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Abstract 

Across the vegetable belts of Uttar Pradesh and Haryana, tomato growers apply 250-350 kg NPK per 

hectare, yet recovery rarely exceeds 40% because of leaching, volatilisation, and fixation in calcareous 

soils. This research compared nano-sized zinc oxide, ferric oxide, and a nano-NPK complex against 

conventional fertilizers for their effects on growth, fruit yield, and Nutrient Use Efficiency (NUE) of 

tomato (cv. Pusa Ruby) under field conditions at the Sam Higginbottom University of Agriculture, 

Prayagraj, during rabi 2022-2023. Six treatments were tested in a RCBD with four replications: control 

(no fertilizer), full conventional NPK, nano-Zn (40 ppm foliar), nano-Fe (60 ppm foliar), nano-NPK 

(foliar blend), and nano-NPK + 50% conventional NPK. The combined nano-NPK + 50% conventional 

treatment produced the tallest plants (71.8 cm), heaviest fruit (79.8 g), and highest yield (2.10 kg/plant), 

surpassing full conventional NPK by 42% for yield and achieving 51.3% NUE versus 28.4% for 

conventional. These results suggest that combining nano-fertilizers with a reduced conventional dose 

can improve tomato productivity while lowering total fertilizer input. 

 
Keywords: Nano-fertilizers, conventional fertilizers, tomato growth, nanotechnology in agriculture, 

nutrient delivery, zinc oxide nanoparticles, foliar application, nutrient use efficiency, Pusa Ruby, 

vegetable production 

 

Introduction 

In the regional context of the Indo-Gangetic plain, where calcareous alluvial soils dominate 

and irrigation water is alkaline, conventional granular fertilizers face severe efficiency losses. 

Zinc applied as ZnSO4 can be 70% fixed within hours on calcareous surfaces, and urea 

volatilisation can reach 30% in warm, moist conditions [1]. Nano-fertilizers, defined as 

nutrient carriers with at least one dimension below 100 nm, offer a potential solution by 

increasing surface area-to-volume ratios and allowing foliar uptake through leaf stomata and 

cuticular pores [2]. 

Several studies have shown that nano-ZnO at 20-100 ppm can enhance chlorophyll content 

and root development in tomato and wheat [3]. Nano-Fe2O3 has been linked to improved 

electron transport in chloroplasts [4]. A complete nano-NPK complex, though less researched, 

could theoretically deliver macronutrients with the same efficiency advantages. But most 

published work is pot-based or uses unrealistically high nanoparticle concentrations; field-

level validation under commercial conditions remains scarce [5, 6]. 

This research was conducted at the Sam Higginbottom University of Agriculture, Prayagraj 

(25.43 deg N, 81.85 deg E), to compare nano-micronutrients and nano-NPK against 

conventional fertilizers for tomato growth and yield under field conditions, and specifically 

to test whether nano-fertilizers can replace part of the conventional dose without sacrificing 

productivity [7, 8]. 

 

Material and Methods 

Material 

Tomato seedlings (cv. Pusa Ruby, 28 days old) were transplanted on 15 November 2022 at 

60 cm x 45 cm spacing in a sandy loam soil (pH 7.8, OC 0.38%, DTPA-Zn 0.54 mg/kg). 

Nano-ZnO (particle size 30-50 nm, Sigma-Aldrich), nano-Fe2O3 (20-40 nm), and a 

proprietary nano-NPK complex (IFFCO Nano Urea + Nano DAP equivalent, blended in-

house to deliver N:P:K at 40:20:20 ppm) were used as foliar sprays at 30, 50, and 70 DAT.  
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Conventional NPK (120:60:60 kg/ha) was applied as urea, 

SSP, and MOP. The 50% conventional treatment received 

60:30:30 kg/ha basal. 

 

Methods 

Six treatments in a RCBD with four replications on 4 m x 3 

m plots. Plant height, branches/plant, leaf area (LI-3100C), 

fruits/plant, fruit weight, and yield/plant were recorded. 

NUE was calculated as (yield of fertilised plot - yield of 

control) / nutrient applied [9]. Leaf nutrient content (N by 

Kjeldahl, P by vanadomolybdate, K by flame photometry, 

Zn and Fe by AAS) was determined at flowering. Data were 

analysed by ANOVA in SPSS 26 with DMRT at p<0.05 [10]. 

 

Results 

 
Table 1: Growth and yield parameters of tomato under nano and conventional fertilizer treatments 

 

Treatment Height (cm) Branches Fruits/plant Fruit wt (g) Yield (kg/plant) NUE (%) 

Control 38.2 4.1 12.3 42.1 0.52 - 

Conv. NPK 62.4 7.8 21.7 68.3 1.48 28.4 

Nano-Zn 54.7 6.4 18.4 58.7 1.08 38.1 

Nano-Fe 51.3 5.9 16.8 54.2 0.91 34.7 

Nano-NPK 68.1 8.6 24.1 74.6 1.80 44.2 

Nano + 50% Conv 71.8 9.2 26.3 79.8 2.10 51.3 

CD (p<0.05) 4.8 0.7 2.1 5.4 0.18 - 

 

The combined nano-NPK + 50% conventional treatment 

outperformed full conventional NPK for every parameter. 

Yield per plant was 2.10 kg versus 1.48 kg, a 42% 

advantage, achieved with only half the conventional 

fertilizer input. NUE rose from 28.4% under full 

conventional to 51.3% under the combined treatment. 

Among individual nano-products, nano-Zn was more 

effective than nano-Fe for yield. 

 

 
 

Fig 1: Bubble chart of plant height, fruit weight, and NUE (bubble size) across treatments 
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Fig 2: Heatmap of growth and yield parameters across six fertilizer treatments 
 

The bubble chart (Figure 1) places the combined treatment 

in the upper-right with the largest bubble, confirming its 

triple advantage in height, fruit weight, and NUE. The 

heatmap (Figure 2) shows a colour gradient from pale 

(control) to dark (combined treatment) across all parameters, 

with nano-NPK alone performing close to the combined 

level. 

 

Discussion 

The 42% yield gain of the combined treatment over full 

conventional NPK likely reflects two mechanisms: nano-

particles bypass soil fixation by entering leaves directly 

through stomatal and cuticular pathways, and the basal 50% 

conventional dose provides a sustained root-zone supply 

that the short-lived foliar sprays cannot maintain alone [2, 3]. 

The synergy between root-zone and foliar delivery may 

explain why the combined treatment outperformed both full 

conventional and nano-NPK alone. 

The NUE improvement (28.4% to 51.3%) is commercially 

significant because it means less fertilizer wasted to the 

environment. At the farmer level, replacing half the 

conventional dose with three foliar nano-sprays saves 

roughly INR 4,200/ha in fertilizer cost while adding about 

INR 2,800/ha in nano-product expense, a net saving of INR 

1,400/ha before accounting for the yield gain [11]. One 

limitation is that long-term effects of nanoparticle 

accumulation in soil and fruit are unknown, and food safety 

data are needed before wider recommendation [12, 13, 14]. 

 

Conclusion 

Combining foliar nano-NPK with 50% conventional basal 

fertilizer raised tomato yield by 42% and NUE by 80% 

relative to full conventional NPK alone. Nano-Zn was the 

most effective single nano-product. These results support 

the use of nano-fertilizers as a partial substitute for, rather 

than a complete replacement of, conventional inputs in 

tomato production on calcareous alluvial soils. Future 

research should address nanoparticle fate in soil and fruit 

tissue, test across multiple seasons and varieties, and 

evaluate consumer acceptance of nano-fertilized produce. 
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