Yield Enhancement In Banana Through Secondary Nutrients And Boron Application
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  ABSTRACT 
	Banana’s are high nutrient demanding crop, which when grown under highly weathered soils with poor base status exhibits wide range of nutrient deficiencies and severe yield reduction. Hence, a field experiment was conducted at Nileshwar, Kerala to investigate the impact of soil application of secondary nutrients (calcium, magnesium and sulphur) and foliar application of boron in tissue culture (TC) banana. The treatments comprised of combinations of two levels of calcium (75 and 150 g Ca per plant), magnesium (25 and 50 g per plant) and sulphur (25 and 50 g per plant) applied during second and fourth month after planting together with two levels of boron (0.25 and 0.5 percentage) given as four rounds of foliar application at first, second, fourth month after planting and the final spray was given after the bunch emergence. Two hundred and four hardened TC banana plantlets were planted in randomized block design with seventeen treatments and three replications with four plants maintained in each replication plot. Data obtained from the field experiment were analyzed statistically following factorial randomized block design and tested for its significance following ANOVA technique using R software. The results indicated that treatment application significantly enhanced the bunch weight and average finger length. The highest bunch weight of 12.92 kg was recorded in T4 (75 g Ca + 25 g Mg + 50 g S + 0.5 % B) while for control it was 10.34 kg. Hence, yield enhancement of around 25% over control plots could be achieved by the treatment imposition of secondary nutrients and boron. 
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1. INTRODUCTION 
Bananas and plantains are the world’s most important food crop after rice, wheat and maize (Singh et al., 2016). They are rich in nutritive value and a cheaper and affordable fruit crop which are widely cultivated across the tropical and subtropical countries. Productivity of banana should be enhanced so as to improve the global production since it is affected by different kinds of biotic and abiotic forms of stresses (Chukwu et al., 2025). 
Bananas and plantains cultivation necessitates higher quantities of nutrients to achieve optimum crop growth and yield which are derived from the soil reserves to a limited extent (Lahav, 1995) and results in soil fertility depletion. Among the macronutrients, after potassium and nitrogen, requirement is higher for magnesium, calcium, sulphur and phosphorus and among the micronutrients boron and zinc are absorbed in the larger amounts (Borges et al., 2007). Deficiencies symptoms caused by secondary nutrients and boron are mainly manifested in leaves and fruits. Symptoms includes deformation of new and emerging leaves, interveinal chlorosis, mottling in the leaf petioles, soft and brittle leaf blades (Sunitha et al., 2023), fruit cracking and deformities, lesser fruit yield, etc.
             Constraints in soil like soil pH, low levels of nitrogen, phosphorus, potassium, organic carbon, magnesium, and calcium were reported to be responsible for 67% of the yield reductions observed in Cavendish banana cultivation among the smallholder agricultural systems in central Kenya (Okumu et al. 2011).
                 Secondary nutrients and boron deficiency is becoming more widespread in many of the banana growing tracts especially in the tropical acidic soils. Despite of the applications of recommended doses of nitrogen, phosphorus and potassium no significant crop responses is attainable in several crops due to the deficiencies of calcium and magnesium, hence these elements could be acknowledged as critical limiting factors for yield in the extensively weathered tropical acidic soils (Bhindhu and Sureshkumar, 2021). In the banana growing tracts of subtropical regions also, magnesium appears to be the third most deficient nutrient next to nitrogen and potassium (Weinert and Simpson, 2016). 
Large mineral nutrient requirement of bananas and plantains to maintain high yields can thus be ensured by growing it on very fertile soils or by applying supplementary fertilizers. 

	Kerala soils are the end product of intense weathering and are predominantly of low activity clays and often deficient in nutrients like Ca, Mg and B. Widespread deficiencies of these secondary nutrients and boron were reported (KSPB, 2013) from the state. This contributes to the huge yield gap (national and state level productivity) in banana production. In this context an investigation was carried out to study the effect of combined application of secondary nutrients and boron on the growth and yield of banana in tropical acidic soils.

2. material and methods 
A field experiment was conducted at the instructional farm of Kerala Agricultural University, Nileshwaram, Kerala and the laboratory analysis were conducted at College of Agriculture, Padannakkad, Kasaragod, Kerala. Nendran (AAB) is a banana variety which is widely cultivated in Kerala which is relished as fruit and used for culinary purpose as well. Since tissue cultured banana plants have become an important and preferred planting material for banana cultivation, hardened tissue culture banana plantlets var. Nendran were used as planting material for the study. Two hundred and four hardened TC banana plantlets were planted in randomized block design consisting of seventeen treatments and three replications with four plants maintained in each of the replication plot. Treatments were combinations of two levels each of Ca (75 and 150 g Ca / plant as Ca (OH)2), Mg (25 and 50 g Mg / plant as MgO), S (25 and 50 g S/plant as K2SO4) and B (0.25% and 0.5 % boron as borax foliar sprays) plus one control. Calcium, magnesium and sulphur were applied on second and fourth month after planting while boron foliar spray were given periodically at first month after planting, second month after planting, fourth month after planting and an ultimate spray after the bunch emergence. 
Treatment combinations
T1 - 75gCa + 25gMg + 25gS + 0.25%B; T2 - 75gCa + 25gMg + 25gS + 0.5%B; T3 - 75gCa + 25gMg + 50gS + 0.25%B; T4 - 75gCa + 25gMg + 50gS + 0.5%B; T5 - 75gCa + 50gMg + 25gS + 0.25%B; T6 - 75gCa + 50gMg + 25gS + 0.5%B; T7 – 75gCa + 50gMg + 50gS + 0.25%B; T8 - 75gCa + 50gMg + 50gS + 0.5%B; T9 - 150gCa + 25gMg + 25gS + 0.25%B; T10 – 150gCa + 25gMg + 25gS + 0.5%B; T11 – 150gCa + 25gMg + 50gS + 0.25%B; T12 – 150gCa + 25gMg + 50gS + 0.5%B; T13 – 150gCa + 50gMg + 25gS + 0.25%B; T14 – 150gCa + 50gMg + 25gS + 0.5%B; T15 – 150gCa + 50gMg + 50gS + 0.25%B; T16 – 150gCa + 50gMg + 50gS + 0.5%B; T17 – control (as per KAU POP recommendations only ie, 300:115:450 g N:P2O5:K2O per plant in six split doses)
Plant cultivation, fertility management and all other intercultural operations were carried out uniformly for all the treatments according to the Kerala Agricultural University, package of practices (2011). Biometric observations like pseudo stem girth, plant height, leaf numbers, number of suckers and yield parameters like bunch weight, number of hands, number and average weight of fingers, finger length and breadth, male bud weight were recorded. Pseudo stem girth at 30 cm height from the ground level, height of the plant, and the number of leaves were recorded during the shooting stage. Male bud weight, weight of bunch, number of hands and finger characteristic like number, length, breadth, average weight and sucker numbers were recorded at the time of harvest. The average finger weight per bunch was accounted by taking the average of the best finger weight from each of the hands. Length and breadth of such fingers of the top, middle, and bottom hands were measured and averaged for individual bunches. Days to bunch emergence and days to harvest were also taken into account. The data obtained from the field were statistically analyzed and tested for its significance following ANOVA technique using R software.

3. results and discussion
Effect nutrient levels and nutrient interactions
Table 1 shows the initial soil properties of the experimental site. Soil was found to be non saline and acidic in nature with red sandy loam texture. Effect of application of different levels of secondary nutrients and boron on growth and yield of banana crop is presented in table 2 (treatment wise) and table 3. In banana, bunch weight is the most important parameter in the whole crop production process, as it is directly linked to the economic returns to the farmer. Figure 1 depicts the influence of different levels of secondary nutrients and boron application on bunch yield in comparison to that of the control. From this, it is evident that the treatment impositions have resulted in significant differences in the bunch weight with varying responses received at different levels of nutrients. The main effect of calcium, magnesium and interaction effect of calcium x magnesium exhibited significant differences.  First level of calcium, magnesium, and second level of sulphur and boron have resulted in highest crop yield. First level of calcium, magnesium, sulphur and boron resulted in the production of 11.98, 11.93, 11.49, 11.68 kg bunches while second level of calcium, magnesium, sulphur and boron resulted in 11.37, 11.43, 11.87, 11.68 kg bunch weight.  
The application of calcium would have created a conducive soil environment by mitigating acidity levels, and it may concurrently have safeguarded the root plasma membrane against the detrimental impacts of hydrogen ions (H+) and aluminum ions (Al3+) (Epstein and Bloom, 2005) in the acidic soils. Moreover, the function of Ca as a regulatory ion in the translocation of carbohydrates, mediated through its influence on cellular structures and the cellwall (Bennett, 1993), might have contributed to an augmented fruit yield. According to Nambiar, et al. (1978) graded doses of calcium applied as lime significantly enhanced bunch weight in zanzibar cultivar of banana. Comparable findings were also documented by Yang et al. (2010). The fertilization with magnesium would have positively influenced chlorophyll structure, enzymatic activities, protein synthesis, carbon fixation, and phosphate metabolism, all of which would have resulted in improved growth and increased yield. A similar enhancement in the banana yield attributed to Mg application was also reported by Mostafa et al. (2007). Also, Mostafa and Kader (2006) discovered that fruit yield in bananas was augmented through increased sulfur application. The elevation in fruit weight resulting from borax spray applications may also be ascribed to its role in hormonal metabolism, as well as its facilitation of cell division and expansion. Yield enhancement in bananas following boron (B) application was also documented by Moreira et al. (2011). Similar results of yield enhancement by the application of secondary nutrients altogether or as Ca with Mg/S were obtained in maize crop (Srinivas et al. 2024). 
Average days to bunch emergence was found to be significant only in the case of calcium x magnesium x sulphur interaction while in average days to harvest magnesium x sulphur interaction was significant. Average finger breadth was significant in magnesium x sulphur x boron interaction. Average number of leaves exhibited significant effect in case of the main effect of boron and interaction effect of magnesium x sulphur, magnesium x boron, sulphur x boron and calcium x magnesium x boron. The synergistic effect of sulphur and boron were reported in soyabean (Longkumer at al., 2016) and rapeseed (Basumatary et al., 2022) crop grown in acidic alfisols and inceptisols respectively. 
Influence of the different nutrient levels and their interactions on average finger length, weight of male bud, number of suckers, fingers per bunch, pseudostem girth and plant height were nonsignificant. Influence of calcium x boron was found to be non significant in the case of growth and yield of tomato (Tejashvini and Subbarayappa, 2021)  
 Effect of treatment applications 
Table 4 indicates the comparison of treatment averages with that of the control plots. Average bunch weight in the treatment applied plots was significantly higher compared to the control plots. Best treatment (T4) with the application of 75 g Ca + 25 g Mg + 50 g S + 0.5 % B yielded 12.92 kg and second best treatment T3 (75g Ca + 25g Mg + 50g S + 0.25% B) yielded 12.66 kg while in the control it was 10.34 kg. Figure 2 indicates the images of the best two treatment bunches (T4 and T3) with that of the control. Similarly, the treatment applications resulted in distinct and significant impact on the finger length characteristic which is shown in figure number 3. Treatment application resulted in an average finger length of 22.27 cm while control yielded 21.4 cm. 
Finger breadth, number of fingers per bunch, male bud weight, number of suckers, leaves, pseudostem girth, plant height and average days for bunch emergence and harvest were found to be non significant. Amissah et al. (2024) also found that main effects of primary nutrients, and secondary-micronutrient applications production weren’t significant in the vegetative stage and reproductive stage while it was significant only in the interaction effects of reproductive stage in case of corn biomass.  

Table 1: Initial soil properties of the experimental site 
	Sl.
No.
	Parameter
	Value
	Reference

	1.
	pH
	5.51
	1: 2.5 soil: water ratio using pH meter method (Jackson, 1958)

	2.
	EC (dS/m)
	0.155
	1: 2.5 soil: water ratio using conductivity meter (Jackson, 1958)

	3.
	Organic carbon (%)
	0.193
	Chromic acid wet digestion method (Walkley and Black, 1934) 

	4.
	Available N (kg/ha)
	235
	Alkaline permanganate method (Subbaih and Asija, 1956)

	5.
	Available P2O5(kg/ha)
	154
	Fluoride extractable P (Bray and Kurtz, 1945)

	6.
	Available K2O (kg/ha)
	141.26
	Ammonium acetate extraction method (Jackson, 1958)

	7.
	Available Ca (mg/kg)
	43.75
	Ammonium acetate extraction method (Jackson, 1958)

	8.
	Available Mg (mg/kg)
	11.26
	Ammonium acetate extraction method (Jackson, 1958)

	9.
	Available S (mg/kg)
	5.00
	Calcium chloride method (Tabatabai, 1982)

	10.
	Available Fe (mg/kg)
	10.66
	0.1 N HCl extraction (Sims and Johnson, 1991)

	11.
	Available Mn (mg/kg)
	28.26
	0.1 N HCl extraction (Sims and Johnson, 1991)

	12. 
	Available Zn (mg/kg)
	3.83
	0.1 N HCl extraction (Sims and Johnson, 1991)

	13.
	Available Cu (mg/kg)
	6.8
	0.1 N HCl extraction (Sims and Johnson, 1991)

	14.
	Available B (mg/kg)
	0.16
	Hot water extractable B (Berger and Troug, 1946)



Table 2: Effect of different treatments of secondary nutrients and boron application on growth and yield of banana 
	Treatment
	Bunch weight
	Average days to bunch emergence
	Average day to harvest
	Average finger breadth
	Average finger length
	Average leaf number
	Malebud weight
	Average number of finger per bunch
	Average number of suckers
	Pseudostem girth
	Plant height

	T1
	12.44
	177.00
	270.83
	14.47
	22.22
	14.25
	1.53
	52.00
	7.25
	57.58
	2.84

	T2
	11.89
	173.67
	265.33
	14.89
	22.51
	13.83
	1.58
	46.00
	7.00
	58.19
	2.78

	T3
	12.66
	177.83
	272.92
	14.82
	23.19
	14.08
	1.80
	48.67
	7.50
	59.65
	2.78

	T4
	12.92
	178.00
	271.42
	14.58
	22.61
	14.75
	1.31
	52.67
	6.33
	58.77
	2.86

	T5
	12.26
	184.33
	281.89
	14.98
	22.75
	14.92
	1.84
	49.00
	5.92
	57.34
	2.84

	T6
	11.19
	181.67
	282.89
	14.77
	22.42
	14.71
	2.15
	44.33
	6.42
	55.12
	2.80

	T7
	10.83
	170.67
	264.56
	14.10
	21.58
	13.75
	1.26
	47.33
	6.67
	55.49
	2.70

	T8
	11.65
	173.00
	263.17
	14.72
	22.59
	14.33
	1.34
	48.33
	7.00
	57.63
	2.86

	T9
	11.01
	176.33
	260.44
	14.11
	21.69
	13.92
	1.27
	50.33
	6.39
	59.24
	2.82

	T10
	10.90
	180.67
	282.89
	14.79
	22.54
	14.96
	1.88
	42.00
	6.75
	58.66
	2.81

	T11
	11.62
	178.50
	272.67
	14.85
	22.65
	14.25
	1.89
	52.00
	6.42
	57.38
	2.81

	T12
	11.98
	176.67
	271.58
	14.20
	22.05
	15.13
	1.65
	50.33
	6.50
	57.49
	2.95

	T13
	10.83
	174.67
	282.11
	14.34
	21.39
	14.75
	1.81
	49.00
	6.33
	57.39
	2.70

	T14
	11.42
	171.17
	272.75
	14.39
	22.45
	14.42
	1.65
	47.67
	6.42
	57.93
	2.69

	T15
	11.75
	176.33
	272.97
	14.60
	22.78
	14.42
	1.55
	48.67
	6.83
	58.03
	2.85

	T16
	11.50
	174.83
	266.33
	14.20
	20.88
	14.57
	1.70
	45.67
	6.75
	57.76
	2.82

	T17
	10.34
	175.56
	261.67
	14.61
	21.40
	14.00
	1.47
	48.33
	5.75
	58.23
	2.80

	SEm
+-
	0.462
	2.760
	6.050
	0.238
	0.580
	0.234
	0.422
	2.648
	0.426
	1.680
	0.093

	CD (0.05)
	1.328
	7.930
	17.410
	0.815
	1.676
	0.675
	1.215
	7.611
	1.225
	4.839
	0.268


Table 3: Effect of different levels of secondary nutrients and boron application on growth and yield of banana 
	Treatment
	Bunch weight
	Average weight of fingers
	Average days to bunch emergence
	Average days to harvest
	Average finger breadth
	Average finger length
	Average leaf number 
	Male bud weight 
	Average number of fingersper bunch
	Average number of hands per bunch
	Average no of suckers
	Pseudostem girth
	Plant height

	Ca1
	11.98
	245.21
	177.13
	271.79
	14.67
	22.48
	14.33
	1.60
	48.54
	5.02
	6.76
	57.47
	2.81

	Ca2
	11.37
	237.46
	176.33
	272.83
	14.44
	22.05
	14.55
	1.68
	48.21
	5.08
	6.55
	57.99
	2.81

	Mg1
	11.93
	246.92
	177.46
	271.17
	14.59
	22.43
	14.40
	1.61
	49.25
	5.08
	6.77
	58.37
	2.83

	Mg2
	11.43
	235.75
	176.00
	273.46
	14.51
	22.11
	14.49
	1.66
	47.50
	5.01
	6.54
	57.09
	2.78

	S1
	11.49
	240.21
	177.50
	275.00
	14.59
	22.24
	14.47
	1.72
	47.54
	4.95
	6.56
	57.68
	2.78

	S2
	11.87
	242.46
	175.96
	269.63
	14.51
	22.29
	14.41
	1.56
	49.21
	5.15
	6.75
	57.78
	2.83

	B1
	11.68
	238.67
	177.04
	272.42
	14.53
	22.28
	14.29
	1.62
	49.63
	5.18
	6.66
	57.77
	2.79

	B2
	11.68
	244.00
	176.42
	272.21
	14.57
	22.26
	14.59
	1.66
	47.13
	4.92
	6.65
	57.69
	2.82

	SEm+-
	0.476
	13.976
	2.686
	5.782
	0.290
	0.599
	0.237
	0.430
	2.690
	0.192
	0.433
	1.717
	0.096

	CD (0.05)
	1.372
	40.266
	7.738
	16.656
	0.836
	1.728
	0.684
	1.241
	7.760
	0.555
	1.249
	4.947
	0.277


(Note: Ca1, Mg1, S1, B1 indicates the first level and Ca2, Mg2, S2, B2 indicates second level of the respective nutrients)     
Table 4: Comparison of the treatment application effect with that of control 
	 Variables
	Control Average
	Treatment Average
	P Value

	Bunch weight
	10.34
	11.68
	0.000

	Average days to bunch emergence
	175.33
	176.72
	0.748

	Average days to harvest
	262
	272.3
	0.3892

	Average finger breadth
	14.61
	14.55
	0.745

	Average finger length
	21.4
	22.27
	0.006

	Average leaf number
	14.00
	14.44
	0.132

	Male bud weight
	1.47
	1.64
	0.5914

	Average number of fingers per bunch
	48.33
	48.38
	0.984

	Average number of suckers
	5.75
	6.65
	0.073

	Pseudostem girth
	58.22
	57.72
	0.68

	Plant height
	2.8
	2.8
	0.944




Figure 1: Effect of different levels of secondary nutrients and boron application on bunch weight of banana  

(Note: Ca1, Mg1, S1, B1 indicates the first level and Ca2, Mg2, S2, B2 indicates second level of the respective nutrients)                
Figure 2 : Bunch of best treatments (T4, T3) and control
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   Best Treatment T4 	       Second best treatment T3                     Control 

Figure 3 : Fingure characteristics of treatments and control
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4. Conclusion

The secondary nutrients and boron application in banana revealed that treatment applications resulted in profound positive influence in the crop. The highest bunch weight was registered in T4 (75g Ca + 25g Mg + 50g S + 0.5%B) yielding 12.92 kg as in contrast to 10.34 kg in control, so yield enhancement of around 25% over the control plants can be achieved with the application of secondary nutrients and boron in the tropical acidic soils. 
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