


Effect of Integrated Nutrient Management on Yield of Sunflower (Helianthus annuus)
Abstract:
Sunflower (Helianthus annuus) is well recognised as one of the most significant oilseed crops cultivated worldwide, known for its high quality. A good crop of sunflowers can be grown in areas with rainfall of 300-500 mm. Sunflowers possess the potential to mitigate the prevailing shortage of edible oil due to their significant role in emergency crop management strategies. The current study aims to assess the impact of Integrated Nutrient Management (INM) with organic manure of farmyard manure (FYM), vermicompost, poultry manure and inorganic fertilisers on the yield of sunflower. A field experiment was conducted with 10 treatments, viz. 3 types of organic sources, viz. FYM, poultry manure and vermicompost, inorganic nutrients and growth regulators in the spring season 2022– 2023 at Lovely Professional University, Phagwara, Punjab. The experiment was laid out in a randomised block design. After analysis, the data clearly showed significant differences among treatments in sunflower yield. Among the entire treatments, Maximum capitulum diameter (22.7 cm) was recorded with 50% N through vermicompost + seed dressing and foliar application of manganese sulphate, respectively, @ 1.0% and 0.5% at 40 and 60 DAS. Permanent manurial experiment from Tamil Nadu Agricultural University, Coimbatore, in order to assess the impact of continuous addition of organic and mineral fertilisers on crop yield and soil quality was laid out in a Completely Randomised Design (CRD) with 7 treatments and 3 replications. The application of 50% N through vermicompost + seed dressing and foliar application of manganese sulphate, respectively, @ 1.0% and 0.5% at 40 and 60 days after sowing (DAS) is thus recommended for sunflower cultivation in sandy loamy soils, considering the yield of sunflower (Gahlot et al.2023). The results revealed that the application of 100% NPK + Farmyard manure (FYM) @ 12.5 t /ha (INM) increased the seed yield (1879 kg ha -1) and straw yield of sunflower crop (3916 kg ha -1) when compared to the control. Maximum seed yield (2156.67 kg ha-1) was recorded in 50% N through vermicompost + seed dressing and foliar application of manganese sulphate respectively @ 1.0% and 0.5% at 40 and 60 DAS which was at par with 50% N through poultry manure + seed dressing and foliar application of sodium molybdate @ 0.2% at 40 and 60 DAS and 50% N through FYM + seed dressing and foliar application of manganese sulphate respectively @ 1.0% and 0.5% at 40 and 60 DAS with 2076.67 and 2056.67 kg ha-1 respectively. The study concludes that it is expected to offer an environmentally sustainable, scientifically sound, and economically feasible approach. 
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Introduction: 
Sunflower (Helianthus annuus) is an important oilseed crop derived from the Greek word ’helios’, meaning ‘sun’ and ‘anthos’ meaning ‘flower’. It is an annual plant which is native to America and probably originated in Southwest Asia (Heiser, 1976). As the name itself suggests, it always follows the sun by day, always turns towards its direct rays, and so has its name derived from the flower’s shape and image, which is often used to depict the sun. The plant has a rough, hairy stem, broad, coarsely toothed leaves, and circular heads of flowers. The heads consist of many individual flowers which mature into seeds on a receptacle base. Cultivated across diverse agro-climatic regions, sunflower exhibits remarkable adaptability and potential for high yields. In this respect, sunflowers could be grown under a wide range of soil moisture contents and atmospheric thermal conditions (Hussain et al., 2025). Sunflowers require a cool climate during germination and seedling growth, warm weather from the seedling stage up to flowering and non-cloudy, 2 sunny days during flowering to maturity. A good crop of sunflowers can be grown in areas with rainfall of 300-500 mm. High temperature above 38˚C during post anthesis period reduces seed yield. The crop can thrive well in a variety of soils, and the optimum pH of the soil is 6.5 to 8.5. With its seeds comprising 28-35% oil and 14-19% protein, sunflowers contribute significantly to the oilseed crop production, constituting about 14% of the total yield (Prasad et al., 2024). At present, the level of fertiliser production in India is not enough to meet the total plant nutrient needs, and also, the continuous usage of high levels of chemical fertilisers is adversely affecting the sustainability of agricultural production and causing environmental pollution. Integrated use of nutrients from fertiliser and organic manure sources seems to be the need of the time. Lower Sunflower productivity could be attributed to poor nutrient and water management practices since water and nutrients are the most important inputs for optimum sunflower production (Gholamhoseini et al. 2013). Excessive use of chemical fertilisers to enhance production not only increases the cost of production but also leads to the deterioration of soil and human health. “Sunflower is a day-neutral annual oilseed crop classified under the Asteraceae family (Thapaa et al. 2022). This crop holds the third position in terms of yield, following soybeans and peanuts (Mahapatra et al. 2023). It is well recognised as one of the most significant oilseed crops cultivated worldwide, known for its high quality. A large amount of nutrients applied in the form of chemical fertilisers alone leads to nutrient imbalance and reduced productivity of crops; deficiencies of secondary and micronutrients deteriorate the soil health. Soil organic carbon contents do not produce significant changes in short-term experiments; therefore, management impacts cannot be completely studied (Paul et al. 2001). Therefore, long-term experiments provide an excellent opportunity to determine the effects of organic amendments on SOC dynamics. The global consumption of domestically produced sunflower oil in the period of 2021-2022 amounted to 18,782 metric tons. Sunflower has demonstrated significant potential as an oilseed crop for year-round production across various agro-climatic areas because of its thermo-photo-insensitivity.  Sunflower agriculture has had a significant rise in prominence over the last twenty years in the region. Presently, sunflower crops cover an area of 2.5 thousand hectares, resulting in a production output of 4.5 thousand tons and an average yield of 17.95 quintals per/ha. There are several vitamins in sunflower seeds, including vitamin B1 and B5, vitamin E and folate. Additionally, they contain important minerals like copper, magnesium, selenium, and phosphorus (Puraikalan & Scott, 2023; Omonov et al., 2023). Sunflower oil comprises two types of unsaturated fats, namely monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA).  Approximately 85% of the lipids present in sunflower oil consist of MUFA. MUFAs have been found to have a positive effect, and PUFAs have been shown to contribute to the reduction of LDL cholesterol, commonly referred to as "bad" cholesterol (Rabail et al. 2021). This reduction in LDL cholesterol levels has been associated with a decreased chance of developing cardiovascular diseases and other related disorders. Nevertheless, the yield remains comparatively lower in relation to the average productivity observed in leading sunflower-producing nations globally. The cultivation of sunflowers predominantly occurs on marginal and sub-marginal land, often in conditions of limited moisture. However, the inadequate selection of cultivars and the absence of enhanced agronomic crop management practices have also been identified as contributing factors to the low productivity of sunflowers. The sunflower is favoured by farmers due to its favourable attributes, such as its high yield potential under INM. Sunflowers possess the potential to mitigate the prevailing shortage of edible oil within the nation due to their significant role in emergency crop management strategies Gul et al.2021. The continuous application of substantial amounts of chemical fertilisers has been observed to have detrimental effects on crop yields, so the effective management of soil organic matter, along with the judicious use of organic inputs such as animal manure, crop residues, and green manure, will play a pivotal role in the advancement of sustainable agricultural systems in the next decades. However, organic manure is insufficient in meeting the current enormous nutrient demands of modern agriculture. The achievement of optimising crop output, preserving soil productivity and ensuring ecological equilibrium can be accomplished through the judicious application of both inorganic fertilisers and organic nutrient sources. The use of organic manures in conjunction with fertilisers can effectively address the issue of an imbalanced N: P: K ratio and the consequent emergence of micronutrient deficiencies Bochalya et al. 2018. The objective of integrated nutrient management is to strategically combine organic sources in order to fulfil the nutrient requirements of crops and cropping systems. This approach is highly significant in maintaining and enhancing agricultural productivity in contemporary agriculture. In the context of intensive cropping systems, the accelerated turnover of nutrients, inadequate recycling of organic sources and excessive use of high-analysis fertilisers contribute to the depletion of certain micronutrients in the soil, as well as the potential for environmental pollution. It is widely acknowledged that the utilisation of either chemical fertilisers or organic manure in isolation is insufficient for achieving sustainable agricultural production. Hence, the present study is taken up to assess the continuous application of organic manure and fertilisers in crop yield. Therefore, the current investigation as conducted to assess the impact of INM with organic manure of FYM, vermicompost, poultry manure and inorganic fertilisers (comprising macro and micronutrients) on the yield of sunflower.
Materials and Methods 
Preliminary information for data collection:
Preliminary information -A field experiment on sunflowers in the spring season 2022– 2023 was conducted in Lovely Professional University, Phagwara, Punjab. The LPU campus is located in the district of Kapurthala, which is between the Sutlej and the Beas rivers, in the Central Plain Region of Punjab (31.2560°N, 75.7051°E). The Trans-Gangetic Plains region is home to the experimental field, namely the Northern Plain Agro-Ecological Sub-Region. The average annual precipitation received by the region is 628 mm. Ganga Kaveri GK 2002 was used as a planting material, and the crop was sown at the end of January with 60 cm × 30 cm spacing by dibbling methods on ridges by following all the intercultural package and practices of PAU, Ludhiana. The experiment was followed by the Randomised Block Design with 10 treatments, and 3 replications, viz. T1- Control (Recommended NPK alone), T2-50% Nitrogen (N) through vermicompost + seed dressing and foliar application of sodium molybdate - @ 0.2% at 40 and 60 DAS, T3-50% N through poultry manure + seed dressing and foliar application of sodium molybdate @ 0.2% at 40 and 60 DAS, T4-50% N through FYM + seed dressing and foliar application of sodium molybdate @ 0.2% at 40 and 60 DAS, T5-50% N through vermicompost + seed dressing and foliar application of manganese sulphate respectively @ 1.0% and 0.5% at 40 and 60 DAS, T6-50% N through poultry manure + seed dressing and foliar application of manganese sulphate respectively @ 1.0% and 0.5% at 40 and 60 DAS, T7-50% N through FYM + seed dressing and foliar application of manganese sulphate respectively @ 1.0% and 0.5% at 40 and 60 DAS, T8-50% nitrogen (N) through vermicompost + seed dressing and foliar application of NAA respectively @ 50 ppm and 20 ppm at 40 and 60 DAS, T9- 50% N through poultry manure + seed dressing and foliar application of NAA respectively @ 50 ppm and 20 ppm at 40 and 60 DAS, T10-50% N through FYM + seed dressing and foliar application of NAA respectively @ 50 ppm and 20 ppm at 40 and 60 DAS. Crop protection measures were implemented as needed using a knapsack sprayer. The different morphological and physiological observations, such as plant height, leaf area, and number of leaves per plant, stem girth and dry weight, were measured following standard protocol. The morphological attributes and the average value were recorded from five randomly selected plants per plot were used to assess treatment effects. The yield attributes, such as capitulum weight, capitulum diameter, number of seeds per head and seed yield, are observed at the harvest stage by following standard protocols. Another study of preliminary information, the current study, which took place in on-going project at the century-old Permanent Manurial Experiment (PME) in Tamil Nadu Agricultural University (11°N, 77°E), Coimbatore, India, to analyse the effects of long-term nutrient management on yield and soil fertility after harvest of sunflower crop. The climate of this site is semi-arid to sub-tropical. The mean annual rainfall is about 674.2 mm with a 34.3°C maximum mean annual temperature and 21.7°C minimum mean annual temperature. The cropping sequence followed is maize–sunflower, having irrigated cropping situation. The soil is classified as Typic Haplustalfs. The experiment included two crops per year, sunflower (June-October) and maize (November-February). The treatments are T1, Control (unfertilized and unmanured), T2, 100% NK, T3, 100% NP, T4, 100% NPK, T5, Farmyard manure (FYM) N equivalent basis @ 50 t ha -1, T6, Farmyard manure (FYM) every year  @ 12.5 t ha -1, T7, Poultry manure N equivalent basis @ 11.4 t ha -1 T8, 100% NPK + Farmyard manure  (FYM) @ 12.5 t ha -1(INM). The sunflower hybrid CO3 was sown over different periods and harvested. The sources of N, P and K used were urea, single super phosphate and muriate of potash, respectively, for all the treatments. For treatments T6, well-decomposed Farmyard manure (FYM) at 12.5 t ha -1 (fresh-weight basis) with an average nutrient composition of 0.5% N, 0.23% P and 0.53% K was broadcast 20 days before sowing and mixed with soil.  Seed and straw yield of sunflower was recorded and expressed in kg ha -1. Another study of preliminary information, the experiment was conducted in the Agronomy Department, School of Agricultural Science, Medziphema, during the pre-kharif season, 2022. It is situated at an altitude of 310 m above mean sea level with a geographical location at 20° 45′43″ N latitude and 95° 53′04″ N longitude. The climate in the experimental farm represents a humid to sub-humid climate with high relative humidity; average rainfall is 2000–2500 mm from April to September, and dry conditions from October to March remain comparatively dry. The temperature during summer ranges from 21°C to 32°C and rarely goes below 8°C in winter due to high atmospheric pressure. KBSH-44: Released in the year 2002 and developed by AICRP (Sunflower) Centre, University of Agricultural Sciences, Bengaluru. The variety has an average yield of 1500-1800 kg ha-1 and a potential yield of 2200-2800 kg ha-1 with a duration of 90-95 days.  FYM @ 2, 4, 6, 8 and 10 t ha-1 were applied 15 days prior to sowing as per the dose recommended for each pot to facilitate the process of thorough decomposition of organic nutrient supply to the crop. The manure was properly incorporated into the pots by removing a portion of the top soil in the pot to allow proper incorporation. The fertilisers NPK were applied at the rate of 60, 40 and 60 kg ha-1, respectively, in the form of urea, single super phosphate (SSP) and muriate of potash (MOP).The seeds were sown at a depth of 5 cm in each pot.
Secondary data from previous Studies:
Secondary data on sunflower yield and yield parameters were collected from previous studies and used to compare and support the effects of the treatments in this experiment.

Result and Discussion
This might be ascribed to the differential yield behaviour of the sunflower crop; the capitulum weight varied with different nutrient combinations and ranged from 375.56 to 513.59 g. Maximum capitulum diameter (22.7 cm) was recorded with 50% N through vermicompost + seed dressing and foliar application of manganese sulphate, respectively, @ 1.0% and 0.5% at 40 and 60 DAS. This treatment was closely followed by 50% N through FYM + seed dressing and foliar application of manganese sulphate, respectively, @ 1.0% and 0.5% at 40 and 60 DAS with 496.66 g, respectively. Minimum capitulum weight (375.56 g) was recorded in the control. The observed increase in capitulum weight can be attributed to the favourable conditions generated by the specific combination of treatments, which likely prompted sunflower plants to concentrate resources towards the production of larger flower heads. Manganese plays a crucial role in a multitude of metabolic processes (Fig. 1), including flower formation among its key functions. The optimisation of manganese availability has the potential to enhance flower growth. The direct application of manganese sulphate to the formation of flower heads. The same results were obtained by the study of Sial et al. 2022 and Afzal et al. 2017. Highest capitulum diameter (22.7 cm) was recorded with the application of 50% N through vermicompost + seed dressing and foliar application of manganese sulphate respectively @ 1.0% and 0.5% at 40 and 60 DAS which was non-significant with 50% N through vermicompost + seed dressing and foliar application of manganese sulphate respectively @ 1.0% and 0.5% at 40 and 60 DAS and at par with 50% N through poultry manure + seed dressing and foliar application of sodium molybdate @ 0.2% at 40 and 60 DAS and T2 with 22.39 cm, 21.47 cm and 21.27 cm respectively. All remaining integrated combination treatments were significant among themselves. Minimum head diameter (19.69 cm) was recorded in the control (RDF). Maximum capitulum diameter recorded with 50% N through vermicompost + seed dressing and foliar application of manganese sulphate, respectively, @ 1.0% and 0.5% that could be attributed. The presence of organic nutrients in vermicompost has the potential to enhance plant growth and development, hence potentially resulting in increased size and breadth of flower heads. Manganese is involved in a multitude of physiological activities, encompassing cellular division and elongation. Sufficient manganese concentrations have the potential to impact the general growth of plants and contribute to increased diameters of flower heads. This result is in conformity with the findings of Hellegers (2022). The number of seeds per head is an important yield attribute, influenced by foliar application of micronutrients to the plants, hence potentially facilitating which contributed towards yield. The number of seeds ranged from 801.07 to 936.5. Maximum number of seeds (936.5) was recorded under 50% N through vermicompost + seed dressing and foliar application of manganese sulphate respectively @ 1.0% and 0.5% at 40 and 60 DAS which was closely followed by 50% N through FYM + seed dressing and foliar application of manganese sulphate respectively @ 1.0% and 0.5% at 40 and 60 DAS with 910 seeds per head. The lowest number of seeds per head (801.07) was recorded under control. The maximum number of seeds per sunflower head was observed in plots where the specific combination of treatments mentioned above was applied. These findings indicate that the specific combination of vermicompost, seed dressing, and foliar application of manganese sulphate, at the prescribed quantities and timings, yielded favourable outcomes in terms of the growth and yield of sunflower seeds. Vermicompost, due to its organic nutrient content and ability to build soil structure, has the potential to facilitate robust plant growth. This, in turn, may result in the development of more robust reproductive structures, such as increased seed production (Hellegers, 2022). The seed yield ranged from 1773.33 to 2156.67 kg ha-1. Maximum seed yield (2156.67 kg ha-1) was recorded in 50% N through vermicompost + seed dressing and foliar application of manganese sulphate respectively @ 1.0% and 0.5% at 40 and 60 DAS which was at par with 50% N through poultry manure + seed dressing and foliar application of sodium molybdate @ 0.2% at 40 and 60 DAS and 50% N through FYM + seed dressing and foliar application of manganese sulphate respectively @ 1.0% and 0.5% at 40 and 60 DAS with 2076.67 and 2056.67 kg ha-1 respectively. All other treatments were significantly different from each other. Minimum seed yield (1773.33 kg ha-1) was recorded in the control.The utilisation of organic nutrients derived from vermicompost has the potential to augment the overall well-being of plants, stimulate vigorous development and facilitate a greater abundance of flower heads, hence leading to a subsequent augmentation in seed production. Sufficient manganese concentrations are imperative for a range of metabolic activities, encompassing those associated with the initiation of flowers, the production of fruits and the maturation of seeds. The application of manganese sulphate to the foliage of plants can supply them with essential micronutrients required for the successful development of seeds. This result is supported by the findings of Anandakumar et al.(2022) and Sai Kumar et al. (2017).
Application of fertiliser nutrients either alone or in combination with FYM greatly influenced the grain and straw yield of the sunflower crop. The data on mean seed yield revealed that the continuous application under INM as 100% NPK + FYM @ 12.5 t ha-1 (T10) has achieved the highest seed yield (1879 kg ha-1 ) and straw yield of sunflower crop (3916 kg ha -1 ) followed by treatment under STCR-IPNS recorded the highest seed yield (1787 kg ha -1) straw yield of 3738 kg ha-1 when compared to control. In a long-term fertiliser experiment, Prasad et al. (2010) found that 50% N through FYM + 50% through chemical fertilisers or 25% N through FYM + 75% through chemical fertilisers recorded the highest grain yield, which was significantly higher than 100% chemical fertilisers alone. This might be due to the sustained soil fertility by continuous addition of FYM and NPK fertilisers and effective utilisation of applied nutrients, which increased sink capacity and nutrient uptake by maize. Similar results were also reported by Meena et al. (2019). Application of FYM acts as a source for growth and multiplication of microorganisms, which would have helped to mineralise the nutrients from organic form to inorganic form. The results confirm the findings of Ram et al. (2016).  Minimum number of seeds head-1 (344.67) was observed in T1 (Control), where nutrients were not applied, whereas maximum number of seeds head-1 (783.33) was found in T7 (FYM @ 10 t ha-1 + 100% RDN), which was found to be statistically at par with the treatments T2, T6 and T5. The increase in the number of seeds could be due to a higher amount of nutrients supplied through a higher dose of FYM along with inorganic fertilizer which further increased the availability of nutrients in the soil, thus allowing more uptake of nutrients and increased photosynthetic efficiency as evident from increased LAI, resulting in higher head diameter size and ultimately higher number of filled seeds head-1. This result is in accordance with the findings of Byrareddy et al. (2008); Kalaiyarasan and Vaiyapuri (2008). There was no significant difference in test weight due to different nutrient management. This could be due to the genetic constituent of the variety, as all the treatments were given in the same variety of sunflower. Among the different treatments, minimum seed yield (8.26 g pot-1) was observed in T1 (Control), whereas maximum (26.67 g pot-1) was observed in T7 (FYM @ 10 t ha-1 + 100% RDN), which was statistically at par with T2 {100% RDF (60:40:60) kg ha-1}. An increase in seed yield was observed with a higher dose of FYM (10 t ha-1) along with 100% RDN as compared to a lower dose of FYM (2,4,6,8 t ha-1) along with 100% RDN. Treatment T2 and T6 were statistically at par with each other. The increase in seed yield could be due to FYM being a storehouse of several macro and micronutrients which are released during the process of mineralization and thus stimulate the activity of microorganisms that make the plant nutrients readily available in nutrients increasing 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. Similar findings were reported by Nanjundappa et al. (2001), Manjunatha et al. (2009), and Mohammadi et al. (2012). T1 (Control) showed minimum stover yield (23.76 g pot-1), whereas maximum stover yield (48.33 g pot-1) was recorded in T7 (FYM @ 10 t ha-1 + 100% RDN), which was statistically at par with treatments T2, T6 and T5. The increase in stover yield could be due to an increase in the release of nutrients supplied from both manure and inorganic fertilizer ultimately leading to increased plant height and obviously more stover yield. Similar findings were reported by Tiwari and Parihar (1992). The highest harvest index (36.14%) was recorded in T7 ( FYM @ 10 t ha-1 + 100% RDN) and found statistically at par with all the remaining treatments except T1 (Control). A high harvest index, where organic and inorganic sources of nutrients were used, was due to the supply of nutrients to the crops, which resulted in higher seed yield. A similar finding was reported by Mahavishnan et al. (2006).





Conclusion 
In conclusion, the implementation of integrated nutrient management exhibits significant potential in increasing the yield of sunflowers. In summary, the findings have demonstrated the sustainability of productivity, integrated nutrient management techniques, which involve the utilisation of various organic manures and inorganic fertilisers from different sources. The implementation of integrated nutrient management practices for sunflower cultivation involves the use of 50% N through vermicompost, along with seed dressing and foliar application of manganese sulphate at concentrations of 1.0% and 0.5%, respectively, at 40 and 60 DAS, is expected to offer an environmentally sustainable, scientifically sound, and economically feasible approach. To conclude, long-term applications of manures and inorganic fertilisers on sunflowers have a significant impact, resulting in higher yield. There was no significant influence on days to 50% flowering and days to maturity due to different treatments. T7 (FYM 10 t ha-1 + 100% RDN) recorded the highest in yield attributing characters, i.e., head diameter (14.50 cm), number of seeds head-1 (783.33), seed yield (26.67 g pot-1) and Stover yield (48.33 g pot-1). However, there was no significant effect on test weight due to different treatments. The highest harvest index (%) was recorded in T7 (FYM 10 t ha-1 + 100% RDN), having value 36.14%. Here, the analysis yields variations are occurred by involving various processes, such as the metabolic process, which increased the 50 % of yield level, the mineralisation process increased 25% of yield, the photosynthetic efficiency developed 15 % yield level, and the sunflower genetic constitution maintained 10 % of seed yield.
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