Effect of Soil Application of Gypsum as a Sulphur Source on Yield and Quality of Onion (Allium cepa L.)

Abstract
[bookmark: _GoBack]Onion (Allium cepa L.) is a sulphur-loving crop, yet sulphur nutrition is often neglected by farmers, leading to sub-optimal yield, quality, and profitability. A diagnostic survey conducted in Fatehabad district of Haryana revealed that farmers primarily relied on diammonium phosphate (DAP) for phosphorus nutrition and used costly foliar sprays for sulphur application. The present study aimed to find a cost-effective sulphur management strategy. On-farm trials were conducted during the Rabi seasons of 2022–23 and 2023–24 in the adopted villages of Fatehabad district. Two treatments were compared: farmer’s practice (DAP @ 108 kg ha⁻¹ without sulphur) and soil application of gypsum @ 5 bags ha⁻¹ along with DAP @ 108 kg ha⁻¹. Results showed that soil application of gypsum significantly improved crop growth, bulb size, pungency, keeping quality, and yield over the farmer’s practice. Onion yield increased by 10.7% and 12.5% during 2022–23 and 2023–24, respectively. Higher net returns (₹328,300 ha⁻¹ and ₹139,500 ha⁻¹) and benefit–cost ratios (4.26 and 3.81) were recorded under gypsum application despite a marginal increase in the cost of cultivation.
The study concludes that soil application of gypsum is an economical, effective, and sustainable source of sulphur for onion cultivation and should be preferred over costly foliar sulphur sprays to enhance productivity, profitability, and soil health.
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Introduction
Onion (Allium cepa L.) is one of the most important and widely cultivated vegetable–spice crops globally due to its extensive culinary use, nutritional value, and medicinal properties (Mishu et al., 2013; Tripathy et al., 2016). In India, onion plays a crucial role in both domestic consumption (Dhotre et al., 2025) and market-driven agriculture, contributing significantly to farmers’ income and rural employment. In the state of Haryana, onion is cultivated in almost all districts for commercial as well as household purposes. The crop is predominantly grown during the Rabi season; however, in certain pockets, kharif cultivation is also practiced under suitable agro-climatic conditions. Onion is an indispensable ingredient in a wide range of food preparations, including curries, salads, spice mixes, and processed products. Dehydrated onions are also widely consumed. Nutritionally, onion bulbs are rich in dietary fiber, vitamins, minerals, and bioactive compounds such as flavonoids and organosulfur compounds, which are responsible for their antioxidant and anti-inflammatory properties (Rizk et al., 2012; Mishu et al., 2013). These health-promoting attributes further enhance the economic and dietary importance of onion.
Sulphur (S) is a critical macronutrient for onion cultivation and is particularly important for the synthesis of sulfur-containing amino acids, proteins, enzymes, and flavor compounds that determine bulb quality and pungency (Jaggi, 2005; Ozkan et al., 2018). Onion is considered a sulphur-loving crop, and several studies have demonstrated that adequate sulphur nutrition significantly improves growth, bulb yield, nutrient uptake, and quality parameters (Tripathy et al., 2013; Nayak et al., 2016; Kar et al., 2022; Ullah, 2025). Despite its importance, sulphur deficiency is increasingly reported in Indian soils due to the continuous use of sulphur-free fertilizers and intensive cropping systems (Jaggi, 2005; Ram et al., 2017).
A diagnostic survey conducted by scientists of Krishi Vigyan Kendra (KVK), Fatehabad, in the major onion-growing areas of Fatehabad district revealed that most farmers apply sulphur through foliar sprays. Although foliar application provides quick correction, it is relatively expensive and contributes to the rising cost of onion cultivation. Moreover, foliar sprays alone may not ensure adequate sulphur availability throughout the crop growth period (Hosamani, 2020; Chattoo et al., 2019). Gypsum (CaSO₄.2H₂O) is an economical and readily available source of sulphur and calcium and has been reported to be effective in improving soil sulphur status, crop yield, and nutrient uptake in onion (Pradhan, 2013; Ram et al., 2017). Several researchers have highlighted that soil application of sulphur through gypsum is more cost-effective and sustainable compared to repeated foliar sprays (Tripathy et al., 2016; Bhalekar et al., 2018). In view of the increasing cost of onion cultivation and limited awareness regarding efficient sulphur management, on-farm trials were conducted to evaluate the performance of gypsum as a cheaper and effective source of sulphur in onion. These trials were carried out in adopted villages of Fatehabad district during the Rabi seasons of 2022–23 and 2023–24 with the objective of enhancing productivity while reducing input costs.
Materials and methods
A diagnostic survey was conducted by scientists of Krishi Vigyan Kendra (KVK), Fatehabad, in the major onion-growing areas of Fatehabad district, Haryana. The survey revealed that most farmers were applying diammonium phosphate (DAP) as the primary source of phosphorus instead of single super phosphate (SSP), thereby limiting sulphur supply through basal fertilization. In addition, farmers were observed to apply sulphur through foliar sprays in standing onion crops, a practice that substantially increases the cost of cultivation and may not ensure sustained sulphur availability throughout the crop growth period.
Considering the importance of sulphur in onion production and the need to identify a cost-effective sulphur management strategy, on-farm trials (OFTs) were planned and conducted during the Rabi seasons of 2022–23 and 2023–24. The trials were carried out in adopted villages, namely Berseen, Matan, Nadhor, and Hassanga, located in Fatehabad district of Haryana. Ten farmers from each village were selected for trail during both years. 
The experiment consisted of two treatments:
I. Farmer’s practice, comprising application of DAP at 108 kg ha⁻¹ without any soil application of sulphur, and
II. On-farm trial treatment, comprising application of DAP at 108 kg ha⁻¹ along with soil application of gypsum at the rate of 5 bags ha⁻¹ (approximately 125 kg ha⁻¹) as a source of sulphur.
Gypsum was applied as a basal dose at the time of field preparation and incorporated uniformly into the soil. All other recommended packages of practices, including variety selection, transplanting method, irrigation schedule, weed management, and plant protection measures, were followed uniformly in both treatments as per the recommendations of Chaudhary Charan Singh Haryana Agricultural University (CCS HAU), Hisar.
Observations were recorded on overall crop growth, bulb yield, and quality parameters at harvest. Growth and quality parameters were assessed using standard visual scoring and farmer feedback, as commonly adopted in on-farm trials. The performance of gypsum-based sulphur application was evaluated in comparison with the prevailing farmer’s practice to assess its effectiveness in improving onion productivity and reducing input costs.
Results and discussions
Effect of Gypsum Application on Onion Yield
A substantial increase in onion yield was recorded in the on-farm trial plots compared to farmer’s practice during both years (Table 1). In Rabi 2022–23, the demonstration plots recorded a total bulb yield of 268 q ha⁻¹, which was 10.7% higher than the farmer’s practice (242 q ha⁻¹). Similarly, during Rabi 2023–24, the yield advantage further increased to 12.5%, with demonstration plots producing 270 q ha⁻¹ as compared to 240 q ha⁻¹ under the farmer’s practice. The increase in yield due to gypsum application can be attributed to improved nutrient uptake efficiency, enhanced photosynthetic activity, and better translocation of assimilates towards bulb development. Sulphur has a synergistic interaction with nitrogen and phosphorus, which enhances their utilization efficiency and ultimately improves crop productivity (Jaggi, 2005; Pradhan, 2013). Comparable yield increments due to sulphur application through gypsum have been reported by Tripathy et al. (2013), Hosamani (2020), Gondane et al. (2018), and Khokhar (2019).
In contrast, some researchers have reported lower yield response to sulphur application under conditions of high residual sulphur or where atmospheric sulphur deposition is significant (Ullah et al., 2008). The consistent yield response across two seasons in the present study confirms the suitability of gypsum application under the prevailing agro-ecological conditions of Haryana.
Table 1: Effect of soil application of gypsum on yield and economics of onion under on-farm trials during Rabi seasons 2022–23 and 2023–24.
	Season
	Treatment
	Yield (q ha⁻¹)
	Yield increase over FP (%)
	Cost of cultivation (₹ ha⁻¹)
	Gross income (₹ ha⁻¹)
	Net income (₹ ha⁻¹)
	B:C ratio

	2022–23
	Farmer’s practice (No sulphur)
	242
	–
	100,100
	387,200
	287,100
	3.80

	
	Gypsum @ 5 bags ha⁻¹
	268
	10.7
	100,500
	428,800
	328,300
	4.26

	2023–24
	Farmer’s practice (No sulphur)
	240
	–
	49,000
	168,000
	119,000
	3.42

	
	Gypsum @ 5 bags ha⁻¹
	270
	12.5
	49,500
	189,000
	139,500
	3.81


Bold values indicate superiority over farmer’s practice.

Economic Analysis
Economic analysis revealed that although the cost of cultivation was marginally higher in demonstration plots due to the additional cost of gypsum application, this increase was adequately compensated by higher yield and improved market returns. During Rabi2022–23, the net return from gypsum-treated plots was ₹328,300 ha⁻¹ compared to ₹287,100 ha⁻¹ under the farmer’s practice. Similarly, in Rabi2023–24, net returns of ₹139,500 ha⁻¹ were recorded in demonstration plots against ₹119,000 ha⁻¹ in farmers’ practice.
The benefit-cost (B:C) ratio was also higher under gypsum application, registering 4.26 and 3.81 during 2022–23 and 2023–24, respectively, compared to 3.80 and 3.42 under farmer’s practice. These findings corroborate earlier reports indicating that soil application of sulphur through gypsum is a cost-effective and economically viable practice for onion cultivation (Pradhan, 2013; Lacerda & Grangeiro, 2022; Sable et al., 2023). In years with lower market prices (2023–24), the profitability margin was comparatively reduced; however, the gypsum-based treatment consistently outperformed farmer’s practice, demonstrating its resilience under fluctuating price scenarios. Similar trends under varying market conditions have been reported by Abhishek et al. (2018) and Nayak et al. (2016).
Table 2: Summary of Indian and international research findings on the effect of sulphur application on yield and quality of onion (Allium cepa L.)
	Authors (Year)
	Country / Region
	Source of sulphur
	Major findings on yield and quality

	Jaggi (2005)
	India (Himachal Pradesh)
	Gypsum, elemental S
	Significant improvement in bulb yield, size, and pungency; gypsum found economical

	Mishu et al. (2013)
	India
	Gypsum
	Increased plant height, bulb weight, yield, and pungency due to improved sulphur nutrition

	Nayak et al. (2016)
	India (Odisha)
	Gypsum, SSP
	Higher bulb yield and improved nutrient uptake; better nitrogen use efficiency

	Pradhan (2013)
	India (Maharashtra)
	Gypsum
	Improved bulb yield, quality, and benefit–cost ratio; gypsum identified as superior sulphur source

	Gondane et al. (2018)
	India (Maharashtra)
	Gypsum
	Enhanced soil properties, bulb yield, and net economic returns

	Hosamani (2020)
	India (Karnataka)
	Gypsum, sulphur-95
	Improved bulb size, yield, pungency, and keeping quality

	Kar et al. (2022)
	India (Odisha)
	Sulphur fertilizers
	Significant increase in bulb yield and quality attributes

	Rizk et al. (2012)
	Egypt
	Sulphur fertilizers
	Improved bulb yield, size, and quality characteristics

	Ullah et al. (2008)
	Bangladesh
	Gypsum
	Increased yield, storability, and economic returns; response influenced by soil sulphur status

	Ozkan et al. (2018)
	Turkey
	Potassium sulphate, gypsum
	Enhanced bulb yield and quality due to balanced sulphur nutrition

	Lacerda & Grangeiro (2022)
	Brazil
	Sulphur fertilizers
	Improved bulb yield and economic viability of onion cultivation

	Rosato (2022)
	USA
	Gypsum
	Yield response mainly in sulphur-deficient soils; limited response under sulphur-sufficient conditions



Effect of Sulphur Application on Growth and Quality of Onion
During the collection of yield and economic data of the trials, farmers' responses towards the growth and quality of onion crop were also recorded. Their response clearly indicated that soil application of gypsum along with recommended fertilizer practice improved the overall growth and quality of onion during both the years of experimentation (Rabi 2022–23 and 2023–24). The onion crop grown under on-farm trial conditions (DAP + soil application of gypsum) exhibited superior vegetative growth, increased plant height, and improved bulb size compared to the farmer’s practice where no sulphur was applied. These improvements can be attributed to enhanced sulphur availability in the root zone, which plays a crucial role in chlorophyll synthesis, enzyme activation, and protein metabolism in onion plants (Jaggi, 2005; Tripathy et al., 2016).
In addition to growth parameters, qualitative attributes such as physical appearance, pungency, and keeping quality of onion bulbs were markedly improved under gypsum application. Sulphur is directly involved in the synthesis of sulphur-containing compounds such as allyl propyl disulphide, which determine pungency and storage quality of onion bulbs (Mishu et al., 2013; Rizk et al., 2012). Similar improvements in bulb quality with sulphur fertilization have been reported by Nayak et al. (2016) and Kar et al. (2022).
However, some studies have reported marginal or non-significant effects of sulphur on bulb quality under sulphur-sufficient soils (Rosato, 2022). The positive response observed in the present study suggests that the soils of Fatehabad district are likely marginally deficient in available sulphur, thereby responding favourably to gypsum application.
Soil Health and Sustainability Considerations
Apart from yield and economic benefits, gypsum application also contributes to improved soil physical properties by enhancing soil structure, aggregation, and calcium availability. This leads to better root growth and nutrient uptake, particularly in light-textured and sodic soils (Ram et al., 2017). The long-term benefits of gypsum application on soil health further justify its recommendation as a sustainable sulphur source for onion cultivation.
Conclusion
Based on two years of on-farm trial results, it can be concluded that soil application of gypsum at the time of field preparation significantly improves growth, yield, bulb quality, and economic returns of onion. Gypsum proved to be a cheaper, effective, and sustainable source of sulphur compared to costly foliar sprays. Therefore, farmers are strongly advised to adopt soil application of gypsum in onion cultivation to enhance productivity and profitability while simultaneously improving soil health.
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