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Sensory and economic evaluation of Mango cv. Kesar as affected by pollinator attractants and hormonal treatments

ABSTRACT
[bookmark: _GoBack]An experiment entitled “Influence of pollinator attractants, chemicals and growth regulators on organoleptic quality and economic returns of mango (Mangifera indica L.) cv. Kesar” was carried out at Fruit Research Station, Lalbaug, College of Horticulture, Junagadh Agricultural University, Junagadh following under South Saurashtra Agro-climatic Zone during the year 2022-23 to 2023-24. The experiment was laid out in Randomized Block Design consisting of ten treatments which were replicated three times.The treatment involving foliar spray of calcium nitrate @ 0.1% + boric acid @ 0.2% (T10) consistently recorded the highest scores for fruit appearance (8.51, 8.50, and 8.51) and flavour (8.05, 8.20, and 8.12) during both the years as well as in pooled data, respectively. While, the best fruit colour (8.20, 8.33 and 8.54 score) was observed in the foliar spray of calcium nitrate @ 0.1% + boric acid @ 0.2% (T10) during the first year as well as in pooled and potassium citrate @ 2% + putrescine @ 10 ppm (T7) during second year, respectively. Similarly, the maximum score of pleasant test (8.68 and 8.39) was recorded in foliar spray of calcium nitrate @ 0.1% + boric acid @ 0.2% (T10) for first year and in pooled data, whereas for second year, maximum pleasant test (8.50) was recorded in foliar spray of milk @ 5% + jaggery @ 5% (T5). Economically, the highest net realization of ₹3,01,118 and a benefit-cost ratio (BCR) of 1.77 were achieved with the application of NAA 50 ppm + micronutrient mixture Grade-IV @ 1% (T8). The findings highlight the effectiveness of specific foliar treatments in enhancing both the sensory quality and profitability of ‘Kesar’ mango cultivation.
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INTRODUCTION
Mangooriginating from the Indo-Burma region and belonging to the Anacardiaceae family, is a cross-pollinated allopolyploid crop (2n = 40) widely known as the “King of Fruits.” India is the world’s largest mango producer, with 226.63 lakh metric tonnes harvested from 23.94 lakh hectares, achieving a productivity of 8.83 t/ha (Anon., 2024a). Major producing states include Uttar Pradesh, Andhra Pradesh, Karnataka, and Bihar, among others. The ‘Kesar’ cultivar is particularly prized for its taste, aroma, and saffron-colored pulp, making it valuable in both domestic and export markets (Varu et al., 2017). However, mango production faces challenges such as low flower retention, poor fruit set, and reduced quality, primarily due to climate change, nutrient deficiencies, and declining pollinator populations. Over 90% of fruitlets are lost within 3–4 weeks post-pollination. Traditional practices have limited success in addressing these issues (Lunagariyaet al., 2023). Therefore, the present study evaluates the effects of pollinator attractants (honey, jaggery), sugars (sucrose), nutrients (boric acid, calcium nitrate, potassium citrate), and growth regulators (NAA, putrescine) on improving fruit set, quality, and economic returns in ‘Kesar’ mango. The goal is to develop cost-effective and practical strategies that enhance pollination, support physiological development, and improve the organoleptic and market value of the fruit. The current investigation evaluates the individual and combined effects of these substances on the organoleptic quality and economic viability of ‘Kesar’ mango. By identifying effective combinations, the study aims to recommend cost-effective and practical solutions to enhance mango fruit quality and profitability for growers.
Materials and Methods
An investigation on “Influence of pollinator attractants, chemicals and growth regulators on organoleptic quality and economic returns of mango (Mangifera indica L.) cv. Kesar” was carried out at Fruit Research Station, Lalbaug, College of Horticulture, Junagadh Agricultural University, Junagadh following under South Saurashtra Agro-climatic Zone during the year 2022-23 to 2023-24.	The experiment was laid out in a ten-year-old trees with uniform sized trees spaced at 10 x 10 m. The design was randomized block design having ten treatments and three replications. The trees were maintained under uniform cultural practices during the investigation period. Different pollinator attractants and growth regulators were sprayed as a foliar application as per treatments on trees by tractor sprayer at 50% flowering, 75% flowering and 100% flowering stage. The treatments are T1: Control, T2: Honey solution @ 1.5%, T3: Sucrose @ 10%, T4: Boric acid @ 0.2%, T5: Milk @ 5% + Jaggery @ 5%, T6: Sucrose @ 10% + Potassium citrate @ 1%, T7: Potassium citrate @ 2% + Putrescine @ 10 ppm, T8: NAA 50 ppm + Micronutrient mixture Grade – IV @ 1%, T9: NAA 25 ppm + Boric acid @ 0.2% and T10: Calcium nitrate @ 0.1% + Boric acid @ 0.2%.
		Organoleptic evaluation of the mango fruits were done by a panel of experts who gave score from 9 to 1 scale for different parameters viz., appearance, taste, flavor and color based on the a point Hedonic scale (Amerine et al., 1965). To identify the most effective and profitable treatment, the economics of each was analyzed. Gross returns per hectare were calculated using prevailing mango market prices. Cultivation costs included labor, treatment sprays, manures, fertilizers, weeding, irrigation, and all cultural practices from tillage to harvest. Net profit was determined by subtracting total cultivation costs from gross returns for each treatment.
The Benefit Cost Ratio(BCR) was calculated on the basis of the formula given below:
	               BCR   =
	Net realization (₹/ha)

Total cost of cultivation (₹/ha)
	×  100



RESULTS AND DISCUSSION
Effect on organoleptic taste
The organoleptic quality of mango is an important parameter which indicates the eating quality of fruit. The organoleptic quality of treated fruits was determined on the basis of appearance, taste, colour, flavourand the data related to this important trait was exhibited in table and figures.
Appearance
Significant discrepancies were observed in the fruit appearance among the treatments in pooled (Table 1). The harvest day of fruits were rated maximum score of appearance (8.51, 8.50 and 8.51 score) observed with foliar spray of calcium nitrate @ 0.1% + boric acid @ 0.2% (T10) during both the years as well as in pooled data, respectively. In contrast, minimum appearance (6.00, 6.80 and 6.40 score) was noted in control (T1) during both the years as well as in pooled data analysis, respectively.
This might be due to foliar spraying of calcium and boric acid during key growth stages, especially flowering, enhances mango fruit appearance by improving skin texture and colour. Calcium strengthens cell walls, reducing disorders like cracking, while boron aids nutrient transport and fruit development. Reduced amylase activity may help maintain cell wall integrity, contributing to a glossy, attractive look. These effects make the fruit more visually appealing. Similar findings were reported by Suryanarayana and Das (1971) and Singh (1979) in mango; Singh et al. (1997) in pea, Jagadeesh et al. (2001) in jackfruit, Patil et al., 2009, Varu et al., 2012, Patel et al., 2015 in mango.
Taste 
Among the treatment, the pleasant taste (8.68 and 8.39 score) was recorded in foliar spray of calcium nitrate @ 0.1% + boric acid @ 0.2% (T10) for first year and in pooled data, whereas for second year, maximum pleasant taste (8.50 score) was recorded in foliar spray of milk @ 5% + jaggery @ 5% (T5) during second year. In contrast, the fruit of the control treatment (T1) was poorer in taste (6.83, 6.52 and 6.68 score) during both the years as well as in pooled data.
It might be due to applying calcium nitrate and boric acid at critical stages, particularly during flowering, enhances the taste of mango fruit. Calcium improves fruit firmness and extends shelf life, while boron supports pollination and fruit development. Spraying these nutrients during early fruit growth enhances nutrient uptake, leading to sweeter, juicier, and more flavourful mangoes.Similar results were also observed by Suryanarayana and Das (1971) and Singh et al. (1979) in mango.
The foliar application of 5% milk combined with 5% jaggery improved fruit taste during the second year. Jaggery provides essential nutrients like potassium, magnesium, and iron that support fruit development, while its natural sugars enhance sweetness and metabolic activity. Milk supplies lactose, proteins, and calcium, aiding in plant growth. Together, they stimulate plant enzymes, leading to improved flavour, enriched aroma, and better overall fruit quality. This combination creates a more enjoyable eating experience. Similar findings were reported by Venkataramanan et al., 2009, Yadav et al., 2014, Chaudhary et al., 2017, Janvi et al., 2022, Lunagariyaet al., 2024, Riddhi et al., 2024.

Table 1: Effect of pollinator attractants, chemicals and growth regulators on appearance and taste of mango cv. Kesar
	Treatments
	Appearance (score)
	Taste (score)

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	T1:Control
	6.00
	6.80
	6.40
	6.83
	6.52
	6.68

	T2:Honey solution @ 1.5 %
	7.50
	7.80
	7.65
	7.55
	7.60
	7.58

	T3:Sucrose @ 10 %
	7.80
	8.00
	7.90
	7.83
	7.70
	7.77

	T4:Boric acid @ 0.2 %
	7.00
	7.00
	7.00
	7.10
	7.34
	7.22

	T5:Milk @ 5 % + Jaggery @ 5 %
	8.00
	8.00
	8.00
	7.88
	8.50
	8.19

	T6:Sucrose @ 10 % + Potassium citrate @ 1 %
	7.40
	7.60
	7.50
	7.24
	7.40
	7.32

	T7:Potassium citrate @ 2 % + Putrescine @ 10 ppm
	8.50
	8.20
	8.35
	8.17
	8.00
	8.09

	T8:NAA 50 ppm + Micronutrient mixture Grade –IV @ 1 %
	7.48
	7.80
	7.64
	7.33
	7.56
	7.45

	T9:NAA 25 ppm + Boric acid @ 0.2 %
	7.20
	7.50
	7.35
	7.27
	7.50
	7.39

	T10:Calcium nitrate @ 0.1 % + Boric acid @ 0.2 %
	8.51
	8.50
	8.51
	8.68
	8.10
	8.39

	S.Em. ±
	0.28
	0.27
	0.19
	0.325
	0.304
	0.229

	C.D. at 5 %
	0.821
	0.795
	0.552
	0.94
	0.90
	0.63

	C.V. %
	6.35
	6.00
	6.44
	7.20
	6.90
	7.31



Flavour
Scrutiny of data presented in Table 2 and depicted in Figure1 illustrated statistically significant variations flavour of fruit among the treatments. The calcium nitrate @ 0.1 % + boric acid @ 0.2 % (T10) exhibited maximum score of flavour of fruit (8.05, 8.20 and 8.12 score) during both of the years and as well as in pooled. The minimum flavour of fruit (6.94, 7.10 and 7.02 score) was observed in control treatment (T1) during both the years as well as in pooled data.
Mango fruits with calcium and boron spray enhanced flavour while combination results significantly. The desirable flavour may result from the breakdown of organic acids during senescence, along with changes in carbohydrates, proteins, amino acids, lipids, and phenolic compounds, which influence fruit taste. These findings align with the studies of Jagadeesh et al. (2001) in jackfruit and Ibrahim et al. (2014) in melons and Lunagariyaet al. (2024).
Table 2: Effect of pollinator attractants, chemicals and growth regulators on flavour and colour of mango cv. Kesar
	Treatments
	Flavour (score)
	Colour (score)

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	T1:Control
	6.94
	7.10
	7.02
	6.94
	7.05
	7.00

	T2:Honey solution @ 1.5 %
	7.48
	7.68
	7.58
	7.66
	7.69
	7.68

	T3:Sucrose @ 10 %
	7.50
	7.70
	7.60
	7.72
	7.82
	7.77

	T4:Boric acid @ 0.2 %
	7.00
	7.20
	7.10
	7.22
	7.25
	7.24

	T5:Milk @ 5 % + Jaggery @ 5 %
	7.80
	7.93
	7.86
	8.16
	8.00
	8.08

	T6:Sucrose @ 10 % + Potassium citrate @ 1 %
	7.20
	7.40
	7.30
	7.05
	7.42
	7.24

	T7:Potassium citrate @ 2 % + Putrescine @ 10 ppm
	7.90
	8.00
	7.95
	7.78
	8.54
	8.16

	T8:NAA 50 ppm + Micronutrient mixture Grade –IV @ 1 %
	7.40
	7.53
	7.47
	7.61
	7.58
	7.60

	T9:NAA 25 ppm + Boric acid @ 0.2 %
	7.32
	7.56
	7.44
	7.27
	7.37
	7.32

	T10:Calcium nitrate @ 0.1 % + Boric acid @ 0.2 %
	8.05
	8.20
	8.12
	8.20
	8.46
	8.33

	S.Em. ±
	0.235
	0.221
	0.161
	0.285
	0.325
	0.219

	C.D. at 5 %
	0.70
	0.66
	0.46
	0.82
	0.94
	0.60

	C.V. %
	5.45
	5.03
	5.34
	6.31
	7.07
	6.85



Colour 
Significantly the best fruit colour (8.20 and 8.33 score) was observed in the foliar spray of calcium nitrate @ 0.1 % + boric acid @ 0.2 % (T10) during the first year and in pooled data, whereas for second year, best fruit colour (8.54 score) was recorded in foliar spray of potassium citrate @ 2 % + putrescine @ 10 ppm (T7). Relatively low score in fruit colour (6.94, 7.05 and 7.00 score) was obtained in the control (T1) during both the years as well as in pooled data.
Calcium and boron play vital roles in enhancing mango fruit colour. Mangoes, being climacteric fruits, undergo ripening through carotenoid formation and chlorophyll degradation. Calcium reduces respiration, improving colour retention, while boron enhances calcium uptake, strengthens cell walls, and supports nutrient transport. This combination ensures uniform ripening and vibrant colour development. Additionally, boron stimulates carotenoid synthesis, contributing to the rich yellow and orange hues. Together, these nutrients boost the fruit’s visual appeal and marketability, making them more attractive to consumers. Similar findings were reported by Singh (1979) in mango and Mahajan et al. (2008) in plum.
Foliar application of 2% potassium citrate and 10 ppm putrescine enhanced mango fruit colour in the second year by influencing biochemical pathways. Putrescine regulates enzymes involved in pigment biosynthesis, while potassium citrate supplies citric acid, a precursor in carotenoid formation. Together, they stimulate metabolic activities, boosting carotenoid production and intensifying yellow-orange hues. This improves visual appeal, perceived ripeness, and overall market value of mangoes (Abd El-Migeedet al., 2013). Similar findings were also observed by Singh et al. (1997) in pear; Malik et al. (2006) in mango; Khan and Singh (2008) in plum; Mirdehghanet al. (2013a) in pistachio nut and Mirdehghanet al., (2013b) in grape.
	

	Figure 1 Effect of pollinator attractants, chemicals and growth regulators onorganoleptic tastein mango cv. Kesar



Effect on economics
To evaluate the economics of different treatments, mean yield data of mango fruits under various pollinator attractants, chemicals, and growth regulators were analyzed and are presented in Table 3 and Figure 2. Gross and net realizations (₹/ha) were calculated based on prevailing harvest prices, while the cost of cultivation was also determined. 
Table 3 Effect of pollinator attractants, chemicals and growth regulators on economic of mango cv. Kesar
	Treatment
	Yield (t/ha)
	Fixed cost(₹ ha-1)
	Variable cost
(₹ ha-1)
	Total cost
(₹ ha-1)
	Gross realization
(₹ ha-1)
	Net realization
(₹ ha-1)
	
BCR

	T1: Control
	3.93
	137432
	00
	137432
	196500
	59068
	0.43

	T2: Honey solution @ 1.5 %
	5.05
	137432
	70300
	207732
	252500
	44768
	0.22

	T3: Sucrose @ 10 %
	4.83
	137432
	31600
	169032
	241500
	72468
	0.43

	T4: Boric acid @ 0.2 %
	6.82
	137432
	11800
	149232
	341000
	191768
	1.29

	T5: Milk @ 5 % + Jaggery @ 5%
	5.75
	137432
	52300
	189732
	287500
	97768
	0.52

	T6: Sucrose @ 10 % + Potassium citrate @ 1 %
	6.95
	137432
	126460
	263892
	347500
	83608
	0.32

	T7: Potassium citrate @ 2 % + Putrescine @ 10 ppm
	6.92
	137432
	212860
	350292
	346000
	-4292
	-0.01

	T8: NAA 50 ppm + Micronutrient mixture Grade - IV @ 1 %
	9.42
	137432
	32450
	169882
	471000
	301118
	1.77

	T9: NAA 25 ppm + Boric acid @ 0.2 %
	8.34
	137432
	16500
	153932
	417000
	263068
	1.71

	T10: Calcium nitrate @ 0.1 % + Boric acid @ 0.2 %
	7.92
	137432
	19612
	157044
	396000
	238956
	1.52


	
Among the treatments, NAA 50 ppm + micronutrient mixture Grade-IV @ 1% (T8) recorded the highest net realization of ₹ 301,118 and a B:C ratio of 1.77 across both years and in pooled analysis. Conversely, the control (T1) recorded the lowest net realization of ₹ 59,068 and a B:C ratio of 0.43. The superior performance of treated trees was due to a higher number of hermaphrodite flowers, better fruit set, and improved yield. This underscores the significance of timely external interventions in maximizing yield and profitability, proving that genetic potential alone is insufficient without supportive treatments that enhance flowering and fruit development.


	Figure 2 Effect of pollinator attractants, chemicals and growth regulators on net realization in mango cv. Kesar


Conclusion
	From the present investigation, it can be concluded that the foliar application of calcium nitrate at 0.1% combined with boric acid at 0.2% (T10) consistently yielded the most favorable outcomes in terms of fruit appearance, flavour, and colour over both years, along with high scores for taste. Furthermore, the treatment involving NAA at 50 ppm combined with a micronutrient mixture Grade-IV at 1% (T8) proved to be the most economically advantageous, generating the highest net revenue of ₹3,01,118 and a benefit-cost ratio (BCR) of 1.77, thereby demonstrating its effectiveness in optimizing both quality and profitability.
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