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Abstract 

The high market demand for tomatoes is driven by increasing public consumption from year to year. This high 

market demand encourages farmers to increase tomato production with superior quality. Guano fertilizer has 

strategic value for increasing productivity and quality of tomatoes. The use of environmentally friendly and easily 

accessible guano fertilizer will reduce farmers' dependence on relatively expensive chemical fertilizers, thereby 

increasing production cost efficiency. This study not only aims to identify the optimal dose of guano fertilizer for 

tomato growth, but also contributes to the development of  a productive, efficient, and environmentally friendly 

agribusiness production system. This  study used a Completely Randomized Block Design with a single factor: guano 

fertilizer dosage (0, 26, 51, and 71 g per pot), with nine replications, totaling 36 experimental units. The experiment 

was conducted in a greenhouse using soil media in 19 cm pots diameter, from March 13 to May 8, 2023. Guano  

fertilizer was applied once 10  days after planting (DAP). Observations on plant height, number of leaves, and leaf 

area were taken biweekly from 14 to 56 DAP. Data were analyzed using Analysis of Variance in SPSS, followed by 

Duncan's Multiple Range Test at a 5% significance level. The results showed that the dose of guano fertilizer that 

significantly affected the increase in plant height, leaf area and number of leaves of tomato plants was dose 2 of 51 

grams. 
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INTRODUCTION 

Tomatoes contain various important vitamins, including vitamin C, vitamin E, and 

lycopene, which are known for their antioxidants and have natural fiber that is beneficial for 

digestive health (Purwanto, 2018). The abundant nutritional content makes tomatoes a highly 

nutritious fruit and has various health benefits. Therefore, tomatoes have high market demand. 

The high market demand for tomatoes is driven by increasing public consumption from year to 

year. The Central Statistics Agency of Indonesia  (2022) stated that tomato consumption by the 

household sector in 2021 reached 677.97 thousand tons, an increase of 6.93% or 43.96 thousand 

tons compared to 2020. Tomato consumption from the household sector contributed 44.81% of 

the total national tomato consumption. This high market demand encourages farmers to increase 

tomato production with superior quality. 

 The production of superior tomatoes can be done through various approaches, such as 

the application of the agricultural technology, the use of quality tomato seeds, effective control 

of plant pests, and the fulfillment of plant nutritional needs through fertilization. Currently, most 

farmers in Indonesia still rely on chemical inorganic fertilizers that can cause land degradation 

and decreased soil productivity. These negative impacts reduce the organic matter content of the 

soil, water holding capacity, soil pH, and disrupt the balance of the soil ecosystem (Purwanto, 

2018). This has the potential to hinder increased production and quality of harvests, which 

ultimately affects the competitiveness of horticultural products in the market. 

The use of organic fertilizers is a relevant alternative in supporting sustainable 

agribusiness. Organic fertilizers provide significant benefits in improving soil structure and 

porosity (Tao et al., 2024). One of the potential organic fertilizers is guano fertilizer from bat 

droppings that decompose naturally in caves. This fertilizer has very potential chemical 

characteristics as an organic fertilizer. Its high total nitrogen content, which is 8.20%, makes it a 

superior natural nitrogen source to support plant vegetative growth. In addition, the phosphorus 

(P₂O₅) content of 2.00% and potassium (K₂O) of 0.5% also support the generative phase and plant 
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resistance. The organic matter content (67.30%) is very high, which is useful for improving soil 

structure and increasing microbial activity. The C/N ratio between 8–15:1 indicates balanced 

nitrogen availability and allows rapid decomposition without nitrogen immobilization. Although 

guano's pH is acidic (4.00) and salinity is moderate (1.30%), its use remains promising in 

sustainable agricultural systems with proper management, such as adjusting soil pH (Karagöz & 

Hanay, 2020). 

Previous studies have shown that the use of guano fertilizer has a significant effect on the 

growth of various horticultural plants. Maisarah & Fitriah (2022) reported that the experiment of 

10 g/polybag of guano fertilizer was able to significantly increase plant height, number of leaves, 

and fresh weight of kale plants. Another study by Simon et al., (2024) showed that the addition 

of guano fertilizer was proven to have a positive impact on the growth and productivity of 

fenugreek plants (Trigonella foenumgraecum). Treatment with 50% guano combined with soil 

amendments resulted in the highest germination rate (99%) and the best plant growth, marked by 

a plant height of 16.3 cm and the highest number of leaves (10.33 strands) within 4 weeks. 

Guano fertilizer has strategic value for increasing the productivity and quality of tomato 

fruit. The use of environmentally friendly and easily accessible guano fertilizer will reduce 

farmers' dependence on relatively expensive chemical fertilizers, thereby increasing production 

cost efficiency. This will have an impact on increasing farming profits, competitiveness of tomato 

products in the market, and supporting sustainable and market-oriented horticultural agribusiness 

practices. This study not only aims to identify the optimal dose of guano fertilizer for tomato 

growth, but also contributes to the development of  a productive, efficient, and environmentally 

friendly agribusiness production system. 

 

RESEARCH METHODS 

Research Type and Design 

This study employed a completely Randomized Block Design with a single factor, the 

dosage of guano fertilizer. The experiment consisted of four treatment levels and nine 

replications, resulting in a total of 36 experimental units. Observations were conducted at 14, 28, 

42, and 56 days after planting (DAP). Treatment placement within each replication was 

randomized.  

The guano fertilizer treatments were as follows: 

T0: Tomato plants without fertilizer (control)  

T1: Tomato plants with 26 g of guano fertilizer  

T2: Tomato plants with 51 g of guano fertilizer  

T3: Tomato plants with 71 g of guano fertilizer 

The experiment was conducted in a greenhouse using planting pots with a diameter of 

approximately 19 cm. The growing medium used was soil purchased from a local agricultural 

shop. The following steps outline the research procedures: 

 

Seed Germination and Transplanting  

The soil medium was prepared and placed into pots. Tomato seeds were planted on March 13, 

2023, with ten seeds per pot. Seeds were covered lightly with soil and watered sufficiently. After 

germination, three seedlings per pot were retained for further observation, while the others were 

removed and transplanted into separate pots. 

 

Fertilizer Application 

Fertilization was applied once, on March 23, 2023 (10 DAP), by evenly spreading the pre-

weighted guano fertilizer according to the treatment dose. The fertilizer was then moistened with 

water to facilitate absorption. 
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Plant Maintenance  

Routine care includes watering every morning and evening with manual weeding once a week. 

Weekly inspections for plant pests and diseases were also conducted. 

 

Location and Time of Research 

The location of this research is at the Green House LPPM Universitas Negeri Semarang . The 

time of this research was carried out for 56 days from March 13-May 8, 2023.  

 

Data Analysis Technique 

Plant Height  

Measured from the base of the stem to the highest leaf tip using a ruler or measuring tape. 

Observations were taken biweekly from 14 to 56 DAP. 

 

Number of Leaves per Plant  

Counted manually every two weeks from 14 to 56 DAP. 

 

Leaf Area 

Calculated using the formula: LA = p × l; LA = leaf area (cm²), p = leaf length (cm), l = leaf 

width (cm). Measurements were taken every two weeks from 14 to 56 DAP. The observational 

data were statistically analyzed using the SPSS application through Analysis of Variance 

(ANOVA). If significant differences were found, the analysis was followed by Duncan's Multiple 

Range Test (DMRT) at the 5% significance level. 

 

RESULTS AND DISCUSSION 

Guano fertilizer is a good source of organic fertilizer for plants with high macro and micro 

nutrient content. Guano fertilizer needs to be given in high doses and requires a long 

decomposition process before the nutrients can be used by plants (Kurniawan & Jumini, 2018). 

The results of the study on the effect of guano fertilizer doses on tomato plant growth can be seen 

in Table 1. 
Table 1. Documentation of Tomato Plant Growth with Guano Fertilizer Application at 56 DAP 
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Source: Primary Data, 2023. 

 

 

Plant Height 

The results of the analysis of variance showed that there was an interaction in the 

treatment of guano fertilizer concentration at all ages of plant height, both at the age of 14 DAP, 

28 DAP, 42 DAP, and 56 DAP. The 5% DMRT test showed that dose 2 had a significant effect 

on the height of tomato plants. Complete data can be seen in Table 2. The growth pattern of plant 

height between doses of guano fertilizer is presented in Figure 1. At the age of 14-42 DAP, 

tomato plants require more fertilizer to support vegetative growth. This happens because plants 

that maximize meristem cell division (young cells) cause an increase in height as the plant ages 

(Mooy et al., 2019). The highest content of guano fertilizer is the element N, which accelerates 

the growth rate of tomatoes. Guano fertilizer also has the element K which stimulates root and 

stem growth, the element Ca, which stimulates the hardening of plant stems to become strong 

and stimulates the formation of root hairs, and the element Mg which helps the process of 

providing proteins such as carbohydrates and proteins (Raharjo & Prihatiningrum, 2021). 

Therefore, guano fertilizer has the potential to be applied to tomato plants. 

 
Table 2. Effect of Guano Fertilizer Dosage on Tomato Plant Height 

Treatment Tomato Plant Height  

 14 DAP 28 DAP 42 DAP 56 DAP 

Control 6.75 a 13.51 a 20.26 a 48.22 a 

Dose 1 7.86 b 15.73 a 23.6 b 49.55 a 

Dose 2 8.36 b 16.73 b 25.1 b 63.66 b 

Dose 3 7.51 ab 15.02 ab 22.53 ab 49.11 a 
Source: Primary Data Analysis, 2023. 
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Figure 1. Effect of Guano Fertilizer Dosage on Tomato Plant Height 

 

Leaf Area 

The results of the analysis variance of leaf area calculations showed that the treatment of 

guano fertilizer concentration affected all plant ages, and dose 2 had the best effect on increasing 

the leaf area of tomato plants (Table 3, Figure 2). Guano fertilizer contains a high level of 

nitrogen, which accelerates tomato growth and increases leaf area. Nitrogen plays a key role as a 

regulator in the distribution of photosynthetic products throughout the plant (Noor et al., 2023). 

In this study, several leaves necrosis. This is possible due to the influence of environmental 

factors. Anwar et al., (2015) stated that one of the components that determines the success of 

plant growth is the environment. During the study, it often rained and the weather tended to be 

humid with low light intensity so that the photosynthesis process was disrupted and the 

photosynthesis results were also low. 

 
Table 3. Effect of Guano Fertilizer Dosage on Tomato Plant Leaf Area 

Treatment 
Tomato Plant Leaf Area (cm2) 

14 DAP 28 DAP 42 DAP 56 DAP 

Control 7.9667 a 9.56 a 11.472 a 17.208 a 

Dose 1 12.5778 b 16.86 b 20.232 b 30.348 b 

Dose 2 16.0844 d 24.1267 d 36.19 d 54.285 d 

Dose 3 14.05 c 18.8667 c 28.3 c 42.45 c 

Source: Primary Data Analysis, 2023. 

 
Figure 2. Effect of Guano Fertilizer Dosage on Tomato Plant Leaf Area 
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Number of Leaves 

The results of the analysis variance in the treatment of guano fertilizer concentration on 

the number of leaves showed that the interaction had no significant effect at the age of 14 DAP, 

but had a significant effect at the ages of 28, 42 and 56 DAP. This is because guano fertilizer is 

an organic fertilizer that decomposes slowly so the possibility of macro or micro nutrients at 14 

DAP tends to be small (Mooy et al., 2019; Raharjo & Prihatiningrum, 2021). After carrying out 

a further 5% DMRT test, there were real differences between the procedures; complete data can 

be seen in Table 4. 

 
Table 4. Effect of Guano Fertilizer Dosage on the Number of Leaves of Tomato Plants 

 Number of Leaves 

Treatment 14 DAP 28 DAP 42 DAP 56 DAP 

Control 4.0 a 5.5556 a 6.2222 a 7.5556 a 

Dose 1 4.0 a 6.0 b 8.1111 b 10.2222 c 

Dose 2 4.0 a 7.0 c 9.7778 d 12.6667 d 

Dose 3 4.0 a 6.2222 b 7.1111 c 8.8889 b 
Source: Primary Data Analysis, 2023. 

 

 
Figure 3. Effect of Guano Fertilizer Dosage on the Number of Leaves of Tomato Plants 

 

Optimum Dosage of Guano Fertilizer for Tomato Plants 

 Maximum growth in tomato plants achieved when fertilizer is given at the optimal dose. 

This experiment shows that a dose of 51 g of guano fertilizer produces the maximum growth for 

all parameters, including plant height, number of leaves, and leaf area, compared to doses of 26 

g and 71 g. This is because the amount of N nutrients at a dose of 51 g is sufficient to optimize 

tomato growth. The N content in guano fertilizer has the highest percentage compared to other 

nutrients. The dose of 26 g given to plants has not produced maximum growth in tomato plants. 

This is because the N received is not enough to the needs of plants in forming cells and regulating 

all physiological processes that occur during the growth period. Meanwhile, a dose of 71 g also 

showed less than maximum growth due to the availability of excess N in plants. Conditions below 

and above the adequacy range will cause symptoms of nitrogen deficiency and excess.   
 

CONCLUSIONS AND SUGGESTIONS 

The dose of guano fertilizer that significantly affected the increase in plant height, leaf area, 

and number of leaves of tomato plants was dose 2  (51 grams). Further research is needed with 

the same concentration, equipped with more parameters, to see the accuracy of the data. 
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