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This report is concerned with the analysis of the expansion of bamboo stands and the effect

on the cultural landscape in Kaguyama, Kashihara city, Nara Prefecture The bamboo struc�\

ture and vegetation were investigated in the bamboo stands,where P�˝ )�� ��� �̋ç��̇�̆F� �̆ì �Ô F’�N �⁄3S�˘ 9�¯ d in�\

vaded the evergreen broad�\ leaved forest Analysis of aerial photographs sho�A �Aed that the area

of bamboo has increased considerably from the 1970’s to 2007 Distance to the front from

which the bamboo invaded significantly correlated �S�@ith bamboo density Species of the class

C9,,?�˜ ,�V ,�˜
,�˙ 9,�u

’P�˝ ’�^

�e�˘
’9 as a phytosociologlcal vegetation unit and L��

�¿���¸  ,�[ � r̆�b � �̋ç, was compara�Œ

tively observed in Kaguyama foresti their stands were�¡ lixed with bamboo. These results indi�\

cate appropriate bamboo management is needed to maintain the diversity of the evergreen

broad�\ leaved forest
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�É , �¡ �· �� �Ö �Ì �ì �� �É �˚ �u �• �Ø�� �v �R (�W ��
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�\-135-�\

�Ö �…�' �R�Û �ì �@�\ �˘ �Ñ  �æ 439��



�˜ 1979�N�˘ 1985�N�Ì �ó �� �˚ �^ �' �ç �» �˙ �‡ �Œ�‰�^ �P

�Q�� �Ì 1�N �Ô �Ì �� �` �ƒ �˝ 21%,�“ �z �g �å �‹ �x �˝
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�� �E �\ �E�‘ �N�Ì �A �˝ �' �ç �| �Ñ �œ�u ,�‡ �ç �É �˝ �æ��
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4�� �' �ç 2008�N 3�� �É �v 4�æ�J �ˆ �‡ �Œ (�� �Ò �à �Q
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�Þ �˙ �§ �� �· �s �É �˚ �u �• �Ø�� �v �R (N34�� 29’44",

E135�� 49’05")�˝ ,1890�N (�¾ �¡ 22�N)�É �{ �à

�¨ �˙ �� ,1947�N (�” �a 22�N)�É �� �L �Ñ (9,37ha)

�˘ �¨ �Ł,�¨ �ª ,�X �Ñ �˙ �� �‡ �Œ�˜ �« �‰�B 1982�N�É �˝

�� �v �R�� �� �É �§ �L �n �u �� �t �Ì �X �v (1lha)�“ �J �Ý
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�˝ ,�i �ˇ �‘ �‹ �Ì �ß �j �˘ �µ �˜ ,�u �� �v �Û �S �Ì �ß �j �ð

�‚ �d �µ ,�ˆ �� �æ �Ł�e �µ �Ü �Œ�˜ �« �‰�…�� �˘ �µ �˜ �Ì �R

�e �Ì �Û �� �Ì �‰�ß ,�A �¶ �Ì �Û �� �â �U�ô �H�“ �Ì �i �ˇ �‘

�‹ �ð �i �ß �Ø�v �˘ �˘ �à �É ,�u �¡ �· �� �' �ç �Ì �› �] �v �Û

�S �ð �f �° �˜ �¢ �Ø�B �� �v �R�� �L �Ñ �Ì �˙ �� �� �¿ (�ß �E

�� �� �X�Ñ �˙ �� �˙ �Þ �˙ �X �Ñ �˙ �� �� �– �� �� �L )�É �æ �Ø
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�Ø�B

1)1938�N :�å �a �O�R�fi �ı �� �˘ �˘ �µ �˜ �A �� �J �V
,

�q�m�L �ð �� �v �R�Ì �O�ü �¤ �æ �Ñ �� �v �R�à �É �p �R�m

�‘ �ó �É �A�˝

2)1950�N :60-70�N �¶ �Ì �A�J �} �c�Ñ �“ �¶ �ç �B

�{ �˘ �˝ �s �˙ �Ø �¨ �˙ �ð �� �S �É 15%�ö �x �ð �° �Ì

3)1955�N :�Æ�q �Ì �Û �ç �Ô �° �˘ �q �m�L �Ì �â �A

4)1972�N 11972�N9�� �Ì �ä �� 20�� �É �æ �` �˜ ,

�ª �w �� �Ì �A �J �} �c �Ì �‰�› �“ �| �Ø �E �˝ �„ �B

1973�N�æ �Ł�å �˚ �Ì �} �c �˝ �Œ�“ �¶ �¶,1974-

77�N�É �…�H �¢ �� �ì �� �Ì �‰�ß �Ì �ó �� �U�z �À �{

5)1977�N :1977�N �É �X �M, �q �m�L �ð 460�{ ,

1978�N�É �q �m�L 1500�{ �ð �A�˝

6)1978�N :�N �X �m�L ,�} �e �o �V�C,�l �Y �~��

�‘ �¨ �˙ �ð �� �S �É �A�˝ (�n �‡ �w�l �ï �Ì �ƒ �˝ )

7)1982�N :�å �a �O�R�{ �s �v �æ �÷ �§ �B 1978�N�'

�ç �J �n �‡ �Œ�‰�í �˛ �L �t �÷ �A�˝ �˝ 1982�N�Ü �¯

�– �fl �ç �Œ,�N �X �m�L ,�} �e �o �V�C,�l �Y �~

�� �‘ , �� �} �� �� �¨ �˙ �Ì �í �˛ �L �t �÷ 10000�{

�¨ �ª �ð �A �˝
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8)2004�N :�T �N�� 50�{ �Ì �A�˝ (�n �‡ �' �¡ �ï �Ì

�ƒ �˝ )

�¨ �ª �Ì �æ �⁄ �É ,�� �L �Ñ �É �¤ �¢ �˜ �˝ �� �� �Ì �j �t �÷

�A�˝ �' �ç �í �˛ �L �t �÷ �A �˝ �Ö �˘ �] �• �ð �˝ �' �Ł �¨ �“ �ç

�à , �q �m�L �Ì �Ô �° �˘ �÷ �Ø �Ì �A �˝ �“ �J �Ł�Ô �µ �˜ �À �{

�‡ �Œ�˜ �« �‰�B 1970�N�ª �¨ �~ ,�| �Ñ �Ì �X�Ñ �Ö �Ì �N�ü

�“ �¶ �¶�˜ �¢ �Ø�à �Ì �Ì ,�» �Ý �Ì �˘ �– �º ,�ˇ �É �I �¨ �|

�Ñ �fi �ı �� �˘ �Ì �˘ �Ł �› �Ý �˝ �¨ �‡ �Œ�˜ �¢ �¨ �¢ �B �Þ �˙ �X

�Ñ �˙ �� �� �– �� �˝ ,�¡ �ª ,�¶ �¤ �‰�l �« �Û �S �Ì �ˇ �_ �'

�ç �à ,�| �Ñ �fi �ı �ð �� �i �µ �‰�¢ �˘ �µ �˜ �¢ �Ø (�å �a �O

�R�� �v �R�Ì �i �ˇ �E �¶ �Ô �n �Û �S �� �¢ �ï �c �É �¤ �¢ �˜ �à

�¾ )�B

�� �v �R�¤ �æ �Ñ �» �Ì �ü �Ó �æ �Ì �i �ˇ �Ì �` �¥ �˘ �µ �˜ ,

�c �� �� �i �Ì �¨ �' �É �_ �Ý �• �Ø�X�Ñ �Ì �‰�› �É �| �Ñ �“ �N

�ü �µ �˜ �¢ �Ø�– �˘ �“ �  �° �ç �Œ�Ø (�} 1)�B �� �¢ �ï �c

�Ì �æ�� �� �¿ (NPO�Þ �˙ �l �C�‘ �� �[ �l �b �g�“ 2008

�N 3�� �É �ì �‹ )�ð �à �˘ �É ,�� �v �R�¯ �| �Ñ �ð �\ �‹ �•

�Ø�^ �P�Ì �í �˚ �É �˚ �ˇ �ä �ƒ �ð �Z �o �• �Ø�˘ ,�� �E�\ �E

�‘ �N�Ñ 69�B 1%,�} �_ �P �˘ �� �E �\ �E�‘ �N�Ì �‹ �ð �| �Ñ

18.9%,�} �_ �P�Ñ 117%,�n�‘ �N�Ñ 0.3%�¯ �  �` �‰�B

�‡ �ç �É 2007�N �É �À �{ �‡ �Œ�‰NPO�Þ�˙ �l �C�‘ �� �[

�l �b �g�Ì �• �«�æ �Ł�† �‚ �É �æ �Ø�˘ ,�ì �� �¤ �æ �Ñ �…��

�¯ �˝ ,�ì �Ý �Ì �‰�ß �É �ˆ �› �æ �� �} �_ �P�“ �A �ƒ �ç �Œ,

�k �� �y �Ñ �� �� �¯ �˝ , �^ �P �m�R�˝ �| �Ì �‰�ß �É �� �s �Ì

�} 1.�� �v �R�É �¤ �¢ �˜ �c �¤ �' �ç �˛ �˚ �ª �� �É �ü �' �`

�˜ �g �å �• �Ø�| �Ñ (2007�N 6�� )�B

�R�Ø�n �æ �' �ç �� �¿�� �Ü �Œ�‰�‰�ß ,�� �E �\ �E�‘ �N�“

�A�˝ �‡ �Œ�‰�˘ �Ì �– �˘ �¯ �  �` �‰�B �– �⁄ �µ �‰�î �æ�' �ç ,

1945�N (�” �a 20�N�ª )�' �ç 1955�N (�” �a 30�N�ª )

�É �' �fl �˜ �H�p �Ì �� �E�\ �E�‘ �N�ð �– �ü �µ �‰�– �˘ �É �æ �`

�˜ ,�} �_ �P �˘ �� �E�\ �E�‘ �N�Ì �‹ �ð �| �Ñ �“ �� �å �µ �‰

�˘ �l �ƒ �ç �Œ�Ø�B 1960�N�ª �É �} �_ �P�“ �J �Ô �B�Œ�˜ �˝

�� �µ �‰�– �˘ �à , �� �E �\ �E�‘ �N�A�˝ �Ì �v �ö �É �¨ �` �‰

�æ �⁄ �¯ �  �Ø�B

�† �‚ �ß �@

�» �n �† �‚

�| �Ñ �\ �¢ �¤ �æ �Ñ �g �‹ �Ì �» �ó �ð �c �‹ �• �Ø�‰�ß ,��

�v �R�� �L �Ñ �É �¤ �¢ �˜ 2007�N 6�� �' �ç 2007�N12�� �Ü

�¯ �Ì �œ�Ô �É �» �n �† �‚ �ð �s �` �‰�B�» �n �† �‚ �É �¤ �¢ �˜

�˝ ,�� �v �R �É �¤ �fl �Ø�| �Ñ �Ì �N�ü �n �_ (�c �¤ �É �à �`

�˘ �à �ß �¢�Ñ �� �t �ß )�' �ç �X�Ñ �˛ �˚ �É �ü �' �` �˜ ,��

�L �Ñ �Ì �� �E�\ �E�‘ �N�Ñ �É 10m�~10m�Ì �† �‚ �æ �ð 10

�J �� �¯ �Ý �Ł �µ (�} 2),�† �‚ �æ �� �É �¶ �W�˘ �˝ �� �{��

�ð �˛ �Û �É ,�W �…�a �ð �“ �Ł �µ �‰�B �» �Ì �⁄ �¿ 2�J �� �É

�¶ �ç �• �Ø�| (�� �E�\ �E�‘ �N)�˝ �• �× �˜ �° �Ì �µ ,�W

�� �ð �“ �Ł �µ �‰�B �Ü �‰�í �˚ �Ì �ä �r �� �¢ �Ì �‰�ß �É ,�†

�‚ �µ �‰�� �E�\ �E�‘ �N�Ñ �É �ß �¢�Œ�� �É �“ �z �µ �˜ �¢ �‰

�n �‘ �N�Ñ 2�† �‚ �æ �É �¤ �¢ �˜ ,�W �§ �x �Ì �† �‚ �ð �s �`

�‰�B

41�Ñ �\ �¢ �˘ �A �¶ �˘ �Ì �Ö �W�ð �� �¢ �• �Ø�‰�ß ,

Braun Blanquet(1964)�Ì �A �¤ �—�ï �w �I �† �‚ �ß

�@�É �æ �` �˜ �A �¶ �† �‚ �ð �s �` �‰�B�| �Ñ �Ì �W�§ �x �† �‚

�ð �s �` �‰�† �‚ �æ �Ì �⁄ �¿ 6�† �‚ �æ ,�‡ �ç �É �O�N �É �^

�P �Ì �° �Ì �“ �s �í �Œ�‰1�† �‚ �æ �Ì �v 7�† �‚ �æ (N

34�� 29’41.4",E135�� 49’85"�¨ �˙ )�¯ �A �¶ �† �‚ �ð �s

�¢ ,�g �‹ �\ �ð �ì �‹ �µ �‰�B

GIS�ð �˝

�ð �j �I �` �˚ �� �y �Û �¶ �n �æ (�æ 1�í �� �v �Û �S �n �æ

�¤ �æ �Ñ �æ 2�í �� �v �Û �S�n �æ )�É �¤ �¢ �˜ ,2000�N �Ì

�I �� �\ �» �‡ �Œ�‰�ó �� �˚ �^ �ð �» �˙ �µ ,GIS�\ �t �g

��

�£
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�} 2.�� �v �R�Ì �^ �P�Ñ �\ �¢ �Ì �† �‚ �æ (10m�~ 10m)�˚ �u �} (A)�˘ �† �‚ �n �æ �} (B)�B �† �‚ �n �æ �} �˝ ��
�y �n �� �@�� �l �n �} �ð �g �p �µ �˜ �ì �} �µ �‰�B�� �v �R�Ì �ü �˝ �Ì �à �⁄ �Ì �ü �˝ �æ 1�í �� �v �Û �S�n �æ �ð ,�O �⁄
�Ì �ü �˝ �æ 2�í �� �v �Û �S�n �æ �ð �ƒ �µ �˜ �¢ �Ø�B

(ESRI�—�» )�É �æ �` �˜ �| �Ñ �˚ �ˇ �Ì �Z �o

�˘ �“ �z �} �ì �‹ �ð �s �` �‰�B�ó �� �˚ �^ �¯ �Ì

�» �˙ �“ �¢ �ï �¨ �� �� �Ø �w�Ì �| �Ñ �“ �z �É �´

�¢ �˜ �˝ �¥ �‚ �ð �s �` �‰�B �Ü �‰2007�N�Ì �|

�Ñ �\ �¢ �É �´ �¢ �˜ �˝ ,�» �n �¥ �‚ �� �¿ �¤ �æ

�Ñ �Þ �˙ �l �C�‘ �� �[ �l �b �g�Ì �� �¿ �ð �Q�l

�É ,GIS�\ �t �g�É �æ �` �˜ 2000�N�fl �l ,

�| �Ñ �˚ �ˇ �Ì �Z �o �˘ �“ �z �} �ì �‹ �ð �s �` �‰�B

�� �˚ �¤ �æ �Ñ �l �@

2000�N �˘ 2007�N�Ì �| �Ñ �“ �z

�� �v �R�˝ �c �� �Ì �¨ �' �É �˚ �u �• �Ø�X�Ñ

�¯ �  �Ø (�} 3)�B �» �Ì �X�Ñ �ð �˝ �Þ �æ �⁄

�É �| �Ñ �“ �¶ �ç �µ ,�˛ �˚ �” �� �' �ç �R�‚ �É

�' �fl �˜ ,�A �˝ �‡�Œ�‰�q�m�L,�V �� �J �V
,

�} �e�o �V�C�¨ �˙ �Ì �j �t �÷ �â �í �˛ �L �ü �÷ ,

�� �i �� �¤ �æ �Ñ �N�k �M�¨ �˙ �Ì �� �t �L �t �÷

�“ �X�Ñ �i �ˇ �ð �‘ �‹ �µ �˜ �¢ �Ø�B2000�N�Ì

�ó �� �˚ �^ �É �¤ �fl �Ø�| �Ñ �Ì �“ �z �} �' �ç

(�} 3),�æ 1�í �� �v �n �æ �É �˚ �u �• �Ø��

�} 3.2000�N �Ì �ó �� �˚ �^ �' �ç �» �˙ �µ �‰�| �Ñ �Ì �“ �z �B �� �† �«��
�“ �˝ �| �“ �� �Ø �w �É �B �µ �˜ �D �Ł �µ �˜ �¢ �Ø�p �b�‘ �ð ,�n �b
�‘ �� �“ �˝ �‹ �¶ �p �b�‘ �ð �ƒ �• �B

1:10,000
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�\ 1.2000�N �˘ 2007�N�É �¤ �fl �Ø�� �v �R (�æ 1�í �� �v �n �æ �˘ �æ 2�í �� �v �n �æ )�Ì �| �Ñ �˚ �ˇ , �^ �P�Ì �p �b�‘

�˚ �ˇ �¤ �æ �Ñ �p �b�‘ �� .

2000 2007
�^ �P

�N�ü �x
�^ �P�p �b�‘ �| �Ñ �˚ �ˇ �^ �P�p �b�‘�í �˚

�æ 1�í

�æ 2�í

�| �Ñ �˚ �ˇ

ha  %  �‰�ˇ �˚ �ˇ (�} SD)�p �b�‘ ��  ha  %  �‰�ˇ �˚ �ˇ (�} SD)�p �b�‘ ��

�D �Ł

�‹ �¶

�D �Ł

�‹ �¶

1905 1

789.5

2935.7

953.9

+1899,3

�} 611.7

+5242 3

+649.9

18

16

18

7

�\-139-�\

13.4

6.3

83

1.7

3680 2

2458,8

4737.0

2704.5

+4398.5

+1961.3

+1187 0

+1224.0

3.4

1.3

5.2

0,7

73

2,7

8.2

1.1

6.3

30

5.2

1.1

17

12

10

4

�v �R�Ì �˛ �˚ �” �� �É �¤ �¢ �˜ �| �Ñ �“ �D �Ł �µ ,�D �Ł�p �b

�‘ �É �× �Ú �µ �˜ �” �w �É �^ �P�“ �N�ü �µ �˜ �¢ �Ø�– �˘ �“ �»

�˙ �¯ �« �‰�B �^ �P�D �Ł�^ �É �× �Ú �µ �˜ �^ �P�‹ �¶ �^ �“ �¶

�Ý �µ ,�¡ �ª �à �^ �P�“ �X�Ñ �à �� �É �g �å �µ �˜ �¢ �› �˘ �\

�“ �‡ �Œ�‰�B

2000�N�˘ 2007�N�Ì �| �Ñ �“ �z �} �' �ç �Z �o �µ �‰�| �Ñ

�˚ �ˇ �˘ �» �Ì �ä �ƒ �ð �\ 1�É �ƒ �• �B�æ 1�í �� �v �n �æ �É

�¤ �¢ �˜ �^ �P�D �Ł�^ �| �Ñ �˚ �ˇ �ä �ƒ �˝ 2007�N�¯ 134%

�ð �Ł �ß ,2000�N �Ì 7.3%�˘ �ä �r �µ �˜ ,�° �Ò �É �� �`

�µ �˜ �¢ �‰ (�\ 1)�B �^ �P �Ì �D �Ł �^ �˘ �‹ �¶ �^ �ð �  �í

�„ �Ø�˘ ,�æ 1�í �� �v �n �æ �¯ �˝ ,2000�N �Ì 10.0%�'

1979�N

�ç ,2007�N �É �˝ 19.7%�˘ �¢ �⁄ �� �¢ �ä �ƒ �ð �Ł �ß �˜ �¢

�‰�B �æ 2�í �� �v �n �æ �¯ �˝ 2007�N �É �D �Ł �^ 8.3%�D

2000�N�É 8.2%�¯ �Ù �Ú �fl �l �Ì �l �¯ �  �` �‰�B

�^ �P�“ �A �– �I �É �“ �z �µ �˜ �¢ �Ø�à �Ì �ð 1�p �b�‘ �˘

�µ �˜ �˚ �ˇ �ð �Z �o �• �Ø�˘ ,2007�N �É �¤ �fl �Ø�^ �P�D �Ł

�^ �Ì �p �b �‘ �‰�ˇ �˚ �ˇ �˝ 3680�| �¯ �  �` �‰ (�\ 1)�B

�æ 1�í �˘ �æ 2�í �¢ �‚ �Œ�Ì �� �v �n �æ �É �¤ �¢ �˜ ,�p �b

�‘ �� �É �˝ �° �� �¨ �� �å �˝ �¨ �¢ �“ ,�˚ �ˇ �˝ �� �å �µ �˜ �¤

�Ł, �^ �P�Ì �‹ �p �b�‘ �“ �A�– �I �É �´ �¨ �“ �` �˜ �å �p �b

�‘ �É �¨ �` �˜ �¢ �Ø�˘ �l �ƒ �ç �Œ�‰�B

�˘ �› �É �� �E�\ �E�‘ �N�Ì �A�˝ �“ �ˇ �É �I �É �s �í �Œ�‰

2007�N 1985�N

1�\ 1�À

�£

�} 4.2007�N (�» �n �† �‚ �É �æ �` �˜ �ì �‹ )�˘ 1985�N,1979�N (�„ �� ,2002)�Ì �| �Ñ �“ �z

�C

�¡

�¡
!��



�k �� �� �Ì �| �p �b�‘ �˚ �ˇ �Ì �� �å �˝ �° �Ò �¯ �  �Ø�B �� ��

�É �J �� �‡ �Œ�‰�� �t �Ì �X �ð �Ì �…�› ,�Ù �˛ �S�ü �É �í �‰�`

�˜ �| �Ñ �“ �X �ð �˝ �æ�¯ �¢ �Ø (�} 3)�B 2007�N�Ì �| �Ñ

�“ �z �˘ �„ �� (2002)�“ �ð �˝ �µ �‰1979�N�' �ç 2007�N

�Ü �¯ �Ì �| �Ñ �“ �z �ð �ä �r �• �Ø�˘ (�} 4),�� �v �R�R

�‚ �Ì �k �…�¤ �æ �Ñ �ì �…�˛ �˚ �” �� �¯ �  �ç �‰�¨ �| �Ñ �Ì �N

�ü �“ �m�F �‡ �Œ�‰�B �Ü �‰,�‰ �ß �r �Ì �k �� �� �Ì �| �Ñ �“

�æ �� �[ �w�g �å �µ �˜ �¢ �‰�B �| �Ñ �g �å �˝ �× �Ú �• �Ø�A �¶

�˘ �Ö �W�µ ,�A �J �} �c�˝ �� �ª �É �˝ �| �“ �N�ü �µ �â �• �¢

�– �˘ �“ �w�E �‡ �Œ�˜ �¢ �Ø�B �| �˝ �…�Ì �O�� �í �É �› �ç �×

�Ø�˘ ,�i �ˇ �I �É �˝ �c �� �i �ˇ �˘ �Ì �e �a �« �“ �� �¢ �˘ �l

�ƒ �ç �Œ�Ø�B �µ �' �µ �| �Ñ �“ �g �å �• �Ø�– �˘ �É �æ �` �˜ ,

�N�ü �| �Ñ �Ì �í �˚

�† �‚ �æ ��

�» �Œ�Ü �¯ �‹ �§ �µ �˜ �« �‰�X�Ñ �É �å �« �¨ �� �× �ð �^ �ƒ ,

�| �“ �Ý �� �÷ �Ø �Ì �÷ �� �ð �· �ƒ �Ø�˘ �ı �� �‹ �j �Q�É �æ �`

�˜ ,�§ �¿�˝ �Œ�˜ �¢ �Ø�÷ �Ø �à �ˇ �@�‡ �Œ�‰�B

�n �æ �Ì �X�Ñ �i �ˇ �˘ �µ �˜ ,�S �R�“ �| �Ñ �¯ �¢ �í �Œ�Ø

�˘ �¢ �` �‰�P �† �¨ �i �ˇ �˘ �¨ �Ø�– �˘ �â �� �v �R�' �ç �Ì �›

�] �j �Q �à �º �� �‡ �Œ�Ø�B �H�¿ �¶ �Y �Ì �‰�ß �É �– �ü �‡ �Œ

�‰�� �E �\ �E�‘ �N (�� �� �· �Y)�¯ �  �Ø�“ ,�K �Ø �¨ �˙

�� �“ �¨ �‡ �Œ�¨ �¢ �– �˘ �É �æ �` �˜ �œ�{ �ð �ª �\ �• �Ø�ð �j

�I �B�¶ �» �I �n �æ �i �ˇ �Ì �D �Ł�í �˘ �¨ �Ł�´ �´ �  �Ø�B �–

�Ì �» �ó �˘ �â �Ł �_ �˝ ,�n �æ �˘ �s �› �Ì �A�g �É �æ �` �˜ �ü

�P �‡ �Œ�Ø�K �v �“ �  �Ø�¾ �º �⁄ �B

�\ 2.�� �v �R�Ì �n �‘ �N�Ñ �˘ �� �E �\ �E�‘ �N�Ñ �É �¤ �fl �Ø�q �§ �x �˘ �q �…�a �B �� �l �˝ �‰�ˇ �m�W�� �˛ �• �ð �ƒ �•

�� �E�c �E�‘ �N�Ñ    �n �‘ �N�Ñ

�¶ �q �§ �x

�¶ �q �…�a

�˝ �� �q �§ �x

�˝ �� �W�…�a

(N/100m2)

(cm)

(N/100m2)

(cm)

10

31.7�} 15.0

7.9�} 1.0

5.6�} 5.2

7,7�} 3.9

2

OPIot 7
�� Prot 4

50 100 150
�q�…�a cm

�} 5�B �W�…�a �˘ �W�� �˘ �Ì �Ö �W.�† �‚ �æ 7�¯ �˝ �L �Ó

�¨ �� �Ö �“ �F �ß �ç �Œ�‰�“ (R2=0.425,P<
0.05),�† �‚ �æ 4�¯ �˝ �F �ß �ç �Œ�¨ �' �` �‰�B

89.5 �} 24.7

4.7�} 0.2

46.5 �} 24.7

4.7�} 0.1

�ç

10

y=-00002x2-0116�A x+2856
R’=06397

40 60     80     100

�q �§ �x �C100m2

120

�} 6.�� �E �\ �E�‘ �N�Ñ �É �¤ �fl �Ø�{�¤
�ß
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�Ö �W.
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0

�U �O

�T �O

�S�O

�R�O

�Q�O

�P �O

�œ

�‡
�ó
�_

�·
�Ł
�˙

�| �Ñ �\ �¢

�n �‘ �N�Ñ �˘ �� �E �\ �E�‘ �N�Ñ �Ì �W�§ �x �ð �˝ �� �q �˘

�¶ �W�É �“ �fl �˜ �† �‚ �µ �‰�� �˚ ,�� �E �\ �E�‘ �N�Ñ �¯ �˝

�¶ �W�˘ �˝ �� �q �Ì �§ �x �˝ �» �Œ�…�Œ31,7�} 15.0/100�Ł ,

5,6�} 5.2/100�¾ �¯ �  �´ �‰ (�\ 2)�B �¶ �q �…�a �˝ 79

�} 1.Ocm�¯ ,�˝ �� �I�� �à �Ù �˛ �fl �l �Ì �l �¯ �  �` �‰�B �n

�‘ �N�N�ü �Ñ �Ì �W�§ �x �˝ �¶ �W�“ 89.5�} 24.7/100�Ł ,

�˝ �� �W�“ 46.5�} 24.7/100�¾ �¯ ,�…�ß �˘ �à �W�§ �x �“

�� �¢ �à �Ì �¯ �  �` �‰�B

�� �L �Ñ �É �N�ü �µ �˜ �¢ �Ø�| �Ñ 100�Ł �ð �° �Ì �µ ,�W

�…�a �˘ �W�� �˘ �Ì �Ö �W�ð �† �× �‰�� �˚ ,�v �� �b �g 7�Ì

�° �Ì �æ �¯ �˝ ,�W �…�a �˘ �W�� �˘ �Ì �Ô �É �L �Ó �¨ �‡ �Ì ��

y = -0 80x�¡  51 0

R2=065

10      20      30      40      50

�^ �P�N�ü �G�� �A�' �ç �t �� �� �g�Ü �¯ �Ì �� �£  m

60

�} 7.�| �Ñ �N�ü �G�� �A�' �ç �t �� �� �g�Ü �¯ �Ì �� �£ �˘

�q �§ �x �˘ �Ì �Ö �W�B

�} 8�B �� �E�\ �E�‘ �N�“ �N�ü �µ �‰�V�� �J �V�Ñ �Ì �Ñ �°

�É �‰�� �¶ �ç �• �Ø�R�N�� �� .

�Ö �“ �F �ß �ç �Œ�‰ (R2=0.4254,P<0.05)�“ ,�v

�� �b �g 4(R2=0.237)�¯ �˝ ,�¾ �m�¨ �Ö �W�« �˝ �'

�¢ �¾ �„ �¨ �' �` �‰ (�} 5)�B �� �v �R �É �¤ �fl �Ø�� �E �\

�D�‘ �N�˘ �n �‘ �N�Ì �q �§ �x �˘ �q �…�a �˘ �Ì �Ö �W�ð �\ 2

�É �ƒ �• �B �� �E �\ �E�‘ �N�Ì �¶ �W�§ �x 31.7�} 15.0/100

�¾ ,�‰�ˇ �…�a 7.9�} 1.Ocm�¯ �  �` �‰�B �W�§ �x �˘ �W�ü

�˘ �Ì �Ö �W�˝ ,�§ �x �ł �˚ �Ì �O�“ �Ì �O�æ �¥ �ð �ƒ �· �µ �‰

(�} 6)�B

�| �Ñ �Ì �N�ü �n �_ �' �ç �t �� �� �g�Ü �¯ �Ì �� �£ �˘ �W�§

�x �˘ �Ì �Ö �W�ð �Ý �Ø�˘ (�} 7), �t �� �� �g�Ü �¯ �Ì ��

�£ �˘ �W�§ �x �˘ �Ì �Ô �É �L �Ó �¨ �� �Ì �� �Ö �“ �F �ß �ç �Œ

(P<0.05),�” �� �Ì �c �¤ �É �ß �¢ �| �p �b �‘ �' �ç �˛ �˚

�ª �� �Ì �| �p �b�‘ �w �˘ �q �§ �x �˝ �Æ�” �µ ,�| �Ñ �‹ �§ �N

�� �˘ �« �§ �x �˘ �Ì �Ö �W�“ �ƒ �· �‡ �Œ�‰�B

�| �Ñ �g �‹

�† �‚ �µ �‰�X�Ñ �˝ ,�A �˝ �‡ �Œ�‰�V�� �J �V�â �N�X �m

�L �D �Ł�Q�� �É �� �E �\ �E�‘ �N�“ �N�ü �µ �˜ �¢ �Ø�B �� �E

�\ �E�‘ �N�“ �• �¯ �É �� �Ø �w �É �B �µ �˜ �¢ �Ø�Œ�� �É �˝ �í

�˛ �L �t �÷ �â �� �t �L �t �÷ �Ì �í �x �˝ �Æ�› ,�˝ �� �“ �¶ �¶

�˜ �¢ �Ø�˘ �l �ƒ �ç �Œ�Ø�B �» �Ì �Œ�ß ,�W �§ �x �“ �� �› �¨

�¢�Œ�� �É �˝ �Æ�Ø �w�â �� �{ �w �É �˝ �V�_�A�¤ �â �R�N��

�� (�} 8)�¨ �˙ �Ì �Ñ �° �« �A�¤ �ð �˘ �à �¨ �¢ ,�í �˛ �L

14.8

�^ �P�° �Ì �Q��
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�� �E�\ �E�‘ �N�Ñ

46.0

�n �‘ �N�Ñ
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�� �u �c �o �L �N�� �X�v �f l�B /�B )

60.0

�} 9.�| �Ñ �“ �N�ü �µ �‰�í �˛ �L �t �÷ �Q�� �¤ �æ �Ñ �� �E

�\ �E�‘ �N�° �Ì �Q�� �É �¤ �fl �Ø�� �u �c �o �L �N��

�X�v �f �Ì �ä �ƒ .

-141-



�\ 3.�� �v �R�É �¤ �fl �Ø�| �Ñ �N�ü �Q�� �˘ �| �° �Ì �Q�� �Ì �g �‹ �\ .2007�N 6�� �˘ 11�� �É �À �{ �µ �‰�A�¶ �† �‚ �' �ç ,

�´ �‹ �Ì �O�Q�� �ð �“ �Þ �µ �‰�BA:�n �‘ �N�N�ü �Ñ ,BI�� �E�\ �E�‘ �N�N�ü �Ñ ,C:�| �° �Ì �Q�� �B�\ ��
�Ì Bl,B2,S,K�˝ �» �Œ�…�Œ�� �Ø �w,�� �� �Ø �w,�Æ�Ø �w,�� �{ �w�ð �ƒ �• �B

�Q�� �…
�X �^ �� �hNo

�† �‚ �œ

�W�� (m)

�˛ �˚ �ß �˚ (�� )

�X �˛ �p �x (�� )

�† �‚ �˚ �ˇ (�S )

�� �Ø �w�� �‡ (m)

�� �Ø �w�A �í �ƒ (%)

�� �� �Ø �w�� �‡ (m)

�� �� �Ø �w�A �í �ƒ (%)

�Æ�Ø �w�� �‡ (m)

�Æ�Ø �w�A �í �ƒ (%)

�� �{ �w�� �‡ (m)

�� �{ �w�A �í �ƒ (%)

�o �» �í ��

�b�Œ�V
�X
�]�S�O
�r�U�O�d
�W
�R�O�O
�P�W
�S�O
�V
�Q�O
�ª
�Q
��
�U�O
�Q�V

�Q�O
�S�O�O
�Q�O
�X�O
�P�Q
�R�O
�×
�P�T
��
�_
�Q�U

�_
���O�O
�Q�O
�X�O
�X
�V�O
�R
�Q
�¤
�]�T
�Q�T

�Œ
�P�O�O
�Q�Q
�X�T
�]�U
�U�O
�¸
�W
�ƒ
�_
�X

�W
�]�O�O
�P�O
�X�O
�V
�Q
�Q
�P
�¢
�_
�]�S

�R�O
�P�O�O
�P�S
�U�O
�W
�W�O
�Q
�T
�œ
�]�O
�Q�]

�R�O
�P�O�O
�_
�X�O
�V
�W
�Q
�Q
�ˆ
�Q�T
�]�W

�E �Q

�E

�E

�E

�{

�B �Q

�E
�E �Q

�C �Q

�E

�E �Q

�{
�@

�@

�@

�@

�{
�k

�P��

�k

��

�Q

�Q

�Œ
�R

�{

�{

�Œ
�R

�E
�@

�E �Q

�E

�E
�R

�E�@
�E
�{

�{

�E

�{

�E

A B �Q �� �… A B
1   2    6   3   4   5

07/06’07/11’07/11’07/06’07/06’07/11

140  140   120  140  140  120

S50E S50E  S25E S40E S40E S25E

52

�b

�Œ
�V

�X

�T

�x �j �V�_
�t �� �C�‘ �S

�R�N�� ��

�i �K�o �W�� �m�q�Q

�� �u �c �e �b

�i �� �V �� �O �~

�� �u �� ��

�W�� �m�q�O
�� �N�m�L

�I �� �g

�C �t �K�l �c �E
�t �� �g�V �_
�n �J �^ �V�_

�i �� �e ��

21�E 21�E 2

�¡�E2+�B 2 3
�E  +�E 2

2

1

�{

�E
�@
�E

�{

�E
�@
�E�@
�E

�¡�E 2

2+�B 2

+�E 2

+�E 2

�\

4�E 4

+

+ �\ �B2

1�E 2

�\ �B2

�¡�E 2

+

�{

�E�E
�{

�E�E
�{

+

+

�\

�{

�h�E
�\

�| �Ñ �æ �“ �í
�n �‘ �N

+

+

+ +

+
+Bl

B2

Bl

S

�i �� �S�N�i �� �C�V�_ X 2

2�� �E�\ �E�e �N

�N�‹���z|
�B 1+I

+�B 211�E 21�L

�E  �E 13

1

�z �m�o �J �i �t �� �r

�� �” �í
�� �} �E�� �V

�m�L �V �m�u

�l �U�T

�t �W

�C�k �r ��

�‘ �a �~�U�T
�V �� ��

�z �V�O
�� �u �� �� �T �L

�A �˝ �Q �� �æ �“ �í

�V �� �J �V      Bl
B2

�N �X �m�L      Bl

�} �e �o �V �C     Bl
82

�A �� �J �V      B2

�X �_ �W�C     B2
�� �} �U �N��     Bl
�C �� �n �� �~�W   B2
�� �N �� ��      s

�� �u �c �o �L �N�� �X�v �f
�i �i �� �m�L     Bl

2

+

�{

�\

�{

�E
�{

�m
�C

�c
�S

�w
�A
�J
�g

+�E�@
�E�@
�E
�{
�e
�@
�E�@
�E
�s

�E

�]
�R

�E

�]

�x

�E�@
�E�@
�E
�{

�E�@
�E�@
�E�@
�E

+

31

+
�\

1

�{

�B�@
�E
�{

+�B 2

�\

�¡�E 2

2+�B 2
�\�E 2

�{

�E

�{

2 �E

+
+

+
+ 1�E 2

+

+
2

1,2
+ �O�� �~

�m�� �g�\ �E
�^
�� �Y�C
�N�c �J �Y ��
�} �‘ �� �v ��
�j �N�T

�E
�{

�{

�{

�\

�{
�{

�\ �A�J �� �K �V �t �\

�N�� �K�l �� �‘
�G�m�L

�T �J �L
�q�T �J �L

�� �u �j �b �� �B

�A�I �L

�l �Y �~�� �‘
+  �E
�E  +�B 2

�E  +�E 2

+
�{

�{

+

�E  + �\ �B2

+�B 2 +  �E

1�E 2+�E 22�E 3

+  +  �E

�A�I �c �] �� �t �W
�J �� �� �V
�m�u �h�E
�N�T �C�‘ �S

�C�k �z �I �Y �L
�q�J �Q�C �m�R�] �‘
�I �I �A �� �‘ �m�M�N
�N�T �M
�m�C�o ��
�� �} �m�C��
�� �� �r

�i �L �� �X�Q

+

(�E �ª �É �´ �ˆ �› )

���@
��

�{

6

2

1

4

2

4

���@
���@
��
�{

���@
���@
��
�{

�\-142-



�t �÷ �Ì �A �˝ �ª ,�n �æ �A�¶ �“ �˜ �¶ �µ �˜ �¢ �Ø�– �˘ �ð �ƒ

�· �• �Ø�B �A �¶ �† �‚ �ð �s �¢ ,�g �‹ �\ �ð �ì �‹ �µ �‰�ª

(�\ 3),�� �u �c �o �L �N�� �X�v �f �Ì �ä �ƒ �ð �Z �o �µ �‰

(�} 9)�B

�� �E �\ �E�‘ �N�N�ü �^ �X�Ñ �˘ �n �‘ �N�N�ü �^ �X�Ñ �ð

�ä �× �Ø�˘ ,�í �‡ �˝ �O�Ò �“ 18�‘ 21,�ª �Ò �“ 9�‘ 26�˘

�˛ �ç �´ �«�“ �å �« �' �` �‰�“ ,�� �u �c �o �L �N�� �X�Ì �v

�f �˝ , �˘ �à �É �æ46%�˘ �ä �r æm�� �¢�l �ð �ƒ �µ �‰�B�O

�N �É �| �° �Ì �“ �s �í �Œ�‰�° �Ì �æ �¯ �˝ �A �J �� �K �V�� ,

�� �} �E�� �V, �m�u �h�E�¨ �˙ ,�Ñ �� �B�ö �ó �n �v �f �Ì

�í �“ �� �` �µ ,�� �u �c �o �L �N�� �X�v �f �˝ 148%�˘ �Æ

�¢ �l �ð �ƒ �µ �‰ (�} 9)�B

�| �Ñ �N�ü �O�Ì �X�Ñ �g �‹ �É �Ö �• �Ø�� �¿ �“ �¨ �¢ �‰�ß ,

�ä �r �¯ �« �¨ �¢ �“ ,�A �˝ �‡ �Œ�‰�÷ �Ø �¨ �O�Ì �í �g �‹ �˝ ,

�˘ �t �÷ �Ñ �Ì �v �f �“ �K �x �É �¶ �ç �• �Ø�X �Ñ �˘ �µ �˜ �J �Ú

�µ �˜ �¢ �Ø�– �˘ �ð �ƒ �• �à �Ì �¯ �  �` �‰�B �» �Ý ,�| �Ì �W

�§ �x �˝ ,�H �¿ �˘ �µ �˜ �Ì �^ �P �m�R�¶ �Y �Ì �| �Ñ �É �› �ç

�× �Ø�˘ �â �â �� �¢�B �• �¯ �É �� �Ø �w �â �� �� �Ø �w �É �¤ �¢

�˜ 4�' �ç 5�Ì �� �¢ �í �x �ð �ƒ �µ �˜ �¢ �Ø�‰�ß ,�œ �u �•

�Ø�– �˘ �É �æ �` �˜ �W�§ �x �˝ �‡ �ç �É �� �› �¨ �Ø�˘ �l �ƒ �ç

�Œ�Ø�B �Ñ �à �´ �« �˝ �ı ,�� �“ �¤ �æ �Ñ �{ �“ �Ì �£ �� �“ �ß

�x �É �¶ �¶ �Ø�– �˘ �' �ç ,�| �Ñ �Ì �œ�u �˝ �X�Ñ �˜ �¶ �Ì �j

�Q�ð �Ó �¡ �• �Ø�B

�µ �' �µ �¨ �“ �ç ,�í �x 4�¨ �ª �Ì �| �ð �¢ �` �„ �¢ �É �°

�Ì �• �Ø�˘ , �A�J �� �K �V�� �É �ª �\ �‡ �Œ�Ø�æ �⁄ �¨ �z �¶

�A�¤�E �Ñ �� �¶ �A �¤ �“ �� �` �µ ,�� �u �c �o �L �N�� �X�v

�f �˝ �} �� �É �Æ�” �• �Ø (�} 9)�B �� �E �\ �E�‘ �N�¨ �˙
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