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ABSTRACT 
This study evaluates the effectiveness of Actinomycetes in encapsulating soybean seeds to control damping-off 
disease caused by Sclerotium rolfsii. With national soybean demand reaching 22 million tons per year and 
domestic production only 1 million tons, increasing production is essential. One major constraint is the attack 
of plant pathogens such as S. rolfsii, which can cause significant losses. Actinomycetes were isolated from the 
rhizosphere of weeds and tested for their antagonistic activity in vitro. Seed encapsulation using various 
carriers (kaolin, talc, and zeolite) was conducted to determine the most effective formula. In vivo tests showed 
that the Actinomycetes isolate PM2 exhibited the best antagonistic activity, with the zeolite formulation 
reducing pre-emergence damping-off disease incidence to 12.50% and post-emergence damping-off to 8.25%, 
compared to the positive control. These results indicate that the use of Actinomycetes in soybean seed 
encapsulation is an effective and sustainable method for controlling damping-off disease. Zeolite as a carrier 
proved to provide a supportive environment for antagonistic microbes, maintaining moisture and supplying 
necessary nutrients. This research reveals the great potential of Actinomycetes as a biocontrol agent in plant 
disease management strategies, which can significantly enhance soybean production and support national 
food security. 
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 INTRODUCTION  

The soybean plant (Glycine max) is one of the popular food crops in Indonesia. This plant is an 
essential part of the daily diet of the Indonesian population. Many processed products are derived 
from soybean seeds, which contain various essential nutrients such as proteins, fats, vitamins, and 
minerals like calcium, phosphorus, and iron. Commonly utilized soybean products include tofu, 
tempeh, soy milk, soy sauce, soybean flour, and tauco [1]. The high nutritional content of soybeans 
makes them a valuable source of protein, significantly improving the nutritional status of the 
population. Soybean seeds contain approximately 35% protein, 35% carbohydrates, and 15% fat. 
Additionally, soybean seeds also contain important vitamins A and B [2]. 

The national demand for soybeans reaches 2.2 million tons per year, while domestic 
production only amounts to 920 thousand to 1 million tons per year. This gap can become 
problematic as demand continues to rise. One of the factors limiting the increase in soybean 
production is the attack of plant pests and diseases (PPD) that can reduce soybean yield [3]. 

Attacks by PPD are a major constraint in efforts to increase soybean production, leading to 
suboptimal yields. One significant PPD is pathogens, which are organisms that cause diseases in 
soybean plants. One important pathogen in this regard is Sclerotium rolfsii, which causes diseases 
such as damping-off or wilting in soybean plants [4]. The intensity of disease attacks caused by            
S. rolfsii can reach up to 80%, severely disrupting plant growth and potentially leading to plant death 
[5]. Therefore, to ensure sufficient soybean availability for the population and to increase soybean 



J-PEN Borneo: Journal of Agricultural Sciences 
Volume VII, Number 13, April 2024 
Pages: 102-116 

E-ISSN: 2599-2872 
P-ISSN: 2549-8150 

et al. – Running title is about five words 

103 
 

production, effective measures must be taken to address the factors causing a decline in soybean 
production, especially pathogen attacks such as those from S. rolfsii. 

Several control techniques can be used to manage diseases caused by the S. rolfsii. One effective 
method is the use of antagonistic microorganisms, such as Actinomycetes bacteria. These bacteria 
compete with S. rolfsii, inhibit its growth, and help fight infections [6]. The advantage of using 
antagonistic microorganisms is that they are environmentally safe and can persist in the soil for 
several growing seasons. Additionally, the use of disease-resistant soybean varieties is an effective 
option. Resistant varieties have natural resistance to fungal infections, thereby reducing the risk of 
disease attacks. Mechanical control techniques, such as removing infected plants or clearing plant 
residues after harvest, can also help reduce disease spread. However, the use of chemical fungicides 
should be avoided if possible due to the need for knowledge about soil properties that can absorb 
these chemicals and their negative impact on the environment and health. Therefore, the use of 
antagonistic microorganisms such as Actinomycetes is considered a safer and more sustainable 
method for the environment and effective in combating soil-borne pathogens like S. rolfsii [7]. 

The use of biological agents such as Actinomycetes is considered highly effective in controlling 
damping-off disease caused by S. rolfsii. Actinomycetes have the ability to produce antibiotics that 
can damage the cell walls and plasma of pathogens. The antibiotics produced by Actinomycetes can 
inhibit and even kill the pathogens [8]. The presence of Actinomycetes in fertile soil often indicates 
the level of soil fertility. Moreover, Actinomycetes have a broad spectrum, meaning they can combat 
various types of pathogens. This makes Actinomycetes a potential choice in preventing damping-off 
disease caused by S. rolfsii [9]. 

Utilizing antagonistic bacteria to suppress and control disease can be done through various 
methods, one of which is seed treatment with the addition of antagonistic bacterial coatings [10]. 
The aim of adding these bacteria is to protect plants from pathogen attacks and also to enhance seed 
storage durability. The selection of appropriate carrier materials plays a crucial role in ensuring that 
the antagonistic bacteria can survive on the seed coating and effectively perform their function in 
controlling pathogens [11]. 

In this study, the potential use of Actinomycetes through soybean seed encapsulation is 
evaluated to control damping-off disease caused by S. rolfsii. Additionally, the research aims to 
identify the most effective carrier materials in enhancing the ability of Actinomycetes bacteria as 
biological agents. Thus, this study will provide essential information on methods that can be used 
to improve the effectiveness of using antagonistic bacteria in disease control in soybean plants, 
specifically damping-off disease caused by S. rolfsii. 

 
 

MATERIALS AND METHODS  
Time and Place of Research 

The research was conducted from January to June 2019. Testing was carried out in the Plant 
Disease Laboratory and the Greenhouse of the Faculty of Agriculture, University of Jember. 

 
 
Isolation and Purification of Actinomycetes 
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Actinomycetes were isolated from the rhizosphere of Mimosa pudica and Cyperus rotundus at a 
depth of 20 cm from the soil surface. A 1 g soil sample was placed into a test tube containing 9 mL 
of sterile water, followed by serial dilution up to 10-9. Soil suspensions at dilutions of 10-7, 10-8, and 
10-9 were cultured on yeast peptone glucose agar (YPGA) medium using the pour plate method and 
incubated at room temperature for 7 days. Actinomycetes, characterized by slow growth, wrinkled, 
powdery texture, and adherence to the medium, were purified and grown on fresh media [12]. 

 
Hypersensitivity Reaction Test 

This test was conducted to confirm the pathogenicity of the isolated Actinomycetes. 
Actinomycetes isolates were grown in yeast peptone glucose broth (YPGB) for 48 hours. The resulting 
suspension was infiltrated into tobacco leaf laminae and incubated for 48 hours. Hypersensitivity 
reaction was indicated by necrosis symptoms within 48 hours. Isolates showing positive 
hypersensitivity reactions were potential pathogens and were not used in further testing. Isolates 
without hypersensitivity reactions were used for subsequent tests [13]. 

 
Gram Staining Test 

The Gram test was performed by taking a loopful of Actinomycetes isolate from a petri dish and 
mixing it with 3% KOH solution, stirring for 15 seconds. After stirring, the Actinomycetes were lifted. 
Gram-positive was indicated by the absence of mucous formation, while Gram-negative was 
indicated by the formation of mucous [12]. 

 
In Vitro Antagonism Activity Test of Actinomycetes 

The inhibition test was performed using the dual culture method. A 5 mm diameter fungal 
culture was grown in the center of a 9 cm diameter YPGA petri dish, then a 5 mm diameter 
Actinomycetes culture was placed opposite the S. rolfsii culture at a distance of 3 cm and incubated at 
room temperature for 7 days. Inhibition was detected by the presence of a barrier between S. rolfsii 
and Actinomycetes. Observations were made after 5-7 days to determine the potential of 
Actinomycetes in inhibiting the growth of S. rolfsii pathogen. The test was repeated four times 
following a completely randomized design. As a control, S. rolfsii was grown on media without 
Actinomycetes. Inhibition percentage data were tabulated and analyzed using ANOVA followed by 
Duncan’s Multiple Range Test (DMRT) at a 95% confidence level. The best treatment from this test 
was used in further testing [14]. 

 
Seed Encapsulation Formulation 

The encapsulation materials used were a mixture of compost, carrier materials (kaolin, talc, 
zeolite), and adhesive materials (gum arabic). CaCO3 was added to lower pH and glucose as a 
bacterial nutrient to match the bacterial environmental conditions. Fifty grams of compost mixed 
with 2 g of gum arabic as an adhesive were used per treatment. Inorganic carrier materials such as 
talc, kaolin, and zeolite were added at 28 g each, along with 5 g of glucose and 15 g of CaCO3 per 
encapsulation treatment. The materials used for encapsulation were filtered using a 20 µm sieve. 
Before use, the mixed materials were sterilized using an autoclave to avoid contamination [15]. 
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Soybean seeds and encapsulation formulation were placed into an encapsulator. For the 
application of biological agents, a suspension of Actinomycetes bacteria at a density of 108 CFU              
ml-1 was used. The Actinomycetes bacterial suspension at the same density was sprayed using a hand 
sprayer while the encapsulator was operating to ensure all encapsulation materials and added 
bacteria adhered to the soybean seeds. The encapsulation process was carried out until the coating 
materials were evenly distributed on the seed surface, followed by air drying for 30 minutes [16]. 

 
In Vivo Antagonism Activity Test of Actinomycetes 

The ability of Actinomycetes to control S. rolfsii in vivo was tested by encapsulating soybean 
seeds with various carrier materials. This study involved 5 treatments and 4 replications, with each 
replication consisting of 30 seeds, resulting in a total of 20 germination trays and 600 soybean seeds. 
The treatments were arranged as follows: 

 P0: Seeds not coated and without pathogen (negative control). 
 P1: Seeds not coated and inoculated with the pathogen (positive control). 
 P2: Seed coating with a formulation of compost, gum arabic, kaolin, glucose, CaCO3, 

and Actinomycetes bacteria. 
 P3: Seed coating with a formulation of compost, gum arabic, talc, glucose, CaCO3, 

and Actinomycetes bacteria. 
 P4: Seed coating with a formulation of compost, gum arabic, zeolite, glucose, CaCO3, 

and Actinomycetes bacteria. 
 
A total of 150 ml of S. rolfsii pathogen was inoculated into the planting medium in the 

germination trays. The pathogen suspension was inoculated into the planting medium after the 
encapsulated soybean seeds were planted. The germination trays containing the planting medium, 
soybean seeds, and pathogen suspension were covered with black netting for 24 hours, after which 
the netting was removed. Observations were made on each germination tray containing soybean 
seeds with specific treatments to assess seed growth, disease incidence, and the effectiveness of 
disease control in vivo. 

This test was conducted following a completely randomized design. Observed variables 
included germination percentage, percentage of infected seeds, percentage of seedlings infected 
after emergence, and control effectiveness. Inhibition percentage data were tabulated and analyzed 
using ANOVA followed by DMRT at a 95% confidence level [16]. 
 
 

RESULT AND DISCUSSION 
Actinomycetes Isolates 

The isolation of Actinomycetes was carried out by sampling soil from the roots of two types of 
weeds: Mimosa pudica (isolate code PM) and Cyperus rotundus (isolate code RT). From this 
exploration process, six Actinomycetes isolates were identified: four isolates originated from M.  
pudica and two isolates from C. rotundus. These isolates exhibited typical Actinomycetes 
characteristics (Figure 1), consistent with the study by Rathore et al. [17]. According to their research, 
Actinomycetes can be distinguished from other bacteria based on colony morphology. Characteristics 
of Actinomycetes colonies include a round shape with raised and convex elevation, smooth and 
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irregular edges, and surfaces that can be powdery, smooth, rough, or wrinkled. This finding is 
supported by another study, which stated that Actinomycetes colonies macroscopically adhere firmly 
to the agar surface, appear powdery, are dispersed in small colonies, and are white in color. These 
Actinomycetes isolates were successfully isolated from the roots of M. pudica and C. rotundus, which 
have different root systems in the same area (Table 1). 
 

 
Figure 1. Actinomycetes isolation results (a) Actinomycetes isolate PM1; (b) Actinomycetes isolate PM2; (c) 
Actinomycetes isolate PM3; (d) Actinomycetes isolate PM4; (e) Actinomycetes isolate RT1; (f) Actinomycetes isolate 
RT2. 

 
Table 1. Characteristics of Actinomycetes isolates from exploration 

Isolate 
Code 

Source of 
Isolate 

Isolate Characteristics 
Mycelium 
Color 

Aerial Mycelium 
Color 

PM1 Rhizosphere 
of M. pudica 

Irregular edges, wrinkled surface White White 

PM2 Rhizosphere 
of M. pudica 

Irregular edges, dry, wrinkled, and 
powdery surface 

Gray White 

PM3 Rhizosphere 
of M. pudica 

Irregular edges, dry, wrinkled, and 
powdery surface 

Gray White 

PM4 Rhizosphere 
of M. pudica 

Irregular edges, dry, wrinkled, and 
powdery surface 

Gray Gray 

RT1 Rhizosphere 
of C. rotundus 

Irregular edges, dry, wrinkled, and 
powdery surface 

Gray White 

RT2 Rhizosphere 
of C. rotundus 

Irregular edges, dry, wrinkled, and 
powdery surface 

Gray White 

 
Microscopic observations of the six Actinomycetes isolates were conducted using a microscope 

with 1000× magnification. These observations revealed typical Actinomycetes characteristics, most 
notably the presence of branched mycelium, similar to the mycelium structures found in fungi 
(Figure 2). These features are consistent with the findings of Putri and Nurkanto [18], where 
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Actinomycetes, when observed under a microscope, display the formation of branched mycelium. 
This mycelium structure is unique because its spores form spiral-shaped chains. 
 

 
Figure 2. Microscopic Observation of mycelium from six Actinomycetes isolates at 1000× Magnification (a) 
Mycelium of Actinomycetes PM1; (b) Mycelium of Actinomycetes PM2; (c) Mycelium of Actinomycetes PM3; (d) 
Mycelium of Actinomycetes PM4; (e) Mycelium of Actinomycetes RT1; (f) Mycelium of Actinomycetes RT2. 

 
Actinomycetes are a unique group of bacteria that exhibit microscopic characteristics 

resembling fungi. This can be explained through several aspects. First, Actinomycetes develop in 
filamentous forms similar to fungal hyphae. Hyphae are thread-like structures that are the main 
components of fungi. Second, Actinomycetes have the ability to produce spores, a process also 
common in fungi. Although bacterial and fungal spores have biological differences, this similarity 
reflects a common strategy for survival and dissemination in the environment [19]. 

Actinomycetes are prokaryotes, meaning they lack a true cell nucleus, unlike fungi which are 
eukaryotes with a defined nucleus. These structural and genetic differences emphasize that the 
resemblance between Actinomycetes and fungi is more a result of convergent evolution, where 
genetically unrelated organisms develop similar physical traits as adaptations to similar 
environmental conditions [20, 21]. 

 
Biosafety and Characteristics of Actinomycetes Isolates 

The hypersensitivity activity test was conducted to determine the pathogenic nature of the 
purified Actinomycetes bacterial colonies. In this test, all Actinomycetes isolates were found to be non-
pathogenic. This was evidenced by the absence of necrosis symptoms on tobacco leaves, indicating 
a negative reaction to pathogenicity. Furthermore, based on the Gram staining test results, all six 
identified Actinomycetes isolates exhibited Gram-positive characteristics. This was corroborated by 
the fact that no mucous formation occurred when the bacteria were mixed with 3% KOH solution, a 
typical indicator for Gram-positive bacteria. 
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From a molecular perspective, the hypersensitivity response (HR) in plants involves 
interactions between specific proteins within plant and bacterial cells [22]. In plants, proteins called 
NLRs (nucleotide-binding leucine-rich repeat receptors) play a crucial role in recognizing 
pathogens. When NLRs recognize virulence factors secreted by pathogens, they activate the plant's 
defense mechanisms, including HR [23]. 

HR itself is a form of rapid and programmed cell death at the infection site. This mechanism 
aims to prevent the spread of the pathogen to other parts of the plant. When NLRs recognize 
pathogen effectors, they can form structures called resistosomes. Resistosomes interact with the cell 
membrane, creating pores that lead to ion leakage and ultimately cell death [24]. This mechanism 
demonstrates how plants can specifically recognize and react to pathogens. In the hypersensitivity 
test using tobacco, if pathogenic bacteria are inoculated onto tobacco leaves, they will trigger HR if 
they possess virulence factors recognized by the plant's defense system. Consequently, the area 
around the infection site will die, which can be seen as lesions or burned areas on the leaves [25]. 

 
Effectiveness of Actinomycetes Against S. rolfsii In Vitro 

The antagonistic test was conducted using the dual culture method, wherein Actinomycetes 
and the pathogen S. rolfsii were co-cultured on a single YPGA growth medium. The results of this 
test indicated a significant antagonistic capability of Actinomycetes in inhibiting the hyphal growth 
of S. rolfsii. This antagonistic ability was reflected in the reduced growth of S. rolfsii hyphae, causing 
them to become abnormally shaped or even cease growing altogether. In the visual illustration, the 
antagonistic test using the dual culture method shows that Actinomycetes bacteria, acting as 
antagonistic agents, are placed in the lower isolate position, while the pathogen isolate S. rolfsii is 
placed in the upper isolate position. This position can be identified by the presence of the white 
fungal hyphae of the pathogen in Figure 3. 
 

 
Figure 3. Results of the antagonistic test of Actinomycetes against S. rolfsii in vitro (a) Control; (b) Antagonistic 
test of Actinomycetes isolate PM1; (c) Antagonistic test of Actinomycetes isolate PM2; (d) Antagonistic test of 
Actinomycetes isolate PM3; (e) Antagonistic test of Actinomycetes isolate PM4; (f) Antagonistic test of 
Actinomycetes isolate RT1; (g) Antagonistic test of Actinomycetes isolate RT2. 
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The in vitro inhibition ability test on the six Actinomycetes isolates showed varying levels of 
consistency and different inhibition percentages. This test was performed with four repetitions for 
each Actinomycetes isolate. The Actinomycetes isolates that demonstrated consistent inhibition of                   
S. rolfsii hyphal growth in each repetition were the isolates with codes PM1, PM2, and PM3. 
Meanwhile, the Actinomycetes isolates PM4, RT1, and RT2 did not show consistent inhibition of                 
S. rolfsii hyphal growth in vitro. 

Based on the data in Table 2, it can be concluded that the Actinomycetes isolate with the code 
PM2 is the best at inhibiting the hyphal growth of S. rolfsii. This isolate had the highest inhibition 
percentage, which was 25.73%, and showed consistency in inhibiting the hyphal growth of S. rolfsii 
in vitro compared to the other Actinomycetes isolates. Therefore, Actinomycetes PM2 will be used as a 
biological agent in the seed encapsulation formula for the subsequent in vivo test. 

 
Table 2. Results of the antagonistic test of Actinomycetes against S. rolfsii 

Isolate 
Code 

Average Pathogen 
Diameter Growth (cm) 

Inhibition 
Percentage (%) 

Inhibition Consistency 

Kontrol 4.40 ± 0.35 0.00 c - 
PM1 3.52 ± 0.51 20.66 b Consistent 
PM2 3.29 ± 0.23 25.73 a Consistent 
PM3 3.31 ± 0.40 25.28 a Consistent 
PM4 3.53 ± 0.53 20.16 b Not consistent 
PM5 3.66 ± 0.32 17.45 b Not consistent 
PM6 3.56 ± 0.43 19.65 b Not consistent 

Note: Numbers followed by the same letter do not show significant differences in Duncan's multiple range 
test at a 95% confidence level. 

 
According to Errakhi et al. [26], differences in the ability of Streptomyces isolates, which are a 

species of Actinomycetes, to inhibit the hyphal growth of S. rolfsii are influenced by the presence of 
bioactive compounds in addition to antimicrobial compounds that can inhibit the growth of S. rolfsii. 
The study by Takahashi and Nakashima [27] also stated that these differences in inhibition ability 
are due to the different mechanisms of action of the antibiotics produced. Antibiotics such as 
Streptomycin are known to inhibit protein synthesis by disrupting ribosome function, and Nystatin 
works by binding to ergosterol in the fungal cell membrane, causing pores that lead to leakage of 
intracellular components, illustrating how Streptomyces inhibits fungal growth. Additionally, 
Actinomycin D interferes with the DNA transcription process, while Chloramphenicol and 
Tetracycline inhibit protein synthesis through different mechanisms [28, 29]. 
 
Effectiveness of Actinomycetes Encapsulation Formula 

Isolate PM2 was further used in the process of soybean seed encapsulation in this study  
(Figure 4). The encapsulated seeds were then tested for their performance in growth and disease 
inhibition. Based on the data presented in Table 3, the germination percentage of seeds in the control 
group reached 95%. Furthermore, the results showed that the germination percentage of seeds in 
the control group was higher compared to the seeds that underwent the encapsulation process with 
the use of Actinomycetes bacteria and several additional carrier materials. The treatment results 
involving seed encapsulation with Actinomycetes bacteria and the addition of carrier materials such 
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as kaolin, talc, and zeolite did not result in a significant increase in the germination percentage of 
soybean seeds. 
 

 
Figure 4. Encapsulation of soybean seeds (a) Seeds without encapsulation; (b) Seeds encapsulated with 
Actinomycetes bacteria + kaolin; (c) Seeds encapsulated with Actinomycetes bacteria + talc; (d) Seeds 
encapsulated with Actinomycetes bacteria + zeolite. 
 
Table 3. Germination percentage of soybean seeds with Actinomycetes bacteria encapsulation 

Treatment Germination Percentage (%) 
Control 95.00ns 

Kaolin 90.83ns 
Zeolite 91.67ns 

Talc 89.17ns 

 
The results of Duncan's Multiple Range Test (DMRT) at a 5% significance level for each 

treatment tested, including the control group and seeds encapsulated with Actinomycetes bacteria 
and the addition of carrier materials such as kaolin, talc, and zeolite, showed that the germination 
percentage of the seeds did not significantly differ among these groups. 

Two main factors influencing the germination percentage of encapsulated seeds are the 
adhesive used and the thickness of the encapsulation layer. The selection of the adhesive material is 
a crucial step in the seed encapsulation formulation because an incorrect choice can affect the final 
germination percentage. In this study, gum arabic, derived from the sap of leguminous trees and 
known for its strong adhesive properties, was used as the adhesive. Gum arabic has been frequently 
used in seed encapsulation research [30]. 

The study by Rostamabadi et al. [31] showed that using gum arabic as an adhesive resulted in 
higher germination percentages compared to other adhesives like CMC and Chitosan in tomato and 
cucumber seed coating treatments. Similarly, Al-Hamayda et al. [32] reported that using 3% gum 
arabic + 1% talc increased the germination percentage to 87%, higher than the control group, which 
only reached 80%. However, in this study, using gum arabic as an adhesive did not increase the 
germination percentage of soybean seeds. In fact, the germination percentage of seeds encapsulated 
with gum arabic tended to be lower than the control group. 

This phenomenon is suspected to be caused by the strong adhesive properties of gum arabic, 
which can inhibit the seed imbibition process, negatively impacting the germination percentage of 
soybean seeds. Therefore, adjustments in the seed encapsulation formulation using gum arabic are 
necessary to minimize these negative effects and improve the germination percentage of soybean 
seeds. 
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In Table 4, the results of Duncan's Multiple Range Test (DMRT) at a 5% significance level show 
that the seed encapsulation treatment using Actinomycetes bacteria with additional carrier materials 
like kaolin, talc, and zeolite significantly reduced the incidence of pre-emergence damping-off 
disease compared to the positive control treatment. The incidence of pre-emergence damping-off 
disease in the positive control treatment (P1) reached 23.33%. In contrast, in the treatments where 
seeds underwent the encapsulation process (P2, P3, and P4), the incidence of pre-emergence 
damping-off disease was lower, below 15%. These results indicate that seed encapsulation treatment 
using Actinomycetes bacteria with the addition of carrier materials effectively reduces the incidence 
of pre-emergence damping-off disease in soybean plants. 
 
Table 4. Percentage of pre-emergence damping-off in soybean seeds 

Treatment Incidence Percentage (%) 
P0 (Control without pathogen) 0,00 c 
P1 (Control with pathogen) 23,33 a 
P2 (Actinomycetes + kaolin) 13,33 b 
P3 (Actinomycetes + talc) 14,17 b 
P4 (Actinomycetes + zeolite) 12,50 b 

Note: Numbers followed by the same letter indicate no significant difference in Duncan's Multiple Range Test 
(DMRT) at a 5% significance level. 

 
The results of the progression of pre-emergence damping-off disease show that the positive 

control group (P1) had a higher disease progression rate compared to the treatment groups P2, P3, 
and P4, which were seeds that had undergone the encapsulation process. Specifically, the P4 seed 
treatment demonstrated the most beneficial results in suppressing the progression of pre-emergence 
damping-off disease, as it had the lowest disease progression percentage compared to the other seed 
treatments (Figure 5). 
 

 
Figure 5. Progression of pre-emergence damping-off disease in soybean seeds. 
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In this study, the control of post-emergence damping-off disease in soybean plants found that 
seed treatments that underwent the encapsulation process (P2, P3, and P4) had a significant impact 
in reducing this disease compared to the control group (P1), as shown in Table 5. Seed encapsulation 
treatments proved effective in reducing the disease incidence to a level considered mild, which is 
less than 10%. Although there were no striking differences among the various seed encapsulation 
methods, P2 showed the most effective results with the lowest disease incidence percentage 
compared to P1, P3, and P4 (Figure 6). 
 
Table 5. Percentage of post-emergence damping-off in soybean seeds 

Treatment Incidence Percentage (%) 
P0 (Control without pathogen) 0,00 c 
P1 (Control with pathogen) 45,59 a 
P2 (Actinomycetes + kaolin) 8,25 b 
P3 (Actinomycetes + talc) 9,01 b 
P4 (Actinomycetes + zeolite) 8,70 b 

Note: Numbers followed by the same letter indicate no significant difference in Duncan's multiple range test 
at a 5% significance level. 

 

 
Figure 6. Progression of post-emergence damping-off disease in soybean seeds. 

 
Based on the results of the percentage of pre-emergence damping-off disease incidence in 

treatments P2, P3, and P4, it is evident that these treatments significantly influenced the reduction 
of damping-off disease caused by S. rolfsii in the pre-emergence phase compared to treatment P1 
(positive control). The incidence of S. rolfsii damping-off disease before seedling emergence in 
treatment P1 had a higher attack rate than the seed encapsulation treatments, namely P2, P3, and 
P4. 
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As mentioned by Riseh et al. [33], soybean seed encapsulation combined with biological agents 
can provide protection against soil-borne pathogens such as S. rolfsii. The addition of carrier 
materials in the seed encapsulation formula containing biological agents aims to provide the 
necessary nutrients for these agents, thereby enhancing their antagonistic role and protecting the 
seeds from soil-borne pathogens like S. rolfsii, which often attack soybean plants during the 
germination phase, causing damping-off disease. 

Treatment P4, involving soybean seed encapsulation, showed the most effective impact in 
suppressing pre-emergence damping-off disease. The incidence of pre-emergence damping-off 
disease in treatment P4 was 12.50%, the lowest percentage compared to treatments P1, P2, and P3. 
Treatment P2, involving seed encapsulation using Actinomycetes enriched with zeolite as a carrier 
material, showed excellent results in controlling S. rolfsii damping-off disease (pre-emergence) 
compared to other treatments. Zeolite has the advantage of absorbing water and retaining moisture, 
which is crucial for microbial survival. Moreover, zeolite contains various minerals such as Si, Al, 
Ca, Fe, K, Mg, and Na, which are essential nutrients for microbial growth and development. The 
moist conditions created by zeolite also enhance the seed imbibition process, allowing seeds to 
germinate well before being infected by S. rolfsii hyphae. Additionally, zeolite helps increase cation 
exchange capacity, provides micronutrients, and maintains a neutral pH, thereby enhancing 
nutrient availability for plants. 

The best treatment for controlling damping-off disease during post-emergence is treatment 
P2. Treatment P2 showed the highest disease control effectiveness, reaching 81.90%, the highest 
percentage compared to other seed treatments. Treatment P2 involves the use of kaolin as a carrier 
material, which has been studied in various research. According to Widiastuti et al. (2019), kaolin 
can be used as a carrier for the bioinsecticide product B. thuringiensis because it can maintain a                     
B. thuringiensis population of 106. Based on these findings, the seed encapsulation treatment using 
Actinomycetes with the addition of kaolin as a carrier showed a positive interaction in suppressing 
the development of S. rolfsii damping-off disease in the post-emergence phase. 

The use of Actinomycetes bacteria in seed treatment has also been examined in previous 
research by Rahim et al. [34]. Their study indicated that Actinomycetes have the potential as an agent 
for controlling bacterial leaf blight in rice plants because they can reduce the population of the 
pathogen Xanthomonas oryzae pv. oryzae. Therefore, the combination of Actinomycetes and kaolin in 
treatment P2 provided effective results in controlling damping-off disease in soybean plants. 

 
 

CONCLUSION 
In this study, encapsulating soybean seeds with Actinomycetes bacteria combined with carrier 

materials like kaolin and zeolite was effective in controlling damping-off disease caused by S. rolfsii. 
Encapsulation significantly reduced the incidence of both pre-emergence and post-emergence 
damping-off diseases compared to untreated controls. Zeolite enhanced the effectiveness by 
retaining moisture and providing essential minerals, while kaolin maintained microbial populations 
and created a conducive environment for microbial activity. These results align with previous 
research, demonstrating that the combination of biological agents and specific carrier materials can 
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protect plants from soil-borne pathogens, thereby enhancing seed germination and plant health, and 
offering a promising strategy for sustainable agriculture. 
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