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ABSTRACT 

In the 2022-2023 season, this study done at the Desert and Sawa Lake Research Center Laboratory of 
Al-Muthanna University explored the effects of bacterial isolates Raoultella planticola and Providencia 
rettgeri on insects. Different concentrations and periods of exposure were evaluated against life stages of 
Rhyzopertha dominica (F). The results showed that after treatment with P. rettgeri, the mortality rate in 
second-instar larvae of male and female significantly increased (13.14- 40.26%). The period of exposure of 
96 hr was significantly superior (18.44- 47.18%); the triple interference treatment (P. rettgeri + 96 hr + 106) 
was significantly superior than others in giving mortality of all life stages to an extent of 23.33 - 84.96%. 
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The lesser grain borer Rhyzopertha dominica 
(F) belonging to the order: Coleoptera and family:
Bostrichidae, is a widespread storage pest. It
causes significant damage to wood, and dried fruits
(Ziaee,.2016). Its larvae enter the grain and feed on its
contents, leaving only the peel behind. Besides their
ability to pierce, they consume more food than they
need, even in the driest grains that other insects cannot
pierce (Rajabpour et al., 2019). Many insects cause
significant damage tin storage, thereby negatively
affecting their marketing value (Chen, 2013). This
prompts use of farmers to overuse pesticides resulting
in contamination and residues (Ahmed et al., 2021).
Hence, insect control using biological controls,
which include the use of predators, insect parasites
and pathogens such as fungi, viruses, bacteria, and
insect growth promoters is emerging as an ecofriendly
alternative (Zhang et al., 2019). Bacteria have a wide
distribution in the environment and interact with
insects in various ways, including basic symbiosis
(Feldhaar, 2011). While many bacteria inhabit insects
and establish mutualistic symbioses to varying degrees, 
only a limited number play a role as insect pathogens.
The latter have developed multiple strategies to invade
the host, overcome its immune response, and infect
and kill the host. It is thinking that the mechanisms
leading to these types of interactions have ancient
origins and developed during a long process of
coevolution (Vilcinskas, 2010). After decades of

research on microbial pest management, mainly Bacillus 
thuringiensis, new bacterial species with innovative 
modes of action are being discovered and developed 
into new products. Important examples include the 
symbiosis of the pathogenic nematode Photobacterium 
spp. and Xenorhabdus spp., Serratia spp., Yersinia 
entomophagus, Pseudomonas entomophaga, and 
the recently discovered betaproteobacteria genus 
Burkholderia. As well as the type of bacteria Streptomyces 
spp. and Saccharopolyspora and Providencia species 
(Vallet-Gely et al., 2008). The goal of this study was to 
evaluate how effective a biocide containing Raoultella 
planticola and Providencia rettgeri (either alone or 
combined) is against Rhyzopertha dominica.

MATERIALS AND METHODS

Local bacterial isolates R. planticola and P. rettgeri 
were obtained from the laboratories of Badia Research 
Center and Sawa Lake/Muthanna University. Add 5 
ml of 0.9% saline solution to the bacterial culture to 
prepare a bacterial suspension with a concentration of 
(102, 104, and 106 ml/ CFU), use a sterile L-shaped 
harvester to separate the bacterial growth, and use 
a wine medical syringe to remove the metal part, 
After adding 5 ml of sterile saline solution, filter the 
suspension through two layers of gauze fixed on the 
glass funnel to ensure the removal of all bacteria and 
remove residues from the food environment. Collect the 
bacterial suspension in a 100 ml conical glass flask. A 
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basic bacterial stock suspension is obtained from this. 
The bacterial concentration is prepared in 8 sterile test 
tubes with a capacity of 10 ml. We pipette 1-8 and put 9 
ml of saline solution with a concentration of 0.9% into 
each tube, and then we pre-add 1 ml of basic bacterial 
suspension, which we will prepare with a micropipette. 
To achieve the concentration, I removed the solution 
and added it to test tube No. 2. Add 108 ml from test 
tube No. (2) to test tube No. (3) to gain a concentration 
of 107. Continue concentrating on the remaining tubes 
until you reach concentration No. 101. In this way, the 
concentrations required for the experiment (102, 104, 
106) were obtained (Lacey, 1997).

After preparing the desired concentration, prepare 
the nutrient medium Nutrient Agar according to the 
manufacturer’s recommendations by dissolving 28 g of 
the medium in 1 liter of distilled water and sterilizing 
it in an autoclave at a temperature and pressure of 
121°C. 1.5 bar for 15 min, then pour into a Petri 
dish and allow to solidify, transfer 2 µl of the desired 
concentration using a (micropipette) and spread using 
a sterile L-shaped glass rod and incubate at 30°C± 2. 
After 24 hr, after confirming the growth of the isolate, 
count the number of colonies growing in the petri dish 
according to (Lacey, 1997) to prove that two isolates 
are growing on the same medium, and the dual vaccine 
can be obtained. There is no antagonism between the 
two isolates (Jassem, 2017). Bacterial commentator: 
After the counting of the bacterial colonies for the R. 
After counting the bacterial colonies for R. planticola 
and P. rettgeri, we placed the dishes at a temperature 
of 30 ± 2 C° and then added 5 ml of the phosphate salt 
solution (PBS) with a pH of 7.2 to the nutritional agar 
culture containing the bacterial colonies. We collected 
the bacteria and transferred them to sterile tubes, which 
were then stored in the refrigerator until needed (Thiery, 
1997).

Effects of Raoultella planticola and Providenccia 
rettgeri bacteria on R. Dominica insects' various to test 
the three concentrations of R. planticola (6.1 x 102, 
6.1 x 104, 6.1 x 106) ML /CFU, and P. Rettgeri (4.39 
x 102, 4.39 x 104, 4.39 x 106) ML/ CFU, While the 
double inoculum vaccine R. The experiment tested three 
concentrations of R. planticola (6.1 x 102, 6.1 x 104, 6.1 
x 106) ML/ CFU, and P. Rettgeri (4.39 x 102, 4.39 x 104, 
4.39 x 106) ML/ CFU. Additionally, a double inoculum 
vaccine of R. planticola and P. rettgeri (5.52 x 102, 5.52 
x 104, 5.52 x 106) ML/ CFU was sprayed using a small 
sterile sprayer to ensure even distribution of the entire 
Petri dish. The control treatment involved spraying 

sterile distilled water and then culturing the bacterial 
suspension. Treat in an incubator with a temperature of 
30± 2°C and a humidity of 70± 5%. Then the killing rate 
is calculated after 7 days of treatment (Ahmedani et al., 
2008). The results are based on the Orell and Schneider 
equation (Shaaban and Al-Mallah, 1993). For statistical 
analysis, R C B D design was used with treatments 
replicated thrice. Upon designing several ratios and 
converting them to arcsine transformed values, mean 
values were compared (LSD, p ≤ 0.01).

RESULTS AND DISCUSSION

Table 1 shows that there are significant differences 
in the mortality of the second instar larvae of the insect 
among different treatments, If the results overall show 
that biological factors at different concentrations 
are significantly better than the control treatment, 
concentration 106 records the highest mortality rate 
of 59.29%, while the mortality rate of the control 
treatment is 0%. Significant differences were observed 
between the resistance factors used in the studies. 
The study showed that the second-instar larvae of R. 
dominica treated with isolate of P. rettgeri showed the 
highest mortality rate of 40.26%, while the mortality 
rate of the two-bacteria treatment was the lowest at 
30.26%. Mortality rate of the second-instar larvae 
was significantly different with exposure periods; 
maximum was 47.18% at 96 hr of exposure; and the 
least of 19.49% was at 24 hr. The interaction between 
concentration and exposure was significant- as 96 
hr exposure of P. rettgeri gave maximum mortality 
(81.81%). Triple intervention treatment has obvious 
significant differences (P. rettgeri + 96 hr + 106) with 
mortality reaching 84.96%. As regards concentration 
factor, single and double biological resistance factors, 
and exposure time have significant effects on the 
mortality of fourth-instar larvae; Concentrations (102, 
104, 106) are better than the contrast treatment; rate 
of concentration 106 is 41.36%; P. rettgeri isolate was 
significantly better than the biological resistance agent, 
with the highest mortality rate of fourth-instar larvae 
at 39.79%, while the double treatment (R. planticola 
and P. rettgeri) had the lowest rate at 17.07%, There 
was a significant difference in the impact of exposure 
time. The fourth-instar larvae at exposure time of 96 
hr showed the highest mortality (42.38%), while the 
exposure time of 24 hr showed only 12.78%.

The significant effect of the interaction between the 
biological resistance factor added singly or double with 
the duration of exposure to it, as the treatment of the 
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Table 1. Effects of R. planticola and P. rettgeri bacteria on R. dominica

Bacteria Concentration Time (hr) R×C R
T1 T2 T3 T4

Second-instar larvae
R1 C0 0 0 0 0 0

C1 26.51 40.08 45.31 51.49 40.85
C2 33.44 56.22 63.23 71.51 56.10
C3 36.65 63.31 77.26 84.96 65.52

R1×T 24.12 39.90 46.45 51.99 40.26
R2 C0 0 0 0 0 0

C1 16.91 35.96 34.04 37.18 31.02
C2 30.08 50.40 60.02 69.79 52.57
C3 32.19 60.90 73.31 82.00 62.10

R2×T 19.79 36.81 41.84 47.24 36.42
R3 C0 0 0 0 0 0

C1 16.20 26.24 29.59 32.81 26.21
C2 18.60 39.71 53.25 57.97 42.38
C3 23.37 44.59 63.40 78.49 52.46

R3×T 14.54 27.63 36.56 42.31 30.26
T 19.49 34.73 41.62 47.18  average c
C×T C0 0 0 0 0 0

C1 19.87 34.09 36.31 40.49 32.69
C2 27.37 48.78 58.83 66.42 50.35
C3 27.76 56.27 71.33 81.81 59.29

LSD R×C×T C×T R×T R×C T C R
0.560 0.323 0.280 0.280 0.161 0.161 0.140

Fourth-instar larvae
R1 C0 0 0 0 0 0

C1 13.57 25.97 30.03 35.94 26.38
C2 19.95 43.00 48.97 55.94 41.96
C3 23.21 51.15 62.64 66.79 51.02

R1×T 18.91 40.04 47.31 52.89 39.79
R2 C0 0 0 0 0 0

C1 6.86 13.98 22.01 24.89 16.93
C2 16.11 29.91 42.02 48.97 34.28
C3 20.02 34.74 46.64 63.18 41.15

R2×T 14.33 26.21 36.93 45.68 30.79
R3 C0 0 0 0 0 0

C1 3.13 8.28 17.85 18.56 11.96
C2 6.19 12.17 36.12 43.12 24.40
C3 11.04 22.32 41.65 52.61 31.91

R3×T 5.09 10.69 23.90 28.57 17.07
T 12.78 25.65 36.05 42.38 average c
C×T C0 0 0 0 0 0

C1 7.85 16.07 23.30 26.47 18.42
C2 14.09 28.36 42.40 49.34 33.55
C3 18.09 36.07 50.41 60.86 41.36

L.S.D R×C×T C×T R×T R×C T C R
0.329 0.164 0.190 0.164 0.095 0.095 0.082

(contd.)
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Adult females
R1

C0 0 0 0 0 0
C1 3.09 7.98 12.28 17.37 10.18
C2 5.47 16.49 23.25 30.99 19.05
C3 8.02 19.16 27.06 39.08 23.33

R1×T 4.14 10.90 15.64 21.86 13.14
R2 C0 0 0 0 0 0

C1 1.91 4.19 8.83 11.89 6.70
C2 4.13 11.80 20.13 27.06 15.78
C3 6.93 15.89 25.05 37.01 21.22

R2×T 3.24 7.97 13.50 18.99 10.92
R3 C0 0 0 0 0 0

C1 0.59 2.18 5.56 8.19 4.13
C2 4.04 4.12 12.87 21.74 10.7
C3 10.35 7.11 17.52 27.97 15.73

R3×T 3.75 3.35 8.98 14.47 7.64
T 3.71 7.41 12.71 18.44 average c
C×T C0 0 0 0 0 0

C1 1.86 4.78 8.89 12.48 7.00
C2 4.55 10.80 18.75 26.59 15.17
C3 8.43 14.08 23.21 34.68 20.09

L.S.D R×C×T C×T R×T R×C T C R 
0.485 2.485 2.152 2.152 1.243 1.243 1.076

Adult males
R1 C0 0 0.22 1.17 1.47 0.71

C1 3.98 9.92 14.75 21.28 12.48
C2 5.87 17.69 26.06 34.92 21.14
C3 8.34 23.27 34.04 43.58 27.31

R1×T 4.55 12.77 19.01 25.31 15.41
R2 C0 0.60 0.36 1.04 1.30 3.74

C1 2.12 5.12 10.81 14.99 6.77
C2 5.59 13.00 22.95 29.96 15.95
C3 7.73 17.72 27.99 41.18 22.50

R2×T 4.01 9.05 15.70 21.86 12.24
R3 C0 0.24 0.10 0.97 1.19 0.62

C1 0.91 4.40 9.71 11.88 6.73
C2 2.78 6.02 18.38 26.05 13.31
C3 4.96 10.40 23.77 33.01 18.04

R3×T 2.22 5.23 13.21 18.03 9.67
T 4.86 12.52 20.98 27.82 average c
C×T C0 0.28 0.23 1.06 1.32 0.72

C1 2.34 6.48 11.76 16.05 9.16
C2 4.75 12.23 22.47 30.31 17.44
C3 7.01 17.13 28.60 29.25 23.00

L.S.D R×C×T C×T R×T R×C T C R 
0.347 0.200 0.173 0.173 0.100 0.100 0.086

R1: First bacterial vaccine (P. rettgeri), R2: Second bacterial vaccine (R. planticola), R3: Double bacterial vaccine (R. planticola + P. 
rettgeri); C0:first concentration (0), C1: second concentration (102), C2: third concentration (104), C3: fourth concentration (106); T1- 24 
hr; T2- 48 hr; T3- 72 hr; T4- 96 hr.

(contd. Table 1)
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bacterial isolate P. rettgeri showed maximum mortality 
of 52.89% at an exposure period of 96 hr, compared to 
the double bacterial treatment with an exposure period 
of 24 hr. The results also showed that the interaction 
coefficient between concentration and exposure 
time was better than the comparison treatments if 
the concentration of 106 at 96 hr (60.86%). There 
were significant differences in the triple interference 
coefficients. There are significant differences in the 
mortality of adult females with treatments. There were 
also significant differences between the biological 
resistance factors, with P. rettgeri giving maximum 
mortality rate of 13.14%, while interactions between 
bacterial isolates recorded the lowest mortality rate 
of 7.64%. There were significant differences in the 
mortality rate during exposure periods; maximum was 
18.44% after 96 hr of treatment, while it was only 
3.71% after 24 hr; also significant differences between 
disturbance treatments was observed- maximum being 
with disturbance treatments viz., P. rettgeri + 96 hr, R. 
planticola + 96 hr and R. planticola and P. rettgeri + 96 
hr). As regards for the effect of the bilateral interaction 
between resistance and concentration factors, the results 
showed that the interaction treatment (P. rettgeri + 
106) was dominant at 23.33%, while the interaction 
rate among the contrasting treatments was the lowest 
at 0%. Effect of triple intervention was found to be 
significant, as the results showed the superiority of 
the two triple intervention treatments (P. rettgeri + 
96 hr + concentration 106) and (R. rettgeri + 96 hr 
+ concentration 106 (mortality sequentially reached 
(39.08, 37.01%). There are significant differences due 
to treatment on the mortality of (Table 1); mortality 
at concentration 106 is maximum of 23% as against 
23% in control; and it is significantly better than 
biologically resistant pathogens; as regards exposure 
time maximum mortality was at 27.82% at 96 hr; 
interaction between biological resistance factors and 
exposure time revealed that P. rettgeri +96 hr gave 
mortality of 25.31% while with R. planticola and P. 
rettgeri + 24 hr was only 2.22%; while P. rettgeri + 
concentration 106 outperformed all treatments by 
27.31%; triple intervention has a significant effect on 
the treatment i.e., P. rettgeri + 96 hr + concentration 
106 gave maximum mortality of 43.58%.

Thus, the results showed that the use of this 
biological agent resulted in the death of second and 
fourth instar larvae. The bacteria disappear within 3-6 
hr causing the larvae to become immobile, dry and 
unviable within 24 hr; this is approximately one hour, 
depending on the larval stage (Louis et al., 2020); there 

was lower mortality in the fourth larval stage. These 
results corroborate those of Fillinger et al. (2003); late 
stages have immunity as shown by Jactel et al. (2014). It 
may be due to bacteria entering insect’s body, or because 
of a wound that allows bacteria to enter (Al-Hasnawi, 
2014); and adults have more immunity (Harris, 2006; 
Ruiu, 2015). The current results show that the killing 
rate is low immediately after treatment and increases 
over time after a few days. This is because the bacteria 
need enough time to reach the stomach and release the 
toxin. At high doses, midgastric epithelial cells undergo 
lysis, leading to rapid death, In less sensitive insects, 
damage to gastric cells at low doses is enough to prevent 
normal secretion in the stomach, thereby reducing the 
acidity, allowing bacterial cells to penetrate and multiply 
in the haemolymph, causing damage to blood cells and 
death (Hanford, 2020). Dahi et al. (2021) pointed out 
that midget epithelial cells completely get detached 
from the basement membrane, severing some epithelial 
cells and the surrounding nutrient membrane, and 
causing most of the epithelial cells to shrink. 

AUTHOR CONTRIBUTION STATEMENT

AAA, SJJ, MKA, and AAM conceived of the 
original idea. AAA, SJJ, MKA and AAM developed 
the theoretical and performed the statistical analysis 
for experimental data. SJJ, MKA and AAM verified 
the analytical methods. AAA, MKA and AAM worked 
on lab analysis and supervises the project. AAA, SJJ, 
MKA, and AAM discussed the results and contributed 
to the wrote the manuscript .

CONFLICT OF INTEREST

No conflict of interest

REFERENCES

Ahmed N, Alam M, Saeed M, Ullah H, Iqbal T, Al-Mutairi K A, Shahjeer 
K, Ullah R, Ahmed S, Ahmed N A A H, Khater H F. 2021. Botanical 
insecticides are a non-toxic alternative to conventional pesticides in 
the control of insects and pests. Global Decline of Insects 2: 1-19.

Ahmedani M S, Haque M I, Afzal S N, Iqbal U M E R, Naz S. 2008. Scope 
of commercial formulations of Bacillus thuringiensis Berliner as an 
alternative to methyl bromide against Tribolium castaneum adults. 
Pak J Bot 40(5): 2149-2156.

Ajaykumara K M, Thirumalaraju G T, Anjali A S. 2018. Residual toxicity 
of newer insecticide molecules in treated stored maize against lesser 
grain borer, Rhyzopertha dominica (F.) (Coleoptera: Bostrychidae). 
Journal of Pharmacognosy and Phytochemistry 7(5): 3131-3134. 

Al-Hasnawi, Nawras Kitab Fadil. 2014. The biological effect of two 
strains of bacteria, Bacillus thuringiensis, the growth regulator 
Applaud, and the pesticide Abte in controlling Culex molestus 
Forskal (Diptera: Culicidae) mosquitoes in Karbala Governorate. 
Master’s thesis, College of Agriculture, University of Karbala.



6     Indian Journal of Entomology Online published Ref. No. e24334 A	 Research Article 

Chen C Y, Chen M E. 2013. Susceptibility of field populations of the 
lesser grain borer, Rhyzopertha dominica (F.), to deltamethrin 
and spinosad on paddy rice in Taiwan. Journal of Stored Products 
Research 55: 124-127.

Dahi H F, Salman A, Bedawi A. 2021. The entomocidal crystal proteins 
Cry1Ac and Cry2Ab and their relationship to physiological 
responses in Egyptian cotton leafworm, Spodoptera littoralis 
(Boisd.). Egyptian Academic Journal of Biological Sciences, F. 
Toxicology & Pest Control 13(2): 183-200.

Feldhaar H. 2011. Bacterial symbionts as mediators of ecologically 
important traits of insect hosts. Ecological Entomology 36(5): 
533-543.

Fillinger U, Knols B G, Becker N. 2003. Efficacy and efficiency of new 
Bacillus thuringiensis var. israelensis and Bacillus sphaericus 
formulations against Afrotropical anophelines in Western Kenya. 
Tropical Medicine & International Health 8(1): 37-47.

Hanford J K. 2020. Aquatic biodiversity and mosquito ecology in urban 
wetlands (Doctoral dissertation, University of Sydney).

Harris D L. 2006. Insect khapra beetle Trogoderma granarium (Everts) 
(Coleoptera: Dermastidae). University of Florida, USA. 

Jactel H, Barbaro L, Battisti A, Bosc A, Branco M, Brockerhoff E, 
Castagneyrol B, Dulaurent A M, Hódar J A, Jacquet J S, Mateus 
E. 2014. Insect–tree interactions in Thaumetopoea pityocampa. 
Processionary moths and climate change: An update. pp. 265-310.

Kakde S P, Dhonde S V, Sarda A L, Khillare P W, Deshwal H L. 2014 
. Screening of wheat varieties and eco- friendly management of 
Rhyzopertha dominica (Fab.) on wheat. Plant Archives 14(1): 
431-437. 

Lacey L A. 1997. Manual of technique in insect pathology (biological 
techniques). Academic Press. 408 pp.

Oppert B, Muszewska A, Steczkiewicz K, Satovic-Vuksic E, Plohl M, 
Fabrick J A, Vinokurov K S, Koloniuk I, Johnston J S, Smith T P 
L. 2022. The genome of Rhyzopertha dominica (Fab.) (Coleoptera: 
Bostrichidae): Adaptation for success. Genes 13. 446 pp.

Rajabpour A, Mashahdi A R A, Ghorbani M R. 2019. Chemical 
compositions of leaf extracts from Conocarpus erectus L. 
(Combretaceae) and their bioactivities against Tribolium castaneum 
Herbst (Coleoptera: Tenebrionidae). Journal of Asia-Pacific 
Entomology 22(1): 333-337.

Ruiu L. 2015. Insect pathogenic bacteria in integrated pest management. 
Insects 6(2): 352-367.

Shaban A, Al-Mallah N M. 1993. Pesticides. Dar Al Kutub Printing and 
Publishing. University of Al Mosul. 180 pp.

Swetha D V, Yadav U, Naidana L, Kammara M. 2023. Efficacy of 
indigenous plant powders and cow dung powder on lesser grain 
borer, Rhyzopertha dominica (Fabricius) in stored wheat. The 
Pharma Innovation Journal 12(2): 1801-1804. 

Vallet-Gely I, Lemaitre B, Boccard F. 2008. Bacterial strategies to 
overcome insect defences. Nature Reviews Microbiology 6(4): 
302-313.

Vilcinskas A. 2010. Coevolution between pathogen-derived proteinases 
and proteinase inhibitors of host insects. Virulence 1(3): 206-214.

Zhang J, Li H, Tan J, Wei P, Yu S, Liu R, Gao J. 2019. Transcriptome 
profiling analysis of the intoxication response in midgut tissue of 
Agrotis ipsilon larvae to Bacillus thuringiensis Vip3Aa protoxin. 
Pesticide Biochemistry and Physiology 160: 20-29. 

Ziaee M, Ganji Z. 2016. Insecticidal efficacy of silica nanoparticles 
against Rhyzopertha dominica F. and Tribolium confusum Jacquelin 
du Val. Journal of Plant Protection Research 56(3).

(Manuscript Received: June, 2024; Revised: June, 2024; 
Accepted: July, 2024; Online Published: August, 2024) 

Online First in www.entosocindia.org and indianentomology.org Ref. No. e24334 A


