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Abstract
Fungicides which are not easily degradable have the greatest adverse effects on soil microbes.
These pesticides negatively affect the growth and multiplication of fungi and bacteria and consequently cause the disturbance of the natural soil microbial balance. In this study two fungicide tolerant isolates of rhizobia; clover isolate (TA1) and peanut isolate (8) were assessed in their capacity to degrade Vitavax and Rizolex. The performance of these isolates in fungicides degradation
was tested using the colorimetric assay for Rizolex and the HPLC analysis for Vitavax to detect the
degradation products. Using HPLC analyses, the control sample showed specific peak indicating
the Vitavax presence in the medium. The specific peak did not change in the control samples
throughout the experiment.With the strainTA1 the specific peak of the Vitavax fungicides started
to reduce as the incubation time goes on. The Vitavax fungicide did not degrade completely after
240 hours of incubation with rhizobial isolate. The Rizolex used in this study contained blend of
Thiram (active ingredient of Rizolex) and Tolcofs methyl fungicides in 1:1 ratio. The biodegradation of Rizolex in the liquid media showed the formation of two new intermediates which were released into the medium indicating the degradation of the tested fungicide by peanut rhizobial isolate No. 8 in 48 hrs of incubation 45% of this compound was degraded. This work shows that the
selection of fungicides tolerant rhizobial strains is important to protect the rhizobial inoculants
from the toxic effect of the pesticides.
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1. Introduction

Microbial degradation is an important step in the disappearance and, in most cases detoxification of pesticides.
Many soil applied pesticides are degraded more rapidly following repeated application at the same site [1] [2]. It
is well known that fungicides which are not easily degradable have the greatest adverse effects on soil microbes
and consequently cause the disturbance of the natural microbial balance [3] [4]. Pesticides applied to soil, plant
foliage or directly on seed can reach the soil directly applicationor via plant root exudates. This input of pesticides can affect many soil organisms in different manners. Some soil bacteria can tolerate certain pesticides and
possibly core use as carbon or nitrogensource [5] [6]. Bacteriostatic and lethal effects of pesticides can also occur [7].
Rhizobia are known for their ability to form N2-fixing nodules in symbiosis with legumes. The adverse effect
on rhizobia negatively affects the legume Rhizobium symbiosis and consequently reduces the rate of biological
nitrogen fixation. Previous studies reported various effects of the different classes of pesticides (insecticides,
herbicides and fungicides) on rhizobia. Some pesticides were reported to inhibit rhizobial growth [8]-[11].
Therefore effect of pesticides on legume rhizobia symbiosis, will vary according to the rhizobial species strains,
[12] [13] the rhizobial strains within a given species [10] [14]-[16] the type of pesticide involved [12] [14] [15]
[17] and/or to the pesticide concentration [18]. Reported studies regarding pesticides effects on free living or
symbiotic rhizobia are usually scattered and done with few pesticides on a limited number of strains [11]
[18]-[20] or with a limited number of pesticides on different strains of the same genus [10] [17] [21]. The aim of
the present study is to assess the performance of two rhizobials trains belonging to clover and peanut species in
relation to Vitavax and Rizolex fungicides persistance.

2. Materials and Methods
2.1. Fungicides
Vitavax is asingle compound containg to aromtic ringes with a chemical formula of: 5, 6-dihydro-2-methyl-1, 4oxathiin-3-carboxanilide.
Whereas Rizolex is blend of Thiram and Tolcofs methyl fungicides in 1:1 ratio with a chemical formula: dimethylcarbamothioylsulfanyl N, N-dimethylcarbamoditt.
The performance of for the fungicides strains degradation was tested using the colorimetric assay and the
HPLC analysis of degradation products:

2.2. A-Determination of Vit Residues Using HPLC
Sample extraction: At the end of the experiment (240 hours), the growth of rhizobialbio mass (TA1) in liquid
media amended with 2000 ppm Vit was removed by centrifugation. Five ml of the supernatant was extracted
three times with dichloro methane. The dichloro methane was evaporated to dryness under stream of nitrogen.
The residue was dissolved in 1 ml acetonitrile (Mobil phase) and 5 μl were injected in HPLC HP1100 with mobile phase acetonitrile, water 65% and 35% respectively. The HPLC is Equipped with quaternary gradient pump
with flow rate 1 ml/min., thermostatic controlled reversed phase C18 column (200 mm × 4.5 mm × 5 μm) and
UV-Vis detector at 254 nm. The concentratins of the compounds were determined based on the peak area.

2.3. Determination of Riz Residues Using Colorimetric Analysis
Preparation of Riz standard curve: Thiram is the main active ingredient in Riz fungicide. An exact weight of
Riz (33.3 mg, 26.64 mg, 19.28 mg, 13.32 mg and 6.66mg) were dissolved in 10 ml distilled water to prepare solutions containing Thiram concentration of 1000, 800, 600, 400 and 200 ppm. Aliquots of 400 μl were taken
from each solution and extracted three times by chloroform. The chloroform was evaporated to dryness. The residues were dissolved in 2.5 ml distilled water, 1 ml CuSO4 0.5%, and 1 ml H2SO4. The absorbance was measured using spectrophotometer against reagent blank at 420 nm.
Colorimetric assay of Riz residues in cultural media: Two flasks were used to determine Thiram at zero
time, 48, 72, and 96 hrs. From each flask, 400 μl were withdrawn and centrifuged to remove the cells. The clear
supernatant was extracted three times by chloroform. The chloroform was evaporated to dryness. The Thriam
residues were dissolved in solutions containing: 2.5 ml distilled water, 1 ml CuSO4 0.5%, and 1 ml H2SO4 and
the absorbance was measured using spectrophotometer at 420 nm.
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3. Results
The performance of the strains for fungicides degradation was tested using the HPLC analysis and the colorimetric assay of degradation products. A local rhizobial isolate/strain from clover (TA1) and another one from peanut (8) proved to be resistant to the studied fungicides respectively Vitavax and Rizolex.

3.1. Vitavax Biodegradation
Clover strain R. legumesarm biover trifolii TA1 was grown on YEM broth media amended with 2000 ppm Vitavax fungicide. Control flasks without rhizobial inoculate were also included in the experiment for comparison.
The degradation of fungicide by rhizobia was assessed by the HPLC-UV chromatography analyses. Four replicates of each treatment were included. Flasks were incubated in incubator shaker. Then the four similar flasks
were polled together for HPLC sample assays at 150 rpm. The HPLC assays were preformed on culture samples
from flasks after 48, 96, 144, 196 and 240 days of inculcation. The results of HPLC analyses of control sample
showed specific peak indicating the Vitavax presence in the medium (Figure 1). This specific peak was found in
all samples from the control at different time intervals. In Vitavax treated flasks inoculated with clover rhizobial
strain, the specific peak of the Vitavax fungicide started to reduce as the incubation time goes on (Figures
2(a)-(e)). Two new peaks were observed in the media containing Vitavax and Rhizobium. The area of these two
peaks generally increased with the increase in incubation time. The data clearly show that Vitavax fungicide did
not degrade completely until the end of the experiment after 240 hours of incubation. However two new intermediates were released into the medium indicating rhizobial degradation of the fungicide.
Table 1 shows that the peak area of Vitavax active ingredient (carboxine chemical) decreased gradually till
the end of inculcation period (240 hours), where the residual Vitavax was 23.8% of the original concentration of
Vitavax. It is also clear from Figure 3 that close to 76% of the fungicide was degraded in 240 hours. Table 1
also shows that the fungicide degradation was sharp in early incubation with rhizobia strain. The calculation of
concentration of the fungicide was based on corresponding peak area as compared to the original known concentration of Vitvax.

Figure 1. HPLC chromatogram of YEM broth medium amended with
2000 ppm Vitavax fungicide (Control).
Table 1. Vitavax degradation by Rhizobium legume biover trifolii strain TA1.
Incubation (hours)

HPLC peak area

Changes in Vitavax concentration (ppm)

0

566

2000.00

48

364

1286.20

96

229.23

810.306

144

198.46

701.601

196

170.79

603.81

240

134.36

475.00
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(a)

(b)

(c)

(d)
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(e)

Vitavax Conc. (ppm)

Figure 2. Chromatogram showing degradation of Vitavax by
clover rhizobial strain TA1. HPLC-UV chromatograms analysis
using C18 column. (a)-(e) show the degradation after 48, 96, 144,
196 and 240 hours of incubation.

Time (h)

Figure 3. Biodegradation of Vitavax fungicide by rhizobial
clover strain TA1.

3.2. Rizolex Biodegradation
The biodegradation of Rizolex fungicide by peanut rhizobial isolate 8 that showed high resistance to the studied
fungicide. The fungicide biodegradation was assessed by measuring the Thiram fungicide. The rate of Thiram
active ingredient degradation was studied by colorimetric assay in the broth media in 250 ml glass flasks. The
media was amended with 2000 ppm commercial fungicide, which contains 1000 ppm Thiram active ingredient.
The flasks were incubated at 28˚C. Two flasks were removed every 48 hours to determine the remaining Thiram.
The results show that 45% of the Thiram was degraded sharply during the first 40 h. The concentrations of Thiram were further dropped in the medium from 1000 ppm to 150 ppm after another 48 hours then the final concentration of Thiram was reduced to 10 ppm after 144 hours of incubation. After 196 hours of inculcation no
Thiram disappeared totally from the medium. The results clearly show that the peanut rhizobial isolate No. 8
was capable to degrade the main component of Rizolex fungicide (Thiram), as the concentration of this compound decreased from 1000ppm in the medium to zero ppm (Figure 4 and Table 2).

4. Discussion
The resistance of certain rhizobial strains or isolates to high concentrations of the two fungicides could be due to
the capacity of the rhizobia to protect their cells from the toxic effect of the fungicides or to the ability of rhizobia to degrade these chemicals as a mechanism to avoid its toxic effects. In the present study the most resistant
clover and peanut rhizobial strains were exposed to 2000 ppm concentrations of each of the two fungicides, then
the residues of fungicides were measured in the media using HPLC for Vitavax residue determination and calorimetrically for Rizolex residues measurement. Clear degradation of Vit fungicide by Rhizobium leguminosarum
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Figure 4. Changes in Thiram concentration with time in broth
medium inoculated with peanut rhizobial isolate 8.
Table 2. Rhizobial biodegradation of Thiram in broth media.
Incubation hours

Optical intensity at 550 wavelength Changes in Thiram concentration (ppm)

0

0.83

1000

48

0.49

550

96

0.12

150

144

0.01

10

196

0.00

0

biovar trifolii strain TA1 was evident. New intermediates were formed in the medium these intermediates increased with incubation time; however, the Vit fungicide was not completely degraded in 10 days of incubation
(only 75% were degraded). Similar results were obtained by [22].
Regarding the degradation of Riz fungicide by Bradyrhizobium sp. isolate 8, the present study showed that
about 45% of fungicide was degraded in 48 hours of incubation. The degradation was increased with time and
the Thiram (active ingredient of Riz fungicide) disappeared totally after 196 hours. This indicates that the peanut
rhizobial isolate 8 was able to degrade the fungicide in the growth medium this is in agreement with results
ofRamos and Ribeiro [23] who study the treated seeds with rhizobia and inoculation with Benlate, Vitavax, Banrot, Difolatan or Ridomil fungicides. This rhizobial strains are used showed greater survival on the seed with
fungicide.
The effect of both fungicides on rhizobial inoculants performance was addressed in this study. Negative effects on rhizobial inoculants performance were recorded. This negative effect differed from one crops to another.
Vitavax fungicide application with clover rhizobial inoculants significantly reduced plant dry weight, nodule
number as well as plant nitrogen content. Same effect was also noted with the application of Rizolex fungicide
to clover. This may be due to the effect of these toxic chemicals on survival of the rhizobia in the soil and rhizosphere of the legume. The same results are stated by Kari [24] who found that the Captan and Thiram significantly reduced the numbers of rhizobia recovered from legume seed.

5. Conclusion
This work shows that fungicides had the highest deleterious effects on the rhizobia. The two fungicides that affected the higher number of strains were Vitavaxand Rizolex. We identified two rhizobial isolates that were not
affected by any of the fungicides tested at any concentration (clover rhizobia isolate TA1 and peanut isolate 8).
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