


Original Research Article

Enhancing growth and flowering through Integrated Nutrient Management (INM) in pomegranate (Punica granatum L.) cv. Bhagwa during Ambe bahar



Abstract
The study was carried out on pomegranate (Punica granatum L.) cv. Bhagwa to investigate the efficacy of integrated nutrient management on growth and flowering attributes during the Ambe bahar season of 2023-24. The present investigation was laid out in Randomized Block Design with three replications consisting of eleven treatments using different inorganic and organic nutrient sources viz., RDF (625:250:250g NPK per tree), poultry manure, bio NPK consortium, bio-stimulants (Seaweed extract and Humic acid) and micronutrient mix. The results revealed that maximum increase in plant height (35.33 cm), increase in plant spread E-W (23.56 cm), increase in plant spread N-S (20.98 cm), increase in canopy volume (1.58 m3), minimum days taken for flower bud initiation (27.61 days), highest percentage of male flowers (48.41%) and percentage of hermaphrodite flowers (45.81%) was recorded in treatment of trees with 75% RDF + Poultry manure @ 10 kg tree-1 + Bio NPK consortium @ 10 ml tree-1 + Bio-stimulants (foliar spray of seaweed extract @ 0.3% and humic acid @ 0.2%) + Micronutrient foliar spray @ 1 %. The findings suggest that optimized nutrient scheduling through integrated use of RDF, organic manures, biofertilizers, bio-stimulants and micronutrients enhances vegetative growth and flowering performance of pomegranate cv. Bhagwa.
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Introduction:
	Pomegranate (Punica granatum L.) is an important high-value fruit crop of tropical and subtropical regions of the world which belongs to the Punicaceae family (Jat et al., 2021). The fruits are preferred for their quality and richness in phenolics, hydrolysable tannins, anthocyanins, flavonoids, vitamin C and other vital micronutrients (Kandylis and Kokkinomagoulos, 2020). It is cultivated at a commercial scale in vast regions across the Indian subcontinent, Iran, Caucasus and Mediterranean regions. Due to its hardiness, drought tolerance, high productivity and profitability to the growers, it is valued for replacing subsistence farming and alleviating poverty and acreage under this fruit crop has increased substantially (Pourghayoumi et al., 2017). In India, pomegranate production is showing a 20–25 % growth rate every year. (Gaikwad et al., 2024) So, the demand for fruits in both domestic and international markets have further expanded its cultivation in India. In pomegranate, the Bhagwa variety presently under cultivation in various districts of Maharashtra and other states of India. This variety matures in 180-190 days with bigger fruits size, sweet, bold and attractive are suitable for distant markets. This variety is less susceptible to fruits spots and thrips as compared to other varieties of pomegranate (Chouhan et al., 2025). To obtain a higher yield, the pomegranate is generally cultivated under intensive management practices, higher input of nutrients, and precise application of water. However, continuous use of chemical fertilizers alone no longer remains a viable option to enhance the yield and income. It also adversely impacting the environment through runoff and volatilization of excessive nutrients (Meena et al., 2020). 
In view of these, supplementary bio-based nutrient inputs are required to enhance pomegranate productivity and improve farmers’ income, which are essential for sustainable agricultural development. Organic manures, such as poultry manure, serve as a natural reservoir of essential nutrients, improving soil fertility and enhancing plant growth (Mir et al., 2015). This amendment sustains long-term soil health as well as contributing to the production of fruits with superior taste, texture and nutritional quality. On the other hand, biofertilizer likely, liquid bio NPK consortium, including beneficial microbes like Rhizobium, Azotobacter, Phosphobacteria, Potash Solubilizing Bacteria are known for their role in nitrogen fixation, phosphate solubilization, and production of plant growth-promoting substances. Their application has been reported to enhance nutrient uptake, stress tolerance and overall crop productivity. Bio-stimulants are plant-based substances or microorganisms other than fertilizers and pesticides, able to enhance plant growth, yield, and quality as well as resource use efficiency when applied to the crop in low doses (Colla et al., 2017). Seaweed extract is one of the important categories of plant bio-stimulant and has several bio-active compounds which might play a role in promoting array of physiological response in the plant. Seaweed extracts embody a wide range of macro and micronutrients and organic compounds such as growth hormones, vitamins, amino acids and sterols (Maity et al., 2024). Humic acid is organic material extracted from the decomposition of plant matter produce as a mixture of soluble substances. It is used to enhance nutritional uptake, regulating hormonal levels, and improve stress tolerance by amelioration of soil fertility and improve the growth of plant and therefore increased the yield (Canellas et al., 2015; Khattab et al., 2014). Micronutrient mixtures containing iron (Fe), zinc (Zn), manganese (Mn), copper (Cu), and boron (B) are particularly important in fruit crops which enhances photosynthetic efficiency, enzymatic activity, hormonal balance and reproductive metabolism leading to improved vegetative growth and flowering (Yadav et al., 2022).
Considering the long-term health of plants, soil, and the environment, a more rational and integrated use of organic nutrient sources is necessary to restore soil fertility and improve nutrient availability to plants, thereby supporting vegetative growth. In this context, the present study was undertaken to evaluate the effect of integrated nutrient management on the growth and flowering behaviour of pomegranate (Punica granatum) cv. Bhagwa.
Materials and methods:
The field experiment was conducted during the Ambe bahar season of 2023-24. The experimental site is located at Vellanallampalayam village, Tiruchengode Taluk, Namakkal District, Tamil Nadu, India. The region experiences a tropical semi-arid climate, which is conducive for pomegranate cultivation. Soil samples were collected from the experimental field and analyzed for physico-chemical properties following standard procedures. The soil texture was classified as sandy loam with a pH (8.04) and electrical conductivity (0.21 dSm⁻¹). The experiment was conducted on six-year-old pomegranate (Punica granatum L.) cv. Bhagwa trees planted at a spacing of 3.0 m × 2.0 m. The trial was laid out in a Randomized Block Design (RBD) with eleven treatments and three replications. The treatments consisted of various combinations of RDF, poultry manure, biofertilizers, biostimulants, and micronutrients. The experiment consisted of the following treatments: T1 - 100% RDF (Control); T2 - 75% RDF + Poultry manure @ 10 kg tree-1; T3 - 50% RDF + Poultry manure @ 20 kg tree-1; T4 - 75% RDF + Poultry manure @ 10 kg tree-1 + Bio NPK consortium @ 10 ml tree-1; T5 :50% RDF + Poultry manure @ 20 kg tree-1 + Bio NPK consortium @ 10 ml tree-1; T6 - 75% RDF + Poultry manure @ 10 kg tree-1 + Bio-stimulants (Foliar spray of Seaweed extract @ 0.3% and Humic acid @ 0.2%); T7 - 50% RDF + Poultry manure @ 20 kg tree-1 + Bio-stimulants (Foliar spray of Seaweed extract @ 0.3% and Humic acid @ 0.2%); T8 - 75% RDF + Poultry manure @ 10 kg tree-1 + Bio NPK consortium @ 10 ml tree-1 + Bio-stimulants (Foliar spray of Seaweed extract @ 0.3% and Humic acid @ 0.2%); T9 - 50% RDF + Poultry manure @ 20 kg tree-1 + Bio NPK consortium @ 10 ml tree-1 + Bio-stimulants (Foliar spray of Seaweed extract @ 0.3% and Humic acid @ 0.2%); T10  - 75% RDF + Poultry manure @ 10 kg tree-1 + Bio NPK consortium @ 10 ml tree-1 + Bio-stimulants (Foliar spray of Seaweed extract @ 0.3% and Humic acid @ 0.2%) + Micronutrient foliar spray @ 1%; T11 :50% RDF + Poultry manure @ 20 kg tree-1 + Bio NPK consortium @ 10 ml tree-1 + Bio-stimulants (Foliar spray of Seaweed extract @ 0.3% and Humic acid @ 0.2%) + Micronutrient foliar spray @ 1 %. The recommended dose of fertilizers (RDF) for pomegranate trees older than five years (625:250:250 g N: P2O5: K2O plant⁻¹ year⁻¹) was adopted based on the recommendations of the Tamil Nadu Agricultural University, Coimbatore. Chemical fertilizers were applied as per treatment combinations in split doses. Poultry manure was applied during January prior to fertilizer application and incorporated uniformly into the soil around the active root zone according to the treatments. A Liquid Bio-NPK Consortium containing Rhizobium, Azotobacter, Phosphobacteria, Potash Solubilizing Bacteria (Total viable cell count: 1.5108 CFU/ml) was applied as soil drenching at 10 ml tree⁻¹ in two equal splits, immediately after pruning and at the fruit set stage, under adequate soil moisture conditions. Bio-stimulants comprising seaweed extract (0.3%) and humic acid (0.2%) were applied as foliar sprays at full bloom and again during the fruit development stage. A micronutrient mixture (Grade IV) containing Fe (4.0%), Mn (1.0%), Zn (6.0%), Cu (0.5%), and B (0.5%) was applied as a 1% foliar spray at flower initiation stage and during early fruit development. The vegetative growth parameters such as increase in plant height (cm), plant spread in both East–West (E–W) and North–South (N–S) directions and canopy volume (m³) were recorded. Plant height (cm) was measured from the soil surface at the base of the trunk to the apical growing point of the tree using a measuring pole. Observations were recorded at the vegetative stage and at harvest and the increase was calculated as the difference between the final and initial measurements. Plant spread (cm) was measured in East–West (E–W) and North–South (N–S) directions using a measuring tape at the vegetative stage and at harvest. The increase in plant spread was computed by subtracting the initial spread from the final spread in both directions. Canopy volume (m³) was calculated using the formula, 

where, D1​ and D2 represent canopy spread in the E–W and N–S directions (m), respectively, and H denotes plant height (m) (Westwood, 1993). The flowering parameters such as the number of days taken for flower bud initiation, percentage of male flowers and percentage of hermaphrodite flowers were counted and calculated. The data on parameters were tabulated and subjected to statistical analysis using method of analysis of variance (ANOVA) for Randomized Block Design (RBD) suggested by Fisher and Yates (1963).
Results and discussion:
Growth parameters
The results revealed that integrated nutrient management treatments exerted a significant influence on vegetative growth parameters of pomegranate cv. Bhagwa (Table 1). Among the treatments, T10 (75% RDF + Poultry manure @ 10 kg tree-1 + Bio NPK consortium @ 10 ml tree-1 + Bio-stimulants (Foliar spray of Seaweed extract @ 0.3% and Humic acid @ 0.2%) + Micronutrient foliar spray @ 1 %) recorded the maximum increase in plant height (35.33 cm), plant spread (E–W) (23.56 cm), plant spread (N–S) (20.98 cm) and canopy volume (1.58 m³), followed by treatment T8 with plant height (33.98 cm), plant spread (E-W) (22.83 cm), plant spread (N-S) (20.51 cm) and canopy volume (1.51 m³). In contrast, the control treatment T1 recorded the minimum incremental plant height (20.25 cm), plant spread (E–W) (15.26 cm), plant spread (N-S) (15.42 cm) and canopy volume (0.85 m³). Treatments involving the combined application of inorganic fertilizers with organic manure, biofertilizers, bio-stimulants, and micronutrients consistently outperformed treatments receiving either inorganic fertilizers alone or partial integration.
The increase in plant height, plant spread (E–W and N–S), and canopy volume (m³) under integrated nutrient management treatments indicates a strong influence of nutrient integration on overall vegetative development. Poultry manure, being bulky in nature, helps alleviate soil compaction and improves soil aeration, in addition to supplying essential plant nutrients and organic matter, thereby enhancing soil biological activity. Organic amendments such as the liquid Bio-NPK consortium further facilitate better microbial establishment along with the accumulation of humus content in the soil, which might have enabled the plants to exhibit improved vegetative growth. Earlier studies have reported an increased release of growth regulators such as auxins, gibberellins, and cytokinins in the root zone due to enhanced microbial inoculation in the rhizosphere following the application of organic inputs in pomegranate (Mir et al., 2015) and guava (Tyagi et al., 2021). The Bio-NPK consortium may have facilitated phosphorus mobilization from the soil and improved nitrogen availability through biological fixation, thereby supporting enhanced plant growth. Similar findings were reported by (Chandra et al., 2024 and Sourabh et al., 2018) in guava. The increased availability of nutrients and enhanced microbial activity in the rhizosphere may stimulate the release of growth-promoting substances, thereby promoting cell elongation and overall plant growth (Mir et al., 2015). Comparable improvements in vegetative growth have been reported by (Ekka and Saravanan, 2020) in guava and by (Kurer et al., 2017) in pomegranate under organic nutrient management practices. Organic manures have also been shown to influence various enzymatic activities, including peroxidase and catalase, which are associated with enhanced root and shoot growth and carbohydrate metabolism (Kamboj et al., 2024). Seaweed extracts are known to contain bioactive compounds such as auxins, cytokinins, gibberellins, amino acids, and vitamins, which stimulate cell division, elongation, and overall vegetative development (Calvo et al., 2014). These compounds improve photosynthetic efficiency and promote balanced shoot and root growth, resulting in increased plant height and canopy expansion (Al-Musawi, 2020). Humic acid application further contributes to improved growth by enhancing soil structure, nutrient chelation, and membrane permeability, thereby facilitating greater nutrient uptake and utilization by plants (Halpern et al., 2015). The combined foliar application of seaweed extract and humic acid likely enhanced metabolic activity and stress tolerance, enabling better vegetative expression. Similar improvements in growth parameters due to biostimulant application have been reported in fruit crops such as citrus (Al-Musawi, 2018). Thus, the enhanced vegetative growth observed in the present study may be attributed to the cumulative physiological stimulation provided by bio-stimulants. Enhanced vegetative growth under micronutrient application may be attributed to improved photosynthetic activity and carbohydrate metabolism, leading to increased cell division and elongation. Zinc and iron, in particular, are associated with auxin synthesis and electron transport, while boron is essential for cell wall formation and meristematic activity. Similar positive effects of micronutrient application on vegetative growth have been reported in pomegranate (Kumar et al., 2017; Yadav et al., 2022), and mango (Singh et al., 2017). Therefore, the improved plant growth attributes observed in the present study may be attributed to the integrated application of poultry manure, biofertilizers, bio-stimulants and micronutrients which collectively improved soil health, nutrient availability, and physiological activity in pomegranate plants.
Flowering parameters
Significant variations in flowering parameters of pomegranate cv. Bhagwa were observed under different integrated nutrient management treatments (Table 1). Among the treatments, T10 (75% RDF + Poultry manure @ 10 kg tree-1 + Bio NPK consortium @ 10 ml tree-1 + Bio-stimulants (Foliar spray of Seaweed extract @ 0.3% and Humic acid @ 0.2%) + Micronutrient foliar spray @ 1 %) recorded the highest percentage of male flowers (48.41%), highest percentage of hermaphrodite flowers (45.81%), and minimum number of days taken for flower bud initiation (27.61 days). This was followed by T8, which recorded 48.04% male flowers, 45.24% hermaphrodite flowers, and 28.18 days for flower bud initiation. In contrast, the control treatment T1 (100% RDF) registered the lowest percentage of male flowers (44.16%), lowest percentage of hermaphrodite flowers (39.06%), and maximum number of days taken for flower bud initiation (32.58 days). Treatments involving the combined application of inorganic fertilizers with organic manure, biofertilizers, bio-stimulants, and micronutrients consistently resulted in early flowering and improved floral composition compared to treatments receiving inorganic fertilizers alone or partial integration.
	Flowering behaviour in pomegranate is strongly influenced by nutrient availability, soil biological activity, and physiological balance. The increased percentage of male and hermaphrodite flowers observed under integrated nutrient management treatments may be attributed to the combined effect of poultry manure, biofertilizers, bio-stimulants, and micronutrients. The observed increase in the percentage of male flowers indicates that flowering intensity in pomegranate reflects the overall physiological status of the tree. Male flowers contribute substantially to pollen availability, which is essential for effective pollination of hermaphrodite flowers. An increase in male flower production suggests enhanced floral induction and reproductive activity resulting from improved nutrient availability and hormonal balance. Integrated nutrient application stimulated vegetative vigour and improved assimilate partitioning, thereby supporting higher overall flower initiation (Jat et al., 2021). Poultry manure improves soil organic matter content and nutrient availability, creating a favourable rhizosphere environment that supports reproductive development (Saif et al., 2021). The gradual release of nutrients from organic sources ensures sustained availability during critical flowering stages. Bio-NPK consortium enhance nitrogen fixation, phosphorus solubilization, and potassium mobilization, thereby improving nutrient uptake efficiency and hormonal balance in plants. Enhanced microbial activity in the rhizosphere may stimulate the synthesis of growth-promoting substances, which play a key role in flower differentiation and development (Mir et al., 2015). Similar improvements in flowering parameters with integrated application of organic manures and biofertilizers have been reported in guava (Chandra et al., 2024) and pomegranate (Kurer et al., 2017). Biostimulants further influence flowering by regulating physiological processes such as assimilate partitioning and hormonal signaling, while micronutrients contribute to pollen viability, flower formation, and reproductive success (Al-Musawi, 2018). Zinc and boron are in particular known to enhance flower initiation and fertility by supporting enzymatic and metabolic functions. The combined application of these nutrient sources under INM therefore created a favorable nutritional and physiological environment, resulting in improved flowering behaviour. These findings are in agreement with earlier reports in fruit crops such as guava (Kumar et al., 2025) and citrus (Al-Musawi, 2018), emphasizing the effectiveness of integrated nutrient management in improving reproductive performance.
[bookmark: _Hlk220755557]Table 1: Effect of different integrated nutrient management treatments on growth and flowering of pomegranate cv. Bhagwa
	Treatments
	Increase in plant height (cm)
	Increase in plant spread (cm) – E/W
	Increase in plan spread (cm) – N/S
	Increase in canopy volume (m3)
	Days taken for flower bud initiation
	Percentage of male flowers
	Percentage of hermaphrodite flowers

	T1
	20.25
	15.26
	15.42
	0.85
	32.58
	44.16
(41.65)
	39.06
(38.68)

	T2
	24.1
	17.17
	16.36
	0.99
	31.69
	45.31
(42.63)
	41.02
(39.83)

	T3
	22.7
	15.88
	15.85
	0.92
	32.13
	44.92
(42.08)
	40.33
(39.42)

	T4
	31.09
	21.41
	19.4
	1.35
	29.26
	47.30
(43.45)
	44.08
(41.60)

	T5
	26.9
	19.39
	16.96
	1.13
	30.73
	46.17
(42.80)
	42.28
(40.56)

	T6
	29.72
	20.9
	18.83
	1.29
	29.71
	46.90
(43.22)
	43.51
(41.27)

	T7
	25.49
	18.48
	16.69
	1.06
	31.19
	45.78
(42.58)
	41.65
(40.19)

	T8
	33.98
	22.83
	20.51
	1.51
	28.18
	48.04
(43.88)
	45.24
(42.27)

	T9
	28.31
	20.19
	18.08
	1.21
	30.19
	46.56
(43.03)
	42.90
(40.86)

	T10
	35.33
	23.56
	20.98
	1.58
	27.61
	48.41
(44.09)
	45.81
(42.60)

	T11
	32.62
	22.15
	19.91
	1.43
	28.75
	47.66
(43.66)
	44.67
(41.94)

	SEd.
	0.69
	0.38
	0.25
	0.06
	1.18
	0.12
	0.17

	CD (0.05)
	1.27
	0.75
	0.51
	0.03
	2.43
	0.26
	0.37


* Value presented in parenthesis indicate the arc sine value.
[bookmark: _Hlk221111994]Conclusion:
The present experiment concludes that application of 75% RDF + Poultry manure @ 10 kg tree-1 + Bio NPK consortium @ 10 ml tree-1 + Bio-stimulants (Foliar spray of Seaweed extract @ 0.3% and Humic acid @ 0.2%) + Micronutrient foliar spray @ 1 % enhanced the vegetative growth and flowering behaviour of pomegranate (Punica granatum L.) cv. Bhagwa. Thus, integrated nutrient management with the above nutrient amendments is recommended as sustainable strategy for pomegranate cultivation under tropical semi-arid conditions of Tamil Nadu.
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