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Effect of Different Quantities of Liquid Organic Fertilizer on Chilli Growth, Quality, and Yield

Abstract
The study investigates the effects of varying concentrations of SVM-Gold, a liquid organic fertilizer enriched with humic acids, amino acids, and micronutrients, on the growth, yield, and quality of chilli (Capsicum annuum L.). Conducted during the kharif season of 2024 at SHUATS, Prayagraj, the experiment employed in Randomized Block Design comprising nine treatments, including a control with the recommended dose of chemical fertilizers. Results demonstrated that SVM-Gold at 3.0 L/ha (T7) significantly enhanced plant growth metrics such as germination rate (5.5 days), plant height (79.97 cm), number of branches (8.53), leaf area index (186.21) and biochemical attributes such as ascorbic acid (144.48 mg/100g) and total soluble solids (4.91 °Brix). Yield performance was notably superior in T7, recording 123.79 fruits per plant and a yield of 18.39 t/ha, nearly tripling the control yield. Furthermore, T7 achieved the highest economic returns, with a net return of Rs. 142,191/ha and a benefit-cost ratio of 3.69. The findings substantiate SVM-Gold as a sustainable alternative to conventional fertilizers, supporting environmentally responsible chilli production. However, higher doses (≥3.5 L/ha) showed diminishing returns, emphasizing the need for precise application strategies. This research underscores the agronomic and economic viability of biostimulants in enhancing horticultural productivity under organic input regimes.
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1. Introduction
Chilli (Capsicum annuum L.), a prominent member of the Solanaceae family, holds a vital position as both a spice and a vegetable crop worldwide, celebrated for its culinary diversity and health benefits. Its origins trace back to the Americas around 7000 BC, from where it spread to become a staple in cuisines across Asia, Europe, and Africa (Gebhardt, 2016). India leads as the largest producer of chillies, contributing approximately 36.5% to global production, with Andhra Pradesh alone responsible for 26% of the country’s output (Reddy et al., 2024; Desi Kheti, 2024). This crop’s economic and cultural significance is matched by its nutritional profile, boasting high levels of vitamins A, C, and E, antioxidants, carotenoids, and essential minerals like iron and potassium (Bal et al., 2022). The alkaloid capsaicin, responsible for its pungency, also provides medicinal benefits, such as pain relief for ailments like rheumatism and diabetic neuropathy (Basith et al., 2016).
Chilli cultivation in India faces persistent challenges that threaten its productivity and sustainability. Soil degradation, nutrient deficiencies, and abiotic stresses such as heat and drought, combined with biotic pressures like thrips and fruit borers, hinder optimal growth (Das et al., 2023). Historically, farmers have relied heavily on chemical fertilizers to address these issues, but this practice has led to long-term soil health deterioration, increased production costs, and environmental concerns (Gamage et al., 2024). It results, there is a growing shift toward sustainable agricultural practices, with biostimulants emerging as a viable alternative. Unlike conventional fertilizers, biostimulants derived from natural substances like amino acids, seaweed extracts, and humic acids enhance plant growth by improving nutrient uptake, boosting stress tolerance, and stimulating metabolic processes (Carillo, 2025; Drobek et al., 2019).
This research centres on SVM-Gold, a liquid organic fertilizer formulated with humic acids, micronutrients (zinc, iron, manganese, copper), and amino acids. Known for promoting root development, chlorophyll synthesis, and yield in various crops, SVM-Gold offers a promising solution for chilli cultivation (Brondi et al., 2016). Prior studies have highlighted the potential of biostimulants to improve fruit quality and yield in chilli, especially during critical growth phases (Dasgan et al., 2024; Matthews et al., 2025). Yet, the optimal application rate for such products remains a critical knowledge gap. Under-application may yield insufficient results, while over-application risks phytotoxicity or nutrient imbalances (Gajula et al., 2025; Barbaś et al., 2024).
2. Materials and Methods
2.1 Experimental Site
The study was conducted at the Horticulture Research Farm of Sam Higginbottom University of Agriculture, Technology and Sciences (SHUATS), Prayagraj, India, located at 25.271° N latitude, 81.561° E longitude, and 98 m above sea level. The experiment took place during the kharif season of 2024-25, under a humid subtropical climate characterized by temperatures ranging from 28°C to 45°C, relative humidity of 55–90%, and annual rainfall exceeding 1000 mm. The experimental soil was alluvial, well-drained, and slightly alkaline (pH 7.2), providing favourable conditions for chilli cultivation.
2.2 Experimental Design
A Randomized Block Design (RBD) was employed, featuring nine treatments replicated three times to ensure statistical robustness. The treatments were as follows: 
Table 1 Details of Treatment Combinations
	Treatment No.
	Treatment detail

	T1
	Control (Recommended Dose of Fertilizer, RDF: 20 kg N, 40 kg P, 20 kg K₂O/ha)

	T2
	SVM-Gold at 0.5 L/ha

	T3
	SVM-Gold at 1.0 L/ha

	T4
	SVM-Gold at 1.5 L/ha

	T5
	SVM-Gold at 2.0 L/ha

	T6
	SVM-Gold at 2.5 L/ha

	T7
	SVM-Gold at 3.0 L/ha

	T8
	SVM-Gold at 3.5 L/ha

	T9
	SVM-Gold at 4.0 L/ha



Each experimental plot measured 2 m x 2 m, with plants spaced at 60 cm between rows and 45 cm within rows, accommodating a uniform plant population.
2.3 Crop Management
The chilli variety Tejaswini, known for its adaptability and yield potential, was selected for the trial. Seeds were sown on February 3, 2024, following standard nursery practices. Pre-sowing field preparation included one deep ploughing, two cross-harrowing, and levelling to ensure a fine tilth. Basal fertilizer application followed the RDF for the control, with additional nutrients supplied via SVM-Gold foliar sprays for the treatment plots. The liquid organic fertilizer was applied at four key growth stages—14, 28, 42, and 56 days after transplanting (DAT)—using a hand-operated knapsack sprayer to ensure even distribution. Irrigation was scheduled based on crop demand and rainfall patterns, typically every 7–10 days, using a surface irrigation system. Pest and disease management involved timely applications of Monocrotophos (0.05%) for thrips and Imidacloprid (0.03%) for aphids, adhering to integrated pest management principles. Weeds were controlled manually at 20 and 40 DAT to minimize competition.
2.4 Data Collection
A comprehensive set of parameters was recorded to assess the effects of SVM-Gold across growth, yield, and quality dimensions: 
i. Germination: Days to initial germination and percentage germination were noted from sowing date. 
ii. Vegetative Growth: Plant height was measured at 30, 60, and 90 DAT using a meter scale; the number of primary branches was counted at 60 and 90 days after sowing (DAS); and leaf area index (LAI) was calculated using a digital leaf area meter at 90 DAT. 
iii. Flowering: Days to first flowering and 50% flowering were recorded based on visual observations across plots. 
iv. Fruit Characteristics: At harvest, fruit length, weight, girth, and diameter were measured using a digital calliper and balance; the number of fruits per plant was counted manually. 
v. Yield: Total fruit yield per plant (g) and extrapolated yield per hectare (t/ha) were determined by harvesting all mature fruits from five randomly selected plants per plot. 
vi. Biochemical Quality: Ascorbic acid content (mg/100g) was estimated via titration with 2,6-dichlorophenol-indophenol dye; total soluble solids (TSS, °Brix) were measured using a handheld refractometer. 
vii. Economic Analysis: Costs of cultivation (e.g., inputs, labor) and returns (gross, net, and benefit-cost ratio) were calculated based on prevailing market prices and input costs during the season.
2.5 Statistical Analysis
Data were subjected to analysis of variance (ANOVA) suitable for RBD, using a significance level of p < 0.05 to detect treatment differences. The critical difference (CD) was computed to compare means, and the coefficient of variation (CV) was calculated to assess data variability. Statistical software (Microsoft Excel) facilitated the analysis, ensuring reliable interpretation of results.
3. Result 
3.1 Days to Germination
The application of SVM-Gold at 3.0 L/ha (T7) resulted in the fastest germination, averaging 5.5 days, compared to 6.3 days for the control (T1). Statistical analysis revealed a significant treatment effect (F = 35.34, p < 0.01), with a low CV of 2.54%, indicating high consistency. This acceleration in germination likely stems from SVM-Gold’s humic acids and amino acids, which enhance seed vigor by stimulating metabolic activity and nutrient mobilization (Brondi et al., 2016). Higher doses (T8, T9) showed diminishing returns, suggesting an optimal threshold at 3.0 L/ha.
Table 2 Effect of Liquid Organic Fertilizers on chilli crop of days to germination
	S. No
	Treatments
	Days to Germination

	T1
	Control (RDF)
	6.3

	T2
	SVM-GOLD 0.5 L /ha
	7.6

	T3
	SVM-GOLD 1.0 L /ha
	6.3

	T4
	SVM-GOLD 1.5 L /ha
	6.7

	T5
	SVM-GOLD 2.0 L /ha
	6.1

	T6
	SVM-GOLD 2.5 L /ha
	5.9

	T7
	SVM-GOLD 3.0 L /ha
	5.5

	T8
	SVM-GOLD 3.5 L /ha
	6

	T9
	SVM-GOLD 4.0 L /ha
	6.6

	F-Test
	S

	S.EM=
	0.09

	SE.d=
	0.13

	CV=
	2.54


RDF- Recommended Dose of Fertilizer
3.2 Plant Height
Plant height measurements at 30, 60, and 90 DAT demonstrated T7’s superiority, with values of 25.0 cm, 50.33 cm, and 79.97 cm, respectively, against T1’s 16.73 cm, 40.00 cm, and 70.60 cm. ANOVA confirmed significant differences (p < 0.01), with CV decreasing from 10.89% (30 DAT) to 2.75% (90 DAT), reflecting stable growth enhancement over time. The increased height in T7 plots is attributable to improved nutrient uptake and photosynthesis, facilitated by SVM-Gold’s micronutrients and biostimulant properties (Drobek et al., 2019). This aligns with findings by Dasgan et al. (2024), who noted similar growth responses in chilli under biostimulant treatments.
Table 3 Effect of different quantities of Liquid Organic Fertilizer at plant height 30, 60, 90 DAT and at harvest (cm) in chilli
	S. No
	Treatments
	30
DAT
	60
DAT
	90
DAT

	T1
	Control (RDF)
	16.73
	40
	70.6

	T2
	SVM-GOLD 0.5 L /ha
	17.6
	41.87
	72.47

	T3
	SVM-GOLD 1.0 L /ha
	19.27
	42.67
	72.73

	T4
	SVM-GOLD 1.5 L /ha
	19.6
	43
	72.93

	T5
	SVM-GOLD 2.0 L /ha
	23.4
	46.57
	74.9

	T6
	SVM-GOLD 2.5 L /ha
	23.67
	47
	75.83

	T7
	SVM-GOLD 3.0 L /ha
	25
	50.33
	79.97

	T8
	SVM-GOLD 3.5 L /ha
	21.07
	43.73
	73.4

	T9
	SVM-GOLD 4.0 L /ha
	20.27
	43.13
	73.13

	
	F-Test
	S
	S
	S

	
	S.EM=
	1.30
	1.43
	1.18

	
	SE.d=
	1.84
	2.03
	1.66

	
	CV=
	10.89
	5.61
	2.75


DAT- Days After Transplanting  
3.3 Number of Branches
Branching was significantly higher in T7, with 5.67 branches at 60 DAS and 8.53 at 90 DAS, compared to T1’s 3.40 and 5.40 (p < 0.01). The increased branching enhances canopy structure, supporting greater fruit production. This effect may be linked to amino acid-induced hormonal regulation, promoting lateral bud development (Carillo, 2025). The trend plateaued beyond 3.0 L/ha, indicating a saturation point.
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S. No
	
Treatments
	Number of branches 60 DAT
	Number of branches 90
DAT

	T1
	Control (RDF)
	3.4
	5.4

	T2
	SVM-GOLD 0.5 L /ha
	3.8
	5.53

	T3
	SVM-GOLD 1.0 L /ha
	4
	5.8

	T4
	SVM-GOLD 1.5 L /ha
	4.13
	5.93

	T5
	SVM-GOLD 2.0 L /ha
	4.93
	6.33

	T6
	SVM-GOLD 2.5 L /ha
	5.27
	6.67

	T7
	SVM-GOLD 3.0 L /ha
	5.67
	8.53

	T8
	SVM-GOLD 3.5 L /ha
	4.6
	6.27

	T9
	SVM-GOLD 4.0 L/ha
	4.4
	6

	F-test
	S
	S

	S.EM=
	0.19
	0.28

	SE.d=
	0.26
	0.39

	CV=
	7.25
	7.64


DAT- Days After Transplanting  
3.4 Leaf Area Index (LAI)
T7 recorded the highest LAI (186.21) versus T1’s 170.33, with significant differences (p < 0.05). A larger LAI enhances light capture and photosynthetic efficiency, directly contributing to biomass accumulation and yield (Matthews et al., 2025). The humic acids in SVM-Gold likely boosted chlorophyll content, supporting this outcome.
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	S. No
	Treatments
	Leaf area index

	T1
	Control (RDF)
	170.33

	T2
	                             SVM-GOLD 0.5 L /ha
	171.7

	T3
	SVM-GOLD 1.0 L /ha
	173.73

	T4
	SVM-GOLD 1.5 L /ha
	173.29

	T5
	SVM-GOLD 2.0 L /ha
	183.61

	T6
	SVM-GOLD 2.5 L /ha
	184.06

	T7
	SVM-GOLD 3.0 L /ha
	186.21

	T8
	SVM-GOLD 3.5 L /ha
	180.55

	T9
	SVM-GOLD 4.0 L/ha
	175.55

	F-test
	S

	S.EM=
	3.04

	SE.d=
	4.29

	CV=
	2.96



3.5 Flowering
Flowering was delayed in T7, with first flowering at 83 days and 50% flowering at 90.5 days, compared to T1’s 79.3 and 85.73 days (p < 0.01). This extended vegetative phase allows greater resource allocation to growth, potentially increasing fruit set and yield, as noted by Erickson and Markhart (2001).
The application of SVM-Gold at 3.0 L/ha (T7) significantly enhanced the physical attributes of chilli fruits, which are pivotal for determining marketability and consumer acceptance. The average fruit length increased by 15.7%, from 6.75 cm in the control (T1) to 7.81 cm in T7, while the individual fruit weight saw a substantial rise of 34.3%, from 2.16 g to 2.90 g. Additionally, fruit girth improved by 9.1% (1.86 cm to 2.03 cm), and fruit diameter increased by 5.3% (0.57 cm to 0.60 cm). These improvements were statistically significant (p < 0.01), underscoring the reliability of the observed effects. Larger and heavier fruits are highly desirable in commercial markets due to their perceived quality and higher economic value, as they often fetch premium prices (Sakthivel and Manivannan, 2021). The enhancements likely stem from the biostimulant properties of SVM-Gold, which improve assimilate partitioning and nutrient uptake, optimizing fruit development processes. Such physical improvements not only elevate the aesthetic appeal and handling durability of the fruits but also reflect the potential of organic inputs to support sustainable horticultural practices, reducing reliance on synthetic fertilizers while maintaining quality standards.
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	S. No
	Treatment
	Days to Ist
flowering
	Days to 50% flowering

	T1
	Control (RDF)
	79.3
	85.73

	T2
	SVM-GOLD 0.5 L /ha
	80.2
	86.4

	T3
	SVM-GOLD 1.0 L /ha
	80.2
	87.27

	T4
	SVM-GOLD 1.5 L /ha
	81
	87.4

	T5
	SVM-GOLD 2.0 L /ha.
	82.13
	87.5

	T6
	SVM-GOLD 2.5 L /ha.
	82.2
	88.8

	T7
	SVM-GOLD 3.0 L /ha.
	83
	90.5

	T8
	SVM-GOLD 3.5 L /ha.
	81.27
	88.27

	T9
	SVM-GOLD 4.0 L/ha.
	81.2
	88.2

	F-test
	S
	S

	S.EM=
	0.53
	1.68

	SE.d=
	0.75
	2.37

	CV=
	113
	2.97



3.6 Yield
The yield parameters of chilli plants treated with SVM-Gold at 3.0 L/ha (T7) exhibited a dramatic and statistically significant increase (p < 0.01) compared to the control (T1), highlighting the product’s efficacy in enhancing agricultural productivity. The number of fruits per plant nearly doubled, rising from 66.20 in T1 to 123.79 in T7 an 87.0% increase. This surge in fruit count contributed to a 174.9% increase in yield per plant, from 133.79 g to 367.80 g. On a per-hectare basis, the yield escalated from 6.69 t/ha in T1 to 18.39 t/ha in T7, maintaining the same 174.9% improvement. These gains can be attributed to enhanced reproductive efficiency, likely driven by improved nutrient availability, greater photosynthetic activity, and heightened stress tolerance induced by SVM-Gold (Dasgan et al., 2024). For farmers, this translates to a substantial increase in output from the same land area, offering economic benefits and improving resilience against fluctuating market demands. On a broader scale, such productivity gains align with global agricultural goals of maximizing food production sustainably, particularly for crops like chilli that are integral to diets and economies in many regions.
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	S. No
	Treatments
	Yield/plant (gm)

	T1
	Control (RDF)
	133.79

	T2
	SVM-GOLD 0.5 L /ha
	147.73

	T3
	SVM-GOLD 1.0 L /ha
	150.89

	T4
	SVM-GOLD 1.5 L /ha
	156.08

	T5
	SVM-GOLD 2.0 L /ha
	185.17

	T6
	SVM-GOLD 2.5 L /ha
	266.21

	T7
	SVM-GOLD 3.0 L /ha
	367.80

	T8
	SVM-GOLD 3.5 L /ha
	164.11

	T9
	SVM-GOLD 4.0 L /ha
	158.63

	F-test
	S

	S.EM=
	19.30

	SE.d=
	27.29

	CV=
	17.39



3.7 Biochemical Quality
The biochemical composition of chilli fruits under T7 treatment demonstrated significant improvements (p < 0.05), enhancing both nutritional value and sensory appeal key factors in meeting consumer expectations. Ascorbic acid content, an essential antioxidant linked to health benefits such as immune support, increased by 8.5%, from 133.13 mg/100g in T1 to 144.48 mg/100g in T7. Concurrently, total soluble solids (TSS), which govern sweetness and flavor, rose by 26.9%, from 3.87 °Brix to 4.91 °Brix. These enhancements align with market trends favoring produce that offers superior taste and nutritional benefits (Kiranmayi et al., 2014). The increase in ascorbic acid positions chilli as a valuable functional food, while the elevated TSS enhances its versatility in culinary applications, from fresh consumption to processed products. These biochemical improvements are consistent with the metabolic optimization induced by biostimulants like SVM-Gold, which enhance nutrient assimilation and resource allocation within the plant (Carillo, 2025). Such outcomes not only cater to consumer preferences for high-quality produce but also underscore the role of organic fertilizers in producing healthier, more flavourful crops without compromising environmental sustainability.
3.8 Economic Analysis
Economically, T7 yielded the highest returns: gross return (INR. 195,074/ha), net return (INR. 142,191/ha), and benefit-cost ratio (3.69), compared to T1 is INR. 118,756/ha, INR. 71,498/ha, and 2.51. This profitability underscores SVM-Gold’s viability as a cost-effective input, balancing higher yields against moderate application costs.
Discussion
The results affirm that SVM-Gold at 3.0 L/ha optimizes chilli performance across multiple parameters. Its biostimulant components enhance germination, vegetative growth, and reproductive output, while improving fruit quality and economic returns. However, doses beyond 3.0 L/ha showed reduced efficacy, suggesting a ceiling effect or potential phytotoxicity (Barbaś et al., 2024). These findings position SVM-Gold as a sustainable alternative to chemical fertilizers, aligning with global trends toward eco-friendly agriculture (Gamage et al., 2024).
Conclusion
This study conclusively demonstrates that SVM-Gold at 3.0 L/ha (T7) significantly enhances chilli (Capsicum annuum L.) performance, achieving a germination time of 5.5 days, plant height of 79.97 cm at 90 DAT, and 8.53 branches at 90 DAS. It produced 123.79 fruits per plant, yielding 18.39 t/ha nearly triple the control’s 6.69 t/ha while improving fruit length (7.81 cm), weight (2.90 g), ascorbic acid (144.48 mg/100g), and TSS (4.91 °Brix). Economically, T7 delivered a net return of Rs. 142,191/ha and a benefit-cost ratio of 3.69, underscoring its viability as a sustainable alternative to chemical fertilizers. However, higher doses (3.5–4.0 L/ha) showed diminishing returns, emphasizing precise application. These findings advocate SVM-Gold’s role in boosting productivity and sustainability, with future research needed to explore long-term effects and broader applicability. Future research should explore SVM-Gold’s long-term effects, its performance across diverse climates, and its integration with other organic practices to maximize its benefits. This work provides a strong foundation for adopting biostimulants in chilli cultivation, supporting both productivity and sustainability goals.
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