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( Abstract \

Methomyl is an active ingredient of carbamate group pesticide. The uncontrolled application of
methomyl may contaminate the water and soil. The objective of this research was to find
indigenous bacteria that could degrade the methomyl. The soil samples were taken from the soil
of the rice field located in Musi Rawas District, South Sumatera, Indonesia. The soil bacteria
that were found to degrade methomyl were isolated by using a medium containing methomyl.
There were 2 of 16 isolates that could grow in a high concentration of methomyl and they were
Acinetobacter baumannii and Bacillus megaterium.

@ords: bacteria, isolate, methomyl J

INTRODUCTION

The use of pesticides is a powerful way to control pests and diseases. One of the pesticides
that were mostly applied by Indonesian rice farmers was methomyl. Uncontrolled this pesticide
application may contaminate the soil and water (Ntow, et al., 2006; Ngowi, et al., 2007). Methomyl
with chemical formula CsH;oN,O,S (EPA US, 1998), was grouped in insecticide oxime carbamate
form of white crystals with a melting point of 78-79°C, slightly soluble in water (5.8 ¢/100 ml) and
toxicity acute oral for rats, 17mg/kg. Dermal rather low toxicity (rabbits 5,000 kg/mg). Methomyl was
applied to control pests with a wide spectrum such as spiders, ticks, moths, flies, beetles, aphids,
leafhoppers, and mites (Mourato & Huxtley, 2000; Chen, et al., 2015).

Methomyl is a highly toxic pesticide that may kill other non-target organisms (Malhat, et al.,
2015; Xu, et al., 2009). Methomyl in the soil that is not degraded will be a residue and danger for the
environment (Kronmann, et al., 2011; Parven & Nakgoshi, 2001). Degradation can take place through
oxidation to form SO, SO,, and hydrolysis (Tamimi, et al., 2006; Barzman, et al., 2011). Soil bacteria
degradation of some pesticides had been isolated from soil. Some degrading bacteria were found in the
contaminated soil of methomyl were Bacillus cereus and Bacillus safensis and Pseudomonas

P ISSN: 2086 - 4604
E ISSN: 2549 - 8819 32
© 2021 Departemen Biologi FMIPA Unhas


mailto:wartono@unmura.ac.id

Jurnal llmu Alam dan Lingkungan 12 (2) (2021) 32 - 39

aeruginosa (Tien, et al., 2013; Amritha, et al., 2014). Degradation of pesticides in the soil can be
degraded by biotic and abiotic pathways (Kevin, et al., 2012). Methomyl is the most widely used
pesticide to control pests on rice cultivation of Musi Rawas District, South Sumatera Province,
Indonesia, which reaches 19.20% (Wartono, et al., 2018). This condition would danger for the
environment because it made residue on soil and water. It is crucial to find the soil bacteria that may
degrade the methomyl. The objective of this research was to find the indigenous soil bacteria which
has the capability of methomyl degradation.

MATERIALS AND METHODS
Soil Sampling

Samples of soil were collected from a rice field in Musi Rawas District, South Sumatera,
Indonesia where methomyl was applied uncontrolled. Soil samples were taken on the upper layer of
soil (15 to 25 cm depth) into glass jars and stored at 30°C.

Media Preparation

Mineral salts medium (MSM) was prepared contained the following compositions gL™: 0.2
MgS0O,.7H,0, 1 KH,PO,, 1 K,HPO,, 0.5 (NH,),SO,, 0.01 CaCl,, 0,001 FeSO, dan 0.5 NaNO; (Fan et
al. 2012) and added methomyl 1 ppm. The isolation of methomyl degrading bacteria was performed
using an enrichment culture. Soil sample 10 g was suspended in distilled water 90 ml containing 1
ppm of methomyl and then shook using a rotary shaker at 120 rpm and 30°C for 5 days. 1 ml of each
enrichment culture transferred to the tube test contains NaCl 0.85% with volume 9 m and make series
dilution 10°° at dilution of 10, 10°°, and 10®was inoculated on MSM at 37°C for 2 days.

Purification was perfumed by streak plate method, the isolated bacteria in Nutrien Borth (NB)
media enriched insecticide active ingredient then scratch in MSM and incubated for + 24 hours, after
growing these colonies were cultured in media MSM again to obtain pure bacterial culture. Pure
isolates were coded TM (Soil Bacteria Methomyl), Gram's staining is done by taking one ose bacteria
in aseptic, was transferred in a glass preparations contain physiological saline solution 0.85%, further
stirred by vortex and left for 1-2 hours, then taken using a micropipette and then dropped on the glass
slide and given a solution of crystal violet for 3 minutes and then washed with water, the next stage in
the given Lugol for 1 minute and then washed with water, and then given alcohol 75 for 30 seconds
and last wash with water. then given seframin for 1 minute and dry. it is observed using a digital
microscope.

Isolates Growth Test

Pure isolates obtained were grown on MSM containing methomyl (Bestway, et al., 2013), and
then incubated for 24 hours at room temperature. Isolates were grown in NB media plus methomy! of
0; 0.5; 1; 1.5; 2.3 and 6 ppm. Test growth was observed every three hours up to 30 hours, observations
were made by using a spectrophotometer at a wavelength of 625 nm. Bacterial isolates were selected
as a bioremediation agent is isolates grown in media containing the highest concentrations of
pesticides. As a comparison was made of other growing medium without active ingredients of
pesticides as control (George & Smotzer, 2007).

The standard curve was made by counting the number of colonies using Total Plate Count (TPC)
and the observation of density using a spectrophotometer at a wavelength of 625 nm every 3 hours.
The standard curve created by regressing the number of bacteria colonies and density values using a
standard curve line equation y = ax + b, y = the number of colony-where, x = Optical Density (figure
1). The observation of the number of colonies and the optical density (OD) values shown in the
following table 1.
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Table 1. Measurement of OD Value and Number of Colonies

Hour oD TPC
0 0:06 38
1 0:42 187
2 0716 277
3 0936 321
6 1,121 387
9 1,207 455
500
— y =336.07x+27.689 o
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Figure 1. Standard curve.

Identification of the Isolates

Superior bacterial isolates that were found then performed morphological identification,
identification of 16S RNA sequences phenotypic and molecular. Identification was done in the
microbiology laboratory.

RESULTS AND DISCUSSION
Isolation of Bacteria Resistant

The results showed that most of the bacterial colonies look visible white with spread positions
inside and on the surface of the media and flat edges. Numbers of colonies in each sample (table 2)
showed that bacterial colonies in samples less survived than the control. 517.

Table 2. Numbers of Colonies in Each Sample

No. Sample Number of Colonies
1 1 1,5 X 10°
2 2 1,9 X 10*
3 3 6,0 x 10°
4 4 5,6 x 10°
5 5 1,3 x 10°
6 Control 9,6 x 10°

It means that there were bacteria that survive in polluted soils of methomyl 1 ppm. This
bacteria is would be bacteria-tolerant of methomyl (Malhat, et al., 2015), these bacteria can eliminate
toxic compounds and produce enzymes that degrade toxic compounds (Zhoua, et al., 2012). On the
other hand, intolerant bacteria would die. The higher the concentration of methomyl, the slower the
bacteria grow and capable of lowering the concentration of methomyl (Tien, et al., 2013).
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Results Purification Isolates

The results of bacterial purification of all samples contained 16 isolates namely the code TM1
to TM16. It was methomyl-resistant bacteria that resistant to methomyl residues.
Selection using Growth Test

Bacteria that grow on media containing methomyl can not be ascertained that methomyl
degraded by bacteria, but these bacteria showed the ability to adapt to the media contaminated
methomyl and accumulated in cells or in combination with a compound found in nature (Pradhan, et
al., 2008; Fan, et al., 2012). Bacteria are necessary to test the growth with an increase in the
concentration of methomyl. Test 19 isolates growth at a concentration of 6 ppm is shown in (figure 2).
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Figure 2. TM1-TM19 growth curve at 6 ppm methomyl concentration.
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Bacterial growth generally grouped into four phases consisting of phase lag (adaptation), the
exponential phase (propagation), stationary phase (static) and the death phase (Kharisma & Prazard,
2014). The results of this study indicate that each isolate was in the lag phase at the 0™ hour until the
3" hour, in that phase the bacterial isolate adapted to the new environment, namely media containing
methomyl (Tamimi, et al., 2006; Kevin, et al., 2012). A lag phase transition to an exponential phase
after the initial population has doubled (Matthew, et al., 2012), this phase lasts from a few minutes up
to several hours (Yates & Smotzer, 2007).

The exponential growth phase is at the 6™ hour until the 18" hour, in this phase of cell division
isolates perform optimally because the bacteria utilize the enzyme to perform the hydrolysis of the
chemical in the process of metabolism and cell division (Eric, 2012). The exponential growth phase is
the phase of the fastest growth of bacteria, the rate of increase in the medium of cells proportional to
the number of cells that exist at any given time (Yates & Smotzer, 2007), during the exponential
growth of the number of cells increased two-fold. The exponential growth phase may occur within a
short period of cell division occurs briefly in 20 minutes (Matthew, et al., 2012).

The growth of each isolate at the concentration of methomyl 3 and 6 ppm at the 21 hour has
decreased, this shows that the isolate has entered a phase of death as indicated by a decreased density
value (Yates & Smotzer, 2007), the phase of the death of bacteria due to the unavailability of nutrients
and accumulated toxic waste products that cause bacterial cells are dead (Margesin, 2009; Kelly &
Kenneth, 2008). The result of the growth of 16 isolates (figure 1) shows that all isolates were able to
survive in media containing methomyl, both at low concentrations or high, but the ability to grow and
the growth of cells of each isolate different (Xu, et al., 2009; Roy & Dast, 2017). Some isolates that
are able to adapt well at a concentration of 6 ppm can be seen from the fluctuation of density values,
isolates TM1, TM3, and TM16 with the time of growth in the exponential phase, which is longer that
is the 9" hour to the 24™ hour.

Isolates TM1 able to adapt more quickly to the hour-0 until the 3™ and entered a phase of
exponential growth until the stationary phase at the 24™ hour by the number of colonies of 354.349 cfu
x 107, up to an hour to 30 races was still able to survive with the number of colonies that are still high
at 131.871 x 10" cfu, 16S RNA sequence identification results in phenotypic and molecular TM1
resemblance 100% with Acinetobacter baumannii strain DSM 30 007 (figure 3). TM1 isolates were
able to utilize methomyl as a food source for cell-division with 6 ppm (Singh, et al., 2012).

100 | NR_117621.1 Acinetobacter pittii strain ATCC 18004 16S ribosomal RNA partial sequence
33 NR_042387.1 Acinetobacter calcoaceticus strain NCCB 22016 165 ribosomal RNA gene partial sequence
% NR_102814.1 Acinetobacter oleivorans strain DR1 16S ribosomal RNA partial sequence
46 NR_134684.1 Acinetobacter seifertii strain LUH 1472 16S ribosomal RNA partial sequence

NR_115739.1 Acinetobacter antiviralis strain KNF2022 165 ribosomal RNA gene partial sequence
60 477‘—|:NR,U44454-1 Acinetobacter soli strain B1 16S ribosomal RNA gene partial sequence
30 MNR_115042.2 Acinetobacter baylyi strain B2 16S ribosomal RNA partial sequence

NR_149800.1 Acinetobacter halotolerans strain R160 165 ribosomal RNA partial sequence
NR_148847.1 Acinetobacter vivianii strain NIPH 2168 16S ribosomal RNA partial sequence
36 MNR_145864.1 Acinetobacter populi strain PBJ7 163 ribosomal RNA partial sequence
NR_117627.1 Acinetobacter gerneri strain DSM 14967 16S ribosomal RNA partial sequence

ContigTM1

NR_117677.1 Acinetobacter baumannii strain DSM 30007 16S ribosomal RNA gene partial sequence
100 [ | NR_117620.1 Acinetobacter baumannii strain ATCC 19606 163 ribosomal RNA partial sequence

NR_113237.1 Acinetobacter baumannii strain JCM 6841 16S ribosomal RNA gene partial sequence

NR_026206.1 Acinetobacter baumannii strain DSM 30007 16S ribosomal RNA gene partial sequence

NR_116845.1 Acinetobacter baumannii strain CIP 70.34 165 ribosomal RNA gene partial sequence

25

0.0050

Figure 3. TM1 sequensing.
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TM3 isolates were also able to grow and adapt to methomyl concentration of 6 ppm, has a
phase of adaptation on hour-0-3, the exponential phase of the clock to the 6th until the 24th hour, and
began to decline entered a phase of death in the 27 hours up to 30™ hour. The bacteria that persist in
the environment, making use of methomyl as an energy source. These bacteria are the best candidate
for the bioremediation of pesticide methomyl on the ground (Roy & Dast, 2017). Based on the
identification of 16S RNA sequences TM3 (Figure 4). Isolates were identified as Bacillus megaterium
strain NBRC 15 308.

Contig_TM3
s0
NR_112636.1 Bacillus megaterium strain NBRC 15308 165 ribosomal RMA gene partial sequence
33
MR_117473.1 Bacillus megaterium strain ATCC 14581 165 ribosomal RNA gene partial sequence

*® NR_043401.1 Bacillus megaterium strain 1AM 13418 165 ribosomal RNA gene partial sequence
100 NR_118382.1 Bacillus flexus strain SBMP3 183 ribosomal RMA gene partial sequence
NR_133978.1 Bacillus gingshengii strain G19 16S ribosomal RMNA partial sequence
MNR_158045 1 Bacillus iocasae strain S36 165 ribosomal RNA partial sequence
NR_146034.1 Bacillus depressus strain BZ1 165 ribosomal RMNA partial sequence
9 NR_041377.1 Bacillus pocheonensis strain Gsoil 420 165 ribosomal RNA gene partial sequence

83 MNR_109068.1 Bacillus ginsengisoli strain DCY453 165 ribosomal RNA gene partial sequence

0.0050

Figure 4. TM3 sequensing.

Isolate TM16 also isolates capable of utilizing methomyl as an energy source and is able to
survive longer, these isolate have almost the same period exponential phase with TM1, TM16 isolate
sequencing results are shown in Figure 5. The availability of essential energy sources such as carbon,
nitrogen, phosphorus, and oxygen can also limit the ability of bacteria to degrade pesticide residues
(Malik, 2006; Eric, 2012).

MNR_112636.1 Bacillus megaterium strain NBRC 15308 16S nbosomal RNA gene partial sequence
NR_117473.1 Bacillus megaterium strain ATCC 14581 165 ribosomal RNA gene partial sequence
NR_043401 1 Bacillus megaterium strain [AM 13418 16S ribosomal RNA gene partial sequence
Contig_TM16
MNR_115953.1 Bacillus aryabhattai strain BBW22 16S ribosomal RNA gene partial sequence
NR_133878.1 Bacillus gingshengii strain G19 16S ribosomal RNA partial sequence
NR_118382.1 Bacillus flexus strain SBMP3 165 nbosomal RNA gene partial sequence
MNR_116873.1 Bacillus megaterium strain ATCC 14581 165 ribosomal RMNA gene partial sequence
NR_115603.1 Bacillus simplex strain DSM 1321 1635 ribosomal RNA gene partial sequence
78 'NR_118442.1 Bacillus aryabhattai strain B8W22 165 ribosomal RNA gene partial sequence

MNR_135732.1 Bacillus paraflexus strain RC2 165 ribosomal RMNA partial sequence
W1 Bacillus flexus stran NBRC 15715 165 nbosomal RMA gene partial sequence

97 ' NR_024691.1 Bacillus flexus strain IFO15715 16S ribosomal RNA gene partial sequence

NR_158045 1 Bacillus iocasae strain S36 165 ribosomal RNA partial sequence

100 T NR_041377.1 Bacillus pocheonensis strain Gsoil 420 16S ribosomal RNA gene partial sequence
BT NR_109068.1 Bacillus ginsengisoli strain DCY53 16S ribosomal RNA gene partial sequence

0.0050

Figure 5. TM16 sequensing.
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The concentration of highly toxic pesticide residues and are too low can cause biodegradation
is not running due to lack of induction of degradative enzymes (Pradhan, et al., 2008; Kevin, et al.,
2012), and appropriate uptake mechanisms. Failure to induce sufficient enzyme activity, or problems
in providing sufficient energy for cell maintenance even (Jilani & Khan, 2004). Bacterial isolate have
in common with TM3 isolates such as Bacillus megaterium. These bacteria included in the class of
mesophilic bacteria because the bacteria are able to survive at a pH ranging from 5.5 to 8. In alkaline
conditions relatively more stable growth than at acidic pH. In addition, Bacillus megaterium can grow
at temperatures 30-37°C (Yates & Smotzer, 2007; Patel, et al., 2016).

CONCLUSION

There were 2 of 19 isolates were superior and able to grow with a high concentration of
methomyl in concentration 6 ppm, they were Acinetobacter baumannii and Bacillus megaterium. It is
a prospect to use them for degrading the contaminated soil of methomyl.

REFERENCES

Amritha, G., Kulkarni and Kaliwal, B. B., 2014. Bioremediation of Soil Isolate Pseudomonas
aeruginosa. Journal of Environmental Science, Toxicology and Food Technology. 2319-2402.

Barzman, M., and Dachbrodt, S. S., 2011. Comparative Analysis of Pesticide Action Plans In Five
European Countries. Pest Management Science, 67(12): 1481-1485.

Bestawy, E., Sabir, J., Mansy, A. H., and Zabermawi, N., 2013. Isolation, ldentification and
Acclimatization of Atrazine-Resistant Soil Bacteria. Annals of Agricultural Science Journal.
58(2): 1481-1485.

Chen, Z., Dong, Xu, F. Z., Liu, J., Xin, G., Zheng, and Yong, Q., 2015. Management of Pesticide
Residues in China. Journal of Integrative Agriculture. 14(11): 2319-2327.

Environmental Protection Agency US. 1998. Rules and Regulations. 63(137): 38483-38495.

Eric, J. S., 2012. Growing Unculturable Bacteria. Journal of Bacteriology. 194(16): 4151- 4160.

Fan, J., Yang, G., Zhao, H., Shi, G., Geng, Y., Hou, T., and Tao, K., 2012. Isolation, Identification
and Characterization of a Glyphosate-Degrading Bacterium, Bacillus CB4 cereus, from Soil.
Journal of Genetics and Applied Microbiology. 58(4): 263-271.

George, T. Y., and Smotzer, T., 2007. On the Lag Phase and the Initial Decline of Microbial Growth
Curves. Journal of Theoretical Biology. 244(3): 511-517.

Jilani, S., and Khan, M. A., 2004. Isolation, Characterization and Growth Response of Pesticide
Degrading Bacteria. Journal of Biological sciences 4 (1):15-20.

Karishma, B., and Prasad, S. H., 2014. Efficiency of Bacterial Isolates 2014. In Degradation Of
Quinalphos Insecticide. International Journal of Advanced Technology in Engineering and
Science. 2(9): 2348-7550.

Kelly, C. R., and Kenneth, W. B., 2008. Molecular Control of Bacterial Death and Lysis.
Microbiology and Molecular Biology Reviews. 85-109.

Kevin, M. O., Magoma, G. K., and Muniru, N. T., 2012. The Characterization of Methomyl and
Carbofuran-Degrading Bacteria from Soils of Horticultural Farms in the Rift Valley and
Central Kenya. African Journal of Environmental Science and Technology. 6(2): 104-114.

Kronmann, P., Pradel, W., Cole, D., Taipei, A., and Forbes, G. A., 2011. Use of the Environmental
Impact to Estimate Health and Environmental Impacts of Pesticide Usage in Peruvian and
Ecuadorian Potato Production. Journal of Environmental Protection. 2(5): 581-591.

Malhat, M., Watanabe, H., and Youssef, A., 2015. Degradation Profile and Safety Evaluation of
Methomyl Residues in Tomato and Soil. Hellenic Plant Protection Journal. 8: 55-62.

P ISSN: 2086 - 4604
E ISSN: 2549 - 8819 38
© 2021 Departemen Biologi FMIPA Unhas



Jurnal llmu Alam dan Lingkungan 12 (2) (2021) 32 - 39

Malik, A., 2006. Bioremediation. New Delhi: Environmental Microbiology Center for Rural
Development and Technology Indian Institute of Technology Delhi. 1-28.

Matthew, D. R., Christopher, J. R., Sacha, L., Carmen, P., Arthur, T., Andrew, D. S. C., Mark, A.,
Michael, F., Roy, P. B., Jézsef, B., Michael, W. P., and Jay, C. D. H., 2012. Phase Lag Is a
Distinct Growth Phase Bacteria That prepares for Exponential Growth and Metal
Accumulation Involves Transient. Journal of Bacteriology.

Margesin, R., 2009. Effect of Ttemperature on Growth Parameters of Psychrophilic bacteria and
yeasts. Journal Extremophiles. 2(13): 257-262.

Mourato, S., and Huxtley, T. H., 2000. Evaluation of Health and Environmental Impacts of Pesticide
Use: Implications for the Design of Ecolabels and Pesticide Taxes. Environmental Science &
Technology. 34(8): 1456-1461.

Ngowi, A. V. F., Mbise, T. J,, ljani, A. S. M, London, L., and Ajayi, O. C., 2007. Pesticides Use by
Smallholder Farmers in Vegetable Production in Northern Tanzania. Biomedical and Life
Sciences Journal. 26(11): 1617-1624.

Ntow, W. J., Gijzen, H. J., Kelderman, P., and Drechse, P., 2006. Farmer Perception and Use
Practices Invegetable Pesticide Production in Ghana. Pest Management Sciences. 62(4): 356-
65.

Patel, G., Saurabh, S., Sunit, K. S., and Kamal, J. K., 2016. Isolation, Characterization Biochemical
and Production of Biofertilizer from Bacillus megaterium. International Journal of Life. Sci.
Scienti. Res. 2(6): 749-752.

Parveen, S., and Nakagoshi, N., 2001. An Analysis of Pesticide Use for Rice Management in
Bangladesh. Journal of International Development and Cooperation. 8(1): 107-126.

Roy, T., and Dast, N., 2017. Isolation, Characterization, and Identification of Two Methomyl-
Degrading Bacteria From A Pesticide-Treated Crop Field In West Bengal, India.

Singh, B., Kaur, J., and Singh, K., 2012. Microbial Degradation of an Organophosphate Pesticide,
Malathion. Crit Rev Microbiol. 1-9.

Tamimi, M., Qourzal, S., Assabbane, A., Chovelon, J. M., Ferronatob, C., and Ait-Ichoua, Y., 2006.
Photocatalytic Degradation of Pesticide Methomyl: Determination of The Reaction Pathway
and ldentification of Intermediate Products. Journal Photochem Photobiol Sci 5: 477-482.

Tien, C. J,, Lin M. C., Chiu, W. H., and Chen, C. S. 2013. Biodegradation of Carbamate Pesticides by
Natural River Biofilms In Different Seasons and Their Effects on Biofilms Community
Structure. Journal Environ Poll. 179:95-104.

Wartono, R. A., Suwignyo, Suheryanto and Napoleon. 2018. Insecticides Residue in the Center of
Paddy Field in the Musi Rawas, South Sumatra, Indonesia. E 3S Web of Conferences. 68: 4-
14,

Xu, L. J., Wu, J., Wang, Z. C., Wang, K., Li, M. Y., Jiang, J. D, He, J., and Li, S. P., 2009. Isolation
and characterization of a Methomyl-Degrading Paracoccus sp. mdw-1. Pedosphere Journal.
19(2): 238-243.

Yates, G. T., and Smotzer, T., 2007. On The Initial Phase Lag Decline of Microbial Growth Curves.
Theor Journal Biol. 3511-517.

Zhou, X., Shi, X., Zhang, L., and Zhou, Y., 2012. Effects of Pesticide-Contamination on Population
and Activity of Bacteria in Purple Paddy Soil. Energy Procedia. 16: 284 — 289.

P ISSN: 2086 - 4604
E ISSN: 2549 - 8819
© 2021 Departemen Biologi FMIPA Unhas

39



