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ARTICLE INFO ABSTRACT

Chemical pesticides have an impact on other living organisms in addition to their intended target
organisms. Any chemical pesticide is therefore made safe for use by examining its biological
characteristics and side effects. The present study was aimed at determining the resistance
efficiency of six bacterial isolates obtained from malathion-contaminated soils. Bacteria were
isolated from soil samples collected in Adhamiya, Baghdad, Irag. Biochemical tests and VITEK
2 compact equipment were used to identify the bacterial isolates. Primary and secondary screening
tests were conducted on the bacterial isolates for resistance against malathion pesticides. The
optimal bacterial growth conditions were determined in malathion-contaminated media. The
results demonstrated that the bacterial isolates 1, 3, 4, and 8 grew best on malathion-contaminated
(100 mgLt) mineral salt medium (MSM). Isolates 1 and 2 had a MIC of 500 mgL %, where they
Copyright: © 2023 Mahdii et al. This is an open-  continued to grow until the seventh day of incubation. Pseudomonas aeruginosa, Pseudomonas
access article distributed under the terms of the  putida, Aeromonas hydrophilia, and Escherichia coli were the identified bacterial isolates. These
Creative Commons Attribution License, which isolates showed optimal bacterial growth in the test conditions (temperature, incubation period,
permits unrestricted use, distribution, and reproduction  and pH), indicating their efficiency and ability to degrade malathion. The highest average growth
in any medium, provided the original author and  of P. aeruginosa at 35 °C was 70.08 mm, while that of P. putida was 40.10 mm during the 7-day
source are credited. incubation period. Also, the highest values of average growth were observed in the same bacteria
at pH 7, with a value of 26.98 mm. The findings of this study reveal that Pseudomonas aeruginosa
and Pseudomonas putida were the best bacterial isolates for biodegrading malathion.
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Introduction

The effect of any chemical pesticide is not only on the target
organisms but also extends to other living organisms.® Therefore,
evaluating the biological properties of any chemical pesticide, as well
as investigating its side effects, makes it safe for use. Malathion is a
pesticide that has a short lifespan in the environment.? It is extremely
toxic to both humans and animals, and such toxicity rises when the
pesticide breaks down into other compounds.® However, it also has an
impact on biological processes by inhibiting vital enzymes such as the
ATPase enzyme.* Tetra ethyl pyrophosphate (TEPP) was one of the first
pesticides to be produced after the 1928 discovery of organophosphate
insecticides.® The German scientist, Schradan and his team identified its
action on insects in 1947, when a wide field opened for the generation
of a huge number of phosphorous compounds, including gases utilized
in World War 11.5 As it is not stored in fatty tissues and has the potential
to dissolve in water, this group of pesticides is considered to have one
of the strongest effects on insects compared to chlorinated
hydrocarbons.! This makes it easier for the organism to get rid of it by
diuresis.® The widespread use of TEPP is due to several factors. Firstly,
its compounds are very efficient against insects and also have a high
starting effect because they contain phosphorous, which has several
properties, including having several valences (pentavalent); its
derivative, phosphoric acid, is one of the most important elements
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in biological processes; helps to regulate the process of energy
production; and participates in the synthesis of phosphoryl lipids, which
are present in the cell membrane, nucleic acids, and animal fats in the
nucleus.®” Secondly, this group has a variety of specifications,
including fast-degrading pesticides (like nucose, malathion, and TEPP),
slow-degrading pesticides (like diazinon), specialized pesticides (like
Schradan), and non-specialized pesticides (such as parathion). Thirdly,
it is characterized by low chronic toxicity as a result of its
decomposition into non-toxic products in humans and animals. Lastly,
it is also characterized by low fish toxicity.®

One of the disadvantages of pesticides is that they are very harmful to
humans and animals. This is because these pesticides are aliphatic
chemicals, straight, without rings, like malathion, which was used and
is still used in Iraq to control sucking insects like aphids, white flies,
dubas, and guantlets (LDso = 1000 mg/kg).®> Several studies indicated
the possibility of isolation and characterization of various bacteria such
as Pseudomonas putida, Aeromonas media, Sphingobacterium
spiritivorum, Flavobacterium breve, Serratia liquefaciens, and
Klebsiella oxytoca that are capable of producing various types of
hydrocarbon and phosphorous compounds. The majority of these
bacteria are gram-negative.® Some researchers were able to isolate many
aerobic and anaerobic bacteria in wells as well as soil contaminated with
pesticides and oil.® In a different investigation, some researchers
discovered that certain species of Bacillus were capable of decomposing
pesticides and oil pollutants, as well as separating various varieties of
them from contaminated deep sea water, sediments, and soil.?

The present study was, therefore, conducted to determine the malathion
pesticide resistance efficiency of some bacterial isolates.

Materials and Methods

Soil sample collection

Soil samples were collected at depths ranging from 5 to 10 cm by the
Uker device from different sites throughout Baghdad, Irag, notably
from many nurseries in Adhamiya city. Twenty soil samples were
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obtained from six sites and were collected from September 2020 to
March 2021. The soil of these nurseries was contaminated with many
pesticides, including malathion insecticides. One hundred grams (100
g) of the soil samples were collected from each site and placed in a
sterile nylon bag with the following information recorded: sample
number, soil type, location, and date of sample collection. The soil
samples were taken to the laboratory.1%!

Isolation and purification of bacterial isolates

Serial dilutions of the soil samples were made, and 0.1 ml (1072 diluent)
was spread on the surface of nutrient agar. The cultures were incubated
for 24 to 48 hours at temperatures between 15 and 45°C. The purified
bacterial isolate was stored in a solid nutrient medium at 4°C until
needed for identification.!?

Identification of bacterial isolates

Biochemical tests were conducted to identify the species and genera of
the bacterial isolates. Moreover, the VITEK 2 compact equipment was
utilized for the confirmation of the identity of the isolates.*?

Primary screening of bacterial isolates for resistance against malathion
pesticide

After serial dilutions, 500 pl of the supernatant was spread on an
agricultural medium containing solid mineral salt medium (MSM) to
screen for pesticide resistance.' Malathion was used as a carbon source
in the MSM to evaluate the test bacteria's ability to decompose it. The
isolates that showed higher biodegradation capabilities of pesticides
were selected for further investigations.

Secondary screening of bacterial isolates in solid media

In the present study, the bacterial isolates that showed high
degradability of malathion in the primary screening test were sub-
cultured into solid MSM containing different concentrations (ranging
from 10-500 mgL?) of the pesticide as the only carbon source. Also, the
minimum inhibitory concentration (MIC) was determined as the lowest
concentration that inhibited bacterial growth. The MSM medium was
used to select the pesticide concentrations, which ranged from 50-500
mgL* and the cultures were incubated at 28°C for 7 days. The growth
of bacterial isolates was evaluated based on the formation of clear zones
around bacterial colonies. 5

Determination of optimal bacterial growth conditions in malathion
pesticide-contaminated medium

Some factors, such as temperature, incubation period, and pH, that
affect the growth of bacterial isolates were evaluated.'’

Statistical analysis

The Statistical Analysis System (SAS) program,’® was used to
determine the effect of different factors on the research parameters. The
least significant difference (LSD) test and analysis of variance
(ANOVA) were used for mean comparison.

Results and Discussion

Three of the nine distinct bacterial isolates were gram-negative, and six
were gram-positive. To obtain single and pure bacterial isolates, the
bacterial isolates were purified on a solid nutrient medium. They were
then grown on a mineral salt medium and exposed to 100 mgL* of the
pesticide malathion to determine which bacterial isolates were able to
use the pesticide as a carbon source for nutrition. Table 1 illustrates the
growth of the bacterial isolates in the MSM.

In the MSM, where growth typically began on the second and third day
and lasted until the seventh day for most samples, enhanced growth was
observed in the bacterial isolates 1, 2, 3, and 8. The bacteria also utilized
the pesticide as a carbon source for nutrition. The remaining bacterial
isolates (5, 6, 7, and 9) did not demonstrate good growth in the MSM.
Statistical analysis revealed significant differences between days 4, 5,
6, and 7 of bacterial growth. Meanwhile, the remaining days did not
reveal any significant differences (Table 1). The growth of bacterial
isolates increased after the second and third days of incubation in the
media containing the pesticide. This observation was consistent with the
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previous findings.!>% The reason for the slow growth of bacteria may
be attributed to the fact that they do not have the metabolic ability for
these bacterial pesticides. The bacterial isolates that do not survive in
agricultural media contaminated with malathion pesticides may not
have a specialized enzymatic system. Also, the low solubility of
chemicals (pesticides) in the agricultural medium may be the cause of
their slow growth because there is not enough food for bacterial isolates
to grow.214

The bacterial isolates that showed good growth in the primary screening
test with MSM contaminated with malathion pesticide at 100 mgL*
were selected for the second round of screening. The bacterial isolates
(1, 2, 3, 4, and 8) were sub-cultured onto MSM contaminated with
different concentrations (ranging from 10 to 500 mgL™) of malathion
pesticide as the only source of carbon. There was a growth of the
isolates until the seventh day of incubation. However, not all of the
isolates recorded growth at the same concentration as shown in Table 2.
All of the isolates continued to grow in all concentrations except for the
second isolate, and they all ceased their growth at a concentration of
150 mgL™. The reason for the growth of bacterial isolates in different
concentrations of the pesticide could be that these isolates evolved
mechanisms that allowed them to grow there, as earlier reported.?22

In total, four bacterial isolates with optimum growth were selected in
the secondary screening assay to determine the MIC. They were sub-
cultured into different concentrations (ranging from 50 to 500 mgL ) of
the MSM contaminated with malathion pesticide and incubated at 28°C
for 7 days. The results indicated that the isolates (1 and 23) had optimal
growth in all media concentrations contaminated with malathion. The
first and second isolates had the highest growth measured at O.D 600
nm, which was 490 and 488 in the 50 mgL ™ concentration, respectively.
The MIC was determined to be 500 mgL* for the fourth isolate in the
malathion-containing medium. There was no growth recorded in the
500 mgL* concentration. The statistical analysis revealed that there
were significant (p<0.05) differences between pesticide concentrations,
as depicted in Table 3. The growth rate of the bacteria decreased with
an increase in pesticide concentrations. This observation could be due
to the stress caused by the bacteria's adaptation to growth and the use of
the medium as a food source.?* Another cause of a decrease in bacterial
growth could be attributed to the fact that the pesticide that the bacteria
use as food has been depleted or has turned into metabolic products that
are poisonous to the microorganisms.?®

Optimal conditions for bacterial growth

Based on morphological characteristics and biochemical tests, as well
as confirmation of the isolates using the VITEK 2 compact device, the
four isolates in this study were identified and demonstrated to be
effective at growing in an agricultural medium treated with malathion.
The results of the tests revealed that the first isolate was Pseudomonas
aeruginosa.

Table 1: Growth of bacterial isolates in MSM contaminated
with malathion pesticide at a concentration of 100 mg L.

Bacterial Day Day Day Day Day Day Day

Isolate 1 2 3 4 5 6 7
1 - + + ++ ++ ++ ++
2 - - - - - + +
3 - + + + ++ ++ ++
4 - - + + ++ ++ ++
5 - - - - - - -
6 - - - - - - -
7 - - - - - + +
8 - - - + + ++ ++
9 - - - + + - -

LSDvalue NS NS NS 0.05* 0.05* 0.05* 0.05*

-2 No growth; +: Good growth; ++: Perfect growth; MSM: Mineral salt
medium; *: p<0.05
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The second, third, and fourth isolates were Pseudomonas putida,
Aeromonas hydrophilia, and Escherichia coli, respectively.?® The
optimal temperature, incubation period, and pH for bacterial growth
were determined in MSM liquid medium contaminated with malathion
pesticide at 100 mgL™. The results showed that P. aeruginosa and A.
hydrophilia had the highest average growth, recording values of
between 66.78 and 70.08, respectively, at 35°C. Meanwhile, E. coli had
the lowest average growth, with a value of 11.88 mm at 50°C. The
statistical analysis revealed significant (p<0.05) differences between the
bacterial types as well as the temperatures, as shown by the LSD values
in Table 4. There are significant differences among growth averages.

It was observed that bacterial systems can biodegrade pesticides at high
temperatures ranging from 15 to 35°C. These results are in agreement
with studies that have shown that bacteria can grow rapidly and
biodegrade organic cellulosic materials at standard laboratory
temperatures,?” and that temperature also affects the enzymatic activity
of bacteria. The decomposition of compounds increases with
temperature, providing the necessary nutrients for bacterial growth and
activity.® For the incubation periods, it was observed that P. aeruginosa
and P. putida had the highest average growth on the seventh day of
incubation, with values of 39.85 and 40.10 mm, respectively.
Meanwhile, E. coli had the lowest average growth on the seventh day
of incubation with a value of 22.54 mm. According to the statistical
analysis, there were no significant differences between incubation days
0, 1, 2, 3, and 4, but there were significant differences between
incubation days 5, 6, and 7, as displayed in Table 5. According to the
statistical analysis, there were significant (p<0.05) differences in the
bacterial growth averages. Many organisms can secrete the enzymes
required to break down pesticides, and they can transform pesticides
from hazardous materials into less toxic ones. Considering it as a food
source in previous studies,?®?° an increase in the number of bacteria was
observed with an increasing incubation period. This finding agrees with
the results of the current study.
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A pH range of 5 to 10 was chosen to determine the optimal pH for
bacterial growth at 100% pesticide concentration. This pH range was
chosen because P. aeruginosa, Aeromonas hydrophilia, and P. putida all
showed comparable average growth (25.80, 26.98, and 25.88 mm,
respectively) at pH 7. Pseudomonas putida had the highest average
growth (26.98 mm), while E. coli had the lowest average growth (18.73
mm). According to statistical analysis, there were significant (p<0.05)
differences between bacterial average growth (Table 6). The results of the
present study support the previous finding,* which showed that bacterial
growth increases with increasing acidity and that the optimal pH range for
bacterial growth is 7-8. At pH 7, microorganisms have high physiological
activity because the enzymes that dissolve pesticides and transfer them to
simpler materials, such as carbonic food sources, are more effective.®
Microorganisms, such as bacteria, viruses, and parasites, can be identified
from their specific hosts using molecular techniques like a polymerase
chain reaction. Clostridium perfringens,® Brucella melitensis,® Proteus
vulgaris,*® Staphylococcus aureus,® Pseudomonas aeruginosa,® and
Toxoplasma sp.,%83° SARS-Cov-2,%° are among these bacteria.

Table 2: Second screening and MIC of bacterial isolates
grown in MSM contaminated with malathion pesticide.

Incubation period Malathion Bacterial isolate
(days) MIC (mg/l)
7 500 1
3-7 150 2
7 450 3
7 450 4
7 300 8
1.751* 62.073* Value of LSD

MIC: Minimum inhibitory concentration; MSM: Mineral salt medium;
*:p<0.05

Table 3: MIC of bacterial isolates in a medium contaminated with malathion pesticide.

Bacterial Malathion concentration LSD
isolates 500% 450% 400% 350% 300% 250% 200% 150% 100% 50%
1 50.00 100.00 101.30 200.5 300.9 300.10 340.55 390.60 480.50  490.50 42.57*
2 30.00 97.00 112.3 197.3 270.9 300.12 340.50 370.60 480.50  488.30 51.74
3 3.00 42.00 100.00 130.00 197.00 200.7 310.35 350.50 440.30 370.30 58.97*
4 00.00 30.00 100.00 121.00 150.00 200.2 290.10 310.30 400.30 310.00 48.55*
LSD value 17.93* 26.58* 15.43 25.04* 28.47* 37.64* 37.51* 41.85* 34.66* 39.02* -
NS

MIC: Minimum inhibitory concentration; *: p<0.05

Table 4: Average growth of bacterial isolates in agricultural medium contaminated with malathion pesticide (100% concentration)
incubated at different temperatures for 7 days.

Temperature (°C) E. coli A. hydrophilia P. putida P. aeruginosa LSD value

25 12.30 20.21 20.51 20.76 459 *
30 15.50 30.70 35.90 37.90 7.04*
35 50.10 66.78 63.80 70.08 7.16*
40 41.66 55.15 63.97 66.01 6.52 *
45 13.79 26.11 30.13 33.00 5.38*
50 11.88 12.08 16.91 20.60 4.87*

LSD value 6.48 * 7.32* 6.91* 584* e

Measurement was recorded at 600 nm; *: p<0.05.
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Table 5: Average growth of bacterial isolates in agricultural medium contaminated with malathion pesticide (100% concentration)
incubated at different periods.

Days of E. coli A. hydrophilia P. putida P. aeruginosa LSD value

incubation
1 5.20 7.93 9.13 7.81 4.62 NS
2 6.03 7.97 9.33 7.81 4.08 NS
3 6.36 8.99 9.96 9.32 3.92NS
4 7.18 9.00 9.96 9.68 2.87 NS
5 8.20 11.24 12.45 11.91 4.37 NS
6 12.77 20.37 23.50 21.98 6.31*
7 20.33 30.65 36.31 35.70 7.05*

LSD value 22.54 36.40 40.10 39.85 6.84*
6.41* 7.26* 8.07* 7.63*

Measurement was recorded at 600 nm; *: p<0.05

Table 6: Average growth of bacterial isolates in agricultural medium contaminated with malathion pesticide (100% concentration) at
different media pH incubated for 7 days.

Media pH E. coli A. hydrophilia P. putida P. aeruginosa LSD value
5 5.33 7.97 8.30 8.63 3.09 NS
6 16.36 18.87 18.90 19.77 3.57 NS
7 18.73 25.80 26.98 25.88 4.61*
8 20.58 26.11 26.80 25.97 4,97 *
9 16.18 21.13 24.45 22.33 5.07*
10 15.31 18.85 19.53 18.99 3.69 NS
LSD value 5.28 * 5.97* 6.68 * 507* -

Measurement was recorded at 600 nm; *: p<0.05
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