĺĭƟŅĚĽĸńĭĔńĬœĮȮěŃ
ĝƞĺĵĮƚŀĚĔńĬĔŅĶĶŃĭŅħĕŀĚőĶėŐĸŃŐĴĸĚœħƟ 

2.94 ĴŅĔ 

1'ȮĔŅĶĕĬĽƞĚĪŜŅħƟĺĵėĺŅĴĮĶŅĦňĨȮĪŜŅŒľƟįĸŇĨįĸĴňėŋĦĳŅıħňŐĸŃŏĔŇħĔŅĶĽŌĠŏĽňĵĬƟŀĵĸĚ 2.94 ĴŅĔ 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĔŅĶĵŀĴĶńĭĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬ ėƞŅŏĜĸňŗĵ ŐĮĸįĸ 

ėƞŅŏĜĸňŗĵĶĺĴĶŃħńĭĔŅĶĵŀĴĶńĭŏĝŇĚėĺŅĴėŇħŏľŖĬĔŅĶěńħĔŅĶŏĔŖĭŏĔňŗĵĺ 2.95 ĴŅĔ 

ĽĶŋĮėƞŅŏĜĸňŗĵĶĺĴĶŃħńĭĔŅĶĵŀĴĶńĭŏĝŇĚėĺŅĴėŇħŏľŖĬĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬ 0,65 ĴŅĔ 

ľĴŅĵŏľĨŋȮ: ĔŅĶŐĮĸėĺŅĴľĴŅĵĶŃħńĭĔŅĶĵŀĴĶńĭĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬŒĝƟĺŇīňĬŜŅėƞŅŏĜĸňŗĵĩƞĺĚĬŘŜŅľĬńĔ
ėĺŅĴėŇħŏľŖĬŒĬŐĨƞĸŃĮĶŃŏħŖĬĴŅŏĮĶňĵĭŏĪňĵĭĔńĭŏĔĦĤƢȮħńĚĬňŘȮ 
  ėƞŅėŃŐĬĬŏĜĸňŗĵ 0,12Ȯů 1,.. ėŃŐĬĬȮŏĪƞŅĔńĭȮ ĵŀĴĶńĭĴŅĔ  
  ėƞŅėŃŐĬĬŏĜĸňŗĵ 1.68 ů 2.33 ėŃŐĬĬȮŏĪƞŅĔńĭȮ ĵŀĴĶńĭĮŅĬĔĸŅĚ 
  ėƞŅėŃŐĬĬŏĜĸňŗĵ /,..Ȯů /,45 ėŃŐĬĬȮŏĪƞŅĔńĭȮ ĵŀĴĶńĭĬƟŀĵ 
 
  1.5ȮĮƤĠľŅŐĸŃĕƟŀŏĽĬŀŐĬŃŒĬĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬĕŀĚŏĔļĨĶĔĶȮőėĶĚĔŅĶĕĵŅĵįĸőėĶĚĔŅĶ
ľĸĺĚȮŒĬŀŜŅŏĳŀėĸŀĚĸŅĬȮěńĚľĺńħĔŜŅŐıĚŏıĝĶ  
 ĔŅĶĻŉĔļŅĮƤĠľŅŐĸŃĕƟŀŏĽĬŀŐĬŃŒĬĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬĕŀĚŏĔļĨĶĔĶȮıĭĺƞŅĮƤĠľŅĪňŗĽŜŅėńĠœħƟŐĔƞȮ
ŏĔļĨĶĔĶěŜŅĬĺĬĶƟŀĵĸŃȮ/..ȮĴňĮƤĠľŅĔŅĶĮĸŌĔıŊĝįńĔĞŘŜŅľĸŅĵėĶńŘĚŏĔŇħĮƤĠľŅőĶėŐĸŃŐĴĸĚĕŉŘĬȮŐĸŃĴňĪŅĚŏĸŊŀĔĝĬŇħ
ıŊĝįńĔĬƟŀĵȮŏĬŊŗŀĚěŅĔĽĳŅıŀŅĔŅĻĶƟŀĬœĴƞĽŅĴŅĶĩĮĸŌĔıŊĝįńĔŏĴŊŀĚľĬŅĺľĶŊŀıŊĝįńĔĶŅėŅŐıĚœħƟȮŏĝƞĬȮıĶŇĔľĺŅĬȮ
ĴŃŏĕŊŀŏĪĻȮŏĮƦĬĨƟĬȮĶŀĚĸĚĴŅŏĔļĨĶĔĶěŜŅĬĺĬĶƟŀĵĸŃȮ66,01ȮĴňĮƤĠľŅœĴƟœįƞľŅĵŅĔȮŐĸŃĴňĶŅėŅŐıĚȮŏĔļĨĶĔĶěŜŅĬĺĬ
ĶƟŀĵĸŃȮ4/,54ȮĴňĮƤĠľŅıŊĝįńĔŒĭĝŘŜŅȮŏĽňĵľŅĵĶŃľĺƞŅĚĕĬĽƞĚȮŏĔļĨĶĔĶěŜŅĬĺĬĶƟŀĵĸŃȮ30,72ȮĴňĮƤĠľŅĮŋƜĵėŀĔľŅĵŅĔȮ
ŐĸŃĴňĶŅėŅŐıĚȮŏĔļĨĶĔĶěŜŅĬĺĬĶƟŀĵĸŃȮ2/,/5ȮĴňĮƤĠľŅĨƟŀĚěƟŅĚŐĶĚĚŅĬŒĬĔŅĶĽĶƟŅĚőĶĚŏĶŊŀĬȮŏĔļĨĶĔĶěŜŅĬĺĬĶƟŀĵ
ĸŃȮ10,13ȮĨƟŀĚĔŅĶėĺŅĴĶŌƟŏĶŊŗŀĚĔŅĶŐĮĶĶŌĮıŊĝįńĔĪňŗŏľĸŊŀěŅĔĔŅĶěŜŅľĬƞŅĵŒĬĝŋĴĝĬȮŐĸŃŏĔļĨĶĔĶěŜŅĬĺĬĶƟŀĵĸŃȮ
04,25ȮĴňĮƤĠľŅĶŃĵŃĪŅĚĕĬĽƞĚŏĕƟŅŏĴŊŀĚœĔĸȮĝƞŀĚĪŅĚĨĸŅħĸħĸĚŏľĸŊŀŐėƞĭĶŇŏĺĦĳŅĵŒĬĝŋĴĝĬ 

 1.6 ĔŅĶĪħĽŀĭĽĴĴĨŇģŅĬĔŅĶĺŇěńĵ 
Ȯ ěŅĔĔŅĶĪħĽŀĭĽĴĴĨŇģŅĬħƟĺĵĔŅĶĺŇŏėĶŅŃľƢėƞŅĽľĽńĴıńĬīƢȮľŅėƞŅĽńĴĮĶŃĽŇĪīŇśĽľĽńĴıńĬīƢŐĭĭŏıňĵĶƢĽńĬȮ
ıĭĺƞŅȮĮƤěěńĵĪňŗĽńĴıńĬīƢĔńĭĔŅĶĵŀĴĶńĭĕŀĚŏĔļĨĶĔĶĨƞŀĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮœħƟŐĔƞȮĶŃħńĭĔŅĶĻŉĔļŅ 
ĔŅĶŀĭĶĴėĺŅĴĶŌƟħƟŅĬĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬ ȮĮĶŃĽĭĔŅĶĦƢŒĬĔŅĶĮĸŌĔıŊĝįńĔȮěŜŅĬĺĬĽĴŅĝŇĔŒĬėĶńĺŏĶŊŀĬ Ȯ
ěŜŅĬĺĬŐĶĚĚŅĬŏĔļĨĶŒĬėĶńĺŏĶŊŀĬ ŐľĸƞĚĶŅĵœħƟĬŀĔĳŅėŏĔļĨĶ ĶŅĵěƞŅĵĪńŘĚľĴħ ĔŅĶŏĮƦĬľĬňŘĽŇĬ ĪńĻĬėĨŇĨƞŀ
ŏěƟŅľĬƟŅĪňŗĽƞĚŏĽĶŇĴĕŀĚĽĩŅĭńĬĺŇěńĵŐĸŃıńĥĬŅıŊŘĬĪňŗĽŌĚȮ&ŀĚėƢĴľŅĝĬ'ȮŐĸŃȮėĺŅĴŏĝŊŗŀĴńŗĬĨƞŀĔŅĶĽƞĚŏĽĶŇĴĕŀĚĽĩŅĭńĬĺŇěńĵ
ŐĸŃıńĥĬŅıŊŘĬĪňŗĽŌĚȮ&ŀĚėƢĴľŅĝĬ'Ȯ ĪňŗĶŃħńĭėĺŅĴŏĝŊŗŀĴńŗĬĪňŗ 0.01 ŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇ 
 
 0,ȮŀĳŇĮĶŅĵįĸĔŅĶĺŇěńĵ 
 ĔŅĶĻŉĔļŅŏĶŊŗŀĚȮȮĮƤěěńĵĪňŗĴňįĸĨƞŀĔŅĶĵŀĴĶńĭĕŀĚŏĔļĨĶĔĶĨƞŀĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮĕŀĚ
őėĶĚĔŅĶĕĵŅĵįĸőėĶĚĔŅĶľĸĺĚȮŒĬŀŜŅŏĳŀėĸŀĚĸŅĬȮěńĚľĺńħĔŜŅŐıĚŏıĝĶ ŏĮƦĬĔŅĶĻŉĔļŅŏıŊŗŀŒľƟĪĶŅĭĩŉĚȮĶŃħńĭĔŅĶ
ĵŀĴĶńĭĕŀĚŏĔļĨĶĔĶĨƞŀĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮĮƤěěńĵĪňŗĴňįĸĨƞŀĔŅĶĵŀĴĶńĭĕŀĚŏĔļĨĶĔĶĨƞŀĔŅĶ
ĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮĨĸŀħěĬĮƤĠľŅȮŐĸŃĕƟŀŏĽĬŀŐĬŃŏĔňŗĵĺĔńĭĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮĞŉŗĚįĸěŅĔ
ĔŅĶĻŉĔļŅėĶńŘĚĬňŘĽŅĴŅĶĩĬŜŅĴŅŀĳŇĮĶŅĵįĸĔŅĶĺŇěńĵœħƟȮħńĚĬňŘ 
 2.1 ĔŅĶĻŉĔļŅĶŃħńĭĔŅĶĵŀĴĶńĭĕŀĚŏĔļĨĶĔĶĨƞŀĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮĕŀĚőėĶĚĔŅĶ
ĕĵŅĵįĸőėĶĚĔŅĶľĸĺĚȮŒĬŀŜŅŏĳŀėĸŀĚĸŅĬȮěńĚľĺńħĔŜŅŐıĚŏıĝĶ 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

 ĔŅĶĻŉĔļŅĶŃħńĭĔŅĶĵŀĴĶńĭĕŀĚŏĔļĨĶĔĶĨƞŀĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮĕŀĚőėĶĚĔŅĶĕĵŅĵįĸ
őėĶĚĔŅĶľĸĺĚȮŒĬŀŜŅŏĳŀėĸŀĚĸŅĬȮěńĚľĺńħĔŜŅŐıĚŏıĝĶȮŏĮƦĬĔŅĶĻŉĔļŅŏĔňŗĵĺĔńĭĔŅĶĵŀĴĶńĭĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮ
1ȮħƟŅĬȮœħƟŐĔƞȮĔŅĶŏĨĶňĵĴĔŅĶĔƞŀĬĮĸŌĔȮĔŅĶĮĸŌĔŐĸŃħŌŐĸĶńĔļŅȮŐĸŃĔŅĶěńħĔŅĶŏĔŖĭŏĔňŗĵĺȮıĭĺƞŅȮŏĔļĨĶĔĶĴňĔŅĶ
ĵŀĴĶńĭĨƞŀĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮŒĬĳŅıĶĺĴŀĵŌƞŒĬĶŃħńĭĴŅĔȮŏĴŊŗŀıŇěŅĶĦŅŒĬŐĨƞĸŃħƟŅĬĕŀĚĔŅĶ
ĵŀĴĶńĭȮıĭĺƞŅ 

ĔŅĶĵŀĴĶńĭĕŀĚŏĔļĨĶĔĶĨƞŀĔŅĶŏĨĶňĵĴĔŅĶĔƞŀĬĮĸŌĔ ıĭĺƞŅȮőħĵĳŅıĶĺĴŏĔļĨĶĔĶĴňĔŅĶĵŀĴĶńĭŀĵŌƞŒĬ
ĶŃħńĭĴŅĔȮŏĴŊŗŀıŇěŅĶĦŅŒĬĔŇěĔĶĶĴĵƞŀĵȮıĭĺƞŅȮŏĔļĨĶĔĶĴňĔŅĶĵŀĴĶńĭŀĵŌƞŒĬĶŃħńĭĴŅĔȮĪńŘĚȮ1ȮĔŇěĔĶĶĴȮœħƟŐĔƞȮ/',ĔŅĶ
ĽĶƟŅĚőĶĚŏĶŊŀĬȮ0',ĔŅĶŏĨĶňĵĴŏĴĸŖħıńĬīŋƢȮŐĸŃȮ1',ĔŅĶĪŜŅėĸńĚŀŅľŅĶ ŐĨƞĩŉĚŐĴƟĺƞŅŏĔļĨĶĔĶěŃĴňĔŅĶĵŀĴĶńĭĔŅĶĪŜŅėĸńĚ
ŀŅľŅĶŒĬĶŃħńĭĴŅĔȮŐĨƞėŃŐĬĬŏĜĸňŗĵŒĬĔŇěĔĶĶĴĵƞŀĵĕƟŀĬňŘĴňėŃŐĬĬĪňŗĬƟŀĵĔĺƞŅĕƟŀŀŊŗĬŕȮŐĽħĚĺƞŅŏĔļĨĶĔĶœĴƞœħƟŒľƟ
ėĺŅĴĽŜŅėńĠĔńĭĔŅĶŏĨĶňĵĴħŇĬőħĵĔŅĶŒĝƟĮŋƜĵŏėĴňĴŅĔĬńĔȮŐĸŃœĴƞŀĵŅĔŏıŇŗĴĨƟĬĪŋĬŒĬĔŅĶĞŊŘŀĮŋƜĵŏėĴňŏĴŊŗŀŏĪňĵĭĔńĭĮŋƜĵľĴńĔ 

ĔŅĶĵŀĴĶńĭĕŀĚŏĔļĨĶĔĶĨƞŀĔŅĶĮĸŌĔŐĸŃĔŅĶħŌŐĸĶńĔļŅ ıĭĺƞŅȮőħĵĳŅıĶĺĴŏĔļĨĶĔĶĴňĔŅĶĵŀĴĶńĭŀĵŌƞŒĬ
ĶŃħńĭĴŅĔȮŏĴŊŗŀıŇěŅĶĦŅŒĬĔŇěĔĶĶĴĵƞŀĵȮıĭĺƞŅȮŏĔļĨĶĔĶĴňĔŅĶĵŀĴĶńĭŀĵŌƞŒĬĶŃħńĭĴŅĔȮĪńŘĚȮ0ȮĔŇěĔĶĶĴȮœħƟŐĔƞȮ/',
ĺŇīňĔŅĶĮĸŌĔȮŐĸŃȮ0',ĔŅĶħŌŐĸĶńĔļŅ ŐĨƞĩŉĚŐĴƟĺƞŅŏĔļĨĶĔĶěŃĴňĔŅĶĵŀĴĶńĭĔŅĶŒĽƞĮŋƜĵȮŒĽƞŏĴŊŗŀıŊĝŐĽħĚŀŅĔŅĶĕŅħīŅĨŋ
ŀŅľŅĶȮĨŅĴĝƞĺĚŏĺĸŅĪňŗıŊĝĨƟŀĚĔŅĶȮŐĸŃĔŅĶŒľƟīŅĨŋŀŅľŅĶŏĽĶŇĴŐĔƞıŊĝ ěŃĴňėĺŅĴěŜŅŏĮƦĬĨƞŀıŊĝįńĔŒĬĭŅĚĝĬŇħŏĪƞŅĬńŘĬ 
ĪńŘĚĬňŘŏıŊŗŀĽĶƟŅĚėĺŅĴĨƟŅĬĪŅĬőĶėŒľƟŐĔƞıŊĝĬńŘĬȮŐĨƞėŃŐĬĬŏĜĸňŗĵŒĬĔŇěĔĶĶĴĵƞŀĵĕƟŀĬňŘĔŖĴňėŃŐĬĬĪňŗĬƟŀĵĔĺƞŅĕƟŀŀŊŗĬŕȮ
ŐĽħĚĺƞŅŏĔļĨĶĔĶœĴƞŀĵŅĔŏıŇŗĴĨƟĬĪŋĬŒĬĔŅĶĞŊŘŀĮŋƜĵŏėĴňŐĸŃīŅĨŋŀŅľŅĶŏĽĶŇĴȮŀňĔĪńŘĚĵńĚœĴƞŏľŖĬėĺŅĴĽŜŅėńĠĕŀĚīŅĨŋ
ŀŅľŅĶŏĽĶŇĴŏĪƞŅĪňŗėĺĶȮ 
 ĔŅĶĵŀĴĶńĭĕŀĚŏĔļĨĶĔĶĨƞŀĔŅĶěńħĔŅĶŏĔŖĭŏĔňŗĵĺȮıĭĺƞŅȮőħĵĳŅıĶĺĴŏĔļĨĶĔĶĴňĔŅĶĵŀĴĶńĭŀĵŌƞŒĬĶŃħńĭ
ĴŅĔȮŏĴŊŗŀıŇěŅĶĦŅŒĬĔŇěĔĶĶĴĵƞŀĵȮıĭĺƞŅȮŏĔļĨĶĔĶĵŀĴĶńĭĔŅĶŏĔŖĭŏĔňŗĵĺįńĔėĺĶŏĔŖĭŒĬŏĺĸŅŏĝƟŅěŃĪŜŅŒľƟœħƟįńĔĽħĶĽħňȮ
ĽŜŅľĶńĭįńĔĮĶŃŏĳĪįĸėĺĶŏĔŖĭŒĬĕĦŃĪňŗįĸœĴƞŐĔƞěńħȮěŃœħƟįĸĪňŗĴňĶĽħňŐĸŃěŃĪŜŅŒľƟįĸħĔȮľŅĔĮĸƞŀĵŒľƟįĸŐĔƞėŅĨƟĬȮ
ĨƞŀœĮěŃŀŀĔįĸĬƟŀĵĸĚ ĔŅĶĮĸŌĔıŊĝľĴŋĬŏĺňĵĬĽĸńĭĝĬŇħľĶŊŀĮĸŌĔįńĔĪňŗĴňŀŅĵŋĔŅĶŏĔŖĭŏĔňŗĵĺĽńŘĬĭƟŅĚĵŅĺĭƟŅĚĽĸńĭĔńĬœĮȮ
ěŃĝƞĺĵĮƚŀĚĔńĬĔŅĶĶŃĭŅħĕŀĚőĶėŐĸŃŐĴĸĚœħƟ ȮŐĸŃĔŅĶĕĬĽƞĚĪŜŅħƟĺĵėĺŅĴĮĶŅĦňĨȮĪŜŅŒľƟįĸŇĨįĸĴňėŋĦĳŅıħňŐĸŃ
ŏĔŇħĔŅĶĽŌĠŏĽňĵĬƟŀĵĸĚȮŐĽħĚĺƞŅŏĔļĨĶĔĶĴňėĺŅĴŏĕƟŅŒěŒĬĶŅĵĸŃŏŀňĵħĮĸňĔĵƞŀĵĕŀĚĔŅĶěńħĔŅĶŏĔŖĭŏĔňŗĵĺŏĮƦĬŀĵƞŅĚħň 
 

ĕƟŀŏĽĬŀŐĬŃŒĬĔŅĶĬŜŅįĸĔŅĶĺŇěńĵœĮŒĝƟ 

 1. ěŅĔĔŅĶĺŇěńĵıĭĺƞŅȮĴňĮƤěěńĵıŊŘĬģŅĬĽƞĺĬĭŋėėĸȮĮƤěěńĵĪŅĚħƟŅĬŏĻĶļģĔŇěŐĸŃĽńĚėĴȮȮŐĸŃĮƤěěńĵħƟŅĬŀŊŗĬŕȮ
ĪňŗĴňįĸĨƞŀĔŅĶĵŀĴĶńĭĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮĕŀĚőėĶĚĔŅĶĕĵŅĵįĸőėĶĚĔŅĶľĸĺĚȮŒĬŀŜŅŏĳŀėĸŀĚĸŅĬȮ
ěńĚľĺńħĔŜŅŐıĚŏıĝĶȮĮƤěěńĵħńĚĔĸƞŅĺœħƟŐĔƞȮ/'ȮĶŃħńĭĔŅĶĻŉĔļŅ 0'ȮĔŅĶŀĭĶĴėĺŅĴĶŌƟħƟŅĬĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬ 3'Ȯ
ĮĶŃĽĭĔŅĶĦƢŒĬĔŅĶĮĸŌĔıŊĝįńĔ 4'ȮěŜŅĬĺĬĽĴŅĝŇĔŒĬėĶńĺŏĶŊŀĬ 5'ȮěŜŅĬĺĬŐĶĚĚŅĬŏĔļĨĶŒĬėĶńĺŏĶŊŀĬ 6'ȮŐľĸƞĚĶŅĵœħƟ
ĬŀĔĳŅėŏĔļĨĶ 7'ȮĶŅĵěƞŅĵĪńŘĚľĴħ 6'ȮĔŅĶŏĮƦĬľĬňŘĽŇĬ 7'ȮĪńĻĬėĨŇĨƞŀŏěƟŅľĬƟŅĪňŗĽƞĚŏĽĶŇĴĕŀĚĽĩŅĭńĬĺŇěńĵŐĸŃıńĥĬŅ
ıŊŘĬĪňŗĽŌĚȮ&ŀĚėƢĴľŅĝĬ'ȮŐĸŃȮ/.'ȮėĺŅĴŏĝŊŗŀĴńŗĬĨƞŀĔŅĶĽƞĚŏĽĶŇĴĕŀĚĽĩŅĭńĬĺŇěńĵŐĸŃıńĥĬŅıŊŘĬĪňŗĽŌĚȮ&ŀĚėƢĴľŅĝĬ'ȮħńĚĬńŘĬ
ŏěƟŅľĬƟŅĪňŗĽƞĚŏĽĶŇĴĔŅĶŏĔļĨĶĳŅėĶńģŐĸŃŏŀĔĝĬȮĪňŗħŜŅŏĬŇĬĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬŐĔƞŏĔļĨĶĔĶȮėĺĶ
ėŜŅĬŉĚĩŉĚĮƤěěńĵĪňŗĴňįĸĨƞŀĔŅĶĵŀĴĶńĭŏĪėőĬőĸĵňĪńŘĚȮ/.ȮĮƤěěńĵĬňŘȮŏĮƦĬıŊŘĬģŅĬĽŌƞĔŅĶĺŇŏėĶŅŃľƢĺŅĚŐįĬĔŅĶĽƞĚŏĽĶŇĴĔŅĶ
ĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬŐĔƞŏĔļĨĶĔĶŒĬıŊŘĬĪňŗŀŊŗĬŕĨƞŀœĮȮĪńŘĚĬňŘŏěƟŅľĬƟŅĪňŗĽƞĚŏĽĶŇĴĪńŘĚěŅĔĳŅėĶńģŐĸŃŏŀĔĝĬȮėĺĶĽĶƟŅĚ
ĳŅıĸńĔļĦƢȮėĺŅĴĬƞŅŏĝŊŗŀĩŊŀȮėĺŅĴĴńŗĬŒěȮŒľƟŏĔļĨĶĔĶĴňĪńĻĬėĨŇĪňŗħňĨƞŀŏěƟŅľĬƟŅĪňŗĽƞĚŏĽĶŇĴĔƞŀĬȮŐĸŃŏĴŊŗŀŏĔļĨĶĔĶĴň
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĪńĻĬėĨŇĪňŗħňĨƞŀŏěƟŅľĬƟŅĪňŗĽƞĚŏĽĶŇĴŐĸƟĺĬńŘĬȮěŃĽƞĚįĸŒľƟŏĔŇħėĺŅĴœĺƟĺŅĚŒěŒĬĨńĺŏěƟŅľĬƟŅĪňŗĽƞĚŏĽĶŇĴȮŐĸŃĴňėĺŅĴŏĝŊŗŀĴńŗĬĨƞŀ
ŀĚėƢĔĶĨƟĬĽńĚĔńħĕŀĚŏěƟŅľĬƟŅĪňŗĽƞĚŏĽĶŇĴĽŌĚĕŉŘĬĨŅĴœĮħƟĺĵ 
 0,ȮěŅĔĔŅĶĺŇěńĵıĭĺƞŅȮĪńĻėĨŇŐĸŃėĺŅĴŏĝŊŗŀĴńŗĬĕŀĚŏĔļĨĶĔĶĪňŗĴňĨƞŀŏěƟŅľĬƟŅĪňŗĽƞĚŏĽĶŇĴľĬƞĺĵĚŅĬŀŊŗĬŕȮĪńŘĚěŅĔ
ĽƞĺĬĔĸŅĚŐĸŃĮĶŃěŜŅıŊŘĬĪňŗȮĴňĶŃħńĭĮŅĬĔĸŅĚȮŏĴŊŗŀıŇěŅĶĦŅŒĬĶŅĵĸŃŏŀňĵħĮĶŃŏħŖĬĵƞŀĵıĭĺƞŅȮĔŅĶĴňėĺŅĴĶńĭįŇħĝŀĭ
ĕŀĚŏěƟŅľĬƟŅĪňŗĴňėŃŐĬĬĬƟŀĵĪňŗĽŋħȮĩńħĴŅėŊŀĔŅĶĪŜŅĨŅĴĪňŗıŌħľĶŊŀĽńĠĠŅœĺƟĔńĭŏĔļĨĶĔĶȮŐĸŃĔŅĶĴňėĺŅĴĶŌƟĪŅĚĺŇĝŅĔŅĶȮ
ĨŅĴĸŜŅħńĭȮħńĚĬńŘĬŏěƟŅľĬƟŅĪňŗĽƞĚŏĽĶŇĴĪňŗŏĕƟŅœĮĪŜŅĚŅĬŒĬıŊŘĬĪňŗĽƞĚŏĽĶŇĴŒħŕĔŖĨŅĴȮėĺĶĴňĽńěěŃȮĴňėĺŅĴĶńĭįŇħĝŀĭŒĬĽŇŗĚĪňŗœħƟ
ıŌħľĶŊŀĽńĠĠŅĔńĭŏĔļĨĶĔĶœĺƟȮŐĸŃĨŇħĨŅĴĔŅĶħŜŅŏĬŇĬĚŅĬĽƞĚŏĽĶŇĴŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŒľƟėĺŅĴĶŌƟĪŅĚĺŇĝŅĔŅĶĪňŗĩŌĔĨƟŀĚ
ŏľĴŅŃĽĴĔńĭĽĳŅııŊŘĬĪňŗľĶŊŀĭĶŇĭĪĕŀĚĝŋĴĝĬȮľŅĔĴňŏľĨŋĕńħĕƟŀĚĪňŗěŃĽƞĚįĸŒľƟĚŅĬĽƞĚŏĽĶŇĴĪňŗĪŜŅœĴƞŏĮƦĬœĮĨŅĴŐįĬĔŅĶ
ĪňŗĺŅĚœĺƟȮĨƟŀĚĶňĭŐěƟĚŒľƟŏĔļĨĶĔĶĶńĭĪĶŅĭȮŐĸŃĪŜŅėĺŅĴŏĕƟŅŒěĶƞĺĴĔńĬŒľƟĝńħŏěĬȮœĴƞĪŇŘĚĶŃĵŃŒľƟĬŅĬŏĔŇĬœĮȮŏıĶŅŃ
ŏĔļĨĶĔĶěŃĕŅħėĺŅĴŏĝŊŗŀĴńŗĬȮĽƞĚįĸŒľƟĪńĻĬėĨŇĸħĸĚħƟĺĵ 
 3. ěŅĔĔŅĶĺŇěńĵıĭĺƞŅȮĔŅĶħŜŅŏĬŇĬĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬıŊŘĬĪňŗĵńĚœĴƞĴňĪŇĻĪŅĚĪňŗĝńħŏěĬŐĸŃĕŅħėĺŅĴ
ĨƞŀŏĬŊŗŀĚĕŀĚĔŅĶĽƞĚŏĽĶŇĴȮħńĚĬńŘĬŏěƟŅľĬƟŅĪňŗĽƞĚŏĽĶŇĴĔŅĶŏĔļĨĶĳŅėĶńģŐĸŃŏŀĔĝĬȮœħƟŐĔƞȮŀĚėƢĔŅĶĭĶŇľŅĶĽƞĺĬĪƟŀĚĩŇŗĬȮ
ĔĶĴĽƞĚŏĽĶŇĴĔŅĶŏĔļĨĶȮĔĶĴĺŇĝŅĔŅĶŏĔļĨĶȮŀĚėƢĔĶŀŊŗĬŕĪňŗŏĔňŗĵĺĕƟŀĚȮėĺĶĔŜŅľĬħŐĬĺĪŅĚĔŅĶĽƞĚŏĽĶŇĴŐĸŃĽĬńĭĽĬŋĬ
ħƟŅĬĚĭĮĶŃĴŅĦȮŏėĶŊŗŀĚĴŊŀȮŐĸŃĮƤěěńĵĔŅĶįĸŇĨŀĵƞŅĚĨƞŀŏĬŊŗŀĚ ŒĬĔŅĶĽĬńĭĽĬŋĬŐĸŃĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮ
ŏĬŊŗŀĚěŅĔŏĮƦĬĔŅĶŒĝƟĮĶŃőĵĝĬƢıŊŘĬĪňŗĬƟŀĵȮŒĝƟĬŘŜŅĬƟŀĵȮŐĨƞŒľƟĴŌĸėƞŅįĸįĸŇĨĽŌĚȮŒĝƟŏĪėőĬőĸĵňĝƞĺĵŒĬĔŅĶĸħőĶėȮŐĴĸĚȮŐĸŃ
ĸħĔŅĶŒĝƟĽŅĶŏėĴňœħƟŀĵƞŅĚħň 
 2,ȮĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮėĺĶĴňĔŅĶĺŅĚŐįĬĔŅĶįĸŇĨıŊĝįńĔŒľƟĝĬŇħıŊĝĴňėĺŅĴŏľĴŅŃĽĴĔńĭ
ĽĳŅıĳŌĴŇŀŅĔŅĻĕŀĚıŊŘĬĪňŗĬńŘĬŕȮŐĸŃĝĬŇħıŊĝĴňėĺŅĴľĸŅĔľĸŅĵľĴŋĬŏĺňĵĬŒĬĶŀĭĮƖȮŏıŊŗŀĸħĮƤĠľŅőĶėŐĸŃŐĴĸĚĽŃĽĴ 
ŏıĶŅŃĔŅĶĮĸŌĔıŊĝĝĬŇħŏħňĵĺĔńĬȮľĶŊŀĨĶŃĔŌĸŏħňĵĺĔńĬĞŘŜŅŕŒĬıŊŘĬĪňŗŏħŇĴěŃŏĔŇħĔŅĶĽŃĽĴőĶėŐĸŃŐĴĸĚȮėĺĶľŅıŊĝ
ĨĶŃĔŌĸŀŊŗĬĴŅĮĸŌĔĨńħĺĚěĶŐĔƟœĕĮƤĠľŅħńĚĔĸƞŅĺœħƟ 
 3,ȮĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮėĺĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔœĴƟŒĝƟĽŀĵȮœĴƟœįƞȮŏıŊŗŀŒĝƟŒĬĔŅĶĽĶƟŅĚőĶĚŏĶŊŀĬȮ
ŐĸŃĽƞĚŏĽĶŇĴĔŅĶŏĸňŘĵĚĽńĨĺƢȮŏĝƞĬȮľĴŌľĸŋĴȮĺńĺȮłĸłȮŏıŊŗŀįĸŇĨĮŋƜĵľĴńĔŒĝƟŒĬĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮĸħĳŅĶŃėƞŅŒĝƟěƞŅĵ
ŒĬėĶńĺŏĶŊŀĬœħƟŀňĔĪŅĚľĬŉŗĚ 
 4,ȮĔŅĶĺŅĚŐįĬĔŅĶįĸŇĨıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮėĺĶĽŀħėĸƟŀĚĔńĭėĺŅĴĨƟŀĚĔŅĶĕŀĚĨĸŅħĳŅĵŒĬĪƟŀĚĩŇŗĬ  
 7. ĔŅĶĽƞĚŏĽĶŇĴĔŅĶĮĸŌĔıŊĝįńĔŒĬőĶĚŏĶŊŀĬȮėĺĶĴňĔŅĶĺŅĚŐįĬőħĵŒĝƟĨĸŅħĬŜŅȮŏıŊŗŀŒľƟįĸįĸŇĨĪňŗœħƟĴňĝƞŀĚĪŅĚ
ĔŅĶěŜŅľĬƞŅĵĪňŗŐĬƞĬŀĬȮĸħėĺŅĴŏĽňŗĵĚĨƞŅĚŕȮŐĸŃėĺĶĴňĔŅĶĺŅĚŐįĬħƟŅĬőĸěŇĽĨŇĔĽƢŒĬıŊŘĬĪňŗĶŀĚĶńĭįĸįĸŇĨĕŀĚŏĔļĨĶĔĶ
ŒĬŀĬŅėĨ 
 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 

 ĔŅĶėƟĬėĺƟŅŐĭĭŀŇĽĶŃŏĶŊŗŀĚĬňŘĽŜŅŏĶŖěĸŋĸƞĺĚœħƟȮħƟĺĵėĺŅĴĔĶŋĦŅĝƞĺĵŏľĸŊŀĕŀĚȮĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĽŋĶıĸȮȮ
ŏĻĶļģĭŋĨĶȮĮĶŃīŅĬĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅĔŅĶėƟĬėĺƟŅŐĭĭŀŇĽĶŃȮĪňŗœħƟĽĸŃŏĺĸŅŒľƟėŜŅŐĬŃĬŜŅȮĝƞĺĵŏľĸŊŀŐĸŃĨĶĺěŐĔƟœĕ
ěĬĽŜŅŏĶŖěŀĵƞŅĚĽĴĭŌĶĦƢȮĬŀĔěŅĔĬńŘĬĵńĚœħƟĶńĭėĺŅĴĔĶŋĦŅŀĵƞŅĚĽŌĚěŅĔȮĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĺĶĪńĻĬƢȮȮŀŇĬĪĶńėėńĴıĶȮ
ŀŅěŅĶĵƢȮħĶ,ěŋĤŅĴŅĽȮȮėŋƟĴĝńĵȮĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅĔŅĶėƟĬėĺƟŅŐĭĭŀŇĽĶŃȮĪňŗĝƞĺĵĨĶĺěĪŅĬŐĔƟœĕȮŐĸŃŒľƟėŜŅĮĶŉĔļŅŒĬ
ĔŅĶĪŜŅĔŅĶėƟĬėĺƟŅŐĭĭŀŇĽĶŃȮŐĸŃĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĬėŏĶĻȮĶńĚėĺńĨȮĔĶĶĴĔŅĶįŌƟĪĶĚėŋĦĺŋĥŇȮĪňŗœħƟŒľƟĕƟŀŏĽĬŀŐĬŃ
ŀńĬĴňėƞŅŏĮƦĬŀĵƞŅĚĵŇŗĚ 
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 ĕŀĕŀĭıĶŃėŋĦėĦŅěŅĶĵƢȮėĦŃŏĔļĨĶĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞĪŋĔĪƞŅĬȮĪňŗŒľƟėĺŅĴĶŌƟȮėŜŅŐĬŃĬŜŅŐĸŃ
ėŜŅĮĶŉĔļŅĪňŗħňŐĔƞįŌƟĺŇěńĵŏĽĴŀĴŅ 
 ĨĸŀħěĬĕŀĔĶŅĭĕŀĭıĶŃėŋĦĭŇħŅĴŅĶħŅȮĪňŗŒľƟĔŅĶĽƞĚŏĽĶŇĴĽĬńĭĽĬŋĬįŌƟĺŇěńĵŒĬħƟŅĬĔŅĶĻŉĔļŅȮŐĸŃŏĮƦĬ
ĔŜŅĸńĚŒěĪňŗħňĴŅőħĵĨĸŀħ 
 ĕŀĕŀĭıĶŃėŋĦŏěƟŅľĬƟŅĪňŗȮĶŋƞĬıňŗȮĶŋƞĬĬƟŀĚȮŐĸŃŏıŊŗŀĬĬńĔĻŉĔļŅĮĶŇĠĠŅőĪĶľńĽȮ35ȮĳŅėĺŇĝŅĽƞĚŏĽĶŇĴŐĸŃ
ŏįĵŐıĶƞĔŅĶŏĔļĨĶȮĪňŗœħƟŒľƟĔŅĶĝƞĺĵŏľĸŊŀȮŐĸŃŐĸĔŏĮĸňŗĵĬėĺŅĴĶŌƟŀńĬŏĮƦĬĮĶŃőĵĝĬƢĨƞŀĔŅĶĻŉĔļŅȮŐĸŃĔŅĶħŜŅŏĬŇĬĝňĺŇĨ 
 ėŋĦĮĶŃőĵĝĬƢŒħĪňŗŏĔŇħěŅĔĔŅĶėƟĬėĺƟŅŐĭĭŀŇĽĶŃĜĭńĭĬňŘȮĕŀĴŀĭŐħƞĭŇħŅȮĴŅĶħŅȮėĶŌŀŅěŅĶĵƢĪŋĔŕĪƞŅĬĪňŗœħƟ
ĮĶŃĽŇĪīŇśĮĶŃĽŅĪĺŇĝŅėĺŅĴĶŌƟŐĔƞįŌƟĺŇěńĵěĬĪŜŅŒľƟĔŅĶėƟĬėĺƟŅŐĭĭŀŇĽĶŃĽŜŅŏĶŖěĸĚœħƟħƟĺĵħň 
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ŀŀĔħŀĔȮĪħĸŀĚȮĦȮĽĩŅĭńĬĺŇěńĵŏĪėőĬőĸĵňŏĔļĨĶȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸĸƟŅĬĬŅȮĶŃľĺƞŅĚŏħŊŀĬȮĴĔĶŅėĴ 
ı,Ļ, 2560ȮůȮŏħŊŀĬȮĨŋĸŅėĴȮı,Ļ, 2560 ĺŅĚŐįĬĔŅĶĪħĸŀĚŐĭĭĽŋƞĴĽĴĭŌĶĦƢȮĴňȮ5ȮĔĶĶĴĺŇīňŕȮĸŃ 10 ĞŘŜŅȮőħĵĶŅħĽŅĶ
ıŅőėĸĭŇĺĪĶŅőĞĸėĺŅĴŏĕƟĴĕƟĬȮ0Ȯ25 50Ȯ100 ŐĸŃȮ200ȮĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮĭĬĺńĽħŋĮĸŌĔȮĮĶŇĴŅĦȮ200 ĴŇĸĸŇĸŇĨĶȮŏĴŊŗŀ
ĨƟĬŏĶŇŗĴĚŀĔĽŌĚȮ1 ŏĞĬĨŇŏĴĨĶȮıĭĺƞŅȮĺƞŅĬĴľŅĸŅĳĪňŗœħƟĶńĭĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸŒĬĶŃħńĭėĺŅĴŏĕƟĴĕńĬ 200 ĴŇĸĸŇĔĶńĴ
ĨƞŀĸŇĨĶȮĴňįĸĨƞŀĔŅĶŏěĶŇĠŏĨŇĭőĨħƟŅĬėĺŅĴĵŅĺĔƟŅĬĝƞŀħŀĔȮĔƟŅĬħŀĔĬƟŀĵĪňŗĽŋħĴňȮĴňėƞŅŏĜĸňŗĵ 41.35ȮŐĸŃȮ3.49Ȯ
ŏĞĬĨŇŏĴĨĶȮĨŅĴĸŜŅħńĭŏĴŊŗŀŏĪňĵĭĔńĭœĴƞœħƟĶńĭĽŅĶȮŐĸŃĵńĚĽƞĚįĸĪŜŅŒľƟīŅĨŋŀŅľŅĶŒĬľńĺĴňĮĶŇĴŅĦȮK Ca ŐĸŃ Mg ĪňŗĶŃĵŃ
ħŀĔŐĶĔĭŅĬ, N ŐĸŃ P ĪňŗħŀĔĭŅĬĪńŘĚľĴħȮŐĸŃKȮĶŃĵŃħŀĔŏľňŗĵĺĪńŘĚľĴħȮĴňŐĬĺőĬƟĴĽŃĽĴŒĬľńĺŏıŇŗĴĽŌĚĕŉŘĬȮĪňŗĽŅĶıŅ
őėĸĭŇĺĪĶŅőĞĸėĺŅĴŏĕƟĴĕƟĬȮ100ȮĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮĴňĮĶŇĴŅĦȮK ŐĸŃȮCa ĪňŗĶŃĵŃħŀĔĭŅĬĪńŘĚľĴħ ŐĸŃ Mg ĶŃĵŃ
ħŀĔŏľňŗĵĺĪńŘĚľĴħȮĴňŐĬĺőĬƟĴĽŃĽĴŒĬľńĺŏıŇŗĴĽŌĚĕŉŘĬ ĪňŗĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸėĺŅĴŏĕƟĴĕƟĬȮ50 ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮĴň
ĮĶŇĴŅĦȮN ŐĸŃ P ĶŃĵŃħŀĔĭŅĬĪńŘĚľĴħȮŐĸŃȮKȮĶŃĵŃħŀĔŏľňŗĵĺĪńŘĚľĴħĴňŐĬĺőĬƟĴĽŃĽĴŒĬľńĺŏıŇŗĴĽŌĚĕŉŘĬȮĪňŗĽŅĶıŅ
őėĸĭŇĺĪĶŅőĞĸėĺŅĴŏĕƟĴĕƟĬȮ25ȮĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮĴňŐĬĺőĬƟĴĮĶŇĴŅĦȮN ŐĸŃ P ĪňŗĶŃĵŃħŀĔŏľňŗĵĺĪńŘĚľĴħĴňŐĬĺőĬƟĴ
ĽŃĽĴŒĬľńĺŏıŇŗĴĽŌĚĕŉŘĬ ŐĸŃĝŋħĪňŗœĴƞœħƟĶńĭĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĴňŐĬĺőĬƟĴĮĶŇĴŅĦȮPȮŐĸŃ Mg ĪňŗĶŃĵŃħŀĔĭŅĬĪńŘĚľĴħ
ĽŃĽĴŏıŇŗĴĕŉŘĬȮĽƞĺĬĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĪŋĔĶŃħńĭėĺŅĴŏĕƟĴĕƟĬœĴƞĴňįĸĨƞŀĔŅĶŏěĶŇĠŏĨŇĭőĨħƟŅĬȮěŜŅĬĺĬĺńĬħŀĔŐĶĔ
ĭŅĬȮěŜŅĬĺĬħŀĔĨƞŀĝƞŀȮėĺŅĴĵŅĺħŀĔȮŐĸŃŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĝƞŀħŀĔ 
ėŜŅĽŜŅėńĠ : ıŅőėĸĭŇĺĪĶŅőĞĸȮȮīŅĨŋŀŅľŅĶȮȮĺƞŅĬĴľŅĸŅĳ 
 

Abstract 
 The study on the influence of PBZ on nutrients in blub during anthesis  of Eucrosia 
bicolor was conducted at Agricultural Technology Research Institute, Rajamangala University of 
Technology Lanna, during January 2017 - October 2017. The experimental design was a 
completely randomized design with 5 treatments, 10 replications per treatment, of PBZ 
concentrations at 0, 25,Ȯ50, 100 and 200 mg/l. The 200 ml of PBZ solution was applied as a 
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substrate drench per pot plant after the plants were 1 cm tall. Results showed that the plants 
obtained 200 mg/l of PBZ produced the minimum of inflorescence stalk and flower stalk of 41.35 
and 3.49 cm, respectively. The bulbs of Eucrosia bicolor plants treated with PBZ at the 
concentration of 200 mg/l tended to produce higher K Ca and Mg contents at the first blooming 
flower phase, N and P contents at every flower blooming phase and K contents at the withered 
flower phase. While Eucrosia bicolor treated with 100 mg/l PBZ tended to produce higher K and 
Ca contents at the first blooming flower phase and Mg contents at the withered flower phase. 
While EB treated with 25 mg/l PBZ tended to produce higher N and P contents at the withered 
flower phase. The five concentrations of PBZ used in this study were not significantly affected 
Eucrosia bicolor growth on beginning date of flowering, flower amount per inflorescence, 
inflorescence diameter  and flower length. 
Keywords: Paclobutrazol,  Nutrients Content ,  Eucrosia bicolor B. Reg 
 

ėŜŅĬŜŅ 
ĺƞŅĬĴľŅĸŅĳȮľĶŊŀ EucrosiaȮȮŀĵŌƞŒĬĨĶŃĔŌĸ AmaryllidaceaeȮŏĮƦĬœĴƟħŀĔĮĶŃŏĳĪľńĺȮĴňĪĶĚıŋƞĴŐĸŃĝƞŀ

ħŀĔĽĺĵĚŅĴȮŏĮƦĬıŊĝĸƟĴĸŋĔĴňŀŅĵŋĵŊĬȮĮĶŃŏĳĪŒĭŏĸňŘĵĚŏħňŗĵĺȮȮĴňĩŇŗĬĔŜŅŏĬŇħĮĶŃŏĪĻŏŀĔĺŅħŀĶƢŐĸŃŏĮĶŌȮŀŀĔħŀĔŒĬĝƞĺĚȮ
ŏħŊŀĬĴňĬŅėĴĩŉĚŏħŊŀĬŏĴļŅĵĬ őħĵŐĪĚĝƞŀħŀĔĔƞŀĬŐĪĚŒĭȮ ĺƞŅĬĴľŅĸŅĳĬŇĵĴĮĸŌĔŏĮƦĬœĴƟĔĶŃĩŅĚȮŒĝƟĮĶŃħńĭĨŅĴ
ŀŅėŅĶĭƟŅĬŏĶŊŀĬȮ&ĮĶňħňȮȮŏŀĔŃĺŇĳŅė, 2526' ŏĮƦĬœĴƟħŀĔĪňŗȮĴňĽňŐħĚŀĴĽƟĴȮĔƟŅĬĝŌŏĔĽĶĨńĺįŌƟĴňĽňŏľĸŊŀĚŀƞŀĬȮĔƟŅĬĝŌŏĔĽĶ
ĨńĺŏĴňĵĴňĽňĕŅĺĵŊŗĬĵŅĺŀŀĔĴŅěŅĔĔĸňĭħŀĔȮĪŜŅŒľƟĝƞŀħŀĔĽĺĵĚŅĴȮȮŀňĔĪńŘĚĴňĔƟŅĬĝƞŀħŀĔĪňŗĵŅĺĩŉĚȮ60-100 ŏĞĬĨŇŏĴĨĶ 
&ŏĶĺħň ĺŋĥŇěŅĬĚėƢ, 2533'  
Ȯ ıŅőėĸĭŇĺĪĶŅőĞĸȮ &Paclobutrazol; PBZ) ĝŊŗŀĪŅĚŏėĴňėŊŀȮ &0RS, 1RS)-/-&2-Chlorphenyl)-2*2-
dimethyl-0-&/H-/*0*2-triazol-/-yl)pentan-1-loȮ&ĽĴıĶȮȮĦȮĬėĶ*Ȯ2545'ȮěńħŏĮƦĬĽŅĶĝŃĸŀĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚ
ıŊĝĪňŗĽńĚŏėĶŅŃľƢĕŉŘĬĴŅȮ ĞŉŗĚĴňėŋĦĽĴĭńĨŇĵńĭĵńŘĚĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶĪŜŅĚŅĬĕŀĚěŇĭŏĭŀŏĶĸĸŇĬȮ &ıňĶŏħĝȮ ĪŀĚŀŜŅœı*Ȯ
2537'ȮĕńħĕĺŅĚĔĶŃĭĺĬĔŅĶ ŀŀĔĞŇŏħĝńŗĬ ĕŀĚĽŅĶĽėŌĶňĬ œĴƞŒľƟŏĮĸňŗĵĬœĮŏĮƦĬĽŅĶėŌĶňőĬŀŇĔŐŀĞŇħ ĪňŗŏĮƦĬĽŅĶĨńĺĔĸŅĚŒĬ
ĔŅĶŏĮĸňŗĵĬŏĮƦĬěŇĭŏĭŀŏĶĸĸŇĬĝĬŇħĨƞŅĚŕ ĭĶŇŏĺĦŏĬŊŘŀŏĵŊŗŀŏěĶŇĠŒĨƟĮĸŅĵĵŀħ ĪŜŅŒľƟĶŃħńĭĕŀĚěŇĭŏĭŀŏĶĸĸŇĬŒĬıŊĝ
ĬƟŀĵĸĚ ĴňįĸĪŜŅŒľƟĔŅĶŐĭƞĚŏĞĸĸƢŐĸŃĔŅĶĕĵŅĵĕĬŅħĕŀĚŏĞĸĸƢĸħĸĚ (Curry & Williams, 1983'ȮŐĸŃĵńĚĽƞĚįĸŒľƟĸŜŅ
ĨƟĬŐĸŃŒĭŏĸŖĔĸĚȮĕƟŀŐĸŃĮĸƟŀĚĽńŘĬȮ&ĽĴĭŋĠȮŏĨĝŃĳŇĠĠŅĺńĥĬƢ*Ȯ2544'ȮȮĴňĔŅĶĻŉĔļŅĔŅĶŒĝƟıŅőėĸĭŇĺĪĶŅőĞĸĔńĭœĴƟħŀĔ
ľĸŅĵĝĬŇħȮŏĝƞĬȮĔŅĶŒĝƟıŅőėĸĭŇĺĪĶŅőĞĸėĺŅĴŏĕƟĴĕƟĬȮ250 ŐĸŃȮ500 ĴŇĸĸŇĔĶńĴĨƞŀĨƟĬȮĪŜŅŒľƟĝĺĬĝĴĮĸŌĔŒĬĔĶŃĩŅĚĴň
ĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚĸŜŅĨƟĬĪĶĚıŋƞĴŐĬƞĬȮĔŃĪńħĶńħȮŐĸŃĴňĕĬŅħħŀĔıŀħňȮĴňěŜŅĬĺĬħŀĔĴŅĔĕŉŘĬȮȮ&ŒěĻŇĸĮƝȮĔƟŀĬŒě, 
0320'ȮĔŅĶŒĝƟıŅőėĸĭŇĺĪĶŅőĞĸȮĶŅħĽŅĶĪňŗĶŃħńĭėĺŅĴŏĕƟĴĕƟĬȮ200 ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮĪŜŅŒľƟĝĺĬĝĴıńĬīŋƢŁŀĸŐĸĬħƢ-ĴŇĽ
œĪĵŐĸĬħƢȮȮĴňĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚŒĭŐĸŃĮĸƟŀĚĸħĸĚŐĨƞĝƞĺĵŏıŇŗĴĮĶŇĴŅĦėĸŀőĶĲƕĸĸƢĕŀĚŒĭȮĴňĕĬŅħĕŀĚŒĭŐĸŃĪĶĚ
ıŋƞĴĪňŗŏľĴŅŃĽĴĔńĭĕĬŅħĕŀĚĔĶŃĩŅĚȮ&ĬŇĨŇıńĥĬƢȮıńĥĬĜńĨĶĝńĵ*Ȯ2557 'ȮŒĬĺƞŅĬŐĽĚŀŅĪŇĨĵƢȮĔŅĶŒĝƟıŅőėĭŇĺĪĶŅőĞĸŐĝƞ
ľńĺĪňŗĶŃħńĭėĺŅĴŏĕƟĴĕƟĬȮ1000 ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮĴňĮĶŇĴŅĦőıŐĪĽŏĞňĵĴŒĬľńĺŏıŇŗĴĕŉŘĬŒĬĝƞĺĚĔŅĶŀŀĔħŀĔȮŐĨƞœĴƞĴňįĸĨƞŀ
œĬőĨĶŏěĬȮĲŀĽĲŀĶńĽȮŐĸŃŐĴĔĬňŏĞňĵĴȮ&ıńĪĵŅ œĪĵĳŌŏĕŅ, 2557'ȮŏĝƞĬŏħňĵĺĔńĬĔńĭĔŅĶŐĝƞľńĺĸŇĸňŗıńĬīŋƢȮLamancha Īňŗ
ĶŃħńĭėĺŅĴŏĕƟĴĕƟĬ 100 ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮĬŅĬ 10 ĬŅĪň ŐĸŃȮ300 ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮĬŅĬȮ10 ĬŅĪňĔƞŀĬĮĸŌĔȮĴň
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ĮĶŇĴŅĦőıŐĪĽŏĞňĵĴŒĬľńĺĸŇĸňŗıńĬīŋƢȮLamancha ŒĬĶŃĵŃħŀĔĭŅĬĴňĮĶŇĴŅĦŏıŇŗĴĕŉŘĬȮŐĨƞĴňĮĶŇĴŅĦėŅĶƢőĭœŁŏħĶĨĪňŗœĴƞ
ŀĵŌƞŒĬĶŌĮőėĶĚĽĶƟŅĚȮŐĸŃĮĶŇĴŅĦīŅĨŋœĬőĨĶŏěĬŒĬľńĺĸŇĸňŗıńĬīŋƢȮLamancha ŒĬĶŃĵŃħŀĔĭŅĬĴňĮĶŇĴŅĦĸħĸĚȮȮȮŀňĔĪńŘĚ
ĔŅĶŐĝƞľńĺĸŇĸňŗıńĬīŋƢȮPirandello ĶŃħńĭėĺŅĴŏĕƟĴĕƟĬȮ50 ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶ 10 ĬŅĪňȮĴňĮĶŇĴŅĦėŅĶƢőĭœŁŏħĶĨĪňŗœĴƞŀĵŌƞŒĬ
ĶŌĮőėĶĚĽĶƟŅĚȮĮĶŇĴŅĦœĬőĨĶŏěĬȮŐĸŃőıŐĪĽŏĞňĵĴŒĬľńĺĸŇĸňŗŏıŇŗĴĕŉŘĬȮȮŐĨƞĮĶŇĴŅĦĲŀĽĲŀĶńĽŒĬľńĺĸŇĸňŗĸħĸĚȮ&ŀńĬĝĸňȮȮŒě
ŏĔňŚĵĚ, 2558'ȮīŅĨŋŀŅľŅĶĴňėĺŅĴĽŜŅėńĠŀĵƞŅĚĵŇŗĚŒĬĔĶŃĭĺĬĔŅĶĪŅĚĽĶňĶĺŇĪĵŅĕŀĚıŊĝľńĺȮĴňĭĪĭŅĪĨƞŀĔŅĶŏěĶŇĠŏĨŇĭőĨȮ
ŏĮƦĬŀĚėƢĮĶŃĔŀĭĕŀĚŏŀĬœĞĴƢȮŐĸŃĽŅĶĝňĺŏėĴňľĸŅĵĝĬŇħŒĬıŊĝľńĺȮŀňĔĪńŘĚĵńĚĴňėĺŅĴĽŜŅėńĠŒĬĔŅĶįĸŇĨœĴƟħŀĔĮĶŃŏĳĪ
œĴƟľńĺȮŒĬĔŅĶĽŃĽĴŀŅľŅĶȮŀŅľŅĶĪňŗĽŃĽĴĮĶŃĔŀĭœĮħƟĺĵėŅĶƢőĭœŁŏħĶĨȮőĮĶĨňĬȮĬŘŜŅŐĸŃŐĶƞīŅĨŋĨƞŅĚŕȮĞŉŗĚıŊĝľńĺěŃ
ĬŜŅœĮŒĝƟŒĬĶŃĵŃıńĔĨńĺȮŒĬĔŅĶĚŀĔȮŐĸŃĔŅĶŏěĶŇĠŏĨŇĭŒĬķħŌĩńħœĮȮ&őĽĶŃĵŅȮĶƞĺĴĶńĚļň, 2558'ȮħńĚĬńŘĬĚŅĬĺŇěńĵĬňŘěŉĚĴň
ĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĻŉĔļŅįĸĕŀĚıŅőėĸĭŇĺĪĶŅőĞĸĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚĮĶŇĴŅĦīŅĨŋŀŅľŅĶŒĬľńĺĕŀĚĺƞŅĬĴľŅĸŅĳĶŃĵŃ
ĔŅĶŀŀĔħŀĔ 

ĺńĽħŋŀŋĮĔĶĦƢŐĸŃĺŇīňĔŅĶĻŉĔļŅ 
ĺŅĚŐįĬĔŅĶĪħĸŀĚ 

ĺŅĚŐįĬĔŅĶĪħĸŀĚŐĭĭĽŋƞĴĽĴĭŌĶĦƢ Ȯ&Completely Randomized Design : CRD'ȮĴňȮ3ȮĔĶĶĴĺŇīňȮŕȮĸŃ 
10ȮĞŘŜŅȮ10Ȯ&ĞŘŜŅĸŃȮ/Ȯľńĺ'ȮĔŜŅľĬħıŅőėĸĭŇĺĪĶŅőĞĸĶŃħńĭėĺŅĴŏĕƟĴĕƟĬȮȮȮ0ȮȮ25  50  100ȮŐĸŃ 200 ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶ 

ĺŇīňĔŅĶĻŉĔļŅ 
ėńħŏĸŊŀĔľńĺıńĬīŋƢĺƞŅĬĴľŅĸŅĳĪňŗįƞŅĬĔŅĶıńĔĨńĺĴŅŐĸƟĺȮĕĬŅħŏĽƟĬĶŀĭĺĚȮ15-20 ŏĞĬĨŇŏĴĨĶȮĮĸŌĔĸĚŒĬ

ĔĶŃĩŅĚȮ10 ĬŇŘĺȮĺńĽħŋĮĸŌĔĮĶŃĔŀĭħƟĺĵȮħŇĬĶƞĺĬȮĕŋĵĴŃıĶƟŅĺȮŐĔĸĭħŜŅȮŀńĨĶŅĽƞĺĬȮ1:1:1 ľĸńĚĮĸŌĔŏĴŊŗŀĝƞŀħŀĔŐĪĚěŅĔ
ľńĺĵŅĺĮĶŃĴŅĦȮ1 ŏĞĬĨŇŏĴĨĶȮěŉĚĶŅħĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĭĬĺńĽħŋĮĸŌĔĨŅĴĔĶĶĴĺŇīňĪňŗĔŜŅľĬħĮĶŇĴŅĦȮ200 
ĴŇĸĸŇĸŇĨĶĨƞŀĨƟĬ 

 

ĔŅĶŏĔŖĭĶĺĭĶĺĴŐĸŃĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸȮ 
 ŏĔŖĭĕƟŀĴŌĸħƟŅĬėŋĦĳŅıħŀĔȮȮĺŇŏėĶŅŃľƢĮĶŇĴŅĦīŅĨŋŀŅľŅĶŒĬľńĺıńĬīŋƢȮœħƟŐĔƞȮȮȮĮĶŇĴŅĦœĬőĨĶŏěĬȮőħĵĺŇīňȮ
Colorimetry methodȮ&Novozamsky et al., 1974'ȮĮĶŇĴŅĦĲŀĽĲŀĶńĽĪńŘĚľĴħȮ&ĻĶňĽĴȮĽŋĺĶĶĦĺĚĻƢ,Ȯ2544'Ȯ
ĮĶŇĴŅĦőıŐĪĽŏĞňĵĴĪńŘĚľĴħȮĨŅĴĺŇīňĕŀĚȮHelkme & sparke, &1996'ȮĮĶŇĴŅĦŐėĸŏĞňĵĴŐĸŃŐĴĔĬňŏĞňĵĴȮĨŅĴĺŇīňŀĚȮ
Walinga et al, &1989'ȮőħĵĽŋƞĴĺŇŏėĶŅŃľƢŒĬĶŃĵŃȮĔƞŀĬĶŅħĽŅĶȮĶŃĵŃħŀĔŐĶĔĭŅĬȮĶŃĵŃħŀĔĽŋħĪƟŅĵĭŅĬȮŐĸŃ
ĶŃĵŃħŀĔŏľňŗĵĺĪńŘĚľĴħȮ 
 ĺŇŏėĶŅŃľƢėĺŅĴŐĮĶĮĶĺĬĪŅĚĽĩŇĨŇ (ANOVA) ŏĴŊŗŀıĭėĺŅĴŐĨĔĨƞŅĚĪŅĚĽĩŇĨŇěŉĚŏĮĶňĵĭŏĪňĵĭėĺŅĴŐĨĔĨƞŅĚŐĨƞ
ĸŃĔĶĶĴĺŇīň őħĵĺŇīň Bsla_lŲqȮLcuȮKsjrgnjcȮP_lecȮRcq 
 

įĸĔŅĶĪħĸŀĚ 
ěŅĔĔŅĶĺŇěńĵįĸĕŀĚĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚĮĶŇĴŅĦīŅĨŋŀŅľŅĶŒĬľńĺĕŀĚĺƞŅĬĴľŅĸŅĳȮ

ĶŃĵŃĔŅĶŀŀĔħŀĔȮőħĵŒĝƟĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸȮĴňĶŃħńĭėĺŅĴŏĕƟĴĕƟĬȮėŊŀȮ0Ȯ25 50 100ȮŐĸŃ 200 ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮ
őħĵĔŅĶĶŅħĸĚĭĬĺńĽħŋĮĸŌĔȮŏĴŊŗŀľńĺıńĬīŋƢŐĪĚĝƞŀħŀĔĵŅĺ 1ȮŏĞĬĨŇŏĴĨĶȮıĭĺƞŅȮĨƟĬĪňŗœħƟĶńĭĽŅĶĶŃħńĭėĺŅĴŏĕƟĴĕƟĬȮ200 
ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮĴňėĺŅĴĵŅĺĔƟŅĬħŀĔŐĸŃėĺŅĴĵŅĺĔƟŅĬĝƞŀħŀĔȮĬƟŀĵĪňŗĽŋħėŊŀȮ3.49 ŐĸŃȮ41.35 ŏĞĬĨŇŏĴĨĶȮ



 
 23 

ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĨŅĴĸŜŅħńĭȮŏĴŊŗŀŏĪňĵĭĔńĭĨƟĬĪňŗœħƟĶńĭĽŅĶĶŃħńĭėĺŅĴŏĕƟĴĕƟĬȮ0 ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮŐĨƞěŅĔĔŅĶĪħĸŀĚȮıĭĺƞŅȮėĺŅĴŏĕƟĴĕƟĬ
ĕŀĚĽŅĶœĴƞĴňįĸĨƞŀĔŅĶŏěĶŇĠŏĨŇĭőĨĪŅĚħƟŅĬėĺŅĴĵŅĺħŀĔȮĞŉŗĚĴňėƞŅŏĜĸňŗĵŀĵŌƞĶŃľĺƞŅĚȮ4.17-4.36 ŏĞĬĨŇŏĴĨĶȮŏĽƟĬįƞŅĬ
ĻŌĬĵƢĔĸŅĚĔƟŅĬĝƞŀħŀĔĴňėƞŅŏĜĸňŗĵŀĵŌƞĶŃľĺƞŅĚȮ6.81-7.32 ŏĞĬĨŇŏĴĨĶȮŐĸŃěŜŅĬĺĬħŀĔĨƞŀĝƞŀĴňėƞŅŏĜĸňŗĵŀĵŌƞĶŃľĺƞŅĚ 8.60-
8.80 ħŀĔȮȮ&ĨŅĶŅĚĪňŗȮ1'Ȯ 

 
ĨŅĶŅĚĪňŗȮ1ȮėŋĦĳŅıĝƞŀħŀĔĕŀĚĺƞŅĬĴľŅĸŅĳľĸńĚěŅĔœħƟĶńĭĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸėĺŅĴŏĕƟĴĕƟĬŐĨĔĨƞŅĚĔńĬȮ 

ėĺŅĴŏĕƟĴĕƟĬĕŀĚĽŅĶ 
ıŅőėĸĭŇĺĪĶŅőĞĸ 
(ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶ' 

ėŋĦĳŅıĝƞŀħŀĔ 

ėĺŅĴĵŅĺ
ħŀĔ
&ŏĞĬĨŇŏĴĨĶ' 

ėĺŅĴĵŅĺĔƟŅĬ
ħŀĔȮ
&ŏĞĬĨŇŏĴĨĶ' 

ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĔƟŅĬ
ĝƞŀħŀĔȮ&ĴŇĸĸŇŏĴĨĶ' 

ėĺŅĴĵŅĺĔƟŅĬĝƞŀ
ħŀĔȮ
&ŏĞĬĨŇŏĴĨĶ' 

ěŜŅĬĺĬ
ħŀĔĨƞŀĝƞŀ
&ħŀĔ' 

0 4.30 4.34a 7.32 56.18a 8.80 

25 4.27 4.09ab 7.10 50.13b 8.70 

50 4.36 4.00b 6.88 48.74b 8.70 

100 4.28 3.85bc 6.81 46.19bc 8.60 

200 4.17 3.49c 6.92 41.35c 8.70 

F-test ns ** ns ** ns 

C.V.(%) 3.27 12.22 6.45 11.83 8.09 

ľĴŅĵŏľĨŋ:    Ȯ    ns œĴƞĴňėĺŅĴŐĨĔĨƞŅĚĪŅĚĽĩŇĨŇ 
**ĴňėĺŅĴŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴňĬńĵĽŜŅėńĠĵŇŗĚĪŅĚĽĩŇĨŇĪňŗĶŃħńĭėĺŅĴŏĝŊŗŀĴńŗĬȮ&NȮƐȮ.,./' 

ĶŃħńĭėĺŅĴŏĕƟĴĕƟĬĕŀĚĽŅĶĪňŗĶŃħńĭȮ.-0..ȮĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮœĴƞĴňįĸĨƞŀȮěŜŅĬĺĬĺńĬĨńŘĚŐĨƞĮĸŌĔěĬĩŉĚħŀĔŐĶĔ
ĭŅĬȮěŜŅĬĺĬĺńĬħŀĔŐĶĔĭŅĬĩŉĚħŀĔĽŋħĪƟŅĵĭŅĬȮŐĸŃěŜŅĬĺĬĺńĬħŀĔŐĶĔĭŅĬĩŉĚħŀĔŏľňŗĵĺȮőħĵĴňŏĜĸňŗĵŀĵŌƞĶŃľĺƞŅĚȮ
35.00-37.7 ĺńĬȮ10.90-14.10 ĺńĬȮŐĸŃȮ17.60-19.60 ĺńĬȮĨŅĴĸŜŅħńĭȮ&ĨŅĶŅĚĪňŗȮ2'Ȯ 

 
ĨŅĶŅĚĪňŗȮȮ2  ěŜŅĬĺĬĺńĬĔŅĶĭŅĬĕŀĚħŀĔĕŀĚĺƞŅĬĴľŅĸŅĳľĸńĚěŅĔœħƟĶńĭĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸ 

ėĺŅĴŏĕƟĴĕƟĬĕŀĚ 
ıŅőėĸĭŇĺĪĶŅőĞĸ 
(ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶ' 

ěŜŅĬĺĬĺńĬĨńŘĚŐĨƞĮĸŌĔěĬĩŉĚ
ħŀĔŐĶĔĭŅĬȮ&ĺńĬ' 

ěŜŅĬĺĬĺńĬħŀĔŐĶĔĭŅĬĩŉĚ
ħŀĔĽŋħĪƟŅĵĭŅĬȮ&ĺńĬ' 

ěŜŅĬĺĬĺńĬħŀĔŐĶĔĭŅĬĩŉĚ
ħŀĔŏľňŗĵĺȮ&ĺńĬ' 

0 35.90 12.30 18.90 

25 35.00 10.90 19.30 

50 35.50 12.10 17.60 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

100 37.70 12.40 17.90 

200 36.10 14.10 19.60 

F-test ns ns ns 

C.V.(%) 10.88 19.12 19.42 

ľĴŅĵŏľĨŋ:    Ȯns œĴƞĴňėĺŅĴŐĨĔĨƞŅĚĪŅĚĽĩŇĨŇ 
 

ěŅĔĳŅıĪňŗȮ1 ŐĽħĚĮĶŇĴŅĦœĬőĨĶŏěĬŒĬľńĺĕŀĚĺŅĬĴľŅĸŅĳȮıĭĺƞŅȮĶŃĵŃħŀĔĭŅĬĪńŘĚľĴħěĬĩŉĚħŀĔŏľňŗĵĺ
ĮĶŇĴŅĦœĬőĨĶŏěĬŒĬľńĺĺƞŅĬĴľŅĸŅĳĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬŒĬĪŇĻĪŅĚŏħňĵĺĔńĬȮĵĔŏĺƟĬĨƟĬĪňŗœħƟĶńĭĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸȮ
ėĺŅĴŏĕƟĴĕƟĬȮ03ȮĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮıĭĺƞŅȮĮĶŇĴŅĦœĬőĨĶŏěĬŒĬľńĺĴňĮĶŇĴŅĦĸħĸĚľĸńĚěŅĔħŀĔĭŅĬȮŐĸŃĴňĮĶŇĴŅĦ
ŏıŇŗĴĕŉŘĬŏĴŊŗŀħŀĔŏľňŗĵĺĪńŘĚľĴħȮ 

 
 

ĳŅıĪňŗȮ1 ĮĶŇĴŅĦœĬőĨĶŏěĬŒĬľńĺĶŃĵŃĔŅĶŀŀĔħŀĔĕŀĚĺƞŅĬĴľŅĸŅĳȮĳŅĵľĸńĚœħƟĶńĭĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĪňŗĶŃħńĭ
ėĺŅĴŏĕƟĴĕƟĬĨƞŅĚŕ 
 
ěŅĔĳŅıĪňŗȮ2 ŐĽħĚĮĶŇĴŅĦĲŀĽĲŀĶńĽŒĬľńĺĕŀĚĺŅĬĴľŅĸŅĳȮıĭĺƞŅĶŃĵŃħŀĔĭŅĬěĬĩŉĚħŀĔŏľňŗĵĺĮĶŇĴŅĦ

ĲŀĽĲŀĶńĽŒĬľńĺĺƞŅĬĴľŅĸŅĳĴňŐĬĺőĬƟĴĸħĸĚŒĬĪŇĻĪŅĚŏħňĵĺĔńĬȮĵĔŏĺƟĬĨƟĬĪňŗœĴƞœħƟĶńĭĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸȮıĭĺƞŅȮ
ĲŀĽĲŀĶńĽŒĬľńĺĴňĮĶŇĴŅĦĸħĸĚľĸńĚěŅĔħŀĔŐĶĔĭŅĬȮŐĸŃĴňĮĶŇĴŅĦŏıŇŗĴĕŉŘĬŏĴŊŗŀħŀĔĭŅĬĪńŘĚľĴħȮŐĸŃĸħĸĚŀňĔėĶńŘĚ
ŏĴŊŗŀħŀĔŏľňŗĵĺĪńŘĚľĴħȮ 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

 
 
ĳŅıĪňŗȮ2 ĮĶŇĴŅĦĲŀĽĲŀĶńĽŒĬľńĺĶŃĵŃĔŅĶŀŀĔħŀĔĕŀĚĺƞŅĬĴľŅĸŅĳȮĳŅĵľĸńĚœħƟĶńĭĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĪňŗĶŃħńĭ

ėĺŅĴŏĕƟĴĕƟĬĨƞŅĚŕ 
 

ěŅĔĳŅıĪňŗȮ3 ŐĽħĚĮĶŇĴŅĦőıŐĪĽŏĞňĵĴŒĬľńĺĕŀĚĺŅĬĴľŅĸŅĳȮıĭĺƞŅȮıŅőėĸĭŇĺĪĶŅőĞĸĶŃħńĭėĺŅĴ
ŏĕƟĴĕƟĬȮ0  50 ŐĸŃȮ100 ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮĶŃĵŃħŀĔĭŅĬĪńŘĚľĴħȮĮĶŇĴŅĦőıŐĪĽŏĞňĵĴŒĬľńĺĺƞŅĬĴľŅĸŅĳĴňŐĬĺőĬƟĴ
ŏıŇŗĴĕŉŘĬȮŐĸŃĶŃĵŃħŀĔŏľňŗĵĺĪńŘĚľĴħĸħĸĚŒĬĪŇĻĪŅĚŏħňĵĺĔńĬȮŐĸŃĨƟĬĪňŗœħƟĶńĭıŅőėĸĭŇĺĪĶŅőĞĸĶŃħńĭėĺŅĴŏĕƟĴĕƟĬȮȮ
200  ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮıĭĺƞŅȮĮĶŇĴŅĦőıŐĪĽŏĞňĵĴŒĬľńĺĺƞŅĬĴľŅĸŅĳĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬȮĽƞĺĬĨƟĬĪňŗœħƟĶńĭıŅőėĸĭŇĺĪĶŅ
őĞĸĶŃħńĭėĺŅĴŏĕƟĴĕƟĬȮȮ25 ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮıĭĺƞŅĮĶŇĴŅĦőıŐĪĽŏĞňĵĴŒĬľńĺĺƞŅĬĴľŅĸŅĳĴňŐĬĺőĬƟĴĸħĸĚ 

 
 
ĳŅıĪňŗȮ3 ĮĶŇĴŅĦőıŐĪĽŏĞňĵĴŒĬľńĺĶŃĵŃĔŅĶŀŀĔħŀĔĕŀĚĺƞŅĬĴľŅĸŅĳȮĳŅĵľĸńĚœħƟĶńĭĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĪňŗ
ĶŃħńĭėĺŅĴŏĕƟĴĕƟĬĨƞŅĚŕ 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ěŅĔĳŅıĪňŗȮ4 ŐĽħĚĮĶŇĴŅĦŐėĸŏĞňĵĴŒĬľńĺĕŀĚĺŅĬĴľŅĸŅĳȮıĭĺƞŅȮĶŃĵŃħŀĔŐĶĔĭŅĬěĬĩŉĚħŀĔŏľňŗĵĺ
ĮĶŇĴŅĦŐėĸŏĞňĵĴŒĬľńĺĺƞŅĬĴľŅĸŅĳĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬŒĬĪŇĻĪŅĚŏħňĵĺĔńĬȮ 

 
 
ĳŅıĪňŗȮ4 ĮĶŇĴŅĦŐėĸŏĞňĵĴŒĬľńĺĶŃĵŃĔŅĶŀŀĔħŀĔĕŀĚĺƞŅĬĴľŅĸŅĳ ĳŅĵľĸńĚœħƟĶńĭĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĪňŗĶŃħńĭ
ėĺŅĴŏĕƟĴĕƟĬĨƞŅĚŕ 

ěŅĔĳŅıĪňŗȮ5 ŐĽħĚĮĶŇĴŅĦŐĴĔĬňŏĞňĵĴŒĬľńĺĕŀĚĺŅĬĴľŅĸŅĳȮıĭĺƞŅȮĪňŗĶŃĵŃħŀĔŐĶĔĭŅĬıŅőėĸĭŇĺĪĶŅ
őĞĸėĺŅĴŏĕƟĴĕƟĬȮ200ȮĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶ ĴňŐĬĺőĬƟĴĮĶŇĴŅĦŐĴĔĬňŏĞňĵĴĽŃĽĴŒĬľńĺĺƞŅĬĴľŅĸŅĳŏıŇŗĴĕŉŘĬĴŅĔĔĺƞŅ
ĔĶĶĴĺŇīňŀŊŗĬȮȮŐĸŃıŅőėĸĭŇĺĪĶŅőĞĸėĺŅĴŏĕƟĴĕƟĬȮ200ȮĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶ ĴňŐĬĺőĬƟĴĮĶŇĴŅĦŐĴĔĬňŏĞňĵĴĽŃĽĴŒĬľńĺ
ĺƞŅĬĴľŅĸŅĳŏıŇŗĴĕŉŘĬĴŅĔĔĺƞŅĔĶĶĴĺŇīňŀŊŗĬȮȮŐĸŃĪňŗĶŃĵŃħŀĔĭŅĬĪńŘĚľĴħĔŅĶŒľƟıŅőėĸĭŇĺĪĶŅőĞĸĶŃħńĭėĺŅĴŏĕƟĴĕƟĬȮ0 
25  ŐĸŃ 100ȮĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶ ȮĴňŐĬĺőĬƟĴĮĶŇĴŅĦŐĴĔĬňŏĞňĵĴĽŃĽĴŒĬľńĺĺƞŅĬĴľŅĸŅĳŏıŇŗĴĕŉŘĬȮĪňŗıŅőėĸĭŇĺĪĶŅőĞĸ
ėĺŅĴŏĕƟĴĕƟĬȮ0ȮĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶ ĴňŐĬĺőĬƟĴĮĶŇĴŅĦŐĴĔĬňŏĞňĵĴĽŃĽĴŒĬľńĺĺƞŅĬĴľŅĸŅĳŏıŇŗĴĕŉŘĬĴŅĔĔĺƞŅĔĶĶĴĺŇīňŀŊŗĬȮ
ŐĸŃĔŅĶŒľƟıŅőėĸĭŇĺĪĶŅőĞĸĶŃħńĭėĺŅĴŏĕƟĴĕƟĬȮ50 ŐĸŃȮ100ȮĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶ ȮĴňŐĬĺőĬƟĴĮĶŇĴŅĦŐĴĔĬňŏĞňĵĴĽŃĽĴ
ŒĬľńĺĺƞŅĬĴľŅĸŅĳĸħĸĚȮȮȮĽƞĺĬĪňŗĶŃĵŃħŀĔŏľňŗĵĺĪńŘĚľĴħĔŅĶŒľƟıŅőėĸĭŇĺĪĶŅőĞĸĶŃħńĭėĺŅĴŏĕƟĴĕƟĬȮ25 100 ŐĸŃ 
200ȮĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶ ȮĴňŐĬĺőĬƟĴĮĶŇĴŅĦŐĴĔĬňŏĞňĵĴĽŃĽĴŒĬľńĺĺƞŅĬĴľŅĸŅĳŏıŇŗĴĕŉŘĬȮĪňŗıŅőėĸĭŇĺĪĶŅőĞĸėĺŅĴ
ŏĕƟĴĕƟĬȮ200ȮĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶ ĴňŐĬĺőĬƟĴĮĶŇĴŅĦŐĴĔĬňŏĞňĵĴĽŃĽĴŒĬľńĺĺƞŅĬĴľŅĸŅĳŏıŇŗĴĕŉŘĬĴŅĔĔĺƞŅĔĶĶĴĺŇīňŀŊŗĬȮ
ŐĸŃıŅőėĸĭŇĺĪĶŅőĞĸėĺŅĴŏĕƟĴĕƟĬȮ0 ŐĸŃȮ50ȮĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶ ĴňŐĬĺőĬƟĴĮĶŇĴŅĦŐĴĔĬňŏĞňĵĴĽŃĽĴŒĬľńĺĺƞŅĬĴľŅ
ĸŅĳĸħĸĚȮ  
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

 
 
ĳŅıĪňŗȮ5 ĮĶŇĴŅĦŐĴĔĬňŏĞňĵĴŒĬľńĺĶŃĵŃĔŅĶŀŀĔħŀĔĕŀĚĺƞŅĬĴľŅĸŅĳȮĳŅĵľĸńĚœħƟĶńĭĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĪňŗĶŃħńĭ

ėĺŅĴŏĕƟĴĕƟĬĨƞŅĚŕ 
 

ĺŇěŅĶĦƢįĸĔŅĶĪħĸŀĚ 
ěŅĔĔŅĶĺŇěńĵįĸĕŀĚĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚĮĶŇĴŅĦīŅĨŋŀŅľŅĶŒĬľńĺȮĶŃĵŃŀŀĔħŀĔĕŀĚ

ĺƞŅĬĴľŅĸŅĳȮőħĵŒĝƟĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸȮĴňĶŃħńĭėĺŅĴŏĕƟĴĕƟĬȮėŊŀȮ0Ȯ 25  50  100ȮŐĸŃ 200 ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮ
őħĵĔŅĶĶŅħĸĚĭĬĺńĽħŋĮĸŌĔȮıĭĺƞŅȮĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĪŜŅŒľƟĔŅĶŏěĶŇĠŏĨŇĭőĨħƟŅĬėĺŅĴĵŅĺĔƟŅĬĝƞŀħŀĔȮŐĸŃėĺŅĴ
ĵŅĺĔƟŅĬħŀĔĸħĸĚȮȮŐĨƞœĴƞĴňįĸĨƞŀĔŅĶŏěĶŇĠŏĨŇĭőĨĪŅĚħƟŅĬėĺŅĴĵŅĺħŀĔȮŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĝƞŀħŀĔȮĶŃĵŃŏĺĸŅħŀĔ
ŐĶĔĭŅĬȮȮĶŃĵŃŏĺĸŅħŀĔŐĶĔĭŅĬĩŉĚħŀĔĽŋħĪƟŅĵĭŅĬȮŐĸŃĶŃĵŃŏĺĸŅħŀĔŐĶĔĭŅĬĩŉĚħŀĔŏľňŗĵĺĪńŘĚľĴħȮŏĬŊŗŀĚěŅĔ
ĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸȮĴňėŋĦĽĴĭńĨŇĵńĭĵńŘĚĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶĪŜŅĚŅĬĕŀĚěŇĭŏĭŀŏĶĸĸŇĬȮ&ıňĶŏħĝȮȮĪŀĚŀŜŅœı,Ȯ0337'Ȯ
őħĵŏĕƟŅœĮĕńħĕĺŅĚľĶŊŀĵńĭĵńŘĚĔĶŃĭĺĬĔŅĶĪŜŅĚŅĬĕŀĚŏŀĬœĞĴƢȮŐĸŃŏĶƞĚĮĢŇĔŇĶŇĵŅŒľƟĽŅĶŏěŀĶŅĬŇĸȮœıőĶĲŀĽŏĲĨȮœĮŏĮƦĬ
ĽŅĶőėıŅĸŇĸœıőĶĲŀĽŏĲĨ ĕńħĕĺŅĚŀŀĔĞŇŏħĝńŗĬŒĬĔĶŃĭĺĬĔŅĶĽńĚŏėĶŅŃľƢěŇĭŏĭŀŏĶĸĸŇĬ (block oxidation 
reaction) ŏĕƟŅœĮĵńĭĵńŘĚĔŅĶŀŀĔĞŇŏħĝńŗĬĽŅĶėŌĶňĬœĮŏĮƦĬĽŅĶėŌĶňőĬŀŇĔŐŀĞŇħ (kaurenoic acid) ŒĬĔĶŃĭĺĬĔŅĶ
ĽńĚŏėĶŅŃľƢěŇĭŏĭŀŏĶĸĸŇĬ &ĽĴıĶȮȮȮĦȮĬėĶ*Ȯ2545' ĴňįĸĪŜŅŒľƟĔŅĶŐĭƞĚŏĞĸĸƢŐĸŃĔŅĶĕĵŅĵĕĬŅħĕŀĚŏĞĸĸƢĸħĸĚĪŜŅŒľƟ
ĕƟŀŐĸŃĮĸƟŀĚĽńŘĬȮȮ&ĽĴĭŋĠȮȮŏĨĝŃĳŇĠĠŅĺńĥĬƢ, 2544'ȮĮĶŇĴŅĦīŅĨŋŀŅľŅĶŒĬĶŃĵŃĔŅĶŀŀĔħŀĔȮıĭĺƞŅȮĮĶŇĴŅĦ
œĬőĨĶŏěĬĪňŗĶŃĵŃħŀĔŐĶĔĭŅĬȮȮħŀĔĽŋħĪƟŅĵĭŅĬȮŐĸŃħŀĔŏľňŗĵĺĪńŘĚľĴħȮĪŋĔėĺŅĴŏĕƟĴĕƟĬĴňŐĬĺőĬƟĴĮĶŇĴŅĦ
œĬőĨĶŏěĬŏıŇŗĴĽŌĚĕŉŘĬœĮŒĬĪŇĻĪŅĚŏħňĵĺĔńĬȮĔŅĶĶŅħĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĶŃħńĭėĺŅĴŏĕƟĴĕƟĬȮ25 ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮĴň
ŐĬĺőĬƟĴĮĶŇĴŅĦœĬőĨĶŏěĬŏıŇŗĴĽŌĚĔĺƞŅĔĶĶĴĺŇīňŀŊŗĬȮĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵȮĔŅĶŒĝƟĽŅĶėĺĭėŋĴĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚıŊĝȮ 
ıŅőėĸĭŇĺĪĶŅőĞĸȮŐĸŃĽŅĶȮCCC ([2 ů chloroethyl] ů trimethyl - ammonium chloride) Ȯ3 ĶŃħńĭȮėŊŀȮ0, 
500 ŐĸŃȮ1000 ppm ĜňħıƞĬȮ3 ėĶńŘĚȮŏĴŊŗŀŀĚŋƞĬŀŅĵŋ 45, 60 ŐĸŃ 75 ĺńĬľĸńĚ ŐĨĔĨŅȮĪŜŅŒľƟĴňĮĶŇĴŅĦœĬőĨĶŏěĬĶĺĴŒĬ
ŒĭŏıŇŗĴĽŌĚĕŉŘĬȮ&ĽŋĶĪŇĬ  Œěħň, 2553'ȮħƟŅĬĮĶŇĴŅĦĲŀĽĲŀĶńĽȮĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĪňŗĶŃħńĭėĺŅĴŏĕƟĴĕƟĬĽŌĚĴňŐĬĺőĬƟĴ
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĪŜŅŒľƟĮĶŇĴŅĦĲŀĽĲŀĶńĽĪńŘĚĽŅĴĶŃĵŃĸħĸĚĴŅĔĔĺƞŅĪňŗœħƟĶńĭĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĶŃħńĭĨŗŜŅȮŀŅěŏĮƦĬŏıĶŅŃŒĬĶŃĵŃ
ħŀĔĭŅĬŏĮƦĬĶŃĵŃĪňŗıŊĝĨƟŀĚĔŅĶŒĝƟıĸńĚĚŅĬŒĬĔŅĶŀŀĔħŀĔȮŏĬŊŗŀĚěŅĔĲŀĽĲŀĶńĽŏĮƦĬĽŅĶĽƞĺĬĮĶŃĔŀĭĽŜŅėńĠĕŀĚĽŅĶ
ĪňŗŒľƟıĸńĚĚŅĬĽŌĚȮěŉĚŀŅěĴňŐĬĺőĬƟĴĪŜŅŒľƟĲŀĽĲŀĶńĽĸħĸĚȮ&ĺĚěńĬĪĶƢȮȮĺĚĻƢŐĔƟĺ,Ȯ2535'ȮħƟŅĬĮĶŇĴŅĦȮőıŐĪĽŏĞňĵĴȮĽŅĶ
ıŅőėĸĭŇĺĪĶŅőĞĸĪňŗĶŃħńĭėĺŅĴŏĕƟĴĕƟĬȮ100ȮŐĸŃȮ200 ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶĴňŐĬĺőĬƟĴĪŜŅŒľƟĮĶŇĴŅĦőıŐĪĽŏĞňĵĴŏıŇŗĴĕŉŘĬ
ĪńŘĚĽŅĴĶŃĵŃĽŌĚĔĺƞŅĔĶĶĴĺŇīňŀŊŗĬŕȮŏĬŊŗŀĚěŅĔőıŐĪĽŏĞňĵĴĝƞĺĵĽƞĚŏĽĶŇĴĔŅĶŀŀĔħŀĔĕŀĚıŊĝȮŐĸŃĴňĭĪĭŅĪĽŜŅėńĠŒĬĔŅĶ
ĮĶńĭĽĴħŋĸĕŀĚĮĶŃěŋĳŅĵŒĬŏĞĸĸƢŐĸŃĔŅĶŏĮƕħĮƕħĕŀĚĮŅĔŒĭȮ&ĵĚĵŋĪīȮȮőŀĽĩĽĳŅ, 2546'ȮĔŅĶŒĝƟıŅőėĸĭŇĺĪĶŅőĞĸĪŜŅ
ŒľƟıŊĝĴňŐĬĺőĬƟĴĽŃĽĴĮĶŇĴŅĦőıŐĪĽŏĞňĵĴŒĬľńĺŏıŇŗĴĕŉŘĬȮħƟŅĬĮĶŇĴŅĦŐėĸŏĞňĵĴĪŋĔĔĶĶĴĺŇīňĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬŒĬĶŃĵŃ
ħŀĔŐĶĔĭŅĬĩŉĚħŀĔĭŅĬĪńŘĚľĴħȮŏĬŊŗŀĚěŅĔŐėĸŏĞňĵĴŏĮƦĬīŅĨŋĪňŗŏėĸŊŗŀĬĵƟŅĵĪŅĚĪƞŀŀŅľŅĶœħƟĵŅĔȮħńĚĬńŘĬȮŐėĸŏĞňĵĴŀĵŌƞ
ŒĬŏĬŊŘŀŏĵŊŗŀıŊĝŐĸƟĺěŉĚœĴƞėƞŀĵŏėĸŊŗŀĬĵƟŅĵœĮĽƞĺĬŀŊŗĬȮĽƞĚįĸŒľƟĴňŐĬĺőĬƟĴĽŃĽĴŐėĸŏĞňĵĴŒĬľńĺŏıŇŗĴĕŉŘĬȮŐĸŃħƟŅĬĮĶŇĴŅĦ
ŐĴĔĬňŏĞňĵĴĪňŗĶŃħńĭėĺŅĴŏĕƟĴĕƟĬĕŀĚĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĪňŗȮ100ȮŐĸŃȮ200 ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮĴňŐĬĺőĬƟĴĸħĸĚŒĬ
ĶŃĵŃħŀĔŐĶĔĭŅĬĩŉĚħŀĔĭŅĬĪńŘĚľĴħȮľĸńĚěŅĔĬńŘĬěŉĚŏıŇŗĴĽŌĚĕŉŘĬ ŀŅěŏĮƦĬŏıĶŅŃŐĴĔĬňŏĞňĵĴŏĮƦĬīŅĨŋŀŅľŅĶĪňŗĽƞĺĬ
ŒľĠƞĽŃĽĴŀĵŌƞŒĬėĸŀőĶıĸŅĽĨƢȮ&ĵĚĵŋĪīȮȮőŀĽĩĽĳŅ, 2546'ȮŀňĔĪńŘĚȮĝƞĺĚĶŃĵŃħŀĔŐĶĔĭŅĬȮŐĸŃȮħŀĔĭŅĬĪńŘĚľĴħȮĵńĚ
œĴƞĴňĔŅĶıńĥĬŅĪŅĚĶŅĔŐĸŃŒĭȮěŉĚĴňŐĬĺőĬƟĴĔŅĶĽŃĽĴŐĴĔĬňŏĞňĵĴĸħĸĚȮĽƞĺĬĶŃĵŃħŀĔŏľňŗĵĺĪńŘĚľĴħĴňĔŅĶıńĥĬŅĪŅĚ
ĶŅĔŐĸŃŒĭěŉĚĴňŐĬĺőĬƟĴĽŃĽĴĮĶŇĴŅĦŐĴĔĬňŏĞňĵĴŏıŇŗĴĕŉŘĬ 

 
ĽĶŋĮįĸĔŅĶĪħĸŀĚ 

ěŅĔĔŅĶĺŇěńĵįĸĕŀĚĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚĮĶŇĴŅĦīŅĨŋŀŅľŅĶŒĬľńĺĶŃĵŃŀŀĔħŀĔĕŀĚ
ĺƞŅĬĴľŅĸŅĳ ıĭĺƞŅȮĺƞŅĬĴľŅĸŅĳĪňŗœħƟĶńĭĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸŒĬĶŃħńĭėĺŅĴŏĕƟĴĕńĬ 200 ĴŇĸĸŇĔĶńĴĨƞŀĸŇĨĶȮĴňįĸĨƞŀ
ĔŅĶŏěĶŇĠŏĨŇĭőĨħƟŅĬėĺŅĴĵŅĺĔƟŅĬĝƞŀħŀĔȮŐĸŃėĺŅĴĵŅĺĔƟŅĬħŀĔĬƟŀĵĪňŗĽŋħėŊŀȮ3.49 ŐĸŃȮ41.35ȮŏĞĬĨŇŏĴĨĶȮ
ĨŅĴĸŜŅħńĭȮŐĸŃĪŜŅŒľƟĮĶŇĴŅĦȮN K Ca ŐĸŃ Mg ŒĬľńĺĺƞŅĬĴľŅĸŅĳĴňŐĬĺőĬƟĴŏıŇŗĴĽŌĚĕŉŘĬĴŅĔĪňŗĽŋħȮĵĔŏĺƟĬĮĶŇĴŅĦȮP 
ŒĬľńĺĺƞŅĬĴľŅĸŅĳĴňŐĬĺőĬƟĴĸħĸĚȮĽƞĺĬĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĪŋĔĶŃħńĭėĺŅĴŏĕƟĴĕƟĬœĴƞĴňįĸĨƞŀĔŅĶŏěĶŇĠŏĨŇĭőĨħƟŅĬȮ
ěŜŅĬĺĬĺńĬħŀĔŐĶĔĭŅĬȮěŜŅĬĺĬħŀĔĨƞŀĝƞŀȮėĺŅĴĵŅĺħŀĔȮŐĸŃŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĝƞŀħŀĔ 
 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
ĚŅĬĺŇěńĵĜĭńĭĬňŘĽŜŅŏĶŖěĸĚœħƟħƟĺĵĔŅĶŏŀŊŘŀŏĲƘƨŀĕƟŀĴŌĸȮŐĸŃŒľƟėĺŅĴĝƞĺĵŏľĸŊŀĨƞŅĚŕȮĕŀĚľĸŅĵĪƞŅĬȮĨńŘĚŐĨƞŏĶŇŗĴĨƟĬ

ĚŅĬĺŇěńĵěĬŏĽĶŖěĽĴĭŌĶĦƢȮȮĕŀĕŀĭıĶŃėŋĦ įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħŀĔŏĨŀĶƢȮĶŋƞĚĬĳŅȮĝƞŅĚŏěĶěŅȮŀŅěŅĶĵƢĪňŗĮĶŉĔļŅ
ĚŅĬĺŇěńĵȮĪňŗĔĶŋĦŅŒľƟėŜŅŐĬŃĬŜŅĮĶŉĔļŅ ĮĶńĭĮĶŋĚŐĔƟœĕĕƟŀĭĔıĶƞŀĚĨƞŅĚȮŕȮħƟĺĵėĺŅĴŏŀŅŒěŒĽƞȮȮĨĸŀħěĬįŌƟĝƞĺĵ
ĻŅĽĨĶŅěŅĶĵƢȮĵŋĪīĬŅȮŏĕŅĽŋŏĴĶŋ ĪňŗĽĸŃŏĺĸŅŒĬĔŅĶĺŇŏėĶŅŃľƢīŅĨŋŀŅľŅĶ ŐĸŃŒľƟėŜŅĮĶŉĔļŅĔŅĶĺŇŏėĶŅŃľƢīŅĨŋŀŅľŅĶȮ
ĶĺĴœĮĩŉĚĕƟŀĴŌĸĪňŗŏĮƦĬĮĶŃőĵĝĬƢŏĔňŗĵĺĔńĭŐĬĺĪŅĚŒĬĔŅĶĺŇěńĵȮŐĸŃįŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħŀĔŏĨŀĶƢȮĬŇŀĶȮőĜĴĻĶňȮĪňŗŒľƟėŜŅ
ŐĬŃŐĸŃŐĔƟœĕĕƟŀĕƟŀĭĔıĶƞŀĚĨƞŅĚŕȮŒĬĔŅĶŏĕňĵĬĭĪėńħĵƞŀŏĮƦĬĳŅļŅŀńĚĔķļŒĬĚŅĬĺŇěńĵĬňŘ ŀňĔĪńŘĚĕŀĕŀĭıĶŃėŋĦȮįŌƟĝƞĺĵ
ĻŅĽĨĶŅěŅĶĵƢȮĽńĬĨŇȮȮĝƞŅĚŏěĶěŅȮĪňŗŒľƟėŜŅŐĬŃĬŜŅȮŐĸŃȮŒľƟėŜŅĮĶŉĔļŅŒĬĔŅĶĬŜŅŏĽĬŀįĸĚŅĬ 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ŏŀĔĽŅĶŀƟŅĚŀŇĚȮ 
ŒěĻŇĸĮƝȮȮĔƟŀĬŒě.  &2542'. ĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĪňŗĴňįĸĨƞŀĔŅĶŏěĶŇĠŏĨŇĭőĨŐĸŃĔŅĶŀŀĔħŀĔĕŀĚĝĺĬĝĴ. ĽĩŅĬňĺŇěńĵ

ŐĸŃĻŌĬĵƢİƗĔŀĭĶĴĔŅĶŏĔļĨĶȮŐĴƞŏľňĵŃ,ȮȮėĦŃŏĔļĨĶĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ,ȮȮ  
ĬŇĨŇıńĥĬƢȮȮıńĥĬĜńĨĶĝńĵ. &2557'.ȮıŅőėĸĭŇĺĪĶŅőĞĸĨƞŀĔŅĶŏĨŇĭőĨĕŀĚĪĶĚıŋƞĴŐĸŃĮĶŇĴŅĦėĸŀőĶĲƕĸĸƢĕŀĚĝĺĬĝĴ

ıńĬīŋƢŁŀĸŐĸĬħƢ,ȮĺŅĶĽŅĶŐĔƞĬŏĔļĨĶȮ42 (1) : 39-46  
īĬĺħňȮȮıĶľĴěńĬĪĶƢ  ĔńĬĵŅĶńĨĬƢȮľĶńĩĵŅ  ıĶĬĳŅȮĶŋƞĚĽĺƞŅĚ  ŀŅĶŇĽŅȮĪńĭĪŇĴ ŐĸŃıŇĴıƢŒěȮĴňĨŋƟĴ,Ȯ2558.ȮįĸĕŀĚėĺŅĴ

ŏĕƟĴĕƟĬŐĸŃĺŇīňĔŅĶŒľƟĽŅĶĸŃĸŅĵıŅőėĸĭŇĺĪĶŅőĞĸĨƞŀĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚĨƟĬħŅĺŏĶŊŀĚıńĬīŋƢŀŏĴĶŇĔńĬ. ėĦŃ
ĽńĨĺĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňĔŅĶŏĔļĨĶȮĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶȮĺŇĪĵŅŏĕĨĽŅĶĽĬŏĪĻŏıĝĶĭŋĶň. ĺ,ıŊĝĻŅĽĨĶƢ
ĽĚĕĸŅĬėĶŇĬĪĶƢȮ3 &2' 8Ȯ10-18  

ĮĶňħňȮȮŏŀĔŃĺŇĳŅė,Ȯ&2526'. ĺƞŅĬĴľŅĸŅĳ,ȮĳŅėĺŇĝŅıŊĝĽĺĬȮėĦŃŏĔļĨĶȮĴľŅĺŇĪĵŅĸńĵŏĔļĨĶĻŅĽĨĶƢ,ȮĺŅĶĽŅĶıŊĝĽĺĬ*ȮȮ
18&2':43-47  

ıŇĻŇļģƢȮȮĺĶŀŋœĶ,Ȯ&2534',ȮȮŏĪėőĬőĸĵňĔŅĶįĸŇĨľńĺıńĬīŋƢœĴƟħŀĔĮĶŃŏĳĪľńĺ. ŏĪėőĬőĸĵňĔŅĶįĸŇĨœĴƟħŀĔœĴƟĮĶŃħńĭ,Ȯ
ĔĶŋĚŏĪıł:ȮĽĴŅėĴœĴƟĮĶŃħńĭŐľƞĚĮĶŃŏĪĻœĪĵ, 

ıňĶŏħĝȮȮĪŀĚŀŜŅœı,Ȯ&0337',ȮŁŀĶƢőĴĬıŊĝŐĸŃĽŅĶĽńĚŏėĶŅŃľƢȮŐĬĺĪŅĚĔŅĶŒĝƟĮĶŃőĵĝĬƢŒĬĮĶŃŏĪĻœĪĵ,ȮıŇĴıƢėĶńŘĚĪňŗ4,
ĔĶŋĚŏĪıł: ĺŇĝńĵĔŅĶıŇĴıƢ,Ȯ 

ĳŅĦŋıĸ ȮľĚĽƢĳńĔħň,Ȯ&2557'. įĸĕŀĚĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĨƞŀĔŅĶŒĝƟĬŘŜŅŐĸŃĔŅĶŏĨŇĭőĨĕŀĚħŅĺŏĶŊŀĚĔĶŃĩŅĚ. ĺŅĶĽŅĶ
ŏĔļĨĶ   30(3): 281-289. 

ĵĚĵŋĪīȮȮőŀĽĩĽĳŅ, &2546'. īŅĨŋŀŅľŅĶıŊĝ,ȮĳŅėĺŇĝŅĮģıňĻŅĽĨĶƢȮȮėĦŃŏĔļĨĶȮĴľŅĺŇĪĵŅĸńĵŏĔļĨĶĻŅĽĨĶƢ,Ȯ
ĔĶŋĚŏĪıł: ĽŜŅĬńĔıŇĴıƢĴľŅĺŇĪĵŅĸńĵŏĔļĨĶĻŅĽĨĶƢ.  

ŏĶĺħň  ĺŋĥŇěŅĬĚėƢ. &2533'. ĔŅĶĻŉĔļŅĔŅĶıńĥĬŅĕŀĚħŀĔĺƞŅĬĴľŅĸŅĳ. ĺŇĪĵŅĬŇıĬīƢȮĺŇĪĵŅĻŅĽĨĶƢĴľŅĭńĦĤŇĨ
 &ŏĔļĨĶĻŅĽĨĶƢ) ĽŅĕŅĺŇĝŅıŊĝĽĺĬȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ,ȮŏĝňĵĚŒľĴƞ.  

ıńĪĵŅ  œĪĵĳŌŏĕŅ,Ȯ&2557'. įĸĕŀĚĽŅĶıŅőėĸĭŇĺĪĶŅőĞĸĨƞŀĔŅĶŀŀĔħŀĔŐĸŃĮĶŇĴŅĦīŅĨŋŀŅľŅĶŒĬĺƞŅĬŐĽĚŀŅĪŇĨĵƢ.  
ĮƤĠľŅıŇŏĻļȮ ėĦŃĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňĔŅĶŏĔļĨĶ  ĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸĸƟŅĬĬŅ,ȮȮ 

ĺĚěńĬĪĶƢȮĺĚĻƢŐĔƟĺ,Ȯ&2535'. ľĸńĔĽĶňĶĺŇĪĵŅıŊĝ,ȮĔĶŋĚŏĪıł: ıńĬĬňŗıńĭĸŇĝĝŇŗĚ.  
ĽĴıĶȮȮĦȮĬėĶ,ȮȮ&2545'. ŏŀĔĽŅĶėŜŅĽŀĬȮ: ĺŇĝŅȮĽŅĶėĺĭėŋĴĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚıŊĝ,ȮėĦŃĺŇĝŅıŊĝĻŅĽĨĶƢȮĺŇĪĵŅŏĕĨ

ĬėĶĻĶňīĶĶĴĶŅĝȮĽĩŅĭńĬŏĪėőĬőĸĵňĶŅĝĴĚėĸ.   
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Abstract 
The assessment of nutrient concentration in soil and leaves of Puko pummelo was 

carried out at a pummelo orchard in Yarang District, Pattani Province and Pattani Community 
Service Station, Office of Extension and Continuing Education, Prince of Songkla University, Muang 
District, Pattani Province during November 2016 to March 2017. The objectives of the study were 
to examine the nutrient concentration of in soil and leaves of Puko pummelo in Yarang district, 
Pattani province. The study was conducted in completely randomized design (CRD). There were 
four treatments and three replications. The treatments comprised  T1) Puko pummelo orchard 
was general practice management T2) Puko pummelo orchard was good practice management 
T3) Puko pummelo orchard was planted in Pak Panang district, Nakhon Si Thammarat province 
and T4) standard nutrient concentration for pummelo in soil and leaves. The result showed that 
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the soil and leaf in Pattani pummelo orchard at both sites lacks of nitrogen and calcium. T1 and 
T2 had low nitrogen content in soil as 42,6ȮandȮ6/,0Ȯmg/kg and leaf as 0.45 and 0.65 percent 
respectively. Moreover T1 and T2 also had low calcium content in soil as 501,5Ȯmg/kg and 700,1Ȯ
mg/kg andȮleaf content as 0.71 and 2.34 percent respectively. The values were significantly lower 
than the standard concentration. From the study, it was concluded that Pattani pummelo 
orchard had nitrogen and calcium as a limiting factor. It is necessary to increase the concentration 
of the element to raise the appropriate level for the increase quality product. 
Keywords: assessment, concentration, nutrient, pummelo  
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ħńĚĔĸƞŅĺĴňėĺŅĴŏĕƟĴĕƟĬĕŀĚŏľĸŖĔŐĸŃŐĴĚĔŅĬňĽĽŌĚĴŅĔȮĞŉŗĚĽŀĚīŅĨŋħńĚĔĸƞŅĺŏĮƦĬĮĢŇĮƤĔļƢȮ(antagonism) ĔńĭĽńĚĔŃĽňȮěŉĚ
ĪŜŅŒľƟĽƟĴőŀĕŅħĽńĚĔŃĽňĨŅĴœĮħƟĺĵȮĽŜŅľĶńĭėĺŅĴŏĕƟĴĕƟĬīŅĨŋŀŅľŅĶŒĬħŇĬŏıŊŗŀĔŅĶįĸŇĨĽƟĴőŀĕŀĚěńĚľĺńħĮƤĨĨŅĬňȮĵńĚœĴƞ
ŏėĵĴňĶŅĵĚŅĬĔŅĶĻŉĔļŅĴŅĔƞŀĬȮěŅĔĽŅŏľĨŋħńĚĔĸƞŅĺěŉĚĪŜŅĔŅĶĻŉĔļŅėĺŅĴŏĕƟĴĕƟĬĕŀĚīŅĨŋŀŅľŅĶŒĬħŇĬŐĸŃŒĭŒĬıŊŘĬĪňŗ
ĮĸŌĔĽƟĴőŀĮŌőĔĺƞŅĴňīŅĨŋŀŅľŅĶŒħĭƟŅĚĪňŗĴňėĺŅĴŏĕƟĴĕƟĬĨŗŜŅȮěĬŏĮƦĬĽŅŏľĨŋŒľƟĽƟĴőŀŒľƟįĸįĸŇĨœĴƞĴňėŋĦĳŅıȮĞŉŗĚĕƟŀĴŌĸ
ıŊŘĬģŅĬħńĚĔĸƞŅĺĴňėĺŅĴĽŜŅėńĠŀĵƞŅĚĴŅĔĨƞŀĔŅĶěńħĔŅĶīŅĨŋŀŅľŅĶĨŅĴĪķļġňĩńĚœĴƟőŀėȮ&Law of the minimum) Īňŗ
ĽĶŋĮœħƟĺƞŅįĸįĸŇĨĕŀĚıŊĝěŃĩŌĔěŜŅĔńħőħĵīŅĨŋŀŅľŅĶĨńĺŒħĨńĺľĬŉŗĚȮĪňŗĴňėĺŅĴŏĕƟĴĕƟĬĨŗŜŅĔĺƞŅėĺŅĴŏĕƟĴĕƟĬĪňŗıŊĝĨƟŀĚĔŅĶȮ
ŐĴƟěŃŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚīŅĨŋŀŅľŅĶŀŊŗĬȮŕȮŒľƟĴŅĔŏĪƞŅœĶĔŖĨŅĴȮįĸįĸŇĨĕŀĚıŊĝěŃœĴƞŏıŇŗĴĕŉŘĬȮľŅĔœĴƞœħƟŏıŇŗĴėĺŅĴ
ŏĕƟĴĕƟĬĕŀĚīŅĨŋŀŅľŅĶĪňŗěŜŅĔńħĔŅĶŏěĶŇĠŏĨŇĭőĨĴŅĔĪňŗĽŋħĔƞŀĬȮ 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

     
ĶŌĮĪňŗȮ/ȮĸńĔļĦŃĮĶŃěŜŅıńĬīŋƢĽƟĴőŀĮŌőĔȮĸŜŅĨƟĬȮŒĭȮ&Ĕ'ȮħŀĔȮ&ĕ'ȮįĸȮ&ė'ȮŐĸŃŏĬŊŘŀįĸȮ&Ě' 

 

ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵ 
ŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴŏĕƟĴĕƟĬīŅĨŋŀŅľŅĶŒĬħŇĬŐĸŃŒĭĽƟĴőŀĮŌőĔĪňŗĮĸŌĔŒĬěńĚľĺńħĮƤĨĨŅĬňȮŐĸƟĺĬŜŅœĮŏĮĶňĵĭŏĪňĵĭ

ĔńĭėĺŅĴŏĕƟĴĕƟĬīŅĨŋŀŅľŅĶĴŅĨĶģŅĬŏıŊŗŀĔŅĶįĸŇĨĽƟĴőŀėŋĦĳŅıȮŐĸŃėĺŅĴŏĕƟĴĕƟĬīŅĨŋŀŅľŅĶĽƟĴőŀĪňŗĮĸŌĔŒĬěńĚľĺńħ
ĬėĶĻĶňīĶĶĴĶŅĝȮŏıŊŗŀĬŜŅœĮŒĝƟŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶŒľƟīŅĨŋŀŅľŅĶĪňŗŏľĴŅŃĽĴŏıŊŗŀıńĥĬŅėŋĦĳŅıįĸįĸŇĨĽƟĴőŀĮŌőĔ
ĮƤĨĨŅĬňȮȮ 

 

ĺŇīňħŜŅŏĬŇĬĔŅĶĺŇěńĵ 
ĔŅĶĮĶŃŏĴŇĬėĺŅĴŏĕƟĴĕƟĬĕŀĚīŅĨŋŀŅľŅĶŒĬħŇĬŐĸŃŒĭĽƟĴőŀĮŌőĔȮħŜŅŏĬŇĬĔŅĶȮĦȮŐĮĸĚĶĺĭĶĺĴıńĬīŋƢĕŀĚ

ŏĔļĨĶĔĶŒĬŀŜŅŏĳŀĵŃĶńĚȮěńĚľĺńħĮƤĨĨŅĬňȮŐĸŃĽĩŅĬňĭĶŇĔŅĶĺŇĝŅĔŅĶĝŋĴĝĬĮƤĨĨŅĬňȮĽŜŅĬńĔĽƞĚŏĽĶŇĴŐĸŃĔŅĶĻŉĔļŅ
ĨƞŀŏĬŊŗŀĚȮĴľŅĺŇĪĵŅĸńĵĽĚĕĸŅĬėĶŇĬĪĶƢȮŀŜŅŏĳŀŏĴŊŀĚȮěńĚľĺńħĮƤĨĨŅĬňȮŒĝƟŐįĬĔŅĶĪħĸŀĚŐĭĭȮcompletely 
randomized design (CRD) ěŜŅĬĺĬȮ2ȮĽŇŗĚĪħĸŀĚȮŕȮĸŃȮ1ȮĞŘŜŅȮŕȮĮĶŃĔŀĭħƟĺĵȮT1) ĽĺĬĽƟĴőŀĮƤĨĨŅĬňĪňŗĴňĔŅĶ
ěńħĔŅĶĪńŗĺœĮȮT2) ĽĺĬĽƟĴőŀĮƤĨĨŅĬňĪňŗĴňĔŅĶěńħĔŅĶħňȮT3) ĽĺĬĽƟĴőŀĬėĶĻĶňīĶĶĴĶŅĝȮŐĸŃȮT4) ėĺŅĴŏĕƟĴĕƟĬ
ĴŅĨĶģŅĬĕŀĚīŅĨŋŀŅľŅĶŒĬħŇĬŐĸŃŒĭĽƟĴőŀŏıŊŗŀĔŅĶįĸŇĨĽƟĴőŀėŋĦĳŅıȮ 

/,ȮĔŅĶŏĔŖĭĨńĺŀĵƞŅĚħŇĬŒĬľĬƞĺĵĪħĸŀĚĨƞŅĚȮŕȮĪňŗėĺŅĴĸŉĔȮ.-/3ȮŏĞĬĨŇŏĴĨĶȮěŜŅĬĺĬȮ1ȮěŋħŒĬĭĶŇŏĺĦĶŀĭȮŕȮ
ĪĶĚıŋƞĴĕŀĚĽƟĴőŀȮĬŜŅĨńĺŀĵƞŅĚħŇĬĴŅįŉŗĚŒľƟŐľƟĚŒĬĪňŗĶƞĴȮĨŜŅŐĸŃĶƞŀĬįƞŅĬĨŃŐĔĶĚĕĬŅħĝƞŀĚȮ0ȮĴŇĸĸŇŏĴĨĶȮŐĸŃŏĔŖĭ
ĨńĺŀĵƞŅĚŒĭȮŒĬĨŜŅŐľĬƞĚĪňŗȮ1ȮľĶŊŀȮ2ȮĕŀĚĝƞŀŒĭȮŀŅĵŋȮ1-3ȮŏħŊŀĬŒĬĔŇŗĚĪňŗœĴƞĴňįĸȮĬŜŅŒĭœĮŀĭĪňŗŀŋĦľĳŌĴŇȮ5.ȮŀĚĻŅ
ŏĞĸŏĞňĵĽȮĔƞŀĬĪŜŅĔŅĶĭħĸŃŏŀňĵħŏıŊŗŀĽƞĚĨńĺŀĵƞŅĚĺŇŏėĶŅŃľƢȮȮ 

0,ȮĔŅĶĺŇŏėĶŅŃľƢħŇĬȮĪŜŅĔŅĶĺŇŏėĶŅŃľƢīŅĨŋŀŅľŅĶőħĵĺŇīňĔŅĶĨƞŅĚȮŕȮħńĚĬňŘȮœĬőĨĶŏěĬȮŒĝƟȮKjeldahl method 
(AOAC, 2000) ĲŀĽĲŀĶńĽȮŐĸŃȮĔŜŅĴŃĩńĬȮŒĝƟȮSpectrophotometric method (ĽĴĻńĔħŇś*Ȯ033/) őĝŏħňĵĴȮŐĸŃȮ
őıŐĪĽŏĞňĵĴŒĝƟȮFlame photometer (ĽĴĻńĔħŇś*Ȯ0330) ĽƞĺĬŐėĸŏĞňĵĴȮŐĴĔĬňŏĞňĵĴȮŏľĸŖĔȮĽńĚĔŃĽňȮĪŀĚŐħĚȮŐĸŃȮ
ŐĴĚĔŅĬňĽȮŒĝƟĺŇīňĔŅĶȮatomic absorption spectrophotometer (Jones, 2001) 

1,ȮĔŅĶĺŇŏėĶŅŃľƢĪŅĚĽĩŇĨŇȮŏĮĶňĵĭŏĪňĵĭėĺŅĴŐĨĔĨƞŅĚĪŅĚĽĩŇĨŇȮőħĵŒĝƟȮANOVA ŐĸŃŒĝƟȮDMRTŏĮĶňĵĭŏĪňĵĭ
ėĺŅĴŐĨĔĨƞŅĚĕŀĚėƞŅŏĜĸňŗĵőħĵŒĝƟőĮĶŐĔĶĴȮSPSS 
 

įĸĔŅĶĺŇěńĵ 
ěŅĔĔŅĶĮĶŃŏĴŇĬėĺŅĴŏĕƟĴĕƟĬĕŀĚĮĶŇĴŅĦīŅĨŋŀŅľŅĶŒĬħŇĬıĭĺƞŅĽĺĬĽƟĴőŀĮŌőĔĮƤĨĨŅĬňȮĪńŘĚĽĺĬĪňŗĴňĔŅĶ

ěńħĔŅĶĪńŗĺœĮȮŐĸŃěńħĔŅĶħňĮĶŃĽĭĮƤĠľŅĕŅħīŅĨŋŀŅľŅĶľĸńĔȮ0ȮīŅĨŋȮėŊŀȮœĬőĨĶŏěĬȮŐĸŃŐėĸŏĞňĵĴȮĞŉŗĚŏĮƦĬĽŅŏľĨŋ

ȮĔ ȮĚ
88

Ȯĕ
A 

Ȯė
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĽŜŅėńĠĪňŗĪŜŅŒľƟĽƟĴőŀŒľƟįĸįĸŇĨĨŗŜŅȮŐĸŃėŋĦĳŅıįĸįĸŇĨœĴƞħňȮőħĵĽĺĬĪňŗĴňĔŅĶěńħĔŅĶĪńŗĺœĮȮ&T1'ȮĴňėĺŅĴŏĕƟĴĕƟĬ
œĬőĨĶŏěĬŏıňĵĚȮ42,6ȮĴŇĸĸŇĔĶńĴĨƞŀĔŇőĸĔĶńĴȮŐĸŃĽĺĬĪňŗĴňĔŅĶěńħĔŅĶħňȮ&T2'ȮĴňėĺŅĴŏĕƟĴĕƟĬȮ6/,0ȮĴŇĸĸŇĔĶńĴĨƞŀĔŇőĸĔĶńĴȮ
ŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇĔńĭėĺŅĴŏĕƟĴĕƟĬĴŅĨĶģŅĬŏıŊŗŀĔŅĶįĸŇĨĽƟĴőŀėŋĦĳŅıȮ&/6.Ȯmg/kg'ȮŐĸŃĽĺĬĽƟĴőŀ
ĬėĶĻĶňīĶĶĴĶŅĝȮ&106,2Ȯmg/kg'ȮŏĝƞĬŏħňĵĺĔńĭėĺŅĴŏĕƟĴĕƟĬŐėĸŏĞňĵĴŒĬĽĺĬĪňŗĴňĔŅĶěńħĔŅĶĪńŗĺœĮŒľƟėƞŅŏıňĵĚȮ501,5Ȯ
ĴŇĸĸŇĔĶńĴĨƞŀĔŇőĸĔĶńĴȮŐĸŃŒĬĽĺĬĪňŗĴňĔŅĶěńħĔŅĶħňĴňėĺŅĴŏĕƟĴĕƟĬȮ700,1ȮĴŇĸĸŇĔĶńĴĨƞŀĔŇőĸĔĶńĴȮŒĬĕĦŃĪňŗėĺŅĴŏĕƟĴĕƟĬ
ĴŅĨĶģŅĬŏıŊŗŀĔŅĶįĸŇĨĽƟĴőŀėŋĦĳŅıŏĪƞŅĔńĭȮ/*3..ȮĴŇĸĸŇĔĶńĴĨƞŀĔŇőĸĔĶńĴȮ&table /'ȮŀĵƞŅĚœĶĔŖĨŅĴėĺŅĴŏĕƟĴĕƟĬĕŀĚ
ŐėĸŏĞňĵĴŒĬĽĺĬĽƟĴőŀĮƤĨĨŅĬňĵńĚŒľƟėƞŅĪňŗĽŌĚĔĺƞŅĽĺĬĽƟĴőŀĬėĶĻĶňīĶĶĴĶŅĝȮĪňŗĴňĔŅĶĕŅħĶŋĬŐĶĚĔĺƞŅȮŏĬŊŗŀĚěŅĔĴňėĺŅĴ
ŏĕƟĴĕƟĬĕŀĚŐėĸŏĞňĵĴŒĬħŇĬŏıňĵĚȮ14.,6ȮĴŇĸĸŇĔĶńĴĨƞŀĔŇőĸĔĶńĴȮėĺŅĴŏĕƟĴĕƟĬœĬőĨĶŏěĬŒĬħŇĬĽŀħėĸƟŀĚĔńĭįĸĺŇŏėĶŅŃľƢ
ėĺŅĴŏĕƟĴĕƟĬŒĬŒĭĽƟĴőŀĪňŗıĭĺƞŅȮĽĺĬĪňŗĴňĔŅĶěńħĔŅĶĪńŗĺœĮȮŐĸŃěńħĔŅĶħňȮĴňėĺŅĴŏĕƟĴĕƟĬœĬőĨĶŏěĬŏıňĵĚȮ.,23ȮŐĸŃȮ
.,43ȮŏĮŀĶƢŏĞŖĬĨƢĨŅĴĸŜŅħńĭȮĨŗŜŅĔĺƞŅėƞŅĴŅĨĶģŅĬŒĬŒĭȮ&0,41Ȯ%) ŐĸŃĽĺĬĽƟĴőŀĬėĶĻĶňīĶĶĴĶŅĝȮ&1,25Ȯ%'ȮŀĵƞŅĚĴň
ĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇȮŏĝƞĬŏħňĵĺĔńĭėĺŅĴŏĕƟĴĕƟĬŐėĸŏĞňĵĴŒĬŒĭĕŀĚĽĺĬĪňŗĴňĔŅĶěńħĔŅĶĪńŗĺœĮȮ&.,5/Ȯ%)ȮĽĺĬĽƟĴőŀěńħĔŅĶ
ħňȮ&0,72Ȯ%)ȮŐĸŃĽĺĬĽƟĴőŀĬėĶĻĶňīĶĶĴĶŅĝȮ&0,12Ȯ%) ĞŉŗĚĪńŘĚĽĺĬĽƟĴőŀĮƤĨĨŅĬňŐĸŃĬėĶĻĶňīĶĶĴĶŅĝȮĸƟĺĬĕŅħ
ŐėĸŏĞňĵĴŏĬŊŗŀĚěŅĔŒľƟėƞŅĨŗŜŅĔĺƞŅĴŅĨĶģŅĬėĺŅĴŏĕƟĴĕƟĬŒĬŒĭȮ&2,/1Ȯ%) ŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇȮ&table 1'ȮīŅĨŋ
ŀŅľŅĶĪňŗĴňėĺŅĴŏĕƟĴĕƟĬėƞŀĬĕƟŅĚĨŗŜŅȮıĭĺƞŅŐĴĔĬňŏĞňĵĴěŃŏĮƦĬīŅĨŋĨƞŀœĮĪňŗĽƟĴőŀĮŌőĔĮƤĨĨŅĬňĕŅħȮŏĬŊŗŀĚěŅĔŒĬħŇĬĕŀĚ
ĽĺĬĪňŗĴňĔŅĶěńħĔŅĶĪńŗĺœĮĴňėĺŅĴŏĕƟĴĕƟĬŏıňĵĚȮ/02,0ȮĴŇĸĸŇĔĶńĴĨƞŀĔŇőĸĔĶńĴȮŐĸŃĽĺĬĪňŗěńħĔŅĶħňĴňėĺŅĴŏĕƟĴĕƟĬȮ/35,6Ȯ
ĴŇĸĸŇĔĶńĴĨƞŀĔŇőĸĔĶńĴȮŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇĔńĭėƞŅėĺŅĴŏĕƟĴĕƟĬĴŅĨĶģŅĬŏıŊŗŀĔŅĶįĸŇĨĽƟĴőŀėŋĦĳŅıȮ&/6.Ȯ
mg/kg'ȮŒĬĕĦŃĪňŗĽĺĬĽƟĴőŀĬėĶĻĶňīĶĶĴĶŅĝĪňŗĴňėĺŅĴŏĕƟĴĕƟĬĽŌĚĴŅĔȮ170,2ȮĴŇĸĸŇĔĶńĴĨƞŀĔŇőĸĔĶńĴȮėĺŅĴŏĕƟĴĕƟĬ
ŐĴĔĬňŏĞňĵĴŒĬħŇĬŒľƟėƞŅĪňŗĽŀħėĸƟŀĚĔńĭėĺŅĴŏĕƟĴĕƟĬŒĬŒĭĪňŗıĭĺƞŅĽĺĬĪňŗĴňĔŅĶěńħĔŅĶĪńŗĺœĮȮŐĸŃěńħĔŅĶħňȮĴňėĺŅĴ
ŏĕƟĴĕƟĬŐĴĔĬňŏĞňĵĴŏıňĵĚȮ.,/5ȮŐĸŃȮ.,/2ȮŏĮŀĶƢŏĞŖĬĨƢĨŅĴĸŜŅħńĭȮĨŗŜŅĔĺƞŅėƞŅĴŅĨĶģŅĬėĺŅĴŏĕƟĴĕƟĬŒĬŒĭȮ&.,20Ȯ%) ŐĸŃ
ĽĺĬĽƟĴőŀĬėĶĻĶňīĶĶĴĶŅĝĪňŗĴňėĺŅĴŏĕƟĴĕƟĬȮ.,51ȮŏĮŀĶƢŏĞŖĬĨƢȮŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇȮĽƞĺĬīŅĨŋŀŅľŅĶŀŊŗĬȮŕȮıĭĺƞŅĴň
ėĺŅĴŏĕƟĴĕƟĬŒĬħŇĬŐĸŃŒĭĶŃħńĭŏľĴŅŃĽĴȮěĬĩŉĚĕŅħŐėĸĬŏĸŖĔĬƟŀĵȮŏĝƞĬȮĲŀĽĲŀĶńĽȮ&/6,1-03,5Ȯmg/kgȮŐĸŃȮ.,/2-
.,0.Ȯ%) őıŐĪĽŏĞňĵĴȮ&67,4-/4.,2Ȯmg/kgȮŐĸŃȮ.,57-.,73Ȯ%)ȮĔŜŅĴŃĩńĬȮ&/.,7-/0,/Ȯmg/kgȮŐĸŃȮ.,06-.,1.Ȯ%)Ȯ
ĪŀĚŐħĚȮ&/,/-/,1ȮŐĸŃȮ0,3-2,3Ȯmg/kg) ŏľĸŖĔȮ&14,/-67,7ȮŐĸŃȮ40,/-67,7Ȯmg/kg) ŐĴĚĔŅĬňĽȮ&/0,4-15,2ȮŐĸŃȮ
/3,4-0.,2Ȯmg/kg) ŐĸŃĽńĚĔŃĽňȮ&/,2-0,4ȮŐĸŃȮ0.,5-03,1Ȯmg/kg) &table /-2'ȮĞŉŗĚĴňėĺŅĴŐĨĔĨƞŅĚĪŅĚĽĩŇĨŇŏıňĵĚ
ŏĸŖĔĬƟŀĵȮľĶŊŀœĴƞĴňėĺŅĴŐĨĔĨƞŅĚĪŅĚĽĩŇĨŇĔńĭėĺŅĴŏĕƟĴĕƟĬĴŅĨĶģŅĬĕŀĚīŅĨŋŀŅľŅĶŒĬħŇĬŐĸŃŒĭȮ&table 3' 
 
Table 1 Macro-nutrients concentration in the Puko pummelo growing soil at selected sites  

(T1-T3) and standard nutrients concentration for pummelo in soil (T4)  
treatment N 

(mg/kg)   
P 

(mg/kg)       
K 

(mg/kg)     
Ca 

(mg/kg)    
Mg 

(mg/kg)    
S 

(mg/kg)    

T1 
T2 
T3 
T4 

64.8±4.2c 
81.2±3.6c 
328.4±9.7a 
180.0±0.0b 

18.3±2.6b 
25.7±3.4b 
120.7±6.7a 
20.0±0.0b 

89.6±6.4b 
160.4±4.3b 
1,562.6±9.1a 
125.0±0.0b 

723.7±8.5b 
922.3±12.7b 
360.8±6.2c 
1,500.0±0.0a 

124.2±7.4b 
157.8±6.4a 
392.4±11.2a 
180.0±0.0b 

10.9±2.4b 
12.1±1.8b 
40.5±6.7a 
10.0±0.0b 

    CV. 21.7 13.6 13.8 21.6 12.8 9.1 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

Mean within column with different alphabets differ significantly at P<0.05 
 
Table 2 Micro-nutrients concentration in the Puko pummelo growing soil at selected sites 
 (T1-T3) and standard nutrients concentration for pummelo in soil (T4) 

treatment Cu 
(mg/kg) 

Fe 
(mg/kg) 

Mn 
(mg/kg) 

Zn 
(mg/kg) 

T1 
T2 
T3 
T4 

64.8±4.2c 
81.2±3.6c 
328.4±9.7a 
180.0±2.0b 

18.3±4.6b 
25.7±3.4b 
120.7±6.7a 
20.0±0.0b 

89.6±6.4b 
160.4±4.3b 
1,562.6±9.1a 
125.0±2.0b 

723.7±8.5b 
922.3±12.7b 
360.8±6.2c 
1,500.0±0.0a 

       CV. 15.2 14.7 11.3 21.5 

Mean within column with different alphabets differ significantly at P<0.05 
 
Table 3 Macro-nutrients concentration in the Puko pummelo growing soil at selected sites  

(T1-T3) and standard nutrients concentration for pummelo in leaves (T4)  
treatment N 

(%)   
P 

(%)        
K 

(%)     
Ca 
(%)    

Mg 
(%)    

S 
(%)    

T1 
T2 
T3 
T4 

0.45±0.0c 
0.65±0.1c 
3.47±0.3a 
2.63±0.0b 

0.14±0.0b 
0.20±0.0b 
0.14±0.0a 
0.15±0.0b 

0.79±0.1b 
0.95±0.3b 
1.86±0.1a 
1.18±0.0b 

0.71±0.0c 
2.94±0.1b 
2.34±0.2b 
4.13±0.0a 

0.17±0.0c 
0.14±0.0c 
0.73±0.1a 
0.42±0.0b 

0.30±0.0b 
0.28±0.0b 
1.10±0.1a 
0.28±0.0b 

CV. 8.4 9.4 4.2 9.7 12.5 6.2 
Mean within column with different alphabets differ significantly at P<0.05 
 
Table 4 Micro-nutrients concentration in the Puko pummelo growing soil at selected sites  

(T1-T3) and standard nutrients concentration for pummelo in leaves (T4)  
treatment Cu 

(mg/kg) 
Fe 

(mg/kg) 
Mn 

(mg/kg) 
Zn 

(mg/kg) 

T1 
T2 
T3 
T4 

2.5±0.0b 
4.5±0.2a 
5.1±0.3a 
5.0±0.0a 

89.9±5.7b 
62.1±4.8c 
120.4±9.2a 
60.0±5.7c 

20.4±3.6a 
15.6±2.4b 
17.8±3.1b 
10.0±0.0c 

20.7±0.6b 
25.3±1.3b 
51.5±4.3a 
20.0±2.5b 

       CV. 4.6 17.5 9.6 8.9 
Mean within column with different alphabets differ significantly at P<0.05 
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ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

Table 5 Standard nutrients concentration for pummelo in soil and leaves  
nutrients nutrients concentration 

soil (mg/kg) leaves (%), (mg/kg) 
nitrogen 110-250 2.5-3.0 
Phosphorus 15-25 .,/3-.,0. 
Potassium 100-150 /,3-0,. 
Calcium 1,000-2,000 1,.-2,. 
Magnesium 120-240 .,1-.,3 
Sulfur 10 .,0.-.,17 
copper 1.1-3.0 Ƒ3 
iron 11-16 40-80 
manganese 9-12 5-15 
zinc 0.9-1.2 Ƒ0. 

 
Ȯ 

ĽĶŋĮŐĸŃŀĳŇĮĶŅĵįĸ 
ėĺŅĴŏĕƟĴĕƟĬĕŀĚœĬőĨĶŏěĬĪńŘĚŒĬħŇĬŐĸŃŒĭĽƟĴőŀĕŀĚěńĚľĺńħĮƤĨĨŅĬňĨŗŜŅĔĺƞŅėĺŅĴŏĕƟĴĕƟĬĨŅĴĴŅĨĶģŅĬȮŐĸŃ

ĽĺĬĽƟĴőŀěńĚľĺńħĬėĶĻĶňīĶĶĴĶŅĝȮĬƞŅěŃĴňĽŅŏľĨŋĴŅěŅĔŏĔļĨĶĔĶįŌƟĮĸŌĔĽƟĴőŀŒĬěńĚľĺńħĮƤĨĨŅĬňĴňĔŅĶŒĽƞĮŋƜĵėƞŀĬĕƟŅĚ
ĬƟŀĵŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭŏĔļĨĶĔĶįŌƟĮĸŌĔĽƟĴőŀŒĬěńĚľĺńħĬėĶĻĶňīĶĶĴĶŅĝĪňŗĴňĔŅĶŒĽƞĮŋƜĵėŀĔȮŐĸŃĮŋƜĵŏėĴňĕŀĚŏĔļĨĶĔĶ
ŒĬŀńĨĶŅĽŌĚȮőħĵĨƟĬĽƟĴőŀŀŅĵŋȮ3ȮĮƖȮěŃœħƟĶńĭĮŋƜĵŏėĴňĽŌĨĶĨƞŅĚȮŕȮŏĝƞĬȮ24-.-.*Ȯ/3-/3-/3*Ȯ/1-/1-0/ȮŐĸŃȮ.-.-3.Ȯ
ĶĺĴĔńĬĮĶŃĴŅĦȮ/.ȮĔŇőĸĔĶńĴĨƞŀĨƟĬĨƞŀĮƖȮŐĸŃĮŋƜĵėŀĔŀňĔȮ1.ȮĔŇőĸĔĶńĴĨƞŀĨƟĬȮŒĬĕĦŃĪňŗĨƟĬĽƟĴőŀĮƤĨĨŅĬňŀŅĵŋȮ3ȮĮƖȮěŃĴň
ĔŅĶŒľƟĮŋƜĵŏėĴňĽŌĨĶĨƞŅĚȮŕȮŏıňĵĚȮ1-3ȮĔŇőĸĔĶńĴĨƞŀĨƟĬĨƞŀĮƖȮŐĸŃĴňĔŅĶŒľƟĮŋƜĵėŀĔŀňĔŏıňĵĚŏĸŖĔĬƟŀĵȮĽƞĚįĸŒľƟėĺŅĴŏĕƟĴĕƟĬ
ĪńŘĚŒĬħŇĬŐĸŃŒĭĽƟĴőŀĮƤĨĨŅĬňĨŗŜŅĔĺƞŅĽƟĴőŀĬėĶĻĶňīĶĶĴĶŅĝȮėƞŀĬĕƟŅĚĴŅĔȮėĺŅĴŏĕƟĴĕƟĬĕŀĚœĬőĨĶŏěĬŒĬħŇĬȮőħĵĮĔĨŇ
ĴńĔœĴƞĬŇĵĴĺŇŏėĶŅŃľƢȮŏĬŊŗŀĚěŅĔŏĮƦĬīŅĨŋĪňŗĴňĔŅĶŏėĸŊŗŀĬĵƟŅĵŐĸŃĽŌĠŏĽňĵœħƟĚƞŅĵȮ(ĵĚĵŋĪī, 2544; Zekri and Obreza, 
2006) ĪŜŅŒľƟįĸĔŅĶĺŇŏėĶŅŃľƢŏĮĸňŗĵĬŐĮĸĚœħƟĪŋĔĝƞĺĚĶŃĵŃĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚŒĭȮŐĨƞěŅĔĔŅĶĽńĚŏĔĨŒĬĝƞĺĚĔŅĶŏĔŖĭ
ĨńĺŀĵƞŅĚıĭĺƞŅįĸĔŅĶĺŇŏėĶŅŃľƢħŇĬȮĽŅĴŅĶĩĽŃĪƟŀĬĔŅĶŏěĶŇĠŏĨŇĭőĨĪŅĚĸŜŅĨƟĬŒĭœħƟŏĮƦĬŀĵƞŅĚħňȮŒĬŐľĸƞĚĮĸŌĔĪňŗĴňėĺŅĴ
ŏĕƟĴĕƟĬĕŀĚœĬőĨĶŏěĬŒĬħŇĬĽŌĚěŃĴňĔŅĶŐĨĔĵŀħŀƞŀĬĴŅĔȮŐĸŃŒľƟŒĭĪňŗĴňĕĬŅħŒľĠƞȮĽňŏĕňĵĺŏĕƟĴŏĮƦĬĴńĬȮŒĬĕĦŃĪňŗŒĬ
ŐľĸƞĚĮĸŌĔĪňŗĴňėĺŅĴŏĕƟĴĕƟĬœĬőĨĶŏěĬĨŗŜŅȮěŃĴňĔŅĶŐĨĔĵŀħŀƞŀĬėƞŀĬĕƟŅĚĬƟŀĵȮŐĸŃŒĭĴňĕĬŅħŏĸŖĔȮĞŉŗĚŏĮƦĬįĸěŅĔ
œĬőĨĶŏěĬŏĮƦĬŀĚėƢĮĶŃĔŀĭĕŀĚĔĶħŀŃĴŇőĬȮȮőĮĶĨňĬ ėĸŀőĶĲƕĸĸƢ ŏŀŖĬœĞĴƢ ŁŀĶƢőĴĬŒĬĔĸŋƞĴŀŀĔĞŇĬ œĞőĪœėĬŇĬȮ ĔĶħ
ĬŇĺėĸňŀŇĔ ĽŅĶĮĶŃĔŀĭœĬőĨĶŏěĬȮŐĸŃȮőėŏŀĬœĞĴƢȮ(co-enzyme) (ĵĚĵŋĪī, 2543; Hewitt, 1984; Warren et al., 
2000; Zekri and Obreza, 2006) ĪňŗĸƟĺĬĽƞĚŏĽĶŇĴĔŅĶŏěĶŇĠŏĨŇĭőĨĪŅĚħƟŅĬĸŜŅĨƟĬŐĸŃŒĭȮĽŅŏľĨŋĪňŗĽŜŅėńĠŀňĔĮĶŃĔŅĶ
ľĬŉŗĚĪňŗĪŜŅŒľƟŏĔļĨĶĔĶŒĬěńĚľĺńħĮƤĨĨŅĬňŒĽƞĮŋƜĵĬƟŀĵȮŏĬŊŗŀĚěŅĔįĸĽƟĴőŀĶŅėŅĨŗŜŅȮĪŜŅŒľƟŏĔļĨĶĔĶŒľƟėĺŅĴĽŜŅėńĠĔńĭĔŅĶ
ĸħĨƟĬĪŋĬŒĬĔŅĶŒĝƟĮŋƜĵĴŅĔĔĺƞŅĔŅĶıńĥĬŅėŋĦĳŅıŏıŊŗŀĵĔĶŃħńĭĶŅėŅ ĽƞĺĬėĺŅĴŏĕƟĴĕƟĬĕŀĚŐėĸŏĞňĵĴĪňŗıĭĺƞŅėĺŅĴ
ŏĕƟĴĕƟĬŒĬĽĺĬĽƟĴőŀĮƤĨĨŅĬňĽŌĚĔĺƞŅĽĺĬĽƟĴőŀĬėĶĻĶňīĶĶĴĶŅĝȮĪńŘĚĪňŗŏĔļĨĶĔĶĴňĔŅĶŒĽƞĮŌĬĕŅĺŐĸŃőħőĸœĴĪƢĬƟŀĵĔĺƞŅȮ
ĬƞŅěŃĴňĽŅŏľĨŋĴŅěŅĔıŊŘĬĪňŗĮĸŌĔĽƟĴőŀĕŀĚŀŜŅŏĳŀĮŅĔıĬńĚȮěńĚľĺńħĬėĶĻĶňīĶĶĴĶŅĝȮĴňėĺŅĴŏĕƟĴĕƟĬĕŀĚőıŐĪĽŏĞňĵĴȮ
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

&1,562.6Ȯmg/kg) ŐĴĔĬňŏĞňĵĴȮ&392.4Ȯmg/kg) ŐĸŃőĞŏħňĵĴ &/50Ȯmg/kg) ĽŌĚĴŅĔȮĞŉŗĚĽŅĴīŅĨŋħńĚĔĸƞŅĺěŃŏĮƦĬ
ĮĢŇĮƤĔļƢ ĔńĭŐėĸŏĞňĵĴȮĮĶŃĔŀĭĔńĭħŇĬŒĬŐĮĸĚĮĸŌĔĴňėĺŅĴŏĮƦĬĔĶħĽŌĚȮĞŉŗĚĽńĚŏĔĨœħƟěŅĔĔŅĶĪňŗħŇĬĴňŏľĸŖĔĽŌĚĴŅĔȮ
&1,542.6Ȯmg/kg) ĵŇŗĚĪŜŅŒľƟħŇĬĕŅħŐėĸŏĞňĵĴĴŅĔĕŉŘĬȮŒĬĕĦŃĪňŗıŊŘĬĪňŗĮĸŌĔĽƟĴőŀĮƤĨĨŅĬňĴňėĺŅĴŏĕƟĴĕƟĬĕŀĚīŅĨŋħńĚĔĸƞŅĺ
ŏľĴŅŃĽĴěŉĚœĴƞĴňįĸĨƞŀėĺŅĴŏĕƟĴĕƟĬĕŀĚŐėĸŏĞňĵĴĽŜŅľĶńĭīŅĨŋŀŅľŅĶĪňŗĴňėĺŅĴŏĕƟĴĕƟĬŒĬħŇĬĨŗŜŅȮŐĸŃěŃĕŅħŒĬŒĭŒĬ
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ėŜŅĽŜŅėńĠ8ȮœŀĻĔĶňĴ  ĽŅĶĪħŐĪĬœĕĴńĬ  ĴŀĸĪŇĪŀĸ   
 

ABSTRACT 
 The objective of this study was to produce a fat free and sugar-free ice cream using 
combinations of maltitol and whey protein with maltodextrin. For sugar-free ice cream, a 100g of 
sugar prepared using different proportions of maltitol and inulin (50:50, 75:25 and 100:0 
respectively) the results showed that pH was not significantly different among these 
combinations. However, the viscosity the result shoed that using sugar replacer with different 
proportion of maltitol and inulin (50:50, 75:25, 100:0) did not affect pH of the ice cream mix but 
the Fat-free ice cream with fat replacer (whey protein: maltodextrin = 25:75, 50:50, 75:25) 
showed that the viscosity and percentage of overrun were increased the experiment found that 
using fat replacers in portion of 50:50 got acceptance score lower than control. Applying maltitol 
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in fat free ice cream 100% replacement the research showed ice cream got acceptance score 
lower significantly ,overrun was not different but the viscosity were higher &P < 0.05).Fat replacer 
as whipping cream replacement can reduced fat content lower than 0.5% which comply to fat 
free standard ice cream moreover using maltitol and maltodextrin can increased carbohydrate 
content. 
Key word: ice cream, fat substitution, maltitol 

 
ĭĪĬŜŅ 

ŒĬĮƤěěŋĭńĬįŌƟĭĶŇőĳėľńĬĴŅŒľƟėĺŅĴĽŜŅėńĠĨƞŀĔŅĶĶńĔļŅĽŋĕĳŅıĴŅĔĕŉŘĬĪńŘĚŒĬĔŅĶĽƞĚŏĽĶŇĴėĺŅĴŐĕŖĚŐĶĚĕŀĚ
ĶƞŅĚĔŅĵ ŐĸŃĔŅĶĸħėĺŅĴŏĽňŗĵĚĨƞŀĔŅĶŏĮƦĬőĶėĳńĵĨƞŅĚŕėĺŅĴĨƟŀĚĔŅĶŀŅľŅĶŏıŊŗŀĽŋĕĳŅıĴňŐĬĺőĬƟĴŏıŇŗĴĴŅĔĕŉŘĬ ěŅĔ
ĔŅĶŏĨŇĭőĨĕŀĚĨĸŅħŀŅľŅĶĽŋĕĳŅıĪŜŅŒľƟįĸŇĨĳńĦĤƢŀŅľŅĶĪňŗĴňıĸńĚĚŅĬĨŗŜŅœħƟĶńĭėĺŅĴĬŇĵĴĴŅĔĕŉŘĬŒĬĔĸŋƞĴįŌƟĭĶŇőĳėĪŋĔ
ŏıĻĪŋĔĺńĵȮœŀĻĔĶňĴĬĴŏĮƦĬįĸŇĨĳńĦĤƢĬĴŐĝƞŐĕŖĚĝĬŇħľĬŉŗĚĪňŗœħƟĶńĭėĺŅĴĬŇĵĴěŅĔįŌƟĭĶŇőĳėĪňŗľĸŅĔľĸŅĵĔĸŋƞĴĪńŘĚŒĬĔĸŋƞĴ
ŏıĻĝŅĵȮŏıĻľĠŇĚȮŐĸŃŒĬĺńĵĨƞŅĚŕȮĪŜŅŒľƟĨĸŅħįĸŇĨĳńĦĤƢœŀĻĔĶňĴĬĴĴňĔŅĶŏěĶŇĠŏĨŇĭőĨŀĵƞŅĚĨƞŀŏĬŊŗŀĚŐĸŃĴňĴŌĸėƞŅĽŌĚŒĬ
ŏĝŇĚŏĻĶļģĔŇěȮœŀĻĔĶňĴĬĴĵńĚĴňĽƞĺĬįĽĴĕŀĚĬĴŏĮƦĬŀĚėƢĮĶŃĔŀĭĪňŗĽŜŅėńĠȮĞŉŗĚŏĮƦĬŐľĸƞĚĽŅĶŀŅľŅĶĪňŗěŜŅŏĮƦĬĽŜŅľĶńĭĔŅĶ
ŏěĶŇĠŏĨŇĭőĨȮĴňėŋĦėƞŅĪŅĚőĳĝĬŅĔŅĶȮŐĸŃĴňĔĸŇŗĬĶĽĴńĬĪňŗŏĕƟĴĕƟĬěŌĚŒěįŌƟĭĶŇőĳėȮĔŅĶıńĥĬŅœŀĻĔĶňĴěŉĚŏĮƦĬŀňĔŐĬĺĪŅĚ
ĕŀĚĔŅĶŐĮĶĶŌĮįĸŇĨĳńĦĤƢĬĴŏıŊŗŀŏıŇŗĴĴŌĸėƞŅĪňŗŒĝƟŒĬĔŅĶŐĔƟĮƤĠľŅĬŘŜŅĬĴħŇĭĸƟĬĨĸŅħȮŐĨƞŀĵƞŅĚœĶĔŖĨŅĴœŀĻĔĶňĴĬĴĔŖ
ĵńĚėĚŏĮƦĬŀŅľŅĶĪňŗŒľƟıĸńĚĚŅĬŐĸŃėŀŏĸĽŏĪŀĶŀĸĽŌĚȮŏĬŊŗŀĚěŅĔĴňĽƞĺĬįĽĴľĸńĔĪňŗĴŅěŅĔįĸŇĨĳńĦĤƢĬĴŐĸŃĬŘŜŅĨŅĸȮĞŉŗĚ
ŏĮƦĬŀŅľŅĶĪňŗŒľƟȮœĕĴńĬŐĸŃŒľƟıĸńĚĚŅĬĽŌĚĪňŗĴňĭĪĭŅĪĨƞŀĔŅĶŏıŇŗĴĶŃħńĭœĕĴńĬŐĸŃĶŃħńĭĕŀĚĬŘŜŅĨŅĸŒĬŏĸŊŀħȮěŉĚŏĔŇħ
ŐĬĺėŇħĪňŗěŃıńĥĬŅįĸŇĨĳńĦĤƢœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬĮĶŅĻěŅĔĬŘŜŅĨŅĸŏıŊŗŀĨŀĭĽĬŀĚĨƞŀėĺŅĴĨƟŀĚĔŅĶĕŀĚįŌƟĭĶŇőĳė
ŐĨƞĔŅĶĸħœĕĴńĬŐĸŃĬŘŜŅĨŅĸĸĚŒĬœŀĻĔĶňĴěŃĽƞĚįĸĨƞŀėŋĦĸńĔļĦŃĪŅĚĔŅĵĳŅıŐĸŃėŋĦĳŅıĪŅĚħƟŅĬĮĶŃĽŅĪĽńĴįńĽ
ĕŀĚœŀĻĔĶňĴĬĴŒĬħƟŅĬĶĽĝŅĨŇĔĸŇŗĬ ŏĬŊŘŀĽńĴįńĽȮĶĺĴĪńŘĚȮĸńĔļĦŃĮĶŅĔĢ ĞŉŗĚŀŅěĪŜŅŒľƟįĸŇĨĳńĦĤƢœŀĻĔĶňĴĮĶŅĻěŅĔ
œĕĴńĬĮĶŅĻěŅĔĬŘŜŅĨŅĸŀŅěœĴƞŏĮƦĬĪňŗĵŀĴĶńĭĕŀĚįŌƟĭĶŇőĳėȮ(ŏĬŅĺĶńĨĬƢ, 2548) įĸŇĨĳńĦĤƢœŀĻĔĶňĴĬĴĮĶŅĻěŅĔœĕĴńĬ
ĮĶŅĻŐĸŃĬŘŜŅĨŅĸĵńĚœĴƞĴňŒĬĪƟŀĚĨĸŅħĕŀĚœĪĵĽƞĺĬŒľĠƞŏĮƦĬįĸŇĨĳńĦĤƢĬŜŅŏĕƟŅěŅĔĨƞŅĚĮĶŃŏĪĻħƟĺĵŏľĨŋĬňŘįŌƟĺŇěńĵěŉĚŏľŖĬ
ėĺŅĴĽŜŅėńĠŒĬĔŅĶıńĥĬŅĽŌĨĶĪňŗŏľĴŅŃĽĴĕŀĚœŀĻĔĶňĴĬĴĮĶŅĻěŅĔœĕĴńĬŐĸŃĬŘŜŅĨŅĸħƟĺĵĔŅĶŒĝƟĽŅĶĪħŐĪĬœĕĴńĬ
ŐĸŃŐĸŃĽŅĶĪħŐĪĬėĺŅĴľĺŅĬŏıŊŗŀĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıŐĸŃėŋĦĳŅıĪŅĚĮĶŃĽŅĪĽńĴįńĽŒľƟŏĮƦĬĪňŗĵŀĴĶńĭ
ĕŀĚįŌƟĭĶŇőĳė 

 
ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵ 

1,ȮĻŉĔļŅįĸĕŀĚĔŅĶŒĝƟĴŀĸĪŇĪŀĸŐĸŃŀŇĬŌĸŇĬŒĬĔŅĶĪħŐĪĬĬŘŜŅĨŅĸŒĬœŀĻĔĶňĴĬĴ 
2.ȮĻŉĔļŅįĸĕŀĚĔŅĶŒĝƟĴŀĸőĪŏħĔĞƢĨĶŇĬŐĸŃŏĺĵƢőĮĶĨňĬĪħŐĪĬœĕĴńĬŒĬœŀĻĔĶňĴĬĴ 
3. ĻŉĔļŅįĸĕŀĚĔŅĶŒĝƟŏĺĵƢőĮĶĨňĬȮĴŀĸőĪŏħĔĞƢĨĶŇĬŐĸŃĴŀĸĪŇĪŀĸȮŒĬĔŅĶıńĥĬŅœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬ
ŐĸŃĬŘŜŅĨŅĸ 
4,ȮĻŉĔļŅėŋĦėƞŅőĳĝĬŅĔŅĶŒĬœŀĻĔĶňĴ 
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ĺŇīňħŜŅŏĬŇĬĔŅĶĺŇěńĵ 
1. ĺńĨĩŋħŇĭŐĸŃŀŋĮĔĶĦƢ 

 ŀŋĮĔĶĦƢĪňŗŒĝƟŒĬĔŅĶįĸŇĨœŀĻĔĶňĴĴňħńĚĬňŘȮŏėĶŊŗŀĚĝńŗĚĪĻĬŇĵĴ 3 ĨŜŅŐľĬƞĚȮŏėĶŊŗŀĚĮƤƧĬœŀĻĔĶňĴȮŏĪŀĶƢőĴĴŇŏĨŀĶƢ 
ĨŌƟŏĵŖĬȮȮĨŌƟŐĝƞŐĕŖĚȮŏėĶŊŗŀĚėĶńĺĨƞŅĚŕȮŐĸŃĺńĨĩŋħŇĭĪňŗŒĝƟŒĬĔŅĶįĸŇĨœŀĻĔĶňĴŒĬĽŌĨĶœŀĻĔĶňĴĪňŗėńħŏĸŊŀĔĴŅȮ3 ĽŌĨĶȮŐĽħĚħńĚ
ĨŅĶŅĚĪňŗȮ1  
 
ĨŅĶŅĚĪňŗȮ1 ĽŌĨĶœŀĻĔĶňĴıŊŘĬģŅĬ 
ĽƞĺĬįĽĴ ĽƞĺĬįĽĴĕŀĚœŀĻĔĶňĴȮ&ĔĶńĴ' 

ĽŌĨĶĪňŗȮ1 ĽŌĨĶĪňŗȮ2 ĽŌĨĶĪňŗȮ3 
ĺŇĮĮƕƨĚėĶňĴ 338 338 338 
ľŅĚĬĴįĚ                              100 90 110 
ĬŘŜŅĨŅĸĪĶŅĵ                          100 110 90 
ŏĔĸŊŀ 2 2 2 
ĽŅĶŒľƟėĺŅĴėĚĨńĺ                3 3 3 
ĬŘŜŅ 457 457 457 
ĶĺĴ 1000 1000 1000 
ĪňŗĴŅ8ȮȮĽŌĨĶĪňŗȮ1 &Marshall et al,, 2003'ȮĽŌĨĶĪňŗ 2 &ıĶľĸƟŅ, 0333'ȮĽŌĨĶĪňŗ 3 &ıĶľĸƟŅ, 2551' 

 
ĨŅĶŅĚĪňŗȮ2 ĶŅĵĔŅĶĺńĨĩŋħŇĭŐĸŃĽŌĨĶœŀĻĔĶňĴĮĶŅĻěŅĔĬŘŜŅĨŅĸŐĸŃĮĶŅĻěŅĔœĕĴńĬ 

ĺńĨĩŋħŇĭ ĽŌĨĶ
ıŊŘĬģŅĬ 

ĽŌĨĶœŀĻĔĶňĴĮĶŅĻěŅĔĬŘŜŅĨŅĸ ĽŌĨĶœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬ 

M50% M75% M100% 25/75 50/50 75/25 

ĴŀĸĪŇĪŀĸȮ-ŀŇĬŌĸŇĬȮȮȮȮ - 50/50 25/75 100/0 - - - 
ŏĺĵƢ/ĴŀĸőĪŏħĔĞƢĨĶŇĬ - - - - 84.5/253.5 169/169 253.5/84.5 
ĺŇĮĮƕƨĚėĶňĴ 338 338 338 338 - - - 
ĬŘŜŅĨŅĸĪĶŅĵ 100 - - - 100 100 100 
ľŅĚĬĴįĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 100 100 100 100 100 100 100 
ŏĔĸŊŀ 2 2 2 2 2 2 2 
ĽŅĶŒľƟėĺŅĴėĚĨńĺȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 3 3 3 3 3 3 3 
ĬŘŜŅĽŃŀŅħ 457 457 457 457 457 457 457 

 
2. ĺŇīňĔŅĶ 

 0,/ȮĔŅĶįĸŇĨœŀĻĔĶňĴ 
 ŏĶŇŗĴĨƟĬěŅĔĔŅĶėŜŅĬĺĦĺńĨĩŋħŇĭĨŅĴĺŇīňĕŀĚȮMarshall et al. (0..1'ȮŐĸƟĺįĽĴĺńĨĩŋħŇĭĪňŗŏĮƦĬĕŀĚįĚŏĕƟŅ
ħƟĺĵĔńĬȮĽŜŅľĶńĭĺńĨĩŋħŇĭĪňŗŏĮƦĬĕŀĚŏľĸĺŀŋƞĬŒľƟœħƟŀŋĦľĳŌĴŇȮ3.ȮŀĚĻŅŏĞĸŏĞňĵĽȮěŉĚėƞŀĵȮŕȮŏĨŇĴĺńĨĩŋħŇĭĪňŗŏĮƦĬĕŀĚŐľƟĚĸĚ
œĮȮėĬěĬĸŃĸŅĵŏĕƟŅĔńĬħňȮŏıŊŗŀŒľƟĽƞĺĬįĽĴŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬȮ&ĽĴěŇĨĶ, 033.'ȮŐĸƟĺıŅĽŏěŀĶƢœĶĞƢĪňŗŀŋĦľĳŌĴŇȮ6.ȮŀĚĻŅ
ŏĞĸŏĞňĵĽŏĮƦĬŏĺĸŅȮ03ȮĺŇĬŅĪňȮĸħŀŋĦľĳŌĴŇĸĚŀĵƞŅĚĶĺħŏĶŖĺȮĭƞĴĪňŗŀŋĦľĳŌĴŇȮ2ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬŏĺĸŅȮ4ȮĝńŗĺőĴĚȮŐĨƞĚ
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ĔĸŇŗĬĺŅĬŇĸĸŅĔƞŀĬĬŜŅœĮĮƤƧĬŒĬŏėĶŊŗŀĚĮƤƧĬœŀĻĔĶňĴȮĭĶĶěŋœŀĻĔĶňĴĪňŗœħƟĸĚĳŅĝĬŃıĸŅĽĨŇĔŐĸƟĺĬŜŅœĮŐĝƞŏĵŊŀĔŐĕŖĚĪň
ŀŋĦľĳŌĴŇĮĶŃĴŅĦȮ-03ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮĔƞŀĬĬŜŅœŀĻĔĶňĴĪňŗœħƟœĮĨĶĺěĽŀĭėŋĦĽĴĭńĨŇħƟŅĬĨƞŅĚŕ 
 

2.2 ĔŅĶĪħĽŀĭĔŅĶŒĝƟĽŅĶĪħŐĪĬĬŘŜŅĨŅĸ 
ĬŜŅįĸŇĨĳńĦĤƢœŀĻĔĶňĴĽŌĨĶıŊŘĬģŅĬĪňŗįƞŅĬĔŅĶėńħŏĸŊŀĔĴŅįĸŇĨœŀĻĔĶňĴĮĶŅĻěŅĔĬŘŜŅĨŅĸěŅĔĔŅĶŒĝƟĽŅĶ

ĪħŐĪĬėĺŅĴľĺŅĬĴŀĸĪŇĪŀĸȮĪňŗĴňĶĽľĺŅĬīĶĶĴĝŅĨŇŐĸŃœĴƞŒľƟėĺŅĴĶŌƟĽŉĔŏĵŖĬĞƞŅȮĴňĶŃħńĭėĺŅĴľĺŅĬŀĵŌƞŒĬĝƞĺĚȮ6.Ȯ-Ȯ
7.ȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĬŘŜŅĨŅĸĞŌőėĶĽȮŏĬŊŗŀĚěŅĔŒľƟĶĽľĺŅĬŒĔĸƟŏėňĵĚĔńĭĬŘŜŅĨŅĸȮěŉĚŒĝƟŏĮƦĬĽŅĶŒľƟėĺŅĴľĺŅĬŒĬ
įĸŇĨĳńĦĤƢĮĶŅĻěŅĔĬŘŜŅĨŅĸȮ&Bordi et al., 0..2'ȮĴŅĪħŐĪĬĬŘŜŅĨŅĸĪĶŅĵĪńŘĚľĴħȮ&/..#'ȮőħĵŒĝƟĽƞĺĬįĽĴĕŀĚ
ĴŀĸĪŇĪŀĸȮŐĸŃȮŀŇĬŌĸŇĬȮŒĬŀńĨĶŅĽƞĺĬĶƟŀĵĸŃȮ3.83.Ȯ53803Ȯ/..8.Ȯ&őħĵĬŘŜŅľĬńĔ'ȮőħĵŀŇĬŌĸŇĬĴňĶŅĵĚŅĬĺƞŅĝƞĺĵĮĶńĭĮĶŋĚ
ėƞŅĔŅĶĕŉŘĬĲŌȮĔŅĶĸŃĸŅĵȮĕŀĚœŀĻĔĶňĴœħƟħňȮ&ȮK,@,Ȯ?iĀlȮcrȮ_j,*Ȯ0..5'ȮŐĸƟĺėńħŏĸŊŀĔĽƞĺĬįĽĴĕŀĚĽŅĶĪħŐĪĬĬŘŜŅĨŅĸ
ĪňŗħňȮŐĸƟĺĬŜŅĽŌĨĶĴŅĪħĽŀĚĨƞŀœĮ 

 
2.3 ĔŅĶĪħĽŀĭĔŅĶŒĝƟĽŅĶĪħŐĪĬœĕĴńĬ 
ĔŅĶĪħĸŀĚŒĝƟĽŅĶĪħŐĪĬœĕĴńĬĪńŘĚľĴħħƟĺĵĽƞĺĬįĽĴĕŀĚŏĺĵƢőĮĶĨňĬŐĸŃĴŀĸőĪŏħŖĔĞƢĪĶŇĬȮŒĬĽńħĽƞĺĬĶƟŀĵ

ĸŃȮ03853, 3.83., 53803ȮĕŀĚœĕĴńĬěŅĔĽŌĨĶıŊŘĬģŅĬŐĸƟĺėńħŏĸŊŀĔĽƞĺĬįĽĴĪňŗħňĪňŗĽŋħĴŅĪŜŅĔŅĶĪħĸŀĚĨƞŀœĮ 
 
2.4 ĔŅĶıńĥĬŅœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬŐĸŃĬŘŜŅĨŅĸ 
ĬŜŅĽńħĽƞĺĬĕŀĚœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬőħĵŒĝƟŏĺĵƢőĮĶĨňĬĶƞĺĴĔńĭĴŀĸőĪŏħĔĞƢĨĶŇĬŏĮƦĬĽŅĶĪħŐĪĬœĕĴńĬĪňŗ

įƞŅĬĔŅĶėńħŏĸŊŀĔŒĬĕƟŀȮ2.3ȮŐĸŃŒĝƟĽŅĶĪħŐĪĬėĺŅĴľĺŅĬĴŀĸĪŇĪŀĸěŅĔĕƟŀȮ2.2 ĴŅĪħŐĪĬĬŘŜŅĨŅĸĪĶŅĵĪńŘĚľĴħȮ
őħĵĪħŐĪĬŒĬŀńĨĶŅĽƞĺĬĶƟŀĵĸŃȮ75,100 (őħĵĬŘŜŅľĬńĔ'ȮěŅĔĬńŘĬŏĮĶňĵĭŏĪňĵĭėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıŐĸŃĪŅĚĮĶŃĽŅĪ
ĽńĴįńĽĔńĭœŀĻĔĶňĴĽŌĨĶıŊŘĬģŅĬ 
 

2.5 ĔŅĶĺŇŏėĶŅŃľƢėŋĦĸńĔļĦŃĪŅĚŏėĴňŐĸŃĔŅĵĳŅı 
  2.5.1 ĶŃħńĭȮpH (ħńħŐĮĸĚěŅĔ Garcia et al., 1995) 
  ĺńħĶŃħńĭȮpH ĕŀĚœŀĻĔĶňĴŏľĸĺľĶŊŀœŀĻĔĶňĴĴŇĔĞƢȮ(Ice cream mixed) ĞŉŗĚėŊŀĽƞĺĬįĽĴĕŀĚ
œŀĻĔĶňĴľĸńĚįƞŅĬĔŅĶĭƞĴĪňŗŀŋĦľĳŌĴŇ 4 ŀĚĻŅŏĞĸŏĞňĵĽŏĮƦĬŏĺĸŅ 20 ĝńŗĺőĴĚ őħĵŏėĶŊŗŀĚ pH meter őħĵĪňŗŀŋĦľĳŌĴŇ
œŀĻĔĶňĴŏľĸĺĕĦŃĺńħŀĵŌƞĪňŗĶŃħńĭ 25 ŀĚĻŅŏĞĸŏĞňĵĽ  

2.5.1 ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴľĬŊħ (ħńħŐĮĸĚěŅĔĺŇīňĕŀĚȮıńĝĶŇĬĪĶƢ, 2542) 
ĺńħėĺŅĴľĬŊħĕŀĚœŀĻĔĶňĴŏľĸĺľĸńĚįƞŅĬĔŅĶĭƞĴĪňŗŀŋĦľĳŌĴŇ 4 ŀĚĻŅŏĞĸŏĞňĵĽ ŏĮƦĬŏĺĸŅ 20ȮĝńŗĺőĴĚ

őħĵŏėĶŊŗŀĚĺńħėƞŅėĺŅĴľĬŊħ ĔŅĶĺńħœŀĻĔĶňĴŏľĸĺŒĝƟľńĺľĴŋĬŏĭŀĶƢ 21 ĪňŗĶŃħńĭėĺŅĴŏĶŖĺĶŀĭĕŀĚĔŅĶľĴŋĬ  50  ĶŀĭĨƞŀ
ĬŅĪň ŀƞŅĬėƞŅĪňŗœħƟľĸńĚĴŀŏĨŀĶƢľĴŋĬįƞŅĬœĮ 30 ĺŇĬŅĪň ėĺĭėŋĴŀŋĦľĳŌĴŇĕĦŃĺńħĪňŗĶŃħńĭȮ 4 ± 0.5 ŀĚĻŅŏĞĸŏĞňĵĽ  

2.5.2 ĔŅĶĺŇŏėĶŅŃľƢĔŅĶĕŉŘĬĲŌȮ(ħńħŐĮĸĚěŅĔ Marshall at el., 2003) 
ĝńŗĚĬŘŜŅľĬńĔœŀĻĔĶňĴŏľĸĺĪňŗĭĶĶěŋŏĨŖĴĩƟĺĵıĸŅĽĨŇĔĪňŗĴňĮĶŇĴŅĨĶŐĬƞĬŀĬ ĭĬŏėĶŊŗŀĚĝńŗĚĪĻĬŇĵĴ 2 

ĨŜŅŐľĬƞĚŐĸŃĭńĬĪŉĔĬŘŜŅľĬńĔœŀĻĔĶňĴŏľĸĺľĸńĚĮƤƧĬŏĮƦĬœŀĻĔĶňĴŐĸƟĺőħĵĝńŗĚĬŘŜŅľĬńĔœŀĻĔĶňĴĪňŗĭĶĶěŋĸĚŒĬĩƟĺĵŒĭŏħŇĴ 
ĭńĬĪŉĔĬŘŜŅľĬńĔœŀĻĔĶňĴĪňŗœħƟ 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

2.5.3 ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŐĬƞĬŐĕŖĚȮ(ħńħŐĮĸĚěŅĔ Guinard et al ., 1996Ȯ) 
ĬŜŅœŀĻĔĶňĴĪňŗįƞŅĬĔŅĶŐĝƞŐĕŖĚ Ħ ŀŋĦľĳŌĴŇ -25 ± 1 ŀĚĻŅŏĞĸŏĞňĵĽ 24 ĝńŗĺőĴĚ ĺńħėĺŅĴŐĬƞĬŐĕŖĚ

ħƟĺĵŏėĶŊŗŀĚ Texture Analyzer őħĵĺńħėƞŅŐĶĚĔħĪňŗĔĶŃĪŜŅĨƞŀœŀĻĔĶňĴħƟĺĵĶŃĵŃĪŅĚėĚĪňŗ őħĵŀŋĮĔĶĦƢĪňŗŒĝƟŒĬĔŅĶ
ĪħĽŀĭĮĶŃĔŀĭœĮħƟĺĵľńĺĔħĶŌĮĪĶĚĔĶĺĵ (probe ŏĭŀĶƢ P/30C) ĺńħŐĶĚŒĬĶŌĮŐĭĭĕŀĚĔŅĶĔħŀńħŏĞĸĸƢĶńĭĬŘŜŅľĬńĔ
œħƟ 20 ĔŇőĸĔĶńĴ ėĺŅĴŏĶŖĺŒĬĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚľńĺĔħĔƞŀĬĪħĽŀĭ ĕĦŃĪħĽŀĭ ŐĸŃľĸńĚĪħĽŀĭŀĵŌƞĪňŗ 2.0 1.0 ŐĸŃ 
1.0 ĴŇĸĸŇŏĴĨĶĨƞŀĺŇĬŅĪň ĨŅĴĸŜŅħńĭ ĶŃĵŃĪŅĚĪňŗľńĺĔħĸĚœĮĸŉĔ 15 ĴŇĸĸŇŏĴĨĶ  

 2.5.4 ĔŅĶĸŃĸŅĵ (ħńħŐĮĸĚěŅĔ Guinard et al ., 1996) 
 ĬŜŅœŀĻĔĶňĴĪňŗĪňŗįƞŅĬĔŅĶŐĝƞŐĕŖĚ Ħ ŀŋĦľĳŌĴŇȮ-25 ŀĚĻŅŏĞĸŏĞňĵĽ 24 ĝńŗĺőĴĚ ĴŅĝńŗĚĬŘŜŅľĬńĔŐĸƟĺ 

ĺŅĚĭĬĨŃŐĔĶĚĸĺħĕĬŅħ 272 ĝƞŀĚĨƞŀĨŅĶŅĚĬŇŘĺěńĭŏĺĸŅĔŅĶĸŃĸŅĵ őħĵėĺĭėŋĴŀŋĦľĳŌĴŇľƟŀĚĪňŗĶŃħńĭ 25 ŀĚĻŅ
ŏĞĸŏĞňĵĽ ěŅĔĬńŘĬĝńŗĚĬŘŜŅľĬńĔĕŀĚœŀĻĔĶňĴĪňŗĸŃĸŅĵĸĚĽŌƞĳŅĝĬŃĶŀĚĶńĭĪňŗĴňĬŘŜŅľĬńĔĪňŗŐĬƞĬŀĬ Ħ ĬŅĪňĪňŗ 10 20  30  ŐĸŃ 
40 ĬŅĪň ŐĸƟĺėŜŅĬĺĦĔŅĶĸŃĸŅĵĨƞŀĬŘŜŅľĬńĔœŀĻĔĶňĴŏĶŇŗĴĨƟĬ 100 ĔĶńĴ  

2.5.5 ĔŅĶĺŇŏėĶŅŃľƢėŋĦėƞŅĪŅĚőĳĝĬŅĔŅĶ 
ĺŇŏėĶŅŃľƢľŅĮĶŇĴŅĦėĺŅĴĝŊŘĬĨŅĴĺŇīňĕŀĚȮAOAC, 2000ȮĺŇŏėĶŅŃľƢľŅĮĶŇĴŅĦŏĩƟŅĨŅĴĺŇīňĕŀĚȮ

AOAC,2000ȮŐĸŃĺŇŏėĶŅŃľƢĮĶŇĴŅĦœĕĴńĬȮĮĶŇĴŅĦőĮĶĨňĬŒĝƟĺŇīňŏěĸľƢħŅĸȮėŜŅĬĺĦĮĶŇĴŅĦėŅĶƢőĭœŁŏħĶĨĨŅĴĺŇīňĕŀĚȮ
AOAC,2000 

 2.6ȮĔŅĶĺŇŏėĶŅŃľƢėŋĦĸńĔļĦŃĪŅĚĮĶŃĽŅĪĽńĴįńĽ 
ȮȮȮȮȮȮȮȮȮȮȮĨĶĺěĽŀĭėŋĦĳŅıĪŅĚĮĶŃĽŅĪĽńĴįńĽħƟĺĵĺŇīň Hedonic scale ŒľƟėŃŐĬĬĨńŘĚŐĨƞ 1 - 9 (9 = ĝŀĭ

ĴŅĔĪňŗĽŋħ ĩŉĚ 1 = œĴƞĝŀĭĴŅĔĪňŗĽŋħ) őħĵįŌƟĪħĽŀĭĞŉŗĚŏĮƦĬĬŇĽŇĨĶŃħńĭĮĶŇĠĠŅőĪȮėľĔĶĶĴĻŅĽĨĶƢĪňŗŏėĵįƞŅĬĔŅĶĪħĽŀĭ
ĪŅĚĮĶŃĽŅĪĽńĴįńĽȮěŜŅĬĺĬ 20 ėĬ ėŋĦĳŅıĪňŗĨĶĺěĽŀĭ œħƟŐĔƞ ĽňȮĸńĔļĦŃĮĶŅĔĢȮĔĸŇŗĬȮėĺŅĴľĺŅĬȮŐĸŃėĺŅĴĝŀĭ
ĶĺĴ 
  2.7 ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸĪŅĚĽĩŇĨŇ 

ȮȮȮȮȮȮȮȮȮȮȮȮŒĝƟĽĩŇĨŇŏĝŇĚıĶĶĦĬŅŒĬĔŅĶĺŇŏėĶŅŃľƢėƞŅŏĜĸňŗĵȮ ėƞŅŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬȮ ĺŇŏėĶŅŃľƢėĺŅĴŐĮĶĮĶĺĬ
ŐĸŃŏĮĶňĵĭŏĪňĵĭėĺŅĴŐĨĔĨƞŅĚĕŀĚėƞŅŏĜĸňŗĵĕŀĚĔŅĶĨĶĺěĺńħėŋĦĳŅıĨŅĴĺŇīň Bonferroni ĺŇŏėĶŅŃľƢėƞŅŏĜĸňŗĵĕŀĚ
ėŃŐĬĬĔŅĶĪħĽŀĭĪŅĚĮĶŃĽŅĪĽńĴįńĽőħĵŒĝƟőĮĶŐĔĶĴĽĩŇĨŇĽŜŅŏĶŖěĶŌĮ  

 
įĸĔŅĶĺŇěńĵ 

1.  ĔŅĶėńħŏĸŊŀĔĽŌĨĶıŊŘĬģŅĬ 
 ěŅĔĔŅĶĪħĽŀĭħƟŅĬĪŅĚĮĶŃĽŅĪĽńĴįńĽĕŀĚĽŌĨĶœŀĻĔĶňĴĬĴĪňŗėńħŏĸŊŀĔĴŅȮ3 ĽŌĨĶȮħƟĺĵĺŇīň Hedonic scaleȮ
œĴƞıĭėĺŅĴŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇȮħƟŅĬȮĔĸŇŗĬĬĴȮėĺŅĴŏĶňĵĭŏĬňĵĬȮėĺŅĴĴńĬȮĽňȮėĺŅĴľĺŅĬȮŐĸŃ
ėĺŅĴĝŀĭĶĺĴȮŏĴŊŗŀıŇěŅĶĦŅĶŃħńĭėŃŐĬĬıĭĺƞŅĽŌĨĶĪňŗȮ1ŐĸŃȮ3 ȮœħƟĶńĭėŃŐĬĬėĺŅĴėĺŅĴĝŀĭĶĺĴĽŌĚĔĺƞŅĽŌĨĶĪňŗȮ2  
œħƟĶńĭėŃŐĬĬĽŌĚĔĺƞŅĽŌĨĶŀŊŗĬŒĬħƟŅĬĔĸŇŗĬĬĴȮėĺŅĴĴńĬȮėĺŅĴľĺŅĬȮěŉĚŏĸŊŀĔœŀĻĔĶňĴĽŌĨĶȮ1ȮĴŅŏĮƦĬĽŌĨĶıŊŘĬģŅĬŒĬĔŅĶ
ĺŇěńĵ  
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĨŅĶŅĚĪňŗȮ3 įĸĔŅĶĪħĽŀĭĪŅĚĮĶŃĽŅĪĽńĴįńĽŒĬœŀĻĔĶňĴȮ3 ĽŌĨĶ 

ĪňŗĴŅ8ȮȮĽŌĨĶĪňŗȮ/Ȯ&Marshall et al., 0..1'ȮĽŌĨĶĪňŗȮ0Ȯ&ıĶľĸƟŅ, 0333'ȮĽŌĨĶĪňŗȮ1Ȯ&ıĶľĸƟŅ, 033/' 
ľĴŅĵŏľĨŋȮ  ĽńĠĸńĔļĦƢȮ ns (non-significant) ľĴŅĵĩŉĚėƞŅœĴƞŐĨĔĨƞŅĚĔńĬĪŅĚĽĩŇĨŇŒĬŐĬĺĬŀĬ 

 
2. ĔŅĶĻŉĔļŅĽŅĶĪħŐĪĬĬŘŜŅĨŅĸħƟĺĵĔŅĶŒĝƟĽƞĺĬįĽĴĕŀĚĴŀĸĪŇĪŀĸŐĸŃŀŇĬŌĸŇĬ 

ĬŜŅįĸŇĨĳńĦĤƢœŀĻĔĶňĴĽŌĨĶıŊŘĬģŅĬĪňŗįƞŅĬĔŅĶėńħŏĸŊŀĔĴŅĪħĸŀĚŒĝƟĽŅĶĪħŐĪĬėĺŅĴľĺŅĬĴŀĸĪŇĪŀĸȮĪňŗĴňĶĽ

ľĺŅĬīĶĶĴĝŅĨŇŐĸŃœĴƞŒľƟėĺŅĴĶŌƟĽŉĔŏĵŖĬĞƞŅȮĴňĶŃħńĭėĺŅĴľĺŅĬŀĵŌƞŒĬĝƞĺĚȮ6.Ȯ-Ȯ7.ȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĬŘŜŅĨŅĸĞŌőėĶĽȮ
ŏĬŊŗŀĚěŅĔŒľƟĶĽľĺŅĬŒĔĸƟŏėňĵĚĔńĭĬŘŜŅĨŅĸȮěŉĚŒĝƟŏĮƦĬĽŅĶŒľƟėĺŅĴľĺŅĬĪňŗĬŇĵĴŒĝƟŒĬįĸŇĨĳńĦĤƢĮĶŅĻěŅĔĬŘŜŅĨŅĸȮ&Bordi 

et al., 0..2'ȮĽƞĺĬŀŇĬŌĸŇĬĴňĶŅĵĚŅĬĺƞŅȮĽŅĴŅĶĩĝƞĺĵĮĶńĭĮĶŋĚėƞŅėĺŅĴľĬŊħȮĔŅĶĕŉŘĬĲŌȮĔŅĶĸŃĸŅĵȮĕŀĚœŀĻĔĶňĴœħƟħňȮ&Ȯ
K,@,Ȯ?iĀlȮcrȮ_j,*Ȯ0..5'ěŉĚŏĸŊŀĔĬŜŅĴŅŒĝƟŒĬĽńħĽƞĺĬĶƟŀĵĸŃȮ3.83.Ȯ53803Ȯ/..8.Ȯ&őħĵĬŘŜŅľĬńĔ'ŒĬĔŅĶĪħŐĪĬĬŘŜŅĨŅĸ
ĪńŘĚľĴħ 

 
ĨŅĶŅĚĪňŗȮ4 ȮįĸĔŅĶĻŉĔļŅĽĴĭńĨŇŏėĴňŐĸŃĪŅĚĔŅĵĳŅıĕŀĚœŀĻĔĶňĴĮĶŅĻěŅĔĬŘŜŅĨŅĸŏĪňĵĭĔńĭĽŌĨĶıŊŘĬģŅĬȮ 
ĨńĺŀĵƞŅĚœŀĻĔĶňĴ  ĽĴĭńĨŇĪŅĚŏėĴňĔŅĵĳŅıĕŀĚœŀĻĔĶňĴĮĶŅĻěŅĔĬŘŜŅĨŅĸȮ&ȮMean ± S.D) 

ĶŃħńĭȮpH  ĔŅĶĕŉŘĬĲŌ(%) ėĺŅĴŐĬƞĬŐĕŖĚȮ(g) 

ĽŌĨĶıŊŘĬģŅĬ  6.49ns ± 0.04  13.26 a ± 6.20 2436.24ns ± 
277.46 

ĪħŐĪĬĬŘŜŅĨŅĸĪńŘĚľĴħħƟĺĵ
ĴŀĸĪŇĪŀĸ:ŀŇĬŌĸŇĬ 

    

50:50 6.50 ns ± 0.01  27.97 b ± 3.26 2152.57ns ± 
769.10 

75:25 6.49 ns ± 0.02  26.94 b ± 4.65 2063.90ns ± 
717.78 

100:0 6.50 ns ± 0.03  36.8 7c ± 2.71 1785.53ns ± 
391.03 

ľĴŅĵŏľĨŋȮ ĽńĠĸńĔļĦƢȮa, b, c, d  ľĴŅĵĩŉĚȮėƞŅĪňŗĴňėĺŅĴŐĨĔĨƞŅĚĔńĬĪŅĚĽĩŇĨŇ&P < 0.05) ŒĬŐĬĺĨńŘĚ 
 ĽńĠĸńĔļĦƢȮ ns (non-significant)ľĴŅĵĩŉĚĴňėƞŅœĴƞŐĨĔĨƞŅĚĔńĬĪŅĚĽĩŇĨŇŒĬŐĬĺĨńŘĚ 

ėŋĦĳŅıĕŀĚœŀĻĔĶňĴ ĽŌĨĶĪŜŅœŀĻĔĶňĴ 
ĽŌĨĶĪňŗȮ/ ĽŌĨĶĪňŗȮ0 ĽŌĨĶĪňŗȮ1 

Ľň ns 7.40 ± 0.75 7.55 ± 0.75 7.25 ± 0.85 
ėĺŅĴĴńĬ ns 6.68 ± 0.92 6.15 ± 1.42 6.60 ± 0.82 
ĔĸŇŗĬĬĴ ns 6.55 ± 1.46 6.20 ± 1.28 6.15 ± 1.26 
ėĺŅĴľĺŅĬ ns 6.80 ± 1.32 6.55 ±1.84 6.40 ± 1.50 
ėĺŅĴŏĶňĵĭŏĬňĵĬ ns 6.85 ± 0.93 6.65 ± 0.93 7.00 ± 0.72 
ėĺŅĴĝŀĭĶĺĴ ns 7.30 ± .,47 6.85 ± 1.30 7.30 ± 1.01 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

 ĔŅĶĪħŐĪĬĬŘŜŅĨŅĸĪńŘĚľĴħħƟĺĵĴŀĸĪŇĪŀĸŐĸŃŀŇĬŌĸŇĬıĭĺƞŅœĴƞıĭėĺŅĴŐĨĔĨƞŅĚĕŀĚĶŃħńĭȮpHȮĕŀĚ
œŀĻĔĶňĴŏľĸĺȮŐĨƞĴňįĸĪŜŅŒľƟĔŅĶĕŉŘĬĲŌŏıŇŗĴĽŌĚĔĺƞŅĽŌĨĶıŊŘĬģŅĬŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇȮŐĸŃĴňįĸĪŜŅŒľƟėĺŅĴŐĬƞĬŐĕŖĚ
ĸħĸĚŐĨƞœĴƞĴňėĺŅĴŐĨĔĨƞŅĚĔńĬŒĬĪŅĚĽĩŇĨŇȮĬŀĔěŅĔĬňŘĽŅĶĪħŐĪĬĬŘŜŅĨŅĸĪńŘĚĽŀĚĵńĚĴňėŋĦĽĴĭńĨŇŒĬĔŅĶŏıŇŗĴŏĬŊŘŀŒľƟĔńĭ
œŀĻĔĶňĴŏĴŊŗŀįƞŅĬĔŅĶĮƤƧĬœŀĻĔĶňĴěŉĚĴňĔŅĶĕŉŘĬĲŌĪňŗħňĔĺƞŅĨńĺŀĵƞŅĚĽŌĨĶıŊŘĬģŅĬĞŉŗĚĽŅĴŅĶĩĕŉŘĬĲŌœħƟĩŉĚĶƟŀĵĸŃȮ36.87 ± 2.71 
ěŅĔĮĶŇĴŅĨĶŏĶŇŗĴĨƟĬȮŏĴŊŗŀĬŜŅœĮĺŇŏėĶŅŃľƢėƞŅėĺŅĴŐĕŖĚĕŀĚĨńĺŀĵƞŅĚœŀĻĔĶňĴĮĶŅĻěŅĔĬŘŜŅĨŅĸěŅĔĔŅĶĺŇŏėĶŅŃľƢĩŉĚŐĶĚĪňŗ
ŒĝƟŒĬĔŅĶĔħĨńĺŀĵƞŅĚıĭĺƞŅĵŇŗĚĨńĺŀĵƞŅĚĴňėƞŅĶƟŀĵĸŃĔŅĶĕŉŘĬĲŌĪňŗĽŌĚĔŖěŃŒĝƟŐĶĚŒĬĔŅĶĔħĬƟŀĵŏĬŊŗŀĚěŅĔĴňĝƞŀĚĺƞŅĚĕŀĚŏĴŖħ
ŀŅĔŅĻĪňŗĴŅĔĔĺƞŅěŅĔĔŅĶĮƤƧĬ 
ĨŅĶŅĚĪňŗȮ5 ȮĔŅĶĸŃĸŅĵĕŀĚœŀĻĔĶňĴĮĶŅĻěŅĔĬŘŜŅĨŅĸĪňŗŒĝƟĽŅĶĪħŐĪĬĬŘŜŅĨŅĸĴŀĸĪŇĪŀĸŐĸŃŀŇĬŌĸŇĬŒĬĽńħĽƞĺĬĨƞŅĚĔńĬ 
ĨńĺŀĵƞŅĚœŀĻĔĶňĴ ĔŅĶĸŃĸŅĵȮĦȮĝƞĺĚŏĺĸŅĨƞŅĚĔńĬȮ&ĬŅĪň' 

10 ĬŅĪň 20 ĬŅĪň 30 ĬŅĪň 40 ĬŅĪň ŀńĨĶŅĔŅĶ
ĸŃĸŅĵĨƞŀ
ĬŅĪň 

ĽŌĨĶıŊŘĬģŅĬ  4.97 b ± 3.05 29.04 b ± 3.53 57.45 b ± 4.39 72.11 b ± 3.69 0.3 6b ± 
0.13 

ĴŀĸĪŇĪŀĸ:ŀŇĬŌĸŇĬ      
50:50 12.59 a ± 6.87 40.17 a ± 3.52 72.80 a ± 6.02 94.25 a ± 11.57 0.48 a ± 

1.79 
75:25 9.93 a ± 2.39 40.40 a ± 2.23 71.43 a ± 15.27 89.71 a ± 2.08 0.46 a ± 

1.41 
100:0 9.01 a ± 2.09 25.00 b ± 3.20 58.16 b ± 6.46 72.38 b ± 8.56 0. 37b ±0.06  

ľĴŅĵŏľĨŋȮ ĽńĠĸńĔļĦƢȮa , b  ľĴŅĵĩŉĚėƞŅėĺŅĴŐĨĔĨƞŅĚĔńĬĪŅĚĽĩŇĨŇ&P < .,.3'ȮŒĬŐĬĺĨńŘĚ 

 
 ĔŅĶĸŃĸŅĵĕŀĚœŀĻĔĶňĴĪňŗŒĝƟĽŅĶĪħŐĪĬĬŘŜŅĨŅĸĴŀĸĪŇĪŀĸŐĸŃŀŇĬŌĸŇĬȮıĭĺƞŅĔŅĶŒĝƟĽŅĶĪħŐĪĬĬŘŜŅĨŅĸ
ĴŀĸĪŇĪŀĸŐĸŃŀŇĬŌĸŇĬĪňŗĶŃħńĭȮ50:50  ŐĸŃȮ75:25 ĴňŀńĨĶŅĔŅĶĸŃĸŅĵĽŌĚĔĺƞŅĔŅĶŒĝƟĴŀĸĪŇĪŀĸŀĵƞŅĚŏħňĵĺŐĸŃĽŌĨĶ
ıŊŘĬģŅĬȮŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇȮ&p < .,.3'ȮĔŅĶĪħŐĪĬħƟĺĵĴŀĸĪŇĪŀĸıĭĺƞŅ ĴňŀńĨĶŅĔŅĶĸŃĸŅĵŒĔĸƟŏėňĵĚĔńĭĽŌĨĶ
ıŊŘĬģŅĬŀŅěŏĬŊŗŀĚěŅĔĴŀĸĪŇĪŀĸĴňĽĴĭńĨŇěńĭĔńĭĬŘŜŅŒĔĸƟŏėňĵĚĔńĭĬŘŜŅĨŅĸĪĶŅĵ 
 
ĨŅĶŅĚĪňŗȮ4ȮȮįĸĔŅĶĪħĽŀĭĪŅĚĮĶŃĽŅĪĽńĴįńĽĕŀĚœŀĻĔĶňĴĮĶŅĻěŅĔĬŘŜŅĨŅĸŏĪňĵĭĔńĭĽŌĨĶıŊŘĬģŅĬȮ 

  ėŃŐĬĬĔŅĶĪħĽŀĭĪŅĚĮĶŃĽŅĪĽńĴįńĽ 
ėŋĦĳŅıĕŀĚœŀĻĔĶňĴ  

 
ĽŌĨĶıŊŘĬģŅĬ 

œŀĻĔĶňĴĮĶŅĻěŅĔĬŘŜŅĨŅĸĪňŗĪħŐĪĬħƟĺĵŀńĨĶŅĽƞĺĬĕŀĚ 
ĴŀĸĪŇĪŀĸ:ŀŇĬĬŌĸŇĬȮ&Mean ± S.D' 

50:50 75:25 100:0 
Ľň 6.75 ns ±1.40 6.70 ± 1.45 6.6 0 ±1.35 6.75 ± 1.48 
ėĺŅĴĴńĬ 7.00 ns ± 1.45 6.55 ± 1.23 6.55 ± 1.19 7.25 ± 1.48 
ĔĸŇŗĬĬĴ 6.4 5a ± 1.14 5.35 b ± 0.58 6.70 a ± 1.45 6.85 a ± 1.53 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ėĺŅĴľĺŅĬ 6.80 a ± 1.98 4.90 b ± 1.11 6.5 a 0 ± 1.53 6.95 a ± 1.35 
ėĺŅĴŏĶňĵĭŏĬňĵĬ 5.45 a ± 0.88 5.60 a ± 0.82 6.50 b ± 1.43 6.70 b ± 1.30 
ėĺŅĴĝŀĭĶĺĴ 5.85 a ± 0.36 6.85 b ± 1.53 6.95 b ± 1.35 7.20 b ± 1.39 
ľĴŅĵŏľĨŋȮ ĽńĠĸńĔļĦƢȮa, b,  ľĴŅĵĩŉĚėƞŅėĺŅĴŐĨĔĨƞŅĚĔńĬĪŅĚĽĩŇĨŇ (P < 0.05)ŒĬŐĬĺĬŀĬ 

 ȮĽńĠĸńĔļĦƢȮ ns (non-significant) ľĴŅĵĩŉĚĴňėƞŅœĴƞŐĨĔĨƞŅĚĔńĬĪŅĚĽĩŇĨŇŒĬŐĬĺĬŀĬ 

 
 įĸĔŅĶĪħĽŀĭĪŅĚĮĶŃĽŅĪĽńĴįńĽıĭĺƞŅœŀĻĔĶňĴĮĶŅĻěŅĔĬŘŜŅĨŅĸĪňŗŒĝƟĪŀĸĪŇĪŀĸŐĸŃŀŇĬŌĸŇĬŒĬĽńħĽƞĺĬ
ĨƞŅĚĔńĬœĴƞĴňėĺŅĴŐĨĔĨƞŅĚĔńĬŒĬŏĶŊŗŀĚĕŀĚėĺŅĴĴńĬŐĸŃĽňȮőħĵĔŅĶĪħŐĪĬĬŘŜŅĨŅĸħƟĺĵĴŀĸĪŇĪŀĸŀĵƞŅĚŏħňĵĺŒľƟėŃŐĬĬ
ėĺŅĴĝŀĭĶĺĴĽŌĚĔĺƞŅȮ(7.20 b ± 1.39) ĽŌĨĶŀŊŗĬȮȮŐĸŃŐĨĔĨƞŅĚěŅĔĽŌĨĶıŊŘĬģŅĬŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇȮ&P < .,.3'ȮȮ
ĽƞĺĬėŃŐĬĬĔŅĶĪħĽŀĭħƟŅĬŀŊŗĬȮĔĸŇŗĬĬĴȮėĺŅĴľĺŅĬȮœĴƞŐĨĔĨƞŅĚěŅĔĽŌĨĶıŊŘĬģŅĬȮȮŐĸŃĴňėĺŅĴŏĶňĵĭŏĬňĵĬĽŌĚĔĺƞŅěŅĔ
ĽŌĨĶıŊŘĬģŅĬŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇȮ&P < .,.3'ȮȮħńĚĬńŘĬěŉĚŏĸŊŀĔŒĝƟĴŀĸĪŇĪŀĸŀĵƞŅĚŏħňĵĺŒĬĔŅĶĪħŐĪĬĬŘŜŅĨŅĸŒĬ
ĔŅĶįĸŇĨœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬŐĸŃĬŘŜŅĨŅĸ 

 
3. ĔŅĶĻŉĔļŅĔŅĶŒĝƟĽŅĶĪħŐĪĬœĕĴńĬŏĺĵƢőĮĶĨňĬŐĸŃĴŀĸőĪŏħĔĞƢĨĶŇĬ 
ĬŜŅįĸŇĨĳńĦĤƢœŀĻĔĶňĴĽŌĨĶıŊŘĬģŅĬĪňŗįƞŅĬĔŅĶėńħŏĸŊŀĔĴŅĪħĽŀĭĔŅĶĪħŐĪĬœĕĴńĬħƟĺĵĽŅĶĪħŐĪĬœĕĴńĬŏĺĵƢ

őĮĶĨňĬŐĸŃĴŀĸőĪŏħĔĞƢĨĶŇĬȮŒĬŀńĨĶŅĽƞĺĬĶƟŀĵĸŃȮ03853, 3.83. ŐĸŃ 53803ȮĞŉŗĚŏĺĵƢőĮĶĨňĬĪňŗĽŅĴŅĶĩĝƞĺĵŒĬĔŅĶěńĭ
ĬŘŜŅȮ ŏĮƦĬŀŇĴńĸĞŇœĲŏŀŀĶƢȮ ŐĸŃŏĮƦĬĨńĺĝƞĺĵŒĬĔŅĶŏĔŇħĲŀĚőĲĴĕŀĚœŀĻĔĶňĴȮ ĪŜŅŒľƟĽƞĺĬįĽĴĨƞŅĚŕĔĶŃěŅĵĨńĺœħƟħňȮ ŏĬŊŘŀ
ĽńĴįńĽĕŀĚœŀĻĔĶňĴĴňėĺŅĴŐĬƞĬȮŏĬňĵĬĸŃŏŀňĵħȮŐĸŃœĴƞŀƞŀĬĨńĺȮ&Patel et al. 0..4'ȮȮŐĸŃȮĴŀĸőĪŏħĔĞƢĨĶŇĬȮ&DE /.'Ȯ
ŏıŊŗŀĝƞĺĵĮĶńĭĮĶŋĚėŋĦĳŅıĪŅĚħƟŅĬŏĬŊŘŀĽńĴįńĽȮėĺŅĴľĬŊħȮŐĸŃĔŅĶĕŉŘĬĲŌĕŀĚœŀĻĔĶňĴȮ 
 
ĨŅĶŅĚĪňŗȮ7 ȮįĸĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚŏėĴňĔŅĵĳŅıĕŀĚœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬŏĪňĵĭĔńĭĽŌĨĶıŊŘĬģŅĬȮ 

ĨńĺŀĵƞŅĚœŀĻĔĶňĴ  ĽĴĭńĨŇĪŅĚŏėĴňŐĸŃĔŅĵĳŅıĕŀĚœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬȮ&Ȯ Mean ± S.D) 
ĶŃħńĭȮpH ėĺŅĴľĬŊħȮ(cP.) ĔŅĶĕŉŘĬĲŌ(%) ėĺŅĴŐĬƞĬŐĕŖĚȮ(g) 

ĽŌĨĶıŊŘĬģŅĬ  6.49 a ± 0.04 214.74 a ± 3.57 13.23 a ± 1.03 2170.95 a ± 45.47 
ŏĺĵƢ:ĴŀĸőĪŏħĔĞƢĨĶŇĬ     

25:75 6.06 b ± 0.02 156.22 b ± 1.56 44.94 b ± 4.94 1901.40 b ± 11.13 
50:50 5.94 c ±  

0.02 
199.59 c ± 1.05 52.0 3 c ± 2.03 1805.07 c ± 19.97 

75:25 5.80 d ± 0.06 204.82 d ± 2.62 55.35 c ± 2.75 1390.8 4d ± 38.01 
ľĴŅĵŏľĨŋȮ ĽńĠĸńĔļĦƢȮȮa, b, c, d  ľĴŅĵĩŉĚėƞŅėĺŅĴŐĨĔĨƞŅĚĔńĬĪŅĚĽĩŇĨŇ&P < .,.3'ȮŒĬŐĬĺĨńŘĚ 

 
 ĔŅĶŒĝƟŏĺĵƢőĮĶĨňĬŏıŇŗĴĕŉŘĬıĭĺƞŅĴňįĸĪŜŅŒľƟȮpH ĸħĸĚŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇ&P < .,.3'ȮĴňĔŅĶĕŉŘĬĲŌŏıŇŗĴĕŉŘĬ
ŐĸŃėĺŅĴŐĬƞĬŐĕŖĚĸħĸĚŐĸŃœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬĽŌĨĶĪňŗĴňĔŅĶŏĨŇĴŏĺĵƢőĮĶĨňĬŒĬĮĶŇĴŅĦĴŅĔĴňėƞŅėĺŅĴľĬŊħĽŌĚĪňĽŋħ
ĪňŗĶŃħńĭȮ204.82 ± 2.62 cP. ŏĴŊŗŀıŇěŅĶĦŅĔŅĶĕŉŘĬĲŌȮıĭĺƞŅŒĬĨńĺŀĵƞŅĚœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬĪńŘĚȮ3 ĽŌĨĶĴňĔŅĶĕŉŘĬĲŌĽŌĚ
ĔĺƞŅĽŌĨĶıŊŘĬģŅĬȮĪňŗŏĮƦĬįĸĴŅěŅĔŒĬĽŌĨĶıŊŘĬģŅĬĬńŘĬĴňĮĶŇĴŅĦĕŀĚœĕĴńĬĽŌĚŏĴŊŗŀįƞŅĬĔŅĶĮƤƧĬĶĺĴĔńĭŀŅĔŅĻŒĬĕńŘĬĨŀĬ
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĕŀĚĔŅĶĮƤƧĬŏĴŖħœĕĴńĬěŃĴňĕĬŅħŏĸŖĔĸĚĸƟŀĴĶŀĭĲŀĚŀŅĔŅĻĪŜŅŒľƟŏĔŅŃĨńĺĔńĬŐĬƞĬ ħƟĺĵŏľĨŋĬňŘěŉĚĽƞĚįĸŒľƟŏĔŇħĔŅĶ
ĕńħĕĺŅĚĔŅĶĕŉŘĬĲŌȮ(Patel et al., 2006) ĽŌĨĶıŊŘĬģŅĬěŉĚĴňĔŅĶĕŉŘĬĲŌĬƟŀĵĪňŗĽŋħȮŐĸŃĴňėƞŅėĺŅĴŐĕŖĚĴŅĔĪňŗĽŋħĪňŗĶŃħńĭȮ
2170.95 ± 45.47 ĔĶńĴȮŏĬŊŗŀĚěŅĔœŀĻĔĶňĴĴňĸńĔļĦŃŏĬŊŘŀĪňŗŐĬƞĬĴŅĔȮŒĬĕĦŃĪňŗœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬĴňėĺŅĴŐĬƞĬ
ŐĕŖĚĬƟŀĵĔĺƞŅ 

ěŅĔĔŅĶıńĥĬŅœŀĻĔĶňĴœĕĴńĬĨŗŜŅȮőħĵȮĮƕĵŃīŇħŅȮ&033/'ȮıĭĺƞŅěŅĔĔŅĶȮĸħĮĶŇĴŅĦľŅĚĬĴįĚĸĚĶƟŀĵĸŃȮ3Ȯ, 
/.ȮŐĸŃȮ/3ȮĕŀĚĮĶŇĴŅĦľŅĚĬĴįĚŒĬĽŌĨĶĮĔĨŇȮŐĸŃĪħŐĪĬľŅĚĬĴįĚĽƞĺĬĪňŗľŅĵœĮħƟĺĵŏĺĵƢőĮĶĨňĬŐĸŃĴŀĸőĪŏħŖĔĞƢ
ĪĶŇĬȮŐĸƟĺŒľƟĽƞĺĬįĽĴŀŊŗĬėĚĪňŗȮıĭĺƞŅœŀĻĔĶňĴœĕĴńĬĨŗŜŅĪňŗŏĨŇĴŏĺĵƢőĮĶĨňĬŐĸŃĴŀĸőĪŏħŖĔĞƢĪĶŇĬȮĴňėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅı
œĴƞŐĨĔĨƞŅĚěŅĔœŀĻĔĶňĴĪňŗœĴƞœħƟŏĨŇĴŏĺĵƢőĮĶĨňĬȮ ŏĺĵƢőĮĶĨňĬĽŅĴŅĶĩĝƞĺĵŒĬĔŅĶěńĭĬŘŜŅȮ ŏĮƦĬŀŇĴńĸĞŇœĲŏŀŀĶƢȮ ŐĸŃŏĮƦĬĨńĺ
ĝƞĺĵŒĬĔŅĶŏĔŇħĲŀĚőĲĴĕŀĚœŀĻĔĶňĴĪŜŅŒľƟĽƞĺĬįĽĴĨƞŅĚŕĔĶŃěŅĵĨńĺœħƟħňŏĬŊŘŀĽńĴįńĽĕŀĚœŀĻĔĶňĴĴňėĺŅĴŐĬƞĬȮ ŏĬňĵĬ
ĸŃŏŀňĵħȮŐĸŃœĴƞŀƞŀĬĨńĺȮ&Patel et al. 0..4'ȮȮŐĸŃȮĴŀĸőĪŏħĔĞƢĨĶŇĬȮ&DE /.'ȮŏıŊŗŀĝƞĺĵĮĶńĭĮĶŋĚėŋĦĳŅıĪŅĚħƟŅĬ
ŏĬŊŘŀĽńĴįńĽȮėĺŅĴľĬŊħȮŐĸŃĔŅĶĕŉŘĬĲŌĕŀĚœŀĻĔĶňĴ 
 
ĨŅĶŅĚĪňŗȮ8 ȮįĸĕŀĚĔŅĶĸŃĸŅĵŒĬœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬěŅĔĔŅĶŒĝƟŏĺĵƢőĮĶĨňĬŐĸŃĴŀĸőĪŏħĔĞƢĨĶŇĬŒĬĽńħĽƞĺĬ
ĨƞŅĚĔńĬ 
ĨńĺŀĵƞŅĚœŀĻĔĶňĴ ĔŅĶĸŃĸŅĵȮĦȮĝƞĺĚŏĺĸŅĨƞŅĚĔńĬȮ&ĬŅĪň' 

10 ĬŅĪň 20 ĬŅĪň 30 ĬŅĪň 40 ĬŅĪň ŀńĨĶŅĔŅĶĸŃĸŅĵĨƞŀĬŅĪň 

ĽŌĨĶıŊŘĬģŅĬ  14.66 b ± 7.17 46.06 b ± 14.09 55.27 b ± 15.38 60.09b ± 15.50 0.26 aȮ± 0.11 
ŏĺĵƢ:ĴŀĸőĪŏħĔĞƢĨĶŇĬ      

25:75 48.5 a 5 ± 8.86 96.74 aȮ± 4.16 96.74 a ± 4.16 96.74 a ± 4.16 0.35 aȮ± 0.03 
50:50 56.91 a ± 9.22 94.94 aȮ± 1.76 95.13 a ± 1.60 95.13 a ± 1.60 0.30 aȮ± 0.32 
75:25 0c 34.96 cȮ± 8.76 54.67 b ± 10.92 56.94b ± 10.64 0.19 bȮ±0.29 

ľĴŅĵŏľĨŋȮ ĽńĠĸńĔļĦƢȮa , b, ľĴŅĵĩŉĚėƞŅėĺŅĴŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇ ( P < 0.05)ŒĬŐĬĺĨńŘĚ 

 
 ĺŇŏėĶŅŃľƢįĸĔŅĶĔŅĶĸŃĸŅĵĕŀĚĨńĺŀĵƞŅĚœŀĻĔĶňĴĪňŗįƞŅĬĔŅĶŐĝƞŐĕŖĚŐĸƟĺȮıĭĺƞŅœŀĻĔĶňĴĪňŗŒĝƟĽŅĶĪħŐĪĬ
œĕĴńĬħƟĺĵŏĺĵƢőĮĶĨňĬŐĸŃĴŀĸőĪŏħĔĞƢĨĶŇĬŒĬĽńħĽƞĺĬȮ03853ȮŐĸŃȮ3.83.ȮĴňŀńĨĶŅĔŅĶĸŃĸŅĵœĴƞŐĨĔĨƞŅĚěŅĔĽŌĨĶ
ıŊŘĬģŅĬŐĨƞĽŌĚĔĺƞŅĽŌĨĶĪňŗŒĝƟĽńħĽƞĺĬȮ53803ȮŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇȮ&P < .,.3'ȮőħĵıĭĺƞŅĔŅĶŒĝƟŏĺĵƢőĮĶĨňĬŏıŇŗĴĩŉĚ
ĶŃħńĭľĬŉŗĚȮĴňįĸĪŜŅŒľƟĔŅĶĸŃĸŅĵĕŀĚœŀĻĔĶňĴĸħĸĚ 

ŏĴŊŗŀĬŜŅœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬĪńŘĚȮ1ȮĽŌĨĶĴŅįƞŅĬĔŅĶĪħĽŀĭĪŅĚĮĶŃĽŅĪĽńĴįńĽȮœĴƞıĭėĺŅĴŐĨĔĨƞŅĚŒĬėƞŅ
ĽňȮŐĸŃėĺŅĴľĺŅĬȮıĭĺƞŅĴňėŃŐĬĬėĺŅĴĝŀĭĶĺĴĕŀĚĔŅĶŒĝƟĽŅĶĪħŐĪĬœĕĴńĬȮ3.83.ȮĴňėƞŅœĴƞŐĨĔĨƞŅĚěŅĔĽŌĨĶ
ıŊŘĬģŅĬȮŐĸŃĽŌĚĔĺƞŅĽŌĨĶŀŊŗĬŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇȮŒĬĳŅıĶĺĴĔŅĶĪħŐĪĬœĕĴńĬĪńŘĚľĴħĵńĚœħƟįĸœĴƞŏĮƦĬįĸĪňŗĬƞŅıŉĚ
ıŀŒěȮŐĴƟĺƞŅėŃŐĬĬĭŅĚėƞŅŀŅěœĴƞĴňėĺŅĴŐĨĔĨƞŅĚĪŅĚĽĩŇĨŇȮŀŅěĨƟŀĚıŇěŅĶĦŅŒĬĔŅĶĮĶńĭĮĶŋĚėŋĦĳŅıĪŅĚĮĶŃĽŅĪ
ĽńĴįńĽĕŀĚȮĔĸŇŗĬĬĴȮĽňȮĞŉŗĚŀŅěĽƞĚįĸŒľƟėĺŅĴĝŀĭĶĺĴħňĕŉŘĬ 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĨŅĶŅĚĪňŗȮ9 ȮįĸĔŅĶĻŉĔļŅĔŅĶĪħĽŀĭĪŅĚĮĶŃĽŅĪĽńĴįńĽŒĬœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬŏĪňĵĭĔńĭĽŌĨĶıŊŘĬģŅĬȮ 
  ėŃŐĬĬĔŅĶĪħĽŀĭĪŅĚĮĶŃĽŅĪĽńĴįńĽ 

ėŋĦĳŅıĕŀĚœŀĻĔĶňĴ  
 

ĽŌĨĶıŊŘĬģŅĬ 

œŀĻĔĶňĴĬĴĮĶŅĻěŅĔœĕĴńĬĪňŗĴňĔŅĶĪħŐĪĬħƟĺĵ 
ŏĺĵƢőĮĶĨňĬ:ĴŀĸőĪŏħĔĞƢĨĶŇĬŒĬĽńħĽƞĺĬĨƞŅĚĔńĬ (Mean ± S.D) 

25:75 50:50 75:25 
Ľň 7.15 ns ± 0.93  6.45 ± 1.14  5.95 ± 1.57 6.25 ±  1.83 
ėĺŅĴĴńĬ 6.80 a ± 0.76 5.85 b ± 1.78 6.90 a ± 1.29 5.50 b ± 1.55 
ĔĸŇŗĬĬĴ 7.65 a  ±0.67  5.85 b ± 0.87 6.85 c ± 0.74  5.95 b ± 1.27 
ėĺŅĴľĺŅĬ 7.20 ns ± 0.69 6.65 ± 1.26 7.35 ± 0.81 6.85 ± 1.30 
ėĺŅĴŏĶňĵĭŏĬňĵĬ 6.75 a ± 096 6.40 a ± 1.09  6.85 a ± 1.38 5.15 b ± 2.09 
ėĺŅĴĝŀĭĶĺĴ 7.30 a ± 0.57 6.20 b ± 1.39 7.00 a  ±1.21  5.65 b ± 1.46  
ľĴŅĵŏľĨŋȮ ĽńĠĸńĔļĦƢȮa, b,  ľĴŅĵĩŉĚėƞŅėĺŅĴŐĨĔĨƞŅĚĔńĬĪŅĚĽĩŇĨŇ (P < 0.05)ŒĬŐĬĺĬŀĬ 

 ĽńĠĸńĔļĦƢȮ ns (non-significant) ľĴŅĵĩŉĚœĴƞĴňėĺŅĴŐĨĔĨƞŅĚĔńĬĪŅĚĽĩŇĨŇŒĬŐĬĺĬŀĬ 

 
4. ĔŅĶįĸŇĨœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬĮĶŅĻěŅĔĬŘŜŅĨŅĸěŅĔĔŅĶŒĝƟŏĺĵƢőĮĶĨňĬŐĸŃĴŀĸőĪŏħĔĞƢĨĶŇĬĪħ

ŐĪĬœĕĴńĬŐĸŃĴŀĸĪŇĪŀĸĪħŐĪĬĬŘŜŅĨŅĸ 
 ĬŜŅĽŌĨĶœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬĞŉŗĚŒĝƟŏĺĵƢőĮĶĨňĬĶƞĺĴĔńĭĴŀĸőĪŏħĔĞƢĨĶŇĬŀńĨĶŅĽƞĺĬȮ50:50 ĴŅŒĝƟĴŀĸĪŇĪŀĸ
ĪħŐĪĬĬŘŜŅĨŅĸĪńŘĚľĴħȮ 
 
ĨŅĶŅĚĪňŗȮ10 ȮįĸĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚŏėĴňŐĸŃĔŅĵĳŅıĕŀĚœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬŐĸŃĬŘŜŅĨŅĸŏĪňĵĭĔńĭœŀĻĔĶňĴ
ĮĶŅĻěŅĔœĕĴńĬĪňŗĪħŐĪĬħƟĺĵŏĺĵƢőĮĶĨňĬŐĸŃĴŀĸőĪŏħĔĞƢĨĶŇĬȮ 

ĨńĺŀĵƞŅĚœŀĻĔĶňĴ  ĽĴĭńĨŇĪŅĚŏėĴňŐĸŃĔŅĵĳŅıĕŀĚœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬĮĶŅĻěŅĔĬŘŜŅĨŅĸ&Ȯ Mean ± S.D) 

ĶŃħńĭȮpH ėĺŅĴľĬŊħȮ(cP.) ĔŅĶĕŉŘĬĲŌ (%) ėĺŅĴŐĬƞĬŐĕŖĚȮ(g) 

œŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬ  5.94 ns  ±  0.02 199.59 b  ±  1.05 44.94 ns  ±  4.94 1901.40 b ± 11.13 

œŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬ
ŐĸŃĬŘŜŅĨŅĸ 

5.87 ns  ±  0.11 204.82 a  ±  2.62 46.61 ns ±  6.90 1813.30 a ± 33.23 

ľĴŅĵŏľĨŋȮ ĽńĠĸńĔļĦƢȮȮa, b, c, d  ľĴŅĵĩŉĚėƞŅėĺŅĴŐĨĔĨƞŅĚĔńĬĪŅĚĽĩŇĨŇ&P < 0.05)ŒĬŐĬĺĨńŘĚ 

ȮȮȮĽńĠĸńĔļĦƢȮ ns (non-significant) ľĴŅĵĩŉĚĴňėƞŅœĴƞėĺŅĴŐĨĔĨƞŅĚĔńĬĪŅĚĽĩŇĨŇŒĬŐĬĺĨńŘĚ 

 
 œŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬĪńŘĚȮ2 ĽŌĨĶĴňĶŃħńĭĕŀĚȮpH ĪňŗœĴƞŐĨĔĨƞŅĚĔńĬȮĔŅĶŒĝƟĴŀĸĪŇĪŀĸĴňįĸĪŜŅŒľƟėĺŅĴľĬŊħ
ŏıŇŗĴĕŉŘĬŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇȮŐĨƞĔŅĶĕŉŘĬĲŌœĴƞŐĨĔĨƞŅĚĔńĬȮĽƞĺĬėƞŅėĺŅĴŐĕŖĚĴňĶŃħńĭĸħĸĚŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇ
(P<0.05)Ȯ 
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ĨŅĶŅĚĪňŗȮ11 ȮįĸĕŀĚŀńĨĶŅĔŅĶĸŃĸŅĵŒĬœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬŐĸŃĬŘŜŅĨŅĸ 
ĨńĺŀĵƞŅĚœŀĻĔĶňĴ ĔŅĶĸŃĸŅĵŏĴŊŗŀĺńħĪňŗĶŃĵŃŏĺĸŅĨƞŅĚĔńĬ &Mean ± S.D) 

10 ĬŅĪň 20 ĬŅĪň 30 ĬŅĪň 40 ĬŅĪň ŀńĨĶŅĔŅĶĸŃĸŅĵ
ĨƞŀĬŅĪň 

œŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬ  17.53 ns ± 8.47 53.06 b ± 15.44 66.49 b ± 19.18 71.62 b ± 18.27 0.26 b ± 1.87 
œŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬ
ŐĸŃĬŘŜŅĨŅĸ 

28.20 ns ± 17.24 76.85 a ± 13.75 86.97 a ± 10.25 86.97 a ± 10.25 0.29 a ± 5.83 

ľĴŅĵŏľĨŋȮ ĽńĠĸńĔļĦƢȮa , b, ľĴŅĵĩŉĚėƞŅėĺŅĴŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇ ( P < 0.05)ŒĬŐĬĺĨńŘĚ 
ȮȮĽńĠĸńĔļĦƢȮ ns (non-significant) ľĴŅĵĩŉĚĴňėƞŅœĴƞŐĨĔĨƞŅĚĔńĬĪŅĚĽĩŇĨŇŒĬŐĬĺĨńŘĚ 

 
 įĸĔŅĶĪħĽŀĭĪħĽŀĭŀńĨĶŅĔŅĶĸŃĸŅĵĨƞŀĬŅĪňĕŀĚĨńĺŀĵƞŅĚœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬĮĶŅĻěŅĔĬŘŜŅĨŅĸ
ŏĮĶňĵĭŏĪňĵĭĔńĭĽŌĨĶĮĶŅĻěŅĔœĕĴńĬıĭĺƞŅĴňŀńĨĶŅĔŅĶĸŃĸŅĵœĴƞŐĨĔĨƞŅĚĔńĬȮ 
 
ĨŅĶŅĚĪňŗȮ12 įĸĔŅĶĪħĽŀĭĪŅĚĮĶŃĽŅĪĽńĴįńĽĕŀĚœŀĻĔĶňĴĬĴĮĶŅĻěŅĔœĕĴńĬŐĸŃĬŘŜŅĨŅĸ 
ėŋĦĳŅıĕŀĚœŀĻĔĶňĴ ėŃŐĬĬĪħĽŀĭĪŅĚĮĶŃĽŅĪĽńĴįńĽ (Mean ± S.D) 

œŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬ œŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬŐĸŃĬŘŜŅĨŅĸ 
Ľň 7.60 ns ± 0.93 7.55ns ± 0.51 
ėĺŅĴĴńĬ 7.50 ns ± 0.60  7.55ns ± 0.82   
ĔĸŇŗĬĬĴ 7.35 a  ± 0.67   7.10 b ± 0.71 
ėĺŅĴľĺŅĬ 6.90ns ± 0.78 6.70 ns ± 0.65 
ėĺŅĴŏĶňĵĭŏĬňĵĬ 7.30 ns ± 0.57 6.95 ns ± 0.39 
ėĺŅĴĝŀĭĶĺĴ 7.55 a ± 0.75 7.05 b ± .,3/ 
ľĴŅĵŏľĨŋȮ ĽńĠĸńĔļĦƢȮa, b, ľĴŅĵĩŉĚėƞŅėĺŅĴŐĨĔĨƞŅĚĔńĬĪŅĚĽĩŇĨŇ &P < 0.05'ŒĬŐĬĺĬŀĬ 

ȮȮȮĽńĠĸńĔļĦƢȮ ns (non-significant) ľĴŅĵĩŉĚĴňėƞŅœĴƞŐĨĔĨƞŅĚĔńĬĪŅĚĽĩŇĨŇŒĬŐĬĺĬŀĬ 

 
įĸĔŅĶĪħĽŀĭėĺŅĴĝŀĭĪňŗĴňĨƞŀĨńĺŀĵƞŅĚœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬŐĸŃĮĶŅĻěŅĔĬŘŜŅĨŅĸŏĮĶňĵĭŏĪňĵĭĔńĭĽŌĨĶ

ĮĶŅĻěŅĔœĕĴńĬıĭĺƞŅȮėŃŐĬĬėĺŅĴĝŀĭŒĬħƟŅĬĽňȮėĺŅĴĴńĬȮėĺŅĴľĺŅĬȮŐĸŃėĺŅĴŏĶňĵĭŏĬňĵĬœĴƞŐĨĔĨƞŅĚĔńĬȮœŀĻĔĶňĴ
ĮĶŅĻěŅĔœĕĴńĬŐĸŃĬŘŜŅĨŅĸĴňėŃŐĬĬĪŅĚĮĶŃĽŅĪĽńĴįńĽȮĔĸŇŗĬȮŐĸŃėĺŅĴĝŀĭĶĺĴĨŗŜŅĔĺƞŅĽŌĨĶœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬ
ŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇȮ&P < .,.3' 

 
5. ėŋĦėƞŅőĳĝĬŅĔŅĶĕŀĚœŀĻĔĶňĴ 

 ŏĴŊŗŀĬŜŅĨńĺŀĵƞŅĚœŀĻĔĶňĴĪńŘĚȮ4 ĽŌĨĶĪňŗœħƟȮėŊŀȮœŀĻĔĶňĴĽŌĨĶıŊŘĬģŅĬȮœŀĻĔĶňĴĮĶŅĻěŅĔĬŘŜŅĨŅĸȮœŀĻĔĶňĴ
ĮĶŅĻěŅĔœĕĴńĬȮŐĸŃȮœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬŐĸŃĬŘŜŅĨŅĸȮœĮĺŇŏėĶŅŃľƢľŅĽŅĶĮĶŃĔŀĭĪŅĚŏėĴňĪňŗŐĽħĚĩŉĚėŋĦėƞŅ
őĳĝĬŅĔŅĶĪňŗĴňŒĬĨńĺŀĵƞŅĚœŀĻĔĶňĴȮŐĽħĚħńĚĨŅĶŅĚĪňŗȮ13 
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ĨŅĶŅĚĪňŗȮ13  ėŋĦėƞŅĪŅĚőĳĝĬŅĔŅĶĕŀĚœŀĻĔĶňĴ 
ĨńĺŀĵƞŅĚœŀĻĔĶňĴ ėŋĦėƞŅĪŅĚőĳĝĬŅĔŅĶ (ĶƟŀĵĸŃ) 

ėĺŅĴĝŊŘĬ ŏĩƟŅ œĕĴńĬ őĮĶĨňĬ ŒĵŀŅľŅĶ ėŅĶƢőĭœŁŏħĶĨ 

ĽŌĨĶıŊŘĬģŅĬ 65.34a± 
.,55 

0.68 c ± 
.,42 

8.31 a ± 
.,3/ 

3.98 b ± 
.,0/ 

1.45 a ± 
.,97 

20.24d± 
.,99 

œŀĻĔĶňĴĮĶŅĻěŅĔĬŘŜŅĨŅĸ 64.37a± 
.,39 

0.65 c ± 
.,3/ 

6.62 a ± 
.,99 

3.02 b ± 
.,39 

1.55 a ± 
.,4/ 

23.77c± .,2/ 

œŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬ 60.07b± 
.,4/ 

1.04 a ± 
.,95 

0.46 b ± 
.,32 

7.36 a ± 
.,25 

1.07 c ± 
.,3/ 

30.00b± 
.,42 

œŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬŐĸŃ
ĬŘŜŅĨŅĸ 

57.59c± 
.,3/ 

0.85 b ± 
.,1/ 

0.39 b ± 
.,35 

6.65a± 
.,98/ 

1.20 b ± 
.,3/ 

33.31a± .,9/ 

ľĴŅĵŏľĨŋȮ ĽńĠĸńĔļĦƢȮa, b, ľĴŅĵĩŉĚėƞŅėĺŅĴŐĨĔĨƞŅĚĔńĬĪŅĚĽĩŇĨŇ &P < 0.05'ŒĬŐĬĺĨńŘĚ  

 

 įĸĔŅĶĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňŒĬĨńĺŀĵƞŅĚœŀĻĔĶňĴœħƟŐĔƞȮėĺŅĴĝŊŘĬȮŏĩƟŅȮœĕĴńĬȮőĮĶĨňĬȮŒĵŀŅľŅĶȮŐĸŃ
ĮĶŇĴŅĦėŅĶƢőĭœŁŏħĶĨȮıĭĺƞŅĔŅĶŒĝƟĽŅĶĪħŐĪĬœĕĴńĬĪńŘĚľĴħĪŜŅŒľƟĴňȮĴňĮĶŇĴŅĦœĕĴńĬĸħĸĚĔĺƞŅĽŌĨĶıŊŘĬģŅĬĞŉŗĚĴň
ĮĶŇĴŅĦœĕĴńĬĶƟŀĵĸŃȮ6,1/±.,1/ȮŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇ (P < 0.05)ȮőħĵœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬĴňœĕĴńĬĶƟŀĵĸŃȮ
.,24 ± .,30ȮœŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬŐĸŃĬŘŜŅĨŅĸĴňĮĶŇĴŅĦœĕĴńĬĶƟŀĵĸŃȮ.,17 ± .,33ȮĽŀħėĸƟŀĚĔńĭĴŅĨĶģŅĬ
œŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬĪňŗěŃĨƟŀĚĴňĮĶŇĴŅĦœĕĴńĬœĴƞŏĔŇĬĶƟŀĵĸŃȮ0.5 (ĮĶŃĔŅĻĔĶŃĪĶĺĚĽŅīŅĶĦĽŋĕȮ&ĜĭńĭĪňŗȮ222) 
,2544 ) ŐĨƞĔŅĶŒĝƟĽŅĶĪħŐĪĬĬŘŜŅĨŅĸĴŀĸĪŇĪŀĸŐĸŃĴŀĸőĪŏħĔĞƢĨĶŇĬĴňįĸŒľƟĮĶŇĴŅĦėŅĶƢőĭœŁŏħĶĨŏıŇŗĴĽŌĚĔĺƞŅĽŌĨĶ
ıŊŘĬģŅĬŀĵƞŅĚĴňĬńĵĽŜŅėńĠĪŅĚĽĩŇĨŇĪńŘĚĬňŘŏĬŊŗŀĚěŅĔĽŅĶĮĶŃĔŀĭĴŀĸőĪŏħĔĞƢĨĶŇĬŐĸŃĴŀĸĪŇĪŀĸŏĮƦĬėŅĶƢőĭœŁŏħĶĨȮŏĴŊŗŀ
ıŇěŅĶĦŅĮĶŇĴŅĦőĮĶĨňĬıĭĺƞŅȮĔŅĶĪħŐĪĬœĕĴńĬħƟĺĵŏĺĵƢőĮĶĨňĬĽŅĴŅĶĩŏıŇŗĴĮĶŇĴŅĦőĮĶĨňĬĽŌĚĔĺƞŅĽŌĨĶĪňŗıŊŘĬģŅĬ
(3.98±0.01)ŐĸŃĽŌĨĶĮĶŅĻěŅĔĬŘŜŅĨŅĸ(3.02 ± .,39) ĪňŗœĴƞĴňĔŅĶĪħŐĪĬœĕĴńĬ 

 

ĽĶŋĮįĸ 
  ĽŌĨĶıŊŘĬģŅĬĪňŗœħƟĶńĭĔŅĶėńħŏĸŊŀĔĬŜŅĴŅŒĝƟȮĮĶŃĔŀĭħƟĺĵȮĺŇĮĮƕƨĚėĶňĴĶƟŀĵĸŃȮ33.8  ľŅĚĬĴįĚĶƟŀĵĸŃȮ10ȮȮ
ĬŘŜŅĨŅĸĪĶŅĵĶƟŀĵĸŃȮ10  ŏĔĸŊŀȮĶƟŀĵĸŃȮ0.2  ĽŅĶŒľƟėĺŅĴėĚĨńĺĶƟŀĵĸŃȮ0.3  ĬŘŜŅĶƟŀĵĸŃ 45.7 ĔŅĶŒĝƟĽŅĶĪħŐĪĬ
ĬŘŜŅĨŅĸħƟĺĵĴŀĸĪŇĪŀĸŀĵƞŅĚŏħňĵĺľĶŊŀħƟĺĵĽƞĺĬįĽĴĴŀĸĪŇĪŀĸŐĸŃŀŇĬŌĸŇĬœĴƞĴňįĸĨƞŀĶŃħńĭȮpHȮœŀĻĔĶňĴŏľĸĺŐĨƞĴňįĸ
ĨƞŀĔŅĶĕŉŘĬĲŌŐĸŃėĺŅĴŐĬƞĬŐĕŖĚĕŀĚœŀĻĔĶňĴĽƞĺĬĔŅĶŒĝƟĽŅĶĪħŐĪĬœĕĴńĬħƟĺĵŏĺĵƢőĮĶĨňĬŐĸŃĴŀĸőĪŏħĔĞƢĨĶŇĬĽƞĚįĸ
ĨƞŀĔŅĶĕŉŘĬĲŌȮŐĸŃėĺŅĴŐĬƞĬŐĕŖĚȮŒĬĽńħĽƞĺĬŏħňĵĺĔńĬȮŐĨƞĶŃħńĭȮpH ĴňŐĬĺőĬƟĴĸħĸĚȮĔŅĶĸŃĸŅĵĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬȮĔŅĶ
ŒĝƟŏĺĵƢőĮĶĨňĬŐĸŃĴŀĸőĪŏħĔĞƢĨĶŇĬŒĬĽńħĽƞĺĬĶƟŀĵĸŃȮ50:50 ŐĸŃĔŅĶŒĝƟĴŀĸĪŇĪŀĸĪħŐĪĬĬŘŜŅĨŅĸĪńŘĚľĴħȮĴňįĸĪŜŅŒľƟ
ĮĶŇĴŅĦœĕĴńĬĕŀĚœŀĻĔĶňĴĸħĸĚĨŗŜŅĔĺƞŅĶƟŀĵĸŃȮ0.5  ěŅĔĽŌĨĶıŊŘĬģŅĬĶƟŀĵĸŃȮ6,1/Ȯa ± .,1/ȮĨŅĴĴŅĨĶģŅĬĕŀĚ
œŀĻĔĶňĴĮĶŅĻěŅĔœĕĴńĬȮȮĽƞĺĬėŅĶƢőĭœŁŏħĶĨĴňĮĶŇĴŅĦŏıŇŗĴĕŉŘĬ  
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ȮĕƟŀŏĽĬŀŐĬŃ 
 ĔŅĶŒĝƟĽŅĶĪħŐĪĬœĕĴńĬħƟĺĵŏĺĵƢőĮĶĨňĬŐĸŃĴŀĸőĪŏħĔĞƢĨĶŇĬŐĸŃĔŅĶĪħŐĪĬĬŘŜŅĨŅĸŐĴƟĴňįĸŒĬĔŅĶĸħ
ĮĶŇĴŅĦœĕĴńĬĕŀĚœŀĻĔĶňĴŐĨƞėĺĶľŅĽŅĶĪħŐĪĬľĶŊŀĽŅĶŏěŊŀĮĬĪňŗĝƞĺĵŏıŇŗĴĔĸŇŗĬĬĴŐĸŃėŋĦĳŅıĪŅĚĮĶŃĽŅĪĽńĴįńĽŒľƟ
ŏıŇŗĴĕŉŘĬ 

 
ŏŀĔĽŅĶŀƟŅĚŀŇĚ 
ŏĬŅĺĶńĨĬƢȮȮħŜŅĬŇĸ,Ȯ 2548,Ȯ ĔŅĶįĸŇĨœŀĻĔĶňĴĞńĚĕĬŋĬœĕĴńĬĨŗŜŅ, ȮĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅőĪ,ȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĺœĸĵ

ŀĸĚĔĶĦƢȮŒĬıĶŃĭĶĴĶŅĝŌĮĩńĴĳƢ. 
ıńĝĶŇĬĪĶƢ ȮĶńĔĩŅĺĶ.  2542. ȮĔŅĶįĸŇĨŐĸŃĮĶńĭĮĶŋĚėŋĦĳŅıœŀĻĔĶňĴĔŃĪŇĸħœĕĴńĬ. ȮĺŇĪĵŅĬŇıĬīƢ 
 ĮĶŇĠĠŅőĪ, ĴľŅĺŇĪĵŅĸńĵŏĔļĨĶĻŅĽĨĶƢ. 
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ŀŅĻńĵ  
 

Abstract 

Presently, the rapid loss of Cybidium finlaysonianum Lindl. orchids are threaten with 
extinction due to disturbance of building has prompted researchers to develop appropriated 
plans for the propagation and conservation of this orchid species.  This research aims to study 
effectiveness of three orchid mycorrhizal fungi obtained from the others orchid species, in 
promoting in vitro seed germination and protocorm development of C finlaysonianum Lindl., 
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cultured on oat meal agar (OMA) that were evaluated monthly.  Fungus identification based on 
morphological characteristics revealed that all isolates were Rhizoctonia-like fungi while 
identification based on molecular characteristics suggested that two fungal genera, Tulasnella sp. 
(isolate RBRU001) and Ceratobasidium sp. (isolates RBRU002 and RBRU003).  Test of in vitro 
symbiotic seed germination of C. finlaysonianum Lindl. with fungal isolates above demonstrated 
that all isolates supported percentage of seed germination 83.0% while control treatment (seed 
sowing on oat meal agar only) had only 47.5% within 4 months.  Only fungal isolate RBRU001 
(Tulasnella sp.) promoted seed germination and protocorm development to stage 2 (71.5%) and 
stage 3 (92.8%) were also high significantly more advanced than those fungi isolates within 3 and 
4 months, respectively.   
Keywords: Cymbidium finlaysonianum, in vitro symbiosis, mycorrhizal fungi, seed germination, 
epiphytic orchidȮ 
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ĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĶŜŅœııĶĶĦňȮħƟĺĵŏľĨŋĪňŗŏĴĸŖħĔĸƟĺĵœĴƟĴňĕĬŅħŏĸŖĔȮœĴƞĴňĽŅĶŀŅľŅĶ (endosperm)ȮŒĬĽĳŅı
īĶĶĴĝŅĨŇĔĸƟĺĵœĴƟěŜŅŏĮƦĬĨƟŀĚŀŅĻńĵĶŅȮœĴėŀĶƢœĶĞŅŏıŊŗŀĝƞĺĵŒĬĚŀĔĕŀĚŏĴĸŖħŐĸŃĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚĨƟĬŀƞŀĬȮ
ŐĴƟĺƞŅŒĬĮƤěěŋĭńĬœħƟĬŜŅŏĪėĬŇėŐĸŃĺŇīňĔŅĶŏıŅŃĕĵŅĵıńĬīŋƢŏĴĸŖħĔĸƟĺĵœĴƟĭĬŀŅľŅĶĽńĚŏėĶŅŃľƢ őħĵœĴƞěŜŅŏĮƦĬĨƟŀĚŒĝƟ
ĶŅœĴėŀĶƢœĶĞŅěŃĮĶŃĽĭėĺŅĴĽŜŅŏĶŖěŀĵƞŅĚĽŌĚŒĬĔĸƟĺĵœĴƟĮƙŅĪňŗľŅĵŅĔľĸŅĵĝĬŇħȮŐĨƞĔĸƟĺĵœĴƟĪňŗĮĶŅĻěŅĔĶŅœĴėŀĶƢ
œĶĞŅŏľĸƞŅĬńŘĬŀŅěœĴƞĽŅĴŅĶĩŀĵŌƞĶŀħĨƞŀœĮœħƟŏĴŊŗŀĬŜŅĔĸƟĺĵœĴƟŏľĸƞŅĬńŘĬĔĸńĭėŊĬĽŌƞīĶĶĴĝŅĨŇȮěŅĔĮƤĠľŅħńĚĔĸƞŅĺ
ěŜŅŏĮƦĬĨƟŀĚŀŅĻńĵĔŅĶŏıŅŃŏĴĸŖħĔĸƟĺĵœĴƟŐĭĭıŉŗĚıŅŀŅĻńĵȮŒĬľĸŀħĪħĸŀĚȮĞŉŗĚŏĮƦĬĔŅĶěŜŅĸŀĚĭĪĭŅĪĕŀĚĶŅœĴ
ėŀĶƢœĶĞŅŒĬīĶĶĴĝŅĨŇŏıŊŗŀĝƞĺĵŒľƟĔŅĶĚŀĔĕŀĚŏĴĸŖħŐĸŃĔŅĶıńĥĬŅĕŀĚőĮĶőĨėŀĶƢĴœħƟŏĮƦĬįĸĽŜŅŏĶŖěȮŀňĔĪńŘĚĵńĚĝƞĺĵ
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ŀŅĻńĵĕŀĚĔĸƟĺĵœĴƟĽĔŋĸĬňŘ 
 ĚŅĬĺŇěńĵĬňŘŒĝƟĶŅœĴėŀĶƢœĶĞŅĪňŗĝƞĺĵĔŅĶĚŀĔĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟĽĔŋĸŀŊŗĬěŃĽŅĴŅĶĩĝƞĺĵĔĶŃĨŋƟĬĔŅĶĚŀĔĕŀĚ
ŏĴĸŖħŐĸŃĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚĔĸƟĺĵœĴƟĔŃŏĶĔŃĶƞŀĬĮŅĔŏĮƦħœħƟŏĝƞĬŏħňĵĺĔńĬŏĮƦĬĽĴĴĨŇģŅĬȮőħĵĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀľŅ
ŏĮŀĶƢŏĞŖĬĨƢĔŅĶĚŀĔŐĸŃĔŅĶıńĥĬŅĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟĔŃŏĶĔŃĶƞŀĬĮŅĔŏĮƦħŐĭĭıŉŗĚıŅŀŅĻńĵŒĬĽĳŅıĮĸŀħŏĝŊŘŀȮ
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ĮĶŃőĵĝĬƢĪňŗėŅħĺƞŅěŃœħƟĶńĭěŅĔĚŅĬĺŇěńĵėĶńŘĚĬňŘėŊŀȮŐĬĺĪŅĚŒĬĔŅĶĺŅĚŐįĬĶŃĵŃĵŅĺŒĬĔŅĶěńħĔŅĶȮĔŅĶŀĬŋĶńĔļƢŐĸŃĔŅĶ
ŒĝƟĮĶŃőĵĝĬƢĶƞĺĴĔńĬĶŃľĺƞŅĚĔĸƟĺĵœĴƟŐĸŃĶŅœĴėŀĶƢœĶĞŅŒĬĔĸƟĺĵœĴƟŏıŊŗŀĔŅĶĬŜŅĔĸńĭėŊĬĽŌƞīĶĶĴĝŅĨŇȮĶĺĴĪńŘĚŏĮƦĬŐĬĺĪŅĚ
ŒĬĔŅĶıńĥĬŅĕĵŅĵıńĬīŋƢĔĸƟĺĵœĴƟŏıŊŗŀŏıŇŗĴĴŌĸėƞŅŒĬĪŅĚŏĻĶļģĔŇě 
 

ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵ 

 ŏıŊŗŀľŅŏĮŀĶƢŏĞŖĬĨƢĔŅĶĚŀĔŐĸŃĔŅĶıńĥĬŅĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟĔŃŏĶĔŃĶƞŀĬĮŅĔŏĮƦħŐĭĭıŉŗĚıŅŀŅĻńĵŒĬĽĳŅı
ľĸŀħĪħĸŀĚ 

 
ĺŇīňħŜŅŏĬŇĬĔŅĶĺŇěńĵ 
 ĔŅĶĲŀĔęƞŅŏĝŊŘŀŏĴĸŖħ 
 ĲŀĔęƞŅŏĝŊŘŀŏĴĸŖħĔĸƟĺĵœĴƟŒĬĔĶŃħŅļĔĶŀĚȮőħĵĬŜŅŏĴĸŖħĔĸƟĺĵœĴƟĔŃŏĶĔŃĶƞŀĬȮ&Cymbidium 
finlaysonianum'ȮĺŅĚĸĚĭĬĔĶŃħŅļĔĶŀĚĪňŗıńĭŏĮƦĬĞŀĚȮŐĨƞĸŃĞŀĚŒľƟĶŃĭŋĝĬŇħĕŀĚĔĸƟĺĵœĴƟȮĲŀĔęƞŅŏĝŊŘŀħƟĺĵĬŘŜŅĔĸńŗĬ
ĬŉŗĚęƞŅŏĝŊŘŀĪňŗŏĨŇĴĽŅĶĸħȮŐĶĚĨŉĚįŇĺ 2ȮėĶńŘĚȮĬŅĬėĶńŘĚĸŃȮ5 ĬŅĪňȮĽŅĶĸŃĸŅĵőĞŏħňĵĴœŁőĮėĶŀœĶħƢȮ5.25ȮŏĮŀĶƢŏĞŖĬĨƢȮĬŅĬȮ
15ȮĬŅĪňȮŏĕĵƞŅŏĮƦĬėĶńŘĚėĶŅĺȮĸƟŅĚħƟĺĵĬŘŜŅĔĸńŗĬĬŉŗĚęƞŅŏĝŊŘŀȮ3ȮėĶńŘĚȮĳŅĵŒĬĨŌƟĮĸŀħŏĝŊŘŀ  ĬŜŅŏĴĸŖħĔĸƟĺĵœĴƟĪňŗĲŀĔęƞŅŏĝŊŘŀŐĸƟĺ
œĮĪħĽŀĭĔŅĶĚŀĔŒĬŐĨƞĸŃĝŋħĔŅĶĪħĸŀĚ 
 ĔŅĶŏıŅŃŏĴĸŖħĶƞĺĴĔńĭĶŅœĴėŀĶƢœĶĞŅ 
 ŒĝƟĮĸŅĵĴňħŏĕňŗĵŏĴĸŖħĪňŗĲŀĔęƞŅŏĝŊŘŀŐĸƟĺŐĨŃĔĶŃħŅļĔĶŀĚĪňŗŀĵŌƞĭĬįŇĺľĬƟŅŀŅľŅĶŏıŅŃŏĸňŘĵĚȮOat Meal 
AgarȮ&OMA)Ȯ4 ěŋħȮŏŀňĵĚěŅĬŀŅľŅĶœĮĴŅŏıŊŗŀŒľƟŏĴĸŖħĔĶŃěŅĵĪńŗĺĔĶŃħŅļĔĶŀĚȮįŉŗĚœĺƟěĬĔĺƞŅįŇĺľĬƟŅŀŅľŅĶŐľƟĚȮ
ěŅĔĬńŘĬĬŜŅŏĽƟĬŒĵĶŅœĴėŀĶƢœĶĞŅĪňŗĪĶŅĭŐĸƟĺĺƞŅĽŅĴŅĶĩĔĶŃĨŋƟĬĔŅĶĚŀĔĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟŀŇĚŀŅĻńĵĭŅĚĝĬŇħŒĬœŀőĞŏĸĨȮ
RBRU001, RBRU002, RBRU003 ĪňŗŏěĶŇĠĭĬŀŅľŅĶŏıŅŃŏĸňŘĵĚĽŌĨĶȮPotato Dextrose Agar (PDA)ȮĕĬŅħȮ0.5 X 
0.5ȮŏĞĬĨŇŏĴĨĶĺŅĚĸĚĨĶĚĔĸŅĚěŅĬŏıŅŃŏĸňŘĵĚȮĔŜŅľĬħŒľƟĔŅĶŏıŅŃŏĴĸŖħĔĸƟĺĵœĴƟĔŃŏĶĔŃĶƞŀĬĭĬŀŅľŅĶŏıŅŃŏĸňŘĵĚȮ
OMA ĮĶŅĻěŅĔĶŅœĴėŀĶƢœĶĞŅȮŏĮƦĬĝŋħėĺĭėŋĴ ŐĨƞĸŃœŀőĞŏĸĨĴňěŜŅĬĺĬȮ4ȮĞŘŜŅȮŏĔŖĭœĺƟŒĬĽĳŅıĴŊħȮĪňŗŀŋĦľĳŌĴŇ 25±2Ȯ
ŀĚĻŅŏĞĸŏĞňĵĽȮĨŇħĨŅĴĶŃĵŃĨƞŅĚŕȮĕŀĚĔŅĶĚŀĔŐĸŃĔŅĶıńĥĬŅĕŀĚŏĴĸŖħľĸńĚěŅĔŅĶŏıŅŃŏĸňŘĵĚŏĮƦĬĶŃĵŃŏĺĸŅȮ4ȮŏħŊŀĬ 
ĳŅĵŒĨƟĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭĽŏĨŀĶŇőŀ ĭńĬĪŉĔĶŃĵŃĔŅĶĚŀĔĕŀĚŏĴĸŖħŐĸŃĔŅĶıńĥĬŅĕŀĚőĮĶőĨėŀĶƢĴȮĨŅĴĺŇīňħńħŐĮĸĚ
ěŅĔȮStewart ŐĸŃėĦŃȮ(2002)ȮħńĚĨŅĶŅĚĪňŗȮ/ȮőħĵľŅŏĮŀĶƢŏĞŖĬĨƢĔŅĶĚŀĔŐĸŃĔŅĶıńĥĬŅőĮĶőĨėŀĶƢĴĔĸƟĺĵœĴƟěŅĔȮ
(ěŜŅĬĺĬŏĴĸŖħĪňŗŏěĶŇĠŒĬŐĨƞĸŃĶŃĵŃ/ěŜŅĬĺĬŏĴĸŖħĪňŗĴňĝňĺŇĨĪńŘĚľĴħ) x 100 ŐĸŃĬŜŅĕƟŀĴŌĸĪňŗœħƟĺŇŏėĶŅŃľƢĪŅĚĽĩŇĨŇŐĸŃ
ŏĮĶňĵĭŏĪňĵĭėƞŅŏĜĸňŗĵőħĵĺŇīň Bsa_lŲqȮKsjrgnjcȮP_lecȮRcqrȮĪňŗĶŃħńĭėĺŅĴŏĝŊŗŀĴńŗĬȮ73ȮŏĮŀĶƢŏĞŖĬĨƢ 
 ĔŅĶĶŃĭŋŏŀĔĸńĔļĦƢĕŀĚĶŅŒĬĶŅĔĔĸƟĺĵœĴƟħƟĺĵĺŇīňĪŅĚĝňĺĺŇĪĵŅőĴŏĸĔŋĸ 
 ĔŅĶĨĶĺěĽŀĭĽŅĵıńĬīŋƢĶŅĪňŗŐĵĔœħƟěŅĔĶŅĔĔĸƟĺĵœĴƟőħĵĻŉĔļŅĸŜŅħńĭŏĭĽŒĬĽŅĵħňŏŀŖĬŏŀ (Zhou ŐĸŃ 
Hogetsu*Ȯ0..0)ȮŐĸŃŏıŇŗĴĮĶŇĴŅĦĝŇŘĬĽƞĺĬħňŏŀŖĬŏŀĪňŗĨŜŅŐľĬƞĚȮInternal transcribed spacer (ITS)ȮĨŅĴĶŅĵĚŅĬĕŀĚȮ
White ŐĸŃėĦŃȮ&1990)ȮĽƞĚįĸŇĨĳńĦĤƢĪňŗœħƟěŅĔĔŅĶŏıŇŗĴĮĶŇĴŅĦĝŇŘĬĽƞĺĬħňŏŀŖĬŏŀĪňŗĨŜŅŐľĬƞĚȮITSȮĪňŗįƞŅĬĔŅĶĨĶĺěĽŀĭ
ŐĸŃŒľƟįĸĪňŗĝńħŏěĬȮœĮĺŇŏėĶŅŃľƢĪňŗĭĶŇļńĪ MacrogenȮĦȮĽŅīŅĶĦĶńģŏĔŅľĸňȮħƟĺĵŏėĶŊŗŀĚĺŇŏėĶŅŃľƢĸŜŅħńĭŏĭĽȮĶŋƞĬȮ
Biosystems 3730XL sequencers ĺŇŏėĶŅŃľƢĸŜŅħńĭŏĭĽĪňŗœħƟőħĵŏĮĶňĵĭŏĪňĵĭĔńĭĕƟŀĴŌĸĸŜŅħńĭŏĭĽĕŀĚĶŅĪňĨŜŅŐľĬƞĚ
ŏħňĵĺĔńĬŒĬģŅĬĕƟŀĴŌĸGenBank ħƟĺĵőĮĶŐĔĶĴȮBLAST version 2.2.18 ĪňŗĮĶŅĔĢŒĬŏĺŖĭœĞĨƢȮ
http://www.ddbj.nig.ac.jp 
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įĸĔŅĶĺŇěńĵ 
 ĔŅĶŐĵĔĶŅœĴėŀĶƢœĶĞŅŒľƟĭĶŇĽŋĪīŇś 

 ĬŜŅĶŅœĴėŀĶƢœĶĞŅĪňŗĪĶŅĭŏĭŊŘŀĚĨƟĬĺƞŅĽŅĴŅĶĩĔĶŃĨŋƟĬĔŅĶĚŀĔĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟŀŇĚŀŅĻńĵĭŅĚĝĬŇħŒĬœŀőĞŏĸĨȮ
RBRU001, RBRU002ȮŐĸŃ RBRU003ȮěŅĔľĸŀħŏĔŖĭĶńĔļŅŏĝŊŘŀĴŅĨƞŀŏĝŊŘŀĭĬŀŅľŅĶŏıŅŃŏĸňŘĵĚ (subculture)Ȯ
Potato Dextrose Agar ĬŅĬȮ2-5ȮĺńĬȮŏıŊŗŀŒľƟœħƟĶŅœĴėŀĶƢœĶĞŅĭĶŇĽŋĪīŇśŐĸŃĔŜŅĸńĚŏěĶŇĠŏĨŇĭőĨĪňŗŏľĴŅŃĽŜŅľĶńĭĔŅĶ
ŏıŅŃĶƞĺĴĔńĭŏĴĸŖħŒĬĔŇěĔĶĶĴĩńħœĮ ıĭĺƞŅĳŅĵľĸńĚ subculture ŏĮƦĬŏĺĸŅȮ5 ĺńĬ ŏĽƟĬŒĵĶŅœŀőĞŏĸĨȮRBRU001 Ĵň
ĸńĔļĦŃĽňĕŅĺȮŏěĶŇĠĭĬįŇĺľĬƟŅŀŅľŅĶȮŏěĶŇĠĝƟŅȮŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵȮ3.15ȮŏĞĬĨŇŏĴĨĶȮĶŅœŀőĞŏĸĨ RBRU002 
ŏĽƟĬŒĵĴňĸŃŏŀňĵħĽňĕŅĺȮĲŌĕŉŘĬŏĸŖĔĬƟŀĵȮŏěĶŇĠœħƟŏĶŖĺŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵȮ8.30 ŏĞĬĨŇŏĴĨĶȮŐĸŃŏĽƟĬŒĵĶŅœŀőĞŏĸĨȮ
RBRU003ȮŏĽƟĬŒĵĴňĸŃŏŀňĵħĽňĕŅĺȮĲŌĕŉŘĬŏĸŖĔĬƟŀĵȮŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵȮ4,52ȮŏĞĬĨŇŏĴĨĶȮ&ĳŅıĪňŗȮ0' ĶŅœĴėŀĶƢœĶĞŅ
ĪńŘĚȮ3ȮœŀőĞŏĸĨĴňĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅėĸƟŅĵĽĔŋĸ Rhizoctonia (Rhizoctonia-like fungi) 

 
ĳŅıȮ/ȮħŀĔĔĸƟĺĵœĴƟĔŃŏĶĔŃĶƞŀĬĮŅĔŏĮƦħȮ&Cymbidium finlaysonianum)  

ŀŇĚŀŅĻńĵĭĬėŅėĭœĴƟŒĬĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĶŜŅœııĶĶĦň 
 
 ĔŅĶŏıŅŃŏĴĸŖħĶƞĺĴĔńĭĶŅœĴėŀĶƢœĶĞŅ 
 ĬŜŅŏĴĸŖħĔĸƟĺĵœĴƟĔŃŏĶĔŃĶƞŀĬĪňŗŏĔŖĭĶńĔļŅœĺƟĴŅĲŀĔęƞŅŏĝŊŘŀĭĬĔĶŃħŅļĔĶŀĚĪňŗıńĭŏĮƦĬĞŀĚȮħƟĺĵĽŅĶĸŃĸŅĵ
őĞŏħňĵĴœŁőĮĶėĸŀœĶħƢȮ3,03ȮŏĮŀĶƢŏĞŖĬĨƢȮĬŅĬȮ/.ȮĬŅĪňȮŏĕĵƞŅŏĮƦĬėĶńŘĚėĶŅĺȮĸƟŅĚħƟĺĵĬŘŜŅĔĸńŗĬĬŉŗĚęƞŅŏĝŊŘŀȮ1ȮėĶńŘĚȮĳŅĵŒĬĨŌƟ
ĮĸŀħŏĝŊŘŀȮĬŜŅŏĴĸŖħĔĸƟĺĵœĴƟĪňŗĲŀĔęƞŅŏĝŊŘŀŐĸƟĺœĮĪħĽŀĭĔŅĶĚŀĔŒĬŐĨƞĸŃĝŋħĔŅĶĪħĸŀĚħńĚĬňŘȮĝŋħĔŅĶĪħĸŀĚĪňŗȮ/ȮŏıŅŃ
ŏĴĸŖħĔĸƟĺĵœĴƟĭĬŀŅľŅĶ OMA ĮĶŅĻěŅĔĶŅœĴėŀĶƢœĶĞŅȮ&ĝŋħėĺĭėŋĴ' ŐĸŃĝŋħĔŅĶĪħĸŀĚĪňŗȮ0ȮŏıŅŃŏĴĸŖħĔĸƟĺĵœĴƟĭĬ
ŀŅľŅĶ OMAȮĶƞĺĴĔńĭĶŅœĴėŀĶƢœĶĞŅȮRBRU001, RBRU002ȮŐĸŃ RBRU003 
 

ĨŅĶŅĚȮ/ĶŃĵŃĔŅĶĚŀĔĕŀĚŏĴĸŖħŐĸŃĔŅĶıńĥĬŅőĮĶőĨėŀĶƢĴĔĸƟĺĵœĴƟ 
 

ĶŃĵŃ ĸńĔļĦŃĪňŗĮĶŅĔĢ 
. ŏĴĸŖħĔĸƟĺĵœĴƟŐĨƞœĴƞĚŀĔ 
/ ŏŀŖĴĭĶŇőŀĕĵŅĵĕĬŅħȮŏĶŇŗĴĮĶŅĔĢœĶĞŀĵħƢ 
0 ŏŀŖĴĭĶŇőŀĕĵŅĵĕĬŅħȮŏĮĸŊŀĔľŋƟĴŏĴĸŖħŏĶŇŗĴĮĶŇŐĸŃľĸŋħŀŀĔ 
1 őĮĶőĨėŀĶƢĴĴňŏĬŊŘŀŏĵŊŗŀŏěĶŇĠĮĸŅĵĵŀħ 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĶŃĵŃ ĸńĔļĦŃĪňŗĮĶŅĔĢ 
2 őĮĶőĨėŀĶƢĴĮĶŅĔġŒĭŐĪƟěĶŇĚŒĭŐĶĔ 
3 ŒĭŐĪƟěĶŇĚŒĭŐĶĔĕĵŅĵĕĬŅħ 

 

 
 

 
 

ĳŅıĪňŗȮ0ȮőėőĸĬňĶŅœĴėŀĶƢœĶĞŅŏěĶŇĠĭĬŀŅĔŅĶŏıŅŃŏĸňŘĵĚ Potato dextrose agarȮĭƞĴĪňŗŀŋĦľĳŌĴŇľƟŀĚŏĮƦĬŏĺĸŅȮ2ȮĺńĬ 
 

ŐĨƞĸŃĝŋħĔŅĶĪħĸŀĚĴňȮ2ȮĞŘŜŅȮŏĔŖĭœĺƟŒĬĽĳŅıĴŊħȮĪňŗŀŋĦľĳŌĴŇȮ03±0ȮŀĚĻŅŏĞĸŏĞňĵĽȮĨŇħĨŅĴĶŃĵŃĨƞŅĚŕȮĕŀĚ
ĔŅĶĚŀĔŏĴĸŖħŐĸŃĔŅĶıńĥĬŅőĮĶőĨėŀĶƢĴĪŋĔŏħŊŀĬŏĮƦĬĶŃĵŃŏĺĸŅȮ2ȮŏħŊŀĬȮĳŅĵŒĨƟĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭĽŏĨŀĶŇőŀȮ
ıĭĺƞŅȮĳŅĵľĸńĚĔŅĶŏıŅŃŏĴĸŖħĔĸƟĺĵœĴƟĶƞĺĴĔńĭĶŅœĴėŀĶƢœĶĞŅĨĸŀħĪńŘĚȮ2ȮŏħŊŀĬȮėƞŅŏĮŀĶƢŏĞŖĬĨƢĔŅĶĚŀĔĕŀĚĝŋħĔŅĶ
ĪħĸŀĚĪňŗȮ0ȮĽŌĚĔĺƞŅĝŋħėĺĭėŋĴȮ&ĨŅĶŅĚĪňŗȮ1'ȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅĶŃĵŃĨƞŅĚŕȮĕŀĚĔŅĶĚŀĔŐĸŃĔŅĶıńĥĬŅőĮĶőĨėŀĶƢĴȮ
ıĭĺƞŅȮĳŅĵľĸńĚĔŅĶŏıŅŃŏĴĸŖħĔĸƟĺĵœĴƟĶƞĺĴĔńĭĶŅœĴėŀĶƢœĶĞŅŏĴĸŖħĔĸƟĺĵœĴƟĴňėƞŅŏĮŀĶƢŏĞŖĬĨƢĔŅĶĚŀĔŏĜĸňŗĵĕŀĚŏĴĸŖħĽŌĚ
ĔĺƞŅĝŋħėĺĭėŋĴȮ&ĨŅĶŅĚĪňŗȮ0'ȮėƞŅŏĮŀĶƢŏĞŖĬĨƢĶŃĵŃĔŅĶĚŀĔĕŀĚŏĴĸŖħŐĸŃĔŅĶıńĥĬŅőĮĶőĨėŀĶƢĴŏĜĸňŗĵĶŃĵŃĪňŗȮ0ȮĶŃĵŃĪňŗȮ
1ȮŐĸŃĶŃĵŃĪňŗȮ2ȮĕŀĚŏĴĸŖħĪňŗŏıŅŃĶƞĺĴĔńĭĶŅœĴėŀĶƢœĶĞŅĽŌĚĔĺƞŅĝŋħėĺĭėŋĴŒĬĨńŘĚŐĨƞŏħŊŀĬŐĶĔěĬĽŇŘĬĽŋħĔŅĶĪħĸŀĚȮ
&ĨŅĶŅĚĪňŗȮ1'ȮĪńŘĚĬňŘĔŅĶŏıŅŃŏĴĸŖħĶƞĺĴĔńĭĶŅœĴėŀĶƢœĶĞŅŏıňĵĚœŀőĞŏĸĨ RBRU001ȮŏħňĵĺŏĪƞŅĬńŘĬĪňŗıĭĺƞŅĴňŏĮŀĶƢŏĞŖĬĨƢĔŅĶ
ĚŀĔŒĬŐĨƞĸŃŏħŊŀĬĽŌĚĩŉĚȮ/..ȮŏĮŀĶƢŏĞŖĬĨƢȮĞŉŗĚĴňėĺŅĴŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽŜŅėńĠĵŇŗĚŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĶŅœĴėŀĶƢœĶĞŅœŀ
őĞŏĸĨ RBRU002 ŐĸŃ RBRU003Ȯ&ĨŅĶŅĚĪňŗȮ2'ȮŐĴƟĺƞŅŏĴĸŖħĔĸƟĺĵœĴƟĽŅĴŅĶĩıńĥĬŅœħƟĽŌĚĽŋħŒĬĶŃĵŃĪňŗȮ1ȮőĮĶőĨėŀĶƢĴ
ĴňŏĬŊŘŀŏĵŊŗŀŏěĶŇĠĮĸŅĵĵŀħȮ&70,6ȮŏĮŀĶƢŏĞŖĬĨƢ'ȮħńĚĳŅıĪňŗȮ1ȮŐĨƞĵńĚĴňŏĴĸŖħĔĸƟĺĵœĴƟĪňŗĽŅĴŅĶĩıńĥĬŅœħƟĩŉĚĶŃĵŃĪňŗȮ2ȮőĮĶ
őĨėŀĶƢĴĮĶŅĔġŒĭŐĪƟěĶŇĚŒĭŐĶĔœħƟŏıňĵĚŏĸŖĔĬƟŀĵȮ&1,3ȮŏĮŀĶƢŏĞŖĬĨƢ'Ȯ&ĳŅıĪňŗȮ2'Ȯ 

 
 

RBRU001 RBRU002 RBRU003 
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ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

 
 
 
 

 
 

ĳŅıĪňŗȮ1ȮĔŅĶĚŀĔŐĸŃĔŅĶıńĥĬŅőĮĶőĨėŀĶƢĴĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟĔŃŏĶĔŃĶƞŀĬĮŅĔŏĮƦħĶƞĺĴĔńĭĶŅœĴėŀĶƢœĶĞŅȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
œŀőĞŏĸĨ RBRU001 ŀĵŌƞŒĬĶŃĵŃĪňŗȮ1ȮőĮĶőĨėŀĶƢĴĴňŏĬŊŘŀŏĵŊŗŀŏěĶŇĠĮĸŅĵĵŀħȮĳŅĵľĸńĚĔŅĶŏıŅŃŏĴĸŖħŏĮƦĬŏĺĸŅȮ2ȮŏħŊŀĬ 
 
ĨŅĶŅĚȮ0ėƞŅŏĮŀĶƢŏĞŖĬĨƢĔŅĶĚŀĔŏĜĸňŗĵĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟ CymbidiumȮȮfinlaysonianumȮĪňŗŏıŅŃŏĴĸŖħĶƞĺĴĔńĭ 
ȮȮȮȮȮȮȮȮȮȮȮĶŅœĴėŀĶƢœĶĞŅȮĳŅĵľĸńĚĔŅĶŏıŅŃŏĴĸŖħŏĮƦĬŏĺĸŅĬŅĬȮ/*Ȯ0*Ȯ1ȮŐĸŃȮ2ȮŏħŊŀĬ  
 

ĶŃĵŃŏĺĸŅȮ&ŏħŊŀĬ' 
ĔŅĶœĴƞĚŀĔŐĸŃĚŀĔŏĜĸňŗĵĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟėŇħŏĮƦĬŏĮŀĶƢŏĞŖĬĨƢ 
œĴƞĚŀĔ ĚŀĔ 

/ 
ĝŋħėĺĭėŋĴ 67,3 /.,3 
ĶŅœĴėŀĶƢœĶĞŅ 2/,0 36,6 

0 
ĝŋħėĺĭėŋĴ 6.,6 /7,0 
ĶŅœĴėŀĶƢœĶĞŅ /3,3 62,3 

1 
ĝŋħėĺĭėŋĴ 64,0 /1,6 
ĶŅœĴėŀĶƢœĶĞŅ /4,4 61,2 

2 
ĝŋħėĺĭėŋĴ 30,3 25,3 
ĶŅœĴėŀĶƢœĶĞŅ /5,. 61,. 

 

ĨŅĶŅĚ1ėƞŅŏĮŀĶƢŏĞŖĬĨƢĶŃĵŃĔŅĶĚŀĔŐĸŃĔŅĶıńĥĬŅőĮĶőĨėŀĶƢĴŏĜĸňŗĵĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟ
CymbidiumfinlaysonianumȮȮĪňŗŏıŅŃŏĴĸŖħĶƞĺĴĔńĭĶŅœĴėŀĶƢœĶĞŅȮĳŅĵľĸńĚĔŅĶŏıŅŃŏĴĸŖħŏĮƦĬŏĺĸŅĬŅĬȮ/*Ȯ0*Ȯ1Ȯ
ŐĸŃȮ2ȮŏħŊŀĬ 

ĶŃĵŃŏĺĸŅȮ&ŏħŊŀĬ' 
ĶŃĵŃĔŅĶĚŀĔŐĸŃĔŅĶıńĥĬŅőĮĶőĨėŀĶƢĴŏĜĸňŗĵĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟ 
. / 0 1 2 3 

/ 
ĝŋħėĺĭėŋĴ 67,5 10.3 0.0 0.0 0.0 0.0 
ĶŅœĴėŀĶƢœĶĞŅ 35.7 29.8 8.9 25.7 0.0 0.0 

0 
ĝŋħėĺĭėŋĴ 80.9 19.1 0.0 0.0 0.0 0.0 
ĶŅœĴėŀĶƢœĶĞŅ 13.5 45.8 6.0 34.3 0.4 0.0 

1 
ĝŋħėĺĭėŋĴ 85.3 12.5 2.2 0.0 0.0 0.0 
ĶŅœĴėŀĶƢœĶĞŅ 11.9 38.7 5.3 42.3 1.8 0.0 

2 
ĝŋħėĺĭėŋĴ 52.9 37.5 9.4 0.2 0.0 0.0 
ĶŅœĴėŀĶƢœĶĞŅ 11.7 24.2 27.5 35.2 1.4 0.0 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĨŅĶŅĚ4ȮėƞŅŏĮŀĶƢŏĞŖĬĨƢĶŃĵŃĔŅĶĚŀĔŐĸŃĔŅĶıńĥĬŅőĮĶőĨėŀĶƢĴŏĜĸňŗĵĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟ CymbidiumȮ
finlaysonianumȮĪňŗŏıŅŃŏĴĸŖħĶƞĺĴĔńĭĶŅœĴėŀĶƢœĶĞŅœŀőĞŏĸĨȮRBRU001, RBRU002ȮŐĸŃȮRBRU003ȮĳŅĵľĸńĚĔŅĶ
ŏıŅŃŏĴĸŖħŏĮƦĬŏĺĸŅĬŅĬȮ/*Ȯ0*Ȯ1ȮŐĸŃȮ2ȮŏħŊŀĬ 
 

ĪĶňĪŏĴĬĨƢ 
ĶŃĵŃŏĺĸŅĳŅĵľĸńĚĔŅĶŏıŅŃŏĴĸŖħȮ&ŏħŊŀĬ' 

/ 0 1 2 
ĝŋħėĺĭėŋĴ   10.49±7.91    19.16±11.77 13.84±8.95    47.49±15.60 
RBRU001 100.00±0.00 100.00±0.00   100±0.00 100.00±0.00 
RBRU002   0.00±0.00  75.59±9.87  64.62±31.94    0.00±0.00 
RBRU003 76.45±2.51  77.87±5.74 64.13±5.11    66.04±12.17 

 
 

 
ĳŅıȮ2ȮŏĮŀĶƢŏĞŖĬĨƢıńĥĬŅĔŅĶĕŀĚŏĴĸŖħŐĸŃőĮĶőĨėŀĶƢĴĔĸƟĺĵœĴƟȮCymbidiumȮȮfinlaysonianumȮŒĬŐĨƞĸŃĶŃĵŃĔŅĶĚŀĔ 

ȮŐĸŃĔŅĶıńĥĬŅőĮĶőĨėŀĶƢĴĪňŗŏıŅŃŏĴĸŖħĶƞĺĴĔńĭĶŅœĴėŀĶƢœĶĞŅœŀőĞŏĸĨȮRBRU001, RBRU002 ŐĸŃȮRBRU003 ĳŅĵľĸńĚĔŅĶ
ŏıŅŃŏĮƦĬŏĺĸŅĬŅĬȮ2ȮŏħŊŀĬȮĨńĺŀńĔļĶĨƞŅĚĔńĬĭĬŐĪƞĚŁňĽőĪŐĔĶĴŒĬŐĨƞĸŃĝƞĺĚŏĺĸŅĴňėĺŅĴŐĨĔĨƞŅĚȮŀĵƞŅĚĴňĬńĵĽŜŅėńĠĕŀĚĶŃĵŃ

ĔŅĶŏěĶŇĠŐĸŃıńĥĬŅĕŀĚŏĴĸŖħȮ&P 0.05)ĔŅĶĶŃĭŋŏŀĔĸńĔļĦƢĕŀĚĶŅħƟĺĵĺŇīňĪŅĚĝňĺĺŇĪĵŅőĴŏĸĔŋĸ 

 

ěŅĔĔŅĶŏıŇŗĴĮĶŇĴŅĦħňŏŀŖĬŏŀĪňŗĨŜŅŐľĬƞĚȮITSȮħƟĺĵĮĢŇĔŇĶŇĵŅĸŌĔőĞƞőıĸŇŏĴŀŏĶĽȮ œħƟįĸŇĨĳńĦĤƢĕŀĚĶŅĪňŗŐĵĔœħƟ
ěŅĔȮȮȮıňőĸĨŀĬĶŅȮ1ȮœŀőĞŏĸĨĞŉŗĚĝƞĺĵĽƞĚŏĽĶŇĴĔĶŃĨŋƟĬĔŅĶĚŀĔĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟĝĬŇħŀŊŗĬœħƟȮĴňěŜŅĬĺĬėŌƞŏĭĽĮĶŃĴŅĦȮ
4..-5..ȮėŌƞŏĭĽȮŐĸŃŏĴŊŗŀĬŜŅĝŇŘĬĽƞĺĬħňŏŀŖĬŏŀħńĚĔĸƞŅĺœĮľŅĸŜŅħńĭŏĭĽȮŐĸŃŏĮĶňĵĭŏĪňĵĭĸŜŅħńĭŏĭĽĪňŗĨŜŅŐľĬƞĚȮITSȮĔńĭ
ģŅĬĕƟŀĴŌĸŒĬ GenBankȮŒľƟįĸŏĮĶňĵĭŏĪňĵĭħńĚĨŅĶŅĚĪňŗȮ5ȮĞŉŗĚŐĭƞĚĶŅœħƟȮ0ȮĔĸŋƞĴȮėŊŀȮĔĸŋƞĴĪňŗȮ/ȮĶŅœĴėŀĶƢœĶĞŅœŀőĞŏĸĨȮ
RBRU001 ĴňėĺŅĴŒĔĸƟŏėňĵĚĔńĭĶŅĽĔŋĸ TulasnellaȮsp. œŀőĞŏĸĨȮSV15 ĪňŗĴňŀĵŌƞŒĬģŅĬĕƟŀĴŌĸ GenBank (F926500'Ȯ
őħĵĴňėƞŅėĺŅĴŏľĴŊŀĬȮ73ȮŏĮŀĶƢŏĞŖĬĨƢ ŐĸŃĔĸŋƞĴĪňŗȮ0ȮĶŅœĴėŀĶƢœĶĞŅœŀőĞŏĸĨ RBRU002ȮŐĸŃȮRBRU003ȮĞŉŗĚĴňėĺŅĴ
ŒĔĸƟŏėňĵĚĔńĭĶŅĽĔŋĸȮCeratobasidium sp. ȮȮœŀőĞŏĸĨȮStr14 ĪňŗĴňŀĵŌƞŒĬģŅĬĕƟŀĴŌĸȮGenBank (GU937735ȮŐĸŃȮ
DQ102402) őħĵĴňėƞŅėĺŅĴŏľĴŊŀĬȮ71ȮŐĸŃȮ77ȮŏĮŀĶƢŏĞŖĬĨƢȮĨŅĴĸŜŅħńĭ  
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĨŅĶŅĚ3ėƞŅŏĮŀĶƢŏĞŖĬĨƢĶŃĵŃĔŅĶĚŀĔŐĸŃĔŅĶıńĥĬŅőĮĶőĨėŀĶƢĴŏĜĸňŗĵĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟ CymbidiumȮ
finlaysonianumȮ 
 

ĶľńĽĶŅœĴėŀĶƢœĶĞŅ 
ĶŅĪňŗĴňĸŜŅħńĭŏĭĽŏĕƟŅėŌƞĔńĬŒĔĸƟŏėňĵĚĪňŗĽŋħ 
ŐĸŃ Assession codes 

ěŜŅĬĺĬŏĭĽĨńĺŀĵƞŅĚŏĪňĵĭĔńĭěŜŅĬĺĬ
ŏĭĽŀƟŅĚŀŇĚ 

&ŏĮŀĶƢŏĞŖĬĨƢėĺŅĴŏľĴŊŀĬ' 

RBRU001 
Tulasnella sp. EE-2011 isolate SV15 
Cantharellales; Tulasnellaceae 

F926500 324/338 (95%) 

RBRU002 
Ceratobasidium sp. Cantharellales; 
Ceratobasidiaceae 

GU937735 666/713 (93%) 

RBRU003 
Ceratobasidium sp. AG-G isolate Str 14 
Cantharellales; Ceratobasidiaceae 

DQ102402 643/644(99%) 

 

ĽĶŋĮŐĸŃŀĳŇĮĶŅĵįĸ 
 ĚŅĬĺŇěńĵėĶńŘĚĬňŘŏĮƦĬĶŅĵĚŅĬŐĶĔĪňŗĪħĽŀĭĔŅĶĚŀĔĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟĔŃŏĶĔŃĶƞŀĬĮŅĔŏĮƦħ Cymbidium 
finlaysonianum Lindl. ŐĭĭıŉŗĚıŅŀŅĻńĵŒĬľĸŀħĪħĸŀĚȮĞŉŗĚŏĮƦĬĺŇīňĪňŗĬŇĵĴĬŜŅĴŅŒĝƟŒĬĔŅĶŀĬŋĶńĔļƢŐĸŃĕĵŅĵıńĬīŋƢ
ĔĸƟŅĔĸƟĺĵœĴƟȮŐĨƞŒĬĮĶŃŏĪĻœĪĵıĭĬƟŀĵĴŅĔȮ&Athipunyakhom et al.*Ȯ0..2'ȮĳŅĵľĸńĚĔŅĶŏıŅŃŏĴĸŖħĔĸƟĺĵœĴƟ
ĶƞĺĴĔńĭĶŅȮœĴėŀĶƢœĶĞŅŏĮƦĬŏĺĸŅȮ/ȮŏħŊŀĬȮŏĴĸŖħĔĸƟĺĵœĴƟĴňėƞŅŏĮŀĶƢŏĞŖĬĨƢĔŅĶĚŀĔŏĜĸňŗĵȮ36,6ȮŏĮŀĶƢŏĞŖĬĨƢȮŒĬĕĦŃĪňŗĝŋħ
ėĺĭėŋĴŏıňĵĚȮ/.,27ȮŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃĳŅĵľĸńĚĔŅĶŏıŅŃŏĴĸŖħĔĸƟĺĵœĴƟŏĮƦĬŏĺĸŅȮ0*Ȯ1ȮŐĸŃȮ2 ŏĴĸŖħĔĸƟĺĵœĴƟĪňŗŏıŅŃ
ĶƞĺĴĔńĭĶŅœĴėŀĶƢœĶĞŅĵńĚŒľƟȮȮȮȮėƞŅŏĮŀĶƢŏĞŖĬĨƢĔŅĶĚŀĔŏĜĸňŗĵĽŌĚĔĺƞŅĝŋħėĺĭėŋĴėŊŀȮ43,1*Ȯ47,7 ŐĸŃȮ13,3 ŏĮŀĶƢŏĞŖĬĨƢȮ
ĨŅĴĸŜŅħńĭȮŐĸŃıĭĺƞŅŏĴĸŖħĔĸƟĺĵœĴƟȮC. finlaysonianumȮĪňŗŏıŅŃĶƞĺĴĔńĭĶŅœĴėŀĶƢœĶĞŅœŀőĞŏĸĨȮRBRU001ȮĴňėƞŅ
ŏĮŀĶƢŏĞŖĬĨƢĔŅĶĚŀĔŏĜĸňŗĵĕŀĚŏĴĸŖħĽŌĚĽŋħȮ/..ȮŏĮŀĶƢŏĞŖĬĨƢĨńŘĚŐĨƞŏħŊŀĬŐĶĔěĬĩŉĚŏħŊŀĬĪňŗȮ2ȮħńĚĨŅĶŅĚĪňŗȮ2ȮŐĸŃıĭĺƞŅėƞŅ
ŏĮŀĶƢŏĞŖĬĨƢĔŅĶĚŀĔŏĜĸňŗĵĕŀĚŏĴĸŖħĽŌĚĽŋħŀĵŌƞŒĬĶŃĵŃĪňŗȮ1ȮőĮĶőĨėŀĶƢĴĕĵŅĵŒľĠƞĕŉŘĬȮĴňŏĬŊŘŀŏĵŊŗŀŏěĶŇĠĮĸŅĵĵŀħȮ70,6Ȯ
ŏĮŀĶƢŏĞŖĬĨƢȮħńĚĨŅĶŅĚĪňŗȮ1ȮŐĴƟěŃıĭĺƞŅŏĴĸŖħĔĸƟĺĵœĴƟĽŅĴŅĶĩıńĥĬŅŏĕƟŅĽŌƞĶŃĵŃĪňŗȮ2ȮőĮĶőĨėŀĶƢĴĮĶŅĔĢŒĭŐĪƟěĶŇĚŒĭ
ŐĶĔȮ1,3ȮŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃœĴƞıńĥĬŅĨƞŀœĮŐĨƞŀĵƞŅĚŒħȮŀŅěĔĸƞŅĺœħƟĺƞŅȮĶŅœĴėŀĶƢœĶĞŅĭŅĚœŀőĞŏĸĨŀŅěĴňĭĪĭŅĪŏıňĵĚ
ĝƞĺĵĔĶŃĨŋƟĬŒľƟŏŀŖĴĭĶŇőŀĕĵŅĵĕĬŅħĕŉŘĬěĬĽĶƟŅĚŏĬŊŘŀŏĵŊŗŀŏěĶŇĠĮĸŅĵĵŀħȮŐĨƞœĴƞœħƟĽĬńĭĽĬŋĬĔŅĶıńĥĬŅĕŀĚőĮĶőĨėŀĶƢĴ
ŒĬĶŃĵŃĨƞŅĚŕȮĕŀĚĔĸƟĺĵœĴƟȮ&Porras Ȯ& Bayman, 2007) ĽŀħėĸƟŀĚĔńĭ StewartȮ& Kane (2006) ĶŅĵĚŅĬĺƞŅŏĴĸŖħ
ĔĸƟĺĵœĴƟȮHabenaria macroceratitis ĽŅĴŅĶĩĚŀĔœħƟŐĸŃőĮĶőĨėŀĶƢĴıńĥĬŅœħƟŏĴŊŗŀœħƟĶńĭĔŅĶĔĶŃĨŋƟĬěŅĔĶŅœĴėŀĶƢ
œĶĞŅĪňŗŐĵĔěŅĔĶŅĔĔĸƟĺĵœĴƟĽĔŋĸŀŊŗĬȮŏĝƞĬŏħňĵĺĔńĭ NontachaiyapoomȮet al.Ȯ&0.//' ĶŅĵĚŅĬĺƞŅŏĴĸŖħĔĸƟĺĵœĴƟ 
Grammatophyllum speciosumȮBlumeȮŐĸŃ Dendrobium draconis Rchb. f.ȮĽŅĴŅĶĚŀĔŐĸŃıńĥĬŅŏĕƟŅĽŌƞ
ĶŃĵŃĪňŗȮ1*Ȯ2ȮŐĸŃȮ3ȮœħƟȮŏĴŊŗŀœħƟĶńĭĔŅĶĔĶŃĨŋƟĬĶŅœĴėŀĶƢœĶĞŅĪňŗŐĵĔœħƟěŅĔĔĸƟĺĵœĴƟŀŊŗĬȮŕȮĬŀĔěŅĔĬňŘȮKhamchatra et 
al. (2015) ĶŅĵĚŅĬĺƞŅȮŏĴĸŖħĔĸƟĺĵœĴƟŏŀŊŘŀĚŏĚŇĬľĸĺĚȮ&Dendrobium formosum) ĪňŗŏıŅŃĶƞĺĴĔńĭĶŅȮȮȮȮȮœĴėŀĶƢœĶĞŅĪňŗ
ŐĵĔœħƟěŅĔĶŅĔĕŀĚĔĸƟĺĵœĴƟĝĬŇħŏħňĵĺĔńĬĬňŘȮĽŅĴŅĶĩĝƞĺĵĔĶŃĨŋƟĬĔŅĶĚŀĔĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟȮŐĸŃĽŅĴŅĶĩıńĥĬŅŏĮƦĬ
őĮĶőĨėŀĶƢĴŒĬĶŃĵŃĪňŗȮ1ȮėŊŀȮőĮĶőĨėŀĶƢĴĴňŏĬŊŘŀŏĵŊŗŀŏěĶŇĠĮĸŅĵĵŀħœħƟȮŐĨƞœĴƞĽŅĴŅĶĩıńĥĬŅŏĕƟŅĽŌƞĶŃĵŃĪňŗȮ2ȮœħƟȮ
ŏĬŊŗŀĚěŅĔĭĪĭŅĪĕŀĚĶŅĪňŗŐĨĔĨƞŅĚĔńĬŒĬŐĨƞĸŃĶŃĵŃĔŅĶŏěĶŇĠĕŀĚĔĸƟĺĵœĴƟŀŅěĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĝĬŇħĕŀĚĶŅœĴėŀĶƢ
œĶĞŅŒĬĶŃĵŃĔŅĶĚŀĔĕŀĚŏĴĸŖħŐĸŃĔŅĶıńĥĬŅőĮĶőĨėŀĶƢĴŐĨĔĨƞŅĚěŅĔĶŃĵŃőĨŏĨŖĴĪňŗȮ&ZelmerȮŐĸŃȮCurrah, 1995)ȮȮ
ŒĬĔŅĶŀĬŋĶńĔļƢŐĸŃĔŅĶĲƘƨĬĲŌĔĸƟĺĵœĴƟıńĬīŋƢľŅĵŅĔľĶŊŀŒĔĸƟĽŌĠıńĬīŋƢȮĴňėĺŅĴěŜŅŏĮƦĬĨƟŀĚľŅĶŅœĴėŀĶƢœĶĞŅĪňŗŏľĴŅŃĽĴĨƞŀ
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĔŅĶĚŀĔȮőħĵĽŅĴŅĶĩĽƞĚŏĽĶŇĴľĶŊŀĽĬńĭĽĬŋĬĔŅĶĚŀĔĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟœħƟȮ(Chutima et al., 2011)ȮěŅĔĔŅĶĪħĸŀĚ
ėĶńŘĚĬňŘıĭĺƞŅĶŅœĴėŀĶƢœĶĞŅȮȮœŀőĞŏĸĨ RBRU001 ěńħŀĵŌƞŒĬĽĔŋĸ TulasnellaȮĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĔĶŃĨŋƟĬĔŅĶĚŀĔ
ĕŀĚŏĴĸŖħŐĸŃĔŅĶıńĥĬŅőĮĶőĨ-ȮȮėŀĶƢĴĴŅĔĪňŗĽŋħĽŜŅľĶńĭŏĴĸŖħĔĸƟĺĵœĴƟ C. finlaysonianum ıŀȮŕȮĔńĭĔĸƟĺĵœĴƟĽĔŋĸ
ŀŊŗĬĪňŗĶŅĵĚŅĬœĺƟȮ&Rasmussen, 2002; Stewart & Kane, 2002; Johnson et al.*Ȯ0..5; ChutimaȮet al.*Ȯ0.//'Ȯ
ŐĽħĚŒľƟŏľŖĬĺƞŅĶŅœĴėŀĶƢœĶĞŅĽĔŋĸ TulasnellaȮŏĮƦĬĶŅœĴėŀĶƢœĶĞŅĪňŗıĭœħƟŐıĶƞľĸŅĵȮĞŉŗĚĽŅĴŅĶĩŐĵĔœħƟěŅĔĶŅĔ
ĔĸƟĺĵœĴƟ Dendrobium  formosum ŐĸŃĬŜŅœĮŒĝƟĔĶŃĨŋƟĬĔŅĶĚŀĔĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟĪńŗĺœĮœħƟȮ&Mc Cormick et al.*Ȯ
0..2 Khamchatra et al., 2015)  ĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅĶŅœĴėŀĶƢœĶĞŅĽĔŋĸ TulasnellaȮĴňėĺŅĴĽńĴıńĬīƢĔńĭ 
liverwort (Cryptothallus mirabilis) ŐĸŃĔĸƟĺĵœĴƟŀŇĚŀŅĻńĵĭŅĚĝĬŇħȮ(SuarezȮet al.*Ȯ0..4' ŒĬĭŅĚėĶńŘĚĔŅĶ
ŏěĶŇĠŏĨŇĭőĨľĶŊŀĔŅĶıńĥĬŅőĮĶőĨėŀĶƢĴŒĬĶŃĵŃĩńħœĮȮĔĸƟĺĵœĴƟŀŅěĴňĔĸœĔŒĬĔŅĶĮƚŀĚĔńĬľĶŊŀĔŜŅěńħĶŅœĴėŀĶƢœĶĞŅŏħŇĴ
ĪňŗĽƞĚŏĽĶŇĴŒĬĔŅĶĚŀĔȮěŉĚěŜŅŏĮƦĬĨƟŀĚŀŅĻńĵĶŅœĴėŀĶƢœĶĞŅĪňŗŐĨĔĨƞŅĚěŅĔĶŃĵŃŐĶĔĕŀĚĔŅĶıńĥĬŅőĮĶőĨėŀĶƢĴȮĔŅĶľŅĶŅ
œĴėŀĶƢœĶĞŅĪňŗŏľĴŅŃĽĴŀŅěŐĵĔœħƟěŅĔĶŅĔŏħŇĴĕŀĚĨƟĬŐĴƞŒĬĶŃĵŃĪňŗĴňĔŅĶŏěĶŇĠŏĨŇĭőĨĪŅĚĸŜŅĨƟĬȮľĶŊŀĕĦŃŀŀĔħŀĔȮ
ľĶŊŀěŅĔĶŅĔĔĸƟĺĵœĴƟĨƞŅĚĽĔŋĸȮŏıŊŗŀĝƞĺĵŒľƟőĮĶőĨėŀĶƢĴĽŅĴŅĶĩıńĥĬŅŏĮƦĬĨƟĬŀƞŀĬĪňŗŐĕŖĚŐĶĚĔƞŀĬĵƟŅĵŀŀĔĮĸŌĔȮ
(Rasmussen & Rasmussen, 2014) 
 ħńĚĬńŘĬěŉĚĽĶŋĮœħƟĺƞŅĶŅœĴėŀĶƢœĶĞŅĪńŘĚȮ3ȮœŀőĞŏĸĨȮ&RBRU001, RBRU002ȮŐĸŃȮRBRU003) ĴňĸńĔļĦŃĪŅĚ
ĽńĦģŅĬĺŇĪĵŅėĸƟŅĵĽĔŋĸ Rhizoctonia (Rhizoctonia-like fungi)ȮŐĨƞĸńĔļĦŃĪŅĚĝňĺĺŇĪĵŅőĴŏĸĔŋĸĭƞĚĝňŘĶŅœĴėŀĶƢœĶ
ĞŅŏĮƦĬȮ0ȮĔĸŋƞĴȮėŊŀȮĶŅŒĬĔĸŋƞĴ Tulasnella sp,ȮœħƟŐĔƞȮĶŅœĴėŀĶƢœĶĞŅœŀőĞŏĸĨȮRBRU001 ŐĸŃĶŅŒĬĔĸŋƞĴȮ
CeratobasidiumȮsp.ȮœħƟŐĔƞĶŅœĴėŀĶƢœĶĞŅœŀőĞŏĸĨ RBRU002 ŐĸŃȮRBRU..1ȮȮĔŅĶĚŀĔĕŀĚŏĴĸŖħŐĸŃĔŅĶıńĥĬŅ
őĮĶőĨėŀĶƢĴĕŀĚŏĴĸŖħĔĸƟĺĵœĴƟ C. finlaysonianum őħĵŀŅĻńĵĶŅœĴėŀĶƢœĶĞŅĪňŗĽŅĴŅĶĩĝƞĺĵĔĶŃĨŋƟĬĔŅĶĚŀĔĕŀĚ
ŏĴĸŖħĔĸƟĺĵœĴƟĽĔŋĸŀŊŗĬȮœħƟŐĔƞȮœŀőĞŏĸĨ RBRU001  RBRU002ȮŐĸŃȮRBRU003ȮŐĭĭıŉŗĚıŅŀŅĻńĵŒĬľĸŀħĪħĸŀĚȮ
ŐĽħĚŒľƟŏľŖĬĺƞŅĪŋĔœŀőĞŏĸĨĽŅĴŅĶĩĔĶŃĨŋƟĬĔŅĶĚŀĔœħƟȮėŇħŏĮƦĬȮ61,.ȮŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃıĭĶŅŏıňĵĚĔĸŋƞĴŏħňĵĺȮėŊŀȮ
Tulasnella œŀőĞŏĸĨȮRBRU001ȮĪňŗĽƞĚŏĽĶŇĴĔŅĶĚŀĔĕŀĚŏĴĸŖħŐĸŃĔŅĶıńĥĬŅĕŀĚőĮĶőĨėŀĶƢĴĩŉĚĶŃĵŃĪňŗȮ1ȮŐĸŃȮ2Ȯ
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ėŜŅĽŜŅėńĠ: ȮĴńĬĽŜŅĮŃľĸńĚȮȮŏŀĬœĞĴƢŀŃœĴŏĸĽȮȮRhizopus  solid state fermentation  SSF  
 

Abstract 
 Cassava is an agricultural material and may be a good substrate for nutrients 
improvement by amylolytic fungi through fermentation process. To improve the nutrition values 
of cassava for animal feeding, amylolytic fungus Rhizopus spp. UP04 was isolated from cassava 
cultivation area in Phayao province and characterization through solid state fermentation (SSF). 
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When Rhizopus spp. UP04 was characterized using cassava as the sole carbon source by SSF at 
30 °C for 7 day, the values of amylase activity was found to be .,.77±.,..4ȮU/ml. The range of 
pH and temperature (°C) for the enzymatic activities were 30-70 °C and pH 3.5-8.0. Cassava 
supplementary with Rhizopus spp. UP04 starter was fermented by SSF for 7 day at 30°C. The 
nutrition values of fermented cassava resulted in increased protein (4.12%) and fat (3.88%) which 
was higher than the control or ensiling process without mold starter (protein 2.18% and fat 
2.45%) and fermentation process with standard culture of R. orayzae TISTRȮ1.32 (protein 3.85% 
and fat 3.11%) respectively. The isolates Rhizopus spp. UP04 showed optimal starter at improving 
the nutrition values of cassava through SSF for animal feeding. 
Keywords:  Cassava, amylolytic enzyme, Rhizopus, solid state fermentation, SSF 
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ĔŅĶĨńħľĠƟŅŒľƟŏĮƦĬĝŇŘĬŏĸŖĔŕȮĴňĕĬŅħœĴƞŏĔŇĬȮ/ȮŏĞĬĨŇŏĴĨĶȮŐĸŃȮŒĽƞŀńħĸĚŒĬĳŅĝĬŃĮƕħĽĬŇĪĪňŗœĸƞŀŅĔŅĻŀŀĔŐĸŃľĴńĔ
ŏĔŖĭœĺƟȮĞŉŗĚŀŅěĮĶńĭĽĳŅıőĳĝĬŃőħĵĴňĔŅĶŏĨŇĴŏĔĸŊŀŐĸŃĔŅĔĬŘŜŅĨŅĸȮ.,3-0,.ȮĔŇőĸĔĶńĴĨƞŀľĠƟŅȮ/ȮĔŇőĸĔĶńĴȮ&ĺŅĶŋĦňȮŐĸŃ
ėĦŃ,Ȯ0325'ȮĞŉŗĚŏĴŊŗŀľĠƟŅįƞŅĬĔŅĶľĴńĔĽĴĭŌĶĦƢěŃĴňĔĸŇŗĬľŀĴȮŀĴŏĮĶňŘĵĺȮľĠƟŅľĴńĔŏĮƦĬĽňŏĕňĵĺŀĴŏľĸŊŀĚȮĴňėƞŅėĺŅĴ
ŏĮƦĬĔĶħŏĜĸňŗĵȮ1,.-2,.ȮŐĸŃȮĔĶħŀŇĬĪĶňĵƢĪňŗıĭĽƞĺĬĴŅĔŏĮƦĬȮĔĶħŐĸėĨŇėȮĞŉŗĚįĸŇĨőħĵŐĭėĪňŏĶňĵĔĸŋƞĴȮLactic acid 
bacteria (LAB) ĞŉŗĚŏěĶŇĠœħƟőħĵĔŅĶŒĝƟĬŘŜŅĨŅĸŐĸŃŏĮĸňŗĵĬŏĮƦĬĔĶħŐĸėĨŇėȮľĶŊŀȮŀŃĞŇĨŇĔȮĪńŘĚĬňŘĕŉŘĬŀĵŌƞĔńĭĝĬŇħĕŀĚ
ŐĭėĪňŏĶňĵȮŐĨƞĩƟŅĴňŀŅĔŅĻŏĕƟŅŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶľĴńĔěŃıĭĔĶħŀŃĞŇĨŇĔŏĔŇħĕŉŘĬœħƟěŅĔĔŅĶĪňŗěŋĸŇĬĪĶňĵƢľŅĵŒěŐĭĭ
ŒĝƟŀŀĔĞŇŏěĬȮ&ŏĽĴŀŒě, 2554' 
 ŀĵƞŅĚœĶĔŖĨŅĴĔĶŃĭĺĬĔŅĶľĴńĔıŊĝŀŅľŅĶĽńĨĺƢŒĬĽĳŅıœĴƞĴňŀŅĔŅĻőħĵŀŅĻńĵȮLAB ŒĬīĶĶĴĝŅĨŇĬńŘĬȮĴň
ĕƟŀěŜŅĔńħŀĵŌƞĭƟŅĚȮėŊŀȮěŋĸŇĬĪĶňĵƢŒĬĔĸŋƞĴĬňŘĴńĔěŃĕŅħŏŀĬœĞĴƢŒĬĔĸŋƞĴĪňŗĵƞŀĵŏĵŊŗŀŒĵıŊĝŐĸŃŐĮƚĚȮŏĝƞĬȮŏĞĸĸŌŏĸĽȮœĞŐĸĬŏĬĽȮ
ŐĸŃȮŀŃœĴŏĸĽȮŏĮƦĬĨƟĬȮħńĚĬńŘĬĺŇīňĔŅĶħńĚĔĸƞŅĺěŉĚŏľĴŅŃĽŜŅľĶńĭĔŅĶĬŜŅœĮŒĝƟŒĬĔŅĶľĴńĔıŊĝŀŅľŅĶĽńĨĺƢĪňŗĴňĬŘŜŅĨŅĸĽŌĚȮ
ŏĝƞĬȮľĠƟŅŏĬŏĮƖĵĶƢȮĽńĭĮŃĶħȮŐĸŃȮĨƟĬĕƟŅĺőıħĽħȮŐĨƞŒĬĔĶĦňĪňŗŏĮƦĬıŊĝŀŅľŅĶĽńĨĺƢĪňŗĴňėĺŅĴŐľƟĚĽŌĚȮŏĝƞĬȮĲŅĚĕƟŅĺȮ
ŏĮĸŊŀĔĕƟŅĺőıħȮŐĸŃȮĴńĬĽŜŅĮŃľĸńĚĪňŗĴňŐĮƚĚŏĮƦĬŀĚėƢĮĶŃĔŀĭȮěŉĚěŜŅŏĮƦĬĪňŗĨƟŀĚŒĽƞŀŅľŅĶŏĽĶŇĴŏıŊŗŀŒľƟěŋĸŇĬĪĶňĵƢŒĝƟ
ĮĶŃőĵĝĬƢŒĬĔŅĶŏěĶŇĠŏĨŇĭőĨȮĞŉŗĚőħĵĪńŗĺœĮěŃŒĝƟĺńĽħŋĪňŗĨƟĬĪŋĬĨŗŜŅȮŏĝƞĬȮĔŅĔĬŘŜŅĨŅĸȮĶŜŅľĵŅĭȮľĶŊŀȮĵŌŏĶňĵȮŏĮƦĬĨƟĬȮ&ĕĶĶėƢ
ĝńĵȮŐĸŃėĦŃ, 2558'ȮȮőħĵĔĶŃĭĺĬĔŅĶħńĚĔĸƞŅĺĬňŘěŃŏĮƦĬĔŅĶĩĬŀĴŀŅľŅĶĞŉŗĚőĳĝĬŃĪňŗŏıŇŗĴĕŉŘĬěŃŏĔŇħĕŉŘĬěŅĔĔŅĶŏıŇŗĴ
ěŜŅĬĺĬěŅĔŏĞĸĸƢěŋĸŇĬĪĶňĵƢȮŐĸŃȮĔĶħŀŇĬĪĶňĵƢĪňŗěŋĸŇĬĪĶňĵƢįĸŇĨĕŉŘĬȮŐĨƞœĴƞœħƟœĮŏıŇŗĴĔŅĶĵƞŀĵıŊĝľĴńĔŏĬŊŗŀĚěŅĔĔŅĶĕŅħ
ŏŀĬœĞĴƢŒĬĔĸŋƞĴħńĚĔĸƞŅĺħńĚĬńŘĬĔŅĶľĴńĔĪňŗŏĽĶŇĴěŋĸŇĬĪĶňĵƢŀŊŗĬŕȮĪňŗĴňŏŀĬœĞĴƢĪňŗĝƞĺĵĵƞŀĵŐĸŃľĴńĔŏĵŊŗŀŒĵıŊĝ&fermentation 
process'ȮěŉĚĴňĽƞĺĬŀĵƞŅĚĴŅĔŒĬĔŅĶŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶľĴńĔŐĸŃŏıŇŗĴőĳĝĬŃĕŀĚıŊĝľĴńĔŒľƟħňĵŇŗĚĕŉŘĬœħƟȮŏıĶŅŃȮŏĵŊŗŀ
ŒĵŐĸŃŐĮƚĚŒĬıŊĝŀŅľŅĶĽńĨĺƢěŃĩŌĔĵƞŀĵŒľƟŏĮƦĬĬŘŜŅĨŅĸŐĸŃŒĝƟŏĮƦĬŐľĸƞĚŀŅľŅĶĕŀĚěŋĸŇĬĪĶňĵƢĪňŗŒĽƞŏĕƟŅœĮĪŜŅŒľƟ
ŏĝŊŘŀěŋĸŇĬĪĶňĵƢŏěĶŇĠŏĨŇĭőĨŐĸŃŏĔŇħĔŅĶľĴńĔœħƟŏĶŖĺĕŉŘĬȮŀŅĪŇȮŏĝƞĬȮĔŅĶŏĨŇĴěŋĸŇĬĪĶňĵƢŒĬĔĸŋƞĴĪňŗįĸŇĨŏŀĬœĞĴƢŀŃœĴŏĸĽȮĞŉŗĚ
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ŏĮƦĬěŋĸŇĬĪĶňĵƢĔĸŋƞĴŐĶĔŕȮĪňŗŒĝƟŒĬĔŅĶľĴńĔıŊĝŀŅľŅĶĽńĨĺƢȮīńĠıŊĝȮŐĸŃȮıŊĝĪňŗĴňŐĮƚĚŏĮƦĬŀĚėƢĮĶŃĔŀĭȮŏĝƞĬȮĕƟŅĺőıħȮŀƟŀĵȮ
Ő ĸ Ń Ĵń Ĭ ĽŜ Ņ Į Ń ľ ĸń Ě ŏ ĝƞĬRhizopusspp.Mucorspp.Ő ĸ ŃAspergillusoryzaeŏ ĮƦ Ĭ ĨƟĬ
&Soccoletal.1994;Pengthamkeerati et al. 2012'ȮŐĸŃȮĔŅĶŒĝƟěŋĸŇĬĪĶňĵƢĪňŗįĸŇĨŏŀĬœĞĴƢŏĞĸĸŌŏĸĽĝƞĺĵľĴńĔıŊĝĪňŗĴň
ŏĵŊŗŀŒĵĽŌĚȮŏĝƞĬȮŏĮĸŊŀĔĕƟŅĺőıħȮŐĸŃȮĽńĭĮŃĶħȮ&Danmek et al., 2014'Ȯ őħĵĶŃľĺƞŅĚĔŅĶľĴńĔěŋĸŇĬĪĶňĵƢěŃįĸŇĨ
ŏŀĬœĞĴƢĵƞŀĵŏĵŊŗŀŒĵŐĸŃŐĮƚĚŏĮƦĬĬŘŜŅĨŅĸȮŏıŊŗŀŒľƟıĸńĚĚŅĬĽŜŅľĶńĭĔŅĶŏěĶŇĠŏĨŇĭőĨŐĸŃŏıŇŗĴěŜŅĬĺĬĴŅĔĕŉŘĬȮěŅĔĬńŘĬȮĵňĽĨƢȮ
Saccharomyces cerevisiae ěŃŏĮĸňŗĵĬĬŘŜŅĨŅĸŏĮƦĬŐŀĸĔŀŁŀĸƢȮŐĸŃ LAB ěŃŒĝƟĬŘŜŅĨŅĸŏıŊŗŀŏěĶŇĠŐĸŃŏĔŇħ
ĔĶŃĭĺĬĔŅĶľĴńĔŏĮƦĬĔĶħŀŇĬĪĶňĵƢĪňŗĴňĮĶŃőĵĝĬƢĨƞŀœĮȮĞŉŗĚįĸħńĚĔĸƞŅĺěŃĽƞĚįĸŒľƟŏĵŊŗŀŒĵĕŀĚĺńĨĩŋħŇĭŀƞŀĬĬŋƞĴĸĚȮŐĸŃȮĴň
ėŅĶƢőĭœŁŏħĶĨĭŅĚĽƞĺĬĸŃĸŅĵŀŀĔĴŅœħƟȮŏĝƞĬȮĔŅĶľĴńĔĔŅĔĴńĬĽŜŅĮŃľĸńĚħƟĺĵŏĝŊŘŀĶŅȮRhizopus oligosporus ĪŜŅŒľƟĴň
őĮĶĨňĬŏıŇŗĴĕŉŘĬĩŉĚȮ10% (Belewu and Babalola, 2009) ŐĸŃȮĔŅĶľĴńĔĲƤĔĪŀĚħƟĺĵěŋĸŇĬĪĶňĵƢįĽĴľĸŅĵĝĬŇħěŃĪŜŅ
ŒľƟĲƤĔĪŀĚľĴńĔĴňėƞŅőĮĶĨňĬŏıŇŗĴĕŉŘĬŏĮƦĬȮ15-18%ȮŐĸŃȮœĕĴńĬȮ9%ȮĞŉŗĚĽŌĚĔĺƞŅĲƤĔĪŀĚĽħĞŉŗĚĴňőĮĶĨňĬȮ8-10%ȮŐĸŃȮœĕĴńĬȮ
6%ȮĨŅĴĸŜŅħńĭȮȮĞŉŗĚŏĮƦĬįĸĪňŗŏĮƦĬœĮŒĬĪŇĻĪŅĚŏħňĵĺĔńĭĔŅĶľĴńĔĺńĽħŋĔŅĶŏĔļĨĶŀŊŗĬŕȮľĸŅĵĝĬŇħȮŏĝƞĬȮĚŅĬĪħĸŀĚĕŀĚȮ
Al-maadhidi et al. &2010) œħƟĪŜŅĔŅĶľĴńĔĞńĚĕƟŅĺőıħȮŐĸŃȮAdamafio et al.Ȯ&2010) ŒĝƟěŋĸŇĬĪĶňĵƢŒĬĔŅĶľĴńĔĴńĬ
ĽŜŅĮŃľĸńĚŏĮƦĬŀŅľŅĶĽńĨĺƢȮĞŉŗĚěŃĪŜŅŒľƟėŋĦėƞŅĪŅĚőĳĝĬŃőħĵŏĜıŅŃőĮĶĨňĬŏıŇŗĴĕŉŘĬœħƟĽŌĚĔĺƞŅĺńĨĩŋħŇĭĪňŗœĴƞœħƟįƞŅĬĔŅĶ
ľĴńĔȮ1.5-5ȮŏĪƞŅȮĞŉŗĚėŋĦėƞŅĪŅĚőĳĝĬŃĪňŗŏıŇŗĴĕŉŘĬŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶľĴńĔŏĔŇħěŅĔĔŅĶŏĮĸňŗĵĬŀĚėƢĮĶŃĔŀĭĕŀĚĺńĽħŋ
ěŜŅıĺĔŐĮƚĚœĮŏĮƦĬĬŘŜŅĨŅĸőħĵŏŀĬœĞĴƢŀŃœĴŏĸĽěŅĔŏĝŊŘŀĶŅȮŐĸƟĺĵňĽĨƢěŃŒĝƟĬŘŜŅĨŅĸŒĬĔŅĶŏıŇŗĴěŜŅĬĺĬŏĞĸĸƢĞŉŗĚěŃœħƟŏĮƦĬ
őĮĶĨňĬŏĞĸĸƢŏħňĵĺȮ&single cell protein; SCP)ȮėŊŀȮĽƞĺĬĕŀĚőĮĶĨňĬĪňŗŏıŇŗĴĕŉŘĬŒĬĔĶŃĭĺĬĔŅĶľĴńĔȮ&Danmek et al., 
0./2'ȮĽŀħėĸƟŀĚĔńĭȮAntai & Mbongo (/772'ȮĶŅĵĚŅĬĺƞŅĔŅĶľĴńĔĴńĬĽŜŅĮŃľĸńĚőħĵŒĝƟȮSaccharomyces 
cereviseae ĽŅĴŅĶĩŏıŇŗĴĮĶŇĴŅĦőĮĶĨňĬěŅĔȮ0,2#ȮŒĬĴńĬĽŜŅĮŃľĸńĚĽħŏıŇŗĴŏĮƦĬȮ/2,/#ȮľĸńĚěŅĔįƞŅĬĔĶŃĭĺĬĔŅĶ
ľĴńĔȮĬŀĔěŅĔĬňŘȮOboh & Akindahunsi (0..3'ȮıĭĺƞŅȮŐĮƚĚĴńĬĽŜŅĮŃľĸńĚĪňŗľĴńĔħƟĺĵȮS. cerevisiae ĝƞĺĵŏıŇŗĴ
őĮĶĨňĬěŅĔȮ2,2#ȮŏĮƦĬȮ/.,7#ȮŐĸŃȮĵńĚĸħĮĶŇĴŅĦĽŅĶıŇļœĞĵŅœĬħƢȮŀĵƞŅĚœĶĔŖĨŅĴȮĔĶŃĭĺĬĔŅĶľĴńĔĪňŗħňȮĕŉŘĬŀĵŌƞĔńĭ
ĮƤěěńĵŐĸŃĽĳŅĺŃŐĺħĸƟŀĴĪňŗŏľĴŅŃĽĴȮœħƟŐĔƞȮŏĝŊŘŀěŋĸŇĬĪĶňĵƢȮŀĚėƢĮĶŃĔŀĭĕŀĚĽŅĶĨńŘĚĨƟĬȮŐĸŃĶŃĵŃŏĺĸŅŒĬĔŅĶľĴńĔȮ
ŐľĸƞĚœĬőĨĶŏěĬŐĸŃŀĚėƢĮĶŃĔŀĭĽŜŅėńĠŀŊŗĬȮŕȮĪňŗĴňįĸĨƞŀĮĶŇĴŅĦĽŅĶŀŅľŅĶŒĬįĸŇĨĳńĦĤƢľĴńĔȮ&Nuraini & Suslina, 
0..7'ȮěŅĔŏľĨŋįĸħńĚĔĸƞŅĺȮĔŅĶĬŜŅĺńĨĩŋĪňŗľŅœħƟŒĬĪƟŀĚĩŇŗĬĪňŗĴňĶŅėŅĩŌĔĴŅľĴńĔĶƞĺĴĔńĭěŋĸŇĬĪĶňĵƢĪňŗŏľĴŅŃĽĴȮŏĝƞĬȮĴńĬ
ĽŜŅĮŃľĸńĚȮĶĺĴœĮĩŉĚįĸįĸŇĨıŊĝŏĻĶļģĔŇěěŅĔŏĔļĨĶĔĶĪňŗĨĔŏĔĶħȮěŃĪŜŅŒľƟœħƟĺńĨĩŋħŇĭŀŅľŅĶĽńĨĺƢĪňŗĴňėŋĦėƞŅĪŅĚ
őĳĝĬŅĔŅĶĽŌĚȮŐĸŃȮĨƟĬĪŋĬĨŗŜŅȮĞŉŗĚěŃĪŜŅŒľƟŏĔŇħĔŅĶĔĶŃĨŋƟĬŒľƟŏĔļĨĶĔĶĬŜŅĴŅľĴńĔŏıŊŗŀŏĮƦĬŀŅľŅĶĽńĨĺƢȮěŃĪŜŅŒľƟ
ŏĔļĨĶĔĶĴňĶŅĵœħƟŏĽĶŇĴěŅĔĔŅĶŒĝƟĺńĽħŋŏľĸŊŀĪŇŘĚĪŅĚĔŅĶŏĔļĨĶĴŅŏıŇŗĴĴŌĸėƞŅœħƟ ŐĸŃĝƞĺĵĵŊħŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅĲƤĔĪŀĚ
œĺƟŏĮƦĬŀŅľŅĶĽńĨĺƢœħƟ 

 
ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵ 

ĺńĨĩŋĮĶŃĽĚėƢľĸńĔĕŀĚĔŅĶĪħĸŀĚĬňŘĴňŐĬĺėŇħĪňŗěŃĬŜŅĴńĬĽŜŅĮŃľĸńĚĞŉŗĚŏĮƦĬıŊĝĪňŗĴňŐĮƚĚŏĮƦĬŀĚėƢĮĶŃĔŀĭĽŌĚ ĴŅ
ŏıŇŗĴėŋĦėƞŅĪŅĚőĳĝĬŃőħĵĔŅĶįƞŅĬĔĶŃĭĺĬĔŅĶľĴńĔŒĬĔĶŃĭĺĬĔŅĶȮsolid state fermentation ŐĨĔĨƞŅĚěŅĔ
ĔĶŃĭĺĬĔŅĶľĴńĔĴńĬĽŜŅĮŃľĸńĚĪňŗœħƟĪŜŅĴŅŒĬĮĶŃŏĪĻœĪĵĞŉŗĚĽƞĺĬĴŅĔŏĮƦĬĔŅĶľĴńĔŐĭĭĩĬŀĴŀŅľŅĶŒĬĽĳŅıœĴƞĴň
ŀŅĔŅĻȮ&ensiling process'ȮĶƞĺĴĔńĭĔŅĶŒĝƟŏĝŊŘŀĶŅĪňŗįĸŇĨŏŀĬœĞĴƢŀŃœĴŏĸĽĪňŗėńħŐĵĔœħƟȮĪŜŅĔŅĶĻŉĔļŅĔŅĶŏěĶŇĠȮĔŅĶ
įĸŇĨŏŀĬœĞĴƢȮŐĸŃȮėŋĦėƞŅĪŅĚőĳĝĬŃĪňŗŏıŇŗĴĕŉŘĬŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶľĴńĔȮŏıŊŗŀĬŜŅœĮŒĝƟŏĮƦĬĽƞĺĬĮĶŃĔŀĭĕŀĚĺńĨĩŋħŇĭ
ŀŅľŅĶĽńĨĺƢĨƞŀœĮ 
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ĺŇīňħŜŅŏĬŇĬĔŅĶĺŇěńĵ 

 /,ȮěŋĸŇĬĪĶňĵƢĴŅĨĶģŅĬ 
 ŏĝŊŘŀĶŅȮRhizopus orayzae ĶľńĽȮ1.32ȮœħƟĶńĭėĺŅĴŀĬŋŏėĶŅŃľƢĴŅěŅĔĽĩŅĭńĬĺŇěńĵĺŇĪĵŅĻŅĽĨĶƢŐĸŃ
ŏĪėőĬőĸĵňŐľƞĚĮĶŃŏĪĻœĪĵȮ&ĺĺ,'  
 0,ȮĽŌĨĶŀŅľŅĶŏĸňŘĵĚŏĝŊŘŀĪňŗŒĝƟ 
 Seme-synthetic medium (SS medium) (Danmek et al., 2014) ĮĶŃĔŀĭħƟĺĵȮglucose 2.0#Ȯ
&w/v) peptone 0.2#Ȯ&w/v) yeast extract 0.1#Ȯ&w/v) KH0PO2Ȯ0.2#Ȯ&w/v) MgSO2Ȯ0.05#Ȯ&w/v) CaCl0Ȯ
0.01#Ȯ&w/v) ZnSO2,5H0O 0.0005#Ȯ&w/v) FeSO2,5H0O 0.0005#Ȯ&w/v) MnSO4Ȯ0.0005#Ȯ&w/v) ŐĸŃȮ
Tween 80Ȯ0.2#Ȯ&v/v)  
 Potato Dextrose Agar (PDA) ŐĸŃȮMalt Extract Agar (MEA) ŏĨĶňĵĴĨŅĴŀńĨĶŅĽƞĺĬŐĸŃĺŇīňĔŅĶŏĨĶňĵĴ
ĕŀĚĭĶŇļńĪȮDifco, USA ŀŅľŅĶŏĸňŘĵĚŏĝŊŘŀĪńŘĚľĴħĮĶńĭȮpH ħƟĺĵȮHCl 1.0 N ŏıŊŗŀŒľƟĴňȮpH ŏĪƞŅĔńĭȮ5.5ȮŐĸŃĬŜŅœĮęƞŅŏĝŊŘŀ
ħƟĺĵĔŅĶȮautoclave  ĪňŗŀŋĦľĳŌĴŇ 125OC ŏĮƦĬŏĺĸŅ 15 ĬŅĪň 
 3. ĔŅĶėńħŐĵĔŏĝŊŘŀĶŅĽŅĵıńĬīŋƢĪňŗĴňĔŅĶįĸŇĨŏŀĬœĞĴƢŀŃœĴŏĸĽ 
 ŏĔŖĭĨńĺŀĵƞŅĚħŇĬěŅĔŐĮĸĚĮĸŌĔĴńĬĽŜŅĮŃľĸńĚȮĭĶŇŏĺĦĭƟŅĬőĞƟȮĨŜŅĭĸŐĴƞĬŅŏĶŊŀȮŀŜŅŏĳŀŏĴŊŀĚȮěńĚľĺńħıŃŏĵŅȮ
&/7°.0'22,2Ȯ N, 77°30'16,0 ȮE) őħĵŒĝƟĩŋĚıĸŅĽĨŇĔĪňŗįƞŅĬĔŅĶęƞŅŏĝŊŘŀŐĸƟĺȮŏıŊŗŀĬŜŅœĮĪħĽŀĭĨƞŀĪňŗľƟŀĚĮĢŇĭńĨŇĔŅĶȮ
őħĵĬŜŅĴŅėńħŐĵĔŏĝŊŘŀěŋĸŇĬĪĶňĵƢőħĵŒĝƟĺŇīňȮspread plate techniqueȮĭĬŀŅľŅĶĽŌĨĶħńħŐĮĸĚȮSS agar 
(Danmek et al., 0./2'ȮĪňŗĴňĔŅĶŏĨŇĴŐľĸƞĚėŅĶƢĭŀĬŏĮƦĬ soluble starch ĭƞĴœĺƟĪňŗŀŋĦľĳŌĴŇȮ1.ȮŀĚĻŅŏĞĸŏĞňĵĽȮ
ĬŅĬȮ3-5ȮĺńĬȮŏĴŊŗŀŏĝŊŘŀĶŅŏěĶŇĠĪŜŅĔŅĶėńħŐĵĔĸĚŒĬŀŅľŅĶȮSS agar ŒľĴƞŏıŊŗŀŐĵĔŒľƟœħƟŏĝŊŘŀĶŅĪňŗĭĶŇĽŋĪīŇśȮŐĸŃȮĪŜŅĔŅĶ
ĨĶĺěĽŀĭĔŅĶįĸŇĨŏŀĬœĞĴƢŀŃœĴŏĸĽĕŀĚŏĝŊŘŀĶŅĪňŗėńħŐĵĔœħƟȮőħĵĔŅĶĺńħĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚŏĽƟĬŒĵŏıŊŗŀħŌĔŅĶ
ŏěĶŇĠȮěŅĔĬńŘĬĶŅħĪńĭħƟĺĵĽŅĶĸŃĸŅĵœŀőŀħňĬȮ&0.1% (w/v) iodine ŐĸŃȮ1.0% (w/v) potassium iodide) 
ĮĶŃĴŅĦȮ15 ĬŅĪňȮĽŅĴŅĶĩĽńĚŏĔĨŏĝŊŘŀĶŅĪňŗįĸŇĨŀŃœĴŏĸĽȮœħƟőħĵħŌĺĚŒĽȮ&clear zone) ĪňŗŏĔŇħĕŉŘĬȮĪŜŅĔŅĶĺńħĕĬŅħĕŀĚ
ĺĚŒĽŏıŊŗŀĬŜŅĴŅŏĮĶňĵĭŏĪňĵĭĔńĭĕĬŅħĕŀĚőėőĸĬňȮĪŜŅĔŅĶėńħŐĵĔŏĔŖĭŏıŊŗŀĬŜŅœĮĪħĽŀĭĨƞŀœĮȮŐĸŃĻŉĔļŅĸńĔļĦŃĪŅĚ
ĽńĦģŅĬĺŇĪĵŅĭĬŀŅľŅĶŐĕŖĚĨŅĴĺŇīňĔŅĶĕŀĚȮKlich (0..0'ȮDanmek et al (0.//'ȮŐĸŃȮDanmek et al 
(0./2'ȮőħĵĻŉĔļŅĸńĔļĦŃĨƞŅĚŕȮŏĝƞĬȮĽňȮĕĬŅħȮŐĸŃĶŌĮĶƞŅĚĕŀĚĽĮŀĶƢȮŏĮƦĬĨƟĬ 
 2. ĔŅĶľĴńĔĴńĬĽŜŅĮŃľĸńĚħƟĺĵĺŇīňȮSolid state fermentation  
 ĴńĬĽŜŅĮŃľĸńĚȮ10.0 ĔĶńĴȮŒĽƞĸĚŒĬĕĺħĶŌĮĝĴıŌƞĕĬŅħȮ500ȮĴŇĸĸŇĸŇĨĶȮĪňŗĴňŀŅľŅĶȮSS medium ĮĶŇĴŅĨĶȮ40Ȯ
ĴŇĸĸŇĸŇĨĶ ěŅĔĬńŘĬŏĨŇĴĽŅĶĸŃĸŅĵĽĮŀĶƢŏĝŊŘŀĶŅȮ&106 spore/ml) ĪňŗėńħŐĵĔœħƟĸĚœĮȮ1ȮĴŇĸĸŇĸŇĨĶȮŏĸňŘĵĚŏĝŊŘŀĶŅĪňŗŀŋĦľĳŌĴŇȮ
1.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬĶŃĵŃŏĺĸŅȮ5ȮĺńĬȮŏĔŖĭŏŀĬœĞĴƢőħĵĔŅĶĬŜŅĴŅĮƤƧĬŏľĺňŗĵĚȮ&centrifuge) ĪňŗŀŋĦľĳŌĴŇȮ2ȮŀĚĻŅ
ŏĞĸŏĞňĵĽȮėĺŅĴŏĶŖĺĶŀĭȮ4,...ȮĶŀĭĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅȮ1.ȮĬŅĪňȮŏĔŖĭĬŘŜŅĽƞĺĬŒĽŏıŊŗŀĺŇŏėĶŅŃľƢĬŘŜŅĨŅĸȮŐĸŃȮŏŀĬœĞĴƢŏıŊŗŀ
ĬŜŅœĮĺńħėƞŅŐŀėĨŇĺŇĨňĕŀĚŀŃœĴŏĸĽĪňŗėĺŅĴŏĮƦĬĔĶħŐĸŃħƞŅĚȮŐĸŃȮŀŋĦľĳŌĴŇĨƞŅĚŕȮĔńĬȮ(ħńħŐĮĸĚěŅĔȮGhose, /765'Ȯ
őħĵȮ/ȮĵŌĬŇĨĕŀĚŏŀĬœĞĴƢȮľĴŅĵĩŉĚȮĮĶŇĴŅĦĕŀĚŏŀĬœĞĴƢĪňŗĽŅĴŅĶĩĵƞŀĵĽĸŅĵŐĮƚĚŏĮƦĬĬŘŜŅĨŅĸĔĸŌőėĽȮ/ȮœĴőėĶőĴĸȮ
ĳŅĵŒĬȮ/ȮĬŅĪňȮĳŅĵŒĨƟĽĳŅĺŃĪňŗŒĝƟĪħĽŀĭ ŒĬĕĦŃĪňŗĽƞĺĬĪňŗŏĮƦĬĨŃĔŀĬȮėŊŀȮĴńĬĽŜŅĮŃľĸńĚľĴńĔŐĸŃŏĽƟĬŒĵŏĝŊŘŀĶŅĬŜŅœĮ
ĺŇŏėĶŅŃľƢėŋĦėƞŅĪŅĚőĳĝĬŃĨŅĴĺňĕŀĚȮAOAC (2006'Ȯ ĪŜŅĔŅĶĺŇŏėĶŅŃľƢėŋĦėƞŅĪŅĚőĳĝĬŅĔŅĶȮ5ȮĔĸŋƞĴŒľĠƞȮ ėŊŀȮ
ėĺŅĴĝŊŘĬȮ&Moisture) ŏĩƟŅȮ&Ash) őĮĶĨňĬĶĺĴȮ&Crude protein, CP) œĕĴńĬȮ&Crude fat ľĶŊŀȮEther extract, EE) 
ŏĵŊŗŀŒĵȮ&Crude fiber, CF) ıĶƟŀĴĔńĭľŅŐĬĺĪŅĚŒĬĔŅĶĬŜŅœĮįĽĴŏĮƦĬĽŌĨĶŀŅľŅĶĽŜŅľĶńĭŏĸňŘĵĚĽńĨĺƢ 
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 5. ĔŅĶĺŇŏėĶŅŃľƢĪŅĚĽĩŇĨŇ 
 ĺŇŏėĶŅŃľƢėƞŅĪŅĚĽĩŇĨŇŏıŊŗŀľŅėƞŅėĺŅĴŐĮĶĮĶĺĬȮ&Analysis of variance, ANOVA) őħĵŒĝƟŐįĬĔŅĶĪħĸŀĚ
ŐĭĭĽŋƞĴŀĵƞŅĚĽĴĭŌĶĦƢȮ(Completely Randomized Design : CRD) őħĵŒĝƟőĮĶŐĔĶĴĽŜŅŏĶŖěĶŌĮĪŅĚĽĩŇĨŇȮ&SPSS 
version 22'ȮĔŜŅľĬħėƞŅĬńĵĽŜŅėńĠĪňŗŒĝƟŒĬĔŅĶĪħĽŀĭĪňŗȮP < 0.05  

 
įĸĔŅĶĺŇěńĵŐĸŃŀĳŇĮĶŅĵįĸȮȮ 
 ĚŅĬĺŇěńĵĬňŘěŃŒĝƟěŋĸŇĬĪĶňĵƢĪňŗėńħŐĵĔœħƟěŅĔıŊŘĬĪňŗŏıŅŃĮĸŌĔĴńĬĽŜŅĮŃľĸńĚĭĶŇŏĺĦĭƟŅĬőĞƟĨŜŅĭĸŐĴƞĬŅŏĶŊŀȮŀŜŅŏĳŀ
ŏĴŊŀĚěńĚľĺńħıŃŏĵŅȮĞŉŗĚŏĴŊŗŀĻŉĔļŅěŋĸŇĬĪĶňĵƢȮıĭĺƞŅȮĽƞĺĬŒľĠƞŏĮƦĬŏĝŊŘŀĶŅŒĬĔĸŋƞĴĪňŗĪŜŅŒľƟĔƞŀőĶėőħĵŏĜıŅŃŏĝŊŘŀĶŅĽŅĵıńĬīŋƢȮ
Aspergillus section Nigri (ĨŅĶŅĚĪňŗȮ1) ĞŉŗĚěŃĽĶƟŅĚĽŅĶıŇļőŀėĶŅĪŖŀĔĞŇĬȮŏŀȮ&Ochratoxin A) &AbarcaȮet al. 
1994'ȮŐĸŃŏĴŊŗŀĪŜŅĔŅĶĺńħĺĚŒĽȮ&Clear zone) ĪňŗĕŉŘĬĭĬŀŅľŅĶȮSS ıĭĺƞŅȮŏĝŊŘŀĶŅŒĬĔĸŋƞĴȮMucor sp. Rhizopus sp. 
ŐĸŃȮAspergillus nigerȮŒľƟėƞŅĽŌĚĽŋħȮőħĵĴňėƞŅŏĜĸňŗĵȮ7.6±0.9 ȮŏĞĬĨŇŏĴĨĶȮĞŉŗĚŏĴŊŗŀĨĶĺěĽŀĭŒĬŏŀĔĽŅĶĶŅĵĚŅĬĺŇěńĵȮ
ıĭĺƞŅŏĮƦĬŏĝŊŘŀĶŅĪňŗŒĝƟŐıĶƞľĸŅĵŒĬĔŅĶįĸŇĨŀŅľŅĶľĴńĔĨƞŅĚŕȮŏĝƞĬȮHachmeister and Fung (/771'ȮĞŉŗĚœħƟĻŉĔļŅŐĸŃ
ėńħŐĵĔȮRhizopus oryzae ěŅĔŀŅľŅĶľĴńĔěŅĔĩńŗĺŐĸŃŐĮƚĚȮŐĸŃȮSaito et al (0..2'ȮĞŉŗĚĻŉĔļŅŐĸŃėńħŐĵĔȮR. 
oryzae IFO 25.5ȮŏıŊŗŀŒĝƟŒĬĔŅĶľĴńĔĔŅĔĴńĬĽŜŅĮŃľĸńĚȮŏĮƦĬĨƟĬ ŐĸŃȮěŅĔĔŅĶĪħĽŀĭĔŅĶŏěĶŇĠŐĸŃįĸŇĨŏŀĬœĞĴƢŀŃ
œĴŏĸĽěŅĔŏĝŊŘŀĶŅĪňŗėńħŐĵĔœħƟȮőħĵĬŜŅŏĝŊŘŀĶŅĪňŗĴňĕĬŅħĕŀĚĺĚŒĽĽŌĚĽŋħěŜŅĬĺĬȮ6 ĽŅĵıńĬīŋƢĴŅŏĸňŘĵĚőħĵŒĝƟĴńĬĽŜŅĮŃľĸńĚ
ŏĮƦĬŐľĸƞĚėŅĶƢĭŀĬȮŏĴŊŗŀĭƞĴœĺƟĪňŗŀŋĦľĳŌĴŇȮ30 ŀĚĻŅŏĞĸŏĞňĵĽȮĬŅĬȮ7 ĺńĬȮőħĵŒĝƟĺŇīňĔŅĶľĴńĔŐĭĭȮSolid State 
Fermentation (SSF)ȮıĭĺƞŅȮŏĝŊŘŀĶŅȮRhizopus spp.ȮUP04 (ĳŅıĪňŗȮ1)ȮŒľƟėƞŅĴňŐŀėĨŇĺňĨňĕŀĚŏŀĬœĞĴƢŀŃœĴŏĸĽȮ
ŏĪƞŅĔńĭȮ.,.77±.,..4ȮU/mLȮ&ĳŅıĪňŗȮ2) ĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮPeixoto-Nogueira et al. (2008) ŐĸŃ
Harjeet et al. (0./3'ȮĶŅĵĚŅĬĺƞŅȮŀŃœĴŏĸĽěŅĔ RhizopusȮspp.ȮĴňėƞŅŐŀėĨŇĺňĨňĕŀĚĽŌĚĽŋħŒĬĝƞĺĚĶŃĵŃŏĺĸŅȮ5-7ȮĺńĬȮ 
 ŏĴŊŗŀĬŜŅŏĝŊŘŀĶŅȮRhizopus spp. UP04ȮĴŅĻŉĔļŅįĸĕŀĚŀŋĦľĳŌĴŇĨƞŀĔŅĶĪŜŅĚŅĬĕŀĚŏŀĬœĞĴƢĪňŗŏĔŇħĕŉŘĬŒĬ
ĶŃľĺƞŅĚĔŅĶľĴńĔĴńĬĽŜŅĮŃľĸńĚȮıĭĺƞŅŏĝŊŘŀĶŅȮRhizopus spp. UP04ȮĴňėƞŅŐŀėĨŇĺňĨňĕŀĚŏŀĬœĞĴƢĽŌĚĽŋħĪňŗŀŋĦľĳŌĴŇȮ60Ȯ
ŀĚĻŅŏĞĸŏĞňĵĽȮŐĨƞěŃĴňĮĶŃĽŇĪīŇĳŅıĸħĸĚŏĴŊŗŀŀŋĦľĳŌĴŇĽŌĚĕŉŘĬŏĶŊŗŀĵŕȮőħĵĪňŗŀŋĦľĳŌĴŇȮ80 ŀĚĻŅŏĞĸŏĞňĵĽȮŏŀĬœĞĴƢěŃĸħ
ĮĶŃĽŇĪīŇĳŅıĸĚĔĺƞŅȮ50 ŏĮŀĶƢŏĞŖĬĨƢȮŀĵƞŅĚœĶĔŖĨŅĴŐĴƟĺƞŅŀŋĦľĳŌĴŇȮ60ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĝŊŘŀĶŅ Rhizopus spp. UP04 
ěŃĴňĮĶŃĽŇĪīŇĳŅıħňĪňŗĽŋħŐĨƞěŃŏĮƦĬĝƞĺĚœĴƞŏľĴŅŃĽĴĨƞŀĔŅĶŏěĶŇĠŏĨŇĭőĨȮŏıĶŅŃȮěŅĔĔŅĶĻŉĔļŅıĭĺƞŅŏĝŊŘŀĶŅȮRhizopus 
spp. UP04ȮŐĸŃȮŏĝŊŘŀĶŅĪňŗįĸŇĨŏŀĬœĞĴƢŀŃœĴŏĸĽŀŊŗĬŕȮőħĵĪńŗĺœĮěŃŏěĶŇĠœħƟħňŒĬĝƞĺĚŀŋĦľĳŌĴŇȮ25-40 ŀĚĻŅŏĞĸŏĞňĵĽ 
(Kwon et al. 2001; Han & Nout, 2000) ħńĚĬńŘĬŒĬĔĶŃĭĺĬĔŅĶľĴńĔőħĵĺŇīňȮsolid state fermentation ěŉĚĴň
ėĺŅĴŏľĴŅŃĽĴĨƞŀĔŅĶŏěĶŇĠĕŀĚŏĝŊŘŀĶŅȮ 
ŏıĶŅŃȮŒĬĶŃľĺƞŅĚĔŅĶľĴńĔěŃĴňŀŋĦľĳŌĴŇĽŌĚĕŉŘĬŏĸŖĔĬƟŀĵȮ 
 ŏĴŊŗŀĻŉĔļŅįĸĕŀĚȮpH ĨƞŀĔŅĶŏěĶŇĠŐĸŃŏĽĩňĵĶĳŅıĕŀĚŏŀĬœĞĴƢȮ ıĭĺƞŅȮ ŒĬĶŃľĺƞŅĚĔŅĶľĴńĔĽŜŅĮŃľĸńĚ
ĶƞĺĴĔńĭŏĝŊŘŀĶŅȮRhizopus spp. UP04 ěŃĴňĔŅĶĮĸħĮĸƞŀĵŏŀĬœĞĴƢŀŃœĴŏĸĽĴŅĵƞŀĵĴńĬĽŜŅĮŃľĸńĚŒľƟŏĮƦĬĬŘŜŅĨŅĸȮŐĸŃȮ
ŒĝƟĬŘŜŅĨŅĸŏıŊŗŀŏěĶŇĠŏĨŇĭőĨȮĞŉŗĚěŃĴňĔŅĶįĸŇĨĔĶħŀŇĬĪĶňĵƢĨƞŅĚŕȮŀŀĔĴŅħƟĺĵȮĪŜŅŒľƟėƞŅėĺŅĴŏĮƦĬĔĶħ-ħƞŅĚĕŀĚŀŅľŅĶľĴńĔ
ĸħĨŗŜŅĸĚȮĞŉŗĚěŅĔĔŅĶĪħĸŀĚŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶĪňŗĶŃħńĭėƞŅėĺŅĴŏĮƦĬĔĶħ-ħƞŅĚȮŏĪƞŅĔńĭȮ4ȮĩŉĚȮ8ȮıĭĺƞŅ Rhizopus spp. 
UP04ȮěŃĴňėƞŅŐŀėĨŇĺňĨňĕŀĚŏŀĬœĞĴƢŀŃœĴŏĸĽĽŌĚĽŋħĪňŗėƞŅėĺŅĴŏĮƦĬĔĶħ-ħƞŅĚȮŏĪƞŅĔńĭȮ5.5 ŒĬĕĦŃĪňŗėƞŅėĺŅĴŏĮƦĬĔĶħ-
ħƞŅĚȮŏĪƞŅĔńĭȮ3.5-4.0 ŏŀĬœĞĴƢĵńĚėĚĪŜŅĚŅĬœħƟŐĨƞĮĶŃĽŇĪīŇĳŅıěŃĸħĸĚĔĺƞŅȮ50ȮŏĮŀĶƢŏĞŖĬĨƢȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĪňŗėƞŅ
ėĺŅĴŏĮƦĬĔĶħ-ħƞŅĚĪňŗŏľĴŅŃĽĴȮėŊŀȮ5.5 ȮĞŉŗĚěŅĔĔŅĶĪħĸŀĚĬňŘĴńĬĽŜŅĮŃľĸńĚĪňŗľĴńĔŐĭĭȮsolid state fermentation 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ŏĮƦĬĶŃĵŃŏĺĸŅȮ7 ĺńĬȮĴňėƞŅėĺŅĴŏĮƦĬĔĶħ-ħƞŅĚȮĸħĸĚěŅĔŏħŇĴȮ6.0 ŏĮƦĬȮ3.5 ħńĚĬńŘĬěŉĚĝňŘŒľƟŏľŖĬĺƞŅĔŅĶľĴńĔĴńĬĽŜŅĮŃľĸńĚ
ŐĭĭȮsolid state fermentationȮěŉĚĴňĶŃĵŃŏĺĸŅŀĵŌƞŒĬĝƞĺĚœĴƞŏĔŇĬȮ7 ĺńĬȮĽŀħėĸƟŀĚĔńĭĶŅĵĚŅĬĕŀĚȮHarjeet et al. 
(2015)ȮıĭĺƞŅȮėƞŅŐŀėĨŇĺňĨňĕŀĚŀŃœĴŏĸĽěŅĔ Rhizopus oryzae ěŃĴňėƞŅĽŌĚĽŋħŒĬĝƞĺĚĪňŗėƞŅėĺŅĴŏĮƦĬĔĶħ-ħƞŅĚȮŏĪƞŅĔńĭȮ
5.5 ĽŀħėĸƟŀĚĔńĭĶŅĵĚŅĬŀŊŗĬȮŕȮĔĸƞŅĺĺƞŅȮėƞŅėĺŅĴŏĮƦĬĔĶħ-ħƞŅĚȮŐĸŃŀŋĦľĳŌĴŇĪňŗŏľĴŅŃĽĴĽŜŅľĶńĭŐŀėĨŇĺňĨňĕŀĚŀŃœĴȮ
ŏĸĽěŅĔŏĝŊŘŀĶŅȮRhizopus spp. UP04 ŀĵŌƞŒĬĝƞĺĚėƞŅėĺŅĴŏĮƦĬĔĶħ-ħƞŅĚĶŃľĺƞŅĚȮ4.5ȮĩŉĚȮ6.0ȮŐĸŃĝƞĺĚŀŋĦľĳŌĴŇ
ĶŃľĺƞŅĚȮ50ȮĩŉĚȮ75ȮŀĚĻŅŏĞĸŏĞňĵĽȮ&Takii et al. 2005; Ferreira et al. 2015)  
 ĔŅĶĭƞĴŏĝŊŘŀőħĵŒĝƟĺŇīňĔŅĶľĴńĔŐĭĭȮSolid State Fermentation ıĭĺƞŅĴńĬĽŜŅĮŃľĸńĚľĴńĔħƟĺĵȮRhizopus 
spp.ȮUP04 &fermentation process'ȮĴňėŋĦėƞŅĪŅĚőĳĝĬŃőħĵŏĜıŅŃŒĬĽƞĺĬĕŀĚőĮĶĨňĬĞŉŗĚŏĔŇħěŅĔĔŅĶŏěĶŇĠĕŀĚ
ěŋĸŇĬĪĶňĵƢȮėŊŀȮ2,/0% ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĔŅĶŒĝƟŏĝŊŘŀĶŅĴŅĨĶģŅĬȮR. orayzae TISTRȮ1.32Ȯ&3,63%'ȮŐĸŃȮĴńĬ
ĽŜŅĮŃľĸńĚľĴńĔĪňŗœĴƞĴňĔŅĶœĴƞŏĝŊŘŀěŋĸŇĬĪĶňĵƢȮŐĸŃȮœĴƞŒľƟŀŅĔŅĻȮ&ensiling process'ȮėŊŀȮ0,/6% (ĨŅĶŅĚĪňŗȮ0)ȮŏĴŊŗŀ
ĺŇŏėĶŅŃľƢėŋĦėƞŅĪŅĚőĳĝĬŃŀŊŗĬŕȮĕŀĚĴńĬĽŜŅĮŃľĸńĚĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶľĴńĔŏıŇŗĴŏĨŇĴȮıĭĺƞŅėŋĦėƞŅĪŅĚőĳĝĬŃŏıŇŗĴĴŅĔ
ĕŉŘĬȮőħĵŏĜıŅŃőĮĶĨňĬĞŉŗĚŀŅěŏĮƦĬįĸĴŅěŅĔőĮĶĨňĬŏĞĸĸƢŏħňĵĺȮ&Single cell protein) ĪňŗŏĔŇħĕŉŘĬěŅĔĔĶŃĭĺĬĔŅĶ
ŏěĶŇĠŏĨŇĭőĨŐĸŃŏıŇŗĴěŜŅĬĺĬŏĞĸĸƢĕŀĚŏĝŊŘŀěŋĸŇĬĪĶňĵƢȮĽŀħėĸƟŀĚĔńĭȮZhang et al. (2013) ŐĨƞĽŇŗĚĪňŗıĭěŅĔĔŅĶĻŉĔļŅĬňŘȮ
ėŊŀȮŀŅľŅĶľĴńĔħƟĺĵȮRhizopus spp. UP04 ĬŀĔěŅĔěŃĴňőĮĶĨňĬŏıŇŗĴĕŉŘĬĴŅŐĸƟĺȮěŃĴňĔŅĶįĸŇĨĔĶħŀŇĬĪĶňĵƢĪňŗĽŜŅėńĠĪňŗ
ĝƞĺĵĸħȮpH ĕŀĚŀŅľŅĶľĴńĔȮĪŜŅŒľƟĽŅĴŅĶĩŏĔŖĭĶńĔļŅœĺƟœħƟĬŅĬŒĬĩńĚľĴńĔĪňŗĮƕħİŅĽĬŇĪœĺƟœħƟĩŉĚȮ6ȮŏħŊŀĬȮőħĵĪňŗőĳĝĬŃĴň
ĔŅĶŏĮĸňŗĵĬŐĮĸĚĬƟŀĵĴŅĔȮ&Guyot et al. 2000) ĬŀĔěŅĔĬňŘĮĶŇĴŅĦőĮĶĨňĬŐĸŃœĕĴńĬŒĬĴńĬĽŜŅĮŃľĸńĚĪňŗįƞŅĬ
ĔĶŃĭĺĬĔŅĶľĴńĔŐĭĭȮsolid state fermentation ĪňŗĴňĔŅĶŏĨŇĴľńĺŏĝŊŘŀěŋĸŇĬĪĶňĵƢĴňėƞŅĽŌĚĔĺƞŅĔŅĶľĴńĔŐĭĭȮensiling 
process ŒĬĝŋħėĺĭėŋĴĪňŗœĴƞœħƟŏĨŇĴľńĺŏĝŊŘŀȮŀĵƞŅĚĴňĬńĵĽŜŅėńĠȮĬŀĔěŅĔĬňŘĔŅĶľĴńĔěŃĴňĔŅĶŏĨŇĴľńĺŏĝŊŘŀȮRhizopus spp. 
UP04 ěŃĪŜŅŒľƟěŋĸŇĬĪĶňĵƢĔĸŋƞĴĬňŘĽŅĴŅĶĩŏěĶŇĠŐĸŃŏĔŇħĮĢŇĔŇĶŇĵŅĔŅĶľĴńĔœħƟŏĶŖĺĕŉŘĬȮěŉĚĪŜŅŒľƟıŊĝľĴńĔŏĕƟŅĽŌƞĔĶŃĭĺĬĔŅĶ
ľĴńĔœħƟŏĶŖĺŐĸŃĽŅĴŅĶĩėĚėƞŅőĳĝĬŃœħƟħňĔĺƞŅıŊĝľĴńĔĪňŗœĴƞœħƟŏĨŇĴľńĺŏĝŊŘŀěŋĸŇĬĪĶňĵƢȮĬŀĔěŅĔĬňŘĵńĚĝƞĺĵėĺĭėŋĴĔĸŋƞĴ
ěŋĸŇĬĪĶňĵƢĔƞŀőĶėěŜŅıĺĔȮEnterobacteria œħƟŀňĔĪŅĚľĬŉŗĚȮŐĸŃȮŏĴŊŗŀĬŜŅĴńĬĽŜŅĮŃľĸńĚľĴńĔĶƞĺĴĔńĭŏĝŊŘŀĶŅȮRhizopus 
spp. UP04 ĪňŗœħƟœĮĮĶŃĔŀĭŏĮƦĬĽŌĨĶŀŅľŅĶőħĵĔŅĶŏĨŇĴŒĬĽńħĽƞĺĬȮ50% ěŅĔĔŅĶėŜŅĬĺĦĴńĬĽŜŅĮŃľĸńĚĽŅĴŅĶĩĬŜŅĴŅ
įĽĴŏĮƦĬŀŅľŅĶĽŜŅľĶńĭŏĸňŘĵĚĽńĨĺƢœħƟȮŏıĶŅŃȮŏĴŊŗŀĬŜŅœĮįĽĴŒĬŀńĨĶŅĽƞĺĬȮ/.. ĔŇőĸĔĶńĴȮĮĶŃĔŀĭħƟĺĵȮĴńĬĽŜŅĮŃľĸńĚ
ľĴńĔȮ3.ȮĔĔ,ȮĶŜŅľĵŅĭȮ/1ȮĔĔ,ȮĩńŗĺŏľĸŊŀĚȮ13ȮĔĔ,ȮıĶňĴŇĔĞƢȮ.,3ȮĔĔ,ȮœħŐėĸŏĞňĵĴȮ/ȮĔĔ,ȮŐĸŃȮŏĔĸŊŀȮ.,3ȮĔĔ,ĺŇŏėĶŅŃľƢ
ėŋĦėƞŅĪŅĚőĳĝĬŃěŃĴňĽƞĺĬĕŀĚőĮĶĨňĬȮėŊŀȮ14.69% (ĨŅĶŅĚĪňŗȮ1) ŀĵƞŅĚœĶĔŖĨŅĴŒĬĔŅĶŏıŇŗĴőĳĝĬŃĕŀĚĴńĬĽŜŅĮŃľĸńĚ
ħƟĺĵĺŇīňľĴńĔŐĭĭȮsolid state fermentation ħƟĺĵŏĝŊŘŀĶŅŐĽħĚŒľƟŏľŖĬĺƞŅȮĽŅĴŅĶĩŏıŇŗĴėŋĦėƞŅĪŅĚőĳĝĬŃĕŀĚĺńĽħŋ
ĔŅĶŏĔļĨĶœħƟħňĔĺƞŅŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĺŇīňľĴńĔŐĭĭŏħŇĴĪňŗœĴƞŒĽƞěŋĸŇĬĪĶňĵƢȮľĶŊŀȮĔĶŃĭĺĬĔŅĶľĴńĔŐĭĭœĴƞĴňŀŅĔŅĻȮ
&ensiling process'ȮĬŀĔěŅĔĬňŘěŅĔėĺŅĴľĸŅĔĪŅĚĝňĺĳŅıĕŀĚĽŅĵıńĬīŋƢěŋĸŇĬĪĶňĵƢĪŜŅŒľƟĔĶŃĭĺĬĔŅĶľĴńĔŐĭĭȮsolid 
state fermentation ŏĮƦĬĔĶŃĭĺĬĪňŗĽŅĴŅĶĩĬŜŅěŋĸŇĬĪĶňĵƢĨƞŅĚŕȮĴŅĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶľĴńĔŒľƟœħƟŀŅľŅĶľĴńĔĪňŗĴňėŋĦėƞŅ
ĪŅĚőĳĝĬŃĪňŗĨƟŀĚĔŅĶœħƟȮŏĝƞĬȮĔŅĶŒĝƟěŋĸŇĬĪĶňĵƢĪňŗįĸŇĨŏŀĬœĞĴƢĨƞŅĚŕȮœħƟŐĔƞȮŀŃœĴŏĸĽȮŐĸŃȮŏĞĸĸŌŏĸĽȮŏıŊŗŀĝƞĺĵŒĬĔŅĶĵƞŀĵ
őėĶĚĽĶƟŅĚľĸńĔĕŀĚĺńĨĩŋħŇĭĪňŗĴňŐĮƚĚŐĸŃŏĵŊŗŀŒĵŏĮƦĬŀĚėƢĮĶŃĔŀĭőħĵěŋĸŇĬĪĶňĵƢěŃĵƞŀĵĽƞĺĬĪňŗŏĮƦĬŏĵŊŗŀŒĵŐĸŃŐĮƚĚŏĮƦĬ
ĬŘŜŅĨŅĸȮŏıŊŗŀŒľƟıĸńĚĚŅĬĔńĭěŋĸŇĬĪĶňĵƢĽŜŅľĶńĭĔŅĶŏěĶŇĠŏĨŇĭőĨŐĸŃŏıŇŗĴěŜŅĬĺĬĴŅĔĕŉŘĬȮěŅĔĬńŘĬȮĵňĽĨƢěŃŏĮĸňŗĵĬĬŘŜŅĨŅĸ
ŏĮƦĬŐŀĸĔŀŁŀĸƢŐĸŃĔĶħĝĬŇħĨƞŅĚŕȮĞŉŗĚěŃĽƞĚįĸŒľƟŀŅľŅĶľĴńĔĴňėŋĦėƞŅĪŅĚőĳĝĬŃŏıŇŗĴĕŉŘĬħƟĺĵȮĽŀħėĸƟŀĚĔńĭĶŅĵĚŅĬ
ĔŅĶĻŉĔļŅěŅĔĬńĔĺŇěńĵľĸŅĵĪƞŅĬĪňŗŒĝƟĺńĨĩŋħŇĭŀŅľŅĶĽńĨĺƢĪňŗĴňŐĮƚĚŏĮƦĬŀĚėƢĮĶŃĔŀĭĴŅľĴńĔŏıŊŗŀŏıŇŗĴėŋĦėƞŅĪŅĚőĳĝĬŃ
ĔƞŀĬĪňŗěŃĬŜŅœĮŏĸňŘĵĚĽńĨĺƢȮŏĝƞĬȮĔŅĶľĴńĔĔŅĔĴńĬĽŜŅĮŃľĸńĚħƟĺĵŏĝŊŘŀĶŅȮRhizopus oligosporus (Belewu and 
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Babalola, 2009) ŐĸŃȮĔŅĶŏıŇŗĴőĮĶĨňĬŒĬĴńĬŏĽƟĬħƟĺĵĔŅĶľĴńĔĶƞĺĴĔńĭŏĝŊŘŀĶŅȮTrichoderma viride (Ezekiel et al., 
2010)ȮŏĮƦĬĨƟĬȮ 
 
ĨŅĶŅĚ 1: ėĺŅĴĩňŗĕŀĚĝĬŇħŐĸŃěŜŅĬĺĬŏĝŊŘŀĶŅĪňŗĨĶĺěıĭŒĬħŇĬĭĶŇŏĺĦŐĮĸĚĮĸŌĔĴńĬĽŜŅĮŃľĸńĚȮĨŜŅĭĸŐĴƞĬŅŏĶŊŀȮŀŜŅŏĳŀ
ŏĴŊŀĚȮěńĚľĺńħıŃŏĵŅ  

Fungal isolate % Occurrence 
Mucor spp. 14.81 

Rhizopus spp. 22.22 
Trichoderma viride 7.41 

Fusarium spp 7.41 
Penicllium spp 11.11 

Aspergillus flavus 7.41 
Aspergillus niger 18.52 

Aspergillus terreus 3.7 
Neurospora cassa 7.41 

 
ĨŅĶŅĚȮ2: ėŋĦėƞŅĪŅĚőĳĝĬŃĕŀĚĴńĬĽŜŅĮŃľĸńĚĪňŗľĴńĔħƟĺĵĺŇīňŐĭĭȮensiling ŐĸŃȮfermentation process 

Parameters (%) Ensiling process 
Without fungi 

Fermentation process by 
Rhizopus spp. UP04 

 Fermentation process by 
R. orayzae TISTRȮ1.32 

Dry matter  40.25a 33.21b  34.25b 
Crude Protein 2.18b 4.12a  3.85a 
Ether extract 2.45b 1.88a  3.11a 
Ash .,66a .,67a  0.87a 

Fiber 2.30a 3.15a  2.86a 
Lactic acid 64a 62a  64a 
Acetic acid 10b 18a  13a 
Butyric acid 0.5a 1.4a  1.2a 
pH 3.7a 3.7a  3.5a 
Yeast (log10 CFU/g silage) 2.3a 2.5b  2.2b 
Fungi (log10 CFU/g silage) 2.1a 2.2a  1.8a 
Bacteria (log10 CFU/g silage) 3.1a 3.0a  2.5a 
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ĨŅĶŅĚĪňŗȮ1: ėŋĦėƞŅĪŅĚőĳĝĬŃĕŀĚŀŅľŅĶįĽĴĪňŗĴňĴńĬĽŜŅĮŃľĸńĚľĴńĔŏĮƦĬŀĚėƢĮĶŃĔŀĭȮ3.%   
Feed nutrition Proximate analysis 

ȮMoisture 10.42 
ȮDM 89.57 
Ash 7.51 
EE 3.74 
ȮCF 7,66 
CP 12.69 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ľĴŅĵŏľĨŋȮĽńħĽƞĺĬĕŀĚŀŅľŅĶįĽĴȮ/.. ĔŇőĸĔĶńĴȮĮĶŃĔŀĭħƟĺĵȮĴńĬĽŜŅĮŃľĸńĚľĴńĔȮ3.ȮĔĔ,ȮĶŜŅľĵŅĭȮ/1ȮĔĔ,Ȯ 
ĩńŗĺŏľĸŊŀĚȮ13ȮĔĔ,ȮıĶňĴŇĔĞƢȮ.,3ȮĔĔ,ȮœħŐėĸŏĞňĵĴȮ/ȮĔĔ,ȮŐĸŃȮŏĔĸŊŀȮ.,3ȮĔĔ,Ȯ 

ĳŅı 1: ŏĝŊŘŀĶŅȮRhizopus spp. UP04 ĪňŗŏĸňŘĵĚĭĬŀŅľŅĶȮPDA ŏĮƦĬĶŃĵŃŏĺĸŅȮ5ȮĺńĬȮŐĸŃȮĳŅıěŅĔĔĸƟŀĚěŋĸĪĶĶĻĬƢȮ
ŐĽħĚŏĽƟĬŒĵȮconidiosphore ŐĸŃȮconidia ĕŀĚŏĝŊŘŀĶŅ 

 
 
 
 

a 

c 

b 

d 
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ĳŅı 2:  ėƞŅŐŀėĨŇĺŇĨňĕŀĚŏŀĬœĞĴƢŀŃœĴŏĸĽĕŀĚŏĝŊŘŀĶŅĪňŗėńħŐĵĔœħƟŏĴŊŗŀŏĸňŘĵĚĭĬŀŅľŅĶȮSS medium ĪňŗĴňĴńĬĽŜŅĮŃľĸńĚ
ŏĮƦĬŐľĸƞĚėŅĶƢĭŀĬȮħƟĺĵĺŇīňľĴńĔŐĭĭȮsolid state fermentation ĪňŗŀŋĦľĳŌĴŇȮ1.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬĶŃĵŃŏĺĸŅȮ5ĺńĬȮ 
 

ĽĶŋĮįĸĔŅĶĺŇěńĵ 
 ěŅĔĔŅĶĻŉĔļŅĪńŘĚľĴħĬňŘěŉĚĽŅĴŅĶĩĽĶŋĮŏĭŊŘŀĚĨƟĬœħƟĺƞŅȮěŋĸŇĬĪĶňĵƢĪňŗėńħŐĵĔœħƟȮıĭĺƞŅȮŏĮƦĬŏĝŊŘŀĶŅȮRhizopus 
spp. UP.2ȮĞŉŗĚŏĮƦĬěŋĸŇĬĪĶňĵƢĪňŗĴňĻńĔĵĳŅıŒĬĔŅĶįĸŇĨŏŀĬœĞĴƢŀŃœĴŏĸĽȮĞŉŗĚĽŅĴŅĶĩŏěĶŇĠœħƟħňĪňŗŀŋĦľĳŌĴŇȮ03-2.ȮŀĚĻŅ
ŏĞĸŏĞňĵĽȮĽŅĴŅĶĩįĸŇĨŏŀĬœĞĴƢĪňŗĝƞĺĵŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶľĴńĔȮŐĸŃȮĪĬĽĳŅĺŃŐĺħĸƟŀĴœħƟĪňŗėƞŅėĺŅĴŏĮƦĬĔĶħ
ŐĸŃħƞŅĚȮ1,3-6,.ȮŐĸŃŀŋĦľĳŌĴŇȮ1.ů5.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĴŊŗŀĬŜŅœĮĪħĽŀĭĨƞŀŏıŊŗŀįĸŇĨŏĮƦĬľńĺŏĝŊŘŀěŋĸŇĬĪĶňĵƢĽŜŅľĶńĭ
ĪħĽŀĭĮĶŃĽŇĪīŇĳŅıŐĸŃĔŅĶĬŜŅœĮŒĝƟŒĬĔĶŃĭĺĬĔŅĶľĴńĔĴńĬĽŜŅĮŃľĸńĚŏıŊŗŀĮĶŃĵŋĔĨƢŒĝƟŏıŊŗŀįĸŇĨŀŅľŅĶĽńĨĺƢȮőħĵŒĝƟ
ĺŇīňĔŅĶľĴńĔŐĭĭȮsolid state fermentation ĞŉŗĚĩŊŀĺƞŅŏĮƦĬĺŇīňĔŅĶľĴńĔŐĭĭŒľĴƞĪňŗĽŅĴŅĶĩĬŜŅĴŅŒĝƟŏıŇŗĴőĳĝĬŃĺńĽħŋ
ĔŅĶŏĔļĨĶȮőħĵŏĜıŅŃőĮĶĨňĬŐĸŃœĕĴńĬœħƟħňĔĺƞŅŐĭĭŏħŇĴĪňŗœĴƞŏĨŇĴŀŅĔŅĻȮľĶŊŀȮĔŅĶŏĨŇĴěŋĸŇĬĪĶňĵƢȮ&ensiling process'ȮȮ 
 

ĕƟŀŏĽĬŀŐĬŃ 
 ĔŅĶŒĝƟěŋĸŇĬĪĶňĵƢĨƞŅĚŕȮŒĬĔĶŃĭĺĬĔŅĶľĴńĔĴňĽŇŗĚĪňŗĨƟŀĚıŉĚĶŃĺńĚȮėŊŀȮĝĬŇħĕŀĚěŋĸŇĬĪĶňĵƢĪňŗŒĝƟȮŐĸŃȮĔĶŃĭĺĬĔŅĶ
įĸŇĨŀŅľŅĶľĴńĔȮĞŉŗĚěŃĨƟŀĚœĴƞŒĝƟěŋĸŇĬĪĶňĵƢĪňŗĔƞŀőĶėȮľĶŊŀȮĴňĔŅĶįĸŇĨĽŅĶıŇļĪňŗŏĮƦĬŀńĬĨĶŅĵĨƞŀĽńĨĺƢȮĴĬŋļĵƢȮŐĸŃȮ
ĽŇŗĚŐĺħĸƟŀĴȮĞŉŗĚėĺĶěŃĨƟŀĚĻŉĔļŅĨƞŀœĮ 
 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
őėĶĚĔŅĶĺŇěńĵĬňŘȮħŜŅŏĬŇĬĔŅĶőħĵėĺŅĴĶƞĺĴĴŊŀĪŅĚĺŇĝŅĔŅĶĶŃľĺƞŅĚĴľŅĺŇĪĵŅĸńĵıŃŏĵŅŐĸŃĻŌĬĵƢĺŇěńĵŐĸŃ

ıńĥĬŅŀŅľŅĶĽńĨĺƢŏĝňĵĚĶŅĵȮĔĶĴĮĻŋĽńĨĺƢȮĳŅĵŒĨƟĭńĬĪŉĔėĺŅĴĶƞĺĴĴŊŀĪŅĚĺŇĝŅĔŅĶȮ(Memorandum of 
Understanding; MOU) ĶŃľĺƞŅĚĴľŅĺŇĪĵŅĸńĵıŃŏĵŅŐĸŃĔĶĴĮĻŋĽńĨĺƢȮŐĸŃĕŀĕŀĭėŋĦĪŋĬĽĬńĭĽĬŋĬĔŅĶĺŇěńĵěŅĔ
ĴľŅĺŇĪĵŅĸńĵıŃŏĵŅȮUnit of Excellence ĽńĠĠŅŏĸĕĪňŗȮUoE4...0 

Activity (U/mL)  

Aspergillus niger UP02     Mucor spp. UP03     Mucor spp. UP05      Rhizopus spp. UP04   Rhizopus spp. UP07   Rhizopus spp. UP08 
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ŏŀĔĽŅĶŀƟŅĚŀŇĚ 
ĔĶĴĮĻŋĽńĨĺƢ. &2547Ĕ),ȮĴŅĨĶģŅĬıŊĝŀŅľŅĶĽńĨĺƢľĴńĔĕŀĚĔŀĚŀŅľŅĶĽńĨĺƢ.  ĔĶŋĚŏĪıł8ȮĔĶĴĮĻŋĽńĨĺƢ ĔŀĚŀŅľŅĶĽńĨĺƢ, 
ĔĶĴĮĻŋĽńĨĺƢ. &2547ĕ',ȮĴŅĨĶģŅĬıŊĝŀŅľŅĶĽńĨĺƢŐľƟĚȮĔŀĚŀŅľŅĶĽńĨĺƢ8ȮŏŀĔĽŅĶėŜŅŐĬŃĬŜŅ.  ĔĶŋĚŏĪıł8 ĔĶĴĮĻŋĽńĨĺƢȮ

ĔŀĚŀŅľŅĶĽńĨĺƢ, 
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ĔŀĚŀŅľŅĶĽńĨĺƢ, 
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Abstract 

 This study aims to:Ȯ/'Ȯinvestigate problems of mushroom growing,Ȯ0'Ȯdesign and develop 
a multi-purpose mushroom growing apparatus with automatic humidity and temperature control 
system, and 1'Ȯevaluate efficiency of the developed mushroom growing apparatus. The study 
was divided into 3 phases:Ȯ1) study of mushroom growing problems,Ȯ0'Ȯdesign and development 
of multi-purpose mushroom growing apparatus with automatic humidity and temperature control 
system, and 1'Ȯevaluation of efficiency of the developed mushroom growing apparatus. Results 
of the study showed that most of mushroom growing problems concern with inconsistent yield, 
lack time for watering, and unsatisfactory productivity. Therefore, a multi-purpose mushroom 
growing apparatus with automatic humidity and temperature control systemȮwas designed and 
developed withȮArduino UNO R1 microcontrollerȮAMT /../Ȯmodule. When comparing efficiency 
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against traditional non-automatic growing method, it was found that mushroom growing with 
automatic apparatusȮgave higher yield of mushroom. 
Keywords8Ȯmushroom growing apparatus, temperature control, humidity control, automatic 
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œĴƞĴňŏĺĸŅĶħĬŘŜŅȮįĸįĸŇĨœĴƞĮĶŃĽĭėĺŅĴĽŜŅŏĶŖěĨŅĴŏĮƚŅľĴŅĵȮőħĵĮƤěěńĵĪňŗĴňįĸĨƞŀĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚŏľŖħȮĴŅěŅĔ
ĽĳŅıŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĕŀĚŀŅĔŅĻȮŐĸŃĵńĚĕŉŘĬŀĵŌƞĔńĭķħŌĔŅĸŒĬŐĨƞĸŃĝƞĺĚŏĺĸŅȮĔŅĶŒľƟĬŘŜŅŒĬőĶĚŏıŅŃŏľŖħŐĨƞĸŃėĶńŘĚ
ĬńŘĬěŃĨƟŀĚŀŅĻńĵĮĶŃĽĭĔŅĶĦƢěŅĔĔŅĶŏıŅŃŏľŖħȮľŅĔœĴƞĴňėĺŅĴĝŜŅĬŅĠȮĔŅĶŒľƟĬŘŜŅŒĬőĶĚŏıŅŃŏľŖħŀŅěěŃĽƞĚįĸŒľƟ
ĮĶŇĴŅĦįĸįĸŇĨŏľŖħĪňŗœħƟœĴƞĽĴŗŜŅŏĽĴŀȮĭŅĚėĶńŘĚĮĶŇĴŅĦĔŅĶŒľƟĬŘŜŅŒĬőĶĚŏıŅŃŏľŖħŀŅěĬƟŀĵľĶŊŀĴŅĔŏĔŇĬėĺŅĴĨƟŀĚĔŅĶȮĞŉŗĚ
ĕŉŘĬŀĵŌƞĔńĭĝĬŇħĕŀĚŏľŖħħƟĺĵȮħńĚĬńŘĬįŌƟĺŇěńĵěŉĚœħƟŀŀĔŐĭĭŐĸŃıńĥĬŅŏėĶŊŗŀĚŏıŅŃŏľŖħŀŏĬĔĮĶŃĽĚėƢėĺĭėŋĴŀŋĦľĳŌĴŇŐĸŃ
ėĺŅĴĝŊŘĬħƟĺĵĶŃĭĭŀńĨőĬĴńĨŇȮŏıŊŗŀėĺŅĴĽŃħĺĔŐĔƞįŌƟŒĝƟĚŅĬȮŐĸŃŏıŇŗĴĮĶŇĴŅĦŐĸŃėŋĦĳŅıĕŀĚŏľŖħĪňŗħňĕŉŘĬ 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵ 

 1,ȮŏıŊŗŀĻŉĔļŅĽĳŅıĮƤĠľŅĕŀĚĔŅĶŏıŅŃŏľŖħĬŅĚĲƚŅŐĸŃŏľŖħĬŅĚĸĴħŜŅĕŀĚĬńĔĻŉĔļŅȮĽŅĕŅĺŇĝŅıŊĝĻŅĽĨĶƢ 
2,ȮŏıŊŗŀŀŀĔŐĭĭŐĸŃıńĥĬŅŏėĶŊŗŀĚŏıŅŃŏľŖħŀŏĬĔĮĶŃĽĚėƢėĺĭėŋĴŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬħƟĺĵĶŃĭĭŀńĨőĬĴńĨŇ 
1,ȮŏıŊŗŀĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĕŀĚŏėĶŊŗŀĚŏıŅŃŏľŖħŀŏĬĔĮĶŃĽĚėƢėĺĭėŋĴŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬŀńĨőĬĴńĨŇ 

 

ĺŇīňħŜŅŏĬŇĬĔŅĶĺŇěńĵ 
 /,ȮŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĔŅĶĺŇěńĵ 
  /,/ȮŏėĶŊŗŀĚĴŊŀŒĬĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸȮĮĶŃĔŀĭħƟĺĵ 
   /,/,/ȮŐĭĭĽńĴĳŅļĦƢȮŒĝƟŏıŊŗŀěńħŏĔŖĭĕƟŀĴŌĸŏĔňŗĵĺĔńĭĽĳŅıĮƤĠľŅĕŀĚĔŅĶŏıŅŃŏľŖħĬŅĚĲƚŅŐĸŃŏľŖħ
ĬŅĚĸĴħŜŅĕŀĚĬńĔĻŉĔļŅȮĽŅĕŅĺŇĝŅıŊĝĻŅĽĨĶƢ 
   /,/,0ȮŐĭĭĽńĚŏĔĨȮŒĝƟŏıŊŗŀĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĕŀĚŏėĶŊŗŀĚŏıŅŃŏľŖħŀŏĬĔĮĶŃĽĚėƢėĺĭėŋĴŀŋĦľĳŌĴŇ
ŐĸŃėĺŅĴĝŊŘĬħƟĺĵĶŃĭĭŀńĨőĬĴńĨŇ 
  /,0ȮŏėĶŊŗŀĚĴŊŀŒĬĔŅĶıńĥĬŅŏėĶŊŗŀĚŏıŅŃŏľŖħŀŏĬĔĮĶŃĽĚėƢėĺĭėŋĴŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬħƟĺĵĶŃĭĭ
ŀńĨőĬĴńĨŇȮĮĶŃĔŀĭħƟĺĵȮ 
   /,0,/ȮĭŀĶƢħœĴőėĶėŀĬőĪĶŏĸŀĶƢĨĶŃĔŌĸȮAVR ĪňŗĴňĔŅĶıńĥĬŅŐĭĭȮOpen Source ėŊŀĔŅĶŏĮƕħŏįĵ
ĕƟŀĴŌĸĪńŘĚħƟŅĬȮHardware ŐĸŃȮSoftware ĨńĺĭŀĶƢħœĴőėĶėŀĬőĪĶŏĸŀĶƢȮ&Arduino UNO R1'ȮĩŌĔŀŀĔŐĭĭĴŅŒľƟŒĝƟ
ĚŅĬœħƟĚƞŅĵȮ 
   /,0,0ȮőĴħŌĸȮAMT /../ȮŏĮƦĬŏėĶŊŗŀĚĴŊŀŒĬĔŅĶĺńħŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬȮ 
   /,0,1ȮLCD &Blue Screen'ȮĽŜŅľĶńĭŐĽħĚįĸȮ 
   /,0,2ȮĶňŏĸĵƢȮ&Relay'Ȯ0 Channel ŒĝƟŒĬĔŅĶĽńŗĚĚŅĬŀŋĮĔĶĦƢœĲĲƚŅȮ 
   /,0,3ȮKeypad ĝŋħőĴħŌĸĮŋƙĴĔħĔŉŗĚĽŜŅŏĶŖěĶŌĮĽŜŅľĶńĭȮInput ĕƟŀĴŌĸľĶŊŀĮƚŀĬėŜŅĽńŗĚœĮĵńĚ
œĴőėĶėŀĬőĪĶŏĸŀĶƢȮ 
   /,0,4ȮBuzzer ĸŜŅőıĚŐĭĭŐĴƞŏľĸŖĔȮŐĭĭŏĮƖĵőĞĪňŗĴňĺĚěĶĔŜŅŏĬŇħėĺŅĴĩňŗŀĵŌƞĳŅĵŒĬĨńĺȮŒĝƟœĲŏĸňŘĵĚȮ
1,1-3V 

 
0,ȮĺŇīňħŜŅŏĬŇĬĔŅĶĺŇěńĵȮ 
 ĔŅĶĻŉĔļŅŏĶŊŗŀĚȮŏėĶŊŗŀĚŏıŅŃŏľŖħŀŏĬĔĮĶŃĽĚėƢėĺĭėŋĴŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬħƟĺĵĶŃĭĭŀńĨőĬĴńĨŇȮŐĭƞĚ

ĔŅĶĻŉĔļŅŀŀĔŏĮƦĬȮ1ȮĕńŘĬĨŀĬȮőħĵĴňĶŅĵĸŃŏŀňĵħħńĚĬňŘ 
 0,/ȮĕńŘĬĨŀĬĔŅĶĻŉĔļŅĽĳŅıĮƤĠľŅĕŀĚĔŅĶŏıŅŃŏľŖħȮ 
  ĕńŘĬĨŀĬĬňŘŒĝƟŐĭĭĽńĴĳŅļĦƢŏĮƦĬŏėĶŊŗŀĚĴŊŀŒĬĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸȮőħĵĪŜŅĔŅĶĽŋƞĴĔĸŋƞĴĨńĺŀĵƞŅĚ

ŐĭĭŏěŅŃěĚȮœħƟŐĔƞȮĬńĔĻŉĔļŅĽŅĕŅıŊĝĽńĨĺƢȮěŜŅĬĺĬȮ3ȮėĬȮĞŉŗĚŏĴŊŗŀĪŜŅĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸŐĸƟĺĬŜŅĕƟŀĴŌĸĪňŗœħƟĴŅ
ĺŇŏėĶŅŃľƢŏĝŇĚŏĬŊŘŀľŅȮŐĸŃĽĶŋĮįĸĽĳŅıĮƤĠľŅĶĺĴĩŉĚĸńĔļĦŃĽŅĶĽĬŏĪĻĪňŗįŌƟŒĝƟœħƟĶńĭŒĬĮƤěěŋĭńĬŏıŊŗŀĬŜŅœĮŒĝƟŒĬĕńŘĬĨŀĬ
ĨƞŀœĮ 

 0,0ȮĕńŘĬĨŀĬĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅŏėĶŊŗŀĚŏıŅŃŏľŖħŀŏĬĔĮĶŃĽĚėƢėĺĭėŋĴŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬħƟĺĵ
ĶŃĭĭŀńĨőĬĴńĨŇȮ 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

  ĕńŘĬĨŀĬĬňŘěŃĬŜŅįĸĽĶŋĮĪňŗœħƟěŅĔĔŅĶĽńĴĳŅļĦƢĴŅŒĝƟŒĬĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅŏėĶŊŗŀĚŏıŅŃŏľŖħ
ŀŏĬĔĮĶŃĽĚėƢėĺĭėŋĴŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬħƟĺĵĶŃĭĭŀńĨőĬĴńĨŇȮőħĵĴňȮ0ȮĕńŘĬĨŀĬȮėŊŀȮ 

  0,0,/ȮĔŅĶŀŀĔŐĭĭĶŃĭĭȮĮĶŃĔŀĭħƟĺĵȮ/'ȮŐįĬĳŅıĶŃĭĭȮ&System diagram'Ȯ0'ȮŐįĬĳŅı
ĶŃĭĭœĲȮ&Wiring diagram'Ȯ1'ȮŐįĬĳŅıŐĽħĚĸŜŅħńĭĕńŘĬĨŀĬĔŅĶĪŜŅĚŅĬȮ&Flowchart'ȮŐĸŃȮ2'ȮėŜŅĽńŗĚŒĬőĮĶŐĔĶĴȮ
&Code program'Ȯ 

  0,0,0ȮĔŅĶŀŀĔŐĭĭĶŃĭĭȮInput-output ĕŀĚĶŃĭĭĚŅĬȮĮĶŃĔŀĭħƟĺĵȮĔŅĶŏĝŊŗŀĴĨƞŀŀŋĮĔĶĦƢȮȮȮȮ
ĨƞŅĚȮŕȮ 

 0,1ȮĕńŘĬĨŀĬĔŅĶĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĕŀĚŏėĶŊŗŀĚŏıŅŃŏľŖħŀŏĬĔĮĶŃĽĚėƢėĺĭėŋĴŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬ
ħƟĺĵĶŃĭĭŀńĨőĬĴńĨŇ 

  ĕńŘĬĨŀĬĬňŘŒĝƟĔŅĶĮĶŃŏĴŇĬħƟĺĵĮĶŇĴŅĦŏľŖħĪňŗœħƟěŅĔĔŅĶŏıŅŃŏľŖħĪńŘĚŐĭĭŏĔƞŅŐĸŃŐĭĭĪňŗŒĝƟŏėĶŊŗŀĚ
ŏıŅŃŏľŖħŀŏĬĔĮĶŃĽĚėƢėĺĭėŋĴŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬħƟĺĵĶŃĭĭŀńĨőĬĴńĨŇ 
 

įĸĔŅĶĺŇěńĵ 
 įŌƟĺŇěńĵœħƟħŜŅŏĬŇĬĔŅĶĻŉĔļŅŏıŊŗŀıńĥĬŅŏėĶŊŗŀĚŏıŅŃŏľŖħŀŏĬĔĮĶŃĽĚėƢėĺĭėŋĴŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬħƟĺĵĶŃĭĭ
ŀńĨőĬĴńĨŇȮœħƟįĸĔŅĶĺŇěńĵĨŅĴĕńŘĬĨŀĬĪňŗœħƟĔŜŅľĬħœĺƟĨŅĴĸŜŅħńĭȮħńĚĬňŘ 
 /,ȮįĸĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸĔŅĶĻŉĔļŅĽĳŅıĮƤĠľŅĕŀĚĔŅĶŏıŅŃŏľŖħ 

 ěŅĔĔŅĶĽńĴĳŅļĦƢȮıĭĺƞŅȮĔŅĶĶħĬŘŜŅŒĬĔŅĶŏıŅŃŏľŖħĬńŘĬĨƟŀĚŀŅĻńĵĮĶŃĽĭĔŅĶĦƢŒĬĔŅĶŏıŅŃŏľŖħȮŏıĶŅŃ
ĔŅĶĶħĬŘŜŅĬńŘĬȮĪŜŅŒľƟŏĔŇħįĸĨƞŀŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬőħĵĨĶĚȮĬňŗěŉĚŏĮƦĬŀŋĮĽĶĶėŐĔƞįŌƟĪňŗŏĶŇŗĴŏıŅŃŏľŖħȮŏıĶŅŃœĴƞĶŌƟĺƞŅĨƟŀĚ
ĶħĬŘŜŅŒĬĮĶŇĴŅĦŏĪƞŅŒħȮěŉĚŏıňĵĚıŀĽŜŅľĶńĭĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚŏľŖħȮŐĸŃŀňĔĽŅŏľĨŋľĬŉŗĚėŊŀĬŘŜŅĪňŗĶħœĮĬńŘĬœĴƞĴňĶŃĭĭĔŅĶ
ĶŃĭŅĵĪňŗħňȮěŉĚĪŜŅŒľƟĳŅĵŒĬőĶĚŏĶŊŀĬĬńŘĬŏĔŇħŏĝŊŘŀŐĭėĪňŏĶňĵȮĞŉŗĚĴňįĸĨƞŀĔŅĶŏěĶŇĠŏĨŇĭőĨĪňŗĝƟŅȮŐĸŃĮĶŃĽŇĪīŇĳŅıĨŗŜŅȮ  

0,ȮįĸĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅŏėĶŊŗŀĚŏıŅŃŏľŖħŀŏĬĔĮĶŃĽĚėƢėĺĭėŋĴŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬħƟĺĵĶŃĭĭ
ŀńĨőĬĴńĨŇȮĴňĶŅĵĸŃŏŀňĵħħńĚĬňŘ 
  0,/ȮįĸĔŅĶĔŅĶŀŀĔŐĭĭĶŃĭĭȮŐĽħĚħńĚĳŅı 1, 2, 3 ŐĸŃȮ4 ħńĚĬňŘ 

 
ĳŅıȮ/ȮŐĽħĚŐįĬĳŅıĶŃĭĭȮ&System diagram' 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

 
 

ĳŅıȮ0ȮŐĽħĚŐįĬĳŅıĶŃĭĭœĲȮ&Wiring diagram'Ȯ 
 

 
ĳŅıȮ1ȮŐĽħĚŐįĬĳŅıŐĽħĚĸŜŅħńĭĕńŘĬĨŀĬĔŅĶĪŜŅĚŅĬȮ&Flowchart' 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

 
ĳŅıȮ2ȮŐĽħĚĨńĺŀĵƞŅĚėŜŅĽńŗĚŒĬőĮĶŐĔĶĴȮ&Code program' 

 
0,0ȮįĸĔŅĶŀŀĔŐĭĭĶŃĭĭȮInput-output ĕŀĚĶŃĭĭĚŅĬȮĴňħńĚĬňŘ 
ĳŅıȮ3ȮĩŉĚȮĳŅıȮ6ȮŏĮƦĬĔŅĶŐĽħĚĕńŘĬĨŀĬĔŅĶŏĝŊŗŀĴĨƞŀŀŋĮĔĶĦƢĨƞŅĚȮŕȮ&Input-Output'ȮħńĚĬňŘ

 
ĳŅıȮ3ȮŐĽħĚĕńŘĬĨŀĬĔŅĶĨƞŀȮliquid crystal display 

 

 
ĳŅıȮ4ȮŐĽħĚĕńŘĬĨŀĬĔŅĶĨƞŀȮModule AMT/../ 
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ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

 
ĳŅıȮ5ȮŐĽħĚĕńŘĬĨŀĬĔŅĶĨƞŀȮModule Relay 

 

 
ĳŅıȮ6ȮŐĽħĚĕńŘĬĨŀĬĔŅĶĨƞŀȮKeypad 

 ŏĴŊŗŀĨƟŀĚĔŅĶŒĝƟĚŅĬŏėĶŊŗŀĚŏıŅŃŏľŖħŀŏĬĔĮĶŃĽĚėƢėĺĭėŋĴŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬħƟĺĵĶŃĭĭŀńĨőĬĴńĨŇȮŀńĬħńĭ
ŐĶĔŒľƟŏĸŊŀĔĨŜŅŐľĬƞĚĪňŗŏľĴŅŃĽĴŒĬĔŅĶĨŇħĨńŘĚŏėĶŊŗŀĚėĺĭėŋĴŀŋĦľĳŌĴŇėĺŅĴĝŊŘĬĔńĭőĶĚŏĶŊŀĬĪňŗŒĝƟĨŅĴėĺŅĴŏľĴŅŃĽĴȮħńĚ
ĳŅıȮ7 
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ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 
ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

 
ĳŅıȮ7ȮŐĽħĚĳŅıĔŅĶĨŇħĨńŘĚŏėĶŊŗŀĚŏıŅŃŏľŖħŀŏĬĔĮĶŃĽĚėƢł 

ŏĴŊŗŀĶŃĭĭŏĶŇŗĴĪŜŅĚŅĬěŅĔĬńŘĬȮĔħĮŋƙĴȮA ŏıŊŗŀĔŜŅľĬħėƞŅėĺŅĴĝŊŘĬĽńĴıńĪīƢȮőħĵįŌƟŒĝƟĽŅĴŅĶĩĔŜŅľĬħėƞŅĨŅĴ
ĨƟŀĚĔŅĶȮőħĵŒľƟĔŜŅľĬħėƞŅėĺŅĴĝŊŘĬŏĮƦĬĝƞĺĚȮ&ĶŃľĺƞŅĚ'ȮĨńĺŀĵƞŅĚŏĝƞĬȮĔŜŅľĬħėĺŅĴĝŊŘĬȮ5.-53#ȮŏĴŊŗŀĔŜŅľĬħėƞŅŏĽĶŖěŒľƟ
ĔħĮŋƙĴȮ# ŏıŊŗŀĵŊĬĵńĬȮȮĞŉŗĚĕƟŀĴŌĸěŃŐĽħĚĪŅĚȮLCD ĕŀĚŏėĶŊŗŀĚŏıŅŃŏľŖħŀŏĬĔĮĶŃĽĚėƢėĺĭėŋĴŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬ
ħƟĺĵĶŃĭĭŀńĨőĬĴńĨŇȮħńĚĳŅıȮ/. 

 

 
ĳŅıȮ/.ȮŐĽħĚĳŅıĔŅĶĨńŘĚėƞŅėĺŅĴĝŊŘĬĽńĴıńĪīƢĕŀĚŏėĶŊŗŀĚŏıŅŃŏľŖħŀŏĬĔĮĶŃĽĚėƢł 

 
 ŏĴŊŗŀĔŜŅľĬħėƞŅėĺŅĴĝŊŘĬŏĶňĵĭĶƟŀĵěŅĔĬńŘĬȮĔħĮŋƙĴȮB ŏıŊŗŀĔŜŅľĬħėƞŅŀŋĦľĳŌĴŇȮőħĵįŌƟŒĝƟĽŅĴŅĶĩĔŜŅľĬħėƞŅĨŅĴ
ĨƟŀĚĔŅĶȮőħĵŒľƟĔŜŅľĬħėƞŅėĺŅĴĝŊŘĬŏĮƦĬĝƞĺĚȮ&ĶŃľĺƞŅĚ'ȮĨńĺŀĵƞŅĚŏĝƞĬȮĔŜŅľĬħŀŋĦľĳŌĴŇȮ00 °C - 1.°C ŏĴŊŗŀĔŜŅľĬħėƞŅ
ŏĽĶŖěŒľƟĔħĮŋƙĴȮ# ŏıŊŗŀĵŊĬĵńĬėƞŅŀŋĦľĳŌĴŇȮĞŉŗĚĕƟŀĴŌĸěŃŐĽħĚĪŅĚȮLCD ĕŀĚŏėĶŊŗŀĚŏıŅŃŏľŖħŀŏĬĔĮĶŃĽĚėƢėĺĭėŋĴ
ŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬħƟĺĵĶŃĭĭŀńĨőĬĴńĨŇȮħńĚĳŅıȮ// 
 

 
 
 


