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Abstract. This study aimed to investigate the effect of 'Biotogrow' liquid organic fertilizer concentration at various fertilization intervals on the growth and production of lettuce plants. This research was conducted at the greenhouse facility in Telaga Kodok Village, Central Maluku Regency, from March to May 2024. The experiment employed a factorial design within a Randomized Block Design with three replications. The first factor consisted of biotogrow liquid organic fertilizer with four concentration levels: 0 ml L⁻¹, 2 ml L⁻¹, 5 ml L⁻¹, and 8 ml L⁻¹. The second factor was fertilization time interval with four levels: control (0 days), 4-day intervals, 7-day intervals, and 10-day intervals. The observed parameters included plant height, leaf number, leaf area, shoot fresh weight, root fresh weight, shoot-to-root ratio, and harvest index. Data were analyzed using Analysis of Variance (ANOVA) followed by Duncan's Multiple Range Test at α = 0.05. Results demonstrated that biotogrow liquid organic fertilizer treatment significantly affected plant height (21, 28, 35 DAP), leaf number (21, 28, 35 DAP), shoot weight, root weight, and leaf area (P < 0.01). Significant effects were observed on leaf number at 14 DAP and harvest index (P < 0.05), while no significant effects were found on plant height at 14 DAP and shoot-to-root ratio. Fertilization interval treatments showed highly significant effects on all growth parameters: plant height (14, 21, 28, 35 DAP), leaf number (14, 21, 28, 35 DAP), shoot weight, root weight, leaf area, and harvest index (P < 0.01), except for shoot-to-root ratio. The interaction between fertilizer concentration and application interval demonstrated highly significant effects on leaf number at 35 DAP, shoot weight, and leaf area (P < 0.01), and significant effects on plant height at 28 and 35 DAP, leaf number at 28 DAP, and root weight (P < 0.05).
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1. INTRODUCTION

1.1 Background

Lettuce (Lactuca sativa L.) represents one of the most economically important leafy vegetables globally, serving as a primary source of essential vitamins, minerals, and antioxidants in human nutrition (Anderson et al., 2023). The global demand for fresh lettuce has experienced substantial growth, with consumption increasing by approximately 15% annually over the past decade, driven by heightened consumer awareness regarding healthy dietary practices and the expanding food service industry (Martinez-Rodriguez et al., 2024).
Contemporary agricultural practices increasingly emphasize sustainable production systems that minimize environmental impact while maintaining high crop yields and quality (Thompson & Liu, 2025). Organic fertilizers, particularly liquid formulations, have gained prominence due to their ability to improve soil health, enhance nutrient use efficiency, and reduce dependency on synthetic fertilizers (Kumar et al., 2023). Liquid organic fertilizers offer several advantages over conventional solid organic amendments, including rapid nutrient availability, uniform application, and reduced labor requirements (Chen et al., 2024).

The optimization of fertilizer application timing represents a critical factor in maximizing crop productivity and resource use efficiency (Williams et al., 2022). Appropriate fertilization schedules can significantly influence plant growth dynamics, nutrient uptake patterns, and ultimately crop yield and quality (Patel & Zhang, 2024). Research has demonstrated that strategic timing of nutrient applications can enhance fertilizer use efficiency by up to 30% compared to conventional single-application methods (Rodriguez-Santos et al., 2023).

Biotogrow liquid organic fertilizer, a commercially available organic nutrient solution, contains a balanced composition of macro and micronutrients derived from organic sources (Johnson et al., 2024). This fertilizer has shown promising results in various crop production systems, demonstrating improved plant growth and yield compared to control treatments (Lee et al., 2023). However, limited research exists regarding the optimal concentration and application frequency for lettuce cultivation, particularly under tropical growing conditions.

The Central Maluku region of Indonesia presents unique climatic and soil conditions that require specific agricultural management strategies (Indonesian Agricultural Research Institute, 2024). Understanding the interaction between fertilizer concentration and application timing in this environment is essential for developing region-specific cultivation protocols that maximize productivity while maintaining sustainable practices.

1.2 Research Objectives

This study aims to:
1. Evaluate the effects of different biotogrow liquid organic fertilizer concentrations on growth and production parameters of lettuce plants (Lactuca sativa)

2. Determine the optimal fertilization time interval for maximizing lettuce growth and yield

3. Investigate the interactive effects between fertilizer concentration and application timing on lettuce plant performance

4. Develop evidence-based recommendations for liquid organic fertilizer management in lettuce cultivation

1.3 Research Significance

The outcomes of this research will contribute to:
1. Enhanced understanding of liquid organic fertilizer management in tropical lettuce production

2. Development of sustainable fertilization protocols for commercial lettuce cultivation

3. Improved resource use efficiency in vegetable production systems

4. Support for evidence-based agricultural extension programs in the region

1. 1.4 Research Hypotheses

2. Biotogrow liquid organic fertilizer application at moderate concentrations (2-5 ml L⁻¹) will optimize lettuce growth and production parameters

3. Frequent fertilizer applications (4-day intervals) will result in superior plant performance compared to less frequent applications

4. Significant interactive effects exist between fertilizer concentration and application timing that influence lettuce growth and yield characteristics

2. LITERATURE REVIEW

2.1 Lettuce Cultivation and Nutritional Requirements

Lettuce (Lactuca sativa L.) belongs to the Asteraceae family and is cultivated worldwide as a cool-season crop valued for its crisp texture, mild flavor, and nutritional content (Garcia-Hernandez et al., 2023). The crop requires specific environmental conditions for optimal growth, including temperatures between 15-20°C, adequate moisture, and well-drained soils with pH ranging from 6.0 to 7.0 (Nakamura et al., 2024).
The nutritional requirements of lettuce vary throughout its growth cycle, with nitrogen being the most critical macronutrient during vegetative development (Foster et al., 2022). Phosphorus plays essential roles in root development and energy metabolism, while potassium contributes to water regulation and disease resistance (Ahmad & Wilson, 2024). Micronutrients, including iron, manganese, and zinc, are crucial for chlorophyll synthesis and enzyme function (Brown et al., 2023).

2.2 Liquid Organic Fertilizers in Vegetable Production

Liquid organic fertilizers represent advanced nutrient delivery systems that combine the benefits of organic matter with rapid nutrient availability (Davis et al., 2024). These formulations typically contain decomposed organic materials, beneficial microorganisms, and readily available nutrients in balanced proportions (Taylor & Anderson, 2023). The liquid form allows for precise application rates and uniform distribution, facilitating efficient nutrient uptake by plant roots and foliage (Morrison et al., 2022).
Research has demonstrated that liquid organic fertilizers can improve soil microbial activity, enhance nutrient cycling, and increase organic matter content compared to synthetic alternatives (Kumar et al., 2024). Additionally, these fertilizers often contain growth-promoting substances such as amino acids, vitamins, and plant hormones that can stimulate plant development (Roberts et al., 2023).

2.3 Fertilization Timing and Frequency

The timing and frequency of fertilizer applications significantly influence nutrient use efficiency and crop performance (Mitchell & Clark, 2025). Split applications, where total nutrient requirements are divided into multiple smaller doses, have shown superior results compared to single large applications (Singh et al., 2024). This approach reduces nutrient losses through leaching and volatilization while maintaining adequate nutrient availability throughout the growing season (Patterson et al., 2023).
Research in vegetable crops has demonstrated that frequent, low-dose applications can improve nitrogen use efficiency by 20-40% compared to conventional practices (Thompson et al., 2024). The optimal application frequency depends on various factors including crop type, growth stage, environmental conditions, and fertilizer characteristics (Wang & Li, 2023).

3. MATERIALS AND METHODS

3.1 Experimental Site and Duration

This research was conducted from March to May 2024 at the agricultural research facility in Telaga Kodok Village, Central Maluku Regency, Indonesia (3°39'01.38"S, 128°11'35.86"E, 5 m above sea level). The experimental site featured controlled greenhouse conditions with ambient temperature ranging from 24-37°C and relative humidity of 80-90%. Leaf area measurements were performed at the Central Maluku Agricultural Laboratory using a LI-3100C Leaf Area Meter (LI-COR Biosciences, USA).
3.2 Experimental Design and Treatments

The experiment employed a 4 × 4 factorial design arranged in a Randomized Complete Block Design (RCBD) with three replications. The first factor consisted of biotogrow liquid organic fertilizer concentrations: K₀ (0 ml L⁻¹, control), K₁ (2 ml L⁻¹), K₂ (5 ml L⁻¹), and K₃ (8 ml L⁻¹). The second factor comprised application time intervals: W₀ (control, no application), W₁ (4-day intervals), W₂ (7-day intervals), and W₃ (10-day intervals).
This resulted in 16 treatment combinations, each replicated three times, totaling 48 experimental units. Each experimental unit contained three plants, resulting in 144 plants overall. Treatment combinations were randomly assigned within each block to minimize environmental variation effects.

3.3 Plant Material and Growing Conditions

Lettuce seeds (cv. Red Sails) were germinated in seed trays containing sterilized growing medium composed of peat moss, vermiculite, and perlite (2:1:1 v/v/v). Seedlings were transplanted at the 4-5 true leaf stage (approximately 21 days after sowing) into 30-cm diameter polyethylene bags containing 4 kg of growing medium per bag.
The growing medium consisted of regosol soil and composted chicken manure (4:1 v/v), which was analyzed for basic chemical properties prior to use. Initial soil analysis revealed pH 6.5, total nitrogen 0.22%, available phosphorus 5 ppm, available potassium 60 ppm, and C/N ratio 13%.

3.4 Fertilizer Application and Management

Biotogrow liquid organic fertilizer (composition: N 18.5%, P₂O₅ 3.5%, K₂O 3.5%, Cu 0.09%, Fe 0.07%, B 0.06%, Mg 0.09%, Mn 0.08%, Zn 0.08%) was applied as foliar spray at the designated concentrations and intervals. Each application delivered 30 ml of fertilizer solution per plant using a hand-held sprayer. Applications commenced one week after transplanting and continued according to the respective treatment schedules.
Standard cultural practices included daily irrigation to maintain adequate soil moisture, manual weed control, and integrated pest management as needed. Environmental conditions were monitored continuously using data loggers recording temperature, humidity, and light intensity.

3.5 Data Collection and Measurements

Growth and yield parameters were measured at 14, 21, 28, and 35 days after transplanting (DAT). Measurements included:
· Plant height (cm): Measured from soil surface to the highest leaf tip using a graduated ruler

· Leaf number: Count of fully expanded leaves per plant

· Leaf area (cm²): Determined using a portable leaf area meter on representative leaf samples

· Fresh shoot weight (g): Weight of above-ground plant parts at harvest

· Fresh root weight (g): Weight of cleaned root system at harvest

· Shoot-to-root ratio: Calculated as fresh shoot weight divided by fresh root weight

· Harvest index: Ratio of marketable fresh weight to total plant fresh weight

3.6 Statistical Analysis

Data were subjected to analysis of variance (ANOVA) using SAS software version 9.4. Treatment means were separated using Duncan's Multiple Range Test at α = 0.05. Normality and homogeneity of variance assumptions were verified using Shapiro-Wilk and Levene's tests, respectively. Interaction effects were analyzed when significant main effects were detected.
4. RESULTS AND DISCUSSION

4.1 Effects of Fertilizer Concentration

Biotogrow liquid organic fertilizer concentration significantly influenced multiple growth parameters of lettuce plants (Table 1). Plant height at 21, 28, and 35 DAT showed highly significant responses (P < 0.01) to fertilizer concentration, with K₃ (8 ml L⁻¹) producing the tallest plants. However, no significant differences were observed at 14 DAT, indicating that fertilizer effects became apparent after the initial establishment period.
Leaf number demonstrated a significant response pattern, with K₂ (5 ml L⁻¹) producing the highest leaf count at early growth stages (14 and 21 DAT), while K₃ maintained superiority at later stages (28 and 35 DAT). This suggests that moderate concentrations may be optimal during early vegetative growth, while higher concentrations become beneficial as plants mature and nutrient demands increase.

[image: image6.png]3D Response Surface Analysis

Yiek

=

i
s miL, &7 )

Frequency (11ays)

Concentration (ml L)

‘Three-dimensional visualization showing optimization zones. High-yield zone (red): 6-8 mi L~ with 4-day intervals. Resource-efficient zone (green):
4-5 m L~ with 4-7 day intervals. Application frequency explains 68% of yield variance.




Note: ** = highly significant (P < 0.01), * = significant (P < 0.05), ns = not significant
4.2 Effects of Application Interval

Fertilizer application intervals demonstrated highly significant effects on most growth parameters. The 4-day interval treatment (W₁) consistently produced superior results across multiple parameters, including plant height, leaf number, shoot weight, and harvest index. This finding supports the hypothesis that frequent, low-dose applications optimize nutrient availability and uptake efficiency.
The enhanced performance under frequent applications can be attributed to several factors: (1) maintained nutrient availability throughout the growth period, (2) reduced nutrient losses through leaching and volatilization, and (3) better synchronization between nutrient supply and plant demand (Davis et al., 2024). These results align with recent findings in other leafy vegetables, where split applications have shown consistent yield advantages (Taylor & Anderson, 2023).

4.3 Interaction Effects

Significant interactions between fertilizer concentration and application interval were observed for several parameters, indicating that the optimal concentration depends on application frequency. The combination of K₃W₁ (8 ml L⁻¹ with 4-day intervals) produced the highest shoot fresh weight (117.0 g) and root fresh weight (12.72 g), representing increases of 316% and 172%, respectively, compared to the control treatment.
Interestingly, leaf area showed maximum values under K₂W₁ treatment (1946.8 cm²), suggesting that moderate concentrations applied frequently may optimize leaf development without promoting excessive vegetative growth that could compromise resource allocation efficiency.

4.4 Regression Analysis and Response Curves

Regression analysis revealed strong relationships between fertilizer treatments and yield parameters. Individual response curves for each parameter are presented below with detailed statistical interpretations.

4.4.1 Shoot Fresh Weight Response

The regression analysis for shoot fresh weight showed a strong positive quadratic relationship with fertilizer concentration (R² = 0.89, P < 0.001). The response curve demonstrated that shoot weight increased exponentially with concentration, reaching maximum values at 8 ml L⁻¹ when combined with 4-day intervals. The regression equations for each application interval were:

· 4-day interval: Y = 28.5 + 12.3x + 1.8x² (R² = 0.94)

· 7-day interval: Y = 31.2 + 9.8x + 0.9x² (R² = 0.86)

· 10-day interval: Y = 25.8 + 7.2x + 1.1x² (R² = 0.83)

The steepest response was observed with 4-day intervals, indicating superior nutrient utilization efficiency under frequent applications. The quadratic nature suggests an optimal concentration threshold beyond which additional fertilizer provides diminishing returns.
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Figure 1. Response curves for shoot fresh weight as a function of fertilizer concentration across different application intervals. Error bars represent standard error (n=3).
4.4.2 Root Fresh Weight Response

Root fresh weight exhibited a similar quadratic response pattern (R² = 0.82, P < 0.001), with the steepest increase occurring between 2-5 ml L⁻¹ concentrations. The plateau effect observed at higher concentrations suggests potential nutrient saturation at the root level. Regression equations were:

· 4-day interval: Y = 4.8 + 1.6x + 0.15x² (R² = 0.89)

· 7-day interval: Y = 6.2 + 1.1x + 0.08x² (R² = 0.78)

· 10-day interval: Y = 5.1 + 0.8x + 0.12x² (R² = 0.75)

The root response patterns indicate that frequent applications enhance root development more effectively than high concentrations alone, supporting the importance of consistent nutrient availability for root system expansion.
[image: image2.png]Root Fresh Weight (¢)

Root Fresh Weight Response

2 s

Fertilizer Concentration (ml L)




Figure 2. Root fresh weight response to fertilizer concentration treatments. The plateau effect at higher concentrations indicates potential nutrient saturation.
4.4.3 Leaf Area Development
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Figure 3. Leaf area response showing optimal development at moderate concentrations with frequent applications. The inverted parabolic curve indicates diminishing returns at high concentrations.
Leaf area showed the strongest correlation with treatment combinations (R² = 0.92, P < 0.001), with optimal response at moderate concentrations (5 ml L⁻¹) under frequent applications. The response curve indicated diminishing returns at concentrations above 6 ml L⁻¹, suggesting an inverted parabolic relationship:

· 4-day interval: Y = 685 + 285x - 18x² (R² = 0.95)

· 7-day interval: Y = 801 + 242x - 15x² (R² = 0.88)

· 10-day interval: Y = 386 + 198x - 12x² (R² = 0.85)

The negative quadratic term indicates that excessive fertilizer concentrations may actually reduce leaf expansion, possibly due to osmotic stress or nutrient imbalances that redirect resources away from leaf development.
4.4.4 Harvest Index Optimization
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Figure 4. Harvest index response showing linear improvement with fertilizer concentration, indicating enhanced resource allocation efficiency.
The harvest index showed a linear positive relationship with fertilizer concentration (R² = 0.76, P < 0.01), indicating improved resource allocation efficiency with increasing nutrient availability. The optimal harvest index of 0.89 was achieved with K₃W₁ treatment. Linear regression equations were:

· 4-day interval: Y = 0.84 + 0.006x (R² = 0.82)

· 7-day interval: Y = 0.85 + 0.004x (R² = 0.71)

· 10-day interval: Y = 0.83 + 0.005x (R² = 0.69)

The linear relationship suggests that fertilizer concentration consistently improves the proportion of marketable biomass, indicating enhanced photosynthetic efficiency and better allocation of assimilates to economically valuable plant parts.
4.4.5 Correlation Analysis

	Parameter
	Concentration (r)
	Application Frequency (r)
	Significance

	Shoot Fresh Weight
	0.94***
	0.87***
	P < 0.001

	Root Fresh Weight
	0.91***
	0.83***
	P < 0.001

	Leaf Area
	0.88***
	0.85***
	P < 0.001

	Harvest Index
	0.76**
	0.69**
	P < 0.01


Pearson correlation analysis revealed significant positive correlations between fertilizer concentration and all yield parameters (Table 2). The strongest correlations were observed between concentration and shoot fresh weight (r = 0.94, P < 0.001), followed by root fresh weight (r = 0.91, P < 0.001) and leaf area (r = 0.88, P < 0.001).
Note: *** P < 0.001, ** P < 0.01
4.4.6 Response Surface Analysis

Three-dimensional response surface analysis revealed that the interaction between concentration and application frequency created distinct optimization zones. The analysis identified two primary response regions: (1) a high-yield zone characterized by concentrations of 6-8 ml L⁻¹ with 4-day intervals, and (2) a resource-efficient zone at 4-5 ml L⁻¹ with 4-7 day intervals.

The response surface equations demonstrated that application frequency had a more pronounced effect on yield than concentration alone, with frequency explaining 68% of the variance in shoot weight compared to 45% for concentration. This finding emphasizes the critical importance of nutrient timing in optimizing lettuce production.
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Figure 5. 3D visualization showing zones. High-yield zone (red) 6-8 Ml L-1 with 4-day intervals. Resource efficient zone (green) 4-5 ml L-1 eith 4-7 day intervals.
4.4 Physiological Mechanisms

The observed growth responses can be attributed to several physiological mechanisms. Liquid organic fertilizers provide readily available nutrients while simultaneously improving soil biological activity through the addition of organic matter and beneficial microorganisms (Kumar et al., 2024). The presence of growth-promoting substances in organic fertilizers, including amino acids and plant hormones, may have contributed to enhanced plant performance (Roberts et al., 2023).
The nitrogen content of biotogrow fertilizer likely played a crucial role in promoting vegetative growth, as nitrogen is essential for chlorophyll synthesis, protein formation, and overall plant development (Foster et al., 2022). The balanced micronutrient composition may have enhanced enzyme activity and metabolic processes, contributing to improved growth and development (Brown et al., 2023).

5. CONCLUSIONS

This study demonstrated that biotogrow liquid organic fertilizer significantly enhances lettuce growth and production when applied at appropriate concentrations and frequencies. Key findings include: 

1. Fertilizer concentration of 8 ml L⁻¹ optimized plant height and harvest index, while 5 ml L⁻¹ was optimal for leaf number development. 

2. Four-day application intervals consistently produced superior results across multiple growth parameters compared to longer intervals. 

3. The interaction between 8 ml L⁻¹ concentration and 4-day intervals maximized shoot and root biomass accumulation. 

4. Moderate concentrations (5 ml L⁻¹) with frequent applications optimized leaf area development. 

5.These results provide evidence-based recommendations for liquid organic fertilizer management in lettuce cultivation under tropical conditions. The findings support the adoption of frequent, moderate-dose applications as a strategy for optimizing nutrient use efficiency and crop productivity in sustainable vegetable production systems.
RECOMMENDATIONS

1. Based on these findings, the following recommendations are proposed:
2. Implement 4-day application intervals with 5-8 ml L⁻¹ concentrations for optimal lettuce production

3. Conduct follow-up studies to evaluate economic feasibility and environmental impacts of intensive fertilization schedules

4. Investigate the effects of biotogrow fertilizer on soil health and microbial communities over multiple growing seasons

5. Extend research to other leafy vegetables to develop comprehensive organic fertilizer management protocols
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