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Comprehensive abstract 

Introduction 
Salinity is a major threat to food security, specially in arid and semi-arid regions. Soil salinity is 

mainly caused by the low rainfall, excessive application of chemical fertilizers, irrigation with saline 

groundwater, industrial wastewater and deforestation. Agriculture in saline soils has always been a 

major challenge due to the multiple effects of salinity on soil and plants. Silicon (Si), the second most 

abundant mineral element in the earth’s crust, mitigates the effects of salinity by improving the plant’s 

adaptive mechanism against biotic and abiotic stresses. Recently, nanoparticles of different minerals 

ranging from 1 to 100 nm have been extensively used in sustainable agriculture. Stress modulators 

such as nanosilicon are used to enhance plant growth and grain yield as well as increase resistance to 

abiotic stresses. Maize (Zea mays L.) contributes one-third of grain production worldwide and is the 

main source of nutrition for humans and livestock. Moreover, maize is more sensitive to salinity stress 

compared to other abiotic stresses. The objectives of the present study were to evaluate the effects of 

nanosilicon application on agronomic and morphological traits of different maize cultivars, determine 

effective traits on grain yield and select high-yielding cultivars for cultivation in saline soils. 

Materials and methods 
This experiment was carried out in split plot based on a randomized complete blocks design with 

three replications in Abarkouh county, Yazd province, Iran. Nanosilicon at two levels including no 

application of nanosilicon (control) and application of nanosilicon (50 mg/l equivalent to 165 ml of 

nanosilicon solution) was considered as the main factor and corn cultivars at eight levels including 

KSC670, KSC647, KSC500, KSC705, KSC400, KSC704, KSC604 and KSC700 as sub-factor. 

Nanosilicon was applies as foliar spray on the leaves at two growth stages, 8-10 leaves and silk 

emergence. Each experimental unit consisted of five rows with a length of 5 m, with a spacing of 75 

cm between rows and 20 cm between plants on the rows. The studied traits included the number of 

rows per ear, number of grains per row, number of grains per ear, ear length and diameter, plant 

height, 1000-grain weight and grain yield. 

Research findings 
The results revealed that the effect of nonosilicon and cultivar on all studied traits were significant, 

while the interaction of nanosilicon × cultivar was only significant on ear length, plant height and 

1000-grain weight. All studied traits increased with the application of nanosilicon. According to the 

results of the comparison of mean, KSC704 and KSC705 cultivars had the highest grain yield and 

yield components under both treatments of no-application and application of nanosilicon. Correlation 

analysis between traits showed that grain yield in both treatments of no-application and application of 
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nanosilicon had a positive and significant correlation with the number of rows per ear, number of 

grains per row, number of grains per ear, and ear length and diameter. Based on the results of stepwise 

regression analysis, the number of rows per ear in no-application of nanosilicon treatment (control), 

and the number of rows per ear and 1000-grain weight in nanosilicon application treatment had a 

significant effect on grain yield. The result of path analysis showed that the number of rows per ear 

was the most important trait affecting grain yield of the studied maize cultivars under both no-

application and application of nanosilicon conditions. Based on the results of cluster analysis, the 

studied cultivars under both no-application and application of nanosilicon conditions were classified 

into three groups. 

Conclusion 
The results of this study showed that the number of rows per ear can be used to achieve high yield 

in maize in both no-application and application of nanosilicon treatments. According to the results of 

cluster analysis, three cultivars KSC 700, KSC704 and KSC705 were superior to other cultivars for 

most of the studied traits under both treatments, and can be recommended for achieving higher grain 

yield in saline soil under both no-application and application of nanosilicon conditions. 
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Table 1. Physico-chemical characteristics of the experimental soil 

pH EC 
(dS.m-1) 

K P  N Organic carbon Sand Silt Clay 

(mg.kg-1)  (%) 

7.9 5.2 165 9.3  0.08 0.49 23 41 36 
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Table 2. Meteorological characteristics of the experimental site 

Month Rainfall (mm) 
Temperature (°C) 

Maximum Minimum Mean 

Jul 0.1 24.3 38.1 32.1 

Aug 0 25.6 41.3 33.5 

Sep 0 17.2 35.7 26.5 

Oct 0 37.8 10.7 23.4 

Nov 2 30 4.1 16.7 
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Table 3. Analysis of variance for the studied traits in maize cultivars Source of variation Mean square 

  
Rows per 

ear 

Grains 

per row 

Grains per 

ear 

Ear 

length 

Ear 

diameter 

Plant 

height 

1000-grain 

weight 

Grain 

yield 

Replication 2 3.2** 0.25 ns 2633.2* 3.4** 0.04 ns 19.4* 33.6* 0.63** 

Nano silicon (N)  1 143.2** 181.3** 285704.5** 113.7** 26.2** 2122.4** 3462.3** 8.6** 

Error (a) 2 0.55 2.08 711.8 0.18 0.61 4.06 6.9 0.04 

Cultivar (C) 7 10.2** 55.3** 38600.9** 67.4** 2.4** 539.01** 226.2** 1.8** 

N × C 7 0.08 ns 1.8 ns 408.9 ns 3.6** 0.3 ns 52.9* 484.6** 0.03 ns 

Error (b) 28 0.4 0.8 577.1 0.6 0.24 19.7 54.6 0.1 

CV (%) - 4.51 3.1 5.69 4.43 10.9 2.47 2.85 4.7 
ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 
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Table 4. Comparison of means of the effect of nanosilicon on the studied traits of maize 

Nano silicon 

treatment 

Rows per 

ear 

Grains 

per row 

Grains 

per ear 

Ear length 

(cm) 

Ear diameter 

(cm) 

Plant height 

(cm) 

1000 grain 

weight (gr) 

Grain yield 

(t/ha) 

Control  12.51b 27.21b 344.37b 15.58b 3.77b 172.66b 249.23b 6.49b 

Nano silicon  15.97a 31.05a 498.67a 18.66a 5.24a 187.28a 269.22a 7.34a 

Means with the similar letter in each column are not significantly different by Duncan’s test at 5% probability level. 
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Table 5. Comparison of means of the studied maize cultivars for some measured traits  

Maize cultivar Rows per ear  Grains per row Grains per ear Ear diameter (cm) Grain yield (t/ha) 

KSC670 13.98de 28.87c 407.13c 4.84ab 6.86d 

KSC647 12.91fg 26.26d 344.8d 3.92cd 6.46d 

KSC500 12.42g 25.04e 315.3e 3.6d 6.02e 

KSC705 15.48ab 32.03b 498.6b 5.08a 7.5ab 

KSC400 13.46ef 26.62d 361.46d 3.91cd 6.67d 

KSC704 16.23a 33.15a 540.87a 5.14a 7.67a 

KSC604 14.41cd 29.03c 420.28c 4.42bc 6.88cd 

KSC700 15.03bc 32.06b 487.72b 5.17a 7.26bc 

Means with the similar letter in each column are not significantly different by Duncan’s test at 5% probability level. 
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Table 6. Comparison of means of nanosilicon × cultivar interaction for some studied traits 

Silicon treatment Maize cultivar Ear length (cm) Plant height (cm) 1000 grain weight (gr) 

Control KSC670 15.34c 157.4g 260.1b 

KSC647 11.6e 161.2f 255.42c 

KSC500 12.04e 169.4e 248.6d 

KSC705 18.24b 176.7c 233.25f 

KSC400 14.18d 182.5b 265.32a 

KSC704 19.5a 171.6de 242.51e 

KSC604 16.12c 188.2a 237.4f 

KSC700 17.64b 174.3cd 251.23cd 

Nanosilicon application  KSC670 18.31c 180.2de 276.31bc 

KSC647 14.53e 175.2f 258.24e 

KSC500 13.22e 188.4c 253.1f 

KSC705 24.35a 193.5b 280.22ab 

KSC400 16.18d 202.4a 263.71d 

KSC704 23.17a 178.6ef 283.32a 

KSC604 20.11b 196.8b 266.5d 

KSC700 19.42bc 183.1d 272.4c 

Means with the similar letter in each column are not significantly different by Duncan’s test at 5% probability level. 
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Table 7. Correlation coefficients among the studied traits in maize cultivars under control (up diameter) and 

nanosilicon application (down diameter)  

Trait Grain yield 
Rows per 

ear 

Grains per 

row 

Grains per 

ear 
Ear length 

Ear 

diameter 

Plant 

height 

1000-grain 

weight 

Grain yield 1 0.96** 0.94** 0.95** 0.93** 0.89** 0.25 -0.46 

Rows per ear 0.98** 1 0.98** 0.99** 0.99** 0.94** 0.28 -0.56 

Grains per row 0.97** 0.96** 1 0.99** 0.98** 0.93** 0.27 -0.54 

Grains per ear 0.98** 0.99** 0.99** 1 0.99** 0.93** 0.27 -0.56 

Ear length 0.95** 0.94** 0.91** 0.93** 1 0.94** 0.32 -0.53 

Ear diameter 0.82** 0.80** 0.88** 0.83** 0.67 1 0.13 -0.57 

Plant height -0.12 -0.12 -0.31 -0.23 0.06 -0.42 1 -0.39 

1000-grain weight 0.96** 0.91** 0.93** 0.92** 0.91** 0.82** -0.16 1 
* and ** significant at 5% and 1% probability levels, respectively. 
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Table 8. Results of stepwise regression analysis for grain yield of maize cultivars under no-applicaion (control) 

and application of nanosilicon  

Treatment Collinearity Constant Added variables to model 
Adjusted 

R2 
F-value 

Control   Rows per ear   

 1.53* 0.39** 90.8 70.01** 

TOL - 1 - - 

VIF - 1 - - 

Nanosilicon 

application 
  Rows per ear 1000-grain weight   

 -2.23** 0.27** 0.02** 99.4 606.21** 

TOL - 0.16 0.16 - - 

VIF - 6.08 6.08 - - 
* and ** significant at 5% and 1% probability levels, respectively. 
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Table 9. Path analysis of grain yield of the studied maize cultivars under nanosilicon application 

Trait Direct effect 
Indirect effect via Correlation with grain 

yield Rows per ear 1000-grain weight 

Rows per ear 0.63 - 0.35 0.98 

1000-grain weight 0.39 0.57 - 0.96 
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Figure 1. Dendrogram of cluster analysis of maize cultivars in no-application of nanosilicon (control) treatment 
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Figure 2. Dendrogram of cluster analysis of maize cultivars in nanosilicon application treatment 
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Table 10. Average of groupes from cluster analysis under no-application (control) and nanosilicon application 

treatments 

Treatment Group 
Rows per 

ear 

Grains 

per row 

Grains 

per ear 

Ear length 

(cm) 

Ear 

diameter 

(cm) 

Plant 

height (cm) 

1000-grain 

weight (g) 

Grain yield 

(t/ha) 

Control 1 12.01b 25.65b 307.98b 14.76b 3.61ab 169.9a 262.71a 6.31ab 

2 10.78b 22.96b 247.4b 11.82c 2.96b 165.3a 252.01ab 5.8b 

3 13.63a 30.12a 411.07a 17.88a 4.24a 177.7a 241.1b 6.92a 

Mean 12.51 27.21 344.37 15.58 3.77 172.7 249.23 6.49 

Nanosilicon 

application 

1 16.84a 33.21a 560.7a 21.31a 5.8a 183.9ab 278.06a 7.76a 

2 14.54b 28.34b 412.75b 13.88b 4.52b 181.8b 255.67b 6.68b 

3 15.64ab 29.43b 460.6ab 18.15ab 4.86b 199.6a 265.11b 7.16ab 

Mean 15.97 31.05 498.67 18.66 5.24 187.3 269.22 7.34 

Means with the similar letter in each column and each trait are not significantly different by Duncan’s test at 5% 

probability level. 
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