A Study on the Cost and Returns of Onion Cultivation Under Integrated Crop Management Practices with Varying Levels of Conventional and Nano Fertilizers


ABSTRACT
A field experiment was conducted during the Kharif seasons of 2022 and 2023 at the All IndiaAll-India Network Research Project on Onion and Garlic, UAS, Dharwad, to evaluate the economic performance advantage of onion (Allium cepa) cultivation under Integrated Crop Management (ICM) practices with a special emphasis on Nano fertilizers. Thirteen treatments involving combinations of conventional fertilizers, secondary and micronutrients, and Nano formulations were assessed for their impact on cost of cultivation, gross and net returns, and benefit-cost (B:C) ratios. Results showed that treatments incorporating Nano fertilizers—particularly T11 (Nano-Zn + Nano-Fe + Boron + Sulphur) and T12 (Vegetable special)—consistently delivered higher economic returns and profitability, achieving the highest net returns (₹325,705 and ₹317,132, respectively) and B:C ratios (2.99). In contrast, conventional high-input treatments like T5 incurred the highest costs without proportionate returns, while the absolute control (T13) had the lowest costs and returns, resulting in the least profitability. The study highlights the effectiveness of Nano fertilizers in improving nutrient use efficiency, reducing input costs, and supporting sustainable and profitable onion production. These findings support a strategic shift toward integrated nutrient management by combining reduced conventional inputs with targeted Nano interventions.
Keywords: Nano fertilizer, Onion, Integrated Crop Management, Cost of cultivation, Sustainable farming

INTRODUCTION
Onions (Allium cepa) are among the most widely cultivated and consumed vegetable crops globally. Their popularity stems not only from their unique flavor and culinary versatility but also from their significant nutritional and medicinal benefits. They are rich in vital nutrients including proteins, carbohydrates, and essential vitamins such as thiamine, riboflavin, niacin, and vitamin C, which contribute to various health benefits such as antioxidant, anti-inflammatory, and antimicrobial effects (Baloch et al., 2000; Yohannes et al., 2024). Because of these attributes, onions have become a staple food ingredient across many cultures and cuisines. The global importance of onions is reflected in their large-scale production. According to Kyei et al. (2025), China is the leading producer, with an annual output of approximately 93.23 million tonnes. Other major contributors include India (19.42 million tonnes), Egypt (3.12 million tonnes), the United States (3.03 million tonnes), and Iran (2.35 million tonnes). These figures highlight the crop’s essential role in both domestic food systems and international agricultural economies.	Comment by Abdosh Nuru: Citation 
Onions are favored not only for their nutritional profile benefit but also for their adaptability to diverse agro-climatic zones. They thrive best in fertile, well-drained soils with a pH range of 6.0 to 7.5 and require full sunlight. Cooler climates, particularly during the growing season, provide ideal conditions for bulb development (Yohannes et al., 2024). To achieve optimal yields, several agronomic practices must be managed effectively, including irrigation, soil testing, and nutrient application. Furthermore, external factors such as input costs, labor availability, and market dynamics play a crucial role in the overall profitability of onion farming, necessitating strategic planning and innovative practices (Koye et al., 2022). To achieve economic development, a country must boost the production of goods and services and ensure that the resulting surplus is marketable and can be sold effectively (Patil et al., 2024). 	Comment by Abdosh Nuru: citation
Key yield-related traits such as plant height, leaf size and number, root development, and bulb weight and uniformity are significantly influenced by factors like plant spacing and variety selection (Ws et al., 2015). Optimizing these parameters is essential for improving productivity and ensuring consistent crop quality. In light of increasing concerns over soil degradation and environmental sustainability, attention has turned to more efficient and eco-friendly agricultural inputs. Over the past five decades, the extensive use of agrochemicals has led to the deterioration of soil health and contamination of water bodies, with adverse effects on ecosystems (Jangir et al., 2023). According to FAO (2017), the global demand for key plant nutrients (N + P₂O₅ + K₂O) reached 198,107 thousand tonnes in 2019 and was projected to rise to 201,663 thousand tonnes by 2020. This growing demand underscores the urgent need to adopt sustainable alternatives.	Comment by Abdosh Nuru: citation
In response, nano-agriculture has emerged as a promising approach to modern farming. Nano-formulations, particularly nano-fertilizers, enable targeted delivery of nutrients, reduce the required input doses, and enhance nutrient use efficiency (Jangir et al., 2023). These nano-technologies also contribute to increased stress tolerance, improved plant immune responses, and better crop performance, making them a viable alternative to conventional fertilizers. When integrated into onion cultivation, nano-fertilizers may reduce disease susceptibility, strengthen plant vigor, and enhance yield while minimizing environmental impact. Given the growing interest in sustainable agriculture and resource efficiency, the present study seeks to evaluate the economic performance of onion cultivation under Integrated Crop Management (ICM) practices. Specifically, it aims to assess the costs and returns associated with varying levels of conventional and nano-fertilizer applications. The findings are expected to contribute valuable insights into sustainable onion production and inform strategies for improving profitability and ecological balance in agricultural systems.	Comment by Abdosh Nuru: citation

MATERIAL AND METHODS: 
The field study experiment was carried out over two consecutive Kharif seasons (July to December) in 2022 and 2023 at the All IndiaAll-India Network Research Project on Onion and Garlic, Main Agricultural Research Station (MARS), University of Agricultural Sciences (UAS), Dharwad. The experiment was conducted on Vertisol soil. Prior to the initiation of the study, composite surface soil samples were collected from at a the depth of 0–20 cm at of the experimental site, and were analyzedanalysed for key physical and chemical properties to establish baseline of soil conditions.
Treatment and Experimental Design	Comment by Abdosh Nuru: -under this please explain the no of treatment and replication
-experimental plot size and inter and intra-row spacing of the crops
-
Treatment Details
The experiment included thirteen different treatment combinations, as outlined below:
Chart 1: Treatment Description	Comment by Abdosh Nuru: say table 1 and caption
	Treatment No.
	Treatment Description

	T1
	Recommended package of practice (RPP): FYM @ 30 t ha⁻¹ + N:P₂O₅:K₂O @ 125:50:125 kg ha⁻¹

	T2
	T1 + Bentonite Sulphur @ 50 kg ha⁻¹

	T3
	T2 + Boron @ 2.5 kg ha⁻¹ + Zinc Sulphate (ZnSO₄) @ 25 kg ha⁻¹

	T4
	T2 + Boron @ 2.5 kg ha⁻¹ + Ferrous Sulphate (FeSO₄) @ 25 kg ha⁻¹

	T5
	T2 + Boron @ 2.5 kg ha⁻¹ + ZnSO₄ + FeSO₄ @ 25 kg ha⁻¹ each

	T6
	T2 + Vegetable Special @ 5 g L⁻¹ (foliar spray at 45 and 60 DAS)

	T7
	Modified RPP: 50% recommended dose of N and P + foliar spray of Nano Urea and Nano DAP @ 4 mL L⁻¹ at 45 and 60 DAS + 100% recommended dose of K

	T8
	T7 + Bentonite Sulphur @ 50 kg ha⁻¹

	T9
	T8 + Boron @ 2.5 kg ha⁻¹ + Nano Zinc spray @ 2 mL L⁻¹ (at 45 and 60 DAS)

	T10
	T8 + Boron @ 2.5 kg ha⁻¹ + Nano Iron spray @ 2 mL L⁻¹ (at 45 and 60 DAS)

	T11
	T8 + Boron @ 2.5 kg ha⁻¹ + Nano Zinc + Nano Iron each @ 2 mL L⁻¹ (foliar spray at 45 and 60 DAS)

	T12
	T8 + Vegetable Special @ 5 g L⁻¹ (sprayed at 45 and 60 DAS)

	T13
	Absolute Control (no inputs applied)


Note: RPP = Recommended Package of Practice; DAS = Days After Sowing.


Experimental procedure
Economic Evaluation
To assess the economic viability of each treatment, the following parameters were calculated:
1. Cost of Cultivation (₹ ha⁻¹):
This included all expenses from land preparation to harvest, covering input costs, labor operations, interest on working capital, supervision charges, and post-harvest marketing costs.
2. Gross Returns (₹ ha⁻¹):
Computed based on total onion yield per hectare and prevailing market prices at the time of harvest.
3. Net Returns (₹ ha⁻¹):
Calculated by subtracting the total cost of cultivation from the gross returns.
4. Benefit-Cost Ratio (B:C):



B:C Ratio= Gross Returns (₹ ha⁻¹)/ Cost of Cultivation (₹ ha⁻¹)​


1

RESULTS AND DISCUSSION:


Table 1: Cost of cultivation of onion as influenced by Integrated Crop Management practices with varying levels of conventional and Nano fertilizers, for the year 2022 (July to December)

	[bookmark: _uyk3sq3cgxop]Sl. No.
	Particulars
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	T10
	T11
	T12
	T13

	1. Variable cost 

	a
	Seeds cost (Rs)
	10000
	10000
	10000
	10000
	10000
	10000
	10000
	10000
	10000
	10000
	10000
	10000
	10000

	b
	Cost of farm yard manure (Rs)
	4050
	4050
	4050
	4050
	4050
	4050
	4050
	4050
	4050
	4050
	4050
	4050
	4050

	c
	Cost of chemical fertilizer (Rs)
	4943
	5736
	6536
	6936
	7736
	6061
	4489
	5281
	6568
	6568
	7418
	5606
	0

	d
	Cost of plant protection chemicals (Rs)
	2856
	2856
	2856
	2856
	2856
	2856
	2856
	2856
	2856
	2856
	2856
	2856
	0

	e
	Cost of irrigation charges (Rs)
	2500
	2500
	2500
	2500
	2500
	2500
	2500
	2500
	2500
	2500
	2500
	2500
	2500

	f
	Cost of bullock labour (Rs)
	2850
	2850
	2850
	2850
	2850
	2850
	2850
	2850
	2850
	2850
	2850
	2850
	2850

	g
	Cost of human labour (Rs)	Comment by Abdosh Nuru: what is the purpose of the cost of human labour????
Is it the cost for application of fertilizers, planting ……
Please consider only the study variable costs excluding the same costs such as seed cost, irrigation, bullock labour, machine costs etc.
	18700
	18700
	18700
	18700
	18700
	18700
	18700
	18700
	18700
	18700
	18700
	18700
	8200

	
	Cost of machine labour (Rs)
	2500
	2500
	2500
	2500
	2500
	2500
	2500
	2500
	2500
	2500
	2500
	2500
	2500

	
	Interest on working capital at 7%
	3,388

	3,443

	3,499

	3,527

	3,583

	3,466

	3,356

	3,412

	3,502

	3,502

	3,561

	3,434

	2,107

	SUB TOTAL -– I
	51787
	52635
	53491
	53919
	54775
	52983
	51301
	52149
	53526
	53526
	54435
	52496
	32207

	2. Fixed cost 

	
	Rental value including land revenue 
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000

	
	Depreciation 
	656
	656
	656
	656
	656
	656
	656
	656
	656
	656
	656
	656
	656

	
	Interest on fixed capital 11 %
	1,281
	1,281
	1,281
	1,281
	1,281
	1,281
	1,281
	1,281
	1,281
	1,281
	1,281
	1,281
	1,281

	SUB TOTAL -– II
	11,937
	11,937
	11,937
	11,937
	11,937
	11,937
	11,937
	11,937
	11,937
	11,937
	11,937
	11,937
	11,937

	TOTAL COST OF CULTIVATION (I+II)
	63724

	64572

	65428

	65856

	66712

	64920

	63238

	64086

	65463

	65463

	66372

	64433

	44144



Bullock labour, human labour and machine labour: land preparation, application of FYM, raised bed preparation, seed sowing, weeding, fertilizer application, irrigation, spraying of chemicals and harvesting
	

	

	


Table 2: Cost of cultivation of onion as influenced by Integrated Crop Management practices with varying levels of conventional and Nano fertilizers, for the year 2023 (July to December)

	Sl no
	Particulars
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	T10
	T11
	T12
	T13

	1.
	Variable cost 
	
	
	
	
	
	
	
	
	
	
	
	
	

	a
	Seeds cost (Rs)
	10000
	10000
	10000
	10000
	10000
	10000
	10000
	10000
	10000
	10000
	10000
	10000
	10000

	b
	Cost of Farm yard manure (Rs)
	4500
	4500
	4500
	4500
	4500
	4500
	4500
	4500
	4500
	4500
	4500
	4500
	4500

	c
	Cost of Chemical fertilizer (Rs)
	4943

	5736

	6536

	6936

	7736

	6061

	4489

	5281

	6568

	6568

	7418

	5606

	0


	d
	Cost of Plant protection chemicals (Rs)
	2300
	2300
	2300
	2300
	2300
	2300
	2300
	2300
	2300
	2300
	2300
	2300
	0	Comment by Abdosh Nuru: If you apply crop protection chemical to other treatment and didn’t apply to the control, ow you evaluate efficiency of conventional and nano fertilizers? the only come to zero is chemical fertilizer application??

	e
	Cost of Irrigation charges (Rs)
	2650
	2650
	2650
	2650
	2650
	2650
	2650
	2650
	2650
	2650
	2650
	2650
	2650

	f
	Cost of Bullock labour (Rs)
	2900
	2900
	2900
	2900
	2900
	2900
	2900
	2900
	2900
	2900
	2900
	2900
	2900

	g
	Cost of Human labour (Rs)
	17800
	17800
	17800
	17800
	17800
	17800
	17800
	17800
	17800
	17800
	17800
	17800
	7900

	
	Cost of Machine labour (Rs)	Comment by Abdosh Nuru: Have you spray chemical fertilizer by machine?......why it reduced for control…….?
	2200
	2200
	2200
	2200
	2200
	2200
	2200
	2200
	2200
	2200
	2200
	2200
	1950

	
	Interest on working capital at 7%
	3,311

	3,366

	3,422

	3,450

	3,506

	3,389

	3,279

	3,334

	3,424

	3,424

	3,484

	3,357

	2,093


	SUB TOTAL -– I
	50604
	51452
	52308
	52736
	53592
	51800
	50118
	50965
	52342
	52342
	53252
	51313
	31993

	2.
	Fixed cost 
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Rental value including land revenue 
	10,500
	10,500
	10,500
	10,500
	10,500
	10,500
	10,500
	10,500
	10,500
	10,500
	10,500
	10,500
	10,500

	
	Depreciation 
	550
	550
	550
	550
	550
	550
	550
	550
	550
	550
	550
	550
	550

	
	Interest on fixed capital 11 %
	1,215
	1,215
	1,215
	1,215
	1,215
	1,215
	1,215
	1,215
	1,215
	1,215
	1,215
	1,215
	1,215

	SUB TOTAL -– II
	12,265
	12,265
	12,265
	12,265
	12,265
	12,265
	12,265
	12,265
	12,265
	12,265
	12,265
	12,265
	12,265

	TOTAL COST OF CULTIVATION (I+II)
	62869
	63717
	64573
	65001
	65857
	64065
	62383
	63230
	64607
	64607
	65517
	63578
	44258



Bullock labour, Human labour and Machine labour: Land preparation, application of FYM, raised bed preparation, seed sowing, weeding, fertilizer application, irrigation, spraying of chemicals and harvesting
Table 1 and 2 indicate the cost of cultivation of onion as influenced by Integrated Crop Management practices with varying levels of conventional and Nano fertilizers, for the years 2022 and 2023 (July to December) respectively. The cost of onion cultivation over two consecutive seasons (July to December 2022 and 2023) under various Integrated Crop Management (ICM) treatments revealed consistent trends in the economic impact of using conventional and Nano fertilizers. The data highlight how different combinations of inputs influence overall production costs and provide insight into the cost-efficiency of various management practices.
Total Cost of Cultivation
Across both years, the highest total cost was observed in T5, with ₹66,712 in 2022 and ₹65,857 in 2023. This treatment consistently involved the highest application of chemical fertilizers, leading to increased variable costs and interest on working capital. In contrast, T13, which excluded chemical fertilizers and plant protection chemicals, consistently recorded the lowest cost — ₹44,144 in 2022 and ₹44,258 in 2023. This sharp difference (over ₹22,000 across both years) emphasizes the potential of low-input or organic-based systems in significantly reducing the financial burden of cultivation.
Variable Costs Analysis
· Human labour remained the most significant cost component across treatments and years. Treatments T1 to T12 consistently incurred ₹17,800 to ₹18,700, while T13 had much lower labour costs (₹7,900 in 2023 and ₹8,200 in 2022), possibly due to reduced operations or higher mechanization.
· Chemical fertilizer cost peaked in T5 each year (₹7,736), reflecting full-dose fertilizer application, and dropped to zero in T13, highlighting the contrast between conventional and alternative nutrient strategies.
· Treatments that integrated Nano fertilizers (T6 to T12) generally showed moderate fertilizer costs, suggesting that the inclusion of Nano formulations enabled reduced usage of conventional fertilizers without eliminating them. For instance, T7, a Nano-based treatment, had fertilizer costs of ₹4,489 in both years — significantly lower than T5.
· Plant protection chemicals were uniformly applied across most treatments at a cost of ₹2,300 to ₹2,856, but entirely omitted in T13, further contributing to its lower total cost.
Fixed Costs
Fixed costs remained relatively stable across both years and treatments, at ₹11,937 in 2022 and ₹12,265 in 2023, and did not contribute to variation in total cost. These included rental value, depreciation, and interest on fixed capital.
Trends and Implications Across Years
· The cost pattern across treatments remained consistent in both years, validating the reliability of results and the impact of input levels on cost structure.
· The treatments incorporating Nano fertilizers (T6 to T12) consistently showed lower total costs than high-input conventional treatments (T1 to T5), while still maintaining a full suite of crop management practices. This supports the efficiency of Nano fertilizers in reducing chemical dependency and input costs.
· T7 and T8 in both years demonstrated a favorable balance between cost and input levels (around ₹62,000 to ₹64,000), making them promising for cost-effective cultivation.
· The lowest-cost treatment, T13, provides a model for low-input or organic production systems, though further analysis on yield and profitability would be necessary to confirm its viability for larger-scale adoption.
Overall, the results across both seasons highlight the economic benefit of integrating Nano fertilizers into ICM practices. Treatments with optimized input use—especially those that reduce chemical fertilizer dependency—can achieve substantial cost savings without compromising essential agronomic operations. The data also highlight the importance of labour cost management and the potential of low-input strategies for sustainable and economically viable onion cultivation.


Table 3. Influence of integrated crop management practices with varying levels of conventional and Nano fertilizers on economics of onion production

	Treatment details
	Gross Returns (Rs.)
	Net Returns (Rs.)
	B:C Ratio

	
	2022
	2023
	Pooled
	2022
	2023
	Pooled
	2022
	2023
	Pooled

	T1
	Recommended package of practice (RPP)
	330370
	391007
	360688
	177802
	233836
	205819
	2.07
	2.49
	2.28

	T2
	T1 + bentonite-S (Sulphur @ 50 kg ha-1)
	377029
	424364
	400696
	253913
	265071
	259492
	2.34
	2.67
	2.50

	T3
	T2 + boron @ 2. 5 kg ha-1+ ZnSO4 @ 25 kg ha-1
	401299
	442084
	421692
	247337
	280651
	263994
	2.45
	2.74
	2.60

	T4
	T2 + boron @ 2. 5 kg ha-1+ FeSO4 @ 25 kg ha-1
	412622
	448399
	430510
	257389
	285896
	271643
	2.51
	2.76
	2.63

	T5
	T2 + boron @ 2. 5 kg ha-1+ ZnSO4 + FeSO4 each at 25 kg ha-1
	450096
	472263
	461179
	311021
	307620
	309320
	2.70
	2.87
	2.78

	T6
	T2 + Vegetable special @ 5g l-1 (twice at 45 and 60 DAS)
	457335
	476544
	466940
	302674
	316383
	309528
	2.82
	2.98
	2.90

	T7
	*RPP (50 % recommended dose of N P and foliar spray of Nano urea & Nano DAP @ 4 ml l-1, twice at 45 and 60 DAS + 100% recommended K)
	343662
	399553
	371607
	217340
	243596
	230468
	2.17
	2.56
	2.37

	T8
	T7 + bentonite-S (Sulphur @ 50 kg ha-1)
	385573
	427904
	406738
	238971
	269829
	254400
	2.41
	2.71
	2.56

	T9
	T8 + boron @ 2. 5 kg ha-1+ two spray with Nano Zn @ 2 ml l-1 (Twice at 45 and 60 DAS) 
	424240
	456704
	440472
	246723
	295186
	270954
	2.59
	2.83
	2.71

	T10
	T8 + boron @ 2. 5 kg ha-1 + two spray with Nano-Fe@ 2 ml l-1 (Twice at 45 and 60 DAS)  
	434522
	463420
	448971
	279673
	301902
	290788
	2.66
	2.87
	2.76

	T11
	T8 + Boron @ 2. 5 kg ha-1 + two spray with Nano-Zn & Nano-Fe each at 2 ml l-1 (twice at 45 and 60 DAS) 
	496756
	488917
	492836
	326285
	325126
	325705
	2.99
	2.98
	2.99

	T12
	T8 + twice pray of Vegetable special @ 5g l-1 (45 & 60 DAS)
	473838
	482399
	478119
	310809
	323454
	317132
	2.94
	3.04
	2.99

	T13
	Absolute control
	181568
	196837
	189202
	73010
	86192
	79601
	1.65
	1.78
	1.71

	
	S.Em ±
	21709.34
	20307.79
	14326.53
	18036.46
	15878.12
	9430.49
	0.13
	0.14
	0.10

	
	CD @ 5%
	63365.08
	59274.24
	56668.17
	52644.70
	46344.96
	28291.47
	0.39
	0.42
	0.31


RPP: FYM (30 t + N: P2O5: K2O: 125:50:125: kg ha-1), *RPP- modified recommended package of practice with Nano fertilizers


Influence of integrated crop management practices with varying levels of conventional and Nano fertilizers on economics of onion production is represented in Table 3. The economic evaluation of onion cultivation under various Integrated Crop Management (ICM) practices, combining different levels of conventional and Nano fertilizers, revealed noteworthy differences in gross returns, net returns, and benefit-cost (B:C) ratios across treatments and over two consecutive seasons (2022 and 2023). The pooled data offer a comprehensive view of long-term economic viability.
Gross Returns
The gross returns from onion cultivation varied widely among treatments. The highest gross returns were obtained in Treatment T11 (₹496,756 in 2022, ₹488,917 in 2023, and ₹492,836 as pooled), followed by T12 and T6. These treatments featured integrated approaches involving reduced chemical fertilizers supplemented with Nano-based foliar sprays (such as Nano-Zn, Nano-Fe, and Vegetable Special), alongside secondary and micronutrient applications like sulphur, boron, and zinc. In contrast, the lowest gross returns were recorded in the absolute control (T13), which lacked any fertilizer input, achieving only ₹181,568 in 2022 and ₹196,837 in 2023. This vast difference between treatments emphasizes the crucial role of nutrient management, particularly through innovative technologies like Nano fertilizers, in maximizing crop value. Such integrated approaches align with findings from Jayathilake et al., (2003), who demonstrated that combining organic and inorganic fertilizers significantly boosts bulb yield and economic viability. Similarly, this reinforces the conclusions drawn by Sinha et al. (2017) and Prusty et al. (2019), who noted that integrated nutrient strategies not only enhance yield but also lead to the economic benefits of adopting a well-rounded nutrient management approach. Thus, integrated nutrient management approach aligns with findings from Singh et al. (2015) and Jayathilake et al. (2003), who highlighted the economic benefits of combining organic and inorganic nutrients to optimize yield and profitability.
Net Returns
When input costs were accounted for, net returns followed a similar trend. T11 achieved the highest net returns (₹326,285 in 2022 and ₹325,126 in 2023), with a pooled net return of ₹325,705. Close behind were T12 (₹317,132 pooled) and T6 (₹309,528 pooled), all of which included Nano foliar applications combined with targeted nutrient supplementation. On the other hand, T13 (control) yielded the lowest net return (₹79,601 pooled), reaffirming the economic inefficiency of nutrient-deficient cultivation. The moderate returns from T1 (recommended package of practice) and T7 (modified RPP with reduced N and P + Nano urea & Nano DAP) suggest that while conventional practices are productive, further economic gains can be achieved through integrated strategies that include Nano inputs.
Benefit-Cost Ratio
The benefit-cost ratio (B:C), an important indicator of the profitability of investment, was highest in T11 and T12, each recording a pooled B:C of 2.99, indicating that for every rupee invested, nearly ₹3 were earned. This remarkable return reflects the efficiency and effectiveness of these integrated practices in enhancing crop performance while managing input costs. Treatments such as T6, T9, and T10, which incorporated partial chemical fertilizers along with Nano-based supplements and micronutrients, also recorded high B:C ratios (2.76 to 2.90 pooled). In contrast, the lowest B:C ratio was found in T13 (1.71), indicating that traditional, low-input methods are far less efficient in terms of input-output relationships. The recommended package (T1) had a moderate B:C of 2.28, suggesting room for improvement through the inclusion of Nano and secondary nutrient strategies. Notably, treatments using reduced chemical fertilizer rates combined with Nano inputs (e.g., T7–T10) achieved better B:C ratios than the conventional approach, confirming the potential of Nano fertilizers to enhance resource-use efficiency.
Seasonal and Pooled Trends
Economic trends were consistent across both years, with treatments performing similarly in both 2022 and 2023. This consistency reinforces the reliability and repeatability of the results. The pooled analysis, which averages across both seasons, further strengthens the findings and provides a robust basis for recommending best practices. Additionally, statistical analysis showed that the observed differences in economic parameters were significant at the 5% level, as indicated by the critical difference (CD) values. This confirms that the performance of top treatments like T11 and T12 was not due to random variation but a result of the superior input management.
The economic analysis strongly supports the use of integrated crop management practices that combine reduced doses of conventional fertilizers with Nano formulations and secondary/micronutrients. Treatments like T11 and T12, which utilized comprehensive nutrient packages including foliar sprays of Nano-Zn, Nano-Fe, and Vegetable Special, delivered the highest profitability, best return on investment, and superior input efficiency. These findings clearly demonstrate that integrating Nano fertilizers into ICM practices offers a sustainable, cost-effective, and profitable approach to onion cultivation. Such strategies are not only economically beneficial but also environmentally responsible, paving the way for a more resilient and resource-efficient agricultural future.

CONCLUSION:
The economic evaluation of onion cultivation under varying Integrated Crop Management (ICM) practices over two consecutive seasons (2022 and 2023) highlights the significant impact of input optimization—particularly the integration of Nano fertilizers—on cost-efficiency and profitability. Treatments incorporating Nano fertilizers alongside reduced chemical inputs (notably T11 and T12) consistently outperformed others in terms of gross returns, net returns, and benefit-cost ratios, demonstrating their potential as sustainable and economically viable alternatives to conventional practices. While high-input treatments like T5 incurred the highest cultivation costs due to extensive use of chemical fertilizers, they did not achieve proportionally higher economic returns. In contrast, integrated treatments like T11, T12, and T6 achieved superior profitability by maximizing input efficiency and reducing reliance on conventional fertilizers without compromising yield. The consistently high benefit-cost ratios (up to 2.99) in these treatments affirm the value of incorporating innovative nutrient management approaches such as Nano-based foliar applications.
Moreover, the low-cost, low-input treatment (T13), while effective in minimizing expenditure, showed limited profitability due to significantly reduced returns, suggesting that minimal input systems may not be economically sustainable at scale without yield optimization. The consistent performance of treatments across both years strengthens the reliability of these findings and supports broader adoption of integrated strategies. In summary, the integration of Nano fertilizers with targeted reductions in chemical inputs within an ICM framework not only reduces the cost of cultivation but also enhances overall profitability and resource-use efficiency. These results advocate for a paradigm shift toward input-optimized, environmentally sound practices in onion production, offering a promising path toward resilient and sustainable agriculture.
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