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Abstract
Ricania simulans (Hemiptera: Ricaniidae) is a serious pest present in several countries throughout the world including Turkey, China, Japan 
and Taiwan. This study investigated the bacterial flora of R. simulans, and tested them for the insecticidal activity in order to find an effective 
and safe biocontrol agent for this pest. Based on conventional and modern tests, twelve bacterial isolates were identified from the microbial 
flora of R. simulans; Pseudomonas oleovorans (Rs1), Pseudomonas parafulva (Rs2, Rs3 and Rs5), Pseudomonas sp. (Rs4, Rs7, Rs9), Pantoea 
sp. (Rs6), Microbacterium paraoxydans (Rs8), Bacillus safensis (Rs10), Chryseobacterium indoltheticum (Rs11) and Bacillus thuringiensis 
(Rs12). The insecticidal activities of the bacterial isolates were determined on nymphs at five different concentrations (1.8 X 109 bacteria/mL, 
1.8 X 108 bacteria/mL, 1.8 X 107 bacteria/mL, 1.8 X 106 bacteria/mL, 1.8 X 105 bacteria/mL), and on adults with different three concentrations 
(1.8 X 109 bacteria/mL, 1.8 X 108 bacteria/mL, 1.8 X 107 bacteria/mL) for 10 days. The highest insecticidal activity was determined with Rs4 
on nymphal stage of R. simulans by 82% killing rate within 10 days. Bacillus thuringiensis tenebrionis (Xd3), Bacillus thuringiensis kurstaki 
(MnD), Bacillus thuringiensis kurstaki (BnBt), and Serratia marcescens (BnSm), which were proven effective biocontrol agents our previous 
studies, were also tested against this pest.  BnSm showed the highest insecticidal activity with 93% killing on adult and nymph stages of 
R. simulans. These results indicate that Rs4 and BnSm isolates  can  be effective  as potential biological control agents for the control of R. 
simulans.
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INTRODUCTION
Ricania simulans, Ricaniidae family (Order: Hemiptera), 

is a polyphagous pest widely distributed in Turkey, China, 
Japan, and Taiwan around the world [39]. R. simulans is the 
most widespread and harmful  pest in tea fields in the Black 
Sea Region of Turkey. This pest becomes more serious due 
to its increased population in Turkey since 2009. Its harm is 
not only limited to wild plants but also agricultural species, 
such as tea, bean, grapevine, cucumber, elderberry, wild 
blackberry, cherry laurel, fig, and kiwi in Eastern Black Sea 
Region [2]. Up to now, no effective control mechanism has 
been able to utilized against  this pest except mechanical 
control. Fortunately, no chemical pesticide has been used 
to control  this pest in Turkey [28]. Therefore, an effective 
biocontrol mechanism should be developed to keep this pest 
below the economic injury level (EIC). 

Increasing global mobility also causes to spread harmfull 
and invasive pest species around the world. Integrated pest 
management (IPM) system aims to develop new practices 
to reduce this global risk and its economic consequences. 
These practices contain more than one control tactics to 
monitor pests and their natural enemies [6].

Biological pesticides, such as pheromones and microbial 
control agents, are known  safer than traditional chemical 
pesticides. In addition, utilization of bacteria as microbial 
control agents is a well accepted approach in agricultural 
pest management among biological control methods. 
Developing an effective biocontrol agent against R. simulans 
will help to increase the yield and quality of agricultural 
products, especially tea, which is one of the most important 
cultivated plant for the region. Therefore, in this study we 
aimed to discover and utilize a bacterial agent or agents to 
use against the implied pest as a safe microbial pesticide. For 
this purpose, the culturable bacterial flora of the pest was 
isolated and their insecticidal activities were studied. 

MATERIAL and METHODS
Collection of insects 
Adults and nymphs of R. simulans were collected from 

Trabzon, Turkey during three months  period,  June, July, 
and August of  2013. Collected nymphs and adults were 
brought to the laboratory and fed with vine leaf in plastic 
containers with ventilated lids at room temperature under 
12:12 photoperiod.

Isolation of bacteria from R. simulans
Insect larvae and adults were examined macroscopically 

for  infections, and the surface of healthy insects were 
sterilized in 70% alcohol for 1.5 to 2 mins and then washed 
in sterile distilled water [29].  For microbial flora isolation, 
three biological replicates were used, each replicate having 
20 insects. Both larvae and adults were homogenized in a 
nutrient broth by using sterilized glass tissue grinder. The 
suspensions were filtered twice through two layers of cheese 
cloth to remove coarse insect body debris [29]. Then, the 
suspensions were  diluted up to 10

-8
ml and 100 µl of diluted 

samples were spread on nutrient agar plates. These plates 
were  incubated at 28°C for 48 h - 96 h.  Additionally, 
bacterial suspensions were heated at 80°C for 10 min in 
a hot water bath with shaking at 200 rpm to eliminate the 
non-spore forming bacteria [38]. Heat-treated samples were 
diluted and plated in the same way as described for normal 
bacterial flora previously [23].

Identification of bacteria from R. simulans
The isolates were identified with microbiological 

(morphologically, physiologically) and biochemical 
(macromolecule detection) methods, according to Bergey’s 
Manual of Systematic Bacteriology, volume 1 and 2 [20]. 
Cell morphology and motility were observed by light 
microscopy of native preparation. Gram [11] and endospore 
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[30] staining was performed according to previous studies 
[5]. All bacterial isolates were identified by various tests, 
such as the utilization of organic compounds, spore 
formation, Gram staining, NaCI tolerance, growth in pH, 
catalase and oxidase tests [35].

API test strips were used following the manufacturer’s 
directions (BioMerieux, France). Bacterial colonies of each 
isolate were diluted in 0.85% NaCI solution, then the amount 
of bacteria was  adjusted to 1McFarland standard turbidity. 
200 μL of the bacterial suspensions was transferred into each 
well of API test strips. The wells were filled up with mineral 
oil. Then, the strips were incubated for 18-24 h at 30 °C. 

Sequence analysis of 16S rRNA genes 
Besides these conventional laboratory methods, the 

isolates were also identified at genetic level by sequencing 
their 16S ribosomal RNA genes. Genomic DNA extraction 
was performed by Sambrook [31]. DNA pellets were re-
suspended in 10 µL TE buffer (10 mM Tris-HCl, 1 mM 
EDTA, pH 8.0) and these pellets were stored at 4ºC. PCR 
was performed by using BioRad MyCycler Thermal Cycler 
(California, US). The following primer pair was used to 
amplify the 16S rRNA genes from each isolates genomic 
DNA: UNI16SR (5’- ATG GTA CCG TGT GAC GGG CGG 
TGT GTA-3’) and UNI16SF (5’- ATT CTA GAG TTT GAT 
CAT GGC TCA-3’) [41]. PCR reaction mixture included 
200 ng template DNA, 1 μl of 10 mM of each primer, 1 μl 
of 10 mM of dNTP, 3 μl of 25 mM MgCI2, 5 μl of 10X 
enzyme without MgCI2 buffer, 22.5 μl sterile dH2O and 5 
units  Taq DNA polymerase (Promega, Madison,USA) in 
total of 50 μl volume. The PCR reaction was started with 
an initial denaturation step for 2 min at 95 °C; and followed 
by 35 cycles of denaturation for 1 min at 94 °C; annealing 
for  1 min at 56 °C; extension for 2 min at 72 °C; and the 
last annealing 5 min at 72 °C. PCR products were analyzed 
by electrophoresis with 1% agarose gel and visualized with 
EtBr staining in BioDocAnalyse System (Biometra GmbH, 
Goettingen, Germany). Each PCR product was cloned into 
pGEM-T Easy Vectors (Promega, Madison, USA) and then 
transformed into E. coli JM101 strain with electroporation. 
Recombinant plasmid vectors, which were isolated from 
selected colonies, were digested with EcoRI and the plasmid 
that carried approximately 1400 bp of fragments was sent to 
Macrogen Inc. (Seoul, Republic of Korea) for sequencing. 
Sequences were analyzed from NCBI GenBank using the 
BLAST alignment software [3]. 

Cluster analyses of 16S rRNA sequences
Evolutionary relationships of isolates and closely related 

species were analyzed using 16S rRNA gene sequences 
which are approximately 1400 bp. Sequences were collected  
and edited with BioEdit (version 7.09) and aligned with 
ClustalW [15]. The reliability of the dendrograms were 
tested by bootstrap analysis with 1,000 replicates using 
MEGA 4.0 [37].

Insecticidal effects of bacterial isolates
Fresh bacterial isolate cultures were prepared for 

insecticidal activity assay against R. simulans nymphs and 
adults. Each bacteria was inoculated into 5 ml of nutrient 
broth at a cell concetration of 0.05 OD

600 and incubated at 
30 °C with 200 rpm shaking for 18 h. These overnight (O/N) 
cultures were taken and the cell density was adjusted to 1.89 
OD

600
 (1.8 X 109 CFU/mL approximately). Then, bacterial 

samples were centrifuged at 3.000 rpm for 10 min to pellet 
the cells and suspended in 5 mL of sterilized phosphate 
buffer solution (PBS). These cell suspensions were serially 
diluted to 1,8 X 108, 1,8 X 107, 1,8 X 106 and 1,8 X 105  

CFU/mL to be tested on nymph stage of R. simulans. The 
same procedure was applied three times (1.8 X 109, 1.8 X 
108 and 1.8 X 107 CFU/mL) for adult stage. PBS was used 
as negative control.

In addition to bacterial isolates from R. simulans’s 
microbial flora, some other important biocontrol agents; 
Bacillus thuringiensis tenebrionis (Xd3), Bacillus 
thuringiensis kurstaki (MnD), Bacillus thuringiensis 
kurstaki (BnBt) and Serratia marcescens (BnSm), obtained 
from KTU Microbiology laboratory, were also tested in a 
same way against this pest.   

Bacterial samples with preadjusted cell concentrations 
were sprayed on fresh mock vine leaves then nymph and 
adult insect stages were placed on the leaves in very well 
ventilated plastic containers. Bioassays were performed with 
ten nymphs for five different doses and using five adults 
for three different doses at room temperature. Mortality of 
the insects was examined  and dead insects were removed 
everyday until the 10th day and all. Each experiment was 
performed three times under the same laboratory conditions. 
Bioassay results were compared with control group using 
Crosstabs test (SPSS for WINDOWS version 17.0).

RESULTS
After culturing the homogenates of the adults and 

nymphs of Ricania simulans, the study  selected 16 bacterial 
for further identification based on the colony morphology. 
Some of the isolates, Rs5, Rs11, Rs13 and Rs16 were 
discarded due to  the similarities to the other isolates. Twelve 
bacterial strains were cultured from R. simulans to identify. 
These bacterial strains were identified at both species and 
genus level with conventional and modern methods.

All of the isolates were detected as bacil. While isolate 
Rs10 and Rs12 were the color cream, the other isolates were 
yellow. Three bacterial strains (Rs8, Rs10 and Rs12) were 
Gram positive and the rest of them were Gram negative 
(Rs1, Rs2, Rs3, Rs4, Rs5, Rs6, Rs7, Rs9 and Rs11). Two 
of them (Rs10 and Rs12) formed spores.  Morphological 
results are shown in  details on Table 1.

After morphological tests, some physical and biochemical 
tests were performed for phenotypic characterization of 
bacterial strains (Table 2).  Catalase activity was negative 
for Rs7, and oxidase activity was  negative for isolates Rs1, 
Rs8 and Rs12. For all the other isolates, both catalase and 
oxidase activities were positive.

API 20 E and API 50 CHB systems were also used to 
characterize the bacterial strains isolatedly API 20 E test 
systems were used for biochemical characterization (Table 
3).  API 50 CHB test systems were used for Gram-positive 
bacteria (Table 4).

The study  also sequenced approximately 1400 bp of 16S 
rRNA genes for each isolate to confirm isolate identification. 
According to all identification tests and sequencing,  the 
study  identified the isolates as Pseudomonas oleovorans 
(Rs1),  Pseudomonas parafulva (Rs2, Rs3 and Rs5), 
Pseudomonas sp. (Rs4, Rs7 and Rs9), Pantoea sp. (Rs6), 
Microbacterium paraoxydans  (Rs8), Bacillus safensis 
(Rs10), Chryseobacterium indoltheticum (Rs11) and  
Bacillus thuringiensis (Rs12). Moreover, phylogenetic 
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Table 1. Morphological characteristics of bacteria from R.simulans.

Codes Colonyshape Colonycolors Cell shape Gram (+/-) Spore form

Rs1 Irregular Yellow Bacil - -

Rs2 Circular Yellow Bacil - -

Rs3 Circular Yellow Bacil - -

Rs4 Irregular Yellow Bacil - -

Rs5 Circular Yellow Bacil - -

Rs6 Circular Yellow Bacil - -

Rs7 Circular Yellow Bacil - -

Rs8 Circular Yellow Bacil + -

Rs9 Circular Yellow Bacil - -

Rs10 Irregular Cream Bacil + Central, +

Rs11 Circular Yellow Bacil - -

Rs12 Irregular Cream Bacil + Central, +

Table 2.  Physical and biochemical tests of bacterial strains from R.simulans.

 NaCl Test Temperature Test   pH  Test    Biochemical Tests

Codes 3% 5% 9% 30ºC 40ºC 50ºC 4 5 7 11 12 13 Catalase Oxidase Starch Hydrolysis

Rs1 + + - + + -  -  +  +  +  -  - + - -

Rs2 + - - + - -  -  -  +  +  +  + + + -

Rs3 + - - + _ -  -  -  +  +  +  + + + -

Rs4 + - - + + -  -  +  +  +  -  - + + -

Rs5 + - - + - -  -  -  +  +  +  + + + -

Rs6 + + - + - -  +  +  +  +  -  - + + -

Rs7 + - - + - -  -  -  +  +  +  + - + -

Rs8 + - - + - -  -  -  +  +  +  + + - -

Rs9 + - - + - -  -  -  +  +  +  + Z+ + -

Rs10 + + + + + +  -  +  +  +  +  + + Z+ -

Rs11 + - - + - -  -  -  +  -  -  - + + -

Rs12 + + - + + -  -  +  +  +  +  + + - +

Figure 1. Maximum Likelihood Tree of Gram-positive bacterial 
isolates from R. simulans and their closely related bacterial species. 
Bootstrap values ≥70% was  labeled. The scale on the bottom of the 
dendrogram showed the degree of dissimilarity.
 

Figure 2. Maximum Likelihood Tree of negative Gram-bacterial 
isolates from R. simulans and their closely related bacterial species. 
Bootstrap values ≥70% was labeled. The scale on the bottom of the 
dendrogram showed the degree of dissimilarity.
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Table 3. The results of API 20 E panel test system of bacteria from R.simulans.
Tests Rs1 Rs2 Rs3 Rs4 Rs5 Rs6 Rs7 Rs8 Rs9 Rs10 Rs11 Rs12
ONPG + + - - - + - + - + - -
ADH + + + - + + - - + - + +
LDC - - + - - - - - - - - -
ODC - - - - - - - - - - - -
CIT + + + + + - + + + + + -
H2S - - - - - - - - - - - -
URE - - - - - - - - - - - -
TDA + + - + - - + + - + + +
IND - - - - - - - - - - + -
VP + + + + - + - - + + + -
GEL - + - + + + + + + + + +
GLU - - - - + + - + - + - +
MAN - - - - - + - + - + - -
INO - - - - - - - - - - - -
SOR - - - - - - - - - - - -
RHA - - - - - + - - - - - -
SAC - - - - - + - + - + - +
MEL - - - + - + + - + - - -
AMY - - - - - + - + - + - +
ARA + - - + - + + + + + - -
OX - + + + + + + - + - + -
NO2 - + + - + + - - + - - -
N2 + - - - - - + - - + + +
MOB - - + - - - - - - - - -
McC + + + + + + + + + + + +
OF-O + + + + + + + + + + + +
OF-F - - - - - - - - - - - -

Table 4. The results of API 50 CHB panel test system of 
bacteria from R. simulans.
Tests Rs8 Rs10 Rs12
GLY + + +
ERY - - -
DARA - - -
LARA + + -
RIB + + +
DXYL + + -
LXYL - - -
ADO - - -
MDX - - -
GAL + + -
GLU + + +
FRU + + +
MNE + + -
SBE - + -
RHA - - -
DUL - - -
INO - - -
MAN + + -
SOR - - -
MDM - + -
MDG - + -
NAG + + +
AMY + + -
ARB + + +
ESC + + +
SAL + + -
CEL + + +
MAL + + +
LAC - + -

MEL - - -
SAC + + +
TRE + + +
INU - - -
MLZ - - -
RAF - - -
AMD - - -
GLYG + - +
XLT - - -
GEN - + -
TUR + + -
LYX - - -
TAG - + -
DFUC - - -
LFUC - - -
DARL - - -
LARL - - -
GNT - - -
2KG - - -
5KG - - -
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analysis of 16S rRNA genes also supported this identification 
(Figure 1-2).

The study  also tested the insecticidal activity of the 
bacterial isolates, which were obtained from R. simulans 
against the nymphs and adults of the pest as a possible 
biocontrol agent. All of them produced different mortality 
values in comparison to each other and the control group (P 
< 0.05).

The highest nimphal mortalities were obtained from Rs4 
with 82% within 10 days 12:12 photoperiods in laboratory 
conditions (Figure 3). Adult mortalities were obtained 
from Rs10 with 80% within 10 days 12:12 photoperiods in 
laboratory conditions (Figure 4). 

Figure 3. Insecticidal activity of bacterial isolates against nymphal-
stage of R. simulans.
 

Figure 4. Insecticidal activity of bacterial isolates against adult 
stage of R. simulans.

The study also tested  Bacillus thuringiensis tenebrionis 
Xd3, Bacillus thuringiensis kurstaki MnD, Bacillus 
thuringiensis kurstaki BnBt and Serratia marcescens BnSm 
both on nymphal stage and adult stage of R. simulans (Figure 
5-6). The highest insecticidal activity obtained from BnSm 
strain was 75% in nymphal stage and 93% in adult stage. 

Figure 5. Insecticidal activity against nymphal stage of R. simulans 
of B. thuringiensis (Xd3, MnD, BnBt) and S. marcescens (BnSm) 
isolates.

 
Figure 6. Insecticidal activity against adult stage of R. simulans of 
B. thuringiensis (Xd3, MnD and BnBt) and S. marcescens (BnSm) 
isolates.

DISCUSSION
Biological control is very important to reduce the 

damage caused by chemical drugs widely used in the 
agriculture. Biological control is also important  to sustain   
tea production and to control pest population without using 
chemical pesticides in Turkey. Ricania simulans (Hemiptera: 
Ricaniidae) is a seriously harmful pest  whose population 
has been increasing significantly in the Eastern Black Sea 
Region of Turkey, especially in tea fields  [1]. Although R. 
simulans is widespread in China, Japan, Taiwan and Turkey, 
there is no effective strategy to control this harmful  pest 
[39].

Bacterial pathogens have been tested and used 
effectively in pest control for a long time and some of them 
have been improved as bio-pesticides and are still used in 
pest management systems [10,35].

Although a number of pests have been  investigated for 
bacterial flora and tested for safe biological control agent [35], 
there is no study on bacterial flora of R. simulans regarding 
the biology of insect and potential biological control agents. 
However, there has recently been an increasing interest in 
finding more pathogenic and safer bacterial isolate against 
hazardous insects. Hence,  this study aimed to isolate 
effective and safer bacterial control agents from R. simulans 
and characterize these bacterial isolates in detail. 

In a previous study, a fungal (Lecanicillium muscarium) 
sample was used as control agent against R. simulans in 
Turkey [14]. However,  only 74.76% killing of this pest was 
achieved and fungi requires more specific conditions to grow 
in nature as well as their slow growth compared to bacteria. 
In this study, 12 bacteria were  isolated from this insect and 
tested  as potential biological control agents against this 
insect for the first time. 

Rs1 isolate shared 99% 16S rRNA gene sequence 
homology with Pseudomonas oleovorans. Rs1 was  
separated from other Pseudomonas species with the help of 
biochemical tests [16]. P. oleovorans was  a Gram-negative, 
methylotrophic bacterium that was a source of rubredoxin. 
It was first isolated in water-oil emulsions used as lubricants 
and cooling agents for cutting metals. Based on 16S rRNA 
analysis, P. oleovorans was  placed in the P. aeruginosa group 
[4]. It was significant  that this bacteria was found to  have 
antiviral activity against plant viral diseases (Tobamovirus, 
Potyvirus, Tenuivirus, Cucumovirus and Begomovirus). P. 
oleovorans was  isolated from an insect for the first time in 
this study. Rs1 isolate demonstrated 75 and 73% insecticidal 
activity on nymph and adult stages, respectively within 10 
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days at 12:12 photoperiods in laboratory conditions.
Rs2, Rs3 and Rs5 isolates were classified as 

Pseudomonas parafulva. 16S rRNA results, biochemical 
and physical characteristics were taken into account in 
the classification [17]. P. parafulva is a Gram-negative 
environmental bacterium [40] originally isolated from rice 
and commonly associated with rice plants, grains and paddy 
fields [24]. P. parafulva was  isolated from an insect for the 
first time in this study. Mortalities were obtained from Rs2, 
Rs3 and Rs5 with 65%, 79% and 79% on nymphal stage and 
with 60%, 53% and 66% on adult stage, respectively within 
10 days at 12:12 photoperiods in laboratory conditions.

Rs4, Rs7 and Rs9 were determined as Pseudomonas sp. 
at genus level. Sixteen species of the genus Pseudomonas 
have been found in insects to date. Isolation of P. aeruginosa 
and P. fluorescens from insects has frequently been reported 
in literature [34]. A number of Pseudomonas species are 
important insect pathogens, i.e. P. aeruginosa [26], P. 
fluorescens [34] and P. chlororaphis [9]. Although most of 
the Pseudomonas isolates appear insignificant as an insect 
pathogen [32], the  Pseudomonas isolate (Rs4) in this study 
was  highly pathogenic against R. simulans.  Insecticidal 
activities were obtained from Rs4, Rs7 and Rs9 with 82%, 
57% and 75% on nymphal stage and with 66%, 60% and 
46% on adult stage, respectively within 10 days.

According to bioassay results, Pseudomonas sp. (Rs4) 
showed the highest insecticidal activity on R. simulans. 
The highest insecticidal activity occurred with 82% for Rs4 
isolate on nymphal stage of R. simulans at a dose of 1.8 X 
109 CFU/ml. 

Rs6 isolate was classified as Pantoea sp. The genus 
Pantoea includes several species that are generally associated 
with plants, either as epiphytes or as pathogens, and some 
species can cause disease in humans. Pantoea agglomerans, 
the Pantoea species most commonly isolated from humans, 
is widely distributed in nature and has been isolated from 
numerous ecological niches, including plants, water, soil, 
humans, and animals [12]. Therefore, this bacterial isolate 
cannot be used as biological control agent. This isolate has 
67 and 73% insecticidal activity on nymphal and adult stage 
of R. simulans.

Rs8 was classified as Microbacterium paraoxydans 
according to 16S rRNA results, biochemical and physical 
characteristics. M. paraoxydans is distinguished from other 
species wherefore glucose testing, L arabinose and H2S 
test positive [18], M. oxydans has been isolated especially 
from clinical specimens and has also been isolated from 
an insect species before [33]. This isolate showed 63 and 
66% insecticidal activities on nymphal and adult stage of R. 
simulans, respectively.

16S rRNA sequence analysis showed Rs10 similarity 
with Bacillus safensis by 99% identities. Biochemical and 
physical tests  are easier to distinguish from other species.
The presence of the species has also been reported in desert 
soil, sweet meat whey, root tubers, and rhizosphere [21]. B. 
safensis was  isolated from an insect for the first time in this 
study. Rs10 showed 68% mortality on nymphal stage and 
80% mortality on adult stage within ten days. Therefore, this 
bacterial isolate can be used as biological control agent.

According to the 16S rRNA sequence analysis, Rs11 
was similar to Chryseobacterium indoltheticum by 99%. 
Rs11 is distinguished from other species wherefore indole 
and urea tests positive [27]. C. indoltheticum was  isolated 
from an insect for the first time in this study. Rs11 showed 
52% mortality on nymphal stage and 46% mortality on 

adult stage within 10 days 12:12 photoperiods in laboratory 
conditions.

Rs12 was 99% similar to Bacillus thuringiensis 
according to the result of 16S rRNA sequence analysis. 
These data were supported by conventional tests and the API 
microbial identification system. B. thuringiensis as control 
agent is widely applied to pests [22]. B. thuringiensis does 
not create toxic effects on humans and beneficial organisms 
[36] . B. thuringiensis forming toxic effects in insects is a soil 
bacterium [7]. In addition, some researchers emphasize that 
it doesn’t create resistance to  insects  as other insecticides 
do [13]. The existing Bacillus thuringiensis among bacteria 
isolated from R. simulans has made it possible  to test  the 
insecticidal activity against R. simulans. According to 
bioassay results, the insecticidal activity occurred with 65 
and 66% for B. thuringiensis (Rs12) isolate on nymphal and 
adult stages of R. simulans at a dose of 1.8 X 109 CFU/ml. 
Therefore, this bacterial isolate can be used as biological 
control agent.

Likewise, Bacillus thuringiensis tenebrionis (Xd3), 
Bacillus thuringiensis kurstaki (MnD), Bacillus thuringiensis 
kurstaki (BnBt) obtained from the KTU microbiology 
laboratory showed insecticidal activity with 15, 15 and 15% 
on nymphal stage of R. simulans, respectively and with 13, 
40 and 20% on adult stage of R. simulans, respectively.

Moreover, S. marcescens had highest effect in insecticidal 
activity trials performed with four bacteria obtained from 
the KTU microbiology laboratory. The activity was 93% 
on adult stage of R. simulans. Insecticidal activity occurred 
with 75% for S. marcescens isolate on nymphal stage of R. 
simulans. S. marcescens cultures, chitinases and chitinase 
genes are very important biological control agents [8]. S. 
marcescensis very effective bacteria in the degradation of 
chitin [25]. Serratia species have often been associated with 
insect diseases and this genus contains insect pathogenic 
strains which are usually considered to be opportunistic or 
facultative pathogens, as they are often virulent to insects 
when present in the digestive tract but are lethal upon 
entering insect hemocoel following injury or stress [19]. S. 
marcescens causes disease in plants and in a wide range of 
invertebrate and vertebrate hosts. Additionally, there was no 
report  of death in the control groups in trial to confirm the 
detection of insecticidal activity  due to the tested bacteria. 
In light of these results, the integrated biological control in 
the region is also advisable to fight mechanics.

In conclusion, this is the first study to determine the 
bacterial flora and bacterial control agent of R. simulans. 
The study  isolated and characterized twelve bacteria from 
R. simulans and tested their effectiveness on it. Some of the 
isolates appear to be significant candidates in the biological 
control of this pest. In particular, Pseudomonas sp., B. 
safensis and B. thuringiensis are the most promising isolates 
for the microbial control of R. simulans.

Acknowledgements
This work was supported by The Karadeniz Technical 

University Research Foundation (BAP-11420). 

REFERENCES
 [1] Ak K, Güçlü Ş, Sekban R. 2013. Doğu Karadeniz 

Bölgesinde Yeni Bir Zararlı Ricaniasimulans (Walker, 1851) 
(Hemiptera: Ricaniidae)’a Karşı Azadirachtin ve Spinosad 
Etki Maddeli Biyopestisitlerin Etkinliklerinin Belirlenmesi. 
Tarım Bilimleri Araştırma Dergisi. 6, 10-14.



F. Alev Çeti̇n and K. Sezen/JABS, 10 (2): 56-63, 2016
62

[2] Ak K, Güçlü Ş, Eken C, Sekban R. 2015. Türkiye için 
yeni bir zararlı Ricania simulans (Walker, 1851) (Hemiptera: 
Ricaniidae). Türkiye entomoloji dergisi, 39, 2, 179-186.

[3] Altschul SF, Gish W, Miller W, Myers EW, Lipman 
DJ. 1990. Basic local alignment search tool. Journal of 
Molecular Biology. 215, 403–410.

[4] Anzai Y, Kim H, Park JY, Wakabayashi H, Oyaizu H. 
2000. Phylogenetic affiliation of the pseudomonads based on 
16S rRNA sequence. International Journal of Systematic and 
Evolutionary Microbiology. 50, 1563–89. 

[5] Bahar AA, Demirbağ Z. 2007. Isolation of pathologic 
bacteria from Oberea linearis (Coleoptera: Cerambycidae). 
Biologia, 62, 1, 13-18.

[6] Bajwa WI,  Kogan M. 2002. Compendium of IPM 
definitions (CID)- What is IPM and how is it defined in the 
Worldwide Literature? Integrated Plant Protection Center 
(IPPC)  (Vol. Publication no: 998). Oregon State University, 
Corvallis.

[7] Beegle CC, Yamamato T. 1992. Invitation paper (C. 
P. Alexander Fund): History of B. thuringiensis Berliner 
research and development. The Canadian Entomologist, 
124, 587-616. 

[8] Brurberg MB, Synstad B, Klemsdal SS, van Aalten  
DMF, Sundheim L, Eijsink VGH.  2000. Chitinases from 
Serratia marcescens. Recent Research Developments in 
Microbiology, 12.

[9] Bucher GE. 1981. Identification of bacteria found in 
insects. In Burges, H.D. (ed): Microbial Control of Pests and 
Plant Diseases. Academic Press, New York.pp. 7-33. 

[10] Burges HD. 1998. Formulation of Microbial 
Biopesticides. The Netherlands: Kluwer Academic 
Publishers. 

[11] Claus M. 1992. A Standardized Gram Staining 
Procedure. World Journal of Microbiology and 
Biotechnology. 8, 451-452.

[12] Dele´toile A, Decre´ D, Courant S, Passet V, Audo 
J, Grimont P, Arlet G, Brisse S. 2009. Phylogeny and 
Identification of  Pantoea Species and Typing of Pantoea 
agglomerans Strains by Multilocus Gene Sequencing. 
Journal of Clinical Microbiology. 47, 300–310. 

[13] Gasser CS, Fraley RT. 1989. Genetically engineering 
plants for crop improvment. Science (Washington, DC). 
224, 1290-1299. 

[14] Güçlü Ş, Ak K, Eken C, Akyol H, Sekban R, 
Beytut B, Yıldırım R. 2010. Pathogenicity of Lecanicillium 
muscarium against Ricania simulans. Bulletin of Insectology, 
63, 243-246. 

[15] Hall TA. 1999. BioEdit: a user-friendly biological 
sequence aligment editor and analysis program for Windows 
95/98/NT.Nucleic Acid Symposium Series. Oxford 
University Press.41, 95-98.

[16] Hauser E, Kampfer P, Busse HJ. 2004. Pseudomonas 
psychrotolerans sp. nov..International Journal of Systematic 
and Evolutionary Microbiology. 54, 1633–1637. 

[17] Hildebrand DC, Palleroni NJ, Hendson M, Toth 
J, Johnson JL. 1994. Pseudomonas flavescens sp. nov. 
Isolated from Walnut Blight Cankers. International Journal 
of Systematic Bacteriology. 44, 410-415. 

 [18] Kim KK, Lee KC, Oh HM, Lee JS. 2008. 
Microbacterium aquimaris sp. nov., Isolated from Seawater. 
International Journal of Systematic and Evolutionary 
Microbiology. 58, 1616–1620. 

[19] Klein MG, Kaya HK. 1995. Bacillus and Serratia 
species for scarab control. Memórias do Instituto Oswaldo 
Cruz, 90, 87–95. 

 [20] Krieg NR, Holt JG. 1986. Gram-Negative Aerobic 
Rods and Cocci. In N. J. Palleroni (Ed.), Baltimore: The 
Williams and Wilkins Co. Bergey’s Manual of Systematic 
Bacteriology, pp. 140-218. 

[21] Laborda PR, Fonseca FSA, Angolini Célio FF, 
Oliveira VM, Souza AP, Marsaiolib AJ. 2014. Genome 
Sequence of Bacillus safensis CFA06. Isolated from 
Biodegraded Petroleum in Brazil, Genome Announcements. 
2, 1. 

[22] Lacey LA, Frutos R, Kaya HK, Vail P. 2001. Insect 
Pathogens as Biological Control Agents:Do They Have a 
Future?. Biological Control, 21, 230–248.

[23] Lee HH, Jung JD, Yoon MS, Lee KK, Lecadet 
MM, Charles JF, Dumanoir VC, Franchon E, Shim JC. 
1995. Distribution of Bacillus thuringiensis in Korea. B. 
thuringiensis Biotechnology Environmental Benefits, 1, 
201-215.

[24] Lizuka H, Komagata K. 1963. New species of 
Pseudomonas belonging to fluorescent group (Studies 
on the microorganisms of cereal grains. Part V. Nippon 
Nogeikagaku, Kaishi, 37, 137–141.

 [25] Monreal J, Reese ET. 1969. The chitinase 
of Serratia marcescens. Canadian Journal Microbiology.15, 
689–696.  

 [26] Osborn, F Berlioz L, Vitelli-Flores J, Monsalve 
W, Dorta B, Rodríguez L V.  2002. Pathogenic effects of 
bacteria isolated from larvae of Hylesia metabus Crammer 
(Lepidoptera: Saturniidae). Journal Invertebrate Pathology. 
80, 7-12. 

[27] Park MS, Jung SR, Lee KH, Lee MS, Do JO, Kim 
SB, Bae KS. 2006. Chryseobacterium soldanellicola sp. 
nov. and Chryseobacterium taeanense sp. nov., Isolated 
from Roots of Sand-Dune Plants. International Journal of 
Systematic and Evolutionary Microbiology. 56, 433–438. 

[28] Pertek M. 2006. Türk çayında pestisit yok, TMMOB 
Ziraat Mühendisleri Odası.

[29] Poinar GO. 1978. Identification of the groups of 
insect pathogens. Plenum Press, New York. 

[30] Prescott LM, Harley JP, Klein DA. 1996. 
Microbiology. England: Wm. C. Brown. 

 [31] Sambrook J, Fritsch EF, Maniatis T. 1989. Molecular 
Cloning. New York: Cold Spring Harbor Laboratory Press. 

 [32] Schneider M, Dorn A. 2001. Differential infectivity 
of two Pseudomonas species and the immune response in the 
milkweed bug, Oncopeltus fasciatus (Insecta: Hemiptera). 
Journal Invertebrate Pathology, 78, 135-140. 

[33] Secil ES, Sevim A, Demirbağ Z, Demir I. 2012. 
Isolation, characterization and virulence of  bacteria from 
Ostrinianu bilalis (Lepidoptera: Pyralidae). Biologia, 67, 
767-776. 

[34] Sezen K, Demirbağ Z. 1999. Isolation and 
insecticidal activity of some bacteria from the hazelnut 
beetle (Balaninus nucum L.). Applied Entomology Zoology. 
34, 85-89. 

 [35] Sezen K, Demirbağ Z. 2010. Characterisationand 
Toxicity of Bacillus thuringiensis Strains From Hazelnut 
Pests And Fields, Pest Management Science. 66, 543-548. 

 [36] Tabashnick BE, Cushing NL, Finson N, 
Johnson MW. 1990. Field development of resistance 
to B. thuringiensis in diamondback moth (Lepidoptera: 
Plutellidae). Journal Economic Entomology,83, 1671-1676. 

[37] Tamura K, Dudley J, Nei M, Kumar S. 2007. 
MEGA4: Molecular Evolutionary Genetics Analysis 
(MEGA) software version 4.0. Molecular Biology and 
Evolution, 24, 1596–1599. 



F. Alev Çeti̇n and K. Sezen/JABS, 10 (2): 56-63, 2016
63

[38] Thiery I, Frachon E. 1997. Identification, isolation, 
culture and preservation of entomopathogenic bacteria, In: 
Lacey A.L. (ed), Manual of Techniques in Insect Pathology. 
Academic Press, London. 55-73. 

 [39] Tsaur SC. 2005. Some Fulgoroids (Insecta: 
Hemiptera) Collected on Turtle Island, Taiwan, Zoological 
Studies, 44, 1-4. 

[40] Uchino M, Shida O, Uchimura T, Komagata K. 
2001. Recharacterization of Pseudomonas fulva Iizuka and 
Komagata 1963, and proposals of Pseudomonas parafulva 
sp. nov. and Pseudomonas cremoricoloratasp. nov.. Journal 
General Applied Microbiology, 47, 247–261.  

[41] Weisburg WG, Barns SM, Pelletier DA, Lane DJ. 
1991. 16S ribosomal DNA amplification for phylogenetic 
study.  Journal of Bacteriology, 173, 697-703. 

 


