


Improvement in yield and fruit quality of banana by pre-harvest treatment of GA3 and Chitosan
Abstract
The present study evaluated the influence of pre-harvest application of gibberellic acid (GA3) and chitosan on yield-contributing characters and fruit quality of banana cv. BARI Banana 1. The experiment was conducted under field conditions at the Horticulture Farm of Sher-e-Bangla Agricultural University, Dhaka, Bangladesh, from July 2024 to June 2025. Treatments consisted of three levels of GA3, namely control, 100 ppm, and 200 ppm, and three levels of chitosan, namely control, 1 g/L, and 2 g/L, arranged in nine treatment combinations. Sprays were applied twice, first at bunch emergence and again 15 days after the first application. The combined application of GA3 and chitosan influenced yield and fruit quality attributes. Among the treatment combinations, GA3 at 100 ppm with chitosan at 2 g/L produced the highest bunch weight (24.77 kg), bunch length (89.67 cm), number of fingers per bunch (145.00), total soluble solids (28.00 °Brix), vitamin C content (13.72 mg/100 g), reducing sugar content (10.85 mg/g), phenol content (20.45 mg/g), and improved peel colour values. The same treatment also recorded low titratable acidity (0.08%) and pH (4.48). Untreated plants generally showed the lowest values for most yield and quality parameters, including bunch weight (16.34 kg), pulp ratio (2.42), total soluble solids (15.46 °Brix), vitamin C content (5.78 mg/100 g), reducing sugar content (8.85 mg/g), and phenol content (10.52 mg/g). These findings indicate that pre-harvest spraying of GA3 at 100 ppm combined with chitosan at 2 g/L may improve banana yield and selected fruit quality attributes under the conditions of the present study.
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1. INTRODUCTION 
The banana (Musa paradisiaca L.), a member of the Musaceae family, is a highly significant tropical fruit crop in the globe. People of all ages love bananas, which may be eaten both fresh and dried. It is also the most affordable, nutritious, and high-energy fruit (Al-Dairi et al., 2023). It is one of the most significant commercial fruit crops in tropical and subtropical regions and the fourth largest fruit crop in the world. Since it is the only fruit that is available year-round, it is consumed more frequently than any other fruit. It is considered an essential food and dietary supplement in more than 130 countries (Sardos et al., 2025). It contains ascorbic acid, riboflavin, niacin, protein, fat, ash, phosphorus, calcium, iron, β-carotene, and crude fiber, making it one of the most nutrient-dense fruit crops in the world (Kwok et al., 2025). 
In spite of its significance, Bangladesh's banana industry confronts numerous difficulties, such as yield constraints, postharvest loss, and low quality fruits (Tumaini et al., 2024). On one hand, Bangladesh has huge yield gap in banana cultivation. Bangladesh produces 14 tons of bananas per hectare on average, but commercial agriculture has the potential to enhance that amount to 30 tons ((Mohibul Hossen and Islam, 2025). On the other hand, for their climacteric nature, bananas ripen very fast after harvest and deteriorate quickly. Excessive heat, humidity, improper post-harvest handling, and a lack of awareness about post-harvest technologies play a significant role in post-harvest loss of bananas in Bangladesh (Munira et al., 2025). Bangladesh's average yearly postharvest banana loss rate is 24.62%, whereas developed countries' loss rates vary from 5% to 25% (Aziz et al., 2021).
Since growth regulators, especially GA3, are essential for fruit development, modern research on plant physiology has revolutionized banana production. Kumar et al. (2025) claim that it enhances physiological functions such cell division, cell elongation, and nutrient transfer, which in turn increases fruit growth. Alhassan and Ndomakaah (2024) state that pre-harvest chemical and growth regulator applications are necessary to extend shelf life while preserving quality and reducing postharvest losses because bananas are climacteric and extremely perishable.
Derived from chitin, chitosan is a nitrogen-enriched biopolymer that coats fruit in a thin layer to prevent water loss, slow down gas exchange, and serve as a barrier against pathogenic attack (Romanazzi et al., 2022). According to Arshad et al. (2025), Chitosan slows down the ripening of bananas by reducing weight loss and vitamin C levels. By forming a semi-permeable membrane, it lowers the rate of respiration and, by preserving cell integrity, lessens fruit softening (Dwivany et al., 2025). Chitosan inhibits fungal infections like Fusarium and lessens bruising, improving post-harvest quality.  Chitosan's antibacterial qualities result from the electrostatic interaction of its polycationic structure with the anionic component of the bacterial surface (Nugrahapraja et al., 2024). According to Al-Qurashi et al. (2024), Chitosan is one edible covering that may delay ripening, increase fruit shelf life, and enhance fruit quality in general.
Although pre-harvest growth regulator spraying is a simple and affordable technique, little is known about how chitosan and GA3 affect banana quality and production in Bangladesh's agricultural context. Thus, the study aimed to assess how GA3 and chitosan affect the yield and quality of banana and determine their ideal doses for pre-harvest bunch spraying.
2. MATERIAL AND METHODS
2.1 Plant materials and growing conditions
The banana sucker (cv. BARI Banana 1) was procured from the Bangladesh Agricultural Research Institute in Joydebpur, Gazipur, and was subsequently planted with a spacing of 1.5 m x 1.5m. The experiment was carried out in Horticulture Farm at Sher-e-Bangla Agricultural University, Dhaka 1207, Bangladesh during the experimental period July 2024-June 2025 under field conditions. All plants were subjected to the same recommended agricultural practices, including fertilization and other agricultural practices, and were also similar in age and growth.
Treatments
List 1 : The experiment consisted of two factors as follows
	Factor A: Different levels of GA3
	Factor B: Different levels of chitosan

	G0: Control (spray water only).
G1: GA3 (100 ppm)
G2: GA3 (200 ppm)
	C0: Control (spray water only).
C1: Chitosan ((1 g/L)
C2: Chitosan (2 g/L)


There were 9 (3×3) treatments combinations such as: G0C0, G0C1, G0C2, G1C0, G1C1, G1C2, G2C0, G2C1 and G2C2. Afterwards, GA3 and chitosan was sprayed 2 times, firstly during bunches emerge stage and secondly 15 days after 1st spray.
2.2 Measurement of Yield Contributing Parameters
Number of days required for bunch initiation to harvesting, bunch length, and bunch weight were recorded for each of the five selected plants in each treatment. The number of hands/bunch and fingers/hand were determined by counting the fruits that had attained harvestable ripeness. The pulp: peel from each selected hand was measured using an automated top pan balance.
2.3 Measurement of Biochemical Parameters
2.3.1 Total Soluble Solids (TSS) Content
A digital refractometer (MA871; Romania) was used to determine the banana's TSS concentration. Using a dropper, a drop of banana juice was collected and applied to the refractometer prism. A total soluble solids reading was displayed by the refractometer.
2.3.2 pH Determination
A digital pH meter (HI 2211; Romania) was used to measure the pH after each treated banana's fruit juices were filtered separately.    
2.3.3 Titratable Acidity (TA %)
 In order to determine the TA, the fruit samples (5g) were macerated using a mortar and pestle. Samples were macerated, filtered, and then 100 milliliters of water were added. Next, two drops of phenalpthelin were added to ten milliliters of stock solution in a conical flask. Three titrations of the solution were performed using 1N NaOH. The titration was terminated when a pink color developed. 
2.3.4 Vitamin C Determination
The Vitamin C content of bananas was determined using the method previously published by Tee et al. (1988). A 5gm banana fruit sample was mixed and the juice sieved using filter paper (Whatman No. 1). The volume was increased to 100 ml by adding a 5% oxalic acid solution. The titration was carried out with dye solution 2, 6-dichlorophenol indophenol. The average observations revealed the quantity of dye required to oxidize an unknown concentration of a specific amount of L-ascorbic acid solution using a L-ascorbic acid standard. Each time, a 5ml solution was used for titration, and the pink color indicated the final point of titration, which lasted 10 seconds.  
2.3.5 Reducing sugar
The reducing sugars were determined using the phenol–sulfuric acid technique. The extract was filtered after homogenizing 0.2 grams of fresh leaves with deionized water. Two milliliters of the solution were combined with 0.4 milliliters of 5% phenol, and 2 cc of 98% sulfuric acid was quickly added to the mixture. To allow the color to develop, the test tubes were placed in a water bath set at 30 degrees Celsius for 20 minutes after being kept at room temperature for ten minutes. The spectrophotometer was then used to detect the light absorption at 540 nm. The same technique was followed to prepare the blank solution, which is distilled water. The reducing sugar content was calculated as mg/100g FW. 

2.2.6 Phenolic Content
The Singleton et al. (1999) method was used to calculate the phenolic content. 85% methanol was used to homogenize 250 mg of banana pulp. To separate the supernatant, the extract was centrifuged for 15 minutes at 3000× g. For every 2 mL of supernatant, 2 mL of Folin-Ciocalteu reagent was added. A 7.5% sodium carbonate solution (2 mL) was added to each test tube, and after 30 to 45 minutes, the absorbance at 725 nm was measured in comparison to a blank sample. Gallic acid was utilized to develop a standard curve for calculating total phenolic content.
2.4 Color Measurement
The colors of the banana peel were measured nondestructively using a Minolta Chroma meter (Model CR400) configured with a D65 illuminant and a 10o observer angle. Color values were represented by the symbols L*, a*, b*, and C*. For each fruit, the reading was set to require an average of six random points. The colorimeter must be fully in contact with the fruits in order to stop light leakage.
2.5 Statistical Analyses
A randomized complete block design (RCBD) was utilized in the studies, with five plants in each of the four replications for each treatment. Statistical analyses were carried out using SAS version 9.4 (SAS Institute, Cary, NC, USA). When P ≤ 0.05, the mean value among the treatments was significantly different. All data were reported with the mean standard error (SE) of the replicates.
3. RESULT AND DISCUSSION
3.1 Time (days) to harvest from fruit set
GA3 and chitosan had a substantial influence on the number of days necessary for harvesting following fruit setting. The G1C0 treatment combination had the shortest harvesting period (102 days), while the G0C0 combination had the longest (148 days) (Table 1). Exogenous application of 100 ppm GA3 was found to affect a few physiological characteristics of banana (Kacha et al., 2021) and this treatment resulted in the shortest time to harvest (Pradeep et al., 2024). Finger growth and maturity were probably hastened by bunch feeding with chemicals, nutrients, and plant growth regulators, which may have contributed to the early maturity shown in GA3-treated plants (Chawla et al., 2025). These findings are consistent with a study conducted by Thammadi et al. (2024), which demonstrated that bananas harvested the earliest when treated with 100 ppm GA3. 
3.2 Bunch weight (kg)
Significant influence was found on bunch weight of banana with application of GA3 and chitosan at bunch emerging stage. The maximum bunch weight (24.77 Kg) was weighed from the G1C2 treatment combination. The minimum bunch weight (16.34 Kg) was weighed from the G0C0 treatment combination (Table 1). Thammadi et al. (2024) found that gibberellic acid encourages metabolic alterations that improve nutrient accumulation and raise fruit and bunch weight.  He also revealed that applying 100 ppm of GA3 foliar spray produced the highest bunch weight of bananas. Further application of GA3 enhances the fruits' access to nutrients and other substances necessary for healthy growth and development, leading to larger fruits and eventually a higher yield (Lad et al., 2025). According to Rodriguez-Jurado et al. (2025), applying chitosan at a concentration of 200 ppm led to a notable 6% rise in the fresh weight of banana plants and a 35% increase in their dry weight. Reyes-Pérez et al. (2025) stated that foliar spraying chitosan after flowering resulted in a maximum increase in fruit weight and volume since the fruit is going through the cell elongation stage at this time. 
3.3 Number of hands per bunch
The treatment combination of G1C2 and G1C0 produced the greatest number of hands per bunch (10.33), whereas G0C0 produced the lowest number (7.33) of hands per bunch (Table 1). According to Pavani et al. (2025), GA3 50 ppm bunch spraying produced a maximum of ten hands per bunch in bananas. This may be because GA3 produces enzymes that weaken cell walls, encouraging elongation and postponing senescence, which increases the number of hands per bunch (Tang et al., 2025). These results are consistent with those of Purseth et al. (2023), who similarly found that GA3 enhances bunch growth and increases the number of hands.
3.4 Number of fingers per bunch
There was no significant effect on G1C0, G1C1 and G1C2 treatment combination. However, the maximum number of fingers per bunch (145.00) was recorded in G1C2 treatment combination and the minimum (102.67) was recorded in G0C0 treatment combination (Table 1).  According to Mohamed et al. (2024), GA3 therapy at 50 ppm produced the greatest number of fingers in banana. This may be due to the application of GA3 stimulates the development of ovaries and increases the production of hormones responsible for fruit growth and development, increasing the number of fruit sets (Gurjar et al., 2023). Because chitosan promotes the synthesis of auxins and gibberellins in plants, it positively influences the enhancement of vegetative growth traits (Jayalakshmi et al., 2025). Chitosan contains nitrogen, which is essential for the production of tryptophan, the basic building block for IAA synthesis. These results in increased flowering and less fruit drop (Hussein et al., 2022). 
3.5 Length of bunch (1st hand to last hand)
The maximum bunch length (89.67 cm) was noted in treatment G1C2. The minimum bunch length (62.67 cm) was found in untreated plants (G0C0) (Table 1). In a study by Thakur et al. (2021), post-shooting spray of 100 ppm GA3 resulted in the longest bunch length. This is most likely because foliar gibberellic acid spraying can accelerate photosynthesis by promoting plant growth and development.   Internode and bunch length increase as a result of cell elongation and cell division using the higher outputs from photosynthesis (Oleiwi et al., 2023). Rahman et al. (2025) found that foliar spray of chitosan had the highest stem length in BRRI dhan 29. Findings of Yazar (2025) showed that applying chitosan raised the activities of important nitrogen metabolism enzymes and improved nitrogen (N) transit in the functioning leaves, which extended banana bunch length. Banana bunch length may be greater due to cell division and cell elongation brought on by the antenna molecules found in the photosystem II reaction center (PSII), which improves energy transfer efficiency and makes nitrogen available to plants (El Amerany et al., 2022). 
3.6 Pulp-peel ratio
The foliar application of G0C2 resulted in the highest pulp-peel ratio (3.71), which was statistically equivalent to the results of the G1C2 treatment combination.  Plants without chitosan and GA3 (G0C0) had the lowest pulp-peel ratio (2.42), as shown in Table 1. Kabir et al. (2025) reported that applying 100 ppm GA3 resulted in the highest pulp to peel ratio in bananas. A higher pulp to peel ratio means that the majority of the biomass was converted into edible fruit pulp. The rapid synthesis of metabolites, particularly carbohydrates, and their delivery to the fruits as a result of the GA3 foliar spray may have led to a relatively larger pulp to peel content (Shrestha et al., 2023). 
Table 1. Combined effect of GA3 and chitosan on yield and yield contributing parameters of Banana
	Treatments
	Days required for harvesting
	Bunch length (cm)
	Number of hands/bunch
	Number of fingers/bunch
	Bunch weight (kg)
	Pulp:Peel

	G0C0 
	148.00a
	62.67f
	7.33f
	102.67e
	16.34h
	2.42f

	G0C1
	137.00b
	69.00e
	7.67ef
	111.67d
	17.24g
	3.26c

	G0C2
	129.00c
	76.33d
	8.33de
	120.67c
	19.2e
	3.71a

	G1C0
	102.00f
	89.00a
	10.33a
	144.67a
	23.71b
	3.49b

	G1C1
	109.00e
	80.67c
	10.00ab
	140.00a
	18.25f
	3.03d

	G1C2
	105.00ef
	89.67a
	10.33a
	145.00a
	24.77a
	3.69a

	G2C0
	121.00d
	80.33c
	8.67cd
	125.00bc
	20.48d
	2.78e

	G2C1
	118.00d
	80.67c
	9.00cd
	126.00bc
	17.22g
	2.69e

	G2C2
	117.00d
	83.67b
	9.33bc
	129.67b
	21.52c
	2.92d

	LSD0.05
	5.27
	2.63
	0.86
	5.80
	0.71
	0.11


G0= Control (no GA3), G1= 100 ppm GA3, G2= 200 ppm GA3, C0= Control (no chitosan), C1= 1 g/L chitosan, C2= 2g/L chitosan. 
3.7 Total soluble solids (°Brix)
The G1C2 treatment combination produced the highest concentration of total soluble solids (28 °Brix).  The control (G0C0) had the lowest total soluble solid (15.46 °Brix) (Table 2). Higher concentrations of TSS during ripening may be caused by GA3 accelerating the phosphorylase enzyme's conversion of complex sugars into simpler forms (Sarkar et al., 2022). In the words of Thakur et al. (2022), GA3 was crucial for photosynthesis and food material mobilization, which may have resulted in the build-up of carbohydrates. In the end, it promoted the quick metabolic breakdown of pectin and starch into soluble components, which raised TSS levels. According to Abd El-Hakm and EL-Gioushy (2025), applying 0.1% chitosan increased total sugar by 153–185%. It's interesting to note that pre-harvest chitosan treatments had somewhat lower total sugar content than the control at an earlier stage.  However, over time, the overall sugar content rose, and remained stable especially when no postharvest treatment was used (Abdelaleem et al., 2025). This may be because after an extended period, the chitosan-coated banana alters the fruit's internal atmosphere, causing the O2 level to drop, the CO2 level to rise, and ethylene production to be inhibited. This results in the breakdown of starch into sugar, which increases TSS (Ali and Hamid, 2021). 
3.8 Titratable acidity (%)
The combination of chitosan and GA3 resulted in a significant modification in the banana's titratable acidity (TA) content (Table 2).  The treatment combination of no GA3 and no chitosan (G0C0) had the highest TA (0.36%), whereas G1C2 had the lowest TA (0.08%) (Table 2). TA is a measure of the organic acids that significantly impact fruit flavor and overall eating quality. Bananas treated with GA3 have a higher acidity and a slower rate of ripening.  These results are supported by García-Castaño et al. (2025), who report that "Sabri" banana fruits treated with 150 ppm GA3 maintained titratable acidity and prevented abrupt rises in soluble sugars. The complex interaction between chitosan and fruit acid levels was demonstrated by Mansour et al. (2025), who discovered that applying 1g/L of chitosan generated the maximum titratable acidity. Chitosan coating prevents acid breakdown and respiration.  The respiration mechanism during ripening has an impact on how organic acids break down.  This reduced rate of acid breakdown keeps the titratable acidity high (Mubarok et al., 2022). These results are corroborated by El-Mahdy et al. (2024), who found that applying 1% chitosan during the fruit initiation stage provided the greatest titratable acidity.
3.9 Vitamin C content (mg/100g FW)
The treatment combination of G1C2 had the highest vitamin C content (13.72 mg/100g), while G0C0 had the lowest vitamin C content (5.78 mg/100g) (Table 2). In a study by Regmi et al. (2024), bananas treated with a 150 ppm GA3 solution had the highest ascorbic acid content. It could be because GA3 either catalyzed the production of ascorbic acid from its precursor glucose 6 phosphates or prevented ascorbic acid from being converted to dehydroascorbic acid by the oxidative enzyme ascorbic acid oxidase, which led to an increase in ascorbic content (Jiang et al., 2025). Additionally, according to Bisen et al. (2025), the consistent production of glucose-6-phosphate, a precursor to vitamin C, during fruit growth may be the cause of the noted rise in ascorbic acid level. According to Abd El-Hakm and EL-Gioushy (2025), using pre-harvest chitosan increased ascorbic acid concentration by 20%. According to Masoud et al. (2025), chitosan significantly increases vitamin C content. The effect could be explained by chitosan's ability to accelerate photosynthesis, which is intimately related to the production of vitamins and carbohydrates. 

3.10 pH
The G0C0 treatment combination had the highest pH value of 5.7, whereas the G1C2 treatment combination had the lowest pH value of 4.48 (Table 2). Fruits treated with gibberellic acid may have a lower pH due to a reduction in respiration (Başak et al., 2025). According to Nisar et al. (2025), the acid value drops dramatically as TSS increases. The previously mentioned rising trend in TSS value may also be a contributing factor to the decline in pH value observed in our investigation. These findings are consistent with those of Behera et al. (2025), who found that banana fruit treated with 150 ppm GA3 produced the lowest pH level. Khan et al. (2024) found that foliar spraying 150 ppm chitosan resulted in the lowest pH of 4.49 in peach juice. Fruits coated with chitosan may be more acidic because there is less metabolic conversion of organic acids into CO2 and H2O. The respiration rate may decrease as a result of this metabolic conversion, preserving a larger concentration of organic acids (Sajid et al., 2020). Ullah et al. (2020), who revealed that chitosan foliar application considerably lowers the pH of tomato fruit juice by increasing water availability to the plant and inside the cells through the generation of osmotic pressure and enzymatic activities, corroborate these findings.
3.11 Reducing sugar (mg/g)
The G1C2 treatment combination resulted in the highest reducing sugar content (10.85 mg/100g), which was equivalent, to the results of the G1C1 (10.78 mg/g) treatment combination. The G0C0 treatment combination resulted in the lowest reducing sugar content (8.85 mg/100g) (Table 2). According to Ghimire et al. (2021), banana fruits treated with 100 ppm GA3 had the highest concentration of reducing sugar. According to Hussain et al. (2025), GA3 boosts the activity of hydrolytic enzymes that break down complex polysaccharides into simpler sugars.  Furthermore, according to Li et al. (2020), GA3's active function in rerouting the translocation of soluble solids to fruits may be the cause of the elevated sugar content brought on by its application. Mawale and Giridhar (2024) found that applying 300 ppm of chitosan boosted the reducing sugar concentration by 15–40%. A greater TSS is a sign of enhanced enzyme activity, which breaks down starch and transforms it into soluble sugars (Preciado-Rangel et al., 2025). The findings are in line with those of Gomaa et al. (2024), who discovered that applying 0.3% chitosan prior to harvest yielded the most reducing sugar in pomegranates.

3.12 Phenolic content (mg/g)
The combination of chitosan and GA3 had a considerable impact on the phenolic content of the banana.  The combinations of G1C2 treatments content the greatest phenol content (20.85 mg/g).  The G0C0 treatment combination had the lowest phenol content (10.52 mg/g), which was significantly lower than the other treatment combinations (Table 2). Pratama et al. (2025) found that, when banana was treated with a 100 ppm GA3 solution, it produced the highest amount of total phenol. GA3 treatment improves the fruits' vitamin C, peroxidase, polyphenol oxidase, and xylanase activities while also increasing anthocyanin content and antioxidant activity by the DPPH assay. Thereby, the overall phenol content rises (Rodrigues et al., 2025). When strawberries were sprayed with 100 ppm GA3 (Gundogdu et al., 2021) and Mandarin with 85 ppm GA3 (Talat et al., 2020), the greatest concentration of phenolic compounds was discovered which further supports these findings. Pomegranates treated with 1.5 g/L chitosan as a pre-harvest spray generated the greatest total phenol (Abd El-Hakm and EL-Gioushy, 2025), and banana fruits responded to chitosan (0.5%) with the highest total phenol content (4.33 mg g-1 DW) (Arshad et al., 2025). These results are consistent with our observations.
Table 2. Combined effect of GA3 and chitosan on different biochemical parameters of Banana
	Treatments
	Total soluble solid (°Brix)
	Titratable Acidity (%)
	Vitamin C (mg/100g)
	pH
	Reducing Sugar (mg/g)
	Phenol (mg/g)

	G0C0 
	15.46g
	0.36a
	5.78f
	5.70a
	8.85f
	10.52g

	G0C1
	19.86e
	0.14bc
	8.06e
	5.12c
	10.52b
	16.95c

	G0C2
	24.83b
	0.09de
	12.80b
	4.92d
	10.34bc
	19.82b

	G1C0
	23.46c
	0.1cde
	12.16b
	5.25bc
	10.21cd
	16.47d

	G1C1
	22.13d
	0.15bc
	9.63d
	5.19c
	10.78a
	16.45d

	G1C2
	28.00a
	0.08e
	13.72a
	4.48e
	10.85a
	20.45a

	G2C0
	22.60cd
	0.13bcd
	9.32d
	5.59a
	9.92e
	14.92e

	G2C1
	18.10f
	0.17b
	9.04d
	5.35b
	10.03de
	14.5f

	G2C2
	20.70e
	0.13bcd
	10.66c
	5.22bc
	10.17cd
	17.27c

	LSD0.05
	0.90
	0.04
	0.84
	0.13
	0.23
	0.39


G0= Control (no GA3), G1= 100 ppm GA3, G2= 200 ppm GA3, C0= Control (no chitosan), C1= 1 g/L chitosan, C2= 2g/L chitosan. 


3.13 Color measurement
During ripening, GA3 and chitosan treatments demonstrated notable changes in color values (a*, b*, and L*).  Treatment G1C2 had the highest redness (a* value) (5.2), yellowness (b* value) (47.13), and lightness (L* value) (87.93) values.  However, control (G0C0) had the lowest redness (a* value) (3.02), yellowness (b* value) (28.26), and lightness (L* value) (68.66) values (Table 3). The color shift influences consumers' and retailers' assessments because of its connection to the fruit's texture and flavor. According to Chen et al. (2022), a key indicator of maturity is the yellowing of the rind rather than its green coloration, resulting from the degradation of chlorophyll. According to Anyindana et al. (2024), GA3 extends the ripening period, allowing these processes to eliminate all chlorophyll and improve color. According to Rajendra et al. (2024), treatment with 100 ppm GA3 resulted in faster chlorophyll loss and increased carotenoid accumulation, as well as significantly lowers Hue values, indicating a harsher yellow hue. Waris et al. (2024) discovered that applying 100 ppm GA3 to bananas produced the finest fruit color, which corroborates these findings. Nugrahapraja et al. (2024) reported that the use of chitosan regulated enzymatic browning by lowering oxidative stress and delayed ripening and senescence by decreasing physiological processes such water loss, ethylene generation, and respiration. The results of this study are backed up by research by Awad et al. (2023) and Kramchote and Suwor (2022) found that pre-harvest foliar application of chitosan produced the maximum lightness and hue values in banana and pepper respectively.
Table 3. Combined effect of GA3 and chitosan on color measurement of Banana
	Treatments
	L* 
	a* 
	b*

	G0C0 
	68.66 e
	3.02 e
	28.26 e

	G0C1
	84.26 bc
	5.04 ab
	42.10 c

	G0C2
	86.61 ab
	5.16 a
	45.71 ab

	G1C0
	84.43 bc
	3.99 c
	45.92 a

	G1C1
	82.62 c
	4.9 ab
	45.84 a

	G1C2
	87.93 a
	5.2 a
	47.13 a

	G2C0
	82.27 c
	4.68 b
	43.71 bc

	G2C1
	75.34 d
	3.43 d
	35.43 d

	G2C2
	78.59 d
	4.28 c
	36.65 d

	LSD0.05
	3.28
	0.36
	2.08


G0= Control (no GA3), G1= 100 ppm GA3, G2= 200 ppm GA3, C0= Control (no chitosan), C1= 1 g/L chitosan, C2= 2g/L chitosan. 

Conclusion
The results of the present study showed that pre-harvest application of GA3 and chitosan influenced yield-contributing traits and fruit quality parameters of banana cv. BARI Banana 1. Among the treatment combinations, GA3 at 100 ppm combined with chitosan at 2 g/L performed better for most measured parameters, including bunch weight, bunch length, number of fingers per bunch, total soluble solids, vitamin C content, reducing sugar content, phenol content, and peel colour attributes. Untreated plants generally recorded lower values for most yield and quality traits. The findings suggest that the combined use of GA3 and chitosan may be useful for improving banana productivity and fruit quality under the field conditions of the study. However, the response varied among treatments and parameters, indicating that dose optimization is important. Based on the present results, spraying GA3 at 100 ppm with chitosan at 2 g/L can be considered a promising pre-harvest treatment for banana production. Further studies under different locations, seasons, and management conditions are required to confirm the consistency and practical applicability of this treatment.
Limitations
This study was conducted at a single location and during one production season; therefore, the results may not fully represent the response of banana under different agroecological conditions. Only one banana cultivar, BARI Banana 1, was used, which limits the direct application of the findings to other cultivars. The experiment evaluated three levels of GA3 and three levels of chitosan, and wider concentration ranges were not tested. Some quality parameters were measured after harvest, but detailed changes during storage and shelf life were not fully assessed. The study also focused mainly on yield and selected physicochemical traits, while physiological, molecular, and economic analyses were not included. Further research across multiple seasons, locations, and cultivars is needed to validate the treatment response and to determine its practical usefulness for commercial banana production.
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