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ABSTRAK 
Aplikasi pupuk bokashi dan pestisida nabati merupakan strategi efektif untuk meningkatkan produktivitas 

tanaman sekaligus mendukung sistem pertanian berkelanjutan. Penelitian ini mengkaji peran ganda 

kirinyuh; Chromolaena odorata (L.) R.M.King & H.Rob. (Asteraceae), yang dimanfaatkan baik sebagai 

pupuk bokashi maupun pestisida nabati, dalam meningkatkan pertumbuhan dan hasil cabai merah 

(Capsicum annuum L.; Solanaceae). Percobaan dilakukan dengan rancangan acak kelompok (RAK) dua 

faktor. Faktor pertama adalah pupuk bokashi dengan dua taraf: 200 g per tanaman dan 600 g per tanaman. 

Faktor kedua adalah pestisida nabati dengan empat konsentrasi: 0 g L⁻¹, 150 g L⁻¹, 200 g L⁻¹, dan 250 g 

L⁻¹. Parameter yang diamati meliputi tinggi tanaman, waktu berbunga, waktu berbuah, bobot rata‑rata 

buah, dan jumlah buah. Hasil penelitian menunjukkan bahwa pupuk bokashi dari C. odorata berpengaruh 

nyata terhadap pertumbuhan dan hasil, dengan dosis 600 g per tanaman memberikan hasil terbaik. 

Pestisida nabati juga berpengaruh signifikan, dengan konsentrasi 200 g L⁻¹ menghasilkan performa terbaik 

pada beberapa variabel. Meskipun interaksi kedua perlakuan tidak signifikan, kombinasi P2N2 

memberikan hasil tertinggi secara keseluruhan. Temuan ini menunjukkan bahwa pupuk bokashi dan 

pestisida nabati dari C. odorata berpotensi menjadi alternatif untuk meningkatkan pertumbuhan dan 

produktivitas cabai merah dalam sistem budidaya berkelanjutan. 

 

Kata kunci: cabai merah, kirinyuh, pestisida nabati, produksi tanaman, pupuk bokashi 

 

ABSTRACT 
The application of bokashi fertiliser and botanical pesticides offers a sustainable approach to improving 

crop productivity. This study evaluated the effectiveness of Chromolaena odorata (L.) R.M.King & H.Rob. 

(Asteraceae) as both a bokashi fertiliser and a botanical pesticide for enhancing the growth and yield of 

chilli (Capsicum annuum L.; Solanaceae). A randomised block design with two factors was employed. The 

first factor was bokashi fertiliser at two rates (200 and 600 g plant⁻¹), while the second factor was botanical 

pesticide at four concentrations (0, 150, 200, and 250 g L⁻¹). Observed variables included plant height, 

flowering time, fruiting time, average fruit weight, and fruit number. Bokashi fertiliser significantly 

affected chilli growth and yield, with 600 g plant⁻¹ producing the best results. Botanical pesticide 

application also showed significant effects, with 200 g L⁻¹ providing the most favourable performance 

across several parameters. Although no significant interaction was detected between the two treatments, 

the combination of 600 g plant⁻¹ bokashi fertiliser and 200 g L⁻¹ botanical pesticide produced the highest 

overall yield. These findings demonstrate the potential of C. odorata-based inputs for sustainable chilli 

cultivation. 
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INTRODUCTION 

Red chilli pepper is one of the strategic horticultural commodities that has high 

economic value globally, especially in Indonesia (Murtadho et al., 2024). The demand for 

red chilli pepper in Indonesia continues to increase annually, reaching 75.77% by 

household consumption (Aini et al., 2025). According to Badan Pusat Statistik (BPS), the 

production of red chilli pepper in 2025 reached 1,289,360.403 tons. However, this 

production level is still not proportional to the increasing demand for chilli peppers and 

tends to show fluctuating trends. The cultivation of chilli pepper in Indonesia often faces 

several challenges, particularly environmental problems caused by the excessive use of 

inorganic fertilisers and pesticides, which frequently leave harmful residues in the 

environment (Hapsoh et al., 2021). In addition, the cultivation of chilli pepper is often 

challenged by unpredictable climatic conditions and the increasing resistance of pests and 

diseases, which can lead to reduced crop yields (Sudarma et al., 2024). Therefore, the 

implementation of environmentally friendly cultivation practices is essential to overcome 

these problems 

Sustainable agriculture emphasises the use of eco-friendly inputs, such as organic 

fertilisers and pesticides, which are safer and reduce the risk of environmental pollution 

(Garnida & Achmad, 2022). The use of organic materials for fertilisers and pesticides is 

commonly practiced because they utilise natural resources that are easily available, such 

as agricultural waste, organic matter, and weeds (Ramadahan et al., 2024; Bintang et al, 

2025). One invasive weed that is easily found and has many benefits for agricultural 

cultivation is kirinyuh (Trisna et al., 2026). Kirinyuh is a fast-growing plant that can form 

dense shrubs and inhibit the growth of other plants. Kirinyuh is widely distributed in 

various areas such as plantations, rice fields, roadsides, and riverbanks (Okalia et al., 

2022). Kirinyuh also has considerable potential in agriculture, such as being used as 

organic fertiliser, botanical pesticides, and natural herbicides (Permatasari & Asri, 2021). 

As an organic fertiliser, kirinyuh contains essential macronutrients such as N, P, and K, 

and also contains active compounds including flavonoids, tannins, alkaloids, and 

saponins (Diba et al., 2022). These compounds function as active agents that enhance 

plant growth and development and also act as biological control agents against pest 

attacks (Hafifah et al., 2025). 

Various previous studies have shown that the use of kirinyuh bokashi fertiliser and 

botanical pesticides has significant effects on crop production and pest control. Bokashi 

fertiliser is used because it can improve soil fertility physically, chemically, and 

biologically, and is more environmentally friendly than inorganic fertilisers (Sihotang & 

Hanik, 2024). Compared to other organic fertilisers, bokashi has the advantage of being 

produced through a fermentation process using effective microorganisms (EM), making 

nutrients more readily available and easily absorbed by plants (Ciptono & Khoir, 2022). 

According to the results of research by Astuti et al., (2023) the F1 Gada chilli variety 

showed better results in terms of fruit length when treated with kirinyuh organic matter. 

According to research by Adlin et al. (2024) applying 600 g of kirinyuh bokashi fertiliser 

per plant resulted in the best growth in eggplant plants. Kirinyuh is not only used as 

bokashi fertiliser, but it can also be used as a botanical pesticide. Research by Saleh et al. 

(2022) and Habriantono et al. (2026) indicates that the use of kirinyuh leaf extract can 
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control infestations of fruit flies and whiteflies. Furthermore, the use of botanical 

pesticides derived from plants is relatively safer for natural enemies and leaves fewer 

residues that negatively impact the environment (Setiawati & Prastowo, 2022).  

This study aims to analyse the effect of applying bokashi fertiliser made from 

kirinyuh (Chromolaena odorata) on the agronomic components of red chilli plants, 

including vegetative growth, generative development, and yield. The primary focus of 

this study is to determine the optimal dose of bokashi fertiliser for improving the 

agronomic performance of plants under conditions of limited soil fertility. Additionally, 

the use of botanical pesticides derived from kirinyuh in the form of extracts was applied 

as a supplementary treatment to control pest infestations, thereby creating more stable 

and productive growing conditions for the plants (Lisa et al., 2024). This integration of 

organic fertilisation and biological control is expected not only to improve input 

efficiency but also to have a positive impact on the sustainability of the cultivation system. 

Thus, this research is expected to produce practical, economical, and environmentally 

friendly chilli cultivation technology recommendations that are easy for farmers to apply 

in the field. 

 

METHODOLOGY 

This study was conducted using an experimental field research approach. The tools 

used in this study included stationery, a blender, a hand sprayer, a watering can, a camera, 

buckets, thumbtacks, a measuring tape, a tarpaulin, manual and digital scales, and netting. 

The materials used in this study included water, Tangguh F1 chilli seeds, EM4, kirinyuh 

weeds (Chromolaena odorata L.), molasses, manure, 30 × 30 cm polybags, and rice 

husks. 

 

Studies sites and species sampling 

This study was conducted in Rangkui District, Pangkal Pinang City. The study site 

is located at the coordinates -2.139571̊ LS and 106.102188̊ BT at an elevation of 

approximately 20 meters above sea level (FIGURE 1). The study was conducted from July 

2025 until November 2025 using a 20 x 20 m plot of land.  

 

  
Figure 1. Map of the research location  
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Experimental design 

The study was organised using a factorial randomised block design that 

incorporated two variables. A total of 24 experimental units were established through 

three replications of each treatment, with five plants in each unit, resulting in 120 plants. 

Each unit consisted of five plants, giving a total of 120 plants. Observation samples were 

taken from three plants in each experimental unit, resulting in 72 observation samples. 

The first factor was bokashi fertiliser based on kirinyuh consisting of two levels: P1 = 300 

g/plant and P2 = 600 g/plant. The second factor was botanical pesticide based on kirinyuh 

consisting of four levels: N0 = 0 g/l; N1 = 150 g/l; N2 = 200 g/l; and N3 = 250 g/l.  

 

Research procedures 

The research procedures comprised several stages: (1) land preparation was 

undertaken by clearing weeds, plant debris, and rocks, levelling the soil surface, and 

installing protective netting around the study area; (2) bokashi fertiliser and botanical 

pesticide were prepared using Chromolaena odorata (L.) R.M.King & H.Rob. 

(Asteraceae), with bokashi produced through fermentation using EM4 to distinguish it 

from conventional organic fertiliser, whereby fresh kirinyuh leaves were chopped to 

accelerate decomposition, and treatments consisted of P1 (9 kg kirinyuh weeds, 7.2 kg 

manure, 1.8 kg rice husks; 5:4:1) and P2 (18 kg kirinyuh weeds, 14.4 kg manure, 3.6 kg 

rice husks; 5:4:1), to which EM4 solution, molasses, and water were added before storage 

in drums for 1–2 weeks until the material turned dark black and crumbly, indicating 

successful bokashi formation, with application carried out once every two weeks 

according to the treatment dose; (3) botanical pesticide was prepared from fresh kirinyuh 

leaves weighed according to treatment levels (150 g, 200 g, and 250 g), blended with 1 L 

of water, filtered, and stored for 24 hours prior to application, then sprayed directly onto 

plants using a hand sprayer every two weeks; (4) planting involved sowing Tangguh F1 

chilli seeds for 3–4 weeks before transplanting into polybags at 50 × 50 cm spacing; (5) 

maintenance included routine weeding, twice‑daily watering, and pest and disease control 

using kirinyuh‑based botanical pesticide; (6) observations were conducted one week after 

treatment initiation until harvest, recording plant height, flowering time, fruiting time, 

average fruit weight, and fruit number; and (7) harvesting was performed when the chilli 

fruits reached full maturity, indicated by a bright red colour. 

 

Data analysis techniques 

The observational data were analysed using analysis of variance (ANOVA) at the 

5% significance level in accordance with the factorial randomised block design (FRBD) 

to test the effects of bokashi fertiliser and kirinyuh botanical pesticide doses on the 

observed variables. If the ANOVA results indicated a significant difference, an Tukey's 

Honestly Significant Difference (Tukey's HSD) test at the 5% level was conducted to 

compare the treatment means. 
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RESULTS AND DISCUSSION 

Height of red chilli plants  

The results of observations on the height of red chilli plants, based on an analysis 

of variance, indicate that the effects of applying bokashi fertiliser and kirinyuh botanical 

pesticide were not significantly different (TABLE 1). 

 

TABLE 1. Average height of red chilli plants 

Treatment  
Plant height (cm) 

2 WAP 3 WAP 4 WAP 5 WAP 6 WAP 7 WAP 8 WAP 

P1N0 19.66 a 26.00 a 37.00 a 43.00 a 49.66 a 55.00 a 57.66 a 

P1N1 19.00 a 26.00 a 35.66 a 44.33 a 49.66 a 55.00 a 58.00 a 

P1N2 20.00 a 27.33 a 39.33 a 48.00 a 52.33 a 58.66 a 60.66 a 

P1N3 19.66 a 25.66 a 35.33 a 43.66 a 50.66 a 56.66 a 59.66 a 

P2N0 19.33 a 26.00 a 37.00 a 45.00 a 50.66 a 56.33 a 59.33 a 

P2N1 19.33 a 26.66 a 38.00 a 49.66 a 52.33 a 59.00 a 60.66 a 

P2N2 21.33 a 28.33 a 41.33 a 50.66 a 55.66 a 61.66 a 63.33 a 

P2N3 20.33 a 28.00 a 40.66 a 46.66 a 53.66 a 60.66 a 62.66 a 

Tukey's HSD (5%) 1.80 1.68 3.35 4.61 3.51 4.32 3.35 

WAP = weeks after planting 

 

 Based on observations, the application of kirinyuh bokashi fertiliser and kirinyuh 

botanical pesticides had no significant effect on the height of red chilli plants 2–8 weeks 

after planting (WAP). This is indicated by the results of the 5% HSD test, which showed 

the same letter for all treatments. However, the average plant height across all treatments 

showed an increase at each observation time. At 8 WAP, the highest plant height was 

obtained in the P2N2 treatment, namely 63.33 cm, while the lowest was in the P1N0 

treatment, namely 57.66 cm. The P2N2 treatment also showed better plant height 

compared to the other treatments.  

The high growth of chilli plants in the P2N2 treatment was due to the plants 

receiving sufficient nutrients, allowing for more optimal nutrient uptake. Loose soil 

conditions allow roots to absorb water and nutrients more effectively, thereby enhancing 

plant growth (Seidel et al., 2022). According to research by Adlin et al., (2024), Kirinyuh 

bokashi fertiliser contains N, P, and K, which play a crucial role in the development of 

stems, leaves, and roots in plants. Sufficient nutrient availability enables plants to perform 

photosynthesis effectively, leading to better growth (Falaq et al., 2020). In addition to 

providing nutrients, organic fertilisers can improve the physical, chemical, and biological 

properties of the soil, allowing plant roots to develop better and nutrient uptake to become 

more optimal (Liu et al., 2026). Furthermore, when kirinyuh used as a botanical pesticide, 

contains secondary metabolites such as flavonoids, alkaloids, tannins, and saponins that 

have the potential to suppress the activity of plant pests (Ahmad et al., 2022). 

 

The flowering and fruiting stages of red chilli plants 

The effects of bokashi fertiliser and botanical pesticides on the flowering and 

fruiting periods of red chilli plants are shown in FIGURE 2. 
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FIGURE 2. Flowering and fruiting stages of red chilli plants 

 

The results of the observations indicate that the application of bokashi fertiliser and 

botanical pesticide based on kirinyuh did not have a significant effect on the flowering 

and fruiting periods of red chilli plants. This is demonstrated by the results of the 5% 

HSD test, which showed the same notation across all treatments. Although not 

statistically significant, each treatment exhibited a trend toward different mean values. 

The P2N2 treatment showed a faster flowering and fruiting period compared to the other 

treatments, at 66 HSS and 92 HSS, respectively. In contrast, the P1N0 treatment showed 

the longest flowering and fruiting periods, at 77 HSS and 105 HSS.  

Although there were no significant differences among the treatments, the P2N2 

treatment tended to show earlier flowering and fruiting times compared to the other 

treatments. This is because available P and K play a crucial role in accelerating flower 

and fruit formation, thereby contributing to increased red chilli pepper production 

(Hapsoh et al., 2021). Phosphorus acts as a carrier for metabolic energy transfer, 

supporting flowering and fruit development, while potassium plays an active role in 

various enzymes that aid translocation, thereby optimising flowering and improving fruit 

quality (Lestari et al., 2022). Sufficient nutrient availability supports the plant’s 

generative development, allowing for more optimal flowering and fruiting processes. 

 

Weight per piece and number of fruits on a red chilli plant  

The weight per piece and number of fruits produced chilli showed significant 

differences across the various treatments (FIGURE 3). Based on FIGURE 3A, the weight 

per red chilli fruit in each treatment showed variation in the first, second, and third 

harvests. In general, the weight per fruit tended to increase in the second harvest 

compared to the first harvest. The highest mean fruit weight was recorded in the P2N2 

treatment during the second harvest, at around 3.1 g per fruit, while the lowest weight per 

fruit was found in the P1N0 treatment during the first harvest, at around 1.8 g per fruit. 

According to research Astuti et al., (2023), stated that the application of bokashi fertiliser 

can increase the fruit weight of chilli peppers. Phosphorus availability plays a crucial role 

in the formation of large fruits as it enhances the production of assimilates and the 



49 
DOI: 10.21009/bioma.v22i1.67930 

availability of energy required by plants (Nugroho et al., 2022). The high fruit weight per 

fruit in the second harvest occurred because the plants were in an optimal production 

phase, allowing photosynthesis and the translocation of photosynthetic products to the 

fruit to occur more effectively. Additionally, the nutrients available from bokashi 

fertiliser have undergone more complete decomposition, allowing them to be optimally 

absorbed by the plants to support fruit formation. Furthermore, the decrease in fruit 

weight per fruit in the third harvest occurred due to reduced nutrient availability, thereby 

diminishing the plants’ ability to produce large-sized fruits.  

 

 
 

(a) (b) 

FIGURE 3. Chilli pepper crop yields in terms of (a) weight per piece and (b) number of fruits 

  

FIGURE 3B. shows the number of red chilli peppers in the first, second, and third 

harvests. The highest number of fruits was obtained in the P2N2 treatment during the 

second harvest, while the lowest number of fruits was found in the P2N0 treatment. The 

number of fruits increased from the first harvest to the second harvest and then decreased 

in the third harvest. According to Mareza et al., (2021), the greater the number of fruits 

per plant, the greater the total fruit weight per plant, which in turn affects crop yield. All 

plants will grow well and produce high yields if all applied nutrients are available in 

sufficient quantities (Jailani, 2022). This indicates that plant productivity peaks during 

the second harvest. The increase in fruit yield during the second harvest occurs because 

the plants have entered their optimal generative phase, allowing for maximum flower and 

fruit formation. 

  

Pest insect populations on red chilli plants 

According to FIGURE 4, the pest insect populations found on red chilli plants 

showed variations in numbers at each observation time. Bactrocera dorsalis (Diptera: 

Tephritidae) was the most dominant pest found on chilli plants compared to Bactrocera 

umbrosa. 
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FIGURE 4. Pest insect populations on red chilli plants 

 

The population of B. dorsalis at the start of the observation reached 51–52 

individuals, while B. umbrosa ranged from only 3–4 individuals. At several observation 

times, the numbers of both pest species showed a decreasing trend until the seventh week. 

The B. dorsalis population decreased to 19 individuals, while B. umbrosa decreased to 1 

individual. This decline in pest populations indicates that the application of the kirinyuh 

botanical pesticide has the potential to reduce pest populations on chilli plants. The 

decline in pest populations during the observation period indicates that the kirinyuh 

botanical pesticide has the potential to influence pest presence on chilli plants. This is due 

to the presence of secondary metabolites in kirinyuh, such as flavonoids, alkaloids, 

tannins, and saponins, which can act as antifeedants, repellents, or toxins against insects 

(Afifah et al., 2024). These compounds can affect pest activity, resulting in a decreasing 

number of individuals observed during the study (Yurenza & Apriyadi, 2023). 

 

CONCLUSIONS 

The application of bokashi fertiliser and botanical pesticide influenced the growth 

and yield of red chilli plants. The P2N2 treatment (600 g of bokashi fertiliser per plant 

and 200 g/L of botanical pesticide) showed higher values for plant height, flowering time, 

fruiting time, fruit weight, and number of fruits compared to the other treatments. In 

addition, the populations of Bactrocera dorsalis and Bactrocera umbrosa tended to 

decline during the observation period. Therefore, the use of bokashi and botanical 

pesticides has the potential to become a more environmentally friendly alternative for red 

chilli cultivation. 
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