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How to take into account a mulch in a pesticide fate model?  



Results Conclusions Introduction Objective Materials and Methods 

 Cover crops together with crop residues on the soil surface (mulching) are 

agricultural practices, often associated with conservation tillage, carried out in many parts of 

the world as sustainable alternatives to conventional tillage to prevent soil degradation 

Context 

 Cover crops and/or crop residues left at the soil surface allow: 

 Reduction of surface runoff and soil erosion (Prosdocimi et al., 2016) 

 Regulation of the soil surface temperature (Alletto et al., 2011) 

 Capture of rainfall water (Iqbal et al., 2013) 

 Reducing the evaporation from the soil surface and improving water infiltration (Thierfelder et 

al., 2013) 

 Control of weeds (Martins et al., 2016) 

 Increase in the total N and OC contents in the top soil (Castellanos-Navarrete et al., 2012) 

 Cover crops and/or crop residues modify the fate of pesticides by: 

 Intercepting pesticides before they reach the soil 

 Increasing their adsorption (Cassigneul et al., 2015) 

 Increasing/decreasing their leaching (Kasteel et al., 2007; Alletto et al., 2012) 

 Increasing/decreasing their degradation (Gan et al., 2003; Cassigneul et al., 2016)  

 Increasing/decreasing their volatilization (Whang et al., 1993;  Weber et al., 2006) 

 Very few pesticide fate models were designed to simulate these crop management practices 
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Objective of the work 

Results Conclusions Introduction Objective Materials and Methods 

© L. Alletto  

 To develop an innovative approach to model the mulch layer linked to crop 

residues and its effects on the dynamics of water and S-metolachlor leaching 

in the MACRO pesticide fate model 
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Field experiment 

 Experiments were set up on a field in Toulouse area (France) 

 

 Soil: Stagnic Luvisol with clay-loam texture 

Results Conclusions Introduction Objective Materials and Methods 

© L. Alletto (Purpan) 
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 Residues were left at the soil surface after maize harvest and after cover crops destruction          

by the herbicide glyphosate 

Mixture of oat, phacelia 

and vetch as cover crops  

14/10 05/04 

Mixture of oat, phacelia 

and vetch as cover crops  

20/10 15/03 

Mixture of oat, phacelia 

and vetch as cover crops  

08/10 25/04 

Convent. tillage 

(25-28 cm depth) 

Reduced tillage 

(10 cm depth) 

Reduced tillage 

(10 cm depth) 

Direct  

seeding 

Direct  

seeding 

Cover crops 

destruction 

Cover crops 

destruction 

 Irrigation: applied in summer during the maize growing season (220 mm in 2011 and 255 mm in 2012). 

Herbicide 

application 

 Herbicide: S-metolachlor as Calibra (Syngenta) formulation  

      1.52 kg a.i./ha on 3 May 2012 (49 days after the cover crop destruction) 

05/05 07/10 

Maize 

28/04 21/09 

Maize 

2010 2011 2012 2013 

 Cropping system:  Conservation tillage maize monoculture system 

Date   



Field instrumentation and measurements 

 Soil water content (SWC) and temperature were monitored at 20, 50 and 100 cm depth 

 

 Water flow measurements and quantification of herbicide leaching were carried out with a 

tension plate lysimeter at 100 cm depth 

Results Conclusions Introduction Objective Materials and Methods 

• Temperature sensors 

• TDR probes 

20 cm 

50 cm 

100 cm 

© L. Alletto  

 Climatic data were collected with a meteorological station located at the field site 

Tension plate lysimeter 
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Pesticide fate model 

 A being developed version of MACRO* (v. 5.3) was used:  

Results Conclusions Introduction Objective Materials and Methods 

1) All available site-specific measured parameters (Ksat for soil, Kd and DT50 for soil and mulch, ...) 

2) For non-measured parameters:  

 - Pedotransfer functions (s, , n for soil, ...) 

 - Literature (Ksat, s,  and n for the mulch, ...) 

 - Default values according to the model user manual (r, CTEN, ...) 

• Hydrology: Richards´ equation (micropores) + gravity flow (macropores), capillary rise, 

preferential flows 

• Crop: monoculture, crop rotation, NO MULCHING 

• Pesticides processes (fate): adsorption,  degradation, leaching, plant uptake 

 The model was parameterized with: 

6 Marín-Benito et al., 7th International Conference on Pesticide Behaviour in Soils, Water and Air, 31 August 2017, York (UK)  

* Macropore flow model (Larsbo & Jarvis, 2003) 



Proposed approch to represent the mulch 

 Assimilate the mulch to a 5-cm-thickness high organic soil layer with specific physical, 

hydrodynamical and pesticide-reactivity characteristics 
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Depth (m) 

Characteristic 

0-0.05 

 

0.05-0.15 0.15-0.35 0.35-0.65 0.65-2.05 

Clay (%) 0.00 39.8 40.1 45.8 51.5 

Silt (%) 0.00 47.2 45.3 42.2 38.2 

Sand (%) 100 13.0 14.6 12.0 10.3 

OC (%) 42.8 1.40 1.16 0.88 0.60 

r (m
3 m-3) 0.01a 0.01 0.01 0.01 0.01 

s (m
3 m-3) 0.766 a 0.420 0.445 0.385 0.382 

 (cm-1)  0.013 a 0.022 0.026 0.018 0.014 

n (-) 1.204 a 1.111 1.121 1.072 1.058 

Ksat (mm h-1) 3.3 a 98.7 126.0 44.2 14.5  

Kb (mm h-1) 0.289 0.289 0.303 0.229 0.179 

b (m
3 m-3) 0.756 0.413 0.435 0.381 0.379 

HERBICIDE 

Kd (cm3 g-1) 25.45 b 1.9 1.58 1.2 0.482 

DT50 (d) 61.5 b 57 57 105 169 

Mulch layer 
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a Wösten et al., 1999 
b Considering 50% covered soil surface by mulch 



Effect of the mulch on the soil water balance 
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  Introduction of a correction factor (Km) in the estimation of the potential evapotranspiration 

(ETPm) through a two-step approach  

ETPm= (ET0×Kc)×Km 

ETPm = ETP in the presence of mulch 

ET0 = reference evapotranspiration 

Kc= crop factor 

Km = correction factor due to the mulch presence 

Step1. Non-optimized Km values defined according to the nature of mulch (Khaledian et al., 2012) 

Step 2. Optimized Km values calibrated for each maize and cover crop cycle to take into 

account the effects of: 

o Crop development stage 

o Amounts of irrigation applied and thus of water stored in the crop residues 

o Year period 

o Amount of crop residues and/or degree of mulch decomposition 

             (Findeling et al., 2007) 
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Control of the mulch effects on the soil water balance by the Km factor 
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 Step 2: Calibration of Km values for each maize and cover crop cycle   

 Km = 1 during all growth cycles of the cover crop  

 Two different pairs of Km values for each maize cropping period 

9 

 Step 1: Definition of Km values 

           
 Growth of cover crops: No reduction of evaporation => Km = 1  

 After destruction of cover crops and during maize seasons: Constant reduction of evaporation due           

to the presence of the mulch => Km = 0.84 (Khaledian et al., 2012) 
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Evaluation of model performance 

Results Conclusions Introduction Objective Materials and Methods 

 Efficiency (EF) (Nash & Sutcliffe, 1970): 

Si : Simulation 

Oi : Observation 

Om : Mean of Oi 

n : Number of measurements 

The optimum value of EF is 1 (perfect fit) 
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Soil temperature observed and simulated at 0.2, 0.5 and 1 m depth 

EF= 0.91 

EF= 0.95 

EF= 0.94 

 No correction of the soil 

temperature regarding the possible 

effects of crop residues was done 

 Use of different Km values had 

no effect on soil temperature 

simulation 

 MACRO simulated very well the 

soil temperature (EF>0.90) 
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Results Conclusions Introduction Objective Materials and Methods 

Soil water content observed and simulated at 0.2, 0.5 and 1 m depth 
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 Use of Km improved simulation of 

soil water content 

 Simulation without Km prevent 

the right simulation of water content 

during irrigation 

EF (whole period)=-0.55 – 0.21 

EF (since 20/06/12)=-2.05 – 0.21 

EF (whole period)=-0.67 – (-0.24) 

EF (since 20/06/12)=-0.84 – (-0.20) 

EF (whole period)=-0.62 – (-0.18) 

EF (since 20/06/12)=-0.19 – (-0.03) 

Irrigation period 
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Water percolation observed and simulated at 100 cm depth 

Simulation without Km : 

• MACRO underestimated the volume of water measured 

in the lysimeter (except 17 December 2012) 

• The total volume of water leachates (181 mm) was 

underestimated by 66% 

Simulation with non-optimized Km : 

• Improved slightly the simulation of the cumulative 

percolation 

• Underestimation of 14% of the total volume 

Simulation with optimized Km : 

• Improved the individual leaching events and the 

cumulative percolation 

• MACRO overestimated the cumulative percolation by 39 

mm (22%) 

Individual events 

Cumulative events 
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EF = 0.39 

EF = 0.01 

EF = 0.27 

EF = 0.33 

EF = 0.65 

EF = 0.96 

 Use of Km allowed a good simulation of 

water percolation  
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Herbicide leaching (concentrations and flows) observed and simulated at 1 m depth 

Period Mean concentrations of S-metolachlor Cumulative flows of S-metolachlor 

  Observed MACRO Observed MACRO 

    Without 

Km 

With non-

optimized 

Km 

With 

optimized 

Km 

  Without 

Km 

With non-

optimized 

Km 

With 

optimized 

Km 

26/04 - 22/05/2012 7.10 0.04 0.46 5.14 172.8 0.166 3.083 160.1 

23/05 - 12/06/2012 5.20 0.74 2.68 6.48 193.5 14.48 61.94 189.5 

13/06 - 16/07/2012 2.30 0.00 4.83 4.80 61.49 0.000 97.25 98.18 

30/10 - 05/12/2012 0.64 0.25 1.42 1.17 12.04 2.720 50.38 39.22 

06/12 - 17/12/2012 0.08 1.13 4.96 4.24 0.430 29.87 143.9 122.6 
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EF=0.47 EF=0.19 

Acceptable Acceptable 

 The herbicide was detected and also predicted by MACRO in the water leachate 19 days after the application 

(3 May 2012) independently of the simulation done (with or without Km) 

 

 The high cumulated rainfall from 4 to 22 May 2012 (79 mm) together with the high solubility in water of 

this herbicide  (480 mg L−1) could be responsible for the quick leaching of a high amount of S-metolachlor 

Herbicide application:  

3 May 2012 

 Use of optimized Km values allowed acceptable simulation of S-metolachlor leaching 

 For optimized Km, the marked overestimation of the S-metolachlor concentrations and flows measured in the 

period 6-17 December 2012 by the model lowered the EF values 

EF=-0.62 EF=-0.62 EF=-1.24 EF=-1.14 

Underestimation Underestimation 



Conclusions 

 The strategy used allowed to reproduce satisfactorily the field observations of water percolation, soil 

temperature, and herbicide leaching although the performance of MACRO to simulate the soil water content 

was more limited 

 This strategy could be one option to assess the environmental risks of pesticides used in conservation tillage 

cropping systems and it could be considered in future improvements of the code of pesticide fate 

models (e.g. implementing a module that allows to input different Km values) to take into account the 

mulch effects  

 The method developed in this work needs to be tested against various crops and pesticides to 

propose a guidance making a list of different values of ETP correction factors depending on the crop 

development stage, the amount of crop residues, the surface covered by the mulch, its decomposition degree, 

etc 

Results Conclusions Introduction Objective Materials and Methods 

15 Marín-Benito et al., 7th International Conference on Pesticide Behaviour in Soils, Water and Air, 31 August 2017, York (UK)  



 Alletto, L., Benoit, P., Justes, E., Coquet, Y., 2012. Tillage and fallow period management effects on the fate of the herbicide isoxaflutole in an irrigated 

continuous-maize field. Agr. Ecosyst. Environ. 153, 40–49. 

 Alletto, L., Coquet, Y., Justes, E., 2011. Effects of tillage and fallow period management on soil physical behavior and maize development. Agric. Water 

Manag. 102, 74– 85. 

 Cassigneul, A., Alletto, L., Benoit, P., Bergheaud, V., Etiévant, V., Dumény, V., Le Gac, A.L., Chuette, D., Rumpel, C., Justes, E., 2015. Nature and 

decomposition degree of cover crops influence pesticide sorption: Quantification and modelling. Chemosphere 119, 1007–1014. 

 Cassigneul, A., Benoit, P., Bergheaud, V., Dumeny, V., Etiévant, V., Goubard, Y., Maylin, A., Justes, E., Alletto, L., 2016. Fate of glyphosate and degradates 

in cover crop residues and underlying soil: A laboratory study. Sci. Total Environ. 545–546, 582–590. 

 Castellanos-Navarrete, A., Rodriguez-Aragones, C., de Goede, R.G.M., Kooistra, M.J., Sayre, K.D., Brussaard, L., Pulleman, M.M., 2012. Earthworm 

activity and soil structural changes under conservation agriculture in central Mexico. Soil Till. Res. 123, 61–70. 

 Findeling, A., Garnier, P., Coppens, F., Lafolie, F., Recous, S., 2007. Modelling water, carbon, and nitrogen dynamics in soil covered with decomposing 

mulch. Eur. J. Soil Sci. 58, 196–206. 

 Gan, J., Zhu, Y., Wilen, C., Pittenger, D., Crowley, D., 2003. Effect of planting covers on herbicide persistence in landscape soils. Environ. Sci. Technol. 37, 

2775–2779. 

 Iqbal, A., Beaugrand, J., Garnier, P., Recous, S., 2013.  Tissue density determines the water storage characteristics of crop residues. Plant Soil 367, 285–

299. 

 Kasteel, R., Garnier, P., Vachier, P., Coquet, Y., 2007. Dye tracer infiltration in the plough layer after straw incorporation. Geoderma 137, 360–369. 

 Khaledian, M.R., Mailhol, J.C., Ruelle, P., Mubarak, I., 2012. Impacts of direct seeding into mulch on the yield, water use efficiency and nitrogen dynamics of 

corn, sorghum and durum wheat. Irrig. Drain. 61, 398–409. 

 Larsbo, M., Jarvis, N.J., 2003. MACRO 5.0. A model of water flow and solute transport in macroporous soil. Technical description. Rep Emergo, Swedish 

University of Agricultural Sciences, Uppsala, Sweden, 49 pp. 

 Martins, D., Goncalves, C.G., da Silva, A.C., 2016. Winter mulches and chemical control on weeds in maize. Rev. Ciênc. Agron. 47, 649–657. 

 Nash, J.E., Sutcliffe, J.V., 1970. River flow forecasting through conceptualmodels, part I: a discussion of principles. J Hydrol10, 282–290. 

 Prosdocimi, M., Jordán, A., Tarolli, P., Keesstra, S., Novara, A., Cerdà, A., 2016. The immediate effectiveness of barley straw mulch in reducing soil 

erodibility and surface runoff generation in Mediterranean vineyards. Sci. Total Environ. 547, 323–330. 

 Thierfelder, C., Mwila, M., Rusinamhodzi, L., 2013. Conservation agriculture in eastern and southern provinces of Zambia: Long-term effects on soil 

quality and maize productivity. Soil Till. Res.126, 246–258. 

 Weber, J.B., Taylor, K.A., Wilkerson, G.G., 2006. Soil cover and tillage influenced metolachlor mobility and dissipation in field lysimeters. Agron. J. 98, 

19–25. 

 Whang, J.M., Schomburg, C.J., Glotfelty, D.E., Taylor, A.W., 1993.  Volatilization of fonofos, chlorpyrifos, and atrazine from conventional and no-till 

surface soils in the field. J. Environ. Qual. 22, 173–180. 

 Wösten, J.H.M., Lilly, A., Nemes, A., Le Bas, C., 1999. Development and use of a database of hydraulic properties of European soils. Geoderma 90, 169-

185. 

Results Introduction Objective Materials and Methods 

References 

Conclusions 

16 Marín-Benito et al., 7th International Conference on Pesticide Behaviour in Soils, Water and Air, 31 August 2017, York (UK)  



 JM Marín-Benito thanks for the financial support of his post-doctoral contract 

through the ECoPESt project that is supported by the research Pesticides program 

(“Assessing and reducing environmental risks from plant protection products”) of 

the French Ministry in charge of Ecology founding by ECOPHYTO Plan managed by 

ONEMA 

 

 The authors are very grateful to Julien Moeys, Mats Larsbo and Nick Jarvis for 

providing the unofficial release of MACRO 5.3 

 

 The authors thank Simon Giuliano for his collaboration with the field data 

 

Results Introduction Objective Materials and Methods 

Acknowledgements 

Conclusions 

17 Marín-Benito et al., 7th International Conference on Pesticide Behaviour in Soils, Water and Air, 31 August 2017, York (UK)  



MODELING S-METOLACHLOR LEACHING IN AN 

AGRICULTURAL SOIL COVERED WITH PLANT-RESIDUE 

Jesús M. Marín-Benito1,3*, Lionel Alletto2, Enrique Barriuso1, Carole Bedos 1,  

Pierre Benoit 1, Valérie Pot 1, Laure Mamy1 

1 INRA-AgroParisTech, Université Paris-Saclay, UMR ECOSYS, Thiverval-Grignon, FR 

2 Université de Toulouse - Ecole d’Ingénieurs de Purpan, UMR AGIR, Toulouse, FR 

3 IRNASA-CSIC, 40-52 Cordel de Merinas, 37008 Salamanca, ES 

* jesusm.marin@irnasa.csic.es 

THANK YOU FOR YOUR ATTENTION! 

Marín-Benito et al., 7th International Conference on Pesticide Behaviour in Soils, Water and Air, 31 August 2017, York (UK)  


