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��� =)Q .� @+ � �
�� ��3 Y�K.�
�� U)7 ����< �6 �� C�9��� 

 

1- Pyrolysis 
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���9�A 	��
�6 @+ .� U)7 C��! U��<. �6  ���9�A 3��� ���6 ;�E����< 3�� �M-� ]A .� �6� 4K� �� 	
.� C��! �� � ��

�� ���
� ���?� U9��~ V�K� .��94
��� ���7��  ;��� �6 P�Q 	��9�9��J�?9�1 .UK� ��� �6��A   

  X9n
�9� ���6 �
�O�< �6 ;�E ��6� ��� Y�K3�� 4 ± 24 ��6� V�95�K �6 .�� � 4  ±18 ��6� V�95�K �6 F� 

W9z�$ ��. ���9�A F51�� .�9
 ����9< � �� ��� =)Q ��� LMK P�Q ����<�� ���
� ��. C�� ��
 �
�O�<  ;�I� 	E

 ��45�. � ?9h�+�6 U��K 12 �R~ �6  �6����120 � �9
�v �� f��� �4� �� ;����J9�.6� �
�O�< U��E� �� �6� 4K� .� ���9�A `7 

�
�O�< � .�� �6�7 �b��6	�
�� ��� � `-K �
�O�<  �1 �650  �$70 �!�6 W9z�$ .��  
  

 ;���1- 	<*����� P�Q 	��9�9��J�?9� ��:�9� � �Z,�M� 6���.  
Table 1. Physicochemical properties of studied soil and biochar. 

P�Q   

Soil 

��:�9�  

 Biochar 

�.��
� �1����9<  

 Unit  

�4����+  

Parameter  
7.8 8.7 - pH 

1.7 1.3 mS.cm-1 
	J��4J,� U���� 

EC  

0.54 53.5 % 
 	,A X��7 

OC 

31.9 - % 
 V� 

Clay 

42 - % 
 U�9K 

Silt 

26.1 - % 
 X� 

Sand 

 	��, 	K�  

 Clay Loam  
-  

 U��� 

Texture 

253 530.8 mg.kg-1 
�6� 4K� 8��G W9K�4+   

Absorbable potassium 

11.6 38.6 mg.kg-1 
�6� 4K� 8��G � 5�   

Absorbable phosphorus 

2.6 1.6 meq.l-1 
W95�7  
Ca 

1.3 1.1 meq.l-1 
W�?9��  

Mg 

- 46.5 % 
 �457�Q ���4�� 

Ash content 

- 31.3 % 
 ��:�9� 6�J��� 

Biochar yield 

EC and pH of biochar was determined in 1:10 extract. 
EC � pH  ���I� �6 ��:�9�1:10 .UK� ��� X99Z$ 

  


�8����
 
2��+ ��*�  

  	<*����� 6��� 	��K��� 8����� 6��Z$ 6��Z$ 3�$�� ��� 8< ��� ;�E 3	���< �$ .�� 8< ��� �G���K 8< �MG 3����6 38< 

 3������< �G���K �MG 38< �$ �.��$ �.� 3��9< [� $�� 3���)�� ;�E 3\�� LM��K 3\�� =��)Q � 89����7 a 3b  �87 � ��6�-� 

����I �� W��K � W9K �4+ \�� �
6��. �MG 8< ������< �G�K  � �� @9,�7 ;�49��6  ;��)16ER  U7��  UQ�KTITAN 

	�9� F��51 �� (X9:�4� �.��
���9< ����.  ;�49��6 ��.��$ �� 8< �$ �.� UG6 ��001/0 �.��
�.���� ��9< 8< ��� .�
A �� ��

��1�� �6�< �.�
 �$ 	
��. �7 \���<�� @
�K >��$ � 	��6�� 6�Q �� 8��7 .� UK 6 �
6�63 F5 1�� .�� U�v ��6�<.  LMK

<���$�� 8J �.��
� ��n4K6 .� �6� 4K � ��) \�� LMK ��9<Leaf Area Meter ;��) (Winarea-UT-11 ��K ��� (����� UQ�K 3

���� .xQ �� ���)�� ;�E�.��
� 27 .���� ��9<�.��
� ���� �$ �.� ��9<3\��  .� @+����+ U��)7 ���6 3\�� �� �.� � U����6��
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�A�� ��  U� �66��. @kK3  �����.��
�=) Q �.� ��9<\�� 3 �� C�� ��48  ���6 �� ��A ���6 U��K75 ��6 �V�95 �K 

���� �6�6 ���G�
 )37(.  �����.��
� ��� 89����7 ��?9� ��9<a 3b 387 � 2/0 ��< .� U��� \�� �.�$ �Q���� 	�9��+ � 	�e�� ���

	���!� X�.�$ � �6 ���� 	�9: x��K�$ 2 	�9� �49,��4��K� 80 %�����I���9< .���� .� ;���� X9��)
�� 8��!�1 @+ .�  8��

>� ��4
���K ���� �.��
���9< �6� 4��K� 89����7  �����  ��?9�]^�  89����7 ���� ��
a � b ��F9$�$ �6 ;�E ������ 663  �

645 �4��
�
 xK�$ ��n4K6 �4��4���4JkK� ;��) DR20003(  �M��� 	E1 �.��
�) �� ��9<5.(   

a 89����7 = [12.7(D663) -2.69(D645)] ×
�

�����
  

b 89����7= [22.9(D645) - 4.68(D663)] ×
�

�����
 

87 89����7 = [20.2(D465)- 8.02(D663)] 
�

�����
                                                                                     1 �M���     

  @+ .� =)Q \�� ����
��
 3���� �� ]�9KA 	G�� �� C��! �6�+ �6 �6��A .�
�� @+ .� �9R$ �457�Q .� 6��� 	��9< �6 

���6 550 ���6 V�95�K3 ���I���9< �� �6� 4K� .� 10 	�9��49, =������7 �9K� 2 � ;���
 ]A �M-� � ��
�K� �� W�1 

50 	�9� �49, ���
� .�� U��R
 �63 Uz�
 W9K�4+ � W��K  �4��4� W9�� ��n4K6 �� ���I� �6)Jenway, PFP7, England( 

�.��
���9<  �
��)17.(   

   @
����� ��?�$��� �6�6 ����A ��?�� ��
 .� �6� 4K� �� ��SAS 9.1 �6�6 X9n
�9� �5��-� � ���.A .� �6� 4K� �� ��LSD  �6

;��41� LMK 5%  U��< C��! ��?�� ��
 �� ����6��
 �Excel �
�� WK�.  

-����  


�8����
  
9���3�  

  �9�4)�X ���< �$ ���.	 )136 $ �6 (.��9��� 4 � �!�69��:�  �40  �6 ��<79��<�� S��G �����J��? ��UK6 ��A  ;���)2.( 

	,�1 �6 �7) 	���< �$ ���. X��4�766/110  �115  (.�� �) 8< �$ �.� X��4)9�5  (��<����9$ �6 	�97�$ ��2  ��:�9� �!�6

�� ����� 20 � 40  �6 ��< ��<��97 ;���) �� ����)� �?���J��� S��G2.(  	K�����94
��  �7 6�6 ��)
 8< 6��Z$ X��4)9�

)66/6 ) 8< �MG 3(6��63/33 	�9�(�4� ) ������< �G�K �MG �7 	�9� 	�97�$ ���9$ �6 (�4�2  �� ����� ��:�9� �!�640  ��<

 �6 ��<��97 ;���) �� 8!�1 �?���J��� S��G2.( 8< ��� X��4)9��� )18 (.��  ���9$ �6 	�97�$2  �� ����� ��:�9� �!�620 

 �6 ��< ��<��97 �7 �� 8!�1 �?���J��� S��G5/2  ;���) 6�� �4)9� ���� .� �����2 .( ��� X��4�7) ��9< ��� 8<7  6��Z$ 3(.��

) 8<3 ) 8< �MG 3(6��46/24 	�9�) 8< �$ �.� 3(�4�53/1 ) ������< �G�K �MG � (��<93/3 	�9� ���� �6 ?9
 (�4�����)� 

 ;���) ��2.(   

:�+ ;�2  

  �� �� \�� LMK ���� �� U�5
 �����9$ ���$	�Z� ��E ;���) �
6�6 2��?�� ���63 ���6�7 Uz�
 2��?�� �� .( 	45�.

�� 	�97�$ ������9$ �6 ?9
 � 	��R�$2 	,�1 �6 U��� 2��?�� ?9
 \�� LMK 3Uz�
 2��?�� �� �?���J��� S��G � ��:�9� �!�6 �7

 	�97�$ ������9$ �64  �?���J��� S��G � ��:�9� �!�6\�� LMK  ;���) U��� 2��73) \�� LMK ��?9� X��4)9� .(4/3709 

	4
�K7�$ �6 (f��� �4� F92  � ��:�9� �!�640  �6 ��<��<��97  ���� �� U�5
 �7 �� 8!�1 �?���J��� S��G6/6  �4)9� �����

 ;���) 6��3) �A ��?9� X��4�7 .(7/556 	4
�K�
��
 �6 (f��� �4�	� �z
 �� .�� ����)� ���� ��� S��G ���9$ �7 �K�

 U5�.��49
 	45�. 	��R�$ �� �$�v�� \�� LMK 2��?�� �6 ;���) 6�� ��:�9� �� �A 	�97�$ ���9$ .�3.( X9�b��3  Uz�
 2��?��

 �6 ?9
 	��R�$ �� ��:�9� ;���) 6��
 �v�� \�� LMK 2��?��3.(  

�9�� <*   

  �� �� �)�� ;�E ���� �� U�5
 �����9$ ���$	�Z� ��E ;���) �
6�6 2��?�� ���63 .( 	45�. ���6�7 Uz�
 2��?�� ��

��U��� 2��7 �)�� ;�E 	��R�$.  	�97�$ ������9$ �62  2��?�� ?9
 �)�� ;�E 3Uz�
 2��?�� �� �?���J��� S��G � ��:�9� �!�6

	,�1 �6 U��� 	�97�$ ������9$ �6 �74 �?���J��� S��G � ��:�9� �!�63 U��� 2��7 �)�� ;�E  ;���)3(.  ;�E X��4)9�

) �)��33/17 	4
�K ���9$ �6 (�4�2  ��:�9� �!�6�� F97�$ �6 40  �6 ��<��<��97 �� 8!�1 �?���J��� S��G  �� U�5
 �7

 ����2/2  ;���) 6�� �4)9� �����3 .() �)�� ;�E ���-� X��4�766/7 	4
�K�� ���� �6 (�4� ;���) ��A UK63.(   
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 ;���2- �v� 2�J���� 6�7 � ��:�9�  	Q�� �� 	45�.	<*����� @<�
 8< ���� "HR�".  
Table 2. The interaction effect of biochar and biofertilizer on some growth parameters of Narcissus tazetta var. 

Shahla 
��:�9�Biochar 

(%) 

	45�. 6�7  

 Biological fertilizer 

 	���< �$ .��

Days to 

flowering 

 ���

�<	��� 

Vase 
life 

(day) 

 8< 6��Z$

Number 

of 

flowers 

 8< �MG

Flower 

diameter 

(mm) 

 8< �$ �.�

Fresh 

weight of 

flower (g) 

 8< �G�K �MG

Diameter of 

flower stem 

(mm) 

0 

0 cd128.66 e7.00 e3.00 e24.46 g1.53 3.93e 

20 �?���J���  

  Mycorrhiza 1-g Kg 20 
bc129.00 b14.66 cd4.66b d28.83 f2.10 5.30cd 

40  �?���J��� 

Mycorrhiza 1-g Kg 40 
bc126.66 b15.00 abc5.33 a.d31.11 de2.90 5.67cd 

 U5�.��49
Nitrozist  c125.00 b15.00 cde4.33 a.d30.82 cd3.20 5.67cd 

2 

0 ab131.33 c13.33 cde4.00 a.d30.80 cde3.00 5.76bcd 

20 �?���J���  

  Mycorrhiza 1-g Kg 20 
d115.00 a18.00 ab6.00 ab32.97 a5.00 6.45ab 

40  �?���J��� 

Mycorrhiza 1-g Kg 40 
d110.66 b16.00 a6.66 a33.63 a5.00 7.00a 

 U5�.��49
Nitrozist  bc127.66 c13.33 bcd4.66 a.d31.15 c3.43 5.98bc 

4 

0 bc128.00 b15.33 cde4.00 abc32.70 c3.40 5.67cd 

20 �?���J���  
  Mycorrhiza 1-g Kg 20 

bc129.33 d11.00 cde4.00 cd29.38 b4.23 5.94bc 

40  �?���J��� 

Mycorrhiza 1-g Kg 40 
a136.00 d11.66 de3.33 d27.84 e2.60 5.86bcd 

 U5�.��49
Nitrozist  c124.33 e8.00 cde4.00 bcd30.11 f2.00 5.19d 

† Means with different letters, are significantly different (P≤0.01) based on Least Significant Difference (LSD) test. 

† X9n
�9� ����6 ���/�1���  ���.A V�K��� C�� 4�LSD  ;��41� LMK �61%	�Z� /H4Q� ����6	� ��6.����� 

  

 ;���3-  �v�2�J���� 6�7 � ��:�9�  	Q�� �� 	45�.	<*����� @<�
 8< =�>�,����� "HR�".  
Table 3. The interaction effect of biochar and biofertilizer on some morphological parameters of Narcissus tazetta 

var. Shahla 
��:�9�  

Biochar (%) 

	45�. 6�7  

 Biofertilizer 

\�� LMK  

 )2Leaf area (cm 

�)�� ;�E  

 Lengh of root (cm)  

[� $�� �$��  

 Height of plant (cm) 

0 

0 e556.7 7.66d e10.00 

20 �?���J���  

  Mycorrhiza 1-g Kg 20 
cd1108.9 14.33ab bcd20.16 

40  �?���J��� 

Mycorrhiza 1-g Kg 40 
c1244.3 13.66b cd17.33 

 U5�.��49
Nitrozist  c1249.9 11.83bc bcd18.50 

2 

0 c1253.0 12.83bc bcd20.66 

20 �?���J���  

  Mycorrhiza 1-g Kg 20 
cd1211.1 15ab abc24.00 

40  �?���J��� 

Mycorrhiza 1-g Kg 40 
a3709.4 17.33a a30.00 

 U5�.��49
Nitrozist  de725.6 14.33ab de13.83 

4 

0 cde841.1 9.33cd bcd18.66 

20 �?���J���  

 Mycorrhiza 1-g Kg 20 
b152.83 13.16b ab26.00 

40 �?���J���  

 Mycorrhiza 1-g Kg 40 
cde011.11 12.33bc bcd21.16 

 U5�.��49
Nitrozist  cde809.4 14ab bcd19.16 

† Means with different letters, are significantly different (P≤0.05) based on Least Significant Difference (LSD) test. 

† X9n
�9� ���.A V�K��� C�� 4� /��1 ����6 ���LSD  ;��41� LMK �65 	�Z� /H4Q� ����6 �!�6	� ��6.�����  
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=��(�� �(*+  

   V�K� ����94
��� ��� ��!�1  �����9$ �� ��9< [� $���� ���� �� U�5
	�Z� ��E ;���) �
6�6 2��?�� ���63.(  2��?�� ��

�� 	45�. ���6�7 Uz�
 	�97�$ ������9$ �6 ?9
 � 	��R�$2  3Uz�
 2��?�� �� �?���J��� S��G � ��:�9� �!�6��9< [� $��  ?9


	,�1 �6 U��� 2��?�� 	�97�$ ������9$ �6 �74  �?���J��� S��G � ��:�9� �!�6[� $��  ;���) U��� 2��73 .( X��4)9�[� $�� 

)30 	4
�K F97�$ �6 (�4�2  � ��:�9� �!�640  �6 ��<��<��97 �?���J��� S��G ����A UK6  ���� �� U�5
 �7�K  ����� 2��?��

U���  ;���)3�A ��?9� X��4�7 .( )10 	4
�K�
��
 �6 (�4� ���� ���8!�1 ��  ;���)3( .  

:�+ >9� � �( 60�  

   ���� �� U�5
 �����9$ ���$�� \�� =)Q � �$ �.�  �
6�6 2��?��) 8J�1 `,�  �]( .X��4)9� \�� �$ �.� )92/8 ��< (

 ���9$ �62  �� F97�$ �6 ��:�9� �!�640  �6 ��<��<��97  ���� �� U�5
 �7 �� 8!�1 �?���J��� S��G3/1  6�� �4)9� �����

) 8J�1 `,�(.  ������9$ �6 \�� =)Q �.� X��4)9� X9�b��40  �6 ��<��<��97  F97�$ � �?���J��� S��G2  ��:�9� �!�6

 �40  �6 ��<��<��97 ) �� 8!�1 �?���J��� 8J�1 ](. �� 	45�. ���6�7 Uz�
 2��?�� �� 	��R�$�6 � F97�$ ��  2  �4  �!�6

 ��:�9��)�� =)Q � �$ �.� U��� 2��?�� ?9
3  ���2��?�� X��  	�97�$ ������9$ �64  �?���J��� S��G � ��:�9� �!�6 .� �4�7

 	�97�$ ������9$2  6�� ��:�9� �!�6) 8J�1 `,�  �](.  ���-� X��4�7\�� =)Q � �$ �.� )�� F9$�$26/4  �17/0 ��< �6 (

 ������ 8!�1 ) 8J�1 `,�  �](. 

 

 
Fig.1.The interaction effect of biochar and biofertilizer on leaf fresh (a) and dry (b) weights of Narcissus tazetta 

var. Shahla. Means followed by different letters indicate significant differences by Least Significant 

Difference (LSD) test at 5% of probability. 

 8J�1-  �v�2�J���� �$ �.� �� 	45�. 6�7 � ��:�9� (`,�) � =)Q (])  \�� @<�
 8<"HR�". X9n
�9�/�1 �� ��� `�4O� ���

��)
LMK �6 ����A /H4Q� ����6 ;��41� 5%  ���.ALSD .��45�  
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 �����9$ ���	�Z� ��E ��?9� ���6 89����7a 3b  �7 ���E �� �
6�6 2��?�� ���� �� U�5
 �� 87 �

 89����7 ��?9� X��4�7a 3b  87 � \����) F9$�$01/1 35/0  �51/1 	�9� (��< �6 ��<) �� 8!�1 ���� ����9< �6 ;���4.( 

 89����7 ���-� X��4)9�a 3b  	�97�$ ���9$ �6 ?9
 87 �2  � ��:�9� �!�640  ��< �6��<��97  �7 �� 8!�1 �?���J���F��-$ �� 

�A ��?9� 6���� ��� �6��  ;���) 6�� ���� ����9< ����� �64 .(��94
��  	��R�$ �� �?���J��� S��G Uz�
 2��?�� �� �7 6�6 ��)


 �� F97�$ �6 �2  ��?9� ��:�9� �!�6 89����7a 3b U��� 2��?�� 87 �3 ) ��:�9� �e�� Uz�
 �6 ���4  	)��7 �
�� X�� (�!�6

 ;���) 6��4X9�b�� .(3 	K��� 89����7 ��?9� 	��R�$ �� ��:�9� Uz�
 2��?�� �� �7 6�6 ��)
 ��a 3b  U��6 �6�Z! �
�� 87 �

);��� 4.(  U5�.��49
 	45�. 6�7 �� F97�$ �6 ��:�9� Uz�
 d�?�� �� 89����7 ��?9� ?9
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  �� F97�$ �6 � 	��R�$ �� 	45�. ���6�7 Uz�
 2��?�� ��2 ��:�9� �!�63 U��� 2��7 \�� W��K ��?9�3  ���9$ �6 ���

 �� 	�97�$4 ;���) 6�6 ��)
 2��?�� �A ��?9� ��:�9� �!�6 4�� .(���E) W��K ��?9� X��4)9� �764/2  ���9$ �6 (�!�6

 	�97�$4  � ��:�9� �!�640  �6 ��<��<��97 �� �?���J��� S��G��A UK6 ) �A ���-� X��4�7 �74/0  	�97�$ ���9$ �6 (�!�6

2  � ��:�9� �!�640  �6 ��<��<��97  ;���) �� 8!�1 �?���J���4.( ��?9� 	��R�$ �� ��:�9� Uz�
 2��?�� ��  ?9
 \�� W��K

 ;���) U��� 2��74.(  
  

 ;���4-  �v� 2�J����6�7 � ��:�9�  	Q�� �� 	45�.	<*����� ��?9=�>�,� W9K�4+ � W��K ���4�� �  \��@<�
 8< 

"HR�".  
Table 4. The interaction effect of biochar and biofertilizer on some physiological parameters and sodium and 

potassium leaf content of Narcissus tazetta var. Shahla 
��:�9� 

Biochar 

(%) 

	45�. 6�7 

Biofertilizer 

 89����7a   

Chl a (mg/g) 

 89����7Chl b  

 (mg/g)  

87 89����7  

 Total Chl (mg/g) 

W9K�4+  

 K (%) 

�K� WNa (%) 

0 

0 d1.01 d0.50 e1.51 c1.24 bc2.17 

20 �?���J���  

  Mycorrhiza 1-g Kg 20 
abc1.59 bcd0.62 cde1.99 abc1.80 ab2.34 

40  �?���J��� 

Mycorrhiza 1-g Kg 40 
abc1.80 ab0.85 ab2.81 abc1.93 efg1.33 

 U5�.��49
Nitrozist  cd1.33 bcd0.60 de1.93 abc1.76 gh0.98 

2 

0 d1.02 cd0.51 e1.56 bc1.33 de1.74 

20 �?���J���  

  Mycorrhiza 1-g Kg 20 
ab1.90 ab0.86 abc2.72 abc1.45 cd1.85 

40  �?���J��� 

Mycorrhiza 1-g Kg 40 
a2.11 a1.00 a3.11 a2.16 h0.74 

 U5�.��49
Nitrozist  bcd1.40 bcd0.62 cde2.02 abc1.51 bc2.19 

4 

0 bcd1.45 bcd0.62 be2.08 abc1.90 def1.48 

20  �?���J���  

Mycorrhiza1-g Kg 20 
abc1.81 ab0.81 ad2.66 c1.26 fgh1.07 

40 �?���J���  

 Mycorrhiza1g Kg 40 
abc1.72 abc0.76 ad2.45 ab2.06 a2.64 

 U5�.��49
Nitrozist  ab1.90 ab0.86 ab2.82 abc1.51 ab2.31 

† Means with different letter, are significantly different (p≤0.01) based on Least Significant Difference (LSD) test. 

† X9n
�9� ���.A V�K��� C�� 4� /��1 ����6 ���LSD  ;��41� LMK �61 	�Z� /H4Q� ����6 �!�6	� ��6.�����  
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 X�� ��?9� X��4)9� �7 �� yO)� ��9< =)Q � �$ �.� �	<*����  	�97�$ ���9$ �62  � ��:�9� �!�640  �?���J��� S��G ��<
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	J� .� 8�e6 ��9K� �� LMK ?�K ��9)9� �6 X�� �����9$ 	��
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	��
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Research article 
 

Effect of Biochar and Some Biologic Fertilizers on Flowering and 

Morphophysiological Charachteristics of Narcissus tazetta L. var. Shahla 
 

N. Khosravi, M. Dehestani-Ardakani*, M. Shirmardi, J. Gholamnezhad and F. 

Naserinasab11 

 

 The aim of this study was to evaluate the potential effects of biological fertilizer (BF) and 

biochar (BC) application on flowering and morphophysiological charachteristics of Narcissus. 

A factorial experiment based on a completely randomized design was conducted in12 

treatments with three replications. The BC was applied by mixing dry soil at three levels (0, 2 

and 4%w/w), whereas the BF was used at four levels (0, 20and 40 g Kg-1  mycorrhizal 

fungi(MF) and Nitrozist biofertilizer). The MF was used in direct contact with the underside of 

bulbs and bulbs were dipped in Nitrozist biofertilizer solution for 5 minutes. According to the 

results the highest fresh weight of flower, number of flowers, flower diameter, flowering stem 

diameter, height, leaf fresh weight, chlorophyll a, b and total leaf and potassium uptake were 

obtained in the combined treatment of 2%biochar by 40 g Kg-1 MF. Generally, in the most of 

studied traits, alone use of BF and BC improved the growth and flowering characteristics of 

plant compared to the control. However, the best results were obtained in the combined 

treatment of 2%BC and 40 g Kg-1 of MF, while by increasing the levels of BC and BF in 

combination with 4%BC and BF the desiered results were not obtained. 

Keywords: Bulb, Growth characteristics, Mycorrhizal fungi, Biologic fertilizer, Narcissus. 
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