


Impact of Exogenous application of Growth Regulators on Fruit Attributes and yield of Strawberry (Fragaria × ananassa Duch.) cv. Winter Dawn


Abstract
The current study was carried out during 2024-25 at K.L. Chadha Farm, SGT University, Gurugram, Haryana, to study the impact of growth regulators on productivity and fruit quality parameters of strawberry (Fragaria × ananassa Duch.) cv. Winter Dawn. The experiment was carried out in a randomized complete block design with three replications and nine treatments of salicylic acid (2.0 and 4.0 mM), triacontanol (5 and 10 μM), ascorbic acid (50 and 100 ppm), humic acid (0.2 and 0.4%) and an untreated control. Significat differences were observed amongst treatments for flowering, fruit setting and yield characteristics. Humic acid 0.4% triggered earliest initial flowering (53.35 days), earliest latest flower blooming (68.05 days), greatest fruit setting percentage (75.87%), minimum number of days for flowering period (13.98 days). The same treatment also registered highest number of fruits per plant (22.66), highest fruit length (4.53 cm) and highest fruit width (3.85 cm). Triacontanol 10 μM registered earliest fruit ripening (92.28 days). On the other hand, humic acid 0.4% triggered highest fruit weight (17.77 g), highest fruit volume (21.72 ml), highest fruit yield per plant (380.46 g) and yield (11.52 t ha⁻¹). Highest number of achenes was also obtained from application of humic acid 0.4% (234.19). All in all, pre harvest application of humic acid 0.4% has shown to be the best treatment in enhancing flowering, fruit formation and productivity of strawberry variety Winter Dawn under semi-arid subtropical climate of Haryana.
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Introduction
	Strawberry (Fragaria x ananassa Duch.) is a beautiful, tasty and nutritious soft fruit belonging to the family Rosaceae. Strawberry is valued for its unique taste, aromatic character, beautiful coloration and rich in vitamins and minerals. Strawberry is recognized as the good source of vitamin C, iron, potassium and fiber and due to the presence of pectin, it is also used for processing and jelly making (Quddus et al., 2025; Rostami et al., 2022). It is economically significant crop because it gives quick returns per unit area and harvestable soon after planting. Cultivation of strawberry, which was once done only in hilly regions, has extended to tropical and subtropical regions due to the development of suitable cultivars. According to the National Horticulture Board, during 2019–20 season, area under strawberry cultivation was 1268 ha with production of 8516 MT and for Haryana it was 231.3 ha and 5257.58 MT during 2023–24 season.
	Among the commercially grown varieties, Winter Dawn variety is a significant variety with erect and self-fertile plants, moderate runner formation and glossy fruits. It is a high-yielding variety that is best adapted to cultivation in areas where the cultivation of strawberries has gone beyond the traditional temperate areas. The yield and quality of fruits depend on the variety, the environmental conditions, nutrition, and agronomic factors. In addition to these factors, the use of plant growth regulators and biostimulants in exogenous treatments has become an important method for altering vegetative growth, flowering, fruiting and productivity (Mufti et al., 2021).
	Salicylic acid is famous for its multiplicity of biological roles within plant metabolism and physiology (Raskin, 1992). Salicylic acid participates in the process of photosynthesis, water relationships, enzymes action and abiotic/biotic stresses tolerance (Hayat et al., 2005). Likewise, triacontanol is a natural plant growth regulator that may increase photosynthesis, growth and yield in horticulture crops (Perveen et al., 2015). Humic acid is a plant biostimulant and has been linked with the improvement of hormonal activity, antioxidants biosynthesis, plant growth and yield. The benefits of using humic acid on strawberry productivity and quality have been shown by Kazemi (2014) and Zydlik and Zydlik (2023). Several studies showed the positive effect of using growth regulator on strawberry plant. Aghaeifard et al. (2015) showed increased dimensions of fruits, fruit weight and yield after the application of humic acid and salicylic acid in strawberry cv. Camarosa. Saidimoradi et al. (2019) showed an increase in fruit number and yield after the application of salicylic acid.
	But the response of strawberry plants to various growth regulators depends on cultivar, concentrations, environmental conditions, and method of applications. Hence, an extensive evaluation of different exogenous growth regulators is necessary to determine appropriate treatment for better flowering, fruiting, fruit size, and yield of strawberry variety Winter Dawn under subtropical condition. Thus, the current investigation was conducted to study the effect of salicylic acid, triacontanol, ascorbic acid, and humic acid on productivity and fruit qualities of strawberry variety Winter Dawn.
Material and methods
	The present investigation entitled "Effect of different growth regulators on quality and shelf-life of Strawberry cv. Winter Dawn" was conducted at K.L. Chadha Farm, SGT University during the year 2024-25. Healthy and uniform strawberry plants of cv. Winter Dawn were used for the experiment. The experiment was laid out in a Randomized Block Design (RBD) with nine treatments and three replications. Raised beds measuring 180 × 90 cm were prepared, with a spacing of 45 × 30 cm and 12 plants per bed. The treatments consisted of foliar application of different growth regulators at two concentrations along with an untreated control. The soil was prepared through deep ploughing and subsequent 2-3 times harrowing. Raised beds were prepared, and well decomposed FYM @ 25 t ha⁻¹ along with the recommended amount of fertilizers was used as basal dressing. Planting was done on 15th October 2024 at the spacing of 45×30 cm. Organic mulching with paddy straw was used after establishment of the crop. Fungicides were applied and other inter-cultural operations were done as and when needed. The planting material was obtained from a certified nursery and was free from diseases and pests. Plants were selected based on uniformity in size, vigor, and health.  Timing of the first and last flower opening were noted in the labeled plants. Flowering period was the difference between first and last flower opening. Fruit set percentage was calculated from the number of fruits set compared to the number of flowers. Days required for fruit ripening were calculated from full bloom until the first harvest. Fruit length and width were calculated using the digital Vernier calipers, while the fruit volume was calculated using the water displacement technique. Average fruit weight was calculated in the random sample of the fruits. Fruit yield per plant was calculated from the number of fruits and their average weight, whereas yield per hectare was calculated from plot yield. Specific gravity was calculated from fruit density and water density ratio, while achenes were calculated manually from the fruits.The statistical method described by Panse and Sukhatme (1985) was followed for analysis of data and comparative performance of the data was compaired with the help of critical difference at 5 per cent level of signifiacnce (Fisher, 1958). The critical difference (C.D.) at 5 per cent level of significance was calculated. 
Results and Discussion
	Persual of data in Table 1 showed that number of days taken for first flowering was in range of 59.36 days to 53.35 days. The minimum number for first flowering opening was taken in treatment T9 i.e. Humic acid 0.4% (53.35 days) which was statically at par with treatments T8 while maximum number for first flowering opening was taken in treatment T1 i.e. control (59.36 Days). The data on average last flower opening of all treatments has been depicted in Table 1 showed that number of days taken for last flower opening was in range of 79.65 days to 68.05 days. The minimum number for first flowering opening was taken in treatment T9 i.e. Humic acid 0.4% (68.05 Days) which was statistically at par with treatments T8 while maximum number for first flowering opening was taken in treatment T1 i.e. control (79.65 Days). The data regarding fruit set (%) presented in table 1 showed that fruit set per cent was significantly influenced by applications of different growth regulator the years 2024-25. Maximum fruit set per cent (75.87 %) was recorded with the treatment T9 i.e. Humic acid 0.4% which was statistically at par with T8. However, rest of the treatments varied significantly in case of fruit set per cent. Whereas, minimum fruit set (65.49 %) was recorded with T1 (Control).The accelerated flowering with humic acid application can be attributed to its bio-stimulant properties that promote hormonal activity in plants. Turkmen et al. (2004) reported that humic acid effectiveness is due to its influence on respiration, photosynthesis, and stimulation of metabolism and hormonal activities resulting in better plant growth and flowering. The enhanced fruit set percentage observed with humic acid treatments aligns with the findings of Azarmi et al. (2009), who reported increased root volume influencing easier absorption and efficient nutrient uptake under the influence of humic acid application.
It is evident from the data presented in table 1 that different applications of growth regulator effects the duration of flowering (Days) among different treatments during the period of experimentation. The minimum duration of flowering (Days) was taken in treatment T9 i.e. Humic acid 0.4% (13.98 days) which was statistically at par with treatments T8 while maximum duration of flowering (Days) was taken in treatment T1 i.e. control (18.87 days). Singh and Usha (2003) suggested that growth regulators like salicylic acid increase flower retention due to better photosynthesis leading to better supply of carbohydrates to develop flowers. Triacontanol increased growth by mobilization or hydrolysis of starch and sucrose in the plant, leading to better flowering and fruit set. Singh et al. (2023) recently reported similar results in strawberry cv. Sweet Charlie, where 8-12 μM triacontanol significantly improved fruit set percentage by 15-20% over control through enhanced pollen viability and stigma receptivity. Humic substances act as biostimulants by enhancing root development, nutrient uptake, and antioxidant defense factors which influence flowering and fruit set by bolstering plant resilience to abiotic stressors like salinity and drought. These findings by demonstrating that salicylic acid at 2-4 mM concentration enhances flowering through improved photosynthetic efficiency and carbohydrate partitioning in strawberry plants. 
Perusal of data in Table 2 showed that number of days taken to fruit ripening was in range of 105.36 days to 92.28 days. The minimum number of days for fruit ripening was taken in treatment T₅ i.e. 10 μM Triacontanol (92.28 Days) which was statistically at par with treatments T₄ (93.44 days), T₈ (93.99 days) and T₉ (93.96 days) while maximum number of days for fruit ripening was taken in treatment T₁ i.e. control (105.36 Days). The data on number of fruits per plant of all treatments has been depicted in Table 2 showed that number of fruits per plant were in range of 15.82 to 22.66. The maximum number of fruits per plant was recorded in treatment T₉ i.e. Humic acid 0.4% (22.66) which was statistically at par with treatment T₈ (22.60) while minimum number of fruits per plant were recorded in treatment T₁ i.e. control (15.82). The data regarding fruit length (cm) presented in table 2 showed that fruit length was significantly influenced by applications of different growth regulator during the year 2024-25. Maximum fruit length (4.53 cm) was recorded with the treatment T₉ i.e. Humic acid 0.4% which were statistically at par with T₈ (4.37 cm). However, rest of the treatments varied significantly in case of fruit length. Whereas, minimum fruit length (3.44 cm) was recorded with T₁ (Control). The maximum fruit width (3.85 cm) was recorded in treatment T₉ i.e. Humic acid 0.4% which was statistically at par with treatments T₈ (3.70 cm) while minimum fruit width (2.91 cm) was recorded in treatment T₁ i.e. control. Early ripening can be attributed to triacontanol's ability to enhance translocation of assimilates and stimulate enzymatic activities, as reported by Ries and Houtz (1979). These results are consistent with Kazemi (2014) in strawberry, who found significant increase in fruit number and size with humic acid application. The improved fruiting with humic acid can be explained by enhanced nutrient uptake, particularly nitrogen (Ayas and Gulser, 2005) and minerals like K, B, Mg, and Fe (Fernandez-Escobar et al., 1999), which contribute to better fruit development. The rapid growth in fruit size is mediated through stimulation of chlorophyll content and accumulation of micro and macro nutrients in leaves, consequently enhancing photosynthetic activity and carbohydrate accumulation in fruits. Salicylic acid treatments (T₂ and T₃) showed moderate improvements in fruiting parameters, supporting the findings of Yildirim and Dursun (2009) in strawberry and Javaheri et al. (2012) in tomato, who validated improvement in fruit characteristics with salicylic acid application. Fruiting with triacontanol and humic acid are supported by on-point molecular evidence. Specifically, triacontanol was shown to up-regulate genes involved in sugar metabolism, starch synthesis, and stress defense, while delaying fruit softening molecular mechanisms that align well with the larger, better-formed fruit traits observed (Pang et al., 2020). A hydroponic study revealed that combining biochar with humic acid in greenhouse-grown strawberries resulted in substantial yield improvements including fruit weight doubling and a 65% increase in number of fruits per plant compared to control. These findings mirror the positive response of Winter Dawn strawberries to humic acid treatments as observed by Mohsenzadeh et al., 2023; Mor et al., 2025; Shokhanda(b) et al; 2026.
The critical perusal of analysed data reflected highly significant effect of the treatments on yield and physical parameters in strawberry. Perusal of data in Table 3 showed that fruit weight was in range of 12.51 g to 17.77 g. The maximum fruit weight was recorded in treatment T₉ i.e. Humic acid 0.4% (17.77 g) which was statistically at par with treatments T₈ (16.99 g) and T₅ (17.69 g) while minimum fruit weight was recorded in treatment T₁ i.e. control (12.51 g). The data on fruit yield (g/plant) of all treatments is depicted in Table 3. It showed that fruit yield per plant was in range of 213.73 g to 380.46 g. The maximum fruit yield per plant was recorded in treatment T₉ i.e. Humic acid 0.4% (380.46 g) which w statistically at par with treatment T₈ (377.42 g) while minimum fruit yield per plant was recorded in treatment T₁ i.e. control (213.73 g). The data regarding fruit volume (ml) presented in table 3 showed that fruit volume was significantly influenced by different applications of growth regulator during the year 2024-25. Maximum fruit volume (21.72 ml) was recorded with the treatment T₉ i.e. Humic acid 0.4% which was statistically at par with T₈ (20.99 ml). However, rest of the treatments varied significantly in case of fruit volume. Whereas, minimum fruit volume (15.95 ml) was recorded with T₁ (Control). It is evident from the data presented in table 3 that different applications of growth regulator effects the yield (t/ha) among different treatments during the period of experimentation. The maximum yield (11.52 t/ha) was recorded in treatment T₉ i.e. Humic acid 0.4% which was statistically at par with treatments T₈ (11.12 t/ha) while minimum yield (8.52 t/ha) was recorded in treatment T₁ i.e. control. The data on number of achenes per fruit ranged from 190.36 to 234.19. The maximum number of achenes was recorded in treatment T₉ i.e. Humic acid 0.4% (234.19) which was statistically at par with treatment T₈ (232.15) while minimum number of achenes were recorded in treatment T₁ i.e. control (190.36). These findings substantiate the reports of Aghaeifard et al., 2015;  Shokhanda(a) et al., 2026 and Mor et al., 2024, who documented that 25 mg/l humic acid produced 116.2% higher yield compared to control. The enhanced yield with humic acid can be attributed to mobilization of plant growth regulators like IAA, GAs, and Cytokinins under the influence of humic acid, as suggested by Kazemi (2014). The increased number of fruits per plant and heavier individual fruit weight with humic acid treatments resulted in significantly higher total yield per plant. Triacontanol treatments also showed significant yield improvements, with 10 μM Triacontanol (T₅) recording 333.99 g/plant yield. This aligns with the findings of Kumar et al. (2012) in strawberry, who reported that triacontanol enhances translocation of assimilates resulting in increased yield and its attributes. The increased fruit volume and specific gravity with triacontanol treatments can be attributed to enhanced fruit growth due to rapid cell enlargement and division, as reported by Singh et al. (2017). The maximum number of achenes per fruit (234.19) with humic acid 0.4% treatment indicates better seed development, which is associated with improved fruit quality and marketability. 
Conclusion
	The exogenous application of the growth regulators highly affected the flowering, fruiting, and yield parameters of strawberries cv. Winter Dawn grown in semi-arid subtropical environments. Humic acid @ 0.4% appeared to be most efficient by showing higher fruit set, fruit size, fruit weight, fruit numbers, and yield (11.52 t ha⁻¹). Likewise, Triacontanol @ 10 μM stimulated early fruit ripening and increased productivity. In general, humic acid @ 0.4% was found to be the most promising one in improving productivity and fruit attributes. 
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Table no. 1. Effects of differents growth regulators on flowering parameters of strawberry cv. Winter Dawn
	Sr. no.
	Treatments details
	First flower opening (days)
	Last flower opening (days)
	Fruit set (%)
	Duration of flowering (days)

	T1
	Control
	59.36
	79.65
	65.49
	18.87

	T2
	Salicylic acid @2.0mM
	59.00
	78.75
	66.63
	18.29

	T3
	Salicylic acid @4.0mM
	58.80
	78.86
	69.92
	17.56

	T4
	Triacontanol 5 μM
	54.58
	68.12
	74.6
	14.51

	T5
	Triacontanol 10 μM
	54.40
	69.94
	73.94
	14.27

	T6
	Ascorbic acid 50 ppm
	58.58
	74.29
	70.16
	17.60

	T7
	Ascorbic acid 100 ppm
	56.62
	69.94
	71.8
	16.90

	T8
	Humic acid 0.2%
	54.28
	69.73
	74.46
	14.57

	T9
	Humic acid 0.4%
	53.35
	68.05
	75.87
	13.98

	CD  at 5 %
	1.06
	1.79
	2.16
	0.74


Table no. 2. Effects of different growth regulators on fruiting parameters of strawberry cv. Winter Dawn
	Sr. no.
	Treatments details
	Days taken to fruit ripening (days)
	Number of fruits per plant
	Fruit length (cm)
	Fruit width (cm)

	T₁
	Control
	105.36
	15.82
	3.44
	2.91

	T₂
	Salicylic acid @2.0mM
	102.89
	16.32
	3.61
	2.99

	T₃
	Salicylic acid @4.0mM
	100.67
	17.64
	3.81
	3.08

	T₄
	Triacontanol 5 μM
	93.44
	19.77
	4.15
	3.41

	T₅
	Triacontanol 10 μM
	92.28
	21.21
	4.21
	3.57

	T₆
	Ascorbic acid 50 ppm
	97.12
	18.41
	3.87
	3.38

	T₇
	Ascorbic acid 100 ppm
	95.25
	19.20
	4.05
	3.35

	T₈
	Humic acid 0.2%
	93.99
	22.60
	4.37
	3.70

	T₉
	Humic acid 0.4%
	93.96
	22.66
	4.53
	3.85

	CD at 5%
	1.64
	1.17
	0.24
	0.19


Table no. 3. Effects of different growth regulators on yield and physical parameters of strawberry cv. Winter Dawn
	Sr. no.
	Treatments details
	Fruit weight (g)
	Fruit yield (g/plant)
	Fruit volume (ml)
	yield (t/Ha)
	Fruit specific gravity
	Number of achenes

	T₁
	Control
	12.51
	213.73
	15.95
	8.52
	1.02
	190.36

	T₂
	Salicylic acid @2.0mM
	13.14
	225.87
	17.04
	8.88
	1.02
	190.36

	T₃
	Salicylic acid @4.0mM
	13.68
	241.32
	17.07
	9.26
	1.01
	200.45

	T₄
	Triacontanol 5 μM
	16.20
	316.12
	20.22
	10.74
	1.02
	228.18

	T₅
	Triacontanol 10 μM
	17.69
	333.99
	20.38
	10.98
	1.01
	220.35

	T₆
	Ascorbic acid 50 ppm
	15.07
	277.44
	17.84
	9.87
	1.00
	210.26

	T₇
	Ascorbic acid 100 ppm
	15.42
	296.06
	18.94
	10.08
	0.99
	213.98

	T₈
	Humic acid 0.2%
	16.99
	377.42
	20.99
	11.12
	1.01
	232.15

	T₉
	Humic acid 0.4%
	17.77
	380.46
	21.72
	11.52
	1.01
	234.19

	CD at 5%
	0.81
	15.57
	0.65
	0.28
	N/A
	10.57
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