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Abstract

�',.�.(%0*�C�"-,0&.���('"�"%2'�C�"C&�(,&.�"3�('&�"C(,4�$��!�$*.,.�"3�('&�(',!�3,$ .�F',4'�C�"0%4&0�3�" �Astragalus tokatensis�
�,.4'>N�Helichrysum noeanum �",..>��!0�Stachys huber-morathii��>��'�((�4'��J&&�&T(��4(.>��&('�!"$�&T(��4(.�"3�C$�!(.�F&�&�
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1. INTRODUCTION

�C(,4�$� �)."�)�!4&� ,.� �� 4'���4(&�,.(,4� ('�(�  &�.%�&.� ('&�
� "%!(� "3� $,2'(� �)."�)&0� )*� �� .%).(�!4&>� �'&� "C(,4�$�
�)."�)�!4&� "3� �� .%).(�!4&� ,!0,4�(&.� '"F� %4'� $,2'(� �(� ��
.C&4,3,4� F�-&$&!2('� '�.� )&&!� �)."�)&0� )*� ('&�  �(&�,�$�
K�%.�1�&(��$>���;�L>����!. ,((�!4&N�"!�('&�"('&��'�!0N�,.���
4'���4(&�,.(,4�('�(� &�.%�&.�('&�� "%!(�"3�$,2'(�(��!. ,((&0�
('�"%2'���.%).(�!4&>��'&�(��!. ,((�!4&�"3���.%).(�!4&�.'"F.�
'"F� %4'�$,2'(��(���.C&4,3,4�F�-&$&!2('�'�.�C�..&0�('�"%2'�
('&� �(&�,�$>��'&.&�(&� .���&�4"  "!$*�%.&0�,!�(&4'!,S%&.�
$,1&�.C&4(�"C'"(" &(�*�K=�!F���&(��$>����IP�%�&(��$>�����L>�

�C(,4�$��)."�)�!4&��!0�(��!. ,((�!4&�C�"C&�(,&.���&�0,�&4($*�
�&$�(&0� ("� ('&� C'*.,"$"2*� �!0� ),"4'& ,4�$� C�"4&..&.� "3�
C$�!(.�K	�$&S%&�&(��$>�����P���0"(,a�&(��$>����IL>�=$�!(.���&�
"�2�!,. .�1!"F!�3"��('&,���),$,(*�("��)."�)�$,2'(N�%!0&�2"�
C'"(".*!('&.,.N� �!0� %(,$,@&� &!&�2*� ,!� -��,"%.� ),"$"2,4�$�
C�"4&..&.>��!�C'"(".*!('&.,.N�C$�!(.��)."�)�$,2'(��!0�4"!-&�(�
,(� ,!("� 4'& ,4�$� &!&�2*� K�'&!� &(� �$>� ��;:P� 	�&F�!� �!0�
�, (�,."!2� ��;:L>� �'&� C,2 &!(� 4'$"�"C'*$$N� &.C&4,�$$*N�
�)."�).� )$%&� �!0� �&0� $,2'(N� %.,!2� (',.� $,2'(� &!&�2*� ,!�
C'"(".*!('&(,4��&�4(,"!.>��'&�"C(,4�$��)."�)�!4&�.C&4(�% �
"3�C$�!(.��&.& )$&.�('&��)."�C(,"!�.C&4(�% �"3�4'$"�"C'*$$N�
,!0,4�(,!2� ('�(� C$�!(.� .(�"!2$*� �)."�)� $,2'(� �(� .C&4,3,4�
F�-&$&!2('.>� =$�!(� (,..%&.N� &.C&4,�$$*� $&�-&.N� �$$"F� ��
C"�(,"!�"3�$,2'(�("�C�..�('�"%2'�K���)&�����IP��,�!2�&(��$>�
���9L>� �',.� (��!. ,((&0� $,2'(� C��(,4,C�(&.� ,!� 0,33&�&!(�
),"4'& ,4�$�C�"4&..&.�F,(',!�('&�C$�!(�4&$$.>����!. ,((�!4&�
 &�.%�&.� ('&��),$,(*�"3�C$�!(�(,..%&.� ("��$$"F�$,2'(� ("�C�..�
('�"%2'>� �C(,4�$�  &�.%�& &!(.� ��&� 4"  "!$*� %.&0� ("�
�..&..� C$�!(� '&�$('� �!0� %!0&�.(�!0� 2�"F('� 4"!0,(,"!.�
K�%h"@5�%&�(��&(��$>���;IL>�

�'&�"C(,4�$��)."�)�!4&�"��(��!. ,((�!4&�"3�C$�!(�$&�-&.�4�!�
C�"-,0&� ,!3"� �(,"!� �)"%(� C$�!(� '&�$('N� .(�&..� 4"!0,(,"!.N�
!%(�,&!(� 0&3,4,&!4,&.N� �!0� &!-,�"! &!(�$� 3�4("�.>� =$�!(.�
&T',),(� -��,"%.� ),"$"2,4�$� C�"4&..&.� ,!� �&.C"!.&� ("� $,2'(>�
='"("(�"C,. N�3"��&T� C$&N�,!-"$-&.�('&�0,�&4(,"!�$�2�"F('�
"3� C$�!(.� ("F��0� $,2'(>��'&� "C(,4�$� C�"C&�(,&.� "3� $,2'(� ��&�
�.."4,�(&0� F,('� .,2!�$.� ('�(� 0,�&4(� ('&� 2�"F('� �!0�
0&-&$"C &!(�C�"4&..&.�"3�C$�!(.�K�",4'&!1"�����L>��'&.&�
C",!(.�',2'$,2'(�('&�, C"�(�!4&�"3�%!0&�.(�!0,!2�('&�"C(,4�$�
�)."�)�!4&� �!0� (��!. ,((�!4&� C�"C&�(,&.� "3� C$�!(.� ("�
4" C�&'&!0�('&,��, C�4(�"!�&!&�2*�,!(�1&N�C'"(".*!('&.,.N�
�!0�-��,"%.�),"$"2,4�$�C�"4&..&.�K��!2�&(��$>�����P��&�&(��$>�
���;L>� �'&.&� C�"C&�(,&.� 4�!� 3,!0� �CC$,4�(,"!.� ,!� -��,"%.�
&!2,!&&�,!2�3,&$0.>��C(,4�$�C�"C&�(,&.�4�!�"33&��,!.,2'(.�,!("�
C$�!(�'&�$('��!0�2�"F('�4"!0,(,"!.>��'&�"C(,4�$��)."�)�!4&�
.C&4(�% �"3�C$�!(.�4�!�)&�%.&0�3"��&��$*�0&(&4(,"!�"3�3�4("�.�
.%4'� �.� 0,.&�.&.N� C&.(.N� "�� !%(�,&!(� 0&3,4,&!4,&.>� �',.�
,!3"� �(,"!�4�!��..,.(��2�,4%$(%��$�&!2,!&&�.��!0�3�� &�.�,!�
"C(, ,@,!2�C$�!(�4��&>��33"�(.�,!�&!2,!&&�,!2��, �("�&!'�!4&�
('&�&33,4,&!4*�"3�C'"(".*!('&.,.�)*�&!�)$,!2�C$�!(.� ("�%.&�
$,2'(� "�&�&33&4(,-&$*>��C(,4�$� &�.%�& &!(.�4�!�)&�%(,$,@&0�
("� �..&..� �!0� "C(, ,@&� ('&� &33&4(,-&!&..� "3� .%4'� &33"�(.�
K�"$$ �!!��!0��*!41���;:P�	��2&!(�&(��$>�����L>�

�C(,4�$� C�"C&�(,&.� ��&� 4�%4,�$� 3"�� $,2'(�  �!�2& &!(� ,!�
,!0""��C$�!(�4%$(,-�(,"!�.*.(& .N�.%4'��.�2�&&!'"%.&.��!0�
-&�(,4�$� 3�� ,!2>� ��(&�,�$.� F,('� ',2'� (��!. ,((�!4&� �!0�
.%,(�)$&� �)."�)�!4&� C�"C&�(,&.� 4�!� )&� %.&0� ("� "C(, ,@&�

2�"F('�4"!0,(,"!.�K����-&�.���;WL>��'&�"C(,4�$�C�"C&�(,&.�
"3� C$�!(.� 4�!� )&� & C$"*&0� ,!� &!-,�"! &!(�$�  "!,("�,!2�
�CC$,4�(,"!.>��"��,!.(�!4&N�"C(,4�$� &�.%�& &!(.�4�!�(��41�
4'�!2&.� ,!� C$�!(� 4"-&�� �!0� �..&..� C$�!(� .C&4,&.� %.&0� ,!�
&!-,�"! &!(�$��&.("��(,"!�C�"J&4(.>��'&�"C(,4�$�C�"C&�(,&.�"3�
C$�!(.�4�!�)&�-�$%�)$&�,!�4$, �(&�4'�!2&�.(%0,&.N��.�4'�!2&.�
,!� C$�!(� 4"-&�� 4�!� , C�4(� ('&� �( ".C'&�,4� 4��)"!� 4*4$&�
K	'�� �� &(� �$>� ���IP� 	',!� &(� �$>� ���IL>� �C(,4�$�
 &�.%�& &!(.� 4�!�)&�%.&0� ("�%!0&�.(�!0� �!0� "0&$� .%4'�
4'�!2&.>��%�('&� "�&N� ('&�"C(,4�$�C�"C&�(,&.�"3�C$�!(.�4�!�
4"!(�,)%(&� ("� ('&� 0&.,2!� �!0� 0&-&$"C &!(� "3� C$�!(5)�.&0�
.&!."�� (&4'!"$"2,&.>� 	&!."�.�  "!,("�,!2� ('&� "C(,4�$�
C�"C&�(,&.�"3�C$�!(.�4�!�2%,0&��%(" �(,4�,��,2�(,"!�.*.(& .�
,!��2�,4%$(%��$�3,&$0.�K� ,��&(��$>����IL>�

�',!� 3,$ �0&C".,(,"!� 3�" �C$�!(.� ,.� (*C,4�$$*� �4',&-&0� )*�
�CC$*,!2�C$�!(5)�.&0�C�"0%4(.�"!("���.%).(��(&>��',.�C�"4&..�
"3(&!�,!-"$-&.�.C�&�0,!2�"��.C��*,!2�",$�"!("���.%�3�4&>��',!�
3,$ �0&C".,(,"!�,.���4�%4,�$�C�"4&..�%.&0�&T(&!.,-&$*�,!�('&�
3""0� ,!0%.(�*N� C'�� �4&%(,4�$.N� �!0� ('&� 4". &(,4� ,!0%.(�*�
KE�!2� &(� �$>� ���;�L>� �!� ('&� 3""0� ,!0%.(�*N� (',!� 3,$ �
0&C".,(,"!�,.�4"  "!$*�& C$"*&0�3"��C�41�2,!2� �(&�,�$.�
�!0� 3""0� C�&.&�-�(,"!� C%�C".&.� K	',!� &(� �$>� ���IL>� �!� ('&�
4". &(,4� ,!0%.(�*N� (',!� 3,$ � 0&C".,(,"!� 4�!� )&� �CC$,&0� ("�
.1,!4��&� C�"0%4(.� �!0�  �1&%C>� �!� ('&� C'�� �4&%(,4�$�
,!0%.(�*N� ,(� ,.� &..&!(,�$� 3"�� 4"�(,!2� �!0� C�"(&4(,!2�
 &0,4�(,"!.>� �',!� 3,$ � 0&C".,(,"!� "33&�.� -��,"%.�
�0-�!(�2&.N� ,!4$%0,!2�  �(&�,�$� C�"(&4(,"!N� C�"0%4(�
0%��),$,(*N� �!0� �&.('&(,4� &!'�!4& &!(.N�  �1,!2� ,(� F,0&$*�
�CC$,4�)$&�K�'�!2�&(��$>���;:P�E�!2�&(��$>����;)L>���.&0�"!�
('&.&� C�"C&�(,&.� "3� ('&� C$�!(.N�F&� ,!-&.(,2�(&0� ('&� "C(,4�$�
�)."�)�!4&� C�"C&�(,&.� "3� Astragalus tokatensis� �,.4'>N�
Helichrysum noeanum �",..>� �!0� Stachys huber-morathii�
�>��'�((�4'��J&&N�F',4'�'�-&�!"(�)&&!��&.&��4'&0�"!�('&,��
"C(,4�$�4'���4(&�,.(,4.�)&3"�&>�

2. MATERIAL AND METHOD

2.1. Collection and identification of the plant samples

	� C$&.�"3�A. tokatensisN�H. noeanum �!0�S. huber-morathii�
F&�&�2�('&�&0�0%�,!2�('&,��3$"F&�,!2�C&�,"0.�3�" ����4'�("�
�4(")&��,!�('&�-,4,!,(*�"3���@"-�N�$"4�(&0�,!��"1�(N��%�1&*>�
�'&� ,0&!(,3,4�(,"!� "3� C$�!(� .C&4,&.� F�.� 4���,&0� "%(� %.,!2�
-��,"%.��&3&�&!4&.�K��-,.�;W88P�/!&��&(��$>�����P�/!&��&(�
�$>� ��;�L>� Astragalus tokatensis� �!0� H. noeanum� ��&�
4$�..,3,&0��.����!"5�%��!,�!�&!0& ,4�&$& &!(.N�F,('������
�,.1� 4�(&2"�,&.� "3� ��� K!&��� ('�&�(&!&0L� �!0� ��� K$&�.(�
4"!4&�!LN� �&.C&4(,-&$*>� Stachys huber-morathiiN� �� �%�1&*�
&!0& ,4N� 3�$$.� %!0&�� ('&� ����� �,.1� 4�(&2"�*� "3� ���
K-%$!&��)$&L� K�%!Q� ��;WL>� �'&� &!(,�&� C$�!(� .� C$&.�
%!0&�F&!(�0�*,!2�,!��!�"-&!��(���i��%!(,$���4"!.(�!(�F&,2'(�
F�.� �4',&-&0N� 3"$$"F,!2� ('&� �& "-�$� "3� .",$� �!0� F�.(&>�
	%).&S%&!($*N� ('&�.� C$&.�F&�&�2�"%!0�3"��('&�C%�C".&�"3�
('&�.(%0*>�

�

�
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2.2. Preparation of the extracts 

	� C$&.�"3�A. tokatensisN�H. noeanum �!0�S. huber-morathii�
F&�&��,�50�,&0��!0�('&!�C%$-&�,@&0�%.,!2��!�%$(��54&!(�,3%2&�
2�,!0&��K�&(.4'�������N�&� �!*L>��'&�2�"%!0�0�,&0�C$�!(�
.C&4, &!.N�F&,2',!2�;��2�� .N�%!0&�F&!(�&T(��4(,"!�F,('�
�:�� ��"3� &('�!"$��(��"" �(& C&��(%�&�%(,$,@,!2���	"T'$&(�
&T(��4(,"!��CC���(%.>��'&��&.%$(�!(�4�%0&�&T(��4(.�3�" �('&�
C$�!(� .� C$&.�F&�&� .,&-&0� ('�"%2'�E'�( �!��">� ;� 3,$(&��
C�C&�>��'&� ."$-&!(�F�.� &$, ,!�(&0� )*� & C$"*,!2� �� �"(��*�
&-�C"��("�� K��
N� 	(�%3&!� &� �!*L� %!0&�� -�4%% �
4"!0,(,"!.N�$&�0,!2�("�0�*,!2N��!0�.%).&S%&!($*�$*"C',$,@&0�
("�")(�,!�%$(��50�*�C"F0&�.>�

2.3. Preparat�on of th�n f�lms

�',!� 3,$ .� F&�&� C�"0%4&0� ("� ,!-&.(,2�(&� ('&� "C(,4�$�
C�"C&�(,&.�"3�C$�!(�.� C$&.>��'&�."$%(,"!.�"3�C$�!(�&T(��4(�
%.&0� ,!� 4"�(,!2� (',!� 3,$ .� F&�&� C�&C��&0� �(� 0,33&�&!(�
4"!4&!(��(,"!.� "3� :N� ;�N� �!0� ;:�  2� �>� �'&.&� ."$%(,"!.�
F&�&�4"�(&0�"!���2$�..�.%).(��(&�)*�('&�0"4("�5)$�0&� &('"0�
K�,2%�&�;L>��'&�.%).(��(&�F�.�3,T&0�F,('�(�C&��(�)"('�&!0.N�
�!0�('&�."$%(,"!�F�.�4"�(&0�"!�('&�.%�3�4&�F,('���2$�..��"0>�
�',.�C�"4&..�F�.��&C&�(&0�:�(, &.N��!0�'" "2&!&"%.�(',!�
3,$ .� F&�&� ")(�,!&0>� �%�('&� "�&N� (',41&�� 3,$ .� F&�&�
")(�,!&0� )*� ('&� 0�"C54�.(,!2� &('"0� )*� 0�"CC,!2� :�� j �
."$%(,"!�"!("� ('&�.%).(��(&>��'%.N� (',!�3,$ .�F,('�0,33&�&!(�
(',41!&..&.�F&�&�")(�,!&0�%.,!2�-��,"%.�4"�(,!2� &('"0.>�

�

�

Figure 1. ��C',4�$�,$$%.(��(,"!�"3�('&�(',!�3,$ �C�&C���(,"!�C�"4&..�F,('��"4("���$�0&��!0�0�"C�4�.(,!2� &('"0>�

3. RESULTS AND DISCUSSION

�'&� *,&$0� ��(&.� "3�  &('�!"$� &T(��4(.� ")(�,!&0� 3�" � A. 
tokatensis, H. noeanum and S. huber-morathii F&�&�2,-&!�,!�
�,2%�&� �>�
44"�0,!2� ("� *,&$0� -�$%&.N� &T(��4(.� F&�&� ,!� ('&�
�.4&!0,!2� "�0&�� "3� A. tokatensis K8>9:\L� k S. huber-
morathii KW>��\L k�H. noeanum K;�>;�\L>��!�('&�'&�( �C�
�!�$*.,.N� &T(��4(� *,&$0� ��(&.� "3� (*C&.� A. tokatensis� �!0� S. 
huber-morathii� .'"F&0� �� 4$".&� 2��0,&!(� ("� &�4'�"('&�>�H. 
noeanum� &T(��4(� 0,33&�&0� 3�" � "('&�� .� C$&.� F,('� �� �&0�
4"$"��2��0,&!(>�

�'&�&33&4(�"3�.� C$&�4"!4&!(��(,"!�"!�"C(,4�$�C�"C&�(,&.��!0�
('&�)�!0�2�C�K�2L�-�$%&.�"3�A. tokatensisN�H. noeanum��!0�
S. huber-morathii�(',!�3,$ .�'�.�)&&!�,!-&.(,2�(&0>��'&���5
-,.5!&������"C(,4�$��)."�)�!4&��!0�(��!. ,((�!4&�.C&4(���"3�
('&� A. tokatensisN� H. noeanum� �!0� S. huber-morathii�
.� C$&.� F,('� -��,"%.� 4"!4&!(��(,"!.� �.� �� 3%!4(,"!� "3�
F�-&$&!2('���&�0,.C$�*&0�,!��,2%�&�I>��(�'�.�)&&!�3"%!0�('�(�
('&�,!(&!.,(*�"3��)."�)�!4&�,!4�&�.&.�F,('�('&�4"!4&!(��(,"!�
-��,&0� 3�" � :� ("� ;:� 2� �� 3"�� �$$� ('&� .� C$&.� �!0� ,(� ,.�
 �T, % � 3"�� H. noeanum� .� C$&>� �',.� ,.� �� �&.%$(� "3�
&!'�!4& &!(.� ,!� ('&� C��(,4$&� .,@&� �!0� �22�&2�(,"!� "3� ('&�
3,$ .N� 4"!(�,)%(,!2� ("� �� '&,2'(&!&0� $,2'(� �)."�C(,"!>� �'&�
,!4$,!&�,!�(��!. ,..,"!�"44%�.�.,2!,3,4�!($*�,!�('&�-,4,!,(*�"3�
%$(��-,"$&(� �&2,"!�)&4�%.&�"3�('&��)."�C(,"!�4�%.&0�)*� ('&�
)�!0�2�C>�� Figure 2.�K�L��,&$0�K\L�"3�")(�,!&0�('&�C$�!(�&T(��4(.>�K)L��&�( �C.�

0&C,4(,!2� ('&� C&�4&!(�2&� "3� *,&$0� "3� ('&�  &('�!"$� &T(��4(.� ��&�
C�&.&!(&0>� �!� ('&� '&�( �C� �!�$*.&.N� ',2'� �!0� $"F� �4(,-,(,&.� ��&�
,!0,4�(&0�)*��&0��!0�2�&&!�4"$"�.N��&.C&4(,-&$*>�
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�'&� &!&�2*� )�!0� 2�C� K�2L� "3� ('&� C�"0%4&0� .� C$&.� ,.�
0&(&� ,!&0�('�"%2'�('&��!�$*.,.�"3�%$(��-,"$&(5-,.,)$&�K��5
-,.L��)."�)�!4&�.C&4(����!0���%4�C$"(.N��.�0&C,4(&0�,!��,2%�&�
�N��CC$*,!2�('&�3"$$"F,!2���%4�&S%�(,"!�K��%4�&(��$>�;W77L6  

F'&�&� l� ,.� ('&� "C(,4�$� �)."�C(,"!� 4"&33,4,&!(N� 'm� ,.� ('&�
,!4,0&!(�C'"("!�&!&�2*N�
�,.�4"!.(�!(��!0��2�,.�('&�)�!0�2�C�
&!&�2*>� �'&� "C(,4�$� &!&�2*� )�!0� 2�C.� 3"�� ('&� C�"0%4&0�
.� C$&.���&�0&(&� ,!&0�)*�3,((,!2�('&�$,!&���C��(.�"3�Kl'mL��
C$"((&0�-&�.%.�,!4,0&!(�C'"("!�&!&�2*�'m>��'&�"C(,4�$�)�!0�
2�C� "3� ('&� .� C$&.� ,.� ")(�,!&0� )*� ,0&!(,3*,!2� ('&� C",!(�
F'&�&�('&�$,!&���C"�(,"!�"3�('&�,!(&�.&4(.>���" �3,2%�&��N�('&�
�2�-�$%&.���&�I>8;N�I>:7��!0�I>9��&��3"��A. tokatensisN�H. 
noeanum� �!0� S. huber-morathii� .� C$&.N� �&.C&4(,-&$*>�
�"!.&S%&!($*N�,(�4�!�)&�4"!4$%0&0�('�(�A. tokatensis�.� C$&.�
'�-&���',2'&��"C(,4�$�&!&�2*��!0���',2'&��&!&�2*��!0�2�C�,!�
4" C��,."!�("�('&�"('&�.>��'&�0&(&� ,!&0�"C(,4�$�-�$%&.���&�
$,.(&0�,!�('&���)$&�;>  

Table 1.��C(,4�$�C��� &(&�.�"3�('&�C�"0%4&0�.� C$&.  
Sample  Transmittance 

(at 500 nm)  
Absorbance  
 (at 500 nm)  

Energy band 
gap (eV)  


��:  90.08  0.045  

3.81  

��;�  87.81  0.056  

AT 15  86.19  0.065  

AT 15 (drop)  68.22  0.166  
HN 5  75.01  0.125  

3.56  
���;�  51.15  0.291  

HN 15  40.83  0.389  

HN 15 (drop)  13.25  0.878  

SH 5  87.3  0.059  

3.74  
	��;�  83.4  0.079  

SH 15  84.47  0.073  

SH 15 (drop)  55.37  0.257  


�� :N� ;�N� ;:6� A. tokatensis� &T(��4(� �(� :N� ;�� �!0� ;:�  2� �N�
�&.C&4(,-&$*>����:N� ;�N� ;:6�H. noeanum� &T(��4(� �(� :N� ;���!0�;:�
 2� �N��&.C&4(,-&$*>�	��:N�;�N�;:6�S. huber-morathii�&T(��4(��(�:N�
;���!0�;:� 2� �N��&.C&4(,-&$*>�

Significantly, the produced thin films stand out an ideal 
candidate for optoelectric device applications due their wide 
band gap energy ranging from approximately 3.0 to 4.16 eV 
(Narayanan and Deepak 2017; Islam and Podder 2021). 
Also, wide-band gap semiconductors in this band gap range 
can be used in high-efficiency solar cells for conversion 
electricity (Gloeckler and Sites 2005; McLaughlin and 
Pearce 2013).  Moreover, these materials are suitable for the 
development of UV Light Emitting Diodes (LEDs) (Lu et 
al. 2003; Shur 2019).  

FT-IR spectroscopy is commonly employed for revealing 
functional groups in the synthesized materials.  FT-IR 
spectrum of the produced samples recorded within the 500 
to 4000 cm5;���!2&�,.�.'"F!�,!��,2%�&�:>�
$$�"3�('&�C�"0%4&0�
.� C$&.� 0,.C$�*&0� ., ,$��� 4'���4(&�,.(,4� ��5��� .C&4(�% �
C�"3,$&�"!$*�F,('���.$,2'(�4'�!2&�,!�('&�,!(&!.,(*�"3�C&�1.>�

.�4�!�)&� .&&!� 3�" ��,2%�&�:N� ('&�0&C,4(&0� .C&4(���"3� �$$�

.� C$&.� ��&� 4'���4(&�,.(,4� "3� 4��)"'*0��(&� C�((&�!� ,!�
4" C��,."!� ("� 3,!0,!2.� �&C"�(&0� ,!� ('&� &T,.(,!2� $,(&��(%�&�
K�*%!�&(��$>����8P��,��&(��$>���;:L>��(�4"!.,.(.�"3�.,T�0,33&�&!(�
)�!0.>� �'&� F,0&� C&�1� �(� II�I� 4 5;� ,.� �..,2!&0� ("� ('&�
'*0�"T*$�2�"%C�"3�.(�&(4',!2�-,)��(,"!�"3��5��,!��$4"'"$.�
�!0�C'&!"$,4>��'&��&�."!�"3�0,33&�&!4&.�,!�,!(&!.,(*�4�!�)&�
&TC$�,!&0�)*�('�(�S. huber-morathii�.� C$&�'�.�$"F&���5��
2�"%C.�('�!�('&�"('&�.>��!��00,(,"!N���F&�1�)�!0��(��W;��4 5
;�F�.��&$�(&0�("��5��.(�&(4',!2�-,)��(,"!�"3� &('*$�2�"%C.�
K	'��,3,5��0�&(��$>�����L>��'&��)."�C(,"!���"%!0�;I9:�4 5;�

,!0,4�(&.� ('&� &T,.(&!4&� "3� ('&� .*  &(�,4�$� 0&3"� �(,"!�
-,)��(,"!�"3��5��K�%�&(��$>���;7L>��'&��)."�C(,"!�C&�1��(�
��"%!0�;�;W�4 5;�)&$"!2.�("�('&�.(�&(4',!2�-,)��(,"!.�"3��5
�5�� �!0� 2$*4".,0,4� )"!0>� �'&� .,2!�$� �(� ;:89� 4 5;�
4"��&.C"!0.� ("� ('&� -,)��(,"!� "3� �5�>� 
00,(,"!�$$*N� ('&�
�CC&���!4&�"3���F&�1�C&�1��(���"%!0�;I�8�4 5;�,.�$,1&$*�0%&�
("� ('&� �5�� �.*  &(�,4� .(�&(4',!2� -,)��(,"!� K�'�!2� &(� �$>�
��;:L>

Figure 5.���5���.C&4(���"3�('&�C�"0%4&0�.� C$&.  

CONCLUSION


.���4"!4$%.,"!N�A. tokatensisN�H. noeanumN��!0�S. huber-
morathii�&T(��4(.�F&�&�C�"0%4&0�"!���2$�..�.%).(��(&�%.,!2�
��., C$&�0"4("��)$�0&�4"�(,!2�(&4'!,S%&��!0�4'���4(&�,@&0�
)*� ��5-,.5!&��� ��� �!0� ��5��� �!�$*.,.>� �'&� "C(,4�$�
,!-&.(,2�(,"!.��&-&�$�('�(�0,33&�&!(�4"!4&!(��(,"!.�"3�('&�A. 
tokatensis� .� C$&� '�-&� ('&� ',2'&.(� �-&��2&� -�$%&� "3�
(��!. ,((�!4&� "3� 7W\� �!0� W�\� ,!� ('&�F�-&$&!2('� �&2,"!�
)&(F&&!��:���!0�8���! >��.,!2���%4��&$�(,"!.N�('&�&!&�2*�
)�!0�2�C�-�$%&.�F&�&�3"%!0�("�)&�I>8;N�I>:7N��!0�I>9��&��
3"�� A. tokatensisN� H. noeanumN� �!0� S. huber-morathii�
.� C$&.N��&.C&4(,-&$*>��'&.&�-�$%&.���&�4"!.,.(&!(�F,('�('&�
$,(&��(%�&� "!� "C("&$&4(�"!,4� 0&-,4&.N� ."$��� 4&$$.N� �!0� ���
���� �CC$,4�(,"!.>� �'&� �& ��1.� "3� ��5��� .C&4(��� .'"F&0�
('�(��$$�('&�.� C$&.�C"..&..���4��)"'*0��(&�C�((&�!��!0�!"�
.,2!,3,4�!(� 4'�!2&.� ,!� ('&� 3%!4(,"!�$� )"!0.� )&(F&&!� &�4'�
"('&�>� ��1&!� ("2&('&�N� ('&� .%22&.(&0� (&4'!,S%&� &!�)$&.� ��
.(��,2'(3"�F��0� �CC�"�4'� 3"�� 4�&�(,!2� (',!� 3,$ .� "3� C$�!(�
&T(��4(,"!>  
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