
Macro and Micronutrient Driven Improvement in Growth, Yield and Quality of Kharif Sunflower 
(Helianthus annuus L.)


ABSTRACT 
Sunflower growth, yield and quality are significantly influenced by plant nutrition. The significance of micronutrients is frequently disregarded, despite the regular application of macronutrients like potassium, phosphorus and nitrogen. A lack of these essential elements leads to reduced yield and poorer oil quality. Among the essential micronutrients, zinc (Zn), boron (B), iron (Fe), manganese (Mn), copper (Cu), and molybdenum (Mo) are particularly important for sunflower growth. Therefore, the present investigation aims to study the response of sunflower to different micronutrients with respect to growth, yield, quality parameters and economics. The field experiment was laid out in randomized block design during kharif season of 2022 at Experimental Farm, Agronomy Section, Oilseeds Research Station, Latur. The treatments were T1 - Control, T2 - RDF (90:45:45 kg N:P:K ha-1), T3 - RDF + ZnSO4 @ 20 kg ha-1, T4 - RDF + FeSO4 @ 20 kg ha-1, T5 - RDF + Borax @ 2 kg ha-1, T6 - RDF + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 20 kg ha-1 + Borax @ 2 kg ha-1, T7 - RDF + Multimicronutrient Grade-1 @ 25 kg ha-1, T8 - RDF + Multimicronutrient Grade-2 @ 0.2% at 20 DAS, T9 - RDF + Multimicronutrient Grade-1 @ 25 kg ha-1 + Multimicronutrient Grade-2 @ 0.2% at 20 DAS. The results showed that application of RDF + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 20 kg ha-1 + Borax @ 2 kg ha-1 (T6) recorded highest growth indices viz. Absolute Growth Rate (AGR) expressed on a plant height and dry matter basis, Relative growth rate and Leaf area index. It also reported significantly highest (132% higher seed yield than control” (1791 vs 771 kg ha⁻¹) test weight, seed yield and oil content and oil yield. The benefit–cost (B:C) ratio ranged from 1.46 in the control to 2.66 under T6, indicating better economic viability of micronutrient supplementation. Treatments receiving combined or individual micronutrients in conjunction with RDF recorded higher B:C ratios than RDF alone, demonstrating improved profitability. Overall, the results clearly indicate that combined application of RDF with Zn, Fe, and B (T6) was the most economically profitable treatment, owing to higher seed yield and monetary returns despite a marginal increase in cost of cultivation. Similar trends were also recorded in the economical parameters of statistical data. Overall, the study concludes that balanced fertilization with micronutrients enhances growth, productivity, quality and profitability of sunflower.
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1. INTRODUCTION
“Macro and micronutrients are of growing importance in crop nutrition because of increased demand from higher yielding crops and intensive cropping, continued expansion of cropping and forestry on marginal land with low inherent levels of micronutrients, increased use of highanalysis fertilizers containing low levels of micronutrients and decreased use of manures, composts and crop residues in some parts of the world” (Kawade et al., 2018). Sunflower (Helianthus annuus L.) is a member of Asteraceae family which originated from North America. It also known as ‘Surajmukhi’ due to characteristic phenomenon called heliotropism i.e., turning with sun during flowering periods. The genus Helianthus is derived from Greek language i.e., helios meaning sun and anthos meaning flower. To fill the lacuna in edible oil production of India, it was introduced in the country in 1969 (Shankergoud et al., 2006). Sunflower is a day neutral crop which contains 48 to 53 % oil in kernel and 28 to 35 % in seed. Its oil is considered as premium oil due to its light hue, bland flavour, high smoke point (252-255 ºC) and good nutritional value (Rahul et al., 2021). “Sunflower oil has an enormous value due to presence of linoleic acid ranging from 40 to 67 % which reduces blood cholesterol level. Its oil has higher oxidative stability due to the presence of oleic acid content ranging from 22 to 50 %. The protein content in sunflower seeds varies from 14 to 19 % having protein score of 63” (Soluski and Saware, 1973; Gadewar et al., 2015) and essential amino acid index of 68. Antinutritional constituents like chlorogenic acid (1.4 to 4.0 %) and phenolic compounds (2.6 to 3.8 %) are also present in seeds along with vitamin B complex, namely nicotinic acid (318.7 mg kg-1), thiamine (37.8 mg kg-1), pantothenic acid (44.8 mg kg-1) and riboflavin (3.6 mg kg-1). “Sunflower is grown in all three seasons across the country. Kharif sunflower is grown on 0.78 lakh hectares giving production of 0.72 lakh tonnes and yielding 925 kg/ha, during 2024-25 in India. In Maharashtra, kharif sunflower accounts for 4.19 thousand tonnes production from 9.29 thousand-hectare area yielding 451 kg/ha” (Anonymous, 2024-25). 
“Sunflower growth, yield and quality are significantly influenced by plant nutrition. The significance of micronutrients is frequently disregarded, despite the regular application of macronutrients like potassium, phosphorus and nitrogen” (Charjan et al., 2015). “Micronutrients are necessary for normal plant growth and development due to their critical involvement in physiological and biochemical processes even if they are needed in modest amounts. The amount of fertilizer applied should be based  on  the  soil type,    the    stage    of    the    plant,    and    the environmental   conditions.   Applying   too   much fertilizer can lead to nutrient burn, which can cause stunted growth and  poor  yields.  The pros ofusing  the right  fertilizer  for  sunflowers  include increased  growth  and  yield,  improved  nutrient absorption, and better environmental conditions” (Pooja et al., 2023). “Because of intensive agricultural systems, ongoing use of high-analysis fertilizers devoid of micronutrients, soil erosion, low organic matter content and unbalanced fertilizer practices, micronutrient deficiencies are becoming more common. As a result, sunflower crops often evident or concealed nutritional deficits that reduce oil quality and output. The greatest way to reduce the risk of nutrient losses to the environment is  through  balanced  fertilization,  which  also ensures optimal crop production, better food quality, and benefits for the growers. When added at a reasonable cost to new fertilizer formulations and targeted at soils with deficiencies, nutrients like Zn, B, S, and K can significantly increase fertilizer usage efficiency and  crop  profitability” (Tilahun et al., 2023).
“Nitrogen is a structural component of chlorophyll, amino acids and is required for numerous enzymatic reactions and is primarily responsible for the vegetative growth. Phosphorus is required for root development, crop maturity and seed production and is a major part of plant DNA and RNA” (Lambat et al., 2014). Potassium is necessary for the enzyme activation and provides ability to withstand biotic and abiotic stresses. “Among the essential micronutrients, zinc (Zn), boron (B), iron (Fe), manganese (Mn), copper (Cu), and molybdenum (Mo) are particularly important for sunflower growth. Zinc plays role in the synthesis of pyruvic decarboxylase and indole acetic acid and enhances protein content, calorific value and fat in oilseed crops. Boron is involved in several metabolic processes and movement of phytohormones within plants. It is essential for flowering, germination and growth of pollen grains, development of pollen tubes, cell differentiation and development of growing tips, xylem and phloem. Boron application in sunflower was reported to enhance germination and vigour index of seed” (Shekhawat et al., 2008; Karthikeyan and Shukla, 2008).  “Iron is necessary for the synthesis of chlorophyll and involved in redox reactions, activation of respiratory and photosynthetic enzymes in plants. Manganese acts as a cofactor for various enzymes required for synthesis of secondary metabolites and is essential for hill reaction, nitrogen metabolism and carbon-dioxide assimilation. Copper is a component of plastocyanin involved in electron transport chain of photosynthesis. 70% of the total copper in plants is tied in chloroplasts. Molybdenum is necessary for nitrate reductase enzyme and is a component of nitrogenase involved in nitrification. The balanced supply of these micronutrients is therefore a pre-requisite to achieve optimum sunflower growth and productivity” (Tilahun et al., 2023).
Comprehensive research assessing the combined and individual effects of various micronutrients on sunflower are still scarce, despite increased awareness of the significance of micronutrients. Many farmers still only utilize macronutrient fertilization, which leads to inefficient use of production inputs and subpar yields. Developing balanced fertilization techniques that increase yield, improve nutrient usage efficiency, and preserve soil health can be aided by knowing how sunflowers specifically react to various micronutrients. Therefore, the present investigation aims to study the impact of sunflower to different micronutrients with respect to growth, yield, quality parameters and economics. The results of this study are expected to provide useful information for enhancing sunflower nutrient management techniques and attaining sustainable oilseed production.
2. MATERIALS AND METHODS 
The experiment was conducted at Experimental Farm, Agronomy Section, Oilseeds Research Station, Latur to study the effect of different micronutrients on growth and yield of sunflower (Helianthus annuus L.) during kharif, 2022. The soil of experimental plot was clayey in texture, neutral in reaction having pH (7.02), low in available nitrogen (231 kg ha-1), very low in available phosphorus (8.57 kg ha-1), very high in available potassium (579.80 kg ha-1) and deficient in micronutrients. Soil was well-drained which was favourable for optimum growth of the crop m (Sharma et al., 2024).
2.1 Design and Treatments
The experiment was designed using a randomized block design, consisting of 9 treatments replicated three times. The genuine seed of sunflower variety. LSFH-171 was utilized for planting at a seeding rate of 5 kg ha-1. Seed sowing occurred through dibbling on July 17, 2022, with the advised fertilizer application of 90:45:45 kg N:P:K per hectare. Nitrogen, phosphorus, and potash (90:45:45 kg ha-1) were applied using urea (46% N), single super phosphate (16% P2O5, 48% N), and muriate of potash (60% KCl), respectively. A half dose of nitrogen and full doses of phosphorus and potash were applied in the furrow at sowing, and the other half of the nitrogen was top-dressed 30 days after sowing. Zinc sulfate (21% Zn), ferrous sulfate (19% Fe), borax (11% B), and multimicronutrient grade-1 (2% Fe, 1% Mn, 5% Zn, 0.5% Cu, 1% B) were incorporated into the soil during sowing, whereas multimicronutrient grade-2 (2.5% Fe, 1% Mn, 3% Zn, 1% Cu, 0.5% B, 0.1% Mo) was applied as a foliar spray at 20 DAS according to the treatments. In control treatment, fertilizers were not applied. The treatments were T1 - Control, T2 - RDF (90:45:45 kg N:P:K ha-1), T3 - RDF + ZnSO4 @ 20 kg ha-1, T4 - RDF + FeSO4 @ 20 kg ha-1, T5 - RDF + Borax @ 2 kg ha-1, T6 - RDF + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 20 kg ha-1 + Borax @ 2 kg ha-1, T7 - RDF + Multimicronutrient Grade-1 @ 25 kg ha-1, T8 - RDF + Multimicronutrient Grade-2 @ 0.2% at 20 DAS, T9 - RDF + Multimicronutrient Grade-1 @ 25 kg ha-1 + Multimicronutrient Grade- 2 @ 0.2% at 20 DAS (Sharma et al., 2024). 
2.2 Growth analysis
2.2.1 Absolute Growth Rate (AGR)
The rate of increase in growth variables (w) at the time (t) is called as absolute growth rate (AGR). AGR of two growth variables viz., plant height and total dry matter were worked out by using following formula
For plant height
  (cm day-1 plant-1)
For dry matter
 (g day-1 plant-1)
Where, H2 and H1 as well as W2 and W1 refers to the plant height (cm) and total dry matter weight (g) of plant at time t2 and t1, respectively.
2.2.2 Relative Growth Rate (RGR)
Blackman (1919) pointed out that increase in dry matter of plant is a process of continuous compound interest, when the increments produced in any time interval are added to the capital for the growth in subsequent period. The rate of increment is called as relative growth rate (RGR). This is calculated by formula as given below and expressed in g g-1 day-1.
 (g g-1 day-1)
Where, loge – natural logarithm 
W1 and W2 are the weight of total dry matter at time t1 and t2, respectively.
2.2.3 Leaf Area Index (LAI)
Leaf area index is a dimensionless quantity that characterizes plant canopies. It is defined as the one-sided green leaf area per unit ground surface area in broadleaf plants.

Where, leaf area refers to one-sided green leaf area and,
	ground area refers to the spacing of the crop. 
2.3 Oil content (%)
Oil percentage in seed was estimated treatment wise by Nuclear Magnetic Resonance (NMR) method at Main Agricultural Research Station, Raichur (Karnataka). 
The recommended cultural practices and plant protection measures were undertaken as per recommendation. The crop was harvested on 12 October, 2022. Data on various variables were analyzed by analysis of variance described by Panse and Sukhatme, 1967.
3. RESULTS AND DISCUSSION 
3.1 	Effect of recommended dose of fertilizer and micronutrients on various growth indices of sunflower
3.1.1 Absolute growth rate 
The data on growth parameterclearly indicated that nutrient management treatments exerted a significant influence on plant growth during both growth intervals (30–45 DAS and 45–60 DAS) as well as on leaf area development (Table 1). Absolute Growth Rate (AGR) expressed on a height basis (cm day⁻¹ plant⁻¹) showed a consistent increase from 30–45 DAS to 45–60 DAS across all treatments, indicating accelerated vegetative growth during later stages. Among the treatments, the highest AGR was recorded under T6 (RDF + ZnSO₄ @ 20 kg ha⁻¹ + FeSO₄ @ 20 kg ha⁻¹ + Borax @ 2 kg ha⁻¹), registering values of 4.382 cm day⁻¹ plant⁻¹ at 30–45 DAS and 6.309 cm day⁻¹ plant⁻¹ at 45–60 DAS. This treatment was followed by T5 (RDF + Borax @ 2 kg ha⁻¹) and T3 (RDF + ZnSO₄ @ 20 kg ha⁻¹). The lowest AGR was observed under the control (T1) at both stages. Application of RDF alone (T2) improved AGR compared to control, but the addition of micronutrients further enhanced growth rates.  A similar trend was observed for Absolute Growth Rate on dry matter basis (g day⁻¹ plant⁻¹). The highest dry matter accumulation rate was again recorded under T6, with values of 2.595 g day⁻¹ plant⁻¹ during 30–45 DAS and 6.358 g day⁻¹ plant⁻¹ during 45–60 DAS, indicating superior biomass production under combined micronutrient application. Treatments receiving individual micronutrients (Zn, Fe, or B) along with RDF also performed better than RDF alone and control. The control treatment consistently recorded the lowest dry matter AGR at both growth stages. These data are in conformity with the findings of Lotha and Dawson (2021), who also reported that the application of micronutrients along with RDF enhanced the growth rate of sunflower.
3.1.2 Relative growth rate and Leaf area index
Relative Growth Rate (RGR) showed comparatively higher values during the early growth period (30–45 DAS) than during 45–60 DAS, reflecting the typical decline in relative growth with plant age (Table 1). During 30–45 DAS, RGR ranged from 0.114 to 0.125 g g⁻¹ day⁻¹, with the highest value recorded under the control, while during 45–60 DAS it ranged from 0.070 to 0.075 g g⁻¹ day⁻¹. Differences among treatments were relatively narrow, indicating that RGR was less responsive to nutrient treatments compared to AGR. Leaf Area Index (LAI) increased substantially from 30 DAS to 60 DAS under all treatments, reflecting enhanced canopy development (Table 1). At 30 DAS, LAI varied from 0.22 (T1) to 0.31 (T6), whereas at 60 DAS it ranged from 3.17 (T1) to 4.71 (T6). The combined application of Zn, Fe, and B along with RDF (T6) resulted in the maximum LAI, followed by T5 and T3, suggesting improved leaf expansion and photosynthetic surface area under micronutrient supplementation. RDF alone and multi-micronutrient treatments recorded moderate improvements over the control. Overall, the results clearly demonstrate that combined application of RDF with Zn, Fe, and B (T6) was most effective in enhancing growth rates and leaf area development, followed by individual micronutrient applications, while the control treatment consistently recorded the lowest values for all growth parameters. Kundu et al. (2023), reported that the maximum value of LAI was obtained with the application of Zn and B with the RDF as compared to application RDF alone.







[bookmark: _Hlk217143441]Table 1.	Effect of recommended dose of fertilizer and micro nutrients on the various growth indices of sunflower 
	Treatments
	Absolute Growth Rate (cm day-1 plant-1)
	Absolute Growth Rate 
(g day-1 plant-1)
	Relative growth rate 
(g g-1 day-1)
	Leaf area index (LAI)

	
	30-45 DAS
	45-60 DAS
	30-45 DAS
	45-60 DAS
	30-45 DAS
	45-60 DAS
	30 DAS
	60 DAS

	T1: Control
	2.104
	5.015
	1.718
	3.744
	0.125
	0.070
	0.22
	3.17

	T2: RDF (90:45:45 kg N:P:K ha-1)
	3.275
	5.822
	2.090
	4.909
	0.115
	0.074
	0.23
	3.67

	T3: RDF + ZnSO4 @ 20 kg ha-1
	4.162
	5.836
	2.239
	5.552
	0.115
	0.074
	0.28
	4.21

	T4: RDF + FeSO4 @ 20 kg ha-1
	3.778
	5.521
	2.096
	5.195
	0.117
	0.075
	0.27
	4.04

	T5: RDF + Borax @ 2 kg ha-1
	4.268
	6.036
	2.36
	5.800
	0.116
	0.074
	0.29
	4.46

	T6: RDF + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 20 kg ha-1 + Borax @ 2 kg ha-1
	4.382
	6.309
	2.595
	6.358
	0.114
	0.074
	0.31
	4.71

	T7: RDF + Multi micronutrient Grade-1 @ 25 kg ha-1
	3.232
	5.82
	1.824
	4.289
	0.120
	0.072
	0.25
	3.81

	T8: RDF + Multi micronutrient Grade-2 @ 0.2 % at 20 DAS
	3.284
	5.807
	1.775
	4.077
	0.124
	0.071
	0.24
	3.69

	T9: RDF + Multi micronutrient Grade-1 @ 25 kg ha-1 + Multi micronutrient Grade-2 @ 0.2 % at 20 DAS
	3.464
	5.754
	1.860
	4.73
	0.117
	0.075
	0.26
	3.88

	Mean
	3.550
	5.769
	2.062
	4.962
	0.119
	0.074
	1.68
	3.96







3.2	Effect of recommended dose of fertilizer and micronutrients on yield and quality parameters of sunflower 
3.2.1 Test weight and seed yield
The data presented in Table 2 revealed that yield attributes, seed yield, oil content, and oil yield of the crop were markedly influenced by different nutrient management treatments. Test weight varied from 52.00 g in the control (T1) to 66.97 g under T6 (RDF + ZnSO₄ + FeSO₄ + Borax). Although higher test weight values were recorded with micronutrient application in combination with RDF, particularly under T6 (66.97 g) and T5 (66.53 g), the differences among treatments were non-significant, as indicated by the CD at 5% level. This suggests that seed weight was relatively less responsive to nutrient treatments compared to yield parameters. Seed yield was significantly influenced by nutrient management practices. The lowest seed yield was recorded in the control (771 kg ha⁻¹), while the highest yield was obtained under T6 (1791 kg ha⁻¹), which was statistically superior to the control and on par with other micronutrient-treated plots (T5 and T3). Application of RDF alone (T2) significantly increased seed yield (1179 kg ha⁻¹) over control, whereas the addition of individual micronutrients such as Zn, Fe, or B further enhanced seed yield, with T5 (1612 kg ha⁻¹) and T3 (1565 kg ha⁻¹) showing substantial improvements. The critical difference (CD = 230 kg ha⁻¹) indicated that treatments receiving combined micronutrients produced significantly higher seed yield than RDF alone. “Zinc and boron play a very important role in quantitative and qualitative development of plants which results in higher seed weight. Application of zinc promotes reproduction and development of seed” (Baloch et al., 2015; Lotha and Dawson, 2021). Farokhi et al. (2014) reported that “consumption of FeSO4, ZnSO4 and boron either single or combined had optimistic effect on plant height and head diameter”. Ravikumar et al. (2021), also confirmed that the application of micronutrients (Zn and B) with the RDF showed significant effect on the seed yield of sunflower as compared to the application RDF alone.
3.2.2 Oil content and oil yield 
Oil content ranged from 29.14% in the control to 31.80% under T6. Although a numerical increase in oil content was observed with micronutrient application, especially under combined and individual micronutrient treatments, the variation among treatments was non-significant at the 5% level, indicating that oil concentration in seed was comparatively stable across treatments. In contrast, oil yield (kg ha⁻¹) was significantly affected by nutrient management, primarily due to differences in seed yield. The highest oil yield was recorded under T6 (569 kg ha⁻¹), followed by T5 (507 kg ha⁻¹) and T3 (489 kg ha⁻¹), while the lowest oil yield was observed in the control (223 kg ha⁻¹). The critical difference value (CD = 93 kg ha⁻¹) indicated a significant superiority of combined micronutrient application over RDF alone and control treatments. Overall, the results clearly demonstrate that combined application of RDF with Zn, Fe, and B (T6) was most effective in improving seed yield and oil yield, while test weight and oil content remained statistically unaffected by nutrient treatments. Rahul et al. (2021) revealed that the application of boron along with macronutrients improved oil content, which consequently contributed to higher oil yield in sunflower. “The seed oil content is an important parameter of sunflower” (Kundu et al., 2023). “Oil content decided the oil yield and oil yields mirrored the response of seed yields being significantly increased due to the Zn and B fertilization” (Sheoran et al., 2018). “The higher oil content and oil yield might be due to enzymatic activity in the formation of glucosides, glucosinolates and additionally sulphydril-linkage in biochemical reaction within the plant which helps in bio-synthesis of oil. These results are also in accordance with the earliest finding” of Suryavanshi et al. (2015) and Sheoran et al. (2016).







Table 2. 	Effect of recommended dose of fertilizer and micronutrients on the yield and quality parameters of sunflower 
	Treatments
	Test weight (g)
	Seed yield (kg/ha)
	Oil content (%)
	Oil yield
(kg/ha)

	T1: Control
	52.00
	771
	29.14
	223

	T2: RDF (90:45:45 kg N:P: K ha-1)
	60.10
	1179
	30.12
	356

	T3: RDF + ZnSO4 @ 20 kg ha-1
	63.73
	1565
	31.45
	489

	T4: RDF + FeSO4 @ 20 kg ha-1
	60.60
	1461
	31.24
	454

	T5: RDF + Borax @ 2 kg ha-1
	66.53
	1612
	31.02
	507

	T6: RDF + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 20 kg ha-1 + Borax @ 2 kg ha-1
	66.97
	1791
	31.80
	569

	T7: RDF + Multimicronutrient Grade-1 @ 25 kg ha-1
	58.03
	1267
	30.56
	379

	T8: RDF + Multimicronutrient Grade-2 @ 0.2 % at 20 DAS
	57.63
	1236
	30.36
	372

	T9: RDF + Multimicronutrient Grade-1 @ 25 kg ha-1 + Multimicronutrient Grade-2 @ 0.2 % at 20 DAS
	58.33
	1415
	30.81
	434

	S.E(m) ±
	3.01
	79
	1.90
	32

	C.D. at 5%
	NS
	230
	NS
	93



3.3	Effect of recommended dose of fertilizer and micronutrients on economics of sunflower 
[bookmark: _GoBack][bookmark: _Hlk138623296]The data presented in Fig. 1 revealed that seed yield and economic returns were significantly influenced by different nutrient management treatments. Gross monetary returns (GMR) followed a trend similar to seed yield. The lowest GMR was recorded under the control (₹49,352 ha⁻¹), while the highest GMR was obtained under T6 (₹1,14,633 ha⁻¹). Treatments supplemented with individual micronutrients along with RDF also recorded higher GMR compared to RDF alone. The differences in GMR among treatments were significant, as evidenced by the CD value of ₹14,759 ha⁻¹. Cost of cultivation (COC) varied slightly among treatments, ranging from ₹33,800 ha⁻¹ in the control to ₹44,685 ha⁻¹ under T9, mainly due to the additional cost of micronutrient fertilizers. Despite the marginal increase in cultivation cost, micronutrient-treated plots recorded substantially higher returns. Net monetary returns (NMR) were significantly influenced by nutrient management practices. The maximum NMR was recorded under T6 (₹71,588 ha⁻¹), followed by T5 (₹61,558 ha⁻¹) and T3 (₹57,703 ha⁻¹), while the lowest NMR was observed in the control (₹15,552 ha⁻¹). The CD value (₹14,759 ha⁻¹) indicated that combined micronutrient application resulted in significantly higher net returns compared to RDF alone. The benefit–cost (B:C) ratio ranged from 1.46 in the control to 2.66 under T6, indicating better economic viability of micronutrient supplementation. Treatments receiving combined or individual micronutrients in conjunction with RDF recorded higher B:C ratios than RDF alone, demonstrating improved profitability. Overall, the results clearly indicate that combined application of RDF with Zn, Fe, and B (T6) was the most economically profitable treatment, owing to higher seed yield and monetary returns despite a marginal increase in cost of cultivation. Jyothi and Anjaiah (2018) also revealed that “maximum gross returns were obtained with the application boron whereas maximum net returns and B:C ratio were obtained with the application of boron with the RDF”. Similar results were obtained by the Rao et al. (2020). 

Fig. 1. Gross remunerative, net remunerative and benefit-cost ratio
4.   Conclusion 
It may be concluded that application of RDF along with combined application of ZnSO4 @ 20 kg ha-1 + FeSO4 @ 20 kg ha-1 + Borax @ 2 kg ha-1 (T6) recorded higher growth and yield attributes and oil content of sunflower followed by RDF + Borax @ 2 kg ha-1 (T5) and RDF + ZnSO4 @ 20 kg ha-1 (T3). Application of RDF + ZnSO4 @ 20 kg ha-1 + FeSO4 @ 20 kg ha-1 + Borax @ 2 kg ha-1 (T6) was found to be more remunerative for getting higher GMR (1,14,633 ₹ ha-1), NMR (71,588 ₹ ha-1) and B:C ratio (2.66).
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