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Abstract
Objective: To findout the existence and diversity of bacteria having bio control ability against Globodera rostochiensis 
from six different location of potato cultivation lands in Wonosobo and Banjarnegara Indonesia. Methods: The 
bacteria and cyst of G. rostochiensis were isolated and Walkey-Black titration method were used to analyze the 
C-organic content from each location. The bio control ability of bacterial isolates was tested against cysts and eggs of  
G. rostochiensis followed by PCR-RAPD with two universal primers for molecular characters differentiation. Simpson’s and 
Shannon’s index methods were used to measure the diversity of bacteria. Findings: 45 bacterial strains were isolated. The 
bio control ability test showed that all strains have bio control ability against cysts and eggs of G. rostochiensis. Moreover, 
the PCR-RAPD showed that 33 isolates were categorized as different species. The high and medium diversity indexes 
indicated that the soil parasitic bacteria against G. rostochiensis have already been evolved diversely in potato cultivation 
lands. Novelty: The bacterial isolates that having dominant bio control ability against the golden cyst nematode from each 
location would be of commercial inoculant bionematicide.
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1.  Introduction
Golden cyst nematode (GCN), Globodera rostochiensis 
(Wollenweber) is a plant parasitic nematode that caused 
a significant economic loss to the potato production. 
The GCN is difficult to be controlled because they live 
in soil. Moreover, the egg is protected by the cyst from 
chemical and biological stresses found in soil and can 
remains dormant for more than 20 years in the absence 
of host plants. Also, GCN has high reproducibility with 
200–500 eggs per generation1,2. Since it was reported to 
cause economic losses for the first time in 2003 in Batu, 
East Java3, the number of the infested potato cultivations 
has increased continuously, as well as their population. 

Based on the observation in Central Java, Wonosobo 
and Banjarnegara regencies had the largest potato 

cultivation lands infested with G. rostochiensis and the 
cyst population was 242 per 100 g soil4. Furthermore, 
during the absence of plants rotation, the plant damages 
may reach up to 100%4.

Bacteria are one of the major groups of microorganisms 
that can be used as effective biological control agents 
against the GCN. According to the previous report5, 
the soil bacteria that can reduce the population of G. 
rostochiensis cysts and eggs are parasitic bacteria. The 
continuous and abundant availability of G. rostochiensis 
cysts and eggs may increase the number and species of 
their natural enemies including parasitic bacteria. Thus, 
several years after first detection of G. rostochiensis in 
Indonesia, it can be expected that the parasitic bacteria 
against G. rostochiensis and other pneumatophores 
bacteria have been evolved and varied in Indonesian 
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potato cultivation lands. The objective of this study was to 
elucidate the existence and diversity of parasitic bacteria 
against G. rostochiensis.

2.  Materials and Methods

2.1  Soil Sampling
Stratified random sampling was performed in this research. 
Rhizospheric soils of healthy and nematode infected potato 
plants were taken from a depth of 10–30 cm at six different 
sites in Wonosobo and Banjarnegara Regency, Central Java 
as follows: Karang Bakal, Karang Tengah, Telaga Merdada, 
Pathak Banteng, Dieng Kulon, and Sumberejo. The 
C-organic content was analyzed using a modified Walkley-
Black titration method6.

2.2  Isolation and Purification of Bacteria
The pour plate method was used for bacteria isolation7. 
Nutrient and soil extract agar media were used to grow 
the bacterial isolates. Purification of single colonies 
were carried out based on the different morphology by 
streaking repeatedly on new agar medium in the petri 
dish until the colony was uniform.

2.3 � Extraction of G. rostochiensis from the 
Soil

The G. rostochiensis cysts were extracted from 20 g 
drained soil using Fenwick flotation method8. 

2.4 � In-Vitro Pathogenicity test for Bacterial 
Isolates Against Cysts and Eggs of  
G. rostochiensis

The in-vitro pathogenicity test for bacterial isolates 
against cysts and eggs of G. rostochiensis were carried out 
according to a standard method9 with slight modification. 
Ten of the cysts were added into the multi well plate 
followed by the addition of bacterial cells suspension. The 
pathogenicity test for eggs of G. rostochiensis was done as 
follows: eggs suspension that has been counted was added 
into the multi well plate containing the same volume of 
bacterial cells suspension.

Both pathogenicity tests for G. rostochiensis cyst and 
eggs were made by 3 replicates. For control, the bacterial 
suspension was replaced with sterile aquadest. They 
were all incubated at room temperature. The number 
of damaged cysts and eggs were counted after 5 days of 
incubation.

2.5  Bacterial Isolates Differentiation
Bacterial isolates were differentiated based on the 
morphological and molecular characters. Cell and colony 
morphology were observed with an olympus SZX12® 
(Japan) stereo microscope. Ribosomal region analysis 
was conducted by isolating the bacterial genomic DNA 
using mini prep methods and then amplifying the DNA 
using a Polymerase Chain Reaction (PCR) (Mastercycler 
Personal, Eppendorf, Germany) with universal primers 
1400 F (5’-TGYACACACCGCCCGT-3’) and 23sR 
(5’-GGGTTBCCCCATTCRG) (Invitrogen, California). 
The amplified DNA was visualized by 8% Polyacrylamide 
Gel Electrophoresis (PAGE). The gel was stained with 
0.1% (w/v) silver nitrate10,11.

2.6  Diversity Index Analysis
The diversity of bacterial isolates was determined using 
Simpson’s and Shannon’s diversity indexes12,13.
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Table 1.  The value and description of diversity index

Diversity 
Index

Description

Shannon’s 
index

H<1 Low diversity (there are few species 
in the sample)

1<H<3 Middle diversity (there is a medium 
number of species in the sample)

H>3 High diversity (all species are 
represented by the same number of 
individuals)

Simpson’s 
index

D = 0 Community with infinite diversity
D = 1 Community with no diversity

Remarks: D = Simpson’s index, H’ = Shannon’s index, Pi = 
the proportion of individuals found in species, i = species, s = 
number of species, and ln = the natural log.

3.  Results and Discussion

3.1 � C-Organic Content and Cyst Number of 
Sampled Soil

The results of C-organic analysis showed that all of the 
sampling sites were categorized as having high C-organic 
content according to the criteria published by the Soil 
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Research Center (formerly called Puslitanak) (Table 2). 
The high C-organic content in all sampling sites were 
due to chicken manures applications during the planting 
season. The chicken manure may improve soil structure 
and the availability of nutrition for potato plants as the 
G. rostochiensis host14,15. Thus, the potato plants grown 
in soil having high C-organic content may support the 
growth of G. rostochiensis better than those in the lower 
ones. This phenomenon can be inferred from Table 3, 
which shows the cyst number of G. rostochiensis was 
found to be higher in the soil having high C-organic 
content. Root diffusates that are released by potato plants 
which contain sugars, amino acids, protein, and other 
organic acids, could increase the population of cyst  
G. rostochiensis with stimulating 60–80% of the hatching 
of cyst G. rostochiensis1,16. Therefore, the cyst number 
of G. rostochiensis was also found to be higher in the 
rhizosphere of infected potato plants compared to the 
healthy potato plants (Table 3).

Table 2.  Soil C-organic content of the sampling sites

Location C-Organic (%)
KB 6.13
KT 6.76
TM 6.23
PB 5.23
DK 5.97
SRJ 5.85

Remarks: KB = Karang Bakal, KT = Karang Tengah, TM = 
Telaga Merdada, PB = Pathak Banteng, DK = Dieng Kulon, SRJ 
= Sumberejo.

Table 3.  The cyst number of G. rostochiensis in 
rhizospheric healthy and infected potato plants

Location
Rhizospheric 
healthy plant

Rhizospheric 
infected plant

KB 10.7 f 123.3 a

KT 10.3 f 114.3 b

TM 10.7f 68.7 c

PB 10.7 f 50.7 d

DK 12.0 f 36.0 e

SRJ 10.3 f 16.0 f

Remarks: Average of three replications of the cyst calculation 
per 20 g of soil. Numbers followed by the same letter are not 
significantly different at 95% test level, KB = Karang Bakal,  
KT = Karang Tengah, TM = Telaga Merdada, PB = Pathak 
Banteng, DK = Dieng Kulon, SRJ = Sumberejo.

3.2  Total Bacterial Population
The total number of rhizospheric soil bacteria of healthy 
and infected potato plants was counted on two different 
agar media. The results showed that the bacteria number 
in the rhizosphere of infected potato plants is higher than 
in the rhizosphere of healthy potato plants on both media 
as shown in Table 4. It is likely that complex interactions 
occur between soil bacteria, golden cyst nematodes, and 
host plants to affect the populations of bacteria as well 
as the population of the golden cyst nematode. The 
population dynamics of both the bacteria and GCN 
depend on the carbon cycle of the food chains in the 
soil17. Indirectly, the presence of carbon sources in soil 
could increase the population of the bacteria and GCN. 

Table 4.  Bacterial population of rhizospheric healthy and infected potato plants

Location

Media
NA (Nutrient Agar) SE (Soil Extract)

Rhizospheric healthy 
plant

Rhizospheric infected 
plant

Rhizospheric healthy plant Rhizospheric infected plant

KB 5.60 5.90 6.70 6.80
KT 5.60 5.90 4.80 6.08
TM 4.80 6.00 5.70 6.10
PB 5.80 6.04 5.40 5.90
DK 5.50 5.70 6.05 6.05
SRJ 5.60 6.00 4.90 4.70

Remarks: Total population of bacteria in Log colony forming unit (Log cfu), KB = Karang Bakal, KT = Karang Tengah, TM = Telaga 
Merdada, PB = Pathak Banteng, DK = Dieng Kulon, SRJ = Sumberejo
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Moreover, a higher cyst number of G. rostochiensis in the 
rhizosphere of infected potato plants may cause a higher 
number of soil bacteria since the cysts can be used as the 
carbon source, especially by parasitic bacteria18.

3.3  Parasitic Bacterial Isolates
The 45 different isolates obtained herein were observed 
to be parasitic against both the cyst and egg of  
G. rostochiensis as shown in Table 5. The parasitic 
bacteria attacked the outer layer of the cysts and eggs of  
G. rostochiensis (Figure 1). It is known that the eggshell 
and cyst wall of the golden cyst nematode consists of 
protein, chitin, and lipid(19, 20).These can be used by 

Table 5.  Parasitic bacterial isolates isolated from the different locations, media and rhizospheric soil sampling

Source of isolates Categorized as Σ micro-bial 
colonies/part

Σ micro-bial 
colonies/groupLocation Medium Rhizo-spheric Para-sitic Non-para-sitic

KB NA Infected 2 0 2 6 10
Healthy 4 0 4

SE Infected 1 0 1 4
Healthy 3 0 3

KT NA Infected 4 0 4 7 11
Healthy 3 0 3

SE Infected 2 0 2 4
Healthy 2 0 2

TM NA Infected 4 0 4 8 13
Healthy 4 0 4

SE Infected 5 0 5 5
Healthy 0 0 0

PB NA Infected 0 0 0 0 4
Healthy 0 0 0

SE Infected 2 0 2 4
Healthy 2 0 2

DK NA Infected 0 0 0 0 3
Healthy 0 0 0

SE Infected 2 0 2 3
Healthy 1 0 1

SRJ NA Infected 0 0 0 0 4
Healthy 0 0 0

SE Infected 2 0 2 4
Healthy 2 0 2

Σ species of microbes 45 0 45

Remarks: KB = Karang Bakal, KT = Karang Tengah, TM = Telaga Merdada, PB = Pathak Banteng, DK = Dieng Kulon,  
SRJ = Sumberejo

parasitic bacteria as energy and carbon sources, therefore, 
the soil bacterial number was higher in the soil with a 
higher cyst number (Table 3 and 4).

Figure 1.  The cysts and eggs of G. Rostochiensis. 
(A) healthy cysts (M = 10 × 40), (B) cyst treated with 
bacterial isolates (M = 10 × 20), (C) healthy eggs  
(M = 10 × 10), (D) eggs treated with bacterial isolates  
(M = 10 × 20).
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3.4  Bacterial Diversity
Rep-PCR analyses were done to distinguish among the 
bacterial isolates. Figure 2 shows the difference among 7 
bacterial isolates having relatively high bio control ability 
against G. rostochiensis. Based on the same analyses for 
the whole isolates, we calculated the diversity indexes and 
the results are shown in Table 6. The calculated diversity 
was categorized as a medium to high level, implicated 
that the bacteria which have bio control ability against 
G. rostochiensis have been diversed in potato cultivation 
lands.

Figure 2.  PAGE analysis of bacterial isolates having 
dominant parasitic ability against G. rostochiensis from each 
location.�  
M = Marker, SRJ = Sumberejo, KB = Karang Bakal,  
KT = Karang Tengah, PB = Pathak Banteng, DK = Dieng 
Kulon, Sa = Infected rhizosphere, Se = Healthy rhizosphere.

Table 6.  Simpson’s and Shannon’s diversity index of 
parasitic bacterial isolates

Source of isolate
Index values

Criterion
D H’

Location 0.164 3.902 High
Type of medium 0.219 1.566 Medium
Rhizospheric 0.195 1.690 Medium

4.  Conclusions
The bacteria having bio control ability against  
G. rostochiensis were varied among the sixth different 
sites of soil sampling. The diversity of the bacteria was 
influenced by the soil sampling site, growth medium, and 
the status of the host plant. All of the bacterial isolates 
were parasitic. Further research works are needed to find 

out the mechanism of parasitation and exploitation of the 
bacteria as bio control agents against G. rostochiensis.
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