


Effect of Different Sulphur Sources on Growth and Yield Attributes of Linseed (Linum usitatissimum L.) under Dhampur Agro-Climatic Conditions


ABSTRACT

 A field experiment was conducted during the rabi season of 2024-25 at the Agronomy Research Farm, R.S.M. (P.G.) College, Dhampur, Bijnor (U.P.) to evaluate the effect of various sulphur sources on growth and yield attributes of linseed. The experiment was laid out in a randomized block design with seven treatments and three replications. Results revealed that the foliar spray of nano sulphur (0.5%) at 30 DAS and flowering stage (T₅) recorded the highest values for growth parameters [plant height (71.3 cm), number of leaves (183.1 plant-1), leaf area (52.6 plant-1), number of branches (19.13 plant-1) and yield attributes [number of capsule (37.7 plant-1), number of seed capsule (8.9 capsule-1), test weight (8.1 g)] followed by foliar application of sulphur fertilizer (0.5%) at 30 DAS and flowering stage (T₇). It is concluded that foliar application of nano sulphur at 30 DAS and flowering stage can be recommended for enhancing productivity and profitability of linseed under the agro-climatic conditions of Dhampur.
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1. Introduction: 
“Linseed (Linum usitatissimum L.) 2n = 30, is an important oilseed crop that belongs to the genus linum of the family Linaceae. It is also called flax or flaxseed. The name Linum originated from lin or thread and the species name usitatissimum is a latin word meaning “most useful”. On the basis of diversity of plant types, linseed has two centers of origin i.e., South West Asia, particularly in India” (Devedee and Parihar, 2018). (Richharia et al., 1962). “Flax seeds are added to chutneys and breads like chapattis and parathas. Flax seeds are also substituted for eggs since; they form a gummy solution when mixed with water. However, modern diet is deficient in crucial omega-3 fatty acid, leading to increase in severity and incidences of several chronic metabolic disorders” (Goyal et al., 2014). “The important fatty acid viz. alpha-linolenic acid (ALA) a polyunsaturated fatty acid, often known as omega-3 fatty acid, which is abundant in linseed, have an important function in lowering the  risk  of  heart  disease,  diabetes,  cancer,  rheumatoid  arthritis,  blood cholesterol  levels  and  providing  immune  and  cardiovascular advantages” (Nôžková et al., 2016). “Nutritionally, linseed is considered a functional food due to its high content of alpha-linolenic acid (ALA), an omega-3 fatty acid, as well as dietary fiber, lignans, and high-quality proteins.These components are associated with various health benefits including cardiovascular protection, anti-inflammatory properties, and support for digestive health”  (Singh et al., 2011).
“Flax seeds has 7% water, 18% protein, 29% carbohydrates, and 42% fat  in 100 grams as a reference amount. Flax seeds provide 534 kilocalories and contain high levels (20% or more of the daily value, (DV) of protein, dietary fiber, vitamins-B and dietary minerals. It is especially rich in thiamine, magnesium, and phosphorus (DVs above 90%).  As a percentage of total fat, flax seeds contain 54% omega-3 fatty acids (mostly ALA), 18% omega-9 fatty acids (oleic acid), and 6% omega-6 fatty acids (linoleic acid). The seeds contain 9% saturated fat, including 5% as palmitic acid. Linseed occupies an area of 32.23 lakh ha-1 yielding 30.68 lakh tonnes with an average productivity of 952 kg ha-1 in the world where as in India, it occupies an area of 1.7 lakh ha with a production and productivity of about 1 lakh tonnes and 574 kg ha-1, respectively. India holds fifth position in area after Kazakhstan, Russian Federation, Canada and China but ranks sixth in production after Kazakhstan, Canada, Russian Federation, China and USA”  (AICRP-Linseed, 2024). “At the end of fiscal year 2023, India is estimated to produce nearly 140 thousand metric tons of linseed. This was an increase from the previous financial year. During financial year 2022, the south Asian nation produced over  38  million  metric  tons  of  oilseeds.  Total  Oilseeds  production  in  the country during 2022-23 is estimated at record 400.01 lakh tons which is higher  by  20.38  lakh  tons  than  the  previous  year’s  oilseeds  production” (AICRP-Linseed, 2024). “However, according to statistics from the Food and Agricultural Organization the area harvested for linseed 3540139 ha-1, yield was 9512 kg/ha and production value was 3367331 tons” (FAOSTAT, 2007).
“Nutrients play an important role in enhancing growth of crop” (Aakash et al., 2023). “Foliar application of nutrients improves the plant’s capacity to synthesize, store and transport nutrients” (Bhayal et al., 2022; Sharma et al., 2023). “Foliar application of nutrients has been shown as an important asset of fertilizer application with the specific aim of increasing nutrient availability when needed” (Kumar et al., 2022). “A  deficiency of sulphur at any stage of growth can result in reduced yields. for the first half century or more of cultivation, sulphur deficiency was not a concern on most of our soils because a large pool of organic sulphur was made available as organic matter mineralized. Over time, the pool of organic sulphur has declined significantly, mostly due to use by crops, particularly high sulphur using oilseeds crops” (Narayan et al., 2023). “Sulphur is a crucial macronutrient  for  plants  growth  an development. Although it is categorized as a tertiary element along with Magnesium (Mg) and Calcium (Ca), it is occasionally referred to as "the fourth major nutrient." The element S is a necessary component for all living things. It aids in the development and activation of several enzymes and vitamins in plants, promotes nodulation in legumes, and is a structural component of amino acids that make up protein cysteine and methionine” (Sharma et al., 2024). Reduced plant growth rate is associated with sulphur deficient soil, and typically, shoot growth is more impacted than root growth. Lack of Sulphur nutrition impacts nodulation in legumes and lowers nitrogen fixation.
[bookmark: _GoBack]“Sulphur deficiency results in the production of pale green, yellowish-green or solid yellow. Symptoms of sulphur deficiency look like nitrogen (N) but appear first in younger leaves due to less mobility in the plant than N, while in the case of nitrogen, they appear first in the older leaves” (Chahal et al., 2020). “Disruption of protein metabolism in the synthesis of chlorophyll leads to acute deficiency. Cell division is also reduced due to an Sulphur deficiency which causes the plant to atrophy. Substantial yield obtained by applying sulphur fertilizer to crops having sulphur demand that cannot be satisfied by soil sulphur supply. Sulphur fertilization may also produce earlier and more uniform maturity and higher oil and protein levels.” (Burkitbayev et al., 2021). “Elemental sulphur is not immediately effective for soils very deficient in sulphur, but may be a useful part of a long-term sulphur fertilizer management plan for soils low in plant available Sulphur. Sulphur solubilizing bacteria it helps in the chlorophyll formation that allows photosynthesis, by which plants produce starch, sugars, oils, fats, vitamins and other compounds” (Shah et al., 2022). “Nano materials are the product of nano technology, a field in which particle sizes are reduced” (Khan et al., 2019). It has been shown that nano-sulphur application decreased Hg accumulation and increased growth of oilseed rapeseedlings (Brassica  napus L.) via modulation of antioxidant enzymes pathway and affecting the soil microbial communities when grown on mercury-contaminated soil. Nano-sulphur  holds  great  promise  as  an important nanomaterial to alleviate the current food security challenges faced by agriculture and to simultaneously reduce the input of synthetic pesticides. Its beneficial effects are attributed to its ability to improve plant growth and development, enhance nutrient  absorption through soil improvement, stimulate significant defence activity against plant pathogens, and regulate oxidative stress. Thus, the experiment was aimed to evaluate the growth and yield attributes of Linseed as influenced by different sources of Sulphur under Dhampur agro-climatic conditions.

2. METHODS AND METERIALS
2.1 Experimental Site and Climate
A field experiment entitled growth and yield attributes of Linseed as influenced by different sources of Sulphur was conducted during winter (Rabi) seasons 2024-25 at Agronomy Research Farm R.S.M. (P.G.) College, Dhampur, Bijnor, Uttar Pradesh, India. This farm is positioned approximately 1 kilometer east of Dhampur town, situated along the Dhampur - Moradabad road. The farm stands at an elevation of 286 meters above mean sea level (MSL) and is situated at co-ordinates 29.021°N latitude and 78.508°E longitude. The location benefits from a range of amenities and resources. Bijnor is situated in North-Western Plains Agro-climatic Zone in the Uttar Pradesh at an altitude of 225 m above MSL. It is located in the North-Western corner of the Moradabad Division, historically recognized as part of the Rohilkhand region. To its west, the boundary is defined by the flowing waters of the Ganges River. This region enjoys tropical semi-arid type climate with an average annual rainfall of 964 mm, most of which is received during mid-June to middle of September. The major rainfall received during month of June to September. The average temperature ranges between 10°C (during Dec. and Jan.) to 25°C (during Mar. and Apr.). 
2.2 Crop raising technology
Urea, single super phosphate (SSP) and Muriate of potash (MoP) were utilized to provide nutrients to a field at the rate of 100 kg-1 of nitrogen (N), 60 kg-1 of phosphorous pentoxide (P2O5), and 40 kg-1 of potassium oxide (K2O) hectare-1. The linseed variety Azad Alsi-1 was used in the exprimental field. This particular variety typically reaches maturity with in a span of 120 to 140 days. Across all the different treatments, a consistent seed rate of 30 kg ha-1 was employed. To ensure the good germination, healthy and good quality seeds were used. Before sowing the seed, the seeds were treated with 12% Carbendazim + 63% WP Mancozeb @ 2 g kg-1 of seed. Against the seed borne disease. The seeds were sown in rows that were spaced 25 cm apart, and at a depth of 2-4 cm in the soil. Tubewell served as the primary irrigation source, ensuring consistent soil moisture throughout every phase of crop development. In addition to initial irrigation before sowing, three irrigations were applied precisely during the critical growth stages of the crop. The purpose of this precise irrigation approach was to keep the soil at the ideal moisture level, which would then encourage the development of strong and healthy crop. Pre-emergence herbicide i.e. Pendimethalin was applied @ 1 liter a.i. ha-1 to control early emerging flushes of weeds. Later on hand weeds were removed by hand hoe at 45 DAS in order to protect the crop from late emerging weeds. There was no insect pest infestation seen in the crop. Plant height was measured at 60, 90 DAS from five randomly selected plant from each treatments. 
3.3 Data Collections
Plant height was measured in cm from the soil level to the tip, and the average plant height was computed. Plant sample taken for dry matter were firstly used for estimating the leaf area. The leaf area was worked out by using graph paper method. The functional leaves on the five tagged plant were counted 60, 90 DAS recorded and the average number of leaves per plant was worked out as per the schedule. The number of branches of five randomly tagged plant were selected at  60, 90 DAS   of the crop. The average number of plant-1 was used to statistical analysis. The capsule present on five randomly selected plants were separated and counted, average value was reported as number of capsule plant-1. Capsule were taken from respective plant and threshed. Seeds were counted and average number of seeds capsule was worked out was reported as number of seed capsule-1. Five random sample of 1000 grains were taken from each net plot’s grain yield and recorded in grams as 1000 grains weight.
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	PIC 1. View of experiment



3. RESULTS AND DISCUSSION
3.1 Plant height 
At 60 DAS, the highest plant height was recorded under foliar spray of Nano sulphur (0.5%) at 30 DAS and flowering stage (T5), which remained statistically at par with T2 (20 kg Sulphur ha⁻¹ as basal application), T4 (foliar spray of Nano Sulphur (0.5%) at 30 DAS), T6 (foliar application of sulphur fertilizer (0.5%) at 30 DAS) and T7 (foliar application of sulphur fertilizer (0.5%) at 30 DAS and flowering stage), but significantly superior over the remaining treatments. At 90 DAS, T5 again produced the maximum plant height, being statistically similar to T7 but significantly superior to other treatments. The maximum plant height observed under T5 may be attributed to rapid absorption and efficient translocation of nano sized sulphur particles, enhancing cell division and elongation processes. Similar results were reported by Gouri et al. (2024) in Indian mustard, where 30 kg S ha-1 with nano urea (4 ml/l) resulted in tallest plants (175.07 cm), indicating that the synergistic effect of sulphur and nano-fertilizers significantly improves vertical growth.
3.2 Number of leaves plant-1
At 60 DAS, significantly higher number of leaves (125.8 plant⁻¹) was recorded under (Table 1) foliar spray of nano-sulphur (0.5%) at 30 DAS and flowering stage (T5), which was at par with T7 (foliar application of sulphur fertilizer (0.5%) at 30 DAS and flowering stage), T4 (foliar spray of nano-sulphur (0.5%) at 30 DAS) and T2 (20 kg Sulphur ha⁻¹ as basal application), but superior over the rest of the treatments.  At 90 DAS, the maximum number of leaves was also observed in T5, which remained statistically similar to T2, T4 and T7, yet superior to other treatments. The superiority of T5 may be attributed to the higher surface area and faster solubility of nano sulphur, which enhanced nutrient absorption, photosynthetic activity and leaf proliferation. Similar findings were reported by  Singh et al. (2023) who noted that 60 kg Sulphur ha⁻¹ in mustard produced maximum number of leaves and higher leaf area index.
3.3 Leaf area 
At 60 DAS, the highest leaf area was recorded under foliar spray of nano sulphur (0.5%) at 30 DAS and flowering stage (T5), which was at par with T7 but statistically superior over the rest of the treatments. At 90 DAS, the maximum leaf area was also observed in T5, remaining at par with T2, T4 and T7, yet superior to other treatments. Leaf area was consistently highest in T5 (Table 1), which may be attributed to the role of sulphur in chlorophyll synthesis and amino acid (cysteine and methionine) formation, enhancing photosynthetic efficiency and promoting larger leaf area. Similar results were reported by Thirunavukkarasu et al. (2024) in groundnut, where nano-sulphur improved sulphur use efficiency and canopy development, confirming the effectiveness of foliar nano-sulphur application at critical stages for better foliage and photosynthetic surface.
Table 1. Growth parameter of linseed as influenced by different sources of Sulphur
	Treatment


	Plant height (cm)
	Number of leaves plant-1
	Leaf area (cm-2 plant-1) 
	Number of  branches plant-1

	
	60 DAS
	90 DAS
	60 DAS
	90 DAS
	60 DAS
	90 DAS
	60 DAS
	90 DAS

	T1
	Control (without Sulphur)   
	22.2c
	60.6c
	100.8d
	149.1c
	39.7c
	44.4d
	2.57c
	15.40c

	T2
	20 kg Sulfur ha⁻¹ as basal application  
	25.4abc
	64.4bc
	112.3abcd
	165.9abc
	43.2bc
	50.1abc
	3.76a
	16.03c

	T3
	Soil application of Sulfur solubilizing bacteria (7.5 l ha⁻¹)
	24.2bc
	63.0bc
	106.1cd
	153.8c
	40.6c
	45.6cd
	2.83bc
	15.13c

	T4
	Foliar spray of Nano Sulfur (0.5%) at 30 DAS  
	27.1ab
	64.7bc
	119.1abc
	168.9abc
	43.2bc
	51.0ab
	3.30abc
	16.77bc

	T5
	Foliar spray of Nano sulfur (0.5%) at 30 DAS and flowering stage 
	27.7a
	71.3a
	125.8a
	183.1a
	48.1a
	52.6a
	3.60ab
	19.13a

	T6
	 Foliar application of Sulfur fertilizer (0.5%) at 30 DAS 
	25.0abc
	63.3bc
	108.5bcd
	158.2bc
	42.4bc
	47.1bcd
	2.93bc
	15.40c

	T7
	Foliar application of sulfur fertilizer (0.5%) at 30 DAS and flowering stage
	27.3ab
	67.8ab
	121.6ab
	174.9ab
	45.2ab
	51.7ab
	3.40ab
	18.07ab

	SEm±
	1.1
	2
	4.7
	6.8
	1.4
	1.7
	0.25
	0.59

	CD (P≤0.05)
	3.5
	6.1
	14.4
	21
	4.2
	5.1
	0.77
	1.81


	

Figure 1. Influence of different sources of Sulphur on growth parameter
3.4 Number of branches plant-1
At 60 DAS, the highest number of branches was observed under 20 kg sulphur ha⁻¹ as basal application (T2), which was at par with T5 (foliar spray of nano sulphur (0.5%) at 30 DAS and flowering stage), T7 (foliar application of sulphur fertilizer (0.5%) at 30 DAS and flowering stage) and T4 (foliar spray of nano Sulphur (0.5%) at 30 DAS), but statistically superior over the rest of the treatments.  At 90 DAS, the maximum number of branches was recorded in T5, which remained at par with T7, yet superior to other treatments. The number of branches per plant was significantly enhanced in T5 (Table 2), which may be attributed to improved nutrient supply and sulphur availability, as sulphur plays a vital role in enzymatic activity and protein synthesis. Thirunavukkarasu et al. (2024) also reported that nano-sulphur increased shoot sulphur uptake (40.5 mg/plant), thereby improving branching and canopy development, which supports the present findings.

 Figure 2. Influence of different sources of Sulphur on Number of branches
3.5 Number of capsules plant-1  
It is evident from (Table 2) that the maximum number of seeds (8.9 capsule⁻¹) was recorded under foliar spray of nano sulphur (0.5%) at 30 DAS and flowering stage (T5), which was significantly superior to T7, T4 and T2 but remained at par with other treatments. Similarly, the maximum number of capsules per plant was also recorded in T5 (Table 2). The increase in capsule formation may be attributed to enhanced photosynthetic activity, nutrient assimilation, vigorous root growth and better canopy development. Krishi et al. (2018) also reported that nano-sulphur application @ 30 kg Sulphur ha⁻¹ improved pod number in groundnut compared to conventional sulphur, while Bhakher et al. (2023) observed higher dry weight and straw yield in sunflower with sulphur and nano urea, which contributed to greater reproductive sink development. These findings confirm that dual foliar application of nano-sulphur at critical stages (T5) effectively promoted reproductive branching and capsule initiation.
3.6 Number of seed capsule-1
It is evident from Table 2 that the maximum number of seeds (8.9 per capsule) was recorded under foliar spray of nano-sulphur (0.5%) at 30 DAS and flowering stage (T5), which was significantly superior to T7, T4 and T2 but at par with other treatments, with the highest value also obtained in T5 under Table 2. This can be attributed to efficient translocation of assimilates from source to sink due to higher sulphur use efficiency and improved metabolic activity under nano sulphur spray. Subramanian et al. (2022) reported 15% higher seed yield in sunflower with nano-sulphur compared to gypsum, owing to enhanced dry matter production and assimilate partitioning. better root uptake and vegetative growth observed in T5 provided a strong base for improved seed filling and capsule development, confirming the efficiency of nano sulphur in enhancing reproductive performance in oilseed crops.
3.7 Test weight
A close examination of Table 2 revealed that foliar spray of nano sulphur (0.5%) at 30 DAS and flowering stage (T5) recorded the highest seed index (8.1 g), which was statistically identical to T7, T4 and T2. The maximum test weight (1000-grain weight) was also observed in T5 (Table 2). Higher test weight indicates efficient nutrient translocation, balanced source–sink relationship and better seed filling. Krishi et al. (2018) reported that nano sulphur @ 30 kg Sulphur ha⁻¹ increased hundred kernel weight in groundnut compared to conventional sulphur, while Subramanian et al. (2022) confirmed that nano sulphur improved oil content and seed quality in sunflower. The improvement in test weight under T5 correlates with higher dry matter accumulation in shoot and root, as sulphur plays a vital role in protein and oil biosynthesis, ultimately resulting in heavier grains.
Table 2. Yield attributes of linseed as influenced by different sources of Sulphur
	Treatment
	Yield attributes

	
	Number of capsule plant-1
	Number of seeds capsule-1
	1000 Grain weight (g)

	
	
	
	

	T1
	 Control (without Sulphur)   
	30.2c
	7.4c
	6.7d

	T2
	20 kg Sulfur ha⁻¹ as basal application  
	33.8abc
	8.4ab
	7.5abc

	T3
	Soil application of Sulfur solubilizing bacteria (7.5 l ha⁻¹)
	31.5bc
	7.8bc
	7.0cd

	T4
	Foliar spray of Nano Sulfur (0.5%) at 30 DAS  
	35.7ab
	8.5ab
	7.6abc

	T5
	Foliar spray of Nano sulfur (0.5%) at 30 DAS and flowering stage 
	37.7a
	8.9a
	8.1a

	T6
	 Foliar application of Sulfur fertilizer (0.5%) at 30 DAS 
	32.2bc
	8.0bc
	7.2bcd

	T7
	Foliar application of sulfur fertilizer (0.5%) at 30 DAS and flowering stage
	34.3abc
	8.7ab
	7.8ab

	SEm±
	1.5
	0.3
	0.2

	CD (P≤0.05)
	4.5
	0.9
	0.8




Figure 3.  Influence of different sources of Sulphur on yield attributes
Conclusion
The study established that foliar spray of nano sulphur (0.5%) at 30 DAS and flowering stage (T5) was the most effective sulphur management practice for linseed under alluvial soil conditions of Dhampur. At 60 and 90 DAS, this treatment consistently recorded superior growth in plant height, number of leaves, leaf area, and number of branches which translated into the highest number of capsules per plant, seeds per capsule, test weight. Foliar spray of nano sulphur (0.5%) at 30 DAS and flowering stage (T5) also recorded the maximum its efficiency in enhancing both source and sink capacity making it the most productive and profitable.
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Growth parameters

Plant height (cm)	60 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	22.2	25.4	24.2	27.1	27.7	25	27.3	Plant height (cm)	90 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	60.6	64.400000000000006	63	64.7	71.3	63.3	67.8	Number of leaves plant⁻¹	60 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	100.8	112.3	106.1	119.1	125.8	108.5	121.6	Number of leaves plant⁻¹	90 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	149.1	165.9	153.80000000000001	168.9	183.1	158.19999999999999	174.9	Leaf area (cm⁻¹ )	60 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	39.700000000000003	43.2	40.6	43.2	48.1	42.4	45.2	Leaf area (cm⁻¹ )	90 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	44.4	50.1	45.6	51	52.6	0	51.7	



Number of branches

Number of  branches (plant⁻¹) 	60 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	2.57	3.76	2.83	3.3	3.6	2.93	3.4	Number of  branches (plant⁻¹) 	90 DAS	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	15.4	16.03	15.13	16.77	19.13	15.4	18.07	



Yield attributes

Number of branches (plant⁻¹)	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	30.2	33.799999999999997	31.5	35.700000000000003	37.700000000000003	32.200000000000003	34.299999999999997	Number of seeds capsule⁻¹ 	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	7.4	8.4	7.8	8.5	8.9	8	8.6999999999999993	1000 Grain weight (g)	T₁	T₂	T₃	T₄ 	T₅ 	T₆ 	T₇	6.7	7.5	7	7.6	8.1	7.2	7.8	
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