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Extended Abstract 

Background and Objective: Persian juniper (Juniperus excelsa M. Bieb.) is a long-lived tree 

species that is highly tolerant of harsh environmental conditions and typically grows in mountainous 

regions. Owing to its ecological, medicinal, and industrial values, this species plays a critical role 

in mountain ecosystems. However, declining precipitation and ongoing climate change have 

increasingly threatened its survival. Therefore, improving management and nutritional practices to 

enhance the drought tolerance of juniper seedlings has become essential. The application of soil 

amendments such as biochar and vermicompost is considered an effective approach to mitigating 

the adverse effects of drought stress in plants. By improving the physical, chemical, and biological 

properties of soil, biochar and vermicompost can alleviate drought stress and promote plant growth. 

Although the individual effects of these amendments have been investigated in various plant 

species, their combined effects on drought-tolerant species such as juniper in arid regions have 

received limited attention. Accordingly, the present study aimed to evaluate the individual and 

combined effects of biochar and vermicompost on growth, biochemical traits, and leaf nutrient 

concentrations of juniper seedlings under different irrigation regimes. 

Material and Methods: This study was conducted on two-year-old juniper seedlings as a factorial 

experiment arranged in a completely randomized design under greenhouse conditions at the Faculty 

of Natural Resources, University of Tehran (Karaj, Iran). Seedlings were subjected to three 

irrigation levels: 100% field capacity (full irrigation or control), 75% field capacity (mild drought 

stress), and 50% field capacity (severe drought stress). Soil amendment treatments included biochar 

(5% of pot volume), vermicompost (15% of pot volume), a combined application of biochar (2.5%) 

and vermicompost (7.5%), and a control without soil amendment. The measured traits included 

plant biomass, chlorophyll content, proline concentration, antioxidant enzyme activities, and leaf 

macronutrient concentrations. 
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Results: The results indicated that, in the absence of biochar and vermicompost, drought stress at 

50% field capacity led to a significant reduction in growth and nutritional indices of juniper 

seedlings. Compared with the 100% field capacity treatment, shoot biomass decreased by 26%, root 

biomass by 20%, total chlorophyll by 18%, essential oil yield by 24%, and leaf nitrogen, 

phosphorus, and potassium concentrations by 29%, 25%, and 28%, respectively. In contrast, this 

level of drought stress increased proline content by 24% and enhanced the activities of the 

antioxidant enzymes catalase and superoxide dismutase by 97% and 105%, respectively. Moreover, 

the combined application of vermicompost and biochar produced more pronounced improvements 

in the measured traits than the individual application of either amendment. Under the 50% field 

capacity treatment, the combined amendment increased shoot biomass by 15%, root biomass by 

14%, total chlorophyll by 13%, proline content by 12%, essential oil percentage by 11%, essential 

oil yield by 25%, and leaf nitrogen, phosphorus, and potassium concentrations by 24%, 21%, and 

22%, respectively, compared with the non-amended control. 

Conclusion: Although drought stress at 50% field capacity markedly reduced juniper growth and 

limited nutrient uptake in leaves, the results demonstrate that the combined use of vermicompost 

and biochar under drought conditions—particularly at 75% field capacity—can substantially 

mitigate the negative effects of water deficit. This combination significantly improves plant growth 

indices, enhances the uptake of essential nutrients in leaves, and increases essential oil production 

in juniper seedlings. As a result of these positive effects, water-use efficiency under stress conditions 

is improved, indicating that this approach is not only environmentally sustainable but also an 

effective and cost-efficient strategy for drought stress management. Overall, the findings suggest 

that the combined application of vermicompost and biochar represents a practical and reliable 

solution for maintaining seedling health and improving the performance of juniper in arid and semi-

arid regions, and it is recommended as part of forest restoration and afforestation programs under 

conditions of limited water availability. 
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:8�

�,a�)  <")�L" x�L�*� ) c�M ����8�J ) �$�Z�= ��R

S!� 	 �	  *� ��R��,  N�4]�� �#�*�� #��d� �E�F" ��R

>H�7 	  ���" )� P�� 3�
� N�	_� �
'M *� �=��  ��R

K�BV� ) ����8�J
� K�
, ��  �$�M K  3)�L" �"
  ��R

K  �D*� #!��"  2
!R ��*�� U e+
G" I��	J <F� �a�)

  .<9��  D	
H�  *�SR)a7  ����  �+�(  ��R���    K�

�"*)K  <H
:8� ��QU  ��
"  2�  *�J	H  ���!"  ��
!4

m9���,*�)	$�"  )  ���Bi  	T�!4  #�O"  ��R

<H�)Ghaffari et al., 2022; Mohkami et al., 

2024; Ahmad et al., 2024(�Q�X*� �K  *�^
�  K� -

��,a�) %�QK�� �
��  *� �
M ��M �$�Z�= ��R �*��

S!�  SR��  )  ���Bi  ��
"  )  vU  c�M ����8�J  ��R

 H�  �#J  K
M�!J  	_`")  <Sarwar et al., 2023; 

Zulfiqar et al., 2024; Gullap et al., 2024(.    �	 *��

��"��  #!��"  ���R��,  *�  ���"  )�  P��  ��"Z8R �

)Ebrahimi et al., 2021; Murtaza et al., 2024  �(

)  ��]� ��*� Dehestani-Ardakani et al., 2019(   )

�
 � ) KNaeemi Golzard et al., 2023  ( �H*	  �*
"

  ���� p��
� ) <=	, *�	(���  �U ��"Z8R ���O
H� K� �R

  *��*
M	  �	
��  �*�B,	�_d� 2� �$� �	 *�� K  <�9�

<H�.  _� �*� *� �J*�Z, �
!��� �W�X P�� � mR 	 ���Z=�  

�"*)m�t* I��	J *� D*� W��� 	  *�^
�  ) <H
:8� -

P�� 2� .<H� �#�� 	�
!" �*�� U e+
G" ��R  g#R �)*

  P��  �#J* 	  �QU ���" )� P�� 3�
� 	_� �H*	  SR)a7

�,a�)  q	  ���Bi  	T�!4  vB&  )  ����8�J
�  ��R

m�t* <F� D*� W���  ��
H�* *� �*�� U  e+
G" ��R

  �R��,  SJ
7  <�
L�  )  �����  � �!"  *�#��7  <�	�#"

<H� �$�M K  3)�L".  

D�� � 6��� �&  

  W�H  *�  SR)a7  P��1401    � �!"  6��	7  K��G+,  *�

  S��"2U .#J 3���� �	�*� �(�) ��	�� ������� �����

K \	�  K��7  	  %�*

��=  N*
T j]"��  �=��'�  

)Completely randomized design - CRD  (  .#J �	&�

  I��	J *� �$�M S!� W�84� %"�J ����"2U ��R*�8��

 W	
!�K��G+, �#J��   �
�	7 ) <=� 16    ���!J)* <4�H

  P�  ��9� < 
�* ��$�*�� <4�H <�R )65    ��80  

  K!���  �  ���"�  )  �#T*�29    K!�8�  )18    K&*�

�
��H#��
  ��	,.   ) P= K�
�� m
9�H 2� �"� W	
!� ��	 

P= �K��"�H P�� *� .#J ���O
H� #7  <8H b� *� ���R

�"  �)	�  K  �*  3	,  ��
R  K��G+,  <8H  *�  )  #!��*

  v
�	"  �ZQ
+H  ��R#7  ���"  2�  �2��  ��
R  �	���

�" K��G+, �*�) (� U 	Q
� K ��")  P�� 2� �
R *
�4 .�
J

  P8[ ) �#J �U ��"� SR�� ) vU 	�G�� k�H �R#7

9� < 
�* S��Z=� k&
" �K��G+, K  �)*)  I�F" ��

�"�
J. 

 *� P�� W��� ��H*	   ��
9Q��� 2� D*� KQ�H)� ��R

  lEH  KH  *�  �$�M  S!�  .#J  K���  (�	�)  �+�+&

  �
 
�*100    �(#R�J)75    )50    �4�*2 <�=	n #T*�

\]T� ��
" )c�M �#!!� lEH *��^ *�   *�^
�  %"�J

�"*) �(��#+, �8�X #T*� p!7)) <H
:8�15    #T*�

)  *�^
�  k��	�  )  (��#+,  �8�X5/2    �  (#T*�

�"*))  <H
:8�5/7    �)# )  #R�J  )  (#T*�
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\]T�#J W�84� (c�M �#!!�.    D�H�	  �R*�8�� \
EH

�H*	  *�  �	$+84  P�	
�   #J  v�G
��  P���7  ��R

)Naeemi Golzard et al. 2023  .( W��� )  mQ�H  ��R

��#+,  K  )  v�G
��  <M�
!$�  %L
!"  �	
�Q  <OR  ��R

  }
8�" *� .#�#J12    m�t* lEH KH) ����"2U *�8��

\]T� lEH *��^ )  �*�� U  #J v�G
��  (c�M �#!!�

  %� *� �P��	 �!  Y�
  *�	$� KH %"�J *�8�� 	R K�36  

�,a�) .#J ���O
H� S��"2U ��	&� ��	  (���,) ��#+, -

  W)#& *� ���O
H�  �*
"  c�M ��R1   �#J ����  ����

�"*)  )  *�^
�  .<H�K  <H
:8�  �  �
+G"  N*
T

��#+,  c�MK  �R�,a�)  .#!
=*  *��  ��
"  P��  ��R

  �X]T�  W)#& *�2   ��$�M S!�  .<H� �#J K��*�

 W��� W�L
�� 2� 67 ��" *��^K  ) #J 2�iU ��#+, K  �R 

SJ  �*)�  ����7  *�  .<J��  K"���  ��"  )�  N#"  KR�"

K�
8� ��*�#���#J <J��	  	h� �*
" ��R .#�
  

W)#& 1- �,a�)��#+, c�M ����8�J ) �$�Z�= ��R �R  
Table 1. Physical and chemical properties of potting soil 

rM�J 

Parameter 

 *�#L" 

Value 

 (#T*�) %� �t)	
�� 

Total nitrogen (%) 
0.12 

�+�") vB& % �( 	O9= (3	,
+�� *� 3	, 

Absorbable phosphorus (mg/kg) 
15.4 

�+�") vB& % �( m�H�
7 (3	,
+�� *� 3	, 

Absorbable potassium (mg/kg) 
215 

 (#T*�) �QU P 	� 

Organic carbon (%) 
0.67 

 (#T*�) �u 

Silt (%) 
47 

 (#T*�) D* 

Clay (%) 
27 

 (#T*�) PJ 

Sand (%) 
26 

�+�") �$�	
$Q� <��#R (D
" 

Electrical conductivity (milli-mΩ) 
1.2 

 �t)*#�R %�9��
7  
pH 

6.8 

  

 W)#&2- �"*) ) *�^
�  N����	� *� ���O
H� �*
" <H
:8��H*	   	[�X 

Table 2. Bio-char and vermicomposting compositions used in the present study 

rM�J  
Parameter 

 #X�) 

Unit  
*�^
�  

Biochar  
 <H
:8� �"*) 

Vermicompost  
 �QU ���" 

Organic matter 

 #T*� 

Percentage 
91.6 72.7 

 �QU P 	� 

Organic carbon  
 #T*� 

Percentage  
75.8  35  
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 �"��� W)#&2. 

Continued Table 2. 

rM�J  
Parameter 

 #X�) 

Unit  
*�^
�  

Biochar  
 <H
:8� �"*) 

Vermicompost  
�t)	
�� 

Nitrogen  
 #T*� 

Percentage  
0.45  2.9  

N�	
�� 

Nitrate  
"�+�3	, *� �� 3	,
+ 

Milligrams per kilogram  
64  3100  

 *
OQ
H 

Sulfur  
"�+�3	, *� �� 3	,
+ 

Milligrams per kilogram  
940  520  

m�#H 

Sodium  
 #T*� 

Percentage  
0.52  0.3  

 m�H�
7 

Potassium  
 #T*� 

Percenta  
20  0.54  

 	O9= 

Phosphorus  
 #T*� 

Percenta  
0.37  0.44  

 �$�	
$Q� <��#R 

Electrical conductivity  
"�+�2 �6!8 	   	
" 

Millisiemens per meter  
37.5  175  

 �t)*#�R %�9��
7  
pH 

-  9.5  6.5  

 %� 	
9��M  
Total ash  

 #T*� 

Percentage  
8.4  27.3  

 �	R�n �Q��^  
Bulk density  

�
��H 	  3	, k�$" 	
" 

Grams per cubic centimeter  
0.207  0.131  

  

*�#L"  �2)  < 
�* �    �  e+
G"  \
EH  *�  c�M

*��= N�FOT ���
H� 2� ���O
H��  �2�#��,�	�   *� .#J

=	n  *�  < 
�*  #T*�  )  b�M  c�M  �2)  �#
 �� <  

4�*2�  ����P  � �*
" W�"	� �2) 6:H ) #J �2�    ��#+, 	R


 
�*  lEH  	R  *��    K�H�F"#J�  .�P    N��H�F"

2 KE �* D�H�	 � 	 3���� #J  )Xie et al., 2018 :(  

) �E �*1 (  *FpPWp) *V-= (FCnV  

 u�  KE �* *� K�nV   k9X 	 ) �#J ���� vU *�#L"

 U < 
� 	R *� 	
9  	R K  (k�$" 	
"�*��  .<H�  FC 

  #X *� c�M < 
�*=	n�<  4�*2�  <H�  )32  (#T*�  �

PWP  ,	"a7 KEL��  ) m���17  #T*��(  pV   ��#+, m�X

)<OR  �(	
�QF  	[�k  #"� N	   U�*��   U  *�  K��*�� 

  v
+E"5/0  <H�  .  #R�J *�8�� ��	  2��� �*
" vU *�#L"

525 �+�".�
  	
�Q   

 ;F
� � �
��& G���� �
 3:� 

  2� 67 W��� �*�#��� �*)� ����7�    ���
R 3�#�� 	� �2)

  <(� �  W�
���� �)2�	� �  K��* ) (q	  ) %, �K(�H)

01/0  �2�#�� 3	,  KL� 2� �o�( �  ���
R 3�#�� .#J �	�,

K��* ) �#J �#& ���, �2) c�M 2� ��	��#& 2� 67 �R

#�#J. 

 H�� 0�2��#� %��.+� 

)* �  q	  %�=)	+� ��

F") �
�*U AArnon, 1949( 

�2�#��  .#J �	�,1/0  �  q	  3	,KH  �+�" �

H� 	
�Q80  

  #T*�  K  �*�'4 m�X ) v��HU15  �+�"  67 .#�H* 	
�Q

�
"  W
�  *�  vB&  �t
�O�	
��H  2�  ��R645    )663  

	
"

=)	
$:H� �  	
"
���   %� %�=)	+� ) #J �#��
M  f��

 KE �*2 .#J K�H�F"  
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) �E �*2 (  
Total chlorophyll (mg/g FW) = 1000 

× W [(20.2 × A645) + (8.02×A663)] 

× V 
KE �* *� 	� q	  3	, 	R  �u�   A  :*�#L"   *� vB&

 W
�  � 	h��*
8&
"V   :  �

H� ����� m�X80    #T*�

k9X	   �+�")  	
�QW  :  3	,  k9X	  �2��  q	  �2�#��

<H�.  

 H�� I, �JK� %��.+� )RWC ( 

q	   N#" K  	EL" vU *� K�Q)� �2) 2� 67 %"�� ��R

24    *� <4�H*��^  ��H K&*��
 �2) �� #!
=	, *�	( ��	,

 ��J�}   (SW)     N#" K  6:H ��
J <�_24    *� <4�H

 �)U70 �
��H K&*�b�M �2) ) b�M ��	, (DW) 

#J <�_. RWC  J K�H�F" 	�2 W
"	= � ) #Ritchie et 

al., 1990 :( 

) �E �*3 (  RWC= (FW-DW)/(SW-DW)× 100  
 H�� L�M��? 

A)* �  P�Q)	7 Bates et al. (1973) �2�#�� .#J �	�,

1/0  *� K��,�#& ���
R 3�#�� ) K��* 	� <=�  2� 3	,10  

�+�" #�H� b�9�Q�H
OQ
H  	
�Q  #T*� KH    �#J v��HU

t
�O�	
��H 2� 67 6:H  � P�*#�R P�� g	�" �  �*�'4

  *� ) �
+G" #�H� b�
H� )100  �
��H K&*�  K  ��	,

  N#"b�  b!M  2�  67  .#J  K 
$��  <4�H )  �2�H

  *� vB& �P�
Q
� �  ��	G
H�520  �2�#�� 	
"
���  �	�,

#J K�H�F" �*�#��
H� �!F!" D�H� 	  P�Q)	7 *�#L" ). 

M�N2��  O�, 
)  :P�
�� 

K�
8��R �  ,�R��  *�  ���t)	
  �"��  �	M  �#J  )   �    	=�   

 N�O9=  #H�m (pH=6) 	
��H  )  �
+G"�O�t
  #�#J  .

Q��=�<  2u����   �    ���O
H�   2�  	
"

=)	
$:H�   *�   W
�   �
"  

240  	
"
���  )  K   N#"  30  ��_�K  �2�#��,�	 �  #J   

(Mueller et al., 1997) . 

M�N2��  O�, 
) K���?��� � 6
�
��K) :SOD( 

Q��=�<  ��P  Z�U�m  �   A)* Giannopolitis ) Ries 

(1977) X� S!��) *��" D�H� 	 ���  ��Q)2�	
�
+ )	
�
  3

)NBT  (�2�#��,� 	�  #J  . vB&   W
+F"  S!��)  *�  W
�  

�
"  560  	
"
���  67  2�  18  (��KL  S ��  *
�   �#��
M  

#J. 

 Q���� 6�>#�! � Q���� ���6 

�
R 3�#�� ��  �H *� K
OR )� <J��	  2� 67� K  b�M   )  

6:H  6��H�  K   H)�K+  ���
H�  	��
+�  ��	G
H�   #J  

)KH  <4�H  .(6��H�  �    ����
")	+�  )  N�OQ
H  #H� m  

 �vU  b�M  �#J  )  �2)  #J  .�	$+84  6��H�   2�  

%T�X  v	[  #T*�  6��H�  *�  �2)  b�M   K�H�F"  

J) #Sefidkon et al., 2006 .( 

 ��� ��� ! � 

q	  K�
8�v��HU ) �#J b�M 2� 67 �R �#J  ��	  �

�2�#��  �	�,  g	'"	7  	T�!4#�#J  ���"U.    �  m�H�
7

  	
9��M  A)*  *�  ��	�500  �
��H  K&*� )  ��	,

�2�#��m�+= �  �	�,
"

=	 )Chapman and Pratt, 1962 

.  A)*  �  �t)	
��   W�#��  (Sparks et al., 1996)    )

  *� ��	� 	
9��M �  	O9=550  �
��H K&*� ��)Z=� ���	,

�2�#��  )  P�*�  g	�"  *�  vB&  �	�,450  	
"
���    � 

	
"

=)	
$:H� )Minocha et al., 2007�2�#��  (  �	�,

.#�#J   

0�#+
%�& %���,  

  P�� �H*	     K�
, �)* 	 D*�  K  N*
T   %�*

��=  )   	   

 K��7   \	�  j]"��  �=��'�  *�  KH  *�	$�   3����  <=	, .

%�+F�  �����R  �   ���O
H�  2�  3	�*�Z=� SAS   KG9�9.3  

#J  3����  .��	   �H*	   �����R  2�  K�Z��   6���*�)  

=	�)�)  KTwo-way ANOVA  (  ��EM lEH *� p!7  

  K9��L" ) #T*����"P���
"2U �  �R LSD  .#J ���O
H�

3	� 2� ���O
H� �  �R*��
8� �P�!o8R *�Z=� Excel  m�H	�

#J.#� 

  R
�.�  

A��� 3:� 
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\]T� ) �$�M S!� 	_��!�" ���, �2) 	  c�M �#!!� -

  #J *��)W)#&  3 (.    S!� 	_� *� K��* ) ���
R 3�#�� �2)

  �$�M  K  <�9�  *�8��#R�J    SR���!�"�*��   �<=��

�Q�X*�  K�����	�  �	 *��  �   �"*)  )*�^
�  <H
:8�  

�	� �#�7 S��Z=�.  g	'" �)#  K� ���R��, *�    )*�^
� 

�"*)<H
:8�    \
EH *� �$�M S!� �#��
 75    )50  

�4�*2 <�=	n #T*�  K   k��	�k�H    SR��12    )26  

 *� .#J #R�J *�8�� K  <�9� ���
R 3�#�� �2) �#T*�

  S!�  <F�  ��R��,50   ���O
H�  ��4�*2  <�=	n#T*�

�"*) )*�^
� 2�<H
:8�  �U k��	� )K  ��  k��	� k�H  

  S��Z=�10  �11    )15    <�9� ���
R 3�#�� �2) �#T*�

�)#  *�8��  K   �"*)  )*�^
� <H
:8�  #J   %$J)1  

  .(eQ�  �#J  �#R��"  Z��  K��*  �2)  ��	  #�)*  P��

K �*
�    *�8��  *�  K��*  �2)  K�50   #T*�    <�=	n

�4�*2    K *�#L"  20  *�  �<=��  SR��  #T*��Q�X    K�

  *�8��75  �4�*2 <�=	n#T*�  �!�" N)�O�  <�9� �*��

  K 100   #T*�  �4�*2 <�=	n   8R ���O
H� .��#� ���� ��"Z

2�  �"*)  )*�^
� <H
:8�  <F�  ��R��,  *�  S!�50  

#T*�  �4�*2 <�=	n   k�H    S��Z=�27   �2) �#T*�

  K��*]T�  �	 *��  3#4  K  <�9�\  #J  c�M  �#!!�

$J) %1   .(v  

  

 W)#& 3 - �
� �p Z��� K *�)�6��  S!� 	_�$�M� \]T� )�#!!� c�M 	  �2) , 	����� =)	+��%  )Q)	7�P   q	  

Table 3. Results of variance analysis of the effect of drought stress and soil amendment on plant fresh 

weight, chlorophyll and leaf proline  

� �!" V��� N�	 

Sources of changes  

K&*�  

��2U � 

Df  

"�����P  N�� 	" 

Mean squares  
�2) 	� 3�#�� �
R�� 

Fresh weight of 

aboveground parts  

�2) * 	� � K� 

Root fresh 

weight  

=)	+��% 

Chlorophyll  
Q)	7� P 

Proline  

S!� $�M�  
Drought stress  

2  ** 482  ** 132.52  ** 0.24  ** 4239  

\]T��#!!�  c�M  
Soil conditioner  

3  ** 85.4  ** 28.64  ** 0.04  ** 1856  

S!� $�M� ]T� ×\�#!!�  

c�M  
Drought stress × soil 

conditioner  

6  * 3.2  ns 0.56  ns 0.06 ns 26.8 

�EM  
Error 

24  1.55  1.77  0.0009  66.5  

	[ �k V���N�	 )#T*� ( 

Coefficient of variation   
 (%) 

-  2.57  2.54  2.07  4.56  

** ����lEH *� �*���!�" �#!R�  #T*� b��<H�   *  lEH *� �*���!�" 	����  5  #T*���
  ) ns �" ���� �* �*���!�" 3#4 .#R�  
** denotes significance at the 1% level, * denotes significance at the 5% level, and ns indicates non-significance. 
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 %$J1-  <F� D*� ���, (v) K��* �2) ) (eQ�) ���
R 3�#�� �2)�"*) ) *�^
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Figure 1. Shoot weight (a) and root weight (b) of juniper plant under the influence of biochar and 

vermicompost application under different irrigation conditions. Different Latin letters on the bars 

indicate significant differences (P≤0.05) in LSD test and bars indicate standard errors. 
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Figure 2. Chlorophyll (a) and proline (b) of juniper plants affected by biochar and vermicompost 

application under different irrigation conditions. Different Latin letters on the bars indicate significant 

differences (P≤0.05) in LSD test and bars indicate standard errors. 
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Table 4. Results of analysis of variance of the effect of drought stress and soil amendment on 

Superoxidase dismutase, catalase, essential oils and essential oil performance 

� �!" V��� N�	 

Sources of changes  

K&*�  

��2U � 

df  

"�����P  N�� 	" 

Mean squares  
9��	7
H�# � � 2��
89 

Superoxide 

dismutase  

2u���� 

Catalase  

 6��H� 

Essential 

oil  

�	$+84 6��H� 

Essential oil 

performance  
S!� $�M�  

Drought stress  
2 

** 12.6  ** 0.08  ** 0.005  ** 303  

\]T��#!!�  c�M  
Soil conditioner  

3  ** 0.43  ** 0.005  ** 0.002  ** 113  

S!� $�M� ]T� ×\  �#!!� 

c�M  
Drought stress × soil 

conditioner  

6  ** 0.57  ns 0.007  ns 0.001 ns 3.35 

�EM  
Error  

24  0.06  0.001  0.0002  5.13  

	[ �k V����	 (#T*�) N 

Coefficient of variation   (%)  
-  5.95  8.95  5.24  5.69  

 ** �	��� !�"�*��� *� lEH b� �#T*�  * �	��� !�"�*���   lEH *�p!7  �#T*�ns    �	��� !�" 3#4�*��� <H� .  
 **indicates significance at the 1% level, * indicates significance at the 5% level, ns indicates non-significance . 
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Figure 3. Catalase activity (a) and superoxide dismutase activity (b) of juniper plant under the 

influence of biochar and vermicompost application under different irrigation conditions. Different 

Latin letters on the bars indicate significant differences (P≤0.05) in LSD test and bars indicate 

standard errors. 
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Figure 4. Essential oil percentage (a) and essential oil yield (b) of juniper plant under the influence of 

biochar and vermicompost application under different irrigation conditions. Different Latin letters on 

the bars indicate significant differences (P≤0.05) in LSD test and bars indicate standard errors 
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Table 5. Results of variance analysis of the effect of drought stress and soil amendment on Nitrogen, 

phosphorus and potassium 
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Mean squares  
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Drought stress  
2  ** 104.2 ** 5.25  ** 183.03  
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Soil conditioner  

3  ** 14.91  ** 0.89  ** 19.66  
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Drought stress × soil conditioner  

6  * 1.91  ns 0.01  ns 1.52 

�EM  
Error  

24  0.71  0.05  2.15  
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Coefficient of variation (%) 
-  3.84  4.57  4.92  

 ** �	��� !�"�*��� *� lEH b� �#T*�  * �	��� !�"�*���   lEH *�p!7  �#T*�ns    �	��� !�" 3#4�*��� <H� .  
 **indicates significance at the 1% level, * indicates significance at the 5% level, ns indicates non-significance. 
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Figure 5. Leaf elements of juniper plant under the influence of biochar and vermicompost 

application under different irrigation conditions. Different Latin letters on the bars indicate 

significant differences (P≤0.05) in LSD test and bars indicate standard errors . 
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Continued Figure 5. 
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