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Effect of FYM and Bio-fertilizers on Growth, Yield, Quality and Economics of Potato-Onion Cropping Sequence under Drip Irrigation

ABSTRACT
	Potato–onion cropping systems require efficient nutrient and water management to sustain productivity, crop quality, and economic returns. Continuous nutrient removal by both crops can reduce soil fertility when appropriate nutrient replenishment is not maintained. The integrated use of farmyard manure (FYM) and bio-fertilisers under drip irrigation may improve nutrient availability, crop performance, and resource-use efficiency. However, information on their combined direct and carry-over effects in a sequential potato–onion cropping system remains limited. A field experiment conducted during 2020–21 evaluated the effect of integrated nutrient management, specifically farmyard manure (FYM) and bio-fertilisers (Azotobacter + Pseudomonas), on productivity, crop quality, soil health, and overall system profitability in a potato–onion cropping sequence under drip irrigation in semi-arid conditions. Applying 20 t ha⁻¹ FYM to both crops, together with bio-fertiliser inoculation, yielded the best performance across the evaluated parameters. This integrated treatment achieved the highest system productivity, with a potato tuber yield of 250.43 q ha⁻¹, an onion bulb yield of 260.67 q ha⁻¹, and a combined Potato Equivalent Yield (PEY) of 597.98 q ha⁻¹. In addition to increasing physical yields, the organic and bio-fertiliser combination significantly enhanced quality attributes, increasing potato starch content to 14.48%, while onion total soluble solids reached 7.2 °Brix and total phenolic content reached 48.64 mg g⁻¹ GAE. Economic evaluation further demonstrated the financial viability of this approach, as the treatment generated the highest net returns and recorded benefit–cost (B:C) ratios of 2.02 for potato and 2.40 for onion. Overall, combining drip irrigation with targeted organic amendments and bio-fertiliser inoculants provided a high-yielding and economically viable management option for the intensive vegetable cropping system evaluated in this study.
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1. Introduction
	Potato (Solanum tuberosum L.) and onion (Allium cepa L.) are two important horticultural crops in India and form a major part of the everyday vegetable basket. Both crops are highly exhaustive and have high nutrient requirements for sustaining tuber and bulb yields. According to the final estimates of the Ministry of Agriculture & Farmers Welfare for 2024–25, India recorded horticultural production of 3707.38 lakh tonnes from 301.36 lakh hectares, representing a 4.51% increase over 2023–24. Vegetable production alone increased by 5.11% to 2177.97 lakh tonnes in 2024–25. Within the vegetable sector, potato production reached 585.71 lakh tonnes in 2024–25, an increase of 2.66% from 570.53 lakh tonnes in 2023–24, while the area under onion increased by 27.74% to 19.68 lakh hectares and production reached 307.67 lakh tonnes, an increase of 26.79%. Other estimates also place potato production at a record 60.18 million tonnes and onion production at 30.77 million tonnes for 2024–25 (Anonymous, 2025). In Haryana, potato and onion are important winter-season cash crops. According to 2025 data, Haryana reported potato production of 7.50 lakh tonnes from 31.910 thousand hectares, with an average productivity of 23,504 kg ha⁻¹. Onion production was 4.42 lakh tonnes from 24.300 thousand hectares in 2025, with production having peaked at 7.80 lakh tonnes in 2019.
	Intensive cropping systems, heavy reliance on synthetic fertilisers, and inefficient water management have contributed to soil-health degradation, declining organic matter, and reduced micronutrient bioavailability (Lal, 2020). Integrated Nutrient Management (INM), which combines organic manures such as farmyard manure (FYM), bio-fertilisers (Azotobacter and Pseudomonas), and crop residues, can enhance nutrient-use efficiency, improve soil structure, and increase microbial populations (Rana et al., 2021). The addition of FYM to inorganic fertiliser significantly improved total tuber yield, large-tuber yield, and tuber number. Annual application of FYM at 20 t ha⁻¹ was beneficial (Gupta et al., 2023). Evidence across India’s diverse agro-ecologies indicates that INM can improve yield, profitability, and resource-use efficiency while enhancing soil physical, chemical, and biological properties. Long-term experiments indicate that INM sustains crop productivity more effectively than mineral fertilisers alone and contributes to soil C sequestration. Moreover, INM can improve resilience to climate variability by increasing plant tolerance to stress, soil water-holding capacity (WHC), and system nutrient-use efficiency (NUE), while also providing mitigation benefits through enhanced C sequestration and reduced greenhouse-gas (GHG) emissions (Krishna et al., 2025). Furthermore, the adoption of localised pressurised irrigation (drip irrigation) allows precise water and solute application, thereby minimising nutrient leaching and promoting root development (Bhardwaj et al., 2022). Recent studies on onion have shown that integrating FYM or other organic amendments with bio-fertilisers can improve growth and yield-related performance under integrated nutrient management (Kumar et al., 2024; Jakhar et al., 2025). In potato–onion systems, FYM combined with recommended mineral nutrition and residue incorporation has also been associated with improved growth, yield, and nutrient uptake in both crops (Reetika et al., 2024). Recent potato studies further indicate that FYM and integrated nutrient strategies involving mineral fertilisers or bio-fertilisers can enhance nutrient uptake, soil attributes, and tuber productivity (Daemo & Bore, 2024; Singh et al., 2024). However, evidence remains limited regarding the combined direct and carry-over effects of FYM and bio-fertiliser application across a sequential potato–onion system under drip irrigation when productivity, crop quality, soil-related responses, and economic performance are evaluated together. This study evaluated the carry-over and direct effects of organic and bio-fertiliser applications on the productivity, biochemical quality, and economic viability of a potato–onion cropping sequence under drip irrigation.
2. MATERIALS AND METHODS
	A field experiment on a potato–onion cropping sequence under irrigated conditions was conducted at the Research Farm, Deen Dayal Upadhyay Centre of Excellence for Organic Farming, CCS Haryana Agricultural University, Hisar, during the winter season of 2020–21, with the objective of determining the effects of FYM and bio-fertilisers on the growth, yield, and quality of onion and potato crops. The experiment comprised seven nutrient-management treatments involving FYM, bio-fertilisers, and a cow urine-based bio-formulation: T₁, farmyard manure (FYM) @ 20 t/ha for each crop + bio-fertilisers (Azotobacter + Pseudomonas) for both potato and onion; T₂, FYM @ 20 t/ha for potato only + bio-fertilisers (Azotobacter + Pseudomonas) for both crops; T₃, FYM @ 10 t/ha for each crop + incorporation of crop residues of all crops + bio-fertilisers (Azotobacter + Pseudomonas) for both crops; T₄, FYM @ 10 t/ha for potato only + incorporation of crop residues of all crops + bio-fertilisers (Azotobacter + Pseudomonas) for both crops; T₅, bio-fertilisers (Azotobacter + Pseudomonas) for both crops; T₆, cow urine-based bio-formulation; and T₇, control (no organic input or bio-fertiliser). The seven treatments were replicated three times in a randomised block design to minimise field variability among treatments.
Application of cow urine-based bio-formulation and biofertilizers 
For bio-fertiliser treatments, Azotobacter and Pseudomonas cultures were applied as seed/tuber and root inoculants. Potato seed tubers were treated for 30 min with 10 L/ha of bio-fertiliser suspension before planting, whereas onion seedlings were root-dipped in 2.5 L/ha of bio-fertiliser suspension for 30 min before transplanting.
In the cow urine-based bio-formulation treatment (T6), potato received Cow Urine Based Solid Organic Formulation (CUBSOF) @ 10 q/ha as a basal application, along with four foliar sprays of Cow Urine Based Liquid Organic Formulation (CUBLOF) @ 500 L/ha applied at 15-day intervals. In onion, CUBSOF @ 3.75 q/ha was applied as a basal treatment, followed by four foliar sprays of CUBLOF @ 500 L/ha at 25-day intervals.
Crop establishment
Potato was planted on 1 November 2020 at a spacing of 60 cm × 20 cm, whereas onion seedlings were transplanted on 9 February 2021 at a spacing of 15 cm × 10 cm. The experiment had a net plot size of 9.6 m × 6.0 m. The potato and onion varieties used were Kufri Khyati and Agrifound Light Red, respectively.
Crop management
All agronomic crop-management practices, including irrigation, intercultural operations, and weed management, were followed uniformly across all treatments throughout the crop-growth period. As the field was organically certified, only Neem Seed Kernel Extract (NSKE 5%) was applied twice to onion as a preventive measure against insect pests. Potato tubers and onion bulbs were harvested at physiological maturity.
To evaluate the total productivity of the potato–onion cropping system, the yield of the non-base crop (onion) was converted into the equivalent yield of the base crop (potato) using the prevailing market prices of both crops.
Economics 
The economic analysis considered the total cost of production (₹ ha⁻¹), gross income (₹ ha⁻¹), net income (₹ ha⁻¹), and benefit–cost ratio for each treatment. These values were calculated using the prevailing market rates of the various inputs and the income obtained from tuber or bulb yield. Gross income, net income, and the benefit–cost ratio were calculated for each treatment as follows.
Gross returns (₹ ha⁻¹) = Gross returns were calculated by multiplying the total tuber/bulb yield by the sale price of potato/onion (price per kg).
Net returns (₹ ha⁻¹) = Net returns were calculated by deducting the total cost of cultivation from gross income.
Net returns = Gross income – Total cost of cultivation
Benefit–cost ratio = The benefit–cost ratio was calculated by dividing gross income by the total cost of cultivation.
Benefit–cost ratio = Gross income / Total cost of cultivation
Formula
Potato Equivalent Yield (PEY) = Yp + 

· Yp = Yield of Potato (q/ha)
· Yo = Yield of Onion (q/ha)
· Pp = Market Price of Potato (per quintal)
· Po = Market Price of Onion (per quintal)
STATISTICAL ANALYSIS 
The field experiment was conducted in a randomised block design. The data were subjected to analysis of variance (ANOVA) as described by Panse and Sukhatme (1985). The critical difference (CD) was calculated at the 5% level of significance to compare treatment means.
3. RESULTS AND DISCUSSION
3.1 Potato growth, yield and quality attributes
	Vegetative growth parameters measured at 50 and 75 days after planting (DAP) were significantly affected by the application of organic amendments (Table 1). Among the evaluated treatments, the application of farmyard manure (FYM) at 20 t ha⁻¹ recorded the highest vegetative performance and yield parameters. Specifically, this treatment produced the maximum plant height (44.67 cm at 75 DAP), the highest tuber count (9.47 tubers plant⁻¹), and a total tuber yield of 250.43 q ha⁻¹. This yield was statistically at par with the next-best treatment, which produced 249.82 q ha⁻¹. In contrast, plant height at 25 DAP and the total number of main stems per plant did not vary significantly among the organic treatments. This indicates that the effects of organic amendments became more pronounced during the later vegetative and tuber-development stages than during initial emergence. The enhanced performance under the 20 t ha⁻¹ FYM treatment can be attributed to a steady and balanced supply of essential plant nutrients released through the gradual decomposition of organic manure, complemented by biological nitrogen fixation by beneficial soil bacteria. This sustained nutrient availability optimised photosynthetic efficiency and accelerated carbohydrate biosynthesis, which, in turn, promoted effective photoassimilate translocation during tuber initiation and filling (Yadav et al., 2021; Patel et al., 2022).
Table 1: Effect of FYM and bio-fertilizers on potato growth and yield
	Treatment 
	No. of shoots/  plant
	Plant height (cm)
	No. of tuber/plant
	Tuber yield
(q ha-1)

	
	
	25 DAP
	50 DAP
	75 DAP
	
	

	T1- FYM @ 20 t ha-1 for each crop + biofertilizers for both the crops
	3.47
	16.73
	37.40
	44.67
	9.47
	250.43

	T2- FYM @ 20  t ha-1 for potato crop only + biofertilizers for both the crops.
	3.40
	16.27
	37.13
	43.47
	9.40
	249.82

	T3- FYM @ 10  t ha-1 for each crop + crop residues of all crops + biofertilizers for both the crops.
	3.27
	13.80
	31.13
	37.87
	8.27
	216.91

	T4- FYM @ 10  t ha-1 to potato crop only + crop residues of all crops + biofertilizers for both the crops.
	3.20
	13.73
	31.07
	37.67
	8.07
	214.74

	T5- Biofertilizers for both the crops.
	3.07
	12.80
	25.40
	30.00
	7.20
	140.61

	T6- Cow urine Based Bio-formulation
	3.30
	14.20
	33.53
	39.87
	8.40
	219.07

	T7- Control
	2.87
	12.07
	23.73
	27.67
	6.07
	131.11

	C.D. at 5 %
	NS
	NS
	2.16
	2.50
	0.85
	11.89


	The data on tuber-quality parameters are presented in Table 2. The application of organic amendments together with bio-fertilisers significantly influenced TSS, total sugars, sucrose, and starch content in potato tubers. The highest TSS (7.1 °Brix), total sugars (0.512%), sucrose (0.310%), and starch content (14.48%) were recorded in T1 (FYM @ 20 t ha⁻¹ for each crop + bio-fertilisers) and were statistically at par with T2 (FYM @ 20 t ha⁻¹ for potato only + bio-fertilisers), which recorded 7.0 °Brix, 0.513%, 0.306%, and 14.39%, respectively. The non-significant difference between T1 and T2 indicated that direct application of FYM to the potato crop played a major role in improving tuber quality. The improvement in quality parameters under FYM + bio-fertiliser treatments was attributed to the gradual release of nutrients, enhanced microbial activity, and better translocation of photosynthates to tubers during the bulking stage. These findings are consistent with recent literature highlighting the role of integrated nutrient management (INM) in improving potato-tuber quality while reducing reliance on chemical inputs. Tiwari et al. (2025) reported maximum TSS and protein content in potato tubers receiving FYM @ 30 t ha⁻¹ combined with 50% of the recommended dose of fertilisers (RDF), indicating that substantial organic additions can offset reduced chemical nitrogen without compromising the measured quality attributes. Furthermore, Kumar et al. (2023) observed maximum tuber dry-matter accumulation (26.30%) under 100% RDF supplemented with 10 t ha⁻¹ FYM, supporting the beneficial interaction between balanced mineral nutrition and organic sources.
Table 2: Influence of FYM and bio-fertilizers on potato quality parameters
	Treatment 
	TSS 
(° Brix)

	Total sugars (%)
	Sucrose (%)
	Starch content (%)

	T1- FYM @ 20 t ha-1 for each crop + biofertilizers for both the crops
	7.1
	0.512
	0.310
	14.48

	T2- FYM @ 20  t ha-1 for potato crop only + biofertilizers for both the crops.
	7.0
	0.513
	0.306
	14.39

	T3- FYM @ 10  t ha-1 for each crop + crop residues of all crops + biofertilizers for both the crops.
	6.3
	0.469
	0.234
	13.81

	T4- FYM @ 10  t ha-1 to potato crop only + crop residues of all crops + biofertilizers for both the crops.
	6.2
	0.461
	0.220
	13.80

	T5- Biofertilizers for both the crops.
	5.2
	0.308
	0.148
	13.01

	T6- Cow urine Based Bio-formulation
	4.9
	0.301
	0.134
	12.64

	T7- Control
	4.6
	0.257
	0.128
	12.84

	C.D. at 5 %
	0.209
	0.024
	0.012
	0.319



3.2 Onion growth, yield and quality attributes
	The application of organic amendments significantly improved onion growth architecture and overall productivity. The optimum growth and yield parameters were recorded with FYM @ 20 t/ha applied to both crops in combination with bio-fertilisers, resulting in the maximum plant height (38.97 cm), neck diameter (8.36 mm), equatorial diameter (53.99 mm), polar diameter (46.77 mm), and bulb yield (260.67 q/ha) (Table 3). Furthermore, split application of FYM @ 10 t/ha to each crop was clearly superior to applying the entire 20 t FYM/ha dose only to the preceding potato crop, highlighting the importance of direct and continuous organic nutrient supply for optimum onion yield. This response can be attributed to the steady mineralisation of nutrients from organic manure and the enhanced microbial activity facilitated by bio-fertiliser inoculants, which together improve macro- and micronutrient availability during critical vegetative and bulb-bulking stages. These findings are in line with those reported by Kumar et al. (2017). Similarly, Kaswan et al. (2017) observed that higher applications of farmyard manure (up to 40 t/ha) markedly increased vegetative parameters, bulb volume, neck thickness, bulb diameter, and total bulb yield.
	Beyond physical productivity, organic inputs and residue management had a notable positive effect on internal bulb quality, antioxidant capacity, and storage stability. Combining crop-residue incorporation with lower FYM doses (T3) substantially enhanced key biochemical traits (Table 4), recording the highest values for total soluble solids (7.2 °Brix), total phenolic content (48.64 mg/g GAE), and anthocyanin concentration (7.11 mg/g). Higher doses of organic manure also significantly reduced post-harvest deterioration, with storage losses of 38.3% and 39.3% compared with 61.2% in the untreated control. Mechanistically, organic inputs can favour balanced carbohydrate accumulation, thicken cell walls, and upregulate phenolic and antioxidant biosynthesis, thereby reducing post-harvest physiological decay and structural breakdown (Sharma et al., 2022). These results corroborate earlier studies by Kumar et al. (2016) and Kaswan et al. (2017), who demonstrated that organic nutrient supplementation can enhance total soluble solids, moisture content, and overall physiological quality in onion bulbs during and after harvest.
Table 3: Response of FYM and bio-fertilizers on onion growth and yield
	Treatment 
	Plant height (cm)
	Neck diameter (mm)
	Equatorial diameter (mm)
	Polar diameter (mm)
	Bulb yield (q ha-1)

	T1- FYM @ 20 t ha-1 for each crop + biofertilizers for both the crops
	38.97
	8.36
	53.99
	46.77
	260.67

	T2- FYM @ 20  t ha-1 for potato crop only + biofertilizers for both the crops.
	35.20
	7.39
	48.55
	43.50
	227.73

	T3- FYM @ 10  t ha-1 for each crop + crop residues of all crops + biofertilizers for both the crops.
	37.43
	7.49
	50.29
	44.12
	236.18

	T4- FYM @ 10  t ha-1 to potato crop only + crop residues of all crops + biofertilizers for both the crops.
	32.40
	7.16
	46.44
	40.84
	211.50

	T5- Biofertilizers for both the crops.
	30.80
	7.00
	45.58
	39.51
	191.10

	T6- Cow urine Based Bio-formulation
	33.73
	7.23
	47.19
	41.89
	218.75

	T7- Control
	27.03
	6.89
	44.05
	38.73
	182.33

	C.D. at 5 %
	2.08
	0.77
	2.63
	2.79
	9.33


Table 4: Response of FYM and bio-fertilizers on onion quality traits
	Treatment 
	TSS
(° Brix)

	Total phenolic content (mg/g GAE)
	Anthocyanin content (mg/g)
	Antioxidant activity
(% inhibition)
	Total storage loss (%)

	T1- FYM @ 20 t ha-1 for each crop + biofertilizers for both the crops
	7.1
	44.22
	43.91
	55.98
	38.3

	T2- FYM @ 20  t ha-1 for potato crop only + biofertilizers for both the crops.
	6.1
	42.63
	42.39
	51.82
	46.2

	T3- FYM @ 10  t ha-1 for each crop + crop residues of all crops + biofertilizers for both the crops.
	7.2
	48.64
	47.11
	54.78
	39.3

	T4- FYM @ 10  t ha-1 to potato crop only + crop residues of all crops + biofertilizers for both the crops.
	5.8
	40.38
	41.39
	48.17
	54.8

	T5- Biofertilizers for both the crops.
	5.8
	37.94
	38.46
	44.23
	60.6

	T6- Cow urine Based Bio-formulation
	5.8
	37.14
	35.19
	39.78
	55.8

	T7- Control
	5.7
	36.21
	32.64
	37.45
	61.2

	C.D. at 5 %
	0.21
	0.38
	1.18
	1.21
	7.7


3.3 System Productivity and Economics
System performance, as measured by Potato Equivalent Yield (PEY), varied significantly among treatments, ranging from 374.22 q ha⁻¹ to 597.98 q ha⁻¹ (Table 5). Continuous application of FYM @ 20 t ha⁻¹ to both crops provided the maximum overall economic return across the cropping sequence. These results are consistent with the findings of Yadav et al. (2017), who reported that integrated application of either 15 t FYM ha⁻¹ or 30 t FYM ha⁻¹ together with bio-fertiliser inoculation (e.g., Azotobacter + PSB) generated higher net monetary returns than the recommended dose of fertilisers (RDF) supplied through synthetic inputs, mainly because of the premium market price associated with organically produced crops. Consequently, depending on local availability and resource capacity, application of 15–30 t FYM ha⁻¹ together with dual bio-fertiliser inoculation may represent a profitable nutrient-management option for potato–French bean cropping systems (Yadav et al., 2017; Islam & Panda, 2017).
Detailed economic evaluations (Tables 6 and 7) indicated that Treatment T1 recorded the maximum net returns (₹1,89,488 ha⁻¹ for potato and ₹3,03,819 ha⁻¹ for onion), together with benefit–cost (B:C) ratios of 2.02 and 2.40 for potato and onion, respectively. Conversely, reliance on cow urine-based bio-formulations (T6) resulted in disproportionately high labour and operational input costs relative to gross monetary returns, thereby reducing overall economic efficiency.
Table 5: Potato Equivalent Yield (PEY) as influenced by treatments
	Treatment
	Potato (q ha-1)
	Onion (q ha-1)
	Potato Equivalent yield (q ha-1)

	T1- FYM @ 20 t ha-1 for each crop + biofertilizers for both the crops
	250.43
	260.67
	597.98

	T2- FYM @ 20  t ha-1 for potato crop only + biofertilizers for both the crops.
	249.82
	227.73
	553.46

	T3- FYM @ 10  t ha-1 for each crop + crop residues of all crops + biofertilizers for both the crops.
	216.91
	236.18
	531.82

	T4- FYM @ 10  t ha-1 to potato crop only + crop residues of all crops + biofertilizers for both the crops.
	214.74
	211.50
	496.74

	T5- Biofertilizers for both the crops.
	140.61
	191.10
	395.41

	T6- Cow urine Based Bio-formulation
	219.07
	218.75
	510.74

	T7- Control
	131.11
	182.33
	374.22


Table 6: Economic analysis of potato crop 

	Treatment 
	Total cost 
(₹ ha-1)
	Gross return 
 (₹ ha-1)
	Net return
(₹ ha-1)
	B-C ratio

	T1- FYM @ 20 t ha-1 for each crop + biofertilizers for both the crops
	186150
	375638
	189488
	2.02

	T2- FYM @ 20  t ha-1 for potato crop only + biofertilizers for both the crops.
	186150
	374738
	188588
	2.01

	T3- FYM @ 10  t ha-1 for each crop + crop residues of all crops + biofertilizers for both the crops.
	180561
	325350
	144790
	1.80

	T4- FYM @ 10  t ha-1 to potato crop only + crop residues of all crops + biofertilizers for both the crops.
	180561
	322125
	141565
	1.78

	T5- Biofertilizers for both the crops
	174972
	281200
	106229
	1.61

	T6- Cow urine Based Bio-formulation
	188000
	210900
	22900
	1.12

	T7- Control
	171090
	196650
	25560
	1.15

	Note: Potato was sold @ ₹ 15 kg-1


Table 7: Economic Analysis of Onion Crop 
	Treatment 
	Total cost     
(₹ ha-1)
	Gross return 
(₹ ha-1)
	Net return (₹ ha-1)
	B-C ratio

	T1- FYM @ 20 t ha-1 for each crop + biofertilizers for both the crops
	217681
	521500
	303819
	2.40

	T2- FYM @ 20  t ha-1 for potato crop only + biofertilizers for both the crops.
	208987
	455500
	246513
	2.18

	T3- FYM @ 10  t ha-1 for each crop + crop residues of all crops + biofertilizers for both the crops.
	217060
	472500
	255440
	2.18

	T4- FYM @ 10  t ha-1 to potato crop only + crop residues of all crops + biofertilizers for both the crops.
	211471
	423000
	211529
	2.00

	T5- Biofertilizers for both the crops.
	208987
	382000
	173013
	1.83

	T6- Cow urine Based Bio-formulation
	218683
	437500
	218817
	2.00

	T7- Control
	206038
	364500
	158463
	1.77

	Note: Onion was sold @ ₹ 20 kg-1


4. CONCLUSION
	Under the conditions of this experiment, integrated application of farmyard manure (FYM) and bio-fertilisers improved the performance of the potato–onion cropping sequence under drip irrigation. Applying 20 t ha⁻¹ FYM to both crops together with Azotobacter and Pseudomonas produced the highest potato tuber yield (250.43 q ha⁻¹), onion bulb yield (260.67 q ha⁻¹), and Potato Equivalent Yield (597.98 q ha⁻¹). This treatment also recorded the highest potato starch content (14.48%) and the highest net returns, with benefit–cost ratios of 2.02 for potato and 2.40 for onion. For onion quality, the treatment combining 10 t ha⁻¹ FYM for each crop, crop-residue incorporation, and bio-fertilisers recorded the highest total soluble solids and total phenolic content. Overall, the findings show that direct organic nutrient application to both crops, supported by bio-fertiliser inoculation, can provide productive and economically viable management within the evaluated potato–onion sequence. The results should be interpreted within the specific environmental, management, and market conditions of the study.

Limitation
The experiment was conducted during one winter season at a single research location; therefore, seasonal and site-to-site variability were not evaluated. Economic returns were calculated using the prevailing input and produce prices, which may change over time and across locations. The study also focused on the measured growth, yield, quality, storage, and economic indicators, so broader long-term carry-over effects would require additional multi-season evaluation.
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