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ABSTRACT 
In order to study the effects of foliar application of nano iron oxide particles and biofertilizers on root growth, 
antioxidant enzymes activity in two parts of root and leaf, as well as some other physiological characteristics of black 
cumin (Nigella sativa L.) a pot experiment with factorial arrangement in randomized complete block design with 
three replications was carried out in 2017 growing season at the Faculty of Agriculture, University of Shahrood. The 
first factor was foliar applications of nano iron oxide at three levels (F0= control, F1= 1.5 and F2= 3 g /1 l water) and 
the second factor was biofertilizers at five levels (B0= Control, B1= Glomus Intraradices, B2= Glomus mosseae, B3= 
Azospirillum and B4= Azotobacter solution). The results showed that activity of antioxidant enzymes catalase, 
polyphenol oxidase in two parts of root and leaf was influenced by two factors of biological fertilizers and foliar 
application of nanoiron oxide particles, so that the use of biofertilizers reduced and with increasing iron oxide 
concentration, activity they increased. The highest activity of ascorbate peroxidase in leaf was obtained from F2B0 
treatment. The interaction effect of foliar application of nanoiron oxide particles and biofertilizers had a significant 
effect on photosynthetic pigments and aerial dry weight, so that the highest amount of chlorophyll a was obtained 

from F2B1 treatment, chlorophyll b, aerial dry weight and iron of aerial from F2B2 treatment. According to the results 
of the experiment, the symbiosis with G. intrarardits fungus caused a significant increase in the absorption of 
nitrogen and iron elements in the plant. 
 
Keywords: Ascorbate peroxidase, catalase, chlorophyll, mycorrhiza, polyphenol oxidase. 
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Loamy-Clay 24 32 44 0.3 205 19 7.66 1.8 0.11 
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Figure 1. Mean comparison interaction effect of foliar application of nano iron oxide and biofertilizers on black 
cumin plant dry weight (F0, F1 and F2, respectively, foliar application of nano iron oxide in concentrations of 0, 1.5 

and 3 g/1 and B0, B1, B2, B3 and B4, as control, mycorrhiza G. intraradices, G. mosseae, Azospirilium and 
Azotobacter bacteria) 
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Table 2. Results of variance analysis effect of foliar application of nano iron oxide and biofertilizers on some traits of 
black cumin 

Mean of squares 
df Source of variation Chlorophyll  

a 
Chlorophyll  

b Carotenoid Plant dry  
weight 

Root dry  
weight 

Plant  
height 

Root  
length 

ns 0.0015  ns 0.0024  ns 0.00014  0.0065 ns 0.00013 ns 12.84 ns 1.73 ns 2 Block 
** 4.328  ** 0.538  ** 0.0728  0.0087 * 0.00031 * 2.48 ns 0.55 ns 2 Iron Nanopaticle 
** 5.019  ** 1.188  ** 0.2951  0.0392 ** 0.00106 ** 133.63 ** 85.18 ** 4 Biofertilizers 
** 0.515  ** 0.04  ns 0.0021 0.0074 * 0.00007 ns 2.17 ns 2.79 ns 8 Iron Nanopaticle × biofertilizers 

0.157 0.183 0.003 0.0027 0.00006 5.95 2.70 28 Error 
1.85 6.42 4.51 16.92 16.97 5.86 13.92  CV 
 � ** �*ns : Y�	<' G('�' 7$ -#3�  ��� )	
�h� qf! ��5  �1  � A. � "S��Y�	<' -#3� .���  

*, **, ns: Significantly difference at 5 and 1% of probability levels, and non-significantly different, respectively. 
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Table 3. Mean comparison effect of foliar application of nano iron oxide and biofertilizers on some traits of black cumin 
Chlorophyll a 
(μg /g F.W) 

Chlorophyll b 
(μg /g F.W) 

Carotenoid 
(μg /g F.W) 

Plant dry weight 
(g) 

Root dry weight 
(g) 

Plant height 
(cm) 

Root length 
(cm)  

Foliar application of iron oxide nanoparticle (g/L) 
3.58 c 1.04 c 1.15 b 0.283 b 0.044 b 41.20 a 11.60 a Control 
3.92 b 1.23 b 1.25 a 0.322 ab 0.049 ab 41.70 a 11.93 a 1.5  
4.63 a 1.40 a 1.29 a 0.327 a 0.053 a 42.00 a 11.93 a 3  

Biofertilizers 
2.90 e 0.86 c 0.93 c 0.245 c 0.035 c 34.95 b 6.44 c Control 
4.87 a 1.62 a 1.38 a 0.411 a 0.063a 42.83 a 13.11 ab G. intraradices 
4.50 b 1.61 a 1.37 a 0.341 b 0.055 a 42.83 a 12.33 b G. mosseae 
4.09 c 1.26 b 1.23 b 0.280 c 0.046 b 44.94 a 14.16 a Azospirillum 
3.85 d 0.93 c 1.25 b 0.276 c 0.044 b 42.61 a 13.05 ab Azotobacter 

0(^.	(� � �! �� �� -#3� Y�	<' 7$	X� U��h 	$ �	� ".��". ����.                            In each column means with similar letters do not have significant difference. 
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Table 4. Results of variance analysis effect of foliar application of nano iron oxide and biofertilizers on some 
enzymes activity of black cumin 

Mean of squares 

df Source of variation Catalase Ascorbate peroxidase Polyphenol oxidase 
Protein 

Leaf Root Leaf Root Leaf Root 

0.000013* 0.0000005 0.00001ns 0.00031 0.00074ns 0.000009 6.55* 2 Block 
0.000089** 0.000061** 0.0061** 0.00035* 0.1392** 0.0016** 1114.41** 4 Iron Nanopaticle 
0.00037** 0.000162** 0.00080** 0.0091** 0.0198** 0.0059** 291.77** 4 Biofertilizers 

0.00000096ns 0.000002ns 0.00014* 0.00009ns 0.000512 ns 0.0001ns 5.52* 8 Iron Nanopaticle ×  biofertilizers 
0.0000027 0.000004 0.000048 0.00007 0.00072 0.00023 1.75 28 Error 

5.27 8.07 14.97 6.15 14.39 11.04 2.80  CV 
 � ** �*ns : G('�' 7$Y�	<' -#3�  )	
�h� qf! �� ���5  �1  � A. � "S��Y�	<' -#3� .���  

*, **, ns: Significantly difference at 5 and 1% of probability levels, and non-significantly different, respectively. 
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Table 5. Mean comparison effect of foliar application of iron oxide nanoparticle and biofertilizers on some traits of black 
cumin 

Catalase 
 (μmol/g F.W) 

Ascorbate peroxidase 
 (μmol/g F.W) 

Polyphenol oxidase 
 (μmol/g F.W) 

Protein 
(mg/g F.W) 

Treatment 
Leaf Root Leaf Root Leaf Root 

Foliar application of iron oxide nanoparticle (g/L) 
0.028 c 0.024 b 0.030 c 0.131 b 0.182 c 0.128 b 44.45 c Control 
0.030 b 0.027 a 0.040 b 0.137 ab 0.190 b 0.139 ab 47.35 b 1.5  
0.033 a 0.027 a 0.069 a 0.140 a 0.282 a 0.149 a 49.97 a 3  

Biofertilizers 
0.041 a 0.030 a 0.057 a 0.171 a 0.247 a 0.176 a 38.64 e Control 
0.027 d 0.021 c 0.034 c 0.092 e 0.137 c 0.111 c 53.29 a G. intraradices 
0.024 e 0.023 bc  0.040 c 0.117 d 0.141 c 0.118 c 51.09 b G. mosseae 
0.032 b 0.025 b 0.047 b 0.143 c 0.202 b 0.140 b 47.98 c Azospirillum 
0.030 c 0.031 a 0.053 ab 0.158 b 0.209 b 0.148 b 45.29 d Azotobacter 

0(^.	(� � �! �� �� -#3� Y�	<' 7$	X� U��h 	$ �	� ".��". ����.                         In each column means with similar letters do not have significant difference. 
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Figure 2. Mean comparison interaction effect of foliar application of nano iron oxide and biofertilizers on black cumin 

photosynthetic pigmentation (F0, F1 and F2, respectively, foliar application of nano iron oxide in concentrations of 0, 1.5 and 

3 g/1 and B0, B1, B2, B3 and B4, as control, mycorrhiza G. intraradices, G. mosseae, Azospirilium and Azotobacter bacteria). 
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Figure 3. Mean comparison interaction effect of foliar application of nano iron oxide and biofertilizers on activity enzyme of 

ascorbate peroxidase in leaf and soluble protein of black cumin (F0, F1 and F2, respectively, foliar application of nano iron 

oxide in concentrations of 0, 1.5 and 3 g/1 and B0, B1, B2, B3 and B4, as control, mycorrhiza G. intraradices, G. mosseae, 

Azospirilium and Azotobacter bacteria). 
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Table 6. Results of variance analysis effect of foliar application of nano iron oxide and biofertilizers on root and 
aerial part nitrogen and iron of black cumin 

Mean of squares 
df Source of variation Fe 

 aerial 
Fe 

 Root 
N  

aerial 
N  

root 
8425.35 ns 2776.4ns 0.0008 ns 0.002 ns 2 Block 
26960.62 * 29235.2 * 0. 0255 ns 0.010ns 2 Iron Nanopaticle 

303349.58 ** 411288/7 ** 0.4780 ** 0.207 ** 4 Biofertilizers 
14269.95 * 1145.2 ns 0.0056 ns 0.004 ns 8 Iron Nanopaticle × biofertilizers 

6112.04 7254.3 0.0109 0.008 28 Error 
9.49 14.98 8.55 12.99  C.V. (%) 

 � ** �*ns :Y�	<' G('�' 7$ -#3�  )	
�h� qf! �� ���5  �1  � A. � "S��Y�	<' -#3� .���  
*, **, ns: Significantly difference at 5 and 1% of probability levels, and non-significantly different, respectively. 

  
 )�"C7.  0(^.	(� 7��	E��%� ) *+� .	. -�	,  � 0�1 "(�/�	�� / �$ -���� � -�� � 5
�O � 7X�� 0�1 � s���(.?	(! 7.��  

Table 7. Mean comparison effect of foliar application of nano iron oxide and biofertilizers on root and aerial part 
nitrogen and iron of black cumin 

Fe 
aerial 

Fe 
 root 

N 
 aerial 

N 
 root 

 

Foliar application of iron oxide nanoparticle (g/L) 
777.0 b 520.4 b 1.178 a 0.675 a Control 
833.3 ab 577.6 ab 1.224 ab 0.723 a 1.5  
860.1 a 607.3 a 1.261 a 0.719 a 3  

Biofertilizers 
619.2 d 323.0 e 0.865 d 0.546 c Control 
1079.3 a 836.4 a 1.488 a 0.909 a G. intraradices 
921.7 b 732.8 b 1.298 b 0.790 b G. mosseae 
806.7 c 530.7 c 1.292 b 0.711b Azospirillum  
690.4 d 419.2 d 1.162 c 0.571 c Azotobacter 
0(^.	(� � �! �� �� -#3� Y�	<' 7$	X� U��h 	$ �	� ".��". ����.                       In each column means with similar letters do not have significant difference. 
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F2 7$ G('�' ) *+� 5N*D �� 0�1 "(�/� .	. -�	,�<S �	� �5/1 �3  � ��(2 �� ;�9B0 �B1 �B2 �B3  �B4 7$"�	� G('�' � r�	O

�K�� �(� G. intraradices �G. mosseae ����/	$ �	� ��/	$ '�� � ; (*��8!��1( 
Figure 4. Mean comparison interaction effect of foliar application of nano iron oxide and biofertilizers on iron aerial part of 
black cumin (F0, F1 and F2, respectively, foliar application of nano iron oxide in concentrations of 0, 1.5 and 3 g /1 and B0, 

B1, B2, B3 and B4, as control, mycorrhiza G. intraradices, G. mosseae, Azospirilium and Azotobacter bacteria) 
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