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Abstract The use of chemical pesticide always leaves chemical residues on soil and may affect 
the population, function and diversity of soil microorganisms. Therefore, the aim of the study 
was to determine the effect of thiamethoxam, pesticide in the group of neonicotinoid to control 
insect pest, on diversity of plant growth promoting rhizobacteria (PGPR) communities in 
cassava production systems. Bacteria were isolated from rhizosphere of cassava grown in the 
field of 5 treatments, including cassava production system without thiamethoxam and fertilizer 
application, cassava production system with thiamethoxam application, cassava production 
system with thiamethoxam and organic fertilizer application, cassava production system with 
thiamethoxam and chemical fertilizer application, and cassava production system with 
thiamethoxam, organic and chemical fertilizer application, and then screened for plant growth 
promoting traits. The genotypic diversity of isolates was determined on a basis of amplified 
rDNA restriction analysis (ARDRA). The findings of this study indicated that the majority of 
bacteria were found to belong to the genera of Bacillus, Ochrobactrum, and Brevibacillus. 
Interestingly, the application of thiamethoxam in cassava production system has no effect on 
PGPR diversity. 

Keywords Plant Growth Promoting Rhizobacteria (PGPR), Thiamethoxam, Cassava   

INTRODUCTION 

Plant growth promoting rhizobacteria (PGPR) represent numerous species of soil bacteria which, when 
grown in association with a host plant, result in stimulation of growth of their host. PGPR are used as 
inoculants for biofertilization, phytostimulation, biocontrol (Bloemberg and Lugtenberg, 2001) and 
bioformulation (Prathap and Ranjitha Kumari, 2015). PGPR can directly benefit plant growth by fixing 
nitrogen, which can subsequently be used by the plant, thereby improving plant growth when the 
amount of nitrogen in the soil is limited (Vessey and Buss, 2002), produce phytohormone such as 
indole-3-acetic acid (IAA) (Ahemad and Khan, 2012; Sachdev et al., 2009) and phosphorus uptake 
)Rodriguez and Fraga, 1999(. Indirectly, by increase resistance to pathogen, PGPR may suppress plant 
pathogens by producing antimicrobial metabolites )Duffy et al., 2004( as well as by producing 
enzymes and/or fungicidal compounds (Bloemberg and Lugtenberg, 2001; Haas and Défago, 2005). In 
addition, PGPR can produce siderophore induced disease resistance, which can be enhanced by the 
simultaneous activation of induced systemic resistance (ISR) and systemic acquired resistance (SAR) 
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pathways (Duffy and Défago, 1999). However, accumulation of chemical pesticides into the soils 
beyond certain threshold levels due to its frequent application in the fields to overcome plant pests 
damages the rhizosphere microorganisms and their activities (Wani et al., 2005) and may alter diversity 
of the microorganism. Nowadays, thiamethoxam, pesticide in the group of neonicotinoid, was normally 
used for cassava stake soaking to control aphids. However, the data of whether thiamethoxam affects 
soil microorganism diversity remains scarce. 

OBJECTIVE 

The purpose of this study was to investigate the influence of chemical pesticide (thiamethoxam) on the 
diversity of PGPR communities in cassava production systems. 

METHODOLOGY 

Study Sites and Soil Sampling  

Study sites used in this study were selected from Kalasin province )N16°38'3", E 103° 15 '15"(, 
Thailand. This experiment has been designed as the randomized complete block design (RCBD). A 
sampled area was set up at 5m x10 m for each block. Soil samples were collected from rhizosphere of 
cassava cultivar Kasetsart 50 (KU50) at a spacing of 1m x 1m with three replications at 0, 15, 30, 45 
and 60 days after planting (DAP). Thiamethoxam 25 WG was used in this study for cassava stake 
soaking at the rate 4g/20 liters of water. Five treatments used in this study, including  cassava 
production system without thiamethoxam and fertilizer application (T1), cassava production system 
with thiamethoxam application (T2), cassava production system with thiamethoxam and organic 
fertilizer application (T3), cassava production system with thiamethoxam and chemical fertilizer 
application (T4), and cassava production system with thiamethoxam, organic and chemical fertilizer 
application (T5). Organic fertilizer used in this study is chicken manure mixed with rice husk, 1000 
kg/1,600 m2 and chemical fertilizer used in this study is formula 15-7-18, 50 kg/1,600 m2. The 
rhizosphere samples were placed in plastic bags and stored at 4°C for further microbial analysis.  

Isolation of PGPR from Cassava Rhizosphere  

Bacterial strains were isolated from cassava rhizosphere by serial dilution plate technique on nutrient 
agar medium (NAM). The bacterial colonies were isolated and maintained on NAM slants at 4°C. One 
hundred isolates obtained from serial dilution plate technique of each treatment were screened for their 
plant growth promoting factors included production of indole-3-acetic acid (IAA), phosphate 
solubilizing activity and their ability to grow in N-free medium. In addition, their biocontrol activity 
included protease enzyme production as well as siderophore production was investigated. 

Assays for Growth Promoting Abilities of Isolates 

Indole-3-acetic acid (IAA) production: IAA production was determined using the method described 
by Lawongsa et al. (2008) with slight modification. Bacterial isolates were cultured in Tris-TMRT (D-
mannitol 10 g, yeast extract 0.2 g, CaCl2.2H2O 0.2 g, MgSO4.7H2O 0.25 g, tris-base 1.21 g, pH 6.8) 
supplemented with tryptophan 0.5 mM for 48 h. The measurement of IAA was done by adding 2 ml of 
0.01 M FeCl3 in 35 % HClO4 into 1 ml of Tris-TMRT culture broth. The mixture was incubated in the 
dark at 30 °C for 30 min. The detection of IAA was determined by the development of pink color. 
Phosphate solubilizing assay: Solubilization of tricalcium phosphate was detected in national 
botanical research institute’s phosphate growth medium (NBRIP) agar plate supplemented with 1.5 % 
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(w/v) agar (Nautiyal, 1999). Five microliters of each bacterial culture was dropped on NBRIP agar 
plates. Plates were incubated for 7 days at 28°C. The development of halo zone around the bacterial 
colony was considered as positive for phosphate solubilizing activity. 
Nitrogenase activity: For rapid determination, nitrogenase activity was assayed after bacterial strains 
were streaked onto N-free minimal medium supplemented with 1.5 % (w/v) agar and incubated at 28 ± 
2 °C for 3 days (Desnoues et al., 2003). Bacterial growth indicated nitrogenase activity. 
Protease assay: Bacteria were isolated for protease enzyme (casein degradation) using a method 
described by Sjödahl et al. (2002(. Samples were inoculated on Luria-Bertani (LB) agar plates 
containing skim milk (20 %(, then incubated at 28 ± 2 °C for two days (Uyar et al., 2011(. The 
development of clear zone around the bacterial colony indicated protease enzyme activity. 
Siderophore assay: Siderophore was determined by chromazurol sulphonate agar (CAS) using the 
method described by Clark and Bavoil (1994). Bacterial inoculum was spotted into the center of a CAS 
agar plate. After incubation at 28°C for 5 days, siderophore production was assayed by clear zone 
formation around the cell. 

Total Genomic DNA Isolation 

PGPR isolates were grown in a nutrient broth at 28°C overnight and then were harvested by 
centrifugation at 5,000xg for 5 min and washed twice in 500 µl of TEN buffer (0.1 M Tris-Cl, 0.01 M 
ethylenediaminetetraacetic acid (EDTA), and 1 M NaCl, pH 8.0). Cell lysates were prepared by mixing 
the cell pellet with 200 µl of 20% (w/v) sucrose in TEN buffer to this 20 µl of 2 mg/ml of lysozyme 
and 20 µl of 10 mg/ml of RNase was added. Cell mixtures were incubated at 37°C for 60 min. Then 75 
µl of 5 M NaCl and 100 µl of 10% Sodium dodecyl sulfate (SDS) were added before gentle mixing. 
The solution was purified twice by using phenol:chloroform:isoamyl-alcohol (25:24:1, by volume). 
The upper phase was collected and precipitated by using isopropanol and 3 M sodium acetate. The 
DNA pellet was resuspended in sterilized deionized-water and total genomic DNA was kept at -20°C 
before use (Sambrook and Russell, 2001). 

Amplified rDNA Restriction Analysis (ARDRA) 

The 16S rDNA universal primers fD1 (5’-AGAGTTTGATCCTGGCTCAG-3’) and rP2 (5’-
AAGGAGGTGATCCAGCC-3’) (Weisburg et al. 1991) were used to amplify a 1.5-kb internal region 
of the 16S rRNA gene. An initial denaturation at 95°C for 5 min was followed by 35 cycles with 
denaturation at of 95°C (30 s), annealing at 58°C (1 min) and extension at 72°C (2 min), and a final 
extension at 72°C for 7min. Restriction analysis was performed with 5 µl of amplified product and 10 
µl of restriction buffer containing 2 U of either the restriction enzymes AluI. After a 4 h digestion at the 
appropriate temperature, the enzyme was inactivated by heating the preparations at 65°C for 20 min. 
For each isolate, PCR amplification and restriction analysis were performed at least three times. 
Calculation of the pair-wise coefficients of similarity was based on the presence or absence of bands. A 
cluster analysis with the UPGMA algorithm was performed with the NTSYS-pc numerical taxonomy 
and multivariate analysis system. Then, Representatives of each group were selected for cloning and 
partial 16S rRNA gene sequencing to retrieve sequence similarity and bacterial identity from 
nucleotide sequence databases. 

RESULTS AND DISCUSSION 

Plant Growth Promoting Properties of Bacterial Strains 
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A total of 100 cultivable bacterial isolates of each treatment obtained after serial dilutions were 
screened for plant growth promoting traits. Subsequently, community of representatives of PGPR 
genera/species of each treatment was distinguished by ARDRA analysis. Detailed data of the 
phenotypic characterization of these isolates are shown in Fig. 1. Ninety five percentage of PGPR 
isolates obtained from ARDRA cluster I showed the ability to solubilize phosphate and 85% of PGPR 
isolates showed the ability to produce IAA. In ARDRA cluster II, 100% of PGPR isolates obtained 
from ARDRA cluster I showed the ability to solubilize phosphate and 90% of PGPR isolates showed 
the ability to produce IAA. In ARDRA cluster III, 100% of PGPR isolates obtained from ARDRA 
cluster I showed the ability to solubilize phosphate, 80% of PGPR isolates showed the ability to 
produce IAA and 80% of PGPR isolates showed the ability to grow in N-free medium. Meanwhile, in 
ARDRA cluster IV, PGPR isolate showed the ability to produce IAA, protease can solubilize 
phosphate and be able to grow in N-free medium but did not show the ability to produce siderophore. 

ARDRA Analysis and 16S rRNA Gene Partial Sequencing on PGPR Isolates 

The cluster dendogram of ARDRA analysis of PGPR isolates obtained from cassava rhizosphere is 
illustrated in Fig. 1. Digestion of amplified 16S rDNA with AluI revealed four main clusters of 
ARDRA dendogram. Cluster I and II of ARDRA dendogram showed representative of genera/species 
from all treatment. Cluster III contained representative of PGPR genera/species from T1 (cassava 
production system without thiamethoxam and fertilizer application), T2 (cassava production system 
with thiamethoxam application) and T4 (cassava production system with thiamethoxam and chemical 
fertilizer application) while, cluster IV showed representative of PGPR genera/species only from T2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               *The different isolates were designated KU followed by the time after planting (0, 15, 30, 45 or 60),  
                 treatment number and by progressive numbers of PGPR isolation. 

Fig. 1 Dendogram of PGPR isolates representing each ARDRA group and plant growth 
            promotion characteristics presented by bacterial isolates and their ARDRA groups 
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Interestingly, no representative of PGPR genera/species isolated at 60 DAP was observed in 
cluster I of ARDRA dendogram. In addition, no representative of PGPR genera/species isolated from 0 
DAP was observed in cluster II of ARDRA dendogram. In ARDRA cluster III, no PGPR 
genera/species isolates at 0 and 15 DAP was obtained. Moreover, In ARDRA cluster IV, only PGPR 
genera/species isolates at 60 DAP from T2 was found. Additionally, PGPR isolates from treatment 
applied with organic fertilizer were not found in ARDRA cluster III and IV.  

On the basis of the 16S rRNA gene sequence analysis, in excess of 1 kb fragments were 
sequenced for most of isolates, with similarities ranging between 95 and 99%. Six isolates were 
identified as Ochrobactrum anthropi, three as Ochrobactrum ciceri, One as Ochrobactrum 
intermedium, fifteen as Bacillus spp., one as Bacillus silvertri, four as Bacillus thuringiensis, two as 
Bacillus megeterium and four as Brevibacillus reuszeri (Table 1). Interestingly, Brevibacillus spp. was 
not found at 0, 15, 30 and 45 DAP, but was only obtained at 60 DAP. 

Table 1 Similarity analysis based on 16S rRNA gene partial sequences of PGPR isolates by 
comparing to the GenBank and their ARDRA groups 

ARDRA group Isolates Homology % identity Accession No. 

I 

KU0T1, KU0T2.1, 
KU15T2.1, KU15T3, 
KU30T2, KU45T1.1 

Ochrobactrum anthropi DJ3 97 KC992296.1 

KU0T2.2, KU0T3, 
KU0T4, KU0T5, 
KU15T1.1, KU15T4, 
KU15T5, KU30T5, 
KU45T1.2, KU45T2.1 

Bacillus sp. SGE119 99 HM566648.1 

KU15T1.2, KU45T3, 
KU45T5 Ochrobactrum ciceri L22 96 JX646649.1 

KU45T2.2 Ochrobactrum intermedium SYF-18 98 JN048652.1 

II 

KU15T1.3 Bacillus sp. DoB56 98 JQ359104.1 
KU15T2.2 Bacillus sp. SGE39 99 HM566736.1 
KU45T1.3 Bacillus silvestris SAFN-010 95 AY167818.1 
KU60T1.1, KU60T2.1, 
KU60T2.2 Bacillus sp.YY-13 99 JX575604.1 

KU30T3, KU30T4, 
KU60T3, KU60T5 Bacillus thuringiensis Ou2 98 KP128698.1 

III 

KU30T1 Bacillus megaterium H2 99 JQ579631.1 
KU45T4 Bacillus megaterium ML257 98 KC692200.1 
KU60T1.2, KU60T2.3, 
KU60T4 Brevibacillus reuszeri NBRC15719 99 AB680946.1 

IV KU60T2.4 Brevibacillus reuszeri BCX-22 98 KM378576.1 
    *The different isolates were designated KU followed by the time after planting (0, 15, 30, 45 or 60), treatment number and 
      by progressive numbers of PGPR isolation. 

These findings clearly showed that thiamethoxam had no effect on PGPR diversity as ARDRA 
cluster 1, 2 and 3 shared the same soil bacterial ribotypes including PGPR isolated from T1 and PGPR 
isolated from T2. This could be certified to the fact that certain soil bacteria can degrade pesticides. 
Bacillus spp., Ochrobactrum spp. and Brevibacillus spp. are common soil bacteria easily cultured from 
most agricultural soils. The previous study showed that Bacillus megaterium has potential application 
in bioremediation of contaminated soil and water system (Sogani et al., 2014). Ochrobactrum spp. is 
also found to be able to degrade pesticide in neonicotinoid group such as imidacloprid (Hu et al., 2013). 
In addition to species of the Ochrobactrum genus, many individual isolates have been found to be able 
to degrade pesticide in neonicotinoid group, such as Bacillus spp. and Brevibacterium spp. 
(Sabourmoghaddam et al., 2015). Moreover, certain soil bacteria might have utilized pesticide as 
energy sources as well (Ahemad and Khan, 2011). 
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CONCLUSION 

In this study, thirteen bacterial strains isolated from cassava KU50 were characterized. Most of the 
bacteria were member of the Bacillaceae, Brucellaceae and Paenibacillaceae families. The bacterial 
communities were dominated by Bacillus spp. (61.11%), Ochrobactrum spp. (27.78%) and 
Brevibacillus spp. (11.11%). Interestingly, the findings of diversity analysis of thirty six bacterial 
isolates selected at random but representing each field site by ARDRA suggested that thiamethoxam 
had no effect on PGPR diversity as application of thiamethoxam was not be able to distinguish soil 
bacterial ribotypes. 

ACKNOWLEDGEMENTS 

This work was supported by a grant from National Science and Technology Development Agency and 
Agricultural Biotechnology Research Center for Sustainable Economy, Khon Kaen University. 

REFERENCES 

Ahemad, M. and Khan, M.S. 2011. Assessment of plant growth promoting activities of rhizobacterium 
Pseudomonas putida under insecticide-stress. Microbiol. J., 1, 54-64. 

Ahemad, M. and Khan, M.S. 2012. Productivity of greengram in tebuconazole-stressed soil, by using a tolerant 
and plant growth promoting Bradyrhizobium sp. MRM6 strain. Acta Physiol. Plant., 34, 245-254. 

Bloemberg, G.V. and Lugtenberg, B.J.J. 2001. Molecular basis of plant growth promotion and biocontrol by 
rhizobacteria. Curr. Opin. Biotechnol., 4, 343-350. 

Clark, V.L. and Bavoil, P.M. 1994. Methods in enzymology. London, Academic Press. 
Desnoues, N., Lin, M., Guo, X., Ma, L., Carreno-Lopez, R. and Elmerich, C. 2003. Nitrogen fixation genetics 

and regulation in a Pseudomonas stutzeri strain associated with rice. Microbiol., 149, 2251-2262. 
Duffy, B. and Défago, G. 1999. Environmental factors modulating antibiotic and siderophore biosynthesis by 

Pseudomonas fluorescens biocontrol strains. Appl. Environ. Microbiol., 65, 2429-2438. 
Duffy, B., Keel, C. and Défago, G. 2004. Potential role of pathogen signaling in multitrophic plant-microbe 

interactions involved in disease protection. Appl. Environ. Microbiol., 70, 1836-1842.  
Haas, D. and Défago, G. 2005. Biological control of soil-borne pathogens by fluorescent pseudomonads. Nature 

Rev. Microbiol., 3, 307-319. 
Hu, G., Zhao, Y., Liu, B., Song, F. and You, M. 2013. Isolation of an indigenous imidacloprid-degrading 

bacterium and imidacloprid bioremediation under simulated In situ and Ex situ conditions. J. Microbiol. 
Biotechnol., 23, 1617-1626. 

Lawongsa, P., Boonkerd, N., Wongkaew, S., O’Gara, F. and Teaumroong, N. 2008. Molecular and phenotypic 
characterization of potential plant growth-promoting Pseudomonas from rice and maize rhizospheres. World J. 
Microbiol. Biotechnol., 24, 1877-1884. 

Nautiyal, C.S. 1999. An efficient microbiological growth medium for screening phosphate solubilizing 
microorganisms. FEMS Microbiol. Lett., 170, 265-270.  

Prathap, M. and Ranjitha Kumari, B.D. 2015. A critical review on plant growth promoting rhizobacteria. J. Plant 
Pathol. Microb., 6, doi:10.4172/2157-7471.1000266. 

Rodriguez, H. and Fraga, R. 1999. Phosphate solubilizing bacteria and their role in plant growth promotion. 
Biotech. Adv., 17, 319-339. 

Sabourmoghaddam, N., Zakaria, M.P. and Omar, D. 2015. Evidence for the microbial degradation of 
imidacloprid in soils of Cameron Highlands. J. Saudi Soc. Agric. Sci., 14, 182-188. 

Sachdev, D.P., Chaudhari, H.G., Kasure, V.M., Dahavale, D.D. and Chopade, B.A. 2009. Isolation and 
characterization of indole acetic acid (IAA) producing Klebsiella pneumoniae strains from rhizosphere of 
wheat (Triticum aestivum) and their effect on plant growth. Indian J. Exp. Biol., 47, 993-1000. 

Sambrook, J. and Russell, D.W. 2001. Molecular cloning: a laboratory manual. Cold Spring Harbor Laboratory, 
New York. 



IJERD – International Journal of Environmental and Rural Development (2016) 7-2 
 

Ⓒ ISERD 
105 

Sjödahl, J., Emmer, Å., Vincent, J. and Roeraade, J. 2002. Characterization of proteinases from Antarctic krill 
(Euphausia superba). Protein Express. Purific., 26, 153-161. 

Sogani, M., Bakre, P.P., Mathur, N., Sharma, P. and Bhatnagar, P. 2014. Acetamide hydrolyzing activity of 
Bacillus megaterium F-8 with bioremediation potential: optimization of production and reaction conditions. 
Environ. Sci. Pollut. Res. Int., 21, 8822-8830. 

Uyar, F., Porsuk, I., Kizil, G. and Yilmaz, E. I. 2011. Optimal conditions for production of extracellular protease 
from newly isolated Bacillus cereus strain CA15. Eur. Asian J. BioSci., 5, 1-9.  

Vessey, J. K. and Buss, T. J. 2002. Bacillus cereus UW85 inoculation effects on growth, nodulation, and N 
accumulation in grain legumes. Controlled-environment studies. Can. J. Plant Sci., 82, 282-290. 

Wani, P. A., Zaidi, A., Khan, A. A. and Khan, M. S. 2005. Effect of phorate on phosphate solubilization and 
indole acetic acid releasing potentials of rhizospheric microorganisms. Ann. Pl. Protec. Sci., 13, 139-144. 

Weisberg, W. G., Barns, S. M., Pelletier, D. A. and Lane, D. J. 1991. 16S ribosomal DNA amplification for 
phylogenetic study. J. Bacteriol., 173, 697-703. 
  


