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� ƆŎȐƫŚȮ-4��H=-1_V�qoUByg3

�ı�ɯKȃ��&	�ı�ɯŚȮ4�ʂȜǮBɬ©ǜ

ǨǲƋŴ3ȜŔ-Ʀ��.3-�0�čƊǜŚȮ-�G

��ɬ©ǜǉŉɱ�ė��ǆŎ�ſǩ0ȤƈKǏǐ-�

G&@�m��^���k0/ƨǽɉă-4ĠǑǮěK

�ı�ɯ-Ǐǐ!Gďó��G	ŕ�ă-AĬȢǾûǮ

3ǮěKôƠ1Ǐǐ�,�G²��G	���0�E�

ĭȭ�Ȥ3ǮěǏǐ-4��ı�ɯ4ûɐ-ƆÔ0A3

3�Z_jʇ-4�Ô.0G	�3&@�ĭȭ�Ȥ4ť

ǮĄǐ3Ǯě-Ǐǐ�HG3��Ƞǜ-�G	 
� ƐƜǮȤƴ-4�Ɓú 45Ĺ3ŮƩ1��,�ȜǮ-Ȝ
Ŕ�H&Ãȡ0ƭƣ1DGťǮĄ�ťǯĄK
ȜǮƭƣ

Ɛ�.�,�Ãȡ0Ǯ�ǯKǩ¸!G&@3čǟ1!�

&	ĠǏȤ4ǏǐZ_j3ʇ-ƆÔ03-�ʔûɐ0Ǯ

ěKÝǊǜ1Ǐǐ-�GťǮĄʕÊǣ�1ʖ3ɣŔ�ɤ>�
ƣǮɛ>-ĸŔ 25ĹĽƉǋĆ�432ǹŖ 952 ha3ťǮĄ
��G	�E14�Ƕ 2 �¡ǿȧƣ��JCGR��j
g��3ťǮĄ3ɣŔAę=)&	 
� ťǮĄ4ƐƈȜǮ3ŔƑKĭȭ�Ȥ3Ǐǐ1ƵǑ�,

Ç®ß!G&@3ŗƬ-�F�ɣŔ�ǻǍ�Ȋţ3ɪö

1D),4#)��ɲĹ1J&GƐƈȜǮ3ŔƑKū0

��.A�G	ƐƈȜǮ1ŬJGȖ.�,�ťǮĄ3ɪ

Ð0ɣŔ�ǻǍŚȮKɕ1*�,���.4ŋʋ3�ʉ

-�I�	 
� ŕ�ă3ƐƈȜǮ�Ɯ�7�,4ƐƜǮȤȭů3čǟ

.Aȸ�;�ťǮĄ3ɣŔȹǔ3Ǹğ1ņǴ*�ʉKȃ
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�

Êǣ�1� ťǮĄ3²ʕ_V.ygʖ	�
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� ťǮĄ4ǿȧƣ0/ɬ©ǜ1ǆŎ�ÃH&º®ȓKƭ

ƣ.���HE3ǮěKÝǊǜ1Ǐǐ!G�.Kőā�

,ɣŔ�&ƐÏ-�G	$3�Ƞǜ0�ȅ>4�ƟŔ!

GÆ,3ƭƣ3ǡ�ɵ-ȞƫKɭ�&¥ő�ɯKȭ��

ǮěKǏǐ!GA3-�G	¥ő�ɯKÖŧ.!G34
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Ƨ¡3čǟ.0GǮě3ɬ©ǜǆŎ1ħ��ťǮĄKƟ

Ŕ!GÆ,3ƭƣKĈǷ1Ĥ��#G&@-�G	=&�

Ů@,ɞ;G�.Aǃ���ťǮĄ4�ƐƜǮȤƴ1ğ

@EH&ǮȤ3ɯĵáČ�.1ɣŔ!GŋȲ��F�$

�1ƚƖ!Gƭƣ4$H%H3áČ1ǒƍ!GǿȧƣǷ

-ƟŔ�0�H50E0�	 
� $�-�ťǮĄ3ɣŔ1�&),4�ȾŃ!GǮȤɯ

 áČ-ÔǑ-�GǿȧƣBşŝŎûǮ0/�EȺȒ3

Ǡǜ1ɪó!GW���BĢȀKɫŞ�,ƭƣKȜŔ��

ô ɜȍ3ƭƣ�.0F���.0����AĄÈÆ®

-½F0�=L;L0�ɯȒ!GD�1ȹǔ!G	.�

I-�¥ő�ɯ4ɪÐ0ɯȒ'�-ɨŔ-�GA3-4

0�	�Ƞǜ1ƭƣ�.3Ǯě�ȢǾ3Ǐǐɱ4ĈǷ-

�G.£ğ!G	����Ġɿ14ȢǾǏǐɱ�ǮěǏ

ǐɱ4ƭƣ1D),ė�0Ĕǖ��F�ĬŲ3ƭƣ�Ǯ

ěǏǐ��G�4ɬ©ǜ1ė��Ĥ�!GÁõ1�G	

�&�),��Ö1ƭƣW���BĢȀ3ǮěBȢǾ3

ǏǐŎ0/ň¡:3Ĥ�KȻ´���H1č+�&ɰ>

 ��-�H5�DFǍŐ1ɜ�¥ő�ɯKɨŔ-�G	

=&��3�.Kɯœ�&ȺȹƴA�G	�����-

ɰȲ034���EȺȹKıĘ�&.�,A�ƭƣ3W

���BĢȀ1ɵɩ���)&3-4�#)��3ÜÙ

�A.3ƈɸł.0),�=��.-�G	�3�.K

ɷ�&@14�ƭƣ.0GȤƈ�ɵɩ�0�ħɍ.!G

W���BĢȀ-�G�.K DNA y�T�Ƿ-ǩɁ�
&��-�ICcXǷʕÊǣ�2ʖ3ÔǑ1D),$3ň3
°Ɯ1D),ìFɩ��ǙǏ�0���G�4ǙǏ�,

AħÌ-�GD�1ǩĠ1ǻǍ�,��0�H50E0

�	 
 
 

 
Êǣ�2� Ȥƈ1ìF �& ICcX 

� ɣŔǑć4�ȢǾ3½F30�űĵ�ɣŔň3ťǮ�

ǻǍ°Ɯ3Éƾ0ĠŹKȕœ��ɑ¦�0�ĸĉ0ąć

�ǍŐ-�G��ĭ�(0ŕ�ă-�3D�0ďŖKǩ

¸!G34ʄ��-�I�	D),�ƮəǜÁŵBɑ¦

�ȌB�0ąćK��!�.10G��-�G'�å�

3ʇ-ƟŔ�H�ČÈ1ė�0ɑ¦�ǃ�ǹŖKɫŞ!

G3�ȚȲ-�G	=&�ĕɮ�E3ȢǾ3ƹÅ3Ņʈ

K-�GɺFĬ0�!G&@1ĕɮȢǾʘťǮĄÈȢǾ

KâÏ1ė��!GŋȲ��F��3&@�ɜʀ1ħɍ

ƣǮ.ôǮ3ƐÏ�ǃ��.KǩɁ�,��ŋȲ��G	

Ļė0ǖƣǮƐ3ǣL�1ťǮĄKɣŔ!G3�ǍŐǜ

-�G��Ġǋ4ʄ��	$�-�ɜŦ�,ôǮƐÏ�

ĜĆ!Gďó4§ť��ǖƣǮ3ȌȯĶKȺ�G0/3

ɯœ�ŋȲ.0G	 
� �Ÿ�ǮěKÝǊǜ�*Ğğǜ1Ǐǐ!G&@14ǻ

Ǎ°ƜAɰȲ-�G	ťǮ0/3°ƜKÝǊǜ1ȭ�&

@1Ŷĺ1D),ƣʔK�Ŝ���E14ǮěKDF

Ė�Ǐǐ!G&@1�Ȣȣ3 �ȥ�ƒKĖ�!G..

A1�ɼŃ&FKȡ��,��0�H50E0�	�3

&@1�ŋȲ0ƒKɵŁ��Ȫȣ1D),ƵÙ3�Gȥ

�ƒKƫB!&@�ɪƇ1ɪÐ0ųƒ�×ğ!GŋȲ�

�G	���&°Ɯ4�Ŷĺ1D),ƣʔKŜ�,4�

GA33��GǭĽ3ʔŖ°Ɯ.0E�GKŉ0�	=

&�Ĺ�.3ɌÍ3ĲK-�G'�ī����Ğğ�,

ǮěKǏǐ!G&@1�ǤȢ·ɤÌǍKȭ��.4A(

IL3�.�ƣ®K¾Æ0ǇŒ1¸*&@1�Ș�Źț

Kȭ��.AɰȲ-�G	�HE�EA�ɑ¦�ė���

�G�4ǧǪć:3ɣŔ4�Ô-�G�.�J�G	�

�
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� ŢėɣƐƅǞƇ14 41� 5ã haA�)&Ĺɵ3ɣƐ
ʇǰ4�ǎĐ3Ĕß�EĸŔ 22Ĺ-4J"� 2� 3ã ha
=-ƻĬ�,�F�¢Ö3D�1ėȴƢ0ťǮĄ3ɣŔ

�ư@EHGƥ¨4=H-�I�	���0�E�ǿȧ

ƣ3Ƨ�¡ß�ɤ>��JCGR��jg��:3ƇŇ

�ʔ=G�Ÿ-�ťǮĄǻǍ�Ȇþ3óǍß.$3&@

3ťǮĄ3Ȉó�Ƚʎ.0),�F�ƮəǜėȴƢ0ť

ǮĄ3ɣŔ�ư@EHGðȝŎA�G	$3.�4ɣŔ

ȹǔKǴ,G�.10G��$3ɿ1�Û.0G�ʉK

Ƨ�Eǫ!	 
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 -1="4ťǮĄ3cPuK

Ʊ@G	ťǮĄ14W���ťǮĄ.ĠǏťǮĄ3 2c 
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Pu��F�ɬ©ǜǉŉɱ�ė��0/3Ôǂ1D),�

ɡķ4W���ťǮĄŸŀKťG	=&�ĖŲ3W��

�-ƭƣKƟŔ!G3��Ƞǜ-�G��2W���B 3
W���1ɺğ�,ťǮĄKƟŔ!GpPW��l�ť

ǮĄ�j�W��l�ťǮĄA�GʕƲĮ 2004ʖ	pP
W��l�Bj�W��l�3ťǮĄ4�ȢǾǏǐɱ�

Ĭ0��ʔ~�XǊ-�G0/ſǩ0ǆŊKţ)&Ȥƈ

K°F&�ďó1ɫŞ!G	�����Ƞǜ14ɬ©ǜ

ĖƠŎKȕœ��ŲĖ�3ƭƣW���-ƟŔ!GD�

1ȹǔ!G	White et al.ʕ2007ʖ4ň3ťǮĄŮȡ0/K
ȕœ��60W���¢��ŋȲ-�G.�,�G	��
��ɜĹ4�¡�¡3ʔɢß1õ�),�F��ğƇɵ

-ƭƣKÅHƄ�GŸ�ťǮĄŮȡDFAʔ�ȜǮÝƑ

KÝǊǜ1�í-�G3-��3�.KÖŧ.�&ȹǔ

�ŉǸ-�F�30W���ǭĽ�ɪŃ-�I�	 
� *�ƈǷ1D),W���đƫ�ʄ��ďó14ĠǏ

ťǮĄKɫŞ!G��ɬ©ǜǉŉɱ4ī��0G	ŕ�

ă-4_V0/-Ġʓǜ1ɣŔ�H,�G��ĠǑ²4

ȳŃ&E0�	Ʒĕ-4��T�ʐ�NT]NʐBsM

�T�c-ĠǏťǮƐ�ɣŔ�H,�G	(0>1ŕ�

ă-AĻȫƣ-tl�WnV�Y~UǷ3ťǮĄ�ɣŔ

�H,�G���"HAW���ťǮĄ-�G	 
� Ƨ1�ťǮƈ3�Ǵ,ŸKȕ�G	ƣǮ1D),4×

ğ1D),Ǯě�*�ʄ�0G&@�ȞǄń�Ǵ,.�

0�H50E0�ďóA�G��ŕ�ă-4Rbyg3

²��G'�-�F�ėä4Ŷĺ.ųƒ�×ğ1D),

ƣńKų�G	�3Ÿ��ƣʔKŠ���°Ɯ�ģƀ1

0G'�-40��ɺEH&ǳɵ1@�)6�ƒKª5

��DFĖ�3ȢȣK �G�.�-�G�E-�G	

Ŷĺ3¬Ȓ1*�,�Ǜǁ4ć�ʔ 6 mKŧü�&	4 m
-4ƒ3Ǵ(��F�žǞ-ųƒ�×ğ3ŗɵ�đ��

�H¢�-4Ĩù�Ȏ?	����ć�ʔ 6 m ɜ-Ŷ
ĺ!G.ƒ3Ǵ(��F4$H</žǞ-40�,ųƒ�
×ğ�ģƀ-ɪÐ-�G.�,�GʕǛǁ 1969ʖ	=&�
ïɒ4Ž�ƂƇ1 2 mǭĽ-Ŷĺ��Ǵ(��)&ƒ1
*�,AɪÐ1ɵŁ��,ƣńɂĪ!G.�,�Gʕï

ɒ�ɋî 1982ʖ	���0�E�ɜĹ4ƣʔK 1�2 mǭ
Ľ1Ɲǵ1�ǻǍ!Gzme�NťǮĄŸŀKìG�

.�Ė�0),�&ʕÊǣ�3ʖ	�3Ÿŀ4ĦËĖʅćĶ
1��,�ťǮƭƣKǰʅƸDF�!G�.-ǰʅB

ƼġKɭ�G.��Ȧș3Ǹ.�,ȕƗ�H&�ʕItoo 
and Katsuta 1986ʖ�ɜĹ3ɣƐʇǰ3ƻĬ�E$H</ė
ɱ1ǮěǏǐKȭ�ŋȲ�ǃ�0),�F�°Ɯ3ÝǊ

Ŏ�ĞÆŎKȕœ��zme�NťǮĄŸŀKťǑ!G

�.�Ė�0),�&	ƊŸŀ-4ƚƖň 3ĹǠ1^w 

Êǣ�3� _V3zme�NťǮĄ	ȓʒǢƺİĴ	 
 
 
���ÌǍKȭ��4ĹǠ�EǮěǏǐ-�G3-�ŷ�
�ûǮ3ǮȤKɣŔň 7 ĹǠ-ŉEHG�.�ė�0Ô
ǂ-�G	$3ëʇ�ɣŔň 10ĹǭĽ-Ĩù�ƍG.�
HG�..�ƣ®Kī��¸*&@1ʍȐ1ųƒ�×ğ

�ŋȲ0�.�ė�0Ʀǂ-�G.�HG	���0�

E�10Ĺ-ƭƣKÅHƄ�GŋȲ��G�.4�ŷûǮ
.ÅHƄ�ƀ��.Kőø���3�.KǰƝǜ1ÔǑ

�&ťǮĄȆþ�7�,4ɣƐȹǔ1Ƶ�#GðȝŎA

�G	=&�ʍȐ1ųƒ�×ğ�ŋȲ-�G�.A�ƣ

®�ī��&@1ÞÙvf^j�y�KÔǑ��ÝǊǜ

�*Z_j-���AĞÆ1ųƒ�×ğKĠŹ-�G

ðȝŎ��G	 
� ���,ťǮĄ3čƊǜ0P|�^�Ă=G.�D�

DŋȲ0ƭƣŲKƱ@G	�H4��ƜÆ®3ȴƢKȴ

ğ!GA3-A�G	ƭƣŲ4ĭȭ�Ȥ3ǏǐȴƢ3Ő

ğŲ.ħɍƣǮ3ćČ1��GȜȤơƽ1D),ŋȲǮ

ěɱ�Ʊ=F��H1č+�,ƭƣ�&F3ǮěǏǐɱ

�EŋȲƊŲKǺÎ!G	ȜȤơƽ.4ŭǮ�EļƄ��

ĭÎ�1ȟGòıǭ1��GȜȤƊŲBȤǕʇǰ0/3

ơƽKǫ�&A3-�ćČBƥɶÓ1ǫ�HG	ćÙB

ŚȮ1D),Ĕß!G3-�ô _V-AǮě kg�&F
3ĭȭ�ȤǏǐɱ41.2�Ɗ�E5.7�Ɗ=-ė�0ɩ�
��G	$H%H3ćČ-ɪÐ0A3KɫŞ�,ÔǑ!

G	Ȱ�114�Ƞǜ0�Ǵ,Ÿ1��GƭƣŃ&F3Ǯ
ěǏǐɱ3�²Kǫ!	zme�N�Ǵ,3ďó4�35g
ǭĽ.�H,�G��ƌ¤1D),ė��Ĕß!G3-�

ƌ¤�«ɡ)&źĜťǮĄ3i�cKéȕ1�&Ÿ�ȡ

�	ŋȲƊŲKƱ@Gɿ14�ɌÍ0/Kȕœ��ƭƣ

Ų1 20�50 %ǭĽ3¯ȱK>G�.1Ú��ǤƑ·ɤK
3Ĺ��1ĠŹ!G�.Kȕœ���E1 3»1!G�. 
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Ȱ�1� ťǮƈ�&F3ǮěǏǐɱ 

ƣǮ 
ha �&F3ƚ�
 �ƊŲʕƊʖ 

ťǮƈ 1Ɗ�&F3ǮěǏǐɱʕgʖ 
Àȕ 

ǃɵ§ 50%ɵ§ 75%ɵ§ 
_V 1600 31.3 37.5 125.0 ^w��� 
qoU 1600 28.1 56.3 112.5 ^w��� 
NTyg�W�yg  800 37.5 75.0 150.0  
T�yg  800 32.0 64.0 128.0  
ɶƎƐƈȜǮďʕ1983ʖDF	 
 
KŌH0�D�1!G	=&�ɠ�-Ŕȏ�ȡBđƫ�

�ȡ3º®BW���3ɵŁ�1DGŮȡKȕœ!G3

-�H5�$HA÷@&ȹǔKǴ,GŋȲ��G	zm

e�N-40��Ƞǜ0ťǮĄ3ɣŔ1��GƚƖĥĽ

4
ťǮĄ3ŹƜȲʌʚ39Ɛɣ 1720ñ�1DG._V�
qoUʚ1600 Ɗ/ha�T�ygʐʚ625 Ɗ/ha�NTyg�
W�ygʚ800 Ɗ/ha�}zʐ�jQqʐʚ1111 Ɗ/ha -
�F�ɵ§1DGƊŲɇųKȑFɝ��ƅȄǜ14 100
�400 Ɗ/haʕ5 mɵɾ�10 mɵɾʖ.!G�..0),
�G	�H4ɵ§Ǌ� 75 %¢�.0),�ǋĆ-4ǋĠ
ǜ-4ǃ�	����ɣŔň 20�30Ĺɵ1J&),ÔǑ
-�G�.Kȕœ!H5�Ƨ¡ƛğ0/1DGŎȝȻ´

'�-40��đƫŎ3ýʎ�ȗǘŎ3ýʎ�ʏĆß!

G�.A�G3-��HE1ħō-�GƠ1ɵ§1DG

�ȲW���3ɵŁ�ʕRoguingʖKȕœ��ƅȄǜ1�
Ǵ,GƊŲ32�3»ǭĽKƚƖ�,��Ÿ�ǱŃ-�I
�	zme�NťǮĄ-4�ƭƣ3Ĩù�Ǧ�ÅHƄ�

3ÿɗ�ɢ�3-�ťǮĄŮȡ1*�,ǆ1ȕœ�,�

�ŋȲ40�	�

�

&�
$�1ƭƣ3ƅȄǜ0�Ǵ,ƊŲ�Ʊ=G.ŋȲ

0ʇǰ�Ʊ=G3-��H1�&�),ǑćKǩ¸!G	

Öɞ3ɡF��Ƞǜ14ƅȄǜ0�Ǵ,ƊŲ4 100�400 
Ɗ/haʕ5 mɵɾ�10 mɵɾʖ.0F�zme�NťǮĄ
-4 4,444�6,944 Ɗ/ha ʕ1.2 m�1.5 mɵɾʖǭĽ��Ƞ
ǜ-�G	����ɻȩKƥƘ-ĠŹ!G0/ǻǍ°Ɯ

Kģƀ1!G&@ 2mǭĽ3ɵɾKì), 2,500 Ɗ/ha.
�,�G²A�F��3ďó4\tzme�NťǮĄ.

-A��;�A3.0GʕȨċǢƐƜŚȮ`�c� 
2011ʖ	 
� ɜĹ4Ǯě3ʆȲAĖ�40�3-�ŷ&1ĭƐ0/

KɴĒ�,ǑćKA.@G�.4=H-�źĜ3ťǮĄ

3Ȓ�Ũ���®.0G-�I�	$3ďó�ĕƍȢǾ

3ýʎ�E�ǖƣǮ3ťǮĄ3�ɮKÔǑ!G3�ƅȡ

-�G	ôƣǮ3ďó�ŋȲʇǰ¢ĕ4§¼ÌǍ��ǖ

ƣǮ3ȌȯĶKɣŔ!GŋȲ��G3-�Ɏš�ė��	 

Êǣ�4� ťǮĄǑć3ųÀ	YmNUgPɜÝ	 
 
 
ʑĚȢ-4ô�ƣǮ�E 120 mʕ400sO�jʖǭĽʃ!
ŋȲ��G.�HG3-ʕBuijtenen 1971ʖ�ĞÆǊKȳɛ
L- 200m¢�4ʃ!D�ȌȯĶKȺ�G	ǆ1ɴȢƂƇ
1��Gğķʑ3ʑ�Ÿõ14âÏ0ɓʃK��	=&�

īȴƢ0ťǮĄ-�H5ƐƜȼʓƥɶ0/źĜŹȺ3�

ȶ1ɣŔ!G3A�*3ɫŞ-�G	ɣŔ3ŗɵ�ǻǍ

K÷@,ǍŐǜ0ǎĐ1�G	 
�Ÿ�ŷ&1ǑćKư@Gďó4ǕćKÔǑ!G3�Ǎ

Őǜ-�G�����&ƥ¨4=H-�I�	$�-�

ĭƐ0/KɴĒ!G�.10GʕÊǣ�4ʖ	�3ďó1ŋ
Ȳ0ųćȆɏ1*�,��Ș0/Kȕœ�,Ĭ0�.A

ć��E 50 cmǭĽ3Ƹ�=-4ǧǪKÌǍ!G�.�
40 cmǭĽ3ƔƓK30ºǭĽÌǍ!G.�,ǰǺ�&0.1 
ha �&F3ųćɏǑ4ɰƥ3��c�Ȇɏê8ɥɟȆɏ�
ƔƓBǧǪ3ǐĿÌǍȆɏ0/K÷@,60�ÉǭĽ.0
G	�H4��=-A�²-�F�ćČ�ƜȖ1D),

ǖ0G34ŃǄ-�G	�3D�1�§¼ƈ�ƔƓBǧ

Ǫ4ÌǍ1Ė�3Ȇɏ�ŋȲ.0G3-��H�ŋȲ0

ǹŖ4-�G'�ɭ�G	Ǒć4�ɯƥ¨3ĈǷKȕœ

�&ƭƣɯȒKɪÐ1ĠŹ!Gȵǂ�E�ĸĉ--�G

'�ƩŸń1ɜ�ǥń�ǍŐ-�GʕÊǣ�5ʖ	����
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