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Comprehensive abstract 

Introduction 
Nitrogen (N) is an essential element in crop plants and it’s application is one of the important  

factors for improving growth, chlorophyll content, rate and grain filling period as well as grain yield of 

wheat. Although nitrogen is the major macronutrient determining grain filling components of wheat, 

but the release of large rates of nitrogen fertilizer into the environment can cause a serious 

environmental problem such as groundwater pollution. In such a situation, several strategies have been 

proposed to decrease the effects of pollution caused by large rates of nitrogen fertilizer. In this regard, 

application of biofertilizers such as Azotobacter and mycorrhiza can decrease the need for chemical 

fertilizers and adverse environmental effects, and increase crop yield. The aim of this study was to 

evaluate the effects of nitrogen and biofertilizers (mycorrhiza and Azotobacter) on chlorophyll content, 

yield and grain filling components of wheat. 

Materials and methods 
The factorial experiment was carried out in randomized complete block design with three 

replications at the research field of Faculty of Agriculture and Natural Resources, University of 

Mohaghegh Ardabili, Ardabil, Iran, in 2022-2023. The experimental factors were included the 

application of biofertilizers in eight levels (no application as control, and application of Azotobacter, 

mycorrhiza Glomus moseae, mycorrhiza Glomus intraradices, Glomus moseae and Azotobacter, 

Glomus intraradices and Azotobacter, Glomus moseae and Glomus intraradices, Glomus moseae and 

Glomus intraradices along with Azotobacter), and nitrogen fertilizer rates at three levels (no 

application as control, and application of 100 and 200 kg urea.ha-1). The wheat cultivar ‘Chamran’ was 

used in this experiment with the optimal density of 400 seeds.m-2. Mycorrhiza fungi (Glomus mosseae 

and Glomus intraradices) were obtained from Turan Zist Fanavar Institute, Shahrood, Iran. The soils 

with mycorrhiza fungi were treated based on the manufacturer’s protocol (20 g.m-2). Azotobacter were 

isolated from the rhizosphere of wheat by Research Institute of Soil and Water, Tehran, Iran. The 

strain density of microorganism used as Azotobacter in this experiment were 1×108 bacteria per 

milliliter (108 cfu/ml−1). To study the root volume, a number of plastic bags were put in each plot 

before planting. The roots were removed at maturity stage and after washing, root volume was 

measured by graduated cylinder. Two piecewise linear model was used to determine the grain filling 

parameters. To determinate grain filling components (such as grain filling period, grain filling rate, 

effective grain filling period), the first sampling was done 10 days after heading, and other samplings 

were done in 4-days intervals to determine the accumulation of grain weight. For determination of 

biological yield and grain yield, 0.2 m2 was harvested in each plot. 
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Research findings 
The results showed that application of Azotobacter and mycorrhiza (Glomus moseae and Glomus 

intraradices) with 200 kg urea.ha-1 increased chlorophyll-a (48.52%), chlorophyll-b (39.47%), total 

chlorophyll (45.67%), carotenoid (58.94%), maximum grain weight (41.84%), grain filling rate 

(7.97%), grain filling period (18.44%), effective grain filling period (31.33%) and root volume 

(37.43%) compared to no application of biofertilizers and nitrogen. Also, application of biofertilizers 

(Glomus mosseae and Glomus intraradices with azotobacter) along with 200 kg urea.ha-1 increased 

plant height, spike length, 1000 grain weight and grain yield of wheat by 51.5%, 42.85%, 47.19% and 

36.68%, respectively, compared to no application of nitrogen and biofertilizers.  

Conclusion 
According to the results of this study, it seems that the application of biofertilizers (Azotobacter 

and Mycorrhiza) and nitrogen fertilizer can increase grain yield of wheat by improving the grain 

filling components and some physiological traits. 
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#����I. )Mader et al., 2011(  _+8 � G ���! q��N"

� N$��t�+6 �t5 ���" �L5 �}��  Gtt5 �� �!tt� I� �b���6���tt


 #�N+641 W$�Nttt)� �.�� G5 %�=� ���� .��� /tt$ i$�tt-� 

W$�6�D 	��� " 	
�!5 ���6 �� ��!V� ���� _+8 � !-�tt5���� 

� �� $!+z
��D �� ��T
 {tt -u6 ��tt #0�!tt-+� )!`tt� �tt� 

120 �!"� + �� ��-�. (!5 ��� � �!� I� ���" N+�  #�tt��

 �� G��� �!� I� G �����I+� �.�tt� 7/17 ��!tt" _+tt8 � �tt5 

�� $!+z
��D 8/18 ��!tt" _+tt8 � �tt5  !-�tt5����7/25 � �!tt" 

_+8 � ���� #D !5�!5 �5 8/25 �!" �� !. �tt "#� �� F+(��tt+6 

��T
 �� #0�!-+� ��5 )Rai & Gaur, 1998.( b��tt=+5 

� #����I. )Biswas et al., 2003(� 	1�u1� � �tt6�" )El-

Kholy & Gomaa, 2000 ( N+�#��� �tt���� Gtt �!5��tt 

��tt.�� �$	-tt= W$�Ntt)� FIttB ��!tt� I� �tt5 W.�tt50 

����� �� Y!C6 !$��86  G+������ ��tt.�� 	$�+I+tt� 

�� ���6 #��� � ��~ ��5 ��!I.. 	`$!tt��+
 � 	`$!��+
 

)Seyed Sharifi & Seyed Sharifi, 2020(  	tt
�!5 ��

 � ��tt+5�N$�) 	-tt=$� ��tt.�� �!5��tt � #0�!tt-+� !+V�tt�

W+5 �(�N$���+6G`1�6 � �!� I� F$!� �� Gtt��� #�tt�!& ��tt.

 �tt5 �Ltt5 _+tt8 � � #0�!tt-+� ��tt �� 	$w�tt5 !$��86 �!5�� ��

6 � ��+5�N$�.���! q��N" �N$���+  

���" %+I.� G5�Lr 4��6 /$ #����	$ ��� �� E'6� 

q!-=" ��� #�N)� 2IO+% � �+�� G5 �Lr ���6 	$5+W�!� 

SO�6 ���`-
� 5	��$G �� �.�� ��+I+�	$ G5�\$�  ��

#0�!-+� W$�N)� %'O 1��+� %
� ��� .5G:+1� I.�+ %

� ��.��$-=	  �� ��-
���& ������$���� W$�6�D F$� 


�!5 Y�. �5	 !+V�� �!5��  � N$���+6) 	-=$� ��.��

G5 (!-�5������ ��!I. �+#0�!- !5  �:+)�!  ���-96

 �!� I�G`1�6 � G��� #��!& ��.���'5 ���"  #�!IJ EZ�

�� �����.  

  

K�� � �3'��  

�tt6�D$Gtt5 W�& �!tt3 Stt1�Z �� :tt$��-�) ���tt�tt$ G

[� 5�.� )��C� :6�	 
 �� Gtt��N6 �� ��!tt�� G 	tt�.�\&

	2+�3 45��6 � ������ ������� 5��� 7tt896 ��(����+tt 	 

 �� 4Z��10 :+5��� �!� �!-6� +  ?�tt
 ��1401-1400 

 W$�tt6�D ��tt��� :tt96 .�tt� �!O��tt5 :tt+5��� #�-tt
!'� �� 

$�+)�!MO ��C-u6	 48  � GO��20  � 	Z!tt� ?�tt3 G8+Z�

38  � GO��15  	1�I� �!� G8+Z��5  o�`���1350  �� !tt-6

 �$�� _T
 � ���� ��!ZGI+� E +Z� ����� [�ttR .%tt
� /�R

	�$�6�D G��N6 �5 pH  ���e76/7  7ttI� �40 -��tt
	!-6� 

[�R �NO.%tt
� 	tt
� ��tt1 ��. 	"\$� !$�tt
��tt.  [�ttR

 ?��O �� 	�$�6�D G��N61  ��O ��Cu�6 � G8T�6	tt3 

 ?��O �� ���" ��� ����2 Gm��� .%
� ���   

  

O ?��1 - u�6[�R 	$�+I+���$N+) ��C  
        Table 1. Soil physico-chemical characteristics 

 

 ?��O2 - 	
�����. ����3� 	3 " ��� �������  

Table 3. Meteorological characteristics during wheat growth period 

Apr May Jun Jul Aug Parameter 

44 52.1 6.1 0.1 0.5 Rainfall (mm) 

8.4 12.3 17.3 18.9 19.6 Average temperature (°C) 

176 160 287 346 267 Total sunshine (hours) 

64 76 65 63 68 Average relative humidity  (%) 

  

���I+�.	�$�6�D � �tt.�� �!5��tt :6��� �$-tt=	  ��

 _T
 %�.G5 �!5�� ���) �!5��tt �!-�tt5���� ��.�� #����

�N$���+6 moseae Glomus� �N$���+6 intraradices G.� 

 �N$��ttt�+6moseae .G �  �N$��ttt�+6 �!-�ttt5���� .G

intraradices �  �N$��tt�+6 �!-�tt5����moseae .G �  .G

intradices �N$��tt�+6 �G. moseae � G. intradices 

G5(!-�5���� ��!I.  !`tt�) _T
 G
 �� #0�!-+� �!5�� �tt$ �

� �!5�� ���+#0�!- �  �!5��100  �200 + �!"�tt  ���� ��

�5 (��-�. .� �L5 ��tt'O #�6��tt
 �� #�!ttIJ EttZ� ���'5 ���"

������ '�+� .�tt� Gtt$���� EttZ� F� �tt+ ���tt'5 �tt�� � �tt5

F+(��+6  o�`���59 -��tt
	 73�tt�6 �� %tt� Stt
��6 �!tt-6

 �!" � ���5!-'5$ #�tt6� F�� #D %tt�+#�5D ��� GttI �tt� ��tt6

��6�~D !R��� %
�� tt� ��tt'5 �� !+tt
�!
 73��6 �� 	1�% 

	6��� .5 E�!�#D G�+' 400 �L5  45!6 !-6 ��%
��tt
 .$ G

CaCO3 Clay Silt Sand Organic 

carbon 
N EC P K Fe pH Parameter 

5 39 30 31 0.86 0.08 1.54 12.2 495 5.1 7.76 Amount 
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 !-�5���� �1�R ����! G=
�6 �� ��8+89� UD � [�R

 #�!'�'�+�6 �� �!" !. .�� G$8 � G+_ ��tte� 810 !-�tt5� 

��5 G G5 !tt-'5 	"���tt=J ��!tt5 	5!� �I� ?� 96 ��!I.

G5 ��tt u6 Ftt$� .�tt� ���`-
� �.�L5 G5 _+8 � G$�6 �� ��tt6

/�R :96 �� %��
 .�tt� ���� ��!ttZ /$��� � Gtt��" ��tt.

6+��tttt�$ Nmoseae .G � intraradices .G %!tttt� �� 

�$'� #���� #�����) %=+Gtt5 � G6+ #�N20  4tt5!6!-6 �� �!tt"

tt��� ���-
� G5 [�R+ ��Ltt6 %!tt� G���`-tt
�  !tt. .�tt�

�6�D �e��$�	  :6��G5 %�� PR i�& !-6 ��'J ?�3 ��tt5

 � �5 �.�L5�� G ��)${20 -��
	 !-6�5  E�!tt�400  �� �Ltt5

 45!6!-6���� %�. G5!5 ��X�6DG�$� E�e 7+Z� ����tt.� 

{$�� �� %�� �� :�Ztt=+ ����tt2� �! !. 	 �� ��.G 

 7I� �� 	�+-
�&30-40 	-��
Ett. � [�R �!-6 _Ttt


%Itt=Z !tt($� �5�tt� ���� ��!ttZ �tt..  Ftt$� �� %tt�� E�!tt�

G=+ �.%Itt=Z !($� E�!� G5��6��tt5 ��tt� G-tt�� ��tt. 

)Ahmadi Nouraldinvandi et al., 2021.(  

 F++2� ��!5G`1�6��. � #��!& G�� ���tte10  �tt25 ���

 ��
 ��G	.� /$ ��� ��tt'J !tt. 	��tt6� :���) �� Gtt
 ���tt5

 G��5 	)��C�G��5 F+5 ��%5�Z� ��. tt�� ��TR �� ���� 	 

+��e !V� %$��� �5 	�$�6�D �e�� !.G�� ftt& � %���!5 �� 

��� ���(�$�6�D G5 ?�8-��G � ��ttO G ��tt
 �� �.tt��� ���tt2�G �.

q��I� ��. Gtt��� �.5G 	tt�$!-�1� #�D �� %��tt
 �� ��tt6

G$�'� ��tt6� �� ���130  GttO��b�+tt= 
 -)!" ��!ttZ�tt� � 

/� /�R #��G���  ��%�=�  ���2� G5 : /�R #��Gtt��� 

) �tt� ���D!tt5Ronanini et al., 2004 %tt'O .(���D!tt5 

G`1�6��.  	ttTR #�+tt
!"� ?�tt6 �� G��� #��!& G5 ��5!6

Gtt�� ����  Gtt$�� b�tt
� !tt5reg ��-tt
� � :I21�DUD 

!�� ��N)�SAS G5�� ���`-
� !$� ����:   

)1    (                     GW = �a +  bt
       t < t

a +  bt         t > t


  

 G �� �#DGW  �G��� #��t #�tt6� �b  #�tt�!& %�!tt


G���� 0t � Gtt��� #��!& ���� #�$�& a  .%tt
� ��tt�6 �� �!tt�

� G��� #�� ��!++M� ?�6 F$� Gtt e!6 �� Gtt5 �� #�6� G5 %�=

	6 /+�`�ttTR Gtt e!6 %tt8+8e �� Gtt ?�� G e!6 :��	 

tt86 !n��tte Gtt5 #�+tt
� �� G��� #�� �%
� G��� #��!&� ��

� ��R� #�tt6� 0t )"�+tt
� #�tt6� %tt8+8e �� Gtt	  	tt���

%tt
�(G5 �ttTR ���tt�	 6 W$�Ntt)�	tt5�$ PttR S+tt� .�

) Gtt e!6 Ftt$� �� #�+
!"�0t < t� Gtt��� #�tt�!& %�!tt
 ( �

	6 #���) �.�Ellis & Filho-Pieta, 1992 .(  �5tt5 q��!

���� G+ !5 ?�6 F$��.�  �� ��-5�Gtt`1�6  Gtt��� #�tt�!& Ett'6

) G��� #��!& %�!
 	�2$b"�+tt
� #�6� � (	 ) 	tt���0t (

G5 fztt
 � �tt6D %tt
� �tt5��� ��!ttZ# ���tt� ���tt86 0t  ��

GT5�� ��� %I=Z �GW %tt
� G��� #�� G� �tt� G�tt
�96. 

� ��!tt5 Gtt��� #�tt�!& !V�tt6 ���� F+tt+2 Ntt+� GttT5�� ��)2( 

) �� ���`-
�Ellis & Filho-Pieta, 1992(:   

)2     (                                   EFP =  MGW/b 

GT5�� F$� ��� EFP  �Gtt��� #�tt�!& !V�tt6 ����MGW 

 � G��� #�� !n��eb  G��� #��!& %�!
%
�.  

G5������ ��X�6�!+" ����6 	��`� G ��
 ?�3 �  ���tt2�

:Z��tte �G ��tt
 �� G���10 Gtt5 Gtt��5 F+tt5 �� 	)��ttC� ��tt3

��5G%5�Z� ��. G+tt��e !V� %$��� �5 ����tte�� !tt. �� �� �

���� F+(��+6 � U�u-�� 	�$�6�DG5 :��e ��.q��� #��tt�� 

`� F$�� .�� G-)!"!X� �� 	�$�6�D �e�� #D �� � �!tt� I�

 � G���%=$� �!� I����� !5 �5%���  ?��tt26 	9T
 ��2/0 

45!6!-6  	tt�$�6�D �e�� !. 	 �� ��TR �� !ttV� %tt$��� �tt5

G+��e��  .�� ����� ��!5������Gtt�$� E�e �!+"��tt-5� ��. 

G�$�tt=+ �� �.G�.Gtt5 Gtt 	$. �tte�� !tt. �� %tt�� ��(�

��tt5 ��tt� ���� ��!ttZ 	tt�$�6�D� Q��ttR ���tt� � fztt
  �tt5

-tt
� �� UD �� 	Cu�6 E�e �� ���`-
� Ett�e �Q��tt6 G���

������ G�$��� �!+" Gtt Stt+�!� Ftt$� Gtt5 � Ett�e Y�-ttR�

��tt�$�  ��tt� � :tt�ZGtt�$� ���� �� ftt& G���-tt
� UD �� �tt.

Q��6� G5 ��ttX�6 Gtt�$� Ett�e #��tt��tt�.�  ���tt6D Gtt$N��

�����.  �5�!� ��N)�SAS 9.4  ��tt5 �tt.����I� Ett
� �!tt�tt)���N 

Excel .�� �����  ��!5F+(��tt+6 Gtt=$�86 �tt.tt+� N��  #�tt6�D

LSD  ���� i�& ?�I-e� _T
 ��.�� ���`-
�  

  

N�� � O2�*.  

'�3*�6 9�):7�8 :�-�$N�� ?��O i$��� G$��� #��� f�� 

V�� G+�.�� !� �$-=	 a��Z)�.� 6+���$ � �N-�5����!�( 

� ��+ ��!V� � #0�!-$� !5 :6�� �� F ���-96)�! + :a �

:+)�!  � : �����+$�� � �I-e� _T
 ?$ ���� /�  !5

���-96  :+)�! b �26 ���� i�& _T
 ��	 ��5 ���

 ?��O)3.(  

i$�-� :��e �� �86$G= 6+(��+F�. ��� #���  G !n��e

6���-9 :+)�! ��. a �b G5 : ��!�+) S386/4 �

922/1  �309/6 	 +6!� #�� �!" !5 �!"  �!5�� �� (y!5

a��Z � !-�5���� �����.� 6+���$6 NG
�� � D$ �5 ��!I. �!-�

Y!C6 200 +� �!"� + ��-�.�� #0�!-5G6D %
� .� G5

!($� 	��+5� ���-96 :+)�! ��. a �b  : � F$� ��

 ���I+� S+!�G5 �.�� ��I+� �5 G=$�86 ���!�+ SG5 #�N+6
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52/48 �47/39  �67/45  W$�N)� ����%)�$ F+�HI. .

W+56 F$!� ���-9EJ!& y!5 �+m������  �!5�� �� ���"

a��Z � !-�5���� �����.� 6+���$G
�6 N� � D$ �5 ��!I. �!-�

 �!5��100  �200 +��-�. �� �!"�  ���� �� )240/0 

	 +6 � !-�5���� �!5�� � (y!5!� #�� �!" !5 �!"6+���$ N

 Y!C6 �5 ��!I. �!-�$�200 ��-�. �� �!"� + ���� �� 

)238/0 	 +6�� �!"!5 �!"G5 (y!5!� # �� G �6D %
�

	�26 Y�-R� ���6D !X� ���-���� ����	1�  ���+!� F$�

 �5 G=$�86 �� ���I+���I+�  EJ!& y!5 �+m����� ��.��

 G5 /$�N� �� ���"59  ?��O) ����� W$�N)� ����4.(  ��

	$���DNO #0�!-+� G�  :+)�!  ��-R�
 	
�
� �%
� ��

 �#0�!-+� �!5�� �5 G�+-�G���(�� 	6�I� ���-96 ��.

 �� E #0�!-+� ��O� G��D FIB .%)�$ W$�N)� �N-�
�-)

 ?��O) %� %9� [�R1(  G %
� 	 $w� !($� ��

 %�n6 W��� #0�!-+� �� �!5�� G5 ��+" �� SO�6

Y!3 �� .�.� W$�N)� �� :+)�!  ���-96 � ���� #��� 

�$!( G56 !X�	 �
�e W$�N)� �5 	-=$� ��.�� G�$� E�

 ?��O)4 � (6+'=� �5 �N$���+!���� ULO ���� :�  ����6

�+�6 � #0�!-+N$) EG5��NO� #����  ��	 )�!  ��-R�
+ (:

-=$NI. GT5�� ���$� 7$!3 �� �	 " �5+ �6D�� ULO � ��

R!5	 G5 G !`=) ����6 !�����+  !C�� #�����  ��

0!�� ?�8-��� 3	 O�6 �%
� �!T6 N-�
�-) ��$D!) S

��-96 W$�N)�� )�! + :%
� ��� . W$�N)� �� 	�u5

	6 :+)�!  ���-96 !+V�� �� 	��� �����!-�5���� �� 

 	
!-
�W+5!� G5 ��+" �+) #0�!-Chandrasekhar et 

al., 2005( �u5 �	  �� 	��� !($��!-�5 W8�  ��

 �F +�� %R�
 W.� �$ � 	-e !+V��6+ N$��� �� W.�

:+)�!  G$N�� � 1�2) ���'5+E$N�D %-�D ��.	���+=� 	

���5 )Seyed Sharifi & Namvar, 2016.(  

%<&3'%.� /=�)$ 6�� : ��� #��� f��$��� G$N�� i$�-�

6) 	-=$� ��.�� �!5�� G+���$ � �N!-�5����(  �� �

���� E.!5 � %�!
 �G��� #�� !n��e !5 :6�� �� F$� W�

!& � � ���� ?�3 �G��� #�� _T
 �� G��� #��!& !V�6 ���

 ?�I-e��26 ���� /$	 ?��O) ��5 ���3 .(�!5 ���� 	


 #��� G��� #��!& ��!++M���� 5 ��-5� G��� #�� GG ��3

 G5 � %)�$ W$�N)� 	TR!n��e #�� ��R  �� �25 � �+
�

 :��) ���6 %5�V � %���� 	����J ��!++M� #D1 �!5�� .(

!-�5���� ���� �5 a��Z�.G
�6 � �!5�� �5 ��!I. �!-�$� � D

200  �!"� +���� ���� � ���� ?�3 �G��� #�� !n��e �

G5 �� G��� #��!& !V�6G5 S+�!� #�N+68/41 �4/18  �3/31 

 ���� � 	-=$� ��.�� �!5�� ���) �.�� �5 G=$�86 ��

 (#0�!-+� ?��O) ��� W$�N)�4 �!-�$� � �N$���+6 �!5�� .(

 �5 ��!I.200  �!"� +����  W$�N)� SO�6 ��-�. ��5/8 

�����  .�� �.�� ��I+� G5 %�=� G��� #��!& %�!


G5	6 !X�G`1�6 W$�N)� �� 	�u5 �
� G��� #�� !& ��.

)G��� #��� G��� #��!& !V�6 ���� � ���� ?�3( 5G GT
��

 	$�+I+� �� � 	-=$� ��.�� �!5������ 	6 	��� �����

��� F$� !V� �� ?��O) ���5 :+)�!  ���-96 !5 :64 .(

#�8896 	R!5 )Cho et al., 1987 ( N+����! #�+5  G

 #0�!-+� Y!C6	3 ��� ����� w�5 SO�6   F-��� G(�

!5 :+)�!  #�N+6yy!5 �!+& �� !+Rs� � 	$w�5 ��.�. 

	6��� �  %�!
 � �N-�
�-) ���6 #�N+6 o�B�6 F$�

�
�-)���� �� N-� ���� N-�
�-) ��.)Murchie et al., 

2002 (G��� #�� � W$�N)� �� 	6.� �)Yamaguchi et 

al., 1995.(  

  
  

 ?��O3 - �� !+V�� f��$��� G$N�� :+)�!  ���-96 !5 #0�!-+� � 	-=$� ��.G`1�6 � G��� #�� !& ��.���"  
Table 3. Analysis of variance of the effects of  biofertilizers and nitrogen application on chlorophyll content and 

grain filling components of wheat 
Mean square† 

df 
Source of 

variation 
EGFP GFP GFR MGW Car TChl Chl-b Chl-a 

1.922 ns 4.092 ns 0.0000003* 0.00018** 0.0039** 0.6292** 0.0587** 0.4108** 2 Replication 

27.61** 18.459** 0.00000003 ns 0.00014** 0.012** 1.9546** 0.1063** 1.1503** 2 Nitrogen (N) 

22.55** 15.41** 0.000000004** 0.000096** 0.0067** 1.4599** 0.0852** 0.8413** 7 Biofertilizer (B) 

4.822** 3.205* 0.000000003* 0.000023** 0.0032** 0.258** 0.014* 0.1594** 14 N × B 

1.663 1.515 0.000000001 0.000008 0.0004 0.1104 0.006 0.0664 46 Error 

4.4 3.2 2.1 5.8 13.0 6.1 4.6 6.9 - CV (%) 
ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 
† Chl-a, chlorophyll-a; Chl-b, chlorophyll-b; TChl, total chlorophyll; Car, carotenoid; MGW, maximum grain weight; 

GFR, grain filling rate; GFP, grain filling period; EGFP, ffective grain filling period. 
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Table 4. Comparison of means of the effects of biofertilizers and nitrogen application on chlorophyll a and b, 

total chlorophyll, and grain filling components of wheat 

EGFP 

(day) 

GFP 

(day) 

GFR 

(g.day) 

MGW 

(g) 

Car TChl Chl-b Chl-a 
Treatment 

† 
(mg.g.Fw) 

25.18 j 34.53 j 0.00163 e 0.0411 i 0.151 cdefg 4.33 m 1.37 l 2.95 o N1×B1 

25.78 ij 35.08 ij 0.00167 de 0.0431 hi 0.109 hi 4.78 klm 1.57 jk 3.20  mno N1×B2 

27.63 fghi 37.25 defg 0.00176 ab 0.0487 cdefg 0.170 bcd 5.57 defgh 1.74 cdefgh 3.83 defghij N1×B3 

29.73 bcdef 38.60 bcde 0.00174 ab 0.0519 bcde 0.143 defgh 5.48 efghi 1.7 defghi 3.78 efghijk N1×B4 

29.90 bcde 39.00 abcd 0.00175 ab 0.0524 bcd 0.179 bc 5.49 efghi 1.72 defghi 3.77 efghijk N1×B5 

27.06 hij 36.57 fghi 0.00173 abc 0.0470 fgh 0.117 ghi 4.99 ijkl 1.63 ghijk 3.36 klmno N1×B6 

29.71 bcdef 38.53 bcdef 0.00172 abcd 0.051 bcdef 0.127 efghi 5.29 fghijk 1.7 defghij 3.59 ghijklm N1×B7 

30.2 bcd 38.98 abcd 0.00176 ab 0.0532 bc 0.158 bcde 5.74 bcdefg 1.78 bcdef 3.96 abcdefg N1×B8 

25.81 ij 35.16 hij 0.00172 abcd 0.0445 ghi 0.104 i 4.68 lm 1.55 k 3.12 no N2×B1 

28.36 defgh 37.14 defgh 0.0017 bcd 0.0483 defg 0.124 fghi 5.20 ghijkl 1.68 efghijk 3.52 hijklmn N2×B2 

28.27 defgh 37.29 defg 0.00173 abcd 0.0489 cdefg 0.132 efghi 5.37 fghij 1.7 defghi 3.66 fghijkl N2×B3 

29.66 bcdef 38.68 bcde 0.00174 ab 0.0517 bcdef 0.137 defghi 5.26 ghijk 1.67 efghijk 3.59 ghijklm N2×B4 

26.56 hij 36.09 ghij 0.00172 abcd 0.0485 ghi 0.127 efghi 4.92 jkl 1.59 ijk 3.33 lmno N2×B5 

28.30 defgh 37.51 cdefg 0.00173 abcd 0.0491 cdefg 0.153 bcdef 5.56 defgh 1.72 defghi 3.84 defghij N2×B6 

29.29 cdefg 38.48 bcdef 0.00176 ab 0.0515 bcdef 0.155 bcdef 5.6 7 bcdefg 1.76 bcdefg 3.91 bcdefgh N2×B7 

31.55 ab 39.94 ab 0.00176 ab 0.0556 ab 0.240 a 6.20 ab 1.88 ab 4.32 ab N2×B8 

27.26 ghij 36.67 efghi 0.00173 abcd 0.0472 efgh 0.124 efghi 5.1 hijkl 1.65 fghijk 3.45 jklmn N3×B1 

29.63 bcdef 38.69 bcde 0.00176 ab 0.0523 bcd 0.170 bcd 5.81 abcdef 1.80 abcde 4.01 abcdef N3×B2 

31.16 abc 39.87 ab 0.00177 a 0.0553 ab 0.185 b 5.92 abcde 1.826 abcd 4.10 abcde N3×B3 

28.07 efgh 37.50 cdefg 0.00167 de 0.0473 efgh 0.135 efghi 5.09 hijkl 1.62 hijk 3.46 ijklmn N3×B4 

29.72 bcdef 38.73 bcd 0.00176 ab 0.0524 bcd 0.157 bcdef 5.62 cdefgh 1.73 cdefgh 3.88 cdefghi N3×B5 

31.27 abc 39.79 ab 0.00176 ab 0.0551 ab 0.224 a 6.10 abcd 1.85 abc 4.24 abcd N3×B6 

31.00 abc 39.34 abc 0.00174 ab 0.0539 ab 0.238 a 6.14 abc 1.86 abc 4.27 abc N3×B7 

33.07 a 40.90 a 0.00176 ab 0.0583 a 0.240 a 6.30 a 1.92 a 4.38 a N3×B8 

2.1 2.02 0.0001 0.004 0.034 0.54 0.131 0.42 LSD 
† The treatments are: N1, N2 and N3, no application nitrogen (control), and application of 100 and 200 kg/ha urea, 

respectively; and B1, B2, B3, B4, B5, B6, B7 and B8, no application biofertilizer (control), application of Glomus moseae, 

Glomus intradices, Glomus intradices + Azotobacter, Azotobacter, Glomus moseae + Azotobacter, Glomus moseae + 

Glomus intradices, Glomus moseae + Glomus intradices + Azotobacter, respectively. The traits abbreviations are: Chl-a, 

Chl-b, TChl, Car, MGW, GFR, GFP and EGFP, chlorophyll-a, chlorophyll-b, total chlorophyll, carotenoid, maximum 

grain weight, grain filling rate, grain filling period and ffective grain filling period, respectively. Means with the 

similar letters in each column are not significantly different based on LSD test. 
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Figure 1. The effects of biofertilizers and nitrogen application on wheat grain filling process  
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Table 5. Analysis of variance of the effects of  biofertilizers and nitrogen application on root volume, yield and 

yield components of wheat Mean square 

Root 

volume 
Grain yield 

Biological 

yield 

1000 

grain weight 

No. of grains 

per spike 

Spike 

length 
Plant hieght df 

Source of 

variation 

88064** 26773** 179435** 16.0 ns 187.9** 2.9** 175.0** 2 Replication 

19967** 8533** 133254** 157.0** 92.4** 5.7** 331.8** 2 Nitrogen (N) 

6061** 8288** 58675** 71.0** 34.0** 2.2** 256.5** 7 Biofertilizer (B) 

2102* 928* 2131 ns 17.8** 2.8 ns 0.5* 15.3* 14 N × B 

866 466 2018 5.5 1.6 0.2 6.9 46 Error 

6.2 5.0 5.1 7.2 4.6 5.7 5.1 - CV (%) 
ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 
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Table 6. Comparison of means of the effects of biofertilizers and nitrogen application on root volume, yield and 

yield components of wheat 

Plant height 

(cm) 

Spike length 

(cm) 

Grain weight 

(g) 

Grain yield 

(g.m2) 

Root volume 

(cm3.m-2) 
Treatment 

40.13 m 6.23 ij 25.83 k 361.47 i 387.33 m N1×B1 

45.13 jk 6.23 ij 26.17 k 438.17 bcde 406.33 lm N1×B2 

44.43 jkl 6.83 ghij 28.01 ijk 387.97 ghij 465.33 efghijk N1×B3 

48.08 hij 7.06 defghi 31.29 ghij 445.5 bc 467.67 efghij N1×B4 

43.03 kl 7.6 bcdefg 32.49 efgh 372.9 ij 475.33 defghij N1×B5 

51.7 efghi 6.63 hij 28.59 ijk 383.93 hij 435.00 ijklm N1×B6 

51.63 fghi 6.9 fghij 29.40 hijk 398.23 fghi 450.33 ghijkl N1×B7 

56.9 bcd 7.13 defgh 32.98 defgh 465.37 ab 496.33 abcdefg N1×B8 

44.33 jkl 6.03 j 26.70 k 378.27 hij 428.33 jklm N2×B1 

54.16 defg 7.1 defghi 30.98 ghij 393.00 ghij 443.00 hijkl N2×B2 

50.6 ghi 7.43 cdefgh 31.17 ghij 413.63 cdefgh 447.67 hijkl N2×B3 

55.96 cdef 7.93 bcd 35.88 abcde 441.60 bcd 452.00 ghijkl N2×B4 

44.96 jk 7.16 defgh 27.49 jk 402.73 efghi 417.33 klm N2×B5 

50.26 ghi 7.16 defgh 34.05 cdefg 435.9 bcde 474.67 defghij N2×B6 

53.33 defg 7.16 defgh 34.72 bcdefg 432.53 bcdef 485.33 bcdefgh N2×B7 

59.06 abc 8.33 ab 36.48 abcd 466.53 ab 519.33 abcd N2×B8 

44.93 jk 6.73 ghij 31.23 ghij 408.30 defghi 472.67 defghij N3×B1 

56.03 cde 7.9 bcde 33.44 defg 445.67 bc 524.33 abc N3×B2 

52.26 efgh 8.1 abc 35.56bcdef 445.37 bc 510.33 abcde N3×B3 

61.56 a 7.03 efghi 39.45 a 486.50 a 544.00 a N3×B4 

47.53 ij 7.83 bcde 31.78 fghi 421.9 cdefg 480.67 fghijkl N3×B5 

57.20 bcd 8.2 abc 28.60 ijk 403.17 efghi 453.67 cdefghi N3×B6 

60.16 abc 7.73 bcdef 37.51 abc 4463.97 bc 500.67abcdef N3×B7 

60.80 ab 8.90 a 38.02 ab 494.07 a 532.33 ab N3×B8 

4.339 0.87 3.859 35.493 48.378 LSD 
† The treatments are: N1, N2 and N3, no nitrogen application (control), and application of 100 and 200 kg/ha urea, 

respectively; and B1, B2, B3, B4, B5, B6, B7 and B8, no application biofertilizer (control), application of Glomus moseae, 

Glomus intradices, Glomus intradices + Azotobacter, Azotobacter, Glomus moseae + Azotobacter, Glomus moseae + 

Glomus intradices, Glomus moseae + Glomus intradices + Azotobacter, respectively. The traits abbreviations are: Chl-a, 

Chl-b, TChl, Car, MGW, GFR, GFP and EGFP, chlorophyll-a, chlorophyll-b, total chlorophyll, carotenoid, maximum 

grain weight, grain filling rate, grain filling period and ffective grain filling period, respectively. Means with the 

similar letters in each column are not significantly different based on LSD test. 
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 ?��O7 -  F+(��+6 G=$�86�� 	 �� ��!V� ��. 	-=$� �!� I� � G ��
 �� G��� ���2� !5 #0�!-+� �	-=$� ���"   
Tabele 7. Comparison of means of main effects of biofertilizers and nitrogen on number of grains per spike and 

biological yield of wheat 

No. of grain per spike Biological yield (g.m-2) Treatment 

  Biofertilizer 

24.78 e 658.64 e
 B1 (no biofertilizer application) 

27.03 d
 760.88 d

 B2 Glomus moseae) 
27.66 cd

 770.06 cd
 B3 (Glomus intradices) 

29.93 ab
 853.03 b

 B4 (Glomus intradices + Azotobacter) 
26.52 d

 678.81 e
 B5 (Azotobacter) 

28.8 bc
 789.03 cd

 B6 (Glomus moseae + Azotobacter) 
28.66 c

 809.4 c
 B7 (Glomus moseae + Glomus intradices) 

30.84 a
 898.27 a

 B8 (Glomus moseae + Glomus intradices + Azotobacter) 
1.235 42.624 LSD 

  Nitrogen 

25.92 c
 708.77 c

 N1 (no nitrogen application) 
28.34 b

 766.41 b
 N2 (application of 100 kg/ha urea) 

29.81 a
 856.61 a

 N3 (application of 200 kg/ha urea) 
0.796 26.103 LSD 

Means with the similar letters in each column are not significantly different based on LSD test. 
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