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EFFICIENCY OF SOME ISOLATED SOIL MICROORGANISMS FOR 
CARBOFURAN PESTICIDE DEGRADATION 

ABSTRACT 

The aim of this study concerns the use of locally isolated microorganisms in bioremediation the 
polluted soil with pesticides . Therefore, the study included isolation and identification of some 
microorganisms from treated soil increasingly by carbofuran and tested for their tolerance and ability to 
degrade carbofuran which is extensively used under Egyptian Agricultures against many pests . Obtained 
results could be summarized as follows: 

Only two kinds of the isolated microorganisms were able to grow and withstand the toxicity of 
carbofuran. These microorganisms were identified as Streptomyces violaceusniger and Azospirillum 
brasilense. Results also indicated that carbofuran dissipation rate in culture of A.brasilense was faster 
than that in S.violaceusniger one, since only 7.5 and 10.5% ofthe applied carbofuran were detected by 
GLC in the culture of A. brasilense and S. violaceusniger, respectively at the end of experiment (21 days). 
S. violaceusniger was more efficient in biodegradation of carbofuran than A. brasilense since, six 
metabolites were detected in S.violaceusniger culture by GLC and TLC, three of them were identified as 
carbofuran phenol, 3-hydroxy carbofuran and 3-keto carbofuran, whereas the other three metabolites 
could not be identified. A.brasilense degraded carbofuran to only three metabolites, two ofthem were 
identified as carbofuran phenol and 3-keto carbofuran, while the third one could not be identified. 
Moreover, carbofuran dissipation rate in cultivated soil with tomato and treated with carbofuran was 
higher in case of inoculation with the mixture of S.violaceusniger and A.brasilense than that inoculated 
with each one individually. Therefore, soil inoculation with either S. violaceusniger, A.brasilense or a 
mixture of them is almost important for biodegradation of carbofuran and removing its residues from 
the polluted soil. 

INTRODUCTION 

Pesticides are applied in wide-spread for more than 50 years ago either by spraying the plants or 
directly in or on the soil surface. Recently, the application of pesticides in a granular form is practiced to 
facilitate the application of pesticides and to give rapid and good control of soil pests or insect stages. 

Generally, the use of pesticides has greatly contr ibuted to crop production. Despite ofthis success, 
harmful side effect of pesticides using were observed such as toxicity to human and environment 
pollution (Racke & Coats, 1990; Cogger et al, 1998; Andrea et al, 2000 and Garcia et al, 2001). The 
accumulation of pesticides in soil leads to ground water pollution and inhibition of beneficial soil 
microorganisms (Das et al, 1995; Yen et al, 1997; Das & Mukherjee, 2000; Omar & Abdei-Sater, 
2001 and Singh et al, 2002). Now, it is generally accepted that adaptation of soil microorganisms are 
necessary for the rapid degradation of pesticides in soils (Levanon, 1993; Soudamini et al, 1997; 
Karpouzas & Walker, 2000; Trabue et al, 2001 and Megharaj et al, 2003). The bioremoval of 
pesticides residues from the environment by microorganisms has become an important area of research. 

Therefore, the present investigation was carried out to isolate some microorganisms from Egyptian 
soil able to degrade carbofuran to be used as inocula to remove its residues from the polluted soil. 
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MATERIALS AND METHODS 
Carbofuran (furadan): (2,3 dihydro-2,2dimethyl-7benzofuranyl N-methylcarbamate). 

0 - CO-N 

'00 
Carbofuran 

Isolation and identification of microorganisms. 

To isolate of microorganisms from the soil able to degrade carbofuran, the method of 
Venkateswarlu et al (1977) was used. The microorganisms capable of growing with carbofuran and 
used it as a sole source of carbon and/or nitrogen were isolated and purified. Mineral salts medium 
(Venkateswarlu et a!, 1977) was used for isolation process. 

The two iso lates \ hich confirmed their ability to degrade and utilize carbofuran as a sole source of 
carbon and nitrogen were purified and subjected to detail morphological and physiological 
characteristi cs accord in g to Bergey's Manual of Determinative Bacteriology (1994) and were 
identified as Streptomyces violaceusniger and Azospirillum brasilense. 

Tolerance of the two microorganisms for carbofuran. 
The identi fied strains were tested for their ability to grow in presence of different concentrations of 

carbofuran namely zero, 50, I 00, 150, 200 and 250 ppm. 

Inocula preparation. 
For preparation of S. violaceusniger and A.brasilense inocula, starch nitrate agar medium (Waksman 

and Lechevalier, 1961) and semi-solid malate medium (Dobereiner, 1978) were inoculated with 
S. violaceusniger and A. brasilense, respectively then incubated at 33°C and 30°C for 10 and 3 days, 
respectively. 

Biodegradation of carbofuran by isolated and identified strains. 
Streptomyces violaceusniger and A.brasilense were tested for their ability to degrade carbofuran. 

Mineral salts solut ion supplemented with carbofuran at a rate of either 100 or 50 ppm was inoculated 
with standard inocul a from spore suspension of S. violaceusniger (I ml contains about 166 x 103 

spore/ml) and A.brasilense (1 ml contains about 3x106 viable cells), then incubated on a rotary shaker 
(200 rpm) for 21 days at 33 and 30°C for S. violaceusniger and A.brasilense, respectively. Medium 
supplemented with carbofuran alone without inoculation was used as a control. Samples were taken at 
zero, 3, 7, 11 , 15 and 21 days of incubation to determine the densities of Streptomyces, Azo.spirillum, the 
remained carbofuran and its by products. 

Efficiency of the isolated and identified strains to degrade carbofuran in cultivated soil with 
tomato. 

A pot experiment was conducted to study the persistence rate and biodegradation of carbofuran 
under tomato plants. Erthern pots 25cm in diameter were filled with sandy clay loam soil (about 4 
kg/pot) and amended with NPK fertilizers at recommended rates and planted with tomato seedlings 
(two/pot). The pots were irrigated with tap water every two days, then were divided into two groups ( 48 
pots for each). The first were treated with carbofuran at the recommended rate (lg/pot) at the 15th day of 
planting and kept for 15 days, then divided into 4 portions for treatment as follows: 
a) Twelve pots kept without inoculation (control 1 ). 
b) Twelve pots were inoculated with 15 mllpot of S. violaceusniger culture ( 130x 105 spores/ml) 7 days-old. 
c) Twelve pots were inoculated with 15 ml/pot of A. brasilense culture (344 x 107 viable cells/ml)48 hrs-old. 
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d) Twelve pots were inoculated with 15 ml/pot of both S. violaceusniger and A. brasilense cultures. 
The second group were treated with carbofuran at the double recommended rate (2 g/pot) and also 

divided into 4 portions to be treated as previously described in the first group. Beside that, a group of 
planted pots was left without any treatment (no carbofuran addition and no inoculation) as control 2. Soil 
samples were taken at zero, 15 , 30, 45 and 60 days of inoculation with the abovementioned strains for 
the following assessments: 

1-Total bacter ia and actinomycetes densities. 2- Soil dehydrogenase activity. 
3-Persistence amounts of carbofuran and its by-products. 

Analysis methods. 
Carbofuran was extracted and cleaned-up from the liquid cultures and soil according to the methods 

described by Venkateswarlu eta/ (1977) and Racke & Coats (1990), respectively. Carbofuran and its 
metabolites were determined by GLC, TLC and Gas/Mass spectrometer. Densities of streptomyces in 
liquid culture were determined on starch nitrate agar medium (Waksman and Lechevalier, 1961). 
Whereas, densities of Azospirillum were determined on semi-solid malate medium (Dobereiner, 1978) 
Total bacterial count in soil was determined by using soil extract agar medium according to Holm and 
Jenseon (1972). While, actinomycetes count in soil was determined by using starch nitrate agar medium 
according to Waksman and Lechevalier (1961). Also, dehydrogenase activity in soil was assayed 
according to Casida et al (1964). 

RESULTS AND DISCUSSION 
Isolation and identification of carbofuran degrading microorganisms. 

Only two isolates of microorganisms were able to grow and withstand the toxicity of carbofuran. 
These two isolates could identified as S. violaceusniger and A. brasilense. 
Tolerance assessment of S. violaceusniger and A.brasilense to carbofuran. 

Data given in Table (1) revealed that S.violaceusniger normally grows In the liquid culture 
containing 50ppm carbofuran and could tolerate its concentration up to 100 ppm. When the 
concentration was increased to 150 or 200 ppm. , S. violaceusniger could withstand its toxicity. 

Whereas, increasing the concentration more than 200 ppm was accompanied with toxic effect. On 
the other hand, A.brasilense is susceptible to carbofuran than S. violaceusniger, since it could normally 
grow in the liquid culture containing 50ppm carbofuran and could withstand toxicity up to 100 ppm but, 
when the concentration was increased more than 100 ppm it caused toxic effect on the growth. 
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T bl 1 T I a e o erance o f S . I . vw aceusntfi. tA h ·z t d"f£ er anc, rast ense o I eren t t f concen ra wns o f car b f o uran. 
Concentrations Growth in presence of carbofuran 

Strains -- 0 50 100 150 200 250 
s. violaceusniger 3+ 3+ 2+ + + -
A. brasilense 3+ 3+ + - - -
Analysis of technical carbofuran and its metabolites. 

Thin Layer Chromatography, Gas Liquid Chromatography and Gas/Mass spectrometer were used to 
determine the values of Rf, Rt and M/e of each compound to be as reference to compare these values 
with those obtained from samples analysis . The limited data are presented in Table (2) and shown in Figs 
(1 ,2 and 3) . 
T bl 2 D I . f b f d "t t b rt a e ata analysts o car o uran an 1 s me a o 1 es. 

Compounds 
TLC GLC 

M/e Molecular formula 
(Rfvalues) (Rtmin.) 

Carbofuran 0.45 1.87 221 C12H1sN03 
Carbofuran phenol 0.92 0.87 164 C1oH1202 
3-0H- carbofuran 0.48 1.60 23 7 C1 2H1 sN04 
3-Keto- carbofuran 0.38 2.35 235 C12H13N04 
3-Keto carbofuran phenol 0.65 1.00 178 CIOH1 o0 3 

Fig 1. Thin layer chromatography of carbofuran and its metabolites 
1; 3-0H-carbofuran. 4; 3-Keto- carbofuran. 
5; carbofuran. 6; 3-keto- carbofuran-phenol. 

Periodical changes of microbial densities and carbofuran persistence rate in liquid cultures. 
Data in Table (3) show that S.violaceusniger densities progressively increased and reached to a 

high peak at 7lli day and then declined until the end of the experiment. This result indicate that 
S. violaceusniger could withstand the toxicity of carbofuran and used it as a sole source of carbon and 
nitrogen and when its concentration decreased in the medium the densities were declined. Whereas, 
A. brasilense densities progressively decreased unti I the 11 days of experiment, then increased at 15lli day 
and decreased thereafter. This result indicates that A. brasilense is more susceptib le to carbofuran than 
S. violaceusniger and this confirms the results previously obtained in the tolerance assessment. After that, 
A.brasilense became adapted to carbofuran and used it as a sole source of carbon and nitrogen. While, at 
the end of the experiment (21 days) the densities were declined as a result of carbofuran amount 
decrease. 
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Fig 2. Gas chromatographic spectra of 
A) Technical carbofuran B) carbofuran phenol. C) 3-hydroxy carbofuran 

D) 3-keto-carbofuran E) 3-keto-carbofuran phenol 
F) Mixture of carbofuran and its available metabolites. 
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Table 3. Microbial densities and persistence rate of carbofuran in uninoculated and inoculated media 
'th S . l . d A b 'l WI . vw aceusm~er an . rast ense . 

Microbial densities of Persistence rate of carbofuran (%) 

Days after S. violaceusniger A .brasilense S. violaceusniger A .brasilense 

addition Uninoculated Inoculated Uninoculated Inoculated 
' (xl05 /ml) (x107/ml) 

medium medium medium medium 

0 16.6 30.0 100 100 100 100 

3 17 .0 22.1 95.6 69 .5 95 .1 72 .0 

7 19 .0 6.0 80.4 51.1 85.6 40.8 

11 5.20 5.0 75.8 22.5 76.3 22.2 

15 2 .70 35.0 51.8 18.9 51.2 12.3 

21 0.40 14.0 44.2 10.5 42.8 7.50 

Data in Table (3) also show that carbofuran amounts decreased with elapsed time in both 
uninoculated and inoculated media. Dissipation rate of carbofuran in inoculated media was faster than 
that in uninoculated ones. Since, 24.2, 77 .5 and 23.7, 77.8% of the added carbofuran were disappeared 
from the uninoculated and inoculated media with S. violaceusniger and A. brasilense, respectively 
throughout the first 11 days. At the end of the experiment (21 days), only 44 .2, 10.5 and 42.8, 7.5% of 
the added carbofuran were detected in uninoculated and inoculated media with S. violaceusniger and 
A.brasilense, respectively. These results indicate that the ability of carbofuran to biologically hydrolyze 
via the effect of microorganisms. These results are in harmony with Soudamini et al (1997), Karpouzas 
& Walker (2000) and Trabue et al (2001) who found that carbamate pesticides were degraded in the 
media inoculated with either so il suspension or soil microorganisms faster than those in the uninoculated 
ones. 

Biodegradation of carbofuran by S. violaceusniger and A .brasilense in liquid cultures. 
Data illustrated in Figs (4,5,6 and 7) revealed that S.violaceusniger began to degrade carbofuran 

after the first three days of incubation. However, the products of carbofuran degradation were more 
demonstrated after 15 days of incubat ion. This is probably due to high potential of S. violaceusniger 
strain to degrade carbofuran as time proceeded . The chromatographic analys is of the extracts showed 
only one metabolite having (Rt 0.87 minute and Rf value 0.92) on GLC and TLC, respectively which 
appeared at the third day of incubation and still detected up to the end of the experiment. This metabolite 
could be identified as carbofuran phenol. 

After 15 days, five metabolites were detected by GLC having Rt 0.79, 0.87, 1.11, 1.53 and 1.74 
minutes, three of them were identified as carbofuran phenol (Rt 0.87), 3-keto carbofuran phenol (Rt 1.1) 
and 3-0H-carbofuran (Rt 1.53), the other two compounds could not be identified. Those metabolites 
were detected by GLC until the end of the experiment (21 days) but only two compounds were detected 
by TLC having Rf values 0.33 and 0.52 . This result may be due to their finding with small amounts as 
far as they could not be detected by TLC. However, GLC analysis is known with its high sensitivity than 
thin layer chromatography. Identification of these metabolites was carried out by comparing their Rf and 
Rt values with those obtained by pure carbofuran and its metabolites which recorded in (Table, 2) and 
the corresponding compounds were recorded. 

Generally, it can be concluded that the S. violaceusniger strain is able to degrade carbofuran to six 
compounds, three ofthem were identified as carbofuran phenol; 3-0H-carbofuran; 3-keto- carbofuran 
phenol and the three other metabolites were still unidentified . Regarding the chromatographic analysis 
of A.brasilense liquid culture extracts, the chromatograms showed that three metabolites were detected, 
two of them were identified as carbofuran phenol, 3-keto- carbofuran phenol and the third one remained 
unidentified. This compound could only detected by GLC at Rt of 0.83 and not detected by TLC. 
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Fig 4. Thin layer chromatography of liquid culture extract of Streptomyces violaceusniger after 
different intervals from amendment with carbofuran. 

Fig 5. Thin layer chromatography of liquid culture extract of Azospirillum brasilense after different 
intervals from amendment with carbofuran. 

St; standard carbofuran 1; Zero time 2; 3 days 3; 7 days 4; 11 days 5; 15 days 6; 21 days 
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D. carbofuran free liquid culture extract. 

I 9 

4 



'I 

1 .4-e 

1.2e 

1.0e 
Q A " " ... 
Q. 

" Q .. .. " .a .. ... 
.8 Q. .. Cl .. !! u .a 

8000 .8 .. 
~ 
A .. 
.!II 
.;, 

I'-
= 

6000 --

o:o 2 . 5 

L 

Efficiency o[some isolated soil microon:anisms {or carbo{itran pesticide de:;zradation 

0 

Q 

~ .g, 
Cl 

f Q 
:I Cl .... .. 
.8 .g, 

ll=::> Cl 

~u~] 
~I .8 = .. 

~ 

i .;, 

B 

c: 

j 
J 

N 
= = 

c: 
I! 
.2 
~ 
i 
ii 
"f .... 

C"J -C"J 

illliLJLl l 

1.4-e4-

1.2e4-

1 .Oe4-

8000-

6000 

4-000 

o.o 
4-

Fig 7. Gas liquid chromatography spectra of 

G 
q , 
a 

= L0 
= 
= 

c 

~ 

~ 
L0 = 

uu 

2.5 

A. Liquid culture extracts of A brasilense after 15 days of treatment with carbofuran. 
B. Carbofuran and its metabolites. C. Liquid medium + carbofuran extract . 
D. carbofuran free liquid culture extract. 

10 

0 

0 4-



Eleventh Conference of Microbiology; Cairo; Egypt; Oct. 12-14; 2003 

Substantial concentrations of carbofuran phenol product were found in the culture extracts during the 
first 11 days after treatment and remained as the major constituent during the experimental period. The 
relative concentration of carbofuran phenol rapidly increased and then slowly decreased with the 
increasing of incubation time. At the meantime, an increase in the relative concentration of 3-keto
carbofuran phenol and the unknown product was observed. Tentatively, it is suggested that the major 
pathway of carbofuran phenol transformation is its oxidation to 3- keto-carbofuran phenol. These results 
are in agreement with the findings of Saini et al (1999) on the fate of carbofuran in all cell suspension 
cultures of sugarcane, since they noticed that carbofuran was metabolized to 3-hydroxy carbofuran, 
carbofuran phenol and 3- hydroxy carbofuran phenol. 

Generally, obtained result indicates that the A.brasilense strain is able to degrade carbofuran in 
liquid culture. Similar result was found by Allan et al (1981) who noticed that two bacterial isolates of 
Achromobacter sp. and Pseudomonas sp from soils with continuous using of carbofuran were capable of 
carbofuran degradation in both pure culture and when added to sterilized soil. 

Persistence and biodegradation of carbofuran in cultivated soil with tomato and inoculated with 
S. violaceusniger or/and A.brasilense. 

To evaluate the efficiency of S. violaceusniger or/and A. brasilense on carbofuran biodegradation in 
soil cultivated with tomato, the soil was inoculated with each strains individually as well as with their 
mixture after 15 days of carbofuran amendment, then the microbial and actinomycetes densities, 
dehydrogenase activity, carbofuran persistence and its by-products were periodically determined. 

Periodical changes of total microbial, actinomycetes densities and dehydrogenase activity. 
Data presented in Table (4) showed that total microbial densities were affected by low and high 

concentrations of carbofuran. This effect was more pronounced in case of high concentration since the 
total microbial densities were lower with the application of double recommended rate than the 
application of recommended one. Similar trend of results was observed with either uninoculated or 
inoculated treatments. In various investigation treatments, total microbial densities showed fluctuation 
throughout the experiment. This fluctuation in the microbial populations may be due to the temperature 
changes as well as drying and remoistening of soil throughout the experimental period. Soil inoculated 
with either S. violaceusniger, A.brasilense or their mixture increased the total microbial densities 
compared to uninoculated soil. This was true in case of recommended and double recommended rate of 
carbofuran application. This increase was more pronounced when the mixture of two microorganisms 
was used followed by A.brasilense and finally with S. violaceusniger. 

Data also show that actinomycetes densities were generally affected by the application of the 
nematicide carbofuran. This effect was more pronounced in case of high concentration which caused 
lower densities. Such decrease in actinomycetes densities may be due to the inhibitive effect of 
carbofuran. Soil inoculated with either S. violaceusniger or A. brasilense showed high increase in 
actinomycetes densities compared to uninoculated one. This trend of results was observed with the 
application of carbofuran either at recommended rate or double recommended one. Soil inoculated with 
the mixture of tested microorganisms showed higher increase in the actinomycetes densities than soil 
inoculated with every microorganism each one strain individually. This indicates that these 
microorganisms behaved synergistically when they were inoculated together. Kennedy et al (1999), 
Omar & Abdei-Sater (2001) and Singh et al (2002) reported that bacteria, fungi and actinomycetes 
populations significantly decreased with using pesticides at higher levels. 
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Table 4. Total microbial, actinomycetes densities and dehydrogenase activity in soil 
cultivated with tomato and treated with one and double recommended rate of 
carbofuran and inoculated with S. violaceusniger and A.brasilense or a mixture of them. 

Days after Tota l microbial densities X 106 cfu g·' dry soil 

"" = = = " " ·~ Soil inoculated with 
-= 

~ ·::: 
Untreated c .,:: " " Uninoculated " " :; S.viola. .Q;.:: soil S. violaceusniger " ~ Q, :5 A.brasilense c: " "- .s +A .bras 

u" I I I I R 2R R 2R R 2R R 2R 
30 15 0 80 54 46 94 73.6 92 86 110 100 
45 30 15 66.3 44.2 35 60 54 68 56 98.5 92 
60 45 30 79.2 65.2 60 84 75 87 69 116 96 
75 60 45 55.9 33.8 25 37 31 50 35 47 39 
90 75 60 48.3 47.6 32.3 49 45.5 53 50 58.2 51.5 

Days after Actinomycetes densities X 105 cfu If' dry soil dry soil 

"" ~ g = Soil inoculated with 

-= " Untreated Un inoculatcd S.viola. c :I ·::: ·:: ... " " soil S. vio/aceusniger A.brasi/ense " " " :; +A .bras c: .c;.:: 
" ~ "- " R I 2R R I 2R R 

I 
2R R 

I 
2R " "- .s u " 

30 15 0 50.2 44 25 64.0 52.0 48.8 28.9 58.1 38.0 
45 30 15 32.8 19 10 23.0 19.1 20.0 16.0 38.9 34.0 
60 45 30 37.3 25 13 28.0 24.0 29.5 20.3 57.0 43.6 
75 60 45 33.8 32 20 38.0 25.0 32.0 26.6 36.6 30.8 
90 75 60 19.3 8 5.5 22.0 16.0 15.5 12.7 19.6 16.8 

Days after 
Dehydrogenase activity 

Soil inoculated with 

"" = = Uninocu lated S. violaceusniger A.brasilense S.viola. 
·.§ ~ .g ·:: 

~ Untreated +A .bras 
'" " :; c "" " .c;.:: " soil 

c: ~ "- " R l 2R 
Rl 

2R R 

I 
2R R 

I 
2R " "- .s u" 

30 15 0 33.1 31.0 26.9 46.5 43.9 46.0 42.0 50.0 47.3 
45 30 15 30.5 29 25.4 43.1 39.9 45.2 40.1 48.0 46.7 
60 45 30 31.8 24.1 22.9 56.3 49.3 56.9 47.2 51.1 49.3 
75 60 45 36.9 27.7 19.8 55.5 54.8 55.1 49.8 68.3 63.3 
90 75 60 35.4 23.0 21.1 65.3 56.0 54.4 53.4 73.3 67.8 

R: Recommended rate. 2R: Double recommended rate. 

Results presented in Table ( 4) also showed that DHA activity data are concurrently with the results 
obtained from the total microbial and act inomycetes densities. Since the soil amended with carbofuran 
at recommended and double recommended rates showed lower DHA activity compared with control 
(untreated soi l). This result can be attributed to the inhibitive effect of carbofuran on soil microbial 
populations or to its direct effect on DHA activity. On the other hand, soil inoculated with the mixture of 
A. brasilense and S violaceusniger and treated with recommended rate of carbofuran showed the highest 
values of DHA activity, followed in a descending order by soil inoculated with Sviolaceusniger, soil 
inoculated with A.brasilense. However, the increase in DHA activity as a result of inoculation was 
higher in soil treated with recommended rate than that treated with double recommended one. These 
results are in harmony with Charnay & Fournier (1994); Andrea et al (2000), Omar & Abdel-Sater 
(2001) and Singh et al (2002) who found that the using of pesticides at higher levels decreased the 
microorganisms proliferation and their enzymatic activity. 
Persistence rate of carbofuran in cultivated soil with tomato. 

Persistence rate of carbofuran in cultivated soil with tomato plants has been estimated after 15, 30, 
45, 60 and 75 days from soil treatment with carbofuran which are corresponding to 0, 15, 30, 45 and 60 
days after inoculation. Carbofuran was applied at one and double of the recommended rate. 

12 
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The persistence rate of carbofuran presented as detectable percentage amounts of the initial 
concentrations and given in Table (5). 

Results showed that considerable amounts of carbofuran were disappeared in case of soil inoculated 
with the tested microorganisms as well as in uninoculated soil during the first 15 days of inoculation ( 30 
days of carbofuran addition), but the disappearance rate was higher in the inoculated soil than that in 
uninoculated one. This result reveals that beside chemical hydrolysi s of pesticides, soil contains various 
microorganisms able to degrade carbofuran and other pesticides. 

These results are in accordance with Levanon (1993), Balinove et al (1997), Karpouzas & Walker 
(2000), Trabue et al (2001) and Megharaj et al (2003) . When carbofuran was applied at double 
recommended rate in uninoculated soil showed lower disappearance rate than that in its application at 
recommended one. 

Whereas, 0.9 and 2.05% of the added amount were detected as carbofuran at the end of the 
experiment at recommended and double recommended rate, respectively. Also, inoculation of soil with 
either S. violaceusniger, A. brasilense or a mixture of them accelerated carbofuran biodegradation. 

Table 5. Persistence rate of carbofuran in cultivated soil with tomato 

Soil inoculated with 
Days after Uninoculated 

soil S. violaceusnr A.brasilense 
S. violaceusnigr + 

A.brasilense 

c::: 
ell '- c::: c::: 
c::: ::: 0 ~ :;::: ... ·-
c 0 -~ ~ R 2R R 2R R 2R R 2R .c-o .: '-"O ::: s: u .: <J 

0 
c -

30 15 0 62.2 70.30 60 .0 69 .8 60.0 69 .8 60.0 69.8 
45 30 15 24.05 24 .8 16.0 18.4 14.2 16.9 10.8 12.6 
60 45 30 13.60 16.60 3.0 5.0 5.0 6.6 2.5 3.30 
75 60 45 4.80 6.20 0.6 1.2 1.2 2.0 0.0 0.5 
90 75 60 0.9 2.05 0.0 0.0 0.0 0.0 0.0 0.0 

R = Recommended rate. 2R =Double recommended rate. 

Soil inoculated with the mixture of two strains exhibited higher disappearance rate for 
carbofuran compared with that inoculated with either S. violaceusniger or A. brasilense individually. The 
dissipation rate of carbofuran in the soil inoculated with S. violaceusniger was faster than that in soil 
inoculated with A. brasilense. The detectable amounts of carbofuran in soil treated with recommended 
rate at the 3 o!l! day of inoculation with S. violaceusniger, A. brasilense and mixture of them were 3. 0, 5. 0 
and 2.5%, respectively; whereas they were 5.0, 6.6 and 3.3% in the soil treated with double 
recommended rate of carbofuran, respectively. These results indicate that S. violaceusniger strain is more 
degrading carbofuran than A. brasilense and when a mixture of them was used , they synergistically 
affected and enhanced the biodegradation of carbofuran . 
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Compounds produced from biodegradation of carbofuran. 
Carbofuran and its transformed products produced from carbofuran decomposition in soil 

planted with tomato and inoculated with either S.violaceusniger or A.brasilense as well as their mixture 
after 15 days of carbofuran amendment were periodically determined by both TLC and GLC. Analysis 
data of soil extracts after 30 days of treatment with recommended rate of carbofuran ( 15 days after 
inoculation) are shown in Figs (8 & 9). 

TLC analysis declared four compounds having Rfvalues 0.49 ; 0.68; 0.79 and 0.91. Extract of 
soil inoculated with S.violaceusniger showed three metabolites having Rrvalues 0.68 ; 0.79 and 0.91, the 
first and third compounds were identified as 3-keto carbofuran and carbofuran phenol, respectively. 
Whereas, the remainder compound could not be identified . Soil inoculated with A. brasilense showed 
only two metabolic products having Rr values 0.49 and 0.91 which were identified as 3-hydroxy 
carbofuran and carbofuran phenol, respectively. Soil inoculated with the mixture of tested 
microorganisms showed in TLC plates three metabolic compounds having Rfvalues 0.49; 0.79 and 0.91 
which could be identified as 3-hydroxy carbofuran, unknown and carbofuran phenol, respectively. 
Carbofuran phenol was the only detectable compound with high concentration. 

Fig 8. Thin layer chromatography of cultivated soil extract at different intervals after 
treatment by carbofuran and inoculated with the tested strains. 
St; Carbofuran standard. C; Untreated soil. 

1; Soil extract after 30 days of treatment by carbofuran at double recommended rate. 
2; Soil extract after 30 days of treatment by carbofuran at recommended rate. 
3;Soil extract after 30 days of treatment by carbofuran and inoculated with S. violaceusniger. 
4; Soil extract after 30 days of treatment by carbofuran and inoculated with A. brasilense. 
5; Soil extract after 30 days of treatment by carbofuran and inoculated with mixture of two strains. 
6;Soil extract after 45 days of treatment by carbofuran and inoculated with S. violaceusniger 

7; Soil extract after 45 days of treatment by carbofuran and inoculated with A. brasilense. 
8; Soil extract after 45 days of treatment by carbofuran and inoculated with mixture of two strains. 
9; Soil extract after 60 days of treatment by carbofuran and inoculated with mixture of two strains. 
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Fig 9. Gas liquid chromatograph of soil extracts after 30 days of soil treatment by 

recommended rate of carbofuran. 
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A)Untreated soil B)Soil treated with carbofuran C)Soil treated with carbofuran and inoculated 

with Strpetomyces violaceusinge_r. 

D)Soil treated with carbofuran and inoculated with A. brasilense 

E) Soil treated with carbofuran and inoculated with mixture of two strains. 

F)Standard carbofuran and its metabolites. 
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Obtained results showed that one compound was detected by GLC in extracts of uninoculated 
soil as well as in the inoculated one with either S.violaceusniger or A.brasilense or mixed of both strains . 
This compound had Rt 0.86 minute which was identified as carbofuran phenol. This compound appeared 
at negligible amount in uninoculated soil extract, but it represents the dominant peak in extracts of soil 
treated with carbofuran and inoculated with S.violaceusniger and that inoculated with the mixture ofthe 
tested microorganisms. 

Carbofuran was also detected with small peak having Rt 1.89 in all analyzed samples except that 
111 uninoculated soil extracts since, it was detected with high peak. Also, other few peaks were detected 
in all extracts having various retention times. These results indicate to soil impurities plus unidentified 
degraded compounds where appeared with negligible amounts. 

Obtained results also reveal that soil inoculated with any of the tested microorganisms 
accelerated the biodegradation of carbofuran in the soil. Inoculation of soil with their mixture gave the 
best results in biodegradation, since carbofuran was not detectable at the 30!!J day of soil treatment when 
inoculated with the mixture of tested microorganisms. From the previous results it can be concluded that 
biodegradation of carbofuran in cultivated soil was faster than that in non-cultivated one. This result 
indicates that the presence of other microorganisms in rhizosphere region capable of carbofuran 
degradation. Similar results were obtained by Jinhe et al (1989), Battu et al (2000) and Moreno et al 
(2001) who showed that carbofuran degraded nonenzymatically and by microorganisms under sub
tropical conditions. The degradation occurs by hydroxylation at the benzylic carbon to give 3-hydroxy 
carbofuran and 3-keto-carbofuran under upland conditions and via hydrolysis to form phenols, i.e. 
carbofuran phenol, 3-hydroxy carbofuran phenol and 3-keto-carbofuran phenol. 

CONCLUSION 

Summing up, Egyptian soils are a good source for isolating the microorganisms which are potent 
in pesticides decomposition. Thereby, two microorganisms were isolated from the tested soil and 
identified as S. violaceusniger and A. brasilense. Data on the biodegradation of carbofuran by S. 
violaceusniger and A. brasilense revealed that S. violaceusniger is able to degrade of carbofuran to six 
metabolites, three of them were identified as carbofuran phenol , 3-0H-carbofuran and 3-keto
carbofuran phenol and the other three metabolites could not be identified. Whereas, A. brasilense is able 
to degrade of carbofuran to only three metabolites, two ofthem were identified as carbofuran phenol 
and 3-keto-carbofuran phenol and the third one could not be identified . Results also show that 
carbofuran disappearance rate was higher in inoculated soil with S. violaceusniger or/ and A. brasilense 
than that in uninoculated one. Soil inoculated with the mixture of the two strains exhibited higher 
disappearance rate of carbofuran compared to that inoculated with either S. violaceusniger or A. 
brasilense individually. 
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