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Abstract

Strawberry (Fragaria % ananassa Duch.) is an economically important fruit crop valued for its nutritional
quality and consumer preference. Optimising vegetative growth, flowering, and fruit development through
efficient moisture management and the use of plant growth regulators is essential for improving crop
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performance under field conditions. The present investigation was conducted from November 2025 to March
2026 at the Department of Horticulture, Naini Agricultural Institute, Faculty of Agriculture, Sam
Higginbottom University of Agriculture, Technology and Sciences (SHUATS), Prayagraj, Uttar Pradesh,
India, to evaluate the effects of Pusa hydrogel and phytohormones on the vegetative growth, floral
parameters, and fruit development of strawberry (Fragaria * ananassa Duch.) var. Winter Dawn. The
experiment was arranged in a randomised block design (RBD) with three replications and twelve treatments:
TO, control (water spray); T1, Pusa hydrogel 30 g; T2, Pusa hydrogel 60 g; T3, Cycocel 650 ppm; T4,
Cycocel 1250 ppm; TS5, triacontanol 100 ppm; T6, triacontanol 150 ppm; T7, Cycocel 400 ppm + Pusa
hydrogel 25 g; T8, Cycocel 450 ppm + Pusa hydrogel 35 g; T9, Cycocel 500 ppm + Pusa hydrogel 45 g; T10,
Cycocel 550 ppm + Pusa hydrogel 55 g + triacontanol 150 ppm; and T11, Cycocel 600 ppm + Pusa hydrogel
65 g + triacontanol 175 ppm. Significant differences were observed among treatments for vegetative growth,
floral parameters, and fruit development. Treatment T10 recorded superior values for plant height (19.86 cm),
number of leaves per plant (18.50), plant spread (23.64 cm), and petiole length (15.68 cm) at 120 days after
transplanting. It also recorded 63.67 days to first flowering, 70.55 days to first harvest, 26.40 flowers per
plant, 24.17 fruits per plant, fruit weight of 18.37 g, fruit length of 5.86 cm, fruit diameter of 4.10 cm, and
fruit set of 91.54%.

Keywords: Pusa hydrogel; phytohormones; vegetative growth, floral parameters; fruit development; strawberry
and winter dawn.

1. Introduction

Strawberry (Fragaria % ananassa Duch.) is recognised as one of the most important temperate small-fruit crops
cultivated worldwide because of its appealing appearance, pleasant aroma, flavour, and nutritional value.
Cultivated strawberry is an octoploid species (2n = 8x = 56) belonging to the family Rosaceae and is believed to
have originated through natural hybridisation between Fragaria virginiana and Fragaria chiloensis in Europe
during the eighteenth century (Hancock, 1999; Maas, 1998). Strawberry fruits are classified as a functional food
because of their rich nutritional profile and health-promoting phytochemicals. They are good sources of vitamin
C, folates, dietary fibre, potassium, and manganese and are also rich in phenolic compounds, flavonoids,
anthocyanins, and ellagic acid. These bioactive compounds possess antioxidant, anti-inflammatory,
antimicrobial, and anticancer properties that may contribute to reducing oxidative stress and the risk of
cardiovascular disease, diabetes, and certain cancers. Increasing consumer awareness of healthy diets has
substantially increased global demand for strawberries over the past decade (Giampieri ef al., 2012; Afrin ef al.,
2016; Aaby et al., 2012). Pusa hydrogel, developed by the Indian Agricultural Research Institute (IARI), is a
biodegradable, superabsorbent polymer capable of absorbing several hundred times its weight in water and
gradually releasing it to plant roots. Incorporating Pusa hydrogel into the root zone improves soil-moisture
retention, reduces nutrient leaching, enhances root proliferation, and improves plant resilience under drought
conditions. Previous studies have reported improvements in vegetative growth, flowering, fruit yield, and water-
use efficiency in horticultural crops following hydrogel application. These characteristics make Pusa hydrogel a
promising technology for sustainable strawberry cultivation under changing climatic conditions (Narjary et al.,
2012; Abobatta, 2018). Recent syntheses and experimental evidence indicate that the effects of hydrogels on
soil-water retention and crop responses depend on polymer characteristics, application rate, soil texture, and
irrigation regime; therefore, crop-specific field evaluation remains necessary (Piccoli et al., 2024; Abdelghafar
et al., 2024). Plant growth regulators (PGRs) are important tools in modern horticulture for regulating
physiological processes and improving crop productivity. Among these, CCC (Cycocel; chlormequat chloride)
is a recognised growth retardant that inhibits gibberellin biosynthesis, thereby reducing internodal elongation,
increasing chlorophyll content, improving photosynthetic efficiency, and enhancing assimilate distribution
towards reproductive organs. Appropriate concentrations of CCC have been reported to improve flowering, fruit
set, yield, and quality in several fruit crops, including strawberry (Rademacher, 2015; Singh et al., 2020).
Triacontanol is another important growth regulator. It is a naturally occurring long-chain primary alcohol
(C30He20) that was first isolated from alfalfa wax. Triacontanol promotes photosynthesis and chlorophyll
production, improves nutrient absorption and enzyme activity, and enhances carbohydrate accumulation,
thereby supporting vegetative growth, fruit yield, and fruit quality. Several studies have reported positive effects
of triacontanol on growth, flowering, fruit size, total soluble solids, vitamin C content, and the shelf life of
horticultural crops (Ries, 1991; Naeem et al, 2012). Recent literature continues to identify plant growth
regulators as important determinants of strawberry growth and reproductive performance, although the
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magnitude and direction of the response may vary with the regulator, cultivar, concentration, and environmental
conditions (Hasan et al., 2022; Gautam & Mishra, 2024; Gejji & Varma, 2025; Khajeh Sorkhoeih ef al., 2025).
However, limited information is available on the combined application of Pusa hydrogel, Cycocel, and
triacontanol for regulating the vegetative growth, flowering, and fruit development of strawberry cv. Winter
Dawn under the agroclimatic conditions of Prayagraj. Therefore, the present study was undertaken to evaluate
the effects of Pusa hydrogel and selected phytohormone treatments, applied individually and in combination, on
the vegetative growth, floral parameters, and fruit development of strawberry (Fragaria % ananassa Duch.) cv.
Winter Dawn.

2. Materials and Methods

The present investigation, entitled ‘Effect of Pusa hydrogel and Phytohormones on vegetative growth, floral
parameters and fruit development of Strawberry (Fragaria X ananassa Duch.) var. Winter Dawn’, was
conducted during 2025-2026 at the Research Field, Department of Horticulture, Naini Agricultural Institute,
Faculty of Agriculture, Sam Higginbottom University of Agriculture, Technology and Sciences, Prayagraj.
Prayagraj District lies within the subtropical belt of south-eastern Uttar Pradesh and experiences extremely hot
summers and fairly cold winters. Planting material comprising intact root balls and healthy, disease-free runners
of strawberry var. Winter Dawn was purchased from AKS Strawberries in Rajgrah District, Himachal Pradesh.
The experiment comprised 12 treatments arranged in a randomised block design (RBD), with each treatment
replicated three times. The treatments were TO [control (water spray)], T1 (Pusa hydrogel 30 g), T2 (Pusa
hydrogel 60 g), T3 (Cycocel 650 ppm), T4 (Cycocel 1250 ppm), T5 (triacontanol 100 ppm), T6 (triacontanol
150 ppm), T7 (Cycocel 400 ppm + Pusa hydrogel 25 g), T8 (Cycocel 450 ppm + Pusa hydrogel 35 g), T9
(Cycocel 500 ppm + Pusa hydrogel 45 g), T10 (Cycocel 550 ppm + Pusa hydrogel 55 g + triacontanol 150
ppm), and T11 (Cycocel 600 ppm + Pusa hydrogel 65 g + triacontanol 175 ppm). Each plot measured 1 x 1 m (1
m?), with a spacing of 45 cm between rows and 30 cm between plants. Each treatment comprised six plants per
m?. Observations were recorded for vegetative-growth parameters, namely plant height (cm), number of leaves
per plant, plant spread (cm), and petiole length (cm); floral parameters, namely days to first flowering, number
of flowers per plant, number of fruits per plant, and days to first harvest; and fruit-development parameters,
namely fruit length (cm), fruit diameter (cm), fruit weight (g), and fruit set (%). The data recorded during the
investigation were subjected to analysis of variance (Fisher, 1950).

2.1 Mechanism of Pusa Hydrogel

Polymers are carbohydrate-based materials extensively used in the production of physical and chemical
hydrogels because of their availability, modifiable functional groups, biocompatibility, and other useful
properties. By carefully selecting the monomer or polymer type and the reactions used for hydrogel formation,
hydrogels can be customised for specific applications. The two principal methods of hydrogel formation are
chemical and physical cross-linking. Pusa hydrogel is a semi-synthetic superabsorbent polymer that supports
essential plant requirements and is widely used in agricultural practice. It is incorporated into the soil in which
seeds are planted and remains close to the roots. As soil moisture declines with increasing temperature, Pusa
hydrogel absorbs water and swells to approximately 300 times its original volume.

2.2 Preparation of Cycocel (CCC) Foliar Spray

Cycocel (2-chloroethyltrimethylammonium chloride) solutions were prepared at concentrations of 400, 450,
500, 550, 600, 650, and 1250 ppm by dissolving the appropriate quantity of Cycocel in distilled water. The
quantity required for each litre of solution was calculated using the formula: Required quantity (mg) = Desired
concentration (ppm) X Volume of solution (L). Accordingly, 400, 450, 500, 550, 600, 650, and 1250 mg of
Cycocel were separately dissolved in one litre of distilled water to obtain the specified concentrations. The
solutions were mixed thoroughly until the Cycocel had completely dissolved and were freshly prepared before
each application. Foliar application was performed with a hand-operated knapsack sprayer during the morning
or evening to ensure uniform foliage coverage and reduce evaporative losses.

2.3 Preparation of Triacontanol Foliar Spray

Triacontanol solutions at concentrations of 100, 150, and 175 ppm were prepared by accurately measuring 100,
150, and 175 mg of triacontanol, respectively. Because triacontanol has limited solubility in water, each
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measured quantity was first dissolved in a small volume of ethyl alcohol and then diluted to one litre with
distilled water with continuous stirring to obtain a uniform solution. Fresh solutions were prepared before each
application. The foliar sprays were applied uniformly to the crop with a hand-operated sprayer during the cooler
parts of the day to maximise leaf absorption and minimise spray loss through rapid evaporation.

3. Results and Discussion

Data on the vegetative growth of strawberry (Fragaria x ananassa Duch.) var. Winter Dawn, as influenced by
the application of Pusa hydrogel and phytohormones, are presented in Table 1. Plant height was significantly
affected by the treatments. The greatest plant height at 120 DAT (19.86 cm) was recorded with T10 (Cycocel
550 ppm + Pusa hydrogel 55 g + triacontanol 150 ppm), which was statistically at par with T11 (Cycocel 600
ppm + Pusa hydrogel 65 g + triacontanol 175 ppm). The minimum plant height (12.44 cm) was recorded in the
control (T0). These findings are in close agreement with those of Singh and Bhardwaj (2025), Katel et al.
(2022), and Singh et al. (2020). The number of leaves per plant was also significantly affected by the treatments.
The greatest number of leaves per plant at 120 DAT (18.50) was recorded with T10, which was statistically at
par with T11 and T7 (Cycocel 400 ppm + Pusa hydrogel 25 g). The minimum number of leaves per plant
(11.14) was recorded in TO. These findings are consistent with those reported by El-Beltagi et al. (2022), Kumar
et al. (2012a), Singh and Bhardwaj (2025), and Singh (2025). Plant spread was significantly affected by the
treatments. The greatest plant spread at 120 DAT (23.64 cm) was recorded with T10, which was statistically at
par with T11 and T7. The minimum plant spread (15.89 cm) was recorded in TO. Petiole length was also
significantly affected by the treatments. The greatest petiole length at 120 DAT (15.68 cm) was recorded with
T10, which was statistically at par with T11. The minimum petiole length (9.24 cm) was recorded in T0O. These
findings are in close agreement with those reported by Singh et al. (2020), Singh and Bhardwaj (2025), Saima et
al. (2014), El-Beltagi et al. (2022), and Pang et al. (2020). Data on the effects of different concentrations of
Pusa hydrogel and phytohormones on the floral parameters of strawberry (Fragaria x ananassa Duch.) var.
Winter Dawn are presented in Table 1. The treatments significantly reduced the number of days to first
flowering. The minimum number of days to first flowering (63.67) was recorded with T10, whereas the
maximum (71.45) was recorded in TO. Treatment T11 was statistically at par with T10. These findings are
consistent with those reported by Singh er al. (2020), Singh and Bhardwaj (2025), Kumar et al. (2012a), and
Saima et al. (2014). The treatments also significantly reduced the number of days to first harvest. The minimum
number of days to first harvest (70.55) was recorded with T10, whereas the maximum (84.70) was recorded in
TO. Treatment T11 was statistically at par with T10. These findings are consistent with those reported by Singh
et al. (2020) and Kumar ef al. (2012b). The treatments significantly increased the number of flowers per plant.
The maximum number of flowers per plant (26.40) was recorded with T10, whereas the minimum (12.37) was
recorded in TO. Treatment T10 was followed by T11, T7, T8 (Cycocel 450 ppm + Pusa hydrogel 35 g), and T9
(Cycocel 500 ppm + Pusa hydrogel 45 g). These findings are in close agreement with those reported by Singh et
al. (2020), Kumar et al. (2012a), Sood et al. (2018), Islam and Mohammad (2020), Manai ef al. (2024), and El-
Beltagi et al. (2022). The treatments significantly increased the number of fruits per plant. The maximum
number of fruits per plant (24.17) was recorded with T10, whereas the minimum (7.31) was recorded in TO.
Treatment T10 was followed by T11, T7, T8, and T9. These findings are in close agreement with those reported
by Singh et al. (2020), Kumar et al. (2012a), Pang et al. (2020), and Katel et al. (2022). The treatments
significantly increased fruit set. The maximum fruit set (91.54%) was recorded with T10, whereas the minimum
(59.12%) was recorded in TO. Treatment T10 was followed by T11, T7, and T8. The greater fruit set observed in
the present study is consistent with the findings of Kumar ez al. (2012a), Singh et al. (2020), and Singh (2025).
The treatments significantly increased fruit weight. The maximum fruit weight (18.37 g) was recorded with T10,
whereas the minimum (10.48 g) was recorded in TO. Treatment T10 was followed by T11 and T7. These
findings are in close agreement with those reported by Singh et al. (2020). The treatments significantly
increased fruit length. The maximum fruit length (5.86 cm) was recorded with T10, whereas the minimum (4.19
cm) was recorded in TO. Treatment T10 was followed by T11 and T7. These findings are in close agreement
with those reported by Singh et al. (2020). The treatments significantly increased fruit diameter. The maximum
fruit diameter (4.10 cm) was recorded with T10, whereas the minimum (2.76 cm) was recorded in TO.
Treatment T10 was followed by T11. These findings are in close agreement with those reported by Singh et al.
(2020).
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Table 1. Effect of Pusa hydrogel and Phytohormones on vegetative growth, floral parameters and fruit development of Strawberry (Fragaria x ananassa Duch) var.
Winter Dawn

Treatments Vegetative growth, floral parameters and fruit development
Notation Plant Number of Plant Petiole Days Days Number Number.  Fruit Fruit Fruit Fruit
Height (cm) Leaves Spread Length to taken of of Set Weight Length Diameter
per Plant (cm) (cm) taken to Flowers Fruit (%) (2 (cm) (cm)
First First per per
Flower Harvest  Plants Plants

To 12.44 11.14 15.89 9.24 71.45 84.70 12.37 7.31 59.12 10.48 4.19 2.76
T 15.29 13.09 17.26 11.35 70.79 81.94 15.21 9.20 60.46 12.24 4.93 3.09
T, 15.79 13.75 18.37 11.74 70.08 80.21 16.30 10.45 64.15 12.47 5.01 4.57
T; 17.08 17.28 21.29 12.43 67.31 75.36 18.36 14.33 78.08 14.11 5.37 3.67
T, 16.72 17.17 21.10 13.02 68.47 77.13 18.19 14.07 77.38 14.05 5.23 3.51
Ts 16.36 15.58 20.21 13.08 69.72 79.60 17.38 12.33 70.92 13.19 5.05 3.35
Ts 16.63 15.76 20.19 12.26 69.06 78.07 18.05 13.44 74.47 13.47 5.13 3.43
T, 18.42 18.09 23.05 13.32 65.65 72.98 23.20 19.49 84.01 16.27 5.63 3.92
Ts 18.06 17.64 21.52 13.24 65.97 73.51 22.54 18.37 81.51 14.47 5.56 3.89
Ty 17.22 17.40 20.44 13.09 66.12 74.00 20.52 16.37 79.76 14.32 5.50 3.81
Tio 19.86 18.50 23.64 15.68 63.67 70.55 26.40 24.17 91.54 18.37 5.86 4.10
T 18.69 18.29 23.33 15.37 64.58 71.73 24.13 21.42 88.78 17.20 5.73 4.07
C.D. 0.178 0.374 0.276 0.322 0.540 0.523 0.280 0.221 1.631 0.201 0.065 0.587
SE(m) 0.060 0.127 0.093 0.109 0.183 0.177 0.095 0.075 0.553 0.068 0.022 0.199
SE(d) 0.085 0.179 0.132 0.154 0.259 0.251 0.134 0.106 0.782 0.097 0.031 0.281
C.V. 0.619 1.359 0.788 1.476 0.468 0.400 0.848 0.862 1.262 0.831 0.721 9.357
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4. Conclusion

The study showed that the combined application of Pusa hydrogel and phytohormones influenced the vegetative
growth, flowering behaviour, and fruit development of strawberry var. Winter Dawn. Among the treatments,
T10, comprising Cycocel 550 ppm + Pusa hydrogel 55 g + triacontanol 150 ppm, recorded the best numerical
performance for plant height, number of leaves, plant spread, petiole length, number of flowers, number of
fruits, fruit set, fruit weight, fruit length, and fruit diameter. It also reduced the number of days to first flowering
and first harvest compared with the control. Under the conditions of the present experiment, this treatment
appeared to be more effective than the other treatment combinations.

5. Limitation

The experiment was conducted at one location, during one growing period, and with a single strawberry
cultivar. Consequently, the observed treatment responses may vary under different soils, climates, irrigation
regimes, cultivars, or application schedules. The study evaluated vegetative, floral, and fruit-development traits
but did not report long-term soil effects or an economic assessment of the treatment combinations. Multi-
location and multi-season validation would therefore be necessary before making broad production
recommendations.
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