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ABSTRACT 

The current study was conducted on mango cultivar ‘Amrapali’ to evaluate the impact of 

different concentration ofNaphthalene Acetic Acid (NAA) and panicle bagging on flowering 

behaviour, yield, and fruit quality under foothill of Nagaland. Treatments involved foliar 

application of NAA at the prebloom stage with three concentrations T1 (40 ppm), T2 (100 

ppm), and T3 (200 ppm) along with panicle bagging performed at the marble stage. The 

experiment followed a two-factor Randomized Block Design (RBD) with three replications. 

Foliar application of NAAsignificantly influenced flowering, fruit yield, and quality traits. 

Among the treatments, NAA at 100 ppm resulted in the highest number of panicles per 

branch and improved floweringhowever the combination of 40 ppm NAA and panicle 

bagging yielded the highest fruit set and overall yield. Additionally, 200 ppm NAA 

combined with bagging proved most effective in enhancing fruit set as well as the physical 

characteristics of the fruit. However, the application of NAA and bagging did not show 

statistically significant changes in most bio-chemical parameters, except for juice content, 

ascorbic acid levels, and the TSS: acid ratio. 
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INTRODUCTION 

Mango (Mangifera indicaL.) is a major fruit crop widely cultivated in tropical regions 

around the world and is often referred to as the "King of Fruits" [1]. The 'Amrapali' mango 

variety, developed in 1971 as a hybrid between 'Dashehari' and 'Neelum' by the Indian 

Agricultural Research Institute (IARI), Pusa, New Delhi, has since been widely adopted 

across India. This variety is gaining popularity in the North-Eastern Region (NER) due to its 

dwarf stature, regular bearing habit, clustered fruiting, small-sized fruits, and good shelf life. 

Though mango is grown as non-conventional commercial fruit crop in the region despite 

abundant flowering, mango orchards often experience poor fruit yields, primarily due to low 

initial fruit set and high rates of fruitlet drop [2]. Fruit bagging is known to modify the 
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microclimate around developing fruits [3], and pre-harvest bagging can enhance fruit quality 

and yield while also protecting the crop from pests and diseases. However, such practices 

are seldom used in the North-Eastern states, including Nagaland, where mango is a 

significant fruit crop. Limited awareness and regional constraints have hindered the 

adoption of improved technologies. In this context, the present study titled “Effect of pre-

treatment of NAA and panicle bagging on flowering, yield and quality of mango cv. 

Amrapali” was undertaken to explore the potential of Naphthalene Acetic Acid (NAA) as 

foliar applications at the pre bloom stages and panicle bagging using perforated polythene 

bags to enhance fruit quality in mango. 

MATERIALS AND METHODS 

The present study, titledEffect of different concentration of NAA and panicle bagging on 

flowering, yield and quality of mango cv. Amrapali was conducted at the Horticultural 

Experimental Farm, NU: SAS. The experiment involved sixteenyearold mango trees planted 

at a spacing of 5 m × 5 m. A two-factor Randomized Block Design (RBD) was employed, 

comprising eight treatment combinations with three replications per treatment. To evaluate 

the influence of different concentrations of Naphthalene Acetic Acid (NAA) on flowering, 

yield, and fruit quality, NAA was applied at three concentrations T1 (40 ppm), T2 (100 ppm), 

and T3 (200 ppm) during the flower bud initiation stage in the first week of January. For the 

panicle bagging treatment, perforated non-woven polypropylene bags measuring 52 cm × 35 

cm were used to cover the fruit at the marble stage during March. 

RESULTS AND DISCUSSION 

Flowering characters 

Table 1 is depicted the significant influence of different NAA concentrations on flowering 

characteristics, such as the number of panicles per branch, flowers per panicle, and fruit set 

per panicle. Among the treatments, T2 (100 ppm) emerged as the most effective in 

promoting the highest number of panicles per branch (22.75) and flower production per 

panicle recording 246.33 male and 115 female flowers in the North-East direction, and 

244.58 male and 121.33 female flowers in the South-West direction. In contrast, T1 (40 

ppm) showed better results for fruit set per panicle, with 23.75 fruits in the North-East and 

21.67 in the South-West direction. These findings align with those reported by [4], [5], and 

[6], who noted that NAA application increases flower production in mango trees. With 

regard to flowering response to NAA might be attributed to elevated auxin levels during 
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flower bud differentiation, which enhances cell division and enlargement through increased 

amylase activity and ATP synthesis. Additionally, NAA promotes nucleic acid activity, 

supporting the development of more female flowers. This is consistent with [7], who 

associated higher auxin levels with a greater tendency toward female flower formation. 

Yield characters 

Data presented in Table 2 demonstrates that yield-related traitssuch as the number of fruits 

per panicle at the marble stage, fruit drop percentage per panicle, total fruits per tree, yield 

per tree, and yield per hectarewere significantly influenced by different concentrations of 

NAA and fruit bagging treatments. The combination of T1 (40 ppm NAA) with fruit bagging 

produced the highest number of fruits per panicle counted at the marble stage (2.75 in the 

North-East and 2.83 in the South-West direction), along with the greatest number of fruits 

per tree 122.17 and the highest yield 21.48 kg/tree and 85.94 quintals/ha. These outcomes 

may be attributed to improved sunlight penetration, which enhances photosynthesis, and the 

suppression of abscission layer formation through the inhibition of specific enzymatic 

actions. These results are consistent with the observations reported by [8],[9],[10], and [11]. 

The interaction effect of B1T1 (bagging + 40 ppm NAA) was found to be significantly better 

than other treatment combinations. These findings are in line with earlier research by [12], 

[4], and [5], who also reported enhanced yield due to improved fruit retention, increased 

fruit size, and weight. Similar conclusions were drawn by [13], [14], [4], and [15] 

confirming the effectiveness of these treatments in improving yield performance. 

Table 1: Effect of various level of NAA on flowering and fruiting characters of mango 

cv. Amrapali 

Treatments Number of panicle formed per 

branch 

Number of male flower per 

panicles 

Number of female flower 

per panicle 

Number of fruit set 

per panicles 

N-E S-W N-E S-W N-E S-W N-S E-W 

 

T0 control 7.92 10.13 86.75 84.79 69.67 87.83 12.75 10.33 

T1 40ppm 15.83 14.94 171.29 130.21 91.08 102.46 23.75 21.67 

 

T2 100ppm 18.08 22.75 246.33 244.58 115.00 121.33 21.92 20.42 

T3 200ppm 17.88 17.06 120.21 122.29 111.92 99.00 19.75 20.42 

 

SEm(±) 1.03 0.66 11.93 5.67 5.49 7.28 1.53 0.82 

CD 5% 3.11 2.01 36.18 17.20 16.67 22.08 4.64 2.49 
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Physical characters of fruits 

Both the individual and combined effects of different NAA concentrations and fruit bagging 

significantly influenced the physical attributes of mango fruits, including individual fruit 

weight, size, volume, peel weight, pulp weight, and stone weight (Table 2). However, the 

interaction effect did not result in a statistically significant difference in fruit size. Among 

the treatments, T3 (200 ppm NAA) yielded the best results for fruit weight (190.17 g), size 

(59.20 cm²), volume (185.33 ml), pulp weight (144 g), and stone weight (25 g). Similarly, 

bagging treatment B1 improved physical traits, resulting in a fruit weight of 175.83 g, fruit 

size of 52.32 cm², volume of 173.42 ml, pulp weight of 140.75 g, and stone weight of 25.08 

g. 

The highest peel weight (28 g) was observed in the control treatment (T0 and B0no NAA and 

no bagging). Among the interaction treatments, B1T3 (bagging + 200 ppm NAA) was the 

most effective in enhancing nearly all physical parameters, including fruit weight (204.67 

g), size (59.74 cm²), volume (220.67 ml), pulp weight (173.67 g), and stone weight (26.67 

g). The greatest peel weight (34.67 g) was noted in B0T0, while the highest stone weight (28 

g) was recorded under B0T2 (no bagging + 100 ppm NAA). 

Bagging during fruit development was also found to reduce pest and disease incidencesuch 

as fruit fly, stone weevil, anthracnose, and blemishes on the fruit surface. Pre-harvest 

bagging altered fruit retention, harvest timing, and improved the physico-chemical 

properties, shelf life, and pest resistance of mature and ripened fruits, as previously reported 

by [16]. Using non-woven polypropylene bags for fruit bagging was found to influence fruit 

appearance, pericarp pigmentation, enzyme activity, sugar content, and the surrounding 

microenvironment. These changes contributed to significantly enhanced external fruit 

quality. These findings are consistent with the observations made by [17]and [18]. 

Table.2: Effect of various levels of NAA and bagging on fruit yield and yield 

attributing characters of mango cv. Amrapali 

Treatments Number of 

fruit retain 

per panicle 

at marble 

stage 

Percentage of 

fruit drop 

per panicle 

per 

treatment at 

marble stage 

Number 

of fruit 

per tree 

at 

maturity 

Yield 

per 

tree 

(Kg) 

Yield 

per 

ha 

(q) 

Weight of 

individual 

fruit (g) 

Fruit 

size 

(cm2) 

Fruit 

volume 

(ml) 

Peel 

weight  

(g) 

Pulp 

weight  

(g) 

Stone 

weight 

(g) 

NAA N-E S-

W 

N-E S-W 

  

       

T0  Control 0.92 1.17 92.63 88.33 28.50 4.08 16.32 156.00 43.68 155.00 34.50 128.17 23.50 

T1 40ppm 2.75 2.83 88.07 86.87 122.17 21.48 85.94 166.83 50.87 162.33 26.67 124.67 24.67 

 
T2 100ppm 2.17 2.83 89.54 86.04 97.83 17.68 70.72 174.00 50.99 154.67 23.17 134.50 24.67 
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Bio-chemical attributes of fruits 

Table 3 indicates that the individual application of NAA had a significant impact on the 

chemical characteristics of mango fruits. Treatment T2 (100 ppm) resulted in the highest 

juice content (31.65%), ascorbic acid content (33.07 mg/100g), and TSS: acid ratio (112.47), 

along with the lowest acidity level (0.09%). On the other hand, the highest total soluble 

solids (21.62°Brix), total sugars (14.43%), and non-reducing sugars (10.30%) were 

observed in treatment T1 (40 ppm). The greatest reducing sugar content (5.57%) was 

recorded in the control treatment (T0). Fruit bagging had no significant effect on juice 

content, acidity, or non-reducing sugar levels. 

As for the interaction effects, the highest juice content (33.40%) was observed in treatment 

B0T3 (no bagging + 200 ppm NAA), while the highest ascorbic acid content (34.13 

mg/100g) was nearly identical in both B1T2 and B1T3. The maximum TSS: acid ratio 

(117.73) was recorded in treatment B1T2. However, the interaction between NAA and 

bagging did not significantly affect TSS, acidity, or sugar content. 

Table.3: Effect of various levels of NAA and bagging on biochemical composition of 

mango fruits cv. Amrapali 

T3 200ppm 2.67 2.42 86.23 88.26 75.33 13.79 55.17 190.17 59.20 185.33 23.17 144.00 25.00 

SEm (±) 0.30 0.33 2.00 2.15 3.68 1.08 4.32 9.32 0.76 14.95 2.03 9.24 1.58 
CD at 5% 0.92 1.00 6.06 6.52 11.16 3.27 13.09 28.27 2.30 45.35 6.17 28.03 4.79 

Bagging              

B0 (No bagging) 1.63 1.88 91.61 90.58 57.0 11.31 45.27 167.67 50.06 155.25 29.08 124.92 23.83 

B1 (Bagging) 2.63 2.75 86.64 84.17 104.9 17.20 68.81 175.83 52.32 173.42 24.67 140.75 25.08 

SEm (±) 0.21 
0.23 1.41 1.52 2.6 0.76 3.05 6.59 0.54 10.57 1.44 6.53 1.12 

CD at 5% 0.65 1.71 4.28 4.61 7.89 2.31 9.26 19.99 1.63 32.06 4.36 19.82 3.38 

NAA X Bagging              

B0T0 (Control) 0.50 0.33 96.10 96.49 16.00 1.38 5.51 156.67 43.01 156.33 34.67 132.33 22.33 

B0T1 (No 

bagging+40ppm) 2.17 2.67 90.40 88.52 87.67 18.33 73.32 163.33 48.86 160.33 28.33 121.33 21.67 
B0T2 (No 

bagging+100 ppm) 1.17 2.50 93.17 87.41 71.67 15.05 60.21 175.00 49.70 154.33 28.33 131.67 28.00 

B0T3 (No bagging+ 
200ppm) 2.67 2.00 86.75 89.91 52.67 10.51 42.03 175.67 58.65 150.00 25.00 114.33 23.33 

B1T0 (bagging+ 

control) 1.33 2.00 89.17 80.17 41.00 6.78 27.13 155.33 44.35 153.67 34.33 124.00 24.67 
B1T1 

(bagging+40ppm) 3.33 3.17 85.74 85.22 156.67 24.64 98.56 170.33 52.89 164.33 25.00 128.00 27.67 

B1T2 

(bagging+100ppm) 3.17 3.00 85.92 84.66 124.00 20.31 81.23 173.00 52.28 155.00 18.00 137.33 21.33 

B1T3 (bagging+ 

100ppm) 2.67 2.83 85.72 86.61 98.00 17.08 68.31 204.67 59.74 220.67 21.33 173.67 26.67 

SEm (±) NS NS 2.82 3.04 5.20 1.53 6.10 13.18 NS 21.14 2.87 13.07 2.23 

CD at 5% NS NS 8.57 9.23 15.78 4.63 18.52 39.99 NS 64.13 8.7 39.65 6.77 

Treatments Biochemical composition 

 

NAA 

Juice 

content 

(%) 

TSS (0B) Titratable 

Acidity 

(%) 

Total 

sugars 

(%) 

Reducing 

sugars 

(%) 

Non- 

reducing 

sugars 

(%) 

Ascorbic 

acid 

(mg/100g) 

TSS: 

Acid 

ratio 

T0 (control) 25.13 19.00 0.23 12.90 5.57 6.96 24.00 82.60 
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CONCLUSION 

Based on the results of the study, it can be concluded that treatment T2 (100 ppm NAA) was 

most effective in enhancing flowering characteristics in mango plants. The combination of 

T1 (40 ppm NAA) with B1 (fruit bagging) proved superior in maximizing fruit set and 

overall yield. For improving the physical traits of the fruit, T3 (200 ppm NAA) combined 

with B1 (bagging) gave the best results. However, the combined effect of NAA treatments 

and bagging did not produce significant differences in the bio-chemical properties of mango 

fruits. Overall, the most effective treatment for improving flowering, yield, and fruit quality 

in mango was the combination of T2 (100 ppm NAA) with B1 (bagging). 
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T1 (40 ppm) 31.61 21.62 0.23 14.43 3.59 10.30 32.53 94.00 

T2 (100ppm) 31.65 21.37 0.19 12.16 3.56 8.17 33.07 112.47 

T3 (200ppm) 29.85 21.45 0.20 13.07 3.41 9.18 32.00 107.25 

 

SEm (±) 1.13 0.42 NS 0.97 0.30 1.02 1.55 3.321 
CD at 5% 3.42 1.26 NS 2.95 0.90 3.10 4.71 11.76 

Bagging         

B0 (No bagging) 

29.99 20.42 0.24 12.23 3.95 7.87 29.33 85.08 

B1 (Bagging) 29.13 21.30 0.23 14.05 4.12 9.43 31.47 92.60 

SEm (±) NS 0.29 NS 0.69 NS 0.72 1.10 5.42 

CD at 5% NS 0.89 NS 2.09 NS 2.19 3.33 0.828 

NAA x Bagging 

B0T0 (Control) 22.03 19.30 0.26 12.39 6.14 5.94 23.47 74.23 

B0T1 (No bagging+ 

40ppm) 31.83 21.00 0.23 13.09 3.33 9.27 32.00 91.30 

B0T2 (No 

bagging+100ppm) 32.70 20.37 0.19 11.78 3.12 8.23 32.00 107.21 

B0T3 (No 

bagging+200ppm) 33.40 21.00 0.21 11.65 3.19 8.04 29.87 100.00 

B1T0(Bagging + control) 28.23 18.70 0.21 13.40 5.00 7.98 24.53 89.04 

B1T1 (Bagging+40ppm) 31.39 22.23 0.23 15.77 3.84 11.33 33.07 96.65 

B1T2 (Bagging+100ppm) 30.59 22.37 0.19 12.53 4.00 8.10 34.13 117.73 

B1T3(Bagging+200ppm) 26.30 21.90 0.19 14.49 3.63 10.31 34.13 115.26 

SEm (±) 

CD at 5% 
1.60 

4.84 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

2.19 

6.66 

0.04 

0.123 
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