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The effect of potassium fertilizer on tomato tolerance to 

irrigation water salinity 

ABSTRACT: 
A split plot experiment was conducted to study the effects of adding potassium 

fertilization on water use efficiency (WEU) of tomato irrigated with saline water 

for two years 2008-2009. Salinity levels were (678, 1251 and 1811 [ppm]) and 

potassium levels were (0, 150 and 300 [kg/ha]). (Fruit yield (FY), water use 

efficiency (WUE), plant height (H), fruit weight (FW), fruit diameter (FDi), 

fruit shape coefficient (FSC), fruit dry matter weight (FDM), fruit PH, fruit total 

soluble solids (TSS), fruit ash content (FA), fruit sugars content (FS), fruit fibers 

content (FF), content of N,P,K,Na and K/Na ratio) were studied. Results 

showed that (FY, WUE,�H, FW, FDi,�PH,�N, P,�K, K/Na) decreased with 

salinity level (1251 [ppm]) in 2008 by ( 5.5, 12.5, 5.4, 18.24, 23.49, 12.61, 5.41, 

26.26, 13.03, 22.21 %) and  in 2009 by (6.33, 13.65, 6.56, 13.37, 8.7, 9.21, 13.77, 

12.39, 15.2, 25.42 %), respectively, compared with that of 678 [ppm] (control) 

water. And with salinity level (1811 [ppm]) in 2008 (FY, WUE,�H, FW, FDi,�
PH,�N, P,�K, K/Na) decreased by (16.27, 28.84, 21.9, 41.98, 50.12, 18.26, 

25.67, 41.32, 31.79, 47.12 %) and  in 2009 by (20.25, 22.32, 33.21, 22.98, 14.85, 

29.95, 27. 35.89, 48.21 %), respectively, compared with that of 678 [ppm] 

(control) water . But when the salinity level increased to (1251 [ppm]) in 2008 

(FSC, FDM, TSS, FA, FS, FF, Na) increased by ( 23.66, 28.68, 30.68, 18.75, 

21.37, 33.21, 34.82 %), and by ( 28.4, 30.4, 20.49, 18.12, 20.27, 33.11, 33.33 % ) 

respectively, compared with that of 678 [ppm] (control) water . And with salinity 

level (1811 [ppm]) in 2008 (FY, WUE, H, FW, FDi, FDM, TSS, FA, FS, N, 

P, K, K/Na) decreased by ( 10.58, 10.51, 13.18, 18.05, 23.4, 15.97, 14.29, 11.11, 

11.49, 40.85, 26.26, 13.19, 25.9 %) and by ( 10.2, 9.97, 30.23, 19.1, 13.58, 11.23, 

7.07, 11.11, 9.2, 13.38, 12.4, 15.85, 28.18 %) in 2009, respectively, compared 

with that of 678 [ppm] (control) water. 

However (FY, WUE, H, FW, FDi, FDM, TSS, FA, FS, N, P, K, K/Na) 
increased with potassium level (150 kg/ha) in 2008 by (10.58, 10.51, 13.18, 

18.05, 23.4, 15.97, 14.29, 11.11, 11.49, 40.85, 26.26, 13.19, 25.29) , respectively, 

and  in 2009 by (10.2, 9.97, 30.23, 19.1, 13.58, 11.23, 7.07, 11.11, 9.2, 13.38, 

12.40, 15.85, 28.18), respectively, compared with that of 0 [kg/ha] potassium. 

And (FY, WUE, H, FW, FDi, FDM, TSS, FA, FS, N, P, K, K/Na) increased 

with potassium level (300 kg/ha) in 2008 by (17.56, 18.02, 29.62, 33.36, 41.31, 

28.94, 28.95, 23.81, 20.45, 24.52, 38.89, 35.97, 25.4) , respectively, and  in 2009 

by (16.62, 16.62, 30.23, 32.64, 24.8, 20.76, 10.86, 21.35, 20.45, 24.52, 38.89, 

35.97, 24.5), respectively, compared with that of 0 [kg/ha] potassium. But when 

potassium level increased to (150 [kg/ha]) in 2008 (Na, FSC, PH, FF) 

decreased by (11.34, 4.05, 6.15, 13.54) , respectively, and by (12.23, 6.31, 4.53, 
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10.72) in 2009, respectively, and when potassium level increased to (300 [kg/ha]) 

in 2008 (Na, FSC, PH, FF) decreased by (22.95, 11.03, 13.17, 28.54) , 

respectively, and by (25.4, 9.05, 10.6, 24.16) in 2009, respectively, compared 

with that of 0 [kg/ha] potassium. 

Therefore, tomato salinity tolerance can be improved by application of 

supplemental potassium fertilizer, because potassium decreased negative 

effects of salt stress ( by improving yield , water use efficiency and plant 

height, and by increasing leaf content of N,P, K, and decreasing leaf content 

of Na, so the ratio of K/Na will be increased in leaf, and increasing of fruit 

weight and diameter, decreasing fruit fiber content and fruit shape coefficient) 

in addition to increasing of the positive effects of salt stress ( by increasing 

fruit content of dry matter, total soluble solids , ash , sugars, and decreasing of 

fruit PH) 
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ECiw #$���%&'(  1.06 2.03 3 

Ca+2 �(�(�')  5.38 9.17 13.1 

Mg+2 �(�(�')  7 7.53 8.2 

Na+ �(�(�')  3.19 6.28 9.15 

K+ �(�(�')  0.058 0.072 0.096 

Cl- �(�(�')  3.05 4.57 6.23 

SO4-2 �(�(�')  4.9 10.05 15 

HCO-3 �(�(�')  7.6 8.45 9.125 

CO3-2 �(�(�')  0 0 0 
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EC0K0��380 D 736.3 D 
EC0K1 427.5 B 430 B 
EC0K2 462.5 A 460 A 
EC1K0 337.5 E 340 E 
EC1K1 375 D 372.5 D 
EC1K2 397.5 C 387.5 C 
EC2K0 282.5 H 267.5 H 
EC2K1 302.5 G 290 G 
EC2K2 317.5 F 310 F 

LSD 0.05 14.9 4.6��
 

��
��*�+W�24�L&
��P�!/��6
�/�&!F^0 )��!
�$)��P�!�
��@���"'��+�Z[�\@_�4��

��



��	� 

 

��
���*+`�W=��4
�� ������4������D`�������
!���,
�����3����4��;�^��T3.�=��
��

��
���*+CW=�+����,
����	�#�����
 �������D`������4
�� ������4����������
!���,
�����3����4�;^�T3.=��

 

F�).)���
 %����

���;34&=��

��!��$��	���	D��>�$�	�!$�����������
���>�$�	�!�9$���V�#
���8�����	C�!���	�
���8��%��;�$�;

����7������$������W����!3��%�	�� �$������=��
��>�$�����8������B8�#��!�$����	��&$��;��

����B8�#��������%	�=��������
��A�7��(�)��&���������Z�5�	�!"��%�
��O���(����	
������
�
��!�9$���V�#
���8�������L
��>D ��������������12 cm��A�7��()����L
�����������

�����
��W�$
��
�������
��()���;���
���$�&��H����Q6�
����9%
����� �F��=�����������$E���9)
!"��%��O���!���	�
���	�'�
�2��

F).)�)��
1/I��P� ��#	�����&��
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EC0K0 37.75 C 33.25 BC 
EC0K1 41.12 B 34.12 AB 
EC0K2 43.75 A 35.25 A 
EC1K0 33.5 D 28.94 D 
EC1K1 36.75 C 31.94 C 
EC1K2 40.25 B 33.5 BC 
EC2K0 24.5 E 22.5 E 
EC2K1 34.25 D 29.13 D 
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LSD 0.05 2.45 1.65 
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EC2K0 3.58 F 5.73 D 
EC2K1 6.63 E 7.63 C 
EC2K2 7.83 D 8.94 B 
LSD 0.05 0.9798��0.8864��

 



���� 

 

��
��*�+AUW=��D#����4������*���Q#5�+����,
����	�#����D`�8��

��

��
��*�+AbW=8��D#����4������*���Q#5��4
�� ������4������D`���
��

��
��*�+AWW=8��D#����4������*���Q#5����4������+����,
����	�#�����
 �������D`�����



��	� 

 

��
��
F)F)()�8��D������������;�

��B�T��*��=&��

����'
��()���$	�
��Q����
��]6���<0�������L��$
�����C����K
�����������$��I����!�$�����
=�
��>�$�����8��W�P8	�U$���L��$
������;��%8
�����K
*++0��0.617-�0.66-�0.763��

�=�
��>�$�����8��!�$����
�EC0�e�EC1�e�EC2���(
���
��H8�(LSD0.05=0.0412)�W
�;�%
��()�*++1�������L��$
�������K
�0.625-��0.67-�0.78���>�$�����8��!�$����


�=�
��EC0�e�EC1�e�EC2��8��(
���
��H(LSD0.05=0.0252)�W����\��� ������U�$�
��$	��$��%��T��)�;$C��L��$
����>�$�����8��!�$����������������$����
��"��()����K


��
3�
��R�����H8��\
D��U"K
��=�
�5��2a��
�����;.'=W��+����,
����	�#����D`�������������8��D����

�����������8��D����

!"��%�
����;���*++0������;*++1��
EC0��0.617 C 0.625 C 
EC1��0.66 B 0.67 B 
EC2 0.763 A 0.78 A 

LSD 0.05 0.0412 0.0252 

��
����'
��()���$	�
��Q����
��]6���<1����L��$
����;�%
����K
*++0�����=���$��0.716-�

0.687-�0.637����$����
��!"��%�8
�K0�e�K1�e�K2�����(
����
��H�8�(LSD0.05= 

0.0191)�W�()��;�%
�*++1������������L���$
���������K
�0.729 A�0.683A�0.663��
��$����
��!"��%�8
�K0�e�K1�e�K2���(
���
��H8�(LSD0.05= 0.00976)�W�����U$�

��$	��$��%��T��)�\�� �;$C��L��$
�����$���
��!�$����������������$����
��"��()����K

��
3�
��R�����H8��\
D��U"K
��(����	
�5�2a��

�����;.J=W���4
�� ������4������D`�������������8��D����

�����������8��D����

!"��%�
����;���*++0���;���*++1��
K0 0.716 A 0.729 A 
K1 0.687 B 0.683 B 
K2 0.637 C 0.663 C 

LSD 0.05 0.0191 0.00976 

��



�	
� 

 

�����������M�
���=�
��>�$�����8�
����	��
���$K�$���
��(����	
���H�8��
����(����
�����9
���K8
�W�]6���� �����;C�����'
��()�?+�W�����'�������8�����B�8
���$C�H8��-��������
�;���%
*++0�������B�8
�!������EC2K0���P��8	�U��$�����L����$
���������K
�0.81���

(LSD0.05=0.0492)��W�;�%
��()�*++1����8�����B�8
���$C�H8���!���-��������������
�EC2K0���P8	�U$���L��$
�������K
�0.82��(LSD0.05=0.052 )2��

��8��%�
��!C�B��EC2K0�����8��%�
��H8��Z�$� �4��$����
��"��()��EC2K1����Z��$��%��
��
3�
��R�����H8��!"��%�
��(C�	�H8�5�2a��

��
��'�$�3�b���4�"���=��%��T�)��8��%�
���$	EC1K2��� �L
���8��%�� EC0K0�W�����b���=�
��&���8��>�$�	�=�
�2.03��$�$����N���!�����;�$�����	8
��$����
���
��%�
���%6	��$���
���;

����&���8��>�$�	�=�
��=��� �L
���8��%�
����K
����L�U$������	��9��Q����1.06�������$�$�N�;
V���	
�	��$���
��;����2��'�$�3�b���������=���%��T��)�����8��%�
���$�	EC2K2�����8��%�
��

EC1K1�W��&���8��>�$�	�=�
������b���=�3������$�$N����$�����
����
��%�
���%6	��$���
���;
��&���8��>�$�	�=�
���
��
����K
����L�U$������	��9��Q�����!���2.03�����$�$�N�;�2��

���"�#�������8�
�������H8��!�	�
�����C�I)��()�����b
�����(����	
���$���
�����(�%$����
�6���$��	��$���
��I����
���>�$�	�=���
��!�	�
���%'����Z�����K�(��%$�(�����	
������
������$)

;�$����	
������C���$��	��������	D��>�$�	�=���
��!�	�
�����K
���L
��U$������	��9�2��
�����;��=W�����4������+����,
����	�#�����
 �������D`���������������8��D����

�����������8��D����
8��D��������

!"��%�
����;���*++0���;���*++1��
EC0K0 0.64 EF 0.656 EF 8�F:G�H
I�8JKC$���
EC0K1 0.63 EF 0.62 EF 8JKC$� 
EC0K2 0.58 G 0.6 F 8JKC$� 
EC1K0 0.699 CD 0.71 CD 8�F:G 
EC1K1 0.67 DE 0.66 DE 8JKC$� 
EC1K2 0.61 F 0.64 EF 8JKC$� 
EC2K0 0.81 A 0.82 A 8%L:M 
EC2K1 0.76 AB 0.77 AB 8�F:G 
EC2K2 0.72 BC 0.75 BC 8�F:G 
LSD 0.05 0.0492 0.052  



�	�� 

 

��
��*�+A`W=�+����,
����	�#����D`�������������8��D����
��

��
��*�+ACW=��4
�� ������4������D`�������������8��D����

��

��
��*�+_BW=����4������+����,
����	�#�����
 �������D`���������������8��D����



�	�� 

 

F�)$)��
�D#����5�%����

������&��

F)$)�)���#�����>����� 4%�8�
�����
��8���% ����
�D���&��

��$����
��Q������$L���6��
���;C�����'
��()�?���H
�����
��$���
���	��
����)�'
������8���(�)

�����K������	����&
���$%$�
�
��!�B
���
������	�%��(�
����������8��!�$��������$��I�������

=�
��>�$��W	��$��%��T��)�\�� �����U$�B
���
��>D �!��������$���������8��!�$���������
��
3�
��R�����H8��U"K
��=�
��>�$�5�2a��

��$����
��Q������$L���6��
���;C�����'
��()�?*�����H
����(�����	
������
��!�$�����@�B���
�()��$��%�����$��H
��R��
��$���
���	��
��)�'
������8��()
�����K�����	�����
3�
��R��������5�

2a��

(����	
���$���
��!�$������=�
��>�$�����8���$	����	��
���K7���4�"�	��W���(�)��$�	��� ����
�;C�����'
��?<�W�C��H8���
���V���	
�	��$���
��;�����	D��>�$�	�=�
������b����'������$C��


��$���
���	��8
�)�'
������8��()
�����K�����	��
�����$��$��()����&
����$C�H�8���H8����
�>D
�B
���
��V���	
�	��$���
�����
���>�$�	�=�
���"#���2��

��
�����;���W=�+����,
����	�#���
���4����D`����#�����>����� 4%���8�
�����
��8���% ����
�D�����

��#�����>����� 4%���8�
�����
��8���% ����
�D�����

!"��%�
����;���*++0���;���*++1��
EC0��5.09 C 4.82 C 
EC1��5.72 B 5.51 B 
EC2 6.55 A 6.28 A 

LSD 0.05 0.24 0.42 

��

�����;�(�W=��4
�� ������4�����
���4����D`����#�����>����� 4%���8�
�����
��8���% ����
�D�����

��#�����>����� 4%���8�
�����
��8���% ����
�D�����

!"��%�
����;���*++0���;���*++1��
K0 5.01 C 5. C 
K1 5.81 B 5.56 B 
K2 6.46 A 6.04 A 

LSD 0.05 0.23 0.21 



�	�� 

 

�����;�.�W=��4
�� ������4�����+����,
����	�#���
���4�����
 �������D`����������>����� 4%��

#��8�
�����
��8���% ����
�D�����

��#�����>����� 4%���8�
�����
��8���% ����
�D�����

!"��%�
����;���*++0���;���*++1��
EC0K0 4.66 E 4.53 G 
EC0K1 5.08 D 4.80 FG 
EC0K2 5.54 C 5.11 DEF 
EC1K0 4.85 DE 5.03 EF 
EC1K1 5.63 C 5.39 DE 
EC1K2 6.69 B 6.11 C 
EC2K0 5.77 C 5.44 D 
EC2K1 6.72 B 6.50 B 
EC2K2 7.15 A 6.9 A 
LSD 0.05 0.399 0.3669 

��

��
����;.�W=�+����,
����	�#���
���4����D`����#�����>����� 4%���8�
�����
��8���% ����
�D�����

��

��
���*+_AW=��4
�� ������4�����
���4����D`����#�����>����� 4%���8�
�����
��8���% ����
�D�����



�	�� 

 

��

��
����;..W=��4
�� ������4�����+����,
����	�#���
���4�����
 �������D`������#�����>����� 4%���8�
�

����
��8���% ����
�D�����
��
F)$)()������A�:�PH��������
�D8���% &��

����'
��()���$	�
��Q����
��]6���??�������
��;C�PH�������	
�����K
�JC���$�������8������$�	
=�
��>�$����8��%�
��!C�B��U$� EC2��8��%�
��H8��Z�$��%�EC0���8��%�
��H8��Z�$� �4�EC1�

�$����
��"��()2��

����'
��()���$	�
��Q����
��!��L������?,����H
�����$��
��;C�PH������	
�����K
���$���
�����$�	
(����	
��WB
���
��>D �!��������$	��$��%��T��)�\�� �����U$�����!�$������������$����
�
(����	
����
3�
��R�����H8��U"K
�5�2a��

����	��
���K7����
�]6�$�(����	
���$���
��!�$������=�
��>�$�����8��!�$������$	�W���$�	�
�
��()����'
�?.�W���
��;C�
���$C�H8�����PH����8
���$C�H����=��6�������B�
��	�%��(�
��

9$������$���H�8����
�
�����$��$��()�V���	
�	��$���
��;�����	D��>�$�	�=�
�����������Z�$
��
��;C�
���$C�H���PH������8
���$C�H8���=��6���9$������	�:����B
��	�%��(�
���������Z�$

���>�$�	�=�
�V���	
�	��$���
��I����
2��

��

��

��



�	�� 

 

�����;��=W��+����,
����	�#���
���4����D`����PH�8���% ����
�D��

��PH�����
�D8���% ��

!"��%�
����;���*++0���;���*++1��
EC0��5.26 A 5.24 A 
EC1��4.59 B 4.76 B 
EC2 4.3 B 4.47 B 

LSD 0.05 0.303 0.3206 

��

�����;�F=�W� ������4�����
���4����D`���4
����PH�8���% ����
�D��

��PH�����
�D8���% ��

!"��%�
����;���*++0���;���*++1��
K0 5.04 A 5.08 A 
K1 4.73 B 4.85 B 
K2 4.38 C 4.534 C 

LSD 0.05 0.153 0.1758 

��

�����;�$=�W����D`����
 ��������4
�� ������4�����+����,
����	�#���
���4����PH���
�D

8���% ����

��PH�����
�D8���% ��

!"��%�
����;���*++0���;���*++1��
EC0K0 5.66 A 5.57 A 
EC0K1 5.46 A 5.4 A 
EC0K2 4.65 BC 4.75 BC 
EC1K0 4. 9 B 4.99 B 
EC1K1 4.52 CD 4.72 BCD 
EC1K2 4.36 DE 4.56 CDE 
EC2K0 4.56 CD 4.67 CDE 
EC2K1 4.22 E 4.41 DE 
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K0 1.91 C 1.73 C 
K1 2.42 B 2.19 B 
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 2008 2009 
EC0K0 2.50 B 2.27 B 
EC0K1 2.65 B 2.44 B 
EC0K2 3.10 A 2.89 A 
EC1K0 2.05 C 1.86 C 
EC1K1 2.53 B 2.26 B 
EC1K2 2.72 B 2.497 B 
EC2K0 1.18 D 1.06 D 
EC2K1 2.078 C 1.89 C 
EC2K2 2.64 B 2.35 B 
LSD0.05  0.3116  0.3116 
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EC1 1.73 B 1.899 B 
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EC0K0 1.77 CD 2.04 B 
EC0K1 2.03 ABC 2.22 AB 
EC0K2 2.24 A 2.46 A 
EC1K0 1.40 E 1.55 CD 
EC1K1 1.73 D 1.9 BC 
EC1K2 2.05 AB 2.24 AB 
EC2K0 0.56 F 0.61 E 
EC2K1 1.34 E 1.47 D 
EC2K2 1.82 BCD 2.01 B 
LSD0.05  0.2699  0.3639 

 

��
��*�+UAW=�+����,
����	�#���
���4����D`��%5�G������H�����/N��V��	�������#	��

�*!����
��



����� 

 

��
��*�+U_W=��4
�� ������4�����
���4����D`�%5�G������H�����/N��V��	��������#	��

�*!����
��

��
��*�+UaW=����D`����
 ��������4
�� ������4�����+����,
����	�#���
���4����/N��V��	����

�%5�G������H����*!����#	����
 

��
F)6)�).)��%5�G������H�����/N��V��	��S�%����#	���&��

����4�"��Q������$����
��;C�����'
��()���6��
��.,������%
��$���
���	��
�����
!��S��
���K
��Q6���8����()������	
��!�	��T�����()����$�	�JC�����=�
��>�$�����8��W�=�
�����U$�

�()�=��%��JC����H
��=�c$���
���>�$�	��
�%
��$���
���	��
�!��S��������	
��!�	��T�����()
���K
���9���8����()���
3�
��R�����H8�5��a�$���
��� �L
���8��%��I������9��>�$�	��	D�2 

 

��



����� 

 

�����;65=�W�+����,
����	�#���
���4����D`��%5�G������H�����/N��V��	�������#	��

S�%����
 2008 2009 

EC0 1.55 A 1.72 A 
EC1 1.47 A 1.49 B 
EC2 1.16 B 1.21 C 
LSD0.05  0.1482  0.1413 
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K0 1.16 C 1.3 C 
K1 1.39 B 1.48 B 
K2 1.635 A 1.63 A 
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EC0K0 1.42 CD 1.65 B 
EC0K1 1.50 BCD 1.74 AB 
EC0K2 1.74 A 1.79 A 
EC1K0 1.34 DE 1.33 D 
EC1K1 1.45 BCD 1.5 C 
EC1K2 1.62 AB 1.63 B 
EC2K0 0.72 F 0.94 F 
EC2K1 1.2 E 1.21 E 
EC2K2 1.55 BC 1.47 C 
LSD0.05  0.1879  0.1151 
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EC0 2.62 A 2.40 A 
EC1 2.24 B 2.14 AB 
EC2 1.9 C 1.79 B 
LSD0.05  0.3313  0.3588 
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K0 1.79 C 1.75 C 
K1 2.34 B 2.16 B 
K2 2.62 A 2.41 A 
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EC0K0 2.46 ABC 2.25 B 
EC0K1 2.60 AB 2.39 AB 
EC0K2 2.79 A 2.55 A 
EC1K0 1.85 D 1.78 C 
EC1K1 2.29 BC 2.2 B 
EC1K2 2.58 AB 2.45 AB 
EC2K0 1.07 E 1.23 D 
EC2K1 2.13 CD 1.89 C 
EC2K2 2.50 ABC 2.24 B 
LSD0.05  0.4122  0.2699 
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EC0 1.46 A 1.61 A 
EC1 1.28 B 1.32 AB 
EC2 0.95 B 0.99 B 
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K0 0.96 C 0.97 C 
K1 1.20 B 1.29 B 
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EC0K0 1.31 C 1.44 B 
EC0K1 1.45 BC 1.61 AB 
EC0K2 1.63 A 1.79 A 
EC1K0 0.99 D 0.95 C 
EC1K1 1.29 C 1.35 B 
EC1K2 1.56 AB 1.65 AB 
EC2K0 0.58 E 0.51 D 
EC2K1 0.8625 D 0.8875 CD 
EC2K2 1.3925 C 1.565 AB 
LSD0.05  0.1694  0.3045 
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EC0 1.09 A 1.33 A 
EC1 0.81 B 1.17 B 
EC2 0.64 C 0.96 C 
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K0 0.62 C 0.96 C 
K1 0.81 B 1.16 B 
K2 1.11 A 1.33 A 
LSD0.05  0.08137  0.08137 
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EC0K0 0.83 C 1.20 C 
EC0K1 0.98 B 1.35 AB 
EC0K2 1.47 A 1.43 A 
EC1K0 0.66 D 1.01 D 
EC1K1 0.77 CD 1.17 C 
EC1K2 0.99 B 1.31 ABC 
EC2K0 0.37 E 0.66 E 
EC2K1 0.67 D 0.97 D 
EC2K2 0.88 BC 1.25 BC 
LSD0.05  0.1409  0.1409 
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EC0 2.60 A 3.18 A 
EC1 2.24 B 2.69 B 
EC2 1.72 B 2.01 C 
LSD0.05  0.3946  0.4045 
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K0 1.84 C 1.97 C 
K1 2.08 B 2.60 B 
K2 2.64 A 3.30 A 
LSD0.05  0.2066  0.1758 
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EC0K0 2.37 BC 2.84 CD 
EC0K1 2.61 AB 3.13 BC 
EC0K2 2.82 A 3.56 A 
EC1K0 1.97 D 2.08 E 
EC1K1 2.16 CD 2.64 D 
EC1K2 2.59 AB 3.34 AB 
EC2K0 1.18 E 1.00 F 
EC2K1 1.47 E 2.03 E 
EC2K2 2.51 ABC 3.01 C 
LSD0.05  0.01486  0.3045 
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EC0 1.54 A 1.64 A 
EC1 1.37 A 1.27 AB 
EC2 0.99 B 0.96 B 
LSD0.05  0.1815  0.392 
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K1 1.30 B 1.32 B 
K2 1.57 A 1.69 A 
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 2008 2009 
EC0K0 1.38 B 1.28 BCD 
EC0K1 1.55 AB 1.49 B 
EC0K2 1.70 A 2.14 A 
EC1K0 1.12 C 1.02 D 
EC1K1 1.39 B 1.36 BCD 
EC1K2 1.6 A 1.43 BC 
EC2K0 0.56 D 0.28 E 
EC2K1 0.97 C 1.11 CD 
EC2K2 1.42 B 1.48 B 
LSD0.05  0.1758  0.3547 
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EC0 1.25 A 1.29 A 
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K0 0.91 C 0.91 C 
K1 1.03 B 1.06 B 
K2 1.24 A 1.24 A 
LSD0.05  0.06644  0.06644 
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EC0K0 1.15 AB 1.20 BCD 
EC0K1 1.24 A 1.30 AB 
EC0K2 1.35 D 1.37 A 
EC1K0 0.93 C 0.96 E 
EC1K1 1.07 AB 1.1 D 
EC1K2 1.25 F 1.23 BCD 
EC2K0 0.64 E 0.58 G 
EC2K1 0.78 BC 0.78 F 
EC2K2 1.13 G 1.13 CD 
LSD0.05  0.1151  0.1151 
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EC0 0.40 B 0.28 C 
EC1 0.43 B 0.33 B 
EC2 0.47 A 0.39 A 
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EC0K0 0.41 D 0.297 CDE 
EC0K1 0.41 DE 0.277 DE 
EC0K2 0.39 F 0.27 E 
EC1K0 0.46 B 0.38 B 
EC1K1 0.44 C 0.33 C 
EC1K2 0.39 EF 0.28 CDE 
EC2K0 0.53 A 0.46 A 
EC2K1 0.47 B 0.4 B 
EC2K2 0.41 C 0.32 CD 
LSD0.05  0.01486  0.04698 
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EC0 0.49 B 0.54 B 
EC1 0.55 AB 0.58 AB 
EC2 0.64 A 0.64 A 
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K0 0.62 A 0.65 A 
K1 0.55 B 0.57 B 
K2 0.52 B 0.53 B 
LSD0.05  0.03836  0.04698 
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EC0K0 0.51 DEF 0.57 BCD 
EC0K1 0.49 EF 0.53 CD 
EC0K2 0.47 F 0.52 D 
EC1K0 0.59 BC 0.62 B 
EC1K1 0.55 BCDE 0.58 BCD 
EC1K2 0.52 CDEF 0.53 CD 
EC2K0 0.77 A 0.78 A 
EC2K1 0.60 B 0.60 BC 
EC2K2 0.56 BCD 0.53 CD 
LSD0.05  0.06644  0.08137 
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EC0 0.49 C 0.46 C 
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EC2 0.65 A 0.62 A 
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K0 0.64 A 0.62 A 
K1 0.57 B 0.54 B 
K2 0.49 C 0.46 C 
LSD0.05  0.03836  0.04698 
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EC0K0 0.51 CD 0.49 CD 
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EC0K2 0.46 D 0.44 D 
EC1K0 0.64 B 0.64 B 
EC1K1 0.54 C 0.52 C 
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EC0 6.46 A 11.36 A 
EC1 5.28 B 8.5 B 
EC2 3.82 C 5.63 C 
LSD0.05  0.9258  1.199 
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EC0K0 5.71 BC 9.57 C 
EC0K1 6.4 AB 11.27 B 
EC0K2 7.26 A 13.24 A 
EC1K0 4.28 D 5.5 E 
EC1K1 4.97 CD 8.13 D 
EC1K2 6.58 AB 11.85 AB 
EC2K0 2.26 E 2.18 F 
EC2K1 3.14 E 5.15 E 
EC2K2 6.05 B 9.55 CD 
LSD0.05  0.8789  1.434 
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EC1 2.52 B 2.22 B 
EC2 1.63 B 1.67 C 
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K0 1.796 A 1.43 C 
K1 2.46 A 2.33 B 
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 2008 2009 
EC0K0 2.72 ABCD 2.27 BC 
EC0K1 3.21 AB 2.80 B 
EC0K2 3.75 A 4.12 A 
EC1K0 1.93 CDE 1.66 D 
EC1K1 2.55 BCD 2.33 BC 
EC1K2 3.09 ABC 2.67 B 
EC2K0 0.73 E 0.37 E 
EC2K1 1.62 DE 1.84 CD 
EC2K2 2.53 BCD 2.81 B 
LSD0.05  1.53  0.5559 
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K0 1.53 C 1.596 C 
K1 1.92 B 2.05 B 
K2 2.54 A 2.72 A 
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EC0K1 2.62 AB 2.81 AB 
EC0K2 2.92 A 3.13 A 
EC1K0 1.46 D 1.52 E 
EC1K1 1.99 C 2.11 D 
EC1K2 2.58 AB 2.66 BC 
EC2K0 0.84 E 0.79 F 
EC2K1 1.16 DE 1.21 E 
EC2K2 2.13 C 2.36 CD 
LSD0.05  0.3639  0.3484 
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;��U��?���M 
1 11.50 -0.55 5.48 80.10 48.10 64.10 0.83 4.34 2.40 5.94 

2 9.45 -6.05 1.70 56.20 27.60 41.90 0.55 7.91 0.00 10.12 

3 10.45 -0.59 4.93 85.18 49.64 67.41 1.05 4.0 26.00 9.06 

B��L��)6>��[:D\ 10.47 -2.40 4.04 73.83 41.78 57.80 0.81 5.41 28.40 25.12 

]�0\ 
1 14.30 -1.55 6.38 68.50 32.30 50.40 0.76 8.12 0.00 14.77 

2 14.80 2.85 8.83 79.70 44.60 62.15 1.27 7.29 5.50 20.57 

3 18.50 1.67 10.08 62.00 27.00 44.50 0.80 8.32 0.00 18.33 

B��L��)6>��[:D\ 15.87 0.99 8.43 70.07 34.63 52.35 0.94 7.91 5.50 53.67 

-�^_ 
1 23.80 7.35 15.58 65.00 25.20 45.10 0.96 7.17 0.00 31.60 

2 23.10 6.00 14.55 54.30 23.20 38.75 1.23 8.60 0.00 35.40 

3 27.77 8.18 17.98 55.64 25.27 40.45 1.06 8.88 0.00 49.38 

B��L��)6>��[:D\ 24.89 7.18 16.03 58.31 24.56 41.43 1.08 8.21 0.00 116.38 

?���� 
1 23.5 6.2 14.85 74.5 32.1 53.30 0.96 7.83 0.00 38.40 

2 30.2 9.5 19.85 56 26.6 41.30 0.76 12.34 0.00 45.69 

3 32.70 12.35 22.53 58.90 26.90 42.90 0.91 9.73 0.00 56.12 

B��L��)6>��[:D\ 28.80 9.35 19.08 63.13 28.53 45.83 0.88 9.96 0.00 140.21 

-�%@ 
1 26.55 7.75 17.15 62.00 31.10 46.55 0.96 11.84 1.00 47.54 

2 30.40 10.80 20.60 59.40 26.30 42.85 0.86 11.80 0.00 53.65 

3 34.41 11.82 23.11 43.73 19.18 31.45 0.80 12.40 0.00 68.60 

B��L��)6>��[:D\ 30.45 10.12 20.29 55.04 25.53 40.28 0.87 12.01 1.00 169.79 

?�:%#9 
1 35.70 14.05 24.88 60.80 32.10 46.45 1.04 12.50 0.00 66.45 

2 36.20 14.65 25.43 51.60 23.30 37.45 0.78 12.87 0.00 72.65 
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3 39.90 17.00 28.45 50.50 22.70 36.60 0.70 12.52 0.00 75.66 

B��L��)6>��[:D\ 37.27 15.23 26.25 54.30 26.03 40.17 0.84 12.63 0.00 214.76 

4��, 
1 38.15 16.40 27.28 54.60 22.20 38.40 0.73 12.54 0.00 69.70 

2 39.90 15.50 27.70 53.70 19.10 36.40 0.74 12.43 0.00 70.81 

3 38.91 17.23 28.07 61.91 23.27 42.59 0.86 12.05 0.00 76.14 

B��L��)6>��[:D\ 38.99 16.38 27.68 56.74 21.52 39.13 0.77 12.34 0.00 216.65 

 _ 
1 38.60 17.35 27.98 55.40 21.10 38.25 0.80 11.98 0.00 64.82 

2 39.40 17.55 28.48 57.00 20.30 38.65 0.70 11.76 0.00 67.83 

3 38.55 20.14 29.34 70.73 28.36 49.55 0.72 9.01 21.50 57.64 

B��L��)6>��[:D\ 38.85 18.35 28.60 61.04 23.25 42.15 0.74 10.92 21.50 190.29 

)��%@ 
1 38.60 17.85 28.23 63.30 23.50 43.40 0.57 9.97 0.00 51.55 

2 34.95 14.15 24.55 61.60 24.60 43.10 0.57 10.51 0.00 48.40 

3 30.75 14.95 22.85 67.80 35.70 51.75 0.89 9.88 0.00 45.07 

B��L��)6>��[:D\ 34.77 15.65 25.21 64.23 27.93 46.08 0.68 10.12 0.00 145.02 

)L@�
%:V, 
1 30.2 11.4 20.80 67.6 29.0 48.30 0.53 9.32 0.00 35.56 

2 29.50 12.50 21.00 66.90 33.50 50.20 0.72 8.05 0.00 30.96 

3 24.77 10.36 17.57 79.73 41.55 60.64 0.56 5.37 2.60 21.08 

B��L��)6>��[:D\ 28.16 11.42 19.79 71.41 34.68 53.05 0.60 7.58 2.60 87.60 

;��U�
%:V, 
1 23.25 5.15 14.20 66.30 30.60 48.45 0.57 7.96 0.00 20.34 

2 21.65 7.30 14.48 88.70 40.10 64.40 0.63 6.62 9.60 13.41 

3 20.90 4.85 12.88 85.10 41.40 63.25 0.44 6.92 3.30 9.11 

B��L��)6>��[:D\ 21.93 5.77 13.85 80.03 37.37 58.70 0.55 7.17 12.90 42.86 

)L@�?���M 
1 18.05 1.40 9.73 77.10 37.40 57.25 0.48 6.76 0.00 10.74 

2 16.55 -1.20 7.68 72.50 34.50 53.50 0.44 7.72 0.00 9.88 

3 13.32 3.14 8.23 89.18 55.18 72.18 1.01 3.51 11.70 8.63 

B��L��)6>� 15.97 1.11 8.54 79.59 42.36 60.98 0.65 5.99 11.70 29.25 
�)6>�
�1B��L@�2[�$�
� 27.20 9.10 18.15 65.64 30.68 48.16 0.78 9.19 83.60 1431.60 
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;��U��?���M 
1 12.00 -2.10 4.95 87.80 43.50 65.65 0.42 6.78 1.00 6.96 

2 14.40 -0.95 6.73 74.00 33.70 53.85 0.63 6.55 0.00 12.39 

3 15.64 1.95 8.80 84.64 51.18 67.91 0.75 3.8 3.50 12.37 

B��L��)6>��[:D\ 14.01 -0.37 6.82 82.15 42.79 62.47 0.60 5.72 4.50 31.72 

]�0\ 
1 17.70 3.35 10.53 87.10 44.40 65.75 0.77 5.13 12.90 14.39 

2 16.10 3.15 9.63 80.90 48.90 64.90 1.29 7.52 10.50 16.83 

3 12.00 2.39 7.19 83.56 53.00 68.28 0.97 4.76 34.00 9.01 

B��L��)6>��[:D\ 15.27 2.96 9.11 83.85 48.77 66.31 1.01 5.80 57.40 40.23 

-�^_ 
1 19.70 6.10 12.90 77.50 36.60 57.05 1.12 7.30 0.00 25.55 

2 18.90 4.25 11.58 69.10 34.20 51.65 1.13 8.05 1.90 31.71 

3 19.45 4.09 11.77 81.27 31.36 56.32 1.14 8.28 13.30 30.07 

B��L��)6>��[:D\ 19.35 4.81 12.08 75.96 34.05 55.01 1.13 7.87 15.20 87.33 

?���� 
1 25.3 7.9 16.60 69.0 28.4 48.70 0.93 8.58 1.20 37.61 

2 24.1 8.0 16.00 74 37.0 55.40 0.93 9.14 1.30 31.50 

3 28.00 7.70 17.85 61.70 28.20 44.95 0.89 10.34 0.00 48.27 

B��L��)6>��[:D\ 25.78 7.85 16.82 68.17 31.20 49.68 0.92 9.35 2.50 117.38 

-�%@ 
1 26.85 9.60 18.23 71.80 35.00 53.40 1.07 8.33 1.00 41.61 

2 33.65 13.70 23.68 48.80 27.60 38.20 0.75 11.12 8.60 61.20 

3 32.77 12.95 22.86 62.18 34.27 48.23 0.83 12.37 0.00 72.79 

B��L��)6>��[:D\ 31.09 12.08 21.59 60.93 32.29 46.61 0.88 10.61 9.60 175.60 

?�:%#9 
1 36.60 15.20 25.90 49.10 28.30 38.70 0.83 12.88 0.00 74.40 

2 37.60 15.60 26.60 63.50 29.00 46.25 0.74 12.52 0.00 69.47 

3 38.35 15.90 27.13 61.00 29.30 45.15 0.71 12.46 0.00 81.60 
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B��L��)6>��[:D\ 37.52 15.57 26.54 57.87 28.87 43.37 0.76 12.62 0.00 225.47 

4��, 
1 37.75 16.50 27.13 63.40 28.60 46.00 0.86 12.70 0.00 78.95 

2 36.95 18.35 27.65 62.80 30.80 46.80 0.96 12.50 0.00 91.24 

3 39.41 17.86 28.64 65.18 27.55 46.36 0.69 12.41 0.00 133.79 

B��L��)6>��[:D\ 38.04 17.57 27.80 63.79 28.98 46.39 0.84 12.53 0.00 303.98 

 _ 
1 38.75 17.90 28.33 64.30 25.60 44.95 0.70 12.16 0.00 129.19 

2 38.75 16.60 27.68 67.90 24.40 46.15 0.51 11.98 0.00 60.01 

3 35.50 16.00 25.75 72.73 27.45 50.09 0.58 11.59 0.00 59.10 

B��L��)6>��[:D\ 37.67 16.83 27.25 68.31 25.82 47.06 0.60 11.91 0.00 248.30 

)��%@ 
1 36.00 16.45 26.23 73.70 28.00 50.85 0.64 10.21 0.00 43.26 

2 33.20 15.00 24.10 76.40 38.80 57.60 0.80 9.74 1.00 39.77 

3 30.80 11.50 21.15 70.90 34.20 52.55 0.56 9.95 0.00 35.00 

B��L��)6>��[:D\ 33.33 14.32 23.83 73.67 33.67 53.67 0.66 9.97 1.00 118.03 

)L@�
%:V, 
1 31.0 11.6 21.28 65.5 33.0 49.25 0.56 7.43 0.00 35.45 

2 33.95 12.90 23.43 69.60 29.10 49.35 0.47 7.37 0.00 31.99 

3 25.95 13.32 19.64 90.55 53.82 72.18 0.74 4.91 14.50 23.60 

B��L��)6>��[:D\ 30.29 12.61 21.45 75.22 38.64 56.93 0.59 6.57 14.50 91.04 

;��U�
%:V, 
1 20.85 9.15 15.00 91.30 55.10 73.20 0.71 6.27 29.90 9.97 

2 18.85 4.30 11.58 91.70 47.90 69.80 0.41 6.20 1.20 9.06 

3 16.50 4.40 10.45 93.20 54.20 73.70 0.44 5.44 9.80 8.54 

B��L��)6>��[:D\ 18.73 5.95 12.34 92.07 52.40 72.23 0.52 5.97 40.90 27.57 

)L@�?���M 
1 15.65 4.25 9.95 90.50 58.20 74.35 0.63 4.56 0.30 7.19 

2 14.70 6.60 10.65 92.70 64.00 78.35 1.08 3.51 15.90 6.20 

3 17.00 4.91 10.95 94.18 57.09 75.64 0.49 5.10 0.00 6.63 

B��L��)6>� 15.78 5.25 10.52 92.46 59.76 76.11 0.73 4.39 16.20 20.02 
�)6>�
�1B��L@�2[�$�
� 26.40 9.62 18.01 74.54 38.10 56.32 0.77 8.61 161.80 1486.67 
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