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Table 1. Soil physicochemical properties of the experimental field 

Depth 
(cm) 

EC 
(dS/m) 

pH 
Organic matter 

(%) 
N 

(ppm) 

Available K 
(ppm) 

Available P 
(ppm) 

Fe  
(mg/kg) 

0-30 2.01  7.3  1.69  1.25  54.72  32.59  8.6 

  

 R� &1- $����                                                                                                                        Table 1. Continued 

Depth 
(cm) 

Mn 
(mg/kg) 

Cu 
(mg/kg) 

Zn  
(mg/kg) 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

Texture 

0-30 15.71  2.87  3.41 34.1  29.5  36.4  Silty clay loam  

  

 R� &2- !�/� �2�0B��' 7��F6� *��&� .���5>- ) i��98-1397(  
Table 2. Meteorological parameters of the experimental site, Karaj, Iran (2018-2019) 

June May April March February January Parameter 

0.1 0.41 2.68 1.38 0.95 2.68 Mean of Precipitation(mm) 

24.56 16.88 12.06 7.4 5.6 4.22 Mean of Temperature(˚c) 

17.94 25.58 40.74 34.66 41.5 45.85 Minimum RH(%) 

58.35 69.42 83.23 74.55 79.37 82.35 Maximum RH(%) 
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  #;�� $% �N;� @'>  #;������ $�  0+B�� ��-z� !�QQ9�

 C 0) $��� ��/E[1 � $��� !5� .��"�� J&�� �:�[M� @'>

)  BMazaherinia et al., 2010 *���"� 5� �/� !�n � (

��� � ����] O%�0� 5� $0#-% (��d+2� "#� D�EF� �6� �2�? 

�� @���%�0%d+2� �% !��
�6� �� ������� 5� (��D�EF� *�' 

$% *�+-% V��+� GE+F� .���> �2�W
 ��[#
 5� P��+6�? 

���� � 7��+#� *�'��[#
 �� �6� *�L:� @'>50:70  ��/E[1

.#% $����B�� *�
? �0M� 7��d
 @�� $n�)� �� .��N� ���

W
 ��[#
C 0) �+6�? R�E9�>���� �B�� @'> 7��+#� � @'

 $��� ��/E[1 �� .��"�����!�6� ��� @�� . �N�� �=� ( 0'�

 C 0) �% @'> ��[#
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Table 3. Analysis of variance of the effect of experimental treatments on wheat and pea traits 

Mean squares (the numbers in parentheses are significant levels) 

df Source of variations Pea harvest 
index 

Pea grain 
yield 

Pea biomass 
Wheat harvest 

index 

Wheat 
grain yield 

Wheat 
biomass 

15.01  
(0.418) 

155973  
(0.367) 

3472365  
(0.06) 

12.9  
(0.281) 

755017  
(0.189) 

14916325  
(0.039) 

2 Replication 

69.83  
(0.051) 

5709046  
(0.000) 

50372683  
(0.000) 

29.74  
(0.083) 

24846485  
(0.000) 

196572100  
(0.000) 

3 Planting pattern (P) 

14.83 131238 744998 8.15 339484 2562922 6 Error 
131.33  
(0.000) 

10209  
(0.212) 

800768  
(0.238) 

32.86  
(0.001) 

91562  
(0.342) 

3504866  
(0.169) 

2 Fertilizer (F) 

138.46  
(0.000) 

175343  
(0.005) 

3519045  
(0.000) 

28.47  
(0.000) 

1089294  
(0.003) 

11966674  
(0.000) 

6 P × F 

7.78 47998 531396 4.51 267206 1919001 24 Error 
254.93  
(0.000) 

770380  
(0.002) 

92349  
(0.143) 

1.04  
(0.229) 

186626  
(0.885) 

73427  
(0.3167) 

1 Concentration (C) 

220.42  

(0.000) 

282429  

(0.012) 

1075147  

(0.195) 

7.61  

(0.192) 

349717  

(0.196) 

4259508 

(0.366) 
3 P × C 

585.26  
(0.000) 

1853766  
(0.000) 

1157394  
(0.169) 

47.97  
(0.000) 

479825  
(0.099) 

283039  
(0.726) 

2 F × C 

155.87  

(0.000) 

416660  

(0.000) 

2488771  

(0.002) 

32.32  

(0.000) 

281649  

(0.258) 

3208762  

(0.824) 
6 P × F × C 

19.22 65745 677276 4.55 210849 3896557 32 Error 

13.39 20.72 20.36 6.20 13.05 19.28  CV 

  

  
 K/B1- �;�5 �% ��� g�� � �B�� *�L:� .0/['�%C 0) (��
. $E#� *�'*��[1 . 0+;' ��� ��+2� *�4, 

Figure 1. Planting pattern × fertilizer type interaction on wheat biomass. The vertical bars indicate the standard 
error. 
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 K/B2- 1 �% ��� g�� � �B�� *�L:� .0/['�%C 0) $��� ��/E[. $E#� *�'*��[1 . 0+;' ��� ��+2� *�4, 

Figure 2. Planting pattern × fertilizer type interaction on wheat grain yield. The vertical bars indicate the 

standard error. 
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 K/B3-  �B���% x,�B �% ��� �\E] � g�� ?�B�� *�L:� .0/['�%C 0)$E#� .�[1 *�'*� ��� ��+2� *�4, �� !�6� �� 0'�. 

Figure 3. Interaction of planting pattern, type and concentration of fertilizer on wheat harvest index. The vertical 
bars indicate the standard error. 

  

  
  

    
 K/B4 – �;�5 �% ��� �\E] � g�� ?�B�� *�L:� .0/['�%��F� (��
$E#� .�[1 *�'��� ��+2� *�4, *� �� !�6� �� 0'�.  

Figure 4. Interaction of planting pattern, type and concentration of fertilizer on pea biomass. The vertical bars 

indicate the standard error. 
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Figure 5. Interaction of planting pattern, type and concentration of fertilizer on pea grain yield. The vertical bars 
indicate the standard error. 
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Figure 6. Interaction of planting pattern, type and concentration of fertilizer on pea harvest index. The vertical 

bars indicate the standard error. 
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Table 4. Iron use efficiency of wheat 

Planting pattern Iron source Applied iron concentration (mg/L) Iron use efficiency 

Wheat monoculture Iron nano fertilizer 1500 531 
750 955 

Iron nitrate 1500 426 

750 926 
Wheat 50:50 pea intercropping Iron nano fertilizer 1500 470 

750 1172 
Iron nitrate 1500 462 

750 866 
Wheat 70:50 pea intercropping Iron nano fertilizer 1500 657 

750 1295 
Iron nitrate 1500 566 

750 771 
Wheat 90:50 pea intercropping Iron nano fertilizer 1500 640 

750 1275 
Iron nitrate 1500 372 

750 827 

LSD    17.74 
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 R� &5- ��F� @'> ^��� ��>���  
Table 5. Iron use efficiency of pea 

Planting pattern Iron source  Applied iron concentration (mg/L)  Iron use efficiency  

Pea monoculture  Iron nano fertilizer  1500  170  
750  447  

Iron nitrate  1500  73  
750  445  

Wheat 50:50 pea intercropping  Iron nano fertilizer  1500  209  
750  319  

Iron nitrate  1500  102  
750  390  

Wheat 70:50 pea intercropping  Iron nano fertilizer  1500  247  

750  381  
Iron nitrate  1500  130  

750  253  
Wheat 90:50 pea intercropping  Iron nano fertilizer  1500  223  

750  386  
Iron nitrate  1500  94  

750  685  

LSD     15.33 

  

  

  

 K/B7- D�EF� �6� GE+F� *�'��[#
 �� @#�5 *�%��% �N;� $E#�!�+2 *�� *�'!�6� �'. 0+;' ��� ��+2� *�4, ( 0'�  
Figure 7- Land equivalent ratio of different intercropping treatments The bars on the columns indicate the 

standard error.  
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Abstract 
Nano-fertilizers due to the small amount of used fertilizer and the accuracy of plant acquisition are 

considered as a strategy to reduce inputs and achieve sustainability in agriculture production. In this 
experiment, the effects of nano iron and iron nitrate on the growth characteristics of wheat in different 
wheat and chickpea intercropping systems were investigated. The experiment was performed as split-
split plot in randomized complete plot design with three replications in the research field of Campus of 
Agriculture and Natural Resources, University of Tehran, Karaj, Iran, in 2019. The main plots included 
five planting patterns (wheat monoculture, pea monoculture and three intercroppings of wheat:pea with 
50:50, 70:50 and 90:50 ratio), sub-plots included three fertilizer treatments (control, nano-iron and iron 
nitrate) and sub-sub-plots included two fertilizer concentrations (1500 and 750 mg/L). The results 
showed that the 50:70 intercropping and concentration of 750 nano-iron had the highest iron use 
efficiency of wheat and in total, the iron use efficiency of wheat in 50:70 intercropping was higher than 
the other planting patterns. In contrast, the highest iron use efficiency of pea was observed in 50:90 
intercropping and 750 concentration of iron nitrate. In all intercropping treatments, the fertilizer use 
efficiency by wheat and pea in nano-iron was higher than iron-nitrate. The highest wheat biomass and 
grain yield was obtained in monoculture + nano-iron (16371 and 5042 kg/ha, respectively) and 
monoculture + iron-nitrate (16062 and 5554, respectively), and the lowest wheat biomass and grain yield 
was related to 90:50 intercropping and iron-nitrate, but the highest pea biomass and grain yield in most 
fertilizer treatments at the concentrations of 750 and 1500 mg/L was related to iron-nitrate and nano-
iron, respectively. The results of this experiment showed that in most of the planting pattern treatments 
and in all studied traits, the concentration of 750 mg/L iron nano-fertilizer was similar or even higher 
than the concentration of 1500 mg/L and therefore, a lower concentration of nano-fertilizer can be used 
and the consumption of fertilizer can be reduced. 
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