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Abstract: The big problems of rubber (Hevea brasiliensis) horticulture are the present of pathogenic fungus, 
Rigidoporus microporus, which causes white root disease. Endophytic bacteria have potential to inhibit the 
pathogenic fungus. This study aims to isolate, identify and evaluate the diversity of endophytic bacteria that 
can suppress the growth of R. microporus on rubber. Identification of endophytic bacteria based on 
morphology characters and molecular marker using 16S rRNA primer. In vitro assessments of biological 
agents were carried out using fermentation medium. In vivo tests were carried out in the nursery using rubber. 
The isolation results obtained 55 isolates of endophytic bacteria. Isolate B49 from bark showed the highest 
percentage of inhibition against the growth of R. microporus (82.47%), then followed by isolates D8 (81.44%) 
and D20 (72.16%) from leaves, and A27 (61.86%) from roots. The 16S rRNA gene sequence of the D8 isolate 
exhibited 98% similarity to Bacillus paramycoides, D20 isolate was shown 95% similarity to Acinetobacter 
nosocomialis, A27 isolates identified as Enterobacter cloacae (99%), and B49 identified as Bacillus cereus 
(99%). In addition to inhibiting the growth of R. microporus, several endophytic bacterial isolates used in this 
study were shown to be able to solubilize phosphate thus suppress white root disease. Bacillus D8, 
Acinetobacter D20, and Bacillus B49 can be used to control white root disease in rubber plantations. Selected 
bacteria isolated from rubber have the potential to be used as a biocontrol and as a biofungicide against white 
root disease caused by R. microporus. 

HIGHLIGHTS 
 

• Endophytic bacteria have potential to suppress Rigidoporus microporus causes white root disease. 

• Endophytic bacteria can solubilize phosphate, which plays a role in reducing the disease index. 

• Endophytic bacteria have potential as biocontrol and biofungicide against white root disease. 
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INTRODUCTION 

Rubber (Hevea brasiliensis (Willd. Ex A. Juss) Mull. Arg.) is one of the important commodities for the 
Indonesian economy that can produce natural latex. Rubber plant is one of the leading commodities 
developed by Riau Province. Riau Province has a rubber plantation area of 494,106 (2019) and 517,317.00 
Ha (2020) with a production of 373-726 tons [1]. The low rubber production is caused by several obstacles, 
namely the seedlings condition, planting season, and disease attacks. One of the diseases attack very 
detrimental to farmers is white root disease caused by Rigidoporus microporus [2,3].  

The fungus lives parasitically over a long period of time by producing white mycelia attached to the the 
surface of the root bark [4]. The mechanism of R. microporus infection against rubber plants is that the fungus 
contacts the rubber roots and releases lignocellulase enzymes that can damage the roots of these plants 
and then colonize other parts of the roots [5]. This disease can cause plant death in high intensity, especially 
in plants aged 2 to 6 years [6]. The symptoms of white root disease attack are pale, yellow, and dull colored 
leaf crowns, which eventually dry and fall, leaving only the twigs visible. Sometimes diseased plants form 
young leaves or flowers and fruit at an earlier time [7]. When the roots are opened, it can be seen that the 
root surface is overgrown with white fungal mycelium or rhizomorphs that are firmly attached to the roots 
making it difficult to remove [8]. Infected roots eventually rot and turn brown [9]. So far, people have used 
chemicals to treat white root fungus.  

The most commonly used fungicides with the active ingredient triadimefon, which are chemicals that 
have a low potential for cumulative toxic effects on plants. Synthetic fungicides have a fairly high toxic effect 
on humans [10], and cause accumulation of toxins and damage to the soil and other beneficial soil organisms 
[11]. Excessive use of pesticides and improper doses can cause the fungus to become more up resistant 
[12]. Another alternative is to use biocontrol agents capable of suppressing the growth of white root fungus, 
reducing the use of chemicals and environmental pollution [13]. Biological control can enhance the availability 
of certain nutrients phosphate and potassium solubilization [14] and nitrogen fixation [15], or synthesize the 
phytohormones such as gibberellins and indole-3 acetic acid) [16]. 

Several previous studies have identified fungi and bacteria that can act as biocontrols by suppressing 
the growth of white root fungi, such as Trichoderma sp. and Penicillium, in a study at the Rubber Research 
Institute of Nigeria (RRIN), which can inhibit R. microporus by 81.85% and 65.27% [17]. The research results 
by [18] using Bacillus sp. and Bacillus apiaries had inhibition zones of R. microporus of 5.57 mm and 6.12 
mm using the dual culture method. In addition, Streptomyces sp. TM32 with biomass measurement can 
suppress the growth of R. microporus is close to 100%. The survival and health test results on rubber plants, 
suppression of white root disease by Streptomyces sp. TM32 was shown to suppress R. microporus 20% 
greater than with metalaxyl chemicals in rubber plants. Modification of Streptomyces sp. TM32 with organic 
matter carrying sorghum seeds at week 14 of the experiment showed an average increase in the most optimal 
cumulative height of rubber trees of 35 cm [13]. Streptomyces application in vivo can inhibit and control R. 
microporus in long-term rubber plantations [19]. 

Studies on the use of rubber endophytic bacteria that can inhibit R. microporus have not been widely 
reported. The use of local isolates of rubber endophytic bacteria isolated directly from the rubber plantation 
of Siabu Village, which was attacked by the fungus R. microporus was expected to inhibit R. microporus more 
effectively than other biocontrol agents. Thus, the presence of indigenous endophytic bacteria is expected to 
suppress and fight the growth of R. microporus on rubber seedlings. This study aims to isolate, identify and 
evaluate the diversity of endophytic bacteria that can suppress the growth of R. microporus on rubber plants. 

MATERIAL AND METHODS 

Isolation of endophytic bacteria from a rubber 

The specimen of rubber plants (Hevea brasiliensis) was collected from Siabu Village, Salo, Riau Province 
with coordinates 01o99’2.06”N, 101o05’99.14”E. Bacteria were isolated using a modified technique described 
previously in [20]. The root, bark, and leaf were cut to a size of 2 cm x 2 cm and then thoroughly cleaned 
under running tap water. The surface of each sample was sterilized by immersing it in 70% ethanol for two 
min, soaking it in NaOCl (3%) for two min, rinsing it three times in distilled water, and drying it with sterile 
filter paper. Aliquots of the completed rinse's sterile distilled water were splattered onto the surface of Nutrient 
Agar (NA) plates for 48 hours to ensure that the surface had been sterilized successfully. After surface 
sterilization, sample were used to isolate endophytic bacteria using two methods: First, each leaf was placed 
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onto NA plates and incubated at room temperature until the bacteria started to grow; second, each small 
piece of leaves was crushed with the addition of 1 ml of sterile 0.85% sodium chloride, and then spread over 
the surface NA plates followed by incubation at room temperature until the bacteria started to grow [21]. 

Characteristics endophytic bacteria from a rubber 

The morphology of endophytic bacteria was observed, including the color, shape, elevation, and margin. 
Cell shape and Gram staining were used to observe the morphology of bacteria cells [22]. 

Screening inhibition of endophytes bacteria against Rigidoporus microporus 

Isolates of R. microporus at five days aged at Potato Dextrosa Agar (PDA) medium were chopped with 
a diameter of 0.5 cm. Fungus disk pieces then inoculated into the middle petri dishes containing NA medium. 
Endophytic bacteria disk isolates aged 24 hours then inoculate at four sides of the edge of petri dishes with 
2.5 cm at length from fungi. Isolates of R. microporus were inoculate at NA medium without treatment were 
consider as control [23]. The petri dishes were incubated for 5 days at room temperature the inhibition was 
observed by the inhibition of mycelia of R. microporus [24]. 

In vitro antagonistic activity test  

The ability of endophytic bacteria isolates to suppress the growth of R. microporus in fermentation media 
was tested by adding 1 mL of endophytic bacteria (108 cfu/ml) and 1 mL of R. microporus (108 cfu/ml) into 
100 mL of Potato Dextrose Broth (PDB) aseptically. Each treatment was made with three replications and 
incubated for five days at a temperature of ± 28ºC on a shaker incubator with a speed of 150 rpm. At the end 
of incubation, the mass of the fungus R. microporus was separated from the PDB medium by filtration using 
Whatman paper No. 42 (dried and weighed the initial weight (W1)). The fungus mass was then dried for 16 
hours at 80oC in an incubator. Furthermore, the dry weight of fungal biomass (W2) was weighed. WT = W2 
– W1, where WT = total dry weight of the fungus after being treated with endophytic bacteria (g), W2 = dry 
weight of the fungus after being treated with endophytic bacteria (g), W1 = dry weight of Whatman paper (g) 
[25]. The percent inhibition = control biomass endophytic – bacteria treatment biomass x 100%. At the end 
of the incubation time the fungal hyphae of R. microporus that grew were observed under a microscope to 
know physiology respond. In vitro antagonistic activity test using a completely randomized design with 3 
replicates. 

Screening phosphate solubilizing  

Each isolate of endophytic bacteria was inoculated in petri dish contain Pikovkaya media.  Pikovkaya 
media consisting of bacto agar 20 g, glucose 10 g, Ca3(PO4)2 5.0 g, (NH4)2SO4 0.5 g, KCl 0.2 g, MgSO4 7H2 
0.1 g, yeast extract 0.5 g, MnSO4 7H2 0.002 g, FeSO4 7H2O 0.002 g, 1000 mL of distilled water [26]. Petri 
dishes were incubated for 3 days at room temperature. Then the clear zone formed was observed and 
measured every day using a caliper [27]. The Phosphate Solubilization Index (PSI) value can be calculated 
using the following formula [28]:  

PSI =
colony diameter + clear zone diameter 

colony diameter
x100 

CoIdentification of endophytic bacteria based on 16S rRNA.  

Each isolates DNA template was extracted using the PrestoTM Mini gDNA Bacteria kit. The 16S rRNA 
genes have been amplified using the primers 27F (5'-AGAGTTTGATCCTGGCTCAG-3') and 1492R (5'-
GGTTACCTTGTTACGACTT-3') [22] and performed in 50 µL reaction volumes of 25 µL 2X Taq Master Mix, 
1.0 µL of each primer, 1 µL DNA template and 22 µL of deionized water. The reaction was carried out under 

conditions of amplification of 94C at 2 min for pre-denaturation followed by 35 cycles of denaturation (94C 

final extension was at 72C; 1 min), annealing (46.4C; 1 min) and extension (72C; 1 min). For the PCR 
products, gel electrophoresis was used 2% agarose with TBE buffer at 100 V for 40 min. The PCR product 
was then sequenced at 1st BASE Laboratory.  

In vivo antagonistic as biological control white root disease in rubber seedling  

The biocontrol ability of endophytic bacteria based on disease suppression in rubber colonized by the R. 
microporus strain. Research with a completely randomized design, each with five replicates referring to [10] 
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with modifications. The test rubber seedlings used were seedlings from rubber plantations. Two-month-old 
seedlings were cut off the taproot until 5 cm remained from the root neck. Then the rubber seedlings were 
transferred and regrown in polybags measuring 30 x 25 cm containing 3 kg of sterile soil media. Plants were 
maintained for two months. Pathogen inoculum was prepared by inoculating 5 x 1 x 1 cm of rubber wood with 
R. microporus culture and incubated for 7 days. Pathogen inoculation was done by planting two pieces of 
inoculum tangent to the taproot of the test rubber seedlings. 

The endophytic bacterial isolates selected were the four isolates that were highest in suppressing the 
growth of R. microporus fungal colonies. Potential isolates were cultured on Nutrient Broth (NB) medium for 
24 hours and prepared as cell suspension at the final concentration 1 ml of 108 CFU/ml in pot containing 
sterilized mixed soil (cornmeal: sawdust; 1:1), then incubated for 7 days [29]. 

Endophytic bacteria were applied together with the pathogen inoculum. After the rubber seedlings were 
two months old, the pathogen inoculum was placed around the rubber taproot. Next, 50 grams of endophytic 
bacterial isolates were inoculated around the rubber taproot by immersion. Two months after inoculation, 
observations were made on the pathogen R. microporus and endophytic bacteria. The parameters observed 
were increased stem height, number of leaves, disease intensity, number of soil microbes, and an overview 
of rubber wood infection by R. microporus [10,30]. The Disease Index (DI) is the percentage of yellowing of 
rubber leaves with percentage, healthy: 0% yellow leaves, light: 1-25%, medium: 26-50%, heavy: 51-75%, 
and extra heavy: 76-100% [30]. 

Data Analysis 

Isolation result of endophytic bacteria from rubber tree and screening of inhibition were analyzed 
descriptively. The homology of the 16s rRNA gene sequence was analyzed using the Mega BLAST program 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). One-way analysis of variance (ANOVA) and if there is a significant 
difference, it is continued with Duncan's Multiple Range Test at the 5% level (DMRT). Data processing was 
carried out using the SPSS program version 17.0. 

RESULTS 

Isolation and characterization endophytic bacteria from rubber 

From this study, 55 isolates of endophytic bacteria were obtained, including 17 isolates from roots, 17 
isolates from bark and 21 isolates from leaves. Different organs show different endophytic bacteria. Isolation 
of endophytic bacteria from rubber by direct and grinding methods. The direct isolation technique causes the 
possibility of endophytic bacteria to grow to be limited. The use of this technique causes not all endophytic 
bacteria to be isolated or cultured. In addition to the direct isolation and grinding method can be used to 
isolated bacteria endophytic. 

Isolates of endophyte bacteria were tested towards R. microporus. Screening test were carried out first 
before test of antifungal activity. Screening test were conducted to select isolates of endophytic bacteria that 
have antifungal activity against R. microporus. Based on this study, 11 out of a total of 55 endophytic bacterial 
isolates were found to have inhibitory power characterized by slow growth of R. microporus.   

Partial characterization results generally isolate obtained have a white color, flat elevation, and entire 
edges with coccus cell shape. Morphology colony and Gram staining of endophytic bacterial it is obtained 
that 7 isolates were Gram negative and 4 isolates were Gram positive (Table 1; Figure 1). 

Table 1. Morphology and cultural characterization of endophytic bacterial. 

No 
Isolates 
Code 

                          Colony morphology                               Cell morphology 

Upper surface 
color 

Lower surface 
color 

Elevation Edges Shape 
Gram 
staining 

1 D7 White White flat undulate Coccus Negatif 
2 D8 White White flat undulate Bacill Positif 
3 B14 White White flat undulate Coccus Positif 
4 D20 Milky white Milky white convex entire Coccus Negatif 
5 A27 White White flat entire Bacill Negatif 
6 A28 White White flat entire Coccus Negatif 
7 D36 White White flat undulate Coccus Negatif 
8 A44 Milky white Milky white convex entire Bacill Negatif 
9 B46 Milky white Milky white flat entire Coccus Negatif 
10 B49 Milky white Milky white flat undulate Bacill Positif 
11 D54 Milky white Milky white flat entire Bacill Positif 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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Figure 1. Morphology of four isolates with suppressing the growth of white root disease. 1. colony morphology; 2. gram 
staining. A. D8, B. A27, C.D20, D.B49.  

Gram positive bacteria were characterized with purple color while Gram negative bacteria characterized 
with pink color. Based on this partial characterization, in line with the research conducted by [20] who have 
isolated endophytic bacteria from rubber in South Sumatra, the results showed that most bacteria are Gram-
negative bacteria. The same research on different plants conducted by [31] reported that 78% of the total 
isolates of endophytic bacteria were Gram-negative bacteria.  

In vitro antagonistic activity  

Endophytic bacteria from rubber live and colonize in the rubber plant tissue, roots, bark, and leaves. The 
results of the study in Table 2. show that the biomass of R. microporus with the administration of each 
endophytic bacterial isolate had an effect on suppressing the growth of white root disease (R. microporus) 
with different compressive abilities compared to the control. Isolate B49 from bark showed the highest 
percentage of inhibition against the growth of R. microporus (82.47%). This is indicated by the least biomass 
of R. microporus, which is 113.33a ± 11.55 mg compared to the control (646.67 mg), then followed by isolates 
D8 and D20 from leaves, and A27 from roots. 

Table 2. Biomass of R. microporus inoculated with rubber endhophytic bacteria in 
fermentation media for 5 days   incubation and the phosphatase index. 

No Isolate Average Biomass (mg) % Inhibition 

1 D7 540.00cd ± 62.45 16.49% 

2 D8 120.00a ± 26.46 81.44% 

3 B14 590.00de ± 36.06 8.76% 

4 D20 180.00ab ± 65.57 72.16% 

5 A27 246.67b ± 92.92 61.86% 

6 A28 520.00cd ± 52.92 19.59% 

7 D36 560.00de ± 30.00 13.40% 

8 A44 453.33c ± 61.10 29.90% 

9 B46 526.67cd ± 87.37 18.56% 

10 B49 113.33a ± 11.55 82.47% 

11 D54 573.33de ± 70.95 11.34% 

12 Control 646.67e ± 11.55 - 

Numbers followed by the same notation in the same column group show no 
significant difference at the 5% level according to DMRT. 
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The different inhibition results was because each endophytic bacterium has different antifungal abilities. 
The four isolates could inhibit fungal growth with suppression of mycelial biomass. In addition, the inhibitory 
effect of potential endophytic bacterial isolates on R. microporus was investigated using light microscopy. 
Morphology of R. microsporus hypha growth that endophytic bacteria have suppressed in comparison with 
hypha without treatment. Fungal hyphae from the antagonistic test against R. microporus compared to the 
control showed that the hyphae of R. microporus treated with endophytic bacteria wilted (Figure 2). 

 

 

Figure 2. Aerial hypha under light microscopy at 400x magnification. A. Control, B. Isolate D8, C. Isolate D20, D. Isolate 
A27, and E. Isolate B49. 

Phosphate Solubilizing 

The formation of a clear zone on Pikovskaya media characterizes the ability of phosphate-solubilizing 
microbe, indicating that the microbes can dissolve tricalcium phosphate (Ca3[PO4]2) [32]. The phosphate 
solubilizing ability of bacteria can be seen from the value of its phosphatase index. Four of the 11 isolates 
used in this study had the most significant inhibition percentage against R. microporus. And of the four 
isolates, two are stable positive dissolving phosphate in Pikovkaya selective medium, namely isolates D20 
and D49 (Table 3). 

             Table 3. Potential of bacteria to solubilize phosphate in Pikovkaya agar medium. 

No Isolate Phosphatase index 

1 D8 - 

2 D20 1.74± 0.04 

3 A27 - 

4 B49 1.88± 0.05 

 

Molecular identification of selected endophytic bacteria 

The partial 16S rRNA gene sequences of the isolates were analyzed for homology using the BLAST 
algorithm in GenBank. The 16S rRNA gene sequence of the D8 isolate exhibited 98% similarity to Bacillus 
paramycoides, while D20 isolate was shown 95% similarity to Acinetobacter nosocomialis. Isolate of A27 
identified as Enterobacter cloacae (99%) and B49 identified as Bacillus cereus (99%). Phylogenetic tree 
obtained using the neighbour-joining method showed a close relationship among strains (Figure 3). 

In vivo evaluation of endophytic bacterial antagonists on R. microporus  

Endophytic bacterial isolates selected on the basis of their potential to inhibit the growth of the R. 
microporus were then evaluation tested of fungal antagonists in vivo on rubber. In vivo experiments are 
essential to verify the effectiveness of potential antagonists. The parameters observed were the number of 
leaves and plant height increase in two months of inoculation (Table 4 and 5). 
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Figure 3. Neighbour-joining trees based on 16S rRNA gene sequences showing the positions of D8, D20, A27, and 
B49 isolates and related species. Bootstrap values greater than 50% of 1000 replications are shown as percentages at 
branching points of the tree. 

Table 4. Effect of endophytic bacteria on the number of leaves of rubber seedlings inoculated with R. microporus during 
the two-month application period. 

 Leaf number 

Treatments Pre-application 1st month 2nd month 

Control with R. microporus 9.330 10.33 a 10.33 a 

Control without R. microporus 11.67 12.67 a 10.67 a 

D8 + R. microporus 10.00 8.67 a 10.33 a 

D20 + R. microporus 10.67 10.33 a 11.00 a 

A27 + R. microporus 13.67 12.33 a 13.00 a 

B49 + R. microporus 12.67 12.67 a 12.67 a 

Numbers followed by the same notation in the same column group indicate not significantly different at the 5% level 
according to DMRT. 

Table 5. Effect of endophytic bacteria on rubber plant height gain (cm) inoculated with R. microporuss over a two-month 
application period. 

 Height increment (cm) 

Treatments Pre-application 1st month 2nd month 

Control with R. microporus 44.57 2.77a 7.79ab 

Control without R. microporus 39.70 1.47a 5.31a 

D8 + R. microporus 43.60 3.27a 13.65bc 

D20 + R. microporus 49.80 8.97b 17.96c 

A27 + R. microporus 51.13 1.37a 3.94a 

B49 + R. microporus 43.80 3.20a 9.67ab 

Numbers followed by the same notation in the same column group indicate not significantly different at the 5% level 
according to DMRT. 
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The results obtained on the number of leaves parameter did not show a significant effect. This may be 
due to the fact that the sawdust planting medium contains cellulose as the main ingredient for the growth of 
R. microporus. In addition, the age of the rubber used was younger at 4 months, with an incubation period of 
only 2 months. In general, other researchers use 15 months old or more rubber to have more lignin content 
and a longer incubation period of up to 3 months to 12 months [33]. While the increase in the height of rubber 
plants treated with endophytic bacteria isolate D8, D20, B49, experienced a greater increase in the height of 
3.27, 8.97, and 3.20 compared to the control treatment after one month of application and 2 months of 
application, but the isolate A27 did not experience significant height gain. 

These studies indicated that treatment effectively eliminated the pathogen by the tested 
isolates. Observations on the rubber bark showed the effectiveness of endophytic bacteria, which was better 
than the control attack by white root disease. Rubber plants treated with endophytic bacterial isolates have a 
good and clean bark texture without any fungal hyphae (Figure 4).  

 

 

Figure 4. Rubber wood pieces treated with R. microporus fungus after two months of application (A) Control, (B) isolate 
D8, (C) isolate D20, (D) isolate A27, and (E) isolate B49. 

 

The observation results were also seen in the condition of the leaves. Disease index (DI) was calculated 
according to the score by [30] by calculating the percentage of yellowing leaves during two months of 
application of rubber endophytic bacteria and R. microporus (Table 6). Isolate D20 has a light disease index 
and isolates of D8, A27, and B49 have medium disease. Phosphate dissolving ability is thought to cause 
suppress of disease. Isolates that can dissolve phosphate have light disease, namely isolates D20 and D49. 
Leaves are yellow and will fall on rubber attacked by white root disease, while those treated with endophytic 
bacteria have normal green and healthy leaves (Figure 5). 

  Table 6. Effect of endophytic bacteria on disease Index in rubber seedlings after 2 months of application period. 

Treatments Disease Index (%) Intensity 

Control with R. microporus 65,61 Heavy 

Control without R. microporus 16,88 Light 

D8+ R. microporus 35,83 Medium 

D20+ R. microporus 23,43 Light 

A27+ R. microporus 30,03 Medium 

B49+ R. microporus 28,71 Medium 
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Figure 5. Rubber seedling leaves after two months of application (A) Control with Rigidoporus microporus, (B) Control 
without R. microporus, (C) isolates D8, (D) isolate D20 (E) isolate A27, and (F) isolate B49. 

DISCUSSION 

Endophytic bacterial populations derived from epiphytic populations on root surfaces and leaf surfaces 
that are known to be able to enter plant tissues (endophytes) can be invested into seedlings and planting 
materials [34,35,36]). When in plant tissue, endophytic bacteria will occupy certain parts of the plant tissue 
or systemically colonize (37,38]. Microorganisms can live inside the cell, in the space between cells between 
cells, or in the transport tissue system of the plant (34,39,40] 

Previous research has reported that of the five endophytic bacterial isolates, there is one isolate that can 
inhibit the growth of R. microporus by 0.3 cm [41]. Meanwhile, the study [42] obtained endophytic bacterial 
isolates from rubber roots that were able to inhibit Phytophthora meadii. This condition shows that endophytic 
isolates isolated from rubber plants have different inhibitory activities on different pathogen tests. Klebsiella 
variicola from rubber plant leaves have the potential to biocontrol against pathogenic fungi and are indicated 
to have chitinolytic activity known as chitinase chitinolytic Index (IC) of 1.66- 2.08 [22]. 

According to the study, endophytic bacteria from rubber plants (root, bark, and leaves) were identified 
using partial 16S rRNA sequencing, Bacillus D8, Acinetobacter D20, Enterobacter A27, and Bacillus B49 
were identified. The impact of the application of biological agents is not immediately visible in a short time 
but takes a long time to provide environmental stability to suppress the development of pathogen infection 
and reduce disease intensity. 

From this study, there were two Bacillus spp isolates had a high percentage of inhibition of more than 
80%, namely isolates D8 from leaves and B49 from bark. Bacillus spp. are endophytic bacterial species that 
have proven to be widely used for the biocontrol of phytopathogenic fungi [43,44,45]. This phenomenon can 
be attributed to their distinct secondary metabolites and rapid growth that allow them to be integrated into 
biocontrol studies [46]. Bacillus spp. can suppress white root disease with an intensity of 80.95%-82.91%. 
The percentage of inhibition from the results of research using Bacillus strains isolated from rubber 
rhizosphere can inhibit R. microporus by 72.69-90.94% [47]. Bacillus sp. isolates can produce various 
antibiotics, such as zwittermicin (aminoglycoside) antibiotics in Bacillus, which can control damping-off 
disease in alfalfa plants [48].  

Some Bacillus species, such as B. cereus from rubber roots, can inhibit the growth of R. microporus 
fungal colonies in vitro [40]. B. cereus AR156 from tomato root exudates was involved in biocontrol against 
the fungus Acalstonia solanacearum [49]. B. cereus IB311 which is antagonistic to plant pathogens 
Pseudomonas syringae and Agrobacterium tumefaciens [50]. B. velezensis NH-1 was used for biocontrol of 
Fusarium wilt caused by F. oxysporum on cucumber [51], B. paramycoides for biocontrol of Fusarium wilt on 
fava beans [52]. Bacillus proteolyticus from rubber plants were shown to be able to produce α-amylase 
inhibitors by 29.44%, which has the potential as a candidate for antidiabetic agents [53].  

This study is the first report to use native Acinetobacter and Enterobacter from rubber to control white 
root disease caused by R. microporus in vitro. There are studies that have proven in vitro that Acinetobacter 
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and Enterobacter strains can be used as potential biocontrol agents against Ralstonia wilt disease in tomato 
[54]. Several species used as biocontrol, such as Acinetobacter lwoffii PTA-113 and PTA-152 from the 
rhizosphere, can efficiently protect grape leaves from gray mold disease caused by Botrytis cinerea [55]. 
Acinetobacter calcoaceticus SJ19, Algerian rhizobacteria protecting tomato plants against tomato grey mould 
[56]. Acinetobacter nosocomialis is known for antimicrobial resistance, surface motility, and biofilm formation 
[57].  

Some Enterobacter species such as E. cloacae can suppress the plant pathogen Pythium ultimum on 
cucumber [58]. E. cloacae PS14, as an endophytic bacterium, is effective in controlling R. solanacearum, 
which causes wilt disease in potatoes with mode of action by producing siderophores, indole-3-acetic acid, 
hydrogen cyanide, and salicylic acid [59]. Enterobacter cloacae isolated from banana roots and leaves have 
been studied to potentially suppress the black Sigatoka fungus and support plant growth in soils lacking 
organic matter [60].  

The percentage of inhibition can be influenced by the type of isolate, inoculum concentration and 
incubation time. According to [61], the ability of endophytic bacteria to suppress pathogens involves one or 
several inhibitory mechanisms including rapid bacterial growth and the production of secondary metabolites 
such as chitinase, proteinase, glucanase and lipase. The ability of a biological agent, especially endophytic 
bacteria, to suppress pathogens usually involves one or several inhibitory mechanisms, such as rapid 
bacterial growth. It can produce cell wall degrading antibiotic compounds such as chitinase, proteinase, 
glucanase, and lipase enzymes to inhibit the pathogen R. microporus [62]. Chitinase activity is known to 
destroy fungal cell walls consisting of chitin [20]. Research conducted by [34], showed that Bacillus cereus 
A10 isolates isolated from the roots of healthy rubber plants in white root fungus endemic areas could inhibit 
white root fungi with produces proteinase and gelatinase enzymes. 

The different biomass of R. microporus at the end of incubation with the addition of the tested bacteria 
was suspected to produce secondary metabolites with different contents and concentrations. According to 
[17], isolates of endophytic bacteria produced secondary metabolites such as chitinase enzymes and 
siderophores. In addition, differences in the biomass of R. microporus produced could be influenced by the 
growth rate and concentration of metabolites of each tested bacterium. 

The treatment of endophytic bacteria explored around rubber plants has a percentage of height gain that 
is significantly different from the control treatment. Endophytic bacteria are known to provide many beneficial 
effects on their host plants such as stimulating plant growth, fixating nitroogen and inducing plant resistance 
to pathogens [62,63,64]. From the results of this study, it can be seen that endophytic bacteria are able to 
stimulate plant height growth.  

Although it has not shown a significant effect from observing plant height parameters and the number of 
leaves, the intensity of disease severity can prove a significant effect. The four endophytic bacterial isolates 
applied to rubber seedlings showed low and moderate severity compared to the control with R. microporus. 
This indicates an interaction endophytic bacteria thus suppressing the population of R. microporus. The 
disease saverity is related to the phosphate solubilization index. Light disease saverity showed in endophytic 
bacteria that can solubilize phosphate. So it can be proven that, in addition to inhibiting the growth of R. 
microporus, these endophytic bacteria can also solubilize phosphate, so the disease saverity is light. 
Phosphate solubilizing bacteria can dissolve phosphate from unavailable to available [65]. Phosphate 
solubilizing bacteria are said to increase plants disease intensity by spurring root cells to produce compounds 
inhibiting pathogen growth [66]. 

From this study, Bacillus D8 and Acinetobacter D20 isolated from rubber leaves and B49 isolated from 
rubber bark can be used to control white root disease in nurseries in rubber plantations. While Enterobacter 
A27 isolated from rubber root in vivo has not shown maximum results even though in vitro it has. From this 
study, selected bacteria isolated from rubber have the potential to be used as a biocontrol and as a 
biofungicide against white root disease caused by R. microporus. 

CONCLUSION 

The conclusions of this research are endophytic bacteria that successfully isolated consisted of 55 
isolates. 11 of total endophytic bacterial isolates were found to have inhibitory power characterized by slow 
growth of R. microporus.  Isolate B49 from bark showed the highest percentage of inhibition against the 
growth of R. microporus (82.47%), then followed by isolates D8 and D20 from leaves, and A27 from roots. 
The 16S rRNA gene sequence of the D8 isolate exhibited 98% similarity to Bacillus paramycoides, while D20 
isolate was shown 95% similarity to Acinetobacter nosocomialis. Isolate of A27 identified as Enterobacter 
cloacae (99%) and B49 identified as Bacillus cereus (99%). The results of the effectiveness test of isolates 
on the growth response of rubber showed a significant difference between rubber treated with endophytic 
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bacterial isolates and plants without endophytic bacterial treatment. In addition to inhibiting the growth of R. 
microporus, several endophytic bacterial isolates used in this study were shown to be able to solubilize 
phosphate, thus suppress white root disease. Bacillus D8, Acinetobacter D20, and Bacillus B49 can be used 
to control white root disease in rubber plantations. From this study, selected bacteria isolated from rubber 
have the potential to be used as a biocontrol and as a biofungicide against white root disease caused by R. 
microporus. 
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