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ABSTRACT 

Nowadays, the use of antagonistic bacteria is widely applied in agriculture and used as biological control. A previous 
study which is yet to be identified based on physiological and biochemical characterizations discovered these 
organisms present in coffee plant litter could control fusarium wilt disease. Therefore, this study is a follow-up analysis 
that aims to identify coffee litter antagonistic bacteria with the ability to control fusarium wilt disease. The investigation 
techniques used were biochemical tests comprising of endospore staining, yellow colony growth test on media, 
bacterial purification and screening, macroscopic and microscopic characterization, Gram, the solubility of 3% KOH, 
fermentative oxidative, fluorescent pigment production, catalase, hypersensitivity, nitrogen-fixing, and phosphate 
solvent test. The results showed that antagonistic bacteria, including Bacillus mycoides, Clostridium, Pseudomonas, 
Erwinia, and Alcaligenes sp. were identified based on their character traits. This study represents new information 
on the bacteria types from coffee litter to control pathogenic fungi as an environmentally friendly biological control 
agent. 
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INTRODUCTION 

The adoption of plant growth-promoting bacteria 
(PGPB) as biofertilizers in agriculture has shown great 
promise in providing an effective and eco-friendly 
approach in ensuring food security (Glick 2014). 
Antagonistic bacteria are examples of microorganism 
with these prospects, where its applications in the 
prevention of plant diseases and growth are now widely 
applied in agriculture. Currently, several antagonistic 
bacteria are used as biological control, which also 
reduces the negative impact of using fungicides. 
Furthermore, some of the antagonistic microbes from 
fungi, including Gliocladium sp. and Trichoderma sp. 
(Agrios 2005), and bacteria, including Pseudomonas 
fluorescens and Bacillus sp., have been reported as a 
biological control for fusarium wilt (Saputra et al. 2015). 

Nutrient cycle is an important process where the dead 
and fallen plant part, known as litter balances nutrients 
for each component in an ecosystem (Fadiji and 
Babalola 2020). Furthermore, litter biodegradation is a 
method of returning waste minerals into the ecosystem 
to a level where these substances can be used by 
organisms and turned into a sustainable chain process. 
The role of bacteria isolated from litter has been 
previously shown in several studies, where endophytic 

microbes provide an important function in the 
biodegradation of host plant litter (Promputtha et al. 
2010). In this process, endophytic microbes colonize 
plants and trigger saprophytic organisms to act through 
antagonistic reactions (Nair and Padmavathy 2014). 
Also, some of the isolated bacteria from litter include 
Bacillus, Clostridium, Enterobacteria, Bacteroides, 
Plesiomonas, Bordetella, Streptococcus, and Neisseria 
sp. (Yulma et al. 2017). Also, bacteria isolated from 
South Andaman mangrove litter was revealed to contain 
38 bacteria with the dominant one being Bacillus spp. 
(Yahya et al. 2014). 

The potential of antagonistic bacteria from coffee 
plant litter in UB Forest in the control of various plant 
diseases was previously discovered. Also, a new ability 
for bacteria in the control of fusarium wilt disease in 
shallots has been discovered but is yet to be identified 
and no further characteristics have been conducted in 
previous studies. Fusarium wilt is the main problem in 
shallot farming in Indonesia, where this disease is 
caused by Fusarium oxysporum f. sp. cepae (Hanz) 
Snyd. & Hans (Hadiwiyono et al. 2009). The disease is 
important because it attacks the soil and also infects 
plants in the storage process (Widodo et al. 2008).  

Based on the description above, this study aims to 
identify the antagonistic bacteria from coffee plant litter. 
This is expected to resolve the stages of the various 
antagonistic bacteria identification processes for 
researchers or academics. 
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MATERIALS AND METHODS  
Purification of antagonistic bacteria 

The antagonistic bacteria isolate collection HPT UB 
by Dinata (2018) from the stock was grown for the first 
time on Nutrient Agar (NA) medium to ensure its purity. 

Bacterial screening 
In screening for antagonists and bacteria, the dual 

culture with modified filter paper by Djatnika (2012) and 
PDA media by the existing colonies of F. oxysporum 
were used. The PDA media was made in circles using a 
cork borer of 5 mm in diameter and then placed on the 
PDA media in a Petri dish of diameter 9 cm, 3 cm from 
the edge. Furthermore, round cuts were simultaneously 
prepared with a sterile filter paper of diameter 9 mm and 
dipped in the antagonistic bacterial candidate 
suspension for 1 minute. Subsequently, these cuts 
drained in a sterile petri dish until excess water removed 
and pieces of filter paper with bacteria on media 
inoculated against F. oxysporum with a distance of 3 cm 
was incubated in the Petri dishes at room temperature. 
Observations on the seventh day included the radius of 
the organism’s colony facing the bacterial variant (r1) 
and the edge of the petri dish (r2). The percentage of 
resistance was calculated using the following formula: 

P (percentage of resistance) (%) = {(r2-r1) / r2} x 100% 

Macroscopic observation 
Macroscopic observations, including shape, 

elevation, edges, and colony color produced on NA 
media were observed through a magnifying glass or light 
microscope. 

Hypersensitivity test 
This test aims to determine the pathogenicity of 

bacterial isolates. The bacterial suspension is infiltrated 
on the tobacco leaf through its bone, where 
hypersensitivity symptoms occur when the part infiltrated 
with bacterial supposition undergoes necrosis within 1–4 
days (Klement 1990 in Fanani et al. 2015). 

Characterization of bacteria 
Characterization was conducted by comparing 

bacterial properties based on identification keys from 
Bergey's Manual of Determinative Bacteriology Volume 
1 (Bergey et al. 1984; Schaad et al. 2001). Some of the 
methods used include: 

1. Gram test 
Pure bacteria cultured for 24 hours are formulated 

into a suspension with sterile distilled water. 
Furthermore, one loop of the bacteria is placed on a 
sterilized object-glass over a Bunsen fire until dry, then 1 
drop of crystal violet is painted and left for 1 minute, 
washed with running water, and let dry over the Bunsen 
fire. The next step is to drop the object-glass with iodine 
solution and let it sit for 1 minute, then wash with running 
water and air dry. Subsequently, drip the object-glass 
with 70% alcohol for 1 minute, wash with running water, 
air dry, paint using safranin for 1 minute, and then wash 
with running water and dry. The observations were 
conducted under a microscope with 1000x magnification 
and dropped in oil immersion. Furthermore, Gram-
positive and Gram-negative bacteria showed a purple 
and red color, respectively (Schaad et al. 2001). 

2. Solubility test of 3% KOH 
Bacteria cultured for 24 hours were suspended on a 

glass slide previously dripped with 3% KOH. The 
suspension was pulled upward or lifted using a loop 
needle, where a positive and negative reaction occurred 
when the bacteria did not form mucus strings and when 
the suspension formed threads or mucus, respectively 
(Schaad et al. 2001). 

3. Endospores staining 
Endospore staining aims to determine the spore 

formation of bacteria. The Bartholomew-Mittwer method 
was used to conduct this test, where a 24-hour old 
culture was suspended in a glass slide carried over a 
Bunsen. Subsequently, 2 drops of malachite green were 
added for 10 minutes, washed with running water, and 
air-dried. In addition, the culture was dripped with 
safranin for 1 minute, washed with running water, and 
then dried. The preparation was observed under a 
microscope, where bacteria formed greenish spores and 
its cells red (Schaad et al. 2001). 

4. Fermentative oxidative test 
This test was conducted by growing the bacteria on 

glucose fermentation media with a pH of 7 in a test tube. 
The media consisted of 2, 5, 0.3, and 3 g of peptone, 
NaCl, KH2PO4, and agar, respectively as well as 3 ml of 
Bromothymol blue (1%). Furthermore, the material was 
mixed and dissolved in 1 liter of distilled water and then 
sterilized. Each tube was added aseptically with 0.5 ml 
of 10% glucose solution and the 24-hour-old pure culture 
of bacteria inserted into 2 test tubes that already 
contained fermentative oxidative solid media. Also, one 
of the tubes was covered with agar water and incubated 
for 7-14 days, where no color change indicated an 
oxidative reaction while a change in both tubes show a 
fermentative reaction (Schaad et al. 2001). 

5. Fluorescent pigment production test 
Fluorescent pigment testing aims to determine the 

ability of bacteria to produce fluorescent pigments. 
These organisms were grown on King's B selective 
media by streak plate method and incubated for 24 - 48 
hours, and then observed in ultraviolet (UV) light. The 
reaction is positive if the bacteria produce a fluorescent 
green pigment (Schaad et al. 2001). 

6. Yellow colony growth on YDC media 
The yellow colony growth test on YDC media aims to 

view the growth of bacterial colonies which can be 
differentiated into the genus Pantoea or Erwinia. YDC 
media consisted of 10, 20, 20, and 15 g of yeast extract, 
glucose, CaCO3, and agar, respectively dissolved in 1 
liter of distilled water. The media was sterilized by 
autoclave at 121oC and the bacteria scratched on the 
medium and incubated at 30oC. Furthermore, a positive 
reaction occurs when a yellow colony known as a 
bacterium from the genus Pantoea and a white colony 
from the genus Erwinia is formed (Schaad et al. 2001). 

7. Nitrogen fixing test 

The nitrogen fixation test was conducted qualitatively 

by growing bacterial colonies on Burk media which is 

selective for nitrogen-fixing bacteria. This media 

composition consists of glucose (10 g), agar (1.8 g), 

KH2PO4 (0.41 g), UB2HPO4 (0.52 g), Na2SO4 (0.05 g), 
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CaCl2 (0.2 g), MgSO4.7H2O (0.1 g), FeSO4.7H2O (0.005 

g), and Na2MoO4.2H2O (0.0025 g) dissolved in 1000 mL 

of distilled water. Observations on the growth of bacterial 

colonies were conducted 24 hours after incubation. Also, 

Burk media is a medium containing inorganic salts with 

a source of carbohydrates and without the inclusion of 

nitrogen. The bacterial isolates that were able to grow on 

the media showed the tested bacterial isolates were able 

to fix nitrogen (Deshwal and Kumar 2013). 

8. Phosphate solvent test 

Phosphate solvent testing was conducted by growing 

all bacterial colonies on Pikovskaya’s medium which is 

selective for phosphate solubilizing bacteria. The 

composition of the media consists of yeast extract (0.25 

g), agar (10 g), dextrose (5 g), Ca3(PO4)2 (2.5 g), 

(NH4)2.SO4 (0.25 g), KCL (0.1 g), MgSO4.7H2O (0.05 g), 

MnSO4.2H2O (0.005 g), and FeSO4.7H2O (0.005 g), 

dissolved in 1000 mL of distilled water. Furthermore, 1 

loop of the bacterial isolates was inoculated on 

Pikovskaya’s media, incubated at ± 28oC for 3 days, and 

then a clear zone was observed. Isolates with the ability 

to dissolve phosphate are characterized by the formation 

of a clear zone due to colony growth (Himedia 2015). 

Analysis and presentation 

The data obtained were analyzed descriptively based 

on the morphological characters of the colony and 

bacterial cells. Furthermore, the physiological and 

biochemical test results, as well as the identification 

results, were displayed in Tables and Figures (Photos). 

RESULTS AND DISCUSSION 

The screening results showed there were 21 bacterial 

isolates with antagonistic properties (Table 1). 

Furthermore, five bacteria, including UB1, UB2, UB11, 

UB13, and UB29 with the largest inhibition percentage of 

60 - 66% were identified. 

Colony morphology and bacterial cells 

The results of the antagonistic bacteria isolation from 

coffee litter were discovered in five isolates which 

resulted in different colony morphology and bacterial 

cells. In the form of bacterial colonies, coffee litter 

antagonists are generally circular, white, and yellow with 

a convex elevation and flat as well as uneven edges. 

Table 2 and Figure 1 showed the microscopic 

observations of cells, where all antagonistic bacteria 

have a rod cell shape with forms known as monobacil 

and streptobacil. The monobacil form is a bacterial cell 

with a rod shape that does not form a chain while the 

streptobacil develops an elongated chain of rods. 

Biochemical characterization of bacteria 
There are three Gram-negative and two Gram-

positive bacteria based on the Gram’s staining test and 
the solubility test of 3% KOH where UB1 and UB2 were 
positive. This can be seen on the Gram-stain where the 
bacterial cells are violet and on the results of the 
solubility test 3% KOH which did not produce a thick 
suspension. The Gram-positive bacteria retain the 
crystal violet stain and appear purple when observed 
under a microscope. Meanwhile, the Gram-positive cell 
wall appears as a broad, 20-80 nm thick dense wall 
consisting of multiple interconnected layers of 60 to 90% 
peptidoglycan (Kaiser 2021). 

On the contrary, there are three Gram-negative 
bacteria, including UB3, UB4, and UB5. The results 
showed red cells and thick suspension for the Gram’s 
staining and the solubility test of 3% KOH, respectively. 
In Gram-negative bacteria, the cell wall consists of 1-3 
layers which are easily disturbed releasing thick 
chromosomal material causing the bacterial suspension 
to become thick and stringy If given 3% KOH (Madigan 
et al. 2012). Figure 2 shows UB1 and UB2 are Gram-
positive producing endospores which are defense tools 
used by bacteria to survive in non-determining conditions 
with an oval shape similar to an egg. These isolates’ 
bacteria appear green and are located separately from 
the red cells. Based on observations of colony 
morphological characters, cell morphology, and 
biochemical tests, five genera of antagonistic bacteria, 
including Bacillus mycoides, Clostridium, Pseudomonas, 
Erwinia, and Alcaligenes sp. were isolated from coffee 
litter. 

Table 1. Percentage inhibition of bacterial screening 

Isolate Inhibitory (%) Isolate Inhibitory (%) Isolate Inhibitory (%) 

UB1 66.00 UB11 60.00 UB21 - 

UB2 60.00 UB12 - UB22 - 

UB3 33.33 UB13 62.22 UB23 - 

UB4 33.33 UB14 55.55 UB24 - 

UB5 - UB15 33.33 UB25 46.66 

UB6 - UB16 46.67 UB26 51.11 

UB7 - UB17 48.88 UB27 31.11 

UB8 48.88 UB18 55.55 UB28 44.44 

UB9 48.88 UB19 51.11 UB29 60.00 

UB10 - UB20 55.55 UB30 46.88 
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Table 2. Cell morphology of antagonistic bacterial isolates 

Cell morphology 
Isolates 

UB1 UB2 UB11 UB13 UB29 

Form Rod Rod Rod Rod Rod 
Color Purple  Purple Red Red Red 
Size of cell (µm) 3.14 – 4.15 3.27 – 5.50 3.27 3.34 – 4.12 2.54  
Endospore Positive Positive - - - 
Size of endospore (µm) 2.78 – 2.83 2.63 - - - 

   

       

Figure 1. Gram-positive bacteria with violet cells; B. mycoides, and Clostridium sp., (top), Gram-negative bacteria 
with red cells; Pseudomonas, Erwinia, and Alcaligenes sp. (bottom) 

    

Figure 2. Endospore morphology of Gram-positive bacteria, where green colours are endospore and red are cells. 
B. mycoides (left) and Clostridium sp. (right) 

 
UB1 has a colony morphology in the form of fibers 

(filamentous) curved clockwise, with cream color, 
uneven edges, and flat elevation. The cell morphology 
shows these bacteria are Gram-positive with rod-
shaped, purple, paired cells forming long chains with a 
size of 3.14 - 4.15 µm. Figure 2 the bacteria produce 
green oval endospores with a size of 2.78 - 2.82 µm. In 
the biochemical test, this isolate was fermentative, 
producing a positive reaction in the catalase test, and 

was unable to generate fluorescent pigments while in the 
hypersensitivity test, negative UB1 isolate caused 
necrosis in tobacco leaves. According to Bergey's 
Manual of Systematic Bacteriology and Schaad et al. 
(2001), bacteria with these characteristics belong to the 
genus Bacillus. The characteristic features of UB1 
isolate include a fibrous colony shape resembling 
Bacillus mycoides with coarser fine threads around the 
colony, and a milk-white color (Andriani et al. 2017).  
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This isolate has cells that tend to form long chains 
connected by uncleaved septa wall material (Errington 
and van der Aa 2020). Bacillus mycoides are Gram-
positive, rod-shaped, spore-producing bacteria where its 
growth forms specific rhizoids, producing cells that 
extend end to end, and are grouped in filamentous 
bundles (Yi 2018). Bacillus species are Gram-positive 
rods that are often paired or chain cells with round or 
square ends usually having a single endospore which 
are generally oval or sometimes round and are very 
resistant to adverse conditions (Public Health England 
2018). 

UB2 has a circular colony, cloudy white color, and flat 
edges with a convex elevation. The cell morphology 
shows Gram-positive bacteria with purple, rod-shaped 
cells, often paired and forming long chains with a size of 
3.27 - 5.50 µm. Furthermore, the bacteria produced an 
oval-shaped endospore which is swollen and located 
separately from the bacterial cell. Figure 2 shows 
endospores are green with a size of 2.63 µm. In the 
biochemical test, this isolate was fermentative, 
producing a negative reaction in the catalase test, and 
was unable to produce fluorescent pigments while in the 
hypersensitivity test, negative UB2 isolates caused 
necrosis in tobacco leaves. According to Bergey's 
Manual of Systematic Bacteriology and Schaad et al. 
(2001), bacteria with these characteristics belong to the 
genus Clostridium. 

UB11 has a circular colony, yellowish-white color, 
with flat edges and convex elevations. The bacterial cell 
morphology shows Gram-negative organisms with rod-
shaped, red cells, not forming chains + (monobacilli) with 
a size of 3.27 µm. In the biochemical test, this isolate was 
oxidative, producing a positive reaction in the catalase 
test, clear fluorescent pigments, and on YDC media 
formed yellow colonies while in the hypersensitivity test, 
negative UB11 isolate caused necrosis in tobacco 
leaves. According to Bergey's Manual of Systematic 
Bacteriology and Schaad et al. (2001), bacteria with 
these characteristics belong to the genus Pseudomonas. 

UB13 has a circular colony, cloudy white color, with a 
wavy edge and a convex elevation. The bacterial cell 
morphology shows Gram-negative bacteria with rod-
shaped, red cells forming long chains (streptobacil) with 
a size of 3.34 - 4.12 µm. In the biochemical test, this 
isolate was fermentative, producing a positive reaction in 
the catalase test, unable to produce fluorescent 
pigments, and formed white colonies on YDC media 
while in the hypersensitivity test, negative UB13 isolate 
caused necrosis in tobacco leaves. According to 
Bergey's Manual of Systematic Bacteriology and Schaad 
et al. (2001), bacteria with these characteristics belong 
to the genus Erwinia. 

UB29 has a circular colony, clear yellow color, with 
flat edges and convex elevations. The bacterial cell 
morphology shows Gram-negative bacteria with rod-
shaped, red cells that do not form chains (monobacilli) 
with a size of 2.54 µm. In the biochemical test, this isolate 
was oxidative, producing a positive reaction in the 
catalase test, fluorescent pigments, and yellow colonies 
on the YDC media while in the hypersensitivity test, 
isolate UB29 was negative causing necrosis in tobacco 
leaves. According to Bergey's Manual of Systematic 
Bacteriology and Schaad et al. (2001), bacteria with 
these characteristics belong to the genus Alcaligenes. 
These five bacteria consist of different genera and based 

on the results of the nitrogen-fixing test, all were able to 
grow on Burk media, hence, fixing nitrogen properly. 
However, only two isolates known as Bacillus mycoides 
and Pseudomonas sp. were able to grow on the 
Pikovskaya’s media and act as good phosphate solvent 
candidates. These results are in line with several studies. 
According to several beneficial bacteria able to fix 
nitrogen were discovered, including Alcaligenes, 
Bacillus, Clostridium, Enterobacter, and Pseudomonas 
sp. Also, a study by Wijiyono (2009), states there are 
several phosphate solubilizing bacteria from mangrove 
soils in the Tapian Nauli Tapanuli bay area, and among 
the bacteria seen were B. mycoides and P. aeruginosa. 

CONCLUSIONS AND SUGGESTIONS  

Antagonistic bacteria isolated from coffee plant litter 

were identified as Bacillus mycoides, Clostridium, 

Pseudomonas, Erwinia, and Alcaligenes sp. This study 

suggests the necessity for molecular identification to 

discover more about these bacterial species. 
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