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Abstract 

 

Background: Acacia crassicarpa is widely cultivated in Industrial Forest Plantations but is 
susceptible to Fusarium wilt, which can cause severe seedling losses up to 36.94%. The limitations 
of synthetic fungicides highlight the need for sustainable biological control alternatives. This study 
evaluated biological agents and fungicides for suppressing Fusarium infection in A. crassicarpa 

seedlings. Methodology: The research was conducted at the Plant Protection Division (PPD) 

Research and Development Laboratory, Sinar Mas Forestry, Perawang, Riau. The experiment 
was arranged in a Completely Randomized Design (CRD) with seven treatments, three 
replications, and four seedlings per replication, resulting in a total of 84 seedlings. The treatment 
included  negative control, a positive control, Fusarium endophyte, Trichoderma, DSE, Merivon, 
and Octave. Observation parameters consisted of disease symptoms, seedling mortality 
percentage, latent period, and control effectiveness. Data were analyzed using ANOVA at a 5% 
significance level, followed by Duncan’s Multiple Range Test (DMRT) for significant differences. 

Findings: The results indicated that the Fusarium endophyte and Octave fungicide treatment 
were the most effective, both achieving 100% control with no seedling mortality. Merivon 
fungicide showed 86% effectiveness with 8,33% mortality, while Trichoderma and DSE achieved 
moderate control with 57% and 43% effectiveness, respectively. The positive control exhibited the 
highest mortality rate at 58,33%. Re-isolation confirmed Fusarium as the primary causal 
pathogen responsible for seedling death. It can be concluded that both biological agents and 

fungicides effectively suppressed Fusarium infection on Acacia seedling. Contributions: The 

Fusarium endophyte shows great potential for development as an environmentally friendly 
biological control agents to support sustainable nursery management and reduce dependence on 
synthetic fungicides. 
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INTRODUCTION  

Acacia is planted in more than 80 countries, including Indonesia, with species such as 

Acacia auriculiformis, Acacia mangium, Acacia crassicarpa, and Acacia aulacocarpa  

(Libertus & Diba, 2020). Acacia (Acacia crassicarpa) is one of the forest tree species 

widely used in Industrial Forest Plantations (HTI) due to its rapid growth and good 

wood productivity. Kahfi & Umra (2018), stating that acacia is a fast-growing plant 

species with potential for industrial timber plantation land in Indonesia. This species 

plays an important role in the supply of pulp and paper raw materials in Indonesia. 

Acacia plants are able to adapt to marginal land, so they are often used for reforestation 

and greening (Kusuma et al., 2023). Despite its many advantages, acacia is susceptible 

to wilt disease caused by the Fusarium pathogen. 

The main problem that often occurs in acacia nurseries is wilt disease caused by 

the Fusarium fungus. This pathogen can attack the root system and plant vessels, 

causing wilting and even death of seedlings. Adiwena et al., (2022) explain that 

Fusarium is a soil-borne pathogen that infects roots and spreads to xylem tissue through 

water flow in the roots. The Fusarium pathogen is a soil-borne pathogen that persists 

through chlamydospores (de Lamo & Takken, 2020). Fusarium wilt disease is difficult 

to control because the pathogen can survive for long periods in the soil via 

chlamydospores even in the absence of host plants (Satrah et al., 2023).  

Azmi et al., (2021) also explain that Fusarium infection in the early stages of growth 

can significantly reduce seedling survival rates. Hidayat et al., (2021) This disease is a 

serious obstacle in the provision of ready-to-plant seedlings in nurseries of Industrial 

Forest Plantations. 

Efforts to control Fusarium disease are generally carried out using synthetic 

fungicides. Khulillah et al., (2019), states that the use of fungicides is the most common 

and effective way to suppress the development of plant diseases in nurseries. The use 

of synthetic fungicides is the most common way to suppress the development of 

Fusarium so that it does not spread to other plants (Aji & Rohmawati, 2020). However, 

repeated use over the long term can lead to pathogen resistance and residues that 

contaminate the environment (Tarigan et al., 2024). Heriyanto (2019), stating that 

repeated use of high doses of chemicals can cause more complex cultivation problems. 

Syarifah et al., (2024), explain that fungicide residues can affect soil microorganisms 

that play an important role in soil fertility. Therefore, environmentally friendly and 

sustainable control alternatives are needed, one of which is by utilizing antagonistic 

microorganisms as biological agents. Subasari et al., (2025) Fusarium wilt disease 

control can be carried out through a biological agent approach using antagonistic 

agents. 

Several microorganisms such as Fusarium endophytes, Trichoderma, and Dark 

Septate Endophytes (DSE) are known to have potential as biological control agents 

against soil-borne diseases. Endophytic Fusarium can live  in plant tissue without 

causing disease symptoms, thus functioning as a natural protector against pathogenic 

infections (Fitriani et al., 2019). Sopialena et al., (2020), stated that Fusarium endophytes 

have the potential to act as biological agents in controlling plant pests and diseases. 

Susanti et al., (2021) also stated that Fusarium endophytes can suppress pathogen growth 

through competition for space and nutrients. Syarifah et al., (2024), stated that 
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Trichoderma from the rhizosphere soil of bamboo plants can control Fusarium 

pathogens. Fardani et al., (2024) DSE has the potential to act as a biological agent and 

can enhance plant growth under abiotic and biotic stress. According to  

Mateu et al., (2020) DSE colonization plays a role in increasing plant resistance to 

stress caused by salinity. This study aims to determine the effect of biological agents 

(Fusarium endophytes, Trichoderma, and DSE) and fungicides (Merivon and Octave) in 

inhibiting the development of Fusarium pathogens in acacia seedlings as a basis for 

developing effective and environmentally friendly disease control strategies. 

 

METHOD 

Research Location and Material  

The research was conducted at the Plant Protection Division (PPD) Research and 

Development Laboratory, Sinar Mas Forestry, Perawang, Riau. The research activities 

took place from September 2024 to May 2025, covering the stages of inoculum 

preparation, seedling treatment, and observation in the growth chamber. The materials 

used were healthy and uniform acacia seedlings, Fusarium pathogen isolates, Fusarium 

endophyte isolates, Trichoderma, Dark Septate Endophyte (DSE), Merivon fungicide, 

Octave fungicide, Potato Sucrose Agar (PSA), sterile distilled water, 70% alcohol, and 

NaOCl. The tools used were a microscope, autoclave, laminar air flow, micro pipette, 

petri dish, Erlenmeyer flask, inoculation needle, hemocytometer, camera, and writing 

instruments. 

 

Research Method 

The method used in this study was a quantitative descriptive research method 

using a completely randomized design (CRD) with seven treatments and three 

replicates, each consisting of four seedlings per replicate, for a total of 84 seedlings. 

The treatments tested were negative control (without pathogen inoculation and 

without control), positive control (Fusarium inoculation without control),                         

Fusarium endophytes, Trichoderma, Dark Septate Endophyte (DSE), Merivon fungicide, 

and Octave fungicide. 

 

Research Implementation 

Preparation of Pathogen and Biological Agent Suspensions 

Fusarium pathogen isolates and biological agents (Fusarium endophytes, 

Trichoderma, and DSE) were propagated on PSA medium for seven days at room 

temperature (Hakim et al., 2020). Spore suspensions were prepared by adding sterile 

distilled water to the surface of the colonies and rubbing them until homogeneous. 

Spore density was adjusted using a hemocytometer to achieve a uniform density before 

use as inoculum. 

 

Application of Biological Agents and Fungicides 

Biological agents and fungicides (80 ml) were applied by watering twice before 

inoculation with the Fusarium pathogen at one-week intervals. This application was 

carried out with the aim of preventing initial colonization by the pathogen. 
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Fusarium Suspension Inoculation 

Fusarium suspension irrigation is carried out after the application of biological 

agents and fungicides. Acacia seedlings are wounded at the roots before planting. They 

are then irrigated with 13 ml of Fusarium pathogen suspension per seedling at a spore 

suspension concentration of 106 spora/mL. 

 

Data Analysis  

Observations were made to calculate the percentage of plants affected. This 

value was used to describe the severity of the attack on each treatment. The higher the 

percentage of infestation, the greater the susceptibility of plants to pathogen infection. 

Conversely, a low percentage of infestation indicates that the treatment is able to 

suppress the development of disease in acacia seedlings. The percentage of infected 

plants was calculated at the end of the observation using the formula  

(Triwidodo & Tanjung, 2020): 

P = 
n

N
 x 100% 

Information, 
P = Percentage of plants affected (%) 
n = Number of plants affected per treatment 
N = Number of plants observed per treatment 
 

RESULTS AND DISCUSSION 

Symptoms of Disease and Development of Fusarium 

Symptoms of Fusarium attack on acacia seedlings began to appear on the 8th day 

after inoculation in the positive control treatment. Symptoms began with yellowing of 

the leaves, wilting, followed by stem necrosis and root rot as shown in Figure 1.  

Ulya et al., (2020), stated that the initial symptoms of Fusarium wilt are characterized 

by yellowing and drying of the lower leaves due to tissue death. This condition 

indicates that Fusarium pathogen infection attacks the root system and vascular tissue 

of plants, thereby inhibiting water and nutrient absorption. Fusarium is a soil-borne 

pathogen that infects roots and spreads to xylem tissue through water flow within the 

roots (Adiwena et al., 2022). 
 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

Figure 1. Symptoms of Fusarium (seedling T2.1.1): (a) healthy plant, (b) wilting and 

   yellowing, (c) falling off, (d) dead plant 



Jurnal Pembelajaran Dan Biologi Nukleus                            p-ISSN: 2442-9481 
Vol 12 (3): 888- 898, September 2026                                       e-ISSN: 2685-7332 
 

Zai et al., (2026). Fusarium Pathogen Control Test Using Biological Agents and Fungicides on ... | 892 

 

Symptoms develop progressively. Plants that show initial symptoms in the first 

week usually experience a rapid decline in vitality. The following table shows the 

timing of initial symptoms and the development of Fusarium symptoms (Table 1). 

 

Table 1. Time of onset of initial symptoms and progression of Fusarium symptoms 

Treatment  Day Symptoms Appear Day of Death 

T4.3.1 24 27 

T4.3.2 24 27 

T2.1.3 15 17 

T2.1.4 15 17 

T2.2.3 15 17 

T2.3.1 15 17 

T2.3.3 15 17 

T2.3.2 10 13 

T2.1.1 8 17 

T5.2.2 8 13 

T5.1.1 6 8 

T5.1.3 6 17 

T5.3.2 6 8 

T4.1.2 3 6 

T6.1.1 3 6 

T3.1, T3.2, T3.3 0 0 

T7.1, T7.2, T7.3 0 0 

Information: 1) Positive Control = T2.1.1, T2.1.3, T2.1.4, T2.2.3, T2.3.1, T2.3.2, 
         T2.3.3. 2) Endofit Fusarium = T3.1, T3.2, T3.3. 3) Trichoderma = T4.1.2, 

         T4.3.1,T4.3.2. 4) Dark Septate Endophyte = T5.1.1, T5.1.3, T5.2.2, T5.3.2.  

    5) Merivon = T6.1.1. 6) Octave = T7.1, T7.2, T7.3. 7) Repetition = 1,2,3.  

    8) Seed = 1,2,3,4. 
 

 Based on Table 1, the development of symptoms that occurred in the 

Trichoderma treatment showed a lower level of infection. The Trichoderma treatment 

showed a lower infection rate than other treatments, but the results varied between 

replicates. Some seedlings experienced wilting symptoms earlier and died quickly, 

while others only showed symptoms on day 24 and died on day 27. This indicates that 

the effectiveness of Trichoderma depends on its initial colonization ability in the root 

zone. 

  Positive control treatment (Fusarium without control), symptoms began to 

appear on the 8th day after inoculation, characterized by yellowing and wilting leaves. 

This is in line with the research by Irfandri et al., (2025), Fusarium symptoms in 

shallots are characterized by yellowing leaves, twisted leaves, and rotting bulbs. All 

seedlings died around day 17, indicating that disease progression was rapid, occurring 

only nine days after the initial symptoms appeared. Some other seedlings showed 

symptoms on days 10 to 15 and all died by day 17. This indicates that Fusarium 

infection developed aggressively shortly after inoculation. 
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  Treatment with Dark Septate Endophyte (DSE) showed symptoms that 

appeared later than the positive control. Some seedlings began to wilt on day 6 and 

died on day 8. This indicates that although DSE has potential as a biological agent, 

its ability to suppress Fusarium development is still not as effective as Fusarium 

endophyte treatment and Octave fungicide, which showed no symptoms of disease 

during the observation period.  

 Treatment with the fungicide Merivon resulted in only one seedling exhibiting 

wilting and death symptoms, while the other seedlings remained healthy until the end 

of the observation period. However, the effectiveness of Merivon was                                        

affected by inaccurate dosages or uneven application. This is consistent with                   

Aji & Rohmawati (2020) research which found that the use of synthetic fungicides is 

the most common method to suppress the development of Fusarium so that it does not 

spread to other plants. This is also in line with research by Khulillah et al., (2019), 

which found that fungicides can suppress or prevent disease if applied appropriately 

and evenly. The Fusarium endophyte and Octave treatments showed the best results as 

no disease symptoms were found until the end of the observation period. Both 

treatments were effective in preventing Fusarium infection through different 

mechanisms. 

 

 Percentage of Seedling Mortality 

      The results of the analysis of variance (ANOVA) showed that Fusarium 

infection caused significant differences between treatments in the percentage of acacia 

seedling mortality (ρ < 0.05). The percentage of acacia seedling mortality due to 

Fusarium pathogen infection in each treatment can be seen in Table 2. The highest 

mortality rate was found in the positive control at 58.33 %, while the negative control, 

Fusarium endophytes, and Octave fungicide showed 0.00 % seedling mortality. 

 

Table 2. Percentage of acacia seedling mortality per treatment 

Treatment   Mortality (%) 

T1  0.00a 

T7  0.00a 

T3  0.00a 

T6   8.33ab 

T4    25.00bc 

T5  33.33c 

T2  58.33c 

Information: Data was transformed into Arcsin 
√𝑦+ 0,5

100
. Numbers followed by the same 

         letters were not significantly different between treatments in the DNMRT 
         test at the 5% level. 

 

 Based on Table 2, the Fusarium endophyte and Octave treatments proved to be the 

most effective in suppressing disease development. According to Meutia et al., (2017), 

Fusarium endophytes act through competition for space and nutrients in plant tissues, 

while Octave, which contains the active ingredient prochloraz, is systemic and capable 
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of reducing disease intensity (Sundari et al., 2023). The Merivon fungicide treatment 

resulted in a low mortality rate (8.33%), which was not significantly different from the 

negative control. Merivon contains the active ingredients fluxaproxad and 

pyraclostrobin, which are capable of suppressing Fusarium infection, although its 

effectiveness can be influenced by environmental conditions and the accuracy of 

application. 

 The biological agents Trichoderma and DSE also reduced seedling mortality 

compared to the positive control, by 25.00% and 33.33%, respectively. However, the 

effectiveness of both was still lower than that of systemic fungicides.  

Karim et al., (2020) stated that Trichoderma works through antagonistic mechanisms 

such as competition and antibiosis. Firmansyah et al., (2024) DSE showed the ability 

to colonize roots without causing disease. Overall, the positive control (without 

control) showed the highest mortality (58.33%), indicating the aggressiveness of the 

Fusarium pathogen and the importance of implementing effective control strategies to 

maintain the viability (ability to live) of acacia seedlings. 

 

Latent Period 

Observations show that the latent period of Fusarium disease varies depending 

on the treatment given (Table 3). Based on Table 3, the first symptoms of the disease 

appeared on day 3 and at the latest on day 24 after inoculation. The Merivon fungicide 

treatment (T6) showed the fastest symptoms on day 3, although only one seedling was 

infected, indicating consistently high control effectiveness. 

 

Table 3. Latent period of Fusarium symptom emergence 

Treatment Latent Period (Days) 

T4 3 – 24 

T2 8 – 15 

T5 6 – 8 

T6 3 

T3 0 

T7 0 

T1 0 

 

Trichoderma treatment (T4) showed symptoms between days 3 and 24. This 

demonstrates Trichoderma's ability to slow disease progression. This is in line with 

research by Ihkwanisa et al., (2023), showing that Trichoderma colonies develop faster 

than Fusarium colonies. Syarifah et al., (2024), stated that Trichoderma from the 

rhizosphere soil of bamboo plants can control Fusarium pathogens. DSE treatment 

(T5) showed symptoms between days 6 and 8. This indicates that DSE provides 

protection against infection in the early stages, but is not as strong as Trichoderma.  

The positive control treatment (T2) that was not given a control agent showed 

initial symptoms on days 8 to 15, with all seedlings dying on day 17. The uniform 

symptoms and mortality indicate the aggressiveness of the Fusarium pathogen in 

untreated conditions. Hidayat et al., (2021), explained that Fusarium is an important 

pathogen that causes a decline in crop productivity if not effectively controlled. In 
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contrast, the Fusarium endophyte treatment (T3), Octave (T7), and negative control (T1) 

did not show any symptoms or seedling mortality during the observation period. 

 

Control Effectiveness  

The effectiveness of Fusarium control in acacia seedlings showed significant 

differences between treatments. Based on Table 4, the Fusarium endophyte treatment 

(T3) and Octave fungicide treatment (T7) showed the highest effectiveness, each with 

100% no seedling mortality during the observation period. Merivon (T6) showed high 

effectiveness at 86%, followed by Trichoderma (T4) at 57% and DSE (T5) at 43%, while 

the positive control had the highest mortality rate at 58.33%. 

 

Table 4. Effectiveness of Fusarium Control in Acacia Seedlings 

Treatment  
Effectiveness 

(%) 

Pathogenic Fusarium 

Spore Density 

(conidia/mL) 

Density of Biological 

Agent Spores 

(conidia/mL) 

T3 100a 8,625 x 106 14,525 x 106 

T7 100a 8,625 x 106 0,0 

T6 86ab 8,625 x 106 0,0 

T4 57bc 8,625 x 106 1,265 x 106 

T5 43c 8,625 x 106 0,7 x 106 

Information: Data transformed into Arcsin
√𝑦+ 0,5

100
. Effectiveness compared to positive 

control (58.33%). Treatments T6 and T7 were treatments using 
fungicides. 

 

Based on Table 4, the high effectiveness of Fusarium endophytes is due                                

to their ability to compete with pathogens through antagonistic mechanisms. 

Suswanto & Ramadhan (2022) antagonistic mechanisms such as competition for space 

and nutrients and colonization of plant root tissues. The suspension of Fusarium 

endophytes spores with a density of 14.525 x 106 conidia/mL is almost double that of 

the pathogen, thus proving to be optimal for accelerating root tissue colonization and 

strengthening microbial competitiveness against pathogens. Nurani et al., (2018) High 

spore density increases the effectiveness of biological agents in controlling Fusarium 

through colonization and competitiveness . 

Octave fungicide, which contains the active ingredient prochloraz, works by 

inhibiting the formation of important parts of the fungal cell wall. Application of Octave 

fungicide with the active ingredient prochloraz significantly reduces the intensity of 

diseases caused by Fusarium (Sundari et al., 2023). Meanwhile, Merivon fungicide, 

with the active ingredients fluxapyroxad and pyraclostrobin, works well as an inhibitor of 

fungal growth while also strengthening the plant's physiological resistance system. The 

use of synthetic fungicides can suppress the development of Fusarium that attacks 

plants (Aji & Rohmawati, 2020). 

The biological agent Trichoderma also showed fairly good control efficacy at 

57%, even when inoculated at a spore density of 1.265 x 10⁶ conidia/mL. Its 

antagonistic mechanisms, which include parasitism, antibiosis, and pathogen lysis, 

support this efficacy (Karim et al., 2020). In contrast, the DSE treatment, which had a 
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spore density of 0.7 x 10⁶ conidia/mL, showed the lowest effectiveness due to slow 

colonization. 

 

CONCLUSION  

The conclusion drawn from this study is that biological agents and fungicides 

are effective in inhibiting the growth of Fusarium pathogens. Treatment with Fusarium 

endophytes and Octave fungicide produced the most effective results, with 100% control 

efficacy. The fungicide Merivon showed an effectiveness of 86%, while the biological 

agents Trichoderma (57%) and DSE (43%) were less effective. 
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