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Abstract 

Rhizobacteria is bacteria that found in the root zone of plants. Rhizobacteria can act as 
biocontrol agents against Fusarium fujikuroi, the fungus that causes bakanae disease in rice 
plants. This study aimed to obtain rhizobacteria isolates from the roots of rice plants and to 
determine their characteristics as biocontrol agents against F. fujikuroi in vitro. This research 
consisted of two stages: 1) Exploration of rhizobacteria from the roots of rice plants in Padang 
City, West Sumatera, Indonesia and 2) Antagonistic character of Rhizobacteria against F. fujikuroi 
in vitro including: antagonistic test, hydrolytic enzyme production test (protease, amylase, and 
chitinase), and HCN compound production test. Based on the research, 32 rhizobacterial isolates 
were obtained as candidates for biological agents. All rhizobacterial isolates can suppress the 
growth of Fusarium fujikuroi in vitro with an inhibition percentage of 19.43-73.53%. The 4 best 
isolates in suppressing the growth of Fusarium fujikuroi are Kr 2.2 from Kuranji, KG 2.2 from 
Korong Gadang, PA 2.1 and PA 1.2 from Pasar Ambacang with an inhibition percentage of 60.39-
73.53%. The four isolates are also able to produce hydrolysis enzymes (protease, amylase and 
chitinase) and HCN compounds. 

Keywords: Antagonistic test, bakanae, biocontrol agents, HCN, hydrolysis enzymes  

Introduction 

Rice is the staple food for most 
Indonesian people (Winarko, 2023), around 5 
tons/ha in 2021-2023 (Central Statistics 
Agency, 2024). This is lower when compared 
to its optimum productivity of 8 tons/ha 
(Aditya et al., 2021). One of the factors 
causing low productivity in Indonesia is the 
attack of bakanae disease, which is caused by 
the fungus Fusarium fujikuroi (Darnetty and 
Sulyanti, 2017). 

F. fujikuroi can be a seed-borne or a soil-
borne disease (Naeem et al., 2016). F. fujikuroi 
can infect seeds, resulting in failure to 
germinate, stunted, abnormal height growth, 
and yellowing leaves (Darnetty and Sulyanti, 
2017). Advanced symptoms of bakanae 
disease are the plants turn brown and die, 
which is characterized by the presence of F. 
fujikuroi fungal hyphae at the base of the plant 
stem (Gupta et al., 2015). This is caused by 
secondary metabolites produced by F. 
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fujikuroi, namely gibberella hormones, fusaric 
acid, and fumonisins (Singh et al., 2023). 

Bakanae disease has spread to Asian 
countries such as Japan, India, South Korea, 
and Indonesia (Shakeel et al., 2023). In 
Indonesia, rice plants in several areas have 
been reportedly attacked by bakanae disease. 
In West Sumatra, the highest attack rate (19.5-
20%) was found in Padang City (Darnetty and 
Sulyanti, 2014). The IR 42 rice variety is a 
variety that is susceptible to the F. fujikuroi 
fungus, with an infection rate of 52.5% 
(Darnetty and Sulyanti, 2017). 

Control of bakanae disease can be done 
preventively using resistant varieties, such as 
soaking seeds in hot water, burning or 
disposing of infected plant residues, and 
rotating crops. The control is carried out 
before the plants are infected. Control can be 
carried out for plants that have been infected 
using synthetic fungicides (Bashyal et al., 
2022). Still, this control option has a negative 
impact on plants and the environment 
(Gurusinga et al., 2020). One recommended 
control is using biological agents from the 
rhizobacteria group (Jabiri et al., 2023). 

Rhizobacteria are bacteria found in the 
rhizosphere, the surface of roots, or associa-
ted with roots (Kundan and Pant, 2015). 
Rhizobacteria colonize plant roots and 
interact with microorganisms in the 
rhizosphere, such as soil-borne pathogens 
(Abdelaziz et al., 2022). Rhizobacteria act as 
biological control agents against pathogenic 
fungi through direct mechanisms: antibiosis, 
competition, and lysis (Mardhiana et al., 
2020). According to Umer et al. (2021), 
rhizobacteria produce antifungal secondary 
metabolites to inhibit the growth of 
pathogenic fungi.  

Several species of rhizobacteria from 
the corn rhizosphere in Padang City, West 
Sumatra, Indonesia, such as Bacillus cereus 
AJ34, Strenotrophomonas pavanii LMTSA 5.4, 

and Alcaligenes faecalis AJ14, are able to 
control Curvularia lunata with an inhibition 
rate above 50% in vitro (Rahma et al., 2021). 
Rhizobacteria also produce hydrolytic 
enzymes: protease, amylase, and chitinase, 
that can lyse fungal cell walls (Fatima et al., 
2022). Fatima et al. (2022) state that Bacillus 
sp. and Micrococcus sp. can produce HCN 
compounds that can inhibit the growth of 
pathogenic fungi. It is necessary to explore 
rhizobacteria in the soil of rice plant roots 
because rhizobacteria can act as biological 
agents on bakane disease. This study aimed to 
obtain rhizobacteria isolates from rice plant 
roots and determine their antagonistic ability 
as biological agents to control F. fujikuroi fungi 
in vitro. 

Methods 

The research was conducted in rice field 
of Padang City, West Sumatra, Indonesia, and 
the Microbiology Laboratory, Department of 
Plant Protection, Faculty of Agriculture, 
Universitas Andalas, Padang, Indonesia, from 
Januari to June 2024.  

Methods 
This research consists of 2 stages: 

Exploration of rhizobacteria from rice plant 
roots, and antagonist character of 
rhizobacteria as biocontrol agents against 
Fusarium fujikuroi in vitro.  

Exploration of Rhizobacteria  
Rhizobacteria were isolated from the 

rhizosphere of IR 42 rice plants in six sub-
districts in Padang City, West Sumatra, 
Indonesia: (A) Gunung Sarik (-0.9123685, 
100.4164730), (B) Korong Gadang (-
0.8954894, 100.4030238), (C) Limau Manis (-
0.9318760, 100.3966327), (D) Pisang 
(0.9320832, 100.4428435), (E) Pasar 
Ambacang (-0.9384848, 100.4130851), and 
(F) Kuranji (-0.9154925, 100.4185568) (Figure 
1). Samples were collected from 3 locations 
per sub-district. Soil samples were taken from 
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healthy rice plants aged 3–5 weeks at a 0–20 
cm depth, weighing 20 grams per plant 
(Sudewi et al., 2021). Samples from the same 
field were combined and isolated in the 
laboratory.  

Ten grams of soil were mixed with 100 
ml of distilled water in a culture bottle, 
homogenized using a rotary shaker at 100 rpm 
for 30 minutes, then serially diluted to 10⁻⁶. 

One mL of the final dilution was added to 9 ml 
of Nutrient Agar (NA) at 40°C, stirred, and 
poured into a petri dish using the pour plate 
method. After 48 hours of incubation, 
rhizobacteria colonies were isolated and 
streaked using the four-quadrant streak 
method to obtain pure colonies (Pudjiwati et 
al., 2019). Pure single colonies were stored in 
Eppendorf tubes containing 1 mL of sterile 
distilled water. 

 
Figure 1. Site location for exploration rhizobacteria in Padang City, West Sumatra, Indonesia (A) 
Gunung Sarik, (B) Korong Gadang, (C) Limau Manis, (D) Pisang, (E) Pasar Ambacang, and (F) Kuranji 

Gram Test  
3% KOH was dropped on the object 

glass, then one colony of rhizobacteria was 
taken from the NA media and mixed with 3% 
KOH on the object glass (Hardiansyah et al., 
2020). 

Hypersensitivity Test 
Testing for hypersensitive reactions 

aimed to determine the nature of 
rhizobacteria bacteria that are classified as 
pathogens to plants. Hypersensitive reactions 
are carried out by following the method used 
by Klement and Goodman (1967). All pure 
rhizobacteria isolates in petri dishes are 
suspended with sterile aquadest for 2x24 

hours. The turbidity of the rhizobacteria 
suspension is compared with the McFarland 
solution on a scale of 8 (equivalent to a 
population density of 108 cells/mL) and 
infiltrated with a sterile 1 mL syringe without 
a needle on the lower surface of healthy 
tobacco plant leaves, covered with plastic and 
incubated for 2x24 hours. 

Hemolysis Test 
A hemolysis test was conducted using 

blood agar media (Sobieszczanska, 2007). One 
colony of rhizobacteria aged 2x24 hours was 
inoculated into the blood agar media using a 
sterile toothpick by dotting and incubating for 
2x24 hours. Rhizobacteria, as candidates for 
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biological agents, do not produce clear zones 
in the blood agar media. Rhizobacteria that 
react positively will be eliminated.  

Rejuvination of Fusarium fujikuroi 
Rejuvenation of F. fujikuroi was carried 

out using a modified single-spore method 
(Hidayat, 2017). One cork-borer of F. fujikuroi 
was inserted into 5 mL of sterile aquadest and 
homogenized by vortexing so that the spores 
were released. The spore was observed under 
a microscope with up to 10 spores/field of 
view. The suspension was streaked in a zigzag 
manner on Water Agar (WA) (10 g of agar + 
500 mL of aquadest). Germinated spores were 
grown on Potato Dextrose Agar (PDA) in a 9 
cm diameter petri dish and incubated for 7 
days at room temperature. 

Antagonist Test 
The antagonistic test of rhizobacteria 

against F. fujikuroi was carried out using the 
dual culture method (Figure 2) (Marcic et al., 
2018). F. fujikuroi was taken using a 5 mm 
diameter coccus borer and grown on a 
mixture of NA and PDA media in a 9 cm petri 
dish. The distance between the edge of the 
petri dish and F. fujikuroi was 3 cm. The 
rhizobacterial isolate was grown on the same 
petri dish at a distance of 3 cm from F. fujikuroi 
by scratching it for 3 cm. The control petri dish 
did not use any rhizobacterial isolates, then 
incubated for 10 days. 

 

 

 

 

 

 

 

 

Figure 2. Sketch of antagonist test using dual 
culture method: (a) treatment, (b) control, (A) 
F. fujikuroi, (B) rhizobacteria 

 

Protease Enzyme Production Test 
Protease enzyme production test using 

skim milk + seawater complete agar (SWCA) 
media (5 g back to peptone; 0.1 g yeast 
extract; 0.3 mL glycerol; 75 mL sea water; 25 
mL aqua dest; 1.5 g agar; and 1 g skim milk). 
Sterile filter paper with a diameter of 5 mm 
was dipped into a liquid culture of 
rhizobacteria in Nutrient Broth (NB) media. 
The filter paper was dried and placed on the 
SWCA media in a petri dish, dipped into sterile 
aquadest used as a control, and incubated for 
2x24 hours (Sumardi et al., 2019).  

Amylase Enzyme Production Test 
Amylase enzyme production test using 

Starch Agar (SA) media (nutrient agar + 1% 
starch). Sterile filter paper with a diameter of 
5 mm was dipped into a liquid culture of 
rhizobacteria in NB media, dried and placed 
on SA media. The filter paper was dipped into 
sterile distilled water used as a control and 
incubated for 2x24 hours. Then 2 mL of iodine 
solution was poured into the petri dish of the 
test rhizobacteria culture evenly, after which it 
was taken back with a sterile syringe (Wibowo 
et al., 2022). 

Chitinase Enzyme Production Test 
Chitinase enzyme production test using 

chitin agar media (2 grams of NA media; 2 g of 
colloidal chitin, 200 mL of aquadest). Sterile 
filter paper with a diameter of 5 mm was 
dipped into a liquid culture of rhizobacteria in 
NB media, dried, and placed on chitin agar 
media in a petri dish. The filter paper was 
dipped into a sterile aquadest used as a 
control and incubated for 5x24 hours (Suryadi 
et al., 2020). 

HCN compound production test 
The HCN compound production test 

from rhizobacteria was carried out based on 
the method developed by Bakker and 
Schipper (1987). Rhizobacteria were grown on 
NA media in a petri dish by scratching. The 

3cm 3cm 3cm 

A 

B 

a 

3cm 

b 
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center of the petri dish lid was attached with 
a sheet of filter paper that soaked in a picric 
acid solution (2 g of picric acid, 8 g of oodium 
carbonate, 200 mL of aquadest), incubated for 
14 days (El-Rahman et al., 2019). 

Observation  
Morphology of rhizobacteria 

The isolated rhizobacteria strains were 
characterized based on morphology such as 
pigmentation, shape, edge and elevation 
(Yadu et al., 2023). 

Gram, hypersensitivity, and hemolysis test 
Rhizobacteria are declared Gram-

negative if the mucus is formed when the loop 
needle is removed from the 3% KOH mixture, 
and rhizobacteria are declared Gram-positive 
if the mucus is not formed (Hardiansyah et al., 
2020). As a candidate for biological agents, 
Rhizobacteria should not cause necrosis 
symptoms in tobacco leaves (Schaad et al., 
2001) and should not produce clear zones on 
blood agar media. Rhizobacteria that react 
positively are eliminated. 

Percentage of inhibition  
The inhibition by measuring the area of 

the F. fujikuroi fungal colony was calculated 
10 days after inoculation using mm paper and 
entered into the growth inhibition by the 
formula (Niam, 2021): 

Inhibition (%) =  
control−tested 

control 
x 100% ………. (1) 

Characteristics of rhizobacteria  
Observation of enzyme production was 

carried out qualitatively by observing the 
clear zone formed around the rhizobacteria 
colony after 2x24 hours. Observation of 
rhizobacteria colonies on SWCA for protease 

enzymes (Sumardi et al., 2019), on SA for 
amylase enzymes (Wibowo et al., 2022), and 
on chitin agar for chitinase enzymes (Suryadi 
et al., 2020). The clear zone indicates a 
positive chitinase enzyme production test 
result. The chitinolytic index can be calculated 
using the formula: 

Indeks kitinolitik =  
D−d

d
x 100%  …..…………. (2) 

Notes: D = total diameter of the clear zone 
and rhizobacterial colonies, d = diameter of 
rhizobacteria colony 

Rhizobacteria ability to produce HCN 
was observed after 14x24 hours, indicated by 
a change in color on the filter paper to light 
brown (+), dark brown (++), and/or brick red 
(+++) (El-Rahman et al., 2019). 

Data Analysis 
The data percentage of inhibition of 

rhizobacteria against F. fujikuroi was 
statistically analyzed using Analysis of 
Variance (ANOVA). The analysis will continue 
with Duncan's test if it significantly differs at 
level 5%. 

Results 

Morphology of Rhizobacteria 
Based on the results of isolation from 

the rhizosphere of rice plants in Padang City, 
62 rhizobacteria isolates were obtained. The 
most isolates were obtained from Korong 
Gadang District (12 isolates), and the least 
were obtained from Pasar Ambacang District 
(8 isolates). Based on the color of the colony, 
generally, there was no pigmentation (40 
isolates), circular shape (36 isolates), intact 
colony edges (35 isolates), and convex 
elevation angles (31 isolates) (Table 1).

Table 1. Morphology of rhizobacteria isolated from the soil of rice plant roots  
No Isolate code Pigmentation Shape Margin Elevation 

1 Kr 1.1 Non-pigmentation circular entire convex 

2 Kr 1.2 pigmentation irregular undulate umbonate 

3 Kr 1.3 Non-pigmentation irregular undulate convex 

4 Kr 1.4 Non-pigmentation rhizoid rhizoid flat 
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No Isolate code Pigmentation Shape Margin Elevation 

5 Kr 2.1 Non-pigmentation circular entire convex 

6 Kr 2.2 pigmentation irregular undulate raised 

7 Kr 2.3 Non-pigmentation irregular spiral raised 

8 Kr 3.1 Non-pigmentation circular entire flat 

9 Kr 3.2 Non-pigmentation circular entire convex 

10 Kr 3.3 Non-pigmentation circular entire convex 

11 Kr 3.4 Non-pigmentation irregular undulate flat 

12 KG 1.1 pigmentation circular entire convex 

13 KG 1.2 pigmentation circular entire pulvinate 

14 KG 1.3 Non-pigmentation irregular undulate flat 

15 KG 1.4 pigmentation circular entire convex 

16 KG 2.1 Non-pigmentation filamentous filamentous flat 

17 KG 2.2 pigmentation circular entire convex 

18 KG 2.3 pigmentation circular entire umbonate 

19 KG 2.4 Non-pigmentation circular entire convex 

20 KG 3.1 pigmentation circular entire umbonate 

21 KG 3.2 Non-pigmentation  circular entire convex 

22 KG 3.3 pigmentation circular entire convex 

23 KG 3.4 Non-pigmentation circular entire convex 

24 GS 1.1 pigmentation filamentous filamentous flat 

25 GS 1.2 pigmentation irregular undulate convex 

26 GS 1.3 Non-pigmentation irregular undulate flat 

27 GS 1.4 pigmentation circular entire convex 

28 GS 2.1 Non-pigmentation irregular undulate flat 

29 GS 2.2 pigmentation circular entire pulvinate 

30 GS 2.3 pigmentation circular entire pulvinate 

31 GS 3.1 pigmentation circular entire convex 

32 GS 3.2 pigmentation circular entire convex 

33 GS 3.3 Non-pigmentation irregular undulate flat 

34 GS 3.4 pigmentation circular entire convex 

35 LM 1.1 Non-pigmentation irregular undulate flat 

36 LM 1.2 Non-pigmentation circular entire convex 

37 LM 1.3 Non-pigmentation circular entire convex 

38 LM 1.4 pigmentation circular entire convex 

39 LM 2.1 Non-pigmentation irregular spiral umbonate 

40 LM 2.2 Non-pigmentation circular entire convex 

41 LM 2.3 Non-pigmentation circular entire convex 

42 LM 2.4 Non-pigmentation rhizoid rhizoid flat 

43 LM 3.1 Non-pigmentation irregular spiral convex 

44 LM 3.2 Non-pigmentation circular entire convex 

45 LM 3.3 Non-pigmentation filamentous undulate umbonate 

46 Ps 1.1 pigmentation circular entire convex 

47 Ps 1.2 Non-pigmentation irregular undulate flat 

48 Ps 2.1 Non-pigmentation circular entire convex 

49 Ps 2.2 Non-pigmentation circular entire convex 
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No Isolate code Pigmentation Shape Margin Elevation 

50 Ps 2.3 Non-pigmentation circular entire convex 

51 Ps 2.4 Non-pigmentation irregular undulate flat 

52 Ps 3.1 Non-pigmentation irregular undulate flat 

53 Ps 3.2 Non-pigmentation irregular undulate flat 

54 Ps 3.3 Non-pigmentation irregular undulate flat 

55 PA 1.1 Non-pigmentation circular entire umbonate 

56 PA 1.2 pigmentation circular entire raised 

57 PA 2.1 pigmentation irregular undulate raised 

58 PA 2.2 Non-pigmentation circular entire convex 

59 PA 2.3 Non-pigmentation circular undulate convex 

60 PA 3.1 Non-pigmentation irregular undulate flat 

61 PA 3.2 pigmentation circular entire convex 

62 PA 3.3 Non-pigmentation irregular spiral flat 

 
Gram, Hypersensitivity, and Hemolysis Test  

There were 48 isolates of Gram-positive 
rhizobacteria and 14 isolates of Gram-
negative. The selection of rhizobacteria with 
hypersensitivity test obtained 17 isolates as 
pathogens for plants, and 45 isolates were not 
pathogens for plants. The selection of 

rhizobacteria with a hemolysis test obtained 
23 isolates as pathogens for mammals and 39 
isolates were not pathogens for mammals. 
From the selection, 32 isolates were 
candidates for biological agents (Table 2). 
Candidate rhizobacteria as biological agents 
are used for testing in the next stage. 

Table 2. Results of Gram test, hypersensitivity reaction and hemolysis test of rhizobacterial isolates 
No Isolate Gram Rx HR Hemolysis test Information 

1 Kr 1.1 + + + Non-candidate 

2 Kr 1.2 + - - Candidate 

3 Kr 1.3 + + + Non-candidate 

4 Kr 1.4 + - + Non-candidate 

5 Kr 2.1 - - - Candidate 

6 Kr 2.2 + - - Candidate 

7 Kr 2.3 + - + Non-candidate 

8 Kr 3.1 + - - Candidate 

9 Kr 3.2 - + + Non-candidate 

10 Kr 3.3 + - - Candidate 

11 Kr 3.4 + - + Non-candidate 

12 KG 1.1 + - - Candidate 

13 KG 1.2 + + - Non-candidate 

14 KG 1.3 + - - Candidate 

15 KG 1.4 + - - Candidate 

16 KG 2.1 + + + Non-candidate 

17 KG 2.2 - - - Candidate 

18 KG 2.3 + + - Non-candidate 

19 KG 2.4 + - - Candidate 

20 KG 3.1 + + - Non-candidate 

21 KG 3.2 + - - Candidate 
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No Isolate Gram Rx HR Hemolysis test Information 

22 KG 3.3 - - - Candidate 

23 KG 3.4 + - - Candidate 

24 GS 1.1 + - + Non-candidate 

25 GS 1.2 + - - Candidate 

26 GS 1.3 + - - Candidate 

27 GS 1.4 + + - Non-candidate 

28 GS 2.1 + - + Non-candidate 

29 GS 2.2 + - - Candidate 

30 GS 2.3 - + - Non-candidate 

31 GS 3.1 + - - Candidate 

32 GS 3.2 + - - Candidate 

33 GS 3.3 + - + Non-candidate 

34 GS 3.4 - + + Non-candidate 

35 LM 1.1 + + + Non-candidate 

36 LM 1.2 - + + Non-candidate 

37 LM 1.3 + - - Candidate 

38 LM 1.4 + - - Candidate 

39 LM 2.1 + + + Non-candidate 

40 LM 2.2 + - - Candidate 

41 LM 2.3 + - - Candidate 

42 LM 2.4 + - - Candidate 

43 LM 3.1 + - - Candidate 

44 LM 3.2 + + - Non-candidate 

45 LM 3.3 + + + Non-candidate 

46 Ps 1.1 - - - Candidate 

47 Ps 1.2 + + + Non-candidate 

48 Ps 2.1 - - - Candidate 

49 Ps 2.2 - - - Candidate 

50 Ps 2.3 - - + Non-candidate 

51 Ps 2.4 + - + Non-candidate 

52 Ps 3.1 + - - Candidate 

53 Ps 3.2 + - - Candidate 

54 Ps 3.3 + - + Non-candidate 

55 PA 1.1 - + - Non-candidate 

56 PA 1.2 + - - Candidate 

57 PA 2.1 + - - Candidate 

58 PA 2.2 - - - Candidate 

59 PA 2.3 + - + Non-candidate 

60 PA 3.1 + - + Non-candidate 

61 PA 3.2 - - + Non-candidate 

62 PA 3.3 + - + Non-candidate 

 
Percentage of Inhibition  

Rhizobacteria showed ability in suppres-
sing the growth of F. fujikuroi. Based on the 

antagonistic test, all rhizobacteria showed 
inhibitory ability, particularly Kr 2.2 and PA 2.1 
(73.53%, and 71.24%) (Table 3). 
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Table 3. Inhibitory rate of rhizobacteria against Fusarium fujikuroi 

No 
Isolate 
code 

Percentage 
of inhibition 

(%) 
No 

Isolate 
code 

Percentage of 
inhibition (%) No 

Isolate 
code 

Percentage of 
inhibition (%) 

1 Kr 2.2 73.53 a 12 Ps 3.1 29.37 efg 23 KG 1.1 22.54 g 
2 PA 2.1 71.24 a 13 GS 1.3 27.21 efg 24 Kr 3.1 22.42 g 
3 KG 2.2 65.00 ab 14 GS 3.2 26.46 efg 25 Ps 3.2 22.25 g 
4 PA 1.2 60.39 ab 15 KG 3.2 25.22 fg 26 GS 1.2 22.23 g 
5 KG 3.4 53.06 bc 16 LM 2.4 25.20 fg 27 Kr 3.1 22.02 g 
6 KG 2.4 51.86 bcd 17 Ps 2.1 25.13 fg 28 Kr 1.2 21.86 g 
7 Ps 1.1 51.31 bcd 18 KG 3.3 23.92 fg 29 KG 1.4 21.29 g 
8 LM 1.4 40.70 cde 19 LM 2.2 23.71 fg 30 Ps 2.2 21.27 g 
9 PA 2.2 38.50 def 20 KG 1.3 23.67 fg 31 Kr 2.1 20.64 g 
10 Kr 3.3 34.12 efg 21 GS 2.2 23.65 fg 32 LM 1.3 19.43 g 
11 GS 3.1 31.42 efg 22 LM 2.3 23.54 fg 33 Control 0.000 h 

Rhizobacteria inhibit the growth of F. 
fujikuroi by producing antifungal compounds, 
which are indicated by the presence of an 
inhibition zone between rhizobacteria and F. 
fujikuroi. The antifungal compounds produced 
cause F. fujikuroi to be unable to grow on the 
media. The difference in inhibitory rate 

between isolates is influenced by their ability 
to make various antifungal compounds. 
Rhizobacteria were also competitive with F. 
fujikuroi in antibiotic tests, where F. fujikuroi 
cannot grow past rhizobacteria. The hyphae 
that grow towards rhizobacteria become 
thinner (Figure 3). 

 
Figure 3. Rhizobacterial antagonist test against F. fujikuroi aged 10 days: a. control, b. isolate Kr 
2.2, c. isolate GS 3.1  

Characteristics of Rhizobacteria  
A total of eleven rhizobacterial isolates 

produced protease enzymes with a clear zone 
around the rhizobacterial colonies on SWCA 
media. Isolates that were able to produce 
protease enzymes were Kr 2.2, KG 2.2, PA 1.2, 
KG 2.4, Ps 1.1, LM 1.4, GS 3.1, Ps 3.1, Ps 2.1, 
LM 2.3 and LM 1.3. A total of eleven isolates 
produced amylase enzymes with a clear zone 
around the rhizobacterial colonies on SA 
media. Isolates that were able to produce 

amylase enzymes were Kr 2.2, PA 2.1, KG 2.2, 
PA 1.2, LM 1.4, PA 2.2, GS 3.2, KG 3.2, LM 2.4, 
Ps 2.1 and Kr 1.2. A total of ten rhizobacterial 
isolates produced chitinase enzymes with the 
presence of clear zones around the 
rhizobacterial colonies on chitin agar media. 
Isolates that were able to produce chitinase 
enzymes were Kr 2.2, Kr 3.3, KG 2.2, KG 2.4, KG 
3.4, GS 1.1, LM 2.2, Ps 1.1, Ps 3.1 and PA 2.1 
with a chitinolytic index of 1.18-1.32 mm 
(Table 4).

 

a b c 
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Table 4. Characteristics of rhizobacteria producing protease, amylase, chitinase and HCN 
compound enzymes. 

No Isolate code Protease enzyme Amylase enzyme Chitinase 
enzyme index 

(mm) 

HCN 

1 Kr 2.2 + + 1.29 +++ 
2 PA 2.1 - + 1.25 + 
3 KG 2.2 + + 1.25 +++ 
4 PA 1.2 + + - ++ 
5 KG 3.4 - - 1.25 - 
6 KG 2.4 + - 1.27 - 
7 Ps 1.1 + - 1.32 + 
8 LM 1.4 + + - + 
9 PA 2.2 - + - + 
10 Kr 3.3 - - 1.28 ++ 
11 GS 3.1 + - 1.24 - 
12 Ps 3.1 + - 1.28 - 
13 GS 1.3 - - - - 
14 GS 3.2 - + - - 
15 KG 3.2 - + - - 
16 LM 2.4 - + - - 
17 Ps 2.1 + + - + 
18 KG 3.3 - - - - 
19 LM 2.2 - - 1.18 + 
20 KG 1.3 - - - + 
21 GS 2.2 - - - - 
22 LM 2.3 + - - ++ 
23 KG 1.1 - - - - 
24 Kr 3.1 - - - - 
25 Ps 3.2 - - - - 
26 GS 1.2 - - - - 
27 Kr 3.1 - - - - 
28 Kr 1.2 - + - - 
29 KG 1.4 - - - - 
30 Ps 2.2 - - - - 
31 Kr 2.1 + - - - 
32 LM 1.3 - - - - 
33 Control - - - - 

As many as thirteen isolates of 
rhizobacteria produced HCN compounds with 
the color change of filter paper dipped in 
picric acid from yellow to brownish (Figure 4). 
Isolates that were able to produce HCN 

compounds were Kr 2.2, Kr 3.3, KG 2.2, KG 2.4, 
KG 3.4, GS 2.2, GS 3.1, LM 1.4, LM 2.2, LM 2.3, 
Ps 1.1, Ps 2.1 and PA 2.1 (Figure 4). 

As many as thirteen isolates of 
rhizobacteria produced HCN compounds with 
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the color change of filter paper dipped in 
picric acid from yellow to brownish (Figure 5). 
Isolates that were able to produce HCN 

compounds were Kr 2.2, Kr 3.3, KG 2.2, KG 2.4, 
KG 3.4, GS 2.2, GS 3.1, LM 1.4, LM 2.2, LM 2.3, 
Ps 1.1, Ps 2.1 and PA 2.1 (Figure 5).

 

 
Figure 4. Characteristics of rhizobacteria as biocontrol agents: a. production of protease enzyme 
in SWCA media aged 2x24 hours, b. production of amylase enzyme in SA media aged 2x24 hours, 
c. production of chitinase enzyme in chitin agar media aged 5x24 hours 

 
Figure 5. Production of HCN compound: a. isolate LM 1.4 has a negative HCN test, b. isolate PA 2.1 has a 
positive HCN test

Discussion 

Based on the results, rhizobacterial 
isolates from rice plant roots in Padang City 
have diverse morphologies (Table 1). There 
are Gram-positive and Gram-negative 
rhizobacterial isolates (Table 2). This shows 
that rhizobacterial isolates also vary in genus 
and species. According to Tan et al. 2014, the 
reported rhizobacteria come from the genera 
Bacillus, Pseudomonas, Ochrobactrum, Lycini-
bacillus, Alcaligenes, Bradyrizobium, Rhizo-
bium, Actinomycetes and Serratia. According 
to Maatoke & Oktovianus (2023), the types 
and diversity of rhizobacteria in one area 
differ from other regions, influenced by root 
exudates, soil environment, and interactions 
between soil microbes. Marfungah et al. 

(2023) stated that a well-maintained balance 
between soil, microbes, and plants can 
increase the population and diversity of 
rhizobacteria in the rhizosphere area. 

Based on the hypersensitivity reaction 
and hemolysis tests, 32 rhizobacteria isolates 
were non-pathogenic to plants and mammals 
(Table 2). These isolates have the potential to 
be biological agents. The non-pathogenic 
nature of rhizobacteria in relation to plants 
and mammals is the main requirement in 
selecting biological agents. According to 
Pudjiwati et al. (2019), as biological agents, 
rhizobacteria must be safe for plants and 
mammals for food safety and health 
purposes. 

Based on antibiotic tests, all rhizobac-
terial isolates were able to inhibit the growth 
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of F. fujikuroi. Isolates Kr 2.2 and PA 2.1 had 
the highest inhibition rate, 73.53%, and 
71.24% (Table 3). Rhizobacteria inhibited the 
growth of F. fujikuroi, as indicated by an 
inhibition zone in the antibiotic test (Figure 3). 
The inhibition zone indicates that 
rhizobacteria produce antifungal compounds. 
Based on the antagonist test, rhizobacteria 
could also inhibit F. fujikuroi due to 
competition for nutrients and space. This is 
also supported by the characteristics of 
rhizobacteria, which can produce secondary 
metabolite compounds such as protease, 
amylase, chitinase, and HCN enzymes (Table 
4). These compounds are produced by 
rhizobacteria when interacting with other 
microorganisms and are antimicrobial.  

The production of lytic enzymes 
(protease, amylase, and chitinase) can cause 
hyphal malformation and hydrolyze fungal cell 
walls consisting of polysaccharides (Ariyani et 
al., 2021), starch (Prihatiningsih et al., 2017) 
and chitin (Yurnaliza et al., 2012). According to 
Agha et al. (2023), rhizobacteria isolates 
BCB16, BCB07, and BCB83 can inhibit the 
growth of Fusarium oxysporum >70% and 
produce secondary metabolites, including 
protease enzymes, cellulase, chitinase, 
siderophore, and HCN. According to Agustin et 
al. (2022), the difference in the inhibitory 
power of rhizobacteria isolates is influenced 
by the species and rhizobacteria antibiotics' 
ability to produce antimicrobial secondary 
metabolite compounds.  

Based on Mohammed (2020), rhizo-
bacteria from the genera Bacillus, 
Pseudomonas, Serratia, Aeromonas, Vibrio, 
and Enterobacter can produce chitinase 
enzymes and cause hydrolysis in several 
pathogenic fungi in plants. According to Rais 
et al. (2017), rhizobacteria from the Bacillus 
spp. group can produce protease enzymes 
and become biocontrol agents against 
Pyricularia oryzae in rice plants. Furthermore, 

rhizobacteria can also produce secondary 
metabolites: HCN compounds, that can inhibit 
the growth of F. fujikuroi. Based on Reetha et 
al. (2014), Bacillus spp. isolated from 
rhizobacteria from sunflower rhizosphere 
(Helianthus annuus L.) can also produce HCN. 
According to Tariq et al. (2017), rhizobacteria 
from the genera Bacillus, Burkholderia, 
Enterobacter, Herbaspirillum, Ochorobacte-
ria, Pseudomonas, Serratia, Staphylococcus 
and Stenotrophomonas specifically destroy 
pathogenic fungal cells by producing anti-
fungal compounds and bacteriocins.  

Conclusion 

Based on the research, 32 rhizobacterial 
isolates were obtained as candidates for 
biological agents. All rhizobacterial isolates 
can suppress the growth of Fusarium fujikuroi 
in vitro with an inhibition percentage of 19.43-
73.53%. The 4 best isolates in suppressing the 
growth of Fusarium fujikuroi are Kr 2.2 from 
Kuranji, KG 2.2 from Korong Gadang, PA 2.1 
and PA 1.2 from Pasar Ambacang with an 
inhibition percentage of 60.39-73.53%. The 
four isolates are also able to produce 
hydrolysis enzymes (protease, amylase and 
chitinase) and HCN compounds.  
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	Table 4. Characteristics of rhizobacteria producing protease, amylase, chitinase and HCN compound enzymes.
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