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ABSTRACT 

	Aims: To assess the impact of nano-fertilization of nitrogen and sulphur on the growth, yield attributes, productivity, quality, nutrient uptake, post harvest soil nutrient status and economics of sunflower grown in heavy textured soil.
Study design: Randomized block design.
Place and Duration of Study: The field experiments were conducted during the kharif (July – October, 2024) and rabi (January - April, 2025) seasons at the Experimental Farm, Department of Agronomy, Faculty of Agriculture, Annamalai University, Annamalai Nagar.
Methodology: The experimental methodology employed was randomized block design incorporating eleven treatment combinations, with three replications. The treatments comprised different combinations of nitrogen (30, 45, 60 and 90 kg ha-1) application through urea and nano urea and sulphur (45 kg ha-1) application through gypsum.
Results: Among the treatments imposed, T11 (45 kg N ha-1 through urea + 45 kg N ha-1 through nano urea + 45 kg S ha-1 through gypsum) recorded the highest growth and yield attributes, seed yield (2722 kg ha-1) and stalk yield (4828 kg ha-1) and quality parameters in both crop seasons. This treatment also showed significantly greater uptake of N, P, K, and S by the crop in both crop seasons. With respect to soil nutrient status after harvest, T5 recorded the highest available nitrogen, T3 showed the maximum available phosphorus and potassium, while the highest available sulphur was observed in T8 in both crop seasons. With regard to economic returns, T11 recorded the highest net return and benefit cost ratio in both crop seasons.
Conclusion: The findings indicate that integrated application of conventional and nano-fertilized nitrogen, along with sulphur, enhances sunflower performance and improves nutrient uptake and soil fertility under heavy textured soils.



Keywords: nano nitrogen; sulphur; sunflower; growth; yield; quality; nutrient uptake; economics.

1. INTRODUCTION

Oilseed crops rank second only to cereals in importance among field crops, making a significant contribution to the agricultural economy. They are primarily cultivated for oil extraction, which plays a vital role in human nutrition. Additionally, oilseeds produce several valuable byproducts, enhancing their economic and industrial relevance. Their cultivation aligns with sustainable and eco-friendly agricultural practices. India stands as the third-largest producer of oilseeds globally, with these crops occupying the second position in the nation’s agricultural economy after food grains (Agriculture Statistics at a Glance, 2022). Among the seven major edible oilseed crops cultivated in India, sunflower (Helianthus annuus L.) holds a notable position. On the global scale, sunflower ranks fourth in terms of area under oilseed cultivation. Belonging to the Asteraceae (Compositae) family, sunflower was first domesticated in North America around 3000 BC and later became a major oilseed crop in Russia during the early 1800s. Its adaptability to a wide range of climates and soils, along with its photoperiod insensitivity, makes it suitable for cultivation across diverse environments and seasons. These traits have contributed to its widespread cultivation in both tropical and temperate regions. To meet the increasing national demand for edible oils, it is essential to expand the area under oilseed cultivation and adopt improved production techniques. These include intensive cropping, good agronomic practices, high-yielding varieties, timely sowing, balanced fertilization, efficient irrigation, weed and pest management, and proper harvesting methods. Among the nutrients, nitrogen and sulphur play key roles in boosting oilseed productivity and meeting per capita oil requirements in India. While nutrient management is critical for enhancing yield, traditional fertilizer use has led to excessive consumption, reduced nutrient use efficiency, decreased profitability, and heightened environmental concerns. Nitrogen (N) is especially important in sunflower cultivation due to its role in plant metabolism and as a fundamental component of proteins and chlorophyll. It influences various physiological processes crucial for growth. Sulphur, now considered the fourth most essential plant nutrient after nitrogen, phosphorus, and potassium, tends to leach from the soil because of its mobility. Nevertheless, sulphur significantly benefits oilseed crops by enhancing oil synthesis, growth, and yield. Applying sulphur in combination with recommended doses of nitrogen, phosphorus, and potassium can notably improve both seed and oil yield in sunflower (Saleem et al., 2019). Plant nutrients are generally applied to the soil or as foliar sprays to maximize economic yields. Soil application is most common and effective for nutrients required in large quantities. However, under specific conditions, foliar application of macronutrients has proven to be both economical and efficient. Traditional fertilizers often contain nutrients in forms that are not readily accessible to plants and can become less soluble over time, limiting nutrient uptake (Kumar et al., 2020). To address these challenges, smart nutrient delivery systems are being developed to release nutrients more efficiently at targeted plant sites, improving uptake and minimizing damage to soil health. Nano fertilizers offer such advantages, including enhanced nutrient absorption, improved photosynthesis, larger leaf area, and increased yields. Their controlled-release mechanism also helps reduce nutrient runoff and water pollution. For example, Nano Urea (Liquid), which contains 4% nitrogen in nano form (40,000 ppm), serves as a highly efficient nitrogen source. Foliar application of Nano Urea at key growth stages meets the plant’s nitrogen demands more effectively than conventional urea. In fact, one bottle of Nano Urea can replace a full bag of traditional urea. Due to its nanoscale size, Nano Urea has a bioavailability of over 80%, leading to better productivity and quality in crops (Tiwari et al., 2021). Despite these advancements, limited research has been conducted on the impact of nano nitrogen and sulphur fertilization on sunflower in heavy-textured soils. Considering these factors, a study titled “Optimizing Sunflower Yield in Heavy Textured Soils Using Nano-Enabled Nitrogen and Sulphur Fertilization” was undertaken to explore strategies for improving sunflower productivity under such conditions.

2. MATERIAL AND METHODS

The field investigations were conducted during the kharif (July – October, 2024) and rabi (January - April, 2025) seasons by using cultivar VEDA (KSFH-666) hybrid at B2 field at Experimental farm, Department of Agronomy, Annamalai University, Annamalai Nagar. The experimental farm is situated at 11º 24’ N latitude and 79º 44’ E longitude and an altitude of + 5.79 m above mean sea level. The experiment was laid out in a Randomized Block Design (RBD) comprising eleven treatments, each replicated three times. The treatment details are as follows: T1 – Control, T2 - 60 kg N through urea, T3 - 30 kg N through nano urea, T4 - 30 kg N through urea + 30 kg N through nano urea, T5 - 90 kg N through urea, T6 - 45 kg N through urea + 45 kg N through nano urea, T7 - 60 kg N through urea + 45 kg S ha-1 through gypsum, T8 - 30 kg N through nano urea + 45 kg S ha-1 through gypsum, T9 - 30 kg N through urea + 30 kg N through nano urea + 45 kg S ha-1 through gypsum, T10 - 90 kg N through urea + 45 kg S ha-1 through gypsum, T11 - 45 kg N through urea + 45 kg N through nano urea + 45 kg S ha-1 through gypsum. The soil texture of the experimental field was clayey loam. The soil has the pH of 7.6. The sunflower crop was fertilized as per the treatment schedule. The RDF of 60:90:60 kgs of NPK ha-1 followed and applied in the form of urea (46 % N), DAP (18 % N and 46 % P2O5) and muriate of potash (60 % K2O). The nano urea (4 % N) was applied through foliar spray as referred in the treatment details at 30 and 45 DAS. The seed rate adopted for sunflower was 4 kg ha-1 with one seed per hole, sown at a depth of 2 to 3 cm by adopting spacing of 60 x 30 cm. Gap filling was done on 8 DAS. Thinning was followed on 10 DAS leaving a single vigorous plant hill-1. The experimental crop was weeded twice by hand hoeing on 15 and 35 DAS. Hand pollination was done on 58 DAS by rubbing the flower heads by using a soft muslin cloth. Five representative plants within the net plot were randomly selected and tagged, and systemic observations were carefully made on growth attributes, yield parameters and yield at 30 DAS, 60 DAS and at harvest stage of sunflower. The experimental data was statistically analysed.

3. RESULTS AND DISCUSSION

3.1 Growth attributes

The application of nano nitrogen and sulphur significantly influenced the growth attributes viz., plant height, leaf area index (LAI), dry matter production (DMP), number of leaves plant-1, days to fifty per cent flowering, chlorophyll content index (CCI) and stem girth plant-1 of sunflower at all the growth stages. The data concerning growth attributes are categorized in Table 1. Among the different experimental treatments evaluated, the combination of 45 kg N through urea + 45 kg N through nano urea + 45 kg S ha-1 through gypsum (T11) registered the greater plant height (189.47 cm), LAI (4.48), DMP (7511 kg ha-1), number of leaves plant-1 (26.77), days to 50 % flowering (49 days), CCI (15.61) and stem girth plant-1 (10.70 cm) than other treatments in both crop seasons. This treatment was closely followed by treatment T9. Lowest readings for growth attributes were registered in control treatment (T1) across both crop seasons. This might be due to readily available nutrients in both the soil and plant foliage as a result of different nutrients applied. Nano capsulated nitrogen effectively releases nutrients, regulates plant development and enhances target activity and nano fertilizer is a colloidal farming fertilization additive that aids in nutrient uptake, transportation and absorption. Sulphur applied through gypsum increased the solubility of different nutrients helps in increased uptake of nutrients needed which improves cell multiplication, cell elongation and cell expansion throughout the crop growth period. Higher levels of sulphur help in protein and carbohydrate metabolism activate many enzymes that influence the shoot length. The results are similar to the findings of Ravikumar et al. (2020), Bhakher et al. (2023) and Devi et al. (2024).

Table 1. Effect of nano fertilization of nitrogen and sulphur on growth attributes of sunflower (pooled data of two seasons)
	Treatments
	Plant height (cm)
	LAI at flowering stage
	DMP
(kg ha-1)
(at harvest)
	Number of leaves plant-1 at flowering stage
	Chlorophyll content index (CCI)
	Days to fifty per cent flowering
	Stem girth (cm) at flowering stage

	T1
	137.25
	2.49
	3017
	21.84
	10.27
	52.00
	7.02

	T2
	147.49
	2.89
	3732
	22.92
	11.31
	51.00
	7.74

	T3
	142.36
	2.70
	3347
	22.37
	10.80
	51.33
	7.38

	T4
	157.88
	3.24
	4391
	23.97
	12.38
	50.67
	8.49

	T5
	152.56
	3.06
	4070
	23.43
	11.86
	51.00
	8.10

	T6
	163.11
	3.43
	4845
	24.48
	12.90
	50.67
	8.86

	T7
	173.98
	3.80
	5828
	25.53
	13.96
	50.00
	9.58

	T8
	168.22
	3.61
	5394
	25.02
	13.43
	50.33
	9.22

	T9
	184.24
	4.25
	6905
	26.17
	14.99
	49.67
	10.30

	T10
	179.16
	4.00
	6361
	26.07
	14.47
	50.00
	9.94

	T11
	189.47
	4.48
	7511
	26.77
	15.61
	49.00
	10.70

	S. Ed
	2.42
	0.08
	126.90
	0.24
	0.24
	0.16
	0.17

	C. D. (P = 0.05)
	5.08
	0.16
	266.57
	0.51
	0.50
	0.33
	0.35



3.2 Yield attributes and Yield

Application of nano nitrogen and sulphur had a significant impact on yield attributes, seed yield and stalk yield of sunflower. Data on yield attributes and sunflower yield obtained from different treatments has been given in Table 2. Regarding the different treatments implemented, the treatment combination of 45 kg N through urea + 45 kg N through nano urea + 45 kg S ha-1 through gypsum (T11) registered maximum values for yield attributing characters such as head diameter (30.17 cm), total no. of seeds head-1 (1154.28), no. of filled seeds head-1 (1041.97), seed filling percentage head-1 (90.27 %), test weight (5.08 g) and seed index (51.64 g), yield viz., Seed yield (2722 kg ha-1) and Stalk yield (4828 kg ha-1) in both crop seasons. This treatment was closely succeeded by the treatment T9. The control treatment (T1) registered lower values for yield parameters and yield of Sunflower in both crop seasons. The increased yield attributes and yield could be attributed to vigorous vegetative growth, which was stimulated by well-developed yield components. The yield components are enhanced due to the adequate supply of nano nitrogen and sulphur. This, in turn, leads to improved nutrient uptake by the crop, contributing to higher productivity. The improved vegetative growth due to the application of nano nitrogen and sulphur throughout the crop period helps in better translocation of the source to the reproductive sink which showed an increment in the yield attributing characters thus increasing the yield of the crop. These results obtained are confirmed with the findings of Kalaiyarasan et al. (2020), Deepika et al. (2022) and Vyankatrao et al. (2024).

Table 2. Effect of nano fertilization of nitrogen and sulphur on yield attributes and yield of sunflower (pooled data of two seasons)
	Treatments
	Head Diameter (cm)
	Total No. of Seeds head-1
	No. of filled seeds head-1
	Percentage of filled seeds head-1 (%)
	100 seed weight (g)
	Seed index (g)
	Seed yield (kg ha-1)
	Stalk yield
(kg ha-1)

	T1
	22.67
	557.92
	353.61
	63.38
	4.90
	40.76
	1267
	2599

	T2
	24.93
	705.10
	527.13
	74.76
	4.94
	43.05
	1614
	3025

	T3
	23.93
	665.08
	452.92
	68.10
	4.92
	42.25
	1516
	2809

	T4
	26.07
	784.80
	611.05
	77.86
	4.97
	46.17
	1807
	3464

	T5
	25.67
	717.01
	548.08
	76.44
	4.96
	45.58
	1648
	3243

	T6
	26.67
	811.51
	644.91
	79.47
	5.00
	46.51
	1880
	3675

	T7
	27.57
	937.60
	786.55
	83.89
	5.02
	49.18
	2181
	4097

	T8
	27.17
	849.62
	697.96
	82.15
	5.01
	47.72
	1972
	3879

	T9
	29.37
	1052.60
	925.66
	87.94
	5.06
	51.11
	2468
	4569

	T10
	27.93
	1016.22
	870.70
	85.68
	5.05
	50.76
	2378
	4300

	T11
	30.17
	1154.28
	1041.97
	90.27
	5.08
	51.64
	2722
	4828

	S. Ed
	0.15
	16.87
	14.81
	0.65
	0.12
	0.15
	42.56
	90.58

	C. D. (P = 0.05)
	0.32
	35.44
	31.12
	1.36
	NS
	0.31
	89.40
	190.28


*NS - not significant

3.3 Quality characters 

The observation on oil content, oil yield and crude protein content of sunflower was furnished in Table 3. No significant variation was noticed with regard to oil content and crude protein content per cent of sunflower. Oil yield was significantly influenced by the application of nano nitrogen and sulphur. Among the different treatments put in to practice, the application of 45 kg N through urea + 45 kg N through nano urea + 45 kg S ha-1 through gypsum (T11) registered the higher oil content (39.91 %), oil yield (1086.44 kg ha-1) and crude protein content (18.36 %) over the rest of the treatments in both crop seasons. This was followed by the treatment (T9). The least quality characters were recorded under control (T1) in both crop seasons. The increase in quality characters might be attributed by the involvement of sulphur in the biosynthesis of oil, the formation of glucosides, glycosylates and sulfhydryl linkage and activation of enzymes that aid in the biochemical reaction within the seeds and increases oil content. Sulphur has a very prominent role in influencing the oil content and quality of oil in sunflower (Saleem et al., 2019). The increase in oil content can be explained by sulphur’s influence on nitrogen's quick conversion to crude protein, which leads to the production of oil (Kalaiyarasan et al., 2019). Besides, the availability of sulphur was found to improve the uptake of nitrogen in plants. The sufficient amount of nitrogen in plants and seeds is directly proportional to the crude protein content in the seed. One of the other reasons behind the increase in crude protein content can be the higher use efficiency and availability of nitrogen from the application of nano nitrogen. Similar research findings were observed by Elayaraja et al. (2020) and Roy et al. (2024).

3.4 Nutrient uptake 

Dry matter generation as well as plant nutrient concentration are both influenced by nutrient uptake. With respect to nutrient management, the application of nano nitrogen and sulphur has shown a significant impact on the N, P, K and S uptake by the crop. The observation on nutrient uptake of sunflower was furnished in Table 3. Among the various treatments accomplished, the application of 45 kg N through urea + 45 kg N through nano urea + 45 kg S ha-1 through gypsum (T11) recorded higher N uptake (82.62 kg ha-1), P uptake (23.28 kg ha-1), K uptake (75.11 kg ha-1) and S uptake (14.27 kg ha-1) over the rest of the treatments in both crop seasons and it was followed by the treatment (T9). The least values for nutrient uptake were registered under the control treatment (T1) in both crop seasons. This increase in nutrient uptake might be due to application of nano nitrogen and sulphur. The increased plant height, generation of more leaf, higher photosynthetic activity and dry matter production all contributed to the enhanced nutrient uptake by the crop. Increased number of seeds and larger head diameter, as well as increased productivity, might have resulted from efficient uptake of N, P, K and S. Nano nitrogen and sulphur effectively release nutrients. Nano nitrogen provides nitrogen in a more bioavailable form due to its nano sized particles. Nano nitrogen particles can easily penetrate plant stomata, leading to better absorption. This results in more efficient nitrogen use, potentially reducing nitrogen losses through leaching or volatilization. Improved nitrogen availability often enhances the uptake of other nutrients like phosphorus, potassium, and micronutrients. Better root development due to adequate nitrogen can also improve the plant's ability to explore the soil for other nutrients. Application of sulphur in the form of gypsum increased the nutrient uptake by improving the soil texture and helps in absorption of nutrients through roots which are promoted by better development of root. These results obtained are in accordance with the findings of Elayaraja et al. (2020) and Indhu and Singh (2020).

Table 3. Effect of nano fertilization of nitrogen and sulphur on quality characters and nutrient uptake of sunflower (pooled data of two seasons)
	Treatments
	Oil content (%)
	Oil yield
(kg ha-1)
	Crude protein
content (%)
	N uptake (kg ha-1)
	P uptake
(kg ha-1)
	K uptake (kg ha-1)
	S uptake (kg ha-1)

	T1
	38.10
	483
	17.00
	60.34
	14.18
	57.33
	6.34

	T2
	38.70
	625
	17.30
	64.19
	16.05
	60.84
	7.84

	T3
	38.50
	584
	17.20
	62.26
	15.73
	59.25
	7.03

	T4
	39.00
	705
	17.60
	68.06
	18.00
	64.55
	9.22

	T5
	38.90
	641
	17.50
	65.93
	17.50
	62.68
	8.55

	T6
	39.10
	735
	17.80
	70.25
	19.38
	66.38
	10.17

	T7
	39.30
	857
	18.00
	74.60
	20.40
	69.93
	12.24

	T8
	39.20
	773
	17.96
	72.29
	19.96
	67.97
	11.33

	T9
	39.70
	980
	18.25
	79.41
	22.79
	73.19
	13.81

	T10
	39.50
	939
	18.12
	76.33
	21.63
	71.56
	12.72

	T11
	39.91
	1086
	18.36
	82.62
	23.28
	75.11
	14.27

	S. Ed
	0.94
	18.97
	0.43
	0.81
	0.18
	0.72
	0.21

	C. D. (P = 0.05)
	NS
	39.85
	NS
	1.71
	0.37
	1.51
	0.44


*NS - not significant

[bookmark: _Hlk208308253]3.5 POST HARVEST SOIL AVAILABLE NUTRIENTS 

Post harvest soil available nutrients such as N, P, K and S were greatly influenced by the application of nano nitrogen and sulphur. The observation on post harvest soil available nutrient status of sunflower was furnished in Table 4. The significantly higher available nitrogen (209.80 kg ha-1) in the soil after harvest of the crop was recorded with the application of 90 kg N through urea (T5). This might be due to the fact that higher quantities of nutrients are supplied to the crop in this treatment. The higher phosphorus and potassium availability (19.57 and 302.25 kg ha-1) was found with the application of 30 kg N through nano urea (T3). The higher soil available sulphur (16.77 kg ha-1) was recorded with the application of 30 kg N through nano urea along with 45 kg S ha-1 through gypsum (T8). The least soil available nutrients were recorded under control (T1). This might be due to poor uptake of nutrients by the crops. These results obtained are in conformity with the findings of Kalaiyarasan et al. (2018) and Rohitha et al. (2024).

Table 4. Effect of nano fertilization of nitrogen and sulphur on post harvest soil available nutrient status of sunflower (pooled data of two seasons)
	Treatments
	Available N 
(kg ha-1)
	Available P 
(kg ha-1)
	Available K 
(kg ha-1)
	Available S 
(kg ha-1)

	T1
	182.28
	13.62
	250.17
	7.76

	T2
	204.13
	19.00
	300.66
	11.26

	T3
	187.67
	19.57
	302.25
	12.07

	T4
	193.05
	17.95
	296.95
	9.88

	T5
	209.80
	18.45
	298.82
	10.55

	T6
	198.59
	17.22
	295.12
	8.93

	T7
	201.37
	16.00
	291.57
	15.86

	T8
	185.03
	16.64
	293.53
	16.77

	T9
	190.41
	14.71
	288.31
	14.29

	T10
	206.95
	15.37
	289.94
	15.38

	T11
	195.61
	14.02
	286.39
	13.83

	S. Ed
	1.20
	0.20
	0.50
	0.22

	C. D. (P = 0.05)
	2.53
	0.41
	1.05
	0.46



3.6 ECONOMICS

The application of nano nitrogen and sulphur had a significant impact on the economics of sunflower. The observation on economics of sunflower was furnished in Table 5. With regard to economic returns, application of 45 kg N through urea and 45 kg N through nano urea along with application of 45 kg S ha-1 through gypsum (T11) recorded the highest net return of Rs. 1,14,931 with a benefit cost ratio of 2.94. The lower values were registered under control (T1). The increased yield might be due to the combined application of nano nitrogen and sulphur promoted synchrony between the nutrients released, and utilization of nutrients by the crop and hence enhanced the crop yield, which contributed to the increased net income and benefit cost ratio. Even though the increase in total cost of cultivation, but improved the crop yield which was reflected in the benefit cost ratio. These results obtained were in accordance with the findings of Deepika et al. (2022), Bhakher et al., (2023) and Devi et al. (2024).
Table 5. Effect of nano fertilization of nitrogen and sulphur on economics of sunflower (pooled data of two seasons)
	Treatments
	Total cost of cultivation (Rs. ha-1)
	Gross income (Rs. ha-1)
	Net income (Rs. ha-1)
	BCR

	T1
	49584
	81067
	31483
	1.63

	T2
	56121
	103289
	47168
	1.84

	T3
	56250
	97031
	40782
	1.73

	T4
	56250
	115662
	59413
	2.06

	T5
	56525
	105458
	48933
	1.87

	T6
	56843
	120320
	63477
	2.12

	T7
	58569
	139555
	80986
	2.38

	T8
	58698
	126222
	67525
	2.15

	T9
	58698
	157938
	99240
	2.69

	T10
	58973
	152178
	93205
	2.58

	T11
	59291
	174222
	114931
	2.94



4. CONCLUSION

From the abovesaid results, it can be concluded that combined application of 45 kg N through urea + 45 kg N through nano urea + 45 kg S ha-1 through gypsum (T11) could be Agronomically sound and economically feasible technology for enhancing the productivity and profitability of sunflower in Cauvery delta region. 
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