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Abstract 

Zinc deficiency in cereal crops can be solved by the application of Zn through foliar application. 

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 soil and foliar application and then evaluated the effect of foliar application 

of Nano Zinc on nutrient concentration and available nutrient status of wheat (Triticum aestivum L.) 

under zinc deficient and sufficient soils of Inceptisol. The field experiment consisted of soil application 

and as well as foliar application of bulk Zn sources and Nano Zn source. Results revealed that the 

application of General Recommended Dose of Fertilizers (120:60:40 kg ha-1 N:P2O5:K2O + 10 t ha-1 

FYM) along with soil application of ZnSO4.7H2O @ 20 kg ha-1 found beneficial for increase in macro 

as well as micronutrients in soil, under Zn deficient soil for of wheat under zinc deficient soil of 

Inceptisol. However, under zinc sufficient soil, the application of General Recommended Dose of 

Fertilizers (120:60:40 kg ha-1 N:P2O5:K2O + 10 t ha-1 FYM) along with Two foliar sprays of nano zinc 

@ 0.15% found beneficial for increase in macro as well as micronutrients in soil. 

 
Keywords: Nanoparticles (NPs), available Nutrients 

 

Introduction 

Zinc is a micronutrient that plays a crucial role in various processes within plants. It's 

essential for the biosynthesis of proteins and enzymes, maintaining the integrity of cell 

membranes, promoting seed development, and facilitating numerous metabolic activities. In 

fact, zinc is a key component of many enzyme classes. A large portion of these zinc-based 

enzymes are involved in tasks such as DNA transcription, RNA translation, and RNA 

processing. Zinc also plays a vital role in protein-protein interactions, particularly through 

structures like the zinc-finger motif found in transcription factors. Within chloroplasts, zinc 

serves as a cofactor for carbonic anhydrase, which helps increase the concentration of CO2, 

aiding in photosynthesis. Moreover, zinc-dependent enzymes are integral to various aspects 

of genetic expression, including RNA and DNA polymerases, splicing factors, histone 

deacetylases, and RNA-editing enzymes in organelles like mitochondria and chloroplasts. 

The importance of zinc in genetic processes highlights its critical role in plant life. When 

plants experience zinc deficiency, it adversely affects their growth and development. For 

instance, in C4-plants, zinc deficiency can reduce net photosynthesis by interfering with the 

activity of carbonic anhydrase, which is essential for CO2 fixation. Overall, ensuring an 

adequate supply of zinc is essential for optimal plant health and productivity. About half of 

the world's agricultural soil lacks enough zinc, which leads to lower crop yields and less 

nutritious fruits, seeds, and other foods. This deficiency is a big problem globally. Normally, 

soil contains only about 0.1 to 2.0 mg of zinc per kilogram, which is far less than the 60 mg 

per kilogram that plants need. To help plants grow better, we need to add more zinc to the 

soil. One promising solution is using zinc nanoparticles as fertilizers. These tiny particles are 

expected to absorb 15–20 times more zinc than traditional zinc salts. Zinc salts dissolve more 

easily in water, which can cause them to be washed away, taking valuable nutrients with 

them. But nanoparticles are less soluble, so they stay in the soil longer, providing plants with 

the zinc they need to thrive.
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Materials and Methods 

Experimental details 

I) Field experiment 

The present research work entitled, “Effect of foliar 

application of Nano zinc on nutrient uptake, yield and 

quality of wheat on zinc deficient and sufficient soils of 

Inceptisol” was conducted at the PGI Research Farm, 

Department of Soil Science and Agricultural Chemistry, 

Mahatma Phule Krishi Vidyapeeth, Rahuri during Rabi 

season 2022. Two types of soils were selected, one with low 

available nitrogen, low available phosphorus, very high 

available potassium, and was deficient in zinc and another 

was also the same as the first soil type in macronutrients but 

sufficient in zinc. (Table 1). 

 
Table 1: Initial properties of field experiment soils on Zn deficient 

and Zn sufficient 
 

Sr. 

No. 
Parameter 

Value 

Zn deficient Zn sufficient 

I Texture Clay Clay 

II Chemical properties   

1. pH (1: 2.5) 8.24 8.20 

2. EC (1:2.5) (dSm-1) 0.35 0.38 

3. Organic carbon (g kg-1) 4.9 5.4 

4. Calcium carbonate (%) 6.80 7.87 

III Macronutrients   

1. Available N (kg ha-1) 159 166 

2. Available P (kg ha-1) 10.83 12.78 

3. Available K (kg ha-1) 467 490 

IV DTPA micronutrients (mg kg-1)   

1. Fe 4.61 4.60 

2. Mn 8.30 9.80 

3. Zn 0.54 0.67 

4. Cu 1.35 1.52 

 

Experiment consisting of eight treatments and three 

replications in Randomized Block Design (RBD). The 

treatments comprised of T1: Absolute control, T2: General 

Recommended Dose of Fertilizer (GRDF), T3: GRDF + Soil 

application of ZnSO4.7H2O @ 20 kg ha-1, T4: GRDF + Two 

foliar sprays of ZnSO4.7H2O @ 0.50%, T5: GRDF + Two 

foliar sprays of Nano zinc @ 0.10%, T6: GRDF + Two foliar 

sprays of Nano zinc @ 0.15%, T7: GRDF + Two foliar 

sprays of chelated zinc @ 0.15% and T8: GRDF + Two 

foliar sprays of chelated zinc @ 0.20% were sprayed at 20 

and 40 DAS. The variety of Wheat (Triticum aestivum L.) 

Phule samadhan was sown under general recommended 

dose of fertilizers (120:60:40 kg ha-1 N:P2O5:K2O + 10 t ha-1 

FYM) was applied urea, diammonium phosphate and 

muriate of potash, respectively. 50 percent of nitrogen was 

applied as basal dose. Remaining 50 percent of nitrogen was 

applied at 21 and 45 days after sowing. Soil application of 

ZnSO4.7H2O (20 kg ha-1) was carried out at the time of 

sowing. The foliar applications of ZnSO4.7H2O @ 0.50%, 

Nano zinc @ 0.10%, Nano zinc @ 0.15% and chelated zinc

@ 0.20% were sprayed at 20 and 40 DAS. 

 

Soil and plant analysis 

Soil samples were processed and analyzed for pH and 

electrical conductivity (1:2.5) using glass electrode pH 

meter and EC meter, respectively. Organic carbon (g kg-1) 

was estimated by Wet oxidation method (Nelson and 

Sommer, 1982) [10], available N by alkaline permanganate 

method (Subbiah and Asija, 1956) [16], available P by Olsen 

method (Watanabe and Olsen, 1965) [11] and available K by 

Neutral normal ammonium acetate method (Jackson, 1973) 

[4]. For DTPA micronutrients (Fe, Mn, Zn and Cu), soil 

samples extracted by 0.005 M DTPA method (pH-7.3) 

(Lindsay and Norvell, 1978) [6]. Finely ground grain and 

straw samples were digested with di-acid mixture 

(H2O2:H2SO4 1:1) for total N by Kjeldahl method and total 

micronutrients (Fe, Mn, Zn and Cu) atomic absorption 

spectrophotometry (AAS) and for total P and K digested 

with (HNO3:HClO4 9:4) and analyzed by Vanado-

Molybdate yellow colour in HNO3 and Flame photometer, 

respectively. 

 

Statistical analysis 

The data obtained was analyzed as per the methods 

described by Panse and Sukhatme (1985) [12]. 

 

Results and Discussion 

Effect of foliar application on different sources of zinc on 

soil properties after harvest 

Available macronutrients in zinc deficient soil 

This data presented in table 2 under zinc deficient soil, 

available nitrogen content in soil was found significantly 

higher (170 kg ha-1) in treatment T2 (General Recommended 

Dose of Fertilizers) over T1, T3, T4, T5, T6, T7 and T8 

treatments, the available phosphorus content in soil was 

found significantly higher (13.24 kg ha-1) in treatment T2 

(General Recommended Dose of Fertilizers) over T1, T3, T5 

and T6 treatments, while treatments T7 and T8 (13.05 and 

12.68 kg ha-1, respectively) were at par with treatment T2. 

Available potassium content in soil was found significantly 

higher (497 kg ha-1) in treatment T2 (GRDF) over T1, T3, T4, 

T5, T6, and T8 treatments, while treatment T7 (496 kg ha-1) 

was at par with treatment T2. 

The concurrent utilization of traditional fertilizers alongside 

nano fertilizers resulted in an augmented quantity of 

accessible macronutrients within the soil. Rajonee et al. 

(2016) [13] noted that the slow-release characteristics of nano 

fertilizers led to higher levels of available nitrogen in post-

harvest soil when compared to conventional fertilizers in the 

context of Ipomoea aquatic (kalmi). Furthermore, Astaneh 

et al. (2021) [1] observed that the application of nano 

chelated nitrogen fertilizers resulted in increase in 

phosphorus content and also increase in potassium content 

as compared to conventional urea fertilizer. 
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 Table 2: Effect of foliar application of different sources of zinc on soil available macronutrients in zinc deficient under wheat crop 

 

Tr. No Treatment 
Soil available macronutrients (kg ha-1) 

N P K 

T1 Absolute control 137 8.72 440 

T2 General Recommended Dose of Fertilizers (GRDF) 170 13.24 497 

T3 GRDF + Soil application of ZnSO4.7H2O @ 20 kg ha-1 166 11.67 478 

T4 GRDF + Two foliar sprays of ZnSO4.7H2O @ 0.50% at 20 and 40 DAS 165 13.05 482 

T5 GRDF + Two foliar sprays of Nano zinc @ 0.10% at 20 and 40 DAS 168 11.04 490 

T6 GRDF + Two foliar sprays of Nano zinc @ 0.15% at 20 and 40 DAS 169 11.67 491 

T7 GRDF + Two foliar sprays of chelated zinc @ 0.15% at 20 and 40 DAS 167 12.68 496 

T8 GRDF + Two foliar sprays of chelated zinc @ 0.20% at 20 and 40 DAS 168 13.05 478 

 S.Em± 0.40 0.29 1.73 

 CD at 5% 1.22 0.89 5.21 

 Initial 159 10.83 467 

 

Available macronutrients in zinc sufficient soil 

The data presented in table 3 under zinc sufficient soil, the 

available nitrogen content in soil was found significantly 

higher (191 kg ha-1) in treatments T4 (GRDF + Two foliar 

sprays of ZnSO4.7H2O @ 0.50% at 20 and 40 DAS) and T7 

(GRDF + Two foliar sprays of chelated zinc @ 0.15% at 20 

and 40 DAS) over T1, T2, T3, T5, T6 and T8 treatments. The 

available phosphorus content in soil was found significantly 

higher (12.90 kg ha-1) in treatment T2 (General 

Recommended Dose of Fertilizers) over T1, T3, T4, T5, T6, 

T7 and T8 treatments. Available potassium content in soil 

was found significantly higher (497 kg ha-1) in treatment T5 

(GRDF + Two foliar sprays of Nano zinc @ 0.10% at 20 

and 40 DAS) over T1, T2, T3, T4, T6, T7 and T8 treatments. 

The application of nano fertilizers has been found to boost 

certain biogeochemical processes, specifically the 

nitrification process, which results in an increased 

availability of nitrogen within the soil. Nano fertilizers 

release humic acid and root exudates gradually as nutrients 

are released, subsequently elevating the nitrogen content. 

This nitrogen serves as a food source for soil 

microorganisms, as reported by Vande and Arai (2019) [19]. 

The application of nano fertilizer via foliar spraying is 

expected to not only diminish soil pollution but also 

augment soil fertility by enhancing the chemical attributes 

of the soil. This phenomenon can likely be attributed to the 

enhancement of nitrogen mineralization in the soil, 

potentially stemming from the addition of zinc, which may 

have further contributed to the observed improvements, 

Similar results was also reported by Grunes (1959) [2], it also 

same for phosphorus and potassium availability in the soil 

may have increased as a results of biomass being 

incorporated into the soil by crops, the results are in 

conformity with the findings of Miao et al. (2010) [8]. 

 
Table 3: Effect of foliar application of different sources of zinc on soil available macronutrients in zinc sufficient under wheat crop 

 

Tr. No Treatment 
Soil available macronutrients (kg ha-1) 

N P K 

T1 Absolute control 149 10.18 459 

T2 General Recommended Dose of Fertilizers (GRDF) 181 12.90 508 

T3 GRDF + Soil application of ZnSO4.7H2O @ 20 kg ha-1 180 12.20 503 

T4 GRDF + Two foliar sprays of ZnSO4.7H2O @ 0.50% at 20 and 40 DAS 191 12.54 517 

T5 GRDF + Two foliar sprays of Nano zinc @ 0.10% at 20 and 40 DAS 185 12.22 538 

T6 GRDF + Two foliar sprays of Nano zinc @ 0.15% at 20 and 40 DAS 186 12.37 519 

T7 GRDF + Two foliar sprays of chelated zinc @ 0.15% at 20 and 40 DAS 191 12.61 508 

T8 GRDF + Two foliar sprays of chelated zinc @ 0.20% at 20 and 40 DAS 187 12.11 504 

 S.Em± 0.94 0.09 0.4 

 CD at 5% 2.88 0.27 1.22 

 Initial 166 12.78 490 

 

Available DTPA micronutrients in zinc deficient in soil 

The data presented in table 4 under zinc deficient soil, 

available iron content in soil was found significantly higher 

(4.28 mg kg-1) in treatments T2 (General Recommended 

Dose of Fertilizers) over T1, T3, T4, T5, T6, T7 and T8 

treatments. Initially, soil was sufficient in available Fe hence 

post harvest status showed deficient in all the soils under 

treatment. Available manganese (mg kg-1) was found 

significantly higher (8.49 mg kg-1) in treatment T4 (GRDF + 

Two foliar sprays of ZnSO4.7H2O @ 0.50% at 20 and 40 

DAS) over T3 treatment, while treatments T1, T2, T5, T6, T7 

and T8 (8.25, 8.25, 8.25, 8.23, 8.17 and 8.19 mg kg-1, 

respectively) was at par with treatment T4. Initially, soil was 

deficient in available zinc under zinc deficient soil, but post-

harvest status showed slightly higher status in treatment, 

which received zinc through ZnSO4 through soil application 

as compared to the rest of the foliar treatments under study. 

Available zinc was found significantly higher (0.56 mg kg-1) 

in treatment T3 (GRDF + Soil application of ZnSO4.7H2O 

@ 20 kg ha-1) over T1, T2, T4, T6, T7 and T8 treatments, 

while treatment T5 (0.52 mg kg-1) was at par with treatment 

T3. Available copper content in soil was found non 

significantly at harvest of wheat. 
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 Table 4: Effect of foliar application of different sources of zinc on soil available DTPA micronutrients in zinc deficient under wheat crop 

 

Tr. No. Treatment 
Soil available micronutrients (mg kg-1) 

Fe Mn Zn Cu 

T1 Absolute control 4.07 8.25 0.46 1.34 

T2 General Recommended Dose of Fertilizers (GRDF) 4.28 8.25 0.48 1.39 

T3 GRDF + Soil application of ZnSO4.7H2O @ 20 kg ha-1 4.16 8.32 0.56 1.35 

T4 GRDF + Two foliar sprays of ZnSO4.7H2O @ 0.50% at 20 and 40 DAS. 4.13 8.49 0.46 1.36 

T5 GRDF + Two foliar sprays of Nano zinc @ 0.10% at 20 and 40 DAS. 4.12 8.25 0.52 1.31 

T6 GRDF + Two foliar sprays of Nano zinc @ 0.15% at 20 and 40 DAS. 4.02 8.23 0.48 1.35 

T7 GRDF + Two foliar sprays of chelated zinc @ 0.15% at 20 and 40 DAS. 4.15 8.17 0.51 1.34 

T8 GRDF + Two foliar sprays of chelated zinc @ 0.20% at 20 and 40 DAS. 4.16 8.19 0.49 1.37 

 S.Em± 0.02 0.06 0.012 0.01 

 CD at 5% 0.07 0.20 0.038 NS 

 Initial 4.61 8.30 0.54 1.35 

 

According to Jassim et al. (2019) [5], the utilization of nano 

fertilizers has been observed to enhance the availability of 

essential micronutrients such as zinc (Zn), iron (Fe) and 

manganese (Mn) in the soil following the harvest of rice 

crop. Additionally, Sahar et al. (2020) [15] concluded that the 

application of nano NPK fertilizers led to an increase in the 

availability of micronutrients in the soil after the harvest of 

soybean crops. 

 

Available DTPA Micronutrients in Zinc Sufficient in 

Soil 

The data presented in table 5 under zinc sufficient soil, 

available iron content in soil was found significantly higher 

(4.30 mg kg-1) in treatment T2 (General Recommended Dose 

of Fertilizers) over T1, T3, T4, T5, T6, T7 and T8 treatments. 

Initially, the soil contained a sufficient amount of available 

iron (Fe); however, the post-harvest analysis indicated a 

deficiency of iron in all the soils subjected to treatment. 

Available manganese content in soil was found significantly 

higher (8.82 mg kg-1) in treatment T2 (General 

Recommended Dose of Fertilizers), while treatments T1, T3, 

T4, T5, T6, T7 and T8 (8.64, 8.69, 8.60, 8.56, 8.62, 8.58 and 

8.66 mg kg-1, respectively) were at par with treatment T3. 

Available zinc content in soil were sufficient and it was 

found significantly higher (0.65 mg kg-1) in treatment T3 

(GRDF + Soil application of ZnSO4.7H2O @ 20 kg ha-1) 

over T1, T3, T4, T5, T6, T7 and T8 treatments, while treatment 

T3 (0.65 mg kg-1) was at par with treatment T3.  

At the outset, the soil possessed a proportionate supply of 

available zinc in the context of zinc-sufficient soil. 

Nevertheless, the post-harvest evaluation revealed a slightly 

elevated zinc status in treatments that received zinc from 

various sources, both via soil application and foliar 

application, as examined in the study and available copper 

(mg kg-1) was found significantly higher (1.70 mg kg-1) in 

treatment T2 (General Recommended Dose of Fertilizers) 

over T1 treatment, while treatments T3, T4, T5, T6, T7 and T8 

(1.51, 1.46, 1.64, 1.62, 1.49 and 1.57 mg kg-1, respectively) 

were at par with treatment T2. 

Thirunavukkarasu and Subramanian (2015) [18] demonstrated 

that the slow-release mechanism of nano fertilizers has the 

capacity to improve the nutrient status of soil by mitigating 

leaching loss, fixation, atmospheric losses, and microbial 

conversion. These findings align with similar results 

reported by Rani et al. (2019) [14] and Meena et al. (2021) [7]. 

After application of nano zinc on leaves, there may have an 

increase in the mineralization of native iron and zinc, which 

led to better microbial activity in the soil due to gradual 

release of humic acid and root exudates and an increase in 

soil available iron and zinc. Similar results have also been 

reported by Mirzapor and Khashgoltermanesh (2013) [9], 

Hassanpouraghdam and Vojad (2020) [3]. 

 
Table 5: Effect of foliar application of different sources of zinc on soil available DTPA micronutrients in zinc sufficient under wheat crop 

 

Tr. No. Treatment 
Soil available micronutrients (mg kg-1) 

Fe Mn Zn Cu 

T1 Absolute control 4.09 8.64 0.60 1.41 

T2 General Recommended Dose of Fertilizers (GRDF) 4.30 8.82 0.64 1.70 

T3 GRDF + Soil application of ZnSO4.7H2O @ 20 kg ha-1 4.29 8.69 0.65 1.51 

T4 GRDF + Two foliar sprays of ZnSO4.7H2O @ 0.50% at 20 and 40 DAS. 4.17 8.60 0.61 1.46 

T5 GRDF + Two foliar sprays of Nano zinc @ 0.10% at 20 and 40 DAS. 4.16 8.56 0.62 1.64 

T6 GRDF + Two foliar sprays of Nano zinc @ 0.15% at 20 and 40 DAS. 4.11 8.62 0.61 1.62 

T7 GRDF + Two foliar sprays of chelated zinc @ 0.15% at 20 and 40 DAS. 4.26 8.58 0.62 1.49 

T8 GRDF + Two foliar sprays of chelated zinc @ 0.20% at 20 and 40 DAS. 4.26 8.66 0.60 1.57 

 S.Em± 0.03 0.10 0.01 0.07 

 CD at 5% 0.09 0.31 0.03 0.21 

 Initial 4.60 9.80 0.67 1.52 

 

Conclusion 

It can be concluded that, the application of General 

Recommended Dose of Fertilizers (120:60:40 kg ha-1 

N:P2O5:K2O + 10 t ha-1 FYM) along with soil application of 

ZnSO4.7H2O @ 20 kg ha-1 found beneficial under Zn 

deficient soil for increase in maintaining the Zn status in 

zinc deficient soil of Inceptisol. However, under zinc 

sufficient soil, the treatment of GRDF + Two foliar sprays 

of nano zinc (0.15%) found at par. Application of General 

Recommended Dose of Fertilizers (120:60:40 kg ha-1 

N:P2O5:K2O + 10 t ha-1 FYM) along with Two foliar sprays 

of nano zinc @ 0.15% found beneficial for increase in 

available nutrient status of soil. However, the treatment of 

GRDF + Two foliar sprays of nano zinc (0.10%) found at 

par. 

 

https://www.biochemjournal.com/


 

~ 287 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com 

   
 
References 

1. Astaneh N, Bazrafshan F, Zare M, Amiri B, Bahrani A. 

Nano-fertilizer prevents environmental pollution and 

improves physiological traits of wheat grown under 

drought stress conditions. Scientia Agropecuaria. 

2021;12(1):41-47. 

2. Grunes M, Ghorban N, Madani H, Mobasser H, Nouri 

M. Effect of foliar application of zinc nano oxide on 

agronomic traits of two varieties of rice (Oryza sativa 

L.). Crop Research. 1959;52(6):195-201. 

3. Hassanpouraghdam MB, Vojad N. Foliar application of 

Nano zinc and iron affects physiological attributes of 

Rosmarinus officinalis and quietens NaCl salinity 

depression. J Soil Sci Plant Nutr. 2020;20(2):335-345. 

4. Jackson ML. Soil Chemical Analysis. Prentice Hall Pvt. 

Ltd.; 1973. p. 69-182. 

5. Jassim RA, Jabar AK, Faza AK. Evaluation of foliar 

application with nano fertilizer (super micro plus) in 

different times on availability and uptake of some 

micronutrients and some quality properties of rice 

(Oryza sativa L.). Plant Achieves. 2019;19(1):1434-

1438. 

6. Lindsay WL, Norvell WA. Development of a DTPA 

soil test for zinc, iron, manganese, and copper. Soil Sci 

Soc Am J. 1978;42:421-428. 

7. Meena RH, Jat G, Jain D. Impact of foliar application 

of different nano-fertilizers on soil microbial properties 

and yield of wheat. J Environ Biol. 2021;42(2):302-

308. 

8. Miao L, Zhang GQ, Wang HX, Ng T. Purification and 

characterization of a laccase from the edible wild 

mushroom (Tricholo mamongolicum L.). J Microbiol 

Biotechnol. 2010;20:1069-1076. 

9. Mirzapor KP, Khashgoltermanesh. Zinc in crop 

production and interaction with phosphorus. Aust J 

Basic Appl Sci. 2013;5(9):1503-1509. 

10. Nelson DW, Sommers LE. Total carbon, organic 

carbon and organic matter. In: Methods of Soil 

Analysis, Part-II, Page AL (Ed.). American Society of 

Agronomy, Inc.; 1982. p. 539-579. 

11. Olsen SR, Cole CV, Watanbe FS, Dean LA. Estimation 

of available phosphorus in soils by extraction with 

sodium bicarbonate. USDA Circular No. 939; 1965. 

12. Panse VG, Sukhatme PV. Statistical Methods for 

Agricultural Workers. Publication and Information 

Division, Indian Council of Agricultural Research; 

1985. p 347. 

13. Rajonee AA, Nigar F, Ahmed S, Huq SI. Synthesis of 

nitrogen nano fertilizer and its efficacy. Can J Pure 

Appl Sci. 2016;10:3913-3919. 

14. Rani B, Nirali B, Bahu D. Effect of chemical and nano 

nitrogenous fertilizers on availability of major nutrients 

(N, P and K) in soil after harvest of the sorghum crop. 

Int J Chem Stud. 2019;7(4):2940-2942. 

15. Sahar AES, Algarni AA, Shaban KAH. Effect of NPK 

nano-fertilizers and compost on soil fertility and root 

rot severity of soybean plants caused by Rhizoctonia 

solani. J Plant Pathol. 2020;19:140-150. 

16. Subbiah BV, Asija GL. A rapid procedure for the 

estimation of available nitrogen in soils. Curr Sci. 

1956;25:259-260. 

17. Tarafdar JC, Raliya R, Rathore I. Microbial synthesis of 

phosphorous nanoparticle from tri-calcium phosphate 

using Aspergillus tubingensis TFR-5. J Bionanoscience. 

2012;6(2):84-89. 

18. Thirunavukkarasu M, Subramanian KS. Synthesis and 

characterization of surface modified nano-zeolite 

fortified with sulphate and its sulphate sorption and 

desorption pattern. J Sci Ind Res. 2015;74(12):671-675. 

19. Vande Voort AR, Arai Y. The role of nanotechnology 

in the fortification of plant nutrients and improvement 

of crop production. Appl Sci. 2019;9:499. 

https://www.biochemjournal.com/

