Effects of different concentrations of banana male bud tonic on the growth and yield of salad cucumber under polytunnel condition
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Introduction 
Protected cultivation systems such as polytunnels play a crucial role in enhancing vegetable production by providing controlled temperature, regulated humidity, protection from adverse weather conditions, and reduced disease incidence. Salad cucumber (Cucumis sativus L.) is one of the most widely cultivated vegetables under protected conditions due to its high market demand and sensitivity to environmental fluctuations. In Sri Lanka, cucumber ranks among the leading greenhouse vegetables, highlighting its economic importance (Perera et al., 2024). However, productivity under protected cultivation remains constrained by the intensive dependence on inorganic fertilizers, which raises concerns regarding sustainability, soil health, and long-term production efficiency (Dass et al., 2025).
Plant-based biostimulants have emerged as environmentally friendly inputs capable of enhancing crop performance through physiological stimulation rather than direct nutrient supply. Among these, banana (Musa spp.) byproducts have attracted attention due to their abundance and rich biochemical composition. Banana male bud tonic contains essential minerals such as potassium, phosphorus, magnesium, calcium, iron, and zinc, along with vitamins and bioactive compounds that may influence plant metabolism, flowering, and yield formation (Senevirathna and Karim, 2024).
Previous studies on plant-derived biostimulants report improvements in crop growth and productivity, however, scientific evidence on the effectiveness of fermented banana male bud tonic under protected cultivation is limited. Furthermore, the response of crops to biostimulants is highly concentration dependent, emphasizing the need to identify optimal application rates to achieve maximum benefits without inefficiencies.
Therefore, this study aimed to evaluate the effects of different concentrations of banana male bud tonic applied as soil drenches on growth, flowering behavior, and yield attributes of salad cucumber cultivated under polytunnel conditions. The findings are expected to contribute to sustainable nutrient management strategies and support the integration of locally available plant-based biostimulants into protected vegetable production systems.
Materials and Methods
The experiment was conducted under polytunnel conditions at the Faculty of Agriculture, Rajarata University of Sri Lanka, Anuradhapura. Salad cucumber (Cucumis sativus L. ‘Bonafide F1’) was used as the test crop. The study was laid out in a Completely Randomized Design (CRD) comprising four treatments with four replicates per treatment (3 plants per replicate). Plants were maintained under uniform cultural practices throughout the experimental period.
The treatments consisted of, T1- Albert’s solution only (control), T2 - Albert’s solution + banana male bud tonic (1:5), T3 - Albert’s solution + banana male bud tonic (1:10) and T4 - Albert’s solution + banana male bud tonic (1:15). Banana male bud tonic was prepared using fresh banana male buds (Musa spp.). The banana male buds were chopped into small pieces and mixed with brown sugar at a 1:1 (w/w) ratio. The mixture was placed in an airtight container and kept under dark conditions at room temperature for 10 days for fermentation. After fermentation, the liquid was strained and stored in a brown-colored bottle. The tonic was then diluted with water at ratios of 1:5, 1:10, and 1:15 and applied as a soil drench at regular intervals alongside the standard inorganic fertilizer regime recommended for protected cucumber cultivation. Spacing, irrigation, and pest and disease management practices were maintained uniformly across all treatments to minimize external variability.
Growth parameters such as plant height were recorded at defined intervals. Flowering time was determined as the number of days from planting to first flower emergence. Yield parameters included total fruit yield per plant, number of fruits per plant, fruit length and fruit diameter. Fruits were harvested at marketable maturity during the cropping period. Data were analyzed using one-way analysis of variance and mean separation was performed using the Least Significant Difference (LSD) test at the 5% probability level. Statistical analyses were conducted using R statistical software.


Results, Discussion, Conclusions and Recommendations 
Table 1: Effects of different concentrations of banana male bud tonic on the major growth and yield parameters of salad cucumber under polytunnel conditions
	Treatment

	Banana male bud tonic concentration (water:tonic)
	Days to first flowering (DAP)
	Total yield (g plant⁻¹)
	Average fruit length (cm)
	Average fruit diameter (cm)

	T1
	0
	35a
	401.75c
	15.37a
	12.00a

	T2
	1:05
	33a
	486.57bc
	16.52a
	12.47a

	T3
	1:10
	30a
	792.45a
	15.33a
	13.12a

	T4
	1:15
	30a
	672.20ab
	15.37a
	12.62a


Plant height increased progressively with crop age. However, no significant differences were observed among treatments throughout the growing period. This indicates that soil drench application of banana male bud tonic did not markedly influence vegetative elongation of salad cucumber under non-stressful polytunnel conditions. According to (Deepika et al., 2025), observations have been reported in protected cultivation systems where adequate nutrient supply and optimal environmental conditions limit the scope for biostimulant-induced vegetative responses. Under such conditions, cucumber plants may already be operating near their vegetative growth potential, reducing the visible impact of additional biostimulant inputs. Therefore, the banana male bud tonic appeared to have a limited effect on vegetative growth parameters.
Days to first flowering also did not differ significantly among treatments (p > 0.05), suggesting that the tonic did not strongly influence floral initiation timing. However, despite the lack of significant effects on early growth and flowering phenology, soil drench application of banana male bud tonic significantly improved yield performance compared to the control (p < 0.05). The highest mean yield was recorded in T3 (792.45 ± 45.83 g plant⁻¹), followed by T4 (672.20 ± 50.50 g plant⁻¹), T2 (486.57± 58.20 g plant⁻¹), while the lowest yield was observed in the control treatment T1 (401.75 ± 50.88 g plant⁻¹). These results demonstrate a clear positive yield response to banana male bud tonic application, particularly at moderate dilution levels.
[bookmark: _GoBack]The superior performance of the 1:10 dilution (T3) compared to more concentrated or dilute treatments highlights the importance of concentration optimization when using plant-based biostimulants. Excessively concentrated applications may lead to suboptimal physiological responses or metabolic imbalances, while overly dilute solutions may not provide sufficient bioactive compounds to elicit measurable effects. Yield improvement was mainly attributed to increase in fruit number per plant, whereas fruit length and diameter were not significantly affected by the treatments. This indicates that banana male bud tonic primarily enhanced reproductive efficiency rather than individual fruit size.
The absence of significant changes in vegetative growth and fruit size parameters suggests that banana male bud tonic did not alter basic nutrient availability in the growing medium. Instead, its effects were largely physiological, enhancing nutrient use efficiency and reproductive performance. According to Szpunar-Krok (2022), similar yield improvements have been reported with plant-based biostimulants, which enhance crop productivity primarily through physiological stimulation rather than direct nutrient supply. This supports the concept that plant biostimulants act by stimulating internal plant processes rather than directly modifying soil chemical properties.
In conclusion, banana male bud tonic applied as a soil drench significantly enhanced fruit yield of salad cucumber under polytunnel conditions. Among the tested concentrations, the 1:10 dilution resulted in the highest mean yield and superior yield attributes. It is recommended that banana male bud tonic at a 1:10 concentration be used as a supplementary input alongside inorganic fertilizers for sustainable cucumber production under protected cultivation. Further research is recommended to assess its effects on fruit biochemical quality and nutrient composition.
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