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Economic Sustainability of Organic Wheat under System of Wheat Intensification

Abstract
Currently, wheat being a staple for 35% global population and projected to increase its demand by 60% by 2050, highlights its critical importance. This research aimed to investigate the impact of different organic nutrient sources on crop yield and economic efficiency of wheat under system of wheat intensification. Field experiments were conducted over two years in rabi season of 2022 -23 and 2023-24, using split plot design with three replications to assess four solid organic manures (Farmyard manure, Farmyard manure with straw mulching, Neem cake manure, and Neem cake manure with straw mulching) and four liquid organic formulations (No spray, 3% Panchagavya, 10% Jeevamrutha, and 2% Cow urine). Findings revealed that solid organic manures and liquid organic formulations significantly (p≤0.05) influenced wheat grain yield and economic efficiency. The main-plots applied with neem cake manure (5 t/ha) produced higher wheat grain yield of 27.15 and 31.86 q/ha, while sub-plots sprayed with 10% Jeevamrutha produced the maximum grain yield of 27.77 and 31.48 q/ha in 2022-23 and 2023-24, respectively. There was a significant increase in all economic parameters with organic nutrient sources. Wheat plants sprayed with 10% Jeevamrutha gained higher net returns of ₹ 1,06,120.00/ha under neem cake manure application, while maximum benefit-cost ratio (1.99) was obtained in the interaction of Farmyard manure followed by straw mulching and 2% cow urine.
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1. Introduction
Wheat (Triticum aestivum L.) is one of the most important cereal crops globally, serving as a staple food for more than 2.5 billion people (Reynolds & Braun, 2022). It provides about 20% of the daily dietary energy requirements of the human population through carbohydrates, proteins, essential amino acids, vitamins, and dietary fibre (Ulukan, 2024). Currently, wheat accounts for around 30% of global grain trade and nearly 50% of total cereal production, with demand projected to rise by 60% by 2050 due to population growth and rising food requirements (Baidya et al., 2023). Ensuring its sustainable and profitable production is, therefore, crucial to global food and nutritional security.
Traditionally, wheat production has relied heavily on conventional practices involving high doses of chemical fertilizers and pesticides. While these inputs enhance short-term productivity, they have been associated with several environmental and economic concerns, including soil fertility depletion, groundwater contamination, rising input costs, and reduced long-term sustainability (Olson & Westra, 2022). In contrast, organic nutrient management practices emphasize the use of farmyard manure, compost, crop residues, biofertilizers, green manures, and liquid organic formulations such as panchagavya and jeevamrutha. These inputs not only enrich soil organic matter and stimulate beneficial microbial activity but also reduce dependence on costly external chemical inputs, thereby offering the potential for environmentally sound and economically sustainable production (Yigider et al., 2023).
However, the economic sustainability of organic nutrient management in wheat production has often been debated. Studies suggest that although organic farming systems may sometimes result in lower yields compared to conventional systems, they can still achieve favorable economic returns due to reduced input costs and premium market prices for organically grown produce (Mitura et al., 2023). Tolera Abera et al. (2005) reported that improved management practices significantly enhanced wheat yields and net returns, while Saquee et al. (2023) emphasized that sustainable nutrient management strategies must be assessed not only for yield outcomes but also for profitability to ensure their wider adoption among small and marginal farmers.
Economic analysis of wheat under organic nutrient management is thus essential, as it provides insights into cost–benefit ratios, net returns, and long-term profitability. According to Finco et al. (2023), economic assessments help farmers make informed decisions regarding technology adoption, risk management, and resource allocation. Consequently, evaluating the economic sustainability of wheat production under organic nutrient regimes is critical for promoting both food security and farmer livelihood security while ensuring ecological balance.
This research is therefore designed to analyze the economic sustainability of wheat cultivation under organic nutrient management. The study hypothesizes that organic nutrient management through solid organic manures and liquid organic formulations in system of wheat intensification can offer superior economic returns through reduced input costs, improved soil fertility, and long-term sustainability.
2. Methodology
The field experiments were established over two consecutive rabi seasons, starting in November each year from 2022 to 2023. The experiments were conducted at the SHUATS Model Organic Farm (SMOF), Department of Agronomy, SHUATS, Prayagraj, Uttar Pradesh. The soil of experimental site was sandy loam and neutral in pH (7.6). The experimental area was divided into 3 blocks, each block comprised 16 plots, totaling 48 plots, each of size 4 m x 4 m. The 16 plots per replication comprised four solid organic manures and four liquid organic formulations. The experiments were a split plot design with three replications. Agronomic management was carried out according to system of wheat intensification under organic farming. The experimental field featured a well-drained, sandy loam soil with neutral pH, medium organic carbon, available phosphorus, exchangeable potassium and low available nitrogen. A seed rate of 30 kg/ha of DBW 187 (Karan Vandana) wheat variety was used during both years and treated before sowing as per the seed treatment method under the System of Wheat Intensification (Khadka and Raut, 2012) and sown in 20 cm x 20 cm planting geometry in all plots. The grain yield served as the basis for establishing the economic factors. Economic parameters estimated included cost of cultivation (COC), gross returns (GR), net return (NR), benefit-cost ratio (BCR). Statistical analysis utilizing split-plot design ANOVA in MS-excel, with treatment means compared by F-test (p=0.05) (Gomez and Gomez, 1984).

3 Results and discussion
The effect of solid organic manures, liquid organic formulations and their interactions on grain and biological yield and economic parameters in wheat is presented in Figure 1, 2 and.3,.4 and Table 1, 2 and.3, respectively. 
3.1 Crop Yield
The analysis of the yield data reveals that the main-plot treatments significantly (P = 0.05) influenced the yield of the crop over the two-year study period (Figure 1). Specifically, the application of neem cake manure resulted in the highest grain yield, with 27.15 q/ha in 2022-23 and 31.86 q/ha in 2023-24. This was followed by the neem cake manure and straw mulching treatment, which yielded 23.68 q/ha and 26.72 q/ha in the respective years. The FYM (M1) treatment reported least yield. Similar, trend was observed in biological yield also, with maximum of 62.72 and 69.31 q/ha in 1st and 2nd year, respectively due to application of neem cake manure (5 t/ha). The superior performance of NCM treatments can be attributed to its multifaceted benefits. NCM is not only a rich source of essential plant nutrients, particularly nitrogen, but also acts as a nitrification inhibitor, ensuring a slow and sustained release of nutrients to the crop over a longer period (Bhattacharyya et al., 2007). This gradual nutrient availability aligns with the crop's physiological demands, preventing nutrient losses and promoting efficient uptake. Furthermore, the pesticidal properties of neem, primarily due to the active compound azadirachtin, may have contributed to a healthier root environment and reduced pest pressure, indirectly boosting crop vigor and yield (Souto et al., 2021). Both grain and biological yield showed 12.83 - 17.34% and 4.24-12.07% hike in second year compared to first year. The significant increase in grain yield during the second year across all treatments indicates a positive cumulative effect of the applied organic amendments. The cumulative positive effect of NCM over the two-year period, as evidenced by the significant increase in yield from the first to the second year, highlights its role in building long-term soil fertility and resilience.



Figure 1. The impact of solid organic manures (main-plot) on grain and biological yield of wheat

The sub-plot treatments significantly (P = 0.05) influenced crop yield over the two-year study period (Figure 2). The application of 10% Jeevamrutha consistently resulted in the highest grain yield and biological yield. i.e. 27.77 and 63.79 q/ha in 2022-23 and 31.48 and 67.49 q/ha in 2023-24, respectively.  The superior performance of Jeevamrutha can be attributed to its rich consortium of beneficial microorganisms, including nitrogen-fixers and phosphate-solubilizers. These microbes colonize the rhizosphere, enhancing soil microbial activity and facilitating the decomposition of organic matter, which in turn improves nutrient cycling and availability (Veeresh et al., 2015). This enhanced biological activity directly contributes to improved plant metabolic functions, nutrient uptake, and overall plant growth. Research by Gopal and Gurusidappa (2022) confirms that Jeevamrutha application significantly enhances soil fertility indicators such as organic carbon and microbial populations, providing a conducive environment for robust crop development.

Figure 2. The impact of liquid organic formulations (sub-plot) on grain and biological yield of wheat

The interaction of solid organic manures and liquid organic formulations had significantly (P = 0.05) influenced the yield (Figure.3 & 4). The highest grain and biological yield were consistently observed in the interaction between NCM and 10% Jeevamrutha (M3xS3). In 2022-23, this combination yielded 36.59 and 60.18q/ha, and in 2023-24, it further increased to 40.69 and 70.17q/ha, respectively. The superior performance of this combination can be attributed to a powerful synergistic effect. The NCM provides a continuous supply of macro- and micronutrients and organic matter, creating a stable, nutrient-rich soil environment. Concurrently, the application of Jeevamrutha introduces a vibrant community of beneficial microbes that accelerate the decomposition of the NCM, making its nutrients more readily available for plant uptake. This integrated approach ensures a steady nutrient supply while actively promoting a healthy soil microbiome. As suggested by a study on Zero Budget Natural Farming (ZBNF), the combined application of fermented bio-formulations and solid organic inputs leads to a more balanced soil ecosystem and accelerated nutrient cycling, resulting in higher crop productivity and improved soil properties (Saharan et al., 2023). The sustained increase in yield in the second year further underscores the long-term benefits of this combined approach, suggesting it is a highly effective and sustainable strategy for maximizing crop production.
Figure.3. The interaction effect of solid and liquid organic manures on wheat grain yield


Figure 4. The interaction effect of solid and liquid organic manures on wheat biological yield

3.2 Economic Viability
An economic analysis of the different main-plot treatments (Table 1) showed a strong correlation between yield and profitability. The NCM (M3) treatment, despite having the highest cost of cultivation (69,863.00 ₹/ha in 2022-23 and 69,328.00 ₹/ha in 2023-24), consistently generated the highest gross return (1,17,481.70 ₹/ha in 2022-23 and 1,54,611.50 ₹/ha in 2023-24). The significantly maximum net return in 1st year was 52,440.80 ₹/ha with the application of FYM + straw mulching might be due to the lesser cost of cultivation. However, in 2nd year, it was 85,536.00 ₹/ha with neem cake manure, this might be due to more hike in the grain yield and reduction in cost of cultivation from 1st to 2nd year. The benefit-cost ratio (BCR) provides a clear picture of the economic efficiency of each treatment. The FYM + Mulching (M2) treatment recorded the highest BCR, with values of 1.04 in 2022-23 and 1.62 in 2023-24. This indicates that for every rupee spent, this treatment generated the maximum return. The FYM (M1) treatment also had a favorable BCR of 0.92 and 1.53 in the respective years. The NCM treatments, despite high returns, had lower BCRs. The NCM (M3) treatment had a BCR of 0.68 and 1.23, while NCM + Mulching (M4) had the lowest BCR of 0.37 and 0.74. This suggests that while NCM treatments are highly productive, their high input costs reduce their economic efficiency. Therefore, from an economic standpoint, the FYM + Mulching (M2) treatment emerges as the most viable option for the farmers.
Table 1. Impact of solid organic manure (main-plot factor) on economics of wheat
	Main-plot treatment
	Cost of cultivation (₹/ha)
	Gross return (₹/ha)
	Net return (₹/ha)
	Benefit-cost ratio

	
	2022-23
	2023-24
	2022-23
	2023-24
	2022-23
	2023-24
	2022-23
	2023-24

	[bookmark: _Hlk182472727]FYM (M1)
	45,163.00
	44,728.00
	86,796.80
	1,12,757.20
	41,633.80
	68,281.70
	0.92
	1.53

	FYM + Straw mulching (M2)
	50,163.00
	50,728.00
	1,02,603.80
	1,32,594.90
	52,440.80
	82,119.40
	1.04
	1.62

	[bookmark: _Hlk182473403]NCM (M3)
	69,863.00
	69,328.00
	1,17,481.70
	1,54,611.50
	47,618.70
	[bookmark: _Hlk182474283]85,536.00
	0.68
	1.23

	NCM + Straw mulching (M4)
	74,863.00
	75,328.00
	1,02,663.40
	1,30,871.60
	27,800.40
	55,796.10
	0.37
	0.74

	SEm(±)
	-
	-
	2199.7
	4242.4
	2199.7
	4242.4
	0.04
	0.06

	C.D (=0.05)
	-
	-
	7611.8
	14680.6
	7611.8
	14680.6
	0.13
	0.21



The sub-plot treatments significantly (P = 0.05) influenced economic returns over the two-year experiment (Table.2). Despite a slightly higher cost of cultivation compared to the No spray treatment, the application of 10% Jeevamrutha provided the highest gross return and net return. The net returns for this treatment were 59,509.8 ₹/ha in the first year and a substantial 90,821.8 ₹/ha in the second year. This was followed by the 2% Cow urine treatment, which also showed high profitability. The benefit-cost ratio (BCR) analysis reveals that the 10% Jeevamrutha treatment was the most economically viable, with BCRs of 1.02 and 1.55 in the two respective years. The 2% Cow urine treatment also showed a strong BCR, statistically at par to 10% Jeevamrutha. The No spray treatment had the lowest BCR, highlighting the economic benefit of using these organic formulations.
Table 2. Impact of liquid organic formulations (sub-plot factor) on economics of wheat
	Sub-plot treatment
	Cost of cultivation (₹/ha)
	Gross return (₹/ha)
	Net return (₹/ha)
	Benefit-cost ratio

	
	2022-23
	2023-24
	2022-23
	2023-24
	2022-23
	2023-24
	2022-23
	2023-24

	No spray
	56545.0
	56380.0
	80097.8
	108249.8
	23552.8
	51869.8
	0.47
	0.98

	3% Panchagavya 
	62905.0
	62980.0
	94840.8
	128831.6
	31935.8
	67851.6
	0.54
	1.16

	10% Jeevamrutha 
	60565.0
	60640.0
	120074.8
	152451.8
	59509.8
	90821.8
	1.02
	1.55

	2% Cow urine 
	60037.0
	60112.0
	114532.2
	141302.1
	54495.2
	81190.1
	0.99
	1.43

	SEm(±)
	-
	-
	2083.3
	2272.5
	2083.3
	2272.5
	0.04
	0.04

	C.D (=0.05)
	-
	-
	6080.6
	6632.9
	6080.6
	6632.9
	0.11
	0.11



The interaction between main-plot treatments and sub-plot treatments significantly (P = 0.05) affected the economics of cultivation, including cost, returns, and benefit-cost ratio (BCR) (Table 3). The cost of cultivation was influenced primarily by the main-plot treatments due to the high cost of inputs like NCM and mulching. As expected, treatments with NCM fb mulching (M4) consistently had the highest costs, ranging from ₹71,395.0 to ₹77,755.0 in 2022-23 and from ₹71,680.0 to ₹78,280.0 in 2023-24, regardless of the sub-plot spray. Conversely, the FYM (M1) main-plot treatment had the lowest cost of cultivation. The application of sub-plot sprays increased the cost of cultivation slightly across all main-plot treatments. The highest gross and net returns were consistently observed in the interaction of NCM with 10% Jeevamrutha. This combination generated a net return of ₹86,570.4/ha in 2022-23 and an impressive ₹1,24,675.5/ha in 2023-24, despite the high cost of the NCM treatment. Another noteworthy interaction was FYM fb mulching combined with 2% cow urine (S4), which yielded a very high net return of ₹90,870.3/ha in 2022-23 and ₹1,10,514.0/ha in 2023-24. These findings highlight that the superior yield from these interactions successfully offset their higher input costs, leading to maximum profitability. The BCR provides a clear measure of economic efficiency. The interaction analysis reveals a complex picture. While the NCM and Jeevamrutha combination yielded the highest net returns, it did not always have the highest BCR. The interaction of FYM fb straw mulching and 2% cow urine found most economically efficient treatment in 2022-23 produced a high BCR of 1.81. In the second year, the same combination also performed exceptionally well, with a BCR of 2.17. The interaction between NCM and 10% Jeevamrutha, while generating the highest returns, had a lower BCR of 1.23 and 1.76 in the respective years, likely due to its higher initial cost of cultivation.
Table 3. Interaction effect of solid organic manures and liquid organic formulations on economics of wheat
	Interactions
	2022-23  
	2023-24

	Cost of cultivation (₹/ha)

	Main-plot (M)

Sub-plot (S)
	FYM
(M1)
	FYM fb mulching 
(M2)
	NCM
(M3)
	NCM fb mulching 
(M4)
	FYM
(M1)
	FYM fb mulching 
(M2)
	NCM
(M3)
	NCM fb mulching 
(M4)

	No spray (S1)
	41695.0
	46695.0
	66395.0
	71395.0
	41080.0
	47080.0
	65680.0
	71680.0

	3% Panchagavya (S2)
	48055.0
	53055.0
	72755.0
	77755.0
	47680.0
	53680.0
	72280.0
	78280.0

	10% Jeevamrutha (S3)
	45715.0
	50715.0
	70415.0
	75415.0
	45340.0
	51340.0
	69940.0
	75940.0

	2% cow urine (S4)
	45187.0
	50187.0
	69887.0
	74887.0
	44812.0
	50812.0
	69412.0
	75412.0

	Gross returns (₹/ha)

	No spray (S1)
	73942.9
	75430.5
	83248.4
	87769.2
	93144.8
	103982.3
	131120.2
	104751.8

	3% Panchagavya (S2)
	81304.6
	87028.9
	118411.8
	92617.9
	108478.8
	123233.5
	137567.1
	146047.1

	10% Jeevamrutha (S3)
	101292.6
	106898.5
	156985.4
	115122.9
	139073.0
	141837.8
	195605.5
	133290.8

	2% cow urine (S4)
	90647.0
	141057.3
	111281.2
	115143.4
	110332.3
	161326.0
	154153.3
	139396.8

	Interaction 
(M x S)
	SEm(±)
	C.D (P=0.05)
	SEm(±)
	C.D (P=0.05)

	
	1220.0
	3310.7
	1670.6
	4169.8

	Net returns (₹/ha)

	No spray (S1)
	32247.9
	28735.5
	16853.4
	16374.2
	52064.8
	56902.3
	65440.2
	33071.8

	3% Panchagavya (S2)
	33249.6
	33973.9
	45656.8
	14862.9
	62798.8
	71553.5
	67287.1
	69767.1

	10% Jeevamrutha (S3)
	55577.6
	56183.5
	86570.4
	39707.9
	92743.0
	89507.8
	124675.5
	56360.8

	2% cow urine (S4)
	45460.0
	90870.3
	41394.2
	40256.4
	65520.3
	110514.0
	84741.3
	63984.8

	Interaction
(M x S)
	SEm(±)
	C.D (P=0.05)
	SEm(±)
	C.D (P=0.05)

	
	1220.0
	3310.7
	1670.6
	4169.8

	Benefit-cost ratio

	No spray (S1)
	0.77
	0.62
	0.25
	0.23
	1.27
	1.21
	1.00
	0.46

	3% Panchagavya (S2)
	0.69
	0.64
	0.63
	0.19
	1.37
	1.38
	0.96
	0.91

	10% Jeevamrutha (S3)
	1.22
	1.11
	1.23
	0.53
	2.00
	1.71
	1.76
	0.73

	2% cow urine (S4)
	1.01
	1.81
	0.59
	0.54
	1.46
	2.17
	1.22
	0.85

	Interaction 
(M x S)
	SEm(±)
	C.D (P=0.05)
	SEm(±)
	C.D (P=0.05)

	
	0.02
	0.06
	003
	0.07



Conclusion
The findings of this two-year study demonstrate that while neem cake manure treatment yields the highest biological and grain yields, its high cost of cultivation makes it economically less favorable. The FYM + straw mulching (M2) treatment, on the other hand, offers an optimal balance between yield and profitability, resulting in the highest benefit-cost ratio. These results suggest that integrating mulching with farmyard manure is a sustainable and economically sound practice for improving crop production. Overall, the data suggests that while high-input treatments like neem cake manure can lead to the highest gross and net returns, practices that combine moderately priced inputs, like FYM fb straw mulching, with effective sub-plot sprays like 2% cow urine, offer the most favorable economic efficiency and are thus a more sustainable and profitable choice for farmers.
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Biological yield (q/ha)




Grain yield	(2022-23)	FYM	FYM + Straw mulching	NCM	NCM + Straw mulching	19.739999999999998	23.5	27.15	23.68	Grain yield	(2023-24)	FYM	FYM + Straw mulching	NCM	NCM + Straw mulching	22.9	27.26	31.86	26.72	Biological yield	(2022-23)	FYM	FYM + Straw mulching	NCM	NCM + Straw mulching	51.08	57.84	62.72	55.44	Biological yield	(2023-24)	FYM	FYM + Straw mulching	NCM	NCM + Straw mulching	55.31	60.29	69.31	62.13	Main-plot Treatment


Crop Yield (q/ha)




Grain yield	(2022-23)	No spray	3% Panchagavya 	10% Jeevamrutha 	2% Cow urine 	18.22	21.75	27.77	26.34	Grain yield	(2023-24)	No spray	3% Panchagavya 	10% Jeevamrutha 	2% Cow urine 	21.84	26.39	31.48	29.04	Biological yield	(2022-23)	No spray	3% Panchagavya 	10% Jeevamrutha 	2% Cow urine 	47.15	53.15	63.79	62.99	Biological yield	(2023-24)	No spray	3% Panchagavya 	10% Jeevamrutha 	2% Cow urine 	55.06	60.03	67.489999999999995	64.459999999999994	Sub-plot Treatment

Crop Yield (q/ha)






