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Abstract: Zinc deficiency in cereal crops can be solved by the application of Zn 

through bio fortification. Nanotechnology is one of the options to enhance the 

nutritional value of crops as some engineered nanoparticles (NPs) could be used as a 

fertilizer. Zinc can be used in the form of zinc oxide (ZnO) NPs. The present study 

used the direct precipitation method to prepare ZnO NPs, characterized it by using 

dynamic light scattering (DLS), scanning electron microscopy (SEM) and fourier-

transform infrared spectroscopy (FTIR) and then evaluated the effect of Zinc nano-

fertilizer on growth and yield of wheat (Triticum aestivum L.). The field experiment 

consisted of seed treatment, foliar application and combination of seed treatment as 

well as foliar application of bulk Zn sources and nano Zn source. Results showed that 

the seed treatment of ZnO NPs @1000 ppm followed by three foliar sprays of ZnO 

NPs @1000 ppm at 21, 45 and 90 days after sowing proved to be significantly 

superior in enhancing the plant height, number of effective tillers per plant, spike 

length, test weight, grain and straw yields, grain and straw zinc content and uptake by 

grain and straw.
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Table 1.Properties of the experimental soil

Parameters Value  

Clay (%) 10.50 

Silt (%) 10.20 

Fine sand (%) 75.25 

Coarse sand (%) 4.05 

Texture Sandy loam 

pH (1:2.5) 8.75 

EC (1:2.5) (dSm-1) 0.76 

Organic carbon (%) 0.45 

Available N (kgha-1) 204 

Available P 2O5(kgha-1) 32.25 

Available K2O (kgha-1) 206 

Available S (mgkg -1) 9.30 

DTPA-Fe(mgkg-1) 5.23 

DTPA-Mn(mgkg-1) 5.78 

DTPA-Zn(mgkg-1) 0.40 

DTPA-Cu(mgkg-1) 0.32 
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Table 2. Effect of zinc nano-fertilizer application on growth attributes of wheat

Periodical Plant Height (cm) Tr. 
No. 

Treatment details  Days to 
emergence 

21DAS 45 DAS 
At 

Harvest

No. of 
effective 

-1tillerplant

Spike 
length 
(cm)

1 Control 8.1 15.95 42.85 73.97 6.35 7.82 

2 ST-ZnO NPs 7.6 20.94 59.98 88.00 9.20 10.78 

3
 

ST-ZnO
 

8.0
 

17.89
 

51.10
 

74.94
 

6.90
 

8.63
 

4 FS-ZnO NPs 8.0 20.99 61.85 90.90 9.25 10.88 

5
 

FS- ZnSO4
 

8.0
 

17.67
 

52.65
 

75.52
 

6.95
 

8.86
 

6
 

ST-ZnO NPs+ FS-ZnO NPs
 

7.8
 

21.18
 

63.78
 

93.60
 

9.30
 

11.82
 

7
 

ST-ZnO NPs+ FS- ZnSO4
 

7.9
 

18.68
 

57.35
 

79.51
 

7.10
 

8.83
 

8
 

ST-ZnO+ FS-ZnO NPs
 

8.0
 

19.23
 

55.11
 

81.83
 

7.73
 

9.95
 

9 ST-ZnO+ FS- ZnSO4 8.0 18.21 53.30 74.98 7.30 9.10 

10 SA- 25 kg/ha ZnSO4 (STV) 8.0 17.75 50.35 73.75 6.80 8.47 

 SEm ±
 

2.25
 

0.74
 

2.15
 

2.89
 

0.43
 

0.38
 

 CD at 5% NS 2.15
 

6.23
 

8.38
 

1.26
 

1.09
 

 CV (%)
 

2.39
 

7.85
 

7.83
 

7.16
 

11.30
 

7.92
 

 

Effects of zinc nano-fertilizer on grain and straw yield of 

wheat

Seed treatment of ZnO NPs suspension at 1000 

ppm followed by three foliar sprays of ZnO NPs at 1000 

ppm at 21, 45 and 90 DAS recorded maximum test 

weight (49.28 g), which was at par with T  and T2 4               

(Table 3). These results are in conformity  with the 

findings of Delfani et al. (2014), Laware and Raskar 

(2014) and Prasad et al. (2012).

The grain and straw yield of wheat were 

significantly improved due to different treatments. The 
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Table 3. Effect of zinc nano-fertilizer on yield attributes and yield of wheat

Tr. 
No. 

Treatment details  Test weight 
(g) 

Grain yield 
-1(kgha ) 

Stover 
yield 

(kgha )-1  

Harvest 
Index (%)  

1 Control  42.48  4106  4847  46 

2 ST-ZnO NPs  48.17  4783  6217  43 

3 ST-ZnO  44.63  4340  5652  43 

4 FS-ZnO NPs  48.20  4831  6334  43 

5 FS- ZnSO 4
 

45.13  4444  5499  45 

6 ST-ZnO NPs+ FS -ZnO NPs  49.28  4984  6465  44 

7 ST-ZnO NPs+ FS - ZnSO 4 45.18  4469  5443  45 

8 ST-ZnO+ FS -ZnO NPs  46.54  4501  5580  45 

9 ST-ZnO+ FS - ZnSO 4 45.48  4485  5427  45 

10 SA- 25 kg/ha ZnSO 4 (STV)  43.68  4436  5395  45 

 SEm ±  0.46 161.8  300.5  1.4 

 CD at 5%  1.34 469 872 NS 

 CV (%)  2.01 7.13 10.57  6.45 

-1
grain yield (4984 kg ha ) was maximum with seed 

treatment of ZnO NPs suspension @1000 ppm followed 

by foliar sprays of ZnO NPs at 1000 ppm, which was at 
-1

par with T2 and T4.Straw yield (6465kgha )  was 

maximum with seed treatment of ZnO NPs suspension 

@1000 ppm followed by foliar sprays of ZnO NPs at 

1000 ppm, which was at par with T2 ,T3 and T4              

(Table 3). The improvement in yield of grain and straw 

was to the tune of 21.4 and 33.4 per cent, respectively 

over control. Positive effect of Zn on grain yield in Zn 

deficient soil is one of the most widely documented facts 

(Patel 2011; Behera et al. 2015). 

The effect of zinc nano-fertilizer application was 

not significant on harvest index of wheat over other the 

treatments and control.

Effects of zinc nano-fertilizer on zinc content and 

uptake in grain and straw of wheat

Seed treatment of ZnO NPs suspension @1000 

ppm followed by foliar sprays of ZnO NPs @1000 ppm 
-1had maximum zinc content (31.70 and 85.65 mgkg ) in 

grain and stover of wheat (Table 4), however it was at par 

with T  in case of grain-Zn content and  T , T , T , T , T  4 2 3 4 7 8

and  T   in case of straw–Zn content. 9

The application of zinc nano-fertilizer 

significantly increased the wheat grain and straw zinc 

uptake. Seed treatment of ZnO NPs suspension @1000 

ppm followed by foliar sprays of ZnO NPs @1000 ppm 

recorded maximum zinc uptake (157.93 and 553.81     
-1

gha , respectively) in wheat grain and straw, however it 

was at par with T  in case of grain zinc uptake and T  and 4 2

T  in case of straw zinc uptake.4

The results are in corroboration with the 

findings of Prasad et al. (2012), Subbaiah et al. 

(2016)and Adhikari et al. (2016).
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Table 4. Effect of zinc nano-fertilizer on zinc content and uptake by wheat

Zn content (mgkg )
-1

 Zn uptake 
(gha )

-1
 

Tr. 
No. 

Treatment details  

Grain Stover Grain Stover 

1 Control 19.84 50.56 81.91 245.36 

2 ST-ZnO NPs 24.03 79.85 114.81 496.75 

3 ST-ZnO 21.00 75.15 91.31 424.46 

4 FS-ZnO NPs 29.50 84.75 142.79 526.85 

5 FS- ZnSO4 25.98 64.55 115.40 356.50 

6 ST-ZnO NPs+ FS-ZnO NPs 31.70 85.65 157.93 553.81 

7 ST-ZnO NPs+ FS- ZnSO4 28.20 74.05 126.05 402.04 

8 ST-ZnO+ FS-ZnO NPs 28.60 77.20 128.35 431.24 

9 ST-ZnO+ FS- ZnSO4 27.30 75.70 122.14 411.03 

10 SA- 25 kg/ha ZnSO4 (STV) 21.15 52.45 93.95 279.80 

 
SEm ± 0.92 4.13 5.66 25.00 

 CD at 5% 2.66 11.99 16.42 72.55 

 CV (%) 7.13 11.48 9.63 12.11 

Conclusion

The findings of the present study suggested 

that the wheat yield,  zinc content in grain and straw 

could be increased with the soakingof seed with ZnO 

NPs suspension at 1000 ppm for 2 hours followed by 

three foliar sprays of ZnO NPs@1000 ppm at 21, 45 and 

90 days after sowing.
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