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Table 1. Chemical and physical properties of study soil.  
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Table 2. Results of mean-squares of analysis variance of crop rotation, soil depth and sampling time effects on 
soil nitrate concentration.  
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Figure 1. Comparison of crop rotation types effects on soil nitrate concentration.  
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Figure 2. Comparison of average soil nitrate concentration in different depths in different depths. 
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Figure 3. Comparison of sampling time effects on soil nitrate concentration.  
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Figure 4. Comparison of crop rotation, soil depth and sampling time effects on soil nitrate concentration.  
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Table 3. Results of mean-squares of analysis variance of crop rotation, soil depth and sampling time effects on 
soil ammonium concentration.  
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Figure 5. Comparison of average soil ammonium concentrations in different depths.  
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Figure 6. Comparison of sampling time effects on soil ammonium concentration. 
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Figure 7. Comparison of crop rotation, soil depth and sampling time effects on soil ammonium concentration. 
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Evaluation of changing process of Ammonium and Nitrate  

in soil profile in three crop rotations  
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Abstract1 
Background and Objectives: �1�L�W�U�R�J�H�Q�� ���1���� �L�V�� �F�R�Q�V�L�G�H�U�H�G�� �D�V�� �R�Q�H�� �R�I�� �W�K�H�� �D�F�W�L�Y�H�� �H�O�H�P�H�Q�W�V�� �L�Q��
�Q�D�W�X�U�H�� �G�X�H�� �W�R�� �L�W�V�� �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�� �D�Q�G�� �P�R�E�L�O�L�W�\�� �S�U�R�F�H�V�V�H�V�� �L�Q�� �K�H�W�H�U�R�J�H�Q�H�R�X�V�� �V�R�L�O�� �V�\�V�W�H�P���� �(�D�V�H�� �R�I��
�D�F�F�H�V�V�L�E�L�O�L�W�\�� �D�Q�G�� �V�L�J�Q�L�I�L�F�D�Q�W�� �H�I�I�H�F�W�V�� �R�Q�� �F�U�R�S�� �\�L�H�O�G���� �1���I�H�U�W�L�O�L�]�H�U�V�� �F�R�Q�V�X�P�S�W�L�R�Q�� �U�D�W�H�� �L�V�� �K�L�J�K����
�+�R�Z�H�Y�H�U�� ������������ �S�H�U�F�H�Q�W�D�J�H�V�� �R�I�� �D�S�S�O�L�H�G�� �1�� �F�D�Q�� �E�H�� �O�H�D�F�K�H�G�� �D�Q�G�� �F�R�Q�W�D�P�L�Q�D�W�H�� �Z�D�W�H�U�� �U�H�V�R�X�U�F�H�V�� �D�Q�G��
�K�H�Q�F�H�� �H�Q�G�D�Q�J�H�U�� �H�Q�Y�L�U�R�Q�P�H�Q�W�� �D�Q�G�� �K�X�P�D�Q�� �K�H�D�O�W�K���� �3�U�H�Y�L�R�X�V�� �V�W�X�G�L�H�V�� �V�K�R�Z�H�G�� �V�L�J�Q�L�I�L�F�D�Q�W�� �S�R�V�L�W�L�Y�H��
�U�H�O�D�W�L�R�Q�V�K�L�S�� �E�H�W�Z�H�H�Q�� �D�S�S�O�L�H�G�� �1���I�H�U�W�L�O�L�]�H�U�V�� �U�D�W�H�� �D�Q�G�� �Q�L�W�U�D�W�H�� ���1���1�2������ �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�� �L�Q�� �V�K�D�O�O�R�Z��
�J�U�R�X�Q�G�Z�D�W�H�U�� �U�H�V�R�X�U�F�H�V���� �2�Q�H�� �R�I�� �W�K�H�� �D�J�U�L�F�X�O�W�X�U�D�O�� �P�D�Q�D�J�H�P�H�Q�W�� �V�\�V�W�H�P�V�� �Z�K�L�F�K�� �F�D�Q�� �D�I�I�H�F�W�� �V�R�L�O�� �1��
�P�R�E�L�O�L�W�\���L�V���F�U�R�S���U�R�W�D�W�L�R�Q���V�\�V�W�H�P�����5�R�W�D�W�L�R�Q���V�\�V�W�H�P���F�D�Q���D�I�I�H�F�W���V�L�J�Q�L�I�L�F�D�Q�W�O�\���1���X�V�H���H�I�I�L�F�L�H�Q�F�\���D�Q�G���1��
�X�S�W�D�N�H�� �E�\�� �S�O�D�Q�W�V�� �V�L�Q�F�H�� �G�L�I�I�H�U�H�Q�W�� �F�U�R�S�V�� ���L�Q�� �U�R�W�D�W�L�R�Q�V���� �K�D�Y�H�� �Y�D�U�L�R�X�V�� �D�E�V�R�U�E�L�Q�J�� �D�E�L�O�L�W�L�H�V�� �D�Q�G�� �1��
�U�H�T�X�L�U�H�P�H�Q�W�V���� �3�U�H�Y�L�R�X�V�� �V�W�X�G�L�H�V�� �F�R�P�S�D�U�H�G�� �W�K�H�� �D�P�R�X�Q�W�V�� �R�I�� �1���1�2���� �O�H�D�F�K�L�Q�J�� �L�Q�� �P�D�L�]�H�� �P�R�Q�R�F�X�O�W�X�U�H��
�D�Q�G�� �P�D�L�]�H���J�U�D�V�V�� �U�R�W�D�W�L�R�Q�� �V�\�V�W�H�P�V���� �G�H�P�R�Q�V�W�U�D�W�H�G�� �W�K�D�W�� �W�K�H�� �U�R�W�D�W�L�R�Q�� �V�\�V�W�H�P�� �F�D�Q�� �U�H�G�X�F�H���O�H�D�F�K�L�Q�J���E�\��
���� �W�R�� ������ �W�L�P�H�V�� �F�R�P�S�D�U�H�G�� �Z�L�W�K�� �W�K�H�� �P�R�Q�R�F�X�O�W�X�U�H�� �V�\�V�W�H�P���� �7�K�H�U�H�I�R�U�H�� �D�� �I�L�H�O�G�� �H�[�S�H�U�L�P�H�Q�W�� �Z�D�V��
�F�R�Q�G�X�F�W�H�G���W�R���V�W�X�G�\���W�K�H���H�I�I�H�F�W�V���R�I���F�U�R�S���U�R�W�D�W�L�R�Q���R�Q���P�L�Q�H�U�D�O���1���I�R�U�P���P�R�E�L�O�L�W�\���L�Q���V�R�L�O���S�U�R�I�L�O�H����
Materials and Methods: �$�� �V�S�O�L�W�� �I�D�F�W�R�U�L�D�O�� ���L�Q�� �W�K�H�� �I�R�U�P�� �R�I�� �F�R�P�S�O�H�W�H�� �U�D�Q�G�R�P�� �E�O�R�F�N�V����
�H�[�S�H�U�L�P�H�Q�W�D�O�� �G�H�V�L�J�Q�� �Z�D�V�� �F�R�Q�G�X�F�W�H�G�� �L�Q�� �W�K�H�� �I�L�H�O�G�� �Z�L�W�K�� �W�K�U�H�H�� �U�H�S�O�L�F�D�W�L�R�Q�V�� �W�R�� �H�Y�D�O�X�D�W�H�� �W�K�H�� �H�I�I�H�F�W�V�� �R�I��
�W�K�U�H�H���F�R�P�P�R�Q���U�R�W�D�W�L�R�Q���V�\�V�W�H�P�V���R�Q���1���1�2�����D�Q�G���1���1�+�����P�R�E�L�O�L�W�\���W�K�U�R�X�J�K���W�K�H���V�R�L�O�����7�K�H���P�D�L�Q���I�D�F�W�R�U��
�Z�D�V�� �F�R�P�P�R�Q�� �U�R�W�D�W�L�R�Q�� �V�\�V�W�H�P�� �L�Q�� �.�K�X�]�H�V�W�D�Q�� �S�U�R�Y�L�Q�F�H�� �L�Q�F�O�X�G�L�Q�J�� �Z�K�H�D�W���F�R�U�Q���� �Z�K�H�D�W���I�D�O�O�R�Z������
�U�L�F�H���Z�K�D�W���� �7�K�H�� �U�R�W�D�W�L�R�Q�V�� �Z�H�U�H�� �V�W�D�U�W�H�G�� �I�L�Y�H�� �\�H�D�U�V�� �D�J�R�� �L�Q�� �W�K�H�� �H�[�S�H�U�L�P�H�Q�W�D�O���V�L�W�H���R�Q���S�H�U�P�D�Q�H�Q�W���S�O�R�W�V��
���H�D�F�K�� �Z�L�W�K�� �W�K�H�� �D�U�H�D�� �R�I�� ���î������ �P�������� �6�X�E�I�D�F�W�R�U�V�� �Z�H�U�H�� �V�D�P�S�O�L�Q�J�� �G�H�S�W�K�� �������������� �������������� ������������ �F�P���� �D�Q�G��
�V�D�P�S�O�L�Q�J�� �W�L�P�H�� ���V�H�Y�H�Q�� �W�L�P�H�V�� �D�I�W�H�U�� �F�U�R�S�� �S�O�D�Q�W�L�Q�J������ �,�Q�� �H�D�F�K�� �F�U�R�S�� �U�R�W�D�W�L�R�Q���� �V�R�L�O�� �V�D�P�S�O�H�V�� �Z�H�U�H�� �W�D�N�H�Q��
�I�U�R�P�� �W�K�U�H�H�� �P�H�Q�W�L�R�Q�H�G�� �G�H�S�W�K�V�� �D�I�W�H�U�� �H�D�F�K�� �L�U�U�L�J�D�W�L�R�Q�� �R�U�� �U�D�L�Q�I�D�O�O�� �X�V�L�Q�J�� �D�Q�� �D�X�J�H�U���� �,�Q�� �W�R�W�D�O���� �V�R�L�O��
�V�D�P�S�O�H�V�� �Z�H�U�H�� �W�D�N�H�Q�� �D�W�� �V�H�Y�H�Q�� �W�L�P�H�V���� �6�R�L�O�� �V�D�P�S�O�H�V�� �Z�H�U�H�� �D�Q�D�O�\�V�H�G�� �I�R�U���W�R�W�D�O�� �V�R�L�O�� �1�� �X�V�L�Q�J�� �.�M�H�O�G�D�O��
�P�H�W�K�R�G���� �7�K�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�� �R�I�� �1���1�2���� �D�Q�G�� �1���1�+���� �Z�H�U�H�� �P�H�D�V�X�U�H�G�� �E�\�� �G�L�V�W�L�O�O�D�W�L�R�Q�� �P�H�W�K�R�G���� �0�H�D�Q��
�P�H�D�V�X�U�H�G�� �G�D�W�D�� �Z�H�U�H�� �D�Q�D�O�\�]�H�G�� �Z�L�W�K���'�X�Q�F�D�Q�¶�V���P�H�D�Q���F�R�P�S�D�U�L�V�R�Q���X�V�L�Q�J���0�6�7�$�7�&���V�R�I�W�Z�D�U�H�����Z�K�L�O�H��
�W�K�H���(�[�F�H�O���Z�D�V���X�V�H�G���W�R���G�U�D�Z���I�L�J�X�U�H�V������
Results: �7�K�H �U�H�V�X�O�W�V�� �V�K�R�Z�H�G�� �W�K�D�W�� �1���1�2���� �S�U�R�I�L�O�H�V�� �Z�H�U�H�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� ���3�������������� �G�L�I�I�H�U�H�Q�W�� �L�Q�� �W�K�H��
�U�R�W�D�W�L�R�Q�� �V�\�V�W�H�P�V���� �1���1�2���� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �L�Q�� �Z�K�H�D�W���F�R�U�Q�� �U�R�W�D�W�L�R�Q�� �������������� �P�J�� �N�J���������Z�D�V�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\��
���3�������������� �K�L�J�K�H�U�� �W�K�D�Q�� �W�K�H�� �R�W�K�H�U�� �W�Z�R�� �U�R�W�D�W�L�R�Q�V���� �:�K�L�O�H�� �Z�K�H�D�W���U�L�F�H�� �U�R�W�D�W�L�R�Q�� �K�D�G�� �W�K�H�� �O�H�D�V�W�� �1���1�2����
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� ������������ �P�J�� �N�J���������� �7�K�H�� �K�L�J�K�H�V�W�� �Y�D�U�L�D�W�L�R�Q�� �Z�D�V�� �R�E�V�H�U�Y�H�G�� �L�Q�� �Z�K�H�D�W���F�R�U�Q�� �U�R�W�D�W�L�R�Q�� �Z�K�L�F�K��
�V�K�R�Z�V�� �K�L�J�K�H�U�� �1�� �P�R�E�L�O�L�W�\�� �L�Q�� �W�K�L�V�� �U�R�W�D�W�L�R�Q���� �5�R�W�D�W�L�R�Q�� �W�\�S�H�� �K�D�G�� �Q�R�� �V�L�J�Q�L�I�L�F�D�Q�W�� ���3�������������� �H�I�I�H�F�W�V�� �R�Q����
�1���1�+���� �S�U�R�I�L�O�H�����+�R�Z�H�Y�H�U���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I���1���1�2�����Z�D�V���P�R�U�H���W�K�D�Q���1���1�+�����L�Q���W�K�H���D�O�O���U�R�W�D�W�L�R�Q�V�����7�K�H��
�S�U�H�V�H�Q�F�H�� �R�I�� �V�X�P�P�H�U�� �I�D�O�O�R�Z�� �L�Q�� �U�R�W�D�W�L�R�Q�� �F�R�X�O�G�� �L�Q�F�U�H�D�V�H���1���1�2���� �X�S�I�O�X�[�� �L�Q�� �V�R�L�O�� �S�U�R�I�L�O�H�� �G�X�H�� �W�R�� �K�L�J�K��
�H�Y�D�S�R�W�U�D�Q�V�S�L�U�D�W�L�R�Q��������
��
�.�H�\�Z�R�U�G�V�����1���1�+�������&�U�R�S���U�R�W�D�W�L�R�Q�����1���1�2�������6�R�L�O���S�U�R�I�L�O�H������
��

������������������������������������������������������������������������������������������������
�
���&�R�U�U�H�V�S�R�Q�G�L�Q�J���$�X�W�K�R�U�V�����(�P�D�L�O�����P�R�H�]�]�L�������#�J�P�D�L�O���F�R�P��



 1394) 2(، شماره )5( جلد مدیریت خاك و تولید پایدارشریه ن
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