



Evaluation of the Multilayer Farming System for Sustainable Productivity and Profitability


Abstract 
Vegetable cultivation is an important component of sustainable agriculture, contributing to nutritional security, dietary diversity and income generation for small and marginal farmers. Limited land availability often restricts the simultaneous cultivation of multiple crops, necessitating innovative approaches to maximize productivity and profitability. A field study was conducted during the Rabi and Kharif seasons of 2023-24 across ten Gram Panchayats of Bansi Block, Siddharth Nagar district, Uttar Pradesh, India, to evaluate the production potential and economic performance of a multilayer (machan) farming system. The experiment was arranged in a Randomized Block Design (RBD), with each treatment representing a distinct Gram Panchayat and an area of 500 m². Four vegetable crops were cultivated in a vertical multilayer arrangement (Machan): Bottle Gourd and Onion during Rabi, with Bottle Gourd as the upper canopy and Onion as the understory crop and Bitter Gourd and Colocasia (Taro) during Kharif, with Bitter Gourd as the upper canopy and Colocasia as the understory crop. The multilayer system significantly influenced both vegetable yield and economic returns. Among the treatments, T3 (Suparaja) recorded the highest total yield of 3494 kg, with maximum contributions from Bottle Gourd (1509 kg), Onion (1012 kg), Bitter Gourd (398 kg) and Colocasia (575 kg). This treatment also achieved the highest gross return (₹59,602), net return (₹39,707) and benefit-cost ratio (3.00), demonstrating superior profitability. In contrast, treatments with lower yields, such as T9, exhibited reduced economic performance. The enhanced performance of T3 can be attributed to efficient vertical resource utilization, complementary crop growth, and optimized land-use efficiency, enabling simultaneous production of multiple crops. These results indicate that multilayer vegetable farming is a sustainable, productive and economically viable approach for smallholder farmers in subtropical agro-climatic regions.
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Introduction 
Vegetable cultivation is a vital component of sustainable agriculture, contributing significantly to nutritional security, dietary diversity and farm income for small and marginal farmers in India (Sree et al., 2025). Approximately 60% of India’s total horticultural output consists of vegetables, many of which are cultivated and consumed throughout the year due to diverse agro-climatic conditions. India ranks as the second-largest producer of vegetables globally, contributing nearly 11% to the world’s total vegetable production. Over the years, the country has recorded a steady and substantial increase in vegetable production, which has enhanced domestic availability and supported improved dietary access for the population (Vanitha et al., 2021). Major vegetable crops include potato, tomato, onion, brinjal, okra and cauliflower, yet national productivity still remains below the global average, largely due to low-input farming, post-harvest losses and limited access to improved technologies (Ahmad et al., 2018; Villacis et al., 2024). 
Despite high production, India’s per capita vegetable availability is still below the FAO-recommended 300 grams per person per day, contributing to widespread micronutrient deficiencies and hidden hunger (Sachdeva et al., 2013). With rising population pressure, urbanization and changing dietary needs, demand for vegetables in India is expected to increase in the next decade (Pandey et al., 2020). At the same time, the majority of vegetable farmers in India operate on less than one hectare of land, where cultivation is constrained by limited land availability, declining soil fertility, high pest incidence and improper management practices (Bhan & Behera et al., 2014; Rohit et al., 2017). There is also a significant yield gap between farmer’s fields and research stations due to poor access to quality seeds, irrigation and scientific crop management (Silva et al., 2021; Padhiary et al., 2024). Therefore, there is a pressing need to enhance vegetable productivity and profitability through innovative cultivation strategies such as intensive multi-cropping systems, vertical farming, protected cultivation and low-cost technologies (Sowmya et al., 2024; Pennisi et al., 2025; Singh et al., 2025; Karada et al., 2025a). These approaches can maximize land-use efficiency, improve year-round income and contribute to both food and nutritional security, especially for small and marginal farmers in India (Juttu et al., 2021; Ramana et al., 2025; Karada et al., 2025b; Mishra et al., 2024a; Mishra et al., 2025).
The multilayer or machan farming system has emerged as a promising solution to these challenges. This approach involves the vertical integration of crops with contrasting growth habits, where tall, climbing or trellised crops occupy the upper canopy, while shorter, shade-tolerant crops grow beneath as understory crops (Machan in local language). Such arrangements allow for the simultaneous cultivation of multiple crops on the same plot, thereby increasing the total production per unit area, improving resource-use efficiency and optimizing the use of sunlight, water and nutrients (Solanki et al., 2024; Mishra et al., 2024b; Panotra et al., 2024). In addition to enhancing productivity, multilayer systems contribute to diversified farm income, reduce the risk of crop failure and provide a year-round supply of vegetables (Harkness et al., 2023; Kumar et al., 2025). 
The subtropical agro-climatic conditions of Siddharth Nagar district, Uttar Pradesh characterized by hot, dry summers, cold winters and alluvial soils, offer a suitable environment for implementing multilayer vegetable farming. Seasonal variations, including extremes of temperature and rainfall patterns, can affect crop growth, making efficient land use and crop selection critical for achieving sustainable yields (Karada et al., 2025a; Karada et al., 2025b). By integrating crops with complementary growth habits, multilayer systems can mitigate adverse effects of environmental stress, enhance overall productivity and improve economic returns for farmers. Previous studies have highlighted the advantages of multilayer cropping systems, including improved light interception, nutrient cycling, water-use efficiency and synergistic crop interactions, which collectively enhance both yield and profitability (Chai et al., 2021; Solanki et al., 2024; Rudinskienė et al., 2024). In this study, four vegetables- Bottle Gourd, Onion, Bitter Gourd and Colocasia (Taro) were selected based on their complementary growth habits and market potential. The study aimed to evaluate the production potential, economic returns and profitability of these crops under multilayering conditions across ten Gram Panchayats of Bansi Block during the Rabi and Kharif seasons of 2023–24.
2. Materials and Methods
2.1 Experimental site 
The field experiment was conducted during the Rabi and Kharif seasons of 2023-24 across ten Gram Panchayats of Bansi Block, Siddharth Nagar district, Uttar Pradesh, India, located between 27°17′62.379″ N latitude and 82°92′82.329″ E longitude. The study area falls under the North-Eastern Plain Zone (Zone VII) and experiences a subtropical climate, characterized by hot, dry summers and cold, dry winters. Maximum temperatures during May-June often reach up to 43 °C, while minimum temperatures in December-January can drop to approximately 4 °C. The region receives an average annual rainfall of about 1300 mm, most of which occurs during the monsoon months of July to September. The soils at the experimental sites are predominantly alluvial, well-drained and fertile, providing suitable conditions for the cultivation of multiple vegetable crops under the multilayering farming system.
2.2 Experimental details
The present investigation was conducted using the multilayer (machan) farming system across ten Gram Panchayats of Bansi Block, Siddharth Nagar district, Uttar Pradesh, during the Rabi and Kharif seasons of 2023–24. The ten experimental sites were designated as T1: Akoliya, T2: Nagva, T3: Suparaja, T4: Tara Gujroliya, T5: Jajharghatiya, T6: Katmhwa, T7: Tiwaripur, T8: Chetiya, T9: Sonkhar and T10: Manjhari. Each treatment was assigned a plot area of 500 m², ensuring uniformity and comparability across locations. The experiment was laid out in a Randomized Block Design (RBD) adopting the machan or multilayer cropping approach, wherein four vegetable crops were cultivated in two consecutive seasons. During the Rabi season, Onion (variety: Gauran) was sown as the understory crop beneath the machan structure, while Bottle Gourd (variety: Sarita) was transplanted as the upper canopy crop, forming an efficient vertical cropping system. The Rabi crops were planted during December–January. Following the harvest of Rabi crops, the same plots were reused for the Kharif season to ensure consistent treatment areas and effective land utilization. In the Kharif season, Bitter Gourd (variety: Nandini) was grown as the upper canopy crop and Colocasia/Taro (variety: Panchmukhi) as the understory crop, following the same multilayer cropping pattern. The Kharif crops were transplanted during May–June, immediately after the Rabi harvest, thereby maintaining year-round productivity. Irrigation schedules were optimized for each crop based on their water requirements: Bottle Gourd received irrigation 10 times, Bitter Gourd 7 times, Onion 5 times and Taro 3 times during their respective cropping seasons. Fertilizer application was carried out according to crop nutrient demand. Bottle Gourd and Bitter Gourd were each supplied with 1 kg of farmyard manure (FYM) per plant, while Onion received a fertilizer dose of N:P:K = 100:50:50 kg/ha, and Taro was supplemented with N:P:K = 80:60:60 kg/ha.
Initial soil analysis of the experimental sites revealed that the available Nitrogen ranged between 121–130 kg/ha, Phosphorus between 52–60 kg/ha, and Potassium between 420–433 kg/ha, indicating moderately fertile soil conditions suitable for vegetable cultivation. The soil pH varied from 6.5 to 7.1, suggesting a near-neutral reaction conducive to the optimal growth of all selected crops.
2.3 Data Collection and Analysis
Yield and income data from the multilayer farming system were recorded for all four crops across both seasons. The data were subjected to analysis of variance (ANOVA) using the statistical procedures outlined by Gomez and Gomez (1984) to determine significant differences among treatments.
[bookmark: _GoBack]3. Results and Discussion 
3.1 Vegetable Production under Multilayering Farming System
The results of the multilayering farming system, presented in Table 1, revealed significant variations in vegetable production across the ten treatments during Rabi 2023-24 and Kharif 2024. Among the treatments, T3 recorded the highest total production of 3494 kg, with maximum yields in Bottle Gourd (1509 kg), Onion (1012 kg), Bitter Gourd (398 kg) and Colocasia/Taro (575 kg). This was followed by T2 (3305 kg) and T4 (3288 kg), reflecting the effectiveness of these treatment combinations in optimizing multilayered vegetable production. The lowest total production was observed in T9 (3165 kg), indicating relatively less efficient utilization of resources in that treatment. Among individual crops, Bottle Gourd and Onion contributed the largest share of total production, while Bitter Gourd and Colocasia/Taro showed moderate variation across treatments. The differences in production among treatments were statistically significant, as indicated by SEM and CD values, demonstrating that multilayering combinations significantly influenced vegetable yields. These findings are consistent with previous reports by Das et al., 2024 and Solanki et al., 2024, that multilayered vegetable systems increase total productivity per unit area compared to monocropping, particularly when crops with complementary growth habits are combined (Shehrawat et al., 2023). Overall, the data suggest that the T3 treatment is the most productive under the multilayering farming system, highlighting the potential of this approach for maximizing vegetable yield and land-use efficiency.
Table 1: Production from different vegetables by multilayering farming system during Rabi and Kharif seasons 
	Treatments
	Production from Different Vegetables by Multilayering Farming System (Kg)
	Total Production (Kg)

	
	Rabi Season-2023-24
	Kharif Season-2024
	

	
	Bottle Gourd
	Onion
	Bitter Gourd
	Colocasia (Taro)
	

	T1
	1468
	925
	301
	504
	3198

	T2
	1477
	924
	360
	544
	3305

	T3
	1509
	1012
	398
	575
	3494

	T4
	1462
	928
	368
	530
	3288

	T5
	1439
	930
	306
	511
	3186

	T6
	1397
	940
	336
	544
	3217

	T7
	1435
	938
	355
	552
	3280

	T8
	1477
	927
	337
	530
	3271

	T9
	1403
	910
	327
	525
	3165

	T10
	1414
	931
	333
	535
	3213

	SEM±
	17.46
	17.05
	5.9
	8.06
	48.63

	CD (P=0.05)
	52.27
	51.04
	17.69
	24.15
	145.62


Note: T1: Akoliya; T2: Nagva; T3: Suparaja; T4: Tara Gujroliya; T5: Jajharghatiya;                       T6: Katmhwa; T7: Tiwaripur, T8; Chetiya; T9: Sonkhar; T10: Manjhari
3.2 Gross Return 
The gross income generated from the multilayering farming system during Rabi 2023-24 and Kharif 2024 is presented in Table 2. Among the treatments, T3 recorded the highest total gross return of ₹59,602, with individual crop contributions of Bottle Gourd (₹25,806), Onion (₹15,180), Bitter Gourd (₹6,541) and Colocasia/Taro (₹12,075). This was followed by T7 (₹56,086) and T2 (₹56,445), indicating that these treatments were more effective in optimizing both production and economic returns. The lowest gross return was observed in T9 (₹53,989), reflecting lower productivity and less profitable crop combinations. The differences in gross returns among treatments were statistically significant, as indicated by the SEM and CD values, highlighting the influence of multilayering combinations on overall farm income. Crops such as Bottle Gourd and Onion contributed the largest share to total returns across all treatments, while Bitter Gourd and Colocasia/Taro provided moderate contributions. The superior gross returns in T3 can be attributed to higher productivity and effective utilization of resources in the multilayering system (Saxena & Rai, 2022; Pramanik, 2022). Efficient vertical and spatial arrangement of crops likely enhanced light interception, nutrient use and water utilization, leading to greater total returns (Solanki et al., 2024; Das et al., 2024). Lower gross returns in treatments such as T9 may result from suboptimal crop combinations or interspecific competition, limiting yield potential and economic performance. Overall, the results indicate that the multilayering system, particularly T3, can substantially enhance farm income by maximizing productivity and efficiently utilizing limited land resources. This demonstrates the potential of multilayer vegetable farming as a profitable and sustainable approach for small and marginal farmers.
Table 2: Gross incomes from different vegetables by multilayering farming system during Rabi and Kharif seasons
	Treatments
	Gross Return from Different Vegetables by Multilayering Farming System (Rs)
	Total Production (Rs)

	
	Rabi Season-2023-24
	Kharif Season-2024
	

	
	Bottle Gourd
	Onion
	Bitter Gourd
	Colocasia (Taro)
	

	T1
	24957
	13875
	4893
	10584
	54309

	T2
	25300
	13860
	5861
	11424
	56445

	T3
	25806
	15180
	6541
	12075
	59602

	T4
	25031
	13920
	5978
	11130
	56059

	T5
	24433
	13950
	4971
	10731
	54085

	T6
	23849
	14100
	5517
	11424
	54890

	T7
	24620
	14070
	5804
	11592
	56086

	T8
	25141
	13905
	5461
	11130
	55637

	T9
	23942
	13650
	5372
	11025
	53989

	T10
	24042
	13965
	5410
	11235
	54652

	SEM±
	339.46
	199.6
	57.76
	182.94
	705.86

	CD (P=0.05)
	1016.40
	597.65
	172.94
	547.75
	2113.46


Note: T1: Akoliya; T2: Nagva; T3: Suparaja; T4: Tara Gujroliya; T5: Jajharghatiya;                            T6: Katmhwa; T7: Tiwaripur, T8; Chetiya; T9: Sonkhar; T10: Manjhari
3.3 Economic Analysis 
The economic performance of the multilayering farming system during 2023-24 is presented in Table 3. Among the treatments, T3 recorded the highest total gross return of ₹59,602, the highest net return of ₹39,707, and the maximum benefit-cost (B:C) ratio of 3.00, indicating superior economic viability. This was followed by T8, which achieved a B:C ratio of 2.81 and net return of ₹35,852, and T7 with a B:C ratio of 2.79 and net return of ₹35,966. The lowest economic performance was observed in T10, which recorded a B:C ratio of 2.69 and a net return of ₹34,367, reflecting comparatively lower profitability. The cost of cultivation across treatments was relatively uniform, ranging between ₹19,408 and ₹20,548, suggesting that differences in economic performance were primarily due to variations in yield and gross returns. Statistical analysis indicated that the differences in net returns and B:C ratios among treatments were significant, confirming the influence of multilayering combinations on economic outcomes. The superior profitability of T3 can be attributed to higher productivity and effective utilization of land, nutrients, and other inputs under the multilayering system. Efficient vertical and spatial arrangement of complementary crops enhanced total production, translating into higher returns and greater resource-use efficiency. Treatments with lower returns, such as T9 and T10, likely experienced suboptimal crop interactions or lower yield, resulting in reduced net benefits (Sultana et al., 2020; Timsina et al., 2021; Sharma et al., 2021). Overall, the results demonstrate that the multilayering farming system can substantially improve economic returns, and T3 emerged as the most profitable treatment, combining high productivity with optimal input utilization. These findings highlight the potential of multilayer vegetable farming as a sustainable and economically viable approach for small and marginal farmers.
Table 3: Economic analysis of the multilayer farming system during 2023-24
	Economics From Multilayering Farming System-2023-24

	Treatments
	Total Gross Return (Rs)
	Cost of Cultivation (Rs)
	Net Return (Rs)
	B:C Ratio

	T1
	54309
	19796
	34513
	2.74

	T2
	56445
	20533
	35912
	2.75

	T3
	59602
	19895
	39707
	3.00

	T4
	56059
	20548
	35511
	2.73

	T5
	54085
	19408
	34677
	2.79

	T6
	54890
	20195
	34695
	2.72

	T7
	56086
	20120
	35966
	2.79

	T8
	55637
	19785
	35852
	2.81

	T9
	53989
	20022
	33967
	2.70

	T10
	54652
	20285
	34367
	2.69

	SEM±
	705.86
	---
	503.75
	0.04

	CD (P=0.05)
	2113.46
	---
	1508.39
	0.13


Note: T1: Akoliya; T2: Nagva; T3: Suparaja; T4: Tara Gujroliya; T5: Jajharghatiya;                             T6: Katmhwa; T7: Tiwaripur, T8; Chetiya; T9: Sonkhar; T10: Manjhari
Conclusion 
The study demonstrated that multilayer vegetable farming is an effective strategy to enhance land-use efficiency, crop productivity, and economic returns for small and marginal farmers. By integrating crops with complementary growth habits in a vertical arrangement, the system allows simultaneous cultivation of multiple vegetables, optimizing resources such as light, nutrients, and space. The approach provides direct benefits to farmers by increasing total production and income from limited land, reducing risk through crop diversification, and enabling year-round vegetable availability. These findings highlight that multilayer farming is a sustainable, economically viable, and farmer-friendly approach, offering a practical solution for improving livelihoods, food security, and resource use efficiency in subtropical agro-climatic regions.
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