Effect of Phosphorus Management on Economics of Wheat (Triticum aestivum L.) Cultivation
Abstract
The present investigation was conducted to evaluate the effect of different phosphorus management practices on the economics of wheat cultivation under integrated nutrient management. A field experiment was laid out in a randomized block design with nine treatments and three replications. The treatments consisted of different combinations of organic and inorganic nutrient sources, including FYM, bio-consortia, and foliar application of nano zinc. Data on cost of cultivation, gross returns, net returns, and benefit cost (B:C) ratio were recorded for two consecutive years (2023–24 and 2024–25) and pooled for analysis. Results indicated that integrated phosphorus management significantly influenced the economics of wheat. The highest gross returns, net returns, and B:C ratio were recorded in treatment T7 (100% RDF (NPK) + 5 t FYM + bio-consortia + nano zinc (2 foliar sprays)), which was statistically at par with T8 but significantly superior over control (T1).
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1. Introduction
In economic evaluations of nutrient management strategies, the benefit–cost (B:C) ratio is considered a key indicator because it reflects the efficiency with which inputs are converted into monetary returns. A higher B:C ratio indicates greater economic viability of a treatment, making it an important criterion for farmers and researchers alike when assessing technology adoption (Patel et al., 2021; Sharma et al., 2019). In wheat cultivation, improving B:C ratio through integrated nutrient management practices can significantly enhance profitability while maintaining soil fertility over time.
Wheat cultivation occupies a prime position in global agriculture, particularly in South Asia, where it serves as a staple food grain and a major source of income for smallholder farmers. The rising input costs and stagnating yields necessitate the adoption of improved management practices to maintain profitability. In recent years, emphasis has shifted towards resource-conserving technologies and integrated nutrient management to sustain yields and soil fertility over the long term. Integrated phosphorus management not only improves nutrient uptake efficiency but also reduces the dependence on chemical fertilizers, thereby mitigating environmental hazards and improving cost-effectiveness (Reddy et al., 2017; Kumar & Meena, 2018). Moreover, the inclusion of bio-consortia and nano-technological interventions has opened new avenues for enhancing nutrient-use efficiency and boosting farm-level economics. In the Bundelkhand region of Uttar Pradesh, India, wheat is a crucial rabi crop contributing to food security and rural livelihoods. However, the region is characterized by fragile soils with low phosphorus availability and frequent moisture stress, leading to poor nutrient-use efficiency and suboptimal yields. Sustainable phosphorus management is therefore especially important in Bundelkhand, where integrated approaches combining FYM, bio-inoculants, and chemical fertilizers have shown promise in improving soil fertility, enhancing wheat productivity, and raising farm incomes (Singh et al., 2020; Choudhary et al., 2021).
Wheat (Triticum aestivum L.) is one of the most important cereal crops contributing significantly to food security. Phosphorus (P) plays a vital role in wheat production, influencing root development, tillering, and grain filling. However, low P-use efficiency is a major constraint in sustainable wheat production. Integrated use of organic and inorganic sources of P has been advocated to improve nutrient use efficiency, crop productivity, and farm economics (Meena et al., 2018; Ali et al., 2020). Despite extensive research on yield responses, studies on the economic impacts of integrated P management are limited. Therefore, the present study aimed to assess the effect of different phosphorus management practices on the economics of wheat cultivation.
Phosphorus management is complicated by the low mobility and rapid sorption or precipitation of phosphate in soils; therefore, the agronomic value of applied P depends not only on the quantity supplied but also on rhizosphere processes that regulate P mobilization and root uptake (Vance et al., 2003; Shen et al., 2011). Microbial inoculants with phosphate-solubilizing capacity can contribute to the conversion of sparingly soluble P forms into plant-available forms, although their field effectiveness is conditioned by soil pH, moisture, microbial survival, and crop-soil interactions (Sharma et al., 2013).
Long-term cereal studies further indicate that combining mineral fertilizers with organic amendments can support sustained productivity, nutrient-use efficiency, soil organic carbon, and biological activity more effectively than reliance on a single nutrient source under many field conditions (Jiang et al., 2006; Nayak et al., 2012; Sheoran et al., 2017). From an economic perspective, however, integrated packages should be judged by incremental profitability because additional organic, biological, or foliar inputs can raise cultivation costs even when they improve yield and revenue (Rani et al., 2020; Ranjan et al., 2022).
2. Materials and Methods
A field experiment was conducted at the NRM Block, CoA Farm, BUAT Banda (U.P.) during the rabi seasons of 2023–24 and 2024–25. The experiment was laid out in a randomized block design with nine treatments and three replications. The treatment details are given below:
· T1: Absolute control
· T2: 100% RDF (NPK)
· T3: 100% RDF + Nano Zinc (2 foliar sprays)
· T4: 100% RDF (NK) + P (75%) + Nano Zinc (2 foliar sprays)
· T5: 100% RDF (NK) + P (50%) + Nano Zinc (2 foliar sprays)
· T6: 100% RDF (NPK) + FYM (5 t ha⁻¹)
· T7: 100% RDF (NPK) + 5 t FYM + Bio-consortia + Nano Zinc (2 foliar sprays)
· T8: 100% RDF (NK) + P (75%) + 5 t FYM + Bio-consortia + Nano Zinc (2 foliar sprays)
· T9: 100% RDF (NK) + P (50%) + 5 t FYM + Bio-consortia + Nano Zinc (2 foliar sprays)
The recommended dose of fertilizers (RDF) was 120:60:40 kg N:P:K ha⁻¹. Standard agronomic practices were followed throughout the growing season. Data on cost of cultivation, gross return, net return, and B:C ratio were computed using prevailing market prices.
3. Results and Discussion
3.1 Cost of Cultivation
Application of different nutrient sources significantly affected the cost of cultivation (Table 3.1 and 3.2). The cost ranged from ₹29.17×10³ ha⁻¹ in T1 to ₹41.96×10³ ha⁻¹ in T7. Addition of organic sources (FYM and bio-consortia) and nano zinc increased the input cost. Treatment T7 recorded the highest cost of cultivation, significantly higher than T1 and other treatments, except T8 (Singh et al., 2020).
The higher cultivation cost under T7 and T8 is consistent with the structure of integrated nutrient packages, which require additional organic amendments, inoculants, and foliar applications beyond basal fertilizer operations. Wheat studies incorporating FYM, microbial inputs, and supplementary foliar nutrients similarly account for these added materials and application operations as additional cultivation costs; therefore, a higher total cost is not necessarily economically adverse when the associated increase in crop value is proportionately larger (Rani et al., 2020; Ranjan et al., 2022; Singh et al., 2023).
3.2 Gross Return
Gross returns varied significantly among treatments, ranging from ₹72.29×10³ ha⁻¹ in T1 to ₹118.74×10³ ha⁻¹ in T7 during 2023–24. Integrated use of organic and inorganic sources resulted in higher yields and consequently higher gross returns. T7 recorded the maximum gross return, followed by T8, both significantly superior to T1 (Kumar & Meena, 2018).
The higher gross return in T7 and T8 is economically consistent with their higher marketable output because gross return represents the value of crop produce before cultivation costs are deducted. Comparable wheat experiments have reported increases in yield and gross returns under integrated mineral-organic-biological nutrient programs, particularly where FYM or microbial inputs improved crop response to the fertilizer regime (Rani et al., 2020; Ranjan et al., 2022; Singh et al., 2023). This comparison supports the direction of the present response, while the magnitude should remain interpreted as site- and price-specific.
3.3 Net Return
Net returns, calculated as gross return minus cost of cultivation, showed a similar trend. The maximum net return was recorded in T7 (₹73.41×10³ ha⁻¹ in 2023–24, ₹80.08×10³ ha⁻¹ in 2024 -25, and ₹76.74×10³ ha⁻¹ pooled), followed by T8. The minimum net return was recorded in T1. Integrated application of FYM, bio-consortia, and nano zinc significantly enhanced the profitability of wheat (Sharma et al., 2019; Sakarwar et al., 2019).
The pooled superiority of T7 for net return indicates that its additional revenue was sufficient to offset the higher expenditure associated with the integrated treatment. Similar economic assessments in wheat have shown that combinations of mineral fertilizer with organic or biological inputs can generate higher net returns when yield gains exceed the incremental cost of the added inputs, whereas added inputs with a limited yield response may not improve profitability (Rani et al., 2020; Ranjan et al., 2022; Singh et al., 2023).
3.4 Benefit-Cost (B:C) Ratio
B:C ratio, an indicator of economic efficiency, ranged from 1.41 in T1 to 1.75 in T7 during 2023-24. Similar patterns were observed in pooled data. The highest B:C ratio was observed in T7 (1.83 pooled), statistically at par with T8 but significantly higher than other treatments and the control (Patel et al., 2021; Singh et al., 2022).
The pooled B:C ratio of 1.83 in T7 and 1.82 in T8 indicates that the integrated packages generated a larger monetary return relative to cultivation expenditure than the control and several reduced-P treatments. This pattern is comparable with wheat studies in which integrated nutrient management improved B:C ratio through the combined effect of higher productivity and favorable net returns, although the magnitude of the ratio varies with local input prices, output prices, nutrient rates, and site conditions (Rani et al., 2020; Ranjan et al., 2022; Singh et al., 2023).
3.5 Discussion
The results clearly highlight that integrating phosphorus management with organic inputs and bio-stimulants leads to better economic returns. The improvement in gross and net returns under T7 and T8 treatments may be attributed to enhanced nutrient availability and uptake due to FYM and bio-consortia, which improve soil structure and microbial activity. Nano zinc foliar sprays further ensured better micronutrient utilization, leading to improved grain filling and yield. Although the cost of cultivation increased with the inclusion of FYM and bio-consortia, the proportionate increase in yield and marketable surplus resulted in a higher B:C ratio. These findings align with earlier studies where integrated nutrient management strategies enhanced both productivity and farm income (Reddy et al., 2017; Tiwari et al., 2006; Ali et al., 2020).
Mechanistically, the response of T7 and T8 can be interpreted cautiously as the result of complementary nutrient-supply pathways rather than the effect of a single component. FYM contributes organic carbon and gradually mineralizable nutrients and can support microbial and enzymatic activity; long-term experiments have shown that manure combined with mineral fertilizer can improve soil organic matter, nutrient availability, soil biological activity, and wheat productivity (Jiang et al., 2006; Mandal et al., 2007; Nayak et al., 2012). Phosphate-solubilizing microorganisms may increase P availability through acidification, chelation, and phosphatase-mediated mineralization, although field performance remains dependent on environmental conditions (Sharma et al., 2013).
Foliar zinc application can also bypass part of the soil-availability constraint and improve Zn delivery to cereal tissues, providing a physiological basis for including Zn nutrition within an integrated program (Cakmak, 2008); wheat field studies using nano-fertilizer foliar sprays have additionally reported yield and economic responses, but these responses are formulation- and dose-specific (Singh et al., 2023). Importantly, the present experiment did not isolate the individual contribution of FYM, bio-consortia, and nano zinc within T7; therefore, the economic superiority of T7 should be interpreted as a response to the combined package under the study conditions rather than evidence that each component independently produced the observed return (Sheoran et al., 2017; Rani et al., 2020; Ranjan et al., 2022).
Long-term and moisture-limited cereal-system studies also support the broader relevance of integrated nutrient supply for maintaining productivity under resource constraints, while emphasizing that responses depend on the cropping system, nutrient source, and production environment (Dass & Chandra, 2013; Yadav et al., 2000).



Table 1: Effect of phosphorus management on economics of wheat crop during 2023–24, 2024–25  



	Treatment Symbol
 
	Treatment Combination
	 Economics

	
	
	 Cost of Cultivation
(x103 ₹ ha-1)
	Gross Return
(x103 ₹ ha-1)
	 Net Return
(x103 ₹ ha-1)
	 B:C Ratio


	
	
	2023-24
	2024-25
	2023-24
	2024-25
	2023-24
	2024-25
	2023-24
	2024-25

	T1
	Absolute control
	29.17
	29.17
	70.40
	74.18
	41.24
	45.01
	1.41
	1.54

	T2
	100%RDF (NPK)(120:60:40)	
	36.04
	36.04
	97.93
	103.26
	61.9
	67.22
	     1.72
	1.86

	T3
	100%RDF +  Nano Zinc (2 Foliar spray)
	37.54
	37.54
	102.65
	107.87
	65.11
	70.33
	1.73
	1.87

	T4
	100%RDF(NK)  +   Phosphorus (75%) + Nano Zinc (2 Foliar spray)
	36.73
	36.73
	89.18
	94.79
	52.44
	58.04
	1.43
	1.58

	T5
	100%RDF(NK) +   Phosphorus (50%) + Nano Zinc (2 Foliar spray)
	35.23
	35.24
	87.52
	90.97
	52.28
	55.73
	1.48
	1.58

	T6
	100% RDF (NPK) + FYM (5 ton)
	40.04
	40.04
	102.25
	107.69
	62.21
	67.65
	1.55
	1.69

	T7
	100% RDF (NPK) + 5 ton FYM + Bio-consortia + Nano Zinc (2 Foliar spray)
	41.93
	41.99
	115.4
	122.07
	73.41
	80.08
	1.75
	1.91

	T8
	100%RDF (NK) + Phosphorus (75%) + 5ton FYM + Bio-consortia + Nano Zinc (2 Foliar spray)
	41.18
	41.18
	112.99
	119.19
	71.81
	78.01
	1.74
	1.89

	T9
	100%RDF (NK) + Phosphorus (50%) + 5 ton FYM + Bio-consortia + Nano Zinc (2 Foliar spray)
	39.68
	39.69
	97.31
	102.97
	57.62
	63.28
	1.45
	1.59

	  S.E.m ±
	0.53
	0.51
	1.34
	1.57
	0.98
	1.02
	0.06
	0.02

	C.D.
(P=0.05)
	1.59
	1.53
	4.03
	4.72
	2.95
	3.06
	0.19
	0.07

	 CV(%)
	2.46
	2.36
	2.4
	2.66
	2.86
	2.72
	6.98
	2.36




	Treatment Symbol
 	
	Treatment Combination
	                                                                  Economics                                           
                                                                     (Pooled)

	
	
	 Cost of Cultivation
(x103 ₹ ha-1)
	Gross Return
(x103 ₹ ha-1)
	 Net Return
(x103 ₹ ha-1)
	 B:C Ratio


	T1
	Absolute control

	29.17
	72.29
	43.13
	1.48

	T2
	100%RDF (NPK)(120:60:40)	

	36.04
	100.60
	64.56
	                 1.79

	T3
	100%RDF +  Nano Zinc (2 Foliar spray)
	37.54
	105.26
	67.72
	1.80

	T4
	100%RDF(NK)  +   Phosphorus (75%) + Nano Zinc (2 Foliar spray)
	36.73
	91.98
	55.24
	1.50

	T5
	100%RDF(NK) +   Phosphorus (50%) + Nano Zinc (2 Foliar spray)
	35.24
	89.25
	54.01
	1.53

	T6
	100% RDF (NPK) + FYM (5 ton)

	40.04
	104.97
	64.93
	1.62

	T7
	100% RDF (NPK) + 5 ton FYM + Bio-consortia + Nano Zinc (2 Foliar spray)
	41.96
	118.74
	76.74
	1.83

	T8
	100%RDF (NK) + Phosphorus (75%) + 5ton FYM + Bio-consortia + Nano Zinc (2 Foliar spray)
	41.18
	116.09
	74.91
	1.82

	T9
	100%RDF (NK) + Phosphorus (50%) + 5 ton FYM + Bio-consortia + Nano Zinc (2 Foliar spray)
	39.69
	100.14
	60.45
	1.52

	  S.E.m ±

	0.36
	1.03
	0.71
	0.03

	C.D.
(P=0.05)
	1.06
	2.98
	2.04
	0.09

	 CV(%)

	1.60
	1.70
	1.88
	3.40


Table 2 Effect of Phosphorus Management on Economics of Wheat (Pooled data)


4. Conclusion
The findings emphasize that region-specific integrated phosphorus management practices are crucial in areas with soil fertility constraints such as Bundelkhand. Adoption of these practices not only enhances wheat productivity and profitability but also contributes to improved soil health over the long term. Farmers can benefit from reduced reliance on costly chemical inputs by integrating organic amendments and bio-consortia, leading to sustainable intensification of wheat-based systems. Moreover, the use of nano zinc and bio-consortia represents an innovative approach for optimizing nutrient uptake. Policymakers and extension agencies should promote these integrated approaches to achieve higher economic returns while ensuring environmental sustainability.
The study concluded that integrated phosphorus management significantly improved the economics of wheat cultivation. Application of 100% RDF (NPK) + 5 t FYM + Bio-consortia + Nano Zinc (2 foliar sprays) (T7) resulted in the highest gross return, net return, and B:C ratio, indicating its superiority over other treatments. Therefore, integrated use of organic and inorganic nutrient sources is recommended for sustainable and profitable wheat production.
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