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Abstract 
The field experiment has been conducted as a split split plot based on a randomized complete block design with three replicaitons at Rice 
Research Institute of Mazandaran Province, Amol, in 2017. In this experiment, the seeds are sown in seedling box with different six bed 
treatments. These beds include S1: sulfur bed with 50% rice bran, S2: sulfur-free soil with 25% rice bran, S3: sulfur bed with 25% rice bran, 
S4: sulfur bed with Thiobacillus and 50% rice bran, S5: sulfur-free bed with wood compost and 25% rice bran, and S6: sulfur bed with 
Thiobacillus with 25% bran rice. After some measurements, the seedling is transplanted in the main field. In the field, different beds in box, 
seedling number per hill (3 and 5) and planting space (20×20 cm, 30×14cm) are assigned to the main plot, sub plot, and sub sub plot, 
respectively. The results of main cultivation show that the highest grain yield (5043 kg.ha-1) and biological yield (12319 kg.ha-1) are obtained 
from the treatment of bed soil with sulfur with 50% bran. Planting arrangement treatment in ratoon cultivation on number of hollow seeds 
(4.1), grain yield (1617 kg.ha-1), number of plants per hill treatment on number of tillers (10.3), leaf area (10.6 cm2), panicle length (20.4 cm) 
and grain yield (1613 kg.ha-1), and seedling type treatment on tiller number (10.4) show a statistically significant difference. Seedling grown 
in sulfur with 50% rice brain display the best performance in terms of yield and yield components in both main and ratoon cropping. 
 
Keywords: Grain yield, organic amendment, pigments, planting space, rice, Thobacillus bacteria.  
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��<� =�;�;1� 

-��� ��2� )
� E���� 150 /���&�� #���! 130 /���&�� 

=���J�H�� #@L
�� 200 /���&�� =��F��  ���PH � 25 

/���&�� =��F�� )�� �$ (��P%� � 50 �C�$ Q
! �
$�;� 

��$�� )!�� �2� 3��!� ��'(! �". -
�P� 

*Z� �%
*�J 

� �
��'�" I�D �$��P�!$��� �P�� 
O?+)�� �2� � I�D 


(�*� )!�� �2�) 
�����)�� E:P	� �$ ���+ )1( 

3�2� �$!$ ��" .��! I�D �P�� 
O?+ �2� )!�!$ �$�� �F5 

� ���J @��. XN+ Q�
�H �  ���PH @��. XN+ �
\�� .$�� 

I�D 
(�*� *�� q�PO�� E��	� �� 3!*��  ���PH @��. XN+ 

Q�
�H .$��   

/�'� =��&'( �
!�+! � @[!�� �"!$ @��" �4��O� �� 

v&()�� #4�� )��'�� �� � )����5 
�  ��0�D!�	%
 /�Z�! 

.�" �$ ��0 ���$ #�"� |D�")�� ^
_�F�J�� @��" 

M����! #
��� $!�?� #
Z	H bc� #d�� $!�?� #d�� 34� �� 


��� � 34� ^2D 
���  T��!�� P��� ���
4�! $�!���P�! 

)IRRI( Q��?� .�" BZ	� 3!*�� ��j���lJ @� �� 

���K(  �������P� )80 �C�$( )Chang et al., 2002(# 

�!�;� @	J @� �� �$��P�! 4! o�?� Q�F�J ��PF����� r��� 

��hP�$ �P��PJ��P%L�! )Al-Farsi & Lee, 2008#( �!�;� 

Q�����H 
��'���) d�� 
� m�� $��J$!�� )Bradford, 

1976#( Q��?� )!�P1� @�J��&� �  ��j�	������� �$��P�! 4! 

m�� �F�P	P��F )Lichtenthaler, 1987( �$ 
&[�� @O. 4! 

���&� �� �$��P�! 4! ����J �
4 �4!��!)��� � 
O��1� 

���" )Emam & Pirasteh-Anoshehm, 2014(.  
Chl a+b =  

(16.72 A665 – 9.16A652) + (34.09 A652 –15.28A665) 
Ca = (1000A470 – 1.63chl. a – 104.96 chl. b)/221 

  

C�%= 1. G�
�>3H  <��
I �  ��
	

 J�H ,0K; �)L= �!. � J�H �$���  2��
��2  

M�� I�D  

p
H

 
@�

)
 

(M
�O"

!
  

E
C

 )
d

s/
m

(  

�C
�$

 
�

��0
�

 
M�

O"
!

 
(%

)
  

Q�
��

 
�F

5
 

(%
)

  

=
�	�

��
 

 �
�&

�
 

�$
�?�

 
(%

)
  

3_
��

P��
 

@� 
(%

)
  

��
�J

 
@�

�.
 

X
N+

 
(m

g
/k

g
)

  

 �
��

PH
 

@�
�.

 
X

N+
 

(m
g

/k
g

)
  

)
��

 
(m

g
/k

g
)

  

T
�

 
(%

)
  

�
&��

 
(%

)
 

Q" 
(%

)
  

I�D 
O?+ �2�  90/7  47/0  62  84/0  1/14  08/0  0/3  412  1/2 34  54  12  

I�D 
(�*�  47/7  05/1  68  6/2  4/22  18/0  2/11  120  6/1  30  38  32  
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�0 ���$ �'� � �"� ���� )!�� �4!��! ���) =��C 

#�(!�4 
��'�)�� ���� 4! 10 
L� �$ �� =�� /�Z�! .�" 

�$ 
&[�� ������ ^
_�F�
*�J 3!*�� $�%&'( � )!*+! 

$�%&'( @��" ��0 #
"�D $!�?� 
�!$ �$ #
"�D $!�?� 


�!$ �H �$ #
"�D $!�?� 
�!$ I�H �$ #
"�D 34� 


�!$�!*�# $�%&'( ^
_�F��� � |D�" �"!$�� )!�� 

��K1� �&C! � 3��!� �4!��!)��� .�" $�%&'( 
�!$ �� 

�"!$�� 
L��� 4! ��gY e����P� 4! r�� �� =�� Q��?� 

�". )!�� 

*Z� � @�&1� ���5) 4! /�� �!*J! SAS ) 
:��

9.2( � )!�� �;�
=�� ��h���Q�� 4! 3��45 
	�!$�	Y)! 

Q%�!$ )5 (�C�$ �$��P�! .�" 

  

3. ����� � ��   


������
�� 
� 3!�	( E:P	� 4! Q�� )����'�� v&P:� 

X�:P�! ���" 
� 4! f�1F ��'���$ ���� )Soodaee et al., 

2019( )!�!$ Q
��\�� bc� .��$�� �$ ���+ )2( �D�� 

=��C �4!��!)��� ��" �$��5 ��" .��! 4! f�1F ��0 


����� � ��0 d�� ��'�� I�D �P�� �� $���� �� 

T�&������� �� 50 �C�$ T�O� -��� � ��'�� I�D �P�� 

3��� $���� �� ���L'� +X�Y 25 �C�$ T�O� -��� 


� E���� �� 0/18# 7/17 � 6/12# 7/12 �P��� �P� Q
�Pg� 

��?w� !� .�	P"!$ 4! f�1F 34� ^2D /!��! �
!�� ��'�� 

I�D �P�� �� $���� �� T�&������� �� 50 �C�$ T�O� 

-��� � ��'�� I�D �P�� 3��� $���� �� 25 �C�$ T�O� 

-��� 
� E���� 3/44 � 6/35 /�� Q
��\�� 34� ^2D !� 

!�!$ .��$�� 4! ��� ��'� ���� � )���{ )Soodaee et al., 

2019( 
����� )�� 
PJ�
�"� �$ I�D �P�� �� $���� �� 

T�&������� �� T�O� -��� 50 �C�$ � ��'�� I�D �P�� 

3��� $���� �� ���L'� +X�Y 25 �C�$ T�O� -��� 

�� ��'� 20 Q
�Pg� ��?w� )�"� !� .�	P"!$  

  

3 .1 !�"# .$%
�& '(�")�
) �
�+) �,-. '����  �
�+) 

'/%  0�1 � 2%3 /%  4�%. � 0�1 (�6�7  

�$!$ }��
�!� 

*Z��4!��! )��)���  �&C! �2� )!�� ��"

 M�� #
L� �$ 
��� $!�?� #�"�� B
!�5 ��'�� 
� $!$ 3�2�

35 @��;P� =!��! � 
�����  d�� $!�?� � M����! =��C �� ��

�	?� =���� 
��� �$ �1� ����� 
Z	H $!�?� .�"!�� )�!$

�	?� �����  ��'P[! bc� �$) 
L� �$ 
��� �!$1  � (�C�$


� @��;P� =!��!  
��� M�� � 
L� �$ 
��� $!�?� #�"�� B
!�5

 ��'P[! bc� �$) 
�����5 .�J�� �!�. (�C�$  

  

C�%= 2.  H,;  8"�� ��� �%
� �9��
8��� +M0N� O��,� �0I�� �� �)L= �!.  

��'��   


�����  

��0 
�����  

)cm(  

��0 d��  

)cm(  

$!�?�   

d��  

34� ^2D /!��! �
!��  

)g(  

��'� ����  

)�	O�) 20(  

S1 ab2/13  bc3/8  a70/1  b0/25  ab0/16  

S2  ab5/15  ab8/10  a01/2  ab6/35  ab0/16  

S3  b4/11  c9/6  a81/1  b0/29  b0/13  

S4  a0/18  a6/12  a10/2  a3/44  a0/20  

S5  a7/17  a7/12  a01/2  b6/31  a0/20  

S6 b8/10  c0/7  a84/1  b0/29  b0/14  

S1 - J�H ,0K; �; �,8>8 �; P>)& ?.,; 50 (%��� S2 - J�H ,0K; D�%; �,8>8 �; P>)& ?.,; 25 (%��� S3 - J�H ,0K; �; �,8>8 �; P>)& ?.,; 25 (%��� 

S4 - J�H ,0K; �; �,8>8 �; P>#
&�;>
2 �; P>)& ?.,; 50 (%��� S5 - J�H ,0K; D�%; �,8>8 �; /&>Q	7 P>)&+S>T ?.,; 25 (%��� S6 - J�H ,0K; �; 

�,8>8 �; P>#
&�;>
2 �; P>)& ?.,; 25 .%���  
  

  

  



#$%	��  $�	&'
# ( )*
+  ��' (,)-.� /	� ��' �
0
�, ( 12,�  3.
,� 
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��0 
"�D *�� �g	� �1� ����� 
��� �$ 
L� �!�. 

�J�� �$ bc� ��'P[! 5 �C�$ ���+) 3.( �$ �2� 

3��!� B
!�5 #�"�� $!�?� 
��� �$ #
L� M�� 
����� � 

=!��! @��;P� 35 �� �� M����! #
��� ��0 
"�D � ��0 

d��  Y�H ����� �	?�)�!$ �"!�� Q%�F� �$ �2� 3��!� 

�g	� �1� ����� �	?��!$ ��! @��;P� B
!�5 �"�� � $!�?� 


��� �$ 
L� �� $!�?� 
Z	H � ��( d��  Y�H ����� 

�	?� �!$) �$ bc� ��'P[! 5 �C�$ �"!N� ���+) 8.(   

  
C�%= 3. ���-2 U.���'� G��� �V'%.'�,
8 �%
 �; �����	
2  !���VW X>;,� �; YM; Y���VW �$����' /!7 C�' ?.,;  

e��	� =!���k�  
+
�$

 
)

$!4
5

  

Q�h���� =�?���  

M�
���

!
 


��
�

  

$!�
?�

 

Z

	H
 

��
��

�
  

$!�
?�

 
d

��
  

bc
�

 
d

��
  

34
�

 
�� 


��
�

  

34
�

 
^

2D
 


��
�

  

��
0

 

"

�D
  

$!�
?�

 

�!

$
 

�$ 

"

�D
  

$!�
?�

 

�!

$
 �H

 

$!�
?�

 

�!

$
 

I
�H

  

34
�

 

�!

$�
!*�

  

I�&�  2  8/377 ** 5/9 ** 3/280 ** 04/0  9/548 ns 1/123 ns 35/0 ns 6/375 ns 8/231 ns 5/176 ** 0/30 ** 
B
!�5 �"�� )C(  1  5/8 ns 7/0 ns 8/1 ns 002/0 ns 7/13 ns 3/62 ns 64/2 ns 4/17 ns 5/38 ns 6/125 ** 0/25 ** 
)�cD ��!  2  6/5  2/5  4/64  04/0  8/484  4/60  18/0  6/334  6/448  4/17  4/1  


��� �$ 
L� )H( 1  4/3 ns 7/6 ** 5/16 ns 08/0 * 3/964 * 5/12 ns 82/9 * 9/1 ns 0/102 ns 1/62 * 0/0 ns 
C*H 1  0/6 ns 02/0 ns 7/113 ns 01/0 ns 9/232 ns 1/3 ns 13/2 ns 0/47 ns 6/9 ns 6/8 ns 1/11 * 

)�cD /�$  2  8/17  1/3  1/67  009/0  1/144  4/13  10/9  4/70  7/118  8/40  2/7  
M�� 
����� )S(  5  5/10 ns 8/2 ** 3/85 ns 01/0 ns 8/262 ns 7/26 ns 57/0 ns 8/70 ns 4/81 ns 3/20 ns 9/0 ns 

C*S  5  4/42 ns 5/0 ns 1/33 ns 02/0 ns 6/277 ns 5/71 ns 51/1 ns 0/122 ns 3/109 ns 8/13 ns 7/1 ns 
H*S 5  4/15 ns 3/0 ns 5/39 ns 01/0 ns 7/148 ns 3/9 ns 60/2 ns 2/49 ns 9/90 ns 9/15 ns 5/1 ns 

)�cD /��  10  8/19  5/1  8/30  01/0  3/205  2/37  46/1  9/119  6/124  7/16  7/2  
C*H*S 5  5/20 ns 2/2 * 1/23 ns 01/0 ns 6/195 ns 9/30 ns 90/1 ns 0/193 ns 6/257 ns 8/11 ns 6/0 ns 
)�cD B
��45  32  6/19  7/0  6/41  01/0  8/231  3/35  28/2  1/159  7/157  0/10  2/2  
E
�w =!���k� )CV( )%(  1/3  8/8  6/15  6/14  2/14  1/14  5/5  9/11  9/12  6/16  2/5  

 
 ��'�' C�%=3�V'%.' G��� U.���'� ���-2 .�,
8 �$��� Y���VW YM; �; X>;,�  !���VW �����	
2 �; �%
?.,; C�' /!7 �'  

e��	� =!���k�  
+
�$

 
)

$!4
5

  

Q�h���� =�?���  

|
D�

"
 

�
"!

$�
�

 

$�
%&

'(
 


�!
$

 

$�
%&

'(
 

^

_�

F��
�

 

@�
J�

�&
�

 a
 

@�
J�

�&
�

 
b

 

��
j�

	��
��

�
  

Q�
���

�H
  

3!
*�

�
 

@	
J

  

3!
*�

�
 

��
j�

��l
J

  

I�&�  2  82/3 ns 6814 ns 214657 ns 002/0 ns * 007/0  001/0 ns 001/0 ns 005/0 ns 001/0 ns 
B
!�5 �"�� )C(  1  72/3 ns **2662855  **19069429  **025/0  **053/0  **004/0  **002/0  009/0 ns **002/0  
)�cD ��!  2  82/8  191876  147975  002/0  001/0  001/0  003/0  005/0  001/0 


��� �$ 
L� )H( 1  67/6 ns *506336  *5335555  **176/0  **307/1  *001/0  **004/0  **173/0  **014/0  
C×H 1  32/0 ns 2828 ns 30094 ns **069/0 **215/0 **007/0  **002/0 004/0 ns **001/0  

)�cD /�$  2  11/8  491893  3566795  001/0  001/0  001/0  001/0  005/0  001/0  
M�� 
����� )S(  5  86/0 ns 49579 ns 343019 ns **010/0  **037/0  **019/0  **002/0  024/0**  **002/0  

C×S  5  13/24 **
 205866 ns 493092 ns **022/0  **201/0  **004/0  **003/0  011/0 ns **001/0  

H×S 5  55/8 ns 228650 ns 2950362* **041/0  **081/0  **007/0  **003/0  **037/0  **002/0  
)�cD /��  10  36/4  20497  360299  001/0  001/0  001/0  002/0  005/0  001/0  

C×H×S 5  38/2 ns 95869 ns 755834 ns **033/0  **152/0  **017/0  **003/0  **083/0  **001/0  
)�cD B
��45  32  16/6  115706  893802  001/0  001/0  001/0  006/0  005/0  001/0  
E
�w =!���k� )CV( )%(  83/5  4/6  8/8  1/3  6/3  3/5  91/0  4/9  98/0  

ns(  *�  :**�; +
2,2  [\0H' �>).NL�  �'� �  [\0H' NL� �'� �� ]^& C�	0*' 5 � 1 .%���  
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 �� 
L� �$ 
��� $!�?� ��! Q�h���� 
�
�;� -
�P� T��!��

 -	H �$ 
"�D ��0 $!$ 3�2� �&C! �2� �$ 
"�D ��0


� 
L� �$ 
��� �	?� ��0 B�� )�!$  �$ 
"�D ��0 4! ��

 
� � 
L� �$ 
��� -	H �$ 
"�D ��0 $�� 
L� �$ 
��� 
�


� 
L� �$ 
��� E����  ��!��4/27  �7/26 �P���  $�� �P�

 ���+)4
� @��;P� ��! Q�h���� 
�
�;� -
�P� .(  �� 
���

 �2� �$ ����� 
Z	H $!�?�B�� $!$ 3�2� �&C!  Q
��

 B
!�5 ��'�� �$ ����� 
Z	H $!�?�30×14 �$ 
��� -	H #

 
����� � 
L�5 s)X�Y ���L'� �� $���� 3��� I�D 

 �25  �C�$-��� T�O� � (6s )$���� �� I�D# 

 T�&������� �25 �C�$ -��� T�O� 
� �" ����2� (

 ��!��11  � $�� 
��� �$ 
Z	H $�( Q
��  ����� 
Z	H $!�?�

 B
!�5 ��'�� �$ *��20×20 #3  
����� � 
L� �$ 
���1s 

) $���� �� I�D �'Z[ �C�$ �50 �C�$ T�O� (

 ��!�� � �" ����2�1/8  ���+) $�� $�(4 �2� �$ .(

 $!$ 3�2� 
����� M�� � �"�� B
!�5 @��;P� ��! 3��!�

B��  �"�� B
!�5 ��'�� �$ ����� 
Z	H $!�?� Q
��

20×20  
����� �6s )$���� �� I�D#  T�&������� �25 

�C�$ -��� T�O�
� (  ��!�� 
� ��5 ��$1/11  #$�� $�(

 � ��'�� �$ 3��!� �2� �$ ����� 
Z	H $!�?� Q
�� )��

�"�� B
!�5 30×14  
����� �5s ) $���� 3��� I�D

X�Y ���L'� ��  �25  �C�$-��� T�O� � (6s ) I�D

$���� ��#  T�&������� �25 �C�$ -��� T�O� ����2� (

 ��!�� 
� �"1/9  ���+) $�� $�(6
� .( �� ���  Q
! ���


� 
����� �2� �P��  4��g� 
� -��� T�O� $�+� @�F$

�� �"� I�1� $!�� 4! �	i!��) �"�� ��Soodaee et al., 

2019 �$ � 
P"!$ �Ox� ����� 
����� ����� � �"� )�� (

 )�� 
P��!�� �J�� �"� =��. 
� 
+�� �� �&C! Q��4


Z	H $!�?� ������"�� �!N�  
����� �2� �P�� Q
! �$

 -��� T�O� �� T�&������� �� $���� �� �P�� I�D)25 

 �
 �C�$6s
� (  -��� T�O� $�+� @�F$ 4! �	i 4��g� 
�

�� �"� I�1� $!��) �"�� ��!��Soodaee et al., 2019 (

 Q��4 �$ � 
P"!$ �Ox� ����� 
����� ����� � �"� )��

 $!�?� )�� 
P��!�� �J�� �"� =��. 
� 
+�� �� 
&C!


� B&� ��0 .�"�� �!N������ 
Z	H �+  @'( 4! �?� �����


Z	H $!�?� #�"!$��2� !� 3��!� �&C! )���� |: �	�

)Vergara et al., 1988 -
�P� �� 
� (Sadeghi )1997 *�� (

 �;��c� .$�!$Fagria et al. )2003
Z�P� ( �	PJ�� �$  3���

)!*+! #$�%&'( ��0 
"�D � $!�?� 
"�D
Y B�� Q
�� 

�hP�O'� !� �� 
P"!$ 
�!$ � ��NP� ���" 
� $����� 210 

/���&�� 3_��P�� 
� ��0 �	?�)�!$  ����0 
"�D ����� 

��$�!N� � 
c�!� Q�� Q
! �$ �cD  B&� ��0 .��!


� 
Z	H $!�?� #�"!$�� @'( 4! �?� ����� )�+  �&C! )��

�� |:2� !� 3��!�) �	�Vergara et al., 1988(  �� 
�

 -
�P�Sadeghi )1997B��,H .$�!$ �;��c� *�� ( Bahar 

& Datta )1977 (4! M����! 
��� 
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