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CHANGES IN THE NON-PIGMENTED COMPOUNDS IN LEAVES OF IRRADIATED 
ARABIDOPSIS THALIANA (L.) HEYNH. PLANTS 
The action of radiation on plants often causes structural and metabolic changes that occur over a long 
period of time after irradiation. In order to analyze changes in composition of non-pigment 
compounds of the plant assimilative organ, leaf, the Fourier-transform infrared spectroscopy (FTIR) 
was used. On the basis of the analysis of the FTIR spectrograms of the lyophilized rosette leaves of 
Arabidopsis thaliana 30 days after X-irradiation at dose 21 Gy it can be concluded that there are 
significant changes in the content of polysaccharides, nucleic acids and proteins. In particular, in the 
leaves of irradiated plants the content of proteins and nucleic acids was greatly reduced, pectin and 
lignin were replaced by cellulose and hemicellulose, starch was accumulated. The composition of 
fatty acids in the cutin in the leaves of irradiated plants has been undergo structural changes. Also, a 
slight increase in the ratio of the number of beta-sheets to the number of alpha-helix domains of 
proteins has been observed. The changes can be related to the induction of the biochemical response 
of plant cells to ionizing radiation, leading to the degradation of nucleic acids, modification of the cell 
wall, accumulation of starch, proteolysis and conformational changes in proteins. 
Key words: X-radiation, Fourier-transform infrared spectroscopy (FTIR), radiation induced biochemical 
changes, hypersensitive response, cell wall 
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�������	��
 �����
� � �
������� NASTURTIUM 
OFFICINALE R. BR.          

5��� 
� �. ����� � #�6
" #. ��������& (49°297158 ��. .., 25°347518 �". �.) � +�����
��%����
��+ �
������9 
� $
!��9 (Nasturtium officinale R. Br.), +�
 #
- � ���� �
��� $��
�&��

�
�����& (��� ������ *��*���. 	
!�*��� ���. # 
 ��$� 
��� �
��� $���+ *��*��� -
��������-�������
 $
�� �
 ���� � , (� ��� +- � ��$���' 
 ���� ���# *��*��� " ������
�����
6�� 
 %�������%� .
�� �
 
 ���(� ��� . 1�+ ��
�� $��%� � ��� ��
��+ � ����
(����
�����%�$��%� ��
�� ����!# �
 
#��.���+ 9" �����*��
��9 .�+"�# � ��$���+ ������ *��*���, 

�
6
'$ �
 .� �����& �
����
��+ ���#
� ���� � � %��������
�, .� �����& �
 �� �
����&
��%��
��9, N. officinale - �������� �� # *��*���#���
��!� # � ��#. 
����
�� 	�
��: Nasturtium officinale R. Br., �
	�
�, 
��
����

�, ����
��
	�	����
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/���� ���� � ������'�& � ����' 
��#��''$�' 
�
�����' (��� ���'�
���� ��
��9 "�#�$��9
�� ��� . 0 � " ��
� ���� �
�
� $
!�� �*��� ��� #�"
��
# ��%� �
��+ *��*���, "�$
 �� ���
!�%� *��# - ��%��������� # . :����#
, � �
%
�&�" �
���� " ��
�+" � �����'-�&�+ � �
��+
��� �
��� $��
�&�� 
�
�����& ���%��� " ��$�� � ���� # ���� �
#  [3]. 

��#�, #���' ������ #���� ���� 
’+���
� �
��� $��
�&�� 
�
�����& *��*��� � ( # 
���� # ���� �
# 
 ��$����9 ���� ���# �� *�����
� " �#��
" 
����
��+ 

 ���� (���%�
�#���� *��*��� � ����. 
�������� � ������ �������� !
1�����6��
� *��*��
��#��''$� 
�
�����& �
������9 ���
��&��9, ��. ����9 ��� ;���� ��
<����
�&��9 3
�9. 

	
������+ 
� $
!�
, 
�� �
������+ ���
��&�
, 
�� /��+� ! ���� (Nasturtium officinale R. 
Br.): <
�����: ,��� � , /�����: ��������, 5��+���: �
�����������, ,�� �
: �
����+��, ,��: 
	
������+, / �: 	
������+ 
� $
!�
 (Nasturtium officinale R. Br.). 

�����
 ����+�&�+, ������, ����6� ���, �� 50-60 �# � ���6 ��. � ��+ 
�����, 
��� �����
��$��� , 
 . ��� # $���.�
# � 2-7 �
�
# ���%
�� " 
�� ��
�&� " � ���$��� 

���&. ��� � # �
 ����%� # +!�������� # ���"����� # � ���$��#. ,��� �
 ����� ��� # 
����� # ����
# � ��
��� – ������, 
���
� # � �
����
�
���&� . /������
'$ , �����'- ���� – 
������ !, ��
��� !, 
 ����� # �����
# , ��
 6 ��� ����$�� 
 ������%��
� # , ����� #
�
����+#. /��
 – � ��� ! %����*��, #
- ��
����
� ���� ���
�#�� �
%�� , +�� �����+�&�+ ��
�� ����6��%� #��� �
 �
#���+.  

,���� � � ��#� � %�+�� � #���+", �� �� ����+ ����%
 (����!# , �6����
, �
�
� , ��(�). 
5��� ���� � ���� �
� 
 �.�����, (� ������
- � #�6
" ��������+ (� �. 1). 

, �.1. �
����"�#
 ��. ����+
�����+��9 Nasturtium officinale R. 
Br.-49°297158 ��. .., 
25°347518 �". �. 

(�. �����). 4
�.�
� 1:10 000 

, �.2. =��� 
 #���+ 
����
��+ N. 
officinale R. Br. 

1�+ ������6���+ ��%� �
�&��9 
�
������ *��*
��� �
 ��� ��� �������� ! #����&� !
������ #���. 1�+ �&�%� �
 �. ����� � ���� �+" #. ��������+ ���� ������
�� 	
������'
���
��&�� (Nasturtium officinale R. Br.). >
�� �� ������
� " 
�

��� ���� � ���� ��#�(��� �
������� ��
��
�� ���+�� -#����� #�������' 10 �#3 �
 ����' 
 �. �����, (� �� !�+� 

 �������&
(�). 1�+ #����&��%� ������� (1) � ��$���� ���� ���
�
� ��
$ � � %����*��*
�� �
���'
(NaH2PO4), � +��#� *��*�� (,) �
+� ! � ���&����� 3,5 #%/�#³ – ��������
��+, �� +��! ���#���

�� ��� ��%� �
-�&�+ ���� �
# �
 ��� �
 �����#���� ��
�����+-�&�+ � � ���, ������ �
 ������
[3]. �����
 ��+ ���� � �
 ��
$ �
" �
 � �� �����! ���� �� �
�
 �������6 $�� �&�" #��+��� (
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6����+ �� ��$��&). ��#���
���
 ������+ � �� #�(���� ��
��� �
 18-20º�, ��#���
���
 ���  14-
16º�, �����������& – 10000 �� 

 ����#�%�' �'#��������� " �
#� (�������
/��#���
 *

  – 
16/8 %��). / 
�
$
� �#��� *��*
��� � ���� �
 �#��� *��*��� � ���� �� *���#��� $� #
#�����# 
 #�����
��# 
#���' (NH4)2MoO4. /�
������ �

-#���9 ����*��*
�� 
 #�����
��#

#���' � � ���#� ������� (� (�	?1) � �� �������� 
����������9 � ���� �����'-�&�+
������ ��� 

�
�����
 � � ��! ����� ������
 – «#���������
 � �&». >��� ����& � 
�
$���+
��
��� �& 0,02 #% ,�4

3¯/�#3. ��� $�� %��� �� ��
$ ��� � #��'�
� �� @ = 690 �#. 1�+
�����
"���� ��� #
� " ��� $ � � ��������
��' *��*��� *��*
���, #% ,/�#3, ���

� � 
#��6 � �
 0,3263. (4// 081/12-0005-01), �� �
� # [1]. ��� #
�� �
�� ���
�&��
�� #����
# 
�
��
��!��9 ��
� �� � . 

�"#�!���� �������� ! �� $% �&'�(���  )
5�+�
 N. officinale � #�6
" #. ��������+ ���’+

�
 
 ���� (���+# ������&���$��9 ��#���
��� , 
#’+� # #
�����6� # 
 #
# , 
#��.���+# ���&����� ��
���, ����� "
��+# �
 ���%���
��+#
����!#, 9" �����*��
��-' �
 �����$���+# 
��
�� � �����%�$��9 ���� � #����� " ���� "
�������

" ��
� ��!� " ��#��
��� " � ���: 	�

����
 ������
 (Myosotis scorpioides L.), 
����.�+� ��� � ! (Glyceria maxima), ������� �� 
� $
!� ! (Sagittaria sagittifolia L.) ��(�. 	

*��� � " �������� N. officinale � +� �
�+ ���������� # � ��# � ��������� ��
. �'- ���!

��
� 

 �
"���� 
��� %��� " � ���.  

0 ��
��&�
�� ������6��& ���
������
 � �
#��
 �#���� *��*��� � N. 
fficinale, 
������
����
 �
 � �. 3. 

, �. 3. 1 �
#��
 �#���� *��*��� (#% ,2�5) � N. officinale � ��
��
� #��+���: 
 – 
�������&, � – ������; #��+�� ������6���+: 1 – 6�����&, 2 – � ����
�, 3 – %�����&, 4 
– ��$��&; M ± m, n = 3. 
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/��
�������, (� �������6 ���.�%� �
 ���%�%� #��+��� ������6���+ N. officinale
�
!�*��� ���.� 
��#��'- *��*�� ������, ��� +��%� ���#��� �
�"�� �& �� � ��+. ���
�, 
�������6 ����&�%� �
 $�������%� #��+���, �
!���&.
 
��#��''$
 
�
�����& � +����
 �
��������! � ���#� �
 #
�� #
�&� # ���

� �
# � $������ ! #��+�& ������6���+.  

0 ������6��
� " ���� �
" 
#��.���+ �
��� $��
�&��9 
�
������ *��*��� � $
�� �
"
���� � ������
���+ ��-��
��#�. �
�, 42,3% � �������&� " ����
" � 44,2% � ������� " ����
"
*��*��� 
��#��&��
�� � ������, 32,9% � 32,4% � ������ � 25,2% � 23,2% � � ��� ����������. 0
M. scorpi
ides 47,0% � �������&� " ����
" � 50,1% � ������� " ����
" *��*��� 
��#��&��
��
� ������, 31,0% � 30,5% � � ��� � 23,6% � 19,4% � ������ ����������. ��6�, � N. officinale
�
!��
(� ��
� ���
 ��������-�������� ��%� �
��+ *��*���. /��#�$��� � (� ���#�������
#�6��& ��� ���’+

�� 
 ����� ����+# ����� ��������9 � ���# , �����
 �
 � ����� ���� � , 

�
��6 *�
����%�$� # ����� ����+# 6 ��-��+�&����� �
 ��#��� ��$�� � � �����%�-
*�
����%�$� # � #�%
# ���� � �� ������� (
 �����
��+ . 

��� #
�� �
�� (��� �#���� *��*��� � ���� �� ����������+�&�+ 
 
��#��''$�'

�
�����' *��*��� " ������ �
 ��� . ���*���-�� �
��� $���+ *��*��� � N. officinale 
������
����� �
 � ����� 4. 

, �. 4. ���*���-�� �
��� $���+ , � N. officinale 
 ��� : 
 – �������&�� ���� , � – 
�������� ���� ; #��+�� ������6���+: 1 – 6�����&, 2 – � ����
�, 3 – %�����&, 4 – 
��$��&
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/��
�������, (� ���*���-�� 
��#��+��9 *��*��� �
 ��� � �������&� " � ������� "
����
" – 6,3 � 8,3 ����������. 5� �&�#�, N. officinale #
- � ���� 
�
�����& 
��#��'�
� 
*��*
� ��������' � ��������' $
�� �
# . 0 
�’+
�� 
 �����
6
��+# ��������%� .�+"�
6 �����+ � N. officinale #�6� �� � ��$���+ *��*��� " ������ 
 A�������%� .
�� �
 �
#���, 

�
��6 ��������' $
�� ��' 
 ��� , (� �
6� �� ��+ � ��$���+ �
�� .�� *��*
��� 
 ��
� "
���
��� " ���� " ���� ���#.  

:%���� �
. " ������6��& ���*���-�� �
��� $���+ , �
 ���*���-�� 
��#��+��9 *��*���
���� ��' �
 ��� #�6�
 ���
� �+�
# : 1 #��+�& – ������>�����&>� ��+; 2 #��+�& – 
������>�����&>� ��+; 3 #��+�& – �����&>������>� ��+; 4 #��+�& – �����&>������>� ��+.

5�%� �
��+ *��*��� �
 ��� ���� # ���� �
# � �� ���� " �#��
" ������
-�&�+
��������' $
�� ��' ���� ���%� ��%
��
#�, ����+ $�%� *��*�� +� � ��.� ��6 ��� ��+ ���� � 
��$�� � ���+#���'�&�+ �� 
�� !�%� ������
�+���%� �
 
���
�&��%� ����� (� ��+, �����+), 

����# � � ����  [2]. /���#�, (� �
��� $���+ *��*��� � �����
" ���� � – ���
 �
 �
�
�
����
��&�9 

��
��$������ ���� � *��*���#. ��#�, � "��+$ �
 ��� #
� " �
� ", �����
��-#�
��! *
��, (� N. officinale ����� 

��
��$�-�&�+ *��*���#.

/�
"���'$ ��� #
�� �
�� #�6�
 � �
"��
� *��*��
��#��''$� 
�
�����& ���� � �
�� �����" �#��
" 
 #���' � ��� ��
��+ �
������9 ��+ �
���������+ %�������� ���#. 

5�� $
� ���&���%� ������6���+ #
�.���� # #�����# � +�����, (� ������+ ���&����&
���� � �
������9 ���
��&��9 �
 ����#� #² ��
��� �& 192±7 ��
. 5��� ���� � ���� �
� �+
�������6 �����&�%� ��%��
��!��%� �������. 

 ������ 1 
���#
�
 ���� �  (%/#2) �
 �#��� *��*��� (%/#2) � N. officinale, M±m, n=5. 

��*�" �* ��) ����� � *(��� ����*� *��� ! ���&��

� �
 51,04±5,79 1,55±0,39 18,48±1,92 11,86±1,72 19,15±1,76 

��"
 10,11±0,70 0,16±0,05 2,48±0,51 0,59±0,07 1,09±0,07 

% ����%  80,2 89,7 86,6 95,1 94,3 

/#��� ,

%/#2 1,11 - 0,37 0,05 0,30 

% ��� ��"�9

#
� 
19,98 - 14,92 8,47 27,52 

�� ���


� ��
��&�
� ������6��&, �
!���&.� ����% #��� �&�+ � ������ �
 ������
���� �. ��#� ������� ! �#��� *��*��� � ��������! $
�� �� - ��� ��� #. 	
!���&.� *��*���
�
��� $�- ���#
�
 �����
 �
 � �����, 

 �
"���� $�%� ���� � N. officinale ��� #�'�& �� 
&��
20% *��*��� (� ��
�
"���� �
 $ �� ! *��*��), 
�� ���+ 1 %/#2. :�
6
'$ �
 ���(�, (� 

!#
-
�����+��+ �
������9, – �� 
&�� 4,5 %
, 

%
��#, � ���� �
" #�6� 
�
"�� � �+ �� 
&�� 45 �%
�����%�$�� ��������%� *��*���. 
��� �(*�
	
 ������6���! ���+��� �. ����� � +����� ��%����
��+ �
������9 
� $
!��9 (Nasturtium 
officinale R. Br.), +�
 #
- � ���� 

%
�&���
��� $��
�&�� 
�
�����& (��� *��*���. 
	
!�*��� ���. # 
 ��$� 
��� �
��� $���+ *��*��� - ������-� �����
 $
�� �
 ���� � , (�
��� +- � ��$���' 
 ���� ���# *��*��� " ������ +� 
 %�������%� .
�� �
 
 ���(� ��� , (�
�
6� �� ��+ �
���������+ %�������� ���# ��� �
�� .�� ��
$ �� " *��*
���. ,��� � 
�
������9 � ��"�#� � %�+�� #�6��& #��� � �� 20% *��*��� (

 #
��'), ��#� �' ���� ��
#�6�
 ��
6
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Yu. V. L�uta, V. V. Grubinko 
Ternopil Volodymyr Hnatiuk National Pedagogical University, Ukraine  
ACCUMULATION OF PHOSPHORUS OF NASTURTIUM OFFICINALE R. BR. 
Nasturtium officinale R. Br. which vegetate in river Seret (49°297158 northern latitude, 25°347518 eastern 
longitude) has high accumulation capacity in relation to connections of phosphorus compaunds. The aim of 
the experiment was to find out the accumulation capacity of N. officinale of phosphorus in a river 
ecosystem under fixed growth conditions and high levels of phosphorus in water. 

The phosphoro-activity and biochemistry of Nasturtium officinale R. Br. of the medicine, which 
vegetate inside Europe out Central Asia, was studied. Plant is a typical hydrophyte, with underdeveloped 
underground shoots, which are attached to coastal silt. N. officinale in May-September is blossoms. 
Nasturtium officinale R. Br. was selected during the vegetation period from the Seret River, which flows 
within the city of Ternopil. The content of phosphates in water and phosphorus contents in the plant were 
determined by photometric method with ammonium molybdate (NH4)2MoO4. The resulting data by the 
methods of variation statistics are processed. 

As a result of the study, it was found that the most effective in terms of accumulation of phosphorus 
is the root-stem portion of the plant, which helps to remove phosphorus compounds from the ecosystem, 
mainly from the soil layer and from the water column. It should be noted that the resulting data on the 
content of phosphorus in the plant correlate with the accumulation ability of phosphorus compounds from water. 

Consequently, N. officinale has a high accumulation capacity for phosphorus compounds. Dry plants 
can contain up to 20% phosphorus, so this plant can be considered a source of biologically available 
phosphorus. So, N. officinale is a perspective phosphorus remediation kind of plants.  

Key words: Nasturtium officinale R. Br., phosphorus, accumulation, hydroecosystem 
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