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Abstract

Experiments were conducted to asses the ability of mixed populations
of microorganisms which produced as a biofertilizers by the General
Organization of Agriculture Fund, Ministry of Agriculture, Egypt (phosphoren,
microbien, cerealin and azospirilJum) to degrade five selected pesticides
representing different classes including organophosphate, carbamate and
chlorinated organic compounds. There were differences in rates of
biotransformation, suggesting the selective induction of certain metabolic
enzymes. Inoculation of soil incorporated with malathion, fenamiphos,
carbaryl, aldicarb and dieldrin, resulted in ca. 80-90% removal of malathion and
fenamiphos within 8 days, carbaryl and aldicarb within 11-15 days respectively.
Dieldrin removal occurred slowly within 2 months. These data suggest that
biofertilizers may act as potential candidates for soil inoculation to
bioremediate pesticide contaminated soil. The production of C02 {soil
respiration) was stimulated by some pesticides. In samples with microbien, an
about 2 times higher C02 production was measured.

Introduction

Pesticides are regarded as one of the indispensible means of agricultural
production. Soil-applied as well as foliar-applied pesticides contaminates soil
directly and after wash off crop stands.

A Variety of microorganisms (bacteria and fungi) have been used in soil
inoculations intended to improve the supply of nutrients to crop plants, to
stunulate plant growth, to control or inhibit the activity of plant pathogens and
to improve soil structure. Other more recent, objectives for the introduction of
microorganisms into soil are the mineralization of organic pollutants
(bioremediation of polluted soils, van Veen, 1997).

Phosphoren, micrebien, cerealin and azqspirillum are a biofertilizers
(derived from the living biomass of different microbial species) produced by
general organization belongs to the Egyptian Ministry of Agricultural as a
mixed inoculums are beneficially applied to many fields and horticultural crops.
(Abou-El-Naga, 1998).

The objective of this research was to study the potentials of the above
mentioned biofertilziers to degrade some selected pesticides representing
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different classes including organophosphate, carbamate and chlorinated organic
compounds in the soil for the safety evaluation of the environment.

Materials and Methods

The soil was collected from an agricultural plat on Cairo-Alexandria
desert high way in 1996, and stored outdoors under natural conditions until
samples were taken. The pH of the soil was 6.5, the content of organic matter
was 3.15%, and the particle size distribution as follows:13.6% clay, 27.4% silt
aud 54.0% sand. The soil was freshly sampled, and the water content was
adjusted to 50% of the maximal water-holding capacity. For experiments,
1C00 g. of this soil were used in desiccators o£ 10 L volume. The temperature
was kept at 22± 2°C and a day-night rhythm of 12 h was used. The pesticides
were distributed in 10 g. of fine sand and added to the soil samples, resulting in
final concentrations of 100 ug.g^Cppm). Different biofertilizers (5g milled to
pass a 0.5 mm sieve) were added jointly with the chemicals. The measurements
were carried out 1, 8, 16, 30, 60, 120 and 180 days after addition of the
pesticides. The relative proportions of actively metabolizing of soil biomasses
were assayed by the determination of soil respiration after the addition of
glucose with a Taylor Servomex Oxygen analyzer 570 A according to
Anderson and Domsch (1978).

The following biofertilizers were used:
Phosphoren : It contains raw phosphate dissolving bacteria.

Microbien : A mixture of P-dissolving and nitrogen-fixing bacteria.

Cerealin : A composite inocula of associative diazotrophs for fertilization
of different crops.

Azospirillum: Mixed inocula of azospirillum which exert phytohormonal
effects

The following pesticides were used:

Organophosphorus pesticides:

a. Malathion (Aphison) : S[l,2-bis (Ethoxy-carbonyl) ethyl]-0,0 dimethyl
dithiophosphat.

b. Fenamiphos (Nemacur): Ethyl 3-methyl-4-(methylthio)-phenyl-7-methyl-
ethyl-phosphoramidate.

Carbamate pesticides:

a. Carbaryl (Sevin): 1-NaphthylN-methylcarbamate.
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b. Aldicarb (Temik): 2-Methyl-2-(methylthio) propion-aldehyd 0-methyl-
carbamoyloxim.

Organochlorine pesticide:

Dieldrin : 1, 2, 3, 4, 10, 10 a-Hexachlor-6,7-epoxy-l, 4, 4a, 5, 6, 7, 8, 8a-
octahydro - l,4-endo-5,8-exo-dimethano-naphthalin.

All experiments were performed with analytical grade chemicals, the
purity of pesticides was more than 95%, all pesticides were prepared by
diluting pesticide standard solutions with acetone for recovery tests. Three
replications of measurements were carried out with each sample. For the
statistical evaluation, standard deviations were calculated. In nearly all of the
experiments, the coefficient of variation did not exceed the 10% level.

The analytical scheme is shown in Table (1). After evaporation of the
solvent, the residues were redissolved in 1 ml acetone for estimation of parent
compounds.

Table (1): Extraction and determination of different pesticides in soil.

Pesticide
Malathion

Fenamiphos

Carbaryl

Aldicarb

Dieldrin

Sample
air dried

air dried

air dried

air dried

air dried

Extraction
n-hexane

methylene
chloride

ethyl acetate

acetone: water
1 : 1
acetone: hexane

Clean-up
Silica gel plates
hexane/acetone
6/4 V/V
6/4 V/V

partition
between aqueous
layer and
chloroform
aluminum oxide
and.
florisil colum

Determination
GC-MS
Barlas 1996
GC-MS
El-Sheamy et qL,
1992
HPLC-UV det.
Mansillaefa/. 1995
Mansilla et aj. 1995

GC-MS

Kreuzig et al.
(1993)

Results and Discussion

Degradation experiments with multi-strain biofertilizers assessed in
these studies was measured as the loss of parent compounds in the soil.

Biofertilizers as a non-specific biomass having the ability to degrade
pesticides under investigation, with the difference. The degradation of
malathion (100 jag) proceeded slowly for the first 4 days and very rapidly
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thereafter. The amount of malathion residues and degradation products reach
to 88,6% malathion after 8 days of soil incorporation Fig. I. Barlas, (1996),
reported that, a variety of microorganisms capable of transforming
organophosphorus pesticides and added in aqueous soil-free systems inoculated
with the a soil extract, after a lag of about 7 days, rapid malathion loss was
found to occur and the microorganisms which isolated from soil degraded
malathion to mono and dicarboxylic acids. Malathion is metabolized rapidly by
the soil fungus Trichoderma viride and bacterium Pseudomonas sp. (Barlas
1996). These microorganisms are capable of utilizing malathion as a sole
source of carbon.

An initial relatively slower loss of fenamiphos from the soil during the
first days has been observed, after the first week, the percent loss was about
90% of the initial amounts recorded. It is clear from the previous results that
fenamiphos as a nonvolatile nematicides is susceptible to microbial degradation
in soil. Simon et gl. (1992) concluded that fenamiphos is oxidized in soil
mainly to its sulphoxide and smaller amounts of sulfone, these metabolites
undergo further degradation to the free phenols.

Bacterial isolates (Achromobacter sp. and Peseudomonas sp.)
displaying hydrolase activities specific for different classes of carbamte (such as
carbaryl, carbofuran and aldicarb), have been described previously (Mulbry and
Eaton, 1991). Our results indicate that during the first week after application
with different biofertilizers, the percent loss of carbaryl was about 58.5% and
after 2 weeks a substantial loss of extractable residues reach to 86% in treated
soil.

The rate of aldicarb disappearance in soil was found to be rapid in the
first 7 days, furthermore, the percent recovery of aldicarb decreased faster to
reach 93% at 15 days after application.

Degradation experiments with different mixed bacterial cultures showed
the degradation of dieldrin in contaminated soil. There was an appreciable
decrease in the level of parent dieldrin during the determination period in
treated soil. Thus by the end of one month, about 40% of added dieldrin was
lost and about 82% was degraded by microbien after 2 months Fig. I. Lang et
ql. (1992), demonstrated that some strains of soil microflora degraded the
chlorinated organic compounds and utilized them, as the sole source of carbon
and added that aldrin epoxidation to dieldrin by microorganisms, then dieldrin
is further metabolized by several different pathways. Other studies have shown
that yeast is also capable of taking up dieldrin from an aquatic environment.
(Zachariasefa/. 1995).

Cutright and Lee (1994) concluded that all bacteria that use complex
aromatic hydrocarbons, as the carbon/energy source in cometabolism with the
transfer of respiratory electrons.
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On the basis of the results obtained, it may be concluded that the
biofertilizers having the ability to removed the pesticide in treated soil and
returning the soil to productivity, but it was a differences in biodegradation
between the biofertilizers are demonstrated and the different effects of
biofertilizers were also reflected by the different pesticides. The data in Table
(2) indicate that, cerealin and azospirillum could readily degrade all of
pesticides under testing, but not chlorinated organic compound (dieldrin),
dieldrin appeared to be more resistant to microbial degradation than other
compounds, but dieldrin was found to be metabolized quickly by microbien,
which have the potential to break down a great diversity of pesticides.
Abundance and activity of microbial populations varies considerably, may be
related to the presence of inhibitory chemicals. Mahmood and Rao (1993),
proposed that some pesticides may be exerting inhibitory effects on microbes
with pesticide degrading capabilities. Some of the pesticides are degraded
quite rapidly in the environment, they are unlikely to accumulate even under
conditions of repeated annual applications. This is very important because
these pesticide-degrading microorganisms may have a positive effect in
minimizing soil pollution or preventing ground water from contamination by
persistent pesticides.

Table 2: Degradation of different pesticides by different biofertilizers in soil.

Biofertilizers

Phosphoren
Microbien
Cerealin
Azospirillum

Pesticides

Organophosphate

Malathion

+
+

Fenamiphos

+
+
+

Carbamate

Carbaryl

+
+
+

Aldicarb

+
+
+

Chlorinated

Dieldrin

+

To assess the total bioactivity in soil during the experiment, respiration
was determined as C02 production. At the beginning of the experiment,
respiration was higher in treated samples with malathion, carbaryl and aldicarb
than in the controls Fig. 2. During the course of observation this difference
decreased. No clear effect was obtained by fenamiphos but dieldrin caused an
inhibition in the middle of the observation period, this inhibition was reversible,
due to the addition of microbien, a significant inhibition followed by a
stimulation. Respiration is mostly dependent upon physiological conditions of
the organisms as well as environmental parameters (Zelles et gl. 1985).
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Saber (1998), pointed out that microbien as a multi-strain biofertilizer
constituted of a set of microorganisms having a definite beneficial role in soil
fertility and it leads to a significant reduction in the rates of mineral fertilization
as well as in eliminating the use of high doses ofthe pesticides that control
rhizophere diseases.

Vassyuk etql. (1998), found that high doses of fertilizers and pesticides
reduced total number ofazospirilla and produced non-typical bacteria. These
results can be interpreted with the difference that chemicals probably kill the
microorganisms selectively. Another explanation is the possibility that some
microorganisms can utilize these chemicals. In both cases a selection of
microorganisms takes place.

In conclusion, the biofertilizers activity is variable under different
pesticides treatment and the drastic residual effects of pesticides on soil could
be avoided when microbien, cerealin or azospirilhim applied simultaneously
with pesticides to soil.
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Fig. 2 : Maximal rate of respiration (nL Co^ h'1 g"1 soil) after different pesticides with biofertilizers
application
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