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� �� ������1*� 	� -� B�6# (U+ �, 7/� 	� 5"*��*/� ��(�� C�!D� [�\� 

Z�1' � !D ��� "��' +"&� %��L "� ��!8 ���P$ �H�$ 3���

 3�'� ��°C?V "*� !�!�D 3�(� .��D9� �( n�MjV+�)��8 

�;P: �� "�(!= �� !D� 	(��' "����Q' �� ��4� S�PT' 3��

 "�8 ��� �K�L �( �4H�e ,!��H�' E��c ��� !���D ���4�� �� 

!D 3!#� "=�� .$(��� �������( [�8(�� Z��1' �� !�D� �TY 

�;P: 3��c "�(!= +�4� SPT' 3�� [!�) �'�������� 3��

 [��c ,��� ��Je ��)��;P: �� !�D� "�� ���< 3���?ffUf

�P�' ��!�8 ����P$ �/��'(\�41' l����� +)�� !�D� "�� ����<

�;P: 3��jffU?ff �P�' ��!8 ���P$ �/�'(\�41' +)����<

 �;P: �� !D� "� 3��gffUjff �P�' /��' ��!�8 ����P$ �(�

\41' �����)��;P: �� !�D� "�� ���< 3���bffUgff ��P�' 

��!8 ���P$ �/�' (!�!�D 3!#� "8� .�(!�7� ���(�(�R �(���4�

"�(!= �� !�D� "�� ����< "�� ,!�D ���  54= �'������� 3��

�;P: "���7' "� "=�� �� ��� ��7^ �4� SPT' 3�� 

vV/f=?R��/VgUxvfg/�+?xffgv/fUNxb/fUegY= 

!D ��8�� � "�8�1')\�D�("$	 �� Y"��(!= �(!�7� 3���

�'������� )!L�� (�X��P�' E��c ��� ��!8 ���P$ �;P: 

!D "R�� �;� �� �/�')�?.(

h��'�  �( nM "=�� [�8( �� � "���( 3�� !�D� 	(��' 3!#�

 ,!��H�' %��L "�+3(gf� .��H��� "�$ �'�������� "��(!= 

.��4$ � X��T�( ��D(� (� 3���D S�PT' ��Y8 �� !D�

 !����� �(��&� l(�!�G' �J�  �� 3��D "� \41� "���Q' .�( n�M
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�g 

+,!�'  �8� "� t��� �8����j"�� [!�) �'�������� "��(!= 

"��8 	(�#) h��'�  �1� 3��D "� \41' 3�� "�� m���' 3��

�R�� �(�< ���^� h#� "� \41� .

�&H- h#� "� \41� 	(��'�jX��T�( �'������� "�(!= 

h��'�  �� ,!D ���*H���'�  Z�(��D �� +3��D "� \41� 3��

 �R�� �(�< �8��� ���' .Z�1' �( ��;#' .�( "�5��' �H$ 3��

TY 3��c ���P$ ���P$ 	�!� gb+�jj+?VV +g�b��?f��� 

]�&�P� .P��( �PM)bfff (PEG \�����M E����� "�� "$��� �� 

]��7' �����'fg/U+?g/fU+v/fU+j/NU�?/gU]�&8�M�*' 

!���$ ��G�( Z�1' ��)�v(!�D ,��K8( .	���$ "R��r( �( n�M

?ff ��!c ���c 	�����p8�8 �( �����&�' �fV\�&H�� !c(� 

�P�' �� "#��M ,!#�� Z��1' "�� �'�������� "�(!= �� ��� 3���

 "��4� +,!D "�J� �H$ 	����- 	��&� ]��c �� ��)�ff �� ��� 

"Q�<� (%!' "� ,�*H��'�  Z�(�D ���?"*� �)�8 !�!D 3�(� .

3�$�� ��74= �$(�� ��1L k�TH� �!) \��� "� np8 �� ��

 3��c Z�1' bfff PEG "���4� ��� 	�����p8�8 �( {�� �� +

Z�1' 3��TY 	�!� bfff PEG !'�= n�M � !D ,�(� �H$

 �(jV��;P: �� �'������� "�(!= �� !D� 	(��' +�)�8 ��3�

!D 3!#� "=�� "8 �� �KL E�c �� ]�&�P� .P��( �PM ..�( ��

 ,!��H' ������( �( �4$ !D� +3(�f��� �H�$ Z��1' �� �#P$ 

,�4� �� 3�$�� y��4D \��< ��: !D� � �� ,�4�N"=�� 3!#�

!D ."=��?�( h�� "$ �R�� FP7� ������4�� "��f\��< �#P$ 

�D(� y��4D.

��'�  ��G�( �( nMh"�� [!�) �'�������� "��(!= �� +��

 �;P: � 3��D "� \41� 	(��' .���/�� 3(�(� .P��( �PM 3�� U

"�� ��'��Q' .���7� 3(�� +!���� ���*H��'�  Z�(�D�� ]�&�P�

 !�!�D X��T�( "��TP� Z�(�D �� �&H- ."�$ 3��*�� "��(!=

 ,�(� 	�H�� �&H�- � 3���D h#� Z�(�D "� 3���� ��8��c

 	(�#) "� ��� ��� !D ,��K8( !��D .,���� [!�) �9�� ��(!�Q'

 �1Y�8 ���K)!�r �( nM +�D�� "�(� ��� �� � ��!��R �P1'

 ��P��( \&�( � ��!8!��P$�p�� ��vb� !L�� "� "Q�<� �� %!'

 �� "�����(!= ����^ "��� 	����8 ���YQ' X  ���� �H���D ����� "��8

�H� �H�$ X��^�' �R��L 9�:�$ 3�1' 	��8 3�M 3��

!�!D .� �� �( nM 	������p8�8 �� ,�� "�(�= 3���9� +�� 3���

 ��!c ���c �f�f ��P�' ��� �� �#P$ ,!#�� \�&H� !c(� ����

 np�8 � ,!�D "H:  "Q�<� t#M %!' "� "�(!= �� �( ,!D "�J�

 	(!P� �� I�- m�PT' 3�1' 3��U"8�' )�:�(�H�$ 	��8

 �� �� "$ [!) �<� �� ,�� "�(�= 3���9� "$ 3��^ "� +!�!D

"�(!= "�� ���� 	(!�P� ��� �� !���� ,!D ��� "��' �'������� 

!#D(� �(�< ���e ,�(��� �� Z8�� ,!D (�G' %��L ..��( "�

�(!7� E����Nb��^ �� �� 	(!P� l̀ '��$ ,!�D��- \���$�R

 +�R��0� ��� �&H�- �Y�8 ���Je )}�0�'gf+�g+vf�vV

,��K8( \��< X !L��(��' �'������� "�(!= W�� "8 �� +���� "

[!) ,��� �� �)��!��R �P1' � �D�� "�(� (�(��&� "�8 �� �

!���� ,��'  .I��- 3�� +I��- �Y�8 �( ���T�� h���$ 3(��

	(!P� !D ,!��D�M ��/�M �� �� .

	(!P� �� �&H- h#� 3����4�� ]�4)( 3(�� �#1#' (!�( +��

 !D .��7� I�- ���^� "0TH' ."��4� ��;#' .�( "�I�- 3��

 �� "$3����H�R �� � �(�&� ��Je �� ��� ,!D W��D( X �� (!�(

fN/f+�/f+N/f+g/f+�/f�g/�%!���' "���� ]�&���8�M�*' ?j

3��H�R "1KL ,�*8� �� �)�8(Pressure plate apparatus) 

,!�8� ]��7� "��"��4� .�( [�8( �� np8 ����^� �#1#' +��

 !D ��8�� I�- .���^� ��!c +�#1#' .�( [�8( �� ���R�x �

�� E������� "���� �����(� �������'iM "���YQ� � "���)��'fN/fU�

g/�U	(��#) "�� !�c �� .�( .�� ���^� � X�T�( ]�&8�M�*' 

!D "R�� �;� �� ,��K8( \��< X .h#� }�0�' �&H�- 3��� 

gf)!��D(+�g+vf�vV	(!�P� �� ,��K8( \��< X !L�� ���

 !D ]�4)( .�( +I�- ���^� �#1#' "� "=�� �� [�8( +����Q' .

\������M ]����7' �������' 3����fv/fU+?�/fU+bN/fU�g/�U

!���� ]�&8�M�*' .

	(!�P� 	�� (!�( +�&H- 3����4�� ]�4)( �(�� !�c �� ���

 �� � ")��' ��R�x ���^� X }�0�' S�PT' ��Y8 .�#e

 	(!P� ��4� np8 � "�8�1' I�- ,��K8( \��< ��YQ' X  ��� ���

 D 3����  +	��8 !�!��8� ")��' ��R�x !c ���^� "� �� !�! .
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B2 <.�() �,/�# �� 7/� C�!D� �	9�, l	�$<m	3 -+��+ )$L;b+/*(� b�6� ���# 7/� �9�<L�	+ b� 7/� �9� 

� 5 �� -+,� %Lb
*�19 7/� �9� (

�S=[!) �H� "Q��8 �� "�`�#-�8 ?S=!� "�`�#-�8[!) �H� "Q��8 	� 

NS=[!) �H� "Q��8 �� Oe�� q�<jS=[!) �H� "Q��8 	�!� Oe�� q�< 

gS=[!) �H� "Q��8 �� ���  ]�4�bS=[!) �H� "Q��8 	�!� ���  ]�4� 

�S=[!) �H� "Q��8 �� 	!��R VS=!� 	!��R[!) �H� "Q��8 	� 

vS=[!) �H� "Q��8 �� .��fS=[!) �H� "Q��8 	�!� .� 

��S=[!) �H� "Q��8 �� .=����?S=[!) �H� "Q��8 	�!� .=��� 

	(!�P� "��(��� .����� ��� � "�Pc�' .�( �( nM +��� X  �(!�Q'

 � "�8�1' �J�  OR�0' ���G' !�c "�� ����^� 	!��8� �( nM 

+��4�� �� �� ,!D .��7� !�c "�� 	!��8� 3(��� 	(!�P� 3����� 

 �R�� ��G�( ")��' ��R�x .	(!P� 	�� h�(�R( !�D� ��B( �� ��

 �� !����D 	������� �(!��7� � 	�� .R���� ���;� �� ���� +	�������

 � !�D o��1P' S�PT' 3����4�� ���� ���' X  	(��' 6�8�1'

 G�( m���' ��10� �R�� �� .�( nM�?��D(��� +	����� +"K� 

"H��� 3�H��D �( nM � ,!D ���4�� ��� �( "���� ���Je +��� 

!��D X���T�( �R��0��� ����^ "��� ."H���� .������ �( n��M +���� 

,���� �(!��7� !������ y��4��D ���J�  ��� ,!��D ����G�( 3���� .

h���'�  .�( �( \L�c %�)`^( 3���'  �(��R( ���� Z�8�� ���

MSTATC � � "��G� ���' "����Q' � ��R�� �(�< 3��'  \�P1

.�*���' O�#7' %���L �� �� ��� OH���'�  \�'�) ��B( 	���� �(�

"#'(� !#e 	�'�  3("� .��(� !'  \4) .

Z*	!+ 

+�D�� "�(� ��� �� [!) �<� "8 �D�$ �( ,!'  �8� "� t���

 �� ��#���< ��P1' ,��� � ��!��R �P1' ,����?I��- "���4� 

F^�#' �( ,!D 3��  54= "�QY#' I�- �� "$ �(� 	�H� SPT' 

+[!�) ��D�$ "Q���8 3(�(� 3����T� � ]�1' ��Je 	�8( .�
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�� 

��e�$ q��< I��- �� ���� +�D(� ��=� ,�� �(!7� .��H��

 ,��� �(!�7� .���4$ +[!�) �D�$ "Q��8 	�!� +	��P� 	�8(

 !D ��B ."��4� "�Q� �� ,�� 	(��' +I�- 3�� Z8(� !c �� 3!#�

 �- "��4� �� .�( �D(� �(�< I)\�D?.(,��� �(!7� �8��� ��

 ,�(!�( �3��� "��4� ����4�D�&���R SPT' 3�� �<� +I�- 3��

 ,��� �( ���(�(�R �(!�7� 3(�(� ��D�� "��(� ��� �� [!) 3���

 ,��� �(!�7� � ,�(!�( "$ ���c �� +��� �D�� ,���� �� ��� 3���

 I��- "�4� �� ��#���< � ��!���R [!) �P1' � "��H�' 3���

8�' !D ������( Z.%��L�0�- ��B( +��(��' �( �(!�$ ���� ��

 !�#��' I��- ����4�DOM+ECe+pH +CaCO3+CEC+P�K

� X9= \��<Na ,�� 	(��' �� I�- ]�P1' "H��� 3��8 �� ���

�#7' !L�� t#M �Y8 ���� �(� .

3�$�� "#��M ,�� ��4� �( ,!D (!= �������� 3�� ����' 3��

 �H$ Z�1' �� �8���TY 	���&� �&�
���R�' �;� �( +!'�= 

X�7� � !�K8 +}�KD %��L "� ��( nM "$ ��� �(��?�)��8 

]��(�� "#��M �$�' �� �*�� ��$ 3�� !�D ���x �� .W��4G' ��

N?j I�- �( �'������� "�(!= �� � ,!D 3��8(!= +"��4� 3��

h��'�  !D "R�� ��$ "� 3!7� 3��.

"�(!= ��4� !�) �'�������� 3��� \�41� "�� ����< +[?ff 

�P�' Z�QR "$ ���c �� +��� ��!8 ���P$ �4� �/�'bf!�L�� 

"�(!= .�( �( "�(!= +,!D ��G�( 3!#� "Q�^ [�8(�� �� l���� 3��

 ��� +\41' !�D 3�(9� .l�����Q� ��8��� .��( ��?f%"���4� ���

 "���4� SPT' F^�#' �( "$ !D ,�(� k�1H� 3��D "� \41'

 ��� ,!D 3�(���!�."�(!= .�( .�� �� �� Z�QR �'�������� 3��

 "�(!=?��, RL?jvRL "Q���8 	�!�� W�(��' �( E����� "�� "$

 	�JK��L( 	!����R � 	����P� 	���8( �����  ]���4$ [!��) �H��$

 	(���' +!���� ,!D 3��8(!=ggf��P�' �� ���7^ ��4� �/��'

 h��'�  �� "$ !���$ \41� (� �H$ Z�1' .��( +�!�G' 3���

 � 3��D "� \41� 3(�?jvRL ��bff ��P�' ��� ��� ���� �/��'

!D ."�(!= 3��D "� �'��Q' ������( Z��1' �� �'������� 3��

TY �;P: 3�1' +!'�= t���� ���� ��!�8 ���P$ SPT' 3��

 W�4G' �� � ��$ !��2� (� �P�< h��'� ?jvRL \���< 	(��#) "�

\��41� � .�������RL[����c 	(���#) "��� "���(!= .����� 3����

�'�������!�!D ,!����� 3��D "� ���� [!) .

+�&H- h#� "� �'��Q' �8��� ���j�'�������� "��(!= 

!D kTH' +��� 3��D "� \41� .��H�� � .��4$ 3(�(� "�

"�(!= ��4� "$��;P: \�41� %�!�< ��� 3���gb��jj���� 

bfffPEG Z�1' ��� �� �� TY !��(� (� .3����4�� ��?VV�

g�b $ +��� �� ��� ]���7' �&�����' \����M E���� "� "v/fU�

j/NU"���(!= +!��D ����G�( 3���� ?��RL +?NjRL�?jvRL 

"��(!= �� ���� +!��(� ��0-( ��- "� (� !D� 3/�� %�=�� 

�� RL ��bVRL �� ��!1' !D� .4r ?VV���� bfffPEG 

���� ,���' .��( ��� ���P: 3�����4�� �� +��� �� 3!�D� "����

!#D(!� .�����( �� +���J� �?jvRL "�� \�41' "�(!= 	(�#) "�

 "��(!= � !�D X��T�( �����' \����M h��$ 3���?NjRL �

?��RL �R�� �(�< 3!7� �����( �� ���.

"��TP� Z�(�D �� �&H- h#� "� �'��Q' �8��� �� �( +3(

"�(!= �'������� 3��?��RL �?jvRL � .��H��� "$��RL 

�- h#�� � 3��D "� \41� .��4$ Z��1' Z�(��D �� (� �&H

 !�D ,��K�8( !���� ,�(� 	�H� �H$ .��B2�� ��8��� ���;#' "��

 ,�� �� �&H- ��4�� ��Y8 "�(!= Z8�� [!) ��<�( +3!#� 3��

 \����$�R ���^ [��8( ��� �����4�� n����(� �����  +�'�������

 ��R�� ���G�( �R��0�� l̀ '��$ E���< �� ,!D��-)]�!�=�.(

 �8� "� %�)`^( [�8(�� ,�� 	(��' .�� +,!' ��Y�8 � 3��8

 �#7' %��K� +�&H- SPT' ���=� !�L�� t#M �Y8 �� 3�(�

 �D(�)]�!=?.(+��*�� %����) "�� �&H�- Z�(��D "�e��

 �D(� h��$ ,�� �(!7� +��� ,!D ����c .��[!�) ��<�( .�#e

 ,�� �;� �( h��'�  ���' �#7' %��K� 3��8 "� +!��(� 	�H� 3�(�

 �� ��$(!c "$ 3��^,,!��� ��D�� "��(� ��� �� �<� �� 3��8

 ,�� �(!7� � !D ���� ���!1' ��!��R �<� �� ,!D \�&H� 3�� .

"��(!= ��B2�� +3��'  \�P1� � "��G� �� 3�� �'�������� 3���
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