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ABSTRACT
A field experiment was conducted during rabi season (November- February) of 2023-24 at Instructional Farm, Department of Agronomy, Odisha University of Agriculture & Technology, Bhubaneswar, Odisha. It emphasized on the optimization of integrated nutrient management practices in sunflower cultivar ‘KBSH-78’. Sunflower (Helianthus annuus L.) is a major oilseed crop grown all over the world,which is well known for its high oil content, nutritional value, climate tolerance, and environmental advantages. The experiment was laid out in a Randomised Block Design consisting of ten treatments replicated thrice. The treatments were T1- STBFR (60:100:60 kg N:P2O5:K2O/ha), T2- STBFR + Lime 500 kg/ha, T3- STBFR + FYM 5t/ha, T4- STBFR + Vermicompost 2t/ha, T5- STBFR + Lime + FYM, STBFR + Lime + FYM + S 40 kg/ha, T7- STBFR + Lime + FYM + S 40 kg/ha + Borax 0.2% as one foliar spray, T8- STBFR + Lime + FYM + S 40 kg/ha + Borax 0.2% 2 sprays, T9- STBFR + Lime + FYM + S 40 kg/ha + Borax as soil application 10 kg/ha and T10- Control. The experiment result revealed that Integration of STBFR + Lime + FYM + S 40 kg/ha + Borax 0.2% 2 sprays produced maximum seed yield  (2276 kg/ha), stover yield (5373 kg/ha), harvest index (29.7%), oil content (42.1 %) and oil yield (958 kg/ha).The highest yield attributing characters i.e., head diameter (18.95 cm), head weight  (98.67 g), 1000 seed weight (49.63 g), total number of seeds per head (1365.3), number of filled seeds per head (1248.6) were recorded in STBFR + Lime + FYM + S 40kg/ha + Borax 0.2% 2 sprays. Application of integrated nutrient management practice of STBFR + Lime + FYM + S 40 kg/ha + Borax 0.2% 2 sprays recorded highest uptake of nitrogen (102.34 kg/ha), phosphorus (21.58 kg/ha), potassium (90.01 kg/ha), sulphur (19.48 kg/ha) and boron (399.38 g/ha). The integration of sulphur along with foliar spray of boron resulted in higher growth parameters and yield attributes of rabi sunflower.
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1. INTRODUCTION
“Oilseed cultivation is undertaken across the country in about 260 lakh ha, mainly on marginal lands, dependent on monsoon rains (unirrigated) and with low levels of input usage. The Oilseeds account for 13 % of the Gross cropped area, 3 % of the Gross National Product (GNP) and 10% value of all the agricultural commodities” (DOD, 2021). Sunflower belongs to the genus ‘Helianthus’ of family ‘Asteraceae’ (Compositae) and it is native to south-west USA and Mexico. It is introduced to India for the first time during 1969. The genus Helianthus is derived from the Greek word “Helios” meaning sun, and “Anthos” meaning flower.  
[bookmark: _GoBack] “In India, it has gained popularity due to the national priority of vegetable oil production. Sunflower occupying the fourth place among all oilseed crops” (Bhusari et al., 2018) is of high-quality grown worldwide, with a rising role in Odisha. In Odisha, it is being cultivated over an area of about 2.54 lakh hectares with a production of 12.6 lakh tonnes and productivity of 2095 kg/ha (GoO, 2020). Using chemical fertilizers, organics, secondary nutrients and micronutrients improves sunflower seed and oil yield, as well as net returns. Integrated nutrient management (INM) has the potential to address intensive agriculture's escalating fertilizer demands while maintaining high crop output. “Sulphur plays an important role in the nutrition of oilseed crops and it acts as a constituent of sulphur containing amino acids like cystine, cysteine and methionine (Parmar et al., 2018). The application of a recommended dose of fertilizer and 40 kg/ha of elemental sulphur along with a foliar spray of micronutrients (1.0% Cu, 3.0% Zn, 1.0% Mn, 2.5% Fe, 0.5% B, 0.1% Mo) combined had a significant effect on the sunflower seed yield and quality” (Jagasia et al., 2023). “Boron application increases the oil content due to better pollination and seed set leading to formation of protein and oil synthesis” (Tahir et al., 2014). Boron is a vital micronutrient in plants. Boron is now widely used in agriculture and horticulture. Boron's fundamental functions in plants include cell wall formation and the regulation of particular metabolic pathways. Farm yard manure (FYM) provides essential plant nutrients throughout the crop cycle, resulting in improved growth and yield attributes. Higher growth and yield attributes lead to increased seed and stover yields. Nitrogen is essential for any fertilizer management scheme designed to maximize yield potential in current sunflower cultivars.
Gouda, 2019 reported that the highest seed yield of 2.59 t/ha, stover yield of 6.39 t/ha, highest oil content of 42.90% and highest oil yield of 1114 kg/ha was recorded with STBFR + FYM @ 5 t/ha which remained at par with RDF + FYM @ 5 t/ha + S @ 40 kg/ha + B @ 0.02% (2.37 t/ha) in sandy loam soil at Bhubaneswar (Gouda, 2019). Rathiya, 2005 found that conjunctive use of organic and inorganic sources of nutrients resulted in higher total N, P2O5 and K2O removal by sunflower crop at harvest (Rathiya, 2005).

2. MATERIALS AND METHODS
                  The experiment was conducted during the rabi season of 2023-24 at the Instructional Farm of Odisha University of Agriculture & Technology, Bhubaneswar, Odisha. The soil of the experimental site was sandy loam in texture, acidic (pH 5.15), low in organic carbon (0.48 %), medium in available nitrogen (259.5 kg/ha), low in available phosphorus (12.75 kg/ha), medium in potassium content (142.75 kg/ha), low in available sulphur content (7.4 ppm) and low in available boron content (0.38 ppm).The experiment was laid out in a Randomised Block Design consisting of ten treatments being replicated thrice. The treatments were T1- STBFR (Soil Test Based Fertilizer Recommendation; 60:100:60 kg N:P2O5:K2O/ha), T2- STBFR + Lime 500 kg/ha, T3- STBFR + FYM 5t/ha, T4- STBFR + Vermicompost 2t/ha, T5- STBFR + Lime + FYM, T6- STBFR + Lime + FYM + S 40kg/ha, T7- STBFR + Lime + FYM + S 40 kg/ha + Borax 0.2% as one foliar spray, T8- STBFR + Lime + FYM + S 40kg/ha + Borax 0.2% 2 sprays, T9- STBFR + Lime + FYM + S 40kg/ha + Borax as soil application 10 kg/ha and T10- Control. The test hybrid of sunflower was KBSH-78. The crop was sown on 20th November 2023 at a spacing of 60 cm x 30 cm and harvested on 19th February 2024. The required quantity of KBSH-78 seeds @ 5kg/ha was first treated with Vitavax powder @ 2g/kg of seed. Lime @ 500 kg/ha was applied after first ploughing to maintain the pH. Well decomposed FYM @ 5 t/ha was incorporated into the soil at final ploughing as per treatments. Inorganic fertilizers @ 60:80:60 kg N, P2O5 and K2O/ha were applied to all the plots through Urea (46-0-0), DAP (18-46-0) and MOP (0-0-60) except control and FYM. Full P and K + half N were applied as basal while rest N was top dressed at 30 days after sowing. Vermicompost 2t/ha was applied only to T4 treatment. Elemental Sulphur @ 40 kg/ha as a source of sulphur was applied as basal and borax @ 0.2 % was applied as foliar spray to capitulum at ray floret stage as per the treatments. During the crop growth cycle, the sunflower crop received a total of six irrigations, beginning one day after sowing and ending 15 days before harvest. The essential stages for irrigation include bud initiation, flower opening and seed filling stages. The yield parameters like head diameter, head weight, total number of seeds per capitulum, number of filled seeds per capitulum and 1000 seed weight were taken at harvest. The seed yield, stover yield and harvest index were estimated from the net plots.
The crop's (seed and stover) nutrient uptake on a dry weight basis was calculated by multiplying the relevant nutrient contents by their respective total dry matter yields (seed or stover yields) at harvest and represented in kg/ha.

Nutrient uptake (kg/ha) =


3. RESULTS AND DISCUSSION
Yield attributing characters
The influence of different integrated nutrient management practices on yield attributing characters of sunflower such as head diameter (cm), head weight (g), total number of seeds per head, number of filled seeds per head, number of unfilled seeds per head, sterility percentage and 1000 seed weight were studied. 
Result revealed that different integrated nutrient management practices showed significant variation in the head diameter of sunflower. The highest head diameter of (18.95 cm) of sunflower was observed with STBFR + Lime + FYM + S 40kg/ha + 2 sprays of Borax @ 0.2% (T8) followed by STBFR + Lime + FYM + S 40kg/ha + 1 spray of Borax @ 0.2% (T7) (18.46cm) and STBFR + Lime + FYM + Elemental S 40kg/ha + Borax as soil application 10 kg/ha (T9) (18.10) cm. The lowest head diameter (9.37 cm) was recorded with control. Application of STBFR + Lime + FYM + S 40kg/ha + 2 sprays of Borax @ 0.2% (T8) and STBFR + Lime + FYM + S 40kg/ha + 1 spray of Borax @ 0.2% (T7) recorded 40.79 % and 37.15 % increased head diameter over STBFR respectively. 
From the recorded data regarding head weight, it was observed the head weight of sunflower varied significantly due to different integrated nutrient management practices. Significantly highest head weight of sunflower (98.67 g) was observed with STBFR + Lime + FYM + S 40 kg/ha + 2 sprays of Borax @ 0.2% (T8) which was at par with STBFR + Lime + FYM + Elemental S 40kg/ha + Borax as soil application 10 kg/ha (T9) (95.45 g). The lowest head weight of (49.43 g) was recorded with control. Application of STBFR + Lime + FYM + S 40 kg/ha + 2 sprays of Borax @ 0.2% (T8) and STBFR + Lime + FYM + Elemental S 40 kg/ha + Borax as soil application 10 kg/ha (T9) recorded 46.29 % and 41.51 % increased head weight over STBFR treatment, respectively. 
The data presented in the Table 1 relating to total number of seeds per head as influenced by different integrated nutrient management practices revealed that total number of seeds per head varied significantly due to different treatments. Integrated nutrient management practice of STBFR + Lime + FYM + S 40kg/ha + 2 sprays of Borax @ 0.2% (T8) recorded maximum number of total seeds per head of sunflower (1365.3) which was significantly superior over rest of the treatments. The minimum number of seeds per head (623.8) was recorded from control treatment. Application of STBFR + Lime + FYM + S 40 kg/ha + 2 sprays of Borax @ 0.2% (T8) and STBFR + Lime + FYM + S 40 kg/ha + 1 spray of Borax @ 0.2% (T7) recorded 82.67 % and 68.68 % increased number of seeds per head over STBFR treatment respectively. 
The variation in number of filled seeds per head of sunflower as influenced by different integrated nutrient management practices revealed that number of filled seeds per head varied significantly due to different treatments. Application of STBFR + Lime + FYM + S 40 kg/ha + 2 sprays of Borax @ 0.2% (T8) recorded significantly highest number of filled seeds per head (1248.6) which was superior to rest of the treatments. The lowest number of filled seeds per head (439.2) was recorded with control treatment. Only STBFR treatment produced 608.8 filled seeds per head. Application of STBFR + Lime + FYM + S 40kg/ha + 2 sprays of Borax @ 0.2% (T8) produced 105.09 % increased number of filled seeds per head over STBFR treatment.
Perusal of data presented in table 1 revealed that effect of different integrated nutrient management practices in sunflower on 1000 seed weight was found to be non-significant. But application of STBFR + Lime + FYM + S 40 kg/ha + 2 sprays of Borax @ 0.2% (T8) recorded highest 1000 seed weight (49.63 g) followed by STBFR + Lime + FYM + S 40 kg/ha + 1 spray of Borax @ 0.2% (T7) (49.12 g). Control treatment recorded the lowest 1000 seed weight (39.37 g). Only STBFR treatment recorded the 1000 seed weight of 42.68 g.
Table 1. Yield attributing characters and yield of sunflower as influenced by different integrated nutrient management practices
	Treatments
	Head diameter (cm)
	Head weight (g)
	Total number of seeds per head
	Number of filled seeds per head
	1000 seed weight (g)

	Seed yield (kg/ha)
	Stover yield (kg/ha)
	Harvest Index (%)
	B:C ratio

	
	
	
	
	
	
	
	
	   25.3
	2.53

	T1
	STBFR (60:100:60 kg N:P2O5:K2O/ha)
	13.46
	67.45
	747.4
	608.8
	42.68
	1620
	4779
	
	

	T2
	STBFR + Lime 500 kg/ha
	14.67
	68.26
	867.3
	724.7
	45.49
	1713
	4981
	25.6
	2.51

	T3
	STBFR + FYM 5t/ha
	15.72
	72.34
	945.7
	797
	46.10
	1889
	4987
	27.5
	2.80

	T4
	STBFR + Vermicompost 2t/ha
	16.87
	79.67
	1063.8
	914.7
	47.23
	1957
	5041
	28.0
	2.24

	T5
	STBFR + Lime + FYM
	16.91
	79.00
	1064.6
	923.9
	48.07
	1961
	5099
	27.8
	2.73

	T6
	STBFR + Lime + FYM + S 40 kg/ha
	17.35
	82.46
	1194.5
	1051.7
	48.98
	2031
	5102
	28.5
	2.52

	T7
	STBFR + Lime + FYM + S 40 kg/ha + Borax 0.2% as one foliar spray
	18.46
	88.95
	1260.7
	1142.2
	49.12
	2192
	5326
	29.2
	2.78

	T8
	STBFR + Lime + FYM + S 40 kg/ha + Borax 0.2% 2 sprays
	18.95
	98.67
	1365.3
	1248.6
	49.63
	2276
	5373
	29.7
	2.91

	T9
	STBFR + Lime + FYM + S 40 kg/ha + Borax as soil application 10 kg/ha
	18.10
	95.45
	1179.1
	1061.1
	48.24
	2112
	5246
	28.7
	2.55

	T10
	Control
	9.37
	49.43
	623.8
	439.2
	39.37
	1039
	3768
	21.6
	1.88

	Sem ±
	0.136
	1.648
	16.45
	16.1
	1.429
	67.6
	91.6
	0.68
	0.118

	CD (P=0.05)
	0.40
	4.9
	47.0
	47.5
	NS
	      201
	     274
	    2.0
	0.35





(STBFR: Soil Test Based Fertilizer Recommendation



B:C = Benefit-cost ratio)
	Yield 
 There was significant variations in seed yield of sunflower due to different integrated nutrient management practices. Maximum seed yield of 2276 kg/ha was obtained when integrated nutrient management practice of STBFR + Lime + FYM + S 40 kg/ha + 2 sprays of Borax @ 0.2% (T8) which was at par with T7 and T9. Application of STBFR + Lime + FYM + S 40 kg/ha + 2 sprays of Borax @ 0.2% (T8) and STBFR + Lime + FYM + S 40 kg/ha + 1 spray of Borax @ 0.2% (T7) recorded 40.49% and 35.30% increased seed yield over STBFR respectively. STBFR with FYM directly increased crop yields either by acceleration of respiratory process, by increasing cell permeability, by hormone growth action or by combination of all the processes viz., release of nutrients, increasing availability of nutrients and improving soil physical, chemical and biological properties. The beneficial effect of FYM on sunflower is reported by (Arthanari et al. 2009; Manjunatha et al. 2009) and Rasool et al. 2013). Increase in filled seeds per head was mainly due to combined application of sulphur and boron, which reduced the number of unfilled seed per head resulting higher seed yield in sunflower. Similar types of findings were also reported by Kalaiyarasan et al. (2013) and Rani et al. (2009)
The stover yield of sunflower varied significantly due to different integrated nutrient management practices. Maximum stover yield of 5373 kg/ha was obtained when integrated nutrient management practice of STBFR + Lime + FYM + S 40 kg/ha + 2 sprays of Borax @ 0.2% (T8) which was at par with T7, T9 and T6. Application of STBFR + Lime + FYM + S 40 kg/ha + 2 sprays of Borax @ 0.2% (T8) and STBFR + Lime + FYM + S 40 kg/ha + 1 spray of Borax @ 0.2% (T7) recorded 12.43% and 11.44% increased stover yield over STBFR respectively. 
Different integrated nutrient management practices on harvest indices of sunflower were found to be significant. The Harvest index ranged from 21.6% to 29.7%. Highest Harvest index of 29.7% was recorded with STBFR + Lime + FYM + S 40 kg/ha + 2 sprays of Borax @ 0.2% (T8) which was at par with STBFR + Lime + FYM + S 40kg/ha + 1 spray of Borax @ 0.2% (T7), T6, T5 and T4. Maximum B: C ratio of 2.91 was computed with integrated nutrient management practice of STBFR + Lime + FYM + S 40 kg/ha + 2 sprays of Borax @ 0.2% (T8) applied to rabi sunflower crop.
Table 2. Nutrient uptake in seed and stover of sunflower as influenced by different integrated nutrient management practices


	Treatments
	Nitrogen (kg/ha)
	Phosphorus (kg/ha)
	Potassium (kg/ha)
	 
   Sulphur (kg/ha)                                  Boron (g/ha)                              

	
	Seed
	Stover
	Total
	Seed
	Stover
	Total
	Seed
	Stover
	Total
	Seed
	Stover
	Total
	Seed
	Stover
	Total

	T1
	STBFR(60:100:60 kg N:P2O5:K2O/ha)
	40.16
	38.94
	79.10
	10.94
	3.49
	14.43
	9.21
	62.98
	72.19
	5.51
	6.07
	11.58
	35.45
	256.63
	292.08

	T2
	STBFR + Lime 500 kg/ha
	42.59
	40.94
	83.53
	11.77
	3.73
	15.50
	9.80
	66.09
	75.89
	6.04
	6.72
	12.76
	39.01
	272.41
	311.42

	T3
	STBFR + FYM 5t/ha
	47.17
	41.24
	88.41
	13.01
	4.08
	17.09
	10.89
	66.43
	77.32
	6.93   
	7.13
	14.06
	44.11
	275.43
	319.54

	T4
	STBFR + Vermicompost 2t/ha
	49.14
	42.24
	91.38
	13.64
	3.98
	17.62
	11.50
	68.15
	79.65
	7.79
	7.91
	15.7
	50.28
	290.92
	341.2

	T5
	STBFR + Lime + FYM
	49.12
	42.37
	91.49
	13.59
	3.92
	17.51
	11.39
	68.12
	79.51
	7.47
	7.39
	14.86
	53.16
	297.32
	350.48

	T6
	STBFR + Lime + FYM + S 40kg/ha
	51.32
	42.85
	94.17
	14.44
	4.23
	18.67
	12.00
	69.33
	81.33
	9.06
	8.16
	17.22
	55.51
	299.90
	355.41

	T7
	STBFR + Lime + FYM + S 40kg/ha + Borax 0.2% as one foliar spray
	55.45
	45.00
	100.45
	15.85
	4.63
	23.30
	13.13
	73.76
	86.89
	9.82
	8.68
	18.5
	61.02
	320.78
	381.8

	T8
	STBFR + Lime + FYM + S 40kg/ha + Borax 0.2% 2 sprays
	57.72
	45.62
	102.34
	16.80
	4.78
	21.58
	13.88
	76.13
	90.01
	10.40
	9.08
	19.48
	67.39
	331.99
	399.38

	T9
	STBFR + Lime + FYM + S 40kg/ha + Borax as soil application 10 kg/ha
	53.47
	44.33
	97.80
	15.16
	4.51
	19.67
	12.56
	73.07
	85.63
	9.52
	8.50
	18.02
	57.47
	310.72
	368.19

	T10
	Control
	25.56
	30.26
	55.82
	6.98
	2.60
	9.58
	5.92
	48.81
	54.73
	3.35
	4.44
	7.79
	20.62
	200.76
	221.38

	 SEm ±
	1.310
	1.125
	3.11
	1.125
	0.181
	1.203
	0.715
	2.161
	2.479
	0.416
	0.420
	0.628
	2.342
	8.170
	11.230

	 CD (P=0.05)
	4.00
	3.37
	9.34
	3.38
	0.54
	3.61
	2.22
	6.34
	7.33
	1.23
	1.26
	1.87
	7.01
	24.52
	33.71



Nutrient uptake
The data pertaining to uptake of nutrients in seed and stover as influenced by different integrated nutrient management practices are presented in Table 2.       
 Maximum uptake of nitrogen in seed (57.72 kg/ha), stover (45.62 kg/ha) and total uptake of (102.34 kg/ha) was recorded with integrated nutrient management practices of STBFR + Lime + FYM + S 40 kg/ha + 2 sprays of Borax @ 0.2% (T8) which remained at par with STBFR + Lime + FYM + S 40 kg/ha + 1 spray of Borax @ 0.2% (T7) and STBFR + Lime + FYM + S 40 kg/ha + Borax as soil application 10 kg/ha (T9). Through certain biochemical processes, better soil conditions, and synergistic effects, foliar boron and elemental sulphur treatments promote sunflower nutrient uptake. While boron makes it easier for other nutrients to be transported and used, particularly during crucial growth phases and sulphur increases overall nutrient uptake efficiency (Indu and Singh, 2020; Barthwal et al., 2022).

 The highest uptake of Phosphorus in seed, stover and total uptake (16.80, 4.78 and 21.58 kg/ha respectively) was recorded with integrated nutrient management practice of STBFR + Lime + FYM + S 40 kg/ha + 2 sprays of Borax @ 0.2% (T8) which remained at par with STBFR + Lime + FYM + S 40 kg/ha + 1 spray of Borax @ 0.2% (T7) and STBFR + Lime + FYM + S 40 kg/ha + Borax as soil application 10 kg/ha (T9).
 The uptake of potassium in the stover was distinctively higher than uptake in seed. Maximum uptake of potassium in seed, stover and total uptake (13.88, 76.13, and 90.01 kg/ha respectively) was found with of STBFR + Lime + FYM + S 40 kg/ha + 2 sprays of Borax @ 0.2% (T8) followed by with STBFR + Lime + FYM + S 40 kg/ha + 1 spray of Borax @ 0.2% (T7) and STBFR + Lime + FYM + S 40 kg/ha + Borax as soil application 10 kg/ha (T9).                    
   The sulphur content in stover due to different integrated nutrient management practices was more than seed. Maximum uptake of sulphur in seed, stover and total uptake (10.40, 9.08 and 19.48 kg/ha respectively) was found with of STBFR + Lime + FYM + S 40 kg/ha + 2 sprays of Borax @ 0.2% (T8) followed by with STBFR + Lime + FYM + S 40 kg/ha + 1 spray of Borax @ 0.2% (T7) and STBFR + Lime + FYM + S 40 kg/ha + Borax as soil application 10 kg/ha (T9).  
  Maximum uptake of boron in seed, stover and total uptake (67.39, 331.99 and 399.38 g/ha respectively) was found with STBFR + Lime + FYM + S 40 kg/ha + 2 sprays of Borax @ 0.2% (T8) followed by with STBFR + Lime + FYM + S 40 kg/ha + 1 spray of Borax @ 0.2% (T7) and STBFR + Lime + FYM + S 40 kg/ha + Borax as soil application 10 kg/ha (T9). 
Foliar application of boron in sunflower is an effective method to get significant yield (Asad et al.,2003) Foliar application of zinc (Zn), manganese (Mn), copper (Cu), iron (Fe), and B has several advantages over soil treatment, including high effectiveness, quick plant responses, easy use, and the suppression of toxicity symptoms caused by excessive soil concentrations of such elements (Rimar et al., 1996). Soil-applied B is easily bound by organic matter as well as by iron and aluminium hydroxides, thereby making it unavailable for uptake by plants (Bhattacharyya et al., 2015).
The uptake of all these nutrients was higher when STBFR along with FYM, secondary nutrients like sulphur and micronutrient boron were applied to the crop. Increased uptake was due to application of higher doses of nutrients along with secondary nutrient S, micronutrient B and organic manure, FYM which resulted in vigorous growth and high photosynthetic rate leading to better uptake throughout the crop growth period. The results are in conformity with findings of (Rathiya, 2005; Gouda, 2019).
4. CONCLUSION
It is concluded that Integration of STBFR + Lime + FYM + S 40 kg/ha + 2 sprays of Borax @ 0.2% in rabi sunflower (Helianthus annuus L.) resulted in highest yield attributes, yield and B:C ratio. So, this nutrient management practice can be recommended to the farmers of Odisha for growing sunflower crop during rabi season.
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