



Quality traits of Tissue Cultured Banana as Influenced by Integrated Nutrient Management 
Abstract 
A field experiment was laid out in randomized block design using three replications and eleven treatments in the Garden, Department of Fruit Science, C. S. Azad University of Agriculture and Technology, Kanpur (Uttar Pradesh), India, during the 2019-2021 cropping season. Results obtained from the present investigation reported that the plants supplied with 75% RDF of NPK + 50g Azotobacter + 50g PSB + 50g T. harzianum produced fruit with the highest total soluble solids (18.50 °Brix), total sugars (18.46%), reducing sugars (16.22 %), non-reducing sugars (3.28%), TSS: acid ratio (58.90), sugar: acid ratio (57.68), pulp per cent (82.36 %), pulp: peel ratio (4.66) with minimum titratable acidity (0.32 %) and peel (17.64 %) content.
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INTRODUCTION

Banana (Musa species) is an important commercial fruit crop in tropical and sub-tropical regions of the world. Banana is a monocotyledonous, perennial herb within the order of Zingiberales, family Musaceae genera Musa. Musa comprises about 40 species and is distributed through India, New Guinea, Australia and South East Asia (Simmonds, 1962). 
Banana is a herbaceous fruit plant of the genus Musa. Musa species grow in a wide range of environments and have varied human uses, ranging from the edible bananas and plantains of the tropics to cold-hardy fiber and ornamental plants. The fruits are very delicious and sweet. It is a staple food for millions of people all around the world. In the world of fruits, the banana is a complete food fruit packed with all the necessary energy and health-giving elements. Fruits are a rich source of carbohydrates and energy. Banana is a cheap energy source like vitamins A, C, B 6 and other minerals with a trace amount of fat. Bananas consume more nutrients for growth, yield, and biomass production (Hazarika et al., 2015).

According to John and Marchal (1995) banana fingers contain Carbohydrates (22.2%), Protein (1.1%), Fat (0.2%), Moisture (75.7%), Phosphorus (27 mg/100 g), Potassium (460 mg/100 g), Calcium (7 mg/100 g), Magnesium (36 mg/100 g), Sulphur (34 mg/100 g), Thiamin (0.04 mg/100 g), Riboflavin (0.07 mg/100 g), Ascorbic acid (10 mg/100 g) and Pantothenic acid (0.26 mg/100 g). Bananas (including plantains) are one of humankind's most essential and oldest food crops, and there is evidence of cultivation dating back to 4000 BCE in New Guinea (Denham et al., 2003). Bananas are broadly classified into dessert and cooking types. Dessert types are eaten raw when ripe while cooking (starchy), bananas are boiled, fried, brewed, powdered, or roasted before consumption. Plantains are the best known among the cooked bananas and form about one-third of total banana production. Banana a highly exhaustive crop and require large quantities of mineral nutrients (Raghupathi et al., 2000) for rapid growth and development.
MATERIALS AND METHODS 

Tissue cultured plants of banana cv. Grand Naine were brought from the Government Tissue Culture Unit, Lucknow and planted in the Horticulture Garden, Department of Fruit Science, C.S. Azad University of Agriculture and Technology, Kanpur (Uttar Pradesh), India. The planting was done at 2 × 2m spacings, and observations were recorded during the cropping season 2019-2021. All the treatments were applied to the soil at the time of planting. The experiment was laid out in randomized block design using three replications and eleven treatments viz., T1-100% RDF of NPK (110 + 30 + 330g NPK), T2-75% RDF of NPK + 50g Azotobacter + 50g PSB + 50g T. harzianum, T3-50% RDF of NPK + 50g Azotobacter + 50g PSB + 50g  T. harzianum, T4-25% RDF of NPK + 50g Azotobacter + 50g PSB + 50g T. harzianum, T5-75% RDF of N + 100% RDF of PK + 50g Azotobacter +50g PSB + 50g T. harzianum, T6-50% RDF of N + 100% RDF of PK + 50g Azotobacter + 50g PSB + 50g T. harzianum, T7-75% RD of K + 100% RDF of NP + 50g Azotobacter + 50g PSB + 50g T. harzianum, T8-50% RD of K + 100% RDF of NP + 50g Azotobacter + 50g PSB + 50g T. harzianum, T9-75% RDF of P + 100% RDF of NK + 50g Azotobacter + 50g PSB + 50g T. harzianum, T10-50% RDF of P + 100% RDF of NK + 50g Azotobacter + 50g PSB + 50g T. harzianum and T11-Control-without any fertilizers. Other intercultural operations like weeding, earthing up, desuckering, propping, irrigation, insect-pest, and disease management were performed during crop production, which is common in all treatments. 
Various parameters were observed using standard and recommended techniques, whereas the quality parameters of fruits, especially as total soluble solids, were estimated with the help of an Erma hand refractometer. Total sugars (%), titratable acidity (%), pulp (%) and peel (%) were recorded by the methods suggested in A.O.A.C. (1980) and obtained data were statistically analyzed as per the method suggested by Panse and Sukhatme (1967).
RESULT AND DISCUSSION
Total soluble solids and total sugars: The maximum total soluble solids and total sugars content (18.85 °Brix and 18.46%, respectively) were produced from the plants fertilized with T2-75% RDF of NPK + 50g Azotobacter + 50g PSB + 50g Trichoderma harzianum, whereas, the fingers produced from the plants kept under control contained minimum TSS and total sugars percentage of 15.70 0Brix and 14.72%, respectively (Table 1). This increase in TSS and total sugars contents with the application of an integrated dose may be attributed to the quick metabolic transformation of starch and pectin into soluble compounds and the rapid translocation of sugars from leaves to the developing fruits. These findings are in agreement with the results of Attia et al. (2009) on the Moghrabi banana, Mishra and Tripathi (2011), Kumar and Tripathi (2020), Tripathi et al. (2015),  Tripathi et al. (2016 a & b) in strawberry, Nayyer et al. (2014), Ganapathi and Dharmatti (2018) on the banana.

Titratable acidity: The maximum titratable acidity (0.91%) was recorded in the fingers, which were produced from the unfertilized plants (T11), whereas the minimum acidity (0.40%) was recorded with T2-75% RDF of NPK + 50g Azotobacter + 50g PSB + 50g Trichoderma harzianum treated plants (Table 1). The reduction in titratable acidity content through the application of different organic manure with inorganic fertilizers might be due to the positive influence of various micro-organisms in the conversion of acids into sugar and their derivatives by the reaction involving a glycolytic pathway or be used in respiration or both. The views were corroborated by the observations of Attia et al. (2009) on the Moghrabi banana, Singh et al. (2009) on ber, Gupta and Tripathi (2012), Kumar and Tripathi (2020), Tripathi et al. (2016 a & b) in strawberry, Ganapathi and Dharmatti (2018), Tripathi et al. (2014) in banana, Singh and Tripathi (2020) in papaya.

Reducing and non-reducing sugar: The maximum reducing (15.18%) and non-reducing sugar (3.28%) content was recorded in the fingers, which were produced from the plants fertilized with an integrated dose of T2-75% RDF of NPK + 50g Azotobacter + 50g PSB + 50g Trichoderma harzianum followed by T5-75% RDF of N + 100% RDF of PK + 50g Azotobacter + 50g PSB + 50g Trichoderma harzianum (14.98% and 3.07%, respectively) treated plants, whereas, the minimum reducing and non-reducing sugar content (12.48% and 2.24%, respectively) was recorded under in fingers which were produced from the plants kept under without any treatment as control (T11). Similar results were obtained by Ganapathi and Dharmatti (2018), Suhasini et al. (2018) and Zothansiami and Mandal (2021) in banana.

TSS: acid ratio: The maximum TSS/acid ratio (58.90%) was recorded in the fingers which were produced from the plants fertilized with an integrated dose of T2-75% RDF of NPK + 50g Azotobacter + 50g PSB + 50g Trichoderma harzianum followed by T5-75% RDF of N + 100% RDF of PK + 50g Azotobacter + 50g PSB + 50g Trichoderma harzianum (49.97%) treated plants, whereas, the minimum TSS:acid ratio (17.25%) were recorded in fingers which were produced from the plants kept under without any treatment as control (Table 1). Similar results were obtained by Hazarika et al. (2011) in banana, Tripathi et al. (2015) in strawberry and Singh and Tripathi (2020) in papaya.

Sugar:acid ratio: The maximum sugar/acid ratio (57.68) was recorded in the fingers which were produced from the plants fertilized with an integrated dose of T2-75% RDF of NPK + 50g Azotobacter + 50g PSB + 50g Trichoderma harzianum followed by T5-75% RDF of N + 100% RDF of PK + 50g Azotobacter + 50g PSB + 50g Trichoderma harzianum (48.78), treated plants whereas, the minimum sugar/acid ratio (16.17) was recorded in the fingers which were produced from the plants kept under without any treatment as control (T11). These findings are in agreement with the results of Subramanian et al. (2019) in banana.
Pulp and Peel percentage: The maximum pulp (82.36%) and minimum peel percentage (17.64%) in fingers were recorded which were produced from the plants treated with T2-75% RDF of NPK + 50g Azotobacter + 50g PSB + 50g Trichoderma harzianum (Table 1) followed by T5-75% RDF of N + 100% RDF of PK + 50g Azotobacter + 50g PSB + 50g Trichoderma harzianum (81.68 and 18.32%, respectively) treated plants, whereas, the maximum percentage of peel (26.10%) and minimum pulp percentage (73.90%) were recorded in fingers which were produced from the plants kept under without any treatment as control (T11). This increase in pulp content and decrease in peel content might be due to incorporating chemical fertilizers, organic manures, and bio-fertilizers as a plant nutrition source. Organic manures and bio-fertilizers, especially Azotobacter, have a direct role in nitrogen fixation; PSB helps in the increasing availability of phosphorus and vermicompost ensures the availability of all other nutrients in a balanced amount at an appropriate time, thus the production of phytohormones like substances increased and uptake of nutrients also increased, hence quality improvement reflected in fruit characters. These observations are in agreement with the findings of Nayyer et al. (2014) and Tripathi (2017) in banana.
Pulp: peel ratio: The maximum pulp: peel ratio (4.66%) was recorded in the fruits which were

produced from the plants treated with T2-75% RDF of NPK + 50g Azotobacter + 50g PSB + 50g T. harzianum, followed by the plants fertilized with T5-75% RDF of N + 100% RDF of PK + 50g Azotobacter + 50g PSB + 50g T. harzianum (4.45%), whereas, the minimum pulp: peel ratio (2.83%) was recorded in the fruits which were produced from the plants kept under control, without non-amount of fertilizer application. These findings are in agreement with the results of Hazarika et al., (2011), Nayyer et al. (2014), Hema et al. (2016), Tripathi (2017) in banana and Singh and Tripathi (2020) in papaya.
CONCLUSION

 So far as the quality characters of fingers are concerned 75% RDF of NPK + 50g Azotobacter + 50g PSB + 50g T. harzianum fertilized plants produced fingers with maximum TSS, total sugars, TSS: acid ratio, reducing sugars, non-reducing sugars, sugar: acid ratio, pulp percentage and more pulp/peel ratio, whereas minimum titratable acidity and peel percentage were also found in 75% RDF of NPK + 50g Azotobacter + 50g PSB + 50g T. harzianum fertilized plants. Plants kept under control condition without any fertilizer application produced minimum TSS, total sugars, TSS: acid ratio, reducing sugars, non-reducing sugars, sugar: acid ratio, pulp percentage and pulp: peel ratio.
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Table 1: Influence of Integrated Nutrient Management on quality parameters of tissue cultured produced banana

	Treatments
	TSS (0Brix)
	Total sugars (%)
	Titratable acidity (%)
	Reducing sugar (%)
	Non reducing sugar (%)

	T1
	17.45
	16.80
	0.59
	14.05
	14.05

	T2
	18.85
	18.46
	0.32
	15.18
	15.18

	T3
	17.88
	17.28
	0.53
	14.43
	14.43

	T4
	16.87
	15.34
	0.82
	12.97
	12.97

	T5
	18.49
	18.05
	0.37
	14.98
	14.98

	T6
	17.87
	16.48
	0.64
	13.77
	13.77

	T7
	18.33
	17.84
	0.42
	14.85
	14.85

	T8
	16.87
	16.10
	0.70
	13.47
	13.47

	T9
	18.10
	17.56
	0.47
	14.65
	14.65

	T10
	16.55
	15.72
	0.76
	13.24
	13.24

	T11
	15.70
	14.72
	0.91
	12.48
	12.48

	SEm ±
	0.58
	0.63
	0.05
	0.72
	0.72

	CD at 5%
	1.77
	1.90
	0.15
	NS
	NS


Table 2: Influence of Integrated Nutrient Management on quality parameters of tissue cultured produced banana

	Treatments
	TSS and acid ratio
	Sugar and acid ratio
	Peel %
	Pulp %
	Pulp and peel ratio

	T1
	29.57
	28.47
	21.38
	78.62
	3.68

	T2
	58.90
	57.68
	17.64
	82.36
	4.66

	T3
	33.73
	32.60
	20.48
	79.52
	3.88

	T4
	19.75
	18.70
	25.36
	74.64
	2.94

	T5
	49.97
	48.78
	18.32
	81.68
	4.45

	T6
	26.87
	25.75
	22.40
	77.60
	3.46

	T7
	43.64
	42.47
	18.74
	81.26
	4.33

	T8
	24.10
	23.00
	23.20
	76.80
	3.31

	T9
	38.51
	37.36
	19.62
	80.38
	4.09

	T10
	21.77
	20.68
	24.70
	75.30
	3.04

	T11
	17.25
	16.17
	26.10
	73.90
	2.83

	SEm ±
	0.99
	1.04
	1.01
	1.10
	0.41

	CD at 5%
	3.01
	3.14
	3.08
	3.34
	1.25
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FIG 1. Influence of integrated nutrient management on total soluble solid (0Brix)

