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The present study evaluated the impact of soil moisture stress at different growth stages and the effectiveness of foliar acetyl salicylic acid (ASA, 0.1 mM) priming in mitigating water stress in banana (Musa spp.) cv. Champa. The experiment was conducted during 2022–23 at AICRP on Fruits (Banana), Horticultural Research Station, OUAT, Bhubaneswar, using a Randomized Block Design with seven treatments and four replications. Soil moisture stress (SMS) imposed at 3, 5, and 7 months after planting significantly reduced yield-attributing traits including the number of hands (6.45–7.46), fingers per bunch (95.72–126.43), finger length (11.43–12.86 cm), bunch weight (7.42–9.07 kg), and yield (17.75–22.67 t/ha) compared with the irrigated control. Quality parameters such as shelf life, total soluble solids, and pulp characteristics were also adversely affected. Foliar priming with ASA proved effective in alleviating stress-related declines, resulting in improvements across all major yield components, with bunch weight ranging from 16.90–17.29 kg and yields from 43.19–43.25 t/ha. ASA application also enhanced fruit quality by increasing TSS (21.98–22.86 ºBrix), extending shelf life (7.48–7.56 days), and improving pulp-to-peel ratios. The findings demonstrate that foliar application of ASA (0.1 mM) is a promising strategy to enhance drought tolerance and maintain productivity in banana under soil moisture stress.
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Introduction 
Banana (Musa spp.), a globally treasured tropical and subtropical fruit crop, is widely recognized for its delicious taste, nutritional richness, and economic value. Although commonly referred to as a “banana tree,” it is botanically classified as a giant herb, lacking a true woody trunk. Instead, it possesses a pseudostem an impressive structure formed by overlapping leaf sheaths that support the plant’s considerable height. The fruit of banana, appreciated for its vibrant yellow peel and soft, creamy texture, is packed with essential vitamins, minerals, and dietary fiber. Potassium is its signature nutrient, contributing significantly to heart health and fluid balance, while Vitamin C and Vitamin B6 further enhance its nutritional profile (Sahu, et al., 2020)
Celebrated as the “Queen of Tropical Fruits,” banana has a history that traces back to prehistoric times and holds a distinguished position among the earliest domesticated fruit crops known to humanity. It has been fondly referred to as the “Apple of Paradise” and “Adam’s Fig” across various cultures. The diverse Musa species thrive in a wide range of ecological conditions and serve multiple purposes ranging from edible dessert bananas and starchy plantains to fiber-producing and ornamental varieties. In many traditions, particularly in South Asia, bananas are symbolically associated with abundance and benevolence, often described as the Kalpavriksha or Kalpatharu the mythical “wish-fulfilling tree. (Ramjibhai 2020)”
From a botanical standpoint, banana fruits are unique berries that offer a balanced and energy-rich diet to millions worldwide. Their easy digestibility, low fat content, and high carbohydrate levels make them a valuable source of quick energy, providing approximately 90 kcal per 100 g of fruit. The central core of the banana pseudostem yields a medicinal juice known for its role in dissolving kidney stones. Plantain types, in particular, are rich in Vitamin A (β-carotenes) and contribute significantly to digestive health. Traditional medicinal systems even utilize ripe bananas for easing respiratory complications, such as asthma (Capuano, et al., 2018).
Banana cultivation is predominantly concentrated in tropical and subtropical regions, where warm temperatures and high humidity support optimal growth. The cultivated banana varieties owe their genetic foundation mainly to the wild species Musa acuminata and Musa balbisiana, from which numerous triploid hybrids have evolved. Globally, nearly 73% of all bananas are produced and consumed within West and Central Africa, emphasizing the crop’s regional and nutritional importance (Brown, et al., 2017).
Despite its widespread cultivation, banana is highly sensitive to soil moisture deficits, as highlighted. Young emerging leaves and developing fruits are particularly vulnerable to water stress, often exhibiting early stomatal closure, which impairs gas exchange and reduces productivity. Although bananas are commonly believed to require large quantities of water, research suggests that the crop’s physiological need is often overestimated. Improving water-use efficiency by aligning irrigation schedules with actual plant water demand could substantially enhance productivity in water-limited environments (Surendar, et al., 2013).
Throughout its growth cycle, banana encounters various abiotic stresses, among which water stress is one of the most critical. Water scarcity may arise due to insufficient soil moisture or increased soil salinity levels. In scenarios of excessive salinity, prolonged flooding, or low temperatures, water may be present in the soil but becomes physiologically unavailable to the plant a condition known as physiological drought. Such conditions severely limit water uptake, impair metabolic processes, and ultimately reduce crop performance (Panigrahi, et al., 2021).
In regions such as the East African highlands, where annual rainfall often falls below 1100 mm, banana production declines drastically. Yield reductions of 20–60% have been documented compared with more humid regions. This reduced productivity is largely attributed to moisture stress during the critical flowering stage, which restricts finger formation and diminishes overall bunch weight (Santos, et al., 2018).
Banana’s sensitivity to water deficits also exposes it to oxidative stress, where reactive oxygen species accumulate and damage cellular structures. Studies by (Ramírez-Sánchez,, et al., 2022) and all highlight the association between water scarcity and oxidative injury in banana plants, ultimately hampering growth, photosynthesis, and yield (Teoh, et al., 2022).
Research by Turner and Thomas (1998) also attempted to correlate measures of plant water status such as leaf water potential, xylem exudation, and relative water content with physiological processes including stomatal regulation, photosynthetic rate, and leaf folding. Among the available methods, the oozing latex technique was identified as the most reliable for assessing leaf water status in banana.
One promising approach to mitigating water stress in bananas is the use of antitranspirants. These substances form a thin protective film over the leaf surface, reducing transpiration rates and helping the plant conserve moisture. By minimizing water loss, antitranspirants enhance drought tolerance, maintain physiological functions under stress, and can ultimately sustain growth and fruit development (Zakaria, 2018). Their effectiveness, however, depends on the type of antitranspirant used, crop species, environmental conditions, and timing of application (Ravi, and Vaganan, (2016).
Materials and methods 
The present study was carried out during 2022–23 at the AICRP on Fruits (Banana), Horticultural Research Station, OUAT, Bhubaneswar, located at 20.27°N latitude, 85.84°E longitude, and 450 m altitude. Prior to planting, surface soil samples (0–15 cm) were collected and analyzed for physical and chemical properties. The soil of the experimental field was sandy loam with a strongly acidic pH of 4.86, low organic carbon, medium nitrogen and potassium, and high phosphorus content. The climate of the site is warm and humid, and monthly meteorological observations were recorded during the crop period.
The experiment was laid out in a Randomized Block Design with seven treatments and four replications, using the banana cultivar Champa. Ten plants per treatment were maintained at a spacing of 2.2 × 2.2 m. Field preparation involved ploughing, levelling, pit digging (45 × 45 × 45 cm), and solarization, followed by filling with soil and FYM. Suckers were treated with carbendazim and triazophos before planting. Recommended fertilizers were applied in split doses, and irrigation was provided through basin and drip methods depending on the growth stage. The details of the treatment is given below: 
Chart 1: The details of the treatment
	Treatment
	Description

	T1
	Irrigated control

	T2
	Soil moisture stress (SMS) at 3 months after planting (MAP)

	T3
	Soil moisture stress (SMS) at 5 MAP

	T4
	Soil moisture stress (SMS) at 7 MAP

	T5
	Foliar priming ASA (0.1 mM) + SMS at 3 MAP

	T6
	Foliar priming ASA (0.1 mM) + SMS at 5 MAP

	T7
	Foliar priming ASA (0.1 mM) + SMS at 7 MAP


Standard cultural practices, including desuckering, earthing up, propping, and removal of male buds, were followed, yield such as Number of Hands per Bunch, Number of Fingers per Bunch, Finger Length (cm), Finger Girth (cm), Bunch Weight (kg), Yield (t/ha), Bunch Length (cm), Bunch Girth (cm), Finger Weight (g), Peel Weight (g),  Pulp Weight (g), Pulp Ratio, and quality parameters such as self-life, Total Soluble Solids (TSS, ºBrix), and Titrable Acidity (%) were recorded using standard procedures.











Results and discussion 
Effect of Moisture Stress Treatments on Yield and Yield-Contributing Traits
Number of Hands per Bunch
Table -1 show that the highest number of hands per bunch (12.02) was observed under the control treatment. Soil moisture stress imposed at the third, fifth, and seventh months after planting reduced the number of hands to 6.45, 7.28, and 7.46, respectively. Foliar priming with acetyl salicylic acid (0.1 mM) enhanced the number of hands, recording 10.98 at the third month, 10.50 at the fifth month, and 11.12 at the seventh month after planting similar as result reported by Jagtap, et al., 2014).
Number of Fingers per Bunch
Under control conditions, the number of fingers per bunch was 182. Soil moisture stress reduced the number of fingers to 95.72 at the third month, 106.34 at the fifth month, and 126.43 at the seventh month after planting. Foliar application of acetyl salicylic acid (0.1 mM) resulted in improved finger numbers: 185 at the third month, 182 at the fifth month, and 186.42 at the seventh month after planting presented in table-1 closed as result reported by Panigrahi et al., 2021).
Finger Length (cm)
Table-1 show that finger length under the control treatment measured 15.32 cm. Soil moisture stress decreased finger length to 12.63 cm at the third month, 12.86 cm at the fifth month, and 11.43 cm at the seventh month after planting. Foliar priming with acetyl salicylic acid (0.1 mM) produced finger lengths of 15.12 cm (third month), 14.96 cm (fifth month), and 15.02 cm (seventh month after planting) similar as (Carr, 2009).
Finger Girth (cm)
Table-1 show that finger girth in the control treatment was 13.09 cm. Soil moisture stress imposed at the third, fifth, and seventh months after planting resulted in girths of 11.98 cm, 11.62 cm, and 10.94 cm, respectively. Foliar priming with acetyl salicylic acid (0.1 mM) increased finger girth, recording 13.23 cm at the fifth month, 12.90 cm at flowering, and 12.95 cm at the seventh month after planting (Thingnam, et al., 2023).
Bunch Weight (kg)
The control treatment produced a bunch weight of 16.64 kg presented table-1 and fig-1 and 2. Soil moisture stress reduced bunch weight to 7.56 kg at the third month, 7.42 kg at the fifth month, and 9.07 kg at the seventh month after planting. Foliar priming with acetyl salicylic acid (0.1 mM) enhanced bunch weight, recording 17.20 kg at the third month, 16.90 kg at the fifth month, and 17.29 kg at the seventh month after planting (RAMDAS, 2013).
Yield (t/ha)
Table-1 show that yield under control conditions was 41.60 t/ha. Soil moisture stress caused yield reductions to 17.75 t/ha (third month), 18.55 t/ha (fifth month), and 22.67 t/ha (seventh month after planting). Foliar priming with acetyl salicylic acid (0.1 mM) improved yield performance, resulting in 43.19 t/ha at the third month, 43.25 t/ha at the fifth month, and 43.22 t/ha at the seventh month after planting.
Bunch Length (cm)
Show that table-2 maximum bunch length (90 cm) was recorded under the control treatment. Soil moisture stress imposed at the third, fifth, and seventh months after planting reduced bunch length to 60 cm, 55 cm, and 50 cm, respectively. In contrast, foliar priming with acetyl salicylic acid (0.1 mM) resulted in increased bunch length, with values of 95 cm at the fifth month, 92 cm at flowering, and 94 cm at the seventh month after planting show that in fig-1 and 2 (Ravi, and Vaganan 2016).
Bunch Girth (cm)
Table-2 show that the control treatment produced a bunch girth of 100 cm. Soil moisture stress at the third, fifth, and seventh months after planting reduced the girth to 75 cm, 65 cm, and 60 cm, respectively. Foliar application of acetyl salicylic acid (0.1 mM) improved bunch girth, registering 102 cm at the third month, 98 cm at the fifth month, and 104 cm at the seventh month after planting (Panigrahi, et al., 2021).
Finger Weight (g)
Finger weight was 92 g under control conditions. Soil moisture stress led to reductions, with 75 g recorded at the third month, 70 g at the fifth month, and 93 g at the seventh month after planting. Foliar priming with acetyl salicylic acid (0.1 mM) yielded finger weights of 94 g at the third month, 92 g at the fifth month, and 93 g at the seventh month after planting presented in table-2 similar as Surendar, et al., 2013).
Peel Weight (g)
Table-2 show that peel weight was highest in the control (16.92 g). Soil moisture stress at the third, fifth, and seventh months after planting decreased peel weight to 14.98 g, 14.70 g, and 15.48 g, respectively. Foliar priming with acetyl salicylic acid (0.1 mM) resulted in peel weights of 15.85 g at the third month, 15.63 g at the fifth month, and 16.26 g at the seventh month after planting (Surendar, et al., 2013).
Pulp Weight (g)
Table-2 show that the control treatment recorded a pulp weight of 80 g. Under soil moisture stress, pulp weight was reduced to 60.02 g at the third month, 55.3 g at the fifth month, and 56.15 g at the seventh month after planting. Foliar application of acetyl salicylic acid (0.1 mM) improved pulp weight, with 77.52 g at the third month, 78.37 g at the fifth month, and 76.74 g at the seventh month after planting.
 Pulp Ratio
Table-2 show that pulp ratio of 4.72 was observed in the control treatment. Soil moisture stress reduced the pulp ratio to 4.36 (third month), 3.76 (fifth month), and 3.54 (seventh month after planting). Foliar priming with acetyl salicylic acid (0.1 mM) increased the ratio to 5.34 at the third month, 5.01 at the fifth month, and 4.71 at the seventh month after planting (Uwimana, et al., 2020).
Effect of Soil Moisture Stress on Quality Parameters (Shelf Life, TSS, and Titrable Acidity)
Shelf Life
Shelf life refers to the duration for which a fruit can be stored without losing its marketability or becoming unsuitable for consumption. In the control treatment, a shelf life of 7.34 days was recorded. Soil moisture stress imposed at the third, fifth, and seventh months after planting reduced shelf life to 6.13 days, 6.56 days, and 7.01 days, respectively. Foliar priming with acetyl salicylic acid (0.1 mM) improved storage duration, resulting in shelf life values of 7.56 days (third month), 7.53 days (fifth month), and 7.48 days (seventh month after planting) presented table-2 closed as result reported by Dnyanadev,  2021).
Total Soluble Solids (TSS, ºBrix)
Table-2 show that the control conditions, the TSS content was 22.56 ºBrix. Soil moisture stress decreased TSS levels to 21.35 ºBrix at the third month, 21.44 ºBrix at the fifth month, and 20.63 ºBrix at the seventh month after planting. Foliar application of acetyl salicylic acid (0.1 mM) enhanced TSS, recording 22.45 ºBrix at the third month, 22.86 ºBrix at the fifth month, and 21.98 ºBrix at the seventh month after planting similar as Dagnew, et al., 2021).
Titrable Acidity (%)
Table-2 show that the control treatment registered a titrable acidity of 0.29%. Soil moisture stress applied at the third, fifth, and seventh months after planting resulted in acidity values of 0.32%, 0.21%, and 0.23%, respectively. Foliar priming with acetyl salicylic acid (0.1 mM) recorded titrable acidity of 0.26% at the third month, 0.28% at the fifth month, and 0.26% at the seventh month after planting similar as (Tsegaye, 2020).










Table-1: Effect of soil moisture stress on yield and yield attributing traits 
	TREATMENTS
	No. of hands per bunch
	No. of fingers per
Bunch
	Finger length (cm)
	Finger girth (cm)
	 Bunch wt.
	Yield

	T1:Irrigated control
	12.02
	182
	15.32
	13.09
	16.64
	41.6

	T2:SMS at third month after planting
	6.45
	95.72
	12.63
	11.98
	7.56
	17.75

	T3:SMS at fifth month after planting
	7.28
	106.34
	12.86
	11.62
	7.42
	18.55

	T4:SMS at seventh month after planting
	7.46
	126.43
	11.43
	10.94
	9.07
	22.67

	T5: Foliar Priming ASA(0.1mM)+ SMS at 3 MAP
	10.98
	185
	15.12
	13.23
	17.2
	43.19

	T6: Foliar Priming ASA (0.1mM)+ SMS at 5 MAP
	10.5
	182
	14.96
	12.9
	16.9
	42.25

	T7: Foliar priming ASA (0.1mM) at 7 MAP
	11.12
	186.42
	15.02
	12.95
	17.29
	43.22

	SE(m)±
	0.66
	4.19
	0.55
	0.52
	0.48
	1.62

	CD at 5 %
	1.98
	12.48
	1.64
	1.56
	1.42
	4.82






I	II	III
Fig. 1 - Bunches of champa in controlled irrigation T1 (II) and when treated with salicylic acid T5 and T7 (I and III)
 
                                        T3	                                                                        T4
Fig. 2 – Bunches of champa in soil moisture stress condition (T3 and T4)


Table -2. Effect of soil moisture stress on yield and quality parameters 

	TREATMENTS
	Bunch length (cm)
	Bunch girth (cm)
	Finger weight (g)
	Peel weight (g)
	Pulp weight (g)
	Pulp: Peel Ratio
	Shelf life(days)
	TSS
	Titrable
acidity(%)

	T1:Irrigated control
	90
	100
	92
	16.92
	80
	4.72
	7.34
	22.56
	0.29

	T2:SMS at third month after planting
	60
	75
	75
	14.98
	60.02
	4.36
	6.13
	21.35
	0.32

	T3:SMS at fifth month after planting
	55
	65
	70
	14.70
	55.3
	3.76
	6.56
	21.44
	0.21

	T4:SMS at seventh month after planting
	50
	60
	72
	15.48
	56.15
	3.54
	7.01
	20.63
	0.23

	T5: Foliar Priming ASA(0.1mM)+ SMS at 3 MAP
	95
	102
	93
	15.85
	77.52
	5.34
	7.56
	22.45
	0.26

	T6: Foliar Priming ASA (0.1mM)+ SMS at 5 MAP
	92
	98
	94
	15.63
	78.37
	5.01
	7.53
	22.86
	0.28

	T7: Foliar priming ASA (0.1mM) at 7 MAP
	94
	104
	93
	16.26
	76.74
	4.71
	7.48
	21.98
	0.26

	SE(m)±
	2.89
	3.25
	2.91
	0.56
	2.82
	0.18
	0.17
	0.32
	0.02

	CD at 5 %
	8.62
	9.68
	8.68
	1.68
	8.42
	0.54
	0.52
	0.95
	0.06






Conclusion 
Soil moisture stress at critical growth stages markedly reduces the vegetative growth, bunch characteristics, fruit development, and overall productivity of banana cv. Champa. Stress during early growth (3 MAP) caused the most severe yield penalties, followed by stress at 5 and 7 MAP. However, foliar priming with acetyl salicylic acid (0.1 mM) significantly mitigated the adverse effects of water deficit by improving physiological resilience, enhancing bunch and fruit traits, and maintaining superior fruit quality. ASA-treated plants consistently outperformed untreated stressed plants in terms of bunch weight, fruit size, yield, TSS, and shelf life. These results confirm that ASA serves as an effective antitranspirant and stress-alleviating agent, capable of sustaining banana productivity under limited irrigation. Adoption of ASA foliar spraying, particularly during stress-prone stages, may serve as a practical and economical approach to improving water-use efficiency and enhancing yield stability in banana cultivation under water-limited conditions.
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