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•• How variable are pesticide degradationHow variable are pesticide degradation
rates within individual fields?rates within individual fields?

•• What are the mechanisms underlying withinWhat are the mechanisms underlying within--
field spatial variability of degradation rate? field spatial variability of degradation rate? 

Pesticide degradation in the environmentPesticide degradation in the environment

Key questionsKey questions
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IsoproturonIsoproturon
(3(3--(4(4--isopropylphenyl)isopropylphenyl)--1,11,1--dimethylurea)dimethylurea)

PhenylPhenyl--urea herbicideurea herbicide
used for control of weeds in cereal cropsused for control of weeds in cereal crops
slowly degraded and moderately mobile in soilslowly degraded and moderately mobile in soil

UseUse Active ingredientActive ingredient AreaArea
treatedtreated
(10(1033 ha)ha)

AmountAmount
used (t)used (t)

HerbicideHerbicide IsoproturonIsoproturon 2,6612,661 2,7302,730

GlyphosateGlyphosate 1,4731,473 1,2851,285

All herbicidesAll herbicides 14,00614,006 8,5208,520

FungicideFungicide EpoxiconazoleEpoxiconazole 3,4343,434 206206

ChlorothalonilChlorothalonil 1,6191,619 799799

All fungicidesAll fungicides 3,5663,56614,50314,503

InsecticideInsecticide CypermethrinCypermethrin 2,1052,105 5151

All insecticidesAll insecticides 3,8093,809 434434

Pesticides use in Great Britain (2003)Pesticides use in Great Britain (2003)
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PesticidePesticide % samples >0.1% samples >0.1µµg lg l--11

IsoproturonIsoproturon 10.410.4

MecopropMecoprop 10.610.6

DiuronDiuron 11.511.5

MCPAMCPA 8.78.7

2,4 D2,4 D 7.77.7

Pesticides most commonly exceeding Pesticides most commonly exceeding 
0.10.1µµg lg l--1 1 in surface freshwaterin surface freshwater

(England and Wales, 2002)(England and Wales, 2002)

Degradation of Degradation of isoproturonisoproturon

•• Degradation is Degradation is microbiallymicrobially mediatedmediated

•• Considerable spatial variability in degradation Considerable spatial variability in degradation 
rates between and within fields rates between and within fields 
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Degradation of Degradation of isoproturonisoproturon across across 
the Wellesbourne farm the Wellesbourne farm 

% % isoproturonisoproturon
remaining afterremaining after

2 weeks2 weeks
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Degradation of isoproturon inDegradation of isoproturon in
soil from Deep Slade fieldsoil from Deep Slade field
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Dynamics of isoproturon degrading organismsDynamics of isoproturon degrading organisms
a. Fast degrading sitesa. Fast degrading sites
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Dynamics of isoproturon degrading organismsDynamics of isoproturon degrading organisms
b. Slow degrading sitesb. Slow degrading sites

SiteSite
BB CC DD EE FF
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DT40DT40
DT90DT90
9 months9 months

Denaturing Gradient Gel ElectrophoresisDenaturing Gradient Gel Electrophoresis 
(DGGE)(DGGE)

PCR amplification of bacterial community 16S rRNA genesPCR amplification of bacterial community 16S rRNA genes
Separation on formamide / urea gradient gelSeparation on formamide / urea gradient gel

Provides information onProvides information on
microbial community structure microbial community structure 
identity of organismsidentity of organisms
nonnon--culturable organismsculturable organisms
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Denaturing gradient gel electrophoresisDenaturing gradient gel electrophoresis

Bacterial community DGGE profile Bacterial community DGGE profile 
from fast degrading sites from fast degrading sites 

MuyzerMuyzer (1993)(1993)
190 190 bpbp 16S 16S rRNArRNA
fragmentfragment
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•• Fast degrading soil inoculated into MSM plus IPU (MSI)Fast degrading soil inoculated into MSM plus IPU (MSI)

•• After complete degradation, culture reAfter complete degradation, culture re--enriched into MSIenriched into MSI

•• Following complete degradation, spread onto MSFollowing complete degradation, spread onto MS--IPU agar IPU agar 

•• Single colonies checked for degradationSingle colonies checked for degradation

Isolation of Isolation of isoproturonisoproturon degrading bacteriadegrading bacteria
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(CH(CH33))22HCHC NHCON(CHNHCON(CH33))22

(CH(CH33))22HCHC NHCONHCHNHCONHCH33

(CH(CH33))22HCHC NHCONHNHCONH22

(CH(CH33))22HCHC NHNH22

Isopropyl anilineIsopropyl aniline

Degradation of Degradation of isoproturonisoproturon byby
isolates SRS2 and 782isolates SRS2 and 782

IsoproturonIsoproturon

High DGGE bandHigh DGGE band
Low DGGE bandLow DGGE band

Isolate SRS2Isolate SRS2

SphingSphing. . adhaesivaadhaesiva

ErythrobacterErythrobacter litoralislitoralis

SphingSphing. . paucimobilispaucimobilis

Isolate 782Isolate 782

CaulobacterCaulobacter leidyileidyi

SphingSphing. . asaccharolyticaasaccharolytica SphingSphing. . paucimobilispaucimobilis

SphingSphing. . trueperitrueperi

SphingSphing. . terraeterrae

SphingSphing. . chlorophenolicachlorophenolica
SphingSphing. . sp. sp. 
SphingSphing. . yanoikuyaeyanoikuyae

SphingSphing. sp. . sp. 

PorphyrobacterPorphyrobacter sp. sp. 
PorphyrobacterPorphyrobacter sp. sp. 

SphingSphing. . subarcticasubarctica
ErythrobacterErythrobacter longuslongus

0.010.01

16S 16S rRNArRNA from DGGE bands and isolatesfrom DGGE bands and isolates

SphingSphing. . rosarosa

SphingSphing. . adhaesivaadhaesiva
SphingSphing. . malimali

SphingSphing. . sanguinissanguinis
SphingSphing. . parapaucimobilisparapaucimobilis

SphingSphing. sp.. sp.
SphingSphing. . macrogoltabidusmacrogoltabidus

ZymomonasZymomonas mobilismobilis
SphingSphing. . flavaflava

SphingSphing. . sp. sp. 

PorphyrobacterPorphyrobacter neustonensisneustonensisCaulobacterCaulobacter subvibrioidessubvibrioides
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Soil PropertiesSoil Properties EnvironmentEnvironment

Organic matterOrganic matter TemperatureTemperature
pHpH Moisture contentMoisture content
Nutrient status Nutrient status AerationAeration
MineralogyMineralogy

Pesticide degradationPesticide degradation

Soil factors influencing microbial activitySoil factors influencing microbial activity
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Relationship between Relationship between isoproturonisoproturon
degradation and soil pHdegradation and soil pH
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Degradation of Degradation of isoproturonisoproturon
by SRS2 in pure cultureby SRS2 in pure culture
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Degradation of Degradation of isoproturonisoproturon
by SRS2 in pH 6.5 soilby SRS2 in pH 6.5 soil
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Degradation of Degradation of isoproturonisoproturon
by SRS2 in pH 7.5 soilby SRS2 in pH 7.5 soil
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Non sterile  Non sterile  
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•• What is responsible for What is responsible for isoproturonisoproturon degradation degradation 
at low pH sites?at low pH sites?

•• Does isolate 782 play a role in degradation?Does isolate 782 play a role in degradation?

Further questionsFurther questions
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16S PCR DGGE using 16S PCR DGGE using SphingomonasSphingomonas sp. sp. 
specific primersspecific primers

•• Leys et al (2004) AEM 70, 1944Leys et al (2004) AEM 70, 1944--19551955

•• 360 360 bpbp fragmentfragment

•• separation on 20separation on 20--60 % urea/60 % urea/formamideformamide gradientgradient

SRS2  B   C   D    E   F   B    C  D    E   F

IPU treatedControl

SphingomonasSphingomonas sp. DGGE community sp. DGGE community 
profile at profile at isoproturonisoproturon DT90 DT90 

Fast degrading (high pH) sitesFast degrading (high pH) sites

Sphingomonas sp. CFDS-1   99 %
Sphingomonas sp. D12   96 %

Sphingomonas sp. SRS2   100 %
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SphingomonasSphingomonas sp. DGGE community sp. DGGE community 
profile at profile at isoproturonisoproturon DT90 DT90 

Fast degrading (high pH) sitesFast degrading (high pH) sites

SRS2  B   C   D    E   F   B    C  D    E   F

IPU treatedControl

Slow degrading (low pH) sitesSlow degrading (low pH) sites
IPU treatedControl

B   C   D    E   F   B   C   D   E   F  SRS2

13

IPU treatedControl

B   C   D    E   F   B   C   D   E   F  SRS2

IPU treatedControl

B   C   D    E   F   B   C   D   E   F  SRS2

IPU treatedControl

B   C   D    E   F   B   C   D   E   F  SRS2

Control

B   C   D    E   F   B   C   D   E   F  SRS2B   C   D    E   F   B   C   D   E   F  SRS2B   C   D    E   F   B   C   D   E   F  SRS2

13S. S. malimali 98 %98 %

ConclusionsConclusions

•• Strains isolated using enrichment procedures may Strains isolated using enrichment procedures may 
not represent those acting not represent those acting in situin situ

•• Diverse closely related strains can adapt to degrade IPUDiverse closely related strains can adapt to degrade IPU
within a single fieldwithin a single field

•• Spatial variability in IPU catabolism is the result of   Spatial variability in IPU catabolism is the result of   
interaction between pH and interaction between pH and degradativedegradative SphingomonasSphingomonas sppspp
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