Effect of high density planting and nutrient stick on growth  of banana
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An investigation entitled “High density planting and use of nutrient stick for enhanced productivity in Tissue Culture (TC) banana (Musa AAB) cv. Nendran” was carried out at Instructional farm II, Nileshwar, College of Agriculture, Padannakkad, Kasaragod, Kerala during 2023 to 2024.The objective of experiment was to analyse the productivity of TC Nendran banana supplemented with nutrient stick under high density planting.
The field experiment was laid out in a randomized block design with nine treatments and three replications. The experiment had two main factors (i) planting density D1: One sucker per hill (2m x 2m), D2: Two suckers per hill (2m x 3m), D3: Three suckers per hill (2m x 3m) and (ii) fertilizer schedule, F1: KAU POP, F2: KAU POP + 10 nutrient sticks per hill each at 2 months after planting (MAP)  and 4 MAP, F3: KAU POP + 10 nutrient sticks per hill each at 2 MAP, 4 MAP and 6 MAP.  
Results of the field experiment showed significant changes in the growth attributes. Pseudo stem height was highest for D1 in initial stages but at harvest D3 produced maximum height while in case of pseudo stem girth, D1 had the highest value till harvest. Number of functional leaves, total number of leaves was the highest in D1. The present investigation revealed that high density planting of Tissue Culture banana one and two sucker per hill had better growth attributes.  
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1. INTRODUCTION
Banana thrives mainly in tropical and subtropical regions, with major production areas including Southeast Asia, Africa, and the humid zones of Central and South America. Bananas are highly valued for their appealing taste, nutritional benefits, and consistent year-round availability. Ripe bananas are rich in carbohydrates, contributing up to 22% of their weight, and provide essential dietary fiber, potassium, manganese, and vitamins B6 and C (NHB, 2011). As reported by the Food and Agriculture Organization (FAO, 2017), global banana production is estimated at around 113 million tonnes annually, highlighting its importance both in terms of volume and economic value.
Despite its significance, recent FAO reports have highlighted a concerning decline in banana exports. The reduction is largely due to challenges such as adverse weather events, improper fertilizer application, and inefficient irrigation practices (FAO, 2022).
High-Density Planting (HDP) has emerged as a promising strategy to overcome yield limitations in many horticultural crops. HDP addresses food and nutrition security needs while promoting the efficient use of vital resources like sunlight, water, and nutrients. This approach involves increasing plant population per unit area by either narrowing plant spacing or planting multiple suckers per pit. Swain et al. (2020) reported a boost in yield on adoption of HDP in banana.
The application of nutrient sticks, also known as fertilizer spikes, offers an efficient method of nutrient delivery. These slow-release formulations contain eleven essential elements, including nitrogen, phosphorus, potassium, calcium, magnesium, sulfur, iron, zinc, copper, manganese, and boron. Nutrient sticks dissolve gradually during irrigation, ensuring a steady supply of nutrients to plant roots. This method minimizes nutrient imbalances and reduces the risk of over-fertilization, thereby promoting more effective nutrient utilization (Mubarack et al., 2019).
Addressing the above facts an investigation entitled “High density planting and use of nutrient stick for enhanced productivity in Tissue Culture (TC) banana (Musa AAB) cv. Nendran” was carried out with objective to analyse the productivity of TC Nendran banana supplemented with nutrient stick under high density planting.
2. MATERIALS AND METHODS
An investigation entitled “High density planting and use of nutrient stick for enhanced production in Tissue Culture (TC) banana (Musa AAB) cv. Nendran” 
The experiment was carried out at Instructional farm II, Nileshwar, College of Agriculture, Padannakkad, Kasaragod, Kerala, India during 2023 to 2024 to analyse the productivity of TC Nendran banana supplemented with nutrient stick under high density planting. The site is located at 12⁰24’60” North latitude, 75⁰8’6” East longitude, and 9 m above mean sea level.
The field experiment was laid out in a randomized block design with nine treatments and three replications. The experiment had two main factors (i) planting density D, where D1: One sucker per hill (2m x 2m), D2: Two suckers per hill (2m x 3m), D3: Three suckers per hill (2m x 3m) and (ii) fertilizer schedule F where, F1: KAU POP, F2: KAU POP + 10 nutrient sticks per hill each at 2 MAP and 4 MAP, F3: KAU POP + 10 nutrient sticks per hill each at 2 MAP, 4 MAP and 6 MAP.  
Nutrient stick is a complete fertilizer in stick form that is designed with ten vital nutrients including nitrogen, phosphorus, potassium, calcium, magnesium, sulfur, zinc, boron, iron, copper, and manganese in appropriate concentrations. These nutrients are encapsulated in a suitable matrix, functioning as a slow-release fertilizer.
3. RESULT AND DISCUSSION
3.1. Pseudo stem height (cm) 
The pseudo stem height was recorded at monthly intervals from one month after planting up to harvest (Table 1). The results show a progressive increase in height over time for all treatments. Among the treatments, D1 exhibited higher pseudo stem height at initial stages until 8MAP while D3 exhibited the highest pseudo stem height at later stages (10MAP and 11MAP), reaching 335.61 cm, followed by D2 (311.48 cm), and D1 (282.37 cm), which remained constant from 8MAP onwards. This renders density factor statistically significant. Statistical analysis revealed no significant differences among fertilizer schedule and its interaction with planting density. 
One of the main reasons for the increase in plant height under closer spacings appears to be the competition among plants for light, and the competition increases as plant grows. This observation is supported by the findings of Sarrwy et al. (2012) and Gogoi et al. (2015). An increase in plant height with increasing plant population might be due to increased plant population per unit area, which provided less space for individual plant, and also in search of sunlight plant becomes upright, which resulted taller plants (Chaudhuri and Baruah, 2010). Additionally, the placement of three plants per pit the competition for space and light might have made the plants taller and lanky as a result of which the plant height recorded was more and girth was the least under the spacing accommodating highest number of plants/ha (Swain et al.,2020)
Table 1: Effect of planting density and nutrient stick on pseudo stem height of TC banana
	Treatment
	2MAP
	3MAP
	4MAP
	5MAP
	6MAP
	7MAP
	8MAP
	9MAP
	10MAP
	11MAP

	Planting density

	D1
	31.18a 
	67.47a  
	103.66a  
	143.06a
	192.13a  
	242.88a  
	282.38a
	282.38b 
	282.38c 
	282.38c 

	D2
	30.65b 
	63.40b  
	 94.28b
	135.07b  
	181.10b  
	231.91b
	281.57a 
	311.48a 
	311.48b 
	311.48b 

	D3
	28.80c 
	56.93c  
	 86.98c  
	127.21c 
	171.11c
	220.33c
	265.48b
	310.73a 
	335.61a 
	335.61a

	SEm()
	 0.23 
	 0.51 
	 0.65 
	 1.29 
	 0.97 
	 2.30 
	 1.79 
	 2.68 
	 2.42 
	 2.42 

	C.D.(0.05)
	0.697
	1.528
	1.949
	3.871
	2.898
	6.881
	5.362
	8.04
	7.251
	7.251

	F1
	 30.15 
	 62.39 
	 94.81 
	 134.79 
	 181.00 
	 231.58 
	 276.38 
	 301.49 
	 309.78 
	 309.78 

	Fertilizer schedule

	F2
	 30.21 
	 62.69 
	 94.99 
	 135.23 
	 181.64 
	 231.60 
	 276.48 
	 301.51 
	 309.81 
	 309.81 

	F3
	 30.26 
	 62.72 
	 95.11 
	 135.31 
	 181.70 
	 231.94 
	 276.57 
	 301.59 
	 309.88 
	 309.88 

	SEm()
	 0.23 
	 0.51 
	 0.65 
	 1.29 
	 0.97 
	 2.30 
	 1.79 
	 2.68 
	 2.42 
	 2.42 

	C.D.(0.05)
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 

	Interaction

	d1f1
	 31.13 
	 67.30 
	 103.50 
	 142.70 
	 191.83 
	 242.74 
	 282.30 
	 282.30 
	 282.30 
	 282.30 

	d1 f2
	 31.20 
	 67.53 
	 103.63 
	 143.20 
	 192.27 
	 242.80 
	 282.37 
	 282.37 
	 282.37 
	 282.37 

	d1 f3
	 31.20 
	 67.57 
	 103.83 
	 143.27 
	 192.30 
	 243.10 
	 282.47 
	 282.47 
	 282.47 
	 282.47 

	d2 f1
	 30.53 
	 63.13 
	 94.17 
	 134.77 
	 180.90 
	 231.73 
	 281.40 
	 311.47 
	 311.47 
	 311.47 

	d2 f2
	 30.70 
	 63.50 
	 94.30 
	 135.17 
	 181.17 
	 231.73 
	 281.60 
	 311.47 
	 311.47 
	 311.47 

	d2 f3
	 30.70 
	 63.57 
	 94.37 
	 135.27 
	 181.23 
	 232.27 
	 281.70 
	 311.50 
	 311.50 
	 311.50 

	d3 f1
	 28.80 
	 56.73 
	 86.77 
	 126.90 
	 170.27 
	 220.27 
	 265.43 
	 310.70 
	 335.57 
	 335.57 

	d3 f2
	 28.73 
	 57.03 
	 87.04 
	 127.33 
	 171.50 
	 220.27 
	 265.47 
	 310.70 
	 335.60 
	 335.60 

	d3 f3
	 28.87 
	 57.04 
	 87.13 
	 127.40 
	 171.57 
	 220.47 
	 265.53 
	 310.80 
	 335.67 
	 335.67 

	SEm()
	 0.40 
	 0.88 
	 1.13 
	 2.24 
	 1.67 
	 3.98 
	 3.10 
	 4.65 
	 4.19 
	 4.19 

	C.D.(0.05)
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 


3.2 Pseudo stem girth (cm)
The data on pseudo stem girth (Table 2) showed a significant difference among planting density at different growth stages. Pseudo stem girth was recorded at monthly intervals from 2MAP to 11MAP. The maximum pseudo stem girth (65.36 cm) was recorded by one sucker planting per hill at 8MAP while planting of three suckers per hill produced maximum pseudo stem girth of 60.58 cm at 10MAP.Throughout the growth stages, one sucker planting per hill recorded significantly higher pseudo stem girth followed by two sucker planting per hill and the lowest pseudo stem girth was observed from high density planting of three suckers per hill.  Fertilizer schedule and their interaction with planting density could not significantly influence pseudo stem girth throughout the growth period. 
Wider spacing likely contributed to increased pseudo stem thickness due to reduced plant height, allowing for greater nutrient allocation towards stem girth rather than vertical growth. Conversely, the narrower girth observed under high-density planting appears to result from increased competition for light, leading plants to prioritize height over stem thickness. These observations align with the findings of Palkar et al. (2012), Gore (2014) and Gogai et al. (2015).
Table 2: Effect of planting density and nutrient stick on pseudo stem girth of TC banana
	Treatment
	2MAP
	3MAP
	4MAP
	5MAP
	6MAP
	7MAP
	8MAP
	9MAP
	10MAP
	11MAP

	Planting density

	D1
	 8.72a 
	19.61a  
	28.64a  
	38.49a  
	47.99a  
	56.46a 
	65.36a  
	65.36a  
	 65.36a  
	 65.36a  

	D2
	 8.47b 
	17.74b   
	26.68b  
	36.39b  
	44.72b  
	51.70b
	56.73b  
	62.83b  
	 62.83b  
	 62.83 b  

	D3
	 8.22c 
	15.83c  
	24.68c   
	33.49c   
	40.34c 
	46.48c 
	51.33c 
	55.56c 
	 60.58 c 
	 60.58 c 

	SEm()
	 0.07 
	 0.13 
	 0.24 
	 0.33 
	 0.31 
	 0.42 
	 0.57 
	 0.58 
	 0.62 
	 0.62 

	C.D.(0.05)
	0.196
	0.403
	0.716
	1.001
	0.943
	1.264
	1.719
	1.737
	1.843
	1.843

	Fertilizer schedule

	F1
	 8.46 
	 17.52 
	 26.50 
	 35.91 
	 44.09 
	 51.37 
	 57.63 
	 61.12 
	 62.80 
	 62.80 

	F2
	 8.49 
	 17.74 
	 26.68 
	 36.12 
	 44.24 
	 51.54 
	 57.82 
	 61.23 
	 62.91 
	 62.91 

	F3
	 8.47 
	 17.92 
	 26.82 
	 36.33 
	 44.72 
	 51.72 
	 57.97 
	 61.39 
	 63.06 
	 63.06 

	SEm()
	 0.07 
	 0.13 
	 0.24 
	 0.33 
	 0.31 
	 0.42 
	 0.57 
	 0.58 
	 0.62 
	 0.62 

	C.D.(0.05)
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 

	Interaction

	d1f1
	 8.73 
	 19.43 
	 28.50 
	 38.27 
	 47.53 
	 56.27 
	 65.23 
	 65.23 
	 65.23 
	 65.23 

	d1 f2
	 8.73 
	 19.60 
	 28.67 
	 38.50 
	 47.67 
	 56.47 
	 65.33 
	 65.33 
	 65.33 
	 65.33 

	d1 f3
	 8.70 
	 19.80 
	 28.77 
	 38.70 
	 48.77 
	 56.63 
	 65.50 
	 65.50 
	 65.50 
	 65.50 

	d2 f1
	 8.43 
	 17.50 
	 26.47 
	 36.17 
	 44.57 
	 51.53 
	 56.53 
	 62.73 
	 62.73 
	 62.73 

	d2 f2
	 8.50 
	 17.77 
	 26.70 
	 36.37 
	 44.73 
	 51.70 
	 56.77 
	 62.83 
	 62.83 
	 62.83 

	d2 f3
	 8.47 
	 17.97 
	 26.87 
	 36.63 
	 44.87 
	 51.87 
	 56.90 
	 62.93 
	 62.93 
	 62.93 

	d3 f1
	 8.20 
	 15.63 
	 24.53 
	 33.30 
	 40.17 
	 46.30 
	 51.13 
	 55.40 
	 60.43 
	 60.43 

	d3 f2
	 8.23 
	 15.87 
	 24.67 
	 33.50 
	 40.33 
	 46.47 
	 51.37 
	 55.53 
	 60.57 
	 60.57 

	d3 f3
	 8.23 
	 16.00 
	 24.83 
	 33.67 
	 40.53 
	 46.67 
	 51.50 
	 55.74 
	 60.73 
	 60.73 

	SEm()
	 0.11 
	 0.23 
	 0.41 
	 0.58 
	 0.55 
	 0.73 
	 0.99 
	 1.00 
	 1.07 
	 1.07 

	C.D.(0.05)
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 
	 N.S. 


3.3 Number of leaves
Number of leaves was recorded at monthly intervals from one month after planting up to harvest.  The data on number of leaves (Fig 1) showed a significant difference from 4MAP up to 13MAP. The initial leaf count at 1MAP was consistent with 7 leaves across all planting densities and fertilizer sticks and their interactions. Among the treatments, D1 exhibited an increasing trend in leaf count up to 7MAP, reaching a peak of 16.60 leaves, after which a decline was observed. A similar pattern was seen in D2 and D3, where the highest leaf count (16.20) was recorded in D2 at 8MAP before a gradual decline, and in D3 the peak leaf value of 15.30 was recorded at 9MAP followed by subsequent decline. Statistical analysis revealed no significant differences among fertilizer schedule and their interaction with planting densities. 
The highest number of leaves registered in single plant per pit with optimum spacing might be due to congenial weather condition, higher amount of nutrients, correct availability of water. Murugan (2003) reported lower number of leaves in high density planting than the normal planting. Gogoi et al. (2015) also reported, lower number of leaves due to slower rate of leaf emergence in high plant density. These results are consistent with the findings of Chaudhuri and Baruah (2010), Naik et al. (2016) across various banana cultivars.

Figure 1: Effect of plant density on number of leaves
3.4 Number of Functional leaves
The data on number of functional leaves (Fig 2), showed a significant difference among planting density at different growth stages. There was no significant difference between treatments with respect to number of functional leaves from one month after planting to three months after planting. Later the number of functional leaves showed decreasing trend with increasing plant population. From 4 MAP to 8 MAP three suckers per pit (D3) produced significantly lower number of functional leaves, but from 10MAP to harvest the maximum number of functional leaves were from D3. Highest number of functional leaves in lower plant density might be due to less competition for soil moisture, nutrient and light intensity up to shooting stage as compared to closer spacing with higher plant density. Moreover, the decrease in leaf production after bunch emergence led to reduction in number of functional leaves in D1 from 8MAP, D2 from 9MAP and D3 from 10MAP. Statistical analysis revealed no significant differences among planting density and its interaction with fertilizer schedule. 
A lower number of functional leaves noted under closer spacings, might be due to a faster rate of leaf senescence, as reported by Chaudhary and Baruah (2010) and Husameldin et al. (2013).

Figure 2: Effect of plant density on number of functional leaves
4.CONCLUSION
Plant spacing significantly influenced various growth parameters of banana. Closer spacings were found to enhance plant height while pseudo stem girth was more in wider spacing. Denser plantings also led to a faster rate of leaf senescence, reduced number of functional leaves. This finding emphasizes the need to optimize planting density to achieve sustainable plant growth.
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