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STRESZCZENIE 

 

�:�\�V�R�N�D�� ���Z�L�D�G�R�P�R���ü�� �V�S�R�á�H�F�]�H���V�W�Z�D�� �E�H�]�S�R���U�H�G�Q�L�R�� �S�U�]�H�N�á�D�G�D�� �V�L�
�� �Q�D�� �G�H�F�\�]�M�H�� �*�\�Z�L�H�Q�L�R�Z�H��

i �Z�L�H�O�N�R���ü�� �V�S�R�*�\�F�L�D�� �S�U�R�G�X�N�W�y�Z�� �S�U�R�]�G�U�R�Z�R�W�Q�\�F�K���� �'�R�� �W�D�N�L�F�K�� �S�U�R�G�X�N�W�y�Z�� �Q�L�H�Z���W�S�O�L�Z�L�H�� �Q�D�O�H�*����

�R�Z�R�F�H���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M�����-�D�J�R�G�\���W�H�M���U�R���O�L�Q�\���]�D�Z�L�H�U�D�M�����G�X�*�����L�O�R���ü �I�L�W�R�F�K�H�P�L�N�D�O�L�y�Z�����D���]�Z�á�D�V�]�F�]�D��

�D�Q�W�R�F�\�M�D�Q�y�Z. Wraz �]���U�R�V�Q���F�\�P���S�R�S�\�W�H�P���Q�D���V�S�R�*�\�F�L�H�����Z���S�D�U�]�H���P�X�V�L���L���ü �U�y�Z�Q�R�F�]�H���Q�L�H szybka 

�S�U�R�G�X�N�F�M�D�� �W�\�F�K�� �R�Z�R�F�y�Z i �V�D�G�]�R�Q�H�N���� �&�K�F���F�� �Z�\�S�U�R�G�X�N�R�Z�D�ü�� �G�X�*���� �L�O�R���ü�� �G�R�E�U�H�M�� �M�D�N�R���F�L�� �U�R���O�L�Q��

�Q�D�O�H�*�\���V�W�R�V�R�Z�D�ü��sprawdzone �P�H�W�R�G�\���L���W�H�F�K�Q�R�O�R�J�L�H�����N�W�y�U�H���S�R�]�Z�D�O�D�M�����Q�D���S�U�]�H�Z�L�G�\�Z�D�O�Q�H�����S�H�Z�Q�H��

wyniki. �-�H�G�Q�����]���W�D�N�L�F�K���P�H�W�R�G���V�����U�R���O�L�Q�Q�H���N�X�O�W�X�U�\��in vitro�����N�W�y�U�H���S�R�]�Z�D�O�D�M�����Q�D���P�D�V�R�Z�H���P�Q�R�*�H�Q�L�H��

�J�H�Q�H�W�\�F�]�Q�L�H���L�G�H�Q�W�\�F�]�Q�\�F�K���U�R���O�L�Q���Q�D���V�]�H�U�R�N�����V�N�D�O�
�� Odpowiednia agrotechnika �Z�S�á�\�Z�D���U�y�Z�Q�L�H�*��

na �Z�]�U�R�V�W���Q�L�H�N�W�y�U�\�F�K���S�R�*���G�D�Q�\�F�K���S�U�]�H�]���N�R�Q�V�X�P�H�Q�W�y�Z���V�X�E�V�W�D�Q�F�M�L���]�D�Z�D�U�W�\�F�K���Z���R�Z�R�F�D�F�K�����M�D�N�L�P�L��

�V���� �P�L�
�G�]�\�� �L�Q�Q�\�P�L�� �S�R�O�L�I�H�Q�R�O�H���� �,�V�W�R�W�Q�H�� �M�H�V�W�� �E�\�� �]�D�V�W�R�V�R�Z�D�Q�H�� �U�R�]�Z�L���]�D�Q�L�D�� �E�\�á�\�� �S�R�F�K�R�G�]�H�Q�L�D��

�R�U�J�D�Q�L�F�]�Q�H�J�R�����D���W�D�N�*�H���P�L�D�á�\���N�R�U�]�\�V�W�Q�\�����E���G�(���S�U�]�\�Q�D�M�P�Q�L�H�M���R�E�R�M�
�W�Q�\���Z�S�á�\�Z���Q�D�����U�R�G�R�Z�L�V�No. 

�'�X�*�D�� �]�P�L�H�Q�Q�R���ü�� �J�H�Q�H�W�\�F�]�Q�D�� �Z�� �R�E�U�
�E�L�H�� �J�D�W�X�Q�N�X��Vaccinium corymbosum���� �S�R�Z�R�G�X�M�H���� �*�H�� �Q�L�H��

�L�V�W�Q�L�H�M���� �X�Q�L�Z�H�U�V�D�O�Q�H �G�R�G�D�W�N�L���� �N�W�y�U�H�� �Z�� �M�H�G�Q�D�N�R�Z�\�� �V�S�R�V�y�E�� �E�
�G���� �Z�S�á�\�Z�D�á�\�� �V�W�\�P�X�O�X�M���F�R��

na �S�R�*���G�D�Q�H���F�H�F�K�\ �U�R���O�L�Q. 

�&�H�O�H�P���Q�D�X�N�R�Z�\�P���S�U�D�F�\���G�R�N�W�R�U�V�N�L�H�M���E�\�á�R���R�S�U�D�F�R�Z�D�Q�L�H���H�I�H�N�W�\�Z�Q�H�M���P�Htody mikro�U�R�]�P�Q�D�*�D�Q�L�D 

�W�U�]�H�F�K���R�G�P�L�D�Q���E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M���R�U�D�]�� �]b�D�G�D�Q�L�H�� �Z�S�á�\�Z�X���F�]�\�Q�Q�L�N�y�Z fizykochemicznych oraz 

�G�R�G�D�W�N�y�Z�� �I�X�Q�N�F�\�M�Q�\�F�K�� �S�R�F�K�R�G�]�H�Q�L�D�� �Q�D�W�X�U�D�O�Q�H�J�R�� �Q�D�� �Z�]�U�R�V�W�� �L�� �U�R�]�Z�y�M�� �U�R���O�L�Q�� �Z�� �Z�D�U�X�Q�N�D�F�K��

fitotronu.  

�0�D�M���F���Q�D���X�Z�D�G�]�H���S�R�Z�\�*�V�]�H cele, �S�U�]�H�S�U�R�Z�D�G�]�R�Q�R���F�\�N�O���E�D�G�D��, �N�W�y�U�H���R�E�H�M�P�R�Z�D�á�\���R�S�U�D�F�R�Z�D�Q�L�H��

�R�S�W�\�P�D�O�Q�H�J�R�� �S�R�G�á�R�*�D�� �G�O�D�� �L�Q�L�F�M�D�F�M�L���� �Q�D�P�Q�D�*�D�Q�L�D�� �R�U�D�]�� �X�N�R�U�]�H�Q�L�D�Q�L�D�� �U�R���O�L�Q�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M����

Na �H�W�D�S�L�H�� �P�L�N�U�R�U�R�]�P�Q�D�*�D�Q�L�D���S�U�]�H�W�H�V�W�R�Z�D�Q�R�� �W�D�N�*�H���R�G�G�]�L�D�á�\�Z�D�Q�L�H�� �S�U�H�S�D�U�D�W�X�� �N�U�]�H�P�R�Z�H�J�R��

(�+�\�G�U�R�S�O�X�V�Œ�� �$�F�W�L�V�L�O), dodatk�y�Z�� �R�U�J�D�Q�L�F�]�Q�\�F�K�� �L�� �S�+�� �S�R�G�á�R�*�D�� �Q�D���U�R�]�Z�y�M���U�R���O�L�Q Vaccinium 

corymbosum. Kolejny etap �E�D�G�D�� �V�W�D�Q�R�Z�L�á�D���D�N�O�L�P�D�W�\�]�D�F�M�D���U�R���O�L�Q���G�R���Z�D�U�X�Q�N�y�Z��ex vitro. 

Ponadto, �E�D�G�D�Q�L�R�P�� �S�R�G�G�D�Q�R�� �W�D�N�*�H�� �R�Z�R�F�H�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M���� �3�U�]�H�E�D�G�D�Q�R�� �Z�S�á�\�Z�� �R�S�U�\�V�N�y�Z��

�R�S�D�U�W�\�F�K�� �Q�D�� �F�K�L�W�R�]�D�Q�L�H�� �Q�D�� �M�D�N�R���ü�� �R�Z�R�F�y�Z�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M�� �R�U�D�]�� �V�S�U�D�Z�G�]�R�Q�R�� �Z�S�á�\�Z��

�Q�D�Z�D�G�Q�L�D�Q�L�D���� �Z�L�H�O�N�R���F�L�� �M�D�J�y�G�� �L�� �W�H�F�K�Q�R�O�R�J�L�L�� �S�U�]�\�J�R�W�R�Z�D�Q�L�D���R�Z�R�F�y�Z���Q�D�� �O�L�R�I�L�O�L�]�D�F�M�
�� �L��ich 

�U�H�K�\�G�U�D�W�D�F�M�
�� 

Maj���F�� �Q�D�� �X�Z�D�G�]�H�� �L�V�W�R�W�Q�\�� �Z�� �S�U�R�G�X�N�F�M�L�� �U�R���O�L�Q�Q�H�M�� �D�V�S�H�N�W�� �H�N�R�Q�R�P�L�F�]�Q�\���� �S�U�]�H�S�U�R�Z�D�G�]�R�Q�R��

�N�D�O�N�X�O�D�F�M�
�� �N�R�V�]�W�y�Z�� �]�D�V�W�R�V�R�Z�D�Q�L�D�� �U�y�*�Q�\�F�K�� �U�R�G�]�D�M�y�Z�� ���Z�L�D�W�á�D�� �Z�� �Q�D�P�Q�D�*�D�Q�L�X�� �U�R���O�L�Q�� �E�R�U�y�Z�N�L��

�Z�\�V�R�N�L�H�M�� �Z�� �Z�D�U�X�Q�N�D�F�K�� �I�L�W�R�W�U�R�Q�X���� �1�L�H�]�E�
�G�Q�H�� �V���� �G�D�O�V�]�H�� �G�R���Z�L�D�G�F�]�H�Q�L�D���� �N�W�y�U�H�� �S�R�]�Z�R�O����
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na �J�O�R�E�D�O�Q�����R�F�H�Q�
���P�R�*�O�L�Z�R���F�L���Z�S�U�R�Z�D�G�]�H�Q�L�D���R�V�]�F�]�
�G�Q�R���F�L���G�R���S�U�R�G�X�N�F�M�L�����X�]�\�V�N�X�M���F���Q�D�M�O�H�S�V�]�H�M��

�M�D�N�R���F�L���V�D�G�]�R�Q�N�L���U�R���O�L�Q���G�R���K�R�G�R�Z�O�L���S�U�]�H�P�\�V�á�R�Z�H�M���� 

�3�R�G�V�X�P�R�Z�X�M���F���� �]�U�H�D�O�L�]�R�Z�D�Qy cykl �E�D�G�D���� �X�P�R�*�O�L�Z�L�á�� �R�S�U�D�F�R�Z�D�Q�L�H�� �S�U�R�W�R�N�R�á�X�� �U�R�]�P�Q�D�*�D�Q�L�D��

w kulturach in vitro �Z�\�E�U�D�Q�\�F�K���R�G�P�L�D�Q���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M���R�U�D�]���S�R�]�Z�R�O�L�á���]�J�á�
�E�L�ü���Z�L�H�G�]�
���Q�D�G���M�Hj 

�E�L�R�O�R�J�L������ �3�U�R�W�R�N�y�á�� �W�H�Q�� �P�R�*�H�� �E�\�ü�� �V�W�R�V�R�Z�D�Q�\�� �G�R�� �S�U�R�G�X�N�F�M�L�� �F�H�U�W�\�I�L�N�R�Z�D�Q�H�J�R�� �P�D�W�H�U�L�D�á�X��

�Z�H�J�H�W�D�W�\�Z�Q�H�J�R���O�X�E���U�y�*�Q�\�F�K���F�H�O�y�Z���E�L�R�W�H�F�K�Q�R�O�R�J�L�F�]�Q�\�F�K�� 

 

�6�á�R�Z�D���N�O�X�F�]�R�Z�H�����E�R�U�y�Z�N�D���Z�\�V�R�N�D�����P�L�N�U�R�U�R�]�P�Q�D�*�D�Q�L�H�����N�X�O�W�X�U�\��in vitro, zeatyna, chitozan, 

���Z�L�D�W�á�R���/�(�'�����S�R�O�L�I�H�Q�R�O�H, liofilizacja. 
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ABSTRACT 

 

High public awareness directly translates into dietary decisions and the amount of consumption 

of health-promoting products. Such products undoubtedly include highbush blueberries. 

The berries of this plant contain a large amount of phytochemicals, especially anthocyanins. 

With the growing demand for consumption, the rapid production of these fruits and seedlings 

must go hand in hand at the same time. In order to produce a large quantity of good quality 

plants, it is necessary to use proven methods and technologies that allow for predictable, reliable 

results. One such method is plant in vitro cultures, which allow the mass multiplication of 

genetically identical plants on a large scale. Proper agrotechnology also influences the growth 

of certain consumer-desired substances contained in fruit, which include polyphenols. It is 

important that the solutions used are of organic origin and have a beneficial, or at least neutral, 

effect on the environment. 

The high genetic variability within the species Vaccinium corymbosum, means that there are no 

universal additives that will have a uniformly stimulating effect on desirable plant traits. 

The scientific objective of the dissertation was to develop an effective method for 

micropropagation of three cultivars of highbush blueberry and to study the effects 

of physicochemical factors and functional additives of natural origin on plant growth 

and development under phytotron conditions.  

With these objectives in mind, a series of studies was conducted, which included the 

development of an optimal medium for the initiation, multiplication and rooting of highbush 

blueberry plants. At the micropropagation stage, the effects of the silicon preparation 

(Hydro�S�O�X�V�Œ�� �$�F�W�L�V�L�O������ �R�U�J�D�Q�L�F�� �D�G�G�L�W�L�Y�H�V�� �D�Q�G�� �S�+�� �R�I�� �W�K�H�� �V�X�E�V�W�U�D�W�H�� �R�Q�� �W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I��

Vaccinium corymbosum plants were also tested. The next stage of the research was the 

acclimatization of plants to ex vitro conditions. 

In addition, highbush blueberry fruits were also tested. The effect of chitosan-based sprays on 

the quality of highbush blueberry fruit was studied, and the effect of irrigation, berry size and 

fruit preparation technology on freeze-drying and rehydration was checked. 

Taking into account the economic aspect, which is important in crop production, a cost 

calculation of the application of different types of light in the propagation of highbush blueberry 

plants under phytotron conditions was carried out. Further experiments are needed to globally 

assess the possibility of introducing savings into production, obtaining the best quality plant 

cuttings for industrial breeding.  
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In conclusion, the completed research cycle has made it possible to develop an in vitro culture 

propagation protocol for selected varieties of highbush blueberry and to explore its biology. 

This protocol can be used for the production of certified vegetative material or various 

biotechnological purposes. 

 

Key words: highbush blueberry, micropropagation, in vitro culture, zeatin, chitosan, LED 

light, polyphenols, freeze-drying. 
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�5�R�]�P�Q�D�*�D�Q�L�H���R�U�D�]���M�D�N�R���ü���R�Z�R�F�y�Z���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M����Vaccinium corymbosum L.) 

 

Lp. �7�\�W�X�á���S�X�E�O�L�N�D�F�M�L�� Pkt.*  IF**  

P1 Figiel-�.�U�R�F�]�\���V�N�D�����0���� Krupa-�0�D�á�N�L�H�Z�L�F�]�����0�������2�F�K�P�L�D�Q�����,�� (2022). 

Efficient micropropagation protocol of three cultivars of highbush 

blueberry (Vaccinium corymbosum L.). Notulae Botanicae Horti 

Agrobotanici Cluj-Napoca, 50(4). 

40 1.249 

P2 Figiel-�.�U�R�F�]�\���V�N�D�����0��, Krupa-�0�D�á�N�L�H�Z�L�F�]�����0�������2�F�K�P�L�D�Q�����,��������������������

Effect of Actisil (Hydroplus�Œ�������R�U�J�D�Q�L�F���V�X�S�S�O�H�P�H�Q�W�V�����D�Q�G���S�+���R�I���W�K�H��

medium on the micropropagation of Vaccinium corymbosum. Acta 

Sci. Pol. Hortorum Cultus, 21(5). 

100 0.730 

P3 Figiel-�.�U�R�F�]�\���V�N�D�����0���� Ochmian, I., Krupa-�0�D�á�N�L�H�Z�L�F�]�����0������

Lachowicz, S. (2022). Influence of various types of light on growth 

and physicochemical composition of blueberry (Vaccinium 

corymbosum L.) leaves. Acta Sci. Pol. Hortorum Cultus, 21(2). 

100 0.730 

P4 Figiel-�.�U�R�F�]�\���V�N�D�����0���� Ochmian, I., Krupa-�0�D�á�N�L�H�Z�L�F�]�����0��������������������

Effect of chitosan-based spraying on fruit quality of highbush 

blueberry cv. Sunrise. Progress on Chemistry and Application of 

Chitin and its Derivatives, Volume XXVII. 

70 - 

P5 Ochmian, I., Figiel-�.�U�R�F�]�\���V�N�D�����0��, Lachowicz, S. (2020). The 

quality of freeze-dried and rehydrated blueberries depending on their 

size and preparation for freeze-drying. Acta Universitatis Cinbinesis, 

Series E: Food Technology, 24(1). 

140 - 

         Suma 450 2.709 

�
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���S�U�D�F�\ 

�
�
�6�X�P�D�U�\�F�]�Q�\���,�P�S�D�F�W���)�D�F�W�R�U�����,�)�����Z�H�G�á�X�J���E�D�]�\���-�R�X�U�Q�D�O���&�L�W�D�W�L�R�Q���5�H�S�R�U�W�V�����-�&�5�����]���U�R�N�X 

wydania 
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1. �:�6�7�	�3���7�(�2�5�(�7�<�&�=�1�< 

�%�R�U�y�Z�N�D���Z�\�V�R�N�D����Vaccinium corymbosum �/�������Q�D�O�H�*�\���G�R���U�R�G�]�L�Q�\���Z�U�]�R�V�R�Z�D�W�\�F�K����Ericaceae). 

Rodzaj Vaccinium �R�E�H�M�P�X�M�H���R�N�R�á�R�����������J�D�W�X�Q�N�y�Z�����'�]�L�N�D���E�R�U�y�Z�N�D���Z�\�V�R�N�D���M�H�V�W���D�X�W�R�F�K�W�R�Q�L�F�]�Q�D��

�G�O�D���N�O�L�P�D�W�X���V�X�E�W�U�R�S�L�N�D�O�Q�H�J�R���L���X�P�L�D�U�N�R�Z�D�Q�H�J�R���Z�H���Z�V�F�K�R�G�Q�L�H�M���F�]�
���F�L���S�y�á�Q�R�F�\���$�P�H�U�\�N�L�����%�R�F�K�H�V��

i in.�������������������5�R���O�L�Q�\���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M���V�����W�Z�R�U�]���F�\�P�L���N�R�U�R�Q�\���N�U�]�H�Z�D�P�L���L �]�D�]�Z�\�F�]�D�M���R�V�L���J�D�M����

1,8-2,���� �P�� �Z�\�V�R�N�R���F�L�� ��Song i Hancock, 2011������ �+�R�G�R�Z�O�D�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M�� �S�U�R�Z�D�G�]�R�Q�D�� �M�H�V�W��

na �V�]�H�U�R�N�����V�N�D�O�
���G�R�S�L�H�U�R���R�G�����������O�D�W���L���P�R�*�Q�D���S�R�Z�L�H�G�]�L�H�ü�����*�H���P�D���E�D�U�G�]�R���N�U�y�W�N�����K�L�V�W�R�U�L�
�����E�L�R�U���F��

�S�R�G���X�Z�D�J�
���M�H�M���G�á�X�J�L���F�]�D�V���J�H�Q�H�U�R�Z�D�Q�L�D���M�D�N�R���X�S�U�D�Z�\���N�U�]�H�Z�y�Z��(Nishiyama i in., 2021). Pomimo 

�W�H�J�R���� �R�Z�R�F�H�� �G�]�L�N�L�F�K�� �M�D�G�D�O�Q�\�F�K�� �J�D�W�X�Q�N�y�Z��Vaccinium �V���� �]�E�L�H�U�D�Q�H�� �L�� �V�S�R�*�\�Z�D�Q�H�� �S�U�]�H�]�� �O�X�G�]�L��

od �W�\�V�L�
�F�\���O�D�W���Z Europie, Azji i �$�P�H�U�\�F�H���3�y�á�Q�R�F�Q�H�M����Song i Hancock 2011). W�L�H�O�N�R���ü���X�S�U�D�Z�\��

i s�S�R�*�\�F�L�H���R�Z�R�F�y�Z �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M�� �Q�D�� ���Z�L�H�F�L�H�� �Z�\�N�D�]�X�M�H�� �W�H�Q�G�H�Q�F�M�
�� �Z�]�U�R�V�W�R�Z���� ���3�U�R�G�R�U�X�W�W�L��

i in., 2007; Brazelton, 2013; Podymniak, 2015; Brazelton i Young, 2017; Ochmian i in., 2020). 

�1�D�M�Z�L�
�N�V�]�\�P�L�� �S�U�R�G�X�F�H�Q�W�D�P�L���� �Z�H�G�á�X�J�� �V�N�D�O�L�� �S�U�R�G�X�N�F�M�L���� �V���� �R�G�S�R�Z�L�H�G�Q�L�R�� �8�6�$���� �&�K�L�O�H�� �L Kanada. 

W Europie produkcja skoncentrowana jest w Hiszpanii, Polsce i Niemczech (Brazelton, 2013; 

�%�U�D�]�H�O�W�R�Q���L���<�R�X�Q�J�������������������3�R�O�V�N�D���]�D�M�P�X�M�H���G�U�X�J�L�H���P�L�H�M�V�F�H���Z���(�X�U�R�S�L�H���L���V�L�y�G�P�H���Q�D�����Z�L�H�F�L�H���S�R�G��

�Z�]�J�O�
�G�H�P���S�U�R�G�X�N�F�M�L���R�Z�R�F�y�Z���E�R�U�y�Z�N�L���D�P�H�U�\�N�D���V�N�L�H�M�����%�U�D�]�H�O�W�R�Q���L���<�R�X�Q�J����������������  

�1�D�V�W�
�S�V�W�Z�H�P���Z�\�V�R�N�L�H�M���L���Z�F�L���*���U�R�V�Q���F�H�M�����Z�L�D�G�R�P�R���F�L���V�S�R�á�H�F�]�H���V�W�Z�D���R�U�D�]���G�E�D�á�R���F�L���R zdrowie 

jest wzrost zainteresowania owocami o walorach nie tylko smakowych, �D�O�H�� �W�D�N�*�H��

prozdrowotnych. Wiedza na temat �N�R�U�]�\���F�L���S�á�\�Q���F�\�F�K���]�H���V�S�R�*�\�F�L�D �M�D�J�y�G���E�R�U�y�Z�N�L��dla zdrowia 

ludzkiego �M�H�V�W�� �S�R�S�D�U�W�D�� �U�R�V�Q���F���� �O�L�F�]�E���� �S�R�]�\�W�\�Z�Q�\�F�K�� �G�R�Z�R�G�y�Z�� �Q�D�X�N�R�Z�\�F�K�� �]�� �E�D�G�D����

obserwacyjnych i klinicznych na �O�X�G�]�L�D�F�K�����D���W�D�N�*�H���E�D�G�D�����P�H�F�K�D�Q�L�V�W�\�F�]�Q�\�F�K���]���Z�\�N�R�U�]�\�V�W�D�Q�L�H�P��

�P�R�G�H�O�L�� �]�Z�L�H�U�]�
�F�\�F�K�� �L��in vitro (Kalt i in.���� �������������� �&�L�H�P�Q�R�Q�L�H�E�L�H�V�N�L�H�� �V�á�R�G�N�L�H�� �R�Z�R�F�H�� �E�R�U�y�Z�N�L��

ze �Z�]�J�O�
�G�X�� �Q�D�� �S�U�R�]�G�U�R�Z�R�W�Q�H�� �Z�á�D���F�L�Z�R���F�L�� �E�L�R�O�R�J�L�F�]�Q�H�� �]�D�O�L�F�]�D�Q�H�� �V���� �G�R�� �J�U�X�S�\�� �W�]�Z����

�Ä�V�X�S�H�U�R�Z�R�F�y�Z�´�������]���D�Q�J�����Ä�V�X�S�H�U�I�U�X�L�W�´�� (Yuan i in.�����������������L���V�����V�S�R�*�\�Z�D�Q�H���Z���G�X�*�H�M���L�O�R���F�L�����J�á�y�Z�Q�L�H��

w formie deserowej (Prodorutti i in., 2007; Podymniak, 2015; Ochmian i in., 2000). 

�Ä�6�X�S�H�U�R�Z�R�F�´�� �W�R�� �W�H�U�P�L�Q�� �P�D�U�N�H�W�L�Q�J�R�Z�\���� �D�� �Q�L�H�� �Q�D�X�N�R�Z�\����Nazwa ta nie ma poparcia Komisji 

�.�R�G�H�N�V�X�� �)�\�Z�Q�R���F�L�R�Z�H�J�R�� �)�$�2���:�+�2�� �D�Q�L�� �N�U�D�M�R�Z�\�F�K�� �D�J�H�Q�F�M�L�� �U�H�J�X�O�D�F�M�L�� �*�\�Z�Q�R���F�L���� �1�L�H�P�Q�L�H�M��

jednak, �W�H�U�P�L�Q�� �L�� �N�R�Q�F�H�S�F�M�D�� �V���� �O�X�(�Q�R�� �R�S�D�U�W�H�� �Q�D�� �G�D�Q�\�F�K�� �Q�D�X�N�R�Z�\�F�K���� �D�� �V�L�á���� �P�D�U�N�H�W�L�Q�J�X�� �M�H�V�W��

�S�R�W�H�Q�F�M�D�O�Q�D�� �Z�D�U�W�R���ü�� �]�G�U�R�Z�R�W�Q�D�� �G�O�D�� �N�R�Q�V�X�P�H�Q�W�y�Z���� �=�J�R�G�Q�L�H�� �]�� �U�R�]�X�P�L�H�Q�L�H�P�� �]�G�U�R�Z�L�D�� �M�D�N�R��

�R�G�*�\�Z�L�D�Q�L�D�����R���]�G�U�R�Z�R�W�Q�R���F�L���S�U�R�G�X�N�W�X���V�S�R�*�\�Z�F�]�H�J�R���G�H�F�\�G�X�M�H���M�H�J�R���Z�D�U�W�R���ü���R�G�*�\�Z�F�]�D���� 

�2�Z�R�F�H���E�R�U�y�Z�N�L �Z�\�V�R�N�L�H�M���V�����S�R�Z�V�]�H�F�K�Q�L�H���V�S�R�*�\�Z�D�Q�H���P�L�
�G�]�\���L�Q�Q�\�P�L���]�H���Z�]�J�O�
�G�X���Q�D���Z�\�V�R�N����

�]�D�Z�D�U�W�R���ü���]�Z�L���]�N�y�Z���E�L�R�D�N�W�\�Z�Q�\�F�K�����D���P�L�D�Q�R�Z�L�F�L�H���S�R�O�L�I�H�Q�R�O�R�Z�H�M���N�O�D�V�\���D�Q�W�R�F�\�M�D�Q�y�Z�����6�S�L�Q�D�U�G�L��

i in.���� �������������� �%�R�J�D�W�H�� �Z�� �S�R�O�L�I�H�Q�R�O�H�� �R�Z�R�F�H�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M�� �Z�\�N�D�]�X�M���� �O�L�F�]�Q�H�� �Z�á�D���F�L�Z�R���F�L��
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zdrowotne, po�S�U�D�Z�L�D�M���� �Z�]�U�R�N���� �P�D�M���� �G�]�L�D�á�D�Q�L�H�� �D�Q�W�\�R�N�V�\�G�D�F�\�M�Q�H���� �S�U�]�H�F�L�Z�]�D�S�D�O�Q�H����

przeciwnowotworowe i przeciwbakteryjne (Schuchovski i Biasi, 2019). �-�D�J�R�G�\�� �E�R�U�y�Z�N�L��

wysokiej �V���� �M�H�G�Q�\�P�� �]�� �Q�D�M�E�R�J�D�W�V�]�\�F�K�� �(�U�y�G�H�á�� �D�Q�W�R�F�\�M�D�Q�y�Z�� �Z���U�y�G�� �S�R�V�S�R�O�L�W�\�F�K���V�S�R�*�\�Z�D�Q�\�F�K��

na ���Z�L�H�F�L�H���R�Z�R�F�y�Z���� �F�R�� �V�S�U�D�Z�L�D���� �*�H�� �V���� �S�R�O�H�F�D�Q�H�� �]�D�U�y�Z�Q�R�� �M�D�N�R�� �*�\�Z�Q�R���ü�� �I�X�Q�N�F�M�R�Q�D�O�Q�D���� �M�D�N��

i suplementacja diety (Kalt i in., 2020; Yuan i in., 2020). �=�D�Z�D�U�W�R���F�L���� �D�Q�W�R�F�\�M�D�Q�y�Z�� �X�V�W�
�S�X�M����

�M�H�G�\�Q�L�H�� �E�R�U�y�Z�F�H�� �Q�L�V�N�L�H�M�� ��Vaccinium angustifolium). �6�S�R���U�y�G�� �U�y�*�Q�\�F�K�� �I�L�W�R�F�K�H�P�L�N�D�O�L�y�Z����

�D�Q�W�R�F�\�M�D�Q�\�� �P�D�M���� �S�U�D�Z�G�R�S�R�G�R�E�Q�L�H�� �Q�D�M�Z�L�
�N�V�]�\�� �Z�S�á�\�Z�� �Q�D �]�G�U�R�Z�R�W�Q���� �I�X�Q�N�F�M�R�Q�D�O�Q�R���ü�� �E�R�U�y�Z�N�L��

(Kalt i in., 2020). �2�S�U�y�F�]�� �R�Z�R�F�y�Z���E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M�����F�H�Q�Q�\�P�� �V�X�U�R�Z�F�H�P�� �V���� �U�y�Z�Q�L�H�*�� �O�L���F�L�H����

Przygotowywane i �V�S�R�*�\�Z�D�Q�H�� �M�D�N�R��napar �V���� �E�R�J�D�W�\�P�� �(�U�y�G�á�H�P�� �V�L�O�Q�\�F�K�� �S�U�]�H�F�L�Z�X�W�O�H�Q�L�D�F�]�\��

fenolowych i �P�D�M���� �E�D�U�G�]�R���G�X�*���� �]�D�Z�D�U�W�R���ü�� �S�R�O�Lfenoli  �L�� �]�Q�D�F�]�Q���� �]�G�R�O�Q�R���ü�� �U�H�G�X�N�X�M���F���� �]�J�R�G�Q�L�H��

z testem FRAP (Piljac-�ä�H�J�D�U�D�F���L���L�Q��, ���������������1�D�S�y�M���]���O�L���F�L���E�R�U�y�Z�N�L���Z�V�S�R�P�D�J�D���W�U�D�Z�L�H�Q�L�H���L���M�H�V�W��

�V�]�F�]�H�J�y�O�Q�L�H�� �S�U�]�\�G�D�W�Q�\�� �S�R�� �V�S�R�*�\�F�L�X�� �W�á�X�V�W�\�F�K�� �L�� �F�L�
�*�N�R�V�W�U�D�Z�Q�\�F�K�� �S�R�W�U�D�Z���� �0�D�� �R�Q�� �U�y�Z�Q�L�H�*��

�Z�á�D���F�L�Z�R���F�L���R�E�Q�L�*�D�M���F�H���S�R�]�L�R�P���J�O�X�N�R�]�\���Z�H���N�U�Z�L�����G�O�D�W�H�J�R���S�R�O�H�F�D�Q�\���M�H�V�W���Z�H���Z�F�]�H�V�Q�\�F�K���V�W�D�G�L�D�F�K��

�F�X�N�U�]�\�F�\���� �6�W�R�V�X�M�H�� �V�L�
�� �J�R�� �U�y�Z�Q�L�H�*�� �Z�� �V�W�D�Q�D�F�K�� �]�D�S�D�O�Q�\�F�K�� �X�N�á�D�G�X�� �P�R�F�]�R�Z�H�J�R�� �L pokarmowego. 

Napar jest aromatyczny i ma gorzki, taniczny smak �Z�\�Q�L�N�D�M���F�\���]�� �G�X�*�H�M���L�O�R���F�L���S�R�O�L�I�H�Q�R�O�L�����:�D�Q�J��

i in., 2015). 

�:�� �Z�D�U�X�Q�N�D�F�K�� �V�W�U�H�V�X�� �U�R���O�L�Q�\�� �Z�\�W�Z�D�U�]�D�M���� �L�� �D�N�X�P�X�O�X�M���� �U�y�*�Q�H�� �V�X�E�V�W�D�Q�F�M�H���� �$�N�W�\�Z�Q�R���ü��

�D�Q�W�\�R�N�V�\�G�D�F�\�M�Q�D�� �H�N�V�W�U�D�N�W�y�Z�� �U�R���O�L�Q�Q�\�F�K�� �Z�L���*���F�\�F�K�� �V�L�
�� �]�� �R�E�H�F�Q�R���F�L���� �I�L�W�R�F�K�H�P�L�N�D�O�L�y�Z���� �W�D�N�L�F�K��

�M�D�N�����D�Q�W�R�F�\�M�D�Q�\�����N�Z�D�V�\���I�H�Q�R�O�R�Z�H�����I�O�D�Z�R�Q�R�L�G�\���L���� �J�D�U�E�Q�L�N�L�����Q�D�V�L�O�D���V�L�
���Z���V�\�W�X�D�F�M�D�F�K���V�W�U�H�V�R�Z�\ch 

(Ochmian i in., �������������� �'�U�y�G�á�H�P�� �V�W�U�H�V�X�� �G�O�D�� �U�R���O�L�Q�\�� �P�R�*�H�� �E�\�ü�� �W�D�N�*�H�����Z�L�D�W�á�R���� �5�R���O�L�Q�\�� �Z�� �U�y�*�Q�\��

�V�S�R�V�y�E���P�D�Q�L�I�H�V�W�X�M�����Z�S�á�\�Z���V�W�U�H�V�X���� �0�R�*�H���W�R���E�\�ü���Q�S�� �R�V�á�D�E�L�R�Q�\ �Z�]�U�R�V�W���� �U�R�]�Z�y�M���� �]�P�L�D�Q�D���N�R�O�R�U�X��

�V�Z�R�L�F�K�� �W�N�D�Q�H�N�� �]�Z�L���]�D�Q�D�� �]�� �Z�\�W�Z�D�U�]�D�Q�L�H�P�� �L�� �D�N�X�P�X�O�D�F�M���� �E�D�U�Z�Q�L�N�y�Z�� �U�R���O�L�Q�Q�\�F�K���� �=�Z�L���]�N�L��

�I�H�Q�R�O�R�Z�H�� �P�R�J���� �F�K�U�R�Q�L�ü�� �R�U�J�D�Q�L�]�P�\�� �S�U�]�H�G�� �V�W�U�H�V�H�P�� �R�N�V�\�G�D�F�\�M�Q�\�P�� �Z�\�Z�R�á�D�Q�\m przez wolne 

rodniki (Scalbert i in. 2005). Flawonoidy (w tym flawonole, antocyjany) i karotenoidy 

�R�G�J�U�\�Z�D�M�����J�á�y�Z�Q�����U�R�O�
���Z���R�F�K�U�R�Q�L�H���U�R���O�L�Q���S�U�]�H�G���V�]�N�R�G�O�L�Z�\�P���G�]�L�D�á�D�Q�L�H�P���N�U�y�W�N�R�I�D�O�R�Z�H�J�R ���Z�L�D�W�á�D��

nadfioletowego (UV 280�±400 nm) (Pilarski i Kocurek, �������������9�L�G�R�Y�L�ü���L���L�Q��, 2015, Ochmian i in., 

2019). 

�:�]�U�R�V�W���N�U�]�H�Z�y�Z���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M���M�H�V�W���R�J�U�D�Q�L�F�]�R�Q�\���G�R���V�W�D�Q�R�Z�L�V�N��o niskim pH, wilgotnych, 

�G�R�E�U�]�H�� �Q�D�S�R�Z�L�H�W�U�]�R�Q�\�F�K���� �R�� �V�W�D�E�L�O�Q�\�P�� �S�R�]�L�R�P�L�H�� �Z�y�G�� �J�U�X�Q�W�R�Z�\�F�K i �G�X�*�H�M�� �]�D�Z�D�U�W�R���F�L�� �P�D�W�H�U�L�L��

organicznej (Finn i in., 1991; Ochmian i Kozos, 2014; Ochmian i in., 2020�������%�D�U�G�]�R���Z�D�*�Q�\�P��

�D�V�S�H�N�W�H�P���M�H�V�W���]�D�S�H�Z�Q�L�H�Q�L�H���R�G�S�R�Z�L�H�G�Q�L�F�K�� �Z�D�U�X�Q�N�y�Z���Z�R�G�Q�\�F�K�����7�U�H�G�H�U���� ������������ �2�F�K�P�L�D�Q���L��in., 

���������������3�R�P�L�P�R�����Z�L�D�W�R�Z�H�J�R���Z�]�U�R�V�W�X���X�S�U�D�Z���E�R�U�y�Z�N�L��wysokiej�����G�R�V�W�
�S�Q�R���ü���R�G�S�R�Z�L�H�G�Q�L�F�K���J�O�H�E��

dla tego gatunku pozostaje problemem (Ochmian i in., 2018; Ochmian i in., 2020).                                     
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�=�H�� �Z�]�J�O�
�G�X�� �Q�D�� �V�]�\�E�N�L�� �Z�]�U�R�V�W�� �S�R�Z�L�H�U�]�F�K�Q�L�� �X�S�U�D�Z�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M���� �V�D�G�]�R�Q�N�L�� �S�R�Z�L�Q�Q�\�� �E�\�ü��

produkowane szybko i �Z�� �G�X�*�\�F�K�� �L�O�R���F�L�D�F�K���� �7�U�D�G�\�F�\�M�Q�L�H�� �E�R�U�y�Z�N�D�� �M�H�V�W�� �U�R�]�P�Q�D�*�D�Q�D�� �S�U�]�H�]��

�V�D�G�]�R�Q�N�L�� �]�L�H�O�Q�H���� �S�y�á�]�G�U�H�Z�Q�L�D�á�H�� �L�� �]�G�U�H�Z�Q�L�D�á�H�� ���/�\�U�H�Q�H���� ������������ �0�L�O�O�H�U�� �L�� �L�Q������ �������������� �3�U�R�E�O�H�P�\��

�Z�\�Q�L�N�D�M���F�H�� �]�� �W�H�J�R�� �W�\�S�X�� �S�U�R�G�X�N�F�M�L�� �W�R�� �E�D�U�G�]�R�� �Q�L�V�N�L�� �S�U�R�F�H�Q�W�� �X�N�R�U�]�H�Q�L�H�Q�L�D�� �Z�L�H�O�X�� �J�H�Q�R�W�\�S�y�Z����

�V�]�F�]�H�J�y�O�Q�L�H���Z���S�U�]ypadku sadzonek �S�R�F�K�R�G�]���F�\�F�K���]�H���V�W�D�U�\�F�K�����]�G�U�H�Z�Q�L�D�á�\�F�K���U�R���O�L�Q�����0�L�O�O�H�U���L���L�Q������

�������������� �G�á�X�J�L�� �F�]�D�V�� �U�R�]�P�Q�D�*�D�Q�L�D�� �L�� �N�R�P�H�U�F�M�D�O�L�]�D�F�M�L�� �Q�R�Z�R�� �S�R�]�\�V�N�D�Q�\�F�K�� �U�R���O�L�Q���� �D�� �W�D�N�*�H��

�E�H�]�S�L�H�F�]�H���V�W�Z�R�� �I�L�W�R�V�D�Q�L�W�D�U�Q�H���� �-�H�G�Q���� �]�� �P�H�W�R�G���� �U�R�]�P�Q�D�*�D�Q�L�D�� �Z�H�J�H�W�D�W�\�Z�Q�H�J�R�� �U�R���O�L�Q�� �M�H�V�W��

�P�L�N�U�R�U�R�]�P�Q�D�*�D�Q�L�H���� �]�Q�D�Q�H�� �U�y�Z�Q�L�H�*�� �U�R�]�P�Q�D�*�D�Q�L�H�P��in vitro �O�X�E�� �N�X�O�W�X�U���� �W�N�D�Q�N�R�Z������

�0�L�N�U�R�U�R�]�P�Q�D�*�D�Q�L�H���G�R�W�\�F�]�\�� �U�R�]�P�Q�D�*�D�Q�L�D�� �N�O�R�Q�D�O�Q�H�J�R�� �U�R���O�L�Q�� �Z�\�N�R�U�]�\�V�W�X�M���F�� �W�N�D�Q�N�L���� �N�R�P�y�U�N�L��

lub �F�D�á�H���R�U�J�D�Q�\����Jest jednym z najbardziej powszechnych termin�y�Z �X�*�\�Z�D�Q�\ch do klonalnego 

�U�R�]�P�Q�D�*�D�Q�L�D���U�R���O�L�Q���]�D���S�R�P�R�F�����U�y�*�Q�\�F�K���P�H�W�R�G���K�R�G�R�Z�O�L���W�N�D�Q�H�N�����N�R�P�y�U�H�N���L �R�U�J�D�Q�y�Z����Loberant 

i Altman, 2010). Zastosowanie kultur in vitro �H�O�L�P�L�Q�X�M�H���R�J�U�D�Q�L�F�]�H�Q�L�D���]�Z�L���]�D�Q�H���]���W�U�D�G�\�F�\�M�Q�\�P��

�U�R�]�P�Q�D�*�D�Q�L�H�P���V�D�G�]�R�Q�H�N�����V�W�D�Q�R�Z�L���F���D�O�W�H�U�Q�D�W�\�Z�
���G�O�D���V�]�\�E�V�]�H�J�R���Z�]�U�R�V�W�X���U�R���O�L�Q���S�U�]�H�]���F�D�á�\���U�R�N�� 

�F�R�� �]�Z�L�
�N�V�]�D�� �Z�\�G�D�M�Q�R���ü�� �L�� �R�S�á�D�F�D�O�Q�R���ü�� �S�U�R�G�X�N�F�M�L�� ���0�D�U�L�Q�R�� �L�� �L�Q., 2014). �7�H�F�K�Q�L�N�L�� �U�R�]�P�Q�D�*�D�Q�L�D��

�N�X�O�W�X�U�� �W�N�D�Q�N�R�Z�\�F�K�� �P�R�*�Q�D�� �V�W�R�V�R�Z�D�ü�� �M�D�N�R�� �V�\�V�W�H�P�� �G�R�� �H�I�H�N�W�\�Z�Q�H�M�� �S�U�R�G�X�N�F�M�L�� �U�R���O�L�Q�� �Z�R�O�Q�\�F�K��

od �Z�L�U�X�V�y�Z���� �N�W�y�U�H���V���� �J�H�Q�H�W�\�F�]�Q�L�H���L�G�H�Q�W�\�F�]�Q�H�� W literaturze istnieje wiele doniesie���� �Q�D���W�H�P�D�W��

�U�R�]�P�Q�D�*�D�Q�L�D�� �E�R�U�y�Z�N�L��in vitro ���6�H�G�O�i�N�� �L�� �3�D�S�U�ã�W�H�L�Q���� ������������ �5�X�å�L�ü�� �L�� �L�Q.���� ������������ �&�•�F�H�� �L�� �6�|�N�P�H�Q����

2017; Kruczek i in., 2021). �-�H�G�Q�D�N�*�H���Z�\�Q�L�N�D���]���Q�L�F�K���G�X�*�H���]�U�y�*�Q�L�F�R�Z�D�Q�L�H���S�R�G���Z�]�J�O�
�G�H�P���G�R�E�R�U�X��

�S�R�G�á�R�*�D�� �G�R �Q�D�P�Q�D�*�D�Q�L�D���� �U�R���O�L�Q�Q�\�F�K�� �U�H�J�X�O�D�W�R�U�y�Z�� �Z�]�U�R�V�W�X�����Z�D�U�X�Q�N�y�Z�� �Z�]�U�R�V�W�X���� �W�\�S�y�Z��

�H�N�V�S�O�D�Q�W�D�W�y�Z����sposobu �S�R�E�L�H�U�D�Q�L�D�� �S�U�y�E�H�N�� �L�� �V�W�D�Q�X�� �I�L�]�M�R�O�R�J�L�F�]�Q�H�J�R�� �H�N�V�S�O�D�Q�W�D�W�y�Z�� ���5�X�å�L�ü�� �L�� �L�Q., 

2012; Krupa-�0�D�á�N�L�H�Z�L�F�]���L���L�Q., 2017)�����F�R���]�Z�L���]�D�Q�H���M�H�V�W���]���G�X�*�����]�P�L�H�Q�Q�R���F�L�� w �R�E�U�
�E�L�H���U�R�G�]�D�M�X��

Vaccinium. N�L�H�N�W�y�U�H���J�D�W�X�Q�N�L���L���R�G�P�L�D�Q�\���Q�D�G�D�O���Z�\�P�D�J�D�M�����G�D�O�V�]�\�F�K���E�D�G�D�����Z celu optymalizacji 

�S�R�*�\�Z�H�N���G�R �Q�D�P�Q�D�*�D�Q�L�D�����9�H�V�F�D�Q���L���L�Q., 2012; Fan i in., 2017).  

N�D�� �Z�]�U�R�V�W�� �L�� �U�R�]�Z�y�M�� �H�N�V�S�O�D�Q�W�D�W�y�Z w kulturach in vitro �P�D�� �Z�S�á�\�Z �U�y�Z�Q�L�H�*�� �R�G�S�R�Z�L�H�G�Q�L�H�� �S�+ 

�S�R�G�á�R�*�D oraz �(�U�y�G�á�R�� �L�� �Q�D�W�
�*�H�Q�L�H�� ���Z�L�D�W�á�D�����=�E�\�W�� �Q�L�V�N�L�H�� �S�+�� ���S�R�Q�L�*�H�M�� ���������� �O�X�E�� �]�E�\�W�� �Z�\�V�R�N�L�H�� �S�+��

���S�R�Z�\�*�H�M�� ���������� �K�D�P�X�M�H�� �Z�]�U�R�V�W�� �L�� �U�R�]�Z�y�M�� �H�N�V�S�O�D�Q�W�y�Z��in vitro���� �-�D�N�� �V�X�J�H�U�X�M�H�� �Z�L�H�O�X�� �D�X�W�R�U�y�Z��

���7�H�W�V�X�P�X�U�D�� �L�� �L�Q������ ������������ �5�X�å�L�ü�� �L�� �L�Q���� ������������ �0�R�K�D�P�H�G�� �L�� �L�Q������ ������������ �6�F�K�X�F�K�R�Y�V�N�L�� �L��Biasi, 2019), 

na�M�F�]�
���F�L�H�M�� �V�W�R�V�R�Z�D�Q�\�P�L�� �S�R�G�á�R�*�D�P�L�� �G�R�� �Q�D�P�Q�D�*�D�Q�L�D�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M��in vitro �V���� �$�1 

(Anderson's Rhododendron) i WPM (McCown Woody Plant Medium), podczas gdy Cappelletti 

i in. (2016) zasugerowali �S�R�*�\�Z�N�
�� �Z�H�G�á�X�J�� �V�N�á�D�G�X��MS (Murashige i Skoog) jako bardzo 

�V�N�X�W�H�F�]�Q�H�� �S�R�G�á�R�*�H�� �G�O�D�� �J�D�W�X�Q�N�y�Z��Vaccinium. �3�U�R�F�H�V�� �L�Q�L�F�M�D�F�M�L�� �Z�]�U�R�V�W�X�� �H�N�V�S�O�D�Q�W�D�W�y�Z�� �E�R�U�y�Z�N�L��

�Z�\�V�R�N�L�H�M���M�H�V�W���F�]�
�V�W�R���H�W�D�S�H�P���R�J�U�D�Q�L�F�]�D�M���F�\�P���Z���N�X�O�W�X�U�D�F�K��in vitro (Reed i Abdelnour-Esquivel, 

1991). �:�]�U�R�V�W���L���S�U�R�O�L�I�H�U�D�F�M�D���S�
�G�y�Z��pachowych w kulturach �S�
�G�R�Z�\ch jest zwykle wspomagana 

�S�U�]�H�]�� �Z�á���F�]�H�Q�L�H���U�R���O�L�Q�Q�\�F�K���U�H�J�X�O�D�W�R�U�y�Z�� �Z�]�U�R�V�W�X�� ���]�Z�\�N�O�H�� �F�\�W�R�N�L�Q�L�Q���� �G�R�� �S�R�*�\�Z�N�L�� �Z�]�U�R�V�W�R�Z�H�M��
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(George i in.���� �������������� �&�\�W�R�N�L�Q�L�Q�\�� �V���� �U�H�J�X�O�D�W�R�U�D�P�L�� �Z�]�U�R�V�W�X�� �Q�L�H�]�E�
�G�Q�\�P�L�� �G�R�� �]�D�L�Q�L�F�M�R�Z�D�Q�L�D��

�P�H�U�\�V�W�H�P�y�Z���S�
�G�R�Z�\�F�K���Z���N�X�O�W�X�U�D�F�K��in vitro. �'�R���W�H�M���J�U�X�S�\���K�R�U�P�R�Q�y�Z���]�D�O�L�F�]�D�P�\���P���L�Q�����Q�D�W�X�U�D�O�Q����

�F�\�W�R�N�L�Q�L�Q�
���± �]�H�D�W�\�Q�
�����5�X�å�L�ü�� �L�� �9�X�M�R�Y�L�ü���� �������������� �6�W�R�V�R�Z�D�Q�L�H�� �Q�D�W�X�U�D�O�Q�H�M�� �]�H�D�W�\�Q�\�� �M�D�N�R�� �G�R�G�D�W�N�X��

do p�R�*�\�Z�H�N�� �K�R�G�R�Z�O�D�Q�\�F�K�� �M�H�V�W���M�H�G�Q�D�N�� �G�R���ü���N�R�V�]�W�R�Z�Q�H���� �G�O�D�W�H�J�R�� �S�R�V�]�X�N�X�M�H�� �V�L�
�� �U�y�*�Q�\�F�K��

�U�R�]�Z�L���]�D������ �D�E�\�� �X�]�\�V�N�D�ü�� �S�R�G�R�E�Q�\�� �H�I�H�N�W�� �S�U�]�\�� �Q�L�*�V�]�\�F�K�� �N�R�V�]�W�D�F�K���� �7�D�N���� �D�O�W�H�U�Q�D�W�\�Z���� �P�R�*�H�� �E�\�ü��

�Z�R�G�D�� �N�R�N�R�V�R�Z�D�� �O�X�E�� �P�O�H�N�R�� �N�R�N�R�V�R�Z�H���� �N�W�y�U�H�� �V���� �E�R�J�D�W�\�P�� �(�U�y�G�á�H�P�� �I�L�W�R�K�R�U�P�R�Q�y�Z�� �U�R���O�L�Q�Q�\�F�K��

���J�á�y�Z�Q�L�H��cytokinin) (Ma i in., 2008). Ponadto, �X�� �Z�L�H�O�X�� �J�D�W�X�Q�N�y�Z�� �U�R���O�L�Q�� �]�D�R�E�V�H�U�Z�R�Z�D�Q�R��

�N�R�U�]�\�V�W�Q�\���Z�S�á�\�Z���N�U�]�H�P�X���Q�D���Z�]�U�R�V�W�����U�R�]�Z�y�M�����S�O�R�Q�R�Z�D�Q�L�H���L���R�G�S�R�U�Q�R���ü���Q�D���F�K�R�U�R�E�\�����.�U�]�H�P���M�H�V�W��

�G�U�X�J�L�P���Q�D�M�E�D�U�G�]�L�H�M���Z�V�]�H�F�K�R�E�H�F�Q�\�P���S�L�H�U�Z�L�D�V�W�N�L�H�P���Z�\�V�W�
�S�X�M���F�\�P���Z���J�O�H�E�D�F�K���Q�D���F�D�á�\�P�����Z�L�H�F�L�H��

(Epstein, 1999; Richmond i Sussman, 2003; Currie i Perry, 2007; Sivanesan i Park, 2014). 

�2�S�U�y�F�]�� �]�Z�L���]�N�y�Z���F�K�H�P�L�F�]�Q�\�F�K���Q�D���V�W�\�P�X�O�D�F�M�
���Z�]�U�R�V�W�X���L���U�R�]�Z�R�M�X���U�R���O�L�Q��in vitro �G�X�*�\�� �Z�S�á�\�Z��

�P�D�� ���Z�L�D�W�á�R��(Bourget, 2008; Massa i in., 2008; Morrow, 2008; Hogewoning i in., 2010).  

Kontrola �Q�D�W�
�*�H�Q�L�D�� ���Z�L�D�W�á�D�� �L�� �G�á�X�J�R���F�L�� �I�D�O�L���M�H�V�W�� �F�R�U�D�]�� �F�]�
���F�L�H�M�� �V�W�R�V�R�Z�D�Q�\�P�� �Q�D�U�]�
�G�]�L�H�P��

w �S�U�R�G�X�N�F�M�L���U�R���O�L�Q�Q�H�M�����=�R�U�D�W�W�L��i in., 2014; Demotes-Mainard i in., �������������� �5�R���O�L�Q�\�� �Z�\�N�U�\�Z�D�M����

i �U�H�D�J�X�M���� �Q�D�� �]�P�L�D�Q�\�� �G�á�X�J�R���F�L�� �I�D�O�� ���Z�L�H�W�O�Q�\�F�K�� �]�� �U�y�*�Q�\�P�L�� �W�\�S�D�P�L�� �I�R�W�R�U�H�F�H�S�W�R�U�y�Z���� �Z�� �W�\�P��

�I�L�W�R�F�K�U�R�P�D�P�L�����P�R�G�X�O�X�M���F���Z���W�H�Q���V�S�R�V�y�E���Z�]�U�R�V�W���L���U�R�]�Z�y�M�����.�D�P�L���L���L�Q��, 2010; Burgie i in., 2014; 

�*�D�O�Y�m�R i Fankhauser, 2015; Demotes-Mainard i in., �������������� �3�U�]�H�]�� �O�D�W�D���Q�D�M�F�]�
���F�L�H�M���X�*�\�Z�D�Q�\�P��

�(�U�y�G�á�H�P�� ���Z�L�D�W�á�D�� �G�R�� �X�S�U�D�Z�\�� �U�R���O�L�Q��in vitro �E�\�á�\�� �Z�\�V�R�N�R�F�L���Q�L�H�Q�L�R�Z�H�� �O�D�P�S�\�� �V�R�G�R�Z�H���� �*�D�U�y�Z�N�L��

�*�D�U�R�Z�H�������Z�L�H�W�O�y�Z�N�L�����R�U�D�]���O�D�P�S�\���P�H�W�D�O�R�K�D�O�R�J�H�Q�N�R�Z�H�����+�D�K�Q��i in., 2000; Kim i in., 2005; Gupta 

i Jatothu, ���������������1�L�H�G�R�V�W�R�V�R�Z�D�Q�D���G�á�X�J�R���ü���I�D�O�L�����F�]�\���(�U�y�G�á�R�����Z�L�D�W�á�D���P�R�*�H���Q�L�H�N�R�U�]�\�V�W�Q�L�H���Z�S�á�\�Z�D�ü��

�Q�D�� �Z�]�U�R�V�W���L�� �U�R�]�Z�y�M�� �U�R���O�L�Q�� �R�U�D�]�� �]�Z�L�
�N�V�]�D�ü�� �N�R�V�]�W�\�� �S�U�R�G�X�N�F�M�L�� ���.�L�P�� �L�� �L�Q��, 2005). C�R�U�D�]�� �F�]�
���F�L�H�M��

�]�D�V�W�R�V�R�Z�D�Q�L�H�� �]�Q�D�M�G�X�M���� �G�L�R�G�\�� �H�O�H�N�W�U�R�O�X�P�L�Q�H�V�F�H�Q�F�\�M�Q�H�� ���/�(�'���� �M�D�N�R�� �(�U�y�G�á�R�� ���Z�L�D�W�á�D�� �G�O�D�� �U�R���O�L�Q��

w ograniczonych przestrzennie uprawach (Hogewoning i in., 2010; Mengxi i in., 2010; Gupta 

�L���-�D�W�R�W�K�X�����������������'�L�R�G�\���/�(�'���]�Q�D�O�D�]�á�\���V�Z�R�M�H���]�D�V�W�R�V�R�Z�D�Q�L�H���]�H���Z�]�J�O�
�G�X���Q�D���L�F�K���I�X�Q�N�F�M�R�Q�D�O�Q�R���ü�� 

S�� �E�H�]�S�L�H�F�]�Q�L�H�M�V�]�H���Z���R�E�V�á�X�G�]�H���Q�L�*���R�E�H�F�Q�H���O�D�P�S�\�����S�R�Q�L�H�Z�D�*���Q�L�H���P�D�M�����V�]�N�O�D�Q�\�F�K���R�V�á�R�Q�����Z�\�V�R�N�L�Hj 

temperatury dotykowej �L���Q�L�H���]�D�Z�L�H�U�D�M�����U�W�
�F�L�����=�D�O�H�W�\ �S�y�á�S�U�]�H�Z�R�G�Q�L�N�R�Z�H�J�R �(�U�y�G�á�D�����Z�L�D�W�á�D (lampy 

LED) nad �W�H�F�K�Q�R�O�R�J�L�����I�O�X�R�U�H�V�F�H�Q�F�\�M�Q�\�F�K�� ���Z�L�H�W�O�y�Z�H�N��obejmuj�� �P�R�*�O�L�Z�R���ü�� �]�D�S�H�Z�Q�L�H�Q�L�D��

�Z�\�V�R�N�L�F�K���Q�D�W�
�*�H�������Z�L�D�W�á�D���]���Q�L�V�N�L�P���S�U�R�P�L�H�Q�L�R�Z�D�Q�L�H�P���F�L�H�S�O�Q�\�P�����U�H�J�X�O�R�Z�D�Qe spektrum ���G�á�X�J�R���ü��

fali)���� �N�W�y�U�D�� �S�R�]�Z�D�O�D�� �Q�D�� �S�R�S�U�D�Z�
�� �R�S�W�\�P�D�O�L�]�D�F�M�L�� �Z�\�G�D�M�Q�R���ü�� �I�R�W�R�V�\�Q�W�H�]�\, a co za tym idzie 

kondycji �U�R���O�L�Q���� �/�D�P�S�\�� �/�(�'�� �F�K�D�U�D�N�W�H�U�\�]�X�M���� �V�L�
�� �G�X�*�\�P��bezpi�H�F�]�H���V�W�Zem i niskim 

�]�D�S�R�W�U�]�H�E�R�Z�D�Q�L�H�P���Q�D���H�Q�H�U�J�L�
�����F�R���]�Q�D�F�]�Q�L�H���R�E�Q�L�*�D���N�R�V�]�W�\��(Morrow, 2008).  

�:�L�H�O�X���D�X�W�R�U�y�Z�����3�L�Z�R�Z�D�U�F�]�\�N���L���L�Q��, 2016; Krupa-�0�D�á�N�L�H�Z�L�F�]���L���&�D�O�R�P�P�H, 2021) �S�U�]�H�G�V�W�D�Z�L�á�R��

�Q�H�J�D�W�\�Z�Q�\�� �Z�S�á�\�Z���O�L�F�]�Q�\�F�K�� �F�]�\�Q�Q�L�N�y�Z�� ���U�R�G�R�Z�L�V�N�R�Z�\�F�K���Q�D�� �]�D�Z�D�U�W�R���ü�� �S�L�J�P�H�Q�W�X��

fotosyntetycznego. �:�H�G�á�X�J�� �.�U�X�S�\-�0�D�á�N�L�H�Z�L�F�]�� �L�� �&�D�O�R�P�P�H�� �������������� �]�D�Z�D�U�W�R���ü�� �E�D�U�Z�Q�L�N�D��
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�I�R�W�R�V�\�Q�W�H�W�\�F�]�Q�H�J�R�� �Z�� �O�L���F�L�D�F�K�� �M�H�V�W�� ���F�L���O�H�� �V�N�R�U�H�O�R�Z�D�Q�D�� �]�� �L�F�K�� �E�D�U�Z������ �:�D�U�W�R���ü�� �S�D�U�D�P�H�W�U�X��L* 

���R�V�L���J�D�M���F�D�� �R�G�S�R�Z�L�H�G�Q�L�R�� �R�G�� ���� �G�R�� ����0, odpowiednio dla czerni i bieli) jest zwykle 

�Z�\�N�R�U�]�\�V�W�\�Z�D�Q�D�� �G�R�� ���O�H�G�]�H�Q�L�D�� �]�P�L�D�Q �L�Q�W�H�Q�V�\�Z�Q�R���F�L koloru (Ochmian i in., 2012������ �:�H�G�á�X�J��

Krupy-�0�D�á�N�L�H�Z�L�F�]���L���L�Q�������������������]�P�L�D�Q�D���S�D�U�D�P�H�W�U�X��L�
���M�H�V�W���]�Z�\�N�O�H���]�Z�L���]�D�Q�D���]���I�L�]�M�R�O�R�J�L�F�]�Q�\�P�L��

�D�W�U�\�E�X�W�D�P�L���Z�L�]�X�D�O�Q�H�J�R���Z�\�J�O���G�X���M�D�V�Q�R���F�L�� 

�.�R�Q�V�X�P�H�Q�F�L�� �]�� �N�U�D�M�y�Z�� �Z�\�V�R�F�H�� �U�R�]�Z�L�Q�L�
�W�\�F�K�� �R�F�]�H�N�X�M���� �Q�D�M�Z�\�*�V�]�H�M�� �M�D�N�R���F�L�� �R�Z�R�F�y�Z�����-�D�N�R���ü 

���Z�L�H�*�\�F�K���R�Z�R�F�y�Z���R�F�H�Q�L�D�M�����Q�D���S�R�G�V�W�D�Z�L�H���L�F�K���Z�\�J�O���G�X���Q�D���S�y�á�F�H���V�N�O�H�S�R�Z�H�M�����.�D�G�H�U�������������������&�K�F���F 

�V�S�H�á�Q�L�ü�� �Z�\�V�R�N�L�H�� �R�F�]�H�N�L�Z�D�Q�L�D�� �R�G�E�L�R�U�F�y�Z���� �S�U�R�G�X�F�H�Q�F�L�� �P�X�V�]���� �G�R�N�á�D�G�D�ü�� �Z�V�]�H�O�N�L�F�K�� �V�W�D�U�D����

by �W�U�D�I�L�D�M���F�\�� �G�R���V�S�U�]�H�G�D�*�\ �S�U�R�G�X�N�W�� �E�\�á�� �V�D�W�\�V�I�D�N�F�M�R�Q�X�M���F�\���� �:�� �F�H�O�X�� �X�]�\�V�N�D�Q�L�D�� �R�Z�R�F�y�Z��

�Q�D�M�Z�\�*�V�]�H�M���M�D�N�R���F�L���V�W�R�V�R�Z�D�Q�H���V���� �U�y�*�Q�H���W�H�F�K�Q�R�O�R�J�L�H i preparaty, �Z�\�G�á�X�*�D�M���F�H���R�N�U�H�V�����Z�L�H�*�R���F�L��

�R�Z�R�F�y�Z���� �D�� �W�D�N�*�H�� �S�R�S�U�D�Z�L�D�M���F�H�� �Z�\�J�O���G�� �L�F�K�� �V�N�y�U�N�L���� �:�� �G�R�E�L�H�� �V�]�F�]�H�J�y�O�Q�H�M�� �G�E�D�á�R���F�L�� �R�� �]�G�U�R�Z�H��

�*�\�Z�L�H�Q�L�H�� �L�V�W�R�W�Q�H�� �M�H�V�W�����D�E�\�� �Q�L�H�� �R�J�U�D�Q�L�F�]�D�ü�� �N�R�U�]�\�V�W�Q�\�F�K�� �G�O�D�� �]�G�U�R�Z�L�D�� �F�]�á�R�Z�L�H�N�D�� �Q�D�W�X�U�D�O�Q�\�F�K��

�Z�á�D���F�L�Z�R���F�L�� �R�Z�R�F�y�Z���� �D�� �V�W�R�V�R�Z�D�ü�� �M�H�G�\�Q�L�H�� �H�N�R�O�R�J�L�F�]�Q�H�� �L�� �Q�D�W�X�U�D�O�Q�H���U�R�]�Z�L���]�D�Q�L�D���� �2�S�W�\�P�D�O�Q�\�P��

�U�R�]�Z�L���]�D�Q�L�H�P�� �Z�\�G�D�M�H�� �V�L�
�� �E�\�ü�� �E�H�]�S�L�H�F�]�Q�\�� �G�O�D�� ���U�R�G�R�Z�L�V�N�D�� �F�K�L�W�R�]�D�Q���� �S�R�]�\�V�N�L�Z�D�Q�\�� �Q�D�M�F�]�
���F�L�H�M��

z krewetek i inn�\�F�K���V�N�R�U�X�S�L�D�N�y�Z�����3�H�W�U�L�F�F�L�R�Q�H���L���Ln., 2015). Chitozan jest drugim po celulozie 

najbardziej rozpowszechnionym biopolimerem na ziemi (Negm i in., 2020). Tworzy 

przezroczysty, nietoksyczny, biokompatybilny, biofunkcjonalny i biodegradowalny film (Dias 

i in., 2013; Ban i in., 2018; Krupa-�0�D�á�N�L�H�Z�L�F�]���L���)�R�U�Q�D�O�������������������&�K�L�W�R�]�D�Q���R�G�J�U�\�Z�D���Z�D�*�Q�����U�R�O�
 

�Z���P�H�F�K�D�Q�L�]�P�D�F�K���R�G�S�R�U�Q�R���F�L���L���R�E�U�R�Q�L�H���U�R���O�L�Q���S�U�]�H�G���S�D�W�R�J�H�Q�D�P�L�����.�U�X�S�D-�0�D�á�N�L�H�Z�L�F�]���L���)�R�U�Q�D�O����

2018; Shiekh i in.�����������������0�D�O�H�U�E�D���L���&�H�U�D�Q�D�������������������2�S�U�\�V�N�L�Z�D�Q�L�H�����R�Z�R�F�y�Z���L���Z�D�U�]�\�Z���M�D�G�D�O�Q����

�S�R�Z�á�R�N���� �F�K�L�W�R�]�D�Q�R�Z���� �Z�\�G�á�X�*�D�� �L�F�K�� �R�N�U�H�V�� �S�U�]�\�G�D�W�Q�R���F�L�� �G�R�� �V�S�R�*�\�F�L�D���� �P�L�Q�L�P�D�O�L�]�X�M���F�� �W�H�P�S�R��

�R�G�G�\�F�K�D�Q�L�D���L���]�P�Q�L�H�M�V�]�D�M���F���X�W�U�D�W�
���Z�R�G�\�����6�K�L�H�N�K���L���L�Q., 2013).  

�-�H�G�Q�\�P���]���L�V�W�R�W�Q�\�F�K���S�U�R�E�O�H�P�y�Z���Z���X�S�U�D�Z�L�H���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M���M�H�V�W���M�H�M���U�
�F�]�Q�\���]�E�L�y�U�����=�D�W�U�X�G�Q�L�H�Q�L�H��

�Z�\�V�W�D�U�F�]�D�M���F�H�M���O�L�F�]�E�\�� �S�U�D�F�R�Z�Q�L�N�y�Z�� �V�H�]�R�Q�R�Z�\�F�K�� �G�R�� �]�E�L�R�U�X�� �R�Z�R�F�y�Z�� �V�W�D�Q�R�Z�L�� �G�X�*���� �W�U�X�G�Q�R���ü����

�:�\�Q�D�J�U�R�G�]�H�Q�L�H�� �G�O�D�� �R�V�y�E�� �]�E�L�H�U�D�M���F�\�F�K�� �F�]�
�V�W�R�� �M�H�V�W�� �U�R�]�O�L�F�]�D�Q�H�� �Q�D�� �S�R�G�V�W�D�Z�L�H�� �N�L�O�R�J�U�D�P�y�Z��

�]�H�E�U�D�Q�\�F�K���R�Z�R�F�y�Z�����F�R���V�S�U�D�Z�L�D�����*�H���Z���Z�\�Q�L�N�X���W�H�J�R���Q�D���N�U�]�H�Z�D�F�K���S�R�]�R�V�W�D�M�H���]�Q�D�F�]�Q�D���L�O�R���ü���P�D�á�\�F�K����

niekomercyjn�\�F�K�� �R�Z�R�F�y�Z���� �2�Z�R�F�H�� �W�H�� �Q�D�G�D�M���� �V�L�
�� �J�á�y�Z�Q�L�H�� �G�R�� �S�U�]�H�P�\�V�á�X�� �S�U�]�H�W�Z�y�U�F�]�H�J�R��

���2�F�K�P�L�D�Q�� �L�� �.�R�]�R�V���� �������������� �.�D�*�G�H�J�R�� �U�R�N�X�� �R�N�R�á�R�� �������� �]�E�L�R�U�y�Z�� �R�Z�R�F�y�Z�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M��

�S�U�]�H�]�Q�D�F�]�D�Q�H���M�H�V�W���G�R���S�U�]�H�W�Z�R�U�]�H�Q�L�D�����%�U�D�]�H�O�W�R�Q�������������������2�Z�R�F�H���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M���R���Q�D�M�Z�\�*�V�]�H�M��

�N�R�Q�V�X�P�H�Q�F�N�L�H�M�� �M�D�N�R���F�L�� �S�R�Z�L�Q�Q�\�� �P�L�H�ü�� ���U�H�G�Q�L�F�
�� �Z�L�
�N�V�]���� �Q�L�*�� ����-������ �P�P���� �-�H�V�W�� �W�R�� �X�]�D�O�H�*�Q�L�R�Q�H��

od �R�G�P�L�D�Q�\�� �L�� �Z�\�P�D�J�D���� �R�G�E�L�R�U�F�\�� ���:�D�F�K���� �������������� �-�D�J�R�G�\���� �N�W�y�U�H�� �Q�L�H�� �Q�D�G�D�M���� �V�L�
�� �G�R�� �V�S�U�]�H�G�D�*�\��

ze �Z�]�J�O�
�G�X���Q�D���L�F�K���P�D�á�H���U�R�]�P�L�D�U���P�R�*�Q�D���]�D�P�U�R�]�L�ü���O�X�E���Z�\�V�X�V�]�\�ü�����7�U�D�G�\�F�\�M�Q�\���V�S�R�V�y�E���V�X�V�]�H�Q�L�D��

�]�P�Q�L�H�M�V�]�D�� �]�D�Z�D�U�W�R���ü�� �S�R�O�L�I�H�Q�R�O�L�� �L�� �]�G�R�O�Q�R���ü�� �D�Q�W�\�R�N�V�\�G�D�F�\�M�Q���� �Z�� �R�Z�R�F�D�F�K�� �E�R�U�y�Z�N�L�� �D�*�� �R�� ��������

���=�L�H�O�L���V�N�D�� �L�� �0�L�F�K�D�O�V�Na���� �������������� �'�á�X�J�R�W�U�Z�D�á�D�� �H�N�V�S�R�]�\�F�M�D�� �Q�D�� �Z�\�V�R�N�L�H�� �W�H�P�S�H�U�D�W�X�U�\�� �S�R�Z�R�G�X�M�H��



14 
 

�]�Q�D�F�]�Q�H�� �S�R�J�R�U�V�]�H�Q�L�H�� �M�D�N�R���F�L�� �S�U�R�G�X�N�W�X�� ���=�L�H�O�L���V�N�D�� �L�� �L�Q������ �������������� �'�R�E�U�\�P�� �U�R�]�Z�L���]�D�Q�L�H�P��

na �]�D�F�K�R�Z�D�Q�L�H�� �Z�\�V�R�N�L�H�M�� �M�D�N�R���F�L�� �V�X�V�]�R�Q�\�F�K�� �R�Z�R�F�y�Z�� �M�H�V�W�� �O�L�R�I�L�O�L�]�D�F�M�D�� ���]�� �D�Q�J���� �I�U�H�H�]�H-drying). 

�8�]�\�V�N�L�Z�D�Q�H���Z���W�\�P���S�U�R�F�H�V�L�H���R�Z�R�F�H���F�K�D�U�D�N�W�H�U�\�]�X�M�����V�L�
���V�W�D�E�L�O�Q�����V�W�U�X�N�W�X�U�����L �N�R�O�R�U�H�P���R�U�D�]���Q�L�V�N����

�]�D�Z�D�U�W�R���F�L���� �Z�R�G�\���� �F�R�� �J�Z�D�U�D�Q�W�X�M�H�� �G�á�X�J�R�W�H�U�P�L�Q�R�Z�H�� �S�U�]�H�F�K�R�Z�\�Z�D�Q�L�H�� �R�U�D�]�� �V�S�U�D�Z�L�D���� �*�H owoce 

�S�R�]�R�V�W�D�M�����D�W�U�D�N�F�\�M�Q�H���G�O�D���N�R�Q�V�X�P�H�Q�W�D�����3�R�Q�D�G�W�R���S�U�R�F�H�V���W�H�Q�����Z���S�U�]�H�F�L�Z�L�H���V�W�Z�L�H���G�R���W�U�D�G�\�F�\�M�Q�H�J�R��

�V�X�V�]�H�Q�L�D���� �S�R�]�Z�D�O�D�� �Q�D�� �]�D�F�K�R�Z�D�Q�L�H�� �]�Z�L���]�N�y�Z�� �E�L�R�D�N�W�\�Z�Q�\�F�K�� �Z�� �R�Z�R�F�D�F�K�� ���2�F�K�Z�D�Q�R�Z�V�N�D�� �L�� �L�Q������

������������ �6�D�G�R�Z�V�N�D�� �L�� �L�Q������ �������������� �2�Z�R�F�H�� �R�� �P�Q�L�H�M�V�]�H�M�� �P�D�V�L�H�� �Z�\�P�D�J�D�M���� �U�y�Z�Q�L�H�*�� �N�U�y�Wszego czasu 

liofilizacji (Kozos i in������ �������������� �3�U�R�F�H�V�� �W�H�Q�� �R�G�E�\�Z�D�� �V�L�
�� �Z�� �Q�L�V�N�L�F�K�� �W�H�P�S�H�U�D�W�X�U�D�F�K�� ���í�����ƒ�&������

�U�H�G�X�N�X�M���F�� �S�U�R�F�H�V�\�� �H�Q�]�\�P�D�W�\�F�]�Q�H�� �L�� �F�K�H�P�L�F�]�Q�H���± �F�R�� �X�P�R�*�O�L�Z�L�D�� �]�D�F�K�R�Z�D�Q�L�H�� �Z�L�
�N�V�]�R���F�L��

�V�N�á�D�G�Q�L�N�y�Z���R�G�*�\�Z�F�]�\�F�K���� �-�D�N�R���ü���R�Z�R�F�y�Z���X�]�\�V�N�D�Q�\�F�K���Z���W�D�N�L�P���S�U�R�F�H�V�L�H���V�X�V�]�H�Q�L�D���Mest bardzo 

�Z�\�V�R�N�D�����5�]���F�D���L���:�L�W�U�R�Z�D-�5�D�M�F�K�H�U�W�������������������/�L�R�I�L�O�L�]�D�F�M�D���S�U�]�H�G�á�X�*�D���*�\�Z�R�W�Q�R���ü���S�U�R�G�X�N�W�X�����.�K�L�Q��

i in., 2007) i pozwala na zachowanie oryginalnego koloru owocu w znacznie lepszym stopniu 

�Q�L�*�� �L�Q�Q�H�� �P�H�W�R�G�\�� �V�X�V�]�H�Q�L�D�� ���3�L�R�W�U�R�Z�V�N�L��i in������ �������������� �:�D�*�Q���� �F�H�F�K���� �W�D�Niego produktu jest jego 

�]�G�R�O�Q�R���ü�� �G�R�� �V�]�\�E�N�L�H�J�R�� �L�� �F�D�á�N�R�Z�L�W�H�J�R�� �Q�D�Z�R�G�Q�L�H�Q�L�D�� ���&�L�X�U�]�\���V�N�D�� �L�� �/�H�Q�D�U�W���� ���������� Krokida 

i Marinos-�.�R�X�U�L�V�������������������6�X�V�]�R�Q�H���W�����P�H�W�R�G�����R�Z�R�F�H���F�L�H�V�]�����V�L�
���F�R�U�D�]���Z�L�
�N�V�]�����S�R�S�X�O�D�U�Q�R���F�L���� 

�0�D�M���F�� �Q�D�� �X�Z�D�G�]�H�� �S�R�Z�\�*�V�]�H�� �U�R�]�Z�D�*�D�Q�L�D�� �Q�D�� �W�H�P�D�W���Z�F�L���*�� �U�R�V�Q���F�H�Jo zainteresowania tematem 

�E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M���� �X�]�Q�D�Q�R�� �]�D�� �Z�á�D���F�L�Z�H�� �S�U�]�H�S�U�R�Z�D�G�]�H�Q�L�H�� �F�\�N�O�X�� �E�D�G�D���� �S�R�]�Z�D�O�D�M���F�\�F�K��

na �]�J�á�
�E�L�H�Q�L�H���E�L�R�O�R�J�L�L���W�H�J�R���J�D�W�X�Q�N�X�� 
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2. CEL PRACY  

�8�Z�]�J�O�
�G�Q�L�D�M���F �V�S�H�F�\�I�L�N�
�� �E�D�G�D�Q�H�J�R�� �J�D�W�X�Q�N�X�� �R�U�D�]�� �G�X�*���� �]�P�L�H�Q�Q�R���ü�� �P�L�
�G�]�\�� �R�G�P�L�D�Q�D�P�L��

�Z�D�U�X�Q�N�X�M���F���� �N�R�Q�L�H�F�]�Q�R���ü�� �R�S�W�\�P�D�O�L�]�D�F�M�L�� �S�U�R�F�H�V�X�� �P�L�N�U�R�U�R�]�P�Q�D�*�D�Q�L�D�� �R�U�D�]�� �X�Z�]�J�O�
�G�Q�L�D�M���F��

�D�V�S�H�N�W�\���H�N�R�Q�R�P�L�F�]�Q�H���L���H�N�R�O�R�J�L�F�]�Q�H���Z�\�N�R�U�]�\�V�W�D�Q�L�D���R�Z�R�F�y�Z���Q�L�H�N�R�P�H�U�F�\�M�Q�\�F�K �S�R�G�M�
�W�R���E�D�G�D�Q�L�D����

�N�W�y�U�H���P�L�D�á�\���Q�D�V�W�
�S�X�M��ce zasadnicze cele: 

�x opracowanie �S�U�R�W�R�N�R�á�X���P�L�N�U�R�U�R�]�P�Q�D�*�D�Q�L�D���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M���G�O�D���Z�\�E�U�D�Q�\�F�K���R�G�P�L�D�Q�� 

�x �R�S�U�D�F�R�Z�D�Q�L�H�� �R�S�W�\�P�D�O�Q�H�J�R�� �V�N�á�D�G�X�� �S�R�*�\�Z�N�L�� �G�R�� �U�R�]�P�Q�D�*�D�Q�L�D�� �Z�\�E�U�D�Q�\�F�K�� �R�G�P�L�D�Q�� �E�R�U�y�Z�N�L��

wysokiej w kulturach in vitro; 

�x �R�N�U�H���O�H�Q�L�H �Z�S�á�\�Z�� �$�F�W�L�V�L�O�X�� ���+�\�G�U�R�S�O�X�V�Œ������ �G�R�G�D�W�N�y�Z�� �R�U�J�D�Q�L�F�]�Q�\�F�K�� �L�� �S�+�� �S�R�G�á�R�*�D��

na �P�L�N�U�R�U�R�]�P�Q�D�*�D�Q�L�H��Vaccinium corymbosum;  

�x ocena �V�N�X�W�H�F�]�Q�R���F�L���X�N�R�U�]�H�Q�L�D�Q�L�D���U�R���O�L�Q���S�
�G�y�Z���Z���Z�D�U�X�Q�N�D�F�K in vitro �R�U�D�]���L�F�K���D�N�O�L�P�D�W�\�]�D�F�M�
��

�G�R���Z�D�U�X�Q�N�y�Z ex vitro; 

�x �D�Q�D�O�L�]�D�� �H�N�R�Q�R�P�L�F�]�Q�\�F�K�� �D�V�S�H�N�W�y�Z�� �S�U�R�G�X�N�F�M�L�� ���(�U�y�G�á�R�� ���Z�L�D�W�á�D���� �P�R�*�O�L�Z�R���ü�� �]�D�V�W���S�L�H�Q�L�D��

�G�U�R�J�L�F�K���G�R�G�D�W�N�y�Z���W�D���V�]�\�P�L���R�G�S�R�Z�L�H�G�Q�L�N�D�P�L�����Z�\�N�R�U�]�\�V�W�D�Q�L�H���R�Z�R�F�y�Z���Q�L�H�N�R�P�H�Ucyjnych) 

�Z���F�H�O�X���X�]�\�V�N�D�Q�L�D���]�D�G�R�Z�D�O�D�M���F�H�J�R���]�Z�U�R�W�X���]���L�Q�Z�H�V�W�\�F�M�L�� 

�x ocena �P�R�*�O�L�Z�R���F�L�� �X�*�\�F�L�D�� �Q�D�W�X�U�D�O�Q�\�F�K�� �L�� �H�N�R�O�R�J�L�F�]�Q�\�F�K�� �G�R�G�D�W�N�y�Z���Z�� �S�U�R�G�X�N�F�M�L�� �U�R���O�L�Q��

i �R�Z�R�F�y�Z���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M�� 

�x �R�F�H�Q�D�� �Z�S�á�\�Z�X�� �U�y�*�Q�\�F�K�� �U�R�G�]�D�M�y�Z�� ���Z�L�D�W�á�D�� �Q�D�� �Z�]�U�R�V�W�� �L�� �V�N�á�D�G�� �I�L�]�\�N�R�F�K�H�P�L�F�]�Q�\�� �E�R�U�y�Z�N�L��

wysokiej;  

�x �S�R�U�y�Z�Q�D�Q�L�H���V�N�X�W�H�F�]�Q�R���F�L���G�Z�y�F�K���P�H�W�R�G���S�U�]�H�F�K�R�Z�\�Z�D�Q�L�D���R�Z�R�F�y�Z���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M�� 

�x �R�N�U�H���O�H�Q�L�H���Z�S�á�\�Z�X���R�S�U�\�V�N�X���F�K�L�W�R�]�D�Q�H�P���Q�D���M�D�N�R���ü���R�Z�R�F�y�Z���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M; 

�x �S�R�U�y�Z�Q�D�Q�L�H�� �Z�S�á�\�Z�X�� �]�D�O�H�*�Q�R���F�L�� �Z�L�H�O�N�R���F�L�� �R�Z�R�F�y�Z�� �R�U�D�]�� �P�H�W�R�G�\�� �S�U�]�\�J�R�W�R�Z�D�Q�L�D�� �E�R�U�y�Z�N�L��

�Z�\�V�R�N�L�H�M���Q�D���M�D�N�R���ü���O�L�R�I�L�O�L�]�R�Z�D�Q�\�F�K���R�Z�R�F�y�Z�� 
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3. �0�$�7�(�5�,�$�à���,���0�(�7�2�'�<���%�$�'�$�� 

 

A. �'�2���:�,�$�'�&�=�(�1�,�$���:���.�8�/�7�8�5�$�&�+��IN VITRO 

Mik�U�R�U�R�]�P�Q�D�*�D�Q�L�H�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M�� �S�U�]�H�S�U�R�Z�D�G�]�R�Q�R��w Katedrze Genetyki, Hodowli 

i �%�L�R�W�H�F�K�Q�R�O�R�J�L�L���5�R���O�L�Q���=�D�F�K�R�G�Q�L�R�S�R�P�R�U�V�N�L�H�J�R���8�Q�L�Z�H�U�V�\�W�H�W�X���7�H�F�K�Q�R�O�R�J�L�F�]�Q�H�J�R���Z Szczecinie. 

�0�D�W�H�U�L�D�á���U�R���O�L�Q�Q�\���V�W�D�Q�R�Z�L�á�\ �P�á�R�G�H�����]�G�U�R�Z�H�����L�Q�W�H�Q�V�\�Z�Q�L�H���U�R�V�Q���F�H �S�
�G�\���W�U�]�H�F�K���R�G�P�L�D�Q���E�R�U�y�Z�N�L��

wysokiej (Elizabeth, Liberty i Meader�������S�R�F�K�R�G�]���F�H���]���N�U�]�H�Z�y�Z���X�S�U�D�Z�L�D�Q�\�F�K��na ekologicznej 

�S�O�D�Q�W�D�F�M�L���S�R�á�R�*�R�Q�H�M���R�N�R�á�R���������N�P���Q�D���Z�V�F�K�y�G���R�G���6�]�F�]�H�F�L�Q�D. 

 

�'�H�]�\�Q�I�H�N�F�M�D���S�
�G�y�Z i inicjacja kultur tkankowych  

Po defoliacji, �S�
�G�\�� �S�á�X�N�D�Q�R �S�U�]�H�]�� ���� �J�R�G�]�L�Q�
���S�R�G�� �E�L�H�*���F���� �Z�R�G���� �]���X�*�\�F�L�H�P�� ���U�R�G�N�D��

powierzchniowo czynnego ���S�á�\�Q�� �G�R�� �P�\�F�L�D�� �Q�D�F�]�\���� �/�X�G�Z�L�N������ �D�� �Q�D�V�W�
�S�Q�L�H��sterylizowano 

powierzchniowo 70% (v/v) etanolem przez 30 sekund. Po tym czasie, eksplantaty moczono 

w �������������Y���Y�����S�R�G�F�K�O�R�U�\�Q�L�H���V�R�G�X�����1�D�2�&�O�����S�U�]�H�]���������P�L�Q�X�W���L���������������Y���Y�����V�L�D�U�F�]�D�Q�L�H���U�W�
�F�L�����+�J�6�24) 

przez 10 minut. Eksplanta�W�\���S�U�]�H�S�á�X�N�D�Q�R���W�U�]�\�N�U�R�W�Q�L�H���V�W�H�U�\�O�Q�����Z�R�G�����G�H�M�R�Q�L�]�R�Z�D�Q�� �S�R�G���N�R�P�R�U����

�]�� �S�U�]�H�S�á�\�Z�H�P�� �O�D�P�L�Q�D�U�Q�\�P�����3�
�G�\�� �R�� �G�á�X�J�R���F�L�� ��-2 cm inicjowano na �S�R�*�\�Z�F�H�� �:�3�0�� ���:�R�R�G�\��

Plant Medium) (Lloyd i McCown, 1980) z dodatkiem 0,1 mg L-1 zeatyny. Kultury 

przechowywano przez 35 dni �Z���I�L�W�R�W�U�R�Q�L�H���R���V�W�D�á�H�M���W�H�P�S�H�U�D�W�X�U�]�H�������“�����ƒ�&�����G�á�X�J�R���F�L�����Z�L�D�W�á�D������������

(dzi�H�����Q�R�F�������Q�D�W�
�*�H�Q�L�X�����Z�L�D�W�á�D���E�L�D�á�H�J�R���������—�0���P-2 s-1 �R�U�D�]���Z�L�O�J�R�W�Q�R���F�L���Z�]�J�O�
�G�Q�H�M������-60%.  

�3�R�*�\�Z�N�
���Q�D�P�Q�D�*�D�M���F�� �Z�\�E�U�D�Q�R���Q�D���S�R�G�V�W�D�Z�L�H���Z�V�W�
�S�Q�\�F�K���G�R���Z�L�D�G�F�]�H�� (dane niepublikowane) 

(Ryc. 2a). 

 

Namn�D�*�D�Q�L�H 

�=�D�L�Q�L�F�M�R�Z�D�Q�H�� �G�R�� �Z�]�U�R�V�W�X�� �H�N�V�S�O�D�Q�W�D�W�\�� �S�
�G�R�Z�H���E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M �]�D�Z�L�H�U�D�M���F�H�� �G�Z�D�� �S���N�L��

pachwinowe (pachwinowe), �S�D�V�D�*�R�Z�D�Q�R �Q�D�� �S�R�*�\�Z�N�L���� �0�:�� ���P�L�H�V�]�D�Q�L�Q�D�� �U�y�Z�Q�\�F�K�� �F�]�
���F�L��

�S�R�*�\�Z�H�N�� �0�6���± Murashige i Skoog (1962) oraz WPM) z dodatkiem IBA (kwas indolilo-3-

�P�D�V�á�R�Z�\) �Z���V�W�
�*�H�Q�L�X�����������L�����������P�J���/-1 (odpowiednio MW 1 i MW 2); WPM z dodatkiem IBA 

�Z���V�W�
�*�H�Q�L�X�����������L�����������P�J���/-1 (odpowiednio WPM 1 i WPM 2) oraz WPM + 0,2 mg L-1 IBA + 

0,4 mg L-1 GA3 (kwas giberelinowy) - WPM 3; AN (Anderson's Rhododendron) (Anderson, 

1984) z dodatkiem �,�%�$���Z���V�W�
�*�H�Q�L�X�����������L�����������P�J���/-1 (odpowiednio AN 1 i AN 2) oraz AN + 0,4 

mg L-1 IBA + 0,4 mg L-1 GA3 (AN ���������.�D�*�G�D���N�R�P�E�L�Q�D�F�M�D���S�R�*�\�Z�H�N���]�D�Z�L�H�U�D�á�D���U�y�Z�Q�L�H�*���G�R�G�D�W�H�N��

0,1 mg L-1 zeatyny. Po 35 dniach w fitotronie �H�N�V�S�O�D�Q�W�D�W�\�� �X�V�X�Q�L�
�W�R �]�H�� �V�á�R�L�N�y�Z i przemyto 

�G�H�M�R�Q�L�]�R�Z�D�Q���� �Z�R�G�����V�W�H�U�\�O�Q�����Z���F�H�O�X���G�R�N�R�Q�D�Q�L�D���S�R�P�L�D�U�y�Z�� Zmierzono �G�á�X�J�R���ü���S�
�G�y�Z�����O�L�F�]�E�
��

�Q�R�Z�\�F�K�� �S�
�G�y�Z���� ���Z�L�H�*���� �L�� �V�X�F�K���� �P�D�V�
�� �R�U�D�]���R�N�U�H���O�R�Q�R�� �S�U�R�F�H�Q�W���U�H�J�H�Q�H�U�D�F�M�L�� �S�
�G�y�Z�� ���������� �6�X�F�K����
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�P�D�V�
���R�]�Q�D�F�]�D�Q�R���S�R���V�X�V�]�H�Q�L�X���Z���S�L�H�F�X���]���J�R�U���F�\�P���S�R�Z�L�H�W�U�]�H�P���Z �W�H�P�S�H�U�D�W�X�U�]�H���������ž�&���S�U�]�H�]��������

godziny. 

 

�8�N�R�U�]�H�Q�L�D�Q�L�H���L���D�N�O�L�P�D�W�\�]�D�F�M�D���G�R���Z�D�U�X�Q�N�y�Z���H�[���Y�L�Y�R 

�1�D�P�Q�R�*�R�Q�H�� �S�
�G�\�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M���� �]�D�Z�L�H�U�D�M���F�H�� �S�R�� �G�Z�D�� �S���N�L�� �S�D�F�K�Z�L�Q�R�Z�H��ukorzeniano na 

�S�R�*�\�Z�F�H�� �$�1�� ���$�1�� �$�� �L�� �$�1�� �%���� �L�� �:�3�0�� ���:�3�0�� �$�� �L�� �:�3�0�� �%�������N�D�*�G�D�� �]�� �G�R�G�D�W�N�L�H�P�� �������� �P�J�� �/-1 

zeatyny i IBA lub IAA (kwas indolilo-3-octowy) �Z���V�W�
�*�H�Q�L�X�����������O�X�E�����������P�J���/- 1. Po 35 dniach 

inkubacji w fitotronie �R�N�U�H���O�R�Q�R �S�U�R�F�H�Q�W�� �X�N�R�U�]�H�Q�L�H�Q�L�D�� ���������� �G�á�X�J�R���ü�� �S�
�G�y�Z�� �L�� �N�R�U�]�H�Q�L���� �O�L�F�]�E�
��

�Q�R�Z�\�F�K���S�
�G�y�Z�����N�R�U�]�H�Q�L���L �O�L���F�L���R�U�D�]�����Z�L�H�*�����L���V�X�F�K�����P�D�V�
�� 

�8�N�R�U�]�H�Q�L�R�Q�H�� �S�
�G�\�� �D�G�D�S�W�R�Z�D�Q�R�� �G�R���Z�D�U�X�Q�N�y�Z�� �V�]�N�O�D�U�Q�L�R�Z�\�F�K�� �Z�� �P�D�M�X�� ���������� �U�R�N�X�����5�R���O�L�Q�\ 

z �G�R�E�U�]�H�� �U�R�]�Z�L�Q�L�
�W�\�P�L�� �S�
�G�D�P�L�� �L�� �N�R�U�]�H�Q�L�D�P�L�� �S�U�]�H�Q�L�H�V�L�R�Q�R�� �G�R�� �R�N�U���J�á�\�F�K�� �F�]�D�U�Q�\�F�K�� �G�R�Q�L�F�]�H�N��

o ���U�H�G�Q�L�F�\�������F�P�����Z�\�S�H�á�Q�L�R�Q�\�F�K���P�L�H�V�]�D�Q�N�����V�S�R�U�]���G�]�R�Q�����]�������O���W�R�U�I�X���������O��perlitu, 1 l wody i 1 ml 

�R�J�y�O�Q�R�X�V�W�U�R�M�R�Z�H�J�R���I�X�Q�J�L�F�\�G�X���R���Z�L�H�O�R�P�L�H�M�V�F�R�Z�H�M���D�N�W�\�Z�Q�R���F�L�����3�U�H�Y�L�F�X�U���(�Q�H�U�J�\�����������6�/�����%�D�\�H�U������

�=�D�V�W�R�V�R�Z�D�Q�\�� �R�S�W�\�P�D�O�Q�\�� �G�O�D�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M�� �W�R�U�I�� �]�D�Z�L�H�U�D�á�� ������������ �P�D�W�H�U�L�L�� �R�U�J�D�Q�L�F�]�Q�H�M���� �(�&��

0,24 mS/cm, �P�D�V�D���R�E�M�
�W�R���F�L�R�Z�D�������������N�J���G�P-1�����S�H�á�Q�D���S�R�M�H�P�Q�R���ü���Z�R�G�Q�D���������������Y�Y���L���S�+���Z���.�&�O��

�������������'�R�Q�L�F�]�N�L���X�P�L�H�V�]�F�]�R�Q�R���Q�D���V�W�R�á�D�F�K���R���Z�\�V�R�N�R���F�L���������F�P���Z���V�]�N�O�D�U�Q�L���Z���F�\�N�O�D�F�K���W�H�P�S�H�U�D�W�X�U�\��

20 �ƒ�&������ �ƒ�&�� �G�]�L�H�����Q�R�F�� �L���Q�D�W�
�*�H�Q�L�X�� ���Z�L�D�W�á�D�� ����������mol m�í2 s�í1 �Z�� �R�N�U�H�V�L�H�� �G�R���Z�L�D�G�F�]�D�O�Q�\�P����

�7�H�P�S�H�U�D�W�X�U�D�� �Z�H�Z�Q���W�U�]�� �V�]�N�O�D�U�Q�L�� �E�\�á�D�� �N�R�Q�W�U�R�O�R�Z�D�Q�D�� �S�Uzez automatycznie otwierane otwory 

�Z�H�Q�W�\�O�D�F�\�M�Q�H�����3�R���V�]�H���F�L�X���W�\�J�R�G�Q�L�D�F�K���U�R���O�L�Q�\���S�U�]�H�Q�L�H�V�L�R�Q�R���G�R���Z�L�
�N�V�]�\�F�K���G�R�Q�L�F�]�H�N�����M�H�G�Q�D���U�R���O�L�Q�D��

�Q�D�� �G�R�Q�L�F�]�N�
���� �R�� ���U�H�G�Q�L�F�\�� ������ �F�P�� �L�� �S�R�M�H�P�Q�R���F�L�� �������� �P�O�� �L�� �Z�\�S�H�á�Q�L�R�Q�R�� �W�\�P�� �V�D�P�\�P�� �S�R�G�á�R�*�H�P��

co poprzednio. Policzono �O�L�F�]�E�
�� �U�R���O�L�Q zaaklimatyzowanych oraz �R�E�O�L�F�]�R�Q�R�� �V�W�R�S�L�H����

�D�N�O�L�P�D�W�\�]�D�F�M�L�������������5�R���O�L�Q�\���Q�D���N�D�*�G�\�P���H�W�D�S�L�H���D�N�O�L�P�D�W�\�]�D�F�M�L���S�R�G�O�H�Z�D�Q�R���L���R�S�U�\�V�N�L�Z�D�Q�R���G�Z�D���U�D�]�\��

w tygodniu fungicydem (Switch 62,5 WG; Syngenta). 

�3�R�� �G�Z�y�F�K�� �P�L�H�V�L���F�D�F�K�� �U�R���O�L�Q�\�� �]�R�V�W�D�á�\�� �S�U�]�H�Q�L�H�V�L�R�Q�H�� ���O�L�S�L�H�F�� ������������ �Q�D�� �S�O�D�Q�W�D�F�M�
�� �E�R�U�y�Z�N�L���� �J�G�]�L�H��

w �D�N�W�X�D�O�Q�L�H���S�D�Q�X�M���F�\�F�K���Z�D�U�X�Q�N�D�F�K���S�R�J�R�G�R�Z�\�F�K���K�R�G�R�Z�D�Q�R���M�H���Q�D���R�W�Z�D�U�W�H�M���S�U�]�H�V�W�U�]�H�Q�L�� 

 

B. �'�2���:�,�$�'�&�=�(�1�,�$���:���)�,�7�2�7�5�2�1�,�( 

�'�R���Z�L�D�G�F�]�H�Q�L�H�� �S�U�]�H�S�U�R�Z�D�G�]�R�Q�R�� �Z�� �J�R�V�S�R�G�D�U�V�W�Z�L�H�� �W�R�Z�D�U�R�Z�\�P�� �S�U�R�G�X�N�X�M���F�\�P�� �V�D�G�]�R�Q�N�L��

�E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M���Z���J�P�L�Q�L�H���'�R�E�U�]�D�Q�\�����Z�R�M����zachodniopomorskie). 

 

Charakterystyka �(�U�y�G�H�á ���Z�L�D�W�á�D 

1) Lampa �/�(�'���7���������V�W�R�S�\���������������P�P�����E�L�D�á�D���]�L�P�Q�D���������� �:�� �7�R�V�K�L�E�D�����]�Z�D�Q�D���G�D�O�H�M���E�L�D�á�����G�L�R�G����

�/�(�'������ �G�á�X�J�R���ü�� �I�D�O�L 410�±�������� �Q�P���� ���Z�L�D�W�á�R�� �S�U�]�\�� ������ ���P�R�O�� �V�±1 m�±2 fotosyntetycznej �J�
�V�W�R��ci 

�V�W�U�X�P�L�H�Q�L�D���I�R�W�R�Q�y�Z�����3�3�)�'���� 
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2) Lampa �/�(�'�� �7���� �)�O�R�U�D�� �G�O�D�� �U�R���O�L�Q�� ������������ �P�P���� ������ �:���� �N�R�O�R�U�� �U�y�*�R�Z�\���� �*�U�H�H�Q�L�H�� ���]�Z�D�Q�\�� �G�D�O�H�M 

fioletowym �/�(�'�������G�á�X�J�R���ü���I�D�O�L���������±510 i 580�±���������Q�P�������Z�L�D�W�á�R �S�U�]�\�����������P�R�O���V�±1 m�±2 PPFD; 

3) L�D�P�S�D�� �U�W�
�F�L�R�Z�D�� �]�� �O�X�P�L�Q�R�I�R�U�H�P�� �/�� �����:�������� �7�� Zimna biel, �/�L�J�K�W�H�F�K�� ���]�Z�D�Q�D�� �G�D�O�H�M�� �E�L�D�á�� 

�I�O�X�R�U�H�V�F�H�Q�F�\�M�Q�������Z�L�H�W�O�y�Z�N���������G�á�X�J�R���ü���I�D�O�L���������±500, 530�±550, i 580�±���������Q�P�������Z�L�D�W�á�R�����������P�R�O��

s�±1 m�±2 PPFD; 

4) L�D�P�S�D���U�W�
�F�L�R�Z�D���]���O�X�P�L�Q�R�I�R�U�H�P���7�/�'�������:�������� �&�=�(�5�:�2�1�$�����3�K�L�O�L�S�V�����]�Z�D�Q�D���G�D�O�H�M���F�]�H�U�Z�R�Q�� 

�I�O�X�R�U�H�V�F�H�Q�F�\�M�Q�� ���Z�L�H�W�O�y�Z�N���������G�á�X�J�R���ü���I�D�O�L���������±���������Q�P�������Z�L�D�W�á�R�����������P�R�O���V�±1 m-1 PPFD. 

 

C. LIOFILIZ OWANIE  �2�:�2�&�Ï�:   

Badania przeprowadzono w Katedrze Ogrodnictwa Zachodniopomorskiego Uniwersytetu 

Technologicznego w Szczecinie. Owoce �S�R�F�K�R�G�]�L�á�\�� �]���G�Z�y�F�K�� �J�R�V�S�R�G�D�U�V�W�Z (plantacja A i B) 

�V�S�H�F�M�D�O�L�]�X�M���F�\�F�K�� �V�L�
�� �Z�� �X�S�U�D�Z�L�H�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M���� �S�R�á�R�*�R�Q�\�F�K�� �R�N�R�á�R�� ������ �N�P�� �Q�D�� �Z�V�F�K�y�G��

od Szczecina, w Puszczy Goleniowskiej. �'�R�� �R�N�U�H���O�H�Q�L�D�� �L�O�R���F�L�� �L�� �M�D�N�R���F�L pozostawionych 

�R�Z�R�F�y�Z���Q�D���N�U�]�H�Z�D�F�K�����F�R���U�R�N�X��zbierano wszystkie owoce od 50 losowo wybranych krzew�y�Z����

�2�Z�R�F�H���]�H���Z�]�J�O�
�G�X���Q�D���Z�L�H�O�N�R���ü���S�R�G�]�L�H�O�R�Q�R���Q�D���W�U�]�\���J�U�X�S�\����<6 mm, 6-8 mm, >8 mm. 

Plantacja A - �Q�D�Z�D�G�Q�L�D�Q�D���N�U�R�S�H�O�N�R�Z�R�����Z�L�H�O�N�R���ü���S�R�O�D 4,9 ha. Gleba mineralna - piasek gliniasty, 

�]�D�Z�D�U�W�R���ü��organicznej materii ���������������Z�
�J�L�H�O���R�U�J�D�Q�L�F�]�Q�\�����������������(�&���������� mS/m, pH 4,0-4,2. 

Plantacja B - bez nawadniania, powierzchnia pola 4,3 ha. Gleba mineralna - glina piaszczysta, 

�]�D�Z�D�U�W�R���ü���P�D�W�H�U�L�L���R�U�J�D�Q�L�F�]�Q�H�M ���������������Z�
�J�L�H�O���R�U�J�D�Q�L�F�]�Q�\�����������������(�&�������������P�6���P�����S�+ 4.4-4.6. 

 

Proces liofilizacji i rehydratacji  

�2�Z�R�F�H�� �S�U�]�H�G�� �V�X�V�]�H�Q�L�H�P�� �]�R�V�W�D�á�\���Z�V�W�
�S�Q�L�H�� �]�D�P�U�R�*�R�Q�H�� �Z�� �W�H�P�S�H�U�D�W�X�U�]�H��-�����ƒ�&��przez ok�R�á�R 1-2 

godziny. �1�D�V�W�
�S�Q�L�H���M�D�J�R�G�\���S�R�G�G�D�Q�R���O�L�R�I�L�O�L�]�D�F�M�L�����8�*�\�W�R���G�R���W�H�J�R���F�H�O�X���O�L�R�I�L�O�L�]�D�W�R�U�D���&�K�Uist model 

Alpha 1-2. �2�Z�R�F�H�� �U�R�]�G�U�R�E�Q�L�R�Q�R�� �Z�� �]�D�P�N�Q�L�
�W�\�P�� �P�á�\�Q�N�X�� �O�D�E�R�U�D�W�R�U�\�M�Q�\�P�����:�� �F�H�O�X�� �V�N�U�y�F�H�Q�L�D 

czasu �V�X�V�]�H�Q�L�D�����R�Z�R�F�H���E�\�á�\ �Z�F�]�H���Q�L�H�M:  

a. �Q�D�N�á�X�Z�D�Qe �L�J�á���� �R�� ���U�H�G�Q�L�F�\�� ���� �P�P�� �Q�D�� �J�á�
�E�R�N�R���ü�� �R�N�� ��-4 mm - �Z�\�N�R�Q�D�Q�R�� ���� �Q�D�N�á�X�ü��

na �R�E�Z�R�G�]�L�H���R�Z�R�F�y�Z���P�D�á�\�F�K�����������P�P�������Z�L�
�N�V�]�\�F�K�������!���������Q�D�N�á�X�ü���� 

b. przeci�
�W�H���Q�D���S�y�á���Z�]�G�á�X�*���R�V�L�����U�H�G�Q�L�F�\���� 

c. �F�D�á�\���R�Z�R�F - kontrola.  

�7�D�N���S�U�]�\�J�R�W�R�Z�D�Q�H���R�Z�R�F�H���]�R�V�W�D�á�\���S�R�G�G�D�Q�H���S�U�R�F�H�V���V�X�V�]�H�Q�L�D���S�U�]�H�]�����������������������������������������L���������J�R�G�]�L�Q�\����

�3�R�� �S�H�Z�Q�\�P�� �F�]�D�V�L�H�� �]�D�Z�D�U�W�R���ü�� �Z�R�G�\�� �Z�� �R�Z�R�F�X�� �E�\�á�D�� �W�H�V�W�R�Z�D�Q�\�� �]�J�R�G�Q�L�H�� �]�� �3�R�O�V�N���� �1�R�U�P���� ���3�1-

90/A- 75101/03). 

�6�X�V�]�R�Q�H�� �R�Z�R�F�H�� �S�R�G�G�D�Q�R�� �U�H�K�\�G�U�D�W�D�F�M�L�� �Z�� �Z�R�G�]�L�H�� �G�H�V�W�\�O�R�Z�D�Q�H�M�� �Z�� �W�H�P�S�H�U�D�W�X�U�]�H�� �����ƒ�&�� �S�U�]�H�]�� ����

�J�R�G�]�L�Q���� �3�R�� �R�N�U�H���O�R�Q�\�P�� �F�]�D�V�L�H�� ����������-���� �K���� �X�Z�R�G�Q�L�R�Q���� �S�U�y�E�N�
�� �R�G�G�]�L�H�O�R�Q�R�� �R�G�� �Z�R�G�\���� �R�V�X�V�]�R�Q�R��
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�E�L�E�X�á���� �L�� �]�Z�D�*�R�Q�R�� �]�� �G�R�N�á�D�G�Q�R���F�L���� ���������J���� �:�]�J�O�
�G�Q�\�� �S�U�]�\�U�R�V�W�� �P�D�V�\ uwodnionego owocu 

wyznaczono jako �V�W�R�V�X�Q�H�N�� �P�D�V�\�� �D�N�W�X�D�O�Q�H�M�� �S�U�y�E�N�L�� �G�R�� �P�D�V�\�� �S�R�F�]���W�N�R�Z�H�M���� �2�]�Q�D�F�]�H�Q�L�H��

�S�U�]�H�S�U�R�Z�D�G�]�R�Q�R���Z���W�U�]�H�F�K���S�R�Z�W�y�U�]�H�Q�L�D�F�K�� 

 

D. �$�1�$�/�,�=�<���:�à�$���&�,�:�2���&�,���)�,�=�<�&�=�1�<�&�+���,���&�+�(�0�,�&�=�1�<�&�+���2�:�2�&�Ï�:�����/�,���&�,����

�2�5�$�=���3�	�'�Ï�:���%�2�5�Ï�:�.�,���:�<�6�2�.�,�(�-  

�3�R�G�V�W�D�Z�R�Z�H���S�D�U�D�P�H�W�U�\���M�D�N�R���F�L���R�Z�R�F�y�Z 

M�D�V�
���R�Z�R�F�y�Z���E�R�U�y�Z�N�L �R�N�U�H���O�R�Q�R���]�D���S�R�P�R�F����wagi elektronicznej �:�3�;�������������]���G�R�N�á�D�G�Q�R���F�L�����“��

0,01 g (RADWAG, Polska).  

�=�D�Z�D�U�W�R���ü�� �U�R�]�S�X�V�]�F�]�D�O�Q�\�F�K�� �V�X�E�V�W�D�Q�F�M�L�� �V�W�D�á�\�F�K�� �R�]�Q�D�F�]�R�Q�R�� �H�O�H�N�W�U�R�Q�L�F�]�Q�\�P�� �U�H�I�U�D�N�W�R�P�H�W�U�H�P��

(PAL-1, Atago, Japonia).  

�.�Z�D�V�R�Z�R���ü���R�]�Q�D�F�]�D�Q�R���S�U�]�H�]���P�L�D�U�H�F�]�N�R�Z�D�Qie ekstraktu wodnego 0,1 N wodorotlenkiem sodu 

(NaOH) do pH 8,1 (Elmetron CX-���������� �3�R�O�V�N�D������ �]�J�R�G�Q�L�H�� �]�� �Q�R�U�P���� �3�1-90/A-75101/04. 

�=�D�Z�D�U�W�R���ü���N�Z�D�V�X��L-�D�V�N�R�U�E�L�Q�R�Z�H�J�R���L���D�]�R�W�D�Q�y�Z���P�L�H�U�]�R�Q�R���U�H�N�Z�D�Q�W�R�P�H�W�U�H�P���5�4�I�O�H�[�����������0�H�U�F�N����

Niemcy). 

J�
�G�U�Q�R���ü���L���R�G�S�R�U�Q�R���ü���Q�D���S�U�]�H�E�L�F�L�H���V�N�y�U�N�L���E�R�U�y�Z�N�L���P�L�H�U�]�R�Q�R���D�S�D�U�D�W�H�P���)�L�U�P�7�H�F�K�������%�L�R�:�R�U�N�V����

�8�6�$�����Q�D�����������O�R�V�R�Z�R���Z�\�E�U�D�Q�\�F�K���M�D�J�R�G�D�F�K���]���W�U�]�H�F�K���S�R�Z�W�y�U�]�H�������1�D�N�á�X�F�L�D���Z�\�N�R�Q�D�Q�R���V�W�H�P�S�O�H�P��

�R�����U�H�G�Q�L�F�\�������P�P�����:�D�U�W�R���ü���Z�\�U�D�*�R�Q�R���M�D�N�R gram-�V�L�á�D���S�R�Z�R�G�X�M���F�D���Z�\�J�L�
�F�L�H���S�R�Z�L�H�U�]�F�K�Q�L���E�R�U�y�Z�N�L��

o 1 mm. 

 

Polifenole 

�=�Z�L���]�N�L�� �I�H�Q�R�O�R�Z�H��oznaczono �S�U�]�\�� �X�*�\�F�L�X�� �V�\�V�W�H�P�X�� �8�3�/�&-PDA-MS/MS Waters ACQUITY 

���:�D�W�H�U�V���� �0�L�O�I�R�U�G���� �0�$���� �8�6�$���� �V�N�á�D�G�D�M���F�H�J�R�� �V�L�
�� �]�� �E�L�Q�D�U�Q�H�J�R�� �P�H�Q�H�G�*�H�U�D�� �S�R�P�S�\���� �P�H�Q�H�G�*�H�U�D��

�S�U�y�E�H�N���� �P�H�Q�H�G�*�H�U�D�� �N�R�O�X�P�Q�\���� �G�H�W�H�N�W�R�U�D�� �]�� �P�D�W�U�\�F���� �I�R�W�R�G�L�R�G�R�Z���� ���3�'�$���� �L�� �W�D�Q�G�H�P�R�Z�H�J�R��

kwadrupolowego sp�H�N�W�U�R�P�H�W�U�X���P�D�V�R�Z�H�J�R�����7�4�'�����]���M�R�Q�L�]�D�F�M�����S�U�]�H�]���H�O�H�N�W�U�R�U�R�]�S�\�O�D�Q�L�H�����(�6�,��. 

 

�$�N�W�\�Z�Q�R���ü���D�Q�W�\�R�N�V�\�G�D�F�\�M�Q�D�� 

ABTS (2,2'-azobis(3-etulobenzotiazolino-6-sulfonian) oznaczono zgodnie z �P�H�W�R�G�����$�U�Q�D�R���L���L�Q. 

(2001). �$�N�W�\�Z�Q�R���ü���D�Q�W�\�R�N�V�\�G�D�F�\�M�Q�����R�]�Q�D�F�]�D�Q�R���]�J�R�G�Q�L�H���]���P�H�W�R�G����Brand-Williams i in. (1995), 

z u�*yciem rodnika DPPH (1,1-difenylo-2-pikrylohydrazyl), �S�R�M�H�P�Q�R���ü�� �D�Q�W�\�R�N�V�\�G�D�F�\�M�Q����

�Z�\�U�D�*�R�Q�R�� �Z�� ���P�R�O�� �7�U�R�O�R�[�� �J-1 �G�Z���� �3�R�P�L�D�U�\�� �$�%�7�6������ �L�� �)�5�$�J��wykonano �]�D�� �S�R�P�R�F����UV- 

�6�S�H�N�W�U�R�I�R�W�R�P�H�W�U�������������J�&�����6�K�L�P�D�G�]�X�����-�D�S�R�Q�L�D�������=�D�Z�D�U�W�R���ü���N�Z�D�V�X��L-askorbinowego mierzono 

rekwantometrem RQflex 10 (Merck, Niemcy). 
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�3�U�R�O�L�Q�D�����G�L�D�O�G�H�K�\�G���P�D�O�R�Q�R�Z�\�����0�'�$�����L���D�N�W�\�Z�Q�R���F�L���N�D�W�D�O�D�]�\�����&�$�7���� 

�6�W�
�*�H�Q�L�H���S�U�R�O�L�Q�\���R�]�Q�D�F�]�R�Q�R���Z�H�G�á�X�J��metody Batesa i in. (1973) �S�U�]�\���X�*�\�F�L�X���V�S�H�N�W�U�R�I�R�W�R�P�H�W�U�X��

�S�U�]�\�����������Q�P���Z�����Z�L�H�*�\�F�K���O�L���F�L�D�F�K���E�R�U�y�Z�N�L���L���R�E�O�L�F�]�R�Q�R���M�D�N�R�����P�R�O���J-1 ���Z�L�H�*�H�M���P�D�V�\�����=�D�Z�D�U�W�R���ü��

dialdehydu �P�D�O�R�Q�R�Z�H�J�R�����0�'�$�����S�U�R�G�X�N�W�X���S�H�U�R�N�V�\�G�D�F�M�L���O�L�S�L�G�y�Z�����Z���W�N�D�Q�F�H���U�R���O�L�Q�Q�H�M���R�]�Q�D�F�]�R�Q�R��

�P�H�W�R�G�����R�S�L�V�D�Q�����S�U�]�H�]���6�X�G�K�D�N�D�Ua �L���L�Q���������������������6�W�
�*enie MDA obliczono z absorbancji przy 600, 

532 i ���������Q�P�����D���]�D�Z�D�U�W�R���ü���0�'�$���R�V�]�D�F�R�Z�D�Q�R���]�D���S�R�P�R�F�����Q�D�V�W�
�S�X�M���F�\�F�K���U�y�Z�Q�D���� 

�0�'�$�����Q�P�R�O���J-1 �I�Z����� ���>�����������î�����$���������± A600) �± �����������$�������@���î���9���I�Z�� 

gdzie: V �± �R�E�M�
�W�R���ü���S�U�y�E�N�L�����$���± absorbancja, fw �± �P�D�V�D�����Z�L�H�*�D�� 

�$�N�W�\�Z�Q�R���ü��katalazy (CAT) oznaczono �Z�H�G�á�X�J�� �S�U�R�F�H�G�X�U�\ �/�•�F�Na (1963). Spadek absorbancji 

�V�S�R�Z�R�G�R�Z�D�Q�\�� �U�R�]�N�á�D�G�H�P�� �+2O2 �E�\�á�� �P�R�Q�L�W�R�U�R�Z�D�Q�\�� �Z�� �V�S�R�V�y�E�� �F�L���J�á�\�� �S�U�]�\�� �������� �Q�P�� �S�U�]�H�]�� ������

�V�H�N�X�Q�G�����-�H�G�Q�D���M�H�G�Q�R�V�W�N�D���H�Q�]�\�P�X���W�R���L�O�R���ü���Q�L�H�]�E�
�G�Q�D���G�R���U�R�]�N�á�D�G�X���������0���+2O2 g-1 ���U�����P�L�Q-2. 

 

�6�N�á�D�G�Q�L�N�L���P�L�Q�H�U�D�O�Q�H 

�=�D�Z�D�U�W�R���ü���S�L�H�U�Z�L�D�V�W�N�y�Z���1�����3�����.���L���&�D���Z���O�L���F�L�D�F�K���R�]�Q�D�F�]�R�Q�R���S�R���P�L�Q�H�U�D�O�L�]�D�F�M�L���Q�D���P�R�N�U�R w H2SO4 

(96%, Chempur, Polska) i HClO4 (70%, Chempur, Polska), natomiast Cu, Zn, Mn i Fe 

oznaczono po mineralizacji w HNO3 (65%) i HClO4 (70%) w stosunku 3:1 (IUNG 1972). 

�6�W�
�*�H�Q�L�H�� �D�]�R�W�X�� �F�D�á�N�R�Z�L�W�H�J�R�� �R�]�Q�D�F�]�R�Q�R�� �P�H�W�R�G���� �G�H�V�W�\�O�D�F�M�L�� �.�M�H�O�G�D�K�O�D ���/�L�W�\���V�N�L�� �L�� �L�Q��, 1976). 

�=�D�Z�D�U�W�R���ü���.���]�P�L�H�U�]�R�Q�R���]�D���S�R�P�R�F�����D�W�R�P�R�Z�H�M���V�S�H�N�W�U�R�P�H�W�U�L�L���H�P�L�V�\�M�Q�H�M���Q�D�W�R�P�L�D�V�W���]�D�Z�D�U�W�R���ü���0�J����

�&�D���� �&�X���� �=�Q���� �0�Q�� �L�� �)�H�� �P�L�H�U�]�R�Q�R�� �P�H�W�R�G���� �D�W�R�P�R�Z�H�M�� �V�S�H�N�W�U�R�P�H�W�U�L�L�� �D�E�V�R�U�S�F�\�M�Q�H�M�� �]�� �D�W�R�P�L�]�D�F�M����

w �S�á�R�P�L�H�Q�L�X�����=�D�Z�D�U�W�R���ü���3���R�V�]�D�F�R�Z�D�Q�R���P�H�W�R�G�����N�R�O�R�U�\�P�H�W�U�\�F�]�Q���� 

 

Testy mikrobiologiczne 

�$�Q�D�O�L�]�
�� �V�W�R�S�Q�L�D�� �S�R�U�D�*�H�Q�L�D�� �R�Z�R�F�y�Z�� �S�U�]�H�]�� �J�U�]�\�E�\�� ���G�U�R�*�G�*�H�� �L�� �S�O�H���Q�L�H���� �R�S�D�U�W�R�� �Q�D�� �Q�R�U�P�L�H��

�H�X�U�R�S�H�M�V�N�L�H�M�� �,�6�2�� �������� �3�R�� �Z�\�K�R�G�R�Z�D�Q�L�X�� �L�Q�R�N�X�O�D�F�M�L�� �J�U�]�\�E�y�Z���W�Z�R�U�]���F�\�F�K�� �]�D�U�R�G�Q�L�N�L�� �S�U�y�E�N�L��

�S�R�G�G�D�Q�R�� �R�F�H�Q�L�H�� �W�D�N�V�R�Q�R�P�L�F�]�Q�H�M�� �W�U�D�G�\�F�\�M�Q���� �P�H�W�R�G���� �R�E�V�H�U�Z�D�F�M�L�� �P�D�N�U�R�V�N�R�S�R�Z�H�M�� �N�R�O�R�Q�L�L�� �R�U�D�]��

�R�E�V�H�U�Z�D�F�M�L���P�L�N�U�R�V�N�R�S�R�Z�H�M���]�D�U�R�G�Q�L�N�y�Z���L���Z�á�y�N�L�H�Q�� 

�0�L�N�R�W�R�N�V�\�Q�\���R�]�Q�D�F�]�D�Q�R���]�D���S�R�P�R�F�����Z�\�V�R�N�R�V�S�U�D�Z�Q�H�M���F�K�U�R�P�D�W�R�J�U�D�I�L�L���F�L�H�F�]�R�Z�H�M���± tandemowej 

spektromet�U�L�L�� �P�D�V�R�Z�H�M�� ���+�J�/�&-�0�6���0�6������ �3�U�y�E�N�
�� �R�F�]�\�V�]�F�]�R�Q�R�� �Q�D�� �N�R�O�X�P�Q�D�F�K�� �S�R�Z�L�Q�R�Z�D�F�W�Z�D��

�L�P�P�X�Q�R�O�R�J�L�F�]�Q�H�J�R���$�I�O�D�7�H�V�W���I�L�U�P�\���9�L�F�D�P�����8�6�$�����G�O�D���D�I�O�D�W�R�N�V�\�Q���L���2�F�K�U�D�J�U�H�j���I�L�U�P�\���5-Biorharm 

�$�*�� ���1�L�H�P�F�\���� �G�O�D�� �R�F�K�U�D�W�R�N�V�\�Q�\�� �$���� �]�J�R�G�Q�L�H�� �]�� �S�U�R�F�H�G�X�U�D�P�L�� �R�N�U�H���O�R�Q�\�P�L�� �S�U�]�H�]�� �S�U�R�G�X�F�H�Q�W�y�Z����

�3�D�W�X�O�L�Q�
�����G�H�R�N�V�\�Q�L�Z�D�O�H�Q�R�O�����7�������W�R�N�V�\�Q�
���+�7�����L���]�H�D�U�D�O�H�Q�R�Q���D�Q�D�O�L�]�R�Z�D�Q�R���P�H�W�R�G�����+�J�/�&-MS/MS. 

�3�U�y�E�N�L�� �R�F�]�\�V�]�F�]�R�Q�R�� �Q�D�� �N�R�O�X�P�Q�D�F�K�� �%�R�Q�G�� �(�O�X�W�Š�� �0�\�F�R�W�W�R�[�L�Q�� �I�L�U�P�\�� �$�J�L�O�H�Q�W�� ���8�6�$������ �.�D�*�G�D��

�S�U�y�E�N�D���]�R�V�W�D�á�D���S�U�]�H�E�D�G�D�Q�D���Z���W�U�]�H�F�K���S�R�Z�W�y�U�]�H�Q�L�D�F�K. 
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Barwa 

�3�L�J�P�H�Q�W�� ���N�R�O�R�U���� �O�L���F�L�� ���]�H�� ���U�R�G�N�R�Z�H�M�� �F�]�
���F�L���S�
�G�X���� �P�L�H�U�]�R�Q�R�� �Z�� �W�U�\�E�L�H�� �W�U�D�Q�V�P�L�V�M�L�� �P�H�W�R�G����

�I�R�W�R�N�R�O�R�U�\�P�H�W�U�\�F�]�Q�����Z���V�\�V�W�H�P�L�H���&�,�(��L*a*b*  �S�U�]�\���X�*�\�F�L�X���V�S�H�N�W�U�R�I�R�W�R�P�H�W�U�X���&�0-700d (Konica 

Minolta, Osaka, Japonia) (Hunterlab, 2012). ���U�H�G�Q�L�F�D���R�W�Z�R�U�X���S�R�P�L�D�U�R�Z�H�J�R���Z�\�Q�R�V�L�á�D������ �P�P����

�W�\�S���R�E�V�H�U�Z�D�W�R�U�D�������ž�����D �R���Z�L�H�W�O�D�F�]���'���������:�D�U�W�R���ü��a* �P�L�H���F�L�á�D���V�L�
���Z���]�D�N�U�H�V�L�H���R�G���]�L�H�O�R�Q�H�J�R����-a*) 

do czerwonego (+a*). Parametr b* �R�S�L�V�D�á���N�R�O�R�U���Z���]�D�N�U�H�V�L�H���R�G���*�y�á�W�H�J�R������b*) do niebieskiego 

(b*������ �:�D�U�W�R���ü�� �S�D�U�D�P�H�W�U�X��L*  �R�]�Q�D�F�]�D�� �P�R�Q�R�F�K�U�R�P�D�W�\�F�]�Q�R���ü�� �Z�� �]�D�N�U�H�V�L�H�� �R�G�� ���� ���F�]�D�U�Q�\���� �G�R�� ��������

���E�L�D�á�\���� 

 

E. ANALIZA STATYSTYCZNA  

�:�V�]�\�V�W�N�L�H�� �D�Q�D�O�L�]�\�� �V�W�D�W�\�V�W�\�F�]�Q�H�� �S�U�]�H�S�U�R�Z�D�G�]�R�Q�R�� �S�U�]�\�� �X�*�\�F�L�X�� �S�U�R�J�U�D�P�X�� �6�W�D�W�L�V�W�L�F�D��12.5 i 13.0 

���6�W�D�W�6�R�I�W�� �3�R�O�V�N�D���� �.�U�D�N�y�Z���� �3�R�O�V�N�D������ �,�V�W�R�W�Q�R���ü�� �V�W�D�W�\�V�W�\�F�]�Q���� �U�y�*�Q�L�F�� �P�L�
�G�]�\�� ���U�H�G�Q�L�P�L�� �R�N�U�H���O�R�Q�R��

�W�H�V�W�X�M���F���M�H�G�Q�R�U�R�G�Q�R���ü���Z�D�U�L�D�Q�F�M�L���L���Q�R�U�P�D�O�Q�R���F�L���U�R�]�N�á�D�G�X�����D���Q�D�V�W�
�S�Q�L�H���$�1�2�9�$���]���W�H�V�W�H�P���S�R�V�W���K�R�F��

�7�X�N�H�\�D�����,�V�W�R�W�Q�R���ü���X�V�W�D�O�R�Q�R���Q�D���S�������������� 
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4. �2�0�Ï�:�,�(�1�,�(���:�<�1�,�.�Ï�:���%�$�'�$��  

�5�R�]�S�U�D�Z�D�� �G�R�N�W�R�U�V�N�D�� �V�N�á�D�G�D�� �V�L�
�� �]�� �F�\�N�O�X�� �S�X�E�O�L�N�D�F�M�L�� �V�S�y�M�Q�\�F�K�� �W�H�P�D�W�\�F�]�Q�L�H���� �R�S�X�E�O�L�N�R�Z�D�Q�\�F�K��

w czasopismach naukowych listy MNiSW. �2�S�U�D�F�R�Z�D�Q�L�H�� �]�D�Z�L�H�U�D�� �R�S�L�V�� �E�D�G�D���� �G�R�W�\�F�]���F�\�F�K��

dobrania optymalnych  �Z�D�U�X�Q�N�y�Z�� �U�R�]�P�Q�D�*�D�Q�L�D w kulturach in vitro �W�U�]�H�F�K�� �R�G�P�L�D�Q�� �E�R�U�y�Z�N�L��

wysokiej uprawianych w Polsce���� �:�� �S�U�R�Z�D�G�]�R�Q�\�F�K�� �G�R���Z�L�D�G�F�]�H�Q�L�D�F�K�� �]�Eadano dodatkowo 

�Z�S�á�\�Z��krzemu, wody kokosowej oraz mleczka kokosowego �Q�D�� �á�D�J�R�G�]�H�Q�L�H�� �V�N�X�W�N�y�Z��stresu 

�Z�\�Z�R�á�D�Q�H�J�R�� �]�P�L�H�Q�Q�\�P�� �S�+��w kulturach in vitro �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M���� �2�F�H�Q�L�H�� �S�R�G�G�D�Q�R�� �W�D�N�*�H��

�Z�S�á�\�Z�� �U�y�*�Q�\�F�K���G�á�X�J�R���F�L ���Z�L�D�W�á�D�� �Q�D�� �Z�]�U�R�V�W���U�R���O�L�Q��i �V�N�á�D�G��fizykochemiczny �O�L���F�L���E�R�U�y�Z�N�L 

�Z�\�V�R�N�L�H�M���� �3�U�]�H�E�D�G�D�Q�R�� �U�y�Z�Q�L�H�*�� �M�D�N�R���ü�� �R�Z�R�F�y�Z�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M�� �S�R�G�G�D�Q�\�F�K�� �S�U�R�F�H�V�R�Z�L��

liofiliz acji i rehydratacji �Z���]�D�O�H�*�Q�R���F�L���R�G���L�F�K���Z�L�H�O�N�R���F�L���L��sposobu przygotowania. 

 

P1. Figiel-�.�U�R�F�]�\���V�N�D���� �0���� Krupa-�0�D�á�N�L�H�Z�L�F�]���� �0������ �2�F�K�P�L�D�Q���� �,�� (2022.). Efficient 

micropropagation protocol of three cultivars of highbush blueberry (Vaccinium corymbosum 

L.). Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 50 (4). 

Skutkiem �Z�\�V�R�N�L�H�J�R�� �V�S�R�*�\�F�L�D�� �R�Z�R�F�y�Z�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M�� �M�H�V�W��stale �S�R�Z�L�
�N�V�]�D�M���F�\�� �V�L�
�� �D�U�H�D�á��

upraw tego gatunku. �1�D�V�W�
�S�V�W�Z�H�P�� �W�H�J�R�� �M�H�V�W�� �U�R�V�Q���F�H�� �]�D�S�R�W�U�]�H�E�R�Z�D�Q�L�H�� �Q�D�� �V�]�\�E�N���� �S�U�R�G�X�N�F�M�
��

�V�D�G�]�R�Q�H�N���W�H�M���U�R���O�L�Q�\�����1�D�M�E�D�U�G�]�L�H�M���H�I�H�N�W�\�Z�Q�\�P���V�\�V�W�H�P�H�P���U�R�]�P�Q�D�*�D�Q�L�D���Q�R�Z�\�F�K���R�G�P�L�D�Q���E�R�U�y�Z�N�L��

wys�R�N�L�H�M���M�H�V�W���P�L�N�U�R�U�R�]�P�Q�D�*�D�Q�L�H�����=�H���Z�]�J�O�
�G�X���Q�D���G�X�*�����]�P�L�H�Q�Q�R���ü���Z���R�E�U�
�E�L�H���U�R�G�]�D�M�X��Vaccinium 

�Q�L�H�N�W�y�U�H���J�D�W�X�Q�N�L���L���R�G�P�L�D�Q�\���Q�D�G�D�O���Z�\�P�D�J�D�M�����G�D�O�V�]�\�F�K���E�D�G�D�����Z���F�H�O�X���R�S�W�\�P�D�O�L�]�D�F�M�L �Z�D�U�X�Q�N�y�Z��

�Q�D�P�Q�D�*�D�Q�L�D���L���V�N�á�D�G�X �S�R�*�\�Z�H�N���� �&�H�O�H�P���S�U�]�H�S�U�R�Z�D�G�]�R�Q�\�F�K���E�D�G�D�����E�\�á�R���Rpracowanie protok�R�á�X��

�P�L�N�U�R�U�R�]�P�Q�D�*�D�Q�L�D��trzech �R�G�P�L�D�Q�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M. Na podstawie danych literaturowych, 

do �S�R�U�y�Z�Q�D�Q�L�D���Z�\�E�U�D�Q�R���S�R�*�\�Z�N�L��MS, WPM oraz �0�:�����P�L�H�V�]�D�Q�L�Q�D���U�y�Z�Q�\�F�K���F�]�
���F�L���S�R�*�\�Z�H�N��

MS i WPM). 

�:�\�Q�L�N�L���E�D�G�D�����Z�\�N�D�]�D�á�\���L�V�W�R�W�Q�H���U�y�*�Q�L�F�H���Z���Z�D�U�W�R���F�L���D�Q�D�O�L�]�R�Z�D�Q�\�F�K���S�D�U�D�P�H�W�U�y�Z���U�R���O�L�Q���E�R�U�y�Z�N�L��

�Z�\�V�R�N�L�H�M���Z���]�D�O�H�*�Q�R���F�L���R�G���]�D�V�W�R�V�R�Z�D�Q�H�J�R���G�R���Q�D�P�Q�D�*�D�Q�L�D���S�
�G�y�Z���S�R�G�á�R�*�D���R�U�D�]���M�H�J�R���P�R�G�\�I�L�N�D�F�M�L 

(Ryc. 1). Naj�Z�\�*�V�]�����Z�D�U�W�R���ü �Z�V�S�y�á�F�]�\�Q�Q�Lka �U�H�J�H�Q�H�U�D�F�M�L���S�
�G�y�Z���P�L�
�G�]�\ 80 a 100% uzyskano 

�G�O�D���U�y�*�Q�\�F�K���N�R�P�E�L�Q�D�F�M�L���S�R�*�\�Z�H�N���:�3�0���L���0�:����Dowiedziono�����*�H���S�R�*�\�Z�N�D���:�3�0 3 z dodatkiem 

GA3 �E�\�á�D�� �Q�D�M�O�H�S�V�]�D���G�R�� �Q�D�P�Q�D�*�D�Q�L�D��odmiany Liberty (Ryc. 1a, b). W przypadku odmian 

Elizabeth i Meader najlepsze wyniki �Q�D�P�Q�D�*�D�Q�L�D �R�V�L���J�Q�L�
�W�R�� �V�W�R�V�X�M���F�� �R�G�S�R�Z�L�H�G�Q�L�R���S�R�*�\�Z�N�L��

MW 2 i MW 1. Istotnie �Q�L�*�V�]�\�� �Z�V�S�y�á�F�]�\�Q�Q�L�N�� �Q�D�P�Q�D�*�D�Q�L�D���S�
�G�y�Z�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M��

obserwowano na modyfikowanych p�R�*�\�Z�N�D�F�K��AN. Z�D�R�E�V�H�U�Z�R�Z�D�Q�R�����*�H���S�
�G�\ �E�R�U�y�Z�N�L���Q�D���W�\�P�� 

�S�R�G�á�R�*�X���P�L�D�á�\ �F�]�H�U�Z�R�Q�H�� �]�D�E�D�U�Z�L�H�Q�L�H�� �O�L���F�L�� �L�� �á�R�G�\�J���� �D�� �S�R�Q�D�G�W�R�� �O�L���F�L�H�� �W�H�� �E�\�á�\�� �P�D�á�H����

ale �Z�\�V�W�
�S�R�Z�D�á�\�� �O�L�F�]�Q�L�H�M�����1�D�W�R�P�L�D�V�W�� �S�
�G�\ �E�R�U�y�Z�N�L odmian Elizabeth i Meader �Q�D�P�Q�D�*�D�Q�H��
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na �S�R�G�á�R�*�D�F�K�� �0�:�� �L�� �:�3�0�� �E�\�á�\�� �M�D�V�Q�R�]�L�H�O�R�Q�H�� �L�� �P�L�D�á�\�� �G�X�*�H�� �]�L�H�O�R�Q�H�� �O�L���F�L�H. �3�R�Q�D�G�W�R���� �U�R���O�L�Q�\��

odmiany Liberty r�H�J�H�Q�H�U�R�Z�D�á�\�� �V�L�
�� �R ponad 20% lepiej �Z�� �S�R�U�y�Z�Q�D�Q�L�X�� �G�R�� �R�G�P�L�D�Q�\��Elizabeth 

i Meader (Tab. 1) 

�3�
�G�\���
�/�L�E�H�U�W�\�
�� �E�\�á�\���U�y�Z�Q�L�H�*���Z�\�*�V�]�H��(odpowiednio o 21 i 37%) �L�� �E�\�á�R�� �L�F�K�� �R�� �������� �Z�L�
�F�H�M 

w �S�R�U�y�Z�Q�D�Q�L�X���G�R���S�
�G�y�Z �µ�(�O�L�]�D�E�H�W�K�¶���L���µ�0�H�D�G�H�U�¶. Nie zaobserwowano istotnych �U�y�*�Q�L�F���P�L�
�G�]�\��

�O�L�F�]�E�����S�
�G�y�Z���X���
�(�O�L�]�D�E�H�W�K�
���L���
�0�H�D�G�H�U�
����L�H�S�V�]�H���U�R�]�N�U�]�H�Z�L�H�Q�L�H���U�R���O�L�Q���
�/�L�E�H�U�W�\�
���S�U�]�H�á�R�*�\�á�R���V�L�
���Q�D ich 

z�Z�L�
�N�V�]�R�Q�� �P�D�V�
. �5�R���O�L�Q�\�� �P�L�D�á�\�� �R�G�S�R�Z�L�H�G�Q�L�R�� �R�� ����������% �L�� �������������� �Z�\�*�V�]���� �V�X�F�K���� �P�D�V�
��

w �S�R�U�y�Z�Q�D�Q�L�X���G�R���
�(�O�L�]�D�E�H�W�K�
���L���
�0�H�D�G�H�U�
�� 

�1�D�M�Z�D�*�Q�L�H�M�V�]�\�P�L���F�H�F�K�D�P�L�����Z�L�D�G�F�]���F�\�P�L���R���V�X�N�F�H�V�L�H���X�N�R�U�]�H�Q�L�D�Q�L�D���U�R���O�L�Q���Z���N�X�O�W�X�U�D�F�K��in vitro �V����

�O�L�F�]�E�D�� �L�� �G�á�X�J�R���ü�� �N�R�U�]�H�Q�L�� �R�U�D�]�� �L�F�K�� �M�D�N�R���ü. �0�D�N�V�\�P�D�O�Q���� ���U�H�G�Q�L���� �O�L�F�]�E�
�� �L�� �G�á�X�J�R���F�L�� �N�R�U�]�H�Q�L��

(odpowiednio 2,14; 0,77 cm) otrzymano u �U�R���O�L�Q��ukorzenianych na  �S�R�*�\�Z�F�H�� �:�3�0��

z dodatkiem 0,1 mg L-1 zeatyny i 1,0 mg L-1 �,�$�$�����:�3�0���%�������6�N�X�W�H�F�]�Q�R���ü���S�U�R�F�H�V�X���U�\�]�R�J�H�Q�H�]�\��

�E�\�á�D���V�N�R�U�H�O�R�Z�D�Q�D���]���Z�D�U�W�R���F�L�������U�H�G�Q�L�H�M�����Z�L�H�*�H�M���P�D�V�\���U�R���O�L�Q�����1�D�M�O�H�S�V�]�����U�\�]�R�J�H�Q�H�]�
���P�L�D�á�\���U�R���O�L�Q�\��

�R�� �Q�D�M�Z�\�*�V�]�H�M�� ���U�H�G�Q�L�H�M�� ���Z�L�H�*�H�M�� �P�D�V�L�H�� �������������� �P�J������ �3�R�Q�D�G�W�R�� �H�N�V�S�O�D�Q�W�D�W�\�� �
�/�L�E�H�U�W�\�
�� �Z�\�N�V�]�W�D�á�F�L�á�\��

�S�R�Q�D�G�����������U�D�]�\���G�á�X�*�V�]�H���N�R�U�]�H�Q�L�H���Z���S�R�U�y�Z�Q�D�Q�L�X���]�� �L�Q�Q�\�P�L���W�H�V�W�R�Z�D�Q�\�P�L���R�G�P�L�D�Q�D�P�L (Ryc. 1c). 

Natomiast, �H�N�V�S�O�D�Q�W�D�W�\�� �
�(�O�L�]�D�E�H�W�K�
�� �Z�\�W�Z�R�U�]�\�á�\�� �R�G�S�R�Z�L�H�G�Q�L�R�� �R�� �������� �L 143% mniej korzeni 

w �S�R�U�y�Z�Q�D�Q�L�X�� �G�R odmiany Meader �L�� �/�L�E�H�U�W�\���� �-�H�G�Q�D�N�� �L�F�K�� �G�á�X�J�R���ü�� �Q�L�H�� �U�y�*�Q�L�á�D�� �V�L�
�� �L�V�W�R�W�Q�L�H��

�V�W�D�W�\�V�W�\�F�]�Q�L�H�� �R�G�� �G�á�X�J�R���F�L�� �N�R�U�]�H�Q�L�� �R�G�P�L�D�Q�\�� �0�H�D�G�H�U�����=�D�R�E�V�H�U�Z�R�Z�D�Q�R���� �*�H �U�R���O�L�Q�\�� �R�G�P�L�D�Q�\��

�0�H�D�G�H�U���L���/�L�E�H�U�W�\���Q�L�H���Z�\�W�Z�R�U�]�\�á�\���N�R�U�]�H�Q�L���S�U�]�\���R�E�X���P�R�G�\�I�L�N�D�F�M�D�F�K���S�R�*�\�Z�N�L���$�1�����'�X�*�����]�G�R�O�Q�R���ü��

do ryzogenezy zaobserwowano �W�\�O�N�R�� �Z�� �S�U�]�\�S�D�G�N�X�� �H�N�V�S�O�D�Q�W�D�W�y�Z�� �µ�(�O�L�]�D�E�H�W�K�¶���� �1�D�M�Z�\�*�V�]�\��

�Z�V�N�D�(�Q�L�N���X�N�R�U�]�H�Q�L�H�Q�L�D��in vitro (85%) uzyskano dla 'Liberty' na �S�R�*�\�Z�F�H���:�3�0���$�����:�3�0 + 0,5 

mg L-1 IAA  + 0,1 mg L-1 �]�H�D�W�\�Q�\�����R�U�D�]���S�R�*�\�Z�F�H���:�3�0���%�����:�3�0 + 1,0 mg L-1 IAA  + 0,1 mg 

L-1 �]�H�D�W�\�Q�\�������Q�D�M�Q�L�*�V�]�\ (33%) - �G�O�D���R�E�X���
�(�O�L�]�D�E�H�W�K�
���L���
�0�H�D�G�H�U�
���X�N�R�U�]�H�Q�L�D�Q�\�F�K���Q�D���S�R�*�\�Z�F�H���:�3�0��

�$�����3�U�]�\���]�D�V�W�R�V�R�Z�D�Q�L�X���S�R�*�\�Z�N�L���:�3�0���$���L���:�3�0���%���V�W�U�X�N�W�X�U�D���N�R�U�]�H�Q�L���E�\�á�D���G�R�E�U�]�H���U�R�]�Z�L�Q�L�
�W�D���± 

�N�R�U�]�H�Q�L�H�� �E�\�á�\�� �G�á�X�*�V�]�H���� �J�U�X�E�V�]�H�� �L�� �O�H�S�L�H�M�� �U�R�]�J�D�á�
�]�L�R�Q�H���� �'�O�D�W�H�J�R �W�H�*, do aklimatyzacji 

do �Z�D�U�X�Q�N�y�Z�� �V�]�N�O�D�U�Q�L�R�Z�\�F�K�� �Z�\�E�U�D�Q�R�� �W�\�O�N�R�� �V�D�G�]�R�Q�N�L�� �R�� �G�R�E�U�]�H�� �U�R�]�Z�L�Q�L�
�Wym systemie 

korzeniowym. 

�3�U�R�F�H�Q�W���U�R���O�L�Q���]�D�D�N�O�L�P�D�W�\�]�R�Z�D�Q�\�F�K���G�R���Z�D�U�X�Q�N�y�Z��szklarniowych (Ryc. 1d, e) �Z�\�Q�R�V�L�á���R�G��70% 

���G�O�D�� �V�D�G�]�R�Q�H�N�� �R�G�P�L�D�Q�\�� �/�L�E�H�U�W�\�� �Q�D�P�Q�D�*�D�Q�\�F�K�� �Q�D�� �S�R�*�\�Z�F�H�� �:�3�0�� �%�� do 30% (dla sadzonek 

�R�G�P�L�D�Q�\�� �0�H�D�G�H�U�� �Q�D�P�Q�D�*�D�Q�\�F�K�� �Q�D�� �S�R�*�\�Z�F�H�� �:�3�0 A). �5�R���O�L�Q�\�� �Q�D�� �S�R�*�\�Z�F�H�� �:�3�0�� �%��

z dodatkiem IAA �Z�� �V�W�
�*�H�Q�L�X��1,0 mg L-1 �Z�\�N�D�]�\�Z�D�á�\���Z�\�*�V�]���� �R�� ���������S�U�]�H�*�\�Z�D�O�Q�R���ü��

w �S�R�U�y�Z�Q�D�Q�L�X�� �G�R�� �]�D�V�W�R�V�Rwania dwukrotnie �Q�L�*�V�]�H�J�R �V�W�
�*�H�Q�L�D�� �W�H�J�R�� �K�R�U�P�R�Q�X ���S�R�*�\�Z�N�D��

WPM A). Ponadto, �]�D�R�E�V�H�U�Z�R�Z�D�Q�R�� �G�R�G�D�W�Q�L���� �N�R�U�H�O�D�F�M�
�� �P�L�
�G�]�\�� �V�]�\�E�N�R���F�L���� �X�N�R�U�]�H�Q�L�D�Q�L�D��

w warunkach in vitro �R�U�D�]���V�]�\�E�N�R���F�L�����D�N�O�L�P�D�W�\�]�D�F�M�L���G�R���Z�D�U�X�Q�N�y�Z��ex vitro�����:���U�y�G���W�H�V�W�R�Z�D�Q�\�F�K��
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�R�G�P�L�D�Q�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M���� �U�R���O�L�Q�\�� �
�/�L�E�H�U�W�\�
�� �Z�\�N�D�]�D�á�\ �Q�D�M�Z�\�*�V�]�\�� �S�U�R�F�H�Q�W�� �]�D�D�G�D�S�W�R�Z�D�Q�\�F�K��

�U�R���O�L�Q (70%) z �Q�D�M�O�H�S�L�H�M���U�R�]�Z�L�Q�L�
�W�\m systemem korzeniowym. 

�1�D�� �S�R�G�V�W�D�Z�L�H�� �X�]�\�V�N�D�Q�\�F�K�� �Z�\�Q�L�N�y�Z�� �E�D�G�D���� �Z�\�Q�L�N�D���� �*�H���]�G�R�O�Q�R���ü�� �X�N�R�U�]�H�Q�L�D�Q�L�D�� �S�
�G�y�Z�� �E�\�á�D��

�E�D�U�G�]�R���]�U�y�*�Q�L�F�R�Z�D�Q�D���S�R�P�L�
�G�]�\ badanymi odmianami �E�R�U�y�Z�N�L�����3�R�*�\�Z�N�D���:�3�0���]���G�R�G�D�W�N�L�H�P��

IAA i 0,1 mg L-1 �]�H�D�W�\�Q�\�� �E�\�á�D�� �Q�D�M�V�N�X�W�H�F�]�Q�L�H�M�V�]�D�� �Z�� �L�Q�G�X�N�F�M�L�� �N�R�U�]�H�Q�L���� �1�D�M�Z�\�*�V�]�\�� �S�U�R�F�H�Q�W��

ukorzenionych sadzonek zanotowano dla odmiany Liberty (85%)  i  �E�\�á �R�Q�� �L�V�W�R�W�Q�L�H�� �Z�\�*�V�]�\��

w �S�R�U�y�Z�Q�D�Q�L�X���G�R odmiany Meader i Elizabeth. Ponadto, �]�D�R�E�V�H�U�Z�R�Z�D�Q�R���*�H �U�R���O�L�Q�\���Z�V�]�\�V�W�N�L�F�K��

�E�D�G�D�Q�\�F�K���R�G�P�L�D�Q���X�N�R�U�]�H�Q�L�D�Q�\�F�K���Q�D���S�R�G�á�R�*�X���$�1���Q�L�H���Z�\�N�V�]�W�D�á�F�L�á�\���N�R�U�]�H�Q�L���� 

�3�U�]�H�G�V�W�D�Z�L�R�Q�H���Z�\�Q�L�N�L���S�R�W�Z�L�H�U�G�]�D�M�������*�H���S�U�R�F�H�V���Uyzogenezy in vitro Vaccinium corymbosum 

�]�D�O�H�*�\���R�G���R�G�P�L�D�Q�\ oraz �Z�D�U�X�Q�N�y�Z���Z�]�U�R�V�W�X���U�R���O�L�Q�\���� 

�2�S�U�D�F�R�Z�D�Q�\���S�U�R�W�R�N�y�á���U�H�J�H�Q�H�U�D�F�M�L��in vitro �E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M���P�R�*�H���S�R�P�y�F���Z���R�S�W�\�P�D�O�L�]�D�F�M�L��

�P�H�W�R�G�\�N�L���U�R�]�P�Q�D�*�D�Q�L�D���L�Q�Q�\�F�K���R�G�P�L�D�Q���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M���R�U�D�]���U�R���O�L�Q���]��gatunku Vaccinium 

i �P�R�*�H�� �E�\�ü�� �S�U�]�\�G�D�W�Q�\�� �Q�S���� �G�R�� �S�U�R�G�X�N�F�M�L�� �F�H�U�W�\�I�L�N�R�Z�D�Q�H�J�R�� �P�D�W�H�U�L�D�á�X��wegetatywnego lub 

do �F�H�O�y�Z���E�L�R�W�H�F�K�Q�R�O�R�J�L�F�]�Q�\�F�K�� 

 

      

                   (a)                              (b)                     (c)                        (d)                   (e) 

Ryc. 1���� �5�R���O�L�Q�\�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M�� �µ�/�L�E�H�U�W�\�¶�����D���� �L�Q�L�F�M�D�F�M�D���� ���E���� �Q�D�P�Q�D�*�D�Q�L�H���� ���F���� �L�� ���G����

aklimatyzacja, (e) owocowanie.  
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 Tabela 1. �:�S�á�\�Z�� �U�y�*�Q�\�F�K�� �S�R�G�á�R�*�\�� �Q�D�� �F�H�F�K�\�� �P�R�U�I�R�O�R�J�L�F�]�Q�H�� �L�� �W�H�P�S�R�� �U�H�J�H�Q�H�U�D�F�M�L��in vitro 

V. corymbosum 'Elizabeth', 'Liberty' i 'Meader' po 35 dniach hodowli 

 
Odmiana 

�3�R�*�\�Z�N�D 
�'�á�X�J�R���ü���S�
�G�y�Z (cm) 

AN1 AN2 AN3 WPM1 WPM2 WPM3 MW1 MW2 ���5�(�'�1�,�$ 
Elizabeth 1.41b-f*  1.49b-g 1.83f-j 1.27a-d 1.59c-h 1.78f-i 1.80f-i 1.91g-k 1.62B 
Meader 0.86a 0.98ab 1.23a-c 1.34b-e 1.56c-h 1.81f-j 1.89g-k 1.56c-h 1.43A 
Liberty 1.67d-h 1.81f-i 1.71e-i 2.10i-k 2.23jk 2.27k 1.91g-k 1.94h-k 1.96C 
���5�(�'�1�,�$ 1.34A 1.54AB 1.60B 1.57B 1.83C 1.98C 1.87C 1.82C  
 �/�L�F�]�E�D���Q�R�Z�\�F�K���S�
�G�y�Z 
 AN1 AN2 AN3 WPM1 WPM2 WPM3 MW1 MW2 ���5�(�'�1�,�$ 
Elizabeth 1.00a 1.13a 1.75a-c 1.80a-c 2.25b-e 2.38c-f 2.63c-g 2.75c-h 1.95A 
Meader 1.13ab 1.25a-c 1.13ab 1.90a-c 2.13a-e 2.75c-h 2.88c-h 2.00a-d 1.94A 
Liberty 2.00a-d 2.20a-e 1.80a-c 3.20e-h 3.50f-h 3.80gh 3.10d-h 3.90h 2.94B 
���5�(�'�1�,�$ 1.42A 1.64A 1.58A 2.30B 2.69BC 3.04C 2.88C 2.96C  
 ���Z�L�H�*�D���P�D�V�D (mg) 
 AN1 AN2 AN3 WPM1 WPM2 WPM3 MW1 MW2 ���5�(�'�1�,�$ 
Elizabeth 40.90bc 41.40b-d 48.69c-g 43.20c-e 49.00c-g 52.70fg 50.80e-g 54.30f-i 48.56B 
Meader 30.70a 32.70ab 35.89ab 45.78c-g 48.10c-g 51.41fg 55.95g-i 50.10c-g 43.89A 
Liberty 50.24d-g 52.28fg 49.00c-g 67.24j 68.10j 70.12j 61.22hi 64.98ij 60.40C 
���5�(�'�1�,�$ 43.82A 43.89A 45.51A 53.24B 59.41C 56.36C 57.73C 59.30C  
 Sucha masa (mg) 
 AN1 AN2 AN3 WPM1 WPM2 WPM3 MW1 MW2 ���5�(�'�1�,�$ 
Elizabeth 13.30a-c 12.90a-c 10.98ab 10.30ab 11.05a-c 15.05a-c 15.25a-c 15.40a-c 12.22A 
Meader 9.65a 9.75a 9.95a 1.68a-c 10.75ab 14.83a-c 15.70a-c 14.95a-c 12.84A 
Liberty 15.14a-c 16,74bc 14.54a-c 18.22c 18.34c 18.58c 16.78bc 17.86c 17.03B 
���5�(�'�1�,�$ 13.51AB 14.33AB 11.43A 13.77AB 15.03AB 15.80B 16.20B 16.67B  
 �:�V�S�y�á�F�]�\�Q�Q�L�N���U�H�J�H�Q�H�U�D�F�M�L���N�R�U�]�H�Q�L (%) 
 AN1 AN2 AN3 WPM1 WPM2 WPM3 MW1 MW2 ���5�(�'�1�,�$ 
Elizabeth 0 12.50 62.50 80.00 100 87.50 100 100 67.81 
Meader 12.50 25.00 12.50 90.00 100 87.50 100 87.50 64.38 
Liberty 70.00 80.00 70.00 100 100 100 90 100 88.75 
���5�(�'�1�,A 27.50 39.17 48.33 90.00 100.00 91.67 96.67 95.83  

*���U�H�G�Q�L�H���Z���N�R�O�X�P�Q�D�F�K���R�]�Q�D�F�]�R�Q�H���W�\�P�L���V�D�P�\�P�L���O�L�W�H�U�D�P�L���D�O�I�D�E�H�W�X���Q�L�H �U�y�*�Q�L�����V�L�
���Z�H�G�á�X�J���W�H�V�W�X���7�X�N�H�\�¶�D���Q�D���S�R�]�L�R�P�L�H��
�L�V�W�R�W�Q�R���F�L���Ù
O 0.05 
 
 

P2. Figiel-�.�U�R�F�]�\���V�N�D���� �0��, Krupa-�0�D�á�N�L�H�Z�L�F�]���� �0������ �2�F�K�P�L�D�Q���� �,���� ����������������Effect of Actisil 

���+�\�G�U�R�S�O�X�V�Œ������ �R�U�J�D�Q�L�F�� �V�X�S�S�O�H�P�H�Q�W�V���� �D�Q�G�� �S�+�� �R�I�� �W�K�H�� �P�H�G�L�X�P�� �R�Q�� �W�K�H�� �P�L�F�U�R�S�U�R�S�D�J�D�W�L�R�Q�� �R�I��

Vaccinium corymbosum. Acta Sci. Pol. Hortorum Cultus, 21(5). 

 

�'�R���Z�L�D�G�F�]�H�Q�L�H���R�E�H�M�P�R�Z�D�á�R���W�U�]�\���Q�L�H�]�D�O�H�*nie przeprowadzone eksperymenty. �=�E�D�G�D�Q�R���Z�S�á�\�Z��

komercyjnego roztworu krzemu �+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O �Z���V�W�
�*�H�Q�L�D�F�K�����������������L�����������P�J���G�P-3, wody 

kokosowej i  mleka kokosowego �Z���V�W�
�*�H�Q�L�D�F�K������ % i 15 % na cechy morfologiczne �E�R�U�y�Z�N�L��

wysokiej odmiany Liberty �U�R�]�P�Q�D�*�D�Q�H�M��in vitro, �D�� �W�D�N�*�H���L�F�K�� �Z�S�á�\�Z���Z�� �á�D�J�R�G�]�H�Q�L�X�� �V�W�U�H�V�X��

�]�Z�L���]�D�Q�H�J�R�� �]�H�� �]�P�L�H�Q�Q�\�P���S�+�� �S�R�G�á�R�*�D�� �:�3�0 (pH 5,0; 5,5 i 6,0) W pierwszym etapie 

�G�R���Z�L�D�G�F�]�H�Q�La wybrano �V�W�
�*�H�Q�L�H���U�R�]�W�Z�R�U�X���N�U�]�H�P�X�����+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O����o najkorzystniejszym 

�G�]�L�D�á�D�Q�L�X �Q�D���F�H�F�K�\���P�R�U�I�R�O�R�J�L�F�]�Q�H�����Z�\�V�R�N�R���ü���U�R���O�L�Q�\�����O�L�F�]�E�
���Q�R�Z�\�F�K���S�
�G�y�Z�������Z�L�H�*�����P�D�V�
�����R�U�D�]��
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�E�D�U�Z�
�� �O�L���F�L�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M�� �U�R�]�P�Q�D�*�D�Q�H�M��in vitro. �1�D�M�Z�\�*�V�]e eksplantaty (2,02 cm) 

z �Q�D�M�Z�L�
�N�V�]�����O�L�F�]�E�����Q�R�Z�\�F�K���S�
�G�y�Z�����������������L�����Z�L�H�*�����P�D�V����(55,16 �J�����X�]�\�V�N�D�Q�R���Q�D���S�R�G�á�R�*�X���:�3�0��

z dodatkiem 200 mg dm-3,  �F�R���E�\�á�R��zgodne z zaleceniami producenta. Na podstawie uzyskanych 

�Z�\�Q�L�N�y�Z�� �]�� �S�L�H�U�Z�V�]�H�J�R�� �G�R���Z�L�D�G�F�]�H�Q�L�D��do dalszych �E�D�G�D���� �Z�\�E�U�D�Q�R�� �U�R�]�W�Z�y�U���+�\�G�U�R�S�O�X�V�Œ��

Actisil w koncentracji 200 mg dm-3. 

W drugim eksperymencie �G�R���S�R�*�\�Z�N�L���:�3�0��dodano �Z�R�G�
���N�R�N�R�V�R�Z�����R�U�D�]���P�O�H�F�]�N�R���N�R�N�R�V�R�Z�H 

jako naturalny dodatek organiczny�����N�W�y�U�\���P�y�J�á�E�\���]�D�V�W���S�L�ü drog�� zeatyn�
. Podobne do zeatyny 

�G�]�L�D�á�Dnie  �V�W�\�P�X�O�X�M���F�H���Z�]�U�R�V�W�� �U�R���O�L�Q���X�]�\�V�N�D�Q�R���� �J�G�\�� �G�R�� �S�R�*�\�Z�N�L�� �:�3�0�� �G�R�G�D�Q�R�� ���������Z�R�G�
��

�N�R�N�R�V�R�Z������CW)�����N�W�y�U�����X�*�\�W�R���G�R���G�D�O�V�]�\�F�K���E�D�G�D�������5�y�Z�Q�R�F�]�H���Q�L�H���R�W�U�]�\�P�D�Q�H���Z�\�Q�L�N�L���Z�\�N�O�X�F�]�\�á�\��

�]�D�V�W�R�V�R�Z�D�Q�L�H�� �G�R�� �P�L�N�U�R�U�R�]�P�Q�D�*�D�Q�L�D�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M�� �G�R�G�D�W�N�X�� �P�O�H�N�D�� �N�R�N�R�V�R�Z�H�J�R (CM). 

D�R�G�D�Q�L�H�� �&�0�� �G�R�� �S�R�*�\�Z�N�L�� �:�3�0���F�D�á�N�R�Z�L�F�L�H���]�D�K�D�P�R�Z�D�á�R�� �Z�]�U�R�V�W �L�� �U�R�]�Z�R�M�X�� �S�
�G�y�Z�� �E�R�U�y�Z�N�L 

in vitro. 

W trzecim �G�R���Z�L�D�G�F�]�H�Q�Lu ustalono �Z�S�á�\�Z komercyjnego roztworu krzemu �Z���V�W�
�*�H�Q�L�X�����������P�J��

dm-3 i �������� �V�W�
�*�H�Q�L�D���Z�R�G�\�� �N�R�N�R�V�R�Z�H�M�� �Z�� �á�D�J�R�G�]�H�Q�L�X�� �Q�H�J�D�W�\�Z�Q�H�J�R�� �Z�S�á�\�Z�X�� �S�+�� �Q�D�� �Z�]�U�R�V�W��

i �U�R�]�Z�y�M��V. corymbosum in vitro. E�N�V�S�O�D�Q�W�D�W�\���E�R�U�y�Z�N�L��wysokiej �
�/�L�E�H�U�W�\�
���Z�\�N�D�]�\�Z�D�á�\���]�Q�D�F�]�Q�H��

�U�y�*�Q�L�F�H�� �Z��badanych cechach morfologicznych (�Z�\�V�R�N�R���Fi, liczbie �Q�R�Z�\�F�K�� �S�
�G�y�Z�������Z�L�H�*ej 

masie) (Tab. 2) oraz parametrach biochemicznych ���S�U�R�O�L�Q�D���� �0�'�$�� �L�� �D�N�W�\�Z�Q�R���ü�� �&�$�7�� 

w �]�D�O�H�*�Q�R���F�L���R�G���]�D�V�W�R�V�R�Z�D�Q�H�M���S�R�*�\�Z�N�L. W�\�V�R�N�R���ü���U�R���O�L�Q odmiany Liberty �Z�\�Q�R�V�L�á�D�������������F�P��

�Q�L�H�]�D�O�H�*�Q�L�H���R�G���S�+���S�R�G�á�R�*�D���� �'�R�G�D�W�H�N���G�R���S�R�*�\�Z�N�L���:�3�0��roztworu krzemu �Z�S�á�\�Q���á��na wzrost 

�Z�\�V�R�N�R��ci �U�R���O�L�Q o 10%, natomiast dodatek CW �V�S�R�Z�R�G�R�Z�D�á���V�S�D�G�H�N���Z�\�V�R�N�R���F�L���U�R���O�L�Q o 7% 

w �S�R�U�y�Z�Q�D�Q�L�X�� �]�� �N�R�Q�W�U�R�O������ �3�R�G�R�E�Q�Le, dodatek krzemu s�S�R�Z�R�G�R�Z�D�á�� �Z�]�U�R�V�W�� ���U�H�G�Q�L�H�M�� ���Z�L�H�*�H�M 

masy �U�R���O�L�Q��o 26%, a dodatek CW �± �V�S�D�G�H�N�� �R�� �������� �� �Z�� �S�R�U�y�Z�Q�D�Q�L�X�� �]�� �N�R�Q�W�U�R�O���� ������������ �P�J). 

Ponadto, dodatek �+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O, jak i CW �G�R���S�R�*�\�Z�N�L���V�S�R�Z�R�G�R�Z�D�á���]�P�Q�L�H�M�V�]�H�Q�L�H liczby 

�Q�R�Z�\�F�K�� �S�
�G�y�Z��odpowiednio o 40% i 28%. Natomiast nie zanotowano �]�Q�D�F�]���F�\�F�K�� �U�y�*�Q�L�F��

�Z�D�U�W�R���F�L���G�O�D�� �W�D�N�L�F�K�� �F�H�F�K���� �M�D�N�� ���U�H�G�Q�L�D�� �Z�\�V�R�N�R���ü�� �U�R���O�L�Q�\�� �L�� ���U�H�G�Q�L�D�� �O�L�F�]�E�D�� �S�
�G�y�Z�� �Q�D���U�R���O�L�Q�
 

w �S�U�]�\�S�D�G�N�X���]�D�V�W�R�V�R�Z�D�Q�L�D���U�y�*�Q�\�F�K��pH �S�R�*�\�Z�N�L��WPM. �-�H�G�Q�D�N�*�H�����U�R���O�L�Q�\���U�R�V�Q���F�H���Q�D���S�R�*�\�Z�F�H��

o �Z�\�*�V�]�\�P�� �S�+�� �P�L�D�á�\��mniejsze �O�L���F�L�H���Z�� �S�R�U�y�Z�Q�D�Q�L�X���G�R�� �O�L���F�L �U�R���O�L�Q �]�� �S�R�*�\�Z�H�N o niskim pH. 

��rednia ���Z�L�H�*�D�� �P�D�V�D �U�R���O�L�Q�� �E�\�áa �]�Q�D�F�]�Q�L�H�� �Q�L�*�V�]a przy pH �U�y�Z�Q�\�P��6  na �S�R�*�\�Zce WPM 

w �S�R�U�y�Z�Q�D�Q�L�X���]���L�Q�Q�\�P��zastosowanym�L���Z�D�U�W�R���F�L�D�P�L pH (Tab. 2). 

�:���Q�L�Q�L�H�M�V�]�\�P���E�D�G�D�Q�L�X���]�D�R�E�V�H�U�Z�R�Z�D�Q�R�����*�H���Z�U�D�]���]�H���Z�]�U�R�V�W�H�P���S�+ �S�R�*�\�Z�N�L���Z�]�U�y�V�á���S�R�]�L�R�P���V�W�U�H�V�X��

�Z�� �U�R���O�L�Q�D�F�K�� �J�U�X�S�\�� �N�R�Q�W�U�R�O�Q�H�M���� �Q�D�� �F�R�� �M�H�G�Q�R�]�Q�D�F�]�Q�L�H�� �Z�V�N�D�]�\�Z�D�á�\�� �Z�\�*�V�]�H�� �S�D�U�D�P�H�U�W�\�� �Z�D�U�W�R���F�L��

�V�W�
�*�H�Q�L�D���S�U�R�O�L�Q�\�����0�'�$���L���D�N�W�\�Z�Q�R���F�L���N�D�W�D�O�D�]�\�����'�R�G�D�W�H�N���+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O���G�R���S�R�*�\�Z�N�L���:�3�0��

�V�S�R�Z�R�G�R�Z�D�á���V�S�D�G�H�N���V�W�
�*�H�Q�L�D���S�U�R�O�L�Q�\���Z���S�R�U�y�Z�Q�D�Q�L�X���]���N�R�Q�W�U�R�O�������-�H�G�Q�R�F�]�H���Q�L�H���S�U�]�\���S�+���S�R�*�\�Z�N�L��

�U�y�Z�Q�\�P�� ������ �Q�D�V�W���S�L�á�� �Z�]�U�R�V�W�� �V�W�
�*�H�Q�L�D�� �0�'�$�� �L�� �D�N�W�\�Z�Q�R���F�L�� �N�D�W�D�O�D�]�\���� �Q�D�W�R�P�L�D�V�W�� �G�O�D�� �S�+�� �������� �L�� ��������
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nast���S�L�á���V�S�D�G�H�N���Z�D�U�W�R���F�L���W�\�F�K���S�D�U�D�P�H�W�U�y�Z���Z���S�R�U�y�Z�Q�D�Q�L�X���]���N�R�Q�W�U�R�O�������'�H�]�D�N�W�\�Z�D�F�M�D���&�$�7���E�\�á�D��

�S�R�Z�L���]�D�Q�D�� �]�H�� �V�S�D�G�N�L�H�P�� �V�W�
�*�H�Q�L�D�� �0�'�$���� �F�R�� �P�R�J�á�R�E�\�� �V�X�J�H�U�R�Z�D�ü�� �V�X�J�H�U�X�M�H���� �*�H�� �X�V�]�N�R�G�]�H�Q�L�D��

�R�N�V�\�G�D�F�\�M�Q�H�� �P�R�*�Q�D�� �]�P�Q�L�H�M�V�]�\�ü�� �S�R�S�U�]�H�]�� �G�R�G�D�Q�L�H�� �G�R�� �S�R�*�\�Z�N�L�� �S�U�R�G�X�N�W�X�� �+�\�G�U�R�S�O�X�V�Œ�� �$�F�W�L�V�L�O����

W �Z�\�Q�L�N�X���G�R�G�D�W�N�X�����������Z�R�G�\���N�R�N�R�V�R�Z�H�M���G�R���S�R�*�\�Z�N�L���:�3�0���Q�D�V�W���S�L�á���Z�]�U�R�V�W���Z�V�]�\�V�W�N�L�F�K���W�U�]�H�F�K��

�S�D�U�D�P�H�W�U�y�Z�� ���S�U�R�O�L�Q�\���� �0�'�$�� �L�� �&�$�7������ �6�W�
�*�H�Q�L�H�� �S�U�R�O�L�Q�\�� �Z�]�U�R�V�á�R�� ���U�H�G�Q�L�R�� �R�� �R�N�R�á�R�� ���������� ���U�H�G�Q�L�D��

�Z�D�U�W�R���ü�� �� �0�'�$�� �]�Z�L�
�N�V�]�\�á�D�� �V�L�
�� �R�� �R�N�R�á�R�� ���������� �Q�D�W�R�P�L�D�V�W�� ���U�H�G�Q�L�D�� �Z�D�U�W�R���ü�� �D�N�W�\�Z�Q�R���F�L�� �&�$�7��

�Z�]�U�R�V�á�D���R�������������R�G�S�R�Z�L�H�G�Q�L�R���Z���S�R�U�y�Z�Q�D�Q�L�X���]���N�R�Q�W�U�R�O���� 

Ponadto, zaobserwowano istotn�H�� �U�y�*�Q�L�F�H�� �Z���E�D�U�Z�L�H�� �O�L���F�L�� �E�D�G�D�Q�\�F�K�� �U�R���O�L�Q�� �/�L���F�L�H�� �E�R�U�y�Z�N�L��

wysokiej  z �S�R�G�á�R�*a WPM o �S�+�����������E�\�á�\���Q�D�M�F�L�H�P�Q�L�H�M�V�]�H���R���F�]�\�P�����Z�L�D�G�F�]�\�á�D���Z�D�U�W�R���ü���S�D�U�D�P�H�W�U�X��

L* (barwa od ciemnej do jasnej) �Z�\�Q�R�V�]���F�D��34,19. �:�D�U�W�R���ü���S�D�U�D�P�H�W�U�X��a* (barwa od zielonej 

do �F�]�H�U�Z�R�Q�H�M�����R�]�Q�D�F�]�R�Q�D���Q�D���S�R�Z�L�H�U�]�F�K�Q�L���O�L���F�L�D�� �P�L�H���F�L�á�D���V�L�
�� �Z��przedziele od -4,71 (kontrola, 

pH 5,0) do 11,90 (WPM + 200 mg dm-3 �+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O�����S�+���������������=�D�R�E�V�H�U�Z�R�Z�D�Q�R�����*�H wraz 

�]�H���Z�]�U�R�V�W�H�P���S�+���S�R�*�\�Z�N�L���Z�]�U�D�V�W�D�á�D���Z�D�U�W�R���ü���S�D�U�D�P�H�W�U�X��a*. Odwrotne wyniki zaobserwowano 

dla parametru b�
�����E�D�U�Z�D���R�G���*�y�á�W�H�M���G�R���Q�L�H�E�L�H�V�N�L�H�M������k�W�y�U�D���Z�\�Q�R�V�L�á�D��od 25,98 (kontrola, pH 5,0) 

do 8,52 (WPM + 200 mg dm-3 �+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O�����S�+���������������'�R�G�D�W�H�N���+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O���O�X�E��

�Z�R�G�\�� �N�R�N�R�V�R�Z�H�M�� �G�R�� �S�R�*�\�Z�N�L�� �:�3�0�� �Z�S�á�\�Q���á��pozytywnie �Q�D�� �Z�\�E�D�U�Z�L�H�Q�L�H�� �O�L���F�L�� �E�R�U�y�Z�N�L��

wysokiej w �S�R�U�y�Z�Q�D�Q�L�X�� �]�� �J�U�X�S���� �N�R�Q�W�U�R�O�Q������ �3�U�]�\�� �F�]�\m, �O�L���F�L�H�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M�� z �S�R�*�\�Zki 

WPM z �G�R�G�D�W�N�L�H�P�� �������� �&�:�� �E�\�á�\�� �E�D�U�G�]�L�H�M�� �]�L�H�O�R�Q�H�� �Q�L�*�� �O�L���F�L�H���U�R���O�L�Q�� �] �S�R�*�\�Zki WPM 

z dodatkiem 200 mg dm-3 �+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O�� 

Niniejsze badania �Z�\�N�D�]�D�áy�����*�H���H�I�H�N�W�\�Z�Q�R���ü���P�L�N�U�R�U�R�]�P�Q�D�*�D�Q�La V. corymbosum odmiany 

Liberty  �P�R�*�Q�D���S�R�S�U�D�Z�L�ü poprzez dodatek do �S�R�*�\�Z�N�L��roztworu �+�\�G�U�R�S�O�X�V�Œ�� �$�F�W�L�V�L�O�� 

w �V�W�
�*�H�Q�L�X��200 mg dm-3. Zastosowanie wody kokosowej jako naturalnego kompleksu 

�R�U�J�D�Q�L�F�]�Q�H�J�R���Z�S�á�\�Z�D �V�W�\�P�X�O�X�M���F�R na �Z�]�U�R�V�W���L���U�R�]�Z�y�M���U�R���O�L�Q �E�R�U�y�Z�N�L in vitro �L���P�R�*�H���E�\�ü��

stosowana jako zamiennik zeatyny. �1�D�M�Z�\�*�V�]�����H�I�H�N�W�\�Z�Q�R���ü���P�L�N�U�R�U�R�]�P�Q�D�*�D�Q�L�D���X�]�\�V�N�D�Q�R��

�Q�D�� �S�R�G�á�R�*�X�� �:�3�0�� �R�� �S�+�� ������ �6�S�R���U�y�G�� �]astosowany�F�K�� �]�Z�L��zk�y�Z�� tylko �U�R�]�W�Z�y�U�� �N�U�]�H�P�X��

���+�\�G�U�R�S�O�X�V�Œ�� �$�F�W�L�V�L�O�����Z�\�N�D�]�D�á���á�D�J�R�G�]���F�H�� �G�]�L�D�á�D�Q�L�H�� �Q�H�J�D�W�\�Z�Q�\�F�K�� �V�N�X�W�N�y�Z�� �Z�\�Z�R�á�D�Q�\�F�K��

�S�R�G�Z�\�*�V�]�R�Q�\�P���S�+���S�R�*�\�Z�N�L.   
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Tabela 2.  �:�S�á�\�Z��dodatku 200 mg dm-3 �+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O���L�����������Z�R�G�\���N�R�N�R�V�R�Z�H�M�����&�:����
do �S�R�*�\�Z�N�L �:�3�0���R���U�y�*�Q�\�P���S�+���Q�D���F�H�F�K�\���P�R�U�I�R�O�R�J�L�F�]�Q�H��V. corymbosum 'Liberty' w warunkach 
in vitro �S�R���������G�Q�L�D�F�K���K�R�G�R�Z�O�L�����Q� �������S�
�G�\���Q�D �S�R�Z�W�y�U�]�H�Q�L�H�� 

 �3�R�*�\�Z�N�D��WPM  

pH kontrola 200 mg dm-3 
Actisil 15% CW ���5�(�'�1�,�$ 

�:�\�V�R�N�R���ü��
�U�R���O�L�Q 
[cm] 

5.0 1.93b* 2.07c 1.91b 1.97A 
5.5 1.86b 2.33d 1.51a 1.90A 
6.0 1.91b 1.83b 1.88b 1.87A 

    ���5�(�'�1�,�$ 1.90B 2.08C 1.77A  
Liczba 
nowych 
�S�
�G�y�Z 

5.0 2.9f 1.3a 1.9cd 2.0A 
5.5 2.2de 1.7bc 1.8bc 1.9A 
6.0 2.5e 1.6b 1.8bc 2.0A 

    ���5�(�'�1�,�$ 2.5C 1.5A 1.8B  
���Z�L�H�*�D���P�D�V�D��

�U�R���O�L�Q 
[mg] 

5.0 95.7d 75.2c 40.0a 70.3B 
5.5 71.4c 123.4e 34.6a 76.5B 
6.0 55.1b 81.3c 40.9a 59.1A 

    ���5�(�'�1�,�$ 74.1B 93.3C 38.5A  
* ���U�H�G�Q�L�H���Z���N�R�O�X�P�Q�D�F�K���R�]�Q�D�F�]�R�Q�H���W�\�P�L���V�D�P�\�P�L���O�L�W�H�U�D�P�L���D�O�I�D�E�H�W�X���Q�L�H���U�y�*�Q�L�����V�L�
���Z�H�G�á�X�J���W�H�V�W�X���7�X�N�H�\�¶�D��
�Q�D���S�R�]�L�R�P�L�H���L�V�W�R�W�Q�R���F�L���.< 0.05 
 

P3. Figiel-�.�U�R�F�]�\���V�N�D���� �0���� Ochmian, I., Krupa-�0�D�á�N�L�H�Z�L�F�]���� �0������ �/�D�F�K�R�Z�L�F�]���� �6���� ����������������

Influence of various types of light on growth and physicochemical composition of blueberry 

(Vaccinium corymbosum L.) leaves. Acta Sci. Pol. Hortorum Cultus, 21(2). 

 

���Z�L�D�W�á�R�� �P�D�� �N�O�X�F�]�R�Z�H�� �]�Q�D�F�]�H�Q�L�H�� �G�O�D�� �U�R���O�L�Q���� �S�R�Q�L�H�Z�D�*�� �U�R���O�L�Q�\�� �V���� �]�D�O�H�*�Q�H�� �R�G�� �Q�L�H�J�R�� �Z�� �N�Z�H�V�W�L�L��

wytwarzania �H�Q�H�U�J�L�L���� �D�� �W�\�P�� �V�D�P�\�P�� �S�U�]�H�W�U�Z�D�Q�L�D���� �:�D�*�Q�H�� �M�H�V�W���� �D�E�\�� �Z�� �S�U�R�G�X�N�F�M�L�� �U�R���O�L�Q�Q�H�M��

�V�W�R�V�R�Z�D�ü �(�U�y�G�á�R�����Z�L�D�W�áa���� �N�W�y�U�H�� �P�D�� �S�R�]�\�W�\�Z�Q�\�� �Z�S�á�\�Z�� �Q�D�� �U�R���O�L�Q�\���� �'�O�D�� �S�U�R�G�X�F�H�Q�W�y�Z�� �V�D�G�]�Rnek 

�Q�D�G�U�]�
�G�Q�H��znaczenie �P�D�� �Q�D�W�R�P�L�D�V�W�� �R�V�L���J�Q�L�
�F�L�H�� �M�D�N�� �Q�D�M�Q�L�*�V�]�\�F�K�� �N�R�V�]�W�y�Z�� �S�U�R�G�X�N�F�M�L���� �,�V�W�R�W�
�� �W�H�M��

�N�Z�H�V�W�L�L���V�W�D�Q�R�Z�L���R�V�L���J�Q�L�
�F�L�H���N�R�P�S�U�R�P�L�V�X���P�L�
�G�]�\���H�I�H�N�W�\�Z�Q�R���F�L�����Z�]�U�R�V�W�X���L���U�R�]�Z�R�M�X���U�R���O�L�Q�� czyli 

�M�D�N�R���F�L���S�U�R�G�X�N�W�X���N�R���F�R�Z�H�J�R�� �D���H�N�R�Q�R�P�L�N�����S�U�R�G�X�N�F�M�L�� 

�1�L�H�]�D�O�H�*�Q�L�H���R�G���U�R�G�]�D�M�X�����Z�L�D�W�á�D���]�D�V�W�R�V�R�Z�D�Q�H�J�R���Z���I�L�W�R�W�U�R�Q�L�H�����U�R���O�L�Q�\���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M�����R�G�P�L�D�Q�\��

�$�X�U�R�U�D�� �E�\�á�\�� �Z�\�*�V�]�H���� �P�L�D�á�\�� �M�D���Q�L�H�M�V�]�H�� �O�L���F�L�H�� �R�� �Z�\�*�V�]�H�M�� �]�D�Z�D�U�W�R���F�L�� �S�R�O�L�I�H�Q�R�O�L�� �R�U�D�]�� �Q�L�*�V�]�H�M��

�]�D�Z�D�U�W�R���ü�� �S�U�R�O�L�Q�\�� �Z�� �S�R�U�y�Z�Q�D�Q�L�X�� �G�R���O�L���F�L odmiany Huron. �'�R���Z�L�H�W�O�D�Q�L�H���U�R���O�L�Q��obu odmian 

�I�L�R�O�H�W�R�Z�����G�L�R�G�����/�(�'�����V�S�R�Z�R�G�R�Z�D�á�R�����*�H �E�\�á�\��one �Q�L�*�V�]�H���L���P�L�D�á�\���P�Q�L�H�M�V�]�H���O�L���F�L�H�����'�R�Z�L�H�G�]�L�R�Q�R����

�*�H �(�U�y�G�á�R�� ���Z�L�D�W�á�D�� �M�H�V�W�� �F�]�\�Q�Q�L�N�L�H�P�� �V�W�U�H�V�R�Z�\�P�� �G�O�D�� �U�R���O�L�Q�\���� ���Z�L�D�G�F�]�\�� �R�� �W�\�P�� �Q�L�V�N�D�� �Z�D�U�W�R���ü��

parametru CIE a* i b* �R�U�D�]�� �Z�\�V�R�N�D�� �]�D�Z�D�U�W�R���ü �S�U�R�O�L�Q�\�� �F�D�á�N�R�Z�L�W�H�M�� �L �S�R�O�L�I�H�Q�R�O�L���� �5�R���O�L�Q�\ 

uprawiane �Z���Z�D�U�X�Q�N�D�F�K���E�L�D�á�H�J�R���I�O�X�R�U�H�V�F�H�Q�F�\�M�Q�H�J�R�����Z�L�D�W�á�D���P�L�D�á�\���R���������������P�Q�L�H�M�V�]�����]�D�Z�D�U�W�R���ü��

�S�R�O�L�I�H�Q�R�O�L�����Q�D�W�R�P�L�D�V�W���U�R���O�L�Q�\ �U�R�V�Q���F�H���Z���Z�D�U�X�Q�N�D�F�K�����Z�L�D�W�á�D���E�L�D�á�H�J�R �/�(�'���P�L�D�á�\���R���������������Q�L�*�V�]����

�]�D�Z�D�U�W�R���ü�� �S�R�O�L�I�H�Q�R�O�L���� �Z�� �S�R�U�y�Z�Q�D�Q�L�X��do �X�S�U�D�Z�\�� �S�R�G�� �I�L�R�O�H�W�R�Z���� �G�L�R�G���� �/�(�'����Rodzaj 

�]�D�V�W�R�V�R�Z�D�Q�H�J�R�����Z�L�D�W�á�D�� �Z�S�á�\�Q���á �U�y�Z�Q�L�H�*���Q�D���Z�L�H�O�N�R���ü���S�R�Z�L�H�U�]�F�K�Q�L���O�L���F�L�D - �Q�D�M�Z�L�
�N�V�]�������U�H�G�Q�L����
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�S�R�Z�L�H�U�]�F�K�Q�L�
�� �O�L���F�L�D�� ������������ �F�P2) �P�L�D�á�\���U�R���O�L�Q�\���G�R���Z�L�H�W�O�D�Q�H���E�L�D�áym ���Z�L�D�W�áem LED, natomiast 

najmniejsze - �I�L�R�O�H�W�R�Z�\�P�����Z�L�D�W�á�H�P���/�(�' (6,63 cm2). 

W�\�E�L�H�U�D�M���F���O�D�P�S�\���/�(�'���R�V�L���Jn�L�
�W�R���R�N�R�á�R�����������R�V�]�F�]�
�G�Q�R���F�L���Z���S�R�U�y�Z�Q�D�Q�L�X���G�R���V�W�R�V�R�Z�D�Q�L�D��

���Z�L�H�W�O�y�Z�H�N�����(�N�R�Q�R�P�L�N�D���S�U�R�G�X�N�F�M�L���Z�\�N�D�]�D�á�D�����*�H���G�R wzrostu �U�R���O�L�Q���Z���I�L�W�R�W�U�R�Q�L�H���O�H�S�L�H�M���M�H�V�W��

�V�W�R�V�R�Z�D�ü�� �(�U�y�G�á�D�� �/�(�', �Q�L�*�� �L�Q�Q�H�� �(�U�y�G�á�D�� ���Z�L�D�W�á�D (Ryc. 2 i Tab. 3). W wielkotowarowej 

�S�U�R�G�X�N�F�M�L���U�R���O�L�Q���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M�����Z�V�N�D�]�D�Q�H���M�H�V�W���V�W�R�V�R�Z�D�Q�L�H���E�L�D�á�H�J�R�����Z�L�D�W�á�D���/�(�'�����N�W�y�U�H��

�P�D���S�R�]�\�W�\�Z�Q�\���Z�S�á�\�Z���H�N�R�Q�R�P�L�F�]�Q�\���Q�D���S�U�R�G�X�N�F�M�
���U�R���O�L�Q�Q�����]�H���Z�]�J�O�
�G�X���Q�D���Q�L�V�N�L�H���]�X�*�\�F�L�H��

energii elektrycznej i �N�R�U�]�\���F�L���G�O�D�����U�R�G�R�Z�L�V�N�D���S�R�S�U�]�H�]���H�O�L�P�L�Q�D�F�M�
���U�W�
�F�L���]�H���(�U�y�G�á�D�����Z�L�D�W�á�D����

�8�]�\�V�N�D�Q�D�� �S�R�G�� �W�\�P�� �(�U�y�G�á�H�P�� ���Z�L�D�W�á�D�� �M�D�N�R���ü�� �U�R���O�L�Q�� �M�H�V�W�� �]�E�O�L�*�R�Q�D�� �G�R�� �W�H�M�� �E�L�D�á�H�J�R�� ���Z�L�D�W�á�D��

fluorescencyjnego. 

 

Tabela 3. Wynik ekonomiczny �U�R�F�]�Q�H�J�R���X�W�U�]�\�P�D�Q�L�D���V�]�N�O�D�U�Q�L���Z���]�D�O�H�*�Q�R���F�L���R�G���U�R�G�]�D�M�X�����Z�L�D�W�á�D��
(1 Euro = 1,08 USD) 

�.�R�V�]�W���X�*�\�W�N�R�Z�D�Q�L�D���O�D�P�S�\ 

 �5�R�G�]�D�M�����Z�L�D�W�á�D  

�E�L�D�á�D��
fluorescencyjna 

���Z�L�H�W�O�y�Z�N�D 
b�L�D�áa lampa LED fioletowa lampa 

LED 

�&�H�Q�D���������Z�L�H�W�O�y�Z�N�L (Euro) 8.84 3.78 15.93 

�=�X�*�\�F�L�H���H�Q�H�U�J�L�L���H�O�H�N�W�U�\�F�]�Q�H�M (W) 36 18 18 

�)�\�Z�R�W�Q�R���ü�����Z�L�H�W�O�y�Z�N�L (h) 15 000 40 000 50 000 

�)�\�Z�R�W�Q�R���ü���O�D�P�S�\���Z���O�D�W�D�F�K 2.57 6.85 8.56 

�5�R�F�]�Q�H�� �]�X�*�\�F�L�H�� �H�Q�H�U�J�L�L��przez 1 
���Z�L�H�W�O�y�Z�N�
 (16 h*365 dni*W) = 
kWh 

210 105 105 

Cena 1 kWh (EUR) 0.14 0.14 0.14 

�.�R�V�]�W���]�X�*�\�F�L�D���H�Q�H�U�J�L�L���G�O�D�������O�D�P�S�\��
rocznie (EUR) 29.34 14.67 14.67 

�5�R�F�]�Q�\�� �N�R�V�]�W�� �X�*�\�F�L�D�� ����
���Z�L�H�W�O�y�Z�N�L��(EUR) koszt energii + 
�F�H�Q�D�����Z�L�H�W�O�y�Z�N�L 

32.78 15.22 16.53 

Roczny koszt pracy fitotronu 
(EUR) 6555.29 3044.00 3305.60 
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Ryc. 2. �:�]�U�R�V�W�� �U�R���O�L�Q�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M�� �Z�� �]�D�O�H�*�Q�R���F�L�� �R�G�� �]�D�V�W�R�V�R�Z�D�Q�H�J�R�� ���Z�L�D�W�á�D���� �R�G���J�y�U�\ �± 
�E�L�D�á�D��fluorescencyjna ���Z�L�H�W�O�y�Z�N�D���� �F�]�H�U�Z�R�Q�D��fluorescencyjna ���Z�L�H�W�O�y�Z�N�D�����E�L�D�á�D�� �G�L�R�G�D�� �/�(�'����
fioletowa dioda LED. 

 

P4. Figiel-�.�U�R�F�]�\���V�N�D���� �0���� Ochmian, I., Krupa-�0�D�á�N�L�H�Z�L�F�]���� �0���� ����������������Effect of chitosan-

based spraying on fruit quality of highbush blueberry cv. Sunrise. Progress on Chemistry 

and Application of Chitin and its Derivatives, Volume XXVII. 

 

�-�D�N�R���ü���R�Z�R�F�y�Z���P�D���G�X�*�\���Z�S�á�\�Z���Q�D���G�H�F�\�]�M�H���N�R�Q�V�X�P�H�Q�F�N�L�H����St���G���W�H�*, �Z�D�*�Q�H���M�H�V�W�����D�E�\���V�W�R�V�R�Z�D�Q�H��

metody uprawy �E�\�á�\�� �Q�D�W�X�U�D�O�Q�H�� �L�� �H�N�R�O�R�J�L�F�]�Q�H���� �&�K�F���F�� �S�R�S�U�D�Z�L�ü�� �M�D�N�R���ü�� �R�Z�R�F�y�Z�� �E�R�U�y�Z�N�L��

�Z�\�V�R�N�L�H�M�� �R�U�D�]�� �Z�\�G�á�X�*�\�ü�� �L�F�K�� ���Z�L�H�*�R���ü�� �S�R�G�F�]�D�V�� �S�U�]�H�F�K�R�Z�\�Z�D�Q�L�D�� �]�D�V�W�R�V�R�Z�D�Q�R�� �R�S�U�\�V�N��

chitozanem (CH). �3�R�Z�á�R�N�D�� �F�K�L�W�R�]�D�Q�R�Z�D�� �W�Z�R�U�]�\�� �Q�D�� �S�R�Z�L�H�U�]�F�K�Q�L�� �R�Z�R�F�y�Z �S�y�á�S�U�]�H�S�X�V�]�F�]�D�O�Q�\��

film���� �S�U�R�Z�D�G�]���F�� �G�R �R�S�y�(�Q�Lenia tempa oddychania, zmniejszenia utraty �Z�D�J�L���� �]�D�F�K�R�Z�X�M���F��

�M�H�G�Q�R�F�]�H���Q�L�H �M�D�N�R���ü�� �L�� �S�U�]�H�G�á�X�*�D�M���F�� �R�N�U�H�V�� �S�U�]�\�G�D�W�Q�R���F�L�� �G�R�� �V�S�R�*�\�F�L�D �R�Z�R�F�y�Z. W badaniu 

zastosowano �F�K�L�W�R�]�D�Q���R���U�y�*�Q�H�M���P�D�V�L�H���F�]���V�W�H�F�]�N�R�Z�H�M CH (5, 12, 21, 50, 125, 500 kDa). 

�0�D�V�D���F�]���V�W�H�F�]�N�R�Z�D���F�K�L�W�R�]�D�Q�X���P�D���G�H�F�\�G�X�M���F�\���Z�S�á�\�Z���Q�D���M�H�J�R���Z�á�D���F�L�Z�R���F�L�����]�D�U�y�Z�Q�R���I�L�]�\�F�]�Q�H����

chemiczne, jak i biologiczne. Zastosowanie chitozanu o �Z�\�*�V�]�H�M �P�D�V�L�H���F�]���V�W�H�F�]�N�R�Z�H�M�����������N�'�D, 

�D�� �]�Z�á�D�V�]�F�]�D�� �������� �N�'�D �]�Z�L�
�N�V�]�\�á�R�����U�H�G�Q�L�� mas�
 �R�Z�R�F�y�Z�����R�G�S�R�U�Q�R���ü�� �Q�D�� �S�U�]�H�E�L�F�L�D�� �V�N�y�U�N�L, 

�M�
�G�U�Q�R���ü���R�Z�R�F�y�Z. �=�Z�L�
�N�V�]�\�á�D���V�L�
���U�y�Z�Q�L�H�*���]�D�Z�D�U�W�R���F�L���N�Z�D�V�X��L-askorbinowego i szkodliwych 

N-NO3 �S�R�U�y�Z�Q�D�Q�L�X�� �]�� �J�U�X�S���� �N�R�Q�W�U�R�O�Q�� (Tab. 4). Najmnie�M�V�]�H�� �R�Z�R�F�H�� �]�H�E�U�D�Q�R�� �]�� �N�U�]�H�Z�y�Z��

�R�S�U�\�V�N�L�Z�D�Q�\�F�K���F�K�L�W�R�]�D�Q�H�P���R���P�D�V�L�H���F�]���V�W�H�F�]�N�R�Z�H�M�������N�'�D�����2�Z�R�F�H��poddane opryskiem CH 21 

kDa �F�K�D�U�D�N�W�H�U�\�]�R�Z�D�á�\���V�L�
���Q�D�M�Q�L�*�V�]�����]�D�Z�D�U�W�R���F�L�����1-NO3 i N-NO2. 

�:�� �E�D�G�D�Q�\�F�K�� �R�Z�R�F�D�F�K�� �V�W�Z�L�H�U�G�]�R�Q�R�� �R�E�H�F�Q�R���ü�� ������ �S�R�O�L�I�H�Q�R�O�L, zakwalifikowanych do czterech 

grup.  �1�D�M�O�L�F�]�Q�L�H�M���Z�\�V�W�
�S�X�M���F�\�P�L���E�\�á�\���D�Q�W�R�F�\�M�D�Q�\�����Q�D�V�W�
�S�Q�L�H���N�Z�D�V�\���I�H�Q�R�O�R�Z�H�����D���Q�D�Mmniej liczne 
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flawonole i flawan-3-ole. O�]�Q�D�F�]�R�Q�R�� �á���F�]�Q�L�H�� ���� �U�y�*�Q�\�F�K�� �D�Q�W�R�F�\�M�D�Q�y�Z���� �1�D�M�Z�\�*�V�]�� �]�D�Z�D�U�W�R���ü��

�D�Q�W�R�F�\�M�D�Q�y�Z�� �P�L�D�á�\�� �R�Z�R�F�H��opryskiwane chitozanem 500 kDa, ponad ���� �U�D�]�\�� �Z�L�
�F�H�M���Q�L�*��

w owocach  opryskiwanych CH 12 kDa. D�R�P�L�Q�X�M���F�\�P���]�Z�L���]�N�L�H�P���]�D�O�L�F�]�R�Q�\�P���G�R���S�R�O�L�I�H�Q�R�O�L��

�E�\�á kwas chlorogenowy, �Q�D�O�H�*���F�\���G�R���J�U�X�S�\���N�Z�D�V�y�Z���I�H�Q�R�O�R�Z�\�F�K�����6�W�D�Q�R�Z�L�á��on ���U�H�G�Q�L�R���R�G��������������

�G�R�����������������F�D�á�N�R�Z�L�W�H�M���]�D�Z�D�U�W�R���F�L���S�R�O�L�I�H�Q�R�O�L���Z���R�Z�R�F�D�F�K���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M�� 

�:�� �]�D�O�H�*�Q�R���F�L�� �R�G�� �P�D�V�\�� �F�]���V�W�H�F�]�N�R�Z�H�M�� �]�D�V�W�R�V�R�Z�D�Q�H�J�R�� �&�+�� �R�Z�R�F�H�� �]�P�L�H�Q�L�D�á�\�� �R�G�F�L�H����

z czerwonego �Q�D�� �Q�L�H�E�L�H�V�N�L���� �Q�D�� �F�R�� �Z�V�N�D�]�X�M���� �L�V�W�R�W�Q�H�� �]�P�L�D�Q�\�� �S�D�U�D�P�H�W�U�y�Z�� �E�D�U�Z�\ CIE a* i b*. 

�1�D�M�F�L�H�P�Q�L�H�M�V�]�\�� �L�� �Q�D�M�E�D�U�G�]�L�H�M�� �L�Q�W�H�Q�V�\�Z�Q�\�� �Q�L�H�E�L�H�V�N�L�� �R�G�F�L�H���� �]�D�R�E�V�H�U�Z�R�Z�D�Q�R�� �Z�� �R�Z�R�F�D�F�K��

po zastosowaniu CH 500 �L�� �������� �N�'�D���� �F�R�� �M�H�V�W�� �Q�L�H�Z���W�S�O�L�Z�L�H�� �]�Z�L���]�D�Q�H�� �]�� �Z�\�V�R�N���� �]�D�Z�D�U�W�R���F�L����

�D�Q�W�R�F�\�M�D�Q�y�Z. N�D�W�R�P�L�D�V�W�� �Q�D�M�M�D���Q�L�H�M�V�]�\�P�L, o fioletowo-�U�y�*�R�Z�\�P�� �]�D�E�D�U�Z�L�H�Q�L�X, �E�\�á�\��owoce 

opryskiwane chitoz�D�Q�H�P���R���P�D�V�L�H���F�]���V�W�H�F�]�N�R�Z�H�M��50 kDa. 

�3�R�� �]�E�L�R�U�]�H�� �]�� �R�Z�R�F�y�Z�� �E�R�U�y�Z�N�L�� �Z�\�L�]�R�O�R�Z�D�Q�R�� �J�U�]�\�E�\���Q�D�O�H�*���F�H �G�R�� �V�L�H�G�P�L�X�� �U�y�*�Q�\�F�K�� �U�R�G�]�D�M�y�Z 

(Acremonium, Alternaria, Aspergillus, Aureobasidium, Cladosporium, Fusarium, Penicillium). 

�1�D�M�Z�L�
�F�H�M �E�\�á�R grzyb�y�Z z rodzaju Fusarium (44-�������������5�y�Z�Q�L�H���O�L�F�]�Q�L�H���Z�\�V�W�
�S�R�Z�D�á�\���J�U�]�\�E�\��

z rodzaju Penicillium (16-80%) i Aspergillus (35-�������������1�D�M�P�Q�L�H�M���O�L�F�]�Q�L�H���Z�\�V�W�
�S�R�Z�D�á�\���J�U�]�\�E�\��

z rodzaju Acremonium�����3�R�M�D�Z�L�á�\���V�L�
���R�Q�H���W�\�O�N�R���Z���J�U�X�S�L�H���N�R�Q�W�U�R�O�Q�H�M���L���R�Z�R�F�D�F�K���R�S�U�\�V�N�L�Z�D�Q�\�F�K��

�F�K�L�W�R�]�D�Q�H�P���R���Q�D�M�Q�L�*�V�]�H�M���P�D�V�L�H���F�]���V�W�H�F�]�N�R�Z�H�M���� �N�'�D���Z���L�O�R���F�L���R�G�S�R�Z�L�H�G�Q�L�R�������L�����������:���J�U�X�S�L�H��

�R�Z�R�F�y�Z�� �R�Sryskiwanych �F�K�L�W�R�]�D�Q�H�P�� �R�� �P�D�V�L�H�� �F�]���V�W�H�F�]�N�R�Z�H�M�� �������� �N�'�D�� �Z�\�V�W�
�S�R�Z�D�á�\�� �E�D�U�G�]�R��

licznie grzyby z rodzaju Penicillium (80%), a po zastosowaniu CH 21 kDa grzyby z rodzaju 

Cladosporium (73%).  

�:�� �E�D�G�D�Q�\�F�K�� �S�U�y�E�N�D�F�K�� �Z�\�N�U�\�W�R�� �F�]�W�H�U�\�� �U�y�*�Q�H�� �W�\�S�\��mykotoksyn���� �S�D�W�X�O�L�Q�
���� �D�I�O�D�W�R�N�V�\�Q�
����

deoksyniwalenol i zearalenon. Zidentyfikowane mykotoksyny �Z�\�V�W�
�S�R�Z�D�á�\�� �Q�D�� �Q�L�V�N�L�P��

�S�R�]�L�R�P�L�H���� �=�D�Z�D�U�W�R���ü�� �S�D�W�X�O�L�Q�\�� ����������-���������� ���J�� �N�J-1���� �E�\�á�D�� �L�V�W�R�W�Q�L�H�� �Q�L�*�V�]�D�� �Q�L�*�� �P�D�N�V�\�P�D�O�Q�H��

dopuszczal�Q�H�� �V�W�
�*�H�Q�L�H�� �S�D�W�X�O�L�Q�\�� �Z�� �V�R�N�X�� �M�D�E�á�N�R�Z�\�P�� �������� ���J�� �N�J-1) ustalone przez WHO. 

Mykotoksyny �S�R�M�D�Z�L�á�\�� �V�L�
�� �W�\�O�N�R�� �Z�� �J�U�X�S�L�H�� �N�R�Q�W�U�R�O�Q�H�M�� �L�� �G�Z�y�F�K�� �J�U�X�S�D�F�K�� �R�� �Q�D�M�Q�L�*�V�]�H�M�� �P�D�V�L�H��

�F�]���V�W�H�F�]�N�R�Z�H�M�� �F�K�L�W�R�]�D�Q�X�� ������ �L�� ������ �N�'�D������ �%�U�D�N��mykotoksyn �Z�� �S�U�y�E�N�D�F�K�� �P�y�J�á�� �E�\�ü�� �]�Z�L���]�D�Q�\��

z �Z�\�V�W�
�S�R�Z�D�Q�L�H�P�� �Z�� �S�U�y�E�N�D�F�K�� �J�U�]�\�E�y�Z��Aureobasidium���� �0�R�J���� �R�Q�H�� �U�R�]�N�á�D�G�D�ü��mykotoksyny 

�S�R�S�U�]�H�]�� �V�]�O�D�N�L�� �P�L�N�U�R�E�L�R�O�R�J�L�F�]�Q�H���� �:�\�N�D�]�X�M���� �V�L�O�Q�\�� �D�Q�W�D�J�R�Q�L�]�P�� �Z�� �V�W�R�V�X�Q�N�X�� �G�R�� �S�O�H���Q�L��

�]�D�Q�L�H�F�]�\�V�]�F�]�D�M���F�\�F�K�� �R�Z�R�F�H�� �L�� �V���� �Z�� �V�W�D�Q�L�H�� �]�D�S�H�Z�Q�L�ü�� �V�N�X�W�H�F�]�Q���� �R�F�K�U�R�Q�
�� �E�L�R�O�R�J�L�F�]�Q������ �0�R�*�Q�D��

�U�y�Z�Q�L�H�*�� �V�S�H�N�X�O�R�Z�D�ü���� �*�H�� �F�K�L�W�R�]�D�Q�� �R�� �Z�\�*�V�]�\�F�K�� �P�D�V�D�F�K�� �F�]���V�W�H�F�]�N�R�Z�\�F�K�� �K�D�P�R�Z�D�á�� �Z�]�U�R�V�W��

mykotoksyn.  

Przeprowadzone badania �G�R�Z�R�G�]������ �*�H�� �Rpryskiwanie �R�Z�R�F�y�Z�� �F�K�L�W�R�]�D�Q�H�P�� �P�R�*�H���E�\�ü��

�]�D�O�H�F�D�Q�H�� �Z�� �H�N�R�O�R�J�L�F�]�Q�H�M�� �X�S�U�D�Z�L�H�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M w celu uzyskania �M�
�G�U�Q�L�H�M�V�]�\�F�K��

�R�Z�R�F�y�Z���R �]�Z�L�
�N�V�]�R�Q�\�F�K���Z�á�D���F�L�Z�R���F�L�D�F�K���S�U�R�]�G�U�R�Z�R�W�Q�\�F�K��  
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Tabela 4. �-�D�N�R���ü���L���]�G�R�O�Q�R���ü���D�Q�W�\�R�N�V�\�G�D�F�\�M�Q�D���E�R�U�y�Z�N�L���D�P�H�U�\�N�D���V�N�L�H�M���Z���]�D�O�H�*�Q�R���F�L���R�G���X�*�\�W�H�J�R��
chitozanu 

 
Molekularna masa chitozanu (kDa) 

Kontrola 5 12 21 50 125 500 
�0�D�V�D�����������R�Z�R�F�y�Z 
(g) 274ab* 262a 288bc 302c 335d 342d 291bc 

Przebicie 
(G mm-1) 124bcd 130cde 108a 117ab 121bc 142e 133e 

�-�
�G�U�Q�R���ü 
(G mm-1) 358bc 366bc 317a 359bc 352b 428d 375c 

Rozpuszczalne 
�V�X�E�V�W�D�Q�F�M�H���V�W�D�á�H 
(%) 

15.3b 15.8c 15.6c 15.2b 14.5a 14.4a 15.1b 

�.�Z�D�V�R�Z�R���ü 
(g 100 g-1) 0.88d 0.81bc 0.85cd 0.87d 0.74a 0.77ab 0.80b 

L-askorbinowy kwas 
(mg 100 g-1) 26.5b 22.4a 20.7a 27.8b 35.7c 36.2c 39.6c 

N-NO3
  

(mg 1000 g-1) 37.3bc 41.5c 33.4ab 30.2a 36.1b 55.9d 52.3d 

N-NO2
  

(mg 1000 g-1) 0.11ab 0.13bc 0.14c 0.09a 0.15cd 0.15cd 0.17d 

�$�%�7�6��+ 

(��mol TE g-1) 14.7a 17.8b 20.2c 21.3c 18.4b 17.7b 15.5a 

FRAP 
�����P�R�O���7�(���J-1) 8.11bc 7.36b 9.55d 8.78cd 5.77a 10.12e 9.84d 

DPPH  
(��mol TE g-1) 22.2b 15.7a 31.0d 28.4c 21.6b 15.5a 16.3a 

*���U�H�G�Q�L�H���Z���N�R�O�X�P�Q�D�F�K���R�]�Q�D�F�]�R�Q�H���W�\�P�L���V�D�P�\�P�L���O�L�W�H�U�D�P�L���D�O�I�D�E�H�W�X���Q�L�H���U�y�*�Q�L�����V�L�
���Z�H�G�á�X�J���W�H�V�W�X���7�X�N�H�\�¶�D���Q�D��
�S�R�]�L�R�P�L�H���L�V�W�R�W�Q�R���F�L���Ù
O 0.05 
 

P5. Ochmian, I., Figiel-�.�U�R�F�]�\���V�N�D���� �0��, Lachowicz, S. (2020). The quality of freeze-dried 

and rehydrated blueberries depending on their size and preparation for freeze-drying. Acta 

Universitatis Cinbinesis, Series E: Food Technology, 24(1). 

�2�Z�R�F�H���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M�����N�W�y�U�H���]�H���Z�]�J�O�
�G�X���Q�D���V�Z�R�M�����P�D�á�������U�H�G�Q�L�F�
���Q�L�H���Q�D�G�D�M�����V�L�
���G�R���V�S�U�]�H�G�D�*�\��

�Z�� �I�R�U�P�L�H�� ���Z�L�H�*�H�M���� �Z�\�N�R�U�]�\�V�W�\�Z�D�Q�H���V�����Z�� �S�U�]�H�W�Z�y�U�V�W�Z�L�H���� �-�H�G�Q���� �]�� �P�H�W�R�G�� �]�D�J�R�V�S�R�G�D�U�R�Z�D�Q�L�D��

�W�D�N�L�F�K�� �R�Z�R�F�y�Z�� �M�H�V�W�� �V�X�V�]�H�Q�L�H���� �&�H�O�H�P�� �S�U�]�H�S�U�R�Z�D�G�]�R�Q�H�J�R�� �G�R���Z�L�D�G�F�]�H�Q�L�D�� �E�\�á�D�� �R�F�H�Q�D�� �Z�S�áywu 

�V�S�R�V�R�E�X�� �F�L�
�F�L�D�� �O�X�E�� �Q�D�N�á�X�Z�D�Q�L�D�� �Q�L�H�N�R�P�H�U�F�\�M�Q�\�F�K�� �R�Z�R�F�y�Z�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M�� �Q�D�� �F�]�D�V�� �W�U�Z�D�Q�L�D��

procesu suszenia sublimacyjnego �± �O�L�R�I�L�O�L�]�D�F�M�L�����2�F�H�Q�L�H���S�R�G�G�D�Q�R���U�y�Z�Q�L�H�*���Z�D�U�W�R���ü���E�L�R�O�R�J�L�F�]�Q����

���Z�L�H�*�\�F�K�����O�L�R�I�L�O�L�]�R�Z�D�Q�\�F�K���L���X�Z�R�G�Q�L�R�Q�\�F�K���R�Z�R�F�y�Z��  

�,�O�R���ü���R�Z�R�F�y�Z���S�R�]�R�V�W�D�Z�L�R�Q�\�F�K���Q�D���N�U�]�H�Z�D�F�K���]�D�O�H�*�D�á�D���R�G���S�R�J�R�G�\���S�D�Q�X�M���F�H�M���Z���R�N�U�H�V�L�H���Z�H�J�H�W�D�F�M�L����

�]�Z�á�D�V�]�F�]�D�� �Z�� �R�N�U�H�V�L�H�� �]�E�L�R�U�y�Z���� �0�D�V�D�� �R�Z�R�F�y�Z�� �S�R�]�R�V�W�D�Z�L�R�Q�D�� �Q�D�� �N�U�]�H�Z�D�F�K�� �Z�\�Q�R�V�L�á�D�� �R�G�� �R�N�R�á�R��

1 do 2 t/ha, co stanowi do 5% �F�D�á�N�R�Z�L�W�H�J�R���S�O�R�Q�X���G�O�D���
�%�U�L�J�L�W�W�D���%�O�X�H�
.  

�3�R�P�L�P�R�� �P�D�á�\�F�K�� �U�R�]�P�L�D�U�y�Z�� �R�Z�R�F�y�Z���� �F�K�D�U�D�N�W�H�U�\�]�R�Z�D�á�D�� �M�H�� �Z�\�V�R�N�D�� �Z�D�U�W�R���ü�� �E�L�R�O�R�J�L�F�]�Q�D����

�]�Z�á�D�V�]�F�]�D�� �]���N�U�]�H�Z�y�Z�� �Q�L�H�Q�D�Z�D�G�Q�L�D�Q�\�F�K���� �0�R�J�á�R�� �W�R�� �E�\�ü�� �V�S�R�Z�R�G�R�Z�D�Q�H�� �Z�\�*�V�]�\�P�� �V�W�
�*�H�Q�L�H�P��
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�]�Z�L���]�N�y�Z�� �P�L�Q�H�U�D�O�Q�\�F�K�� �L�� �R�U�J�D�Q�L�F�]�Q�\�F�K���� �Q�D�� �F�R�� �Z�V�N�D�]�\�Z�D�á�R�� �Z�\�*�V�]�H�� �V�W�
�*�H�Q�L�H�� �H�N�V�W�U�D�N�W�X�� �R�U�D�]��

�Z�\�*�V�]�D���V�X�F�K�D���P�D�V�D�����-�H�G�Q�R�F�]�H���Q�L�H���R�Z�R�F�H���W�H���E�\�á�\���]�Q�D�F�]�Q�L�H���P�Q�L�H�M�V�]�H���� 

�=�� �M�H�G�Q�H�J�R�� �N�L�O�R�J�U�D�P�D�� ���Z�L�H�*�\�F�K�� �M�D�J�y�G�� �X�]�\�V�N�D�Q�R�� �R�N�R�á�R�� �������� �J�� �V�X�V�]�R�Q�\�F�K�� �R�Z�R�F�y�Z���� �=�D�Z�D�U�W�R���ü��

�S�R�O�L�I�H�Q�R�O�L�� �Z�]�U�R�V�á�D�� �M�H�G�\�Q�L�H�� �R�� ��-���� �U�D�]�\�� �Z�� �]�D�O�H�*�Q�R���F�L�� �R�G�� �Z�L�H�O�N�R���F�L�� �R�Z�R�F�y�Z���� �:�V�N�D�]�X�M�H�� �W�R��

na �U�R�]�N�á�D�G���W�\�F�K���]�Z�L���]�N�y�Z���Z���S�U�R�F�H�V�L�H���O�L�R�I�L�O�L�]�D�F�M�L�����'�H�J�U�D�G�D�F�M�D���S�R�O�L�I�H�Q�R�O�L���]�D�F�K�R�G�]�L�á�D���Z���Z�L�
�N�V�]�\�P��

�V�W�R�S�Q�L�X���Z���R�Z�R�F�D�F�K���G�X�*�\�F�K�� �:�S�á�\�Z���Q�D���W�R���P�y�J�á���P�L�H�ü���Z�\�G�á�X�*�R�Q�\���G�R���������J�R�G�]�L�Q���F�]�D�V���V�X�V�]�H�Q�L�D����

W celu uzyskania podobnego �S�R�]�L�R�P�X���Z�L�O�J�R�W�Q�R���F�L���S�U�]�H�]���P�D�á�H���R�Z�R�F�H�����Z�\�V�W�D�U�F�]�\�á�R���V�X�V�]�\�ü���M�H��

przez 32 godziny.  

�:�á�D���F�L�Z�R���F�L�� �I�L�]�\�N�R�F�K�H�P�L�F�]�Q�H���O�L�R�I�L�O�L�]�R�Z�D�Q�\�F�K�� �L�� �S�R�Q�R�Z�Q�L�H�� �X�Z�R�G�Q�L�R�Q�\�F�K�� �R�Z�R�F�y�Z�� �]�D�O�H�*�D�á�\��

od �P�H�W�R�G�\���L�F�K���Z�F�]�H���Q�L�H�M�V�]�H�J�R���S�U�]�\�J�R�W�R�Z�D�Q�L�D�����:�F�]�H���Q�L�H�M�V�]�H���S�U�]�H�N�U�R�M�H�Q�L�H���Q�D���S�y�á���O�X�E���Q�D�N�á�X�F�L�H��

�Q�D���R�E�Z�R�G�]�L�H���R�Z�R�F�y�Z���S�R�]�Z�R�O�L�á�R���]�Q�D�F�]�Q�L�H���V�N�U�y�F�L�ü���F�]�D�V���S�U�R�F�H�V�X���O�L�R�I�L�O�L�]�D�F�M�L�����3�U�]�H�N�U�R�M�R�Q�H���R�Z�R�F�H��

�]�R�V�W�D�á�\�� �Z�\�V�X�V�]�R�Q�H�� �Q�Djszybciej �± �Q�D�M�P�Q�L�H�M�V�]�H�� �S�R�� ������ �J�R�G�]�L�Q�D�F�K���� �D�� �G�X�*�H�� ���!���� �P�P���� �S�R�� ������

�J�R�G�]�L�Q�D�F�K�����2�Z�R�F�H���Q�D�N�á�X�Z�D�Q�H���Q�D���R�E�Z�R�G�]�L�H�����U�y�Z�Q�L�H�*���]�Q�D�F�]�Q�L�H���V�N�U�y�F�L�á���F�]�D�V���W�H�J�R���S�U�R�F�H�V�X���� 

�:�� �R�Z�R�F�D�F�K�� �P�R�F�]�R�Q�\�F�K�� �Z�� �Z�R�G�]�L�H�� �S�U�]�H�]�� ���� �J�R�G�]�L�Q���� �S�R�]�L�R�P�� �S�R�O�L�I�H�Q�R�O�L�� �E�\�á�� �S�R�U�y�Z�Q�\�Z�D�O�Q�\��

do poziomu w ���Z�L�H�*�\�F�K���R�Z�R�Fach�����2�Z�R�F�H���S�U�]�H�F�L�
�W�H�����]�Z�á�D�V�]�F�]�D���P�D�á�H�����Z�\�N�D�]�\�Z�D�á�\���Q�D�M�Z�L�
�N�V�]�\��

�Z�]�J�O�
�G�Q�\���S�U�]�\�U�R�V�W���P�D�V�\���S�R�G�F�]�D�V���Q�D�Z�D�G�Q�L�D�Q�L�D�����3�R�G�F�]�D�V���S�L�H�U�Z�V�]�\�F�K���������P�L�Q�X�W���N�R�Q�W�D�N�W�X���F�D�á�H�J�R��

�R�Z�R�F�X�� �]�� �Z�R�G���� �Q�D�V�W���S�L�á�� �E�D�U�G�]�R�� �Q�L�H�Z�L�H�O�N�L�� �S�U�]�\�U�R�V�W�� �P�D�V�\���� �F�R�� �Z�V�N�D�]�X�M�H�� �Q�D�� �Q�L�V�N�L�� �V�W�R�S�L�H����

uwodnienia owocu. Po 30 minu�W�D�F�K�� �Z�]�J�O�
�G�Q�\�� �S�U�]�\�U�R�V�W�� �P�D�V�\�� �Z�\�Q�L�y�V�á�� �������� �Q�D�W�R�P�L�D�V�W��

w �S�U�]�\�S�D�G�N�X���R�Z�R�F�y�Z���N�U�R�M�R�Q�\�F�K���± ���U�H�G�Q�L�R������ 

W trakcie �S�R�Q�R�Z�Q�H�J�R�� �X�Z�R�G�Q�L�H�Q�L�D�� �R�Z�R�F�y�Z�� �]�D�R�E�V�H�U�Z�R�Z�D�Q�R�� �]�P�L�D�Q�
�� �L�F�K�� �E�D�U�Z�\���� �2�Z�R�F�H��

�O�L�R�I�L�O�L�]�R�Z�D�Q�H�� �E�\�á�\�� �F�L�H�P�Q�L�H�M�V�]�H�� �Q�L�*�� �R�Z�R�F�H�� ���Z�L�H�*�H�� �%�H�]�� �Z�]�J�O�
�G�X�� �Q�D�� �L�F�K�� �Z�L�H�O�N�R���ü��oraz �V�S�R�V�y�E 

�S�U�]�\�J�R�W�R�Z�D�Q�L�D�� �G�R�� �V�X�V�]�H�Q�L�D���� �L�F�K�� �E�D�U�Z�D�� �V�W�D�Z�D�á�D�� �V�L�
�� �M�D���Q�L�H�M�V�]�D���� �R�� �F�]�\�P�� ���Z�L�D�G�F�]���� �]�P�L�D�Q�\��

�S�D�U�D�P�H�W�U�y�Z��a* i b* oraz parametru koloru L�
�����1�D�M�Z�L�
�N�V�]�H���]�P�L�D�Q�\���E�D�U�Z�\���]�D�R�E�V�H�U�Z�R�Z�D�Q�R���G�O�D��

�R�Z�R�F�y�Z�� �Q�D�N�á�X�Z�D�Q�\�F�K���� �3�R�� �O�L�R�I�L�O�L�]�D�F�M�L�� �E�\�á�\�� �Q�D�M�F�L�H�P�Q�L�H�M�V�]�H�� ��L* 32,5), a po 6 godzinach 

nawadniania parametr L*  �R�V�L���J�Q���á���Q�D�M�Z�\�*�V�]�����Z�D�U�W�R���ü�������� 

�:�\�Q�L�N�L�� �S�U�]�H�S�U�R�Z�D�G�]�R�Q�H�J�R�� �G�R���Z�L�D�G�F�]�H�Q�L�D�� �S�R�W�Z�L�H�U�G�]�D�M������ �*�H�� �R�Z�R�F�H�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M��

odmiany Brigitta Blue �S�R�O�H�F�D�Q�H�� �V�� do �G�á�X�*�V�]�H�J�R�� �S�U�]�H�F�K�R�Z�\�Z�D�Q�L�D���� �&�K�D�U�D�N�W�H�U�\�]�X�M���� �V�L�
��

�J�U�X�E�����V�N�y�U�N�����L intensywnym nalotem �Z�R�V�N�R�Z�\�P�����N�W�y�U�\���F�K�U�R�Q�L���R�Z�R�F�H���S�U�]�H�G���Z�L�
�G�Q�L�
�F�L�H�P�� 

�2�Z�R�F�H�����N�W�y�U�H���Q�L�H���Q�D�G�D�M�����V�L�
���G�R���V�S�U�]�H�G�D�*�\���]�H���Z�]�J�O�
�G�X���Q�D���L�F�K���P�D�á�H���U�R�]�P�L�D�U���P�R�*�Q�D���]�D�P�U�R�]�L�ü��

�O�X�E�� �Z�\�V�X�V�]�\�ü���� �/�L�R�I�L�O�L�]�D�F�M�D�� �M�H�V�W�� �G�R�E�U���� �P�H�W�R�G���� �N�R�Q�V�H�U�Z�D�F�M�L�� �R�Z�R�F�y�Z�� �E�R�U�y�Z�N�L�� �Z�\�V�R�N�L�H�M����

�S�R�]�Z�D�O�D�M���F�����Q�D���X�W�U�]�\�P�D�Q�L�H���Z�á�D���F�L�Z�R���F�L���Srozdrowotnych na wysokim poziomie. 
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5. WNIOSKI  

�2�V�L���J�Q�L�
�W�R�� �]�D�á�R�*�R�Q�H�� �F�H�O�H�� �E�D�G�D�Z�F�]�H, �N�W�y�U�H�� �]�D�P�L�H�V�]�F�]�R�Q�R��w cyklu publikacji stanowi���F�\�P 

�S�R�G�V�W�D�Z�
���G�R���X�E�L�H�J�D�Q�L�D���V�L�
���R���V�W�R�S�L�H�����Q�D�X�N�R�Z�\���G�R�N�W�R�U�D. 

 

1. �:�� �F�H�O�X�� �X�]�\�V�N�D�Q�L�D�� �S�U�]�H�]�� �S�U�R�G�X�F�H�Q�W�D�� �]�D�G�R�Z�D�O�D�M���F�H�J�R�� �]�Z�U�R�W�X�� �]�� �L�Q�Z�H�V�W�\�F�M�L���� �N�R�Q�L�H�F�]�Q�D�� �M�H�V�W��

�D�Q�D�O�L�]�D�� �N�D�*�G�H�J�R�� �H�W�D�S�X�� �S�U�R�G�X�N�F�M�L���� �3�R�F�]���Z�V�]�\�� �R�G�� �Z�\�E�R�U�X�� �P�D�W�H�U�L�D�á�X���U�R���O�L�Q�Q�H�J�R���� �X�*�\�W�H�M��

�S�R�*�\�Z�N�L�� �G�R�� �Q�D�P�Q�D�*�D�Q�L�D�� �N�X�O�W�X�U��in vitro, �D�S�O�L�N�R�Z�D�Q�\�F�K�� �G�R�G�D�W�N�y�Z�� ���+�\�G�U�R�S�O�X�V�Œ�� �$�F�W�L�V�L�O����

chitozan, woda kokosowa), �(�U�y�G�á�D�� ���Z�L�D�W�á�D�� �]�D�V�W�R�V�R�Z�D�Q�H�J�R�� �Z fitotronie, 

oraz zagospodarowanie �Q�L�H�N�R�P�H�U�F�\�M�Q�\�F�K���R�Z�R�F�y�Z�����O�L�R�I�L�O�L�]�D�F�M�D������ 

2. �=�H���Z�]�J�O�
�G�X���Q�D���G�X�*�����]�P�L�H�Q�Q�R���ü���J�H�Q�H�W�\�F�]�Q�����Z���R�E�U�
�E�L�H���J�D�W�X�Q�N�X��V. corymbosum, �Q�L�H���P�R�*�Q�D��

�]�D�V�W�R�V�R�Z�D�ü�� �X�Q�L�Z�H�U�V�D�O�Q�Hj �S�R�*�\�Z�N�L�� �G�R�� �Q�D�P�Q�D�*�D�Q�L�D�� �W�\�F�K�� �U�R���O�L�Q���� �2�S�U�D�F�R�Z�D�Q�R�� �S�U�R�W�R�N�y�á��

�P�L�N�U�R�U�R�]�P�Q�D�*�D�Q�L�D���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M���G�O�D���Z�\�E�U�D�Q�\�F�K���R�G�P�L�D�Q (Elizabeth, Liberty, Meader). 

�1�D�M�Z�\�*�V�]�\�� �Z�V�S�y�á�F�]�\�Q�Q�L�N�L�� �U�H�J�H�Q�H�U�D�F�M�L�� �S�
�G�y�Z�� �X�]�\�V�N�D�Q�R�� �Q�D�� �S�R�*�\�Z�F�H�� �:�3�0�� �R�U�D�]�� �0�:��

z dodatkiem zeatyny 0,1 mg L-1 (80 do 100%).  

3. Zastosowanie substancji biologicznie czynnych da�á�R �S�R�]�\�W�\�Z�Q�H���H�I�H�N�W�\���]�D�U�y�Z�Q�R���Z��in vitro 

�L�� �Z�� �X�S�U�D�Z�L�H�� �S�R�O�R�Z�H�M�� �E�R�U�y�Z�N�L���� �D�� �W�D�N�*�H�� �Z�S�L�V�D�á�R���V�L�
�� �Z�� �H�N�R�O�R�J�L�F�]�Q�H�� �W�U�H�Q�G�\ �S�U�R�G�X�N�W�y�Z��

do spo�*ycia. Woda kokosowa jako naturalny kompleks substancji organicznych���� �P�R�*�H��

�V�W�D�Q�R�Z�L�ü�� �]�D�P�L�H�Q�Q�L�N dla komercyjnie stosowanej zeatyny. �.�R�P�H�U�F�\�M�Q�\�� �U�R�]�W�Z�y�U�� �6�L��

���+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O�����P�R�*�H���E�\�ü���]���S�R�Z�R�G�]�H�Q�L�H�P���V�W�R�V�R�Z�D�Q�\���Z kulturach in vitro �E�R�U�y�Z�N�L��

�Z�\�V�R�N�L�H�M�� �M�D�N�R�� ���U�R�G�H�N���á�D�J�R�G�]���F�\�� �V�W�U�H�V�� �Z�\�Z�R�á�D�Q�\�P�� �S�R�G�Z�\�*�V�]�R�Q�\�P���S�+�� �S�R�*�\�Z�N�L. 

Zastosowanie chitozan�X�� �Z�� �I�R�U�P�L�H�� �R�S�U�\�V�N�X�� �Z�� �R�N�U�H�V�L�H�� �L�Q�W�H�Q�V�\�Z�Q�H�J�R�� �Z�]�U�R�V�W�X�� �R�Z�R�F�y�Z����

�S�R�]�\�W�\�Z�Q�L�H���Z�S�á�\�Q�
�á�R �Q�D���L�F�K���M�D�N�R���ü�����R�J�U�D�Q�L�F�]�Dnie �Z�]�U�R�V�W���S�D�W�R�J�H�Q�y�Z���J�U�]�\�E�R�Z�\�F�K����wzrost 

masy �R�Z�R�F�y�Z����poprawa �M�
�G�U�Q�R��ci i �V�N�á�D�Gu chemicznego).  

4. �=�D�V�W�R�V�R�Z�D�Q�L�H���E�L�D�á�H�J�R���(�U�y�G�á�D�����Z�L�D�W�á�D���/�(�'���Z���S�U�R�F�H�V�L�H���P�Q�R�*�H�Q�L�D���U�R���O�L�Q���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M��

w �I�L�W�R�W�U�R�Q�L�H�� �Z�S�á�\�Q�
�á�R�� �Q�D�� �Q�D�M�O�H�S�V�]�\�� �Z�]�U�R�V�W�� �U�R���O�L�Q�����8�*�\�F�L�H �W�H�J�R�� �(�U�y�G�á�D�� ���Z�L�D�W�á�D�� �M�H�V�W 

ekonomicznie uzasadnione���� �S�R�G�� �Z�]�J�O�
�G�H�P niskich �N�R�V�]�W�y�Z�� �U�R�F�]�Q�H�J�R�� �X�W�U�]�\�P�D�Q�L�D��

�I�L�W�R�W�U�R�Q�X���� �/�(�'�� �S�U�]�\�Q�R�V�L�� �U�y�Z�Q�L�H�*�� �N�R�U�]�\���F�L�� �H�N�R�O�R�J�L�F�]�Q�H. �3�R�]�Z�D�O�D�� �Q�D�� �H�O�L�P�L�Q�D�F�M�
 �U�W�
ci 

ze �(�U�y�G�á�D�����Z�L�D�W�á�D���R�U�D�]���Z�S�á�\�Z�D���Q�D��ograniczenie �]�X�*�\�F�La energii elektrycznej. 

5. Liofiliz owanie, �V�S�R�Z�R�G�R�Z�D�á�R �Q�L�H�Z�L�H�O�N�L�� �V�S�D�G�H�N�� �]�D�Z�D�U�W�R���F�L�� �]�Z�L���]�N�y�Z�� �E�L�R�Dktywnych 

w �S�R�U�y�Z�Q�D�Q�L�X���G�R�����Z�L�H�*�\�F�K���R�Z�R�F�y�Z�� �6�N�U�y�F�H�Q�L�H���F�]�D�V�X���V�X�V�]�H�Q�L�D���R�Z�R�F�y�Z���E�R�U�y�Z�N�L���Z�\�V�R�N�L�H�M��

�S�R�]�Z�R�O�L�á�R�� �Q�D�� �]�P�Q�L�H�M�V�]�H�Q�L�H��koszt�y�Z produkcji �V�X�V�]�R�Q�\�F�K�� �R�Z�R�F�yw i mia�áo �Z�S�á�\�Z��

na �]�D�F�K�R�Z�D�Q�L�H���Z�L�
�N�V�]�H�M���L�O�R���F�L���]�Z�L���]�N�y�Z���S�R�O�L�I�H�Q�R�O�R�Z�\�F�K�����D���F�R���]�D���W�\�P���L�G�]�L�H���Q�D���L�F�K���Z�\�*�V�]����
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�Z�D�U�W�R���ü���E�L�R�O�R�J�L�F�]�Q�������:�D�U�W�R���]�D�W�H�P���Z�\�N�R�U�]�\�V�W�\�Z�D�ü���G�R���W�H�J�R���F�H�O�X���P�D�á�H���Q�L�H�N�R�P�H�U�F�\�M�Q�H���R�Z�R�F�H��

�E�R�U�y�Z�N�L�����N�W�y�U�H���Z�\�N�D�]�X�M�����]�Q�D�F�]�Q�L�H���N�U�y�W�V�]�\���F�]�D�V���V�X�V�]�H�Q�L�D�� 
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����� ����������!�"��"���"����	�	��)���	������#�DB. ��'"��	�.@�'�������	��	#����$	�)�	!!	���$	��	#����! ���
 �������� �� 	��	���)���  	��	���� ������ �/���30%��&"������#)���������!���	#��"���DB.���#�.D �/��L���	��!�
	(���� ������!�.@���#�DB.��	#��0���"�	$	���"	������ 	!!���	�������� ����������!����	�	��)� �����%���'	$ 	���
����� ������������	�#	 	�#���������)�����"	��	#���� �������������"	��	� ���	��!���#�$�#����� 	��	������ ��$�����
��#�	$	���"	���������� ���������!��"	�	L �����!���� '"��"���#����	��	����'	�	�	L���	#�!�������� �� ���� ����
/�Q�	� ��#� @R-�	��� ���J0%� B�����$	� �	������ ��� �	���� �!� ���	�	��)� �	�	�	������� 	!!���	��)� '	�	� ������	#�
����������G:��+��	�"F���#�G.	�#	�F������$���������. D��	#������  �	�	��	#�'��"�
����%
����; �� �����%�����; �

� �/�	� 	���$	�)0���#�+	������%�����; �� %��	����	�	�	�������	!!���	��)�'���������	#�������� ���G;��	��)F��"����������
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Highbush blueberry (Vaccinium corymbosum) is 
increasingly important in fruit production due to its 
high content of biologically active substances, main-
�O�\���À�D�Y�R�Q�R�L�G�V�����D�Q�W�K�R�F�\�D�Q�L�Q�V�����À�D�Y�R�Q�R�O�V�����D�Q�G���À�D�Y�D�Q�R�O�V������
procyanidins, and phenolic acids [Brazelton 2013, 
Schuchovski and Biasi 2019, Ochmian et al. 2020]. 
Rich in polyphenols, blueberry fruits show numerous 
health properties, improve vision, have antioxidant, 
�D�Q�W�L���L�Q�À�D�P�P�D�W�R�U�\�����D�Q�W�L�F�D�U�F�L�Q�R�J�H�Q�L�F�����D�Q�G���D�Q�W�L�E�D�F�W�H�U�L�D�O��
�H
u�H�F�W�V���>�6�F�K�X�F�K�R�Y�V�N�L���D�Q�G���%�L�D�V�L�����������@�����5�H�F�H�Q�W�O�\�����W�K�H�U�H��
has been a trend of renewing old varieties of highbush 

blueberry, which is closely related to global industri-
alization. Currently, China has become the world’s 
fastest-growing highbush blueberry producer [Guo et 
al. 2019]. With the rapid expansion of blueberry cul-
tivation scale and variety renewal, the increase in de-
mand for healthy blueberry seedlings worldwide is in-
evitable. The growth of highbush blueberry bushes is 
limited to sites with low pH and moist soils with high 
organic matter content [Fin et al. 1991]. In addition, 
a major challenge for commercial growers is the low 
rooting percentage and the time required to propagate 
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���E�������W�,�����K�&�����d�,�������D�����/�h�D�����K�E�����d�,�������D�/���Z�K�W�Z�K�W���'���d�/�K�E���� 
OF  Vaccinium  corymbosum

�D�}�v�]�l�����&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l��1�U���D���Œ�����o�]�v�����<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì2�
 �U���/�Œ���v���µ�•�Ì���K���Z�u�]���v1

1 �����‰���Œ�š�u���v�š���}�(���,�}�Œ�Ÿ���µ�o�š�µ�Œ���U���t���•�š���W�}�u���Œ���v�]���v���h�v�]�À���Œ�•�]�š�Ç���}�(���d�����Z�v�}�o�}�P�Ç���^�Ì���Ì�����]�v�U���^�s�}�Á�����l�]���P�}���í�ó���^�š�Œ�����š�U���ó�í�r�ð�ï�ð���^�Ì���Ì�����]�v�U���W�}�o���v��
2 �����‰���Œ�š�u���v�š���}�(���W�o���v�š���'���v���Ÿ���•�U�����Œ�������]�v�P�����v�������]�}�š�����Z�v�}�o�}�P�Ç�U���t���•�š���W�}�u���Œ���v�]���v���h�v�]�À���Œ�•�]�š�Ç���}�(���d�����Z�v�}�o�}�P�Ç���^�Ì���Ì�����]�v�U 
�����^�Ì���Ì�����]�v���ó�í�r�ð�ï�ð�U���W�}�o���v��

�����^�d�Z�����d

�7�K�H���H
u�H�F�W���R�I���F�R�P�P�H�U�F�L�D�O���+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O�����F�R�F�R�Q�X�W���Z�D�W�H�U�����F�R�F�R�Q�X�W���P�L�O�N�����D�Q�G���S�+���R�I���W�K�H���:�3�0���P�H�G�L�X�P��
on the micropropagation of V. corymbosum ‘Liberty’ was studied. Three experiments were performed with 
�G�L
u�H�U�H�Q�W���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���R�I���V�L�O�L�F�R�Q���+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O�����6�L�������F�R�F�R�Q�X�W���Z�D�W�H�U�����&�:�������F�R�F�R�Q�X�W���P�L�O�N�����&�0�������D�Q�G��
�G�L
u�H�U�H�Q�W���S�+���D�V���D���V�W�U�H�V�V���I�D�F�W�R�U�����6�L���Z�D�V���D�S�S�O�L�H�G���D�W���D���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I�����������������������������D�Q�G�����������P�J���G�P–3. The highest 
�H�[�S�O�D�Q�W�������������� �F�P���� �Z�L�W�K���W�K�H���K�L�J�K�H�V�W���Q�X�P�E�H�U���R�I�� �Q�H�Z�� �V�K�R�R�W�V���������������� �D�Q�G���I�U�H�V�K���Z�H�L�J�K�W���������������� �J���� �Z�D�V���R�E�W�D�L�Q�H�G��
�R�Q���:�3�0���P�H�G�L�X�P���Z�L�W�K���W�K�H���D�G�G�L�W�L�R�Q���R�I���6�L���L�Q���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�����������P�J���G�P–3. In experiment 2, similar to 0.1 mg 
dm–3 �]�H�D�W�L�Q���H�[�S�O�D�Q�W���J�U�R�Z�W�K���Z�D�V���D�F�K�L�H�Y�H�G���Z�K�H�Q���������� �&�:�� �Z�D�V���D�G�G�H�G���W�R���W�K�H���:�3�0�� �P�H�G�L�X�P�������������� �F�P������The 
�X�V�H���R�I���&�0���G�L�G���Q�R�W���K�D�Y�H���D���S�R�V�L�W�L�Y�H���H
u�H�F�W���R�Q���E�O�X�H�E�H�U�U�\���J�U�R�Z�W�K��in vitro. The results of experiment 3 indicated 
�W�K�D�W���H�[�S�O�D�Q�W�V���R�I���E�O�X�H�E�H�U�U�\���E�H�W�W�H�U���G�H�Y�H�O�R�S�H�G���Z�K�H�Q���S�+���Z�D�V���O�R�Z�H�U���������������Z�L�W�K���W�K�H���K�L�J�K�H�V�W���Q�X�P�E�H�U���R�I���Q�H�Z���V�K�R�R�W�V��
���������������D�Q�G���I�U�H�V�K���Z�H�L�J�K�W���������������J�������+�R�Z�H�Y�H�U�����W�K�H�U�H���Z�H�U�H���Q�R���V�L�J�Q�L�¿�F�D�Q�W���G�L
u�H�U�H�Q�F�H�V���L�Q���S�O�D�Q�W���K�H�L�J�K�W���E�H�W�Z�H�H�Q���S�+��
used. The application of 200 mg dm–3���$�F�W�L�V�L�O���E�H�Q�H�¿�W�V���W�K�H���Q�H�J�D�W�L�Y�H���H
u�H�F�W���R�I���K�L�J�K�H�U���S�+���R�I���W�K�H���:�3�0���P�H�G�L�X�P��
on micropropagation of blueberry in case of plant height, fresh weight, and biochemical parameters (proline, 
�P�D�O�R�Q�G�L�D�O�G�H�K�\�G�H���±���0�'�$���D�Q�G���F�D�W�D�O�D�V�H���±���&�$�7���D�F�W�L�Y�L�W�\������
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U���D�X�U���<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U���D�X�U���K���Z�u�]���v�U���/�X���~�î�ì�î�î�•�X�����+�����š���}�(�������Ÿ�•�]�o���~�,�Ç���Œ�}�‰�o�µ�•�¡�•�U���}�Œ�P���v�]�����•�µ�‰�‰�o���u���v�š�•�U�����v�����‰�,���}�(���š�Z�����u�����]�r
�µ�u���}�v���š�Z�����u�]���Œ�}�‰�Œ�}�‰���P���Ÿ�}�v���}�(��Vaccinium corymbosum�X���^���]�X���W�}�o�X���,�}�Œ�š�}�Œ�µ�u�����µ�o�š�µ�•�U���î�í�~�ñ�•�U���î�ñ�t�ï�ó�X���Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�ñ�X�ï

and market newly obtained cultivars [Schuchovski 
and Biasi 2019].

The use of in vitro cultures eliminates the limita-
tions associated with traditional seedling propaga-
tion, providing an alternative to faster plant growth 
�W�K�U�R�X�J�K�R�X�W���W�K�H���\�H�D�U���� �Z�K�L�F�K���L�Q�F�U�H�D�V�H�V���S�U�R�G�X�F�W�L�R�Q���H
v-
�F�L�H�Q�F�\���D�Q�G���S�U�R�¿�W�D�E�L�O�L�W�\���>�0�D�U�L�Q�R���H�W���D�O�������������@�����7�K�H���E�H�V�W��
plant growth under in vitro conditions can be achieved 
by using the right composition and pH of the medium 
for the species and even the cultivar. Too low a pH 
���E�H�O�R�Z�������������R�U���W�R�R���K�L�J�K���D���S�+�����D�E�R�Y�H�������������L�Q�K�L�E�L�W�V���W�K�H��
growth and development of in vitro�� �H�[�S�O�D�Q�W�V�� �>�3�L�H�U�L�N��
���������@�����)�R�U���W�K�H���L�Q�L�W�L�D�O���S�K�D�V�H���R�I��in vitro culture, a com-
bination of cytokinins – mostly zeatin can usually be 
�X�V�H�G���>�5�X�å�L�ü���H�W���D�O�������������@�����7�K�H���X�V�H���R�I���Q�D�W�X�U�D�O���]�H�D�W�L�Q���D�V��
an additive to the culture media is expensive, therefore 
�G�L
u�H�U�H�Q�W�� �V�R�O�X�W�L�R�Q�V�� �D�U�H�� �E�H�L�Q�J�� �V�R�X�J�K�W�� �W�R�� �J�L�Y�H�� �D�� �V�L�P�L�O�D�U��
�H
u�H�F�W���D�W���D���O�R�Z�H�U���F�R�V�W�����6�X�F�K���D�O�W�H�U�Q�D�W�L�Y�H�V���F�D�Q���E�H���F�R�F�R-
nut water and coconut milk, which are rich sources 
�R�I�� �S�O�D�Q�W�� �S�K�\�W�R�K�R�U�P�R�Q�H�V�� ���P�D�L�Q�O�\�� �F�\�W�R�N�L�Q�L�Q�V���� �>�0�D�� �H�W��
�D�O���� ���������@���� �0�R�U�H�R�Y�H�U���� �L�Q�� �Q�X�P�H�U�R�X�V�� �S�O�D�Q�W�� �V�S�H�F�L�H�V���� �W�K�H��
�E�H�Q�H�¿�F�L�D�O�� �H
u�H�F�W�V�� �R�I�� �V�L�O�L�F�R�Q�� �R�Q�� �J�U�R�Z�W�K���� �G�H�Y�H�O�R�S�P�H�Q�W����
yield, and disease resistance have been observed. Sil-
icon is the second most ubiquitous element found in 
soils worldwide [Epstein 1999, Richmond and Suss-
�P�D�Q���������������&�X�U�U�L�H���D�Q�G���3�H�U�U�\���������������6�L�Y�D�Q�H�V�D�Q���D�Q�G���3�D�U�N��
���������@���� �6�L�O�L�F�R�Q���F�R�Q�W�H�Q�W���L�Q���V�R�L�O�V�� �F�D�Q���Y�D�U�\�� �F�R�Q�V�L�G�H�U�D�E�O�\��
�I�U�R�P�� ���� �W�R�� �������� �R�I�� �G�U�\�� �Z�H�L�J�K�W�� �>�6�R�P�P�H�U�� �H�W�� �D�O���� ���������@����
�Z�K�L�O�H���L�Q���S�O�D�Q�W�V���I�U�R�P�������������W�R�����������R�I���G�U�\���Z�H�L�J�K�W���>�0�D��
�D�Q�G�� �7�D�N�D�K�D�V�K�L�� ���������@���� �+�H�Q�F�H���� �S�O�D�Q�W�V�� �Z�H�U�H�� �F�O�D�V�V�L�¿�H�G��
�L�Q�W�R�� �D�F�F�X�P�X�O�D�W�L�Q�J�� �S�O�D�Q�W�V�� �H���J���� �E�O�X�H�E�H�U�U�\�� �>�0�R�U�L�N�D�Z�D��
�D�Q�G�� �6�D�L�J�X�V�D�� ������������ �)�L�J�L�H�O���.�U�R�F�]�\���V�N�D�� �D�Q�G�� �2�F�K�P�L-
an 2019], and non-accumulating plants e.g. petunia 
�>�.�U�X�S�D���0�D�á�N�L�H�Z�L�F�]�� �D�Q�G�� �&�D�O�R�P�P�H�� ���������@���� �1�X�P�H�U�R�X�V��
authors described a positive role of Si in improving 
crop growth and yield under abiotic and biotic stress 
conditions by increasing the activity of antioxidant 
�H�Q�]�\�P�H�V���O�L�N�H���&�$�7�����L�Q�F�U�H�D�V�H�G���D�F�F�X�P�X�O�D�W�L�R�Q���R�I���S�U�R�O�L�Q�H��
�D�Q�G�� �P�D�O�R�Q�G�L�D�O�G�H�K�\�G�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� ���0�'�$������ �W�K�H�� �V�H-
cretion of endogenous hormones, and the production 
of lignins, chitinase, phenolic compounds, phytoalex-
�L�Q���� �D�Q�G�� �J�O�X�F�D�Q�D�V�H�V�� �>�6�D�K�H�E�L�� �H�W���D�O���� ������������ �/�X�\�F�N�[�� �H�W���D�O����
�������������0�D�Q�G�O�L�N���H�W���D�O�������������@��

�7�K�H�� �H�[�S�H�U�L�P�H�Q�W�� �D�L�P�H�G�� �L�Q�� �V�W�X�G�\�� �W�K�H�� �H
u�H�F�W�� �R�I�� �V�L�O�L-
�F�R�Q���L�Q���W�K�H���I�R�U�P���R�I���D���F�R�P�P�H�U�F�L�D�O���+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O��
�V�R�O�X�W�L�R�Q�����<�D�U�D�����3�R�O�D�Q�G�����D�Q�G���F�R�F�R�Q�X�W���Z�D�W�H�U���D�Q�G���P�L�O�N���R�Q��
�P�L�W�L�J�D�W�L�Q�J�� �W�K�H�� �H
u�H�F�W�V�� �R�I�� �F�K�D�Q�J�L�Q�J�� �W�K�H�� �S�+�� �R�I�� �W�K�H�� �P�H-

dium used for the propagation of highbush blueberry. 
�$�Q�� �D�S�S�U�R�S�U�L�D�W�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �R�I�� �V�L�O�L�F�R�Q�� �V�R�O�X�W�L�R�Q�� �Z�D�V��
selected for the micropropagation of highbush blue-
�E�H�U�U�\���D�Q�G���W�K�H���H
u�H�F�W�L�Y�H�Q�H�V�V���R�I���X�V�L�Q�J���F�R�F�R�Q�X�W���Z�D�W�H�U���D�Q�G��
milk in the propagation medium as a substitute for the 
more expensive plant growth regulator – zeatin, was 
�G�H�W�H�U�P�L�Q�H�G���� �0�R�U�S�K�R�O�R�J�L�F�D�O�� ���S�O�D�Q�W�� �K�H�L�J�K�W���� �Q�X�P�E�H�U�� �R�I��
new shoots, fresh weight) and biochemical (proline, 
�P�D�O�R�Q�G�L�D�O�G�H�K�\�G�H�� �0�'�$���� �F�D�W�D�O�D�V�H�� �&�$�7�� �D�F�W�L�Y�L�W�\���� �W�U�D�L�W�V��
as well as leaf colour (CIE L*a*b*) of highbush blue-
�E�H�U�U�\�� �S�U�R�S�D�J�D�W�H�G�� �R�Q�� �P�H�G�L�D�� �R�I�� �G�L
u�H�U�H�Q�W�� �F�R�P�S�R�V�L�W�L�R�Q��
and pH were observed.

�D���d���Z�/���>�����E�����D���d�,�K���^

���Z���Œ�����š���Œ�]�•�Ÿ���•���}�(���š�Z�������Œ�������}�(���Œ���•�����Œ���Z�����v�����‰�o���v�š��
�u���š���Œ�]���o�X��Three separate experiments were conducted 
�L�Q���W�K�H���O�D�E�R�U�D�W�R�U�\���R�I���W�K�H���'�H�S�D�U�W�P�H�Q�W���R�I���3�O�D�Q�W���*�H�Q�H�W�L�F�V����
�%�U�H�H�G�L�Q�J���D�Q�G���%�L�R�W�H�F�K�Q�R�O�R�J�\���D�W���W�K�H���:�H�V�W���3�R�P�H�U�D�Q�L�D�Q��
�8�Q�L�Y�H�U�V�L�W�\���R�I���7�H�F�K�Q�R�O�R�J�\���L�Q���6�]�F�]�H�F�L�Q�����3�R�O�D�Q�G���L�Q��������������

�^�]�o�]���}�v�X���,�Q���W�K�H���¿�U�V�W���V�W�D�J�H�����W�K�H���H�[�S�H�U�L�P�H�Q�W���R�Q���V�H�O�H�F-
tion of silicon solution concentration with the most 
�I�D�Y�R�X�U�D�E�O�H�� �H
u�H�F�W�� �R�Q�� �W�K�H�� �P�R�U�S�K�R�O�R�J�L�F�D�O�� �F�K�D�U�D�F�W�H�U�V�� �R�I��
the tested blueberry plants was performed. The plant 
�P�D�W�H�U�L�D�O�� �F�R�Q�V�L�V�W�H�G�� �R�I�� �����±������ �P�P�� �V�K�R�R�W�V�� �R�I��V. cor-
ymbosum ‘Liberty’ obtained from sterile stabilized  
in vitro���F�X�O�W�X�U�H���F�X�O�W�L�Y�D�W�H�G���R�Q���W�K�H���0�F�&�R�Z�Q���:�R�R�G�\���3�O�D�Q�W��
�P�H�G�L�X�P���±���:�3�0���>�/�O�R�\�G���D�Q�G���0�F�&�R�Z�Q���������������'�X�F�K�H�I�D��
�%�L�R�F�K�H�P�L�H���%���9�����7�K�H���1�H�W�K�H�U�O�D�Q�G�V�@�����7�K�H���V�K�R�R�W���H�[�S�O�D�Q�W�V��
�Z�H�U�H�� �W�U�D�Q�V�I�H�U�U�H�G�� �W�R�� �:�3�0�� �P�H�G�L�X�P�� �Z�L�W�K�� �W�K�H�� �D�G�G�L�W�L�R�Q��
�R�I�� �F�R�P�P�H�U�F�L�D�O�� �V�L�O�L�F�R�Q�� �V�R�O�X�W�L�R�Q�� ���+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O����
�<�D�U�D�� �3�R�O�D�Q�G���� �L�Q�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�� �R�I�� �������� ���������� ���������� �D�Q�G��
���������P�J���G�P–3�����7�K�H���V�L�O�L�F�R�Q���������������6�L�����F�R�Q�W�D�L�Q�H�G���L�Q���+�\-
�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O���Z�D�V���L�Q���W�K�H���I�R�U�P���R�I���R�U�W�K�R�V�L�O�L�F�L�F���D�F�L�G��
(H��SiO��), stabilized with choline. The pH of all media 
�Z�D�V���D�G�M�X�V�W�H�G���W�R������������

���}���}�v�µ�š���Á���š���Œ���~���t�•�����v�������}���}�v�µ�š���u�]�o�l���~���D�•�X��The 
second experiment was conducted to establish the ef-
fects of the optimal concentration and source of pro-
moting growth substance (coconut water and coconut 
milk) on the morphological growth parameters of  
V. corymbosum ‘Liberty’ as a cheaper substitute for 
�S�O�D�Q�W���J�U�R�Z�W�K���K�R�U�P�R�Q�H���±���]�H�D�W�L�Q�����(�[�S�O�D�Q�W�V���������±�������P�P����
�Z�H�U�H�� �P�X�O�W�L�S�O�L�H�G�� �R�Q�� �W�K�H���:�3�0�� �P�H�G�L�X�P�� �V�X�S�S�O�H�P�H�Q�W�H�G��
�Z�L�W�K�� �&�:�� �D�Q�G�� �&�0�� �L�Q�� �W�K�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �R�I�� �������� �D�Q�G��
�������� �E�R�W�K���� �7�K�H�� �F�R�Q�W�U�R�O�� �Z�D�V�� �:�3�0�� �P�H�G�L�X�P�� �Z�L�W�K�� �W�K�H��
addition of 0.1 mg dm–3 zeatin. The pH of the medium 
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U���D�X�U���<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U���D�X�U���K���Z�u�]���v�U���/�X���~�î�ì�î�î�•�X�����+�����š���}�(�������Ÿ�•�]�o���~�,�Ç���Œ�}�‰�o�µ�•�¡�•�U���}�Œ�P���v�]�����•�µ�‰�‰�o���u���v�š�•�U�����v�����‰�,���}�(���š�Z�����u�����]-
�µ�u���}�v���š�Z�����u�]���Œ�}�‰�Œ�}�‰���P���Ÿ�}�v���}�(��Vaccinium corymbosum�X���^���]�X���W�}�o�X���,�}�Œ�š�}�Œ�µ�u�����µ�o�š�µ�•�U���î�í�~�ñ�•�U���î�ñ�t�ï�ó�X���Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�ñ�X�ï

�Z�D�V���D�G�M�X�V�W�H�G���W�R�������������%�R�W�K���F�R�F�R�Q�X�W���P�L�O�N���D�Q�G���Z�D�W�H�U���Z�H�U�H��
�D�G�G�H�G���W�R���W�K�H���:�3�0���P�H�G�L�X�P���E�H�I�R�U�H���D�X�W�R�F�O�D�Y�L�Q�J����

Based on the two initial experiments, the concen-
�W�U�D�W�L�R�Q�� �R�I�� �+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O�� �H�T�X�D�O�� �W�R�� �������� �P�J�� �G�P–3 

�D�Q�G�� �F�R�F�R�Q�X�W�� �Z�D�W�H�U�� �������� �Z�K�L�F�K�� �J�D�Y�H�� �W�K�H�� �P�R�V�W�� �E�H�Q�H-
�¿�F�L�D�O�� �H
u�H�F�W�V�� �R�Q�� �W�K�H�� �P�R�U�S�K�R�O�R�J�L�F�D�O�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �R�I��
the V. corymbosum ‘Liberty’ explants were used in the 
third (target) experiment.

�‰�,�U�� �•�]�o�]���}�v�U�� ���}���}�v�µ�š�� �Á���š���Œ�X��The third experiment 
�Z�D�V�� �F�R�Q�G�X�F�W�H�G�� �W�R�� �H�V�W�D�E�O�L�V�K�� �W�K�H�� �H
u�H�F�W�� �R�I�� �F�R�P�P�H�U�F�L�D�O��
silicon solution and coconut water in alleviating the 
�Q�H�J�D�W�L�Y�H�� �L�Q�À�X�H�Q�F�H�V�� �R�I�� �S�+�� �R�Q��V. corymbosum growth 
�D�Q�G�� �G�H�Y�H�O�R�S�P�H�Q�W���� �7�K�H�� �H�[�S�O�D�Q�W�V�� �������±������ �P�P���� �Z�H�U�H��
�W�U�D�Q�V�I�H�U�U�H�G�� �W�R�� �W�K�H�� �:�3�0�� �P�H�G�L�X�P�� �Z�L�W�K�� �G�L
u�H�U�H�Q�W�� �S�+��
������������ ���������� �D�Q�G������������ �Z�L�W�K�� �R�U�� �Z�L�W�K�R�X�W���������� �P�J�� �G�P–3 Hy-
�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O�����<�D�U�D���R�U�����������F�R�F�R�Q�X�W���Z�D�W�H�U��

�'���v���Œ���o�� ���µ�o�š�µ�Œ���� ���}�v���]�Ÿ�}�v�•�X���$�O�O�� �P�H�G�L�D�� �Z�H�U�H�� �V�X�S-
�S�O�H�P�H�Q�W�H�G���Z�L�W�K�����������Z���Y�����V�X�F�U�R�V�H�����&�K�H�P�S�X�U�����3�R�O�D�Q�G������
���������� ���Z���Y���� �D�J�D�U�� ���%�L�R�F�R�U�S���� �3�R�O�D�Q�G������ �������� �P�J�� �G�P–3 
�P�\�R���L�Q�R�V�L�W�R�O�����'�X�F�K�H�I�D�� �%�L�R�F�K�H�P�L�H�� �%���9�����7�K�H�� �1�H�W�K�H�U-
�O�D�Q�G�V�������K�H�D�W�H�G���D�Q�G���������P�O���Z�H�U�H���S�R�X�U�H�G���L�Q�W�R���D�����������P�O��
�À�D�V�N�����1�H�[�W�����W�K�H�\���Z�H�U�H���D�X�W�R�F�O�D�Y�H�G���D�W���������ƒ�&�������������0�3�D����
during the time required according to the volume of 
medium in the vessel. Cultures were incubated in  
�D�� �J�U�R�Z�W�K�� �U�R�R�P�� �D�W�� �D�� �W�H�P�S�H�U�D�W�X�U�H�� �R�I�� ������ �“���ƒ�&�� �X�Q�G�H�U�� 
������ �K�R�X�U�V�� �S�K�R�W�R�S�H�U�L�R�G�� �Z�L�W�K�� �D�� �S�K�R�W�R�V�\�Q�W�K�H�W�L�F�� �S�K�R�W�R�Q��
�À�X�[�� �G�H�Q�V�L�W�\�� ���3�3�)�'���� �R�I�� ������ �—�P�R�O�� �P–2s–1 provided by 
�1�D�U�Y�D�����*�H�U�P�D�Q�\�����H�P�L�W�W�L�Q�J���G�D�\�O�L�J�K�W���F�R�R�O���Z�K�L�W�H�����(�D�F�K��
combination included 32 shoots (8 replications with 
�����H�[�S�O�D�Q�W�V���S�H�U���À�D�V�N�������$�I�W�H�U���������G�D�\�V�����H�[�S�O�D�Q�W�V���Z�H�U�H���U�H-
moved and wash with deionized distilled water, and 
shoot and root length (cm), number of new shoots, 
and determination of colour were measured. The 
explants were weighed for estimation of plant fresh 
mass (g). 

�����š���Œ�u�]�v���Ÿ�}�v�� �}�(�� ���}�o�}�µ�Œ�X��The pigment (colour) 
of leaves (from the middle part of the shoot) was 
measured in transmission mode by photocolorimetric 
method in CIE L*a*b*  system [Hunterlab 2012] using 
�V�S�H�F�W�U�R�S�K�R�W�R�P�H�W�U���&�0���������G�����.�R�Q�L�F�D���0�L�Q�R�O�W�D�����-�D�S�D�Q������
The diameter of the measurement hole was 3 mm, the 
observer type 10°�����D�Q�G���W�K�H���L�O�O�X�P�L�Q�D�Q�W���'���������7�K�H���Y�D�O�X�H��
of a* was range from green (–a*) to red (+a*). The 
parameter b* described the colour in the range from 
yellow (+b*) to blue (–b*). The value of parameter L* 
means monochromaticity in the range from 0 (black) 
to 100 (white).

���v���o�Ç�•�]�•���}�(���‰�Œ�}�o�]�v���U���u���o�}�v���]���o�����Z�Ç�������~�D�����•�U�����v�� 
�����š���Œ�u�]�v���Ÿ�}�v���}�(�������š���o���•�����~�����d�•�������Ÿ�À�]�š�Ç���~�������í�X�í�í�X�í�X�ò�•�X��
The concentration of proline was determined accord-
�L�Q�J���W�R���W�K�H���P�H�W�K�R�G���R�I���%�D�W�H�V���H�W���D�O�����>���������@���X�V�L�Q�J���V�S�H�F�W�U�R-
�S�K�R�W�R�P�H�W�H�U�� �D�W�� �������� �Q�P�� �L�Q�� �E�O�X�H�E�H�U�U�\�� �I�U�H�V�K�� �O�H�D�Y�H�V�� �D�Q�G��
�F�D�O�F�X�O�D�W�H�G���D�V�����P�R�O���J–1 FW. The content of the malond-
�L�D�O�G�H�K�\�G�H�� ���0�'�$���� �D�� �S�U�R�G�X�F�W�� �R�I�� �O�L�S�L�G�� �S�H�U�R�[�L�G�D�W�L�R�Q���� �L�Q��
plant tissue was determined by the method described 
�E�\���6�X�G�K�D�N�D�U���H�W���D�O�����>���������@�����7�K�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I���0�'�$��
�Z�D�V���F�D�O�F�X�O�D�W�H�G���I�U�R�P���W�K�H���D�E�V�R�U�E�D�Q�F�H���D�W������������ ���������� �D�Q�G��
���������Q�P�����D�Q�G���0�'�$���F�R�Q�W�H�Q�W�V���Z�H�U�H���H�V�W�L�P�D�W�H�G���X�V�L�Q�J���W�K�H��
following equations: 

�0�'�$�����Q�P�R�O���J–1 FW) =

� �����>�����������î�����$���������±���$�����������±�������������$�������@���î���9���)�:��

�Z�K�H�U�H�����9���±���Y�R�O�X�P�H���R�I���W�K�H���V�D�P�S�O�H�����$���±���D�E�V�R�U�E�D�Q�F�H�����)�:��
– fresh weight.

�7�K�H�� �F�D�W�D�O�D�V�H�� ���&�$�7���� �D�F�W�L�Y�L�W�\�� �Z�D�V�� �G�H�W�H�U�P�L�Q�H�G�� �D�F-
�F�R�U�G�L�Q�J���W�R���W�K�H���P�H�W�K�R�G���E�\���/�•�F�N���>���������@�����7�K�H���G�H�F�U�H�D�V�H��
in absorbance, caused by the decomposition of H2O2, 
�Z�D�V���P�R�Q�L�W�R�U�H�G���F�R�Q�W�L�Q�X�R�X�V�O�\���D�W�����������Q�P���I�R�U���������V�����2�Q�H��
unit of enzyme is the amount necessary to decompose 
�������0���+2O2 g

–1 FW min–2.
�^�š���Ÿ�•�Ÿ�����o�� ���v���o�Ç�•�]�•�X���$�O�O�� �V�W�D�W�L�V�W�L�F�D�O�� �D�Q�D�O�\�V�H�V�� �Z�H�U�H��

�S�H�U�I�R�U�P�H�G���X�V�L�Q�J���6�W�D�W�L�V�W�L�F�D���������������6�W�D�W�6�R�I�W���3�R�O�V�N�D�����&�U�D-
�F�R�Z�����3�R�O�D�Q�G������

�6�W�D�W�L�V�W�L�F�D�O�� �V�L�J�Q�L�¿�F�D�Q�F�H�� �R�I�� �W�K�H�� �G�L
u�H�U�H�Q�F�H�V�� �E�H�W�Z�H�H�Q��
means was determined by testing the homogeneity of 
variance and normality of distribution, followed by 
�$�1�2�9�$���Z�L�W�K���7�X�N�H�\�¶�V���S�R�V�W���K�R�F���W�H�V�W�����7�K�H���V�L�J�Q�L�¿�F�D�Q�F�H��
�Z�D�V���V�H�W���D�W���S�������������������7�K�H���U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q���P�R�U�S�K�R-
logical (plant height, number of new shoots, and fresh 
�Z�H�L�J�K�W�����D�Q�G���E�L�R�F�K�H�P�L�F�D�O�����S�U�R�O�L�Q�H�����0�'�$�����&�$�7���D�F�W�L�Y�L-
ty) traits of highbush blueberry grown under in vitro 
conditions was illustrated. 

���Z���^�h�>�d�^�����E�������/�^���h�^�^�/�K�E

���‰�‰�o�]�����Ÿ�}�v���}�(���,�Ç���Œ�}�‰�o�µ�•�¡�������Ÿ�•�]�o���]�v���š�Z�����t�W�D���u�����]�µ�u��
�3�O�D�Q�W�� �W�L�V�V�X�H�� �F�X�O�W�X�U�H�� �P�H�G�L�D�� �F�R�Q�W�D�L�Q�� �E�R�W�K�� �Q�R�Q���R�U-

ganic and organic nutrients that support healthy plant 
growth. To improve growth and morphogenesis in 
vitro, the culture medium is often optimized and the 
�H�[�W�H�Q�W���R�I���P�R�G�L�¿�F�D�W�L�R�Q���G�H�S�H�Q�G�V���O�D�U�J�H�O�\���R�Q���W�K�H���V�S�H�F�L�H�V��
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U���D�X�U���<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U���D�X�U���K���Z�u�]���v�U���/�X���~�î�ì�î�î�•�X�����+�����š���}�(�������Ÿ�•�]�o���~�,�Ç���Œ�}�‰�o�µ�•�¡�•�U���}�Œ�P���v�]�����•�µ�‰�‰�o���u���v�š�•�U�����v�����‰�,���}�(���š�Z�����u�����]�r
�µ�u���}�v���š�Z�����u�]���Œ�}�‰�Œ�}�‰���P���Ÿ�}�v���}�(��Vaccinium corymbosum�X���^���]�X���W�}�o�X���,�}�Œ�š�}�Œ�µ�u�����µ�o�š�µ�•�U���î�í�~�ñ�•�U���î�ñ�t�ï�ó�X���Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�ñ�X�ï

�R�U�� �H�Y�H�Q�� �W�K�H�� �F�X�O�W�L�Y�D�U�� �>�6�D�K�H�E�L�� �H�W�� �D�O���� ���������@���� �7�K�H�� �H
u�H�F�W��
of Si in the nutrient solution was studied by several 
�D�X�W�K�R�U�V���� �5�R�G�U�L�J�X�H�V�� �H�W�� �D�O���� �>���������@�� �G�H�V�F�U�L�E�H�� �W�K�D�W�� �V�L�O�L�F�R�Q��
as a sodium silicate at a concentration of 1–2 mg dm–3 
promotes better yam (Dioscorea spp.) development 
in vitro. Gallegos-Cedill et al. [2018] showed that the 
inclusion of Si (Siliforte®) to the nutrient solution of 
V. corymbosum���/�����F�Y�����9�H�Q�W�X�U�D���E�H�Q�H�¿�W�V���I�U�R�P���L�W�V���Y�H�J�H-
tative growth. However, Costa et al. [2020] have used 
�S�R�W�D�V�V�L�X�P���V�L�O�L�F�D�W�H�����.2SiO3) at a concentration of 1 mg 
mg dm–3�� �L�Q�� �O�L�T�X�L�G�� �0�6�� �P�H�G�L�X�P�� �W�R�� �S�U�R�S�D�J�D�W�H�� �µ�'�Z�D�U�I��
Cavendish’ banana in bioreactors. Their study demon-
strated that silicon solution improved plantlet growth. 
However, the mechanism of the supplementation ef-
�I�H�F�W���R�I���6�L���R�Q���S�O�D�Q�W���K�H�L�J�K�W���L�V���X�Q�F�O�H�D�U���>�.�D�P�H�Q�L�G�R�X���H�W���D�O����

���������@�����$�F�F�R�U�G�L�Q�J���W�R���0�R�U�L�N�D�Z�D���D�Q�G���6�D�L�J�X�V�D���>���������@���6�L��
is not known to be an essential element for the growth 
of blueberries, rather it was the element that accumu-
lated mostly in the leaves. In addition, Si is not includ-
ed in any commercial basal medium for plant tissue 
culture, may only be present in trace amounts.

�,�Q���W�K�L�V���V�W�X�G�\�����W�K�H���H
u�H�F�W���R�I���F�R�P�P�H�U�F�L�D�O���V�L�O�L�F�R�Q���V�R�O�X-
�W�L�R�Q�� ���+�\�G�U�R�S�O�X�V�Œ�� �$�F�W�L�V�L�O���� �V�X�S�S�O�H�P�H�Q�W�D�W�L�R�Q�� �R�Q�� �P�R�U-
phological traits (plant height, number of new shoots, 
fresh weight) and colour of the blueberries leaves 
propagated in vitro depended on its concentrations 
(Tab. 1, Fig. 1). It was observed that concentrations of 
�������������������D�Q�G�����������P�J���G�P–3 statistically decrease plant 
�K�H�L�J�K�W���I�U�R�P���������W�R�������������L�Q���F�R�P�S�D�U�L�V�R�Q���W�R���W�K�H���F�R�Q�F�H�Q-
tration of 200 mg dm–3�� ������������ �F�P�������$�O�V�R���� �W�K�H�� �Q�X�P�E�H�U��

 �d�����o�����í�X Effect of different concentrations of silicon (�+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O�����L�Q���W�K�H���:�3�0���P�H�G�L�X�P���R�Q���P�R�U�S�K�R�O�R�J�L�F�D�O���W�U�D�L�W�V��
and leaves colour (using CIE L*a*b* system) of V. corymbosum ‘Liberty’ under in vitro condition comparison to the 
�:�3�0���P�H�G�L�X�P���Z�L�W�K�����������P�J���/–1���]�H�D�W�L�Q�����D�I�W�H�U���������G�D�\�V���R�I���F�X�O�W�X�U�H�����Q��� ���������V�K�R�R�W�V���S�H�U���Wreatment) 

�:�3�0���P�H�G�L�X�P 

Zeatin (mg dm–3) �+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O�����P�J���G�P–3)  

0.1 ���� 100 200 ������ 

L*  �����������F* �����������D �����������E�F �����������F �����������D�E 

a* �����������D 10.22a �����������D �����������D �����������D 
Color parameters  
CIE leaves 

b* �����������D �����������D �����������D 21.00b �����������D 

�3�O�D�Q�W���K�H�L�J�K�W��(cm) ���������E 1.19a 1.02a 2.02b 1.02a 

�1�X�P�E�H�U���R�I���Q�H�Z���V�K�R�R�W�V ���������F ���������D 1.38a 1.91b 1.13a 

Fresh weight (mg) �����������D �����������D �����������D�E �����������E 38.83a 

�
�0�H�D�Q�V���I�R�O�O�R�Z�H�G���E�m���G�L�I�I�H�U�H�Q�W���O�H�W�W�H�U�V���L�Q���F�R�O�X�P�Q�V���D�U�H���V�L�J�Q�L�I�L�F�D�Q�W�O�m���G�L�I�I�H�U�H�Q�W���D�W���������O�H�Y�H�O���D�F�F�R�U�G�L�Q�J���W�R���7�X�N�H�m�¶�V���P�X�O�W�L�S�O�H���U�D�Q�J�H 

 
 
 
�d�����o�����î�X �(�I�I�H�F�W���R�I���G�L�I�I�H�U�H�Q�W���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���R�I���F�R�F�R�Q�X�W���Z�D�W�H�U���D�Q�G���F�R�F�R�Q�X�W���P�L�O�N���L�Q���W�K�H���:�3�0���P�H�G�L�X�P���R�Q���P�R�U�S�K�R�O�R�J�L�F�D�O���W�U�D�L�W�V��
and leaves colour (using CIE L*a*b* system) of V. corymbosum ‘Liberty’ under in vitro condition comparison to the 
�:�3�0���P�H�G�L�X�P���Z�L�W�K�����������P�J���/–1���]�H�D�W�L�Q�����D�I�W�H�U���������G�D�\�V���R�I���F�X�O�W�X�U�H�����Q��� ���������V�K�R�R�W�V���S�H�U���W�U�H�D�W�P�H�Q�W�� 

 �:�3�0���P�H�G�L�X�P 

  
0.1 mg dm–3  

zeatin 
coconut water 

������  
coconut water 

������  
coconut milk  

������  
coconut milk  

������  

L*  �����������F �����������E�F* �����������F �����������D �����������D�E 

a* –���������E 2.12a 1.18a 2.21a 2.28a 
Color parameters 
CIE leaves 

b* �����������F �����������F �����������F 20.03a 20.88ab 

�3�O�D�Q�W���K�H�L�J�K�W�����F�P�� ���������E 1.98b 2.13b ���������D 1.29a 

�1�X�P�E�H�U���R�I���Q�H�Z shoots ���������E 1.13a ���������E 1.00a 1.00a 

Fresh weight (mg) �����������E 31.33b 30.13b �����������D 19.00a 

�
�0�H�D�Q�V���I�R�O�O�R�Z�H�G���E�m���G�L�I�I�H�U�H�Q�W���O�H�W�W�H�U�V���L�Q���F�R�O�X�P�Q�V���D�U�H���V�L�J�Q�L�I�L�F�D�Q�W�O�m���G�L�I�I�H�U�H�Q�W���D�W���������O�H�Y�H�O���D�F�F�R�U�G�L�Q�J���W�R���7�X�N�H�m�¶�V���P�X�O�W�L�S�O�H���U�D�Q�J�H 

 

�������t�W�D���=���ì�X�í���u�P�������u–3 zeatin, �t�W�D���=���ñ�ì���u�P�����u–3�������Ÿ�•�]�o,�����t�W�D���=���í�ì�ì���u�P�����u–3 �����Ÿ�•�]�o,�����t�W�D���=���î�ì�ì���u�P�����u–3 �����Ÿ�•�]�o,  �t�W�D���=���ñ�ì�ì���u�P�����u–3 �����Ÿ�•�]�o    

�&�]�P�X���í�X  In vitro grown V. corymbosum���µ�/�L�E�H�U�W�\�¶�� �S�O�D�Q�W�O�H�W�V���D�I�W�H�U�������� �G�D�\�V�� �R�I�� �F�X�O�W�X�U�H���R�Q���:�3�0�� �P�H�G�L�X�P���Z�L�W�K���W�K�H���D�G�G�L�W�L�R�Q���R�I�� 
0.1 mg dm–3���]�H�D�W�L�Q���D�Q�G���G�L
u�H�U�H�Q�W���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���R�I���+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U���D�X�U���<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U���D�X�U���K���Z�u�]���v�U���/�X���~�î�ì�î�î�•�X�����+�����š���}�(�������Ÿ�•�]�o���~�,�Ç���Œ�}�‰�o�µ�•�¡�•�U���}�Œ�P���v�]�����•�µ�‰�‰�o���u���v�š�•�U�����v�����‰�,���}�(���š�Z�����u�����]-
�µ�u���}�v���š�Z�����u�]���Œ�}�‰�Œ�}�‰���P���Ÿ�}�v���}�(��Vaccinium corymbosum�X���^���]�X���W�}�o�X���,�}�Œ�š�}�Œ�µ�u�����µ�o�š�µ�•�U���î�í�~�ñ�•�U���î�ñ�t�ï�ó�X���Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�ñ�X�ï

of new shoots per plant and plant fresh weight statis-
�W�L�F�D�O�O�\���G�H�F�U�H�D�V�H�G�����I�U�R�P���������W�R�����������D�Q�G���I�U�R�P���������W�R����������
�U�H�V�S�H�F�W�L�Y�H�O�\���� �Z�K�H�Q���W�K�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I�� �������� ���������� �D�Q�G��
���������P�J���G�P–3���Z�D�V���X�V�H�G���L�Q���:�3�0���P�H�G�L�X�P�����7�D�E������������

Our results and the reported literature [Sivane-
�V�D�Q�� �D�Q�G�� �3�D�U�N�� ������������ �5�R�G�U�L�J�X�H�V�� �H�W�� �D�O���� ������������ �&�R�V�W�D�� �H�W��
al. 2020] indicated the positive role of silicon on the 
growth and development of several species, including 
an increase in the number of leaves and fresh weight 
of plants grown in vitro�����7�K�H���S�R�V�L�W�L�Y�H���H
u�H�F�W���R�I�� �6�L�� �R�Q��
plants growth may be due to increased nutrient uptake 
and photosynthetic activity.

�,�Q�� �R�X�U�� �V�W�X�G�\���� �L�W�� �Z�D�V�� �F�R�Q�¿�U�P�H�G�� �W�K�D�W�� �D�F�F�R�U�G�L�Q�J�� �W�R��
the producer recommendation the commercial silicon 
�V�R�O�X�W�L�R�Q�� ���+�\�G�U�R�S�O�X�V�Œ�� �$�F�W�L�V�L�O���� �D�W�� �D�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �R�I��
200 mg dm–3 is optimal for blueberry cv. Liberty in 
vitro cultivation. 

The obtained results of the colour determination 
of the leaves analyzed in the transmitted mode using 
the photocolorimetric method in the CIE L*a*b*  sys-
�W�H�P���>�.�U�X�S�D���0�D�á�N�L�H�Z�L�F�]���H�W���D�O�������������@�����V�K�R�Z�H�G���W�K�D�W���W�K�H��
addition of 200 mg dm–3�� �+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O�� �W�R�� �W�K�H��
�:�3�0���P�H�G�L�X�P���D
u�H�F�W�H�G���W�K�H���S�D�U�D�P�H�W�H�U��L* of the high-
bush blueberry leaves as compared to the three other 
concentrations used in this study (Tab. 1). The value 
�R�I�� �Z�K�L�F�K�� �U�D�Q�J�H�G�� �I�U�R�P�� ������������ �������� �P�J��dm–3 �$�F�W�L�V�L�O���� �W�R��
�����������������������P�J��dm–3 �$�F�W�L�V�L�O�������,�W���Z�D�V���R�E�V�H�U�Y�H�G���W�K�D�W���V�L�O-
�L�F�R�Q���V�R�O�X�W�L�R�Q���G�L�G���Q�R�W���D
u�H�F�W���W�K�H���L�Q�W�H�Q�V�L�W�\���R�I���W�K�H���J�U�H�H�Q��
colour (parameter a*�������7�K�H�U�H���Z�H�U�H���Q�R���V�L�J�Q�L�¿�F�D�Q�W���G�L�I-
ferences among the examined four groups of plants. 
However, the colour of highbush blueberry leaves 
with an addition 200 mg dm–3 �+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O����
�Z�D�V���I�U�R�P���������W�R�����������P�R�U�H���\�H�O�O�R�Z���W�K�D�Q���W�K�H���R�W�K�H�U���W�K�U�H�H��
groups (Tab. 1).

���‰�‰�o�]�����Ÿ�}�v���}�(�����}���}�v�µ�š���Á���š���Œ���~���t�•�����v�������}���}�v�µ�š��
�u�]�o�l���~���D�•���]�v���š�Z�����t�W�D���u�����]�µ�u��

Coconut water and coconut milk were used to en-
hance axillary shoot growth compared to the more 
expensive zeatin, to precondition potential explants 
that were later used as a source of shoot explants in 
a further experiment. To stimulate in vitro responses, 
CW is usually added to the medium at concentration 
�U�D�Q�J�L�Q�J�� �I�U�R�P�� ���� �W�R�� ���������� �+�R�Z�H�Y�H�U���� �W�K�H�� �R�S�W�L�P�X�P�� �F�R�Q-
centration varies among plant species and must be 
�H�P�S�L�U�L�F�D�O�O�\�� �G�H�W�H�U�P�L�Q�H�G�� �>�$�O���.�K�D�\�U�L�� ���������@�����$�� �Q�X�P�E�H�U��
�R�I���D�X�W�K�R�U�V���V�X�J�J�H�V�W�H�G���W�K�D�W���W�K�H���D�G�G�L�W�L�R�Q���R�I�����������R�U����������

CW improved the number of shoots per explant, pro-
moted callus induction and somatic embryogenesis, 
for instance in V. corymbosum [Fira et al. 2008], leaf-
tea Melothria maderaspatana [Baskaran et al. 2009], 
lemon grass Cymbopogon pendulus [Bhattacharya 
et al. 2010]. Based on empirical experimentation in-
volving a range of concentrations of CW, these studies 
have determined the optimum concentration of CW 
�Z�K�L�F�K�� �Z�R�X�O�G���D�O�O�R�Z�� �D�� �V�L�P�L�O�D�U���H
u�H�F�W���W�R���W�K�D�W���R�I�� �������� �P�J��
dm–3 zeatin and would be a less expensive alternative.

The addition of 0.1 mg dm–3�� �]�H�D�W�L�Q�� �R�U�� �������� �D�Q�G��
���������&�:���W�R���W�K�H���:�3�0���P�H�G�L�X�P���K�D�G���D���V�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J-
�Q�L�¿�F�D�Q�W���H
u�H�F�W���R�Q���V�X�E�V�H�T�X�H�Q�W���J�U�R�Z�W�K�����D�V���V�K�R�Z�Q���E�\���W�K�H��
increased mean values for all shoot parameters in com-
�S�D�U�L�V�R�Q�� �W�R�� �W�K�H�� �&�0�� ���7�D�E���� ������ �)�L�J���� �������� �7�K�H�� �S�O�D�Q�W�� �K�H�L�J�K�W��
�D�Q�G�� �Q�X�P�E�H�U�� �R�I�� �V�K�R�R�W�V�� �J�U�R�Z�Q�� �R�Q���:�3�0�� �P�H�G�L�X�P�� �Z�L�W�K��
���������&�:���Z�H�U�H���V�L�P�L�O�D�U���F�R�P�S�D�U�H�G���W�R���W�K�H���:�3�0���P�H�G�L�X�P��
with the addition of 0.1 mg dm–3 zeatin. Whereas, the 
�D�G�G�L�W�L�R�Q���R�I���&�0���W�R���W�K�H���:�3�0���P�H�G�L�X�P���L�Q�K�L�E�L�W�H�G���J�U�R�Z�W�K��
and shoot development of blueberry. On this medium 
plants grow slowly and no new shoots per plant were 
�G�H�Y�H�O�R�S�H�G�����$�O�V�R�����I�U�H�V�K���Z�H�L�J�K�W�����)�:�����L�Q���W�K�L�V���J�U�R�X�S���Z�D�V��
�I�U�R�P�����������W�R�����������O�R�Z�H�U���W�K�D�Q���I�R�U���S�O�D�Q�W�V���J�U�R�Z�Q���R�Q���P�H-
dium containing 0.1 mg dm–3 �]�H�D�W�L�Q�����7�K�H���X�V�H���R�I���&�0��
�L�Q�� �W�K�H�� �:�3�0�� �P�H�G�L�X�P�� �G�L�G�� �Q�R�W�� �K�D�Y�H�� �D�� �S�R�V�L�W�L�Y�H�� �H
u�H�F�W��
on blueberry growth in vitro. The reason for this may 
have been that the high fat content of coconut milk 
�F�D�Q�� �K�D�Y�H�� �D�� �G�D�P�D�J�L�Q�J�� �H
u�H�F�W�� �R�Q�� �F�H�O�O�� �V�W�U�X�F�W�X�U�H�� �>�+�D�U�N-
�D�F�]���H�W���D�O�������������@�����7�K�H���I�D�W���P�D�\���K�D�Y�H���G�L�V�U�X�S�W�H�G���R�V�P�R�V�L�V��
�D�Q�G���À�R�Z���L�Q���W�K�H���P�L�F�U�R�S�U�R�S�D�J�D�W�H�G���E�O�X�H�E�H�U�U�L�H�V���H�[�S�O�D�Q�W����
Therefore, coconut water was chosen for later studies. 

In this study, it was observed that the addition of 
�F�R�F�R�Q�X�W���Z�D�W�H�U���D�Q�G���]�H�D�W�L�Q���W�R���W�K�H���:�3�0���P�H�G�L�X�P���D
u�H�F�W-
ed the colour of the highbush blueberry leaves as com-
pared to the medium with coconut milk (Tab. 2). The 
leaves of plants on medium with CW and zeatin had 
�W�K�H���V�L�J�Q�L�¿�F�D�Q�W�O�\���E�U�L�J�K�W�H�V�W���F�R�O�R�U���D�Q�G���L�W���Z�D�V���H�Y�L�G�H�Q�F�H�G��
by parameter L*. It was observed that the addition of 
�&�0���D�Q�G���&�:���W�R���W�K�H���:�3�0���P�H�G�L�X�P�����U�H�J�D�U�G�O�H�V�V���R�I���F�R�Q-
�F�H�Q�W�U�D�W�L�R�Q�����K�D�G���Q�R���V�L�J�Q�L�¿�F�D�Q�W���L�Q�À�X�H�Q�F�H���R�Q���W�K�H���L�Q�W�H�Q�V�L�W�\��
of the green colour (parameter a�
������ �0�H�D�V�X�U�H�G���R�Q���W�K�H��
blueberry leaf surface, that valus ranged from –1.83 
���������� �&�0���� �W�R�� ���������� ���������� �&�:������ �L�Q�� �F�R�P�S�D�U�L�V�R�Q�� �W�R�� �W�K�H��
0.1 mg dm–3 �]�H�D�W�L�Q�����±���������������+�R�Z�H�Y�H�U�����L�W���Z�D�V���R�E�V�H�U�Y�H�G��
�W�K�D�W�� �D�G�G�L�W�L�R�Q�� �W�R�� �W�K�H�� �:�3�0�� �P�H�G�L�X�P�� �&�0�� �V�L�J�Q�L�¿�F�D�Q�W�O�\��
reduced the parameter b* (indicated the location along 
the axis between yellow and blue). Blueberry leaves 
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U���D�X�U���<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U���D�X�U���K���Z�u�]���v�U���/�X���~�î�ì�î�î�•�X�����+�����š���}�(�������Ÿ�•�]�o���~�,�Ç���Œ�}�‰�o�µ�•�¡�•�U���}�Œ�P���v�]�����•�µ�‰�‰�o���u���v�š�•�U�����v�����‰�,���}�(���š�Z�����u�����]�r
�µ�u���}�v���š�Z�����u�]���Œ�}�‰�Œ�}�‰���P���Ÿ�}�v���}�(��Vaccinium corymbosum�X���^���]�X���W�}�o�X���,�}�Œ�š�}�Œ�µ�u�����µ�o�š�µ�•�U���î�í�~�ñ�•�U���î�ñ�t�ï�ó�X���Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�ñ�X�ï

�J�U�R�Z�L�Q�J�� �L�Q�� �W�K�H�� �:�3�0�� �P�H�G�L�X�P�� �Z�L�W�K�� �W�K�H�� �D�G�G�L�W�L�R�Q�� �R�I��
zeatin or CW (independence of its concentrations) in-
dicated a higher value of parameter b�
���������������±��������������
as compared to the other explants (Tab. 2).

�0�D�Q�\���D�X�W�K�R�U�V���>�3�H�L�[�H���H�W���D�O�����������������<�R�Q�J���H�W���D�O����������������
�$�O���.�K�D�\�U�L�����������@���U�H�S�R�U�W�H�G���W�K�D�W���F�R�F�R�Q�X�W���Z�D�W�H�U���F�R�Q�W�D�L�Q�V��
�P�D�L�Q�O�\���Z�D�W�H�U���������������D�Q�G���J�U�R�Z�W�K���S�U�R�P�R�W�L�Q�J���V�X�E�V�W�D�Q�F-
�H�V���W�K�D�W���L�Q�À�X�H�Q�F�H��in vitro cultures including inorganic 
ions, amino acids, nitrogenous compounds. CW and 
�&�0���D�O�V�R���D�S�S�H�D�U���W�R���K�D�Y�H���J�U�R�Z�W�K���U�H�J�X�O�D�W�R�U�\���S�U�R�S�H�U�W�L�H�V����
�H���J������ �D�X�[�L�Q���� �Y�D�U�L�R�X�V�� �F�\�W�R�N�L�Q�L�Q�V���� �*�$�V�� �D�Q�G���$�%�$�� �Z�K�L�F�K��
�D�U�H���D���F�O�D�V�V���R�I���S�K�\�W�R�K�R�U�P�R�Q�H�V���>�%�R�D�V�H���H�W���D�O�����������������0�D��
�H�W���D�O�����������������<�R�Q�J���H�W���D�O�������������@�����$�F�F�R�U�G�L�Q�J���W�R���<�R�Q�J���H�W���D�O����
[2009] the cytokinin found in coconut water support 
cell division, and thus promote rapid growth. Other 
than in our study results described Boase et al. [1993], 

�Z�K�R���L�Q�G�L�F�D�W�H�G���W�K�D�W���W�K�H���D�G�G�L�W�L�R�Q���W�R���W�K�H���%�$�3���E�D�V�H�G���0�6��
�P�H�G�L�X�P���������� �R�I�� �F�R�F�R�Q�X�W���P�L�O�N���F�D�Q���L�P�S�U�R�Y�H���V�K�R�R�W���U�H-
sponses of in vitro grown kiwifruit, both males and 
�I�H�P�D�O�H�V�����$�V���3�H�L�[�H���H�W���D�O�����>���������@���D�Q�G���$�O���.�K�D�\�U�L���>���������@��
points out, the use of natural organic compounds to 
replace expensive chemical sources of plant growth 
regulators can reduce the cost of micropropagation 
and consequently lower the market price for seedlings.

���+�����š���}�(���À���Œ�]�����o�����‰�,�U���•�]�o�]���}�v�U�����v�������}���}�v�µ�š���Á���š���Œ���}�v��
�]�v���À�]�š�Œ�}�������À���o�}�‰�u���v�š�����v�����P�Œ�}�Á�š�Z���}�(���Z�]�P�Z���µ�•�Z�����o�µ��-
berry

�7�K�H�� �H
u�H�F�W�� �R�I�� �V�W�U�H�V�V�� �R�Q�� �S�O�D�Q�W�� �J�U�R�Z�W�K�� �L�V�� �R�I�W�H�Q�� �G�H-
�W�H�U�P�L�Q�H�G�� �E�\�� �P�H�D�V�X�U�L�Q�J�� �V�K�R�R�W�� �D�Q�G�� �U�R�R�W�� �O�H�Q�J�W�K�� �>�.�U�X-
�S�D���0�D�á�N�L�H�Z�L�F�]���H�W���D�O�������������@�����/�R�Z���S�+�����K�L�J�K���++ activi-
ty) can directly inhibit plant growth and development 

�������������t�W�D���=���ì�X�í���u�P�����u–3���Ì�����Ÿ�v����   �t�W�D���=���í�ì�9�����D������   �t�W�D���=���í�ñ�9�����D������   �t�W�D���=���í�ì�9�����t��������   �t�W�D���=���í�ñ�9�����t

�&�]�P�X���î�X In vitro grown V. corymbosum���µ�/�L�E�H�U�W�\�¶���S�O�D�Q�W�O�H�W�V���D�I�W�H�U���������G�D�\�V���R�I���F�X�O�W�X�U�H���R�Q���:�3�0���P�H�G�L�X�P��
with the addition of 0.1 mg dm–3���]�H�D�W�L�Q�����D�Q�G���G�L
u�H�U�H�Q�W���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���R�I���F�R�F�R�Q�X�W���P�L�O�N�����&�0�����D�Q�G��
coconut water (CW)

 �d�����o�����í�X Effect of different concentrations of silicon (�+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O�����L�Q���W�K�H���:�3�0���P�H�G�L�X�P���R�Q���P�R�U�S�K�R�O�R�J�L�F�D�O���W�U�D�L�W�V��
and leaves colour (using CIE L*a*b* system) of V. corymbosum ‘Liberty’ under in vitro condition comparison to the 
�:�3�0���P�H�G�L�X�P���Z�L�W�K�����������P�J���/–1���]�H�D�W�L�Q�����D�I�W�H�U���������G�D�\�V���R�I���F�X�O�W�X�U�H�����Q��� ���������V�K�R�R�W�V���S�H�U���Wreatment) 

�:�3�0���P�H�G�L�X�P 

Zeatin (mg dm–3) �+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O�����P�J���G�P–3)  

0.1 ���� 100 200 ������ 

L*  �����������F* �����������D �����������E�F �����������F �����������D�E 

a* �����������D 10.22a �����������D �����������D �����������D 
Color parameters  
CIE leaves 

b* �����������D �����������D �����������D 21.00b �����������D 

�3�O�D�Q�W���K�H�L�J�K�W��(cm) ���������E 1.19a 1.02a 2.02b 1.02a 

�1�X�P�E�H�U���R�I���Q�H�Z���V�K�R�R�W�V ���������F ���������D 1.38a 1.91b 1.13a 

Fresh weight (mg) �����������D �����������D �����������D�E �����������E 38.83a 

�
�0�H�D�Q�V���I�R�O�O�R�Z�H�G���E�m���G�L�I�I�H�U�H�Q�W���O�H�W�W�H�U�V���L�Q���F�R�O�X�P�Q�V���D�U�H���V�L�J�Q�L�I�L�F�D�Q�W�O�m���G�L�I�I�H�U�H�Q�W���D�W���������O�H�Y�H�O���D�F�F�R�U�G�L�Q�J���W�R���7�X�N�H�m�¶�V���P�X�O�W�L�S�O�H���U�D�Q�J�H 

 
 
 
�d�����o�����î�X �(�I�I�H�F�W���R�I���G�L�I�I�H�U�H�Q�W���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���R�I���F�R�F�R�Q�X�W���Z�D�W�H�U���D�Q�G���F�R�F�R�Q�X�W���P�L�O�N���L�Q���W�K�H���:�3�0���P�H�G�L�X�P���R�Q���P�R�U�S�K�R�O�R�J�L�F�D�O���W�U�D�L�W�V��
and leaves colour (using CIE L*a*b* system) of V. corymbosum ‘Liberty’ under in vitro condition comparison to the 
�:�3�0���P�H�G�L�X�P���Z�L�W�K�����������P�J���/–1���]�H�D�W�L�Q�����D�I�W�H�U���������G�D�\�V���R�I���F�X�O�W�X�U�H�����Q��� ���������V�K�R�R�W�V���S�H�U���W�U�H�D�W�P�H�Q�W�� 

 �:�3�0���P�H�G�L�X�P 

  
0.1 mg dm–3  

zeatin 
coconut water 

������  
coconut water 

������  
coconut milk  

������  
coconut milk  

������  

L*  �����������F �����������E�F* �����������F �����������D �����������D�E 

a* –���������E 2.12a 1.18a 2.21a 2.28a 
Color parameters 
CIE leaves 

b* �����������F �����������F �����������F 20.03a 20.88ab 

�3�O�D�Q�W���K�H�L�J�K�W�����F�P�� ���������E 1.98b 2.13b ���������D 1.29a 

�1�X�P�E�H�U���R�I���Q�H�Z shoots ���������E 1.13a ���������E 1.00a 1.00a 

Fresh weight (mg) �����������E 31.33b 30.13b �����������D 19.00a 

�
�0�H�D�Q�V���I�R�O�O�R�Z�H�G���E�m���G�L�I�I�H�U�H�Q�W���O�H�W�W�H�U�V���L�Q���F�R�O�X�P�Q�V���D�U�H���V�L�J�Q�L�I�L�F�D�Q�W�O�m���G�L�I�I�H�U�H�Q�W���D�W���������O�H�Y�H�O���D�F�F�R�U�G�L�Q�J���W�R���7�X�N�H�m�¶�V���P�X�O�W�L�S�O�H���U�D�Q�J�H 
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U���D�X�U���<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U���D�X�U���K���Z�u�]���v�U���/�X���~�î�ì�î�î�•�X�����+�����š���}�(�������Ÿ�•�]�o���~�,�Ç���Œ�}�‰�o�µ�•�¡�•�U���}�Œ�P���v�]�����•�µ�‰�‰�o���u���v�š�•�U�����v�����‰�,���}�(���š�Z�����u�����]-
�µ�u���}�v���š�Z�����u�]���Œ�}�‰�Œ�}�‰���P���Ÿ�}�v���}�(��Vaccinium corymbosum�X���^���]�X���W�}�o�X���,�}�Œ�š�}�Œ�µ�u�����µ�o�š�µ�•�U���î�í�~�ñ�•�U���î�ñ�t�ï�ó�X���Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�ñ�X�ï

�>�.�L�G�G���D�Q�G���3�U�R�F�W�R�U���������������3�D�Y�O�R�Y�N�L�Q���H�W���D�O�������������@�����S�R�V-
�V�L�E�O�\���W�K�U�R�X�J�K���D�G�Y�H�U�V�H���H
u�H�F�W�V���D�W���W�K�H���U�R�R�W���S�O�D�V�P�D���O�H�Y�H�O����
as well as through reduced uptake and translocation 
�R�I���P�L�Q�H�U�D�O���Q�X�W�U�L�H�Q�W�V���>�0�D�U�W�L�Q�V���H�W���D�O�������������@�����2�Q�H���R�I���W�K�H��
limiting factors for the development and production of 
blueberry is the pH of the soil. It is well known that 
�E�O�X�H�E�H�U�U�L�H�V���G�H�Y�H�O�R�S���Z�H�O�O���L�Q���D�F�L�G�L�F���V�R�L�O���Z�L�W�K���D���S�+���R�I����������
�W�R�� �������� �D�Q�G�� �Z�L�W�K�� �O�R�Z�� �O�H�Y�H�O�V�� �R�I�� �I�H�U�W�L�O�L�W�\�� �>�*�D�O�O�H�J�R�V���&�H-
�G�L�O�O�R���H�W���D�O���� ���������@�����$�F�F�R�U�G�L�Q�J�� �W�R���)�L�U�D���H�W���D�O���� �>���������@���W�K�H��
pH recommended for the media used for Blue Crop in 
vitro���S�U�R�S�D�J�D�W�L�R�Q���L�V��������

When the blueberry ‘Liberty’ explants were cul-
�W�X�U�H�G���R�Q���P�H�G�L�D���Z�L�W�K���G�L
u�H�U�H�Q�W���S�+���O�H�Y�H�O�V���D�Q�G���Z�L�W�K���W�K�H��
�D�G�G�L�W�L�R�Q�� �R�I�� �+�\�G�U�R�S�O�X�V�Œ�� �$�F�W�L�V�L�O�� �R�U�� �F�R�F�R�Q�X�W�� �Z�D�W�H�U����
�V�K�R�Z�H�G���V�L�J�Q�L�¿�F�D�Q�W���G�L
u�H�U�H�Q�F�H�V���L�Q���S�O�D�Q�W���K�H�L�J�K�W�����D���Q�X�P-
ber of new shoots, FW, and biochemical traits test-
�H�G�� ���S�U�R�O�L�Q�H���� �0�'�$���� �D�Q�G�� �&�$�7�� �D�F�W�L�Y�L�W�\���� ���7�D�E���� ���� �D�Q�G�� ������ 
Fig. 3). In cultivar Liberty the mean plant height was 
1.90 cm, regardless of the pH of the medium. The addi-
�W�L�R�Q���W�R���W�K�H���:�3�0���P�H�G�L�X�P�����������P�J��dm–3 �R�I���+�\�G�U�R�S�O�X�V�Œ��
�$�F�W�L�V�L�O���K�D�V���L�Q�F�U�H�D�V�H�G���L�Q���W�K�H���S�O�D�Q�W���K�H�L�J�K�W���R�I�� ���������� �D�Q�G��
�&�:���F�D�X�V�H�G���D���U�H�G�X�F�W�L�R�Q���L�Q���V�K�R�R�W���J�U�R�Z�W�K���R�I�����������L�Q���F�R�P-
parison to the control. Similarly for the mean FW, Si 
�V�R�O�X�W�L�R�Q���F�D�X�V�H�G���D�Q���L�Q�F�U�H�D�V�H�G���R�I�����������R�I���P�H�D�Q���)�:�����E�X�W��

�&�:���±���G�H�F�U�H�D�V�H�G���R�I�����������R�I���P�H�D�Q���)�:���F�R�P�S�D�U�H�G���W�R���W�K�H��
�F�R�Q�W�U�R�O���������������P�J�������,�Q���F�R�Q�W�U�D�V�W�����E�R�W�K���$�F�W�L�V�L�O���D�Q�G���&�:���U�H-
�G�X�F�H�G���W�K�H���Q�X�P�E�H�U���R�I���Q�H�Z���V�K�R�R�W�V���S�H�U���S�O�D�Q�W���E�\�����������D�Q�G��
���������� �U�H�V�S�H�F�W�L�Y�H�O�\�� ���7�D�E���� �������� �:�K�L�O�H�� �Q�R�� �V�L�J�Q�L�¿�F�D�Q�W�� �G�L�I-
�I�H�U�H�Q�F�H�V���Z�H�U�H���R�E�V�H�U�Y�H�G���I�R�U���G�L
u�H�U�H�Q�W���S�+���R�I���W�K�H���:�3�0��
medium for such traits as mean plant height and mean 
number of shoots per plant, agreed with the visual ob-
servations that plants grown at higher pH were about 
the same height but had smaller leaves and were less 
vigorous when compared with the plants at low pH 
���7�D�E�������������$�O�W�K�R�X�J�K���W�K�H���P�H�D�Q���S�O�D�Q�W���)�:���Z�D�V���V�L�J�Q�L�¿�F�D�Q�W-
�O�\�� �O�R�Z�H�U�� �R�Q�� �S�+�� ���� �R�I���:�3�0�� �P�H�G�L�X�P�� �F�R�P�S�D�U�H�G�� �W�R�� �W�K�H��
other pH used. Similar results were obtained by Finn 
et al. [1991] when the tolerance of higher pH in the 
seedlings of V. angustifolium and V. corymbosum in 
vitro was studied. They have proposed that V. augusti-
folium could be a source of genes for tolerance to high 
�S�+�����,�Q���R�W�K�H�U���K�D�Q�G�����7�V�X�G�D���H�W���D�O�����>���������@���V�K�R�Z�H�G���D���Y�D�U�L�H�G��
�U�H�V�S�R�Q�V�H���R�I���K�L�J�K�E�X�V�K���E�O�X�H�E�H�U�U�\���W�R���G�L
u�H�U�H�Q�W���S�+���O�H�Y�H�O�V��
���S�+���I�U�R�P������ �W�R�������� �R�I�� �F�X�O�W�X�U�H���P�H�G�L�X�P���� �0�R�U�H�R�Y�H�U���� �W�K�H�\��
indicated that in vitro screening method could become 
a very useful tool for the selection of germplasm with 
tolerance to higher pH with very small planting within 
a short time.
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U���D�X�U���<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U���D�X�U���K���Z�u�]���v�U���/�X���~�î�ì�î�î�•�X�����+�����š���}�(�������Ÿ�•�]�o���~�,�Ç���Œ�}�‰�o�µ�•�¡�•�U���}�Œ�P���v�]�����•�µ�‰�‰�o���u���v�š�•�U�����v�����‰�,���}�(���š�Z�����u�����]�r
�µ�u���}�v���š�Z�����u�]���Œ�}�‰�Œ�}�‰���P���Ÿ�}�v���}�(��Vaccinium corymbosum�X���^���]�X���W�}�o�X���,�}�Œ�š�}�Œ�µ�u�����µ�o�š�µ�•�U���î�í�~�ñ�•�U���î�ñ�t�ï�ó�X���Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�ñ�X�ï

�.�U�X�S�D���0�D�á�N�L�H�Z�L�F�]���D�Q�G���&�D�O�R�P�P�H���>���������@���L�Q�Y�H�V�W�L�J�D�W-
�H�G���W�K�H���H
u�H�F�W�V���R�I���G�L
u�H�U�H�Q�W���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���R�I���+�\�G�U�R�S�O�X�V�Œ��
�$�F�W�L�V�L�O���R�Q���W�K�H���P�R�U�S�K�R�O�R�J�L�F�D�O���D�Q�G���E�L�R�F�K�H�P�L�F�D�O���W�U�D�L�W�V���R�I��
petunia under in vitro and greenhouse conditions. It was 
found that the addition of commercial silicon solution to 
�W�K�H���0�6���P�H�G�L�X�P���G�H�F�U�H�D�V�H�G���S�O�D�Q�W���K�H�L�J�K�W���D�Q�G���U�R�R�W���O�H�Q�J�W�K��
�E�X�W�� �L�Q�F�U�H�D�V�H�G�� �S�U�R�O�L�Q�H���� �0�'�$���� �W�R�W�D�O�� �S�R�O�\�S�K�H�Q�R�O�� �D�Q�G��
�&�$�7���D�F�W�L�Y�L�W�\�����Z�K�L�F�K���P�D�\���L�Q�G�L�F�D�W�H���W�K�D�W���V�L�O�L�F�R�Q���S�U�R�Y�R�N�H�V�� 
a stress response of the in vitro plants. In contrast, Gal-
legos-Cedillo et al. [2018] indicated that application of 

���������P�0���R�I���V�L�O�L�F�R�Q�����6�L�O�L�I�R�U�W�H�Š�����E�H�Q�H�¿�W�V���V�L�J�Q�L�¿�F�D�Q�W�O�\���W�K�H��
vegetative growth of blueberry plants (V. corymbosum 
L. cv. Ventura). They observed that increase the pH lev-
�H�O���W�R�������������G�H�F�U�H�D�V�H�G���W�K�H���G�U�\���Z�H�L�J�K�W���R�I���V�W�H�P���D�Q�G���O�H�D�Y�H�V��
�R�I�� �E�O�X�H�E�H�U�U�\���� �0�D�[�L�P�X�P�� �Y�H�J�H�W�D�W�L�Y�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �Z�D�V��
�R�E�W�D�L�Q�H�G���D�W���S�+���Y�D�O�X�H�V���U�D�Q�J�L�Q�J���I�U�R�P�������������W�R�������������L�Q���F�R�L�U��
�¿�E�H�U�����,�Q���R�W�K�H�U���K�D�Q�G�����)�L�U�D���H�W���D�O�����>���������@���F�R�Q�¿�U�P�H�G���W�K�D�W���L�W��
is possible to use CW to the medium instead of zeatin 
but a low number of new shoots were obtained and the 
explants grow slowly. 

                  ���������Ÿ�•�]�o�����������������������������Ÿ�•�]�o���������������������������Ÿ�•�]�o��     �������������������t����      �����������������t��������������������     �����t���������������������������������������������}�v�š�Œ�}�o������������            control                    control
                   �������‰�,���ñ��������������   �������‰�,���ñ�X�ñ�����������������������‰�,���ò������     �������������‰�,���ñ����������       �‰�,���ñ�X�ñ��������������     ���‰�,���ò�������������������������������������������‰�,���ñ��������������          ���������‰�,���ñ�U�ñ����������������          ���������‰�,���ò��

�&�]�P�X���ï�X In vitro grown V. corymbosum���µ�/�L�E�H�U�W�\�¶���S�O�D�Q�W�O�H�W�V���D�I�W�H�U���������G�D�\�V���R�I���F�X�O�W�X�U�H���R�Q���:�3�0���P�H�G�L�X�P���Z�L�W�K���Z�L�W�K�R�X�W���W�K�H���D�G�G�L�W�L�R�Q��
of 200 mg dm–3���+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O�����6�L�����R�U�����������F�R�F�R�Q�X�W���Z�D�W�H�U�����&�:�����D�Q�G���G�L
u�H�U�H�Q�W���S�+�����������������������������������D�V���D���F�R�Q�W�U�R�O
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U���D�X�U���<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U���D�X�U���K���Z�u�]���v�U���/�X���~�î�ì�î�î�•�X�����+�����š���}�(�������Ÿ�•�]�o���~�,�Ç���Œ�}�‰�o�µ�•�¡�•�U���}�Œ�P���v�]�����•�µ�‰�‰�o���u���v�š�•�U�����v�����‰�,���}�(���š�Z�����u�����]-
�µ�u���}�v���š�Z�����u�]���Œ�}�‰�Œ�}�‰���P���Ÿ�}�v���}�(��Vaccinium corymbosum�X���^���]�X���W�}�o�X���,�}�Œ�š�}�Œ�µ�u�����µ�o�š�µ�•�U���î�í�~�ñ�•�U���î�ñ�t�ï�ó�X���Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�ñ�X�ï

���]�}���Z���u�]�����o���‰���Œ���u���š���Œ�•���}�(���š�Z�����•�š�Œ���•�•���Œ���•�‰�}�v�•��
�$�F�F�R�U�G�L�Q�J�� �W�R�� �P�D�Q�\�� �D�X�W�K�R�U�V�� �>�%�D�U�E�R�V�D�� �H�W�� �D�O���� ������������

�.�U�X�S�D���0�D�á�N�L�H�Z�L�F�]���D�Q�G���6�P�R�O�L�N�����������@���H�O�H�Y�D�W�H�G���S�U�R�O�L�Q�H��
�D�Q�G���0�'�$�� �O�H�Y�H�O�V���L�Q���S�O�D�Q�W���W�L�V�V�X�H�V���D�U�H���T�X�L�W�H���D���J�R�R�G���L�Q-
�G�L�F�D�W�R�U���R�I���W�K�H���Q�H�J�D�W�L�Y�H���H
u�H�F�W�V���R�I���Y�D�U�L�R�X�V���V�W�U�H�V�V���I�D�F�W�R�U�V��
�R�Q�� �D�� �S�O�D�Q�W���� �8�Q�G�H�U�� �W�K�H�� �L�Q�À�X�H�Q�F�H�� �R�I�� �V�W�U�H�V�V�� �I�D�F�W�R�U�V���� �W�K�H��
production and accumulation of proline occurs, which 
provides protection to the cells by lowering the os-
�P�R�W�L�F���S�R�W�H�Q�W�L�D�O���D�Q�G���G�U�L�Y�H�V���Z�D�W�H�U���X�S�W�D�N�H�����0�D�Q�\���V�W�X�G�L�H�V��
�G�H�P�R�Q�V�W�U�D�W�H�� �W�K�D�W�� �S�O�D�Q�W�V�� �W�R�O�H�U�D�Q�W�� �W�R�� �G�L
u�H�U�H�Q�W�� �H�Q�Y�L�U�R�Q-
mental stress factors accumulate more proline, than 
�V�H�Q�V�L�W�L�Y�H�� �S�O�D�Q�W�V���� �$�Q�� �L�Q�F�U�H�D�V�H�G�� �F�D�W�D�O�D�V�H�� �D�F�W�L�Y�L�W�\�� �P�D�\��
also indicate that a stress factor is acting on the plant. 
�$�F�F�R�U�G�L�Q�J�� �W�R�� �6�
�G�]�L�N�� �H�W�� �D�O���� �>���������@���� �&�$�7�� �L�V�� �W�K�H�� �P�D�M�R�U��
antioxidant enzyme associated with scavenging oxy-
gen species (ROS).

In the present study, it was observed that as the 
pH of the medium increased, stress levels in plants 
increase, as indicated by increasing concentrations 
�R�I�� �S�U�R�O�L�Q�H���� �0�'�$�� �D�Q�G�� �F�D�W�D�O�D�V�H�� �D�F�W�L�Y�L�W�\�� ���7�D�E���� �������� �7�K�H��
�D�G�G�L�W�L�R�Q���R�I���+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O���W�R���W�K�H���:�3�0���P�H�G�L�X�P��
increased the concentrations of the tested biochemi-
�F�D�O���S�D�U�D�P�H�W�H�U�V���R�Q�O�\���Z�K�H�Q���S�+�����������R�I���W�K�H���P�H�G�L�X�P���Z�D�V��
used, and decreased when the pH of the medium was 
�������� �R�U�� ���������� �F�R�P�S�D�U�H�G�� �W�R�� �W�K�H�� �F�R�Q�W�U�R�O���� �'�H�D�F�W�L�Y�D�W�L�R�Q�� �R�I��

�&�$�7�� �L�V�� �O�L�Q�N�H�G�� �Z�L�W�K�� �G�H�F�U�H�D�V�L�Q�J�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �R�I�� �W�K�H��
�0�'�$���� �V�X�J�J�H�V�W�L�Q�J�� �W�K�D�W�� �R�[�L�G�D�W�L�Y�H�� �G�D�P�D�J�H�� �P�D�\�� �E�H�� �U�H-
�G�X�F�H�G�� �E�\�� �W�K�H�� �D�G�G�L�W�L�R�Q�� �R�I���$�F�W�L�V�L�O���� �,�Q�� �F�R�Q�W�U�D�V�W���� �S�U�R�O�L�Q�H��
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q���L�Q�F�U�H�D�V�H�G���I�U�R�P���������W�R�����������F�R�P�S�D�U�H�G���W�R��
�W�K�H���F�R�Q�W�U�R�O�����Z�K�H�Q���W�K�H���D�G�G�L�W�L�R�Q���R�I�����������F�R�F�R�Q�X�W���Z�D�W�H�U��
�Z�D�V�� �X�V�H�G���� �6�L�P�L�O�D�U�O�\���� �W�K�H�� �D�G�G�L�W�L�R�Q�� �R�I�� �������� �&�:�� �W�R�� �W�K�H��
�:�3�0�����U�H�J�D�U�G�O�H�V�V���R�I���W�K�H���S�+�����L�Q�F�U�H�D�V�H�G���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V��
�R�I���0�'�$�����I�U�R�P�������W�R���������������D�Q�G���&�$�7���D�F�W�L�Y�L�W�\�����I�U�R�P��������
�W�R�������������� �F�R�P�S�D�U�H�G���W�R���W�K�H���F�R�Q�W�U�R�O�����7�K�H���U�H�V�X�O�W�V���R�I�� �W�K�L�V��
�V�W�X�G�\���D�U�H���L�Q���O�L�Q�H���Z�L�W�K���S�U�H�Y�L�R�X�V���¿�Q�G�L�Q�J�V���Z�K�L�F�K���V�K�R�Z�H�G��
�6�L�� �D�V�� �D�� �S�O�D�Q�W���E�H�Q�H�¿�F�L�D�O�� �H�O�H�P�H�Q�W�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �W�K�H��
�P�L�W�L�J�D�W�L�R�Q�� �R�I�� �D�E�L�R�W�L�F�� �V�W�U�H�V�V�H�V�� �>�%�D�U�E�R�V�D�� �H�W�� �D�O���� ������������
Gallegos-Cedillo et al. 2018].

�>�����(�����}�o�}�µ�Œ��
�0�D�Q�\�� �D�X�W�K�R�U�V�� �>�3�L�Z�R�Z�D�U�F�]�\�N�� �H�W�� �D�O���� ������������ �.�U�X-

�S�D���0�D�á�N�L�H�Z�L�F�]�� �D�Q�G�� �&�D�O�R�P�P�H�� ���������@�� �V�X�J�J�H�V�W�H�G�� �W�K�D�W��
�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���V�W�U�H�V�V���I�D�F�W�R�U�V���K�D�Y�H���D���Q�H�J�D�W�L�Y�H���H
u�H�F�W���R�Q��
�W�K�H���S�K�R�W�R�V�\�Q�W�K�H�W�L�F���S�L�J�P�H�Q�W���F�R�Q�W�H�Q�W�����$�F�F�R�U�G�L�Q�J���W�R���.�U�X-
�S�D���0�D�á�N�L�H�Z�L�F�]���D�Q�G���&�D�O�R�P�P�H���>���������@���F�R�Q�W�H�Q�W�V���R�I���S�K�R-
tosynthetic pigment in leaves are closely correlated to 
their colour. In this study, it was observed that leaves 
�R�I���K�L�J�K�E�X�V�K���E�O�X�H�E�H�U�U�\���G�L
u�H�U�H�G���V�L�J�Q�L�¿�F�D�Q�W�O�\���L�Q���F�R�O�R�X�U��
���)�L�J�������������7�K�H���Y�D�O�X�H���R�I���S�D�U�D�P�H�W�H�U��L* (reaching from 0 
to 100, black and white, respectively) is usually used 

�&�]�P�X���ð�X �(
u�H�F�W���R�I��200 mg dm–3���+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O���D�Q�G����������coconut water (CW) �L�Q���W�K�H���:�3�0���P�H�G�L�X�P���Z�L�W�K���G�L
u�H�U�H�Q�W��
pH as a control on leaves colour using CIE L*a*b* system, L�
���W�K�H���O�L�J�K�W�Q�H�V�V���F�R�H
v�F�L�H�Q�W���D�W���W�K�H���H�Q�G���H�[�S�H�U�L�P�H�Q�W�����7�K�H��
�¿�J�X�U�H�����L�Q�G�L�F�D�W�H���[���D�[�L�V��–���F�R�P�E�L�Q�D�W�L�R�Q�V���R�I���:�3�0���P�H�G�L�X�P�����Q��� ���������V�K�R�R�W�V���S�H�U���W�U�H�D�W�P�H�Q�W�V



34 �Z�©�‰�•�W�l�l���Ì���•�}�‰�]�•�u���X�µ�‰�X�o�µ���o�]�v�X�‰�o�l�]�v�����Æ�X�‰�Z�‰�l���•�‰�Z��

�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U���D�X�U���<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U���D�X�U���K���Z�u�]���v�U���/�X���~�î�ì�î�î�•�X�����+�����š���}�(�������Ÿ�•�]�o���~�,�Ç���Œ�}�‰�o�µ�•�¡�•�U���}�Œ�P���v�]�����•�µ�‰�‰�o���u���v�š�•�U�����v�����‰�,���}�(���š�Z�����u�����]�r
�µ�u���}�v���š�Z�����u�]���Œ�}�‰�Œ�}�‰���P���Ÿ�}�v���}�(��Vaccinium corymbosum�X���^���]�X���W�}�o�X���,�}�Œ�š�}�Œ�µ�u�����µ�o�š�µ�•�U���î�í�~�ñ�•�U���î�ñ�t�ï�ó�X���Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�ñ�X�ï

for tracking the colour changes [Ochmian et al. 2010]. 
�$�F�F�R�U�G�L�Q�J�� �W�R�� �.�U�X�S�D���0�D�á�N�L�H�Z�L�F�]�� �H�W�� �D�O���� �>���������@���� �W�K�H��
change in the parameter L* is usually related to phys-
iological attributes of the visual appearance of bright-
ness. However, the highbush blueberry leaves grown 
�R�Q���:�3�0���P�H�G�L�X�P���S�+�����������Z�H�U�H���W�K�H���G�D�U�N�H�V�W���������������������,�Q��
the case of leaf colouration from the other combina-
�W�L�R�Q�V�� �R�I�� �W�K�H�� �H�[�S�H�U�L�P�H�Q�W���� �W�K�H�� �G�L
u�H�U�H�Q�F�H�V�� �Z�H�U�H�� �V�O�L�J�K�W����
The value of a* parameter (colour ranging from green 
to red) determined on the surface of leaf ranges from 
�±�������������F�R�Q�W�U�R�O�����S�+�������������W�R�����������������:�3�0���������������P�J��dm–3 
�$�F�W�L�V�L�O���� �S�+�� ���������� ���)�L�J���� �������� �,�W�� �Z�D�V�� �R�E�V�H�U�Y�H�G�� �W�K�D�W�� �D�V�� �W�K�H��
pH of the medium increased, the value of the param-
eter a* increased. Opposite results were observed for 
the parameter b* (colour ranging from yellow to blue), 
�U�D�Q�J�L�Q�J���I�U�R�P�����������������F�R�Q�W�U�R�O�����S�+�������������W�R���������������:�3�0������
200 mg dm–3 �$�F�W�L�V�L�O�����S�+���������������)�L�J�������������7�K�H���D�G�G�L�W�L�R�Q���R�I��
�$�F�W�L�V�L�O���V�R�O�X�W�L�R�Q���R�U���F�R�F�R�Q�X�W���Z�D�W�H�U���W�R���W�K�H���:�3�0���P�H�G�L�X�P��
�D
u�H�F�W�H�G���W�K�H���F�R�O�R�X�U���R�I���W�K�H���K�L�J�K�E�X�V�K���E�O�X�H�E�H�U�U�\���O�H�D�Y�H�V���D�V��
compared to the control group. Whereby, the leaves of 
�K�L�J�K�E�X�V�K���E�O�X�H�E�H�U�U�\���J�U�R�Z�Q���R�Q���:�3�0���P�H�G�L�X�P���Z�L�W�K���D�G-
�G�L�W�L�R�Q���R�I�����������&�:���Z�H�U�H���J�U�H�H�Q�H�U���D�Q�G���O�H�V�V���\�H�O�O�R�Z���W�K�D�Q��
�O�H�D�Y�H�V���J�U�R�Z�Q���R�Q���:�3�0���P�H�G�L�X�P���Z�L�W�K���$�F�W�L�V�L�O����

�,�Q���W�K�H���V�W�X�G�L�H�V���R�I���.�U�X�S�D���0�D�á�N�L�H�Z�L�F�]���D�Q�G���&�D�O�R�P�P�H��
�>���������@���� �W�K�H�� �D�S�S�O�L�F�D�W�L�R�Q�� �R�I���$�F�W�L�V�L�O�� �L�Q�� �0�6�� �P�H�G�L�X�P���� �U�H-
�J�D�U�G�O�H�V�V���R�I���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�����K�D�G���D���S�R�V�L�W�L�Y�H���L�Q�À�X�H�Q�F�H���R�Q��
the intensity of the green and yellow colours of petu-
nia leaves in vitro�����$�F�F�R�U�G�L�Q�J���W�R���%�D�U�E�R�V�D���H�W���D�O�����>���������@����
increasing chlorophyll concentration in leaves can 
improve light interception and better performance of 
photosynthetic parameters.

���K�E���>�h�^�/�K�E�^

In conclusion, this study has shown that microprop-
agation of V. corymbosum cv. Liberty can be enhanced 
by supplementing the culture medium with 200 mg 
dm-3 �+�\�G�U�R�S�O�X�V�Œ�� �$�F�W�L�V�L�O�� �V�R�O�X�W�L�R�Q�� �D�V�� �U�H�F�R�P�P�H�Q�G�H�G��
�E�\�� �W�K�H�� �S�U�R�G�X�F�H�U���� �0�R�U�H�R�Y�H�U���� �U�H�V�X�O�W�V�� �K�D�Y�H�� �V�K�R�Z�Q�� �W�K�D�W��
using coconut water as a natural complex of organic 
�V�X�E�V�W�D�Q�F�H�V���L�Q�À�X�H�Q�F�H�V���S�O�D�Q�W���K�H�L�J�K�W���D�Q�G���Q�X�P�E�H�U���R�I���Q�H�Z��
�V�K�R�R�W�V�� �D�Q�G�� �F�D�Q�� �U�H�S�O�D�F�H�� �]�H�D�W�L�Q���� �0�D�[�L�P�X�P�� �Y�H�J�H�W�D�W�L�Y�H��
development of blueberry explants was obtained at  
�S�+�� ������ �&�R�P�P�H�U�F�L�D�O�� �6�L�� �V�R�O�X�W�L�R�Q�� ���+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O����
can be successfully used as an agent in blueberry in 
vitro culture, strongly stimulating plant growth and 

�&�]�P�X���ñ�X�� ���(
u�H�F�W�� �R�I��200 mg dm–3�� �+�\�G�U�R�S�O�X�V�Œ���$�F�W�L�V�L�O�� ���$���� �D�Q�G�� ��������coconut water 
(CW) �L�Q�� �W�K�H���:�3�0�� �P�H�G�L�X�P�� �Z�L�W�K�� �G�L
u�H�U�H�Q�W�� �S�+�� �D�V�� �D�� �F�R�Q�W�U�R�O�� ���&���� �R�Q�� �O�H�D�Y�H�V�� �F�R�O�R�X�U��
using CIE L*a*b* system, a* (green colour) and b* (yellow colour) at the end 
experiment, n = 32 shoots per treatments
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U���D�X�U���<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U���D�X�U���K���Z�u�]���v�U���/�X���~�î�ì�î�î�•�X�����+�����š���}�(�������Ÿ�•�]�o���~�,�Ç���Œ�}�‰�o�µ�•�¡�•�U���}�Œ�P���v�]�����•�µ�‰�‰�o���u���v�š�•�U�����v�����‰�,���}�(���š�Z�����u�����]-
�µ�u���}�v���š�Z�����u�]���Œ�}�‰�Œ�}�‰���P���Ÿ�}�v���}�(��Vaccinium corymbosum�X���^���]�X���W�}�o�X���,�}�Œ�š�}�Œ�µ�u�����µ�o�š�µ�•�U���î�í�~�ñ�•�U���î�ñ�t�ï�ó�X���Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�ñ�X�ï

reducing stress at higher pH of the medium. Coconut 
�Z�D�W�H�U���G�L�G���Q�R�W���D�O�O�H�Y�L�D�W�H���W�K�H���Q�H�J�D�W�L�Y�H���H
u�H�F�W�V���R�I���W�K�H���K�L�J�K-
�H�U�� �S�+�� �R�I�� �W�K�H�� �:�3�0�� �P�H�G�L�X�P�� �L�Q�� �P�L�F�U�R�S�U�R�S�D�J�D�W�L�R�Q�� �R�I��
highbush blueberry. 

�^�K�h�Z�������K�&���&�h�E���/�E�'

�7�K�L�V���U�H�V�H�D�U�F�K���Z�D�V���V�X�S�S�R�U�W�H�G���E�\���W�K�H���:�H�V�W���3�R�P�H�U�D�Q�L�D�Q��
�8�Q�L�Y�H�U�V�L�W�\���R�I���7�H�F�K�Q�R�O�R�J�\���*�U�D�Q�W���1�R������������������������������������

�Z���&���Z���E�����^

�$�O���.�K�D�\�U�L���� �-���0���� ���������������� �6�R�P�D�W�L�F�� �H�P�E�U�\�R�J�H�Q�H�V�L�V�� �R�I�� �G�D�W�H��
palm (Phoenix dactylifera L.) improved by coconut wa-
�W�H�U�����%�L�R�W�H�F�K�Q�R�O�R�J�\�����������������������±��������

�%�D�U�E�R�V�D�����0���$���0�������G�D���6�L�O�Y�D�����0���+���/�������9�L�D�Q�D�����*���'���0�������)�H�U�U�H�L-
�U�D�����7���5�������G�H���&�D�U�Y�D�O�K�R���6�R�X�]�D�����&���/���)�������/�R�E�D�W�R�����(���0���6���*������
�G�D���6�L�O�Y�D���/�R�E�D�W�R�����$���.���������������������%�H�Q�H�¿�F�L�D�O���U�H�S�H�U�F�X�V�V�L�R�Q���R�I��
silicon (Si) application on photosynthetic pigments in 
�P�D�L�]�H���S�O�D�Q�W�V�����$�X�V�W�����-�����&�U�R�S���6�F�L�����������������������������±����������

�%�D�V�N�D�U�D�Q�����3�������9�H�O�D�\�X�W�K�D�P�����3�������-�D�\�D�E�D�O�D�Q�����1��������������������In vitro 
regeneration of Melothria maderaspatana via indirect 
�R�U�J�D�Q�R�J�H�Q�H�V�L�V���� �,�Q�� �9�L�W�U�R�� �&�H�O�O���� �'�H�Y���� �%�L�R�O������ �3�O�D�Q�W���� ��������������
�����������K�W�W�S�V�������G�R�L���R�U�J���������������������V��������������������������������

�%�D�W�H�V�����/���6�������:�D�O�G�U�H�Q�����5�������7�H�D�U�H�����,�������������������5�D�S�L�G���G�H�W�H�U�P�L�Q�D-
�W�L�R�Q���R�I���I�U�H�H���S�U�R���O�L�Q�H���I�R�U���Z�D�W�H�U���V�W�U�H�V�V���V�W�X�G�L�H�V�����3�O�D�Q�W���6�R�L�O����
���������������������±��������
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and accumulation of silicon in tissues of blueberry (Vac-
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The genus Vaccinium, which belongs to the family 
Ericaceae, comprises approximately 400 species. The 
largest producers of blueberry are the USA, Chile, and 
Canada [Brazelton and Young 2017]. In Europe, blue-
berry production is concentrated in Poland, Germany, 
and Spain [Brazelton 2013]. In recent years, there has  

been an increasing consumer interest in blueberry fruit 
mainly because of its taste and health-promoting prop-
erties. The average annual growth rate of blueberry pro-
duction worldwide is 8.2% (FAO UN 2018). Despite 
the increase in blueberry cultivation, the selling price of 
blueberries still remains very high [Podymniak 2015].

INFLUENCE  OF  VARIOUS  TYPES  OF  LIGHT  ON  GROWTH 
AND  PHYSICOCHEMICAL  COMPOSITION  OF  BLUEBERRY  
�V̂accinium  corymbosum  �>�X�‰����LEAVES

�D�}�v�]�l�����&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l��1�U���/�Œ���v���µ�•�Ì���K���Z�u�]���v1 �
 , �D���Œ�����o�]�v�����<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì2, 
�^�����]�v�����>�����Z�}�Á�]���Ì3
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ABSTRACT

�,�W���L�V���L�P�S�R�U�W�D�Q�W���W�R���X�V�H���O�L�J�K�W���W�K�D�W���K�D�V���D���S�R�V�L�W�L�Y�H���H
u�H�F�W���R�Q���S�O�D�Q�W�V�����)�R�U���S�O�D�Q�W���J�U�R�Z�H�U�V�����D�F�K�L�H�Y�L�Q�J���W�K�H���O�R�Z�H�V�W���S�R�V�V�L�E�O�H��
�F�R�V�W���R�I���V�K�U�X�E���S�U�R�G�X�F�W�L�R�Q���L�V���F�U�X�F�L�D�O�����:�H���L�Q�Y�H�V�W�L�J�D�W�H�G���W�K�H���L�Q�À�X�H�Q�F�H���R�I���O�L�J�K�W�����Z�K�L�W�H���D�Q�G���Y�L�R�O�H�W���/�(�'�V���D�V���Z�H�O�O���D�V��
�À�X�R�U�H�V�F�H�Q�W���Z�K�L�W�H���D�Q�G���U�H�G���O�L�J�K�W�����R�Q���W�K�H���U�R�R�W�L�Q�J���D�Q�G���J�U�R�Z�W�K���R�I���E�O�X�H�E�H�U�U�\���F�X�W�W�L�Q�J�V����V. corymbosum���/�������µ�$�X�U�R�U�D�¶��
�D�Q�G���µ�+�X�U�R�Q�¶�����%�O�X�H�E�H�U�U�\���F�X�W�W�L�Q�J�V���������F�P���W�D�O�O�����Z�H�U�H���S�O�D�Q�W�H�G���L�Q�W�R���E�R�[�H�V���Z�L�W�K���S�H�D�W�����Z�K�L�F�K���Z�H�U�H���S�O�D�F�H�G���L�Q���D���S�K�\-
�W�R�W�U�R�Q���D�W�������ƒ�&���D�Q�G���L�O�O�X�P�L�Q�D�W�H�G���I�R�U���������K�R�X�U�V���D���G�D�\�����7�K�H���S�O�D�Q�W�V���G�L�H�G���X�Q�G�H�U���W�K�H���U�H�G���À�X�R�U�H�V�F�H�Q�W���O�L�J�K�W���V�R�X�U�F�H���D�Q�G����
�W�K�H�U�H�I�R�U�H���� �Z�H���G�L�V�F�R�Q�W�L�Q�X�H�G���L�W�V���X�V�H�����7�K�H���R�W�K�H�U���W�K�U�H�H���O�L�J�K�W���V�R�X�U�F�H�V���K�D�G���D���S�R�V�L�W�L�Y�H���H
u�H�F�W���R�Q���S�O�D�Q�W���J�U�R�Z�W�K���D�Q�G��
�G�H�Y�H�O�R�S�P�H�Q�W�����7�K�H���O�L�J�K�W���V�R�X�U�F�H���K�D�G���O�L�W�W�O�H���H
u�H�F�W���R�Q���W�K�H���F�R�Q�W�H�Q�W���R�I���P�D�F�U�R�H�O�H�P�H�Q�W�V���L�Q���W�K�H���O�H�D�Y�H�V�����3�O�D�Q�W�V���J�U�R�Z�Q��
�X�Q�G�H�U���Z�K�L�W�H���À�X�R�U�H�V�F�H�Q�W���D�Q�G���Z�K�L�W�H���/�(�'���O�L�J�K�W���G�L�G���Q�R�W���V�L�J�Q�L�¿�F�D�Q�W�O�\���G�L
u�H�U���L�Q���W�K�H���K�H�L�J�K�W�������������±�����������F�P�������S�U�R�O�L�Q�H��
�����������±���������� ���P�R�O�� �J�±�������� �D�Q�G�� �S�R�O�\�S�K�H�Q�R�O�� �F�R�Q�W�H�Q�W�� �����������±���������� �P�J�� �������� �J�±�������� �,�Q�� �E�R�W�K�� �F�X�O�W�L�Y�D�U�V���� �W�K�H�� �Y�L�R�O�H�W�� �/�(�'��
light reduced plant growth and increased the content of polyphenols (6,448 mg 100 g�±�������D�Q�G���S�U�R�O�L�Q�H�������������± 
�������������P�R�O���J�±��) in the leaves, which may indicate abiotic stress. 
�'�X�U�L�Q�J���W�K�H���U�R�R�W�L�Q�J���R�I���K�L�J�K�E�X�V�K���E�O�X�H�E�H�U�U�\���F�X�W�W�L�Q�J�V�����L�W���L�V���D�G�Y�L�V�D�E�O�H���W�R���X�V�H���Z�K�L�W�H���/�(�'���O�L�J�K�W�����,�W���K�D�V���D���S�R�V�L�W�L�Y�H��
�H�F�R�Q�R�P�L�F���L�P�S�D�F�W���R�Q���F�U�R�S���S�U�R�G�X�F�W�L�R�Q���G�X�H���W�R���O�R�Z���H�O�H�F�W�U�L�F�L�W�\���F�R�Q�V�X�P�S�W�L�R�Q���D�Q�G���L�W���E�H�Q�H�¿�W�V���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W���E�\��
�H�O�L�P�L�Q�D�W�L�Q�J���P�H�U�F�X�U�\�����7�K�H���S�O�D�Q�W���T�X�D�O�L�W�\���L�V���V�L�P�L�O�D�U���W�R���W�K�D�W���R�I���À�X�R�U�H�V�F�H�Q�W���Z�K�L�W�H���O�L�J�K�W��

Key words:���S�K�\�W�R�W�U�R�Q�����/�(�'���O�L�J�K�W�����S�R�O�\�S�K�H�Q�R�O�V�����S�U�R�O�L�Q�H�����P�D�F�U�R�����D�Q�G���P�L�F�U�R�H�O�H�P�H�Q�W�V
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U�� �D�X�U�� �K���Z�u�]���v�U�� �/�X�U�� �<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U�� �D�X�U�� �>�����Z�}�Á�]���Ì�U�� �^�X�� �~�î�ì�î�î�•�X���/�v�G�µ���v������ �}�(�� �À���Œ�]�}�µ�•�� �š�Ç�‰���•�� �}�(�� �o�]�P�Z�š�� �}�v�� �P�Œ�}�Á�š�Z����
���v���� �‰�Z�Ç�•�]���}���Z���u�]�����o�� ���}�u�‰�}�•�]�Ÿ�}�v�� �}�(�� ���o�µ�������Œ�Œ�Ç�� �~Vaccinium corymbosum�� �>�X�•�� �o�����À���•�X�� �����š���� �^���]�X�� �W�}�o�X�� �,�}�Œ�š�}�Œ�µ�u�� ���µ�o�š�µ�•�U�� �î�í�~�î�•�U�� �ô�ó�t�í�ì�í�X����
�Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�î�X�ô

Also the leaves are a very valuable material besides 
the fruit. Blueberry leaves, prepared and consumed as 
tea, are a rich source of potent phenolic antioxidants, 
�D�Q�G���K�D�Y�H���Y�H�U�\���K�L�J�K���7�3���F�R�Q�W�H�Q�W���D�Q�G���V�L�J�Q�L�¿�F�D�Q�W���U�H�G�X�F-
ing capacity according to the FRAP assay [Piljac- 
���ä�H�J�D�U�D�F���H�W���D�O�������������@�������%�O�X�H�E�H�U�U�\���O�H�D�I���W�H�D���V�X�S�S�R�U�W�V���G�L-
gestion and is especially useful after eating fatty and 
hard to digest foods. This tea also has blood glucose 
lowering properties, hence it is recommended in the 
�H�D�U�O�\���V�W�D�J�H�V���R�I���G�L�D�E�H�W�H�V�������,�W���L�V���D�O�V�R���X�V�H�G���L�Q���L�Q�À�D�P�P�D�W�R-
ry conditions of the urinary and digestive systems. The 
infusion is aromatic and has a bitter, tannic taste due 
to the high amount of polyphenols [Wang et al. 2015].

�/�L�J�K�W�� �L�V�� �W�K�H�� �S�U�L�P�D�U�\�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �I�D�F�W�R�U�� �V�W�L�P�X-
lating plant growth and development [Bourget 2008, 
�0�D�V�V�D�� �H�W���D�O���� ������������ �0�R�U�U�R�Z�� ������������ �+�R�J�H�Z�R�Q�L�Q�J�� �H�W���D�O����
2010], and its control is an increasingly used tool in 
production [Zoratti et al. 2014, Demotes-Mainard et 
al. 2016]. The intensity and composition of the radi-
�D�W�L�R�Q�� �U�H�D�F�K�L�Q�J�� �W�K�H�� �S�O�D�Q�W�V�� �K�D�V�� �D�� �Y�H�U�\�� �V�W�U�R�Q�J�� �L�Q�À�X�H�Q�F�H��
on the formation of the aboveground plant parts and is  
a key factor in morphological development and leaf 
formation of plants [Pilarski and Kocurek 2014]. 
Plants detect and react to changes in light wavelengths 
�Z�L�W�K���G�L
u�H�U�H�Q�W���W�\�S�H�V���R�I���S�K�R�W�R�U�H�F�H�S�W�R�U�V�����L�Q�F�O�X�G�L�Q�J���S�K�\-
tochromes, thereby modulating their growth and devel-
opment [Kami et al. 2010, Burgie et al. 2014, Galvão 
and Fankhauser 2015, Demotes-Mainard et al. 2016]. 
Phytochromes can be inactive or active, and the bal-
ance between these two forms changes dynamically 
with changes in the light spectrum composition in the 
�U�D�Q�J�H���������±�������� �Q�P���� �D�Q�G���L�W���L�V���V�W�U�R�Q�J�O�\���F�R�U�U�H�O�D�W�H�G���Z�L�W�K��
the red/far red (R/FR) ratio similar as for blue light 
�>�+�R�O�P�H�V���D�Q�G���6�P�L�W�K���������������6�D�J�H�U���H�W���D�O�����������������.�R�Q�J���H�W��
al. 2018]. For years, the most commonly used light 
sources for in vitro plant cultivation were high-pres-
�V�X�U�H�� �V�R�G�L�X�P�� �O�D�P�S�V���� �L�Q�F�D�Q�G�H�V�F�H�Q�W�� �O�D�P�S�V���� �À�X�R�U�H�V�F�H�Q�W����
�D�Q�G���P�H�W�D�O���K�D�O�L�G�H���O�D�P�S�V���>�+�D�K�Q���H�W���D�O�����������������.�L�P���H�W���D�O����
2005, Gupta and Jatothu 2013]; the wavelength of 
these light sources may not always be appropriate for 
�S�O�D�Q�W�V���� �W�K�H�U�H�E�\�� �D�G�Y�H�U�V�H�O�\�� �D
u�H�F�W�L�Q�J�� �S�O�D�Q�W�� �J�U�R�Z�W�K�� �D�Q�G��
increasing production costs [Kim et al. 2005]. In re-
�F�H�Q�W���\�H�D�U�V�����O�L�J�K�W���H�P�L�W�W�L�Q�J���G�L�R�G�H�V�����/�(�'�V�����K�D�Y�H���L�Q�F�U�H�D�V-
ingly been used as a light source for plants in limited 
�V�S�D�F�H�� �F�X�O�W�L�Y�D�W�L�R�Q�� �>�0�R�U�U�R�Z�� ������������ �+�R�J�H�Z�R�Q�L�Q�J�� �H�W�� �D�O����
2010, Mengxi et al. 2010, Gupta and Jatothu 2013]. 
�/�(�'�V�� �K�D�Y�H�� �I�R�X�Q�G�� �W�K�H�L�U�� �D�S�S�O�L�F�D�W�L�R�Q�� �E�H�F�D�X�V�H�� �R�I�� �W�K�H�L�U��

�J�R�R�G�� �F�R�V�W�� �H
v�F�L�H�Q�F�\���� �U�H�O�D�W�L�Y�H�O�\�� �K�L�J�K�� �S�R�Z�H�U�� �W�R�� �O�L�J�K�W��
�F�R�Q�Y�H�U�V�L�R�Q�� �U�D�W�H���� �G�L
u�H�U�H�Q�W�� �F�R�O�R�U�V�� ���V�S�H�F�W�U�X�P������ �U�H�O�D�W�L�Y�H-
ly low surface temperature, long life, gas-free semi-
conductor construction, etc. [Bourget 2008, Morrow 
2008, Olle and Viršile 2013, Kozai 2016]. Of the var-
�L�R�X�V�� �Q�D�U�U�R�Z���V�S�H�F�W�U�X�P�� �O�L�J�K�W�V���� �W�K�H�� �E�O�X�H�� �D�Q�G�� �U�H�G�� �/�(�'�V��
are most commonly used for plant growth. The wave-
�O�H�Q�J�W�K�V���R�I���E�O�X�H���D�Q�G���U�H�G���/�(�'���O�L�J�K�W�V�������������D�Q�G�����������Q�P����
�U�H�V�S�H�F�W�L�Y�H�O�\�����D�U�H���K�L�J�K�O�\���H
u�H�F�W�L�Y�H���L�Q���D�E�V�R�U�E�L�Q�J���F�K�O�R�U�R-
phyll, resulting in optimal photosynthetic performance 
of plants [Massa et.al. 2008, Johkan et.al. 2010, Gupta 
and Jatothu 2013]. The results of numerous exper-
iments have shown a variable response of plants to 
�/�(�'���O�L�J�K�W�����G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���V�S�H�F�L�H�V���D�Q�G��in vitro con-
�G�L�W�L�R�Q�V���>�+�D�K�Q���H�W���D�O�����������������*�á�R�Z�D�F�N�D���������������.�X�U�L�O�þ�L�N���H�W��
�D�O�����������������+�X�Q�J���H�W���D�O�������������@����

Phenolic compounds can protect organisms from 
oxidative stress caused by free radicals [Scalbert et 
al. 2005]. The antioxidant activity of plant extracts 
is related to the presence of phytochemicals such as 
�D�Q�W�K�R�F�\�D�Q�L�Q�V�����S�K�H�Q�R�O�L�F���D�F�L�G�V�����À�D�Y�R�Q�R�L�G�V�����D�Q�G���W�D�Q�Q�L�Q�V����
which increase in stressful situations [Cao et al. 1996, 
Ochmian et al. 2015]. In addition to glycine betaine 
(GB), proline is one of the main organic osmolites 
that accumulate in plants in response to environmental 
stress, such as drought, salinity, extreme temperatures, 
UV radiation, and heavy metals [Rzepka-Plevneš et al. 
�������������$�V�K�U�D�I�D���D�Q�G���)�R�R�O�D�G���������������.�U�X�S�D���0�D�á�N�L�H�Z�L�F�]���H�W��
al. 2018]. Excessive proline accumulation is a com-
mon physiological reaction of plants under biotic and 
�D�E�L�R�W�L�F�� �V�W�U�H�V�V�� �F�R�Q�G�L�W�L�R�Q�V�� �>�9�H�U�E�U�X�J�J�H�Q�� �D�Q�G�� �+�H�U�P�D�Q�V��
������������ �6�K�H�Y�\�D�N�R�Y�D�� �H�W�� �D�O���� ������������ �/�L�D�Q�J�� �H�W�� �D�O���� ������������ 
�.�U�X�S�D���0�D�á�N�L�H�Z�L�F�]���H�W���D�O�������������@��

�7�K�H�� �D�L�P�� �R�I�� �W�K�H�� �H�[�S�H�U�L�P�H�Q�W�� �Z�D�V�� �W�R�� �V�W�X�G�\�� �W�K�H�� �H
u�H�F�W��
�R�I�� �G�L
u�H�U�H�Q�W�� �W�\�S�H�V�� �R�I�� �O�L�J�K�W�� �R�Q�� �W�K�H�� �J�U�R�Z�W�K�� �D�Q�G�� �S�K�\�V�L�F�R�� 
-chemical parameters of blueberry cuttings of Aurora 
�D�Q�G���+�X�U�R�Q���F�X�O�W�L�Y�D�U�V��

MATERIALS AND METHODS

Study area and plant material
The experiment was carried out in a commodity 

farm that produces highbush blueberry plantlets in Do-
brzany Municipality (Zachodniopomorskie Voivode-
ship, Poland) and in the lab of the Department of Plant 
Genetics, Breeding and Biotechnology, West Pomer-
anian University of Technology, Szczecin, Poland. 
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U�� �D�X�U�� �K���Z�u�]���v�U�� �/�X�U�� �<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U�� �D�X�U�� �>�����Z�}�Á�]���Ì�U�� �^�X�� �~�î�ì�î�î�•�X���/�v�G�µ���v������ �}�(�� �À���Œ�]�}�µ�•�� �š�Ç�‰���•�� �}�(�� �o�]�P�Z�š�� �}�v�� �P�Œ�}�Á�š�Z����
���v���� �‰�Z�Ç�•�]���}���Z���u�]�����o�� ���}�u�‰�}�•�]�Ÿ�}�v�� �}�(�� ���o�µ�������Œ�Œ�Ç�� �~Vaccinium corymbosum�� �>�X�•�� �o�����À���•�X�� �����š���� �^���]�X�� �W�}�o�X�� �,�}�Œ�š�}�Œ�µ�u�� ���µ�o�š�µ�•�U�� �î�í�~�î�•�U�� �ô�ó�t�í�ì�í�X����
�Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�î�X�ô

Shoot cultures were incubated in a growth chamber for 5 
months at 22°C under four light sources with a 16 h pho-
�W�R�S�H�U�L�R�G���D�Q�G���S�K�R�W�R�V�\�Q�W�K�H�W�L�F���S�K�R�W�R�Q���À�X�[���G�H�Q�V�L�W�\�����3�3�)�'����
�X�Q�L�I�R�U�P�O�\���P�D�L�Q�W�D�L�Q�H�G���D�W���D�U�R�X�Q�G�������±�������—�P�R�O���V�±�� m�±��. The 
�U�H�V�H�D�U�F�K���P�D�W�H�U�L�D�O���L�Q�F�O�X�G�H�G���$�X�U�R�U�D���D�Q�G���+�X�U�R�Q���F�X�O�W�L�Y�D�U�V���R�I��
highbush blueberry (Vaccinium corymbosum���/������

���Z���Œ�����š���Œ�]�•�Ÿ���•���}�(���š�Z�����o�]�P�Z�š���•�}�µ�Œ�����•
�,�Q���W�K�H���H�[�S�H�U�L�P�H�Q�W�����W�K�H���I�R�O�O�R�Z�L�Q�J���O�L�Q�H�D�U���/�(�'���O�D�P�S�V��

were used:
�������7���������I�W���������������P�P�����/�(�'���W�X�E�H���F�R�R�O���Z�K�L�W�H�����������:����

�7�R�V�K�L�E�D�� ���K�H�U�H�D�I�W�H�U�� �U�H�I�H�U�U�H�G�� �W�R�� �D�V�� �Z�K�L�W�H�� �/�(�'������ �Z�D�Y�H-
�O�H�Q�J�W�K���������±���������Q�P����light at 52 ��mol s�±�� m�±����photosyn-
�W�K�H�W�L�F���S�K�R�W�R�Q���À�X�[���G�H�Q�V�L�W�\�����3�3�)�'����

�������7�����)�O�R�U�D���/�(�'���O�L�J�K�W���V�R�X�U�F�H���I�R�U���S�O�D�Q�W�V���������������P�P������
18 W, pink color, Greenie (hereafter referred to as vio-
�O�H�W���/�(�'�������Z�D�Y�H�O�H�Q�J�W�K���������±���������D�Q�G���������±���������Q�P����light 
at 60 ��mol s�±�� m�±���� PPFD;

�D�V���Z�H�O�O���D�V���W�K�H���I�R�O�O�R�Z�L�Q�J���O�L�Q�H�D�U���À�X�R�U�H�V�F�H�Q�W���O�D�P�S�V��
�������P�H�U�F�X�U�\���O�D�P�S���Z�L�W�K���D���O�X�P�L�Q�R�S�K�R�U�H���/�������:���������7����

�&�R�R�O���:�K�L�W�H�����/�L�J�K�W�H�F�K�����K�H�U�H�D�I�W�H�U���U�H�I�H�U�U�H�G���W�R���D�V���Z�K�L�W�H��
�À�X�R�U�H�V�F�H�Q�W�� �O�D�P�S������ �Z�D�Y�H�O�H�Q�J�W�K�� �������±���������� �������±����������
�D�Q�G���������±���������Q�P����light at 36 ��mol s�±�� m�±������PPFD;

������ �P�H�U�F�X�U�\�� �O�D�P�S�� �Z�L�W�K�� �7�/�'�� �O�X�P�L�Q�R�S�K�R�U�H�� �����:����������
�5�(�'���� �3�K�L�O�L�S�V�� ���K�H�U�H�D�I�W�H�U�� �U�H�I�H�U�U�H�G�� �W�R�� �D�V�� �U�H�G�� �À�X�R�U�H�V�F�H�Q�W��
�O�D�P�S������ �Z�D�Y�H�O�H�Q�J�W�K�� �������±�������� �Q�P����light at 13 ��mol s�±�� 
m�±����PPFD.

���Z���Œ�����š���Œ�]�•�Ÿ���•���}�(���š�Z�������µ�o�Ÿ�À���Œ�•
‘Aurora’ (U.S. Plant Patent 15,185). Bushes have 

moderate vigor, are stocky, and with a spreading 
growth habit, especially when young. It begins to yield 
fruit at the end of July and continues to yield until the 
�¿�U�V�W���G�D�\�V���R�I���6�H�S�W�H�P�E�H�U���>�6�W�U�L�N���H�W���D�O�������������@��

�%�H�U�U�L�H�V���D�U�H���P�H�G�L�X�P���W�R���O�D�U�J�H���V�L�]�H�G�����������±���������J�������G�D�U�N��
�E�O�X�H���� �¿�U�P���� �Z�L�W�K�� �D�� �V�P�D�O�O�� �V�F�D�U���� �P�L�O�G�� �À�D�Y�R�U�H�G���K�H�� �I�U�X�L�W��
needs to be let to hang on the plant to fully ripen and 
sweeten, and it hangs for much longer time, without 
shriveling, than Elliott cultivar does.

‘Huron’ (U.S. Plant Patent 21,777). The plants of 
this cultivar are vigorous and upright. Canes are nu-
merous and moderately branched, and the fruits are 
well exposed. Yield is medium (performs better with 
cross-pollination) [Strik et al. 2014]. Plants possess 
�H�[�F�H�O�O�H�Q�W���Z�L�Q�W�H�U���K�D�U�G�L�Q�H�V�V�����D�Q�G���O�D�W�H���À�R�Z�H�U�L�Q�J��

�,�W�V�� �E�H�U�U�L�H�V�� �D�U�H�� �P�R�G�H�U�D�W�H�O�\�� �O�D�U�J�H�� ���������±�������� �J������ �Z�L�W�K��
small, dry picking scars, medium blue colored, with 

�H�[�F�H�O�O�H�Q�W�� �¿�U�P�Q�H�V�V�� �D�Q�G�� �V�X�S�H�U�L�R�U�� �À�D�Y�R�U�� �L�I�� �D�O�O�R�Z�H�G�� �W�R��
�I�X�O�O�\���U�L�S�H�Q���>�+�D�Q�F�R�F�N�����������@����

It is a productive, early ripening cultivar with very 
high fresh market quality and a long storage life. 

���µ�«�v�P�•�����v�����•�µ���•�š�Œ���š�������Z���Œ�����š���Œ�]�•�Ÿ���•
Shoots were taken from mother plants that grew in 

the phytotron. The cuttings were cut into 3 cm frag-
�P�H�Q�W�V���Z�L�W�K���W�Z�R���L�Q�W�H�U�Q�R�G�H�V���������O�H�D�Y�H�V�������7�K�H���¿�U�V�W���O�H�D�I���K�D�V��
been removed. The prepared material was planted into 
boxes measuring 35 cm × 25 cm × 7 cm, and substrate 
height was 5 cm. In each box, there were 2 × 25 plant-
�O�H�W�V�� �R�I�� �D�� �J�L�Y�H�Q�� �F�X�O�W�L�Y�D�U�� �D�U�U�D�Q�J�H�G�� �L�Q�� �¿�Y�H�� �U�R�Z�V�� �R�I�� �¿�Y�H��
plantlets (Fig. 1). Four boxes were prepared for each 
combination.  One repetition consisted of 25 plants. 
The substrate used in the experiment was a mixture 
�������P�/���R�I���3�U�H�Y�L�F�X�U���(�Q�H�U�J�\�����������6�/����systemic multi-site 
fungicide�������������/���Z�D�W�H�U���D�Q�G���������/���S�H�D�W�����3�H�D�W���K�D�G��������������
organic matter, EC 0.24 mS/cm, volume weight  
0.35 kg dm-1, full water capacity 85.2 %vv and���S�+���L�Q��
KCl 3.44. It was characterized by optimal content for 
blueberry [Komosa 2007] N-NO3 + N-NO4���±�������������P�J��
100 g�±�������3���±�����������P�J�����������J�±�������.���±�����������P�J�����������J�±��, high 
Ca 38.9 mg 100 g�±�����D�Q�G���0�J���±�����������P�J�����������J�±��.

�D�����•�µ�Œ���u���v�š�•�����v�����}���•���Œ�À���Ÿ�}�v�•
�>�����(���•���u�‰�o�]�v�P�X��For analyses, 2 leaves were collect-

ed after 8 weeks from the middle part of all shoots 
from 20 plants from each box.  All measurements (leaf 
area and colour) and analyses (proline, phenolic and 
mineral contents) were performed on these leaves. All 
chemical determinations were performed in triplicate.

Plant size. Plant height was measured four times 
at monthly intervals using a measuring tape with an 
accuracy of 1 mm. At the end of the experiment (after 
5 months), the leaves were taken and stored for further 
analyses. On a representative sample of 100 leaves, 
the area of each leaf was measured with a DIAS  
�����V�F�D�Q�Q�H�U�����'�,�$�6���,�Q�I�U�D�U�H�G���*�P�E�+�����*�H�U�P�D�Q�\�����>�2�F�K�P�L-
an et al. 2012].

Color measurement. Color parameters by model 
�&�R�P�P�L�V�V�L�R�Q���,�Q�W�H�U�Q�D�W�L�R�Q�D�O�H���G�H���O�¶�(�F�O�D�L�U�D�J�H�����&�,�(�� were: 
L*  (L*  = 100 indicated white; L*  = 0 indicated black), 
a* (+a*�� �L�Q�G�L�F�D�W�H�G���U�H�G�Q�H�V�V���� �ía* indicated greenness), 
and b* (+b*�� �L�Q�G�L�F�D�W�H�G�� �\�H�O�O�R�Z���� �íb* indicated blue). 
Color coordinates were determined in the CIE L*a*b*  
space for the 10° standard observer and the D 65 
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90 �Z�©�‰�•�W�l�l���Ì���•�}�‰�]�•�u���X�µ�‰�X�o�µ���o�]�v�X�‰�o�l�]�v�����Æ�X�‰�Z�‰�l���•�‰�Z��

�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U�� �D�X�U�� �K���Z�u�]���v�U�� �/�X�U�� �<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U�� �D�X�U�� �>�����Z�}�Á�]���Ì�U�� �^�X�� �~�î�ì�î�î�•�X���/�v�G�µ���v������ �}�(�� �À���Œ�]�}�µ�•�� �š�Ç�‰���•�� �}�(�� �o�]�P�Z�š�� �}�v�� �P�Œ�}�Á�š�Z����
���v���� �‰�Z�Ç�•�]���}���Z���u�]�����o�� ���}�u�‰�}�•�]�Ÿ�}�v�� �}�(�� ���o�µ�������Œ�Œ�Ç�� �~Vaccinium corymbosum�� �>�X�•�� �o�����À���•�X�� �����š���� �^���]�X�� �W�}�o�X�� �,�}�Œ�š�}�Œ�µ�u�� ���µ�o�š�µ�•�U�� �î�í�~�î�•�U�� �ô�ó�t�í�ì�í�X����
�Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�î�X�ô

standard illuminant. CIE L*a*b*  was measured was 
measured using the CM700d spectrophotometer on  
a representative sample of 100 leaves from each com-
�E�L�Q�D�W�L�R�Q�� ���.�R�Q�L�F�D�� �0�L�Q�R�O�W�D���� �2�V�D�N�D���� �-�D�S�D�Q���� �>�+�X�Q�W�H�U�O�D�E��
2012, Ochmian et al. 2013].

�����š���Œ�u�]�v���Ÿ�}�v���}�(���‰�Œ�}�o�]�v�������}�v�š���v�š�X��The concentra-
tion of free proline was measured three times in each 
blueberry leaf, and proline accumulation was deter-
mined according to Bates et al. [1973].

�/�����v�Ÿ�.�����Ÿ�}�v�� �}�(�� �‰�Z���v�}�o�]���� ���}�u�‰�}�µ�v���•�X��Polyphe-
�Q�R�O�L�F�� �F�R�P�S�R�X�Q�G�V�� �Z�H�U�H�� �D�Q�D�O�\�]�H�G�� �X�V�L�Q�J�� �8�3�/�&���3�'�$�� 
-MS/MS Waters ACQUITY system (Waters, Milford, 
MA, USA) consisting of a binary pump manager, 
sample manager, column manager, photo diode array 
(PDA) detector, and tandem quadrupole mass spec-
trometer (TQD) with electrospray ionization (ESI) 
[Mijowska et al. 2016]. 

�/�����v�Ÿ�.�����Ÿ�}�v�� �}�(�� �u�]�v���Œ���o�� ���}�v�š���v�š�•�X The contents 
of elements in leaves were determined after miner-
alization: N, P, K, and Ca were determined after wet 
�P�L�Q�H�U�D�O�L�]�D�W�L�R�Q���L�Q���+2SO4 (96%, Chempur, Poland) and 
�+�&�O�24 (70%, Chempur, Poland), whereas Cu, Zn, Mn, 
�D�Q�G���)�H���Z�H�U�H���G�H�W�H�U�P�L�Q�H�G���D�I�W�H�U���P�L�Q�H�U�D�O�L�]�D�W�L�R�Q���L�Q���+�1�23 

������������ �D�Q�G�� �+�&�O�24 (70%) in the ratio of 3 : 1 [IUNG 
1972]. The total N concentration was determined 
by the Kjeldahl distillation method, and N-NO3 and 

�1���1�+4�� �Z�D�V�� �G�H�W�H�U�P�L�Q�H�G�� �S�R�W�H�Q�W�L�R�P�H�W�U�L�F�D�O�O�\�� �>�/�L�W�\���V�N�L��
et al. 1976]. The K content was measured using atom-

ic emission spectrometry, whereas the content of Mg, 
�&�D���� �&�X���� �=�Q���� �0�Q���� �D�Q�G�� �)�H�� �Z�D�V�� �P�H�D�V�X�U�H�G�� �X�V�L�Q�J�� �À�D�P�H��
atomic absorption spectroscopy. The P content was as-
sessed by the colorimetric method.

�^�š���Ÿ�•�Ÿ�����o�����v���o�Ç�•�]�•
All statistical analyses were performed using 

Statistica 12.5 (StatSoft Polska, Cracow, Poland). 
�1�R�Q���S�D�U�D�P�H�W�U�L�F�� �P�H�W�K�R�G�V�� ���.�U�X�V�N�D�O�±�:�D�O�O�L�V�� �W�H�V�W���� �Z�H�U�H��
used if neither the homogeneity of variance nor the 
normality of distribution was established previous-
�O�\���� �6�W�D�W�L�V�W�L�F�D�O�� �V�L�J�Q�L�¿�F�D�Q�F�H�� �R�I�� �W�K�H�� �G�L
u�H�U�H�Q�F�H�V�� �E�H�W�Z�H�H�Q��
means was determined by testing the homogeneity of 
variance and normality of distribution, followed by 
�P�X�O�W�L�I�D�F�W�R�U�� �$�1�2�9�$�� �Z�L�W�K�� �W�K�H�� �7�X�N�H�\�¶�V�� �S�R�V�W�� �K�R�F�� �W�H�V�W����
�7�K�H���V�L�J�Q�L�¿�F�D�Q�F�H���Z�D�V���V�H�W���D�W���S������������������

RESULTS AND DISCUSSION

�W�o���v�š���P�Œ�}�Á�š�Z
�,�Q���R�X�U���H�[�S�H�U�L�P�H�Q�W�����Z�K�L�W�H���D�Q�G���Y�L�R�O�H�W���/�(�'���O�L�J�K�W���D�Q�G��

�Z�K�L�W�H�� �À�X�R�U�H�V�F�H�Q�W�� �O�L�J�K�W�� �K�D�G�� �D�� �S�R�V�L�W�L�Y�H�� �H
u�H�F�W�� �R�Q�� �W�K�H��
�J�U�R�Z�W�K�� �R�I�� �E�O�X�H�E�H�U�U�\�� �S�O�D�Q�W�V���� �Z�K�H�U�H�D�V�� �U�H�G�� �À�X�R�U�H�V�F�H�Q�W��
�O�L�J�K�W���G�L�G���Q�R�W���K�D�Y�H���W�K�H���S�U�H�G�L�F�W�H�G���H
u�H�F�W���R�Q���S�O�D�Q�W���J�U�R�Z�W�K����
�$�O�W�K�R�X�J�K���W�K�H���O�L�J�K�W���V�S�H�F�W�U�X�P���R�I���U�H�G���À�X�R�U�H�V�F�H�Q�W���O�D�P�S�V��
�������������±���������Q�P�����L�V���V�X�S�S�R�V�H�G���W�R���L�Q�F�U�H�D�V�H���S�K�R�W�R�V�\�Q�W�K�H�W-
ic activity, plant growth was not observed in either 

�&�]�P�X���í�X Blueberry cuttings
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U�� �D�X�U�� �K���Z�u�]���v�U�� �/�X�U�� �<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U�� �D�X�U�� �>�����Z�}�Á�]���Ì�U�� �^�X�� �~�î�ì�î�î�•�X���/�v�G�µ���v������ �}�(�� �À���Œ�]�}�µ�•�� �š�Ç�‰���•�� �}�(�� �o�]�P�Z�š�� �}�v�� �P�Œ�}�Á�š�Z����
���v���� �‰�Z�Ç�•�]���}���Z���u�]�����o�� ���}�u�‰�}�•�]�Ÿ�}�v�� �}�(�� ���o�µ�������Œ�Œ�Ç�� �~Vaccinium corymbosum�� �>�X�•�� �o�����À���•�X�� �����š���� �^���]�X�� �W�}�o�X�� �,�}�Œ�š�}�Œ�µ�u�� ���µ�o�š�µ�•�U�� �î�í�~�î�•�U�� �ô�ó�t�í�ì�í�X����
�Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�î�X�ô

blueberry cultivar since the beginning of the experi-
�P�H�Q�W���� �0�R�U�H�R�Y�H�U���� �G�R�X�E�O�L�Q�J�� �W�K�H�� �Q�X�P�E�H�U�� �R�I�� �À�X�R�U�H�V�F�H�Q�W��
�O�D�P�S�V�� �L�Q�� �R�U�G�H�U�� �W�R�� �L�Q�F�U�H�D�V�H�� �W�K�H�� �O�X�P�L�Q�R�X�V�� �À�X�[�� �G�L�G�� �Q�R�W��
�K�D�Y�H���D���S�R�V�L�W�L�Y�H���H
u�H�F�W���R�Q���S�O�D�Q�W���J�U�R�Z�W�K���H
v�F�L�H�Q�F�\�����3�O�D�Q�W��
�J�U�R�Z�W�K���P�D�\���K�D�Y�H���E�H�H�Q���Q�H�J�D�W�L�Y�H�O�\���D
u�H�F�W�H�G���E�\���W�K�H���O�R�Z��
�S�K�R�W�R�V�\�Q�W�K�H�W�L�F�� �S�K�R�W�R�Q�� �À�X�[�� �G�H�Q�V�L�W�\�� �R�I�� �W�K�H�V�H�� �O�D�P�S�V����
�7�K�H�\���D�O�V�R���H�P�L�W���Z�D�Y�H�O�H�Q�J�W�K�V���L�Q���W�K�H���Y�H�U�\���O�L�P�L�W�H�G���������±
700 nm range. Studies have shown that blue light has  
�D���V�L�J�Q�L�¿�F�D�Q�W���H
u�H�F�W���R�Q���F�K�O�R�U�R�S�K�\�O�O���E�L�R�V�\�Q�W�K�H�V�L�V���>Kam-
iya et al. 1981, Shin et al. 2008, Klamkowski et al. 
2012]. It was found that the low concentrations of Chl 
a and b, which in plants have been treated with mono-
chromatic red light, have even led to photooxidative 
stress in plants due to an increase of O2

�±���D�Q�G���+2O2. rad-
�L�F�D�O�V�� �>�%�D�H�� �D�Q�G�� �&�K�R�L�� ������������ �+�R�J�H�Z�R�Q�L�Q�J�� �H�W�� �D�O���� ���������@���� 
�$���P�L�Q�L�P�X�P���R�I�������í���������P�R�O���V�±�� m�±�� of blue light is nec-
essary to reach natural-like growth and plant morphol-
ogies [Barnes and Bugbee 1992]. Other experience 
�V�K�R�Z�V���W�K�D�W���W�K�H���P�R�V�W���H
u�H�F�W�L�Y�H���O�L�J�K�W�L�Q�J���L�V���U�H�G���D�Q�G���E�O�X�H��
in the correct ratio for the species [Ohtake et al. 2018, 

Pennisi et al. 2019, Chiang et al. 2020]. Therefore, we 
�G�H�F�L�G�H�G�� �W�R�� �V�W�R�S�� �W�K�H�� �H�[�S�H�U�L�P�H�Q�W�V�� �Z�L�W�K�� �U�H�G�� �À�X�R�U�H�V�F�H�Q�W��
light. The plants did not develop new shoots, leaves, 
or root systems, and they started to dry out. The leaves 
�Z�H�U�H���J�U�H�H�Q���D�Q�G���¿�U�P�����E�X�W���J�U�D�G�X�D�O�O�\���W�X�U�Q�H�G���E�U�R�Z�Q���D�Q�G��
dried up. On the other hand, the blueberry plants illu-
�P�L�Q�D�W�H�G���Z�L�W�K���W�K�H���R�W�K�H�U���W�K�U�H�H���O�L�J�K�W���W�\�S�H�V�����Z�K�L�W�H���À�X�R�U�H�V-
�F�H�Q�W�����Z�K�L�W�H���/�(�'�����D�Q�G���Y�L�R�O�H�W���/�(�'�����V�K�R�Z�H�G���X�Q�G�L�V�W�X�U�E�H�G��
growth. The plants looked typical, had a vivid green 
color, and similar internode lengths. Under phytotron 
conditions, we found that plants of the Aurora culti-
�Y�D�U���Z�H�U�H�������������K�L�J�K�H�U���W�K�D�Q���W�K�H���S�O�D�Q�W�V���R�I���+�X�U�R�Q���F�X�O�W�L�Y�D�U��
�U�H�J�D�U�G�O�H�V�V�� �R�I�� �W�K�H�� �O�L�J�K�W�� �V�R�X�U�F�H�� ���7�D�E���� �������� �+�R�Z�H�Y�H�U���� �W�K�H��
�D�Q�D�O�\�V�L�V�� �R�I�� �W�K�H�� �W�\�S�H�� �R�I�� �O�L�J�K�W�� �V�K�R�Z�H�G�� �W�K�D�W�� �Y�L�R�O�H�W�� �/�(�'��
light had the worst impact on plant growth. Despite 
having a similar photosynthetically active radiation 
(PAR) value, the plants of both cultivars had the low-
�H�V�W���K�H�L�J�K�W���F�R�P�S�D�U�H�G���W�R���W�K�H���À�X�R�U�H�V�F�H�Q�W���D�Q�G���/�(�'���Z�K�L�W�H��
light (Tab. 1, Fig. 2).

 �d�����o�����í�X���&�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I���W�K�H���K�L�J�K�E�X�V�K���E�O�X�H�E�H�U�U�\���µ�$�X�U�R�U�D�¶���D�Q�G���µ�+�X�U�R�Q�¶���G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���W�\�S�H���R�I���O�L�J�K�W 

Type of light  

Plant parameters Cultivars 
fluorescent white lamp �Z�K�L�W�H���/�(�' �Y�L�R�O�H�W���/�(�' mean 

Aurora 25.8 ±1.7d 24.1 ±1.2c 20.5 ±1.9a 23.5B 

�+�X�U�R�Q 22.9 ±1.3b 22.0 ±1.5b 20.6 ±1.6a 21.8A �+�H�L�J�K�W���R�I���S�O�D�Q�W�V�����F�P���� 

mean 24.4B 23.1B 20.6A  

Aurora 6.62 ±0.42ab 7.63 ±0.49b 7.15 ±0.39ab 7.13A 

�+�X�U�R�Q 7.12 ±0.39ab 6.95 ±0.44ab 6.11 ±0.35a 6.73A �/�H�D�I���D�U�H�D�����F�P2) 

mean 6.87AB 7.29B 6.63A  

Aurora 4.67 ±0.17a 5.85 ±0.22b 8.11 ±0.27d 6.21A 

�+�X�U�R�Q 7.23 ±0.24cd 6.71 ±0.29c 9.06 ±0.25e 7.67B �3�U�R�O�L�Q�H�������P�R�O���J�±1) 

mean 5.95A 6.28A 8.59B  

Aurora 46.49 ±3.17d 42.59 ±2.58bc 41.28 ±3.37b 43.45B 

�+�X�U�R�Q 39.96 ±1.97a 39.69 ±1.84a 43.06 ±2.99c 40.90A L*  

mean 43.23A 41.14A 42.17A  

Aurora �±32.29 ±1.73bc �±33.03 ±1.45c �±29.58 ±1.33a -31.63A 

�+�X�U�R�Q �±29.14 ±1.40a �±31.85 ±0.99b �±28.51 ±1.17a -29.83A a* 

mean �±30.72AB �±32.44B �±29.05A  

Aurora 24.42 ±1.82d 21.4 ±0.98c 18.16 ±1.06a 21.33A 

�+�X�U�R�Q 20.83 ±1.38bc 20.89 ±1.15bc 20.11 ±1.30b 20.61A 

Colours  
parameters CIE 

b* 

mean 22.63B 21.15B 19.14A  

Mean values denoted by the same letter do not differ statistically significantly at 0.05 according to the Tukey�¶s test. Small letters indicate the 
interaction between factors (cultivars and light), large letters indicate the main factors 
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U�� �D�X�U�� �K���Z�u�]���v�U�� �/�X�U�� �<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U�� �D�X�U�� �>�����Z�}�Á�]���Ì�U�� �^�X�� �~�î�ì�î�î�•�X���/�v�G�µ���v������ �}�(�� �À���Œ�]�}�µ�•�� �š�Ç�‰���•�� �}�(�� �o�]�P�Z�š�� �}�v�� �P�Œ�}�Á�š�Z����
���v���� �‰�Z�Ç�•�]���}���Z���u�]�����o�� ���}�u�‰�}�•�]�Ÿ�}�v�� �}�(�� ���o�µ�������Œ�Œ�Ç�� �~Vaccinium corymbosum�� �>�X�•�� �o�����À���•�X�� �����š���� �^���]�X�� �W�}�o�X�� �,�}�Œ�š�}�Œ�µ�u�� ���µ�o�š�µ�•�U�� �î�í�~�î�•�U�� �ô�ó�t�í�ì�í�X����
�Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�î�X�ô

Analysis of the light types showed that the plants 
had the largest area of one leaf (7.29 cm2) under white 
�/�(�'���O�L�J�K�W���D�Q�G���W�K�H���V�P�D�O�O�H�V�W���R�Q�H���X�Q�G�H�U���Y�L�R�O�H�W���/�(�'���O�L�J�K�W��
(6.63 cm2) (Tab. 1). Plants of both cultivars illuminat-
�H�G�� �Z�L�W�K�� �Y�L�R�O�H�W�� �/�(�'�� �O�L�J�K�W�� �Z�H�U�H�� �D�O�V�R�� �O�H�V�V�� �J�U�H�H�Q�� �±�� �L�W�� �L�V��
indicated by a* and b* parameters. This suggests that 
the plants illuminated with this light had less amount 
of chlorophyll. The leaves of the Aurora cultivar were 
�O�L�J�K�W�H�U���W�K�D�Q���W�K�R�V�H���R�I���+�X�U�R�Q�����D�V���H�Y�L�G�H�Q�F�H�G���E�\���W�K�H���&�,�(��
parameters L*  (Tab. 1). The brightest leaves of Auro-
ra cultivar were measured on plants that were illumi-
�Q�D�W�H�G���Z�L�W�K���D���À�X�R�U�H�V�F�H�Q�W���Z�K�L�W�H���O�D�P�S�����7�K�H���Y�D�O�X�H���R�I���W�K�H��
L*  parameter (reaching from 0 to 100, black to white, 
respectively) is usually used for tracking color chang-
es [Ochmian et al. 2019a]. The leaf color determined 
by the CIE L*  parameter was typical for highbush 
blueberry and similar to that of plants in other studies 
[Ochmian 2012].

According to several authors [Yang and Zhang 
������������ �.�U�X�S�D���0�D�á�N�L�H�Z�L�F�]�� �H�W�� �D�O���� ���������@���� �H�O�H�Y�D�W�H�G�� �S�U�R-
line levels in plant tissues are fairly good indicators of 
�W�K�H���Q�H�J�D�W�L�Y�H���H
u�H�F�W�V���R�I���Y�D�U�L�R�X�V���V�W�U�H�V�V���I�D�F�W�R�U�V���R�Q���S�O�D�Q�W�V���� 
In the present study, 23.5% higher proline level was 
�R�E�V�H�U�Y�H�G�� �L�Q�� �µ�+�X�U�R�Q�¶�� �S�O�D�Q�W�V�� �W�K�D�Q�� �L�Q�� �µ�$�X�U�R�U�D�¶�� �S�O�D�Q�W�V����
�7�K�L�V�� �P�D�\�� �L�Q�G�L�F�D�W�H�� �W�K�D�W�� �F�R�P�S�D�U�H�G�� �W�R�� �µ�+�X�U�R�Q�¶�� �S�O�D�Q�W�V����
�µ�$�X�U�R�U�D�¶���S�O�D�Q�W�V���K�D�Y�H���K�L�J�K�H�U���V�H�Q�V�L�W�L�Y�L�W�\���W�R���O�L�J�K�W���V�W�U�H�V�V����
Moreover, higher proline values were observed in 
�S�O�D�Q�W�V�� �R�I�� �E�R�W�K�� �F�X�O�W�L�Y�D�U�V�� �J�U�R�Z�L�Q�J�� �X�Q�G�H�U�� �W�K�H�� �L�Q�À�X�H�Q�F�H��
�R�I���Y�L�R�O�H�W���/�(�'���O�L�J�K�W�����7�D�E�������������6�L�P�L�O�D�U���U�H�V�X�O�W�V���Z�H�U�H���G�H-
scribed by Chen et al. [2012] in the highbush blueber-

ry cultivar Sharpblue, which had a higher resistance to 
elevated temperatures but also a higher proline content 
�W�K�D�Q���W�K�H���R�W�K�H�U�������F�X�O�W�L�Y�D�U�V���±���'�X�N�H�����%�U�L�J�L�W�W�D�����D�Q�G���0�L�V�W�\��

Macro- and microelements
�&�R�P�S�D�U�H�G���W�R���W�K�H���R�W�K�H�U���O�L�J�K�W���V�R�X�U�F�H�V�����W�K�H���Y�L�R�O�H�W���/�(�'��

has increased the accumulation of N, K, and Ca in the 
�µ�$�X�U�R�U�D�¶���O�H�D�Y�H�V���D�Q�G���W�K�H���R�S�S�R�V�L�W�H���U�H�D�F�W�L�R�Q���R�I���1���D�Q�G���0�J��
�X�S�W�D�N�H���Z�D�V���R�E�V�H�U�Y�H�G���L�Q���µ�+�X�U�R�Q�¶�����7�D�E���� �������� �'�H�S�H�Q�G�L�Q�J��
on the standards for highbush blueberry developed by 
�G�L
u�H�U�H�Q�W���D�X�W�K�R�U�V���>Eck 1988, Bal 1997, Komosa 2007, 
Ochmian et al. 2021], most of the investigated macro-
elements in the leaves were at an optimal level. The 
exception was calcium; although it was at a high level 
in the substrate 38.9 mg 100 g�±��, optimum 10�±30 mg 
100 g�±�������7�D�E�������������Z�H���I�R�X�Q�G���W�K�D�W���L�W���Z�D�V���V�L�J�Q�L�¿�F�D�Q�W�O�\���E�H-
low the recommendations for blueberry leaves; 0.40�±
0.80 mg 100 g�±��. The content of macroelements in the 
leaves of both cultivars was similar to that in the leaves 
�R�I���S�O�D�Q�W�V���J�U�R�Z�Q���L�Q���S�H�D�W���X�Q�G�H�U���¿�H�O�G���F�R�Q�G�L�W�L�R�Q�V���>Ochmi-
an et al. 2019a�@�����+�R�Z�H�Y�H�U�����L�Q���¿�H�O�G���F�R�Q�G�L�W�L�R�Q�V�����O�R�D�P�\��
sand), low nitrogen content was recorded in the leaves 
even after the application of the optimal doses of ni-
trogen [Ochmian et al. 2018]. The nutrient content in 
the leaves is a good indicator of plant nutritional sta-
�W�X�V�����+�R�Z�H�Y�H�U�����L�Q���W�K�H���F�D�V�H���R�I���E�O�X�H�E�H�U�U�\���E�X�V�K�H�V�����W�K�L�V���F�D�Q��
�E�H���G�L
v�F�X�O�W���W�R���G�H�W�H�U�P�L�Q�H���E�H�F�D�X�V�H���G�L
u�H�U�H�Q�W���D�X�W�K�R�U�V���K�D�G��
�G�L
u�H�U�H�Q�W�� �V�S�H�F�L�¿�F�D�W�L�R�Q�V�� �R�I�� �W�K�H�� �R�S�W�L�P�D�O�� �D�E�X�Q�G�D�Q�F�H�� �R�I��
certain elements (for example N) in blueberry leaves 
���������±���������� �>�+�D�Q�V�R�Q�� ���������@���� ������������ �>�6�P�R�O�D�U�]�� �D�Q�G�� 

�&�]�P�X���î�X���3�O�D�Q�W�V���R�I���W�K�H���K�L�J�K�E�X�V�K���E�O�X�H�E�H�U�U�\���µ�$�X�U�R�U�D�¶���D�Q�G���µ�+�X�U�R�Q�¶���G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���O�L�J�K�W���X�V�H�G�����I�U�R�P���W�K�H���O�H�I�W���±���Z�K�L�W�H���/�(�'�����Z�K�L�W�H��
�À�X�R�U�H�V�F�H�Q�W���O�D�P�S�V�����Y�L�R�O�H�W���/�(�'
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U�� �D�X�U�� �K���Z�u�]���v�U�� �/�X�U�� �<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U�� �D�X�U�� �>�����Z�}�Á�]���Ì�U�� �^�X�� �~�î�ì�î�î�•�X���/�v�G�µ���v������ �}�(�� �À���Œ�]�}�µ�•�� �š�Ç�‰���•�� �}�(�� �o�]�P�Z�š�� �}�v�� �P�Œ�}�Á�š�Z����
���v���� �‰�Z�Ç�•�]���}���Z���u�]�����o�� ���}�u�‰�}�•�]�Ÿ�}�v�� �}�(�� ���o�µ�������Œ�Œ�Ç�� �~Vaccinium corymbosum�� �>�X�•�� �o�����À���•�X�� �����š���� �^���]�X�� �W�}�o�X�� �,�}�Œ�š�}�Œ�µ�u�� ���µ�o�š�µ�•�U�� �î�í�~�î�•�U�� �ô�ó�t�í�ì�í�X����
�Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�î�X�ô

 �d�����o�����î�X���7�K�H���F�R�Q�W�H�Q�W���R�I���P�D�F�U�R�H�O�H�P�H�Q�W�V���D�Q�G���P�L�F�U�R�H�O�H�P�H�Q�W�V���L�Q���O�H�D�Y�H�V���R�I���K�L�J�K�E�X�V�K���E�O�X�H�E�H�U�U�\���µ�$�X�U�R�U�D�¶���D�Q�G���µ�+�X�U�R�Q�¶���G�H�S�H�Q�G�L�Q�J 
on the type of light 

Type of light  Mineral 
element  Cultivars 

fluorescent white lamp �Z�K�L�W�H���/�(�' �Y�L�R�O�H�W���/�(�' mean 

 g 100 g�±1 

Aurora 1.78 ±0.06a 1.89 ±0.05ab 1.95 ±0.07b 1.87A 

�+�X�U�R�Q 2.24 ±0.0.07c 2.35 ±0.08c 1.97 ±0.06b 2.19B N 

mean 2.01A 2.12A 1.96A  

Aurora 0.23 ±0.01a 0.25 ±0.01ab 0.22 ±0.00a 0.23A 

�+�X�U�R�Q 0.29 ±0.01c 0.28 ±0.01bc 0.31 ±0.01c 0.29A P 

mean 0.26A 0.27A 0.27A  

Aurora 0.41 ±0.02b 0.37 ±0.01a 0.46 ±0.02c 0.41A 

�+�X�U�R�Q 0.50 ±0.02cd 0.52 ±0.02de 0.56 ±0.02e 0.53B K 

mean 0.46A 0.45A 0.51A  

Aurora 0.23 ±0.00a 0.24 ±0.01ab 0.27 ±0.01bc 0.25A 

�+�X�U�R�Q 0.28 ±0.01c 0.26 ±0.01ac 0.29 ±0.01c 0.28A Ca 

mean 0.26A 0.25A 0.28A  

Aurora 0.15 ±0.01a 0.17 ±0.01ac 0.16 ±0.01ab 0.16A 

�+�X�U�R�Q 0.18 ±0.01bc 0.19 ±0.01c 0.15 ±0.01a 0.17A Mg 

mean 0.17A 0.18A 0.16A  

 mg 1000 g�±1 

Aurora 47.3 ±2.7a 53.2 ±3.4ab 58.9 ±3.2b 53.1A 

�+�X�U�R�Q 84.4 ±5.4e 67.8 ±4.3c 77.5 ±4.9d 76.6B Fe 

mean 65.8AB 60.5A 68.2B  

Aurora 5.23 ±0.19a 5.74 ±0.23b 7.05 ±0.28c 6.01A 

�+�X�U�R�Q 7.11 ±0.21c 7.85 ±0.24d 8.36 ±0.20e 7.77B Zn 

mean 6.17A 6.80B 7.71C  

Aurora 72.1 ±0.3ab 65.8 ±0.2a 83.4 ±0.2c 73.8A 

�+�X�U�R�Q 94.2 ±0.4d 99.4 ±0.3d 80.6 ±0.3bc 91.4B Mn 

mean 83.2A 82.6A 82.0A  

Aurora 1.77 ±0.04bc 1.82 ±0.05c 1.64 ±0.03a 1.74A 

�+�X�U�R�Q 1.73 ±0.03b 1.94 ±0.04d 1.79 ±0.03bc 1.82A Cu 

mean 1.75A 1.88B 1.72A  

Explanations in Tab. 1  
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U�� �D�X�U�� �K���Z�u�]���v�U�� �/�X�U�� �<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U�� �D�X�U�� �>�����Z�}�Á�]���Ì�U�� �^�X�� �~�î�ì�î�î�•�X���/�v�G�µ���v������ �}�(�� �À���Œ�]�}�µ�•�� �š�Ç�‰���•�� �}�(�� �o�]�P�Z�š�� �}�v�� �P�Œ�}�Á�š�Z����
���v���� �‰�Z�Ç�•�]���}���Z���u�]�����o�� ���}�u�‰�}�•�]�Ÿ�}�v�� �}�(�� ���o�µ�������Œ�Œ�Ç�� �~Vaccinium corymbosum�� �>�X�•�� �o�����À���•�X�� �����š���� �^���]�X�� �W�}�o�X�� �,�}�Œ�š�}�Œ�µ�u�� ���µ�o�š�µ�•�U�� �î�í�~�î�•�U�� �ô�ó�t�í�ì�í�X����
�Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�î�X�ô

�0�H�U�F�L�N�� ���������@���� �����������±������������ �>�*�O�R�Q�H�N�� �D�Q�G�� �.�R�P�R�V�D��
���������@���� �������±���������� �>�(�F�N�� ���������@���� �����������±������������ �>�3�O�L�V�]�N�D��
���������@�������������±�����������>�6�D�J�R�R���H�W���D�O�������������@��

�7�K�H�� �Q�L�W�U�R�J�H�Q�� �F�R�Q�W�H�Q�W�� �L�Q�� �W�K�H�� �O�H�D�Y�H�V�� �R�I�� �W�K�H�� �µ�$�X�U�R-
�U�D�¶���D�Q�G���µ�+�X�U�R�Q�¶���S�O�D�Q�W�V���K�D�G�������������D�Q�G�������������P�J�����������J�±��, 
respectively (Tab. 2). The high nitrogen content in 
�W�K�H�� �O�H�D�Y�H�V�� �R�I�� �W�K�H�� �µ�+�X�U�R�Q�¶�� �S�O�D�Q�W�V�� �J�U�R�Z�Q�� �X�Q�G�H�U�� �Z�K�L�W�H��
�/�(�'�� �O�L�J�K�W���Z�D�V���D�O�V�R���F�R�Q�¿�U�P�H�G���E�\���W�K�H�L�U���L�Q�W�H�Q�V�L�Y�H���F�R�O-
�R�U�����7�D�E�������������7�K�H���W�\�S�H���R�I���O�L�J�K�W���D�O�V�R���L�Q�À�X�H�Q�F�H�G���W�K�H���L�U�R�Q��
content in the leaves of the two cultivars. The aver-
�D�J�H���L�U�R�Q���F�R�Q�W�H�Q�W���L�Q���W�K�H���S�O�D�Q�W�V���H�[�S�R�V�H�G���W�R���Y�L�R�O�H�W���/�(�'��
light was 11.3% higher than in plants exposed to white 
�/�(�'���O�L�J�K�W�����µ�+�X�U�R�Q�¶���S�O�D�Q�W�V���K�D�G���R�Q���D�Y�H�U�D�J�H���������������P�R�U�H��
�L�U�R�Q�� �W�K�D�Q�� �µ�$�X�U�R�U�D�¶�� �S�O�D�Q�W�V�� ���7�D�E���� �������� �'�H�V�S�L�W�H�� �W�K�H�� �O�R�Z�H�U��
�D�P�R�X�Q�W���R�I���)�H���L�Q���W�K�H���O�H�D�Y�H�V���R�I���µ�$�X�U�R�U�D�¶���V�K�U�X�E�V���W�K�D�Q���W�K�D�W��
in the recommendations by Eck [1988], the plants did 
�Q�R�W���V�K�R�Z���D�Q�\���H�[�W�H�U�Q�D�O���V�L�J�Q�V���R�I���)�H���G�H�¿�F�L�H�Q�F�\�����6�L�P�L�O�D�U��
�W�R���1�����W�K�H���V�W�D�Q�G�D�U�G�V���I�R�U���)�H���F�R�Q�W�H�Q�W���G�L
u�H�U���D�P�R�Q�J���V�W�X�G-
�L�H�V���E�\���G�L
u�H�U�H�Q�W���D�X�W�K�R�U�V���������±�������P�J�������������J�±�� in Glonek 
�D�Q�G���.�R�P�R�V�D�������������������±���������P�J�������������J�±�� in Eck 1988]. 
In both cultivars, Zn and Cu contents were lower 
than those in the standards (respectively; optimum 
���±������ �P�J�� ���������� �J�±���� �D�Q�G�� ���±������ �P�J�� ���������� �J�±��), and low 
copper content in peat soils is common [Ochmian et 
�D�O���� ���������D�@���� �+�R�Z�H�Y�H�U���� �L�Q�� �R�W�K�H�U�� �¿�H�O�G�� �H�[�S�H�U�L�P�H�Q�W�V���� �W�K�H��
iron content in the leaves was at a higher level [Och-
mian et al. 2019b] compared to the plants grown in  
a phytotron. Glonek and Komosa [2006] found similar 
Fe content in blueberry leaves (���������±���������� �P�J�� �N�J) as 
�W�K�R�V�H�� �L�Q�� �W�K�H�� �O�H�D�Y�H�V�� �R�I�� �µ�$�X�U�R�U�D�¶���� �D�Q�G�� �K�L�J�K�H�U�� �0�Q�� �F�R�Q-
tent (�����������±������������ �P�J�� �N�J) than those in the leaves of 
both cultivars from the present study. Mn is an essential 
element that is bound to a number of essential enzymes; 
for example, the activity of superoxide dismutase is sup-
pressed by low Mn status [�/�L���D�Q�G���=�K�R�X����������]. The opti-
�P�X�P���0�Q���F�R�Q�W�H�Q�W���L�Q���O�H�D�Y�H�V���V�K�R�X�O�G���E�H�����±���������P�J�������������J-1 
[Eck 1988]. Rivera et al. [2015] concluded that the Fe 
content of the soil depends on how it is used. 

Polyphenols
�6�W�X�G�L�H�V�� �>�2�V�]�P�L�D���V�N�L�� �H�W�� �D�O���� ������������ �/�L�� �H�W�� �D�O���� ������������

�'�H�÷�L�U�P�H�Q�F�L�R�÷�O�X�� �H�W���� �D�O���� ���������@�� �K�D�Y�H�� �V�K�R�Z�Q�� �W�K�D�W�� �K�L�J�K-
bush blueberry leaves are a valuable source of poly-
phenols. In the leaves of the two investigated blueber-
�U�\���F�X�O�W�L�Y�D�U�V�����Z�H���L�G�H�Q�W�L�¿�H�G���������S�K�H�Q�R�O�L�F���D�F�L�G�V�����H�L�J�K�W���À�D-
�Y�R�Q�R�O�V�����D�Q�G���V�L�[���À�D�Y�D�Q�������R�O�V�����+�L�J�K���S�R�O�\�S�K�H�Q�R�O���F�R�Q�W�H�Q�W��
�P�D�\�� �L�Q�G�L�F�D�W�H���W�K�H���H
u�H�F�W���R�I�� �D���V�W�U�H�V�V���I�D�F�W�R�U���� �L�Q���W�K�L�V���F�D�V�H�� 

a light source (namely the range of light wavelengths). 
�)�O�D�Y�R�Q�R�L�G�V�� ���L�Q�F�O�X�G�L�Q�J�� �À�D�Y�R�Q�R�O�V���� �D�Q�W�K�R�F�\�D�Q�L�Q�V���� �D�Q�G��
carotenoids play a major role in protecting plants 
�D�J�D�L�Q�V�W���W�K�H���K�D�U�P�I�X�O���H
u�H�F�W�V���R�I���V�K�R�U�W���Z�D�Y�H���V�X�S�H�U���Y�L�R�O�H�W��
�O�L�J�K�W�����8�9�� �������±�������� �Q�P���� �>�3�L�O�D�U�V�N�L�� �D�Q�G�� �.�R�F�X�U�H�N�� ������������
�9�L�G�R�Y�L�ü�� �H�W�� �D�O���� ������������ �2�F�K�P�L�D�Q�� �H�W�� �D�O���� ���������E�@���� �7�K�H�� �R�E-
�V�H�U�Y�H�G���K�L�J�K���F�R�Q�W�H�Q�W���R�I�� �G�L
u�H�U�H�Q�W���S�R�O�\�S�K�H�Q�R�O�V���L�Q���E�O�X�H-
berry leaves depended mainly on the type of light, 
but also on the cultivar. Plants illuminated with violet 
�/�(�'�� �O�L�J�K�W�� �K�D�G�� �W�K�H�� �K�L�J�K�H�V�W�� �S�R�O�\�S�K�H�Q�R�O�� �F�R�Q�W�H�Q�W���� �W�K�H�\��
were also the lowest and had the smallest leaves. This 
may explain the increased accumulation of Fe and Zn 
in leaves treated with violet light. These elements are 
important for the activity of the enzymes, catalase 
(Fe) and superoxide dismutase (Fe, Zn) [Bhoomika et 
al. 2013]. This suggested that this type of light was 
a stress factor for blueberry plants. Plants illuminat-
�H�G�� �Z�L�W�K�� �Z�K�L�W�H�� �À�X�R�U�H�V�F�H�Q�W�� �O�L�J�K�W�� �K�D�G�� �W�K�H�� �O�R�Z�H�V�W�� �O�H�Y�H�O��
of polyphenols in their leaves; in addition, they were 
the tallest  and had the largest leaves. There was also  
�D���V�L�J�Q�L�¿�F�D�Q�W���G�L
u�H�U�H�Q�F�H���L�Q���S�R�O�\�S�K�H�Q�R�O���F�R�Q�W�H�Q�W���E�H�W�Z�H�H�Q��
the cultivars. The average content of the determined 
�S�R�O�\�S�K�H�Q�R�O�V���L�Q���µ�$�X�U�R�U�D�¶���Z�D�V�������������������P�J�����������J�±��, and 
�L�W���Z�D�V���������������K�L�J�K�H�U���W�K�D�Q���W�K�D�W���L�Q���µ�+�X�U�R�Q�¶�����7�D�E�������������7�K�H��
�S�R�O�\�S�K�H�Q�R�O���F�R�Q�W�H�Q�W���L�Q���W�K�H���O�H�D�Y�H�V���R�I���µ�$�X�U�R�U�D�¶���Z�D�V���V�L�P�L-
lar to that in the leaves of Vaccinium myrtillus���>�'�H�÷�L�U-
�P�H�Q�F�L�R�÷�O�X���H�W���D�O�������������@�����/�L���H�W���D�O�����>���������@���D�Q�G���2�V�]�P�L�D���V-
ki et al. [2011] indicated that the leaves of highbush 
blueberry are richer in polyphenols compared to the 
leaves of other fruit plants, including blackberry, rasp-
berry, honeyberry, and strawberry.

A positive relationship was observed between the 
content of two main groups of polyphenols, phenolic 
�D�F�L�G�V���D�Q�G���À�D�Y�R�Q�R�O�V�����L�Q���S�O�D�Q�W�V���J�U�R�Z�Q���X�Q�G�H�U���Y�L�R�O�H�W���/�(�'��
light. The content of these polyphenols was very high 
in these plants. On average, the results for both culti-
�Y�D�U�V�����7�D�E�����������V�K�R�Z�H�G���W�K�D�W���F�R�P�S�D�U�H�G���W�R���Z�K�L�W�H���À�X�R�U�H�V-
�F�H�Q�W���O�L�J�K�W���D�Q�G���Z�K�L�W�H���/�(�'���O�L�J�K�W�����Y�L�R�O�H�W���/�(�'���O�L�J�K�W���F�D�X�V�H�G��
an increase in leaf polyphenols by as much as 29% and 
23%, respectively. Additionally, plants illuminated 
�Z�L�W�K���Y�L�R�O�H�W���/�(�'���O�L�J�K�W���K�D�G���K�L�J�K���S�U�R�O�L�Q�H���F�R�Q�W�H�Q�W�����Z�K�L�F�K��
led us to conclude that violet light caused stress in the 
examined plants. The highest total polyphenol content 
(7440.44 mg 100 g�±��) was recorded in Aurora culti-
�Y�D�U�V�� �L�O�O�X�P�L�Q�D�W�H�G�� �Z�L�W�K�� �Y�L�R�O�H�W�� �/�(�'�� �O�L�J�K�W���� �Z�K�H�U�H�D�V�� �W�K�H��
�O�R�Z�H�V�W�� �Z�D�V�� �U�H�F�R�U�G�H�G�� �L�Q�� �+�X�U�R�Q�� �F�X�O�W�L�Y�D�U�V�� �L�O�O�X�P�L�Q�D�W�H�G��
�Z�L�W�K���Z�K�L�W�H���À�X�R�U�H�V�F�H�Q�W���O�L�J�K�W�����������������O�R�Z�H�U���W�K�D�Q���W�K�D�W���L�Q�� 
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U�� �D�X�U�� �K���Z�u�]���v�U�� �/�X�U�� �<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U�� �D�X�U�� �>�����Z�}�Á�]���Ì�U�� �^�X�� �~�î�ì�î�î�•�X���/�v�G�µ���v������ �}�(�� �À���Œ�]�}�µ�•�� �š�Ç�‰���•�� �}�(�� �o�]�P�Z�š�� �}�v�� �P�Œ�}�Á�š�Z����
���v���� �‰�Z�Ç�•�]���}���Z���u�]�����o�� ���}�u�‰�}�•�]�Ÿ�}�v�� �}�(�� ���o�µ�������Œ�Œ�Ç�� �~Vaccinium corymbosum�� �>�X�•�� �o�����À���•�X�� �����š���� �^���]�X�� �W�}�o�X�� �,�}�Œ�š�}�Œ�µ�u�� ���µ�o�š�µ�•�U�� �î�í�~�î�•�U�� �ô�ó�t�í�ì�í�X����
�Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�î�X�ô

 �d�����o�����ï�X���7�K�H���F�R�Q�W�H�Q�W���R�I���S�R�O�\�S�K�H�Q�R�O�V���L�Q���O�H�D�Y�H�V���R�I���K�L�J�K�E�X�V�K���E�O�X�H�E�H�U�U�\���µ�$�X�U�R�U�D�¶���D�Q�G���µ�+�X�U�R�Q�¶���G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���W�\�S�H���R�I���O�L�J�K�W 

Cultivars Aurora �+�X�U�R�Q Aurora �+�X�U�R�Q 

Type of light fluorescent 
white lamp �Z�K�L�W�H���/�(�' �Y�L�R�O�H�W���/�(�' fluorescent 

white lamp �Z�K�L�W�H���/�(�' �Y�L�R�O�H�W���/�(�' mean mean 

1 2 3 4 5 6 7 8 9 

Compounds (mg 100 g�±1 DW) Phenolic acid 

1-O-Caffeoylquinic acid   30.89  
±0.06ea 

10.19  
±0.02b 

11.65  
±0.02c 

14.23  
±0.03d 

8.26  
±0.02a 

9.91  
±0.02b 

17.58B 10.80A 

trans-3-O-Caffeoylquinic acid   538.37  
±1.08c 

476.26  
±0.95b 

1030.20  
±2.06e 

327.89  
±0.66a 

480.60  
±0.96b 

933.40  
±1.87d 

681.61B 580.63A 

cis-3-O-Caffeoylquinic acid   17.06  
±0.03e 

7.86  
±0.02b 

14.53  
±0.03d 

10.46  
±0.02c 

10.64  
±0.02c 

5.49  
±0.01a 13.15B 8.86A 

3-O-p-Coumaroylquinic acid  72.46  
±0.11d 

23.82  
±0.05b 

40.39  
±0.08c 

8.76  
±0.02a 

11.50  
±0.02a 

206.36  
±0.41e 45.56A 75.54B 

5-O-p-Coumaroylquinic acid  2704.32  
±4.33d 

2624.76  
±5.25d 

2964.60  
±5.93e 

894.97  
±1.79a 

1072.78  
±2.15b 

1483.00  
±2.97c 2764.56B 1150.25A 

trans-5-O-Caffeoylquinic acid   20.01  
±0.04b 

13.16  
±0.03a 

23.55  
±0.05c 

22.69  
±0.05c 

28.04  
±0.06d 

27.90  
±0.06d 18.91A 26.21B 

5-O-Caffeoylquinic acid   269.52  
±0.53b 

372.83  
±0.75d 

688.64  
±1.38f 

183.31  
±0.37a 

328.33  
±0.66c 

529.83  
±1.06e 

443.66B 347.16A 

4-O-Caffeoylquinic acid   31.72  
±0.06d 

7.44  
±0.01c 

5.42  
±0.01b 

4.91  
±0.01b 

4.94  
±0.01b 

2.19  
±0.00a 

14.86B 4.01A 

3-p-coumaroyl-5-feruloy- 
lquinic 

18.1  
±0.04f 

0.39  
±0.00a 

1.32  
±0.00b 

9.52  
±0.02e 

2.15  
±0.00c 

3.03  
±0.01d 6.60B 4.90A 

3,5-Di-O-caffeoylquinic acid  6.28  
±0.01a 

41.88  
±0.08e 

21.21  
±0.04d 

7.28  
±0.01b 

9.62  
±0.02c 

65.15  
±0.13f 23.12A 27.35B 

4,5-Di-O-caffeoylquinic acid  6.28  
±0.01a 

7.01  
±0.01b 

8.12  
±0.02c 

8.76  
±0.02d 

15.24  
±0.03f 

13.89  
±0.03e 7.14A 12.63B 

cis-5-O-p-Coumaroylquinic 
acid 

3.65  
±0.01b 

3.98  
±0.01b 

6.25  
±0.01c 

3.59  
±0.01b 

2.81  
±0.01a 

2.51  
±0.01a 4.63B 2.97A 

Total 3718.66  
±7.65d 

3589.58  
±7.18d 

4815.89  
±9.63e 

1496.37  
±2.99a 

1974.92  
±3.95b 

3282.66  
±6.57c 

4041.37B 2251.31A 

 Flavonols 

Myricetin 3-O-galactoside 13.09 
±0.03c 

16.58 
±0.03d 

31.89 
±0.06e 

1.83 
±0.00a 

6.71 
±0.01b 

13.35 
±0.03c 20.52B 7.30A 

Myricetin 3-O-glucoside 8.10 
±0.02d 

0.68 
±0.00bc 

0.97 
±0.00c 

0.11 
±0.00a 

0.30 
±0.00ab 

0.64 
±0.00bc 3.25B 0.35A 

Myricetin hexoside-acetate  1.19 
±0.00b 

0.92 
±0.00b 

2.34 
±0.00d 

0.40 
±0.00a 

1.55 
±0.00c 

2.39 
±0.00d 

1.48A 1.45A 

Quercetin 3-O-diglucoside 0.33 
±0.00a 

0.37 
±0.00a 

1.92 
±0.00c 

0.41 
±0.00a 

0.64 
±0.00b 

3.21 
±0.01d 0.87A 1.42B 

Quercetin 3-O-rutinoside  26.59 
±0.05c 

29.14 
±0.06d 

82.59 
±0.17 

14.99 
±0.03a 

19.17 
±0.04b 

34.98 
±0.07e 46.11B 23.05A 

Quercetin 3-O-rutinoside  1.81 
±0.00c 

1.77 
±0.00c 

5.55 
±0.01d 

0.25 
±0.00a 

1.05 
±0.00b 

0.95 
±0.00b 3.04B 0.75A 
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U�� �D�X�U�� �K���Z�u�]���v�U�� �/�X�U�� �<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U�� �D�X�U�� �>�����Z�}�Á�]���Ì�U�� �^�X�� �~�î�ì�î�î�•�X���/�v�G�µ���v������ �}�(�� �À���Œ�]�}�µ�•�� �š�Ç�‰���•�� �}�(�� �o�]�P�Z�š�� �}�v�� �P�Œ�}�Á�š�Z����
���v���� �‰�Z�Ç�•�]���}���Z���u�]�����o�� ���}�u�‰�}�•�]�Ÿ�}�v�� �}�(�� ���o�µ�������Œ�Œ�Ç�� �~Vaccinium corymbosum�� �>�X�•�� �o�����À���•�X�� �����š���� �^���]�X�� �W�}�o�X�� �,�}�Œ�š�}�Œ�µ�u�� ���µ�o�š�µ�•�U�� �î�í�~�î�•�U�� �ô�ó�t�í�ì�í�X����
�Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�î�X�ô

�µ�$�X�U�R�U�D�¶�������9�H�U�\���K�L�J�K���F�R�Q�W�H�Q�W�V���R�I���W�U�D�Q�V������O���F�D
u�H�R�\�O�T�X�L-
nic acid (1030.20 mg 100 g�±��) and 5-O-p-couma-
roylquinic acid (2964.60 mg 100 g�±��) were also re-
�F�R�U�G�H�G�� �L�Q�� �$�X�U�R�U�D�� �F�X�O�W�L�Y�D�U�V�� �J�U�R�Z�Q�� �X�Q�G�H�U�� �Y�L�R�O�H�W�� �/�(�'��
light. Generally, among the 35 examined polyphenols, 
5-O-p-coumaroylquinic acid occurred in the highest 
amount in the investigated plants. Degree of polymer-
ization is an important structural feature determining 
the bitterness and astringency of taste and the biolog-
ical activity of proanthocyanidins [Waterhouse and 
Ebeler 1998]. Thus, in measured samples were noted 
�W�K�H�� �V�W�D�W�L�V�W�L�F�D�O�� �G�L
u�H�U�H�Q�F�H�V�� �E�H�W�Z�H�H�Q�� �À�X�R�U�H�V�F�H�Q�W�� �Z�K�L�W�H��
�O�D�P�S���D�Q�G���/�(�'�����Z�K�L�W�H���D�Q�G���Y�L�R�O�H�W�������7�K�H���K�L�J�K�H�V�W���'�3���Z�D�V��
�I�R�X�Q�G���L�Q���W�K�H���V�D�P�S�O�H���D�I�W�H�U���À�X�R�U�H�V�F�H�Q�W���Z�K�L�W�H���O�D�P�S���X�V�H�G��
�D�Q�G���Z�D�V�����������K�L�J�K�H�U���W�K�D�Q���L�Q���W�K�H���V�D�P�S�O�H���D�I�W�H�U���/�(�'��

�W�Œ�}���µ���Ÿ�}�v�������}�v�}�u�]���•
When choosing a particular light source, manufac-

�W�X�U�H�U�V���D�U�H���S�U�L�P�D�U�L�O�\�� �J�X�L�G�H�G���E�\�� �H�F�R�Q�R�P�L�F���S�U�R�¿�W�����7�K�H�\��
expect a good quality product that is also energy-ef-
�¿�F�L�H�Q�W���D�W���D�� �O�R�Z�� �S�U�L�F�H�����9�L�R�O�H�W���/�(�'�� �O�D�P�S�V�� �X�V�H�G���L�Q�� �W�K�L�V��
�H�[�S�H�U�L�P�H�Q�W�� �Z�H�U�H�� �P�R�U�H�� �H�[�S�H�Q�V�L�Y�H�� �W�K�D�Q�� �Z�K�L�W�H�� �/�(�'��
�O�D�P�S�V���D�Q�G���Z�K�L�W�H���À�X�R�U�H�V�F�H�Q�W���O�D�P�S�V���� �,�Q���H�F�R�Q�R�P�L�F���F�D�O-
culations (Tab. 4), we noticed the scale of savings that 
�F�D�Q�� �E�H�� �D�F�K�L�H�Y�H�G�� �Z�L�W�K�� �/�(�'�V�� �V�R�O�X�W�L�R�Q���� �7�K�H�� �S�K�\�W�R�W�U�R�Q����
in which we have conducted the experiment, allows 
us to produce 20.000 plantlets in one cycle. This re-
�T�X�L�U�H�V�� �������� �À�X�R�U�H�V�F�H�Q�W�� �O�D�P�S�V�� �Z�L�W�K�� �D�� �O�H�Q�J�W�K�� �R�I�� �D�E�R�X�W��
�������� �F�P���� �,�Q�� �W�K�H�� �S�U�H�V�H�Q�W�� �V�W�X�G�\���� �D�� �Z�K�L�W�H�� �À�X�R�U�H�V�F�H�Q�W��

�O�D�P�S�� �Z�D�V�� �������������� �F�K�H�D�S�H�U�� �W�K�D�Q�� �D�� �Y�L�R�O�H�W�� �/�(�'�� �O�D�P�S��
�D�Q�G���������������� �F�K�H�D�S�H�U���W�K�D�Q���D���Z�K�L�W�H���/�(�'�� �O�D�P�S�����7�D�N�L�Q�J��
�L�Q�W�R���D�F�F�R�X�Q�W���W�K�H���S�X�U�F�K�D�V�H���S�U�L�F�H���R�I�� �À�X�R�U�H�V�F�H�Q�W���O�D�P�S�V����
the price of electricity, energy consumption, photo-
periods, bulb life, and the annual cost of bulb main-
tenance, we calculated the annual cost of phytotron 
maintenance (Tab. 4). Considering all costs generated 
in the annual cycle in our phytotron, we found that 
�W�K�H���F�K�H�D�S�H�V�W���V�R�O�X�W�L�R�Q���Z�H�U�H���Z�K�L�W�H���/�(�'���O�L�J�K�W�V���������������H�X-
ros a piece). Despite the high price for a single violet 
�/�(�'���O�D�P�S�����W�K�H���F�R�V�W���R�I���P�D�L�Q�W�D�L�Q�L�Q�J���W�K�H���S�K�\�W�R�W�U�R�Q���Z�D�V��
slightly higher (3305.60 euros). This was because of 
�W�K�H���O�R�Q�J�H�U���V�H�U�Y�L�F�H���O�L�I�H���R�I���À�X�R�U�H�V�F�H�Q�W���O�D�P�S�V�����Z�K�L�F�K���E�\��
�W�K�H���P�D�Q�X�I�D�F�W�X�U�H�U���L�V�����������������K�����:�K�L�W�H���À�X�R�U�H�V�F�H�Q�W���O�D�P�S�V��
were the most expensive to maintain. Despite the low 
price of this light source, because of its very short ser-
vice life (15.000 h), its maintenance cost was 6.555 
�H�X�U�R�V���� �+�R�Z�H�Y�H�U���� �D�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H�� �P�D�Q�X�I�D�F�W�X�U�H�U���� �W�K�H��
�S�K�R�W�R�V�\�Q�W�K�H�W�L�F�� �H
v�F�L�H�Q�F�\�� �R�I�� �W�K�H�V�H�� �À�X�R�U�H�V�F�H�Q�W�� �O�D�P�S�V��
decreases remarkably after 12.000 h. In practice, after 
�����\�H�D�U�V�����W�K�H���À�X�R�U�H�V�F�H�Q�W���O�D�P�S�V���L�Q���S�K�\�W�R�W�U�R�Q�V���D�U�H���X�V�X�D�O-
ly replaced even if they are still working. 

�%�\���F�K�R�R�V�L�Q�J���/�(�'���O�D�P�S�V�����Z�H���D�F�K�L�H�Y�H�G���D�E�R�X�W����������
�V�D�Y�L�Q�J�V���F�R�P�S�D�U�H�G���W�R���X�V�L�Q�J���À�X�R�U�H�V�F�H�Q�W���O�D�P�S�V�����3�U�R�G�X�F-
�W�L�R�Q�� �H�F�R�Q�R�P�L�F�V�� �V�K�R�Z�H�G�� �W�K�D�W�� �L�W�� �L�V�� �E�H�W�W�H�U�� �W�R�� �X�V�H�� �/�(�'��
sources than other light sources for plant production 
in phytotrons. Fluorescent lamps are economically 
disadvantageous, and the mercury contained in them 
�L�V���D�O�V�R���G�D�Q�J�H�U�R�X�V���I�R�U���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W�����/�(�'�V���D�U�H���V�D�I�H��

 �d�����o�����ð�X Economic effects of the annual greenhouse maintenance depending on the type of light 

 Type of light  
Cost of using lamp 

fluorescent white lamp �Z�K�L�W�H���/�(�' �Y�L�R�O�H�W���/�(�' 

Price of 1 lamp (EUR) 8.84 3.78 15.93 

Electricity consumption (W) 36 18 18 

Uptime (h) 15 000 40 000 50 000 

Uptime in years 2.57 6.85 8.56 

Annual power consumption 1 lamp  
(16 h/day × 365 days = year × lamp power kW) = kW/year 210 105 105 

Price 1 kWh (EUR) 0.14 0.14 0.14 

Power consumption cost for 1 lamp per year (EUR) 29.34 14.67 14.67 

Annual cost of using 1 lamp (EUR) energy + lamp price 32.78 15.22 16.53 

Annual cost of phytotron work (EUR) 6555.29 3044.00 3305.60 
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�&�]�P�]���o�r�<�Œ�}���Ì�Ç�w�•�l���U�� �D�X�U�� �K���Z�u�]���v�U�� �/�X�U�� �<�Œ�µ�‰���r�D���s�l�]���Á�]���Ì�U�� �D�X�U�� �>�����Z�}�Á�]���Ì�U�� �^�X�� �~�î�ì�î�î�•�X���/�v�G�µ���v������ �}�(�� �À���Œ�]�}�µ�•�� �š�Ç�‰���•�� �}�(�� �o�]�P�Z�š�� �}�v�� �P�Œ�}�Á�š�Z����
���v���� �‰�Z�Ç�•�]���}���Z���u�]�����o�� ���}�u�‰�}�•�]�Ÿ�}�v�� �}�(�� ���o�µ�������Œ�Œ�Ç�� �~Vaccinium corymbosum�� �>�X�•�� �o�����À���•�X�� �����š���� �^���]�X�� �W�}�o�X�� �,�}�Œ�š�}�Œ�µ�u�� ���µ�o�š�µ�•�U�� �î�í�~�î�•�U�� �ô�ó�t�í�ì�í�X����
�Z�©�‰�•�W�l�l���}�]�X�}�Œ�P�l�í�ì�X�î�ð�ï�î�ò�l���•�‰�Z���X�î�ì�î�î�X�î�X�ô

for the user and the environment because they are not 
made of brittle glass, do not heat up, and do not con-
tain any dangerous materials such as mercury [Olle 
and Viršile 2013]. 

The results of research on production economics 
�V�K�R�Z�H�G�� �W�K�D�W�� �W�K�H�� �X�V�H�� �R�I�� �D�� �Z�K�L�W�H�� �/�(�'�� �O�L�J�K�W�� �V�R�X�U�F�H�� �L�V��
a good solution for blueberry production. Its main-
�W�H�Q�D�Q�F�H�� �Z�D�V�� �V�L�J�Q�L�¿�F�D�Q�W�O�\�� �F�K�H�D�S�H�U�� �W�K�D�Q�� �À�X�R�U�H�V�F�H�Q�W��
lamps, and plants grown under this light source had 
the largest leaf surface area among all investigated 
light sources. In addition, on average, the plants grown 
�X�Q�G�H�U���Z�K�L�W�H���/�(�'�V���Z�H�U�H���Y�L�Y�L�G���J�U�H�H�Q���D�Q�G���G�L�G���Q�R�W���G�L
u�H�U��
�L�Q���K�H�L�J�K�W���I�U�R�P���W�K�H���S�O�D�Q�W�V���J�U�R�Z�Q���X�Q�G�H�U���Z�K�L�W�H���À�X�R�U�H�V-
�F�H�Q�W���O�L�J�K�W�����+�R�Z�H�Y�H�U�����D�F�F�R�U�G�L�Q�J���W�R���W�K�H���U�H�V�X�O�W�V���R�I���R�X�U���H�[-
periment, in order to obtain polyphenol-rich plants for 
commercial purposes, we recommend the use of violet 
�/�(�'���O�L�J�K�W���V�R�X�U�F�H�V�����7�D�E�������������7�K�H���O�H�D�Y�H�V���R�I���S�O�D�Q�W�V���J�U�R�Z�Q��
under this light source could be used as infusions to 
provide antioxidant substances. In their in vitro stud-
�L�H�V���� �3�L�O�M�D�F���ä�H�J�D�U�D�F�� �H�W�� �D�O���� �>���������@�� �F�R�Q�¿�U�P�H�G�� �W�K�D�W�� �E�O�X�H-
berry leaf-based tea is a very good source of strong 
antioxidants.

CONCLUSIONS

Regardless of the type of light used in the phy-
totron, the plants of the Aurora cultivar were higher, 
and they had lighter leaves with higher polyphenol 
contents and lower proline contents compared to those 
�R�I���W�K�H���+�X�U�R�Q���F�X�O�W�L�Y�D�U�����:�K�H�Q���J�U�R�Z�Q���X�Q�G�H�U���Y�L�R�O�H�W���/�(�'��
lights, the plants of both cultivars were lower and had 
smaller leaves. This light source is a stress factor for 
the plants, which was evidenced by low CIE a* and 
b* leaf color as well as high contents of total proline 
�D�Q�G���S�R�O�\�S�K�H�Q�R�O�V�����7�K�H���S�O�D�Q�W�V���J�U�R�Z�Q���X�Q�G�H�U���À�X�R�U�H�V�F�H�Q�W��
white light had a 22.7% lower total of polyphenols, 
�D�Q�G�� �W�K�H�� �S�O�D�Q�W�V�� �J�U�R�Z�Q�� �X�Q�G�H�U�� �/�(�'�� �Z�K�L�W�H�� �O�L�J�K�W�� �K�D�G�� 
�D���������������O�R�Z�H�U���W�R�W�D�O���W�K�D�Q���W�K�R�V�H���J�U�R�Z�Q���X�Q�G�H�U���Y�L�R�O�H�W���/�(�'��
light. In large-scale production of highbush blueberry 
�S�O�D�Q�W�V�����L�W���L�V���D�G�Y�L�V�D�E�O�H���W�R���X�V�H���Z�K�L�W�H���/�(�'���O�L�J�K�W���R�Z�L�Q�J���W�R��
the high quality of the plants grown under this light as 
�Z�H�O�O���D�V���W�K�H�L�U���E�H�Q�H�¿�F�L�D�O���H
u�H�F�W���R�Q���S�U�R�G�X�F�W�L�R�Q���H�F�R�Q�R�P�L�F�V��
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(SUNRISE CULTIVAR)
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�$�E�V�W�U�D�F�W
The consumption of highbush blueberries has been growing rapidly  

in recent years due to their taste and health-promoting qualities. Various 
solutions have been sought to obtain the highest quality fruit after harvest.  
In the era of eco-friendly products, it is important that the methods used are 
�Q�D�W�X�U�D�O�� �D�Q�G�� �H�F�R�O�R�J�L�F�D�O���� �)�R�U�� �W�K�L�V�� �S�X�U�S�R�V�H���� �F�K�L�W�R�V�D�Q�� ���&�+���� �Z�D�V�� �V�S�U�D�\�H�G�� �¿�Y�H��
times on highbush blueberry bushes before harvesting. Different molecular 
weights of CH (5, 12, 21, 50, 125, and 500 kDa) were used in this study. 
The physical and biochemical characteristics of the fruit were investigated.  
The antioxidant activity, microbial contaminants, and mycotoxins in fruit were 
also analysed. Application of CH affected the quality of highbush blueberries 
�D�I�W�H�U���K�D�U�Y�H�V�W�����7�K�H���P�R�O�H�F�X�O�D�U���Z�H�L�J�K�W���R�I���&�+���K�D�G���D���V�L�J�Q�L�¿�F�D�Q�W���H�I�I�H�F�W���R�Q���W�K�H���V�W�X�G�L�H�G��
traits. The application of high-molecular-weight CH improved physical 
�F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �V�X�F�K�� �D�V�� �W�K�H�� �D�Y�H�U�D�J�H�� �Z�H�L�J�K�W�� �R�I�� �������� �E�O�X�H�E�H�U�U�L�H�V���� �¿�U�P�Q�H�V�V���� 
and puncture. Furthermore, the blueberries had a more intense blue colour; 
were characterised by a higher content of L-ascorbic acid and polyphenols, 
especially anthocyanins; and did not contain mycotoxins. Spraying with 
CH can be recommended in the organic cultivation of highbush blueberries  
to obtain robust fruit with health-promoting qualities.

Keywords�� chitosan, highbush blueberry, fruit quality, mycotoxins, 
polyphenols, fungi
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�������,�Q�W�U�R�G�X�F�W�L�R�Q
In recent years, there has been marked growth in blueberry acreage and yield [1-5]. 

Recent global data indicate yearly blueberry production of nearly 1.0 million ton [4]. The 
largest global producers of highbush blueberries are the United States; Chile; Canada; 
and European countries such as Spain, Poland, and Germany [2, 4]. Dark blue and sweet 
�E�O�X�H�E�H�U�U�L�H�V���D�U�H���F�O�D�V�V�L�¿�H�G���D�V���D �V�R���F�D�O�O�H�G���µ�V�X�S�H�U�I�R�R�G�¶���G�X�H���W�R���W�K�H�L�U���K�H�D�O�W�K���S�U�R�P�R�W�L�Q�J���E�L�R�O�R�J�L�F�D�O��
properties [6] and are highly consumed among the public, mainly in dessert form [1, 3, 5].

�%�O�X�H�E�H�U�U�L�H�V���D�U�H���D �U�L�F�K���V�R�X�U�F�H���R�I���Y�D�O�X�D�E�O�H���Q�X�W�U�L�H�Q�W�V���V�X�F�K���D�V���P�L�Q�H�U�D�O�V�����Y�L�W�D�P�L�Q�V�����À�D�Y�R�Q�H�V����
and polyphenols [7, 8]. Numerous studies indicate that blueberries are a source of natural 
antioxidants. Many of the health-promoting properties of blueberries are attributed 
�W�R�� �S�K�H�Q�R�O�L�F�� �D�F�L�G�V�� �D�Q�G�� �Y�D�U�L�R�X�V�� �À�D�Y�R�Q�R�L�G�V���� �H�V�S�H�F�L�D�O�O�\�� �D�Q�W�K�R�F�\�D�Q�L�Q�V�� �>������ ���@���� �$�P�R�Q�J�� �I�U�X�L�W����
blueberries have the highest anthocyanin content; hence, they are recommended as 
a functional food as well as a dietary supplement [6]. 

Consumers judge the quality of fresh fruit based on their appearance and freshness on 
the store shelf [10]. Various measures and technologies are used to achieve the highest 
�T�X�D�O�L�W�\���I�U�X�L�W�����,�W���L�V���L�P�S�R�U�W�D�Q�W���Q�R�W���W�R���U�H�G�X�F�H���Q�D�W�X�U�D�O���S�U�R�S�H�U�W�L�H�V���R�I���I�U�X�L�W���D�Q�G���W�K�H�L�U���E�H�Q�H�¿�W�V���I�R�U��
human health by using chemicals – ecological solutions should be favoured. The optimal 
solution seems to be environmentally safe chitosan (CH), extracted most often from the 
shells of shrimp and other crustaceans [11]. CH is the second most abundant biopolymer on 
earth after cellulose [12]. It forms a transparent, non-toxic, biocompatible, biofunctional, 
�D�Q�G�� �E�L�R�G�H�J�U�D�G�D�E�O�H�� �¿�O�P�� �>�����������@���� �,�Q�� �D�G�G�L�W�L�R�Q���� �L�W�� �H�[�K�L�E�L�W�V�� �K�D�H�P�R�V�W�D�W�L�F�� �D�Q�G�� �D�Q�W�L�P�L�F�U�R�E�L�D�O��
�D�F�W�L�Y�L�W�\���� �P�X�F�R�D�G�K�H�V�L�Y�H�� �S�U�R�S�H�U�W�L�H�V���� �D�Q�G�� �H�[�F�H�O�O�H�Q�W�� �S�U�R�F�H�V�V�D�E�L�O�L�W�\�� ���L�Q�F�O�X�G�L�Q�J�� �¿�O�P���I�R�U�P�L�Q�J��
capabilities) [13]. CH shows activity against multidrug-resistant bacteria and fungi, which 
pose a challenge to modern medicine [16]. CH plays an important role in plant pathogen 
resistance and defence mechanisms [15, 17, 18]. Coating fruit and vegetables with edible 
CH extends their shelf life by minimising respiration rates and reducing water loss [17].

Physicochemical characteristics such as the degree of deacetylation and molecular 
weight play a key role in the quality of CH in its diverse applications. CH can be divided 
into four groups according to the degree of deacetylation: low (55%-70%), medium 
(70%-85%), high (85%-95%), and ultra-high (95%-100%) [19]. Moreover, there is low-
molecular-weight CH (LMC) and high-molecular-weight CH (HMC). Molecular weight 
�D�I�I�H�F�W�V���W�K�H���E�L�R�O�R�J�L�F�D�O���D�F�W�L�Y�L�W�\���R�I���&�+���>�����@�����/�0�&���X�V�X�D�O�O�\���H�[�K�L�E�L�W�V���P�R�U�H���V�L�J�Q�L�¿�F�D�Q�W���E�L�R�O�R�J�L�F�D�O��
properties than HMC [21]. HMC (500-1,000 kDa) is readily soluble in dilute acids but 
insoluble in water [20].

This study aimed to investigate the effect of CH of different molecular weights on 
physicochemical changes in highbush blueberries of the Sunrise cultivar after harvest. 
The type and amount of microbial contaminants and mycotoxins in the fruit were also 
analysed.

�������0�D�W�H�U�L�D�O�V���D�Q�G���0�H�W�K�R�G�V
�����������&�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I���W�K�H���5�H�V�H�D�U�F�K���$�U�H�D���D�Q�G���3�O�D�Q�W���0�D�W�H�U�L�D�O

The experiment was conducted in the Department of Horticulture at the West Pomeranian 
University of Technology in Szczecin from 2018 to 2020. Highbush blueberries of the 
Sunrise cultivar were harvested from bushes grown on a specialised highbush blueberry 
farm, located about 25 km east of Szczecin, in the Goleniowska Forest. The plantation 
�F�R�Q�W�D�L�Q�V�� �D �������� �K�D�� �¿�H�O�G�� �L�U�U�L�J�D�W�H�G�� �E�\�� �G�U�R�S�O�H�W�V�� �D�Q�G�� �K�D�V�� �P�L�Q�H�U�D�O�� �V�R�L�O���� �O�R�D�P�\�� �V�D�Q�G���� �R�U�J�D�Q�L�F��
matter 2.21%, organic carbon 0.56%, electrical conductivity 0.29 mS/m, and pH 4.0-4.2 
[22].
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�����������&�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I���W�K�H���&�+���D�Q�G���7�U�H�D�W�P�H�Q�W���$�S�S�O�L�F�D�W�L�R�Q��
Depolymerised CH obtained by controlled free-radical degradation was used in the 

experiment. Chitosan was produced by the Center for Bioimmobilization and Innovative 
Packaging Materials of the West Pomeranian University of Technology in Szczecin. 
Different molecular weights of CH (5, 12, 21, 50, 125, 500 kDa) with a degree of 
deacetylation of 85% were used in the study.

�&�+���Z�D�V���V�S�U�D�\�H�G���¿�Y�H���W�L�P�H�V���R�Q���K�L�J�K�E�X�V�K���E�O�X�H�E�H�U�U�\���E�X�V�K�H�V�����W�K�U�H�H���W�L�P�H�V���E�H�I�R�U�H���K�D�U�Y�H�V�W�L�Q�J����
and after the second and third harvests. The control group consisted of bushes sprayed 
with water. 

�����������*�H�Q�H�U�D�O���)�U�X�L�W���3�D�U�D�P�H�W�H�U�V
Every year, the blueberry yield and weight were measured (using a WPX 4500 

instrument, with precision of ± 0.01 g; RADWAG, Poland). The content of soluble 
solids was determined by an electronic refractometer (PAL-1, Atago, Japan). Acidity was 
determined by titration of the aqueous extract with 0.1 N sodium hydroxide (NaOH) to 
an endpoint of pH 8.1 (Elmetron CX-732, Poland), according to the PN-90/A-75101/04 
standard [23]. The L���D�V�F�R�U�E�L�F���D�F�L�G���D�Q�G���Q�L�W�U�D�W�H���F�R�Q�W�H�Q�W�V���Z�H�U�H���P�H�D�V�X�U�H�G���Z�L�W�K���D�Q���5�4�À�H�[��������
requantometer (Merck, Germany) [22].

�����������&�R�O�R�X�U
The CIE L* , a*, and b* �S�D�U�D�P�H�W�H�U�V���G�H�¿�Q�H�G���E�\���W�K�H���&�R�O�R�X�U���0�H�D�V�X�U�H�P�H�Q�W���&�R�P�P�L�W�W�H�H���R�I��

�W�K�H���6�R�F�L�H�W�m���R�I �'�m�H�U�V���D�Q�G���&�R�O�R�X�U�L�V�W�V�����&�0�&�����Z�H�U�H���P�H�D�V�X�U�H�G���X�V�L�Q�J���D �.�R�Q�L�F�D���0�L�Q�R�O�W�D���&�0��
700d spectrophotometer (Japan). The colour parameters and indices were averaged over 
35 measurements [24].

�����������)�L�U�P�Q�H�V�V
Firmness and puncture resistance of the blueberry skin was measured with a FirmTech2 

apparatus (BioWorks, USA) on 100 randomly selected blueberries from three replicates. 
Punctures were made using a stamp with a diameter of 3 mm [24]. It is expressed as 
a gram-force causing the blueberry surface to bend 1 mm. 

�����������(�[�W�U�D�F�W�L�R�Q���D�Q�G���,�G�H�Q�W�L�¿�F�D�W�L�R�Q���R�I���3�R�O�\�S�K�H�Q�R�O�V
Three replicates of 1000 g of randomly chosen blueberries were kept frozen in 

polyethylene bags at -65°C until analysis, then prepared according to the methodology 
described by Lachowicz et al. �>�����@�����&�R�P�S�R�X�Q�G�V���Z�H�U�H���H�[�W�U�D�F�W�H�G���Z�L�W�K���P�H�W�K�D�Q�R�O���D�F�L�G�L�¿�H�G��
with 2.0% formic acid. The separation was conducted twice by incubation for 20 min under 
�V�R�Q�L�F�D�W�L�R�Q�� ���6�R�Q�L�F�� ���'���� �J�R�O�V�R�Q�L�F���� �J�R�O�D�Q�G���� �I�R�O�O�R�Z�H�G�� �E�\�� �V�K�D�N�L�Q�J�� �I�U�R�P�� �W�L�P�H�� �W�R�� �W�L�P�H�� ���D �I�H�Z��
�W�L�P�H�V���R�U���U�D�U�H�O�\�������6�X�E�V�H�T�X�H�Q�W�O�\�����W�K�H���V�X�V�S�H�Q�V�L�R�Q���Z�D�V���F�H�Q�W�U�L�I�X�J�H�G���L�Q���D�Q���0�J�:�����������F�H�Q�W�U�L�I�X�J�H��
���0�J�:�� �0�(�'���� �,�1�6�7�5�8�0�(�1�7�6���� �J�R�O�D�Q�G���� �D�W�� ������������g for 10 min. Prior to analysis, the 
�V�X�S�H�U�Q�D�W�D�Q�W���Z�D�V���S�X�U�L�¿�H�G���Z�L�W�K���D �+�\�G�U�R�S�K�L�O�L�F���J�7�)�(�������������—�P���P�H�P�E�U�D�Q�H�����0�L�O�O�H�[���6�D�P�j�O�L�F�L�W�m��
Filter, Merck). 

�,�Q�� �E�O�X�H�E�H�U�U�\�� �H�[�W�U�D�F�W�V���� �S�R�O�\�S�K�H�Q�R�O�V�� �Z�H�U�H�� �L�G�H�Q�W�L�¿�H�G�� �E�\�� �X�V�L�Q�J�� �D�Q�� �$�&�4�8�,�7�M�� �8�O�W�U�D��
Performance LC system with a  binary solvent manager, a  photodiode array detector 
(Waters Corporation, USA), and a  G2 Q-TOF micro mass spectrometer (Waters, UK) 
equipped with an electrospray ionisation (ESI) source operating in both negative and 
�S�R�V�L�W�L�Y�H���P�R�G�H�V�����8�J�/�&���J�'�$���4�7�R�I���0�6���0�6�����>�����@��

�����������$�Q�W�L�R�[�L�G�D�Q�W���$�F�W�L�Y�L�W�\
For the 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay, the 

procedure followed the method of Arnao et al. [26]. The ferric ion reducing antioxidant 
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�S�R�Z�H�U�� ���)�5�$�J���� �D�Q�G�� ���������G�L�j�K�H�Q�m�O�������j�L�F�U�m�O�K�m�G�U�D�]�m�O�� ���'�J�J�+���� �D�V�V�D�\�V�� �Z�H�U�H�� �F�R�Q�G�X�F�W�H�G��
according to the method of Brand-Williams et al. [27]. The antioxidant capacity is 
�H�[�S�U�H�V�V�H�G�� �D�V�� �—�P�R�O�� �7�U�R�O�R�[�� �H�T�X�L�Y�D�O�H�Q�W�� ���7�(���� �J-1 dry weight (dw). Measurements for the 
ABTS·+�� �D�Q�G�� �)�5�$�J�� �D�V�V�D�\�� �L�Q�Y�R�O�Y�H�G�� �W�K�H�� �8�9������������ �J�&�� �V�S�H�F�W�U�R�S�K�R�W�R�P�H�W�H�U�� ���6�K�L�P�D�G�]�X����
Japan). The L���D�V�F�R�U�E�L�F���D�F�L�G���F�R�Q�W�H�Q�W���Z�D�V���P�H�D�V�X�U�H�G���Z�L�W�K���D�Q���5�4�À�H�[���������T�X�D�Q�W�R�P�H�W�H�U�����0�H�U�F�N����
Germany) [24].

�����������)�X�Q�J�D�O���,�Q�I�H�V�W�D�W�L�R�Q���D�Q�G���0�\�F�R�W�R�[�L�Q���&�R�Q�W�H�Q�W���L�Q���%�O�X�H�E�H�U�U�L�H�V
Analysis of the degree of fruit infestation by fungi (yeasts and moulds) was based on 

the European standard ISO 70 [28]. After cultivation of spore-forming fungal inoculates, 
samples were subjected to taxonomic evaluation using the traditional method of 
�P�D�F�U�R�V�F�R�S�L�F���R�E�V�H�U�Y�D�W�L�R�Q���R�I���F�R�O�R�Q�L�H�V���D�Q�G���P�L�F�U�R�V�F�R�S�L�F���R�E�V�H�U�Y�D�W�L�R�Q���R�I���V�S�R�U�H�V���D�Q�G���¿�O�D�P�H�Q�W�V��

Mycotoxins were determined by using high-performance liquid chromatography–
�W�D�Q�G�H�P���P�D�V�V���V�S�H�F�W�U�R�P�H�W�U�\�����+�J�/�&���0�6���0�6�� �>�����@�����7�K�H���V�D�P�S�O�H���Z�D�V���S�X�U�L�¿�H�G���R�Q���W�K�H���$�À�D�7�H�V�W��
�L�P�P�X�Q�R�O�R�J�L�F�D�O�� �D�I�¿�Q�L�W�\�� �F�R�O�X�P�Q�V�� �I�U�R�P���9�L�F�D�P�� ���8�6�$���� �I�R�U�� �D�À�D�W�R�[�L�Q�V�� �D�Q�G�� �2�F�K�U�D�J�U�H�j�� �I�U�R�P��
�5���%�L�R�j�K�D�U�P���$�*�����*�H�U�P�D�Q�\�����I�R�U���R�F�K�U�D�W�R�[�L�Q���$�����D�F�F�R�U�G�L�Q�J���W�R���W�K�H���S�U�R�F�H�G�X�U�H�V���V�S�H�F�L�¿�H�G���E�\���W�K�H��
manufacturers. Patulin, deoxynivalenol, T2, HT2 toxin, and zearalenone were analysed 
�E�\���+�J�/�&���0�6���0�6�����7�K�H���V�D�P�S�O�H�V���Z�H�U�H���S�X�U�L�¿�H�G���R�Q���%�R�Q�G���(�O�X�W�Š���0�\�F�R�W�R�[�L�Q���F�R�O�X�P�Q�V���I�U�R�P��
Agilent (USA). Each sample was run in triplicate. 

�����������6�W�D�W�L�V�W�L�F�D�O���$�Q�D�O�\�V�L�V
�$�O�O���V�W�D�W�L�V�W�L�F�D�O���D�Q�D�O�\�V�H�V���Z�H�U�H���S�H�U�I�R�U�P�H�G���Z�L�W�K���6�W�D�W�L�V�W�L�F�D���������������6�W�D�W�6�R�I�W���J�R�O�V�N�D�����J�R�O�D�Q�G������

The data were subjected to one-way analysis of variance (ANOVA). Group comparisons 
�Z�H�U�H���S�H�U�I�R�U�P�H�G���X�V�L�Q�J���7�X�N�H�\�¶�V���O�H�D�V�W���V�L�J�Q�L�¿�F�D�Q�W���G�L�I�I�H�U�H�Q�F�H�����/�6�'�����W�H�V�W�����V�L�J�Q�L�¿�F�D�Q�F�H���Z�D�V���V�H�W��
at �j < 0.05.

�������5�H�V�X�O�W�V���D�Q�G���'�L�V�F�X�V�V�L�R�Q
�����������%�O�X�H�E�H�U�U�\���4�X�D�O�L�W�\

�7�K�H���P�H�D�Q���Z�H�L�J�K�W���R�I�����������E�O�X�H�E�H�U�U�L�H�V�����S�X�Q�F�W�X�U�H�����¿�U�P�Q�H�V�V�����V�R�O�X�E�O�H���V�R�O�L�G�V�����6�6�������W�L�W�U�D�W�D�E�O�H��
acidity (TA), nitrate nitrogen (N-NO3), and nitrite nitrogen (N-NO2) were determined in 
fresh blueberries soon after harvest. Blueberries from bushes sprayed with CH 125 kDa 
had the highest weight (342 g/100 fruit), while fruit sprayed with CH 5 kDa had the lowest 
weight (262 g/100 fruit). The average weight of 100 blueberries was much higher than in 
the study by Ochmian et al. [30] on the highbush blueberry Patriot cultivar, where it was 
�����������������J���R�Q���D�Y�H�U�D�J�H�����7�K�H���K�H�D�Y�L�H�V�W���I�U�X�L�W���Z�D�V���D�O�V�R���W�K�H���¿�U�P�H�V�W�������������*���P�P-1) and had the 
highest puncture value (142 G mm-1). Fruit that had been sprayed with CH 21 kDa had the 
lowest N-NO3 and N-NO2 contents (30.2 and 0.09 mg 1000 g-1, respectively), while fruit 
sprayed with CH 125 and 500 kDa had the highest N-NO3 and N-NO2 contents (N-NO3: 
55.9 and 0.15 mg 1000 g-1, respectively; N-NO2: 52.3 and 0.17 mg 1000 g-1, respectively). 
Ochmian et al. [30] obtained lower N-NO3 (19.3-31.4 mg 1000 g-1) and higher N-NO2 
(0.75-0.95 mg 1000 g-1) (Table 1).

�������� L���$�V�F�R�U�E�L�F���$�F�L�G���D�Q�G���$�Q�W�L�R�[�L�G�D�Q�W���$�F�W�L�Y�L�W�\
The L-ascorbic acid content ranged from 20.7 to 39.6 mg 100 g-1. Ochmian et al. [30] 

reported a  vitamin C content in highbush blueberries of 23.4-26.2 mg 100 g-1 for the 
Patriot cultivar, depending on the substrate. Zia and Alibas [31] reported a  vitamin C 
content for mighty fresh blueberry of 40.29 mg 100 g-1 dw. Kalt et al. [32] reported that 
the L-ascorbic acid content of fresh blueberries was 7-20 mg 100 g-1. However, López et 
al. [33] reported that the vitamin C content of fresh blueberries was 20.97 mg 100 g-1. 
Blueberries sprayed with CH 500 kDa had the highest L-ascorbic acid content; it was 
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almost twice as high as the content in the blueberries sprayed with CH 12 kDa. Compared 
with the control group, spraying with CH 50, 125, and 500 kDa increased the L-ascorbic 
acid content, while spraying with CH 5 and 12 kDa decreased the L-ascorbic acid content 
(Table 1).

The FRAP method was used to determine the antioxidant capacity of the blueberries. 
�7�K�H���D�Q�W�L�R�[�L�G�D�Q�W���F�D�S�D�F�L�W�\���Y�D�U�L�H�G���G�X�H���W�R���W�K�H���P�R�O�H�F�X�O�D�U���Z�H�L�J�K�W���R�I���&�+�����������������������������P�R�O���7�(��
g-1). The blueberries treated with CH 125 kDa had the highest value, even higher than in 
the study by Ochmian et al.���>���@�����Z�K�H�U�H���W�K�H���)�5�$�3���Y�D�O�X�H���Z�D�V�������������������������P�R�O���7�(���J-1. Among 
the treatments, the blueberries treated with CH 12 kDa had the highest antioxidant activity, 
denoted by DPPH and ABTS·+ radical scavenging. The antioxidant activity, determined 
�E�\���'�3�3�+�����Z�D�V���D�V���P�X�F�K���D�V���W�Z�L�F�H���D�V���K�L�J�K�����������������P�R�O���7�(���J-1) as for the 125 kDa sample 
���������������P�R�O���7�(���J-1) (Table 1).

�7�D�E�O�H������ The quality and antioxidant capacity of highbush blueberries depending on the 
molecular weight of the applied chitosan.

�0�R�O�H�F�X�O�D�U���Z�H�L�J�K�W���R�I���F�K�L�W�R�V�D�Q�����N�'�D��
�&�R�Q�W�U�R�O* �� ���� ���� ���� ������ ������

Weight of 100 
blueberries (g)

274ab** 262a 288bc 302c 335d 342d 291bc

Puncture 
(G mm-1)

124bcd 130cde 108a 117ab 121bc 142e 133e

Firmness 
(G mm-1)

358bc 366bc 317a 359bc 352b 428d 375c

Soluble solid (%) 15.3b 15.8c 15.6c 15.2b 14.5a 14.4a 15.1b

Titratable acidity 
(g 100 g-1)

0.88d 0.81bc 0.85cd 0.87d 0.74a 0.77ab 0.80b

L-ascorbic acid 
(mg 100 g-1)

26.5b 22.4a 20.7a 27.8b 35.7c 36.2c 39.6c

N-NO3 

(mg 1000 g-1)
37.3bc 41.5c 33.4ab 30.2a 36.1b 55.9d 52.3d

N-NO2 

(mg 1000 g-1)
0.11ab 0.13bc 0.14c 0.09a 0.15cd 0.15cd 0.17d

ABTS·+ 

�����P�R�O���7�(���J-1)
14.7a 17.8b 20.2c 21.3c 18.4b 17.7b 15.5a

FRAP 
�����P�R�O���7�(���J-1)

8.11bc 7.36b 9.55d 8.78cd 5.77a 10.12e 9.84d

DPPH 
�����P�R�O���7�(���J-1)

22.2b 15.7a 31.0d 28.4c 21.6b 15.5a 16.3a

Note. *Control – not spraying; ** �0�H�D�Q�V���Z�L�W�K���W�K�H���V�D�P�H���O�H�W�W�H�U���G�R���Q�R�W���G�L�I�I�H�U���V�L�J�Q�L�¿�F�D�Q�W�O�\���D�F�F�R�U�G�L�Q�J��
to Tukey’s test (p > 0.05).

�����������%�O�X�H�E�H�U�U�\���&�R�O�R�X�U
One of the key parameters affecting consumer acceptability of fruit is the surface 

colour. Highbush blueberries have a blue-black skin but due to the waxy coating, they 
appear light blue [34]. The colour of the studied blueberries was determined by the L* , 
a*, and b* parameters. A change in the L*  parameter indicates blueberry darkening [35]. 
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Depending on the molecular weight of the applied CH, the blueberries changed from pink 
�W�R���E�O�X�H�����D�V���L�Q�G�L�F�D�W�H�G���E�\���V�L�J�Q�L�¿�F�D�Q�W���F�K�D�Q�J�H�V���L�Q���W�K�H��a* and b* parameters. The darkest and 
most intense blue shade was observed in blueberries treated with CH 500 and 125 kDa 
(Figure 1), which is undoubtedly related to the high anthocyanin content. The darkest 
blueberries had the highest anthocyanin content (Figure 1 and Table 2). On the other hand, 
the blueberries treated with CH 50 kDa exhibited the lightest purple-pink colouration. 
Ochmian et al. [35] reported similar L*  (26.2 to 32.6) and b* (-28.3 to - 25.9) values.
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blue shade was observed in blueberries treated withCH 500 and 125kDa (Figure 1), which is 
undoubtedly related to the high anthocyanin content. The darkest blueberries had the highest 
anthocyanin content (Figure 1andTable 2). On the other hand, the blueberriestreated with 
CH 50 kDa exhibited the lightest purple-pink colouration. Ochmian et al. [35] reported 
similar L* (26.2 to 32.6) and b*(-28.3 to -25.9)values.

�)�L�J�X�U�H����. Change in highbush blueberry colour depending on the molecular weight of the 
applied chitosan.

�����������3�R�O�\�S�K�H�Q�R�O�V
Highbush blueberries are a rich source of polyphenols such as phenolic acids, 

anthocyanins, and other flavonoids [36]. The studied highbush blueberriescontained 36 
polyphenols (Table 2). The most abundant were anthocyanins followed by phenolic acids;
the least abundant were flavonols and flavan-3-ols. The polyphenolcontentdepended to a 
large extent on the molecular weight of the applied CH (Table 2). There were nine
anthocyanins detected in the blueberries(Table 2). Anthocyanins are the most important 
polyphenols in blueberries [8]and are responsible for their black, blue, and red pigments. 
Blueberries treated with CH500kDa had the highest anthocyanin content(499.70mg100g-1);it
was2.05 times greaterthan the anthocyanincontent of blueberries treated with CH12kDa. 
Similarly to the studies bySuet al. [35] and Ochmian et al.[5], chlorogenic acid (aphenolic 

25

30

35

40

45

control 5kDa 12kDa 21kDa 50kDa 125kDa 500kDa

L*

control

5kDa

12kDa

21kDa

50kDa

125kDa
500kDa

-50

-45

-40

-35

-30

-25

-20

20 30 40 50

a*

b*

�)�L�J�X�U�H������ Change in highbush blueberry colour depending on the molecular weight of the 
applied chitosan.

�����������3�R�O�\�S�K�H�Q�R�O�V
Highbush blueberries are a rich source of polyphenols such as phenolic acids, 

�D�Q�W�K�R�F�\�D�Q�L�Q�V�����D�Q�G���R�W�K�H�U���À�D�Y�R�Q�R�L�G�V���>�����@�����7�K�H���V�W�X�G�L�H�G���K�L�J�K�E�X�V�K���E�O�X�H�E�H�U�U�L�H�V���F�R�Q�W�D�L�Q�H�G��������
polyphenols (Table 2). The most abundant were anthocyanins followed by phenolic acids; 
�W�K�H���O�H�D�V�W���D�E�X�Q�G�D�Q�W���Z�H�U�H���À�D�Y�R�Q�R�O�V���D�Q�G���À�D�Y�D�Q�������R�O�V�����7�K�H���S�R�O�\�S�K�H�Q�R�O���F�R�Q�W�H�Q�W���G�H�S�H�Q�G�H�G���W�R��
a large extent on the molecular weight of the applied CH (Table 2). There were nine 
anthocyanins detected in the blueberries (Table 2). Anthocyanins are the most important 
polyphenols in blueberries [8] and are responsible for their black, blue, and red pigments. 
Blueberries treated with CH 500 kDa had the highest anthocyanin content (499.70 mg 
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100 g-1); it was 2.05 times greater than the anthocyanin content of blueberries treated with 
CH 12 kDa. Similarly to the studies by Su et al. [35] and Ochmian et al. [5], chlorogenic 
acid (a phenolic acid) was the dominant polyphenol. On average, it accounted for between 
29.57% and 36.49% of the total polyphenol content in highbush blueberries (Table 2).

�7�D�E�O�H������ Polyphenol content in blueberries [mg 100 g-1].
�&�R�P�S�R�X�Q�G�V 

���P�J�����������J�±�����'�:��
�0�R�O�H�F�X�O�D�U���Z�H�L�J�K�W���R�I���F�K�L�W�R�V�D�Q�����N�'�D��

�&�R�Q�W�U�R�O�� ���� ���� ���� ������ ������
Caf-glu* 1.71 1.13 0.55 6.28 0.57 0.33 0.82
Caf-glu 4.59 5.15 5.71 1.32 7.33 4.63 10.03
Caf-glu 0.60 0.85 1.10 2.54 2.20 2.05 2.35

Neochl acid 6.08 4.38 2.68 3.56 3.72 3.88 3.56
Chlo acid 271.92 242.03 212.14 217.83 238.49 254.21 269.58

�&�U�m�F�K�O�R���D�F�L�G1.64 1.13 0.62 2.69 2.22 3.07 1.37
�J�K�H�Q�R�O�L�F���D�F�L�G�������������G** �������������E�F �������������D �������������D�E�������������E�F�������������F�G�������������G

�0�m�U�������J�D�O 3.79 3.57 3.35 3.80 10.96 9.99 11.92
Que diglu 1.16 0.78 0.40 0.99 0.85 0.96 0.74

Que 3-rha-hex 6.27 5.46 4.66 4.38 1.44 1.16 1.72
Que 3-rut 3.44 3.29 3.15 2.72 1.67 0.70 2.63
Que 3-gal 4.62 7.63 10.65 5.59 16.22 13.48 18.97

Que 3-methex 3.01 4.48 5.94 3.41 4.22 4.12 4.33
Que 3-glu 1.03 1.45 1.87 2.42 1.10 0.73 1.47
Que 3-ara 4.11 5.52 6.93 2.55 2.99 2.38 3.60

Que 3-cafgal 1.19 1.13 1.06 0.80 0.49 0.32 0.67
Que 3-cafglu 0.68 0.61 0.54 0.45 0.28 0.25 0.32
�4�X�H�������R�[�D�j�H�Q6.18 10.79 15.41 4.23 1.85 0.13 3.57

Que 3-rha 0.55 0.89 1.23 1.18 1.40 2.19 0.61
Que 

�����G�L�P�H�W�K�R�[�m�U�K�D1.04 2.53 4.02 0.21 0.35 0.63 0.07
�4�X�H�����������¶���D�F�H�W�m�O��

gal 0.08 0.32 0.55 0.51 0.15 0.15 0.14
�4�X�H�����������¶���D�F�H�W�m�O��

gal 0.40 0.51 0.62 0.26 0.03 0.02 0.04
�)�O�D�Y�R�Q�R�O�V�����������D �����������E�F �����������G �����������D �����������E �����������D �����������F

�J�U�R�F�m�D�Q�L�G�L�Q���G�L�P5.84 6.70 7.56 9.63 6.11 6.19 6.03
�J�U�R�F�m�D�Q�L�G�L�Q���G�L�P5.34 6.01 6.68 6.71 5.60 4.59 6.61
�J�U�R�F�m�D�Q�L�G�L�Q���G�L�P13.06 40.34 67.63 19.80 23.27 30.50 16.03

Cat 13.01 9.80 6.60 9.22 17.99 32.00 3.99
�������(�j�L�F�D�W 4.25 7.94 11.64 8.45 8.77 6.38 11.16

�J�U�R�F�m�D�Q�L�G�L�Q���W�U�L�P��
- B3 0.89 2.63 4.38 2.23 3.76 3.03 4.49

�)�O�D�Y�D�Q�������R�O�V�����������D �����������G�H �������������I �����������E�F �����������F�G �����������H �����������D�E
Del-3-O-glu 91.75 71.34 50.92 61.18 87.16 55.54 118.78

Del 3-ara 2.28 2.11 1.95 1.27 2.39 2.36 2.41
�J�H�W������O-glu 68.61 53.66 38.72 39.34 69.79 103.94 91.21
�&�m�D������O-glu 47.04 43.43 39.82 44.49 51.96 71.58 66.38

�&�m�D�������D�U�D 8.33 11.96 15.58 10.45 20.98 26.39 15.57
�J�H�W�������D�U�D27.19 24.99 22.79 20.47 34.34 49.14 42.24
Mal 3-gal 79.98 63.51 47.04 49.97 59.56 86.48 98.63
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�&�R�P�S�R�X�Q�G�V 
���P�J�����������J�±�����'�:��

�0�R�O�H�F�X�O�D�U���Z�H�L�J�K�W���R�I���F�K�L�W�R�V�D�Q�����N�'�D��
�&�R�Q�W�U�R�O�� ���� ���� ���� ������ ������

Mal 3-ara 4.75 5.08 5.41 8.40 7.70 8.53 6.87
Mal-3-O-glu 32.77 26.99 21.20 40.42 49.06 40.51 57.62

Anthocyanins �������������F �������������E �������������D �������������D�E �������������F �������������G �������������H
TOTAL �������������F �������������E �������������D �������������D �������������F �������������G �������������H

*�&�D�I���J�O�X�������&�D�I�I�H�R�m�O���J�O�X�F�R�V�H�����1�H�R�F�K�O���D�F�L�G�������1�H�R�F�K�O�R�U�R�J�H�Q�L�F���D�F�L�G�����&�K�O�R���D�F�L�G�������&�K�O�R�U�R�J�H�Q�L�F���D�F�L�G����
�&�U�m�F�K�O�R���D�F�L�G�������&�U�m�j�W�R�F�K�O�R�U�R�J�H�Q�L�F���D�F�L�G�����0�m�U�������J�D�O�������0�m�U�L�F�H�W�L�Q�������J�D�O�D�F�W�R�V�L�G�H�����4�X�H���G�L�J�O�X�������4�X�H�U�F�H�W�L�Q��
diglucoside; Que 3-rha-hex - Quercetin 3-rhamno-hexoside; Que 3-rut - Quercetin 3-rutinoside; Que 
�����J�D�O�������4�X�H�U�F�H�W�L�Q�������J�D�O�D�F�W�R�V�L�G�H�����4�X�H�������P�H�W�K�H�[�������4�X�H�U�F�H�W�L�Q�������P�H�W�K�R�[�m�K�H�[�R�V�L�G�H�����4�X�H�������J�O�X�������4�X�H�U�F�H�W�L�Q��
�����J�O�X�F�R�V�L�G�H�����4�X�H�������D�U�D�������4�X�H�U�F�H�W�L�Q�������D�U�D�E�L�Q�R�V�L�G�H�����4�X�H�������F�D�I�J�D�O�������4�X�H�U�F�H�W�L�Q�������F�D�I�I�H�R�m�O�J�D�O�D�F�W�R�V�L�G�H����
�4�X�H�� �����F�D�I�J�O�X�� ���� �4�X�H�U�F�H�W�L�Q�� �����F�D�I�I�H�R�m�O�J�O�X�F�R�V�L�G�H���� �4�X�H�� �����R�[�D�j�H�Q�� ���� �4�X�H�U�F�H�W�L�Q�� �����R�[�D�O�m�O�j�H�Q�W�R�V�L�G�H���� �4�X�H��
�����U�K�D�� ���� �4�X�H�U�F�H�W�L�Q�� �����U�K�D�P�Q�R�V�L�G�H���� �4�X�H�� �����G�L�P�H�W�K�R�[�m�U�K�D�� ���� �4�X�H�U�F�H�W�L�Q�� �����G�L�P�H�W�K�R�[�m�U�K�D�P�Q�R�V�L�G�H���� �4�X�H��
���������¶���D�F�H�W�m�O���J�D�O�� ���� �4�X�H�U�F�H�W�L�Q�� ���������¶���D�F�H�W�m�O���J�D�O�D�F�W�R�V�L�G�H���� �J�U�R�F�m�D�Q�L�G�L�Q�� �G�L�P�� ���� �J�U�R�F�m�D�Q�L�G�L�Q�� �G�L�P�H�U���� �&�D�W�� ����
�&�D�W�H�F�K�L�Q�����������(�j�L�F�D�W�������������(�j�L�F�D�W�H�F�K�L�Q�����J�U�R�F�m�D�Q�L�G�L�Q���W�U�L�P�������%���������J�U�R�F�m�D�Q�L�G�L�Q���W�U�L�P�H�U�������%�������'�H�O�������2���J�O�X��
�����'�H�O�j�K�L�Q�L�G�L�Q�������2���J�O�X�F�R�V�L�G�H�����'�H�O�������D�U�D�������'�H�O�j�K�L�Q�L�G�L�Q�������D�U�D�E�L�Q�R�V�L�G�H�����J�H�W�������2���J�O�X�������J�H�W�X�Q�L�G�L�Q�������2��
�J�O�X�F�R�V�L�G�H���� �&�m�D�������2���J�O�X�� ���� �&�m�D�Q�L�G�L�Q�������2���J�O�X�F�R�V�L�G�H���� �&�m�D�� �����D�U�D�� ���� �&�m�D�Q�L�G�L�Q�� �����D�U�D�E�L�Q�R�V�L�G�H���� �J�H�W�� �����D�U�D��
�����J�H�W�X�Q�L�G�L�Q�������D�U�D�E�L�Q�R�V�L�G�H�����0�D�O�������J�D�O�������0�D�O�Y�L�G�L�Q�������J�D�O�D�F�W�R�V�L�G�H�����0�D�O�������D�U�D�������0�D�O�Y�L�G�L�Q�������D�U�D�E�L�Q�R�V�L�G�H����
Mal-3-O-glu - Malvidin-3-O-glucoside.

** Note. �0�H�D�Q�V���Z�L�W�K���W�K�H���V�D�P�H���O�H�W�W�H�U���D�U�H���Q�R�W���V�L�J�Q�L�¿�F�D�Q�W�O�\���G�L�I�I�H�U�H�Q�W���D�F�F�R�U�G�L�Q�J���W�R���7�X�N�H�\�¶�V���W�H�V�W�����S���!��
0.05).

�����������)�X�Q�J�L���D�Q�G���0�\�F�R�W�R�[�L�Q�V
Filamentous fungi are widely distributed throughout the world [37, 38]. They are 

found in soil, water, and materials of organic origin, and their spores are found in the air 
and on the surfaces of all kinds of materials. Some species of Aspergillus, Penicillium, 
Alternaria, and Fusarium produce toxic secondary metabolites called mycotoxins, which 
threaten human and animal health [39]. Fresh fruit, including blueberries, are susceptible 
to fungal infections that occur both on plantations and at harvest [40]. Toxigenic species of 
Fusarium and Alternaria �D�U�H���R�I�W�H�Q���F�O�D�V�V�L�¿�H�G���D�V���¿�H�O�G���I�X�Q�J�L���E�H�F�D�X�V�H���W�K�H�\���U�H�T�X�L�U�H���Y�H�U�\���K�L�J�K��
substrate moisture for growth and mycotoxin synthesis [41]. Fungi belonging to seven 
different genera (Acremonium, Alternaria, Aspergillus, Aureobasidium, Cladosporium, 
Fusarium, and Penicillium) were isolated from blueberries after harvest. Fusarium spp. 
were dominant in the samples (44%-56%) (Table 3). Penicillium spp. (16%-80%) and 
Aspergillus spp. (35%-37%) were also very abundant. Acremonium spp. were the least 
abundant: they appeared only in the control group and blueberries that had been sprayed 
with CH 5 kDa (5% and 7%, respectively). Penicillium spp. were highly abundant (80%) 
in blueberries that had been sprayed with CH 125 kDa, and Cladosporium spp. (73%) 
were highly abundant in blueberries that had been sprayed with CH 21 kDa. 

Four different types of mycotoxins were detected in the tested samples: patulin, 
�D�À�D�W�R�[�L�Q���� �G�H�R�[�\�Q�L�Y�D�O�H�Q�R�O���� �D�Q�G�� �]�H�D�U�D�O�H�Q�R�Q�H���� �0�\�F�R�W�R�[�L�Q�V�� �D�U�H�� �V�H�F�R�Q�G�D�U�\�� �P�H�W�D�E�R�O�L�W�H�V�� �R�I��
�¿�O�D�P�H�Q�W�R�X�V�� �I�X�Q�J�L�� �D�Q�G�� �W�K�H�U�H�I�R�U�H�� �R�F�F�X�U�� �Q�D�W�X�U�D�O�O�\�� �L�Q�� �I�R�R�G�� �>�����@���� �2�Q�H�� �I�X�Q�J�X�V�� �F�D�Q�� �S�U�R�G�X�F�H��
different mycotoxins, and one mycotoxin can be produced by several different fungi [42]. 
�7�K�H���P�\�F�R�W�R�[�L�Q�V���Z�H�U�H���I�R�X�Q�G���D�W���O�R�Z���O�H�Y�H�O�V�����7�D�E�O�H�����������7�K�H���S�D�W�X�O�L�Q���F�R�Q�W�H�Q�W���������������������������J���N�J-

1�������7�D�E�O�H���������Z�D�V���V�L�J�Q�L�¿�F�D�Q�W�O�\���O�R�Z�H�U���W�K�D�Q���W�K�H���P�D�[�L�P�X�P���D�O�O�R�Z�D�E�O�H���S�D�W�X�O�L�Q���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���L�Q��
�D�S�S�O�H���M�X�L�F�H�������������J���N�J-1) [43] set by the World Health Organization. Mycotoxins appeared 
only in the control group and the two groups that had been sprayed with the lowest 
molecular weights of CH (5 and 12 kDa). The absence of mycotoxins in the samples 
may have been related to the occurrence of Aureobasidium spp. in the samples. They 
can degrade mycotoxins through microbial pathways [44]. They show strong antagonism 
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to fruit-contaminating moulds and can provide effective bioprotection [45]. It can also 
be speculated that HMC inhibited the growth of mycotoxins. According to Gutierrez-
Martinez et al. [40], CH could be an environmentally friendly alternative to the use of 
chemical fungicides in controlling postharvest diseases of fruit.

�7�D�E�O�H���������)�X�Q�J�D�O���J�H�Q�H�U�D���D�Q�G���P�\�F�R�W�R�[�L�Q�V���L�G�H�Q�W�L�¿�H�G���L�Q���W�K�H���E�O�X�H�E�H�U�U�L�H�V

Chitosan 
�P�R�O�H�F�X�O�D�U��

�Z�H�L�J�K�W�����N�'�D��

�3�H�U�F�H�Q�W�D�J�H���R�I���I�X�Q�J�D�O���J�H�Q�H�U�D��
(%)

Mycotoxins 

(�—�J���N�J����) 

Control

Fusarium 44 Patulin

Deoxynivalenol

1.03

0.88
Aspergillus 35
�J�H�Q�L�F�L�O�O�L�X�P16
Acremonium 5

5 kDa

Aspergillus 36 �$�À�D�W�R�[�L�Q

Patulin

1.79

0.65
Penicillium 32
Alternaria 22

Acremonium 7
Cladosporium 3

12 kDa

Fusarium 54 Patulin

Deoxynivalenol

Zearalenone

3.04

0.59

0.10

Aspergillus 37

Cladosporium
9

21 kDa
Cladosporium 73

Penicillium 19
Aureobasidium 8

50 kDa

�J�H�Q�L�F�L�O�O�L�X�P56
Aureobasidium 27

Alternaria 13
Cladosporium 4

125 kDa
�J�H�Q�L�F�L�O�O�L�X�P80

Aureobasidium 13
Cladosporium 7

500 kDa
Fusarium 51

Penicillium 44
Alternaria 5

�������&�R�Q�F�O�X�V�L�R�Q
The results of the study indicate that spraying highbush blueberries with CH improved 

their quality after harvest. The molecular weight and high deacetylation degree of CH have 
�D �G�H�F�L�V�L�Y�H���L�Q�À�X�H�Q�F�H���R�Q���L�W�V���S�K�\�V�L�F�D�O�����F�K�H�P�L�F�D�O�����D�Q�G���E�L�R�O�R�J�L�F�D�O���S�U�R�S�H�U�W�L�H�V�����7�K�H���D�S�S�O�L�F�D�W�L�R�Q��
of HMC (125 and 500 kDa) improved blueberry physical parameters such as mean weight 
�R�I�� �������� �I�U�X�L�W���� �S�X�Q�F�W�X�U�H���� �D�Q�G�� �¿�U�P�Q�H�V�V���� �D�Q�G�� �W�K�H�\�� �K�D�G�� �W�K�H�� �K�L�J�K�H�V�W��L-ascorbic acid, N-NO3, 
and FRAP content relative to the control group. These blueberries also had the most 
intense blue colour and high polyphenol contents, especially anthocyanins, and were not 
contaminated with mycotoxins. Based on the trend of improvement of the studied traits, 
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it can be assumed that using higher molecular weight CH than that used in the experiment 
would produce even better results.
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	General fruits parameters

	The pigment (colour) of fruits was measured in transmission mode by photocolorimetric method in CIE L*a*b* system (Hunterlab, 2012; Chełpiński et al. 2019). The diameter of the measurement hole was 3 mm, the observer type 10º and the illuminant D65. The value of a* indicates the surface colour of dried fruits of analysed genotypes in the range from green (-a*) to red (+a*).  The parameter b* described the colour in the range from yellow (+b*) to blue (-b*). The value of parameter L* means monochromaticity in the range from 0 (black) to 100 (white).


