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 The indiscriminate use of pesticides in agricultural practice in recent years has 
generated various environmental problems, since these compounds tend to bioaccumulate 
through trophic chains presenting considerable levels of toxicity and conditioning potential 
risks in ecosystems and public health. In the present work, the ability of a bacterial consortium 
to degrade carbofuran, malathion and 2,4-D was evaluated. The bacteria were isolated from 
plots with application of pesticides located in Los Mochis, Sinaloa, Mexico. The bacterial 
consortium degraded carbofuran (34.99%), malathion (46.68%) and 2,4-D (48.42%) in soil 
samples contaminated with each of the pesticides, the bacterial consortium degraded in a 
greater proportion the 2,4-D.
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 Pesticides are widely used worldwide, 
using various pesticides in order to prevent pests 
from damaging crops, however, each pesticide 
has different chemical properties and toxicity 
mechanisms. Mexico is not the exception in terms 
of the use of a wide diversity of pesticides, using 
annually an approximate of 35,000 tons1.
 Pesticides can be highly damaging to 
public health, ecosystems and causing intoxication 
of animals and plants2-4, so it has been suggested 
to use less aggressive methods for the control of 
pests and weeds, or in their case natural pesticides 
that cause minor effects on public health and the 
environment.
 Pollution in soils generates alterations 
in the cultivation areas, such as salinization and 

alkalization5, in addition to the effect they cause in 
the reduction of microbiological diversity, as well 
as causing effects on the natural enemies of pests6.
 To mitigate the problem in contaminated 
places, one of the best known methods is 
the microbial bioremediation with which the 
degradation and mineralization of multiple 
contaminants can be accelerated, since the 
microorganisms intervene in the decomposition 
of organic compounds7,8. In the present work, 
the ability of a bacterial consortium to degrade 
carbofuran, malathion and 2,4-D was evaluated.

MATERIAL AND METHODS

Bacterial consortium preparation
 We used a bacterial consortium composed 
of Pseudomonas sp and Enterobacter sp isolated 
samples of cultivation plots in Los Mochis-Sinaloa 
(Mexico), the isolates showed metabolic activity 
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and resistance against carbofuran, malathion and 
2,4-D9. Each of the bacterial isolates were reseeded 
in 1 mL of nutrient broth and incubated for 24 hours 
at 30°C, then each of the bacterial cultures was 
poured into 300 mL of nutrient broth (forming the 
bacterial consortium), to propagate it for 24 hours. 
hours at 30°C.
 Ten tubes were prepared with 9 mL of 
nutrient broth and 1 mL of the bacterial consortium 
was poured into the first tube and then eight 
decimal dilutions were made. In addition, from 
each of the tubes, 10 ìL were resected by stria in 
nutritive agar plates to perform the CFU/mL count.
 From each tube four samples of 200 ìL 
were taken and placed in 96-well microplates 
and the absorbance reading was made at 492 nm 
(PoweamWHYM201 plate reader), in order to 
adjust the bacterial inoculum to a concentration of 
8X107 CFU / mL., correlating the number of CFU 
with respect to the optical density of the turbidity 
of bacterial consortium.
Degradation detection by UV-vis spectroscopy 
of pesticides
 Soil was used with pH 5.6 and organic 
matter (1.24%), which was washed three times with 
distilled water in its equivalent weight, to remove 
impurities and placed in the muffle at 100°C for 6 
hours to evaporate the excess water.
 Of the washed soil, 300 grams were 
weighed and divided into 3 fractions of 100 grams, 
each fraction was added one of the pesticides 
(carbofuran, malathion and 2,4-D) in a 100 mL 
solution and a concentration of 100 ppm, the 
samples were then placed in the muffle at 100°C.
 Eight sub-samples of 10 grams were 
prepared, processing a sample every third day for 
24 days. 20 mL of acetone were eluted per sample to 
extract each pesticide and analyzed by UV-visible 
making a 1:200 dilution with deionized water. This 
procedure was repeated with inoculation of the 
bacterial consortium, after removing the samples 
from the muffle, adding 1mL to a concentration of 
8X107 CFU/mL per subsample, which contained 
10 grams of soil.
 The UV-vis spectra were determined, with 
the absorbance observed in the maximum of each 
spectrum the concentrations were calculated using 
the calibration curve of each pesticide to compare 
the degradation in the absence and presence of 
bacterial consortium.

Statistic analysis
 To analyze the data referring to the 
percentage of degradation of the pesticides against 
the bacterial consortium, the analysis of variance 
test was performed with its respective Tukey test 
with a significance level of 0.05 (Software Instat 
2.0).

RESULTS

 Through the reading of the optical 
density and the CFU/mL quantified on the plate, 
the inoculum was adjusted (bacterial consortium), 
considering the concentration of 8X107 CFU/mL 
to carry out the inoculation of consortium in the 
soil samples.
 When comparing the degradation of 
2,4-D, it was observed that the degradation of the 
pesticide predominated in the test, mainly during 
the first four dates of evaluation, where the bacterial 
consortium was inoculated. The 2,4-D on the date 
1 of evaluation of degradation in the sample with 
inoculation of the bacterial consortium presented a 
26.71% degradation with respect to the trial where 
there was no inoculation of bacterial consortium 
with a 0.44%, and in the last evaluation date 
there was only a difference of 1.03% degradation 
between both treatments (Fig. 1).
 Malathion in the presence of the bacterial 
consortium presented a greater degradation in the 
first four evaluation dates, observing in the first date 
a difference of 9.64% with respect to the sample 
without inoculum of bacterial consortium, and 
during the last date there was greater degradation 
with a 5.6% compared to the one not inoculated 
with the bacterial consortium (Fig. 2).
 On the one date of evaluation of the 
degradation of carbofuran, a greater degradation 
(10.81%) was observed in the sample with 
inoculation of bacterial consortium with respect to 
the sample without inoculation of the consortium 
with 0.58% degradation of the pesticide. It should 
be noted that on evaluation dates 3 and 7 without 
inoculation of the bacterial consortium, a greater 
degradation of Carbofuran was found compared to 
that inoculated with the consortium, however the 
tendency to greater degradation was observed in 
the sample that was inoculated with the consortium, 
which is observed towards the last evaluation date 
with 5% more pesticide degradation (Fig. 3).
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Fig. 1. 2,4-D degradation in presence and absence of bacterial consortium

Fig. 2. Malathion degradation in presence and absence of bacterial consortium

Fig. 3. Carbofuran degradation in presence and absence of bacterial consortium

 Statistical analysis showed significant 
difference only between the values of degradation 
of 2,4-D in the presence of bacterial consortium 
compared to the group that did not receive 

consortium inoculation, and between the values 
of degradation of carbofuran compared to 2, 4-D 
in the presence of bacterial consortium (P <0.05).
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DISCUSSION

 The inoculum with bacterial consortium 
showed greater degradation activity in the presence 
of 2,4-D, followed by malathion and carbofuran. 
The 2,4-D in 24 days showed a maximum 
degradation of 48.42%. This is different from the 
results of Han et al., (2015) in which Cupriavidus 
campinensis BJ71 degraded 2,4-D by 87.13% in 
non-sterile soil and in sterile soil by about 60%10. 
These differences may be due to the fact that the 
soil used in the present work was washed and 
subjected to temperatures of 100°C for 24 hours.
 The malathion at 24 days of monitoring 
of this work had a maximum of extracted from 
a salt marsh, and that degraded malathion as the 
only carbon source, degrading it by 48% in 30 
days and monitoring the bacteria after 10 days, 
the 54% degraded malathion in less than 40%11. 
On the contrary, there is a greater difference with 
that reported by Ibrahim et al., (2014), where their 
isolates showed the following degradation activity, 
Nostoc muscorum with 91%, Aspergillus oryzae 
65% and Streptomyces platensis 54%, highlighting 
that these tests were in liquid culture with a duration 
of 20 days in different percentages, which contrasts 
since the results presented here were directly in the 
soil12.
 The results may vary depending on the 
bacterial species used to degrade the pesticide, such 
as the example of Alicyclobacillus tengchongensis, 
from which an enzyme can be extracted that 
efficiently degrades the malathion and has a 
potential use for the detoxification of malathion 
residues13. The results vary because the malathion 
tends to be unstable by changing its original 
structure to one of its degradation subproducts in 
short periods of time.
 It should be noted that the initial 
concentration of the malathion when extracted 
from the muffle before inoculation was very low, 
this may be due to the fact that the malathion could 
be decomposed in the muffle even though it was at 
a relatively low temperature, since the malathion 
is highly sensitive to temperature and its chemical 
structure is transformed into a short time interval 
since it is not very stable14.
 The carbofuran had a maximum 
degradation of 34.99%, in contrast to that reported 
by Castro et al., (2018), which through BPS 

(Pesticide Biopurification Systems), achieved the 
degradation of carbofuran in average of 2-3 days, 
using bioaugmentation and normal inoculation15.
 In other studies the degradation of 
carbofuran by means of Arthrobacter sp in a 
mineral medium in a range of 72-120 hours has 
been reported, being the degradation more rapid at 
a temperature of 35°C16. similarly in another of his 
works carbofuran was hydrolyzed in 42 hours in 
a medium with glucose and its phenolic structure 
was mineralized in five days17.
 Similarly, the results of the present work 
differ with Pseudomonas sp which can degrade up 
to 95% to carbofuran in nutritive broth in 30 days at 
30°C18,19. These differences may be due to the fact 
that in most of the works cited degradation occurs 
under conditions more conducive to bacterial 
growth, such as liquid culture media and in the 
present work the degradation of the pesticide was 
carried out with inoculation in soil samples.
 The discrepancies between the results can 
also vary due to the effect of different variables 
in the soil, since the adsorption, persistence and 
mobility of some pesticides increases when the 
pH becomes acidic and in the presence of a higher 
content of clays and organic matter20. Of course, 
temperature also plays a key role in the degradation 
of the malathion, which greatly influences 
the temperature at which the experiments are 
carried out, for example the thermo-stability of 
the malathion dissipates rapidly at temperatures 
between 27 and 32°C21.
 In conclusion, bacterial consortium 
degraded carbofuran by 34.99%, malathion 46.68% 
and 2,4-D 48.42%, efficiently degrading the 
pesticides in the first six days, which is a function 
of the bacterial growth rate. It is emphasized that 
the ability to degrade the 2,4-D more efficiently 
by bacterial consortium, and being related to its 
affinity for chlorinated organic compounds.
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