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ABSTRACT 
 

Lugsiga Pantawang.  2021:�Effect of removing seed coating solvent on germination of 
maize.��BaFKHORUuV�VSHFLDO�SUREOHP�LQ�Agricultural Science, Department of Agronomy. 
Special problem advisor: Assist. Prof. Damrongvudhi Onwimol, Ph.D.  48 pages. 

 
 

Maize seeds are often facing problems of seed left over from the market. Almost all leftover 
seeds are coated with chemical material to prevent seed pathogens and insects at the early stages of 
growing�  The chemicals may tend to infest seed quality testing process, especially in seed 
germination tests. This experiment aimed to study the solvents and methods of removing seed 
coatings butt do not affect germination of maize seed. Mize seed with 5 varieties, such as A, B, C, 
D and E; 10 samples� in total, were washed with 3 different solvents: Methanol, Ethanol and RO 
water. The coated maize seed without washing was used as a control. The experiment was a 
completely randomized design with 3 replications each treatment. The results showed that washing 
the coated maize seed with RO water yielded percentage germination as same as the controlled 
seeds. There was no significant difference between controlled seeds and the uncoating seeds 
(washing with RO water� and Ethanol) in various germination indices, such as �W����8����,  AUC 
and�MGT. Washing seed coatings with Methanol showed significant difference in �W����8����� AUC 
and�MGT with the control. 
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 �oµªÃ¡�¤̧�·É��ÎµÁ�·�Ä��ª̧�°Á¤¦·�µ Â��°Á¤¦·�µ�¨µ���¦³Á�«Á¤È��·Ã� �́��»��́�·¥¤�¨¼�
Â¡¦n®¨µ¥Ä�Â��°Á¤¦·�µ�Â��µ�µ�­µ¤µ¦��¨¼�Å�oÄ�­£µ¡�̧É£¼¤·°µ�µ«Â���nµ��´�¤µ��Ç�Á�È �

Â®¨n�°µ®µ¦�̧É­Îµ��́�°�­´�ªr� Á¡¦µ³­µ¤µ¦��Îµ¤µÁ¨̧Ê¥�­´�ªrÅ�o�´Ê��o��Ä��Â¨³Á¤¨È�  Ä��¦³Á�«Å�¥
�µ��µ¦�rªnµ�oµªÃ¡��ÎµÁ�oµÄ�­¤¥́­¤Á�È�¡¦³�µ¦µ¥�r¤®µ¦µ��(�¦³£µ­�Â¨³��³��2553) Â�n¥�́Å¤n
Á�È��̧É¦¼ o��́����¦³�´Ê��̧�¡�«��2475 ®¤n°¤Á�oµ­·��·¡¦��§�µ�¦�Å�o�Îµ�oµªÃ¡�®ª́�»�Á�oµ¤µÄ��¦³Á�«
Å�¥�Â¨³¤̧�µ¦Á¦·É¤�o��¨¼��oµªÃ¡�Ä�Á�·��µ¦�oµ�®¨�́�µ��´Ê�Å�o¤̧�µ¦�Îµ�oµªÃ¡�¡�́�»r�ª́Á�¤µ¨µ�Á�oµ

¤µÄ��¦³Á�«Å�¥��ÎµÄ®o�¨� ·̈�Á�¨̧É¥�°��oµªÃ¡�Ä��¦³Á�«Å�¥Á¡·É¤­¼��¹Ê� (Aekatasanawan, 
1997) 

 �oµªÃ¡��(Zea mays Linn.) Á�È �¡º�ª�«r®�oµ��Poaceae���´�Á�È �¡º�°µ¥»­´Ê �Á¡¸¥�§�¼Á�̧¥ª�
Á�¦·�Á�·�Ã��nµ¥��¨Á�È � ́��¤̧¨�́¬�³�¦��¦³�°��®» o¤�oª¥�µ��µ�Ç�®¨µ¥�´Ê�¦°� ́�� ́�°n°�¤̧­̧

Á�¸¥ª� ́�Â�n�µ��³Â®o��¤̧­̧�ÎÊµ�µ¨��oµ�Ä�¤̧Á­o��¨oµ¥Á­o�Å®¤¥µª�®» o¤Á¤¨È�°¥¼n�¦³�¦µ¥�Â¨³¤̧Á¤¨È�

Á¦̧¥�°¥¼n­¤ÎÉµÁ­¤°�Á¤¨È�¤̧¨�́¬�³�¦��¨¤Â��Á¨È�Ç�¤̧Á¥ºÉ°®» o¤Á¤¨È��·ªÁ¦̧¥��µ�Ä­�Á¤¨È�¤̧­̧�ª¨�­̧

Á® º̈°��­̧�µª�®¦º°­̧¤nª��Îµ��µ¤­µ¥¡�́�»r ­µ¤µ¦��ÎµÂ���µ¤°�»�¦¤ª·�µ��Å�o��́�̧Ê  

Class : Angiospermae 
        Subclass : Monocotyledoneae 
                 Family : Gramineae 
                        Sub-family : Panicoideae 
                                  Tribe : Maydeae 
                                           Genus : Zea 
                                                     Species : mays 
                                                               Scientific name : Zea mays 
                                                                                Common name : Maize, Corn 

 �oµªÃ¡�Á¨̧Ê¥�­´�ªrÁ�È �¡º�Á«¦¬��·��̧É¤̧�ªµ¤­Îµ��́�n°°»�­µ®�¦¦¤�µ¦Á¨̧Ê¥�­´�ªrÁ�È �°¥nµ�

¤µ��Ã�¥�¨� ·̈��̧ÉÅ�oÁ�º°��´Ê�®¤��¦·¤µ��95 Á�°¦rÁ�È��r�Ä�oÁ�È�ª�́�»�·�®¨�́Ä��µ¦� ·̈�°µ®µ¦­´�ªr�

�¹É �Ä��oµ��ªµ¤�o°��µ¦Ä��µ¦Ä�oÁ¤¨È��oµªÃ¡�Á¨̧Ê ¥�­´�ªrÄ��¦³Á�«Å�¥Á¡·É¤¤µ��¹Ê��»��̧�Â�n

�¦·¤µ��¨� ·̈��̧ÉÅ�o£µ¥Ä��¦³Á�«Å¤nÁ¡¸¥�¡°�n°�ªµ¤�o°��µ¦��­Îµ�´��µ�Á«¦��·��µ¦Á�¬�¦�  
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2564���­nª�®�¹É �°µ�Á�·��µ��́�®µ�oµ��»�£µ¡�°�Á¤¨È�¡�́�»r��ªµ¤�°��ªµ¤Â�È�Â¦��°�Á¤¨È�
¡�́�»r��¹É ��³�ÎµÄ®o°�́¦µ�ªµ¤�°�¨�¨��Á�È��¨Ä®o�¨� ·̈�¨�¨�Å¤nÁ¡¸¥�¡°�n°�ªµ¤�o°��µ¦�¨°��´Ê�

�̧� 
 

2. Á¤¨È�¡�́�»r (Seed) 
 Á¤¨È�¡´��»r � (Seed)�®¤µ¥�¹���´¡£³�̧É Á�¦· �Á�·�Ã�Á�È¤�̧É  (Mature embryo) ®¦º °Ã°ª»¨�̧É
Á�¦·�Á�·�Ã�Á�È¤�̧É (Mature ovule) ®¦º°°̧��´¥®�¹É ��º°��¨�̧ÉÂ�nÁ�È¤�̧É��Mature fruit) Á¤¨È�¡�́�»rÁ�È �
­·É�¤̧�̧ª·��¹É ��nµ��µ�Á¤¨È�¡º��´Éª�Ç�Å��̧ÉÄ�o�¦·Ã£���Grain) Á�ºÉ°��µ�Á¤¨È�¡º��̧ÉÄ�o�¦·Ã£�°µ��³¤̧
®¦º°Å¤n¤̧�̧ª·�� Á¤¨È�¡�́�»rÁ¤¨È�®�¹É �°µ�Á�È �Ã°ª»¨�̧ÉÁ�¦·�Á�·�Ã�Á�È¤�̧É  �¨nµª�º°�Ä�®�¹É ��¨¤̧Á¤¨È�
®¨µ¥Á¤¨È���Multiple seeded fruit) ®¦º°Á¤¨È�¡�́�»r°µ��³�¦³�°��oª¥­nª��°�Á¤¨È�Â¨³  ­nª��°�
�¨°¥¼n¦ª¤��́��¨nµª�º°�Ä�®�¹É��¨¤̧Á¡¸¥�®�¹É�Á¤¨È���One seeded fruit) (�ª���́�¦r,2529)  

 Á¤¨È��oµªÃ¡�Á¨̧Ê¥�­´�ªr�¦³�°�Å��oª¥�3 ­nª�­Îµ��́�(£µ¡�̧É1)��º° 

2.1 �´¡¡³�®¦º °�o�°n°�� (Embryonic axis) �º°­n ª��̧É�³Á�¦· �Å�Á�È ��o�¡º���o�°n°�

�¦³�°��oª¥�¥°�°n°��(Plumule) Â¨³¦µ�°n°��(Radicle) Á�·��µ��µ¦�­¤¦³®ªnµ�Á�ºÊ°�ª́Á¤̧¥�(Egg 
cell) ��́Á�ºÊ°�ª́�¼ o�(Sperm nucleus) ��¦³�°¤��2541� 

2.2 Á� º̈°�®»o¤Á¤¨È��(Covering part ®¦º°�Protective coat) Á�È �­nª�®°®»o¤Á¤¨È�°¥¼n£µ¥�°��
Á� º̈°�°µ�Á�È �­nª��°�Á¥ºÉ°®» o¤Á¤¨È�� (Seed coat ®¦º°�Testa) �̧ÉÁ�¦·�¤µ�µ�­nª��°��Á¥ºÉ°®» o¤Ã°ª»¨�
(Integument) Á� º̈°�®»o¤Á¤¨È��Îµ®�oµ�̧É���o°�°´��¦µ¥Ä®o�´�­nª��¦³�°�°ºÉ�Ç��°�Á¤¨È��̧É°¥¼n

£µ¥Ä��Â¨³¥�́�Îµ®�oµ�̧É�ª��»¤�µ¦�¼��¹¤�ÎÊ µ�°µ�µ«�Â¨³�o°���́Å¤nÄ®oÁ�ºÉ°Ã¦�Â¨³Â¤¨�Á�oµ�Îµ¨µ¥

Á¤¨È� (�ª���́�¦r,�2529) 

2.3 Á�ºÊ°Á¥ºÉ°�̧ÉÁ�È�­³­¤°µ®µ¦�(Storage tissue ®¦º°�Supporting part) �Îµ®�oµ�̧ÉÄ��µ¦Á�È�
­³­¤°µ®µ¦Åªo­Îµ®¦́��o�°n°�Ä�oÄ��¦³�ª��µ¦�°�Â¨³�µ¦Á�¦·�Á�·�Ã��°�Á¤¨È�¡�́�»r� Á�ºÊ°Á¥ºÉ°�̧É

Á�È�­³­¤°µ®µ¦Â��°°�Å�oÁ�È��3 ��·��(�ª���́�¦r,�2529)��º°  

- Ä�Á¨̧Ê¥��(Cotyledon) �Îµ®�oµ�̧ÉÁ�È�­³­¤°µ®µ¦�Á�È�­nª��¦³�°�Â¦��°��¡́£³�Ä�Á¨̧Ê¥�
�³¤̧�µ¦Â�n��ª́Â¨³�¥µ¥�ª́°°�Á¤ºÉ°Á¤¨È��°��Â�nÄ�Á¨̧Ê¥��°�¡º��µ���·��Îµ®�oµ�̧ÉÁ�È �­nª�®�¹É �
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�°��¡́£³Â�nÅ¤n¤̧�µ¦Á�È�­³­¤°µ®µ¦�Á�n���oµªÃ¡��Â¨³Á¤¨È�­��́¡º�°ºÉ�Ç�Ä�Á¨̧Ê¥��°�¡º�Á®¨nµ�̧Ê

¤̧�ºÉ°Á¦̧¥�Á�¡µ³ªnµ Scutellum  

- Á°�Ã�­Á�°¦r¤�(Endosperm) �Îµ®�oµ�̧ÉÄ��µ¦Á�È�­³­¤°µ®µ¦�¡�Ä�Á¤¨È��̧É­»�Â�nÂ¨oª
Ä�¡º��Îµ¡ª��oµª��oµªÃ¡��Â¨³�´�¡º��nµ�Ç�Ã�¥�´ÉªÅ�Á°�Ã�­Á�°¦r¤�³Å¤n¤̧�̧ª·��¥�Áªo�­nª�

�°�°³¨·ªÃ¦�Á¨Á¥°¦r�(Aleurone layer) Á�nµ�´Ê��̧É¥�́¤̧�̧ª·�� 

- Á¡°¦·­Á�°¦r¤�(Perisperm) �Îµ®�oµ�̧ÉÄ��µ¦Á�È�­³­¤°µ®µ¦�Á�È �Á�ºÊ°Á¥ºÉ°�̧ÉÅ¤n¤̧�̧ª·��Á�·�
¤µ�µ�­nª��°��·Á�¨¨­́Ä�Á°¤�¦·Ã°�Â���(Embryo sac)�¡º��̧É¤̧Á¡°¦·­Á�°¦r¤�Å�oÂ�n��̧��(Sugar 
beet) Â¨³�¡¨¼�(Piper betal Linn)� 

 

 
 
 
 
 
 
 
 
 
 
 
£µ¡�̧É�1 £µ¡Â­��°��r�¦³�°�£µ¥Ä�Á¤¨È��°�Á¤¨È��oµªÃ¡�Â¨³Á¤¨È��´ÉªÂ�� 
 �̧É¤µ�: �ª���́�¦r��2529) 
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3. �µ¦Á� º̈°�Á¤¨È�¡�́�»r (Seed coating) 
 �µ¦Á� º̈°�Á¤¨È�¡�́�»r��º°�µ¦�Îµ­µ¦Á�¤̧®¦º°�̧ª£µ¡�̧É¤̧¨�́¬�³�µ�Á�µ�¤µ�µ�¥¹�Á�µ³Ä®o

­¤ÎÉµÁ­¤°Å����·ª�°�Á¤¨È�¡�́�»r� (Film coating) Ã�¥Á¤¨È�¡�́�»r�³�¼�®n°®» o¤�oª¥¡° ·̈Á¤°¦r��¹É ��µ¦

Á� º̈°�Á¤¨È�¡�́�»r¡�́�µ¤µ�µ�ª·�̧�µ¦�¨»�Á¤¨È�¦nª¤��́­µ¦Á�¤̧­Îµ®¦́��o°���́�Îµ��́«�́¦¼¡º��Â�n�oª¥

ª·�̧�´��¨nµª�ÎµÄ®o�o°�­´¤�­́�´�­µ¦Á�¤̧Ã�¥�¦���¹�°µ��n°Á�·�°´��¦µ¥�n°­»�£µ¡Å�o�(��́¦¡�¬r��
2562)  ª·�̧�µ¦Á� º̈°�Á¤¨È�¡�́�»r�oª¥­µ¦Á� º̈°�Â¨³­µ¦Á�¤̧Á�È ��µ¦�o°���́Ã¦�Â¨³Â¤¨��̧É�³Á�oµ¤µ

�Îµ¨µ¥Á¤¨È�Â¨³�o��¨oµÄ�¦³¥³Â¦��Á�n��Á�ºÊ°¦µ�̧ÉÁ�È �Á�ºÊ°­µÁ®�»�°�Ã¦�¦µ�ÎÊ µ�oµ����¹É �ª·�̧�̧ÉÄ�oÄ�

�́��»��́��º°��µ¦�¨»�Á¤¨È�¡�́�»r�oª¥­µ¦Á�¤̧�n°��¨¼��(�»�¤̧��2551)  
 
4. �»�£µ¡�°�Á¤¨È�¡�́�»r (Seed quality) 
 �»�£µ¡�°�Á¤¨È�¡�́�»r¤̧�o°�Îµ®��Ä®oÁ�È �¤µ�¦�µ�Á�̧¥ª�´�Ã�¥®�nª¥�µ��¦³�´��µ�·�

�º° ISTA (International Seed Testing Association) �ª���́�¦r��2529) �¨nµªªnµ�­·É��̧É�³Á�È ��ª́¦³�»ªnµ
Á¤¨È�¡�́�»r¤̧�»�£µ¡­¼�®¦º°�ÎÉµÅ�oÂ�n¨�́¬�³��́�n°Å��̧Ê  
 4.1 �ªµ¤�¦·­»��r�°�Á¤¨È�¡�́�»r�(Physical purity)  
 4.2 �ªµ¤�°��(Germination) 
 4.3 �ªµ¤�ºÊ��°�Á¤¨È�¡�́�»r�(Seed moisture content) 
 4.4 �ªµ¤�¦·­»��·Í �°�­µ¥¡�́�»r�(varietal purity) 
 4.5 �ªµ¤Â�È�Â¦��°�Á¤¨È�¡�́�»r�(Seed vigor) 
 4.6 ��µ�Â¨³�ÎÊµ®��́�°�Á¤¨È�¡�́�»r� 
 4.7 Ã¦�Â¨³Â¤¨��̧É�·�¤µ��́Á¤¨È� 
 4.8 �ªµ¤­¤ÎÉµÁ­¤°�°�¤Á¨È�¡�́�»r�(Homogeneity) 
 4.9 Á¤¨È�¡´��»r �̧É ¤̧�»�£µ¡�̧�o°�Å¤n ¤̧ Á¤¨È��̧ÉÅ�o¦́�°´��¦µ¥�µ�Á�¦ºÉ °��´�¦�¨�nµ�Ç�

(mechanical damage) 
 4.10 Â®¨n��¨·�Á¤¨È�¡�́�»r 
 �µ¦�̧É�³�¨¼�¡º���·�®�¹É ��ÎµÁ�È ��o°�¤̧�́��¥́®¨µ¥Ç�°¥nµ��Â¨³�»��́��¥́�³�¹Ê�°¥¼n��́Á¤¨È�

¡�́�»r�̧É�¨¼����́�´Ê��ÎµÁ�È��̧É�³�o°�¤̧�µ¦�¦ª�­°��»�£µ¡Á¤¨È�¡�́�»rÁ¡ºÉ°�¦µ¥ªnµÁ¤¨È�¡�́�»r¤̧�»�£µ¡

�̧Á¨ªÁ¡¸¥�Ä��Å�o¤µ�¦µ�µ��̧É�Îµ®��®¦º°Å¤n 
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5. �µ¦�°��°�Á¤¨È�¡�́�»r (Germination) 
 �µ¦�°��¤̧�Îµ�Îµ��́�ªµ¤¤µ�¤µ¥��´�­¦̧¦ª·�¥µ®¦º°�´�ª·�¥µ«µ­�¦r�µ��oµ��̧ªÁ�¤̧Ä®o� Îµ

�Îµ��́�ªµ¤�µ¦�°�ªnµÁ�È �Á¤¨È��̧É¤̧¦³¥³�̧É¦µ�°n°�Â���³¨»­nª��°�Á� º̈°�®»o¤Á¤¨È�°°�¤µÄ®oÁ®È��

Â�n��́ª·�¥µ«µ­�¦r�oµ�Á¤¨È�¡�́�»rÄ®o�ªµ¤®¤µ¥�°��Îµªnµ�µ¦�°��°�Á¤¨È�ªnµ�®¤µ¥�¹�¦³¥³�´Ê�Â�n

Á¦·É ¤Â¦��̧ÉÁ¤¨È�¤̧�¦³�ª��µ¦�nµ�Ç�Á���¹Ê�£µ�Ä�Á¤¨È��̧É� Îµ¨�́¡�́�n°��Å����¹�¦³¥³�̧É�o�°n°�

Á�¦·�Á�·�Ã��Â¨³Á�¦·�¡�́�µÅ�Á�È ��o��¨oµ�̧ÉÂ�È�Â¦��­µ¤µ¦�Á�¦·�Á�·�Ã�Á�È ��o�¡º��̧É­¤�¼¦�r

�n°Å�£µ¥Ä�­£µ¡Âª�¨o°¤�̧ÉÁ®¤µ³­¤ 

 5.1 �́��¥́�̧É�ÎµÁ�È��n°�µ¦�°��°�Á¤¨È�¡�́�»r 

�µ¦�̧ÉÁ¤¨È�¡�́�»r�³�°�Å�o�´Ê���ÎµÁ�È ��̧É�³�o°�Å�o¦́��́��¥́�̧ÉÁ®¤µ³­¤�n°�µ¦�°��°�Á¤¨È�

¡�́�»r�Á¡ºÉ°Ä®o�¦³�ª��µ¦�nµ�Ç��°�Á¤¨È�Á�·��¹Ê���¹É ��́��¥́�̧É� ÎµÁ�È��nµ�Ç�Å�oÂ�n 

 5.1.1 �ÎÊµ®¦º°�ªµ¤�ºÊ���Îµ¤̧�ªµ¤­Îµ��́¤µ��n°�µ¦�°��°�Á¤¨È�¡�́�»r��¹É ��ÎÊµ�³�ÎµÄ®oÁ� º̈°�

®»o¤Á¤¨È�°n°��»n¤�Á�ºÉ°��µ���´�Á�¨¨rÂ¨³Ã�¦Ã�¡¨µ­�¹¤�¥µ¥�ª́�Â¨³¥�́�nª¥Á�È �¡µ®³Ä��µ¦

¨ÎµÁ¨̧¥�°°��·Á��Â¨³�nµ¥Á�°µ�µ¦�nµ�Ç��̧ÉÁ¤¨È�Á�È�­³­¤Åªo°̧��oª¥��¹É �Ä�Á¤¨È�¡�́�»r�´ÉªÅ�¤̧

�ªµ¤�ºÊ��6-14 Á�°¦rÁ�È��r Â�n�µ¦�̧ÉÁ¤¨È��³�°�Å�o�´Ê���o°��µ¦�ªµ¤�ºÊ�­¼��¹��30-60 Á�°¦rÁ�È��r�°�
�ÎÊµ®��́Â®o�� 

 5.1.2 °°��·Á�� �µ¦�°��°�Á¤¨È��ÎµÁ�È��o°�Ä�o°°��·Á��­Îµ®¦́��µ¦®µ¥Ä��Á¡ºÉ°¥n°¥­�µ¥
°µ®µ¦Ä®oÅ�o�¹É �¡¨´��µ��̧É�ÎµÁ�È �­Îµ®¦́��µ¦�°��Ã�¥�´ÉªÅ�Á¤¨È�­µ¤µ¦��°�Ä�Å�o­£µª³�̧É¤̧

°°��·Á���¦³¤µ��20 Á�°¦rÁ�È��r��¹É ��oµ�¦¦¥µ�µ«¦°�Ç�Á¤¨È�¤̧°°��·Á��Á¡·É¤�¹Ê��°�́¦µ�µ¦�°�
�°�Á¤¨È��È�³Á¡·É¤¤µ��¹Ê��Â�nÁ¤¨È��µ���·��È­µ¤µ¦��°�Å�oÄ�­£µª³�̧É¤̧°°��·Á���ÎÉµ� Á�n���oµª�

Â¨³Á¤¨È�ª�́¡º��µ���·� 

 5.1.3 °»�®£¼¤· Ã�¥�´ÉªÅ�Á¤¨È�¡º��³­µ¤µ¦��°�Å�o�̧Ä��nª�°»�®£¼¤·¦³®ªnµ��10-35 °�«µ
Á�¨Á�̧¥­�Á¤¨È�¡�́�»r¡º��nµ���·���́­µ¤µ¦��°�Å�oÄ�¦³��́°»�®£¼¤·�̧ÉÂ���nµ���́��¹É �°»�®£¼¤·�̧É­¼�

Á�· �Å�®¦º°�ÎÉµÁ�·�Å��³¥�́¥ ´Ê��µ¦�°��°�Á¤¨È�¡�́�»r�¦³��́�°�°»�®£¼¤·Â�n�Å�oÁ�È��3 �¦³Á£���º° 

 - °»�®£¼¤·�̧É®¤µ³­¤�̧É­»�� (Optimum temperature) �º°�°»�®£¼¤·�̧ÉÁ®¤µ³­¤�n°�µ¦�°��

Á¤¨È�¡�́�»r�³�°�Å�oÁ¦Èª�Â¨³¤̧Á�°¦rÁ�È��r�µ¦�°�­¼�­»� 

 - °»�®£¼¤·�ÎÉµ­»��(Minimum temperature) �º°�¦³��́°»�®£¼¤·�ÎÉµ­»��̧ÉÁ¤¨È��³­µ¤µ¦��°�Å�o 

 - °»�®£¼¤·­¼�­»��(Maximum temperature) �º°�¦³��́°»�®£¼¤·­¼�­»��̧ÉÁ¤¨È��³­µ¤µ¦��°�
Å�o�­nª�¤µ�¤�́�³Å¤nÁ�·��50 °�«µÁ�¨Á�̧¥­ 
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 5.1.4 Â­��Á¤¨È�¡º��o°��µ¦Â­�Ä��µ¦�¦³�» o��µ¦�°�¦³¥³Ä�¦³¥³®�¹É �Á�nµ�´Ê��®¦º°�µ�
��·��o°��µ¦Â­��¨°�¦³¥³�µ¦�°��Â�n�È¤̧Á¤¨È¡º��µ���·��̧ÉÅ¤n�o°��µ¦Â­�Ä��µ¦�°��­nª�Ä®�n

¤�́Á�È�¡º��̧É¤̧�ªµ¤­Îµ��́�µ�Á«¦¬��·��Á�n���oµª��oµªÃ¡���oµª¢n µ���µ�Á�È��o� 

 5.2 �µ¦�°�Ä�Â���nµ�Ç 

�µ¦�°��°�Á¤¨È�Á�¦̧¥�Å�oªnµÁ�È ��µ¦Á�¨̧É¥�Â�¨��µ�­´��µ�ª·�¥µ�°��¡́£³� (Embryo) 
Å�Á�È��o��¨oµ�(Seedling) �̧É­¤�¼¦�r��¹É �­µ¤µ¦�Â���µ¦�°�Ä�Â���nµ�Ç�µ¤­´��µ�ª·�¥µÅ�oÁ�È ��
2 Â���Å�oÂ�n 

5.2.1 �µ¦�°�Â��°·¡·Á�̧¥ª�(Epigeal germination)�®¤µ¥�¹���µ¦�°��°�Á¤¨È��̧ÉÁ¤ºÉ°Á¤¨È�
Á�¦·�Á�·�Ã�Á�È ��o�°n°�Â¨oª�³¤̧Ä�Á¨̧Ê¥��(Cotyledon) Ã�¨n�¹Ê�¤µ°¥¼nÁ®�º°�·ª�·��Á¤¨È��̧É¤̧�µ¦�°�
Â���̧ÊÅ�oÂ�n��´ÉªÁ® º̈°��� oµ¥��¨³®»n��Â¨³�µ��³ª�́�Á�È��o��(£µ¡�̧É�2) 

5.2.2 �µ¦�°�Â��Å±Ã�Á�̧¥ª� (Hypogeal germination) ®¤µ¥�¹���µ¦�°��°�Á¤¨È��̧ÉÁ¤ºÉ°
Á¤¨È�Á�¦·�Á�·�Ã�Á�È ��o�°n°�Â¨oª�³¤̧Ä�Á¨̧Ê¥��(Cotyledon) �³Å¤nÃ�¨n�¹Ê�¤µ°¥¼nÁ®�º°�·ª�·���³¥�́��
°¥¼nÄ�o�·��Á¤¨È��̧É¤̧�µ¦�°�Â���̧ÊÅ�oÂ�n��oµª���oµªÃ¡���Â¨³¡º��¦³�¼¨®�oµ�Á�È��o��(£µ¡�̧É�3) 
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£µ¡�̧É�2 £µ¡Â­���µ¦�°�Â��°·¡·Á�̧¥ª�(Epigeal germination)��°�Á¤¨È��´ÉªÂ�� 
 �̧É¤µ�: �ª���́�¦r��2529) 
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£µ¡�̧É�3 £µ¡Â­���µ¦�°�Â��Å±Ã�Á�̧¥ª�(Hypogeal germination)��°�Á¤¨È��oµªÃ¡� 
 �̧É¤µ�: �ª���́�¦r��2529) 
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°»��¦�rÂ¨³ª·�̧�µ¦ 
 

°»��¦�r 
 

ř��¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÄ�o��­°���Îµ�ª��10 �ª́°¥nµ��5 ¡�́�»r��¦³�°��oª¥ ¡�́�»r�A, B, C, D 
Â¨³�E 
2. °»��¦�rÄ��µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr  

2.1 Methanol 
2.2 Ethanol 
2.3 �ÎÊµ�RO 
2.4 �̧�Á�°¦r��µ��250 ml 
2.5 Magnetic stirrer 
2.6 Magnetic bar retriever 

3. °»��¦�rÄ��µ¦Á¡µ³Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr 
3.1 �¦³�µ¬Á¡µ³Á¤¨È�¡�́�»r 
3.2��ÎÊµ�RO 
3.3��µ��¸��(Forceps) 
3.4 �»�¡¨µ­�·�Ä­ 
3.5�¥µ�¦́��°� 
3.4 �¼oÁ¡µ³Á¤¨È�¡�́�»r�(Seed germinator) 
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ª·�¸�µ¦ 
 
1. �µ¦ öµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨¸Ê¥�­́�ªr 
 ªµ�Â��Â���µ¦��¨°�Â���completely randomized design (CRD)��Îµ�ª��3 �ÎÊ µ�Ç�¨³�
20 Á¤¨È���ÎµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªrÂ�n¨³�ª́°¥nµ�¤µ¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r�oª¥�ª́�Îµ¨³¨µ¥

�´Ê�®¤��4 ��·���º°�Methanol� Ethanol� �ÎÊ µ Â¨³ Control �Å¤n¨oµ�­µ¦Á� º̈°�Á¤¨È���Ã�¥�³�ÎµÁ¤¨È�

¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÁ� º̈°�­µ¦Á� º̈°�Á¤¨È�Ä­n¨�Ä��̧�Á�°¦r�µ¤�Îµ�ª��ª́�Îµ¨³¨µ¥�®¨�́�µ�

�´Ê�Ä­n�ª́�Îµ¨³¨µ¥¨�Å�Ä�Â�n¨³�̧�Á�°¦r��¥�Áªo��Control��Ä®o�nª¤Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�
Â¨³���oª¥Á�¦ºÉ°���Magnetic stirrer Á�È�Áª¨µ�1 �µ�̧�Â¨³¨oµ�°°��oª¥�ÎÊµ�RO �´Ê�®¤��2 �¦́Ê ��Á¤ºÉ°¨oµ�
Á­¦È�Â¨oª��ÎµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ�oÅ��´��ÎÊ µ�oª¥�¦³�µ¬�·��¼nÂ¨³�ÎµÅ�Á¡µ³Á¤¨È�Á¡ºÉ°

��­°��ªµ¤�°� (£µ¡�̧É�4) 
 
 

 
 
 
 
 
£µ¡�̧É�4 ���£µ¡�µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr 

����ª́°¥nµ�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ��oª¥�Methanol 
����ª́°¥nµ�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ��oª¥�Ethanol 
����ª́°¥nµ�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ��oª¥�ÎÊµ�RO 
����ª́°¥nµ�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤nÅ�ö oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r 

   
2. ��µ¦��­°��ªµ¤�°��°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨¸Ê¥�­́�ªr 

�ÎµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»rÂ¨oª¤µÁ¡µ³��­°��ªµ¤�°�

Ã�¥ª·�̧�Between paper (BP) �Îµ�ª��3 �ÎÊ µ�Ç�¨³�20 Á¤¨È��(£µ¡�̧É�5) ��µ��´Ê��ÎµÅ�ÅªoÄ��¼ oÁ¡µ³Á¤¨È�
¡�́�»r�Â¨³�¦ª���́Á¤¨È�¡�́�»r®¨�́�µ¦Á¡µ³Á�È�Áª¨µ�7 ª�́�Ã�¥��́�µ¦Â��¦µ��(Radical emergence) 
Â¨³�µ¦�°��(Germination) �°�Á¤¨È�¡�́�»r�(£µ¡�̧É�6) 

 

�  ��������   �  ��������   � 
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£µ¡�̧É�ŝ Á¡µ³��­°��ªµ¤�°�Ã�¥ª·�̧�Between paper (BP) �°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr 

 
 
 
 
 
 

 
£µ¡�̧É�Ş �ª́°¥nµ��µ¦Á¡µ³Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr 
 ����ª́°¥nµ��µ¦Â��¦µ��(Radical emergence)��°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr 
 �� �ª́°¥nµ��µ¦�°��(Germination) �°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr 
 
�. ª·Á�¦µ³®r�o°¤¼¨ 
 

�.1��Îµ�o°¤¼¨�̧ÉÅ�o�µ�¤µª·Á�¦µ³®rÃ�¥Ã�¦Â�¦¤�GEMINETOR Á¡ºÉ°ª·Á�¦µ³®r��́�̧�nµ��Ç��̧É
Á�̧É¥ª�o°���́�µ¦�°��µ�Ã�o��µ¦Â��¦µ�­³­¤��accumulate radicle emergence curve fitting) Á¡ºÉ°
�ÎµÅ��¦³Á¤·��ªµ¤Â�È�Â¦��°�Á¤¨È�¡�́�»r�oµªÂ�n¨³�ª́°¥nµ��nµ��µ¦ª·Á�¦µ³®r�ªµ¤Â�¦�¦ª��

�ANOVA) �nµ�̧Éª· Á�¦µ³®rÅ�oÂ�n ��nµ�Gmax (maximum percentage of germination) �nµ�t50  (time to 
reach 50% germination) �nµ�U7525 (time interval between 25% and 75% of viable seeds to germinate)�
�nµ AUG (area under the curve) Â¨³�nµ�MGT (mean germination time) 

1� �nµ�Gmax (maximum percentage of germination) Â­��Ä®oÁ®È��¹�«�́¥£µ¡­¼�­»�Ä��µ¦
�°��°�Á¤¨È�¡�́�»rÂ�n¨³�ª́°¥nµ���¹É �®µ�Á¤¨È�¡�́�»r�ª́°¥nµ�Ä�¤̧�nµ�Gmax �̧É­¼��ªnµ�´É�Â­��Ä®oÁ®È�
�¹�«�́¥£µ¡�°�Á¤¨È�¡�́�»r�̧É­¼��ªnµ 

2� �nµ�t50 (time to reach 50% germination) Á�È �Áª¨µ�̧ÉÄ�oÄ��µ¦�°�¦µ�Â¦�Á�·����¹�
�¦¹É �®�¹É ���50�Á�°¦rÁ�È��r���°��Îµ�ª�Á¤¨È�¡�́�»r�´Ê�®¤��Á¤¨È�¡�́�»r�ª́°¥nµ�Ä�¤̧�nµ�t50��̧É�ÎÉµ�ªnµ�´Ê�

�      ��� 
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Â­��Ä®oÁ®È�ªnµÁ¤¨È�¡�́�»r�ª́°¥nµ��´Ê�¤̧�ªµ¤Â�È�Â¦��̧É­¼��ªnµ�Á�ºÉ°��µ�Á¤¨È�¡�́�»r�ª́°¥nµ��´Ê�¤̧

«�́¥£µ¡�Ä��µ¦�°��°�¦µ�Â¦�Á�·����¹��50�Á�°¦rÁ�È��r�°��Îµ�ª�Á¤¨È��´Ê�®¤� 
3� �nµ�U7525 (time interval between 25% and 75% of viable seeds to germinate) Á�È�Áª¨µ�̧É

Ä�oÄ��µ¦�°��°�¦µ�Â¦�Á�·��´Ê�Â�n 25 -75�Á�°¦rÁ�È��r�°��Îµ�ª�Á¤¨È�¡�́�»r�´Ê�®¤���¹É �®µ�Á¤¨È�
¡�́�»r�ª́°¥nµ�Ä��̧É¤̧�nµ�U7525��̧É�o°¥�ªnµ�´É��Â­��Ä®oÁ®È�ªnµÁ¤¨È�¡�́�»r�ª́°¥nµ��´Ê��¤̧�ªµ¤­¤ÎÉµÁ­¤°

Ä��µ¦�°��̧É­¼��ªnµ�Á�ºÉ°��µ�Á¤¨È�¡�́�»r­nª�Ä®�nÄ�oÁª¨µÄ��µ¦�°��̧ÉÄ�¨oÁ�¸¥���́ 
4� �nµ�AUG (area under the curve) Á�È��nµ�̧É®µÅ�o�µ�¡ºÊ��̧ÉÄ�o�¦µ¢��¹É�®µ�¤̧�nµ¤µ��Â­��

ªnµÁ¤¨È�¡�́�»r�ª́°¥nµ��´Ê�¤̧�ªµ¤Â�È�Â¦��̧É­¼��ªnµ�Á�ºÉ°��µ��ÎµÄ®o�¦µ¢¤̧¡ºÊ��̧É¤µ��´Ê���°��µ��¦µ¢

�ªµ¤�°��o°�¤̧Á�°¦rÁ�È��r�ªµ¤�°��̧É­¼�Â¨oª��ªµ¤�°��̧É¦ª�Á¦ÈªÁ�È �Á®�»�¨Ä®oÁ­o��¦µ¢�·��´�

Â���y ¤µ��¹��ÎµÄ®o¤̧¡ºÊ��̧ÉÄ�o�¦µ¢¤µ��ªnµÁ¤¨È�¡�́�»r�̧É�°��oµ 
5� �nµ�MGT (mean germination time) Á�È ��nµÁª¨µ�°�Á�¨̧É¥��Îµ�ª�Ã�¥Ä�o­¤�µ¦�MGT = 

�(n × d) / N Ã�¥�̧É�n = �Îµ�ª�Á¤¨È��̧É�°�Ä�Â�n¨³ª�́�d = �Îµ�ª�ª�́�´Ê�Â�nÁ¦·É¤�µ¦��­°��Â¨³�N 
= �Îµ�ª�Á¤¨È��̧É�°�Á¤ºÉ°­·Ê�­»��µ¦��¨°� 

 
�.2 ª·Á�¦µ³®r�ªµ¤Â�¦�¦ª��µ�­�·�·��ANOVA) Ã�¥Ä�oÂ���µ¦��¨°�Â��­»n¤­¤�¼¦�r�

(CRD) 
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­�µ��¸ÉÂ¨³¦³¥³Áª¨µ�µ¦�Îµª·�´¥ 
 

1. ­�µ��̧É�µ¦�Îµª·�´¥ 
 

®o°��721 �´Ê��7 °µ�µ¦ª·�µ¦µ�»­¦�r���³Á�¬�¦�¤®µª·�¥µ¨´¥Á�¬�¦«µ­�¦r�ª·�¥µÁ��

�µ�Á�� 
 
2. ¦³¥³Áª¨µ�µ¦�Îµª·�´¥ 
 

Á¦·É¤��¨°�Ä�ª�́�̧É�10 ��́ªµ�¤�2564 Â¨³­·Ê�­»��µ¦��¨°�Ä�ª�́�̧É 12 ¤�¦µ�¤�256� 
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�¨Â¨³ª·�µ¦�r 
 

�µ��µ¦�¦ª�­°��µ¦Â��¦µ�Â¨³�µ¦�°��°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê ¥�­´�ªr�̧É¨oµ�­µ¦

Á� º̈°�Á¤¨È�Ä��ª́�Îµ¨³¨µ¥�̧ÉÂ���nµ���́�Å�oÂ�n�Methanol� Ethanol�Â¨³��ÎÊ µ�(RO water) �¹É �¤̧Á¤¨È�
¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�Á�È��ª́�ª��»¤��Control��Â¨³¤̧�µ¦Â�n��µ¦��¨°�°°�Á�È��2 �¨»n¤� 
 
1. �¨�µ¦��­°��µ¦ öµ�­µ¦Á� º̈°�Á¤¨È�¡´��»r�oµªÃ¡�Á¨¸Ê¥�­́�ªrÃ�¥Ä�o Á¤¨È�¡�́�»r Á�¸¥ª�´��̧É¤¸�ªµ¤

Â�È�Â¦��nµ���́Á�ºÉ°��µ�¦³¥³Áª¨µÄ��µ¦Á�È�¦́�¬µ 
 �µ��µ¦�¦ª�­°��µ¦Â��¦µ�Â¨³�µ¦�°��°�Á¤¨È�¡´��»r�oµªÃ¡�Á¨̧Ê ¥�­´�ªr¡´��»r�A 
�´Ê�®¤��5 �ª́°¥nµ��̧É¤̧�ªµ¤Â�È�Â¦��nµ���́Á�ºÉ°��µ�¦³¥³Áª¨µÄ��µ¦Á�È�¦́�¬µ�Ä��µ¦��¨°��̧Ê  
 1.1 �µ¦Â��¦µ���Radical emergence)  

Á¤ºÉ°�¦ª�­°��µ¦Â��¦µ�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê ¥�­´�ªr� �£µ¡��ª��̧É�ř���̧É¤̧�µ¦¨oµ�­µ¦

Á� º̈°��oª¥�ÎÊ µ�(RO water)  Å¤nÂ���nµ���́�µ�­�·�· (p � 0.05) ��́Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤n
¨oµ�­µ¦Á� º̈°���Control� 

 Á¤ºÉ°¡·�µ¦�µ�nµ�µ¦Â��¦µ�­¼�­»���REmax��¡�ªnµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤n¨oµ�­µ¦
Á� º̈°�Å¤nÂ���nµ���́Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°��oª¥�ÎÊ µ�(RO water) Ä��ª́°¥nµ��̧É�
1 Â¨³�3 �³¡�ªnµ¤̧�nµ�REmax Á�nµ�´��92�Â¨³�100 Á�°¦rÁ�È��r �µ¤¨Îµ�´��Á¤ºÉ°Á�̧¥��´�Á¤¨È�¡�́�»r
�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¤̧�µ¦¨oµ�­µ¦Á� º̈°��oª¥�Methanol�Â¨³�Ethanol �³¡�ªnµ¤̧�nµ�REmax �o°¥�ªnµ
Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°���Control����¹É �Â���nµ���́�µ�­�·�·�(p � 0.05)�(�µ¦µ��̧É�1�Â¨³�µ¦µ�
£µ���ª��̧É�ř)  

 Á¤ºÉ°¡·�µ¦�µÁª¨µ�̧ÉÄ�oÄ��µ¦�°�¦µ�Â¦�Á�·����¹��¦¹É �®�¹É �®¦º°��ŝŘ�Á�°¦rÁ�È��r���°�

�Îµ�ª�Á¤¨È�¡�́�»r�(W��5()�¡�ªnµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�Å¤nÂ���nµ���́Á¤¨È�

¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°��oª¥�Methanol� Ethanol�Â¨³�ÎÊ µ�(RO water)��¹É �Å¤nÂ���nµ�
��́�µ�­�·�·�(p � 0.05)�(�µ¦µ��̧É�1)  

Á¤ºÉ°¡·�µ¦�µÁª¨µ�̧ÉÄ�oÄ��µ¦�°��°�¦µ�Â¦�Á�·��´Ê�Â�n�Śŝ��şŝ�Á�°¦rÁ�È��r (8����5() ¡�ªnµ
Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�Å¤nÂ���nµ���́Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�

­µ¦Á� º̈°��oª¥�Ethanol �¹É �Å¤nÂ���nµ���́�µ�­�·�·�(p � 0.05) Ä��ª́°¥nµ��̧É�5 Á¤¨È�¡�́�»r�̧É¨oµ�­µ¦
Á� º̈°��oª¥�Ethanol Á¤ºÉ°Á�̧¥��´�Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°��¤̧�nµ�8����5( Á�nµ�´��20.12 Â¨³�
15.54 �´ÉªÃ¤���µ¤¨Îµ��́�Ä���³�̧É�ª́°¥nµ��̧É�2 ¡�ªnµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°�
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�oª¥�Methanol� Ethanol�Â¨³�ÎÊ µ�(RO water) ¤̧�nµ�8����5( �o°¥�ªnµÁ¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°��

Á�nµ��́�21.54 22.15 22.86 Â¨³�39.86 �´ÉªÃ¤���µ¤¨Îµ��́��¹É �Â���nµ���́�µ�­�·�·�(p � 0.05)�(�µ¦µ��̧É�
1) 

Á¤ºÉ°¡·�µ¦�µ�nµ¡ºÊ��̧ÉÄ�oÁ­o�Ã�o��(AUC)�¡�ªnµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�

Å¤nÂ���nµ��´�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°��oª¥�Methanol� Ethanol�Â¨³�ÎÊ µ�(RO 
water)��¹É �Å¤nÂ���nµ���́�µ�­�·�·�(p � 0.05)�Â�nÄ��ª́°¥nµ��̧É�2 ¡�ªnµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É
¨oµ�­µ¦Á� º̈°��oª¥�Methanol� Ethanol�Â¨³�ÎÊ µ�(RO water) ¤̧�nµ�AUC �o°¥�ªnµÁ¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�
­µ¦Á� º̈°��Á�nµ��́�0.57 1.37 2.20 Â¨³ 5.40 ��µ¤¨Îµ��́��¹É�Â���nµ���́�µ�­�·�·�(p � 0.05)�(�µ¦µ��̧É�
1) 

Á¤ºÉ°¡·�µ¦�µÁª¨µ�µ¦Â��¦µ�Á�¨̧É¥ (MRET) ¡�ªnµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤n¨oµ�­µ¦
Á� º̈°�Å¤nÂ���nµ���́Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°��oª¥�Methanol��¹É �Å¤nÂ���nµ���́
�µ�­�·�·�(p � 0.05) �º°¤̧�nµ�MRET�Á�nµ��́�23.87 Â¨³�23.03��´ÉªÃ¤���µ¤¨Îµ��́�Á¤ºÉ°Á�̧¥���́Á¤¨È�
¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¤̧�µ¦¨oµ�­µ¦Á� º̈°��oª¥�Ethanol�Â¨³�ÎÊ µ�(RO water) �³¡�ªnµ¤̧�nµ�MRET 
�o°¥�ªnµÁ¤¨È�¡´��»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°���Control����º°�22.67�Â¨³�22.47 �´ÉªÃ¤���µ¤¨Îµ�´���¹É �
Â���nµ���́�µ�­�·�·�(p � 0.05) (�µ¦µ��̧É�1) 
 
�µ¦µ��̧É�1 ��́�̧�µ¦Â��¦µ��°�Á¤¨È��oµªÃ¡�Á¨̧Ê¥�­´�ªr¡�́�»r�A Â�n¨³�ª́°¥nµ� 

 
 
 
 

     Lot                  treatment 
Radicle emergence indices 

REmax� W��5(
 8����5( AUC MRET 

�ª́°¥nµ��̧É�

1 

Methanol 7b 49.13 25.22 34.97 50.87 
Ethanol 84ab 46.83 25.30 41.20 47.73 

�ÎÊµ�(RO water) 92a 53.73 23.22 40.30 55.60 
Control 90a 46.77 23.69 43.93 49.47 

F-test  * ns ns ns ns 
C.V.%  6.64 12.72 47.32 15.90 11.20 
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ŉREmax �º°��nµ�µ¦Â��¦µ�­¼�­»� �Á�°¦rÁ�È��r� 
W��5( �º° Áª¨µ�̧ÉÄ�oÄ��µ¦�°�¦µ�Â¦�Á�·����¹��¦¹É �®�¹É�®¦º°��ŝŘ�Á�°¦rÁ�È��r���°��Îµ�ª�

Á¤¨È�¡�́�»r�´Ê�®¤� (�´ÉªÃ¤�� 
8����5( �º°�Áª¨µ�̧ÉÄ�oÄ��µ¦�°��°�¦µ�Â¦�Á�·��´Ê�Â�n�Śŝ��şŝ�Á�°¦rÁ�È��r (�´ÉªÃ¤�� 
AUC = ¡ºÊ��̧ÉÄ�oÁ­o�Ã�o�  
MRET �º° Áª¨µ�µ¦Â��¦µ�Á�¨̧É¥ (�´ÉªÃ¤�� 
* ¤̧�ªµ¤Â���nµ���́�µ�­�·�·¦³��́�¥́­Îµ��́Á�nµ��́�0.05 

�ª́°¥nµ��̧É�2 

Methanol 32 112.60 21.54b 0.57b 104.10 
Ethanol 18 107.10 22.15b 1.37b 98.40 

�ÎÊµ�(RO water) 43 105.27 22.86b 2.20b 99.80 
Control 43 95.50 39.86a 5.40a 82.53 

F-test  ns ns * * ns 
C.V.%  33.79 11.73 24.19 70.10 9.40 

�ª́°¥nµ��̧É�3 

Methanol 93b 22.93 2.41 69.83 23.03ab 
Ethanol 93b 22.60 2.42 71.97 22.67b 

�ÎÊµ�(RO water) 100a 22.33 2.64 76.60 22.47b 
Control 98a ����� 2.61 73.67 23.87a 

F-test  * ns ns ns * 
C.V.%  2.59 2.41 ���� ���� 2.28 

�ª́°¥nµ��̧É�4 

Methanol 88 41.73 19.37 47.93 44.13 
Ethanol 85 46.70 25.11 42.27 49.57 

�ÎÊµ�(RO water) 97 42.90 14.64 53.00 44.53 
Control 87 47.07 22.62 43.13 49.07 

F-test  ns ns ns ns ns 
C.V.%  6.26 9.65 48.56 11.53 8.82 

�ª́°¥nµ��̧É�5 

Methanol 97 26.86 9.43b 69.07 28.23 
Ethanol 97 29.2 20.12a 64.20 33.17 

�ÎÊµ�(RO water) 98 30.40 11.56b 67.0 31.93 
Control 100 31.97 15.54ab 65.23 34.47 

F-test  ns ns * ns ns 
C.V.%  3.61 10.40 27.04 5.00 10.27 
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Á®�»�̧É�µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È�¡´��»r�oµªÃ¡�Á¨̧Ê ¥�­´�ªr�oª¥�ÎÊ µ� (RO water) Ä®o�nµ�REmax 
W��5(�AUC Â¨³ MRET Å¤n�nµ���́Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°��Á�ºÉ°�¤µ�µ��µ¦¨oµ�­µ¦Á� º̈°�

Á¤¨È��oª¥��ÎÊ µ�(RO water) Å¤n�ÎµÄ®oÁ�·��µ¦¦��ª��¦³�ª��µ¦�nµ�Ç�£µ¥Ä�Á¤¨È��̧É�³­n��¨�n°�µ¦
Â��¦µ��°�Á¤¨È�¡�́�»r���³�̧É�µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�oª¥�Methanol Â¨³�
Ethanol Ä®o�nµ�REmax W��5(�AUC Â¨³MRET Â���nµ���́Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�Á�ºÉ°�¤µ�

�µ��µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È��oª¥�Methanol Â¨³�Ethanol °µ��³�ÎµÄ®oÁ�·��µ¦¦��ª��¦³�ª��µ¦
�nµ�Ç�®¦º°°��r�¦³�°�£µ¥Ä�Á�¨¨r��¹É ��µ¦¦��ª�°��r�¦³�°��µ�Á�¤̧�°�Á¤¨È�¡�́�»r­n��¨�n°

�ªµ¤­µ¤µ¦�Ä��µ¦�°�¦µ��°�Á¤¨È�¡�́�»r (�ª���́�¦r,�2529) 
 
1.2 �µ¦�°��(Germination) 

 Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¤̧�µ¦¨oµ�­µ¦Á� º̈°�Á¤ºÉ°Á�¦̧¥�Á�̧¥���́Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�

­µ¦Á� º̈°���Control��¡�ªnµÁ¤ºÉ°�¦ª�­°��µ¦�°��°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¤̧�µ¦¨oµ�­µ¦
Á� º̈°��oª¥ Ethanol�Â¨³�ÎÊµ�(RO water) Å¤nÂ���nµ���́�µ�­�·�· (p � 0.05)��£µ¡��ª��̧É�Ś�y�Ş� 

Á¤ºÉ°¡·�µ¦�µ�nµ�µ¦�°�­¼�­»���Gmax��¡�ªnµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�

Å¤nÂ���nµ��´�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê ¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°��oª¥�Ethanol�Â¨³�ÎÊ µ�(RO water)�Ä�
�ª́°¥nµ��̧É�3 �³¡�ªnµ�nµ�Gmax �°�Á¤¨È�¡�́�»r�̧É¨oµ�­µ¦Á� º̈°��oª¥�Ethanol�Â¨³�ÎÊµ�(RO water) Â¨³
Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°���Control��Á�nµ��́�90 92 Â¨³�92 Á�°¦rÁ�È��r��¹É �Å¤nÂ���nµ���́�µ�­�·�·�
(p � 0.05)�Á¤ºÉ°Á�̧¥���́Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¤̧�µ¦¨oµ�­µ¦Á� º̈°��oª¥�Methanol��³¡�ªnµ¤̧
�nµ�Gmax �o°¥�ªnµÁ¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°���Control����¹É �Â���nµ��´��µ�­�·�·�(p � 0.05)�
(�µ¦µ��̧É�1�Â¨³�µ¦µ�£µ���ª��̧É�Ś)   

Á¤ºÉ°¡·�µ¦�µ�nµ�W���8����  AUC Â¨³�MGT�¡�ªnµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¤̧�µ¦¨oµ�­µ¦
Á� º̈°��oª¥�Methanol�Ethanol�Â¨³�ÎÊ µ�(RO water) �³Ä®o�nµ�W��8����  AUC Â¨³�MGT�Å¤nÂ���nµ�
��́Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°���Control���¹É�Å¤nÂ���nµ���́�µ�­�·�· (p � 0.05)���µ¦µ��̧É�2) 
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�µ¦µ��̧É�2 ��́�̧�µ¦�°��°�Á¤¨È��oµªÃ¡�Á¨̧Ê¥�­´�ªr¡�́�»r�A Â�n¨³�ª́°¥nµ� 

 
 

        Lot                  treatment 
Radicle emergence indices 

Gmax� W��� 8���� AUC MGT 

�ª́°¥nµ��̧É�1 

Methanol 52 119.96 6.24 0 120.00 
Ethanol 52 120.5 6.29 0 120.56 

�ÎÊµ�(RO water) 48 122.03 6.40 0 122.00 
Control 58 118.16 7.27 0 118.20 

F-test  ns ns ns ns ns 
C.V.%  33.44 1.74 12.32 - 1.70 

�ª́°¥nµ��̧É�2 

Methanol 0  0 0 0 0 
Ethanol 0  0 0 0 0 

�ÎÊµ�(RO water) 0  0 0 0 0 
Control 0  0 0 0 0 

F-test  ns ns ns ns ns 
C.V.%  - - - - - 

�ª́°¥nµ��̧É�3 

Methanol 80b 111.26 11.05 0.53 111.00 
Ethanol 90a 109.06 9.98 0.93 109.13 

�ÎÊµ�(RO water) 92a 102.4 9.72 0.70 102.60 
Control 92a ������ 7.74 73.67 106.30 

F-test  * ns ns ns ns 
C.V.%  5.41 3.69 ����� ����� 3.78 

�ª́°¥nµ��̧É�4 

Methanol 53 120.20 7.15 0 119.83 
Ethanol 48 120.96 5.59 0 120.96 

�ÎÊµ�(RO water) 78 116.66 9.28 0.16 116.00 
Control 55 121.33 6.18 0 121.36 

F-test  ns ns ns ns ns 
C.V.%  19.95 3.00 36.18 346.41 3.04 
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�Gmax �º°��nµ�µ¦�°�­¼�­»� �Á�°¦rÁ�È��r� 
W�� �º° Áª¨µ�̧ÉÄ�oÄ��µ¦�°����¹��¦¹É �®�¹É�®¦º°��ŝŘ�Á�°¦rÁ�È��r���°��Îµ�ª�Á¤¨È�¡�́�»r

�´Ê�®¤� (�´ÉªÃ¤�� 
8���� �º°�Áª¨µ�̧ÉÄ�oÄ��µ¦�°��´Ê�Â�n�Śŝ��şŝ�Á�°¦rÁ�È��r (�´ÉªÃ¤�� 
AUC = ¡ºÊ��̧ÉÄ�oÁ­o�Ã�o�  
MGT �º° Áª¨µ�°�Á�¨̧É¥ (�´ÉªÃ¤�� 

* ¤̧�ªµ¤Â���nµ���́�µ�­�·�·¦³��́�¥́­Îµ��́Á�nµ��́�0.05 
 

Á®�»�̧É�µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�oª¥�Ethanol�Â¨³�ÎÊ µ�(RO water) Ä®o�nµ 
Gmax�W����8���� MGT Â¨³ AUC�Å¤n�nµ���́Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°��Á�ºÉ°�¤µ�µ��µ¦¨oµ�­µ¦

Á� º̈°�Á¤¨È��oª¥ Ethanol�Â¨³�ÎÊµ Å¤n�ÎµÄ®oÁ�·��µ¦¦��ª��¦³�ª��µ¦�nµ�Ç�£µ¥Ä�Á¤¨È��̧É�³­n��¨
�n°�µ¦�°��°�Á¤¨È�¡�́�»r�°µ��³�ÎµÄ®oÁ�·��µ¦¦��ª��¦³�ª��µ¦�nµ�Ç�®¦º°°��r�¦³�°�£µ¥Ä�

Á�¨¨r�̧É­n��¨�n°�ªµ¤­µ¤µ¦�Ä��µ¦�°��°�Á¤¨È�¡�́�»r Ã�¥�¨�µ¦��¨°�­°��¨o°���́¦µ¥�µ�
�°��ISTA����18���̧É¦³�»ªnµ�ªµ¤Á¦ÈªÄ��µ¦�°��°�Á¤¨È�¡�́�»r°µ�Á�·��µ�­£µ¡�µ¦��­°��̧É
Å¤n®¤µ³­¤Â¨³�µ¦��­°��ªµ¤�°��°�Á¤¨È��̧É¨oµ�­µ¦Á� º̈°�Á¤¨È�°°�Å��®¦º°Á¤¨È�°µ��³

�·����·�µ��µ¦Á� º̈°�®¦º°�¨»�­µ¦Á�¤̧�nµ�Ç���³�̧É�µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr

�oª¥�Methanol Ä®o�nµ�Gmax Â���nµ��´�Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�Á�ºÉ°�¤µ��µ��µ¦¨oµ�­µ¦

Á� º̈°�Á¤¨È��oª¥�Methanol °µ��³�ÎµÄ®oÁ�·��µ¦¦��ª��¦³�ª��µ¦�nµ�Ç�®¦º°°��r�¦³�°�£µ¥Ä�
Á�¨¨r��¹É ��µ¦¦��ª�°��r�¦³�°��µ�Á�¤̧�°�Á¤¨È�¡�́�»r­n��¨�n°�ªµ¤­µ¤µ¦�Ä��µ¦�°��°�Á¤¨È�

¡�́�»r (�ª���́�¦r,�2529) 
 
 
 
 

�ª́°¥nµ��̧É�5 

Methanol 92 114.46 6.33 0 114.56 
Ethanol 87 114.23 6.03 0 114.40 

�ÎÊµ�(RO water) 90 115.16 6.26 0 115.30 
Control 93 116.26 6.16 0 116.40 

F-test  ns ns ns ns ns 
C.V.%  3.91 1.44 11.13 - 1.41 
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2. �¨�µ¦��­°��µ¦ öµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨¸Ê¥�­́�ªrÃ�¥Ä�o Á¤¨È��̧É�nµ�¡�́�»r��́ 
 �µ��µ¦�¦ª�­°��µ¦Â��¦µ�Â¨³�µ¦�°��°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr¡�́�»r�B C D 
Â¨³�E �´Ê�®¤��5 �ª́°¥nµ��Ä��µ¦��¨°��̧Ê �Ã�¥�³¤̧�µ¦��́�¨»n¤�»�£µ¡Á¤¨È�¡�́�»r�̧�̧É­»����¹�Â¥n
�̧É­»��µ¤�¨»n¤�ª́°¥nµ�Á¤¨È�¡�́�»r�ª́°¥nµ��̧É�6-10 �µ¤¨Îµ��́ 
 2.1 �µ¦Â��¦µ���Radical emergence) 

 Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¤̧�µ¦¨oµ�­µ¦Á� º̈°�Á¤ºÉ°Á�¦̧¥�Á�̧¥���́Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�

­µ¦Á� º̈°���Control��¡�ªnµÁ¤ºÉ°�¦ª�­°��µ¦Â��¦µ�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¤̧�µ¦¨oµ�­µ¦
Á� º̈°��oª¥�ÎÊµ Å¤nÂ���nµ���́�µ�­�·�·�(p � 0.05) 

�Á¤ºÉ°¡·�µ¦�µ�nµ�µ¦Â��¦µ�­¼�­»���REmax��¡�ªnµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤n¨oµ�­µ¦
Á� º̈°�Å¤nÂ���nµ���́Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°��oª¥�Ethanol�Â¨³�ÎÊ µ�Ä��ª́°¥nµ�
Á¤¨È�¡�́�»r�C �ª́°¥nµ��̧É�2 �³¡�ªnµ�nµ�REmax �°�Á¤¨È�¡�́�»r�̧É¨oµ�­µ¦Á� º̈°��oª¥�Ethanol�Â¨³�ÎÊ µ 
Â¨³Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°��Á�nµ��́�95 100 Â¨³�100 Á�°¦rÁ�È��r��¹É �Å¤nÂ���nµ���́�µ�­�·�·�(p 
� 0.05)�Á¤ºÉ°Á�̧¥���́Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¤̧�µ¦¨oµ�­µ¦Á� º̈°��oª¥�Methanol��³¡�ªnµ¤̧�nµ�
REmax �o°¥�ªnµÁ¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°���¹É �Â���nµ���́�µ�­�·�·�(p � 0.05)�(�µ¦µ��̧É�3�Â¨³
�µ¦µ�£µ���ª��̧É�ś)  

 Á¤ºÉ°¡·�µ¦�µÁª¨µ�̧ÉÄ�oÄ��µ¦�°�¦µ�Â¦�Á�·����¹��¦¹É �®�¹É �®¦º°��ŝŘ�Á�°¦rÁ�È��r���°�

�Îµ�ª�Á¤¨È�¡�́�»r�W��RE ¡�ªnµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�Å¤nÂ���nµ���́Á¤¨È�

¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°��oª¥��ÎÊ µÄ��ª́°¥nµ�Á¤¨È�¡�́�»r�B ¡�ªnµ¤̧�nµ W��RE �°�Á¤¨È�
¡�́�»r�̧É¨oµ�­µ¦Á� º̈°��oª¥�ÎÊ µ Â¨³Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�Á�nµ��́�34.93 Â¨³�39.96 �µ¤¨Îµ��́�
�¹É�Â���nµ���́�µ�­�·�·�(p � 0.05)�Â¨³Ä��ª́°¥nµ�Á¤¨È�¡�́�»r�C �ª́°¥nµ��̧É�2 ¡�ªnµ¤̧�nµ W�� �°�Á¤¨È�
¡�́�»r�̧É¨oµ�­µ¦Á�¨º°��oª¥�ÎÊµ Â¨³Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°��Á�nµ��́�76.10 Â¨³�75.56 �µ¤¨Îµ��́�
�¹É�Å¤n¤̧�ªµ¤Â���nµ�°¥nµ�¤̧�¥́­Îµ��́ (p � 0.01)�(�µ¦µ��̧É�3)  

Á¤ºÉ°¡·�µ¦�µÁª¨µ�̧ÉÄ�oÄ��µ¦�°��°�¦µ�Â¦�Á�·��´Ê�Â�n�Śŝ��şŝ�Á�°¦rÁ�È��r 8����RE ¡�ªnµ
Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�Å¤nÂ���nµ���́Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�

­µ¦Á� º̈°��oª¥�Methanol� Ethanol�Â¨³�ÎÊµ��¹É �Å¤nÂ���nµ���́�µ�­�·�·�(p � 0.05)�(�µ¦µ��̧É�3)  
Á¤ºÉ°¡·�µ¦�µ�nµ¡ºÊ��̧ÉÄ�oÁ­o�Ã�o��(AUC)�¡�ªnµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�

Å¤nÂ���nµ���́Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°��oª¥�ÎÊ µÄ��ª́°¥nµ�Á¤¨È�¡�́�»r�C��ª́°¥nµ�
�̧É�2  �¹É �Å¤n¤̧�ªµ¤Â���nµ�°¥nµ�¤̧�´¥­Îµ��́ (p � 0.01)�Â�nÄ��ª́°¥nµ�Á¤¨È�¡�́�»r�B ¡�ªnµÁ¤¨È�¡�́�»r
�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°��oª¥�Methanol�Â¨³ Ethanol�¤̧�nµ�AUC ¤µ��ªnµÁ¤¨È�¡�́�»r�̧ÉÅ¤n
¨oµ�­µ¦Á� º̈°��Á�nµ��́�68.30 Â¨³�70.50 �µ¤¨Îµ��́��¹É�Â���nµ���́�µ�­�·�·�(p � 0.05)�(�µ¦µ��̧É�3) 
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Á¤ºÉ°¡·�µ¦�µÁª¨µ�°�Á�¨̧É¥ (MRET) ¡�ªnµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�Å¤n

Â���nµ���́Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°��oª¥�ÎÊ µ�Ä��ª́°¥nµ�Á¤¨È�¡�́�»r�B�Â¨³�D��¹É �
Å¤nÂ���nµ���́�µ�­�·�·�(p � 0.05) �º°¤̧�nµ�MRET�Á�nµ��́�35.73 Â¨³�39.23��´ÉªÃ¤���µ¤¨Îµ��́�Á¤ºÉ°
Á�̧¥���́Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¤̧�µ¦¨oµ�­µ¦Á� º̈°��oª¥�Methanol�Â¨³ Ethanol�Ä��ª́°¥nµ�
Á¤¨È�¡�́�»r�B��³¡�ªnµ¤̧�nµ�MRET �o°¥�ªnµÁ¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°���º°�29.30�Â¨³�27.80 
�´ÉªÃ¤���µ¤¨Îµ��́��¹É �Â���nµ���́�µ�­�·�·�(p � 0.05) (�µ¦µ��̧É�3) 
 
�µ¦µ��̧É�3 ��́�̧�µ¦Â��¦µ��°�Á¤¨È��oµªÃ¡�Á¨̧Ê¥�­´�ªrÂ�n¨³�ª́°¥nµ� 

 
  
 

       Lot                treatment 
Radicle emergence indices 

REmax� W��RE 8����RE AUC MRET 
 Methanol 98 27.50b 11.84 68.30a 29.30b 

¡�́�»r�B Ethanol 99 26.76b 8.16 70.50a 27.80b 
 �ÎÊµ�(RO water) 93 34.93ab 7.57 59.77ab 35.73ab 
 Control 92 39.96a 14.17 53.13b 41.83a 

F-test  ns * ns * * 
C.V.%  5.45 14.96 56.83 9.92 14.19 

 Methanol 98 24.06 7.30 73.43 25.26 
¡�́�»r�C Ethanol 100 23.73 7.52 74.13 25.10 

�ª́°¥nµ��̧É�1 �ÎÊµ�(RO water) 98 25.40 5.77 73.73 26.03 
 Control 100 25.63 5.79 72.73 26.30 

F-test  ns ns ns ns ns 
C.V.%  2.05 4.69 103.60 3.41 9.82 
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�REmax �º°��nµ�µ¦Â��¦µ�­¼�­»� �Á�°¦rÁ�È��r� 
W��5(��º° Áª¨µ�̧ÉÄ�oÄ��µ¦�°�¦µ�Â¦�Á�·����¹��¦¹É �®�¹É�®¦º°��ŝŘ�Á�°¦rÁ�È��r���°��Îµ�ª�

Á¤¨È�¡�́�»r�´Ê�®¤� (�´ÉªÃ¤�� 
8����RE �º°�Áª¨µ�̧ÉÄ�oÄ��µ¦�°��°�¦µ�Â¦�Á�·��´Ê�Â�n�Śŝ��şŝ�Á�°¦rÁ�È��r (�´ÉªÃ¤�� 
AUC = ¡ºÊ��̧ÉÄ�oÁ­o�Ã�o�  
MRET �º° Áª¨µ�µ¦Â��¦µ�Á�¨̧É¥ (�´ÉªÃ¤�� 

* ¤̧�ªµ¤Â���nµ���́�µ�­�·�·¦³��́�¥́­Îµ��́Á�nµ��́�0.05 
** ¤̧�ªµ¤Â���nµ���́°¥nµ�¤̧�¥́­Îµ��́�µ�­�·�·�̧É¦³��́�¥́­Îµ��́Á�nµ��́�0.01 
 
 
 

 Methanol 93b 67.70b 5.90 67.70b 24.86 
¡�́�»r�C Ethanol 95ab 70.46b 2.52 70.46b 23.70 

�ª́°¥nµ��̧É�2 �ÎÊµ�(RO water) 100a 76.10a 2.60 76.10a 23.70 
 Control 100a �����a 2.84 75.56a 24.46 

F-test  * ** ns ** ns 
C.V.%  2.97 3.14 ����� ���� 4.81 

 Methanol 80 34.40 17.19 49.60 37.30ab 
¡�́�»r�D Ethanol 83 25.33 5.99 60.53 26.03b 

 �ÎÊµ�(RO water) 85 37.46 13.35 50.67 39.23a 
 Control 90 41.76 27.01 48.70 45.20a 

F-test  ns ns ns ns * 
C.V.%  12.30 20.05 55.26 20.46 16.71 

 Methanol 0 0 0 0 0 
¡�́�»r�E Ethanol 0 0 0 0 0 

 �ÎÊµ�(RO water) 0 0 0 0 0 
 Control 0 0 0 0 0 

F-test  ns ns ns ns ns 
C.V.%  - - - - - 
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Á®�»�̧É�µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê ¥�­´�ªr�oª¥�ÎÊ µÄ®o�nµ�REmax W��5( 8����5( 
AUC Â¨³ MRET Â¨³�Ethanol�Ä®o�nµ�REmax Å¤n�nµ���́Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°����³�̧É�µ¦

¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�oª¥�Methanol Â¨³�Ethanol Ä®o�nµ W��5(  8����5( AUC 
Â¨³ MRET Â���nµ���́Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�Á�ºÉ°�¤µ��µ��µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È��oª¥�

Methanol Â¨³�Ethanol °µ��³�ÎµÄ®oÁ�·��µ¦¦��ª��¦³�ª��µ¦�nµ�Ç�®¦º°°��r�¦³�°�£µ¥Ä�
Á�¨¨r��¹É ��µ¦¦��ª�°��r�¦³�°��µ�Á�¤̧�°�Á¤¨È�¡�́�»r­n��¨�n°�ªµ¤­µ¤µ¦�Ä��µ¦�°�¦µ��°�

Á¤¨È�¡�́�»r (�ª���́�¦r,�2529) 
 

1.2 �µ¦�°��(Germination) 
 Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¤̧�µ¦¨oµ�­µ¦Á� º̈°�Á¤ºÉ°Á�¦̧¥�Á�̧¥���́Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�

­µ¦Á� º̈°�¡�ªnµÁ¤ºÉ°�¦ª�­°��µ¦�°��°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¤̧�µ¦¨oµ�­µ¦Á� º̈°��oª¥� 
Ethanol�Â¨³�ÎÊ µ Å¤nÂ���nµ��´��µ�­�·�· (p � 0.05)�Á¤ºÉ°¡·�µ¦�µ�nµ�µ¦�°�­¼�­»���Gmax��¡�ªnµ
Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�Å¤nÂ���nµ���́Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�

­µ¦Á� º̈°��oª¥�ÎÊ µ�Ä��ª́°¥nµ�Á¤¨È�¡�́�»r�C �ª́°¥nµ��̧É�2 �³¡�ªnµ�nµ�Gmax �°�Á¤¨È�¡�́�»r�̧É¨oµ�­µ¦
Á� º̈°��oª¥�ÎÊ µÂ¨³Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°���Control��Á�nµ��́ 100 Â¨³�98 Á�°¦rÁ�È��r��¹É �Å¤n
Â���nµ���́�µ�­�·�·�(p � 0.05)�Á¤ºÉ°Á�̧¥���́Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¤̧�µ¦¨oµ�­µ¦Á� º̈°��oª¥�

Methanol�Â¨³�Ethanol��³¡�ªnµ¤̧�nµ�Gmax �o°¥�ªnµÁ¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°���¹É �Â���nµ���́

�µ�­�·�·�(p � 0.05)�(�µ¦µ��̧É�4�Â¨³�µ¦µ�£µ���ª��̧É�Ŝ)  
 Á¤ºÉ°¡·�µ¦�µÁª¨µ�̧ÉÄ�oÄ��µ¦�°����¹��¦¹É �®�¹É �®¦º°��ŝŘ�Á�°¦rÁ�È��r���°��Îµ�ª�Á¤¨È�¡�́�»r�

(W��)�¡�ªnµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�Å¤nÂ���nµ���́Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�

­´�ªr�̧É¨oµ�­µ¦Á� º̈°��oª¥�Ethanol�Â¨³�ÎÊ µ�Ä��ª́°¥nµ�Á¤¨È�¡�́�»r�C �ª́°¥nµ��̧É�1 ¡�ªnµ¤̧�nµ W�� �°�
Á¤¨È�¡�́�»r�̧É¨oµ�­µ¦Á� º̈°��oª¥ Ethanol�Â¨³�ÎÊ µ Â¨³Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°��Á�nµ��́�102.96 
98.30 Â¨³�103.33 �µ¤¨Îµ��́��¹É�Å¤nÂ���nµ���́�µ�­�·�·�(p � 0.05)�Â�nÄ�Á¤¨È�¡�́�»r�̧É¨oµ�­µ¦Á� º̈°�

�oª¥�Methanol��³¡�ªnµ¤̧�nµ�W�� �o°¥�ªnµÁ¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°��¹É�Â���nµ���́�µ�­�·�·�(p � 
0.05)�(�µ¦µ��̧É�4)  

Á¤ºÉ°¡·�µ¦�µÁª¨µ�̧ÉÄ�oÄ��µ¦�°��´Ê�Â�n�Śŝ��şŝ�Á�°¦rÁ�È��r (8����) ¡�ªnµÁ¤¨È�¡�́�»r�oµªÃ¡�
Á¨̧Ê ¥�­´�ªr�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�Å¤nÂ���nµ��´�Á¤¨È�¡´��»r�oµªÃ¡�Á¨̧Ê ¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°��oª¥�

Methanol� Ethanol�Â¨³�ÎÊµ��¹É �Å¤nÂ���nµ���́�µ�­�·�·�(p � 0.05)�(�µ¦µ��̧É�4)  
Á¤ºÉ°¡·�µ¦�µ�nµ¡ºÊ��̧ÉÄ�oÁ­o�Ã�o��(AUC)�¡�ªnµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�

Å¤nÂ���nµ���́Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°��oª¥ Methanol�Â¨³Ethanol�Ä��ª́°¥nµ�
Á¤¨È�¡�́�»r�C �ª́°¥nµ��̧É�2�¤̧�nµ�AUC�Á�nµ��́�0.76 Â¨³�0.93 �µ¤¨Îµ��́ �¹É �Å¤nÂ���nµ���́�µ�­�·�·�(p 
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� 0.05) Ä���³�̧ÉÁ¤¨È�¡�́�»r�̧É¨oµ�­µ¦Á� º̈°��oª¥�ÎÊ µ�³¡�ªnµ¤̧�nµ�AUC ¤µ��ªnµÁ¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�
­µ¦Á� º̈°��¹É�Â���nµ���́�µ�­�·�·�(p � 0.05)�(�µ¦µ��̧É�4) 

Á¤ºÉ°¡·�µ¦�µÁª¨µ�°�Á�¨̧É¥ (MGT) ¡�ªnµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�Å¤n

Â���nµ���́Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°��oª¥ Ethanol�Â¨³�ÎÊ µÄ��ª́°¥nµ�Á¤¨È�¡�́�»r�
B�Ä®o�nµ��MGT�Á�nµ��́�118.06 Â¨³�117.33 �´ÉªÃ¤���µ¤¨Îµ��́ �¹É �Å¤n¤̧�ªµ¤Â���nµ�°¥nµ�¤̧�¥́­Îµ��́ 
(p � 0.01)�Â¨³Ä��ª́°¥nµ�Á¤¨È�¡�́�»r�C �ª́°¥nµ��̧É�1  ¡�ªnµÁ¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�­µ¦
Á� º̈°��oª¥�Ethanol�Â¨³�ÎÊ µ�¤̧�nµ�MGT Á�nµ��́�102.66 Â¨³�98.50 �´ÉªÃ¤���µ¤¨Îµ��́ �¹É �Å¤nÂ���nµ�
��́�µ�­�·�·�(p � 0.05)�(�µ¦µ��̧É�4) 
 
�µ¦µ��̧É�4 ��́�̧�ªµ¤�°��°�Á¤¨È��oµªÃ¡�Á¨̧Ê¥�­´�ªrÂ�n¨³�ª́°¥nµ� 
 

 

       Lot               treatment 
Radicle emergence indices 

Gmax� W�� 8���� AUC MGT 
 Methanol 90 108.16 10.40 0.7 107.63b 

¡�́�»r�B Ethanol 90 117.96 6.07 0 118.06a 
 �ÎÊµ�(RO water) 83 117.23 5.94 0 117.33a 
 Control 80 119.03 6.22 0 119.16a 

F-test  ns ns ns ns ** 
C.V.%  6.26 3.11 32.74 98.97 2.86 

 Methanol 98 95.66b 10.17 6.00 95.56b 
¡�́�»r�C Ethanol 95 102.96a 14.60 2.90 102.66a 

�ª́°¥nµ��̧É�1 �ÎÊµ�(RO water) 97 98.30ab 11.00 4.26 98.50ab 
 Control 98 103.33a 13.61 2.63 103.20a 

F-test  ns * ns ns * 
C.V.%  3.64 3.01 38.41 37.00 2.91 
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�Gmax �º°��nµ�µ¦�°�­¼�­»� �Á�°¦rÁ�È��r� 
W�� �º° Áª¨µ�̧ÉÄ�oÄ��µ¦�°����¹��¦¹É �®�¹É�®¦º°��ŝŘ�Á�°¦rÁ�È��r���°��Îµ�ª�Á¤¨È�¡�́�»r

�´Ê�®¤� (�´ÉªÃ¤�� 
8���� �º°�Áª¨µ�̧ÉÄ�oÄ��µ¦�°��´Ê�Â�n�Śŝ��şŝ�Á�°¦rÁ�È��r (�´ÉªÃ¤�� 
AUC = ¡ºÊ��̧ÉÄ�oÁ­o�Ã�o�  
MGT �º° Áª¨µ�°�Á�¨̧É¥ (�´ÉªÃ¤�� 

* ¤̧�ªµ¤Â���nµ���́�µ�­�·�·¦³��́�¥́­Îµ��́Á�nµ��́�0.05 
** ¤̧�ªµ¤Â���nµ���́°¥nµ�¤̧�¥́­Îµ��́�µ�­�·�·�̧É¦³��́�¥́­Îµ��́Á�nµ��́�0.01 
 
Á®�»�̧É�µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�oª¥�ÎÊ µ Ä®o�nµ�Gmax Å¤n�nµ��´�Á¤¨È�

¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°��Â¨³�µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�oª¥�Ethanol�Â¨³�ÎÊ µ�
Ä®o�nµ�W���8����  AUC Â¨³�MGT Å¤n�nµ���́Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°����³�̧É�µ¦¨oµ�­µ¦Á� º̈°�

Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�oª¥�Methanol�Ä®o�nµ�Gmax W��8���� Â¨³ MGT Â���nµ���́�µ¤¨Îµ��́

 Methanol 88b 108.6 7.81 0.76b 108.60 
¡�́�»r�C Ethanol 90b 103.9 6.25 0.93b 104.03 

�ª́°¥nµ��̧É�2 �ÎÊµ�(RO water) 100a 99.5 14.83 4.63a 98.80 
 Control 98a ����� 7.84 0.96b 106.83 

F-test  * ns ns * ns 
C.V.%  4.33 4.49 ����� ����� 4.59 

 Methanol 73 109.33 13.12 1.16 108.56 
¡�́�»r�D Ethanol 78 102.73 10.99 2.10 102.40 

 �ÎÊµ�(RO water) 77 103.40 15.36 2.46 101.30 
 Control 77 112.93 22.21 2.03 104.56 

F-test  ns ns ns ns ns 
C.V.%  13.65 5.71 46.19 62.12 6.79 

 Methanol 0 0 0 0 0 
¡�́�»r�E Ethanol 0 0 0 0 0 

 �ÎÊµ�(RO water) 0 0 0 0 0 
 Control 0 0 0 0 0 

F-test  ns ns ns ns ns 
C.V.%  - - - - - 
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��́Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°�Á�ºÉ°�¤µ��µ��µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È��oª¥�Methanol�°µ��³�ÎµÄ®o
Á�·��µ¦¦��ª��¦³�ª��µ¦�nµ�Ç�®¦º°°��r�¦³�°�£µ¥Ä�Á�¨¨r��¹É ��µ¦¦��ª�°��r�¦³�°��µ�

Á�¤̧�°�Á¤¨È�¡�́�»r­n��¨�n°�ªµ¤­µ¤µ¦�Ä��µ¦�°��°�Á¤¨È�¡�́�»r  (�ª���́�¦r,�2529)��ÎµÄ®o¤̧�nµ�

Gmax W��8���� Â¨³MGT Â���nµ��µ�Á¤¨È�¡�́�»r�̧ÉÅ¤n¨oµ�­µ¦Á� º̈°� Ã�¥�¨�µ¦��¨°��­°��¨o°�
��́¦µ¥�µ��°��ISTA����18���̧É¦³�»ªnµ�ªµ¤Á¦ÈªÄ��µ¦�°��°�Á¤¨È�¡�́�»r°µ�³Á�·��µ�­£µ¡�µ¦
��­°��̧ÉÅ¤n®¤µ³­¤Â¨³�µ¦��­°��ªµ¤�°��°�Á¤¨È��̧É¨oµ�­µ¦Á� º̈°�Á¤¨È�°°�Å��®¦º°Á¤¨È�

°µ��³�·����·�µ��µ¦Á� º̈°�®¦º°�¨»�­µ¦Á�¤̧�nµ�Ç�   
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­¦»� 
 

1. �µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�oª¥�ÎÊ µ�(RO water)�Ä®o�¨�ªµ¤�°�Å¤n�nµ�
�´�Á¤¨È�¡�́�»r�̧ÉÅ¤n¤̧�µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È��(Control) Ä���³�̧É�µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È��oª¥�ÎÊ µ�

Methanol�Ethanol Â¨³�ÎÊ µ�Ä®o�¨�ªµ¤�°��̧ÉÂ���nµ��µ��´�Á¤¨È�¡�́�»r�̧ÉÅ¤n¤̧�µ¦¨oµ�­µ¦Á� º̈°�

Á¤¨È� 
2. �µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�oª¥�ÎÊ µ�Ethanol Â¨³�ÎÊ µ�Ä®o�¨��́�̧�ªµ¤

�°��Á�n���nµ�W���8����  AUC Â¨³�MGT�Å¤n�nµ��´�Á¤¨È�¡�́�»r�̧ÉÅ¤n¤̧�µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È�Ä�

��³�̧É�µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È��oª¥�ÎÊµ�Methanol�Ä®o�¨��́�̧�nµ�W��8����  AUC Â¨³�MGT��̧ÉÂ���nµ�
�µ���́Á¤¨È�¡�́�»r�̧ÉÅ¤n¤̧�µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È� 

3. ¦³¥³Áª¨µÄ��µ¦Á�È�¦́�¬µ¤̧�¨�n°�¦³­·��·£µ¡�µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È��̧É�³­n��¨�n°�ªµ¤

�°��°�Á¤¨È�¡�́�»r��¹É �Á¤¨È�¡�́�»r�̧ÉÁ�È�Åªo�µ�¤̧�ªµ¤�°��̧É�o°¥�ªnµÁ¤¨È�¡�́�»r�̧É¤̧�µ¦Á�È�¦́�¬µÅªo

Å¤n�µ� 
4. ��·�¡�́�»r�°��oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÂ���nµ���́¤̧�¨�n°�¦³­·��·£µ¡�µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È�

�̧É�³­n��¨�n°�ªµ¤�°��°�Á¤¨È�¡�́�»r�̧ÉÂ���nµ���́ 
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�o°Á­�°Â�³ 
1. �ª¦¤̧�µ¦Á¡·É¤�µ��ª�Á¤¨È�Â¨³�ÎÊ µ�̧É�Îµ��¹É �Ä��µ¦��¨°��̧Ê ¤̧�µ¦��­°�Ä�Â�n¨³

�ª́°¥nµ��Îµ�ª��3��ÎÊµ�Ç�¨³�20 Á¤¨È��Á�ºÉ°��µ�¤̧�o°�Îµ��́Ä��Îµ�ª��°�Á¤¨È�¡�́�»r 
2.��ª¦¤̧�µ¦Á¡·É¤��·��°�­µ¦�̧ÉÄ�ö oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r� 
3. �ª¦¤̧�µ¦��¨°�¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»rÄ�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr¡�́�»r°ºÉ�Ç� 
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Á°�­µ¦Â¨³­·É�°oµ�°·� 
 
��́¦¡�¬r��µ�Ã­£µ�Â¨³Á¡�¦¦́��r��̧Ê Á¡�¦��Śŝ64��°·��·¡¨�°��µ¦Á� º̈°�Á¤¨È��oª¥�Captan Â¨³�

Matalaxyl ®¨´��nµ��µ¦�ÎµÅ¡¦¤r¤·É��n°�ªµ¤�°���µ¦Á�¦·�Á�·�Ã��°��o�� öµÂ¨³°µ¥»�µ¦

Á�È�¦́�¬µ�°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨¸Ê¥�­́�ªr���ªµ¦­µ¦� ·̈��¦¦¤�µ¦Á�¬�¦�2�����51y64� 
�ª���́�¦r��ª�¡�́¦µ���2529.  �µ¦�¦ª�­°�Â¨³ª·Á�¦µ³®r�»�£µ¡Á¤¨È�¡´��»r ���¡·¤¡r�¦́Ê ��̧É�1. �¨»n¤

®��́­º°Á�¬�¦, �¦»�Á�¡²� 
�ª���́�¦r��ª�¡�́¦µ���2529.  Á��Ã�Ã¨¥̧Á¤¨È�¡�́�»r ���¡·¤¡r�¦́Ê ��̧É�2. �¨»n¤®��́­º°Á�¬�¦, �¦»�Á�¡²� 
�»�¤̧�«·¦· ��°¤́¡¦�«¦̧««·�¦��­»ªµ¦̧��n°Á�¬�¦ª·«ªr��Â¨³¡��µ�­̧�µª� 2551.��¨�°�­µ¦Á� º̈°�Â¨³

ª·�¸�µ¦Á� º̈°��̧É¤¸�n°�»�£µ¡Â¨³°µ¥»�µ¦Á�È�¦́�¬µÁ¤¨È�¡´��»r�oµªÃ¡�®ªµ�¡·Á«¬¨¼��­¤��

Â�n�Á�¬�¦�36: 219-226 
�¦³�°¤�«¦́¥­ª­́�·Í ��2541. ª·�¥µ«µ­�¦r Â¨³Á��Ã�Ã¨¥̧Á¤¨È�¡´��»r ��¡·¤¡r�¦́Ê ��̧É�12. ­¤µ�¤Á¤¨È�

¡�́�»rÂ®n��¦³Á�«Å�¥���¦»�Á�¡²� 
�¦³£µ­�ª¸¦³Â¡�¥r��­»�«́�r�«¦̧ª�́�¡�¬r�Â¨³Á�¦·�«�́�·Í �Ã¦��§��·Í ¡·Á�¬�r� �ŚŝŚś��­µ¦µ�»�¦¤Å�¥

­Îµ®¦́�Á¥µª��²���´�Á­¦·¤�µ¦Á¦̧¥�¦¼o �Á n̈¤�16.�¡·¤¡r�¦́Ê ��̧É�2���¦»�Á�¡² 
­Îµ�´��µ�Á«¦��·��µ¦Á�¬�¦� 2564���£µª³Á«¦¬��·��̧�2564. Â®¨n��̧É¤µ https://shorturl.asia/fji60, 

26�¤̧�µ�¤�2564. 
Aekatasanawan, C. 1997 Hybrid maize technology for rural development in Thailand, pp. 64-81. In 

Toward the year 2000: Technology for Rural Development for Rural Department. 
Proceedings of the international Conference. 

ISTA. 2018. International Rules for Seed Testing. International Seed Testing Association, 
  Bassersdorf, Switzerland. 
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£µ¡��ª��̧É�1 ¨�́¬�³�µ¦Â��¦µ��(Radical emergence)��°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr 
 
 
 
 
 
 
 
 
 
 
 
 
£µ¡��ª��̧É�2 ¨�́¬�³�µ¦�°��(Germination)��°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr 
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£µ¡��ª��̧É�3 �ª́°¥nµ��µ¦�°��°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r�oª¥� 

Methanol 
 
 
 
 
 
 
 
 
 
 
 
 
£µ¡��ª��̧É�4 �ª́°¥nµ��µ¦�°��°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r�oª¥� 

Ethanol 
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£µ¡��ª��̧É�5 �ª́°¥nµ��µ¦�°��°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧É¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r�oª¥�  

          �ÎÊµ�(RO water) 
 
 
 
 
 
 
 
 
 
 
 
 
£µ¡��ª��̧É�6 �ª́°¥nµ��µ¦�°��°�Á¤¨È�¡�́�»r�oµªÃ¡�Á¨̧Ê¥�­´�ªr�̧ÉÅ¤n¤̧�µ¦¨oµ�­µ¦Á� º̈°�Á¤¨È�¡�́�»r 

(Control) 
 
 
 



36 
 

�µ¦µ���ª��̧É�1  �¨�µ¦Â��¦µ��°�Á¤¨È��oµªÃ¡�Á¨̧Ê¥�­´�ªr¡�́�»r�A Â�n¨³�ª́°¥nµ� 
 
 
  

Lot Treatment Rep 
Time (hr) 

0 24 48 72 96 120 144 

1 
�¡�́�»r�

A) 

Methanol 1 0 1 9 13 14 14 14 
 2 0 1 6 13 13 14 14 
 3 0 0 7 11 12 16 16 

Ethanol 1 0 1 7 10 12 13 15 
 2 0 0 9 17 18 18 18 
 3 0 1 12 15 15 16 16 

RO 1 0 0 6 13 17 18 18 
 2 0 0 5 13 16 17 18 
 3 0 0 11 18 18 19 19 

Control 1 0 0 11 17 18 18 19 
 2 0 0 8 14 15 17 17 
 3 0 1 10 14 16 16 18 

2 
�¡�́�»r�

A) 

Methanol 1 0 0 0 1 1 4 8 
 2 0 0 0 1 1 3 5 
 3 0 0 0 1 1 5 6 

Ethanol 1 0 0 0 1 3 4 4 
 2 0 0 0 0 1 2 4 
 3 0 0 0 0 1 1 3 

RO 1 0 0 0 1 1 4 5 
 2 0 0 0 0 2 5 8 
 3 0 0 0 0 6 11 13 

Control 1 0 0 0 2 6 7 9 
 2 0 0 0 2 4 4 7 
 3 0 0 0 1 4 6 10 
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Lot Treatment Rep 
Time (hr) 

0 24 48 72 96 120 144 

3 
�¡�́�»r�

A) 

Methanol 1 0 12 16 17 18 18 18 
 2 0 13 19 19 19 19 19 
 3 0 14 17 18 18 18 19 

Ethanol 1 0 14 19 19 19 19 19 
 2 0 14 18 18 18 18 18 
 3 0 15 18 19 19 19 19 

RO 1 0 13 18 19 20 20 20 
 2 0 16 20 20 20 20 20 
 3 0 17 19 20 20 20 20 

Control 1 0 10 17 18 18 18 19 
 2 0 9 20 20 20 20 20 
 3 0 13 20 20 20 20 20 

4 
�¡�́�»r�

A) 

Methanol 1 0 1 12 18 18 18 18 
 2 0 3 10 14 14 15 16 
 3 0 2 13 16 17 18 19 

Ethanol 1 0 0 11 14 17 17 17 
 2 0 1 9 14 18 18 18 
 3 0 1 8 13 15 15 16 

RO 1 0 1 16 18 19 20 20 
 2 0 5 16 19 19 19 19 
 3 0 1 10 16 18 19 19 

Control 1 0 0 12 16 17 17 18 
 2 0 0 10 16 18 18 18 
 3 0 0 8 10 15 16 16 
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Lot Treatment Rep 
Time (hr) 

0 24 48 72 96 120 144 

5 
�¡�́�»r�

A) 

Methanol 1 0 10 17 18 18 18 18 

 2 0 7 18 20 20 20 20 

 3 0 5 19 20 20 20 20 

Ethanol 1 0 6 17 20 20 20 20 

 2 0 5 15 17 18 19 19 

 3 0 9 16 18 19 19 19 

RO 1 0 5 19 20 20 20 20 

 2 0 3 19 20 20 20 20 

 3 0 4 17 19 19 19 19 

Control 1 0 3 16 18 20 20 20 

 2 0 3 18 19 20 20 20 

 3 0 7 18 19 20 20 20 
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�µ¦µ���ª��̧É�2  �¨�µ¦�°��°�Á¤¨È��oµªÃ¡�Á¨̧Ê¥�­´�ªr¡�́�»r�A Â�n¨³�ª́°¥nµ� 

 

  
Lot Treatment Rep 

Time (hr) 
0 24 48 72 96 120 144 

1 
�¡�́�»r�

A) 

Methanol 1 0 0 0 0 0 8 13 
 2 0 0 0 0 0 3 10 
 3 0 0 0 0 0 5 8 

Ethanol 1 0 0 0 0 0 3 7 
 2 0 0 0 0 0 3 10 
 3 0 0 0 0 0 9 14 

RO 1 0 0 0 0 0 3 6 
 2 0 0 0 0 0 1 9 
 3 0 0 0 0 0 6 14 

Control 1 0 0 0 0 0 10 16 
 2 0 0 0 0 0 6 9 
 3 0 0 0 0 0 6 10 

2 
�¡�́�»r�

A) 

Methanol 1 0 0 0 0 0 0 1 
 2 0 0 0 0 0 0 1 
 3 0 0 0 0 0 0 2 

Ethanol 1 0 0 0 0 0 0 0 
 2 0 0 0 0 0 0 0 
 3 0 0 0 0 0 0 0 

RO 1 0 0 0 0 0 0 0 
 2 0 0 0 0 0 0 0 
 3 0 0 0 0 0 0 0 

Control 1 0 0 0 0 0 0 0 
 2 0 0 0 0 0 0 0 
 3 0 0 0 0 0 0 0 
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Lot Treatment Rep 

Time (hr) 
0 24 48 72 96 120 144 

3 
�¡�́�»r�

A) 

Methanol 1 0 0 0 0 2 14 16 
 2 0 0 0 0 0 13 16 
 3 0 0 0 0 1 13 16 

Ethanol 1 0 0 0 0 2 17 18 
 2 0 0 0 0 0 14 17 
 3 0 0 0 0 3 17 19 

RO 1 0 0 0 0 2 17 18 
 2 0 0 0 0 5 19 19 
 3 0 0 0 0 4 17 18 

Control 1 0 0 0 0 2 16 17 
 2 0 0 0 0 2 19 20 
 3 0 0 0 0 0 18 18 

4 
�¡�́�»r�

A) 

Methanol 1 0 0 0 0 0 3 10 
 2 0 0 0 0 0 2 10 
 3 0 0 0 0 0 11 12 

Ethanol 1 0 0 0 0 0 6 12 
 2 0 0 0 0 0 5 10 
 3 0 0 0 0 0 2 7 

RO 1 0 0 0 0 0 13 18 
 2 0 0 0 0 1 12 17 
 3 0 0 0 0 0 7 12 

Control 1 0 0 0 0 0 4 11 
 2 0 0 0 0 0 6 13 
 3 0 0 0 0 0 3 9 
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Lot Treatment Rep 

Time (hr) 

0 24 48 72 96 120 144 

5 
�¡�́�»r�

A) 

Methanol 1 0 0 0 0 0 17 18 

 2 0 0 0 0 0 14 18 

 3 0 0 0 0 0 16 19 

Ethanol 1 0 0 0 0 0 16 18 

 2 0 0 0 0 0 14 16 

 3 0 0 0 0 0 16 18 

RO 1 0 0 0 0 0 16 18 

 2 0 0 0 0 0 15 18 

 3 0 0 0 0 0 14 18 

Control 1 0 0 0 0 0 14 19 

 2 0 0 0 0 0 16 18 

 3 0 0 0 0 0 13 19 
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�µ¦µ���ª��̧É�3  �¨�µ¦Â��¦µ��°�Á¤¨È��oµªÃ¡�Á¨̧Ê¥�­´�ªrÂ�n¨³�ª́°¥nµ� 

 

 
 

  

Lot Treatment Rep 
Time (hr) 

0 24 48 72 96 120 144 

¡�́�»r�B 

Methanol 1 0 4 19 19 19 20 20 
 2 0 6 18 19 20 20 20 
 3 0 9 18 18 18 19 19 

Ethanol 1 0 7 19 19 19 20 20 
 2 0 4 19 19 19 19 19 
 3 0 6 19 20 20 20 20 

RO 1 0 3 20 20 20 20 20 
 2 0 1 16 17 18 18 18 
 3 0 2 15 16 18 18 18 

Control 1 0 2 13 17 17 17 17 
 2 0 2 13 16 18 18 18 
 3 0 1 17 20 20 20 20 

¡�́�»r�C  
�ª́°¥nµ�

�̧É�1  

Methanol 1 0 11 19 19 19 19 19 
 2 0 9 18 19 20 20 20 
 3 0 14 20 20 20 20 20 

Ethanol 1 0 10 18 19 19 20 20 
 2 0 9 19 20 20 20 20 
 3 0 13 19 20 20 20 20 

RO 1 0 7 19 20 20 20 20 
 2 0 7 19 19 19 19 19 
 3 0 8 20 20 20 20 20 

Control 1 0 8 20 20 20 20 20 
 2 0 5 20 20 20 20 20 
 3 0 7 19 20 20 20 20 
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  Lot Treatment Rep 
Time (hr) 

0 24 48 72 96 120 144 

¡�́�»r�C  
�ª́°¥nµ�

�̧É�2 

Methanol 1 0 12 17 19 19 20 20 
 2 0 10 16 17 17 18 18 
 3 0 8 17 17 18 18 18 

Ethanol 1 0 10 18 18 18 18 19 
 2 0 11 18 19 19 19 19 
 3 0 11 17 18 19 19 19 

RO 1 0 12 20 20 20 20 20 
 2 0 9 20 20 20 20 20 
 3 0 14 19 20 20 20 20 

Control 1 0 9 20 20 20 20 20 
 2 0 10 20 20 20 20 20 
 3 0 7 20 20 20 20 20 

¡�́�»r�D  
 

Methanol 1 0 4 10 11 11 11 12 
 2 0 7 12 15 17 17 17 
 3 0 6 16 18 19 19 19 

Ethanol 1 0 5 14 15 15 15 15 
 2 0 9 15 15 16 17 17 
 3 0 7 18 18 18 18 18 

RO 1 0 3 14 15 15 16 16 
 2 0 2 12 15 17 17 18 
 3 0 5 16 17 17 17 17 

Control 1 0 5 14 17 19 19 19 
 2 0 3 9 16 17 17 17 
 3 0 4 7 16 17 17 18 



44 
 

 

  
Lot Treatment Rep 

Time (hr) 

0 24 48 72 96 120 144 

¡�́�»r�E  

 

Methanol 1 0 0 0 0 0 0 0 

 2 0 0 0 0 0 0 0 

 3 0 0 0 0 0 0 0 

Ethanol 1 0 0 0 0 0 0 0 

 2 0 0 0 0 0 0 0 

 3 0 0 0 0 0 0 0 

RO 1 0 0 0 0 0 0 0 

 2 0 0 0 0 0 0 0 

 3 0 0 0 0 0 0 0 

Control 1 0 0 0 0 0 0 0 

 2 0 0 0 0 0 0 0 

 3 0 0 0 0 0 0 0 
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�µ¦µ���ª��̧É�4  �¨�µ¦�°��°�Á¤¨È��oµªÃ¡�Á¨̧Ê¥�­´�ªrÂ�n¨³�ª́°¥nµ� 

 

 
 

 

  

Lot Treatment Rep 
Time (hr) 

0 24 48 72 96 120 144 

¡�́�»r�B 

Methanol 1 0 0 0 0 1 15 18 
 2 0 0 0 0 1 14 19 
 3 0 0 0 0 2 17 17 

Ethanol 1 0 0 0 0 0 13 18 
 2 0 0 0 0 0 13 19 
 3 0 0 0 0 0 11 18 

RO 1 0 0 0 0 0 11 17 
 2 0 0 0 0 0 11 17 
 3 0 0 0 0 0 14 16 

Control 1 0 0 0 0 0 10 15 
 2 0 0 0 0 0 6 15 
 3 0 0 0 0 0 12 18 

¡�́�»r�C  
�ª́°¥nµ�

�̧É�1  

Methanol 1 0 0 0 0 8 19 19 
 2 0 0 0 0 9 18 20 
 3 0 0 0 0 16 20 20 

Ethanol 1 0 0 0 0 3 17 19 
 2 0 0 0 0 7 16 18 
 3 0 0 0 0 4 19 20 

RO 1 0 0 0 0 8 19 20 
 2 0 0 0 0 10 19 19 
 3 0 0 0 0 6 18 19 

Control 1 0 0 0 0 6 19 20 
 2 0 0 0 0 3 17 20 
 3 0 0 0 0 5 18 19 
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Lot Treatment Rep 

Time (hr) 
0 24 48 72 96 120 144 

¡�́�»r�C  
�ª́°¥nµ�

�̧É�2 

Methanol 1 0 0 0 0 4 17 19 
 2 0 0 0 0 0 17 17 
 3 0 0 0 0 0 15 17 

Ethanol 1 0 0 0 0 0 18 18 
 2 0 0 0 0 2 19 19 
 3 0 0 0 0 3 16 17 

RO 1 0 0 0 0 9 17 20 
 2 0 0 0 0 6 18 20 
 3 0 0 0 0 7 20 20 

Control 1 0 0 0 0 2 19 19 
 2 0 0 0 0 0 18 20 
 3 0 0 0 0 3 18 20 

¡�́�»r�D  
 

Methanol 1 0 0 0 0 0 9 11 
 2 0 0 0 0 3 13 16 
 3 0 0 0 0 3 15 17 

Ethanol 1 0 0 0 0 2 13 14 
 2 0 0 0 0 8 15 15 
 3 0 0 0 0 3 15 18 

RO 1 0 0 0 0 4 12 15 
 2 0 0 0 0 3 11 14 
 3 0 0 0 0 6 17 17 

Control 1 0 0 0 0 5 12 16 
 2 0 0 0 0 1 7 15 
 3 0 0 0 0 4 8 15 
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Lot Treatment Rep 

Time (hr) 

0 24 48 72 96 120 144 

¡�́�»r�E  

 

Methanol 1 0 0 0 0 0 0 0 

 2 0 0 0 0 0 0 0 

 3 0 0 0 0 0 0 0 

Ethanol 1 0 0 0 0 0 0 0 

 2 0 0 0 0 0 0 0 

 3 0 0 0 0 0 0 0 

RO 1 0 0 0 0 0 0 0 

 2 0 0 0 0 0 0 0 

 3 0 0 0 0 0 0 0 

Control 1 0 0 0 0 0 0 0 

 2 0 0 0 0 0 0 0 

 3 0 0 0 0 0 0 0 
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�¦³ª´�·�µ¦«¹�¬µÂ¨³�µ¦�Îµ�µ� 
 

�ºÉ°-�µ¤­�»¨ �µ�­µª¨�́¬·�µ��́��ª�́ 
ª´��Á�º°���̧�Á�·� 11 ¡§«�·�µ¥��2542 
­�µ��̧ÉÁ�·�  Ã¦�¡¥µ�µ¨�µ¯­·��»r�����µ¯­·��»r�° ÎµÁ£°Á¤º°����́®ª�́

�µ¯­·��»r� 
�¦³ª´�·�µ¦«¹�¬µ ¦³��́�¦³�¤�Ã¦�Á¦̧¥�°�»�µ¨�µ¯­·��»r���́®ª�́�µ¯­·��»r 
 ¦³��́¤�́¥¤�Ã¦�Á¦̧¥�°�»�¼¨�µ¦̧���́®ª�́�µ¯­·��»r 
�ÎµÂ®�n�®�oµ�̧É�µ¦�µ��́��»�´� - 
­�µ��̧É�Îµ�µ��́��»�´� - 
�¨�µ��¸Á�n�Â¨³¦µ�ª´¨�µ�ª·�µ�µ¦ - 
�»��µ¦«¹�¬µ�̧ÉÅ�o¦́� - 
 
 


