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Abstract: Three laboratory experiments were carried out to study the biodegradation of Oxyfluorfen herbicide
(Goal) in a soil with no history of pesticides application at two temperatures (28 and 40°C) with or without the
addition of mmeral fertilizers (NPK). Different concentrations of Oxyfluorfen were applied to the soil samples
and the herbicide residue was determined using Gas Liquid Chromatography (GLC) at 0 time and then at 15 days
intervals for 45 days. Various genera of microorganisms were isolated on different semi-selective media from
soils treated with different concentrations of Oxyfluorfen. The ability of these isolates to utilize Oxyfluorfen as
a sole source of carbon and energy was studied. Results indicated that biodegradation of Oxyfluorfen in soil
mcubated at 40°C after 45 days of incubation was better (55.2-78.3%) than mn soil mcubated at 28°C (17.5-36.6%).
Addition of mineral fertilizers (NPK) increased the biodegradation of Oxyfluorfen in soils. Intensive degradation
(27.8-35.5%) was observed in NPK fertilized soils incubated at 40°C after 15 days of incubation at all Oxyfluorfen
concentrations. Ten potential Oxyfluorfen degraders were 1dentified. Results obtaned showed that within
21 days, Bacillus spp. had the ability to degrade 80-95.6% of Oxytluorfen followed by Fseudomonas sp.
(82.2%), Arthrobacter spp. (82.2%), Aspergillus sp. (77.8%), Mycobacterium sp. (75.6%), Microcoecus sp.
(73.3%) and Streptomyces sp. (68.9%). It could be concluded that biodegradation of Oxyfluorfen in soils is
significantly affected by temperature and the microbial species. These microorganisms are considered as

potential candidates for use in any program aiming at decontamination of Oxyfluorfen polluted sites.
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INTRODUCTION

Pesticides are toxic substances that control pests
which may mterfere directly with our health, production
and protection of food and our prosperity. Agriculture
and vector-control programs are the greatest users of
pesticides; as significant amounts are used in animal,
plant and public health pest control (Yadav, 2010).

However, the residues of an applied pesticide remain
n the environment for variable periods of time (Jilami and
Khan, 2004). The persistence of pesticide residues in soil
may poses serious threats to the environment and indeed
can lead to acute and chromic health effects such as
cancer, central nervous system disorders, birth defects,
genetic mutation, sterility and even death (Khalil, 2003;
Silva et al., 2007). Moreover, the improper disposal of
hazardous pesticides from manufacturing plants, surface
runoff, leaching, accidental spills and other sources have
also contaminated soil, ground water and surface water
(Neumann et af., 2002; Sudo et al., 2002).

Preliminary reports (Abdelbagi e af., 2000, 2003)
indicated that soil microorgamsms are potential degraders
cleaning highly polluted soils and dump sites; a process
known as bioremediation (Nwachukwu and Osyj1, 2007).
Bioremediation of different pesticides have been tried by
various mvestigators m different countries with variable
success (Imran et al., 2004; Yu et of., 2005; Osman, 2006;
Silva et al., 2007).

Introduction of pesticides m the Sudan probably
goes back to 1907 when arsemte of soda was tested for
control of locusts. Tn 1970 Goal (Oxyfluorfen); which is a
contact herbicide, was used in most of irrigated schemes
alene or as a mixture with Diuron in areas of cotton,
ground nut, broad beans, fruits, vegetables and in non-
crop areas. According to Banaga (1991), the area treated
with Goal in Gezira scheme increased drastically from
approximately 14700 hectares 1n 1976 to 105000 hectares in
1990. Oxyfluorfen (2-chloro-1-(3-ethoxy-4-nitrophenoxy)-
4-(trifluoromethyl) benzene) is a diphenyl ether herbicide.
It is a selective pre-and postemergent herbicide used to
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control certain annual broadleaf and grassy weeds. Tt acts
by inhibiting protoporphyrinogen oxidase and causes
disruption of cell membranes and may also act as electron
transport inhibitors. Toxicity symptoms include leaf
chlorosis and necrosis caused by the loss of cell
membrane integrity (1. 3. EPA/OPP, 2002).

Oxyfluorfen 1s considered to be highly resistant to
degradation m soil environments since 1t 13 not
hydrolyzed at pH 5, 7 or 9 (U.S. EPA, 1992). Tt is estimated
that only 15% of the Oxyfluorfen applied to a soil surface
15 degraded within 28 days while laboratory studies
mdicated that its soil half-life was 6 months (U.S. EPA,
1984). Chakraborty et al. (2002) studied the degradation of
Oxyfluorfen by Azotobacter chroococcum in sterilized
muineral salt medium. This bacterium degraded more than
60% of the added Oxyfluorfen within 7 days, after wlich
the Oxyfluorfen concentration was gradually reduced from
240 to 96.22 ppm and the bacterium utilized Oxyfluorfen as
a sole carbon source.

The objective of this study was to 1solate,
characterize and identify microorganisms capable of
degrading Oxyfluorfen herbicide in soil.

MATERIALS AND METHODS

Collection of soil samples: This study was conducted
during June 2006-Oct. 2007. The samples were taken at
10 c¢m depths from Elsilait site, Khartoum State, Sudan,
where there is no history of pesticides application.

Media: Six different media were used throughout this
study as recommended by Tepper et al (1993),
Moubasher (1993) and Schmidt and Wolff (1997). These
were: Meat Peptone Agar (MPA), Starch Ammonium Agar
(SAA), Nitrate Agar (NA), Czapeks Dox Agar (CZA), Malt
Extract Agar (MEA) and Mineral Salt (MS) medium.

Each medium was sterilized by autoclaving at 121°C
under a pressure of 15 Tb/in? for 15 min.

Biodegradation of oxyfluorfen herbicide in soils:
Oxyfluorfen was obtained from the Central Trading
Company, Khartoun, Sudan. Soil samples were divided
mto 600 g lots, each i a 1000 mL beaker and wetted to
60% field capacity. Oxyfluorfen was added to the souls,
separately, at concentrations of 0.0, 96, 200, 400, 800 and
4000 mg kg™ soil and mixed well. Two sets of bealkers
were then incubated m the dark, one setat 28 and the
other at 40°C, for 45 days. In another experiment, soil
samples were fertilized with Nitrogen, Phosphorus and
Potassium (NPK fertilization) before the addition of
Oxyfluorfen at different concentrations. Nitrogen m the
form of urea, Potassium in the form of KCl and Phosphate

275

inthe form of super-phosphate were added at zero time at
arate of 375, 187.5, 178.5 mg per beaker, respectively. A
control set of fertilized soil to which no pesticide was

added has been mncluded.

Isolation and maintenance of oxyfluorfen degraders:
Serial dilution technique and the spread plate method
(Tepper et al., 1993) were used for 1solation of Oxyfluorfen
degrading microorganisms from 10 g Oxytluorfen-wetted-
soil at zero time and then at 15 days intervals for 45 days.
At each mterval, tentative Oxyfluorfen degraders were
1solated on each of the recommended media (MPA, SAA,
NA and CZA).

Determination of oxyfluorfen residues in soils: Residual
Oxyfluorfen was extracted in hexane at zero time and at
15 days intervals up to 45 days. Oxyfluorfen was analysed
using GLC equipped with an Electron Capture Detector
(ECD) and 3% OV-1-100-120 mesh glass column.
Hydrogen gas at a {low rate of 42 mL min~' was used as
a carrier. Injector port, oven and detector temperatures
were 260, 215 and 290°C, respectively.

Microbial degradation of oxyfluorfen in mineral salt
liguid media: The 50 mI. of MS medium supplemented
with 0.02% Oxyfluorfen was inoculated with a pure culture
of each of the tentative Oxyfluorfen degraders and
incubated at 28°C for 21 days. At the end of the
incubation period, five ml of each culture was extracted in
hexane (Budde, 1996) and analyzed for residual
Oxyfluorfen by GLC as described above.

Identification of oxyfluorfen degraders: Bacterial

Oxyfluorfen degraders were identified following
recommended standard cultural, microscopical and
biochemical characteristics (Collins er al., 1995,

Collee et al., 1996).

Fungal degraders were identified by microscopical
and cultural characteristics in MEA as well as m CZA
media as suggested by Moubasher (1993) and Schmidt
and Wolff (1997).

RESULTS

Biodegradation of Oxyfluorfen herbicide in soils
incubated at 40°C: Table 1 shows that high degradation
percentages ranging between 55.2-78.3% were recorded
after 45 days for all concentrations tested. Intensive
degradation (28.1, 62.5 and 42.8%) of Oxyfluorfen started
after 15 days of incubation at concentrations of 96, 200
and 400 mg kg™ soil, while at 800 mg kg™ soil and at
4000 mg kg~ soil obvious degradation (58.6 and 41.8%)
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Table 1: Residues and degradation percentages of omoythiorfen in soils

Table 3: Residues and degradation percentages of ogyfluorfen in soils

incubated at 40°C fertilized with NPK and incubated at 40°C
Concentration of Residues of Concentration of Residues of
oxgyfluciten oxgyfluciten oxyfluorfen oxyfluorfen
Days (mg kg™! soil) (mg kg™' soil)  Degradation (%o) Days (mg k™! soil) (mg kg™ soil) Degradation (%)
15 96 69 281 15 96 56 41.7
200 75 62.5 200 89 55.5
400 229 42.8 400 289 27.8
800 745 6.9 800 561 29.9
4000 3761 6.0 4000 1950 51.3
30 30
96 40 583 9 22 77.1
200 75 62.5 200 59 70.5
400 200 50.0 400 222 445
800 331 58.6 200 39 s0.8
4000 2328 41.8 4000 260 035
45 '
95 27 71.9 4
: 96 17 82.3
200 50 75.0
200 44 78.0
400 87 783
800 183 770 400 T4 81.5
4000 1791 55.2 800 104 87.0
* 4000 120 97.0
Table 2: Residues and degradation percentages of oxyfluorfen in soils
incubated at 28°C : applications  except for herbicide application at
Concentration of  Residues of 200 mg kg soil where it doubled. After 45 days of
axyfluorfen oxyfluorfen : ’
Days (mg kg soil) (mg ke~ soil) Degradation (%) incubation, only 36.6, 31.5, 36, 30.9 and 17.5% were
15 96 87 9.4 degraded at concentrations (mg kg™ soil} of 96, 200, 400,
200 L7 103 800 and 4000 tivel
100 368 80 an , respectively.
800 588 26.5
“ 4000 344l 14.0 Biodegradation of oxyfluorfen herbicide in soil treated
% 87 04 with NPK: The effect of mineral fertilizers (NPK) on
200 158 21.0 microbial abilities to degrade Oxyfluorfen was studied.
ggg zgé ;52;'8 The results (Table 3) showed that intensive degradation
4000 3365 15.0 of Oxyfluorfen started after 15 days of mcubation for all of
45 the herbicide concentrations tested. Percentages of
96 61 36.6 .
200 137 s Oxyfluorfen degradation (41.7 and 51.3%) were observed
400 256 36.0 for soil applications of 96 and 4000 mg kg™ soil,
800 553 30.9 respectively. After 30 days of incubation, 77.1, 70.5, 44.5,
4000 3302 17.5

was started after 30 days of incubation. After 15 days of
incubation 62.5 and 42.8% of the herbicide present were
degraded at 200 and 400 mg kg~ soil, respectively. No
further degradation of Oxyfluorfen was observed m soil
treated with 200 mg kg™ soil. However, at%00 and
4000 mg kg~ soil a drastic increase in Oxyflucrfen
degradation was observed after 30 days.

Biodegradation of oxyfluorfen herbicide in soils
incubated at 28°C: At 28°C the degradation percentages
of Oxyflucifen were generally very low at all
concentrations tested as compared to those observed at
40°C (Table 2). After 15 days of incubation only 9.4, 10.5,
8, 265 and 14% were degraded for concentrations
(mg kg soil) 96, 200, 400, 800 and 4000, respectively.
After 30 days of meubation, moderate variations were

observed 1in the degradation percentages for most
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59.8 and 93.5% were degraded for the concentrations 96,
200, 400, 800 and 4000 mg kg™ scil, respectively.
However, after 45 days of incubation and at 4000 mg kg™
soil concentration, 97% of Oxyfluorfen was degraded,
while at 96 mg kg " soil, 82.3 degradation percentage was
observed.

Biodegradation of oxyfluorfen in mineral salt liquid
medium: Ten potential Oxyfluorfen degraders were
identified based on their cultural, microscopical and
physiological characteristics according to Bergey’s
Manual of Systematic Bacteriology (Garrity ef al., 2001).
The ability of these degraders to utilize Oxyfluorfen as a
sole source of energy and carbon was assessed in mineral
salt liquid medium. After 21 days of mcubation, all of the
isolates have displayed different degradation rates in the
range of 35.6-95.6% (Table 4). Degradation with KSB
8 (Bacillus sp.), KSB 12 (Bacillussp.), KSB 15
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Table 4: Potentialities of different isolates to degrade oogyfluorfen in mineral salt liquid medium

Treatment (inoculation by the isolates)  Source

Residue of oxyfluorfen (mg mL™")

after 21 days incubation Degradation (%0)

Identification

Control (liquid medium) - 0.045 00.0
KSBS8 Oxyfluorfen-treated soil (4000mg kg™")

+NPK 0.002 95.6 Baciflus sp.
KSB12 Oxyfluorfen-treated soil (200mg kg™)

+NPK 0.007 84.4 Baciflus sp.
K8B 15 Oxyfluorfen-treated soil (400 mg kg™) 0.008 82.2 Arthrobacter sp.
K3B 2 Oxyfluorfen-treated soil (800 mg kg™ 0.008 822 Psevdmonas sp.
KSB 6 Oxyfluorfen-treated soil (96 mg kg™!)

+ NPK 0.009 80.0 Baciflus sp.
K8B 19 Oxyfluorfen-treated soil (800 mg kg™) 0.010 77.8 Aspergillus terreus
KSB 9 Oxyfluorfen-treated soil (400 mg kg™

+NPK 0.011 75.6 Mivobacteriumsp.
K3B 14 Oxyfluorfen-treated soil (4000mg kg™!) 0.012 73.3 Micrococeus sp.
KSB 18 Oxyfluorfen-treated soil (200 mg kg™") 0.014 68.9 Streptomyces sp.
K8B 16 Oxyfluorfen-treated soil (800 mg kg™ 0.029 35.6 Arthrobacter sp.

*The initial oxyfluorfen concentration

(Arthrobacter sp.), KSB 2 (Pseudomonas sp.) revealed
high degradation percentages of 95.6, 84.4, 82.2 and 82.2,
respectively.

Based on microscopical and cultural characteristics,
KSB 19 is tentatively identified as Aspergillus terreus
according to the guidelines given by Balajee ef al. (2007).

DISCUSSION

Results obtamed m this study demonstrate that
degradation of Oxyfluorfen herbicide increases as the
temperature increases. The degradation % was found to
be better at 40°C than at 28°C at all concentrations tested.
It 1s generally reported that the effect of temperature on
pesticides  degradation depends on the molecular
struchure of the pesticide (Buyuksonmez et al., 2000). The
results presented in this study is in accordance with the
results of Castillo and Torstensson (2007) who reported
that temperature affects adsorption by altering the
solubility and hydrolysis of pesticides in soil. Authors
attributed their findings to the fact that adsorption of
pesticides 15 reduced as a result of increasing solubility
due to a general ncrease in temperature. Microbial
activity is stimulated by an increase in temperature; the
maximum growth and activity of microorganisms in soil
occurs at 25-35°C (Hogg, 2005) and pesticide degradation
15 optimal at a mesophilic temperature range of around
23-40°C (Topp et al., 1997). Results obtained in this study
is in accordance with the results of Osman (2006) who
reported a high biodegradation rate of the fungicide
Amistar  at higher temperature.  Smmilarly,
Mandelbaum et «al (1993) reported much higher
mineralization of Atrazine herbicide by Pseudomonas sp.
at 40°C than at 15°Cbut is minimal at 7°C. Zhu et ai. (2004)
reported faster degradation of Fiproml insecticide at
35 than at 25°C in non-sterile clay-loamy soil.
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Results displayed in Table 1 and 3 indicate that the
degradation of Oxyfluorfen in soils fertilized with NPK
was higher than in non-fertilized soil. The biodegradation
of organic compounds 1s often slow because one or more
of the inorganic nutrients needed for microbial growth are
in low concentration in natural environments (Tean et al.,
2008). It was also suggested that the addition of nitrogen
and phosphorus may increase the biodegradation of
organic compounds (Jean et al, 2008). Application of
chemical fertilizers and manure to soil stimulates growth
of microorganisms i the soil (Parham ef al, 2003,
Alamri, 2009). In the same way, Atagana (2004) and Jones
and Alexander (1988) found that adding N and P to the
soil enhances microbial growth and the biodegradation of
p-cresol and p-nitrophenol. Similar results were obtained
by MeGhee and Burns (1995) who reported that NPK
fertilizer significantly increased degradation of 2,4-D and
MCPA by Xanthomonas maltophilia.

Biodegradation of diphenyl ether herbicides were
studied by many researchers; Takase et al. (1986) isolated
a Pseudomonas cruciviae strain that utilized diphenyl
ether as a source of carbon and energy. Fortina et al.
(1996) 1solated four spore-forming bacteria that were able
to degrade acifluorlen. They found that the degrading
strains belonged to the species Bacillus thuringiensis,
Clostridium perfringens and Clostridium sphenoides.
Furthermore, Hiratsuka et af. (2001) reported the
degradation of dipheny! ether herbicides by the lignin-
degrading basidiomycete Coriolus versicolor.

Keum et al. (2008) reported that nitrodipheny] ether
herbicides, including Oxyfluorfen were rapidly degraded
by the bacterial strain Sphingomonas wittichii. Sunilarly,
Niki and Kuwatsuka (1976) found that Bacillus subtilis
and Bacillus megatherium degraded about 24-79% of
Oxyfluorfen m nutrient broth medim  whereas
Pseudomonas spp. degraded about 18-52% of Oxyfluorfen
after 2 days of incubation under the same conditions.
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Chakraborty et al. (2002) studied the degradation of
Oxyfluorfen by Azofobacter chroococcum in mineral salt
medium and reported that the bacterium degraded more
than 60% of the added Oxyfluorfen within 7 days.

CONCLUSION

Present results showed that kigh degradation
percentages (82.2-95.6%) of Oxytluorfen herbicide were
obtamed by species of the genera Bacillus, Arthrobacter
and Pseudomonas. We recommend the use of these
microorgamsms for the decontamination of heavily
polluted sites or agricultural fields. Since the
biodegradation of Oxyfluorfen was significantly better at
40°C it would be friendlier to the environment to use this
herbicide with summer crops in Sudan and other tropical
regions.
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