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Abstract
A field experiment was conducted on Maize during Rabi season, 2024-25 at Crop Research Farm, Department of Agronomy, Naini Agricultural Institute, Faculty of Agriculture, Sam Higginbottom University of Agriculture, Technology and Sciences. The experiment was laid out in a Randomized Block Design with 10 treatments and replicated thrice. The treatment consisted of 3 levels of Nano Urea (2,3 and 4ml/l) and Zinc (15,20 and 25 kg/ha) along with recommended doses of Nitrogen, Phosphorus and Potassium (120:60:40 N:P:Kkg/ha). The experimental field soil was sandy loam in texture, neutral in reaction (pH 7.2), medium in available organic carbon (0.624%), high in available nitrogen (186.50 kg/ha), high in available phosphorus (33.8 kg/ha), medium in available potassium (217.4 kg/ha) and high electrical conductivity (0.372 ds m-1). The result showed that higher growth attributes viz. plant height (160.68 cm) and dry weight/plant (53.86 g) and higher yield attributes viz.number of cobs/plant (2.60), number of Rows/cobs (14.56), seed yield (4.46t/ha),seed index (14.12 g), stover yield (6.68t/ha) were observed with application of Nano Urea (4 ml/l) + Zinc (25 kg/ha), whereas harvest index (33.83%) was observed with application of Nano Urea(4ml/l) + Zinc (25 kg/ha). The aforesaid treatment also recorded maximum gross return (127563.00INR/ha), net return (83735INR/ha) and B:C ratio (1.91) was observed with the application of Nano Urea (4 ml/l) + Zinc (25 kg/ha). It is concluded that application of Nano Urea (4 ml/l)+ Zinc (25 kg/ha) recorded highest yield and economics in Maize crop.
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1. INTRODUCTION

Maize(Zea mays L.)is the world’s most widely cultivated food crop providing ample food calories and protein for more than one thousand million human beings in the world. It is a member of family Gramineae (Poaeceae). It ranks 3rd among the cereals in India after wheat and rice. Maize is known as queen of cereals because it has the highest genetic yield potential among the cereals. The term corn refers as “to sustain life” that provides nutrients for human and animals worldwide. It is cultivated on nearly 150 m ha in about 160 countries having wider diversity of soil, climate, biodiversity and management practices that contributes 36 % (782 mt.) in the global grain production. The United States of America (USA) is the largest producer of maize contributes nearly 35 % of the total production in the world and maize is the driver of the US economy. The USA has the highest productivity (> 9.6 t/ha) which is double than the global average (4.92 t/ha), whereas, the average productivity in India is 2.43t/ha. In India, maize is the third most important food crops after rice and wheat. According to advance estimate its production is likely to be 22.23 million tonnes (2012-13) mainly during Kharif season which covers 80% area. Maize in India, contributes nearly 9 % in the national food basket. In addition to staple food for human being and quality feed for animals, maize serves as a basic raw material as an ingredient to thousands of industrial products that includes starch, oil, protein, alcoholic beverages, food sweeteners, pharmaceutical, cosmetic, film, textile, gum, package and paper industries etc.(Yeshiwas etal., 2017)	Comment by Windows User: Pl.give the latest available data.
Application of Nano urea has shown promising results in improving chlorophyll content, photosynthetic rate, crop growth, and grain yield in maize and other crops, while also reducing environmental pollution associated with excessive nitrogen use (Prasad et al., 2021).Nano urea is a colloidal nitrogen formulation developed using nano technology, containing nitrogen particles less than 100 nm in size. It provides nitrogen in a more plant-available form and enables better foliar absorption due to its small particle size and higher surface area. The Indian Farmers Fertiliser Cooperative Limited (IFFCO) developed the world’s first nano urea, with the claim that one 500 ml bottle of nano urea can replace at least one 45kg bag of conventional urea under field conditions (IFFCO, 2021). Zinc (Zn) is an essential micronutrient that plays a pivotal role in the growth and development of maize (Zea mays L.), being involved in several critical physiological and biochemical processes such as enzyme activation, protein synthesis, hormone regulation, and photosynthesis(Alloway,2008). Application of Zinc fertilizers, especially in the form of zinc sulphate or more recently developed nano zinc formulations, has proven effective in correcting zinc deficiency and enhancing crop performance. Nano zinc, due to its high surface area and improved solubility, offers better nutrient use efficiency compared to conventional forms (Raliya et al., 2016)
2. MATERIALSANDMETHODS
Experimental Site and Soil Analysis
A field experiment was conducted at Crop Research Farm, Department of Agronomy, SHUATS, Prayagraj (U.P) during Rabi 2024-25. The soil of the experimental plot was sandy loam in texture, nearly neutral in soil reaction (pH 7.2) containing organic carbon (0.624%), available Nitrogen (186.50kg/ha), available Phosphorus (33.8 kg/ha), available Potassium (217.4 kg/ha) and Electrical Conductivity (0.372 dsm-1).

Details of  Variety Sudied
VNR 4226 is a high-yielding hybrid Maize variety developed by VNR Seeds Pvt. Ltd., India, tailored for both Kharif and Rabi seasons. This hybrid is known for its superior agronomic traits, adaptability across various agro-climatic zones, and its suitability for grain and fodder purposes.Well-drained loamy to sandy loam soils are most suitable.Slightly acidic to neutral (pH 5.5 to 7.5).25°C to 32°C is ideal for vegetative and reproductive growth stages.
Application of fertilizer
The recommended dose of fertilizerswas applied at 120 kg/ha nitrogen, 60 kg/ha phosphorus, and 40 kg/ha potassium to ensure balanced nutrient availability for optimal sunflower growth. Urea, Di-ammonium Phosphate (DAP), and Muriate of Potash (MOP) were used as sources of nitrogen, phosphorus, and potassium, respectively. The entire dose of these fertilizers was applied as a basal application at the time of sowing.	Comment by Windows User: Maize
Method of Nano Urea and Zinc Application
Nano Urea was applied through foliar spraying at concentrations of (2, 3 and 4 ml/l) at 30 DAS (vegetative stage) and 45 DAS (Tasseling stage). The spraying method involved preparing a uniform solution by dissolving the required amount of Nano Urea in water and thoroughly mixing it. A handheld or knapsack sprayer with a fine nozzle was used to ensure even distribution of the solution over the Maize foliage.
Basal application of Zinc was carried out by incorporating it into the soil before sowing at rates of 15, 20 and 25 kg/ha. The required quantity of Zinc was uniformly broadcasted over the field and thoroughly mixed into the soil to ensure proper distribution and availability to the crop. This method allows Zinc to be readily accessible to the plant roots throughout the growing season, promoting early establishment and enhancing nutrient uptake efficiency.
Crop Management 
The experiment was laid out in Randomized Block Design, replicated thrice. In this experiment, 10 treatment combinations were allocated randomly and consisted of 3 levels of Nano Urea (2, 3 and 4ml/l) and Zinc (15, 20 and 25) as foliar spray at 30 DAS (vegetative stage) and 45 DAS (tasseling stage) with recommended doses of Nitrogen, Phosphorus and Potassium (120:60:40 N:P:K kg/ha).The size of each plot was 3m x 3 m. On 23thNovember 2024, Maize seeds (VNR 4226) were sown at 60 cm x 30 cm spacing.  Fertilizers were applied at 4-5 cm deep furrows made along the seed rows with a hand hoe. The gap filling was done at 7 DAS whereas to maintain recommended spacing, thinning was done by removing excess plants. In order to reduce crop density and weed competition, intercultural operations were carried out twice at 15 and 30 DAS.
Details of Treatments 
 T1(Nano Urea 2ml/l + Zinc 15 kg/ha), T2 (Nano Urea 2ml/l + Zinc 20 kg/ha), T3(Nano Urea 2ml/l + Zinc 25 kg/ha), T4(Nano Urea 3ml/l + Zinc 15 kg/ha), T5(Nano Urea 3ml/l + Zinc 20 kg/ha), T6 (Nano Urea 3ml/l + Zinc 25 kg/ha), T7 (Nano Urea 4ml/l + Zinc 15 kg/ha), T8 (Nano Urea 4ml/l + Zinc 20 kg/ha), T9 (Nano Urea 4ml/l + Zinc 25 kg/ha) andT10 (Control–N:P:K- 120:60:40 kg/ha).
Data Collection and Statistical Analysis
At regular intervals from germination to harvest, plant growth attributes such as plant height (cm) and dry weight (g/plant) were assessed from 20 DAS to 80 DAS at 20 days interval. Whereas at harvest, yield attributes such as number of cobs/plants, number of rows/cobs, seed yield (t/ha), stover yield (t/ha)were recorded and statistically analyzed to test their significance using analysis of variance (ANOVA) for randomized block design as mentioned by Gomez and Gomez (1984) and F value was computed at 5% level of probability and critical difference was measured for the comparison of treatment means.
3. RESULTS AND DISCUSSION
3.1Growth  Attributes
3.1.1 Plant Height (cm)
The data on growth-attributing traits are summarized in Table 1. During the course of the study, it was observed that plant height increased progressively following germination, reaching its peak around 80 days after sowing (DAS). Highest values for plant height (160.70 cm)was recorded with the application ofNano Urea(4ml/l) +Zinc (25 kg/ha)in (Treatment 9)which was found to be statistically Significant.
Significant and higher plant height was observed with application of Nano urea (4 ml/l)might be due to increasing dose of nano urea increase cell division, cell metabolism and growth of cells. Similar result was reported by Singh et al. (2019). Further, significantly higher plant height was observed with application of Zinc (25kg/ha), which may be attributed to the role of zinc as an activator of plant nutrients and plays an important role in growth and metabolism of micro organisms. Zinc is present in the enzyme system as co-factor and mental activator of many enzymes, and this helped in improvement of plant height. Similar finding was also reported by Vankatakrishnan et al.  (2003).
3.1.2 Dry Weight
Dry weight (54.45 g) was recorded with the application of Nano Urea(4ml/l) + Zinc (25 kg/ha) in (Treatment 9). However, (Treatment 5) Nano Urea(3ml/l) + Zinc(20 kg/ha),(treatment 6) Nano Urea (3 ml/l) + Zinc (25 kg/ha), treatment 7 Nano Urea (4 ml/l) + Zinc (15 kg/ha), treatment 8 Nano Urea (4 ml/l) + Zinc (20 kg/ha)  was found statistically at par with (Treatment 9) Nano Urea(4 ml/l) + Zinc (25 kg/ha).
Significant and higher dry weight was observed with application of Nano Urea (4 ml/), which enhanced the biomass production due  to better nitrogen uptake and photosynthetic efficiency. and short dry weight at silking increased 12.4% compared to traditional urea-only treatments. Foliar application at the leaf stage and tasseling. (Ramesh et.al. (2021).	Comment by Windows User: Correct the sentence and write properly.
           The increased dry matter was positively correlated with higher grain yield. Noted increase in stem and total leaf area. Dry matter accumulation per plant was higher by 10.8% over RDF alone. Foliar spray of Nano urea (4 ml/l) at knee height and tasseling stages. (Gupta et.al.2022)	Comment by Windows User: Pl. write properly. 	Comment by Windows User: Write properly
3.2 Yield Attributes
The data on yield-attributing traits are summarized in Table 2. A Significantly maximum number of cobs per plants (2.60) was observed with the application of Nano Urea (4 ml/l) + Zinc (25 kg/ha) inTreatment 9. This result was statistically at par with Treatment 8 (2.23). Thevmaximum number of rows per cobs (14.57) was also recorded in Treatment 9, which was observed with the application of Nano Urea (4 ml/l) + Zinc (25 kg/ha) in. The highest test weight (51.90 g) was noted under Treatment 9, which involved Sulphur (45 kg/ha) + Boron (0.3 %) however, this result was found to be not statistically significant.	Comment by Windows User: Make it a whole no.	Comment by Windows User: In treatments, S and B were not there. Why S&B has been mentioned here.
  Nano urea + Zn increased plant height, cob length, number of rows per cob, and grain yield.Yields improved by 18–25% over control(Singh et al.,2021).   Foliar nano urea + Zn/Fe improved number of cobs/plants, grains/cob, and grain yield. Maximum grain yield 8.7 t/ha was obtained under combined nano urea + Zn (Meena etal.,2019).
3.3 Seed Yield (t/ha)
The data on seed yield is summarized in Table 2. showed that significantly highest seed yield (4.46t/ha) was observed with application of Nano Urea (4 ml/hl)+ Zinc (25 kg/ha) (Treatment9). However, treatment 2 (3.76t/ha), treatment 6 (3.91t/ha), treatment 7 (3.74t/ha), treatment 8(3.85t/ha) was found to be statistically at par with the treatment 9.
Significant and higher grain yield was obtained with application of Zinc(30 kg/ha) may be due to Zn consequently improved physiology of plant and correcting the efficiency of different enzymes, chlorophyll content, IAA hormone and might have improved in nitrate conversion to ammonia in plant leading to higher yield. The similar findings were reported by Firdous et al. (2018). Further, increased in grain yield with the application of nano urea (4ml/l) might be due to increasing growth of plant parts and metabolic process such as photosynthesis which leads to higher photosynthates accumulation and translocation to the economic parts of the plant. The similar findings were reported by Kumar et al. (2020) in rice.
3.4 Stover Yield (t/ha)
The data on  stover yield is summarized in Table 2, showed that a maximum stover yield (6.68t/ha) wasobserved with Nano Urea(4ml/l)+Zinc (25 kg/ha) (Treatment 9).However, it was found to be statistically at par with treatments 1 (6.53),treatment 3 (6.21), treatment 5 (6.85), treatment 6 (6.51), treatment 7 (6.36), treatment 8 (6.52) were found to be statically at par with treatment 9. 
3.5 Harvest Index (%)
The data on harvest index is summarized in Table 2, showed that thebhighest harvest index (33.83 %) was observed with Nano Urea (4ml/l) + Zinc (25 kg/ha) (Treatment 9) and statistically found to be non-significant.
3.6 Economics
The data on the economics of different treatments summarized in Table 2 Showed that the significantly maximum net return (83735.46INR/ha) and benefit-cost ratio (1.91) were recorded with the application of Nano Urea (4 ml/l) + Zinc (25 kg/ha) (Treatment 9).
4. CONCLUSION
Based on one year of experimentation, the application of Nano Urea(4 ml/l) + Zinc (25 kg/ha)as in Treatment 9 proved most effective in maximizing both yield and economic returns from Maize cultivation.	Comment by Windows User: RDF was applied which is not mentioned in conclusion.  
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Table.1 Effect of  Nano Urea and Micronutrient on Growth  attributes  of  Maize.

	
	
	Plant height (cm)
	Dry weight (g)

	
	TreatmentCombinations
	

	
	
	80 DAS
	80DAS

	1.
	Nano Urea 2 ml/l + Zinc 15 kg/ha
	141.46
	49.33

	2.
	Nano Urea 2 ml/l + Zinc 20 kg/ha
	142.22
	49.37

	3.
	Nano Urea 2 ml/l + Zinc 25 kg/ha
	143.28
	49.69

	4.
	Nano Urea 3 ml/l + Zinc 15 kg/ha
	143.76
	49.83

	5.
	Nano Urea 3 ml/l + Zinc 20 kg/ha
	144.57
	52.56

	6.
	Nano Urea 3 ml/l + Zinc 25 kg/ha
	146.23
	52.98

	7.
	Nano Urea 4 ml/l + Zinc 15 kg/ha
	148.87
	53.86

	8.
	Nano Urea 4 ml/l + Zinc 20 kg/ha
	155.09
	54.20

	9.
	Nano Urea 4 ml/l + Zinc 25 kg/ha
	160.70
	54.45

	10.
	N-P-K: 120: 60: 40 Kg/ha (Control)
	139.49
	48.06

	
	
	S
	S

	
	SEm(±)
	4.22
	1.46

	
	CD(p=0.05)
	12.56
	4.37







Table.2 Effect of Nano Ureaand Micronutrienton Yield attributes and Economics of Maize.

	
	TreatmentCombinations
	No.of
cobs/plant
	No. of Rows/cobs
	Seed index   (g)
	Seedyield(t/ha)
	Stoveryield (t/ha)
	Harvest index(%)
	Net Return
(INR/ha)
	B:C ratio

	1.
	Nano urea 2 ml/l + Zinc 15 kg/ha
	1.93
	12.33
	12.95
	2.91
	6.53
	30.59
	44590.46
	1.05

	2.
	Nano urea 2 ml/l + Zinc 20 kg/ha
	1.97
	12.80
	13.14
	3.76
	5.88
	31.28
	44720.46
	1.04

	3.
	Nano urea 2 ml/l + Zinc 25 kg/ha
	2.00
	13.13
	13.08
	3.32
	6.21
	30.63
	52863.46
	1.21

	4.
	Nano urea 3 ml/l + Zinc 15 kg/ha
	2.10
	13.73
	14.02
	3.24
	5.91
	28.57
	55883.46
	1.30

	5.
	Nano urea 3 ml/l + Zinc 20 kg/ha
	2.13
	13.80
	13.85
	2.90
	6.85
	32.23
	65988.46
	1.52

	6.
	Nano urea 3 ml/l + Zinc 25 kg/ha
	2.17
	13.97
	14.12
	3.91
	6.51
	30.89
	66010.46
	1.51

	7.
	Nano urea 4 ml/l + Zinc 15 kg/ha
	2.20
	14.30
	13.59
	3.74
	6.36
	32.48
	68859.46
	1.60

	8.
	Nano urea 4 ml/l + Zinc 20 kg/ha
	2.23
	14.47
	12.83
	3.85
	6.52
	33.03
	70324.46
	1.62

	9.
	Nano urea 4 ml/l + Zinc 25 kg/ha
	2.60
	14.57
	13.91
	4.46
	6.68
	33.83
	83735.46
	1.91

	10.
	N-P-K: 120: 60: 40 Kg/ha (Control)
	1.87
	12.10
	12.89
	2.85
	5.97
	32.44
	45119.46
	1.10

	
	F test
	S
	S
	NS
	S
	S
	NS
	-
	-

	
	SEm(±)
	0.13
	0.43
	0.56
	0.33
	0.20
	0.98
	-
	-

	
	CD(p=0.05)
	0.39
	1.30
	-
	1.01
	0.61
	-
	-
	-
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FIG 1. The graph presents the analysis between B:C ratio and Net return
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