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Abstract  
In order to investigate the effects of humic acid, iron and silicon nanoparticles on quantitative and qualitative yield and 

filling components of wheat seed under salinity conditions, a factorial layout was carried out based on a randomized 

complete block design with three replications in the research greenhouse of University of Mohaghegh Ardabili during 2021. 

Treatments included salinity levels (such as, salinity of 35 and 70 mM by NaCl and without salinity as a control), foliar 

application of nanoparticles at four levels (foliar application of 0.8 per liter of nano iron, 40 mg / l nanosilicon spraying, 

combined application of iron nanoparticles and silicon nanoparticles and no foliar application as a control) and humic acid 

spraying (spraying with water as a control and spraying 3 g/l. Seed filling parameters and some of qualitative and 

quantitative traits related to yield were measured. The results showed that combined application of humic acid and foliar 

application of 40 mg of iron and nanosilicon nanoparticles in the absence of salinity, increased maximum seed weight, seed 
filling rate, length and effective seed filling period, Spike length, 100-seed weight, plant height, number of seeds per spike, 

chlorophyll index (56.60, 1.183, 39, 58.45, 58.5, 39.53, 2.51, 70.6, and 57.57 respectively) and increased the yield of single 

plant (46.97%) compared to the conditions of non-application of humic acid and Iron nano-oxide and Silicone nano-oxide 

under the salinity of 70 mm of soil. Nanooxides (iron and silicon) can increase wheat seed yield of wheat under salinity 

stress conditions by improving seed filling components. 
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Table 1- Analysis of variance The effect of application of humic acid, iron and silicon nano oxide and 

salinity on grain filling components, yield and some traits of wheat 
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Nano oxides  
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ns, * and ** are meaningless and significant at the five and one percent probability levels, respectively 
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Table 2- Comparison of the average effect of humic acid, iron and silicon nano oxide treatment and salinity 

on seed filling components, yield and some wheat traits 
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Y=0.00167x-0.0139 ghij2.378  g27.14  g39.27  e0.00167  ij0.047  ghi4.07  hijk48.2  gh10.4  hi107.3  
1×H1×N1S  

Y=0.00166x-0.0133 defg2.557  de30.42  de38.3  f0.00166  fg0.05  defg4.31  efgh52.4  klm9.10  fg115  
1×H2×N1 S  

Y=0.00166x-0.0124 afgh2.5  a33.97  a41.3  f0.00166  ab0.056  ghi4.08  ijkl46.6  de11.45  ij101.97  
1×H3×N1 S  

Y=0.00168x-0.0127 bcde2.65  a33.86  a41.33  d0.00168  ab0.056  ijk3.85  a65.2  hij9.9  ab129.7  
1×H4×N1 S  

Y=0.00167x-0.0133 jkl2.22  cd31.61  cd39.36  e0.00167  de0.052  bcd4.47  cdef56.4  mn8.5  def120.8  
2×H1×N1 S  

Y=0.00167x-0.0126 abcd2.7  a33.89  a41.37  e0.00167  ab0.056  abcd4.52  lmn41.6  ijk9.6  jk99.6  
2×H2×N1 S  

Y=0.00168x-0.0126 ab2.79  a33.89  a41.39  d0.00168  ab0.056  ab4.73  ab63.2  ab12.7  ab129.7  
2×H3×N1 S  

Y=0.00169x-0.0127  a2.84  a34.37  a41.74  c0.00169  a0.058  a4.8  ab63.2  a13  a132.2  
2×H4×N1 S  

Y=0.00170x-0.0153  defg2.55  lm23.29  lm32.08  b0.0017  op0.039  kl3.6 mn40.56 cde11.8 lm91.4 
1×H1×N2 S  

Y=0.00168X-0.0146 mn2.02  jk25.05  jk33.65  d0.00168  mn0.042  jkl3.77 lmn42.6 ghi10.1 abc128.7 
1×H2×N2 S  

Y=0.00168x-0.0138 abc2.74  fg28.69  fg36.83  d0.00168  hi0.048  fgh4.15 ghij50.2 fg10.7 ij104.6 
1×H3×N2 S  

Y=0.00166x-0.0126 cdef2.6  ab33.19  ab40.71  f0.00166  bc0.055  abc4.62 abc60.40 ab12.6 bcd126.1 
1×H4×N2 S  

Y=0.00167x-0.0141  ijk2.26  hi26.64  hi35.06  e0.00167  kl0.044  hij3.93 jkl45.8 lmn8.8 ij102.1 
2×H1×N2 S  

Y=0.00165x-0.0127 ab2.79  cd31.27  cd38.97  g0.00165  ef0.051  cdef4.39 defg54.2 bcd12.1 efg117.6 
2×H2×N2 S  

Y=0.00165x-0.0127 fghi2.42  cd31.27  d38.87  g0.00165  ef0.051  cdef4.40 defg54.4 de11.5 efg118.1 
2×H3×N2S  

Y=0.00166x-0.0126 klm2.128  ab33.31  ab40.77  f0.00166  bc0.055  abc4.62 abc60.6 ijk9.6 bcd126.1 
2×H4×N2S  

Y=0.00171x-0.0157  n1.935  n21.69  n30.69  a0.00171  q0.037  l3.54 n38.2 n8.2 m87.5 
1×H1×N3S  

Y=0.00169x-0.0149  mn1.982  kl24.14  kl32.88  c0.00169  no0.04  jkl3.68 cde56.57 ef11.2 kl94 
1×H2×N3 S  

Y=0.00168x-0.0144 lmn2.076  ij25.77  ij34.29  d0.00168  lm0.043  ab4.73 klm44.2 bc12.24 ab129.2 
1×H3×N3 S  

Y=0.00167x-0.0136 fgh2.457  ef29.52  ef37.6  e0.00167  gh0.049  efg4.23 fghi51.4 abc12.4 gh112.4 
1×H4×N3 S  

Y=0.00169x-0.0152 efgh2.486  mn22.72  mn31.53  c0.00169  pq0.038  l3.52 mn39.4 de11.5 lm88.6 
2×H1×N3S  

Y=0.00168x-0.0144 hij2.363  ij25.77  ij34.22  d0.00168  lm0.043  ab4.7 klm44.4 ab12.7 jk99.6 
2×H2×N3 S  

Y=0.00166x-0.0137 klm2.143  gh27.53  gh35.74  f0.00166  jk0.045  ijk3.85 mn39.4 jkl9.3 ij104.7 
2×H3×N3 S  

Y=0.00166x-0.0126  jkl2.237  bc32.46  bc40.1  f0.00166  cd0.053  abcd4.55 bcd58.2 abc12.4 cde123.5 
2×H4×N3S  

  0.185  1.3444  1.1706  0.00000502  0.0022  0.283 5.066 0.67 6.104 LSD  

1S� 2S � 3S  #+ ���$ � ���$ P�! Q�� �30  �70 �.��.�Z��  

1N �2N �3N  �4N #+T�.1� P�! Q�� �#+ �$�ET�.1� ����$ "���! �$�E8/0 T�.1� �J�K ��^
� ����  ��� �� P � �$�E40 �.�� P��� � +��
 �"�
�.������  ��� �� P �

"�
�.�� � J�K ��^
� ����  

1H  �2H #+T�.1� P�! Q�� �T�.1� � �$�E �$�E3 ������ ����  ��� �� P �. 

�&����J��'� ����K �5�`� "���  � �� #+�	� �� c �+ ��� "���K j���  + ����LSD  �6�� a�E [X� ��.������  

S1, S2 and S3 are salinity and salinity of 30 and 70 mm, respectively. 

N1, N2, N3 and N4, respectively, non-spraying as a control, spraying 0.8 g / l nano-iron oxide, spraying 40 mg / l nano-

silicon, combined application of nano-iron oxide and silicon.  

H1 and H2, respectively, non-foliar spray and foliar spray 3 g / l humic acid. 

The means with similar letters in each column did not have a statistically significant difference based on the LSD test at 

5% probability level. 
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Table 3- Analysis of variance of the effect of salinity and foliar application of humic acid and iron and silicon 

nanoxide on chlorophyll index 
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**305.52  **227.49  **496.05  **596.1  **535.92  **481.1  **740.2  2  
 ���$ 4�X�)S (

Salinity 

**61.39  **29.337  **65.51  **192.6  **251.27  **332.4 **208.18  3  
 ����^
� ����)N( 

Nano oxides 

**49.99  **180.59  **31.68  **135.4  **50.76  **288.7  **125.78  1  
 ������ ����)H(  

Humic acid  
**27.71  **54.986  **38.23  **54.36  **43.46  **61.26  **41.35  6  S×N 
**10.42  **86.89  *12.44  ns3.323  *23.57  **11.98  **43.11  2  S×H  
ns2.008  **55.76  **29.44  **43.71  ns5.058  **12.16  **92.36  3  N×H  
**31.62  **24.56  **44.62  **59.06  **21.311  **70.83  **20.96  6  S×N×H  

1.192  6.209  2.683  4.068  5.172  1.8  4.899  46   �X`Error  

2.86  6.055  3.863  4.713  5.108  2.86  4.581   
 3� ��h� Q, o) (�6��
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ns#+ ** � * ���'� �n Q�� � � �����'��6�� �, � a�E T�N�c� [X� �� ��� 

ns, * and ** are meaningless and significant at the five and one percent probability levels, respectively 
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Table 4- Comparison of the mean effect of humic acid, iron and silicon nanooxide and salinity on chlorophyll 

index  
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35.99ijk 37.3hi 40.99gh 40.82fg 42.55ghij 42.32nop 53.66def 1×H1×N1S 

38.13fgh 39.08fgh 41.67gh 42.35efg 43.51fgh 45.59klm 46.26jkl 1×H2×N1S 

43.05bc 45.95abcd 48.95ab 49.35bc 50.4bcd 50.45fgh 49.28ghij 1×H3×N1S 

44.75ab 37.3hi 49ab 52.22ab 53.9ab 56.3ab 58.54ab 1×H4×N1S 

41.3cd 48.87a 46.65bcd 45.21de 46.65ef 57.39a 51.45efgh 2×H1×N1S 

43bc 46.47abc 48.9abc 49.4bc 50.9bc 54.2bcd 55.82bcd 2×H2×N1S 

45.6a 49.82a 49ab 53.62a 55.15a 48.86hij 59.63a 2×H3×N1S 

43.96ab 44.7bcde 46.6bcd 50.83ab 52.65ab 55.22abc 57.45abc 2×H4×N1S 

32.54mno 34.85ij 39.83hi 35.31ij 39.53ijklm 38.05rst 39.09o 1×H1×N2S 

36.88hij 44.06bcde 39.83hi 39.6gh 41.4hijkl 43.41mno 44.33klm 1×H2×N2S 

36.99ghi 41.63efg 43.57efg 43.73def 44.4efgh 46.68jkl 47.62ijk 1×H3×N2S 

41.03d 43.56bcde 50.12a 46.59cd 47.9cde 51.54efg 52.53defg 1×H4×N2S 

34.29klm 39.08fgh 37.54ij 35.41ij 38.4klmn 39.05qrs 41.19mno 2×H1×N2S 

38.7efg 42.54cdef 43.21fg 43.83def 45.4efg 53.72cde 54.77cde 2×H2×N2S 

40.4de 42.54cdef 45.48def 43.83def 43.26fghi 49.36ghi 50.33fghi 2×H3×N2S 

40.71d 47.43ab 46.25cde 50.78ab 52.15ab 54.72bcd 54.2cde 2×H4×N2S 

36.94ghi 36.84hij 40.94gh 43.77def 38.9jklm 41.23opq 42.15mno 1×H1×N3S 

36.84hij 42.08defg 35.21jkl 35.36ij 37.9lmn 38.55rst 40.64no 1×H2×N3S 

34.24klm 36.36hij 37.49ij 35.46ij 38.9jklm 36.8t 41.66mno 1×H3×N3S 

30.84o 35.36hij 33.2l 32.55j 44.9efgh 47.77ijk 48.12hij 1×H4×N3S 

33.39lmn 39.24fgh 36.36jk 33.93ij 41.9ghijk 40.14pqr 38.9o 2×H1×N3S 

35.14jkl 32.95j 39.54hi 36.84hi 35n 36.06st 40.11no 2×H2×N3S 

31.94no 35.58hij 34.08kl 40.98fg 36.13mn 44.5lmn 48.52hij 2×H3×N3S 

39.77def 43.56bcde 43.13fg 45.37de 46.75def 52.63def 43.23lmn 2×H4×N3S 

1.795 4.095 2.692 3.315 3.738 2.205 3.637 LSD 

1S� 2S� 3S  #+ ���$ � ���$ P�! Q�� �30  �70 �.��.�Z��  

1N �2N �3N  �4N #+T�.1� P�! Q�� �#+ �$�ET�.1� ����$ "���! �$�E8/0 T�.1� �J�K ��^
� ����  ��� �� P � �$�E40 �.����̂ 
� ���� P��� � +��
 �"�
�.������  ��� �� P � "�
�.�� � J�K  

1H  �2H #+T�.1� P�! Q�� �T�.1� � �$�E �$�E3 ������ ����  ��� �� P �. 

J�&������'� ����K �5�`� "���  � �� #+�	� �� c �+ ��� "���K j���  + ����LSD  [X� ��5٪ �+ .������ l�  

S1, S2 and S3 are salinity and salinity of 30 and 70 mm, respectively. 

N1, N2, N3 and N4, respectively, non-spraying as a control, spraying 0.8 g / l nano-iron oxide, spraying 40 mg / l nano-silicon, combined 

application of nano-iron oxide and silicon. 

H1 and H2, respectively, non-foliar spray and foliar spray 3 g / l humic acid. 

The means with similar letters in each column did not have a statistically significant difference based on the LSD test at 5% probability level. 
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Figure 1- The effect of salinity stress, humic acid and iron and silicon nanoxide on the grain filling process of wheat 
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