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Increasing crop yields and stress resistance remains a priority in modern agriculture. In the face of climate change, water short-
ages, and increasing phytopathogenic pressure, seed quality is particularly important, directly determining germination, vigor, and 
subsequent plant productivity. It has been scientifically proven that pre-sowing seed treatment plays a key role in activating physio-
logical processes, increasing field germination, and developing more viable seedlings. Furthermore, such procedures significantly 
reduce the spread of infections and decrease the risk of plant diseases early in the growing season, ultimately ensuring a consistent 
increase in yield. Traditional seed treatment methods�±chemical dressing, hot water thermostatting, and convective heat drying�±are 
widely used in practice. However, each has a number of significant limitations: high energy consumption and process time, the use of 
significant amounts of chemical reagents, and the need for strict dosage control and waste disposal. This not only increases the cost 
of the technology but also creates environmental risks, which conflicts with modern sustainable agriculture requirements. 

In this context, microwave seed treatment, based on a combination of thermal and non-thermal electromagnetic fields, is becom-
ing increasingly relevant. Research shows that microwave seed treatment accelerates germination and reduces fungal infections in 
wheat and barley. In the case of corn and soybeans, the technology promotes the development of a more robust root system and bet-
ter adaptation of plants to drought. The method ensures uniform heating of the seed, inactivation of pathogenic microbiota, while 
preserving the high biological value of the seeds. The absence of chemical residues and a significant reduction in processing time 
make microwave technology a promising approach for modernizing equipment and implementing environmentally friendly solutions 
in pre-sowing seed preparation systems.  

Key words: microwave treatment; pre-sowing stimulation; seed disinfection; grain legume crops. 
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�e�_�\�Z�g�b�c���j�Z�k�l�_�g�b�c���>���@�����I�j�b���w�l�h�f���g�_���h�[�j�Z�a�m�x�l�k�y���o�b�f�b�q�_�k�d�b�_���h�k�l�Z�l�d�b�����d�Z�d���i�j�b���i�j�h�l�j�Z�\�e�b�\�Z�g�b�b�����q�l�h���y�\��
�e�y�_�l�k�y���w�d�h�e�h�]�b�q�_�k�d�b�f���i�j�_�b�f�m�s�_�k�l�\�h�f���f�_�l�h�^�Z�� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �f�b�d�j�h�\�h�e�g�h�\�Z�y�� �h�[�j�Z�[�h�l�d�Z�� �k�_�f�y�g�� �h�k�g�h�\�Z�g�Z�� �g�Z�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�b�� �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�c��
�w�g�_�j�]�b�b�� �\�� �l�_�i�e�h�\�m�x�� �\�g�m�l�j�b�� �\�e�Z�`�g�u�o�� �k�l�j�m�d�l�m�j�� �k�_�f�_�g�g�h�]�h�� �f�Z�l�_�j�b�Z�e�Z���� �k�h�i�j�h�\�h�`�^�Z�_�f�m�x�� �^�h-
�i�h�e�g�b�l�_�e�v�g�u�f�b�� �g�_�l�_�i�e�h�\�u�f�b�� �w�n�n�_�d�l�Z�f�b���� �d�h�l�h�j�u�_�� �m�k�b�e�b�\�Z�x�l�� �n�b�a�b�h�e�h�]�b�q�_�k�d�m�x�� �Z�d�l�b�\�g�h�k�l�v�� �b�� �k�g�b��
�`�Z�x�l���b�g�n�_�d�p�b�h�g�g�m�x���g�Z�]�j�m�a�d�m�� 

�K�b�g�_�j�]�b�y�� �l�_�i�e�h�\�h�]�h�� �b�� �g�_�l�_�i�e�h�\�h�]�h�� �^�_�c�k�l�\�b�c�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �h�^�g�h�\�j�_�f�_�g�g�h�_�� �i�h�\�u�r�_�g�b�_�� �`�b�a�g�_-
�k�i�h�k�h�[�g�h�k�l�b���b���h�[�_�a�a�Z�j�Z�`�b�\�Z�g�b�_���k�_�f�y�g�����Z���k�h�\�h�d�m�i�g�u�c���f�_�o�Z�g�b�a�f���i�j�h�b�e�e�x�k�l�j�b�j�h�\�Z�g���g�Z���j�b�k�� 2. 
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�A�Z���i�h�k�e�_�^�g�b�_���]�h�^�u���h�l�_�q�_�k�l�\�_�g�g�u�_���b���a�Z�j�m�[�_�`�g�u�_���b�k�k�e�_�^�h�\�Z�l�_�e�b���^�h�[�b�e�b�k�v���k�m�s�_�k�l�\�_�g�g�u�o���m�k�i�_�o�h�\���\��
�b�a�m�q�_�g�b�b�� �\�h�a�^�_�c�k�l�\�b�y�� �f�b�d�j�h�\�h�e�g�� �g�Z�� �k�_�f�_�g�Z�� �a�_�j�g�h�\�u�o�� �b�� �[�h�[�h�\�u�o�� �d�m�e�v�l�m�j���� �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �^�Z�g��
�g�u�_�� �i�h�d�Z�a�u�\�Z�x�l���� �q�l�h�� �d�j�Z�l�d�h�\�j�_�f�_�g�g�Z�y�� �h�[�j�Z�[�h�l�d�Z�� �k�_�f�_�g�g�h�]�h�� �f�Z�l�_�j�b�Z�e�Z�� �k�_�e�v�k�d�h�o�h�a�y�c�k�l�\�_�g�g�u�o�� �d�m�e�v��
�l�m�j�� �f�b�d�j�h�\�h�e�g�Z�f�b�� �g�_�\�u�k�h�d�h�c�� �f�h�s�g�h�k�l�b�� �i�h�\�u�r�Z�_�l�� �b�o�� �e�Z�[�h�j�Z�l�h�j�g�m�x�� �\�k�o�h�`�_�k�l�v�� �g�Z�� ���±������ ������ �k�g�b�`�Z�_�l��
�b�g�n�b�p�b�j�h�\�Z�g�g�h�k�l�v���]�j�b�[�Z�f�b���\�b�^�h�\��Fusarium �b��Alternaria �[�h�e�_�_���q�_�f���g�Z���������������k�i�h�k�h�[�k�l�\�m�_�l���n�h�j�f�b�j�h�\�Z��
�g�b�x���f�h�s�g�h�c���d�h�j�g�_�\�h�c���k�b�k�l�_�f�u���b���m�e�m�q�r�Z�_�l���Z�^�Z�i�l�Z�p�b�x���j�Z�k�l�_�g�b�c���d���a�Z�k�m�o�_���b���^�j�m�]�b�f���k�l�j�_�k�k�Z�f���>�������������@���� 

�>�h�k�l�b�]�Z�_�f�u�c�� �w�n�n�_�d�l�� �h�i�j�_�^�_�e�y�_�l�k�y�� �g�_�� �l�h�e�v�d�h�� �k�h�q�_�l�Z�g�b�_�f�� �f�h�s�g�h�k�l�b���� �q�Z�k�l�h�l�u�� �b�� �i�j�h�^�h�e�`�b�l�_�e�v-
�g�h�k�l�b���\�h�a�^�_�c�k�l�\�b�y�����g�h���l�Z�d�`�_���b�k�o�h�^�g�u�f���k�h�^�_�j�`�Z�g�b�_�f���\�e�Z�]�b���\���k�_�f�_�g�Z�o�����k�o�_�f�h�c���i�Z�d�_�l�g�h�c���h�[�j�Z�[�h�l�d�b���b��
�h�^�g�h�j�h�^�g�h�k�l�v�x���j�Z�k�i�j�_�^�_�e�_�g�b�y���f�b�d�j�h�\�h�e�g�h�\�h�]�h���i�h�e�y���>�����@���� 

�I�j�b�q�b�g�Z�f�b�� �h�]�j�Z�g�b�q�_�g�g�h�]�h�� �\�g�_�^�j�_�g�b�y�� �f�b�d�j�h�\�h�e�g�h�\�h�c�� �h�[�j�Z�[�h�l�d�b�� �k�_�f�y�g�� �\�� �k�_�e�v�k�d�h�f�� �o�h�a�y�c�k�l�\�_�� �y�\��
�e�y�x�l�k�y�� 
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�± �g�_�^�h�k�l�Z�l�h�q�g�Z�y�� �l�_�h�j�_�l�b�q�_�k�d�Z�y�� �[�Z�a�Z�� �b�� �k�l�Z�g�^�Z�j�l�b�a�Z�p�b�y�� �w�l�h�]�h�� �i�j�h�p�_�k�k�Z�����h�l�k�m�l�k�l�\�b�_�� �i�h�e�g�h�p�_�g��
�g�u�o�� �f�h�^�_�e�_�c���� �k�\�y�a�u�\�Z�x�s�b�o�� �n�b�a�b�q�_�k�d�b�_�� �i�Z�j�Z�f�_�l�j�u�� �f�b�d�j�h�\�h�e�g ���f�h�s�g�h�k�l�v���� �q�Z�k�l�h�l�m���� �\�j�_�f�y�� �\�h�a�^�_�c��
�k�l�\�b�y�����k���[�b�h�e�h�]�b�q�_�k�d�h�c���j�_�Z�d�p�b�_�c���k�_�f�y�g�����g�_�^�h�k�l�Z�l�h�d���^�Z�g�g�u�o���^�e�y���m�g�b�n�b�d�Z�p�b�b���i�j�h�p�_�k�k�Z�� 

�± �l�_�o�g�b�q�_�k�d�b�_�� �k�e�h�`�g�h�k�l�b�� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y�����h�^�g�h�j�h�^�g�h�_�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �f�b�d�j�h�\�h�e�g�h�\�h�]�h�� �i�h�e�y�� �\��
�[�h�e�v�r�b�o�� �h�[�t�_�f�Z�o�� �k�_�f�y�g�� �l�j�m�^�g�h�� �h�[�_�k�i�_�q�b�l�v���� �q�l�h�� �i�j�b�\�h�^�b�l �d�� �e�h�d�Z�e�v�g�h�f�m�� �i�_�j�_�]�j�_�\�m���b�e�b�� �g�_�^�h�k�l�Z�l�h�q�g�h�f�m��
�i�j�h�]�j�_�\�m�� �h�l�^�_�e�v�g�u�o�� �k�_�f�y�g���� �j�Z�a�j�Z�[�h�l�d�Z�� �i�j�h�f�u�r�e�_�g�g�u�o�� �m�k�l�Z�g�h�\�h�d���� �k�i�h�k�h�[�g�u�o�� �[�_�a�h�i�Z�k�g�h�� �b�� �w�n�n�_�d�l�b�\�g�h��
�h�[�j�Z�[�Z�l�u�\�Z�l�v���[�h�e�v�r�b�_���i�Z�j�l�b�b���k�_�f�y�g�����l�j�_�[�m�_�l���a�g�Z�q�b�l�_�e�v�g�u�o���b�g�\�_�k�l�b�p�b�c���b���b�g�`�_�g�_�j�g�u�o���j�_�r�_�g�b�c�� 

�± �h�l�k�m�l�k�l�\�b�_�� �w�d�h�g�h�f�b�q�_�k�d�h�c�� �h�[�h�k�g�h�\�Z�g�g�h�k�l�b�� �g�Z�� �l�_�d�m�s�_�f�� �w�l�Z�i�_�����\�g�_�^�j�_�g�b�_�� �f�b�d�j�h�\�h�e�g�h�\�u�o��
�m�k�l�Z�g�h�\�h�d���l�j�_�[�m�_�l���i�_�j�\�h�g�Z�q�Z�e�v�g�u�o���d�Z�i�b�l�Z�e�h�\�e�h�`�_�g�b�c���b���i�_�j�_�h�[�h�j�m�^�h�\�Z�g�b�y���e�b�g�b�c���i�h�^�]�h�l�h�\�d�b���k�_�f�y�g����
�^�e�y���n�_�j�f�_�j�h�\���b���i�j�h�b�a�\�h�^�b�l�_�e�_�c���k�_�f�y�g���l�j�Z�^�b�p�b�h�g�g�u�_���f�_�l�h�^�u���^�_�r�_�\�e�_���b���i�j�b�\�u�q�g�_�_�����g�_�k�f�h�l�j�y���g�Z���w�d�h��
�e�h�]�b�q�_�k�d�b�_���g�_�^�h�k�l�Z�l�d�b�� 

�± �h�]�j�Z�g�b�q�_�g�g�h�k�l�v���^�Z�g�g�u�o���i�h���^�h�e�]�h�k�j�h�q�g�h�f�m���w�n�n�_�d�l�m�����g�_�^�h�k�l�Z�l�h�q�g�h���b�k�k�e�_�^�h�\�Z�g�b�c�����h�p�_�g�b�\�Z�x�s�b�o��
�\�e�b�y�g�b�_�� �f�b�d�j�h�\�h�e�g�� �g�Z�� �m�j�h�`�Z�c�g�h�k�l�v���� �k�l�j�_�k�k�h�m�k�l�h�c�q�b�\�h�k�l�v�� �b�� �`�b�a�g�_�g�g�u�c�� �p�b�d�e�� �j�Z�k�l�_�g�b�c�� �\�� �i�h�e�_�\�u�o��
�m�k�e�h�\�b�y�o�����q�l�h���k�g�b�`�Z�_�l���^�h�\�_�j�b�_���d���l�_�o�g�h�e�h�]�b�b���k�h���k�l�h�j�h�g�u���Z�]�j�h�i�j�h�b�a�\�h�^�b�l�_�e�_�c�� 

�± �k�e�Z�[�Z�y�� �b�g�l�_�]�j�Z�p�b�y�� �k�� �k�m�s�_�k�l�\�m�x�s�b�f�b�� �Z�]�j�h�l�_�o�g�h�e�h�]�b�y�f�b�����f�b�d�j�h�\�h�e�g�h�\�Z�y�� �h�[�j�Z�[�h�l�d�Z�� �g�_�� �\�k�_�]�^�Z�� �k�\�h��
�[�h�^�g�h���b�g�l�_�]�j�b�j�m�_�l�k�y���\���k�m�s�_�k�l�\�m�x�s�b�_���e�b�g�b�b���i�j�_�^�i�h�k�_�\�g�h�c���i�h�^�]�h�l�h�\�d�b���k�_�f�y�g�����l�j�_�[�m�_�l���j�Z�a�j�Z�[�h�l�d�b���g�h�\�u�o��
�k�l�Z�g�^�Z�j�l�h�\���d�h�g�l�j�h�e�y���\�e�Z�`�g�h�k�l�b�����l�_�f�i�_�j�Z�l�m�j�u���b���\�j�_�f�_�g�b���h�[�j�Z�[�h�l�d�b���k�_�f�y�g�����Z���l�Z�d�`�_���h�[�m�q�_�g�b�y �i�_�j�k�h�g�Z�e�Z�� 

�± �g�Z�m�q�g�h-�l�_�o�g�h�e�h�]�b�q�_�k�d�b�c�� �j�Z�a�j�u�\�����[�h�e�v�r�b�g�k�l�\�h�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �k�h�k�j�_�^�h�l�h�q�_�g�h�� �g�Z�� �e�Z�[�h�j�Z�l�h�j�g�u�o��
�w�d�k�i�_�j�b�f�_�g�l�Z�o�����l�h�]�^�Z���d�Z�d���i�j�h�f�u�r�e�_�g�g�h�_���\�g�_�^�j�_�g�b�_���l�j�_�[�m�_�l���b�g�`�_�g�_�j�g�h�]�h�����w�d�h�g�h�f�b�q�_�k�d�h�]�h���b���Z�]�j�h�g�h��
�f�b�q�_�k�d�h�]�h���h�[�h�k�g�h�\�Z�g�b�y�� 

�I�h���k�j�Z�\�g�_�g�b�x���k���l�j�Z�^�b�p�b�h�g�g�u�f�b���o�b�f�b�q�_�k�d�b�f�b���l�_�o�g�h�e�h�]�b�y�f�b���i�j�_�^�i�h�k�_�\�g�h�c���h�[�j�Z�[�h�l�d�b���k�_�f�y�g���f�b�d��
�j�h�\�h�e�g�h�\�Z�y�� �l�_�o�g�h�e�h�]�b�y�� �h�[�e�Z�^�Z�_�l�� �a�Z�f�_�l�g�u�f�b�� �i�j�_�b�f�m�s�_�k�l�\�Z�f�b�� �\�� �w�n�n�_�d�l�b�\�g�h�k�l�b���� �w�d�h�e�h�]�b�q�_�k�d�h�c�� �[�_�a��
�h�i�Z�k�g�h�k�l�b�� �b�� �\�h�a�f�h�`�g�h�k�l�b�� �b�g�l�_�]�j�Z�p�b�b�� �h�[�h�j�m�^�h�\�Z�g�b�y���� �^�_�f�h�g�k�l�j�b�j�m�y�� �i�j�b�� �w�l�h�f�� �r�b�j�h�d�m�x�� �m�g�b�\�_�j�k�Z�e�v��
�g�h�k�l�v�����L�_�f���g�_���f�_�g�_�_���f�h�j�n�h�e�h�]�b�q�_�k�d�b�_���j�Z�a�e�b�q�b�y���k�_�f�y�g���j�Z�a�e�b�q�g�u�o���d�m�e�v�l�m�j���b���g�_�h�^�g�h�j�h�^�g�h�_���j�Z�k�i�j�_�^�_��
�e�_�g�b�_���\�e�Z�]�b���h�[�m�k�e�Z�\�e�b�\�Z�x�l���\�Z�j�b�Z�l�b�\�g�h�k�l�v���h�i�l�b�f�Z�e�v�g�u�o���j�_�`�b�f�h�\�����Z���g�_�j�Z�\�g�h�f�_�j�g�h�k�l�v���f�b�d�j�h�\�h�e�g�h�\�h��
�]�h���i�h�e�y���f�h�`�_�l���i�j�b�\�h�^�b�l�v���d���e�h�d�Z�e�v�g�h�f�m���i�_�j�_�]�j�_�\�m���b�e�b���g�_�^�h�k�l�Z�l�h�q�g�h�f�m���i�j�h�]�j�_�\�m���h�l�^�_�e�v�g�u�o���n�j�Z�d�p�b�c����
�W�l�b�� �n�Z�d�l�h�j�u�� �h�k�l�Z�x�l�k�y�� �d�e�x�q�_�\�u�f�b�� �h�]�j�Z�g�b�q�_�g�b�y�f�b�� �i�j�b�� �i�_�j�_�o�h�^�_�� �d�� �i�j�h�f�u�r�e�_�g�g�h�f�m�� �b�k�i�h�e�v�a�h�\�Z�g�b�x��
�^�Z�g�g�h�c���l�_�o�g�h�e�h�]�b�b���� 

�G�Z�f�b�� �[�u�e�Z�� �i�j�h�b�a�\�_�^�_�g�Z�� �k�j�Z�\�g�b�l�_�e�v�g�Z�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� �j�Z�a�e�b�q�g�u�o�� �f�_�l�h�^�h�\�� �i�j�_�^�i�h�k�_�\�g�h�c�� �h�[-
�j�Z�[�h�l�d�b�� �k�_�f�y�g�� ���l�Z�[�e�b�p�Z������ �I�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �\ �w�l�h�c�� �l�Z�[�e�b�p�_�� �k�h�h�l�g�h�r�_�g�b�y�� �g�m�`�g�h�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �g�_��
�l�h�e�v�d�h���d�Z�d���l�_�h�j�_�l�b�q�_�k�d�b�_���i�j�_�b�f�m�s�_�k�l�\�Z���� �g�h���b���d�Z�d���i�j�Z�d�l�b�q�_�k�d�b�_���d�j�b�l�_�j�b�b���p�_�e�_�k�h�h�[�j�Z�a�g�h�k�l�b���\�g�_�^�j�_��
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