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 PGPR � G�M A%�3� � 4Q� 93�*5� ��8� 43 &��'!() ��0� #��I ;R �� � �8C ����M 
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 W��8� )gr( X�*�M          

C b 09/0±04/2 b 21/4±02/38 b 82/1±52/14 84/1±32/23 b 15/0±02/2 35/2±91/11 b 21/1±25/11 10/4±38/24 b 57/1±59/10 
P a 10/0±09/2 a 22/4±86/39 a 39/2±56/16 33/2±87/23 a 11/0±10/2 86/1±75/11 a 00/1±08/12 26/5±34/25 a 80/1±13/12 

ANOVA 01/0≤P 01/0≤P 01/0≤P n.s 05/0≤P n.s 05/0≤P n.s 01/0≤P G�M �/R)          
A a 04/0±13/2 a 17/1±86/42 b 09/1±24/16 a 32/2±17/25 a 06/0±24/2 a 05/1±50/14 a 05/1±50/12 a 12/3±40/30 a 01/1±09/13 
L b 05/0±06/2 a 28/1±63/42 a 36/2±73/17 a 41/1±98/24 b 01/0±14/2 b 05/1±50/11 ab 05/1±50/11 b 37/5±02/25 a 83/1±17/12 
M c 06/0±94/1 b 45/1±68/36 b 12/1±30/15 b 02/1±63/21 c 04/0±99/1 b 17/1±83/11 a 89/0±00/12 b 14/1±58/22 b 20/1±06/10 
S ab 09/0±12/2 c 46/1±60/33 c 37/1±88/12 b 49/0±58/22 c 09/0±94/1 c 05/1±50/9 b 03/1±67/10 b 36/1±45/24 b 17/1±13/10 

ANOVA 01/0≤P 01/0≤P 01/0≤P 01/0≤P 01/0≤P 01/0≤P 05/0≤P 01/0≤P 01/0≤P 93�*5� 4Q�          
CA 05/0±11/2 65/0±99/41 04/1±63/15 53/1±67/24 a 09/0±22/2 00/1±00/15 00/1±00/12 73/0±72/30 17/1±57/12 
CL 06/0±06/2 48/0±71/41 05/1±73/15 53/1±67/24 b 01/0±14/2 00/1±00/12 00/1±00/11 21/1±72/23 08/1±79/10 
CM 07/0±92/1 16/1±68/35 09/1±77/14 10/1±27/21 c 04/0±99/1 58/0±67/11 00/1±00/12 07/1±53/22 72/0±51/9 
CS 05/0±06/2 12/1±72/32 89/0±96/11 58/0±67/22 d 03/0±86/1 00/1±00/9 00/1±00/10 22/1±57/20 02/1±51/9 
PA 04/0±16/2 85/0±72/43 87/0±86/16 21/3±67/25 a 04/0±25/2 00/1±00/14 00/1±00/13 85/4±09/30 61/0±61/31 
PL 06/0±06/2 17/1±55/43 90/0±74/19 54/1±30/25 b 01/0±14/2 00/1±00/11 00/1±00/12 10/8±31/26 20/1±56/13 
PM 00/0±97/1 98/0±68/37 02/1±84/15 00/1±00/22 c 04/0±99/1 73/1±00/12 00/1±00/12 45/1±62/22 47/1±61/10 
PS 07/0±18/2 30/1±49/34 15/1±81/13 50/0±50/22 c 01/0±02/2 00/1±00/10 00/1±33/11 90/0±33/22 10/1±75/10 

ANOVA n.s n.s n.s n.s 05/0 ≤ p n.s n.s n.s n.s C: (#�  P: ���� ]���� C (;��:C A: <#� 7�� R:
C9( L: 7�� R:
C9 (R: M: 7�� R:
C9 (e�5�� S: 7�� R:
C9 (#�#  n.s: <#� zK�8� 
������   U�B���;� )±SD( C z�_ >����  ;����<#� zK�8� 
������ �� J5�� 01/0≤P 	 05/0≤P l���C �5�@9 U�B��� #�\ �����;� U?��� 
�.#� C  



422   PQ���  7��R:
C9 ��� 	�] C...  #CH�3L8�B� ���f ��� ��� �: 7�� R:
C9  �~P�  ~���
���;  �~C  ��#~�� S��� D ��. �C;�5Z  �:C �aH��7 �#  7�� R:
C9  �#~�C� ����a S��� �� 7�� R:  �a~H��7  �~�� ���  �~:  ~C  �a~H��7 �#  7�� R:
C9 ��#�� �9 7�: �DH )≤0.01P(. ����]  ~C ;��:C;� PGPR g�C �aH��7 ��#��  S�~��  (#~   �~\��� ��U �aH��7 @� �O� ��9; ���
���  �5~L�  �	#~$) 3.(  �~C �5~Z �C��( �P� XC��� ����] PGPR 	 7�� R:
C9 �C ��#�� S��� @� �~~O� �~~�9; ~~���
��� (�5~~L� �~~\��� �a~~H��7 S�~~�� �� �����; ]���� '#  C 7�� R: R:
C9 '#�� # ( �� A_�?� C �aH��7  �#~   7�~�  R~: 
~C9  ��#~��  S�~��  7�~:  D~H�   �	#$) 3.(    ,��- 3- 4Q� �45%�3��
 PGPR � G�M A%�3� � 4Q� 93�*5� ��8� 43  #CH�3L8�B� #��I ;R �� � �8C  L8�B� ����)45�� 43 100 W4I #C�� (SR) 

����M X�*�M  G�M �/R)  C P ANOVA A L M S ANOVA 04/0±26/0 04/0±27/0 n.s 01/0±27/0 02/0±31/0 01/0±28/0 01/0±20/0 01/0≤P 4Q� 93�*5� CA CL CM CS PA PL PM PS ANOVA 01/0±27/0 01/0±30/0 01/0±28/0 01/0±20/0 01/0±27/0 02/0±32/0 01/0±28/0 01/0±20/0 n.s C: (#�  P: ���� ]���� C (;��:C A: <#� 7�� R:
C9( L: 7�� R:
C9( M: 7�� R:
C9 (e�5�� S: 7�� R:
C9 #�#   n.s: <#� zK�8� 
���(��� U�B���;� )±SD( C z�_ >����  ;����<#� zK�8� 
������ �� J5�� 01/0≤P 	 05/0≤P l���C �5�@9 U�B��� #�\ �����;� U?��� 
�.#� C    %4M�Z��
 L8�B�  :���T;�  ���
� y�V�� '��� '#  �� �	#$ 4 �s��� '#  .D�� a����	����X }�Z;� MS-GC ���� �C �� 
� 40 :���T ?���X'#��� S��� X�  
8�C T�:��;� 
�*� 
��� 8(1 - (�56�����E -U��� (�	�:�	�: (�5��� (�56��5C ( ��5��:5�� (#�4:� U��H5��: (�5A��A  U)�: 	#  �	#$) 4.( X���� ��9; ��U k���� ��� ��� �: ]���� C ;��:C;� PGPR 	 7�� R:
C9 �CT���� C� 13 	 14 T�:�� S��� PQ��� ���
���; #�� �� )≤0.01P(. �P� XC��� ]���� C ;��:C;� PGPR 	 7�� R:
C9 �C 12 T�:�� S��� �� ]�� )≤0.01P( 	 �F T�:�� �� ]�� )≤0.05P( �P� ���
���; D �� �	#$) 4.( C ]���� 
����:C ����� 8(1 - (�56�����E -U��� (�56��5C ( �5A��A U)�: 	 7�: �DH( �� A_��? �����  (�5���� (�	�:�	�:�5��:5�� #�4:� U��H5��: 	 �aH��7 ��� .#���� J5�� }��V� 7�� R:
C9 �C :��T�;� S��� �P�;� �	)��
 ��� .��� �C�5Z �:
 ����� 8(1 -(�56��� ��E -U��� (�56��5C ( ��5��:5�� U)�: 	 C �aH��7 �#  7�� R:
C9 �aH��7 ��H#�( �� A_��?  	 #�4:� U��H5��: (�	�:�	�: (�5����5A��A �� �����; D�� PQ��� 7�� R:
C9 7�: ��H#�. �P� XC��� ����] C ;��:C;� PGPR 	 7�� R:
C9 ���f �	)��
 �� ��� ��� �	#$) 4.( ��rC�U #*��  �5���)�F ia$ '#�@� R=� S��� U��	9 
���( �� ���� �	#C ����] 	 �	#C 7�� R:
C9 ���V��� .#  ����] C ;��:C;� PGPR ��U :���T �� �� �����; 7�� R:
C9 ��#�#  �aH��7 .��� �#��� �5���( ����] C ;��:C;� PGPR (��#�� �	�:�	�:( �?
 ���B @� :���T;� R=� S��� U��	9 
��� �� �aH��7 	 #�	� =C��
 �� ��� ��� �	#$) 4.(  



   ,��- 4- 4Q� �45%�3��
 PGPR � G�M A%�3� � 4Q� 93�*5� ��8� 43 Z�%4M��
 L8�B� #��I ;R �� � �8C Z�%4M L8�B� RI X�*�M G�M �/R) 
4Q� 93�*5� (%) 

ANOVA 
CA CL CM CS PA PL PM PS α-pinene 939 01/0≤P 01/0≤P b 04/0± 44/2 e 03/0± 54/1 a 03/0±56/2 d 06/0±67/1 d 03/0±64/1 c 10/0±16/2 f 06/0±76/0 g 01/0±62/0 01/0≤P camphene 953 01/0≤P 01/0≤P c 04/0±89/2 c 07/0±92/2 a 04/0±28/4 b 12/0±45/3 d 04/0±64/2 e 09/0±13/2 f 08/0±81/1 g 08/0±39/1 01/0≤P cis-sabinene hydrate 1068 01/0≤P 01/0≤P c 04/0±44/1 c 13/0±48/1 d 05/0±79/0 a 05/0±93/1 a 06/0±91/1 b 09/0±68/1 c 04/0±45/1 a 02/0±96/1 05/0≤P myrcene 991 01/0≤P 01/0≤P a 10/0±65/2 e 07/0±26/1 c 05/0±90/1 d 04/0±45/1 b 03/0±36/2 c 06/0±97/1 e 16/0±14/1  - 01/0≤P p-cymene 1026 01/0≤P 01/0≤P c 55/1±08/28 a 21/1±41/44 a 15/2±71/43 b 87/1±88/37 c 55/1±20/28 b 68/1±15/36 e 50/0±34/0 d 67/0±49/8 01/0≤P 1,8-cineole 1033 01/0≤P 01/0≤P b 00/1±36/8 b 75/0±43/8 a 47/0±88/11 a 18/0±06/11 c 83/0±22/7 bc 33/0±85/7 bc10/0±95/7 c 20/0±11/7 01/0≤P linalool 1098 01/0≤P 01/0≤P c 07/0±60/1 c 05/0±41/1 c 06/0±44/1  - a 07/0±09/2 d 11/0±13/1 c 06/0±37/1 a 13/0±06/2 01/0≤P verbenol 1144 n.s 01/0≤P e 03/0±09/1 d 07/0±20/1 c 06/0±63/1 a 04/0±14/2 d 04/0±25/1 f 06/0±92/0 b 02/0±93/1 a 09/0±09/2 01/0≤P borneol 1165 01/0≤P 01/0≤P e 03/0±54/4 c 15/0±29/6 d 18/0±49/5 b 09/0±75/7 e 08/0±63/4 f 11/0±14/4 a 12/0±05/8 c 10/0±22/6 01/0≤P thymoquinone 1249 01/0≤P 01/0≤P f 06/0±83/0 d 04/0±15/2 e 04/0±05/1 d 08/0±19/2 d 06/0±10/2 c 06/0±22/3 b 09/0±87/4 a 13/0±20/6 01/0≤P thymol 1290 01/0≤P 01/0≤P 41/1±89/25 48/1±68/14 81/1±79/10 23/1±40/10 16/1±20/25 34/9±75/20 04/1±77/16 04/1±81/16 n.s carvacrol 1298 01/0≤P 01/0≤P a 08/0±83/1 bc 05/0±97/0 c 09/0±64/0 b 09/0±02/1 a 11/0±84/1 b 10/0±33/1 a 08/0±83/1 a 51/0±83/1 01/0≤P caryophyllene oxide 1581 01/0≤P 01/0≤P d 04/0 ±35/2 d 06/0±31/2 f 04/0±34/1 c 06/0±94/2 e 06/0±77/1 e 06/0±82/1 a37/0±51/11 b 04/0±37/8 01/0≤P Others -  -  - 91/13 19/6 30/9 90/9 16/14 77/12 10/15 70/9  - C: (#�  P: ���� ]���� C (;��:C A: <#� 7�� R:
C9( L: 7�� R: 
C9(R: M: 7�� R:
C9 (e�5�� S: 7�� R:
C9 (#�#  n.s: <#� zK�8� 
������  U�B���;� )±SD( C z�_ >����  ;����<#� zK�8� 
������ �� J5�� 01/0≤P 	 05/0≤P l���C �5�@9 U�B��� #�\ �����;� U?��� 
�.#� C  
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C9 ��� 	�] C... ���  M��a� '#  D�� �:  ~*5[8��  ̂ 5~A5H�5��?
  U~��	9 
��� D�� 7�� ?�8
 C��5Z  ~���
���;  7�~:  ~�
� #~C )2013 .,al et samani-Alavi G .,al et Bahreininejad 2013.( �C�5Z �:
 (7�� R:
C9 ������E;  ̂ 5~A5H�5��?
 �� 7�: �
#�� (�� �P� �9 �� �����; ����] '#   �~�� �5~Z �: �� �	#$ 2 ��� '��� '#  ���: .D�� E�7 @� � ~�U  �~�� '��� '#  �5C �: ]���� C ;��:C;� PGPR # �  ~4C��; @� ���� �� �aH��7 �
#�� )2003 ,Vessey G ,Smith & Gray 2005 G2007 ,Loon Van G2009 .,al et Banchio.( �C��5�� (�v� Cappellari 	 ���?�� )2013( ��  �~�A��;�  M��a~� �: #���:  ~������E;  #~ �  X~�  �~���� �~=C ) Calendula L. officinalis( �� ���~~~� ~~~����] '#~~~  ~~~C ;��:~~~C  
fluorescens P. C��5Z ���
���; C���� @� ���� #�  .�5C �~~��f �C~~��;� e~~�5� Banchio 	 ���~~?�� )2008( �� M5��@�� )L. anaormaj Origanum( D�#C #�9 �:  �~�� ��� �aH��7 # � �� ���� ����] '#  DL4� �C  #�~  ��� �~� ����] 
����:C .D�� ;��:C;� PGPR  e~�5�  ~4C��; @� �:	@� � #~��� A5� ~�#  ~����5H	�#(  =~4��X  nN~$  ��5~� N~~u�;( X~~_ ���~~: �)~~4H 	 ~~��� ��5~~� �#~~��
( a��~~� H��5��5�5�� 	 a��� a�9�R� g�C �5L=C # � ��' D4�a�� �
5 �# )2005 .,al et Barea G2013 .,al et Cappellari.(  �#���  ~���f  (~� samani-Alavi 	  ���~?�� )2013( 	 Bahreininejad 	 ���~~?�� )2013( M��a~~� �: #~~���~~: ��?��� S��� U��	9 
��� =�� �� 7�� R:
C9 R:  �a~H��7 �DH. M��a� '#  D�� �: �aH��7 S��� �� �����; 7�� R:
C9 �
#��5� �CX�A� R:��� ����C �#m S��� @~� ��  ]�~� ��U ����  #~ C )1992 .,al et Simon.(  ~�x���U(  M��a~� '#  D�� �: ���� DO�m ��rC; @� A5C���D�; 5�P ~�� �� �� �� �e A4?�8
 '��8p �
#��: 	 ��U A5C�� ~�D ~�  ia~$ ���8~~�; ~~���
 S�~~�� ~~=�9 #��~~4� ) & Selmar2013 ,Kleinwachter.( M��a��; �Y���
 ��  ��5~�  �~P� ;��:C;� PGPR �C ��#�� S��� �5$	 .���� M��a�  '#~  D�� �: ���� 	���
� ����]  '#~   ~C  ;��:~C ;~� PGPR S��� �58 �� �� I�E �C 7�� �aH��7 �
 #~��� ) Banchio 2008 .,al et.( Cappellari 	 ���~~?�� )2013( M��a~~� �: #���: ��?��� S��� �� ��' X� ������=C ) Calendula L. officinalis( �� ���� ����] '#  C ;��:C ;~� PGPR �� ����4 C ���� #�  m) ~��  ~����]  ('#~  70%  �a~H��7 ���H  .D~��  �~�x��U  #~����  f�~��  ~�( Singh 	  ���~?�� )2003( ���  #~����  �~:  ~����]  �N~C  �5~V�  ~C  ;��:~C ;~�  

fluorescens P. 	 aeruginosa P. (�C ��5~*  �~���#$  ~� �C��5* :���L
 g�C �aH��7  ~8�C
 A5C�� ~�D ~�; 5�P ~�� �
.�5  @� ;5� �� �~B( Mohammadi 	  ���~?�� )2016( �� �~~�A��;� M��a~~� �: #~~���~~: ���~~� ~~����] '#~~  ~~C  135-fluorescens P. #*�� S��� =�9 �� �� �� �e DC5Z� n58 	 7�� R:
C9 �aH��7 ���#�( �� A_��? �� �~�  ]�~��� '#  C 108-fluorescens P. 7�: �� ��?��� ���S  ~=�9  ���� �� �e 7��  R~: 
~C9   #~���� �~��. �� #~��  ~���f  (~� Bahadori 	 ���?�� )2013( M��a� �: #~��  �~:  ~����]  ~C ;��:C;� PGPR ��| PQ��� ���
���; �C  ��~?���  S�~�� �� U��	9 
��� �� ����4  ~C �� �~�  ~����]  '#~��  .���#~� ����5Z �: 8�C
 ����� a��  M��a~�  '��~: #~��  #~ � � ~�' �
#��5� D�� ��PQ�  ;��P����5$ ��C	�?
 >8 C  #~����B � A5��# ��5�  ~ ���
�  n5���~� �� �� �)~�	a  7�~: � #~C  )5199 ,Glick G2013 .,al et Bahadori.(  E�7 @� ��U M��a� '#  D�� �: 7�� R:
C9 	 ����] C ;��:C;� PGPR �
#��5� �C�5Z XCY =$5�
 :���T;� S��� �� �� ���� 	���
� D�� PQ��� ���Y #�� )2016 .,al et Mohammadi.( Pirbalouti Ghasemi 	 ���?�� )2014( �� ��A��;� ��� #���� �: #*�� 8�C
 @� :���T;�  ���
� �5$5� �� S��� ���V��� '#  @� 
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��� D�� 7�� R:
C9 C���� @� ���� �	#C 7�� .�5C 9�� M��a� �: #���: �5���;  �5���D�� �� �e 7�� R:
C9 �C�5Z XCY =$5�
 7�: DH�. �x���U #���� ���f �( ��� '��� '#  D�� �: 7�� R:
C9 �5���;  �5���	  �	�:�	�:S��� U��	9 
��� �� 7�: �
#�� ) Ghasemi 2013 .,al et Pirbalouti G2015 .,al et samani-Alavi.( ����] C ;��:C;� PGPR T�:��;� �*�
 8�C
 ���� �� �aH��7 .��� �C��5�� �v� �� F� (��A�� T�:��;� �*�
 S��� '�� o��� )piperita Mentha( �� �����; ]���� '#  C ;��:C;� PGPR DL4� �C #�  ��rC �5C )2015 .,al et Cappellari.( �#��� ���f (� M��a� '#  D�� �: ����] 
����:C C fluorescens P. DO�m �5��� �� �� U��	9 
��� �� �4��� C ���� #�  �C�5Z ���
���; �aH��7 ��� )., 2013al etBahadori .( Banchio 	 ���?�� )2008( M��a� �: #���: ����] ��' M5��@��  ���U )L. vulgare Origanum( C PGPR DO�m 8�C
 @� :���T;� S��� �� �aH��7 �
.#�� #���� ���f (� Mohammadi 	 ���?�� )2016( M��a� �: #���: ����] '�� '@�� )hortensis Satureja( C 8�C
 @� ��5�;�  
fluorescens P. �
#��5� ;��#�� @� T�:��;� S��� �� �� �� �e 7�� R:
C9 �C ����a XCY =$5�
 �aH��7 .#��  ��LA� ;�:	@� �: ;��:C;� PGPR :���T S��� �� u���� '���  � 	
�#�� �5�:� �CC58
 y�V�� '��� '#�� .D�� Banchio 	 ���?�� )2008( M��a� �:#�� �: u���� �� a��� T�:��;� S��� �
#��5� �C��5�� �F I�E �H�
 �� ��5� 
�4�a�� e�5� ������	�?�R4� �� �O� ��H�� (�5  @��� ��� '��� '#  D��  �:#�\�U o5� S��� *8�D #���C	�?
 .#����   �C(
�: �5Z ���f ��� ��� �: ]���� C ;��:C;� PGPR �� ]�� R: 7�� R:
C9 8�C
 @� *5[8�� ^5A5H�5��?
 U��	9 
��� �� �aH��7 �
��# 
A	 �QP��; �C ��#�� S��� �#��� �� �� (XC�� 7�� R:
C9 C ]�� R: PQ��� DLv� ���
���; �C 	�; ��#�� S��� .D �� �� ����� ;��:C;� PGPR �C *5[8�� ^5A5H�5��?
 (��?��� S��� 	 T�:��;� �9 �� e���  7�� R:9C
 R: PQ��� DLv� 
���;��� ��� .#���� �C�5Z (�*K8 f��� ��� #���� �: ����] U��	9 
��� C ;��:C;� PGPR �
#��5� �C�5Z XCY =$5�
 @�D4'�5� ���
 	 ��?��� S��� �� �� �� �e 7�� R:n9 �aH��7 .#�� @� u������ DLv�  �
 @� 7�� R: R:
C9 �
��5� ��C; �5L=C DO�m A5C���D�; ��5� YK�� '�=C����C; ��:( ��C�C�U 7�� R: R:
C9 �� ;@�	�: �� �
��5� �C��5�� �F ��L��� ���@
 ��C; �5L=C :���T;� ��H @��4
 �8 �� U��	9 
��� <� ��C. @� ���f ��U ����k 
���5� �=���E ��: �: ��@�	�: kZ�� ����F�8 �
#���5� U��	9 
��� �� C '�)��� @� ;��:C;� PGPR �� 7�� R: R:
C9 ��C; C�����U ����a �[�Y�; S��� ���V��� '#  A5��# .#��:    ����� 	��� �	����
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Influence of drought stress and plant growth promoting rhizobacteria (PGPR) 

inoculation on morphological characteristics, essential oil yield  
and composition of Thymus daenensis Clack 
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Abstract     To investigate the effects of plant growth promoting rhizobacteria (PGPR) and drought stress on essential oil of Thymus daenensis Clack, a greenhouse experiment was conducted in Shahrekord, Iran in 2017. The experiment was arranged as a factorial in a completely randomized design with three replications. The first factor included four levels of irrigation: well-watered (No stress), irrigation after depletion of 20-25% of field capacity (FC) (Low stress), irrigation after depletion of 35-40% of FC (Mild stress) and irrigation after depletion of 55-60% of FC (Severe stress). The second factor included two levels of PGPR treatments: no inoculation (Control) and inoculation with PGPR. The results showed that the morphological parameters were significantly increased in PGPR treatments, while water stress decreased all parameters. The essential oil amount increased in low stress and decreased in severe stress. PGPR inoculation increased the amount of essential oil, although this increase was not statistically significant. PGPR incubation and drought stress had a significant effect on 13 and 14 components, respectively. The interaction of PGPR and drought stress had a significant effect on the oil components. Thymol and carvacrol, two important components of T. daenensis essential oil, decreased with increasing severity of drought stress, but PGPR inoculation increased them, especially at drought stress treatments.  
Keywords: Thymus daenensis Celak, essential oil, plant growth promoting rhizobacteria, drought stress.   


