Effect of Integrated Nutrient Management on Soil Physicochemical Properties and Growth Performance of Ratoon Banana (Musa spp.) cv. Poovan
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ABSTRACT
Aim: This study assessed the impact of various combinations of inorganic fertilizers and biofertilizers on the growth, soil properties and nutrient uptake of first ratoon banana (cv. Poovan), aiming to identify an optimal integrated nutrient management strategy for enhanced growth and soil sustainability.
Study design: Randomized Block Design (RBD)  
Place and Duration of study: Orchard, SRM College of Agricultural Sciences and 2024 – 2025
[bookmark: _Hlk203761631]Methodology: The chosen plants were treated with different treatments viz., T1- Control (Without fertilizer), T2 – 100% RDF of NPK (160:50:390g NPK),T3 - 100% RDF of NPK + 50g Azospirillum + 50g Phosphate solubilizing bacteria + 50g T. harzianum, T4 -  75% RDF of NPK + 50g Azospirillum + 50g Phosphate solubilizing bacteria + 50g T. harzianum, T5 - 50% RDF of NPK + 50g Azospirillum + 50g Phosphate solubilizing bacteria + 50g T. harzianum, T6 -25% RDF of NPK + 50g Azospirillum + 50g Phosphate solubilizing bacteria + 50g T. harzianum.
Results: The first ratoon crop showed that the T3 treatment (100% RDF of NPK with biofertilizers) resulted in taller plants (273.32 cm), wider pseudostem girth (69.81 cm) and the higher leaf count (32.42 leaves per plant). Increased soil nutrient levels of nitrogen, phosphorus and potassium were noted in T3. The beneficial microbes enhanced the nutrient mineralization and solubilization, thereby improves the nutrient availability to the crops.
Conclusion: The combination of 100% RDF with biofertilizers (T3) notably enhanced the plant growth and soil fertility by increasing NPK levels and organic carbon. Hence, it’s proved that integrating biofertilizers with chemical fertilizers fosters nutrient availability through microbial activity, supporting sustainable growth in ratoon banana and enhancing soil health.
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1. INTRODUCTION
Banana (Musa spp.) belongs to the family Musaceae, commonly known as 'Adam's Fig.' In India, the major banana producing states are Tamil Nadu, Maharashtra, Gujarat, Andhra Pradesh, Karnataka, Madhya Pradesh, Bihar and West Bengal, contributing to a total output of 37766.20 MT with the productivity of 39.85 MT/ha (INDIASTAT, 2024). Among these, Tamil Nadu stands with an area of 118.42 ha, producing 5064.69 MT and achieving a productivity of 42.77 MT/ha (INDIASTAT, 2024). In general, banana crop is a heavy feeder that requires various nutrients throughout their different growth stages (Chhuria et al., 2016). 
In modern agriculture, farmers largely rely on inorganic fertilizers, herbicides, fungicides, pesticides, and growth regulators to boost crop productivity. However, the excessive and imbalanced use of these agrochemicals has led to numerous adverse effects on soil health and the environment. Additionally, these inputs are often expensive and unaffordable for small and marginal farmers. As a result, researchers are actively exploring alternative, cost-effective and eco-friendly approaches to sustain and enhance crop productivity. One promising strategy involves the use of organic inputs and their integration with conventional practices to mitigate the negative impacts of modern agriculture. Organic manures, in particular, play a vital role in improving soil health (Dotaniya et al., 2020). Organic inputs contribute to the enhancement of soil physical properties (Khandagle et al., 2019a), chemical properties (Khandagle et al., 2019b) and biological properties (Yashona et al., 2018). Regular application of organic manures also increases soil organic carbon content (Aher et al., 2019), which serves as a habitat for diverse microbial communities. This improved microbial environment supports the survival of beneficial microbes even under adverse conditions, which is essential for maintaining long-term soil fertility and climate resilience (Argal et al., 2015). Moreover, the mineralization of organic matter releases nutrients that enhance crop yield and nutrient uptake (Mandale et al., 2019). Despite these benefits, the availability of organic inputs remains a challenge. Therefore, integrating organic and inorganic inputs offers a balanced solution by maintaining a chemical, physical and biological environment in the soil and plant system that supports both soil health and crop productivity without compromising environmental sustainability.
Considering these facts, present experiment was carried out on the ratoon crop of banana cultivar Poovan, focusing on the combination of inorganic fertilizers and biofertilizers to improve the nutrient uptake along with the physical, chemical and biological attributes of the soil, as well as the growth and yield attributes.
2. MATERIALS AND METHODS
The field experiment took place at the orchard, SRM College of Agricultural Sciences (SRMCAS) in Baburayanpettai, Chengalpattu, Tamil Nadu, located at a latitude of 12°23'19.7" N and longitude of 79°44'37.4" E. The experimental field contain clay soil with medium to low levels of nitrogen, phosphorus and potassium. Soil pH levels ranged from 7.52 to 8.92, while the Electrical Conductivity (EC) varied from 0.13 to 11.50 ds/m. The experiment was designed by using the Randomized Block Design (RBD) with six treatments and four replications during the year 2024 to 2025. The treatments included are:
	Treatment details:

	T1: Control (without fertilizer)

	T2: 100% RDF of NPK (110:30:330g NPK)

	T3: 100% RDF of NPK + 50g Azospirillum + 50g PSB + 50g T. harzianum

	T4: 75% RDF of NPK + 50g Azospirillum + 50g PSB + 50g T. harzianum

	T5: 50% RDF of NPK + 50g Azospirillum + 50g PSB + 50g T. harzianum

	T6: 25% RDF of NPK + 50g Azospirillum + 50g PSB + 50g T. harzianum



The recommended dose of fertilizer application for banana cv. Poovan was 160:50:390 g N: P: K per plant. Nitrogen, phosphorus and potassium were supplied to the respective plants in the forms of urea, single super phosphate and muriate of potash in split doses. Specifically, 100% of the phosphorus was applied in the third month, while nitrogen and potassium were given in three split doses during the third, fifth and seventh month of the crop growth. Additionally, biofertilizers such as Azospirillum, Phosphate-Solubilizing Bacteria (PSB) and Trichoderma harzianum were also applied prior to the inorganic fertilizer application during the third month of the ratoon crop.
2.1 Selection of ratoon crop:
Disease free, healthy suckers of Poovan variety were planted as main crop with a spacing of 2 m × 2 m during the month of August, 2023. The main crop was cultivated following the recommended practices. After 60 days of shooting from the main crop, the first ratoon crop was nurtured. Strong and uniformly sized suckers were encouraged to grow beneath each main crop. Once the bunch was harvested, the main crop was removed and then the first ratoon crop was maintained.
2.2 Pseudostem height:	
	The plant height was measured from the base of pseudostem to axil of the youngest leaf and expressed in centimeter (cm). The observations were recorded at different growth stages viz, 90 days, 150 days, 210 days and bunch initiation stage.
2.3 Pseudostem girth:
Pseudostem girth was measured from 15 cm above the ground level at shooting stage and expressed in centimeter (cm).
2.4 Chlorophyll index:
	The chlorophyll index during the shooting stage was determined using a SPAD (Soil Plant Analysis Development) meter, which measures the relative greenness of leaves by assessing light absorbance at two specific wavelengths (650 nm and 940 nm) that correlate with chlorophyll content. For uniformity and accuracy, readings were taken from the third fully expanded leaf from the top of the plant, as this leaf is generally metabolically active and reflects the nutrient status of the crop reliably.
2.5 Number of functional leaves per plant:
	The number of fully opened functional leaves (photosynthetically active leaves) were counted and recorded at 35 days interval till the shooting of plants.
2.6 Soil analysis:
Soil samples (0-30 cm) were gathered from individual plants for each treatment and analyzed for pH, Electrical Conductivity, organic carbon, organic matter, available nitrogen, available phosphorus and available potassium using standard analytical methods (Jackson, 1973).
2.7 Statistical analysis:
	The experimental data were statistically analyzed using the techniques suggested by Panse and Sukhatme (1985). Data analysis was performed using GRAPES software and the critical difference was worked out at five per cent level of significance.
3. RESULTS AND DISCUSSION
3.1 Morphological growth of banana
In banana farming, the assessment of plant vigor is generally done by measuring the height and girth of the pseudostem. In this study, observations were taken during the shooting stage resulted that the plants treated with 100% RDF of NPK along with 50 g of Azospirillum, 50 g of Phosphate Solubilizing Bacteria and 50 g of T. harzianum were reached maximum height at 273.32 cm with the wider pseudostem girth at 69.81 cm. Conversely, the control plants were shorter (183.12 cm) in height with the minimum pseudostem girth of 43.48 cm (Table-1). The nitrogen compounds absorbed eventually are transforms into intricate nitrogen containing compounds such as proteins and amino acids, which are essential for the development of new tissues (Vanilarasu et al., 2014). The increases in height and girth are likely due to the improved soil properties, enhanced nutrient absorption and increased microbial activity. All together promotes the greater development and increased carbohydrate production (Tripathi, 2017).
	Banana crop must produce an adequate number of leaves from planting to the time of shooting to capture light energy and generate sufficient photosynthates for effective growth (Tripathi, 2017). The higher number of leaves (32.42) were recorded in the treatment T3 (100% RDF of NPK, along with 50 g of Azospirillum, 50 g of PSB and 50 g of T. harzianum) whereas the control plants had the lower number of leaves (19.13) per plant. Studies suggested that improved photosynthetic activity enhances food production, which either directly or indirectly fosters increased leaf formation in banana. The rise in vegetative growth and other growth metric characters are due to the elevated chlorophyll levels through the use of nitrogen fixing inoculants. The greater number of leaves are ascribed to enhanced photosynthetic activity which leads to the higher accumulation of carbohydrates. Thus, increase in carbohydrates stimulate the growth rates, subsequently resulting in heavier bunch weight. These findings are in line with Chezhiyen et al. (1999) in banana. The overall leaf count of a banana plant is a key indicator of its health, affecting both the quantity and quality of the fruit since leaves supply the necessary nutrients for fruit development. The number of leaves retained during shooting is important in influencing yield potential. These factors ensure that leaves remain physiologically active by supplying nutrients, especially nitrogen and potassium, through fertilizer application (Bhalerao et al., 2010) and (Kumar et al., 2016).
	The shorter duration taken for sucker setting to flowering was 226.56 days, which occurred with the application of 100% RDF of NPK along with 50 g of Azospirillum, 50 g of PSB and 50 g of T. harzianum (T3). Conversely, the control group showed the longer duration of 278.82 days from sucker setting to flowering. Early flowering could be due to the simultaneous transport of growth substances like cytokinin to the auxiliary bud in banana plants (Tripathi, 2017). 
Table 1: Effect of integrated nutrient management on morphological parameters in first ratoon crop of banana cv. Poovan
	Treatments
	Pseudostem height
 (cm)
	Pseudostem girth (cm)
	Total no. of functional leaves per plant
	Days taken from sucker setting to flowering

	T1
	183.12
	43.48
	19.13
	278.82

	T2
	252.45
	62.24
	29.48
	246.47

	T3
	273.32
	69.81
	32.42
	226.56

	T4
	230.92
	56.46
	28.74
	265.73

	T5
	199.40
	52.85
	25.85
	272.38

	T6
	188.43
	49.73
	23.69
	274.65

	S.E.(d)
	3.52
	0.90
	0.50
	4.07

	CD at 5%
	6.49
	1.67
	1.08
	8.68
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 Fig.1. Effect of integrated nutrient management on chlorophyll content (a) in ratoon banana cv. Poovan
3.2 Physicochemical properties of experimental soil
	The maximum soil organic carbon content was observed in the treatment T3 (2.11 percent), followed closely by treatments T4(2.04), T5(1.79) and T6(1.76), which showed similar results due to the application of biofertilizers (Azospirillum, PSB and T. harzianum). The combined effect of inorganic and organic fertilizers increased the organic carbon content in the soil from 0.28% to 2.11%. Similar findings were reported by Liu et al. (2013) showed that integration of organic sources with inorganic fertilizer generally increases the soil organic carbon. Notably, the available soil nitrogen, phosphorus and potassium levels varied significantly across the different treatments as shown in the Table 2. Among these treatments, T3 recorded the higher level of soil nitrogen (142 kg/ha), phosphorus (25 kg/ha) and potassium (914 kg/ha). The rise in soil N, P and K might be ascribed by receiving both inorganic and organic fertilizers likely attributed to a continuous supply of organic matter and essential nutrients that promotes plant growth. The combination of manures and biofertilizers (Azospirillum, PSB and T. harzianum) along with associated nitrification process helps to maintain the nitrogen availability in the soil over an extended period due to the regular application availability and decomposition of organic materials. This results in a gradual increase in available nitrogen due to the direct addition from organic inputs and enhanced microbial activity converting organic nitrogen to inorganic forms (Vanilarasu et al., 2014). 
	The inoculation of phosphobacteria led to an increased availability of phosphorus, as these bacteria help to decompose complex phosphate compounds into more soluble and simpler forms of phosphorus. These findings are in align with the Gaur (1985). Furthermore, Azospirillum can also be noted for its role in improving the availability of potassium. The use of organic materials resulted in higher levels of available phosphorus and potassium compared to the direct addition of inorganic sources. Organic materials create a barrier on sesquioxides, which minimizes the soil’s capacity to fix phosphates and promotes the solubilization of insoluble phosphorus fractions, ultimately increase the release of available phosphorus.
Table 2: Effect of Integrated Nutrient Management on soil nitrogen, phosphorus and potassium (per cent) in banana cv. Poovan
	Treatments
	Nitrogen
(kg ha-1)
	Phosphorus
(kg ha-1)
	Potassium
(kg ha-1)
	pH
	EC
(dSm-1) 

	T1
	87.00
	7.50
	727.50
	7.25
	0.03

	T2
	138.00
	20.50
	892.00
	8.15
	0.55

	T3
	142.00
	25.00
	914.00
	8.40
	0.75

	T4
	123.50
	18.50
	861.00
	8.05
	0.40

	T5
	115.00
	15.50
	845.00
	7.85
	0.40

	T6
	105.00
	12.00
	834.00
	7.65
	0.25

	S.E.(d)
	3.60
	0.73
	1.92
	0.14
	0.05

	CD at 5%
	9.30
	1.87
	4.95
	0.35
	0.13
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Fig.2. Effect of Integrated nutrient management on soil organic carbon and organic matter (b) in banana cv. Poovan
4. CONCLUSION
The study demonstrates that Integrated Nutrient Management (INM) enhance the ratoon banana (cv. Poovan) growth and soil health. Combining biofertilizers (Azospirillum, PSB and Trichoderma harzianum) with the full recommended dosage of fertilizers greatly increases the plant height, pseudostem girth and leaf count and also shortens the duration taken for shooting. Improved microbial activity, enhanced photosynthesis and better nutrient absorption are responsible for these improvements. With higher amounts of organic carbon, nitrogen, phosphorus and potassium, the fertility of the soil also improved. The synergistic impact of chemical fertilizers and biofertilizers promotes the solubilization and mineralization processes thereby increase the nutrient availability. In conclusion, increasing ratoon banana growth performance while preserving soil health can be achieved sustainably and effectively by combining biofertilizers with chemical fertilizers. This approach offers a comprehensive method for enhancing yields and promoting soil sustainability over time.
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