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S1. Quantification and characterization of extractable 14C-labeled residues (IPU and its metabolites)
S1.1. Quantification of extractable 14C-labeled residues
Soil aliquots were extracted with methanol in an accelerated solvent extractor (ASE 200, Dionex, Idstein, Germany) at 90 °C, with a pressure of 10 MPa. Preliminary experiments ensured that IPU could be extracted from soils without the formation of any artifacts under these conditions. Aliquots of 100 µL of each extract were mixed with 4 mL Ultima Gold XR (PerkinElmer, Waltham, USA) and measured by liquid scintillation counting (Tri-Carb 1900TR, PerkinElmer, Waltham, USA). Subsequently, extracts were concentrated with a rotary evaporator to a volume of 1–2 mL. For the cleanup procedure, the extract was diluted with distilled water to a volume of 250 mL and subjected to solid phase extraction.
S1.2. Solid phase extraction (SPE)

Diluted ASE extracts were extracted with SPE columns (Lichrolut ENV 200 mg, Varian, Darmstadt, Germany). After extraction, the SPE columns were dried under a gentle nitrogen stream and eluted with 10 mL methanol. The eluate was concentrated to a volume of 1 mL with a rotary evaporator and further concentrated to a volume of 50 µL under a gentle nitrogen stream. The samples were immediately analyzed by HPLC or stored at -20 °C before analysis.
S1.3. High performance liquid chromatography (HPLC)

Sample volumes of 20 µL were injected to a HPLC system that consisted of a L-6200 Intelligent Pump (Merck-Hitachi, Darmstadt, Germany), a UV/VIS detector (240 nm, Merck-Hitachi, Darmstadt, Germany), a radioactivity detector LB 506 C1 (Berthold, Wildbad, Germany) and a Lichrospher-100 RP-18 column (5 µm, 250 × 4 mm; plus pre-column 5 µm, 4 × 4 mm; Merck, Darmstadt, Germany). The mobile phase consisted of water (A) and acetonitril (B). The gradient program was: T0 95%(A); T20 70% (A); T30 40% (A); T35 40% (A); T40 95% (A); T50 95%(A). Flow velocity: 1.0 mL min-1. Parent compound and metabolites were identified by comparison of their retention times with reference substances. 
S2. Quantification of non-extractable 14C-labeled residues (NER)

After ASE extraction soil material was dried and homogenized intensively. Three aliquots (250 -300 mg) of each soil sample were filled into combustion cups and mixed with 3-4 drops of saturated aqueous sugar solution to guarantee a complete combustion of the 14C. The combustion was conducted with an automatic sample-oxidizer 306 (PerkinElmer, Waltham, USA). 14CO2 was trapped in Carbo-Sorb E (PerkinElmer, Waltham, USA) and mixed with Permafluor E (PerkinElmer, Waltham, USA) prior to scintillation counting.
S3. Soil 14C-microbial biomass analysis
14C-microbial biomass concentration (14Cmic) in soil was assessed by measuring microbial biomass carbon with the chloroform fumigation extraction method Joergensen, 1996(; DIN-ISO_14240-2, 1999-10)
. Six aliquots (2 g wet soil each) were taken from each soil sample. Three aliquots were extracted with 10 mL of 0.5 M K2SO4 by shaking in an overhead tumbler for 45 min. The suspensions were filtrated (prewashed 595 1/2 filters, Whatman, Dassel, Germany) and 500 µL extracts were taken to mix with 4 mL of scintillation cocktail Ultima Gold XR (PerkinElmer, Waltham, USA) to measure the radioactivity. Three aliquots were fumigated under chloroform atmosphere in a desiccator for 24 h and then treated like the non fumigated aliquots. 14Cmic was then calculated as: 

14Cmic= (14Cf-14Cnf)/kEC                     (1)

where 14Cf and 14Cnf are 14C-carbon concentration in extracts of fumigated and non fumigated soil samples, and kEC = 0.45 as a correction factor for extraction efficiency Joergensen, 1996()
. 

S4. Data analysis of mineralization, soil 14C-microbial biomass and NER
The data of mineralization, soil 14C-microbial biomass and NER from the short-term and long-term experiments were analyzed using the following three models.

S4.1 Single first-order kinetic model (SFO)
The increase of products during formation processes can be described with a simple exponential model. For example, Jacobsen and Pedersen 
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(Jacobsen and Pedersen, 1992)
 have used this equation for evaluating their mineralization data, in cases where the microbial population was not expected to grow. 
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Where Mt = product formation (14CO2 or soil 14C-microbial biomass or NER in % of applied 14C) at time t, t = time (days), M0 = initial product concentration (14CO2 or soil 14C-microbial biomass or NER in % of applied 14C) at time t = 0, k = rate constant (% d-1).

S4.2 Two compartment first-order kinetic model
For the description of CO2 production during mineralization of a compound in soil, a two compartment model was developed Scow et al., 1986()
. It assumes that the applied substrate is present in two different compartments, which could be, for example, bound and free pesticides in the soil Jacobsen and Pedersen, 1992()
. At low substrate concentrations it can be expected that the rate constants for degradation or transfer to another compartment are of first-order.  
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Mt = product formation (14CO2 or soil 14C-microbial biomass or NER in % of applied 14C) at time t, t = time (days), M1 and M2 = initial product concentration (14CO2, soil 14C-microbial biomass, NER in % of applied 14C) in compartments 1 and 2 at time t = 0, respectively, k1 and k2 = rate constant (% d-1) in compartments 1 and 2, respectively.

S4.3 Three-half-order kinetic model
The three-half order kinetic model was used to describe the mineralization of added carbon substrates Brunner and Focht, 1984()
 and sorgoleone Gimsing et al., 2009()
 in soil. This model is available in three different forms: 

Zero form (ZF): the model assumes no growth of the active micro-organisms:
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Linear form (LF): the model assumes linear growth of the active micro-organisms:
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Exponential form (NF): the model assumes exponential growth of the active micro-organisms:
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Mt = product formation (14CO2 or soil 14C-microbial biomass or NER in % of applied 14C) at time t, t = time (days), M0 = initial product concentration (14CO2 or soil 14C-microbial biomass or NER in % of applied 14C) at time t = 0, k0 = zero order rate constant (% d-1), k1 = first-order rate constant (% d-1), k2 = increase of the first-order rate constant with time (% d-2), E0 = initial cell concentration, µ = growth rate constant.
S5. Data analysis of IPU and IPU-metabolites in Soil
Data from the short-term and long-term experiment considering IPU and IPU-metabolites in soil were fitted using three different models.

S5.1 Single first-order kinetic model (SFO)
Single first-order kinetic model is a simple monophasic model for describing dissipation of pesticides in soil by assuming that “the rate of change in pesticide concentration (dM/dt) is at any time directly proportional to the actual concentration remaining in the system” FOCUS, 2006()
.
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Where Mt = total amount of chemical (IPU or metabolites in % of applied 14C) present at time t, t = time (days), M0 = total amount of chemical (IPU or metabolites in % of applied 14C) present at time t = 0, k = rate constant (% d-1)

S5.2 Two-compartment first-order kinetic model

Two-compartment first-order kinetic model is a biphasic dissipation model which assumes that the applied pesticide “is simultaneously split, rather than transferred, between two soil compartments, and that each has a different first-order degradation rate constant”Diez and Barrado, 2010()
.
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Where Mt = total amount of chemical (IPU or metabolites in % of applied 14C) present at time t, t = time (days), M1 and M2 = amount of chemical (IPU or metabolites in % of applied 14C) applied to compartment 1 and compartment 2 at time t = 0, respectively, k1 and k2 = rate constant (% d-1) in compartment 1 and in compartment 2, respectively.

S5.3 Multi-compartment first-order kinetic model

Multi-compartment first-order model is also a biphasic dissipation model 
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(Gustafson and Holden, 1990)
. It divides the soil “into a large number of unconnected sub-compartments each with a different first-order degradation rate constant” FOCUS, 2006()
. The equation below is given as reported in FOCUS, 2006()
.
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Where Mt = total amount of chemical (IPU or metabolites in % of applied 14C) present at time t, t = time (days), M0 = total amount of chemical (IPU or metabolites in % of applied 14C) applied at time t = 0, α = shape parameter, β = location parameter. 

Table S1 Soil characteristics
	Natural site name
	Soil type
	Clay
	Silt
	Sand
	pH(CaCl2)
	TOC
	Total N
	Water content at -15 kPa

	
	
	%
	%
	%
	
	%
	%
	%

	Scheyern
	Aric Anthrosol
	20
	40
	40
	7.8
	1.5
	0.2
	27.4

	Kelheim
	Humic Cambisol
	11
	19
	70
	6.9
	1.3
	0.1
	17.3

	Neumarkt
	Haplic Arenosol
	4
	8
	88
	5.8
	1.0 
	0.1
	10.1

	Marsdorf
	Arenosol
	9
	16
	75
	3.8
	1.4
	0.1
	15.3
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Fig. S1. Mineralization rates of isoproturon in soil Scheyern (a), soil Kelheim (b), soil Neumarkt (c) and soil Marsdorf (d). Measured data are presented with standard deviation. 
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