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ABSTRACT 
 

Exploration of bacteria from coffee litter in UB Forest has several new 
studies, which have the ability as a biocontrol agent. From previous research, 
it was known the potential of coffee litter bacteria as the single biological 
control against basal rot in shallots. This study aims to evaluate the ability of 
bacteria to synergize with other beneficial bacteria of coffee litter. The 
research consisted of the preparation of coffee litter bacteria isolates and 
synergy tests using the cross streak method. Based on the research results, 
not all bacteria can form a consortium. Bacteria that can synergize with each 
other are Pseudomonas sp., and Alcaligenes faecalis. Three bacteria that 
cannot be synergized with each other, are Bacillus mycoides, Clostridium sp. 
and Erwinia sp which produces clear zones up to more than 30 mm. This is 
preliminary research before starting a bacterial consortium. With this 
research, it is expected to be a solution for biological control from a 
consortium of beneficial bacteria from exploration in UB Forest. 
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Introduction 

UB Forest is an educational forest of Universitas Brawijaya which has an area of 554 hectares, 
located on the slopes of Mount Arjuno, Malang (BUA UB, 2017). Coffee plant litter in UB Forest is 
very abundant and has not been used properly so that it provides an opportunity to explore an-
tagonistic bacteria for controlling plant diseases. One of the bacteria found in a litter is the Bacillus 
sp. Bacteria of the genus Bacillus sp. is one of the endophytic bacteria that are in plant tissue in a 
litter (Yulma et al., 2017). 

The utilization of beneficial bacteria in the form of a single isolate shows good potential to be 
used as biological agents (Dinata et al, 2018). However, the use of single beneficial bacteria is still 
not effective in controlling the disease. Further efforts to utilize beneficial bacteria as biological 
agents need to be made, one of which is in the form of a consortium. The use of a bacterial consor-
tium in controlling plant diseases is considered to have better results than the use of a single iso-
late. This is because the bacterial consortium consists of several bacteria that work together and 
provide useful compounds or metabolites to each other. 

Several studies have shown success in using a consortium of bacteria in controlling plant dis-
eases. However, not all bacteria can synergize in vitro so it still needs research. Research on the 
combination antagonist bacteria consortium from Bacillus sp. and P. fluorescens in laboratory, 
greenhouse, and field testing can control bacterial wilt disease by R. solanacearum in tomato 
plants. The use of a consortium of antagonistic bacteria also has benefits in increasing plant re-
sistance and growth. Greenhouse research results on tomato seed treatment showed that the con-
sortium of B. subtilis, P. aeruginosa, Klebsiella pneumoniae and Citrobacter youngae significantly 
increased seedling height, stem circumference, number of leaves, and leaf area of tomato plants 
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(Oluwambe & Kofoworola, 2016). This research is expected to be the right solution for controlling 
plant diseases. 

The determination of the success of using a bacterial consortium is still being studied, one of 
which is testing the ability of bacteria to synergize with each other or not. The success of a bacte-
rial consortium is also influenced by the existing substrate. In the research, a consortium of indig-
enous bacteria from salt-containing swamps showed a synergistic growth that depends on the 
complexity of the substrate. Bacteria can synergize with each other when lignocellulose is the only 
carbon source available so that it can reduce the resulting substrate complex. Bacteria will antag-
onize each other when glucose is the only source of carbon and in limited quantities, bacteria will 
seize the substrate, resulting in the dominance of antagonistic interactions (Deng & Wang, 2016). 
This study aims to evaluate the ability of bacteria to synergize with other coffee litter antagonists. 
This research is a preliminary study for a bacterial consortium which will be used further as a 
potential for biological control of plant diseases. 
 
Material and Methods 
Study area and materials 

The experiment was conducted at the Laboratory of Plant Disease in Brawijaya University and 
in Sonosari, Kebonagung Village, Malang from December 2019 – April 2020. Bacterial strains used 
in this study were Bacillus mycoides, Clostridium sp., Pseudomonas sp., Erwinia sp., and Pseudomo-
nas sp., which were isolated from coffee litter in UB Forest.  

 
Preparation of coffee litter bacteria isolates 

Antagonistic coffee litter bacteria isolate from stocks were grown on Natrium Agar (NA) to 
verify their purity. All bacteria were incubated for 24 hours at room temperature. 

 
Synergy test between coffee litter bacteria 

The synergy test was carried out with a modified cross streak which refers to Gurunathan et 
al., (2014). Figure 1 is an illustration of the synergy test of indigenous bacteria UB Forest coffee 
litter. The tested bacterial isolates were grown in line with the center of the Petri dish. After one 
day of incubation, other bacterial isolates were inoculated on the same Petri dishes in the same 
horizontal position or opposite to the previously grown bacteria. Bacteria were incubated for 24 
hours to observe the inhibitory effect. A single-antagonistic bacterial isolate control Petri dish was 
also prepared to compare the same growth patterns. 

Assessment of bacterial synergy is seen from the results on the Petri dish, whether the indig-
enous bacteria of UB Forest coffee litter can grow in synergy with each other. The synergy test is 
assessed based on the presence of a clear zone or zone of inhibition. The presence of clear zones 
is evidence that some bacteria are antagonistic to each other, whereas the absence of clear zones 
is an indication of synergism.  

The criteria for evaluating the synergy test for antagonistic bacteria according to Djaenuddin 
and Faesal (2015) are as follows: 

1. There is no barrier distance or clear zone between bacterial colonies. 
2. There is a barrier distance or clear zone <20 mm between the bacterial colonies. 
3. There is a distance of obstacles or clear zones of 20-30 mm. 
4. There is a distance of obstacles> 30 mm. 
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Figure 1. Cross streak method of antagonistic bacteria from coffee litter 

 
Results and Discussion 
The synergy between coffee litter bacteria 

The synergy between different coffee litter bacteria lines shows variations, not all coffee litter 
bacteria are compatible with other coffee litter bacteria. The results of the coffee litter bacteria 
synergy test are shown in Table 1 and Fig. 2. The bacteria that can be formed by the consortium 
seen from the bacteria can be synergized with other bacteria which are indicated by the + symbol. 
Isolates of B. mycoides and Clostridium sp. not synergy with each other. Bacillus bacteria isolates 
can only synergize with Pseudomonas and E. faecalis, the same thing happened to Clostridium sp. 
However, in other genera, Erwinia sp can synergize with B. mycoides, Pseudomonas sp., and A. fae-
calis. 

The bacteria that are not synergized can be seen from the test results of the two isolates, there 
is growth inhibition (clear zone) between the streaks of the two isolates, the bacteria produce a 
clear zone after being incubated for 24 hours at room temperature. Figure 2 shows that there is a 
growth inhibition (clear zone) between the meeting of B. mycoides and Clostridium sp. This 
meaning that these two species are not synergistic with each other, and cannot be used as a 
consortium of biological control antagonists. The measure of inhibition between Clostridium sp. 
with B. mycoides which is more than 30 mm. The size of the inhibition produced differed between 
the bacteria tested. The variation and size of the clear zone produced by bacteria depend on the 
age of the bacterial culture, the number of bacteria inoculated, the composition of the media, the 
depth and conditions of the incubation.  

 
Table 1. Result of synergy test of indigenous bacteria UB Forest coffee litter 

Isolates B. mycoides Clostridium sp. Pseudomonas sp. Erwinia sp. A. faecalis 

B. mycoides  - - + - + 

Clostridium sp. - -  + - + 

Pseudomonas sp. + +  + + 

Erwinia sp. + - +  + 

A. faecalis + + + +  

Notes: (+) indicates the absence of inhibition, (-) indicates an inhibition of less than or equal to 20 mm, (-) 
indicates an inhibition of more than 30 mm. 
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The synergy test evaluates the synergy of two coffee litter bacteria in the same nutrient utili-
zation and space. With the presence of an inhibitory zone in the B. mycoides and Clostridium sp 
test that ranges from 30 mm, it is suspected that the extracellular metabolite reactions produced 
by one or both of these antagonists can inhibit the growth of each other. The inhibition mechanism 
of this fellow antagonist can be explained in the feed-back inhibition process in continuous culture 
(Madigan et al., 1979 in Edy, 2011) where toxic compounds produced excessively by antagonistic 
bacteria in the media can inhibit their growth. Although in vitro incompatibility events between 
antagonistic bacteria of other species may occur, this condition does not occur in field application 
testing, because antagonism to pathogens is determined by many factors such as antibiotic and 
toxin production, induction of plant resistance, and competition. 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Bacteria that do 
not synergize. a. Clostridium sp. b. B. mycoides. There is a clear zone> 30 mm 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Bacteria synergizing with each other a. A. faecalis, b. B. mycoides, c. Erwinia sp., d: Pseudomonas 

sp. e: Clostridium sp. 

 
Discussion 

Two bacteria that are compatible with each other are Pseudomonas sp., and A. faecalis which 
can synergize with all coffee litter bacteria. These bacteria show synergy because there is no inhi-
bition (clear zone) between the intersection points of the two isolates after being incubated 24 
hours at room temperature so that the bacteria can be used as a consortium of antagonistic bac-
teria for biological control. Based on the results of the synergy test of A. faecalis and Pseudomonas 
sp. able to combine with all bacteria (Fig. 3). The ability of the two antagonistic bacteria to syner-
gize with each other is thought that the antagonistic bacteria can grow by producing compounds 
that are mutually beneficial for each other's growth. This is supported by the statement of Deng & 
Wang (2016), bacteria can synergize with each other when lignocellulose is the only carbon 
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source available so that it can reduce the resulting substrate complex. Bacteria will antagonize 
each other when glucose is the only source of carbon and in limited quantities, bacteria will seize 
the substrate, resulting in the dominance of antagonistic interactions.  Pseudomonas has several 
antibiotics against plant pathogens. Grinter et al (2012) reported that P. syringae PV tomato pro-
duce bacteriocin, namely syringacin. A. faecalis is a Gram-negative bacterial found in soil, water, 
and the environment. A. faecalis has potential as a biostimulant and bioprotectant. There are sev-
eral studies related to A. faecalis as plant control. In certain subspecies studies such as A. faecalis 
subsp. phenolicus MB207 has a useful compound, namely fusaric acid which can inhibit the 
growth of pathogens (Basharat et al. 2018). 

In this cross-streak method, the clear zone is detected against several sensitive bacteria. This 
can be caused by many factors, the distribution of cell loads, the composition of the cell walls, and 
the diffusion of the antagonist compound into the medium (Gurunathan et al., 2014). Also, the 
ability of bacteria to synergize is caused by several types of bacteria tested, the distribution of 
charge, the content of the bacterial cell wall, and the diffusion of the antagonistic bacterial mole-
cules into the growing medium (Laukova & Marekova, 1993). In testing the synergy with the mod-
ified scratch method, it can be seen that the ability of coffee litter bacteria to synergize or not. This 
method can also evaluate the inhibitory activity of one of the strains of bacteria to produce antag-
onistic properties against several other bacteria that are more sensitive (Gurunathan et al., 2014). 

Based on the synergy between the coffee litter antagonists, at least seven consortium combi-
nations of coffee litter bacteria were obtained, consisting of two coffee litter antagonist bacteria 
that can be used as consortium cultures in vitro. The consortium combination can also be used 
with more than two bacteria seen from the synergy test results. Many interactions occur between 
different types of bacteria and often result in the in-plant promotion of plant growth and re-
sistance. Consortium bacteria synergize through other bacteria to obtain energy to survive. Bac-
teria utilize coenzymes produced by other microbes (Septiningrum & Hardiani, 2016). Bacteria 
from different genera can relate to each other and survive through metabolite interactions. Be-
tween microorganisms can use a compound and its metabolites as a carbon source, resulting in 
synergism during the transformation (Bouchez et al., 1999). Also, the performance of microbial 
enzymes can complement each other, so that microbes can survive by utilizing nutritional sources 
available in nature (Okoh, 2006). The good of bacterial consortium is also influenced by the exist-
ing substrate. The research of a consortium of indigenous bacteria from salt-containing swamps 
showed a synergistic growth that depends on the complexity of the substrate. Bacteria can syner-
gize with each other when lignocellulose is the only carbon source available so that it can reduce 
the resulting substrate complex. Bacteria will antagonize each other when glucose is the only 
source of carbon and in limited quantities, they will seize the substrate, resulting in the dominance 
of antagonistic interactions (Deng & Wang, 2016). The success of using the consortium is also in-
fluenced by where the bacteria are isolated. The use of a microbial consortium from a certain place 
of origin will provide a higher level of pollutant mineralization (Vinas et al., 2002). This is presum-
ably due to the ability of the bacterial consortium to have strong properties in maintaining their 
original ability to cooperate. This also applies to bacterial strains that do not have biodegradability 
but have the potential to promote growth (Richard & Vogel, 1999 in Zanaroli et al., 2010). 
 
Conclusion 

Not all antagonistic bacteria from UB Forest coffee litter can form a consortium. Only A. faecalis 
and Pseudomonas sp isolates, which can be combined with all bacterial isolates for synergy. It is 
necessary to test the consortium of bacterial isolates to see their effectiveness in controlling plant 
diseases and what compounds they produce 
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