


Economic Viability of Super Absorbent Polymer, Poultry Manure and Inorganic Fertilizer Integration in Groundnut cultivation (Arachis hypogaea L.)

ABSTRACT:
Economic viability is a critical determinant for the adoption of improved input management strategies in groundnut cultivation, particularly under moisture-limited conditions. A field study was conducted during the kharif seasons of 2023 and 2024 to evaluate the economic performance of integrating super absorbent polymer (SAP) and poultry manure with the recommended dose of inorganic fertilizers (RDF). The experiment comprised ten treatments laid out in a randomized block design, and economic indicators including cost of cultivation, gross returns, net returns, and benefit–cost (B:C) ratio were analysed. Results indicated that total cultivation cost increased with higher levels of SAP and poultry manure; however, integrated treatments substantially enhanced economic returns. The highest gross returns were recorded under 100% RDF + SAP 100% + poultry manure 100%, amounting to ₹236,517 in 2023 and ₹262,311 in 2024, driven by superior kernel yield. Net returns were maximized under 100% RDF + SAP 100%, reaching ₹134,354 in 2023 and ₹148,059 in 2024, indicating an optimal balance between input cost and yield gain. Benefit–cost analysis further confirmed that SAP-based treatments exhibited higher economic efficiency compared to manure-intensive combinations. Overall, the study demonstrates that SAP integration with RDF offers a profitable and economically efficient strategy, while combined use of SAP and poultry manure provides additional benefits in terms of yield enhancement.
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INTRODUCTION:
Groundnut (Arachis hypogaea L.) plays a critical role in global and national agricultural economies by contributing to edible oil supply, protein nutrition, livestock feed, and farm income. Worldwide, groundnut is cultivated on more than 30 million ha, largely under rainfed conditions, with developing countries accounting for the majority of production (FAO, 2023). In India, groundnut is predominantly grown by small and marginal farmers, where profitability is strongly influenced by rainfall variability, soil moisture availability, and escalating input costs. While yield enhancement has remained a major research focus, economic viability and sustainability increasingly determine farmer adoption of improved technologies.
Rising costs of inorganic fertilizers, labour shortages and energy-intensive irrigation have significantly increased the cost of cultivation in oilseed crops, including groundnut. Economic assessments have shown that fertilizer and irrigation inputs alone account for a substantial proportion of variable production costs, making groundnut cultivation highly sensitive to market price fluctuations and climate-induced yield instability (Birthal et al., 2019; Reddy et al., 2020). In parallel, climate change has intensified the frequency of droughts and heat stress events, particularly in semi-arid regions, further increasing production risk and reducing return stability (IPCC, 2022). These challenges underscore the need for economically efficient and climate-resilient input management strategies.
Super absorbent polymers (SAPs) have emerged as a promising soil amendment to mitigate moisture stress by enhancing soil water retention, reducing irrigation frequency, and stabilizing yields. Several agronomic studies have demonstrated yield advantages with SAP application; however, economic feasibility remains a major concern due to the relatively high initial cost of polymers (Huttermann et al., 2009; Abedi-Koupai & Asadkazemi, 2015). Economic evaluations in water-limited cropping systems suggest that SAPs may be profitable only when yield gains are sufficient to offset input costs, highlighting the importance of cost–benefit analysis under field conditions (Islam et al., 2011; Orikiriza et al., 2013).
Organic nutrient sources such as poultry manure are widely recognized for their potential to improve soil fertility, reduce dependence on mineral fertilizers, and enhance long-term productivity. Poultry manure provides essential nutrients and organic carbon at comparatively lower cost, but its economic performance depends on local availability, transportation expenses, and labour requirements. Studies have reported improved net returns and benefit-cost ratios with poultry manure application, particularly when integrated with inorganic fertilizers, due to improved nutrient use efficiency and reduced fertilizer inputs (Amanullah et al., 2010; Adekiya et al., 2017; Kumar et al., 2019).
From a sustainability perspective, integrated use of organic and inorganic inputs is increasingly promoted as a means to balance short-term profitability with long-term soil health. Economic analyses of integrated nutrient management systems have shown that combining organic amendments with mineral fertilizers can reduce production costs per unit yield, improve income stability, and enhance system resilience to climatic stress (Lal, 2020; Meena et al., 2020). When coupled with moisture-conserving technologies such as SAPs, such integrated approaches may further reduce yield variability and improve return reliability-an important consideration for smallholder farmers operating under risk-prone environments. Despite growing interest in SAP-based moisture management and organic nutrient integration, empirical evidence on their combined economic viability in groundnut production remains limited. Most studies have focused on agronomic performance, with relatively fewer analyses addressing cost of cultivation, gross and net returns, benefit–cost ratios, and sustainability implications. Without such economic assessments, recommendations based solely on yield improvement may not adequately reflect on-farm realities or adoption potential.
Therefore, the present study was undertaken to evaluate the economic viability and sustainability of integrating super absorbent polymer, poultry manure, and inorganic fertilizers in groundnut production. The study aims to quantify the costs and economic returns associated with different input combinations and to identify management practices that enhance profitability while supporting sustainable resource use under moisture-limited conditions.
Materials and Methods
Experimental Site
The economic analysis was based on a field experiment conducted during the kharif seasons of 2023 and 2024 at the Central Research Farm of the Naini Agricultural Institute, Sam Higginbottom University of Agriculture, Technology and Sciences (SHUATS), Prayagraj, Uttar Pradesh, India. The experimental site is located at 25°40′ N latitude and 81°85′ E longitude, at an elevation of approximately 92 m above mean sea level, within the Middle and Upper Gangetic Plains Agro-climatic region.
The region experiences a humid subtropical climate, characterized by hot summers, mild winters, and a mean annual rainfall of approximately 981 mm, largely concentrated during the south-west monsoon period (July–September). The soil of the experimental field is alluvial sandy loam, well drained and moderately fertile, representative of groundnut-growing soils in the region. The groundnut (Arachis hypogaea L.) variety Kadiri 1812 was used as the test crop, and standard agronomic practices recommended for the region were followed uniformly across treatments.
Experimental Layout and Treatment Structure
The experiment was laid out in a Randomized Block Design (RBD) with ten treatment combinations and three replications, resulting in a total of 30 experimental plots. All inputs were applied on a per-plot basis and later converted to a hectare scale for economic evaluation.
The treatments consisted of graded levels of super absorbent polymer (SAP) and poultry manure (PM) applied in combination with the recommended dose of fertilizers (RDF). The recommended fertilizer dose was 20:60:40 kg N:P₂O₅: K₂O ha-¹, applied uniformly to all treatments except the absolute control. Super absorbent polymer was applied at 0, 50, and 100 kg ha-¹, while poultry manure was applied at 0, 3, and 6 t ha-¹, corresponding to 0, 50, and 100% levels, respectively. The treatment combinations were as follows:
· T₁: Absolute control
· T₂: 100% RDF without SAP and poultry manure
· T₃: 100% RDF + poultry manure at 50% level
· T₄: 100% RDF + poultry manure at 100% level
· T₅: 100% RDF + SAP at 50% level
· T₆: 100% RDF + SAP at 50% level + poultry manure at 50% level
· T₇: 100% RDF + SAP at 50% level + poultry manure at 100% level
· T₈: 100% RDF + SAP at 100% level
· T₉: 100% RDF + SAP at 100% level + poultry manure at 50% level
· T₁₀: 100% RDF + SAP at 100% level + poultry manure at 100% level
Economic Data Collection
Economic analysis was carried out using standard farm management and cost–return concepts. The cost of cultivation for each treatment was calculated by summing all variable costs incurred during crop production. These included costs of seed, fertilizers, super absorbent polymer, poultry manure, land preparation, sowing, irrigation, intercultural operations, plant protection measures, harvesting, and labour. Input prices prevailing during the respective cropping seasons were used for calculations, and costs were expressed on a per hectare basis.
Gross returns were computed based on the market price of groundnut kernels multiplied by the kernel seed yield obtained under each treatment. Where applicable, haulm yield value was included using prevailing local fodder prices. Market prices used for estimation reflected average farm-gate prices during the respective seasons.
Net returns were calculated by subtracting the total cost of cultivation from the gross returns for each treatment. Economic performance across treatments was compared to assess the profitability of integrating SAP and poultry manure with inorganic fertilizers.
Economic assumptions and cost estimation
Economic analysis was conducted on a per-hectare basis using standard farm management procedures. Costs recorded at the plot level were converted to hectare values using proportional scaling. Input prices were based on prevailing local market rates during the respective seasons. Labour costs followed regional wage rates, while machinery costs were estimated using standard hiring charges. Groundnut kernel prices were based on the average farm-gate price during harvest, and haulm value was included using local fodder prices.
Measurement Accuracy and Data Reliability
Kernel and haulm yields were recorded using calibrated electronic balances with an accuracy of ±0.01 kg. Economic values are presented as mean ± standard deviation (SD) based on three replications to reflect experimental variability. Market prices were verified using local Agricultural Produce Market Committee (APMC) records to ensure reliability.
Statistical Analysis
Economic indicators including total cost of cultivation, gross returns, net returns, and benefit–cost ratio were analysed using one-way analysis of variance (ANOVA) in R statistical software (version 4.3.1). Treatment means were compared using Tukey’s Honestly Significant Difference (HSD) test at a 5% probability level (P ≤ 0.05), which provides stronger control of Type I error than LSD.







Results and Discussion
The total cost of cultivation varied significantly among treatments and across growing seasons, reflected differences in input combinations and application rates (Table 1). The lowest cultivation cost was recorded under the absolute control (T₁), while treatments applied super absorbent polymer (SAP) and poultry manure incurred positivity showed higher costs due to additional material and labour inputs. Across all treatments, cultivation costs were consistently higher in 2024 than in 2023, indicating increased input prices and labour costs between seasons/year.
Application of 100% RDF alone (T₂) increased total cost compared to the control, primarily due to fertilizer expenses. Further increases in cultivation cost were observed with the inclusion of poultry manure (T₃ and T₄) and SAP (T₅ and T₈), reflecting costs associated with organic manure procurement, transport, and polymer application. Treatments combining both SAP and poultry manure (T₆ to T₁₀) recorded the highest costs, with T₁₀ exhibiting the maximum total cost in both years due to full-rate application of all inputs.
The positive economic response to poultry manure integration observed in this study is supported by earlier reports demonstrated that organic amendments improve nutrient synchronization, soil aggregation, and carbon inputs, which collectively promote sustained productivity and long-term soil fertility (Amanullah et al., 2010; Adekiya et al., 2017). Although poultry manure is higher initial input costs, its contribution to soil health can enhance yield stability and reduce dependency on external inputs over time, improving system-level profitability. Therefore, the combined use of SAP and poultry manure represents a complementary strategy in which SAP provides short-term yield protection and income stability, while poultry manure contributes to long-term economic resilience through improved soil productivity.
Gross returns varied significantly among treatments in both cropping seasons, reflecting differences in yield performance under varying input combinations (Table 2). The absolute control (T1) recorded the lowest gross returns in both years (₹72,352 in 2023 and ₹76,676 in 2024), indicating limited economic output under low-input management. Application of 100% RDF alone (T2) resulted in a marked increase in gross returns during both seasons, demonstrating the economic advantage of balanced mineral fertilization.
Addition of poultry manure with RDF (T3 and T4) further increased gross returns in both years. In 2023, gross returns increased from ₹154,451 under RDF alone to ₹176,866 and ₹194,430 under 50% and 100% poultry manure application, respectively. A similar trend was observed in 2024, where gross returns increased to ₹201,073 and ₹211,334 under the corresponding treatments. This indicates that organic nutrient supplementation consistently enhanced economic output across seasons.
Treatments received  SAP with RDF (T₅ and T₈) also recorded higher gross returns than RDF alone in both years, highlighting the positive contribution of improved soil moisture availability to yield realization. In particular, SAP at 100% level (T₈) resulted in higher gross returns than SAP at 50% level (T₅) during both seasons, indicating a rate-dependent response. The highest gross returns were recorded under treatments combining SAP and poultry manure with RDF. Treatments T₇, T₉, and T₁₀ consistently outperformed other treatments in both years, with T₁₀ registering the maximum gross returns (₹236,517 in 2023 and ₹262,311 in 2024). The consistent superiority of these treatments across years suggests stable economic benefits of integrated moisture and nutrient management. Overall, gross returns were higher during 2024 across all treatments, reflecting favourable seasonal conditions and/or improved market prices. However, interpretation of gross returns must be complemented with net returns and benefit–cost analysis to determine overall economic efficiency.
The observed improvements in growth, yield attributes, and kernel yield under integrated SAP and poultry manure treatments translated into higher gross and net returns, reflecting enhanced resource-use efficiency. Similar economic responses have been reported in cropping systems subjected to combined organic–inorganic nutrient management, where improvements in soil physical condition, nutrient availability, and microbial activity led to greater biomass accumulation, yield stability, and profitability (Lal, 2020; Meena et al., 2020).
Net returns shown differed substantially among treatments in both cropping seasons, reflected that the combined influence of gross returns and cost of cultivation under different input combinations (Table 3). The absolute control (T1) recorded the lowest net returns in both years (₹29,952 in 2023 and ₹29,076 in 2024), indicating limited profitability under low-input management. Application of 100% RDF alone (T2) resulted in a more than threefold increase in net returns compared to the control, demonstrating the economic advantage of balanced fertilization.
Addition of poultry manure with RDF (T3 and T4) further enhanced net returns in both years, although the magnitude of increase varied with application level. In 2023, net returns under T3 and T4 were comparable, whereas in 2024, higher net returns were recorded under T3 than T4, that moderate manure application offered a better balance between cost and yield benefit under prevailing conditions.
Treatments applied SAP with RDF (T5 and T8) consistently recorded higher net returns than RDF alone in both years. Notably, T₈ (100% RDF + SAP 100%) resulted in the highest net returns in 2023 (₹134,354) and among the highest in 2024 (₹148,059), indicating that yield gains under SAP application effectively offset additional input costs. This highlights the economic advantage of moisture-conserving amendments in groundnut production.
Combined application of SAP and poultry manure (T6 to T10) generally resulted in higher net returns than individual applications, with treatments T7, T9, and T10 performed consistently well across both seasons. The highest net return in 2024 was recorded under T₉ (₹149,822), indicating improved profitability when SAP was combined with moderate levels of poultry manure. Across treatments, net returns were higher in 2024 than in 2023, reflecting favourable seasonal conditions and/or market prices. These results emphasize that while integrated input use enhances profitability, economic efficiency depends on optimizing input levels rather than maximizing input intensity.
Benefit-cost (B:C) ratio
The benefit-cost (B:C) ratio exhibited clear variation among treatments in both cropping seasons, reflecting differences in economic efficiency arising from varying combinations of super absorbent polymer (SAP), poultry manure, and inorganic fertilizers (Table 4). Across treatments, higher B:C ratios were associated with treatments that achieved substantial yield gains without proportionate increases in cultivation cost, whereas lower ratios reflected high input costs relative to economic returns. Among all treatments, T₈ (100% RDF + SAP 100%) recorded the highest B:C ratio in both years, indicating superior economic efficiency under SAP-based moisture management. This treatment consistently outperformed other combinations, suggesting that the yield benefits derived from improved soil moisture retention were sufficient to offset the additional cost of SAP application. The strong performance of T₈ highlights SAP as an economically viable input when applied without excessive cost escalation from organic amendments. The next best B:C performance was observed under T₉ and T₁₀, where SAP application was combined with poultry manure at moderate and higher levels, respectively. Although these treatments incurred higher cultivation costs, their relatively high economic returns resulted in favourable B:C ratios, particularly during 2024. This indicates that integration of SAP with poultry manure can enhance economic efficiency when yield gains are substantial, though returns are sensitive to input cost intensity.
Moderate B:C ratios were observed under treatments receiving either poultry manure alone with RDF (T₃ and T₄) or SAP at lower levels (T₅ and T₆). These treatments demonstrated improved economic efficiency compared to RDF alone, but their B:C ratios were lower than those of SAP-dominant treatments, suggesting that incremental yield gains were partially offset by increased input costs, especially at higher manure application rates.
The superior economic performance of SAP-based treatments is consistent with findings that hydrophilic polymers improve soil water-holding capacity, reduce evaporative losses, and buffer crops against transient drought stress. These physiological advantages contribute to more stable yields, reduced production risk, and improved benefit–cost ratios, particularly under moisture-limited conditions (Abedi-Koupai & Asadkazemi, 2015; Huttermann et al., 2009). Malik et al. (2022) further reported that SAP application enhances water-use efficiency and crop productivity, thereby increasing economic returns by stabilizing soil moisture regimes and minimizing stress-induced yield losses.
The lowest B:C ratios were recorded under the absolute control (T₁) and RDF alone (T₂), indicating poor to moderate economic efficiency under low-input and conventional fertilization systems. The consistently low B:C ratio under the control highlights the limited profitability of groundnut cultivation without adequate nutrient and moisture management.
Across all treatments, B:C ratios were generally higher during 2024 than in 2023, reflecting improved seasonal performance and/or favourable market conditions. Overall, the results demonstrate that economic efficiency in groundnut production depends not only on yield maximization but also on optimizing input combinations, with SAP-based treatments offering the most favourable balance between cost and return.
Conclusion
The study confirms that integrating super absorbent polymer (SAP) and poultry manure with recommended inorganic fertilization significantly improves the economic, agronomic, and sustainability performance of groundnut cultivation (P < 0.05). Application of SAP with RDF resulted in the highest net returns and benefit–cost efficiency across both seasons, indicating superior cost effectiveness, while combined application of SAP and poultry manure generated higher gross returns through enhanced yield and yield stability. Improvements in yield attributes and harvest index under integrated treatments reflect better biomass production and more efficient assimilate partitioning. From a soil management perspective, poultry manure contributes to organic matter enrichment and nutrient cycling, whereas SAP enhances soil moisture retention, collectively supporting crop performance under variable climatic conditions. Overall, SAP-based integration offers an economically viable option for farmers in the short term, while the combined use of SAP and poultry manure provides additional long-term benefits by improving soil health, reducing production risk, and promoting sustainable groundnut production in moisture-limited Agro-ecosystems.
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Table 1: Treatment-wise cost components and total cost of cultivation (₹ ha⁻¹) under different SAP and poultry manure treatments in groundnut during 2023 and 2024
	S. No
	Treatment
	Treatment Cost
	Fixed Cost
	Total Cost

	
	
	
	2023
	2024
	2023
	2024

	1
	T1
	0.00
	42400.00
	47600.00
	42400.00
	47600.00

	2
	T2
	9100.00
	42400.00
	47600.00
	51500.00
	56700.00

	3
	T3
	27100.00
	42400.00
	47600.00
	69500.00
	74700.00

	4
	T4
	45100.00
	42400.00
	47600.00
	87500.00
	92700.00

	5
	T5
	21600.00
	42400.00
	47600.00
	64000.00
	69200.00

	6
	T6
	39600.00
	42400.00
	47600.00
	82000.00
	87200.00

	7
	T7
	57600.00
	42400.00
	47600.00
	100000.00
	105200.00

	8
	T8
	34100.00
	42400.00
	47600.00
	76500.00
	81700.00

	9
	T9
	52100.00
	42400.00
	47600.00
	94500.00
	99700.00

	10
	T10
	70100.00
	42400.00
	47600.00
	112500.00
	117700.00


Note: T1 - Control; T2 -100% RDF + SAP 0% + PM 0%; T3 - 100% RDF + SAP 0% + PM 50%; T4 – 100% RDF + SAP 0% + PM 100%; T5 - 100% RDF + SAP 50% + PM 0%; T6 - 100% RDF + SAP 50% + PM 50%; T7 - 100% RDF + SAP 50% + PM 100%; T8 - 100% RDF + SAP 100% + PM 0%; T9 - 100% RDF + SAP 100% + PM 50%; and T10 - 100% RDF + SAP 100% + PM 100%.













Table 2: Treatment-wise mean gross returns (₹ ha⁻¹) of groundnut as influenced by super absorbent polymer and poultry manure during 2023 and 2024
	Treatments combinations
	Gross Returns (₹)

	
	 2023
	2024

	T1
	72352.41
	76676.12

	T2
	154451.24
	166852.89

	T3
	176865.50
	201072.64

	T4
	194429.62
	211333.52

	T5
	173802.33
	188076.26

	T6
	193909.24
	216331.57

	T7
	217171.11
	239127.89

	T8
	210854.00
	229758.80

	T9
	219753.78
	249522.35

	T10
	236517.39
	262310.53


Note: T1 - Control; T2 -100% RDF + SAP 0% + PM 0%; T3 - 100% RDF + SAP 0% + PM 50%; T4 – 100% RDF + SAP 0% + PM 100%; T5 - 100% RDF + SAP 50% + PM 0%; T6 - 100% RDF + SAP 50% + PM 50%; T7 - 100% RDF + SAP 50% + PM 100%; T8 - 100% RDF + SAP 100% + PM 0%; T9 - 100% RDF + SAP 100% + PM 50%; and T10 - 100% RDF + SAP 100% + PM 100%.











Table 3: Treatment-wise mean net returns (₹ ha-1) of groundnut under different SAP and poultry manure treatments during 2023 and 2024
	Treatments combinations
	Net Returns (₹)

	
	2023
	2024

	T1
	29952.41
	29076.12

	T2
	102951.24
	110152.89

	T3
	107365.50
	126372.64

	T4
	106929.62
	118633.52

	T5
	109802.33
	118876.26

	T6
	111909.24
	129131.57

	T7
	117171.11
	133927.89

	T8
	134354.00
	148058.80

	T9
	125253.78
	149822.35

	T10
	124017.39
	144610.53


Note: T1 - Control; T2 -100% RDF + SAP 0% + PM 0%; T3 - 100% RDF + SAP 0% + PM 50%; T4 – 100% RDF + SAP 0% + PM 100%; T5 - 100% RDF + SAP 50% + PM 0%; T6 - 100% RDF + SAP 50% + PM 50%; T7 - 100% RDF + SAP 50% + PM 100%; T8 - 100% RDF + SAP 100% + PM 0%; T9 - 100% RDF + SAP 100% + PM 50%; and T10 - 100% RDF + SAP 100% + PM 100%.











Table 4: Treatment-wise mean benefit-cost ratio of groundnut under different SAP and poultry manure treatments during 2023 and 2024
	Treatments combinations
	Benefit cost ratio

	
	2023
	2024

	T1
	0.71
	0.61

	T2
	2.00
	1.94

	T3
	1.54
	1.69

	T4
	1.22
	1.28

	T5
	1.72
	1.72

	T6
	1.36
	1.48

	T7
	1.17
	1.27

	T8
	1.76
	1.81

	T9
	1.33
	1.50

	T10
	1.10
	1.23


Note: T1 - Control; T2 -100% RDF + SAP 0% + PM 0%; T3 - 100% RDF + SAP 0% + PM 50%; T4 – 100% RDF + SAP 0% + PM 100%; T5 - 100% RDF + SAP 50% + PM 0%; T6 - 100% RDF + SAP 50% + PM 50%; T7 - 100% RDF + SAP 50% + PM 100%; T8 - 100% RDF + SAP 100% + PM 0%; T9 - 100% RDF + SAP 100% + PM 50%; and T10 - 100% RDF + SAP 100% + PM 100%.





