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Résumé 

 

[Ŝǎ ŦƻǎǎŞǎ ŀƎǊƛŎƻƭŜǎ ǎƻƴǘ ŘŜǎ ƭƛŜǳȄ ǇǊŞŦŞǊŜƴǘƛŜƭǎ ŘΩŞŎƻǳƭŜƳŜƴǘ ŘŜǎ ǇŜǎǘƛŎƛŘŜǎ Ł ƭΩŞŎƘŜƭƭŜ Řǳ ōŀǎǎƛƴ 

ǾŜǊǎŀƴǘ ŘŜǇǳƛǎ ƭŜǎ ǇŀǊŎŜƭƭŜǎ ŀƎǊƛŎƻƭŜǎ ǾŜǊǎ ƭŜǎ ƳŀǎǎŜǎ ŘΩŜŀǳ ŀǾŀƭŜǎ ŘŜ ǎǳǊŦŀŎŜ Ŝǘ ǎƻǳǘŜǊǊŀƛƴŜǎΦ 5ǳ Ŧŀƛǘ 

de leur capacité de rétention ils sont réputés pouvoir exercer un pouvoir tampon pour limiter la 

ŘƛǎǇŜǊǎƛƻƴ ŘŜǎ ǇŜǎǘƛŎƛŘŜǎ Řŀƴǎ ƭΩŜƴǾƛǊƻƴƴŜƳŜƴǘΦ [Ŝǎ ƻǇŞǊŀǘƛƻƴǎ ŘΩŜƴǘǊŜǘƛŜƴ ŘŜǎ ŦƻǎǎŞǎ ǎƻƴǘ 

ƛŘŜƴǘƛŦƛŞŜǎ ŎƻƳƳŜ ǳƴ ƳƻȅŜƴ ŘΩŀƳŞƭƛƻǊŜǊ ŎŜ ǇƻǳǾƻƛǊ ǘŀƳǇƻƴΦ /ŜǇŜƴŘŀƴǘΣ ƭŀ Ŏƻƴnaissance du pouvoir 

tampon des fossés en fonction de leurs caractéristiques et de leur entretien est très limitée. 

[ΩƻōƧŜŎǘƛŦ ŘŜ ŎŜ ǘǊŀǾŀƛƭ Ŝǎǘ ŀƛƴǎƛ ŘŜ ǉǳŀƴǘƛŦƛŜǊ ƭΩƛƳǇŀŎǘ ŘŜǎ ǇǊƛƴŎƛǇŀƭŜǎ ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ǎǳǊ 

ƭΩŞǾƻƭǳǘƛƻƴ Řǳ ǇƻǳǾƻƛǊ ǘŀƳǇƻƴ ŘΩǳƴŜ ƎŀƳƳe de fossés infiltrants. 

[ŀ ŘŞƳŀǊŎƘŜ ǎǳƛǾƛŜ ǊŜǇƻǎŜ ǎǳǊ ƛύ ǳƴŜ ŎŀǊŀŎǘŞǊƛǎŀǘƛƻƴ ŜȄǇŞǊƛƳŜƴǘŀƭŜ ŘŜ ƭΩŜŦŦŜǘ ŘŜǎ ǇǊƛƴŎƛǇŀƭŜǎ 

ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ǎǳǊ ƭΩŞǾƻƭǳǘƛƻƴ ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ŦƻǎǎŞǎΣ ƛƛύ ǳƴŜ ŀƴŀƭȅǎŜ ŘŜ ƭΩƛƴŦƭǳŜƴŎŜ ŘŜ ŎŜǎ 

propriétés sur deux processus clé ƳƻŘǳƭŀƴǘ ƭŀ ǊŞǘŜƴǘƛƻƴ ŘŜǎ ƘŜǊōƛŎƛŘŜǎ Υ ƭŀ ǎƻǊǇǘƛƻƴ Ŝǘ ƭΩƛƴŦƛƭǘǊŀǘƛƻƴΣ 

ƛƛƛύ ǳƴŜ ŜȄǇƭƻǊŀǘƛƻƴ ƴǳƳŞǊƛǉǳŜΣ ŎƻƴœǳŜ ǎǳǊ ƭŀ ōŀǎŜ ŘŜǎ ŜȄǇŞǊƛƳŜƴǘŀǘƛƻƴǎΣ ŘŜ ƭΩŜŦŦŜǘ ŘŜ ŎƘŀǉǳŜ 

ǇǊŀǘƛǉǳŜ ǎǳǊ ƭΩŞǾƻƭǳǘƛƻƴ ŀƴƴǳŜƭƭŜ Řǳ ǇƻǳǾƻƛǊ ǘŀƳǇƻƴ ŘŜǎ ŦƻǎǎŞǎΦ Le dispositif expérimental a combiné 

ŘŜǎ ƻōǎŜǊǾŀǘƛƻƴǎ ƛƴ ǎƛǘǳ Ł ƭΩŞŎƘŜƭƭŜ Řǳ ŦƻǎǎŞ ŞƭŞƳŜƴǘŀƛǊŜ ǎǳǊ о ōŀǎǎƛƴǎ ǾŜǊǎŀƴǘǎ Ŝǘ ŘŜǎ 

ŜȄǇŞǊƛƳŜƴǘŀǘƛƻƴǎ ŀǳ ƭŀōƻǊŀǘƻƛǊŜ Ŝǘ ŀ ŎƻƴŎŜǊƴŞ ƭΩŞǘǳŘŜ Řǳ ŎƻƳǇƻǊǘŜƳŜƴǘ ŘŜ о ƘŜǊōƛŎƛŘŜǎΣ ƎƭȅǇƘƻǎŀǘŜΣ 

diuron et isoproturon. 

Les résultats de ce travail ont mis en évidence que les opérations de brûlis, fauche et désherbage 

chimique améliorent le pouvoir tampon des fossés par rapport à un fossé non-entretenu alors que le 

ŎǳǊŀƎŜ ƭŜ ŘŞǘŞǊƛƻǊŜΦ Lƭǎ ƻƴǘ ŀǳǎǎƛ ǇŜǊƳƛǎ ŘΩŀƳŞƭƛƻǊŜǊ ƴƻǘǊŜ ŎƻƴƴŀƛǎǎŀƴŎŜ des propriétés et de la 

variabilité des matériaux formant les fossés, de proposer un nouvel indicateur de la capacité de 

ǊŞǘŜƴǘƛƻƴ ŘŜǎ ŦƻǎǎŞǎ Ŝǘ ŘΩŞǾŀƭǳŜǊ ŘŜǎ ŀǇǇǊƻŎƘŜǎ ŘŜ ƳƻŘŞƭƛǎŀǘƛƻƴ ŘŜ ƭŀ ǊŞǘŜƴǘƛƻƴ ŘŜǎ ǇŜǎǘƛŎƛŘŜǎ par un 

bief de fossé infiltrant. 

 

Mots clés : Fossés agricolesΣ ǊŞǘŜƴǘƛƻƴ ŘŜǎ ǇŜǎǘƛŎƛŘŜǎΣ ǇƻǳǾƻƛǊ ǘŀƳǇƻƴΣ ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴΣ 

sorption, infiltration, propriétés des fossés, modélisation, indicateurs. 
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Abstract 

By linking cropped fields to downstream groundwater and surface water bodies, farm ditches 

constitute preferential pathways for pesticide dispersal at the catchment scale. But thanks to their 

pesticide retention capacity ditches are known for buffering pesticide non-point source pollutions. 

Ditch management operations were identified as mean to improve ditch buffering capacities. 

However, little is known about how pesticide retention capacities of ditches vary as a function of 

ditch properties and management. Accordingly, the objective of this work is to quantify how 

pesticide retention capacity in a range of infiltrating ditches evolves subsequently to the main 

management operations. 

The methodology relies on i) an experimental characterization of the main management operation 

effects on the evolution of ditch properties, ii) an analysis of how these properties influence two key 

processes regulating herbicides retention: sorption and infiltration, iii) a numerical exploration, based 

on the previously mentioned experimentations, of each operation effects on the yearly evolution of 

pesticide retention capacity of ditches. The experimental design combined in situ observations at the 

reach scale on 3 catchments as well as laboratory experimentations and concerned the behavior of 3 

herbicides, glyphosate, diuron and isoproturon. 

The results of this works highlighted the fact that burning, mowing and chemical weeding operations 

increase pesticide retention capacities of the ditches as compared to an unmanaged ditch while 

dredging deteriorates it. They also allowed us to improve our knowledge on ditch materials 

properties and variability, to propose a new indicator of ditch retention capacity and to evaluate 

different modelling approaches of pesticide retention by infiltrating ditches. 

 

 

Key words: Farmed ditches, pesticide retention, buffering capacity, management operations, 

sorption, infiltration, ditch properties, modelling, indicators. 
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Depuis plusieurs années, une pollution croissante et généralisée des ressources en eaux par les 

pesticides est constatée au niveau mondialΦ [ŀ CǊŀƴŎŜ ƴΩŞŎƘŀǇǇŜ Ǉŀǎ Ł ŎŜ ǇƘŞƴƻƳŝƴŜ ŎŀǊΣ comme le 

révèlent les réseaux de surveillance de la qualité des eaux, фо҈ ŘŜǎ Ǉƻƛƴǘǎ ŘΩƻōǎŜǊǾŀǘƛƻƴ des eaux de 

ǎǳǊŦŀŎŜ Ŝǘ со҈ ŘŜǎ Ǉƻƛƴǘǎ ŘΩƻōǎŜǊǾŀǘƛƻƴ des eaux souterraines sont contaminés par au moins une 

molécule de pesticide ό{hŜ{Σ aƛƴƛǎǘŝǊŜ ŘŜ ƭΩ;ŎƻƭƻƎƛŜΣ Řǳ 5ŞǾŜƭƻǇǇŜƳŜƴǘ 5ǳǊŀōƭŜ Ŝǘ ŘŜ ƭΩŞƴŜǊƎƛŜΣ 

2013). Les herbicides tels que le glyphosate, le S-ƳŜǘƻƭŀŎƘƭƻǊŜΣ ƭŜ ŘƛǳǊƻƴ ƻǳ ƭΩƛǎƻǇǊƻǘǳǊƻƴ ŎƻƴǎǘƛǘǳŜƴǘ 

près de 90% des 15 molécules les plus fréquemment détectées à la fois dans les eaux de surface et 

dans les eaux souterraines en France ό{hŜ{Σ aƛƴƛǎǘŝǊŜ ŘŜ ƭΩ;ŎƻƭƻƎƛŜΣ Řǳ 5ŞǾŜƭƻǇǇŜƳŜƴǘ 5ǳǊŀōƭŜ Ŝǘ 

ŘŜ ƭΩŞƴŜǊƎƛŜΣ нлмоύΦ tŀǊƳƛ ŎŜǎ ƘŜǊōƛŎƛŘŜǎ ƭŜǎ Ǉƭǳǎ ŘŞǘŜŎǘŞǎΣ ŎŜǊǘŀƛƴǎ ǘŜƭǎ ǉǳŜ ƭŜ ŘƛǳǊƻƴ ƻǳ ƭΩŀǘǊŀȊƛƴŜ 

ont pourtant été interdits depuis plusieurs années déjà. Ces pollutions diffuses de pesticides 

menacent la santé des écosystèmes (Bundschuh et al., 2016; Lal, 2006) et les usages anthropiques de 

ƭΩŜŀǳ (Reichenberger et al., 2007; Schultz et al., 1995). Deux stratégies permettent de limiter 

ƭΩŀƳǇƭŜǳǊ ŘŜǎ ǇƘŞƴƻƳŝƴŜǎ ŘŜ Ǉƻƭƭǳǘƛƻƴǎ ŘŜǎ ǊŜǎǎources en eaux par les pesticides. La première 

stratégie consiste à réduire les apports de produits phytosaniatires, désignés dans la suite de ce 

mémoire par le terme générique « pesticides », aux parcelles et la seconde à optimiser leur rétention 

au sein ŘΩƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ŀƎǊƻŞŎƻƭƻƎƛǉǳŜǎΦ /Ŝǎ ǘǊŀǾŀǳȄ ŘŜ ǘƘŝǎŜ ǎΩƛƴǎŎǊƛǾŜƴǘ Řŀƴǎ ŎŜǘǘŜ ǎŜŎƻƴŘŜ 

stratégie et visent à optimiser la capacité de rétention des pesticides, ou « pouvoir tampon », 

ŘΩƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ŀƎǊƻŞŎƻƭƻƎƛǉǳŜǎ Ŝǘ Ǉƭǳǎ ǇŀǊǘƛŎǳƭƛŝǊŜƳŜƴǘ ŘŜǎ ŦƻǎǎŞǎΦ 

Les réseaux de fossés agricoles, initialement conçus et régulièrement entretenus pour évacuer 

rapidement les flux de ruissellement et/ou de drainage des parcelles cultivées, afin de limiter 

ƭΩŜƴƎƻǊƎŜƳŜƴǘ ŘŜǎ ǘŜǊǊŜǎ  Ŝǘ ƭΩŞǊƻǎƛƻƴ ƘȅŘǊƛǉǳŜ ŘŜǎ ǎƻƭǎΣ ƧƻǳŜƴǘ Ŝƴ effet un rôle déterminant dans le 

devenir des pesticides au sein des bassins versants agricoles (Herzon and Helenius, 2008). Les 

réseaux de fossés, en collectant et acheminant les flux de ruissellement et/ou de drainage vers les 

ƳŀǎǎŜǎ ŘΩŜŀǳ ǊŞŎŜǇǘǊƛŎŜǎ Ł ƭΩŀǾŀƭ ŘŜǎ ōŀǎǎƛƴǎ ǾŜǊǎŀƴǘǎ Ŝǘ ǾŜǊǎ ƭŜǎ ƳŀǎǎŜǎ ŘΩŜŀǳ ǎƻǳǘŜǊǊŀƛƴŜǎ Ǿƛŀ ŘŜǎ 

ǇǊƻŎŜǎǎǳǎ ŘΩƛƴŦƛƭǘǊŀǘƛƻƴΣ ǎƻƴǘ ǎǳǎŎŜǇǘƛōƭŜǎ ŘŜ ŦŀǾƻǊƛǎŜǊ ƭŀ ǇǊƻǇŀƎŀǘƛƻƴ ŘŜǎ Ǉƻƭƭǳǘƛƻƴǎ ŘƛŦŦǳǎŜǎ ŘŜ 

pesticides (e.g., Branger, 2003; Garon-Boucher, 2003; Louchart et al., 2001). Cependant, au cours de 

leur acheminement dans les réseaux de fossés, un certain nombre de processus biogéochimiques 

peuvent générer une diminution des quantités de pesticides que contiennent ces flux (e.g., Dousset 

et al., 2010; Margoum et al., 2003; Needelman et al., 2007; Stehle et al., 2011). Les fossés agricoles 

peuvent donc exercer un pouvoir tampon vis-à-vis des pollutions diffuses de pesticides (e.g., 

Margoum et al., 2003; Moore et al., 2011; Needelman et al., 2007; Stehle et al., 2011). Les processus 

ōƛƻƎŞƻŎƘƛƳƛǉǳŜǎ Ł ƭΩƻǊƛƎƛƴŜ ŘŜ ƭΩŀǘǘŞƴǳŀǘƛƻƴ ŘŜǎ ǇŜǎǘƛŎƛŘŜǎ Řŀƴǎ ƭŜǎ ŦƻǎǎŞǎ ǎƻƴǘ ŞǘǊƻƛǘŜƳŜƴǘ ƭƛŞǎ ŀǳȄ 

propriétés des fossés (e.g., Margoum et al., 2006). Or les propriétés des fossés sont a priori modulées 

de manière contrastée par les différentes opŞǊŀǘƛƻƴǎ ŘΩŜƴǘǊŜǘƛŜƴ (e.g., Levavasseur et al., 2014; 
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Needelman et al., 2007; Pappas and Smith, 2007)Φ !ƛƴǎƛΣ ƭŜǎ ǇǊƛƴŎƛǇŀƭŜǎ ƻǇŞǊŀǘƛƻƴǎ ŘΩŜƴǘǊŜǘƛŜƴ ƛΦe., 

curage, fauche, désherbage chimique, brûlis, de par leurs actions contrastées sur les propriétés des 

ŦƻǎǎŞǎΣ ǎƻƴǘ ǎǳǎŎŜǇǘƛōƭŜǎ ŘΩŀƳŞƭƛƻǊŜǊ ƻǳ ŘŞǘŞǊƛƻǊŜǊ ƭŜ ǇƻǳǾƻƛǊ ǘŀƳǇƻƴ ŘŜǎ ŦƻǎǎŞǎΦ 

[Ŝ ƳƻŘŜ ŘΩŜƴǘǊŜǘƛŜƴΣ ŘŜ ǇŀǊ ǎƻƴ incidence sur les propriétés des fossŞǎΣ ǇŜǳǘ şǘǊŜ ǳƴ ƭŜǾƛŜǊ ŘΩŀŎǘƛƻƴ 

ǇŜǊƳŜǘǘŀƴǘ ŘΩƻǇǘƛƳƛǎŜǊ ƭŜ ǇƻǳǾƻƛǊ ǘŀƳǇƻƴ ŘŜǎ ŦƻǎǎŞǎΦ tƻǳǊ ŀǳǘŀƴǘΣ ƭΩŞǘŀǘ ŘŜǎ ŎƻƴƴŀƛǎǎŀƴŎŜǎ ǎǳǊ 

ƭΩƛƳǇŀŎǘ ŘŜǎ ŘƛŦŦŞǊŜƴǘǎ ƳƻŘŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ǎǳǊ ƭŜǎ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ŦƻǎǎŞǎ ŜǘΣ ǊŞǘǊƻǎǇŜŎǘƛǾŜƳŜƴǘΣ ǎǳǊ ƭŜǳǊ 

capacité de rétention des pesticides, ne permet pas actuellement de proposer des solutions de 

gestion adéquates. Ce travail de thèse a donc pour objectif ŘΩŞǾŀƭǳŜǊ ƭΩƛƳǇŀŎǘ ŘŜǎ ŘƛŦŦŞǊŜƴǘǎ ƳƻŘŜǎ 

ŘΩŜƴǘǊŜǘƛŜƴ ǎǳǊ ƭΩŞǾƻƭǳǘƛƻƴ Řǳ ǇƻǳǾƻƛǊ ǘŀƳǇƻƴ ŘŜǎ ŦƻǎǎŞǎ vis-à-vis des pollutions diffuses de 

pesticides. Lƭ ǎΩƛƴǎŎǊƛǘ Řŀƴǎ ƭŜ ŎŀŘǊŜ ŘΩǳƴŜ ŀŎǘƛƻƴ wϧ5 Lbw!-ONEMA (Fossés Infiltrant et Pesticides) 

visant à développer une méthodologie simple de diagnostic des réseaux de fossés en fonction des 

conditions du milieu afin de fournir aux gestionnaires des masses d'eau le moyen i) d'évaluer les 

différents impacts (rétention, infiltration) des fossés sur la contamination des eaux et ii) d'identifier 

les modes de gestion les plus adéquats. Ce travail de thèse aborde un ensemble de questions 

cognitives, en amont du projet FIP, relatives aux processus de rétention des pesticides dans les fossés 

Ŝǘ Ł ƭŜǳǊ ƳƻŘǳƭŀǘƛƻƴ ǇŀǊ ƭŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴΦ 

[Ŝ ǇǊŜƳƛŜǊ ŎƘŀǇƛǘǊŜ ŘŜ ŎŜ ƳŞƳƻƛǊŜ ǇǊŞǎŜƴǘŜ ƭΩŞǘŀǘ ŘŜ ƭΩŀǊǘ ǊŜƭŀǘƛŦ Ł ƭΩƛƳǇŀŎǘ ŘŜ ƭΩŜƴǘǊŜǘƛŜƴ ǎǳǊ ƭŜ 

fonctionnement et les rôles des fossés au sein des paysages agricoles et présente la démarche mise 

Ŝƴ ǆǳǾǊŜ ǇƻǳǊ ǊŞǇƻƴŘǊŜ ŀǳȄ ƻōƧŜŎǘƛŦǎ ǎǇŞŎƛŦƛǉǳŜǎ ŘŜ ŎŜǘǘŜ ǘƘŝǎŜΦ [ŀ ǎǳƛǘŜ ŘŜ ŎŜ ƳŞƳƻƛǊŜ Ŝǎǘ 

structurée en 4 parties. Chacune de ces parties traite respectivement de : 

¶ ƭΩƛƴŦƭǳŜƴŎŜ ŘŜǎ ŘƛŦŦŞǊŜƴǘǎ ƳƻŘŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ǎǳǊ ƭΩŞǾƻƭǳǘƛƻƴ ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ŦƻǎǎŞǎ 

(Chapitre 2), 

¶ ƭΩƛƴŦƭǳŜƴŎŜ ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ŦƻǎǎŞǎ ǎǳǊ ƭŜǎ ǇǊƻŎŜǎǎǳǎ ōƛƻƎŞƻŎƘƛƳƛǉǳŜǎ ŎƭŞ ƳƻŘǳƭŀƴǘ ƭŜǎ 

transferts et la rétention des pesticides (Chapitres 3 et 4),  

¶ ƭŀ ŎƻƳǇŀǊŀƛǎƻƴ ŘŜǎ ƳŞǘƘƻŘŜǎ ŘΩŜǎǘƛƳŀǘƛƻƴ ŘŜǎ ǘǊŀƴǎŦŜǊǘǎ Ŝǘ ŘŜ ƭŀ ǊŞǘŜƴǘƛƻƴ ŘŜǎ ǇŜǎǘƛŎƛŘŜǎ 

dans les fossés (Chapitre 5), 

¶ ƭΩƛƴŦƭǳŜƴŎŜ ŘŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ǎǳǊ ƭΩŞǾƻƭǳǘƛƻƴ du pouvoir tampon des fossés 

agricoles (Chapitre 6). 
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9ǘŀǘ ŘŜ ƭΩŀǊǘ ς Enjeux et positionnement 
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1.1   LƳǇŀŎǘ ŘŜ ƭΩŜƴǘǊŜǘƛŜƴ ǎǳǊ ƭŜ ŦƻƴŎǘƛƻƴƴŜƳŜƴǘ Ŝǘ ƭŜǎ ǊƾƭŜǎ ŘŜǎ ŦƻǎǎŞǎ ŀǳ ǎŜƛƴ 

des paysages agricoles ς 9ǘŀǘ ŘŜ ƭΩŀǊǘ 

 

[Ŝ ǘǊŀǾŀƛƭ ŘŜ ǊŜŎƘŜǊŎƘŜ ōƛōƭƛƻƎǊŀǇƘƛǉǳŜ ŘŞƭƛƳƛǘŀƴǘ ƭΩŞǘŀǘ ŘŜǎ Ŏƻƴƴŀƛssances sur le fonctionnement et 

les rôles des fossés au sein des paysages agricoles a été initié dans le cadre du projet FIP. En effet, le 

ǇǊŜƳƛŜǊ ƻōƧŜŎǘƛŦ ŘŜ ƭΩŀŎǘƛƻƴ CLt Şǘŀƛǘ ŘŜ ŘŞƭƛƳƛǘŜǊ ƭΩŞǘŀǘ ŘŜǎ ŎƻƴƴŀƛǎǎŀƴŎŜǎ ǎǳǊ ƭŜ ŦƻƴŎǘƛƻƴƴŜƳŜƴǘ ŘŜǎ 

réseaux de fossés. Ce travail a donné lieu, dans un premier temps, à une synthèse bibliographique 

ǎǳǊ ƭΩŜƴǎŜƳōƭŜ ŘŜǎ ŦƻƴŎǘƛƻƴǎ ŘŜǎ ǊŞǎŜŀǳȄ ŘŜ ŦƻǎǎŞǎ ŀǳȄ ŞŎƘŜƭƭŜǎ Řǳ ŦƻǎǎŞ ŞƭŞƳŜƴǘŀƛǊŜ Ŝǘ Řǳ ǊŞǎŜŀǳΣ 

ŘƛŦŦǳǎŞŜ ǇŀǊ ƭΩhb9a! (Dollinger et al., 2014)Φ [ŀ ǊŞŦƭŜȄƛƻƴ ǎǳǊ ƭΩƛƴǘŜǊǊŜƭŀǘƛƻƴ ŘŜǎ ŘƛŦŦŞǊŜƴǘǎ ǊƾƭŜǎ ŘŜǎ 

ŦƻǎǎŞǎ Ŝǘ ŘŜ ƭŜǳǊ ƳƻŘǳƭŀǘƛƻƴ ǇŀǊ ƭŜǎ ǇǊŀǘƛǉǳŜǎ ŘΩentretien a été complétée par la suite et a donné lieu 

à un article de synthèse dans le numéro spécial « Ingénierie Agro-écologique » de la revue Agronomy 

for Sustainable Development tel que présenté ci-dessous. Cette revue bibliographique peut sembler 

dépasser le cadre strict de cette thèse ŎŀǊ ŜƭƭŜ ŀōƻǊŘŜ ƭΩŜƴǎŜƳōƭŜ ŘŜǎ ǊƾƭŜǎ ŘŜǎ ŦƻǎǎŞǎ ŀǳ ǎŜƛƴ ŘŜǎ 

paysages agricoles. Néanmoins, il existe des liens très étroits et des interrelations fortes entre les 

processus biogéochimiques alimentant les différents rôleǎ ƻǳ Ψservices écosystémiquesΩ (ME 

Assessment, 2005) remplis par les fossés. Ainsi, optimiser un service écosystémique spécifique des 

fossés agricoles, ǘŜƭ ǉǳŜ ƭŀ ǇǳǊƛŦƛŎŀǘƛƻƴ ŘŜ ƭΩŜŀǳΣ sans altérer les autres, nécessite une vision 

ŘΩŜƴǎŜƳōƭŜ Řǳ ŦƻƴŎǘƛƻƴƴŜƳŜƴǘ ŘŜǎ ŦƻǎǎŞǎ Ŝǘ ŘŜ ƭΩƛƳǇŀŎǘ ŘŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴ sur ce 

fonctionnement. 

[Ŝǎ ƻōƧŜŎǘƛŦǎ ŘŜ ŎŜǘǘŜ ǊŜǾǳŜ ōƛōƭƛƻƎǊŀǇƘƛǉǳŜ ǎƻƴǘ ƛύ ŘΩƛŘŜƴǘƛŦƛŜǊ ƭΩŜƴǎŜƳōƭŜ ŘŜǎ ǎŜǊǾƛŎŜǎ 

écosystémiques que rendent les réseaux de fossés au sein des paysages agricolesΣ ƛƛύ ŘΩƛŘŜƴǘƛŦƛŜǊ ƭŜǎ 

processus biogéochimiques qui les alimentent et iii) de percevoir comment ces processus sont 

ƳƻŘǳƭŞǎ ǇŀǊ ƭŜǎ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ŦƻǎǎŞǎ ŀŦƛƴ ƛǾύ ŘΩŞǾŀƭǳŜǊ ƭΩƛƳǇŀŎǘ ŘŜ ŘƛŦŦŞǊŜƴǘŜǎ ǎǘǊŀǘŞƎƛŜǎ ŘŜ ƎŜǎǘƛƻƴ 

ǎǳǊ ƭΩŜƴǎŜƳōƭŜ ŘŜǎ ǎŜǊǾƛŎŜǎ ŞŎƻǎȅǎǘŞƳƛǉǳŜǎ ǉǳΩƛƭǎ ŦƻǳǊƴƛǎǎŜƴǘΦ Les fossés sont en effet le siège de 

ƴƻƳōǊŜǳȄ ǇǊƻŎŜǎǎǳǎ ōƛƻƎŞƻŎƘƛƳƛǉǳŜǎ Řƻƴǘ ƭΩƻŎŎǳǊǊŜƴŎŜ Ŝǘ ƭΩƛƴǘŜƴǎƛǘŞ ǾŀǊƛŜƴǘ Ŝƴ ŦƻƴŎǘƛƻƴ ŘŜǎ 

propriétés des fossés telles que leur morphologie (e.g., largeur, profondeur, pente), leur couverture 

végétale, la nature des sols et des litière etc. Par ailleurs, ces propriétés sont modifiées de manière 

ŎƻƴǘǊŀǎǘŞŜ ǇŀǊ ŘƛŦŦŞǊŜƴǘŜǎ ƻǇŞǊŀǘƛƻƴǎ ŘΩŜƴǘǊŜǘƛŜƴ ǘŜƭƭŜǎ ǉǳŜ ƭŀ ŦŀǳŎƘŜΣ ƭŜ ŎǳǊŀƎŜΣ ƭŜ ŘŞǎƘŜǊōŀƎŜ 

chimique et le brûlƛǎ ŘŜǎ ŦƻǎǎŞǎΦ [ΩŜƴǘǊŜǘƛŜƴ ŘŜǎ ŦƻǎǎŞǎ ŎƻƴǎǘƛǘǳŜ ŘƻƴŎ ǳƴ ƭŜǾƛŜǊ ŘΩŀŎǘƛƻƴ ŜŦŦƛŎŀŎŜ Ŝǘ 

opérationnel pour optimiser les services écosystémiques rendus par les fossés. Ce travail a 

cependant mis en lumière un certain nombre de limites au développement de stratégies de gestion 

ǇŜǊƳŜǘǘŀƴǘ ŘΩƻǇǘƛƳƛǎŜǊ ŎƻƴƧƻƛƴǘŜƳŜƴǘ ƭΩŜƴǎŜƳōƭŜ ŘŜǎ ǎŜǊǾƛŎŜǎ ŞŎƻǎȅǎǘŞƳƛǉǳŜǎΣ ƭƛŞŜǎ Ł ƭΩƛƳǇƭƛŎŀǘƛƻƴ 

simultanée de certain processus dans plusieurs services avec des effets parfois antagonistes.    
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Managing ditches for agroecological engineering of landscape. A review 
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1.1.1 Introduction 

 

!ƎǊƛŎǳƭǘǳǊŜ ŦŀŎŜǎ ǘƘŜ ŎƘŀƭƭŜƴƎŜ ƻŦ άŦŜŜŘƛƴƎ ǘƘŜ ǇƭŀƴŜǘέ ǿƘƛƭŜ ƳƛƴƛƳƛȊƛƴƎ ƛǘǎ ƛƳǇŀŎǘ ƻƴ ǘƘŜ 

environment. Indeed, intensive agriculture is involved in soil and water pollution, soil losses by 

erosion and biodiversity erosion. Strategies to limit the adverse environmental effects of agriculture 

emerged in the late 1980s and early 1990s in North America and in Europe, with the Best 

Management Practices and the Agri-Environmental Schemes, respectively. In addition to 

recommendations for farmed field practices, these strategies include recommendations on field 

margin management, such as the preservation and maintenance of terraces, hillslope and drainage 

ditches, and grassed strips (Logan, 1993). 

Among these field margins, farm ditches play a significant role in many issues of agricultural 

landscapes. Farm ditches are human-made linear elements that constitute the upstream parts of the 

permanent hydrographic networks in agricultural landscapes. Primarily implanted within farmed 

landscape to collect surface and subsurface water in order to drain excess water and/or to prevent 

soil erosion, farm ditches may also control pollution and preserve biodiversity (Herzon and Helenius, 

2008). In the USA, vegetated ditches are the objects of Best Management Practices for their nutrient 

and pesticides retention capacities (Cooper et al., 2004; Dabney et al., 2006; Kröger et al., 2013; 

Moore et al., 2001). In The Netherlands, the management of ditch sidewalls to enhance plant species 

diversity is one of the most widely implemented Agri-Environmental Schemes (Dijk et al., 2014; Leng 

et al., 2011). Other studies or reviews indicate that ditch management should be included in the agri-

environmental measures of other European countries, such as farmland bird protection in the UK 

(Bradbury and Kirby, 2006) or wetland ecosystem maintenance in the UK (Gavin, 2003) or in 

Germany (Langheinrich et al., 2004). Considering the above-mentioned functions, ditches can be 

seen as providers of regulating ecosystem services according to the classification of Millennium 

Ecosystem Assessment (2005). The services that are provided by ditches include soil waterlogging 

and erosion control, which are the initial drivers for ditch creation given their impact on crop 

production. But they also extend to water purification, flood regulation, groundwater recharge and 

biodiversity conservation. 
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The maximization of the ecosystem services that are provided by ditches requires an adequate 

design of the ditch characteristics and maintenance. The ditch characteristics of interest are either 

structural as shape parameters (length, slope, and cross-section), connectivity between fields and 

ditches, ditch network topologies, bed and sidewalls properties (soil texture and structure) or 

functional characteristics such as litter, vegetation nature and covering (Herzon and Helenius, 2008; 

Lagacherie et al., 2006). Ditch maintenance is a combination in time of dredging, mowing, chemical 

weeding and burning (Fig. 1.1) techniques (Kröger et al., 2009; Levavasseur et al., 2014; Needelman 

et al., 2007). Designing the best ditch characteristics and maintenance practices requires a thorough 

knowledge of their impacts on the underlying biotic and abiotic processes that are involved in the 

provision of the expected ecosystem services. 

 

 

Figure 1.1: Ditch maintenace. Ditch maintenance is a combination and a succession in time of four 

basic operations namely dredging, mowing, chemical weeding and burning. On top: dredging on the 

left and chemical weeding on the right. On the bottom: burning on the left and mowing on the right. 

Note that ditch maintenance operations exert a strong influence on several important ditch 

characteristics and in turn the provision of ecosystem services. 
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So far, only lowland drainage ditches have been the focus of reviews concerning either their 

hydrological functioning and engineering (Skaggs et al., 2005; Skaggs and Schilfgaarde, 1999) or their 

biological importance in the maintenance or restoration of biodiversity (Herzon and Helenius, 2008). 

In addition, Needelman et al. (2007) gathered in an overview some case studies mainly focusing on 

nitrogen and phosphorus with regard to drainage ditch maintenance practices that are suitable for 

water quality protection. These last two papers (Herzon and Helenius, 2008; Needelman, et al. 2007) 

described the role of ditches with respect to water, nutrients, sediment transfer or retention, 

pollination, pest control and habitat provision. Both of these papers mentioned the impact of ditches 

on pesticide fate but, due to a lack of studies, did not highlight the complexity of this impact due to 

numerous molecules exhibiting a large range of chemical properties and, in turn, behaviors. From 

2008, however, several case studies explored the retention ability of vegetated ditches depending on 

the pesticide chemical properties (Elsaesser et al., 2013; Gill et al., 2008; Moore et al., 2011; 

Passeport et al., 2011a), now enabling a more comprehensive review on pesticide fate in ditches. In 

their reviews, Herzon and Helenius (2008) and Needelman et al. (2007) indicated that drainage 

ditches can be managed for multiple functions, providing examples of management practices with 

positive effects. Nevertheless, these authors did not provide a comprehensive analysis of the impacts 

of ditch management, whether positive or negative, on the range of regulating services that are 

potentially provided by ditches. This analysis requires an in-depth review on how ditch management 

modifies the ditch characteristics and may, in turn, impact the processes and the provision of 

services. In addition, it must be underlined that the reviews of Herzon and Helenius (2008) and 

Needelman et al. (2007) did not consider the ditches that are located in highlands, arid and semi-arid 

areas, which act as intermittent streams and can play a significant role in groundwater recharge 

(Batlle-Aguilar and Cook, 2012; Dages et al., 2009) and groundwater contamination (Burkart et al., 

1999; Field et al., 2003).  

The main aim of this review is to determine whether and how the design of ditches and their 

maintenance can be useful for the agro-ecological engineering of landscapes. In this respect, three 

successive questions are addressed: 

(1) What is known about the ecosystem services provided by ditches and how do they depend 

on the processes occurring in ditches and on the ditches characteristics? 

(2) How can ditch maintenance improve the positive influence of ditches on ecosystem services 

and avoid adverse effects?  

(3) What are the future research needs in relation to the previous questions?  
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The ditches that were considered in this review are human-made channels forming the upstream 

part of hydrological networks located both in lowland and highland areas. In comparison to the 

previous reviews mentioned above, three particular and supplemental focuses are given here. First, 

the role of ditches in highland and arid or semi-arid areas is highlighted as they were poorly 

considered by previous reviews (Herzon and Helenius, 2008; Needelman et al., 2007). Second the 

role of ditches on the abiotic processes is especially emphasized since the biological functioning of 

ditches has been extensively reviewed by Herzon and Helenius (2008). The last focus concerns the 

maintenance operations and the way they impact the ditch characteristics and in turn processes and 

ecosystem services provided by ditches. 

In the following, we first review the ecosystem services and disservices that are provided by ditches 

and the processes involved. We then review the contexts and characteristics modulating the 

intensity of the processes. Finally, we examine the impacts of ditch maintenance on ditch 

characteristics and consequently on the related processes and services. 

 

1.1.2 Methodology 

 

To collect and process the availŀōƭŜ ǎŎƛŜƴǘƛŦƛŎ ƳŀǘŜǊƛŀƭ ŘŜŀƭƛƴƎ ǿƛǘƘ ǘƘŜ ǿƘƻƭŜ ŎƘŀƛƴ άŘƛǘŎƘ 

maintenance-ditch characteristics-processes-ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎέ ŦƻǊ ŀ ŘƛǾŜǊǎƛǘȅ ƻŦ ǇŜŘƻŎƭƛƳŀǘƛŎ 

contexts, we conducted three extensive literature searches in five different scientific databases (ISI 

Web of Knowledge, Science Direct, Wiley Online Library, Springer Link and Google Scholar).  

¶ A first search aimed at collecting the papers that studied the involvement of ditches in the 

provision of ecosystem services. Accordingly we associated the keywƻǊŘǎ άŘƛǘŎƘέΣ άƻǇŜƴ-

ŎƘŀƴƴŜƭέΣ άƛƴǘŜǊƳƛǘǘŜƴǘ ǎǘǊŜŀƳέ ƛƴŘƛǾƛŘǳŀƭƭȅ ǿƛǘƘ each of the following keywords: 

άŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎέΣ άƘȅŘǊƻƭƻƎȅέΣ άǇƻƭƭǳǘŀƴǘǎέΣ άǎŜŘƛƳŜƴǘǎέΣ άŜǊƻǎƛƻƴέΣ άƴǳǘǊƛŜƴǘέΣ 

άǇŜǎǘƛŎƛŘŜǎέ ŀƴŘ άōƛƻŘƛǾŜǊǎƛǘȅέΦ  

¶ A second search aimed at collecting papers describing the processes involved in the provision 

of ecosystem services and how they are affected by ditch characteristics. We therefore 

associated the keyword άŘƛǘŎƘέ ǿƛǘƘ ǘƘŜ ǎŜŀǊŎƘ ǘŜǊƳǎ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘƘŜ ǇǊƻŎŜǎǎŜǎ 

όάǊǳƴƻŦŦέΣ άŘǊŀƛƴŀƎŜέΣ άƛƴŦƛƭǘǊŀǘƛƻƴέΣ άǎŜŘƛƳŜƴǘŀǘƛƻƴέΣ άǇƭŀƴǘ ǳǇǘŀƪŜέΣ άǎƻǊǇǘƛƻƴέΣ 

άŘŜƎǊŀŘŀǘƛƻƴέ ŜǘŎΦύΦ  
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¶ A third search aimed at collecting papers studying the nature and impact of management 

practices in ditches. Therefore we ŀǎǎƻŎƛŀǘŜŘ ǘƘŜ ƪŜȅǿƻǊŘǎ άŘƛǘŎƘέ, άƳŀƛƴǘŜƴŀƴŎŜέ ŀƴŘ 

άƳŀƴŀƎŜƳŜƴǘέΦ  

Among the pool of collected papers about 25% were well focused on the topic of this review. The 

140 papers selected gather case studies at different scales, microcosms, mesocosms, ditch and ditch 

networks as well as numerical experiments. The analysis of the papers was then conducted in the 

aim of documenting the key questions evoked above.  

Hereafter, structural characteristics or functional characteristics will be designed by the general term 

άŘƛǘŎƘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎέΦ 

 

1.1.3 Ecosystem services performed by ditches: mechanisms and 

optimization conditions 

 

Ditches perform several ecosystem services resulting from a combination of geochemical, 

geophysical and biological processes (Fig. 1.2). These services vary among ditches according to the 

pedoclimatic contexts, ditch characteristics and anthropogenic drivers. Moreover, ecosystem services 

provided by ditches may be valued as positive or negative (dis-services), may concern either the 

reach or the network or both, and may have changing values across pedoclimatic contexts. In the 

following, ecosystem services provided by ditches are first independently reviewed considering 

successively the hydrological, pollutants fate and biological functioning of ditches. Each subsection 

aims at describing one ecosystem service provided by ditches, identifying the processes involved 

either in a positive or negative way and the pedoclimatic and intrinsic characteristics influencing the 

occurrence and intensity of these processes. Then, in the final part of the section, the intricacy and 

main control factors of the range of ecosystem services are exposed. Figure 1.2 illustrates the main 

processes and the way they are involved in the provision of ecosystem services is summarized in 

Table 1.1. 
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Figure 1.2: Geochemical, geophysical and biological processes occurring within ditches that modify 

the hydrological, pollutants fate and biodiversity functioning of cultivated landscapes. These 

processes are drainage water collection (1), runoff collection (2), water conveyance (3), exfiltration 

(3), infiltration (3), population connection (4), shelter provision (5), habitat provision (5), 

sedimentation (6), plant uptake of pesticides and nutrients (6), sorption of pesticides and nutrients(6) 

degradation and transformation of pesticides and nutrients (6). Several feedbacks exist between 

these processes resulting in the interrelation of the processes involved in catchment hydrology, 

biodiversity and pollutant fate. 

 

1.1.3.1. Waterlogging control 

In many areas worldwide, agriculture has developed on wetlands in which cropping was enabled by 

removing excess water via surface drainage or tile drain networks. In France, approximately 10% of 

the cropped areas are artificially drained όά!ƎǊŜǎǘŜΣέ нлмлύ, whereas this proportion can exceed 50% 

in some states in the USA (Skaggs, 1992) or in Scotland (Abbot, C.L. and Leeds-Harrison, 1998; Blann 

et al., 2009). The benefits of agricultural drainage are i) increasing the crop yields by limiting the 



1.1 LƳǇŀŎǘ ŘŜ ƭΩŜƴǘǊŜǘƛŜƴ ǎǳǊ ƭŜ ŦƻƴŎǘƛƻƴƴŜƳŜƴǘ Ŝǘ ƭŜǎ ǊƾƭŜǎ ŘŜǎ ŦƻǎǎŞǎ ŀǳ ǎŜƛƴ ŘŜǎ ǇŀȅǎŀƎŜǎ ŀƎǊƛŎƻƭŜǎ 
ς 9ǘŀǘ ŘŜ ƭΩŀǊǘ 

 

29 
 

anoxic conditions and decreasing plant disease or insect infestation risks and ii) extending the time 

for machinery operations (Rosenzweig et al., 2002). Rosenzweig et al. (2002) reported that, in the 

Midwestern USA, agricultural production damages that are related to excess soil moisture, i.e., a lack 

of agricultural drainage, can be up to five times higher than the direct damages due to crop 

submersion by floods. Moreover, ditches, as the collectors of tile drainage systems, also play a role in 

other subsurface drainage functions, e.g., soil salinity control (Christen et al., 2001; Ritzema et al., 

2008) especially in irrigated areas. Finally, 5ΩItri and Belcher (1994) also mentioned that field 

drainage associated with water level regulation in ditches controls the minimum water table level 

during the dry season for crop subirrigation. In northern America, subirrigation, i.e., subsurface 

irrigation, has enabled increases of yields from 12 to 48% for maize and soybean ό5ΩLǘǊƛ ŀƴŘ .ŜƭŎƘŜǊ, 

1994). 

The benefits of waterlogging control vary with the pedoclimatic context. The positive impact of 

waterlogging control on crop production is rather limited in dry areas with relatively deep 

groundwater. However, it is of great significance in lowland areas with perennial shallow 

groundwater or in irrigated areas, where excess water needs to be removed. Waterlogging control 

results from groundwater table lowering by groundwater exfiltration to the ditches, efficient surface 

runoff collection, and rapid water routing downstream (Buchanan et al., 2012; Girard et al., 2011; 

Kao et al., 2002; Needelman et al., 2007). This ecosystem service is thereby optimized if all of the 

three processes involved are maximized (Table 1.1). The occurrence and intensity of these processes 

may change across pedoclimatic contexts and ditches or ditch networks characteristics as described 

hereafter. 

Ditches collect surface runoff from surrounding plots and roads (Buchanan et al., 2012; Carluer and 

Marsily, 2004; Girard et al., 2011). The amount of runoff collected by ditches depends on the runoff 

that is produced in connected areas and on the ability of the ditches to capture it. In semi-arid areas, 

surface runoff fluxes may constitute the major proportion of the total water flow in ditch networks 

whereas this proportion is reduced under continental humid climates (Dages et al., 2009; Buchanen 

et al,. 2012). 

The ability of ditches to capture runoff fluxes is related to several ditch characteristics. The ditch 

morphology determines its storage capacity and the surface area of the connected zones where 

runoff is generated (Levavasseur, 2012; Tucker and Bras, 1998). The locations of the ditches within 

the watershed and their orientation with regard to the slope impact their interception efficiency, 

which is greater if the ditches are perpendicular to the slope (Carluer and Marsily, 2004). The designs 

of ditch networks, including reaches morphology, reaches branching and density, is also strongly 
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related to the runoff capture efficiency (Levavasseur, 2012; Zhang et al., 2013). Moreover, it is 

expected that the influence of plot-stream connections on runoff interception (Bracken et al., 2013) 

is similar to that of plot-ditch connections, although this has not been demonstrated. 

Ditches intercept and drain shallow water tables (Hillel, 1998; Skaggs, 1992) and collect subsurface 

water from till-drainage systems (Loumagne and Tallec, 2013). The exfiltration of shallow 

groundwater depends on the climate and may undergo seasonal variations (Blann et al., 2009; 

Debieche et al., 2006; Koivusalo et al., 2008; Loumagne and Tallec, 2013).  

Subsurface water collection by ditches is related to several main factors. One factor is the relative 

depth between the ditch bed and the groundwater level, which controls the extent of the seepage 

area and the hydraulic gradient. Subsurface water collection is also closely linked to the ditch 

network design and especially to the reach morphology and density (Childs and Youngs, 2006; Dunn 

and Mackay, 1996). The other factors are the hydraulic characteristics of the ditch-groundwater 

interface, especially the hydraulic conductivity (Carluer and Marsily, 2004; Girard et al., 2011). The 

hydraulic conductivity of ditch sidewalls and beds are related to soil texture and structure and to the 

sediment and litter layers. They can differ largely from those of the neighboring soil (Marofi, 1999; 

Moussa et al., 2002; Vaughan et al., 2008). For example Marofi (1999) measured saturated hydraulic 

conductivities ranging 20 to 600 mm/h in ditch beds in a catchment in southern France. 

The collected water fluxes are routed downstream by the ditches toward catchment outlets and 

receiving water bodies. The downstream transfer is regulated by the ditch hydraulic behavior and 

thus depends on several characteristics, including the ditch shape and morphology, i.e., length, cross-

section, slope, bed or sidewalls roughness (Scholz and Trepel, 2004) and upstream or downstream 

reach connections, such as confluence, piped sections, etc. (Nédélec and Gay, 2008). Friction 

mechanisms that are induced by bed shape and roughness may significantly slow the water flow 

(Boutron et al., 2011; Hösl et al., 2012; Jarvela, 2002; Kröger et al., 2009; Wu et al., 1999). Methods 

to design a single ditch or open channel cross-section in order to minimize roughness have been 

proposed by Das (2007) and Nourani et al. (2009). The hydraulic roughness that expresses these 

friction processes is often described by the synthetic Strickler coefficient. Based on the available 

Strickler coefficient databases, Lagacherie et al. (2006) highlighted a very high variability of 

roughness throughout a ditch network even within a small catchment. The values varied from 15 

m1/3.s-1 for highly vegetated ditches to 50 m1/3.s-1 for dredged ditches with a permanent hydraulic 

regime. Crabit et al. (2011) empirically estimated smaller values, 3 to 11 m1/3.s-1, for highly vegetated 

ditches. These authors explained this difference by both the vegetation type, which was bushy non-

aquatic and poorly flexible, and the low water level compared to the vegetation heights, which 
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violates the theoretical assumptions behind the usual empirical hydraulic laws. In vegetated ditches, 

vegetation is the main source of roughness (Wu et al., 1999) and always increases the hydraulic 

retention time compared to non- or less-vegetated surfaces (Hösl et al., 2012; Kröger et al., 2009; 

Rhoads and Massey, 2012). Roughness varies with the resistance and flexibility of plants, the 

blockage factor that is linked to the vegetation density (Nepf, 2012), and the water level compared to 

vegetation height or roughness height of the ditch bed (Boutron et al., 2011; Jarvela, 2005, 2002; 

Nepf, 2012; Wu et al., 1999).  

In sum, waterlogging control benefits crop production especially in lowland wet areas. Its 

optimization relies on a maximized surface runoff and subsurface water collection as well as rapid 

downstream conveyance of theses fluxes. This can generally be achieved when the density of ditches 

in the network is high and the reaches poorly vegetated, poorly branched, large and deep, which 

improves the ditches hydraulic capacities. 

 

1.1.3.2. Soil erosion prevention 

Ditch networks play a key role in the prevention of soil erosion by surface runoff in agricultural plots. 

The prevention of soil erosion by water consists of limiting the erodibility of the field soils and 

reducing the intensity of surface runoff, which is a major factor of the detachment and transport of 

particles. Ditches, which are located on field margins, only play a role in surface runoff reduction. The 

settlement of terraces with associated ditches located downslope or ditches perpendicular to the 

slope direction, are typical land conservation techniques (Gallart et al., 1994). The combination of 

terraces and ditches decrease the length over which overland flow occurs along the catchment slope. 

Thereby the flow amount and velocity throughout plots is limited, as well as its ability to dislodge and 

transport soil particles (Galea and Ramez, 1995; Gallart et al., 1994). Ditches are usually used to 

decrease the slope length throughout plots by intercepting and channelizing the runoff waters (Dunn 

and Mackay, 1996; Levavasseur, 2012). Especially, ditches intercept and channelize runoff fluxes 

exiting the plots and avoid their propagation and acceleration along other plots located downslope 

(Dunn and Mackay, 1996; Levavasseur et al., 2012). The factors and characteristics of ditches that 

influence the interception and channeling of surface runoff were already described in section 1.1.3.1. 

In sum, soil erosion prevention by capturing overland flow evidently benefits crop production 

whether on short or long term. This ecosystem service is particularly valued in hilly agricultural 

landscapes submitted to high intensity rainfall events. As for waterlogging control its optimization 

relies on the maximization of surface runoff and subsurface water collection as well as rapid 
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downstream conveyance. This is generally achieved when the density of ditches in the network is 

high and the reaches poorly vegetated, poorly branched, large and deep.  

 

1.1.3.3. Groundwater recharge 

As for any stream, ditches are prone to recharge groundwater when the groundwater table is below 

the water level in the ditch. However, this recharge may be limited by the low infiltration area 

offered by ditches compared to plot areas (Flint et al., 2002). Nevertheless, during periods of low 

water table after drought, the groundwater recharge can be very important as for example in the 

case of intermittent rivers in semi-arid and arid areas (Crerar et al., 1988; Hughes and Sami, 1992). 

Dages et al. (2009) observed that, despite representing only 6% of a Mediterranean catchment area, 

groundwater recharge by infiltration from the ditch network can represent up to 50 % of the total 

groundwater recharge during autumnal rain events following a dry period. Of course, groundwater 

recharge from ditches is unlikely to be substantial in lowlands with perennial shallow groundwater.  

Ground water recharge basically results from an efficient surface runoff capture and its maximized 

infiltration during slow downstream conveyance (Table 1.1). The conditions for an optimal runoff 

collection and reduced downstream conveyance have been described in section 1.1.3.1. The 

conditions for preferential infiltration zones are found, especially in landscapes that are 

characterized by periods of droughts and ditches with low flows and/or ephemeral flows, such as in 

arid or semi-arid climates (Abu-Taleb, 1999; Dages et al., 2009; Sorman et al., 1997). The infiltrating 

periods may undergo time-dependent variations. These variations may either be punctual, occurring 

at the flood event scale, or seasonal, depending on the climate (Blann et al., 2009; Koivusalo et al., 

2008; Loumagne and Tallec, 2013). Debieche et al. (2006), for example, observed that infiltration 

periods were very short and were restricted to the dry season in a French catchment under humid 

oceanic climate. In contrast, under less humid climates, the infiltrating periods within ditches may 

undergo more variation (Girard et al., 2011), as evidenced by Marofi (1999) in a Mediterranean 

catchment. The infiltration and exfiltration periods could alternate in the same ditch within a few 

hours during heavy autumnal rainfall events due to the rapid fluctuation of the groundwater levels. 

Moreover, infiltration occurred in some reaches of the network, whereas exfiltration occurred in 

others. 

The intensity of the infiltration process depends on both the hydraulic gradient between the ditch 

and the water table level and the hydraulic properties of the ditch sidewalls and bed materials. It is 

important to notice that the latter properties are often not well known and are therefore generally 
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calibrated as an exchange coefficient in hydrological modeling approaches (Carluer and Marsily, 

2004; Moussa et al., 2002; VanderKwaak, 1999). The hydraulic conductivity gives an estimation of the 

potential intensity of infiltration fluxes. The hydraulic conductivity values of ditch beds and sidewalls 

vary throughout ditch networks as already mentioned in section 1.1.3.1.  

In sum, the contribution of ditches to groundwater recharge may be substantial according to the 

hydrological conditions prevailing locally. Accordingly, ditches were described to be preferential 

zones of groundwater recharge in semi-arid areas. Groundwater recharge optimization relies on an 

efficient surface runoff collection and a maximal infiltration allowed by a slow downstream 

conveyance. This is generally achieved for high density networks were the reaches are highly 

branched, vegetated, perpendicular to the slope, large and deep and if no litter or fine sediment 

layer seals the ditch bed porosity. 

 

1.1.3.4. Flood regulation 

Primarily designed to favor waterlogging limitation and soil erosion control, ditches improve the 

hydraulic connectivity between uphill areas and the outlet. As a consequence, they generally induce 

a higher peak discharge, a lower lag time, and a higher flow volume at the catchment outlets 

(Buchanan et al., 2012; Carluer and de Marsily, 2004; Moussa et al., 2002), increasing the flood 

hazard intensity downstream. For example, by simulation, Moussa et al. (2002) quantified an 

increase of 9 to 43% of the peak flow due to the presence of a man-made ditches network. However, 

under particular conditions, ditch networks may also reduce flood hazards by reducing the peak 

discharge and increasing the lag time (Loumagne and Tallec, 2013). This is achieved, on the contrary 

to natural hydrographic networks, when ditches are densely vegetated and designed with gentle 

slopes, or when ditch networks are highly branched and sinuous (Levavasseur et al., 2012). Indeed 

this slows down the conveyance velocity and lengthens the transfer distances. Flood attenuation 

should thereby be favored when surface runoff and subsurface water collection are minimal, the 

downstream conveyance reduced and the infiltration maximized (Table 1.1). 

The equipment of ditch networks with hydraulic structures (e.g., buried pipes and weirs) that 

improve water storage capacity of the network (Acreman et al., 2007; Sofia et al., 2014), may 

attenuate floods downstream during extreme rain events. Equipped ditch networks are considered 

as one of the techniques permitting dynamic flood retention (Poulard et al., 2008). The hydraulic 

structures of ditch networks during extreme events act as charged structures with open gates, 

conferring upon the ditches that are located upstream of these structures a water storage function. 
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Diminish flood risk downstream in urbanized floodplains with dynamic flood retention techniques 

requires increasing the uphill water storage in ditches and groundwater. 

In sum, an adequate dimensioning of ditch networks can attenuate floods. The attenuation effect is 

optimal when ditch networks are highly vegetated (Carluer and Gascuel, 2011), highly branched 

across slopes (Levavasseur et al., 2012) and equipped with hydraulic structures such as weirs. 

 

1.1.3.5. Water purification 

Ditches connect agricultural fields and streams and may thus rapidly carry diffuse agricultural 

pollutions, including sediments, nutrient and pesticides, to downstream receiving water bodies. 

Moreover, infiltration processes reducing the pollutant loads in flowing water (Carluer and Marsily, 

2004) may generate groundwater contamination (Burkart et al., 1999; Delin and Landon, 2002; Field 

et al., 2003). Ditches, however, also hold inherent pollutant-retention capacities that confer upon 

ditches substantial water purification power. Ditches may thus constitute pathways favoring both 

pollutant propagation toward water bodies and efficient buffer zones toward diffuse agricultural 

pollution. 

 

Ditch networks: pollutants collectors and propagation pathways 

Sediment fluxes reaching ditches via overland flow are directly related to runoff generation and 

erosion mechanisms on upstream plots (Tucker and Bras, 1998). These sediment fluxes can be 

modulated when crossing ditch margins. If gullies are connecting the adjacent field and the ditch, the 

sediment loads in the overland flow can reach very high concentrations (Lecce et al., 2006; Tucker 

and Bras, 1998). However, if ditches are connected to the adjacent fields by intact grass strips, the 

sediment loads may be consistently attenuated before reaching the ditch (Gumiere et al., 2011; 

Huang et al., 2002; Tucker and Bras, 1998). Sidewalls erosion is deemed to be a minor source of 

suspended sediments that are transported throughout vegetated ditches (Lecce et al., 2006). 

However, it has been punctually observed for substantial flood events occurring after maintenance 

operations (Levavasseur et al., 2014). 

The nutrient inputs to ditches are intimately related to surface runoff and subsurface water 

collection (see section 1.1.3.1) (Edwards and Withers, 2008; Kröger et al., 2008). Nutrient inputs are 

closely related to the ditch network design, especially the ditch density. Zhang et al. (2013), for 

example, observed that the higher the ditch density is, the higher the nitrogen fluxes entering ditches 
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are. Approximately 90% of the inorganic P is exported by runoff fluxes, whereas 70 to 90% of 

inorganic N is exported by tile drainage (Edwards and Withers, 2008; Kröger et al., 2008, 2007a). In 

surface runoff water, consequent variations in the nutrient loads have been attributed to a seasonal 

factor but are also potentially impacted by the rainfall intensity, cropping system and vegetation 

cover of the upstream fields (Edwards and Withers, 2008; Kröger et al., 2008). Accordingly, nutrient 

input to ditches via runoff collection mainly occurs during the winter and spring (Edwards and 

Withers, 2008; Kröger et al., 2008) in temperate climates. In runoff fluxes, nitrogen is essentially 

dissolved, whereas dissolved phosphorus represents only 25 to 50% of the total inorganic P (Edwards 

and Withers, 2008; Nguyen and Sukias, 2002). 

Pesticides may attain ditches associated with runoff fluxes and drainage water that are collected by 

ditches (see section 1.1.3.1) or by drift deposition or direct application during ditch maintenance. At 

the annual scale, the cumulated pesticide load in runoff water that is collected by ditches can reach 

up to 6% of the dose that is sprayed on adjacent fields (Louchart et al., 2001; Tang et al., 2012). For 

example, this has been observed for the herbicides diuron, simazine and metolachlor when applied 

to vineyards (Louchart et al., 2001; Tang et al., 2012). The yearly cumulated amount of pesticides 

that leach on crop plots and that reach ditches via tile drains is generally approximately <0.1 to 1% of 

the dose that is sprayed on adjacent plots but can occasionally reach up to 4% under significant 

macropore flow in the soil (Garon-Boucher, 2003; Tang et al., 2012; Voltz and Louchart, 2001). Drift 

deposition may be a punctual but intense input of pesticides to ditches, potentially amounting to 10 

to 50% of the pesticide load that is annually sprayed on surrounding plots (Garon-Boucher, 2003; 

Tang et al., 2012).  

The capture of surface runoff and subsurface water and their associated pollutants loads negatively 

affects water quality downstream. Indeed, the rapid water conveyance contributes to the 

degradation of the downǎǘǊŜŀƳ ǿŀǘŜǊ ōƻŘƛŜǎΩ ǉǳŀƭƛǘȅ (Branger, 2003; Kao et al., 2002; Louchart et 

al., 2001). It can however be compensated if the pollutants are retained in the ditch during their 

transport and if infiltration fluxes are substantial, which may decrease the pollutant loads in the 

water column within ditches. Of course, pollutant leaching will contribute to groundwater 

contamination (Dousset et al., 2010). However, several processes contribute to the retention of 

pollutants within ditches. The water purification power of ditches is optimal when the downstream 

conveyance is reduced and when the processes involved in their retention are maximized (Table 1.1). 

These processes and the pedoclimatic context or ditch characteristics modulating their occurrence 

and intensity are described hereafter for successively sediments, nutrients and pesticides. 
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Sediment retention in ditches 

Some ditches may efficiently trap sediments. Lecce et al. (2006) determined that the mean sediment 

retention capacity of ditches ranged from 8.6 kg.m-1.y-1 to 107.2 kg.m-1.y-1, generating sediment 

trapping of 1366 Mg.y-1 in a 7.7-km² catchment in North Carolina, USA. In the latter catchment, the 

ǎŜŘƛƳŜƴǘŀǘƛƻƴ ŎƻƴŘƛǘƛƻƴǎ ŀǊŜ ŦŀǾƻǊŜŘ ōȅ ƎŜƴǘƭŜ ǎƭƻǇŜǎ ǊŀƴƎƛƴƎ ŦǊƻƳ м ǘƻ п҉ ό[ŜŎŎŜ Ŝǘ ŀƭΦΣ нллсύΦ 

Moreover, Flora and Kröger (2014) measured the total suspended solid removal in vegetated ditches 

that were equipped or not by consecutive weirs, ranging from 72 to 94%.  

Within the ditches, sediment retention is mainly due to sedimentation processes or to the infiltration 

of particle-loaded water fluxes and, more marginally, to the sieving of particles by vegetation and 

litter (Fiener and Auerswald, 2003; Liu et al., 2008). The sieving of sediments through vegetation and 

litter is negligible because the pore size of these substrates is generally greater than the particle 

diameter (Fiener and Auerswald, 2003).  

Sedimentation is effective for sand- to medium-silt-grain-sized particles (>40-60 µm diameter), which 

are characterized by relatively high settling velocities, whereas clay size particles have too low mass 

densities to undergo settling by gravity for current flow velocities (Fiener and Auerswald, 2003; Liu et 

al., 2008). As reviewed by Liu et al. (2008), the characteristics affecting sedimentation in grassed 

water ways include vegetation cover, water level and morphology, i.e., slope, width and length. We 

assumed that similar characteristics influence sedimentation within ditches. As mentioned above, 

vegetation generates friction and roughness, which decrease the flow velocity and enhance the 

sedimentation potential (Fiener and Auerswald, 2003; Gumiere et al., 2011; Hösl et al., 2012; 

Needelman et al., 2007), which has been evidenced by Moore et al. (2010), who detected a lower 

proportion of suspended solids in the water column of a vegetated ditch than those in the water 

column of a non-vegetated ditch. The ditch morphology and the water level fluctuations also 

influence the flow velocity (Liu et al., 2008).  

Sediments may also be efficiently removed from the water column via the infiltration of loaded 

runoff water (Fiener and Auerswald, 2003; Liu et al., 2008). Clay-sized particles, which tend to stay in 

suspension in the water column, are predominantly removed by infiltration (Fiener and Auerswald, 

2003). Infiltration is driven by both the vegetation cover, which, by reducing the flow velocity, 

enhances the potential infiltration time, and the ditch soil characteristics, namely, its porous 

structure (Fiener and Auerswald, 2003; Gumiere et al., 2011; Hösl et al., 2012; Liu et al., 2008; 

Needelman et al., 2007). 
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General models exist that simulate the sedimentation and remobilization of particles and pollutants 

within streams and channels according to general physical laws (Belaud and Baume, 2002; Förstner 

et al., 2004; Merritt et al., 2003; Westrich and Förstner, 2007).  ¢ƘŜǊŜ ƛǎƴΩǘ ƘƻǿŜǾŜǊΣ ŀƴȅ model 

specific to ditch networks, which allow quantifying the respective contribution of these processes to 

the global retention efficiency. 

In sum, the sediment retention power of ditches is optimal when sedimentation, sieving and 

infiltration processes are maximized. This is generally observed when ditch networks are highly 

vegetated and branched and equipped with hydraulic structures such as weirs. Large ditches with 

gentle slope and porous bed substratum generally increase the sediment retention power. 

 

Nutrients retention in ditches 

The nutrient retention power of ditches has been reported to vary greatly between 3 and 92%. Table 

1.2 synthesizes the measured nutrient retention efficiencies of several vegetated and non-vegetated 

ditches. The retention of phosphorus and total nitrogen were reported to be higher on average than 

that of nitrates or ammonium. But no clear positive influence of dense vegetation can be detected 

which suggest that a large part of the observed variation of retention is hidden by differences in the 

local conditions of the studied ditches. In fact, nutrient retention relies on several processes namely 

sorption, transformation, plant uptake or sedimentation of loaded particles. The nutrient removal 

efficiency of ditches varies according to the intensity of the mentioned processes. The ditch 

characteristics influencing the occurrence and intensity of these processes are described hereafter. 

Sorption processes may lead to some retention of inorganic P within ditches, which should not be the 

case for inorganic N. The sorption of P mainly occurs onto ditch sediments (Needelman et al., 2007; 

Nguyen and Sukias, 2002). The iron-humic acid and aluminum-humic acid complexes play a key role 

in P sorption on ditch sediments (Nguyen and Sukias, 2002). The P sorption to iron-humic acid 

complexes is characterized by low-energy bonds, whereas P is sorbed to aluminum-humic acid 

complexes by high-energy bonds (Neal and Heathwaite, 2005). The P retention capacity of ditch 

sediments and the potential desorption of P is thus impacted by the relative proportion of iron and 

aluminum hydroxides. P sorption to sediments is proportional to the grain size, with greater sorption 

occurring on fine particles (Nguyen and Sukias, 2002). Fine particles are preferentially transported 

throughout ditches, which could lower the retention capacity of sediments (Nguyen and Sukias, 

2002). These sorption processes are greatly impacted by hydrochemistry, particularly by the redox 

potential and pH (Nguyen and Sukias, 2002; Smith and Pappas, 2007). Sediments can thus 
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alternatively be sources and sinks of P depending on the hydrochemistry and sediment 

characteristics (Smith and Pappas, 2007). 

 

Table 1.2: Nutrient mitigation power of ditches 

Nutrient Ditch type Mitigation (%) References 

N-NO3
- 

vegetated 3.16 Moore et al. 2010 

vegetated 7 to 23 Smith and Pappas 2007  

non-vegetated 3.37 Moore et al. 2010 

N-NH4
+ 

vegetated 11.7 Moore et al. 2010 

non-vegetated 19 Moore et al. 2010 

Total nitrogen 
vegetated 

92 Moore et al. 2010 

57 Kröger et al. 2007a 

non-vegetated 77 Moore et al. 2010 

Phosphorus 
vegetated 

36 Moore et al. 2010 

43.9 Kröger et al. 2008 

63 to 74 Smith and Pappas 2007 

non-vegetated 71 Moore et al. 2010 

Ditches and especially vegetated ditches hold inherent nutrients mitigation power. The reduction in 

nutrients loads along a ditch reach varies from 3 to 92% depending on the nutrient considered and 

the characteristics of ditches. Total nitrogen and phosphorus are preferentially reduced along ditches 

with regard to nitrates and ammonium. 

 

Particulate-bond nutrient, especially phosphorus, may also be subtracted from the water column by 

sedimentation (Liu et al., 2008). As previously described, the ditch characteristics influencing 

sedimentation include vegetative cover, water height and ditch morphology (see section 1.1.3.5). 

Plant uptake can be a significant sink of nutrient in ditches. Wetland plants generally assimilate 5% of 

the nutrient fluxes (Kröger et al., 2007b). The amount of nutrient that is assimilated by vegetation is 

related to the concentration in the water phase. In case of high nutrient concentrations, wetland 
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plants assimilate a greater amount of N and P (Kröger et al., 2007b), which was observed by Kröger 

et al. (2007) in a vegetated ditch in which the increase in nutrient concentration in water led to an 

additional uptake of 2 and 7 mg.g-1 plant for P and N, respectively. The plant uptake of nutrient is, 

however, subjected to strong seasonal variation because it is intimately related to vegetation growth 

(Kröger et al,. 2008, 2007b). Moreover, previously assimilated nutrients may be released after plant 

senescence during the dormant season (Kröger et al., 2007b). 

The decrease in the N-NO3
- concentrations within ditches mainly results from biological processes, 

whereas the decrease in the N-NH4
+ and P concentrations is assumed to be due to physicochemical 

processes (Smith and Pappas, 2007). The evaluation of the relative importance of each process is 

difficult especially for N. Indeed, the major N species N-NO3
-, N-NH4

+, and N-NO2
- undergo complex 

and simultaneous interactions resulting from nitrification, denitrification and assimilation processes 

(Kröger et al., 2007a). The provision of habitats to microbial and vegetal species within ditches 

positively affects nutrient retention. Indeed these species use nutrient for their development and 

growth. 

In sum, the nutrient retention capacity of ditches can vary largely, from 3 to 92% according to local 

conditions. It is optimal when sorption, sedimentation, transformation and plant uptake are 

maximized. Which of these processes are the most important for retention has not been studied in 

details. Given their simultaneous and feedback actions, the link between these processes and general 

ditch characteristics is tedious. However they all depend on the vegetation cover density. Highly 

vegetated ditches are generally most prone to reduce nutrient loads. 

 

 Pesticides retention in ditches 

The pesticide retention power of ditches has also been observed to vary greatly between 3 and 99%. 

Table 1.3 synthesizes the measured pesticides retention efficiencies and associated ditch 

characteristics. The retention efficiency generally increases with increasing hydrophobicity of the 

molecules. The pesticide molecules are classified from top to bottom by decreasing hydrophobicity in 

Table 1.3. Qualitative evaluation of pesticide retention by means of retention indices has been 

proposed by Margoum et al. (2003): 

IR (Retention Index) = a.S + b.LV + c.DV           

with S, LV and DV being the relative cover (% of surface area) of sediments (S), living vegetation (LV) 

and dead vegetation (DV) and a, b, and c, being adimensional coefficients describing the relative 
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sorption power of sediments, living vegetation and dead vegetation, respectively set to 1, 2 and 40  

(Garon-Boucher, 2003; Margoum et al., 2003). The retention capacity of ditches as estimated by 

these indices may differ from observations and experimental results (Margoum et al., 2003; Stehle et 

al., 2011). Levavasseur (2012) thus proposed the EPRC (Effective Pesticide Retention Capacity) index 

modulating the IR indices by the flow velocity. 

Pesticide retention within ditches mainly results from sorption processes (Elsaesser et al., 2013; 

Stehle et al., 2011) but also from the processes of degradation, plant uptake or sedimentation of 

loaded particles. The ditch characteristics influencing the occurrence and intensity of these processes 

are described hereafter. 

Sorption processes are deemed to be the main mechanisms of pesticide retention buffering both 

surface and leaching fluxes within ditches (Dousset et al., 2010; Elsaesser et al., 2013; Stehle et al., 

2011). Indeed, several components of ditches, including soil, sediments, vegetation and litter, can 

provide efficient sorption sites for pesticides (Lagacherie et al., 2006; Margoum et al., 2006; Vallée et 

al., 2014; Wan et al., 2006). The relative efficiency of these sorption substrates, which is represented 

by the sorption coefficient (Kf), varies among pesticides. Figure 1.3 compiles the mean Kf values for 

various pesticides, fitted from sorption experiments on wetland plants, ditch sediments and litter 

(Crum et al., 1999; Garon-Boucher, 2003; Gebremariam et al., 2012; Passeport et al., 2011a; Vallée et 

al., 2014).  

Organic matter, especially humified organic matter, provides preferential sorption sites for pesticides 

(Margoum et al., 2003; Vallée et al., 2014), which could explain the very high sorption coefficients 

that are measured in vegetation and most of all litter (Fig. 1.3). However, factors other than organic 

matter may influence the sorption mechanisms of pesticides (Vallée et al., 2014). The sorption 

mechanisms of polar or polarizable pesticides are highly related to the pH, the clay content of 

sediments and the cation exchange capacity (CEC) (Brown et al., 2004; Ulén et al., 2013; Vallée et al., 

2014). Furthermore, at the ditch scale, the chemical retention time expressing the potential 

pesticide-substrate contact time, the water level and ditch bottom shape significantly impact all of 

the sorption processes (Boutron et al., 2011; Elsaesser et al., 2013; Garon-Boucher, 2003; Stehle et 

al., 2011).  
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Figure 1.3: Mean Freundlich sorption coefficients (Kf) indicating the affinity of the various 

pesticides for a: sediments (in brown), b: vegetation (in green) and c: litter (in black). nd: no data 

available in the literature. The pesticides are classified from top to bottom by increasing 

hydrophobicity. The various pesticides exhibit high affinity for ditch substrates especially for 

vegetation and litter. This affinity increases with increasing hydrophobicity. 
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Sedimentation of pesticide-loaded particles may also contribute to pesticide retention, which is 

potentially the case of hydrophobic pesticides, that are likely to be preferentially adsorbed and 

transported by suspended particles. For example, Budd et al. (2009) measured the proportions of 

pyrethrin associated to the particulate phase to be 62 to 93% of the total pyrethrin in the water 

column in a vegetated ditch. Accordingly, Budd et al. (2009) suggest that the sedimentation of these 

loaded particles could lead to an important decrease in pyrethrin concentrations. As previously 

described, the ditch characteristics influencing sedimentation include vegetative cover, water level 

and ditch morphology (see section 1.1.3.5). 

Plant uptake may also contribute to dissolved pesticide retention within ditches (Branger 2003). High 

proportion of pesticides, linuron, pyrethrin, chlorpyrifos or carbaryl have been detected in plants that 

are grown in ditches, but the distinction between adsorption and absorption (plant uptake) was 

rarely evidenced (Bennett et al., 2005; Crum et al., 1997; Garcinuño et al., 2006; Kröger et al., 2009; 

Moore et al., 2011). 

Biotic and abiotic degradation processes are also involved in pesticide retention within ditches, which 

has been observed in several studies. Moreover, shorter half-lives (DT50) of pesticides were 

observed in ditches than in sediments or in water and varied between 7 and 12 days for linuron, 

approximately 1 day for cyhalothrin and 10 days for imidacloprid in vegetated ditches (Crum et al., 

1997; Mahabali and Spanoghe, 2014)4). In contrast, these half-lives are reported in the Agritox 

database (ANSES, 2015) as 46, 22 to 83 and 30 days in sediments and 48, 3 and 129 days in water,  

for linuron, cyhalothrin and imidacloprid respectively. Further evidence of pesticide degradation in 

ditches was provided by Bennet et al. (2005) who detected the metabolites of pyrethrin in ditches. A 

detailed study of the degradation potentials within ditches has not been performed. However, it was 

suggested that pesticide biodegradation depends primarily on biofilms that develop on vegetation 

and sediments (Needelman et al., 2007) and can be favored by an increase in the hydraulic retention 

time (Liu et al., 2012). 

Although some significant work has been performed to study the sorption processes in ditches, 

sorption kinetics in ditches still need to be investigated in order to be able to relate quantitatively to 

the variable hydraulic conditions (flow rates, water levels, and substrate permeabilities) prevailing in 

ditches. Similarly, the factors controlling the degradation potentials of pesticides within ditches need 

to be thoroughly investigated for prediction according to the ditch characteristics. Moreover, 

pesticides leaching processes within ditches located in highland areas needs to be examined. 

 



 

43 
 

Table 1.3: Pesticides mitigation power of ditches 

Molecule Reach length (m) Substrate characteristics 
Vegetation 

cover (%) 

Hydraulic 

retention time (h) 

Mitigation 

(%) 
References 

l-cyhalothrin 650 nd 88 6.0 98.8 Bennett et al. 2005 

Bifenthrin 650 nd 88 6.0 96.1 Bennett et al. 2005 

Permethrin 389 21:35:44 (% sand: silt: clay), 0.6% OC 100 nd 44 Moore et al. 2011 

Chlorpyrifos 
402 21:35:44 (% sand: silt: clay), 0.6% OC 100 nd 19 Moore et al. 2011 

200  80-100 nd 38 Gill et al. 2008 

Diflufenicanil 

50 mineral and organic matters nd nd 16 

Garon-Boucher 

2003 

50 poorly vegetated, coarse sediments nd nd 27 

25 vegetated, coarse sediments nd nd 58 

100 vegetated, dead leaves nd nd 58 

Indoxacarb 

Trifloxystrobin 

Thiaclopride 

44 loamy sand, OC 0.78% 

0 

1.3 

92 

Elsaesser et al. 

2013 

49 97 

72 97 

86 97 

100 97 

Tebuconazole 44 loamy sand, OC 0.78% 0-100 1.3 92-97 Elsaesser et al. 
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2013 

7.3 hemp fibers nd nd 24-59 Boutron et al. 2011 

Diuron 

7.3 hemp fibers nd nd 26-48 Boutron et al. 2011 

50 mineral and organic matters nd nd 3 

Garon-Boucher 

2003 

50 poorly vegetated, coarse sediments nd nd 24 

25 vegetated, coarse sediments nd nd 64 

100 vegetated, dead leaves nd nd 48 

Isoproturon 

7.3 hemp fibers nd nd 11-45 Boutron et al. 2011 

50 mineral and organic matters nd nd 9 

Garon-Boucher 

2003 

50 poorly vegetated, coarse sediments nd nd 16 

25 vegetated, coarse sediments nd nd 56 

100 vegetated, dead leaves nd nd 40 

Ditches and especially vegetated ditches hold inherent pesticides retention power. The reduction pesticides loads along a ditch reach varies from 3 to 99% 

depending on the pesticide considered and the characteristics of ditches. Pesticides are classified from top to bottom by decreasing hydrophobicity. The 

reduction of the more hydrophobic pesticides loads is generally higher than for the less hydrophobic ones but this is conditioned by ditch characteristics. nd: 

missing data, OC: organic carbon. 
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In sum, the pesticide retention efficiency of ditches varies largely according to local conditions, 

between 3 and 99%. The pesticides retention is predominantly controlled by sorption processes and 

to a lesser extent by sedimentation, degradation and plant uptake. As for nutrients, pesticide 

retention is optimal when sorption, sedimentation, degradation and plant uptake are maximized. 

This principally relies on the vegetation cover density but also on sediment texture and litter 

properties. Highly vegetated ditches with thick litter layer and fine sediment texture are more prone 

to reduce pesticide loads. 

 

1.1.3.6. Biodiversity conservation 

Herzon and Helenius (2008) previously reviewed the biodiversity issues that are associated with 

lowland drainage ditches. These authors underlined that drainage ditches host a wide diversity of 

species, including plants, invertebrates, insects, amphibians, birds and mammals. The main benefits 

of ditches for biodiversity conservation are recalled hereafter and completed with later findings. 

The relatively low water level within ditches provides ideal growth conditions for a large diversity of 

aquatic and wetland plants (Bellavance and Brisson, 2010; Elsaesser et al., 2013; Twisk et al., 2003). 

Wetland plants in ditches are most likely residual marsh plant species that were present before the 

area has been drained (Herzon and Helenius, 2008). Furthermore, in drainage ditches that are 

characterized by a rather perennial base flow, the invertebrate diversity has been reported to be 

higher than in small lakes and streams (Simon and Travis, 2011; Verdonschot et al., 2011; Williams et 

al., 2004). The number of bird species can also double if ditches are present in cropped areas (Arnold, 

1983; Herzon and Helenius, 2008; Marja and Herzon, 2012). The increase in bird diversity, however, 

is more related to the presence of trees on ditch margins than to the inherent ditch characteristics 

(Arnold 1983; Marja and Herzon, 2012). Moreover, ditch networks are one of the most frequent non-

cropped networks in cultivated landscapes, thereby providing a key service of ecological corridors 

(Herzon and Helenius, 2008). These corridors permit the movement of amphibians, mammals or 

insects that would otherwise be restricted in hostile and intensively cropped areas (Herzon and 

Helenius, 2008; Van Geert et al., 2010). Ditch networks may also connect fractionated populations 

and favor their survival and renewal. Indeed, habitat fractionation leads to plant and animal 

population isolation and threatens plant and animal long-term survival, especially for seed-setting 

plant species, which require insects for pollination (Van Geert et al., 2010). Van Geert and 

collaborators (2010) found that pollen dispersal was greater when plant populations were connected 

by ditches.  
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Ditches provide numerous microhabitat types, shelters and connect populations. The biological 

functioning of ditches is conditioned by the water and pollutants fluxes. The collection of water 

fluxes allows maintaining a minimum water level along the network which is beneficial for a lot of 

species. Intense flows may however, destroy habitats and shelters. Most of the processes tending to 

lower the pesticide and sediment loads benefit the biodiversity. This may not be the case for 

pesticides degradation as metabolites may be more toxic than the parent molecule. Nutrients fluxes 

stimulate the development of some plants and microbial communities, but may also lead to 

eutrophication that may be harmful for other species.  

The local hydrological catchment regimes induce more or less ephemeral flow within ditches, 

thereby controlling the fluctuation of soil humidity in the ditches. Drainage ditches are often 

regarded as wetlands (Flora and Kröger, 2014; Kröger et al., 2009, 2008) in lowlands with temperate 

and humid climates. These ditches also present some physicochemical similarities with small lakes 

and streams (Verdonschot et al., 2011). Ditches are therefore unique ecosystems combining wetland 

and stream characteristics (Needelman et al., 2007). The ditch ecosystem, including beds, sidewalls 

and margins, provides a stratification of microhabitats ranging from aquatic to wetland and 

terrestrial types (Marja and Herzon, 2012). This stratification of habitat type depends on the 

vegetation cover (permanence and type) and on the water level fluctuations (Bellavance and Brisson, 

2010; Simon and Travis, 2011; Twisk et al., 2003; Verdonschot et al., 2011; Williams et al., 2004). 

The vegetation cover of ditches and margins provides efficient shelter for this biodiversity (Arnold, 

1983; Herzon and Helenius, 2008; Marja and Herzon, 2012). Moreover, the drying out of some 

ditches in the summer excludes the presence of predatory fishes and permits the development of 

frogs and newts (Herzon and Helenius, 2008). 

Ditch networks provide sheltered corridors, allowing the movement and connections of amphibian 

and insect populations (Herzon and Helenius, 2008). Moreover, abundant exchanges with the 

surrounding terrestrial matrix may occur in these particular ecotones (Herzon and Helenius, 2008). 

These exchanges, combined with the water flow conveyance capacity, confer upon ditches an 

important role in seed dispersal (Dijk et al., 2014). 

The characterization of the habitat stratification and shelter provision is lacking within irrigation 

ditches or ditches that are located in arid or semi-arid areas and prone to drastic fluctuations of the 

water level and the climatic conditions. This hinders the establishment of a relationship between 

ditch characteristics and biodiversity under various climatic contexts. 
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In sum, ditch networks constitute ecological corridors that play a key role in the conservation of 

biodiversity in intensively cropped landscapes. This ecosystem service is optimal when ditches offer 

diversified microhabitats and sheltered corridors. This is generally achieved within highly vegetated 

ditches with a relatively permanent base flow and low velocity of the water flow. 

 

1.1.3.7. Intricacy and control factors of the ecosystem services provided by 

ditches 

As can be seen in Table 1.1, all of the ecosystem services that can be provided by ditches depend to a 

certain extent on the hydrological processes that take place within ditches. Moreover, most 

processes are involved in several services in a positive way for some of them and in a negative way 

for other (Table 1.1). Simultaneous maximization of all services that are potentially provided by 

ditches is therefore complex given the extensive feedbacks between processes. This maximization 

may even be unachievable in some instances and will most often require finding tradeoffs between 

different services. For example, maximizing the groundwater recharge will positively affect local and 

downstream surface water purification (sediment, nutrient and pesticides) and the amount of 

groundwater resources but may also provide negative feedback to groundwater pollution (nutrient 

and pesticides). Finding adequate tradeoffs will certainly require fine-tuning according to site-specific 

contexts of the processes in the ditches and of the ditch characteristics that control these processes. 

All of the processes are individually driven by given ditch characteristics. Table 1.4 summarizes the 

ditch characteristics that have been previously shown as significantly influencing one or several 

processes. The main influent ditch characteristics include vegetative cover, ditch morphology (cross 

section, length, and slope), orientation with regard to the slope and location within the watershed, 

reach connections (piped sections, weirs, etc.), soil texture and structure, sediment and litter 

properties, biota and biofilms, and network topology. Some of these characteristics are fixed (e.g., 

orientation and connections) or slowly change with time (e.g., morphology), while others (e.g., 

vegetative cover and litter) are prone to drastic changes that are governed by current maintenance 

operations. Most of the ditch characteristics have a straightforward impact on only a few processes, 

whereas vegetation cover influences almost all of the processes (Table 1.4). However, given the 

intricacy of many processes, all of the ditch characteristics influence to a certain extent most 

processes. An accurate determination of ditch characteristics is therefore essential for understanding 

and predicting the functioning of ditches. In this respect, this review indicates several characteristics 

that are little known and/or weakly defined: 
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Table 1.1: Classification of the major effects of the main processes taking place in ditches on ecosystem services  

  Landscape services 

Processes Waterlogging 

control 

Soil erosion 

prevention 

Flood 

regulation 

Groundwater 

recharge 

Water Purification Biodiversity 

conservation 
      sediments pesticides nutrients  

Hydrology  

runoff collection + + - + -/ (+) -/ (+) -/ (+) +/- 

subsurface water collection + + -  -/(+) -/ (+) -/ (+) +/- 

infiltration   + + + +/- +/- +/- 
water conveyance + + - - - - - +/- 

Erosion  
sedimentation 

 

    + + + +/ - 
transport-and 

remobilization 
    - - - - 

Pesticides  
sorption      +  + 
degradation      +  (+/-) 
plant uptake      +  - 

Nutrients  
sorption       + +/- 
transformation       + +/- 
plant uptake       + +/- 

Biodiversity plant uptake         

 

providing habitat      (+) (+) + 
sheltering        + 
populations connection        + 

Ecosystem services result from a combination of processes with either positive or negative effects. Direct effects are considered and indirect effects are 

indicated in brackets.  +: positive effect of the given processes on ecosystem services; -: negative effect of the given processes on ecosystem services. When 

boxes are unfilled, there is no known relation between the given processes and services. Note that a given process may have both positive and negative effects 

across the range of ecosystem services considered for ditches. The maximization of a given process may thereby contribute to the optimization of one service 

and the attenuation of another.  
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Table 1.4: Main ditch characteristics influencing geochemical, geophysical and biological processes within ditches 

 
 Ditch characteristics 

Processes 
vegetation  

cover 
reach 

morphology 
orientation 
& location 

soil texture 
& structure 

sediments 
properties 

litter  
properties 

biota & 
biofilms 

 
network 

topology & reach 
connections 

Hydrology 

subsurface  water 
collection 

 * * * *    

runoff collection  * *     * 

water conveyance * *   *   * 

infiltration * *  * * *   

Sediments 
sedimentation * *       
remobilization         

Pesticides 

pesticide sorption *   * * *   
pesticide 
degradation 

*      *  

plant uptake *        

Nutrients 
nutrient sorption *    *    
nutrient 
transformation 

*      *  

Biodiversity 

habitat  *     *   
sheltering *     *   

populations 
connection 

*       * 

           
Ditch characteristics influence most geochemical and geophysical and biological processes across agricultural landscapes. *: influence of the 

given ditch characteristics on the given processes. When boxes are unfilled, there is no known relation between the given ditch 

characteristics and the processes. Note that the vegetation cover influence most processes.
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¶ The physical and hydraulic characteristics of the sidewalls and bed of the ditch. 

¶ The variation in the vegetation characteristics of the ditches 

¶ The sorption properties of pollutants for the variety of substrates that can be found in 

ditches, which is a prerequisite for identifying and possibly improving the sorption capacities 

of ditches.  

Some ditch characteristics drastically evolve with ditch maintenance. Ditch maintenance may thereby 

constitute an efficient engineering tool to optimize given ecosystem services. 

 

1.1.4 Ditch maintenance: lever for the optimization of ecosystem services 

 

As previously described, the pedoclimatic context and intrinsic ditch characteristics impact the 

occurrence and intensity of the aforementioned processes and consequently the ecosystem services 

that are provided by ditches. Ditch maintenance is a key driver controlling the intrinsic ditch 

characteristics, such as vegetation nature and cover and bed soil texture and type, thereby 

controlling most of the processes. Ditch maintenance is therefore deemed to impact most widely 

ditch functioning and services. Hereafter, we address the influence of maintenance operations on 

ditch characteristics and on processes and services and then examine how maintenance may be used 

for optimizing ecosystem services. 

Ditches design has been historically motivated by the necessity of strengthening the initial services, 

namely waterlogging limitation and water erosion control (Needelman et al., 2007; Zhang et al., 

2013). Maintenance techniques were designed accordingly and aimed at regularly clearing 

vegetation and removing sediment (Kröger et al., 2009; Levavasseur et al., 2014; Needelman et al., 

2007; Twisk et al,. 2003). The main ditch maintenance operations include dredging, mowing, 

chemical weeding and burning using manual or mechanized techniques (Fig. 1.1). Little is known 

about ditch maintenance design, i.e., the choice, the modality and the succession of operation types 

and frequency in maintenance (Levavasseur et al., 2014). Depending on the pedoclimatic context, the 

dredging of drainage ditches has been reported to be performed once every 5 to 50 years 

(Levavasseur et al., 2014; Smith and Pappas, 2007; Twisk et al., 2003), whereas operations leading to 

vegetation clearance, i.e., mowing, chemical weeding or burning, are more frequently achieved a 

priori. In the Mediterranean context, these operations are performed at least once a year 

(Levavasseur et al., 2014). Often, maintenance strategies result from a combination in time of the 

four basic operations that were mentioned above (Dijk et al., 2014; Levavasseur et al., 2014). 
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1.1.4.1. Impact of maintenance operations on ditch characteristics 

The direct consequences of these operations on ditches characteristics or properties are threefold 

(Kröger et al., 2009; Needelman et al., 2007). The first consequence is the vegetation removal that is 

induced by all operations, and consequently of the biota that are sheltered within the ditch. 

Vegetation removal may be completed with dredging, burning and chemical weeding operations 

(Levavasseur et al., 2014) or partially completed with mowing and selective chemical weeding 

(Needelman et al., 2007). The second consequence is the modification of the properties of the ditch 

bed material after dredging, burning and sometimes mowing. Dredging leads to the complete or 

partial removal of accumulated sediments within the ditch bed and of the biota that are sheltered 

within this layer. Ditch bed sediments have been reported to exhibit a finer texture with high silt and 

clay contents and higher organic matter content (Garon-Boucher, 2003; Smith and Pappas, 2007; 

Vaughan et al., 2008) before dredging than after. The permeability properties of ditch beds are 

therefore likely to be modified by dredging. To our knowledge, the effect on the soil properties of 

ditch burning has not been studied yet. Nevertheless, it has been demonstrated that after wildfire or 

field burning practices, the soil wettability (Bento-Gonçalves et al., 2012; DeBano, 2000) and 

available organic matter content (González-Pérez et al., 2004; Yang and Sheng, 2003a, 2003b) are 

altered. If the mowed vegetation is not removed from ditches, it can considerably increase the litter 

layer and the available organic matter content of the ditch bed material (Lagacherie et al., 2006; 

Margoum et al., 2003, 2001). In a Mediterranean catchment, Levavasseur et al. (2014) observed an 

earlier and greater increase of litter in mowed ditches relative to the litter accumulation due to 

natural plant senescence during autumn and winter. The third consequence of maintenance is the 

modification of the shape of the ditch, which mainly concerns dredging and leads to the restoration 

of the volumetric storage capacity of the ditch. 

In sum, all maintenance operations lead to vegetation clearance. Dredging and burning modify ditch 

bed and sidewalls sediments properties including texture and organic matter content. Mowing may 

increase the litter layer if the moved vegetation is not removed.  Dredging restores the morphology 

of ditches. The way maintenance operations affect ditch characteristics locally is generally well 

described. However, little is known about the impact of upstream maintenance on the downstream 

characteristics. 
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1.1.4.2. Maintenance effect on the processes and services  

The change in the ditch characteristics resulting from maintenance operations will purposively 

modify the hydrological behavior of ditches and the transport and fate of solids and contaminants 

within the ditch as well as its functioning as ecosystem. The influence of ditches maintenance 

operations on processes is hereafter described and summarized in Table 1.5. 

The vegetation clearance resulting from maintenance improves water conveyance within a reach and 

consequently decreases the hydraulic retention time (Kröger et al., 2009; Liu et al., 2012). The 

increased water conveyance potential facilitates the rapid removal of excess water on cropped plots 

and limits the potential overflow of ditches, positively affecting waterlogging and erosion control 

(Levavasseur, 2012). The increased water conveyance potential combined with a smaller hydraulic 

retention time may lead to decreased infiltration processes (Fiener and Auerswald, 2003; Kröger et 

al., 2009; Lecce et al., 2006) and, in turn, to reduced groundwater recharge and increased 

downstream water flow. The latter impact on groundwater recharge, however, may vary according 

to the type of clearing technique. Dredging is known as the most efficient maintenance practice to 

restore the water conveyance function (Lecce et al., 2006). If properly achieved, dredging should also 

restore the permeability of the ditch bed and consequently enhance the exfiltration processes that 

are involved in farmed field drainage or infiltration processes that are involved in groundwater 

recharge. The specific impacts of ditch burning in addition to vegetation clearance have not been 

studied. However, because ditch burning modifies the soil wettability and soil organic matter 

content, it can be expected that infiltration or exfiltration will be modified.  

At the same time, clearing vegetation in the ditches is likely to decrease the sediment trapping 

efficiency of the ditches (Fiener and Auerswald, 2003; Kröger et al., 2009) by suppressing the 

filtration effect of the vegetation and by favoring more rapid flow velocities that limit sedimentation 

processes and enhance erosion processes. Mowing is, a priori, the operation with the smallest 

impact on the sediment trapping efficiency. Lecce et al. (2006) observed that during storms in the 

winter and spring, ditches export more sediments than during storms in the summer and autumn. On 

the catchment that these authors studied in North Carolina, the maintenance of ditches consisted of 

the mowing of vegetation from the ditch banks and bottom in late autumn or early winter. These 

authors therefore related the sediment trapping efficiency of ditches to the vegetation cover. The 

other maintenance operations, namely, chemical weeding, burning and dredging, may have greater 

impacts on sediment retention. Levavasseur et al. (2014) observed that the chemical weeding of 

ditches in a French catchment resulted in almost no vegetation cover throughout the year. 

Accordingly, these chemically weeded ditches were very sensitive to ditch bank erosion during the 
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intense rainfall events of autumn. Dredging, however, relocates sediments from the ditch to the 

adjacent fields, providing an important sediment sink for later runoff events. Burning produces new 

fine and non-cohesive particles that are, a priori, easily mobilized by subsequent flows and are 

therefore likely to deteriorate the quality of surface waters in terms of turbidity. The real impact of 

maintenance operations in terms on water turbidity for downstream water is uncertain.  

The impact of maintenance operations on the contaminant transport and fate is most likely more 

complex because many processes are involved at different time scales. The higher pollutant 

retention capacity of vegetated compared to non-vegetated ditches has been demonstrated by 

specific case studies (Budd et al., 2009; Elsaesser et al., 2013, 2011; Moore et al., 2010). The involved 

mechanisms are not always completely clarified, and the hierarchy of processes leading to retention 

is generally not specified. The decrease in the hydraulic retention time and in the chemical retention 

time automatically leads to less time for the sorption, degradation, plant uptake and sedimentation 

of loaded particles (Herzon and Helenius, 2008; Kröger et al., 2009; Liu et al., 2012) and leaching 

processes. Kröger et al. (2009) estimated a chemical retention time that was three times higher for a 

vegetated ditch than for a geomorphologically similar, non-vegetated ditch. Vegetation and ditch 

sediments provide efficient retention sites for nutrients (Needelman et al., 2007; Smith and Pappas, 

2007) and pesticides (Gill et al., 2008; Margoum et al., 2003, 2001; Pappas and Smith, 2007). The 

removal of these sediments is therefore likely to reduce the retention capacity of the ditches. 

Dredging is likely to be the most disturbing practice because it removes part of the sediments and 

the biota that are responsible for nutrient uptake and biotic pesticide degradation, as clearly shown 

for nutrients by Smith and Pappas (2007) and for pesticides by Pappas and Smith (2007), who 

observed a greater ability of the pre-dredged bed material to remove N-NO3
-, N-NH4

+ and soluble 

phosphorus compared to the bed material that was present after dredging. These authors also 

observed a greater release of soluble phosphorus from bed material after dredging. In contrast, 

dredging relocates nutrient that are trapped in vegetation and sediments to the adjacent fields, 

decreasing their potential release during the dormant season (Herzon and Helenius, 2008). The same 

phenomena may occur for mowing when the mowed vegetation is removed (Dijk et al., 2014). The 

effect of mowing without the removal of the vegetation requires further exploration. The induced 

increase in litter may provide new sorption sites for nutrients and pesticides. To our knowledge, the 

effect of burning on the pollutant retention potential of ditches has not yet been studied. We 

hypothesize that burning could lead to a significant release of nutrients that were previously trapped 

in plants. However, burned crop residues provide preferential sorption sites for pesticides as 

evidenced for diuron (Yang and Sheng, 2003a, 2003b) and clomazone (Xu et al., 2008). If present in a 

significant proportion and over a significant period, ashes may enhance the sorption properties. 
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Apparently, this increase in sorption is associated with a decrease in pesticide degradation (Passeport 

et al., 2011b; Xu et al., 2008), but little is known regarding the desorption processes on ashes. 

Moreover, being a priori easily erodible, the fate of ashes needs to be studied. Finally, the dredging, 

chemical weeding or mowing of drainage ditches is likely to contribute to downstream water 

contamination. Of all of the maintenance operations, little is known about their impact on desorption 

and leaching processes. Moreover, infiltrating ditches need to be studied because of the unknown 

effect of dredging on the infiltration intensity and groundwater recharge. If infiltration processes 

dominate, surface water contamination should be limited, but the risk of groundwater 

contamination increases. The characterization of the impact of burning on the pollutant retention 

capacity of ditches also requires specific investigation.  

All of the maintenance operations clear the vegetation and thus potentially affect the biotic 

communities having their habitat, sheltered corridors or food sources within ditches (Herzon and 

Helenius, 2008). The intensity of the deterioration of the ditch ecosystem varies with the 

maintenance operation. Indeed, as observed by Levavasseur et al. (2014), chemically weeded ditches 

tend to have a reduced and scattered vegetation cover throughout the year. Dredging is expected to 

remove all of the fauna and flora from the upper layer of the ditch bed material (Smith and Pappas 

2007; Pappas and Smith 2007). In contrast, periodic dredging can restore habitats for rare plant 

species as it decreases eutrophication and limits light competition (Herzon and Helenius, 2008). 

Mowing also can favor rare pioneer plant species for the same reasons (Dijk et al., 2014; Leng et al., 

2011) and has been described as an effective means of seed dispersal (Leng et al., 2011). Finally, 

because field burning has been used to enhance soil fertility and vegetation growth, this 

maintenance operation should favor rapid vegetation restoration.  

In sum, there is no obvious optimal maintenance operation allowing the simultaneous optimization 

of all ecosystem services provided by ditches. All maintenance operations globally impact in a 

positive way waterlogging control or soil erosion prevention and in negative way biodiversity 

conservation. The effects of maintenance operations on groundwater recharge, flood regulation and 

water purification is more contrasted. 

 

1.1.4.3. Designing maintenance toward an optimization of ecosystem services 

This review shows that ditch maintenance operations exert a strong influence on several important 

ditch characteristics and on most of the processes (Table 1.5). Accordingly, it can be expected that 

the maintenance operations are adequate for optimizing the contribution of ditches to several 
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ecosystem services. We tried to state the global impact of each operation on each range of service, 

similar to what has been performed between the operations and the ditch processes in Table 5. It is 

possible to distinguish three types of services according to the impact of the maintenance 

operations. The first type of service corresponds to the waterlogging and erosion prevention services 

for which all of the maintenance operations have a positive impact because they improve water 

conveyance. A second type of service corresponds to biodiversity conservation, which is negatively 

impacted by the maintenance operations except for mowing because these operations strongly 

disturb ditch vegetation and habitats. The third type of service corresponds to all of the other 

services for which no overall impact of operations can easily been defined. This result occurs for two 

reasons. These services depend on several processes for which the impacts of a given operation vary 

from positive to negative. Moreover, the respective contributions of the processes to the setting of 

the service are either unknown or vary with local conditions, preventing the determination of the 

operation impacts of the services on the underlying processes.  

Therefore, to move towards the application of ditch maintenance operations to improve ecosystem 

services, this review also indicates areas where progress must be made in terms of process 

knowledge or experimentation.  

¶ Burning is the least studied operation. To better understand the impacts of burning on ditch 

processes and services, several specific mechanisms that are likely to occur after burning 

must be explored: i) the contribution of ashes to the deterioration of water turbidity, ii) the 

change in the hydraulic friction because burning enhances the vegetation growth and selects 

vegetation species, iii) the net balance for biodiversity, iv) the impact on soil infiltrability and 

therefore on the subsurface water collection and groundwater recharge and v) the change in 

the retention and degradation capacities of pesticides. For the fifth mechanism, burned plant 

residues were shown to be preferential sorption sites (Yang and Sheng, 2003a, 2003b), but it 

is not clear whether these new sorption sites can compensate in ditches for the removal of 

other sites (litter and living vegetation). In a case study, Xu et al. (2008) observed that 

pesticide sorption increased after burning and caused a consequent reduction in the 

degradation rate.  
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Table 1.5: Effects of the maintenance operations on landscape processes 

  Maintenance operations 

Processes Dredging Mowing Chemical weeding Burning 

Hydrology 

runoff collection + + + + 

subsurface water collection ++ 0 0 - 

infiltration ++/ - - - - 

water conveyance +++ ++ ++ ++ 

Erosion 

sedimentation - - - - 

transport & non-
remobilization 

++/ - - - - 

Pesticides 

 sorption - +/- - ++/- 

degradation - - - - - 

plant uptake - - - - - - 

Nutrients 

sorption - 0 0 0 

transformation -- 0 - - 

plant uptake - - - - - - 

Biodiversity 

providing habitat - - - - - - 

providing shelter - - - - - - 

connecting populations - +/- - - 

The four basic maintenance operations i.e., dredging, mowing, chemical weeding and burning impact 

most processes either in a positive or negative way. +: positive effect of the maintenance operation 

on the given processes; -: negative effect of the maintenance operation on the given processes; 0: no 

effect of the maintenance operation on the given processes. Note that the maintenance operations by 

modifying ditch characteristics influence either in a positive or negative way the geochemical, 

geophysical and biological processes involved in the ecosystem services. There is no obvious optimal 

maintenance operation. 
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¶ Mowing is an interesting practice that has, if performed at an adequate season, no or little 

adverse effects on biodiversity because it permits rapid vegetation regrowth and favors seed 

dispersal. Moreover, mowing without the removal of mowed vegetation should produce a 

new litter that can positively change ditch bed properties. More in-depth knowledge is 

required on mowing impacts, including i) the effect of mowed residues on the pollutant 

retention and degradation capacities, infiltration processes, and hydraulic roughness of 

ditches; and ii) the effect of regular mowing on the diversity of plant species and therefore 

on the ditch properties.  

¶ The impacts of a succession of maintenance operations need to be examined. The vast 

majority of the work that we reported concerned the study of the effects of single 

maintenance operations, whereas actual ditch maintenance consists of a temporal 

succession of operations, which are selected from the four basic operations. Thus, improving 

the maintenance strategies of ditches for agroecological engineering also requires an optimal 

succession of operations. It is necessary to define which specific ditch services are foremost 

expected at a given time and to select the correct operation for favoring these services. 

Process investigation entails examining whether antecedent maintenance operations 

influence the outcome of current maintenance operations and studying the possibility of the 

long-term effects of a combination of operations.  

In sum, mowing appears as an interesting maintenance operation with limited adverse effects on 

biodiversity conservation or water purification when performed at an adequate season and positive 

effects on waterlogging control and soil erosion prevention. The effect of burning has been poorly 

investigated. Maintenance is a succession in time of various operations. Improving the maintenance 

strategies of ditches for agroecological engineering requires an optimal succession of operations. 

 

1.1.5  Conclusion 

 

This review shows that ditches provide many regulating ecosystem services, namely, waterlogging 

control, water erosion control, water purification, flood regulation, groundwater recharge and 

biodiversity. Sustainable agroecological engineering of cultivated landscapes rely on the optimization 

of these ecosystem services. This review also details the range of landscape processes involved in 

these services, which act on catchment hydrology, erosion and sediment transfers, pesticide and 

nutrient sources and fate as well as biodiversity. Several ditch characteristics that influence these 

processes were shown to be amendable by ditch maintenance operations (e.g., dredging, mowing, 
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chemical weeding and burning). Accordingly, the review demonstrates that ditch maintenance can be 

a powerful lever for improving the services provided by ditches. . 

The interactions between the various processes that are involved in the ditch services and the 

simultaneous impacts of ditch characteristics on many services however make these services strongly 

interdependent. Therefore, maximizing a given service may lead to unexpected positive or negative 

feedbacks on other services. These feedbacks can be local and immediate, but can also be shifted in 

space (e.g., downstream and from the surface to the ground) or in time (e.g., a delayed effect).  

Determining a relevant strategy of ditch maintenance for improving a range of ditch services remains 

therefore a very challenging task. Our review indicates several related research needs. First a better 

understanding of the impacts of the maintenance practices on each service is needed, which in turn 

requires a better understanding of some still poorly studied processes (e.g., sorption and degradation 

of pollutants in ditches and shelter provision) and better determinations and mapping of key ditch 

characteristics (e.g., hydraulic properties, vegetation characteristics and sorption properties). 

Secondly, when several services are to be considered, efficient strategies of overall maximization 

ǎƘƻǳƭŘ ōŜ ŘŜŦƛƴŜŘΦ ¢ƘŜȅ Ŏŀƴ ǘŀƪŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ǘƘŜ ǊŀǘƘŜǊ ŘƛŦŦŜǊŜƴǘ ǘƛƳŜ ǎŎŀƭŜ ŀƴŘ άŎǊƛǘƛŎŀƭ ǎŎƘŜŘǳƭŜέ 

of each service. They should aim at optimizing the spatial arrangement of the different maintenance 

practices on ditches according to catchment heterogeneity (soil, climate, topography) and ditches 

connectivity. They need an a priori ranking of the expected services. The ranking may be specified by 

the local context as for example the supply of freshwater for human consumption where the water 

purification service should be favored. This ranking requires a valuation of the services by the 

different stakeholders, e.g., from a participatory evaluation (Weaver and Cousins, 2005). Eventually, 

for building the strategies, new knowledge should be acquired on the feedbacks between processes, 

which most often, as indicated by our review, were studied separately.  

Given the large number of ditch characteristics and processes to consider, the numerous positive and 

negative feed-backs between services, the different spatial and temporal scales that should be taken 

into account, in-situ experiments of ditch maintenance strategies cannot address all management 

issues, especially when ditch management has to be defined over long term for a sustainable agro-

ecological engineering of landscapes. Consequently, in our opinion, a scientific challenge in the 

future will also be the development of numerical explicit modeling approaches at the landscape scale 

for integrating and coupling the major processes involved in the provision of landscape services by 

ditches. This should positively complement the experiments for analyzing and defining best 

management practices of ditches. 
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1.2   Objectifs et démarche scientifique 

 

Les processus physiques et biogéochimiques clés modulant le pouvoir tampon des fossés vis-à-vis des 

pesticides ǎƻƴǘ ƭŀ ǎƻǊǇǘƛƻƴ Ŝǘ ƭΩƛƴŦƛƭǘǊŀǘƛƻƴ ό{ŜŎǘƛƻƴ мΦмΦоΦрύΦ [ŀ ǾŀǊƛŀōƛƭƛǘŞ ŘŜ ŎŜǎ ǇǊƻŎŜǎǎǳǎ Ŝǎǘ 

étroitement liée aux propriétés des fossés (Section 1.1.3). Or les propriétés des fossés sont a priori 

ƳƻŘǳƭŞŜǎ ŘŜ ƳŀƴƛŝǊŜ ŎƻƴǘǊŀǎǘŞŜ ǇŀǊ ƭŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ƻǇŞǊŀǘƛƻƴǎ ŘΩŜƴǘǊŜǘƛŜƴ ό{ŜŎǘƛƻƴ мΦмΦпύΦ [ΩŜŦŦŜǘ 

ǇƻƴŎǘǳŜƭ ŘŜǎ п ǇǊƛƴŎƛǇŀƭŜǎ ƻǇŞǊŀǘƛƻƴǎ ŘΩŜƴǘǊŜǘƛŜƴ recensées sur ƭŜ ǇƻǳǾƻƛǊ ǘŀƳǇƻƴ ŘŜǎ ŦƻǎǎŞǎ ƴΩŀ ŞǘŞ 

ǉǳŜ ǇŜǳ ŎŀǊŀŎǘŞǊƛǎŞ Ŝǘ ƭŜǳǊ ŜŦŦŜǘ ǎǳǊ ƭΩŞǾƻƭǳǘƛƻƴ ǘŜƳǇƻǊŜƭƭŜ Řǳ ǇƻǳǾƻƛǊ ǘŀƳǇƻƴ ŘŜǎ ŦƻǎǎŞǎ ƴΩŀΣ Ł ƴƻǘǊŜ 

ŎƻƴƴŀƛǎǎŀƴŎŜΣ ƧŀƳŀƛǎ ŞǘŞ ŞǘǳŘƛŞΦ [ΩŞǘŀǘ ŀŎǘǳŜƭ ŘŜǎ ŎƻƴƴŀƛǎǎŀƴŎŜǎ ƴŜ ǇŜǊƳŜǘ ŘƻƴŎ Ǉŀǎ ŘŜ ǇǊƻǇƻǎŜǊ ŘŜǎ 

stratégies de gŜǎǘƛƻƴ ǇŜǊƳŜǘǘŀƴǘ ŘΩƻǇǘƛƳƛǎŜǊ ƭŜ ǇƻǳǾƻƛǊ ǘŀƳǇƻƴ ŘŜǎ ŦƻǎǎŞǎ ŀŦƛƴ ŘŜ ƭƛƳƛǘŜǊ ƭŜǎ 

ǇƘŞƴƻƳŝƴŜǎ ŘŜ Ǉƻƭƭǳǘƛƻƴǎ ŘŜǎ ŜŀǳȄ ŘŜ ǎǳǊŦŀŎŜ Ŝǘκƻǳ ǎƻǳǘŜǊǊŀƛƴŜǎ ǇŀǊ ƭŜǎ ǇŜǎǘƛŎƛŘŜǎΦ [ΩƻōƧŜŎǘƛŦ ŘŜ ŎŜǎ 

ǘǊŀǾŀǳȄ ŘŜ ǘƘŝǎŜ ŜǎǘΣ ǇŀǊ ŎƻƴǎŞǉǳŜƴǘΣ ŘΩŞǾŀƭǳŜǊ ƭΩƛƳǇŀŎǘ ŘŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ǎǳǊ 

ƭΩŞǾƻƭǳǘƛƻƴ Řǳ ǇƻǳǾƻƛǊ ǘŀƳǇƻƴ ŘŜǎ ŦƻǎǎŞǎ vis-à-vis des pollutions diffuses de pesticides. 

9ǎǘƛƳŜǊ ƭΩƛƴŦƭǳŜƴŎŜ ŘŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ǎǳǊ ƭΩŞǾƻƭǳǘƛƻƴ Řǳ ǇƻǳǾƻƛǊ ǘŀƳǇƻƴ ŘŜǎ ŦƻǎǎŞǎ 

nécessite dans un premier temps, de conƴŀƛǘǊŜ ƭΩƛƳǇŀŎǘ ŘŜ ŎŜǎ ǇǊŀǘƛǉǳŜǎ ǎǳǊ ƭΩŞǾƻƭǳǘƛƻƴ ŘŜǎ 

propriétés des fossés telles que la proportion des différents matériaux contribuant à la sorption des 

pesticides (sol, litières, cendres et végétation) et les propriétés des sols de fond de fossés 

conditƛƻƴƴŀƴǘ ƭŜǎ ŦƭǳȄ ŘΩƛƴŦƛƭǘǊŀǘƛƻƴΦ /Ŝǎ ŀǎǇŜŎǘǎ ƴΩƻƴǘ ŞǘŞ ǉǳŜ ǘǊŝǎ ǇŜǳ ŘƻŎǳƳŜƴǘŞǎ ƴƻǘŀƳƳŜƴǘ ǇƻǳǊ 

le brûlis (Section 1.1.4). Dans un second temps, il est nécessaire de connaitre les propriétés de 

sorption des différents matériaux des fossés ainsi que les propriétés hydrodynamiques des sols et 

ƭŜǳǊǎ ŘŞǘŜǊƳƛƴŀƴǘǎ ŀŦƛƴ ŘŜ ǇƻǳǾƻƛǊ ŜǎǘƛƳŜǊ ƭΩƛƴŦƭǳŜƴŎŜ ŘŜ ƭΩŞǾƻƭǳǘƛƻƴ ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ŦƻǎǎŞǎ ǎǳǊ ƭŜǎ 

ǇǊƻŎŜǎǎǳǎ ŘŜ ǎƻǊǇǘƛƻƴ Ŝǘ ŘΩƛƴŦƛƭǘǊŀǘƛƻƴΦ /Ŝǎ ŀǎǇŜŎǘǎ ƴΩƻƴǘΣ ƭŁ ŜƴŎƻǊŜΣ ŞǘŞ ǉǳŜ ǇŜǳ ŘƻŎǳƳŜƴǘŞǎ Ŝƴ 

ǇŀǊǘƛŎǳƭƛŜǊ ǇƻǳǊ ƭΩƛƴŦƛƭǘǊŀǘƛƻƴ ό{ŜŎǘƛƻƴ мΦмΦпύΦ 9ƴŦƛƴΣ ŜǎǘƛƳŜǊ ƭΩƛƴŦƭǳŜƴŎŜ ŘŜ ŎƘŀŎǳƴŜ ŘŜǎ ǇǊŀǘƛǉǳŜǎ 

ŘΩŜƴǘǊŜǘƛŜƴ ǎǳǊ ƭΩŞǾƻƭǳǘƛƻƴ ǘŜƳǇƻǊŜƭƭŜ Řǳ ǇƻǳǾƻƛǊ ǘŀƳǇƻƴ ŘŜǎ ŦƻǎǎŞǎ ǊŜǉǳƛŜǊǘ ŘŜǎ ƳŞǘƘƻŘŜǎ 

ǇŜǊƳŜǘǘŀƴǘ ŘΩŜǎǘƛƳŜǊ ƭŜǎ ǘǊŀƴǎŦŜǊǘǎ Ŝǘ ƭŀ ǊŞǘŜƴǘƛƻƴ ŘŜǎ ǇŜǎǘƛŎƛŘŜǎ Ŝƴ ŦƻƴŎǘƛƻƴ ŘŜǎ ǇǊƻpriétés des 

ŦƻǎǎŞǎ Ŝǘ ŘŜǎ ŎƻƴŘƛǘƛƻƴǎ ƘȅŘǊƻƭƻƎƛǉǳŜǎΦ tƭǳǎƛŜǳǊǎ ƳŞǘƘƻŘŜǎ ŜȄƛǎǘŜƴǘ Ƴŀƛǎ ŀǳŎǳƴŜ ƴΩŀΣ Ł ŎŜ ƧƻǳǊΣ ŞǘŞ 

ǾŀƭƛŘŞŜ ǇƻǳǊ ƭŜ Ŏŀǎ ǎǇŞŎƛŦƛǉǳŜ ŘŜǎ ŦƻǎǎŞǎ ƛƴŦƛƭǘǊŀƴǘ ŎΦŁΦŘΦ ƭŜǎ ŦƻǎǎŞǎ Řŀƴǎ ƭŜǎǉǳŜƭǎ ŘŜǎ ŦƭǳȄ ŘΩƛƴŦƛƭǘǊŀǘƛƻƴ 

vers les eaux souterraines ont lieu ŀǳ Ƴƻƛƴǎ ǇŜƴŘŀƴǘ ǳƴŜ ŎŜǊǘŀƛƴŜ ǇŞǊƛƻŘŜ ŘŜ ƭΩŀƴƴŞŜΦ 

En conséquent, les objectifs spécifiques de ces travaux de thèse sont : 

1. de ŎŀǊŀŎǘŞǊƛǎŜǊ ƭΩŞǾƻƭǳǘƛƻƴ ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ŦƻǎǎŞǎ ǎǳƛǘŜ ŀǳȄ ŘƛŦŦŞǊŜƴǘŜǎ ǇǊŀǘƛǉǳŜǎ 

ŘΩŜƴǘǊŜǘƛŜƴ, 
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2. ŘΩƛŘŜƴǘƛŦƛŜǊ les déterminants de la variabilité des processus de sorption et ŘΩƛƴŦƛƭǘǊŀǘƛƻƴ lors 

des transferts en surface et étudier leur modulation en lien avec les propriétés des fossés et 

le contexte pédoclimatique, 

3. de ŘŞǾŜƭƻǇǇŜǊ Ŝǘ ŎƻƳǇŀǊŜǊ ŘŜǎ ƳŞǘƘƻŘŜǎ ŘΩŜǎǘƛƳŀǘƛon du pouvoir tampon des fossés 

infiltrants. 

 

La démarche suivie pour répondre aux 3 objectifs spécifiques de ces travaux de thèse est illustrée 

dans la figure 1.4. 

 

Figure 1.4 : ŘŞƳŀǊŎƘŜ ǎŎƛŜƴǘƛŦƛǉǳŜ ƳƛǎŜ Ŝƴ ǆǳǾǊŜ ǇƻǳǊ ŞǘǳŘƛŜǊ ƭΩƛƴŦƭǳŜƴŎŜ ŘŜǎ ŘƛŦŦŞǊŜƴǘǎ ƳƻŘŜǎ 

ŘΩŜƴǘǊŜǘƛŜƴ ŘŜǎ fossés agricoles sur leur capacité de rétention de pesticides. 

 

Cette démarche en 4 étapes repose sur (Fig. 1.4): 

1. La caractérisation du système fossé et de son évolution suite aux différentes pratiques 

ŘΩŜƴǘǊŜǘƛŜƴΦ tƻǳǊ ŎŀǊŀŎǘŞǊƛǎŜǊ ƭΩŞǾƻƭǳǘƛƻƴΣ Ł ƭΩŞŎƘŜƭle du bief, des propriétés des fossés 

ƛƴŘǳƛǘŜǎ ǇŀǊ ŎƘŀǉǳŜ ǇǊŀǘƛǉǳŜ ŘΩŜƴǘǊŜǘƛŜƴΣ ŘŜǎ ŜȄǇŞǊƛƳŜƴǘŀǘƛƻƴǎ ŘΩŜƴǘǊŜǘƛŜƴ ŘŜ ǘǊƻƴœƻƴǎ ŘΩǳƴ 
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fossé, selon le calendrier généralement suivi par les gestionnaires, et des mesures régulières 

des propriétés des fossés sur un cycle annuel complet ont été mises en place. Ces 

expérimentations permettent i) de définir la variabilité des propriétés des fossés à prendre 

Ŝƴ ŎƻƳǇǘŜ ǇƻǳǊ ƭΩŞǘǳŘŜ ŘŜǎ ǇǊƻŎŜǎǎǳǎ ŘŜ ǎƻǊǇǘƛƻƴ Ŝǘ ŘΩƛƴŦƛƭǘǊŀǘƛƻƴ Ŝǘ ƛƛύ ŘŜ ŎƻƴǎǘǊǳƛǊŜ ŘŜǎ 

ǎŎŞƴŀǊƛƻǎ ŘΩŞǾƻƭǳǘƛƻn temporelle des propriétés des fossés à tester lors de la modélisation de 

ƭΩŞǾƻƭǳǘƛƻƴ Řǳ ǇƻǳǾƻƛǊ ǘŀƳǇƻƴ ŘŜ ŦƻǎǎŞǎ ŜƴǘǊŜǘŜƴǳǎ ŘŜ ƳŀƴƛŝǊŜ ŎƻƴǘǊŀǎǘŞŜ όCƛƎΦ мΦпύΦ 

 

2. [ŀ ŎŀǊŀŎǘŞǊƛǎŀǘƛƻƴ ŘŜ ƭΩƛƴŦƭǳŜƴŎŜ ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ŦƻǎǎŞǎ ǎǳǊ ƭŀ ǾŀǊƛŀōƛƭƛǘŞ ŘŜǎ ǇǊƻŎŜǎǎǳǎ ŘŜ 

ǎƻǊǇǘƛƻƴ Ŝǘ ŘΩƛƴŦƛƭǘǊŀǘƛƻƴ. Afin de caractériser la variabilité des processus de sorption et 

ŘΩƛƴŦƛƭǘǊŀǘƛƻƴ ǇƻǳǊ ǳƴŜ ƭŀǊƎŜ ƎŀƳƳŜ ŘŜ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ŦƻǎǎŞǎΣ ǳƴŜ ŎƻƳōƛƴŀƛǎƻƴ 

ŘΩŜȄǇŞǊƛƳŜƴǘŀǘƛƻƴǎ ŀǳ ƭŀōƻǊŀǘƻƛǊŜΣ ǎǳǊ ƭŜ ǘŜǊǊŀƛƴ Ŝǘ ŘΩŜȄǇŞǊƛƳŜƴǘŀǘƛƻƴǎ ƴǳƳŞǊƛǉǳŜǎ ŀ été 

ƳƛǎŜ Ŝƴ ǆǳǾǊŜΦ [Ŝǎ ǇǊƻŎŜǎǎǳǎ ŘŜ ǎƻǊǇǘƛƻƴ όŀŘǎƻǊǇǘƛƻƴΣ ŘŞǎƻǊǇǘƛƻƴΣ ŎƛƴŞǘƛǉǳŜύ ƻƴǘ ŞǘŞ 

quantifiés en batch pour la diversité des substrats de fonds de fossés i.e., sols, végétation, 

ƭƛǘƛŝǊŜǎ Ŝǘ ŎŜƴŘǊŜǎΣ ǎŞƭŜŎǘƛƻƴƴŞǎ ǎǳǊ ƭŀ ōŀǎŜ ŘŜǎ ŎŀƳǇŀƎƴŜǎ ŘΩƻōǎŜǊǾŀǘƛon des états de 

surface. Afin de pouvoir appréhender la variabilité des coefficients de sorption (Kd) pour les 

sols, des fonctions de pédotransfert permettant de prédire les Kd sur la base de certaines 

propriétés clé des sols ont été développées par méta-analyse de données bibliographiques et 

ǾŀƭƛŘŞŜǎ ǇƻǳǊ ƭŀ ŘƛǾŜǊǎƛǘŞ ŘŜǎ ǎƻƭǎ ŘŜ ŦƻƴŘ ŘŜ ŦƻǎǎŞǎΦ tŀǊ ŀƛƭƭŜǳǊǎΣ ŀŦƛƴ ŘΩŀǇǇǊŞƘŜƴŘŜǊ ƭŀ 

ŎŀǇŀŎƛǘŞ ŘŜ ǎƻǊǇǘƛƻƴ ƎƭƻōŀƭŜ ŘΩǳƴ ōƛŜŦ ƭƻǊǎ ŘΩǳƴ ŞǾŝƴŜƳŜƴǘ ŘŜ ŎǊǳŜΣ ǳƴ ƛƴŘƛŎŀǘŜǳǊΣ {twL 

(Sorption Induced Pesticide Retention), ŀ ŞǘŞ ŘŞǾŜƭƻǇǇŞΦ [Ŝǎ ǇǊƻŎŜǎǎǳǎ ŘΩƛƴŦƛƭǘǊŀǘƛƻƴ ƻƴǘΣ ŜǳȄΣ 

ŞǘŞ ŎŀǊŀŎǘŞǊƛǎŞǎ Ł ƭΩŀƛŘŜ ŘŜ ŎƻƭƻƴƴŜǎ ǇǊŞƭŜǾŞŜǎ Řŀƴǎ ƭŜǎ ƘƻǊƛȊƻƴǎ ǎǇŞŎƛŦƛǉǳŜǎ ŘŜ ǎƻƭ ŘΩǳƴ ŦƻǎǎŞ 

de Roujan. La détermination des paramètres hydrodynamiques et de transfert de solutés a 

ensuite été réalisée par modélisation. Ces expérimentations permettent i) de paramétrer les 

ŎƻŜŦŦƛŎƛŜƴǘǎ ŘŜ ǎƻǊǇǘƛƻƴ ǇƻǳǊ ƭŀ ƳƻŘŞƭƛǎŀǘƛƻƴ ŘŜ ƭΩŞǾƻƭǳǘƛƻƴ Řǳ ǇƻǳǾƻƛǊ ǘŀƳǇƻƴ ŘŜǎ ŦƻǎǎŞǎ 

ŜƴǘǊŜǘŜƴǳǎ ŘŜ ƳŀƴƛŝǊŜ ŎƻƴǘǊŀǎǘŞŜ ǇƻǳǊ ŎƘŀǉǳŜ ǎŎŞƴŀǊƛƻ ŘΩŞǾƻƭǳǘƛƻƴ ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ 

fossés et ii) de construire des scenarios de paramètres hydrodynamiques en fonction de 

ƭΩŞǾƻƭǳǘƛƻƴ ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ǎƻƭǎ όCƛƎΦ мΦпύΦ 

 

3. [ΩƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ŘŜ ƳŞǘƘƻŘŜǎ ǇŜǊƳŜǘǘŀƴǘ ŘΩŜǎǘƛƳŜǊ ƭŀ ǊŞǘŜƴǘƛƻƴ ŘŜǎ ǇŜǎǘƛŎƛŘŜǎ Ŝƴ ŎƻƴŘƛǘƛƻƴ 

ŘΩŞŎƻǳƭŜƳŜƴǘ Řŀƴǎ ƭŜǎ ŦƻǎǎŞǎ ƛƴŦƛltrants. Pour tester et valider les différentes méthodes 

όƛƴŘƛŎŀǘŜǳǊǎ Ŝǘ ƳƻŘŝƭŜǎύ ŘΩŜǎǘƛƳŀǘƛƻƴ ŘŜǎ ǘǊŀƴǎŦŜǊǘǎ Ŝǘ ŘŜ ƭŀ ǊŞǘŜƴǘƛƻƴ ŘŜǎ ǇŜǎǘƛŎƛŘŜǎ Řŀƴǎ ƭŜǎ 

fossés, des expérimentations de transfert de traceurs hydrologiques ont été réalisées dans 

deux fossés aux propriétés contrastées (Domaine du Merle). Ces expérimentations ont servi 
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ŘŜ ǊŞŦŞǊŜƴŎŜǎ ǇƻǳǊ ƭŀ ŎƻƳǇŀǊŀƛǎƻƴ ŘŜǎ ƳŞǘƘƻŘŜǎ ŘΩŜǎǘƛƳŀǘƛƻƴ ŘŜ ƭŀ ǊŞǘŜƴǘƛƻƴ ŘŜ ǇŜǎǘƛŎƛŘŜǎ 

Řŀƴǎ ƭŜǎ ŦƻǎǎŞǎΦ /ŜǘǘŜ ŎƻƳǇŀǊŀƛǎƻƴ ǇŜǊƳŜǘ ŘΩƛŘŜƴǘƛŦƛŜǊ ǳƴŜ ƻǳ ǇƭǳǎƛŜǳǊǎ ƳŞǘƘƻŘŜ(s) 

adaptŞŜόǎύ Ł ƭΩŜǎǘƛƳŀǘƛƻƴ Řǳ ǇƻǳǾƻƛǊ ǘŀƳǇƻƴ ŘŜ ŦƻǎǎŞǎ ƛƴŦƛƭǘǊŀƴǘs (Fig. 1.4). 

 

 

4. [ŀ ŎŀǊŀŎǘŞǊƛǎŀǘƛƻƴ ŘŜ ƭΩƛƳǇŀŎǘ ŘŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ǎǳǊ ƭΩŞǾƻƭǳǘƛƻƴ 

temporelle du pouvoir tampon des fossésΦ [ΩŞǾƻƭǳǘƛƻƴ ǘŜƳǇƻǊŜƭƭŜ Řǳ ǇƻǳǾƻƛǊ ǘŀƳǇƻƴ ŘŜ 

fossés entretenus respectivement par fauche, curage, désherbage chimique et brûlis est 

caractérisée dans ces travaux de thèse par modélisation, basée sur des données 

ŜȄǇŞǊƛƳŜƴǘŀƭŜǎ ŘΩŞǾƻƭǳǘƛƻƴ ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ŦƻǎǎŞǎ Ŝƴ ǘŜǊƳŜǎ ŘΩŞǘŀǘ ŘŜ ǎǳǊŦŀŎŜ Ŝǘ ŘŜ 

propriétés des sols mises en regard avec une gamme ŘΩŞǾŝƴŜƳŜƴǘǎ de crues ainsi que les 

paramètres de sorption, ŘΩinfiltration et de transfert définis lors de la quantification des 

processus (Fig. 1.4). 

 

[Ŝǎ ŎƻƴŘƛǘƛƻƴǎ ŘŜ ƳƛǎŜ Ŝƴ ǆǳǾǊŜ ŘŜ ŎŜǘǘŜ ŘŞƳŀǊŎƘŜ ǎƻƴǘ ŘŞǘŀƛƭƭŞŜǎ Ŏi-après. Premièrement, les 

ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ŦƻǎǎŞǎ ƛƴŦƭǳŜƴœŀƴǘ ƭŜǎ ǇǊƻŎŜǎǎǳǎ ŘŜ ǎƻǊǇǘƛƻƴ Ŝǘ ŘΩƛƴŦƛƭǘǊŀǘƛƻƴ ǎƻƴǘ ǎǳǎŎŜǇǘƛōƭŜǎ ŘŜ 

varier selon les contextes pédoclimatiques. La gamme des propriétés des fossés et de leur variabilité 

ǇǊƛǎŜ Ŝƴ ŎƻƳǇǘŜ ǇƻǳǊ ƭΩŞǘǳŘŜ ŘŜǎ ǇǊƻŎŜǎǎǳǎ ŘŜ ǎƻǊǇǘƛƻƴ Ŝǘ ŘΩƛƴŦƛƭǘǊŀǘƛƻƴ ƻƴǘ ŀƛƴǎƛ ŞǘŞ ŘŞŦƛƴƛǎ Ł ǇŀǊǘƛǊ 

des campagnes ŘΩƻōǎŜǊǾŀǘƛƻƴ ŘŜǎ Şǘŀǘǎ ŘŜ ǎǳǊŦŀŎŜ ǊŞŀƭƛǎŞŜǎ Řŀƴǎ ƭŜ ŎŀŘǊŜ Řǳ ǇǊƻƧŜǘ CLt ǎǳǊ ƭŜǎ о ǎƛǘŜǎ 

référence du projet (Fig. 1.4). Trois bassins versants, caractérisés par des contextes 

agropédoclimatiques différents, ont en effet été sélectionnés dans le cadre du projet FIP, afin 

ŘΩŀǇǇǊŞƘŜƴŘŜǊ ƭŀ ǾŀǊƛŀōƛƭƛǘŞ ǎǇŀǘƛŀƭŜ Ŝǘ ǘŜƳǇƻǊŜƭƭŜ ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ŦƻǎǎŞǎ ǎǳǊ ƭŜ ǘŜǊǊƛǘƻƛǊŜ ƴŀǘƛƻƴŀƭΦ 

Sur ces trois bassins versants, une portion plus ou moins importante des réseaux de fossés est 

composée de fossés potentiellement infiltrants ǎǳǊ ǘƻǳǘŜ ƻǳ ŀǳ Ƴƻƛƴǎ ǳƴŜ ǇŀǊǘƛŜ ŘŜ ƭΩŀƴƴŞŜΦ Le 

ǇǊŜƳƛŜǊ ōŀǎǎƛƴ ǾŜǊǎŀƴǘ ǎǳƛǾƛ Ŝǎǘ ŎŜƭǳƛ ŘŜ wƻǳƧŀƴΣ Řŀƴǎ ƭΩIŞǊŀǳƭǘΦ tǊƛƴŎƛǇŀƭŜƳŜƴǘ ŎǳƭǘƛǾŞ Ŝƴ ǾƛƎƴŜǎΣ ŎŜ 

bassin versant de 91 ha est soumis à un climat méditerranéen semi-aride (Andrieux et al., 1993). Un 

réseau de fossé dense (137 m ha-1ύ Ŝǎǘ ŜƴǘǊŜǘŜƴǳ ǇƻǳǊ ƭƛƳƛǘŜǊ ƭŜǎ ǊƛǎǉǳŜǎ ŘΩŞǊƻǎƛƻƴ ƘȅŘǊƛǉǳŜ ŘŜǎ 

parcelles cultivées lors des fortes précipitations printanières et automnales (Levavasseur et al., 

2016). Les sols y sont principalement limoneux, calcaires et pauvres en matière organique (Andrieux 

et al., 1993). Le deuxième bassin versant suivi est celui de la Morcille dans le Beaujolais. Ce bassin 

versant de 480 ha, également cultivé principalement en vigne, est soumis à un climat continental 

marqué par de forts orages qui constituent ƭΩŜǎǎŜƴǘƛŜƭ ŘŜǎ ǇǊŞŎƛǇƛǘŀǘƛƻƴǎ durant la saison culturale 

(Gouy et al., 1998). Les sols sablo-limoneux peu profonds y sont, par conséquent, soumis à un fort 
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ǊƛǎǉǳŜ ŘΩŞǊƻǎƛƻƴ ƘȅŘǊƛǉǳŜΦ !Ŧƛƴ ŘŜ ƭƛƳƛǘŜǊ ŎŜ ǊƛǎǉǳŜΣ ǳƴ ǊŞǎŜŀǳ ŘŜ ŦƻǎǎŞǎ ƛƴǘǊŀ-parcellaire très dense 

(375 m ha-1), les rases, y est très régulièrement entretenu. Enfin, le troisième site suivi est le bassin 

versant du Ruiné en Charentes. Ce bassin versant de 540 ha, cultivé pour moitié en grande culture et 

pour moitié en viticulture, est soumis à un climat océanique humide (Vernier and Dubernet, 1997). 

Le réseau de fossés y est peu dense, 31,5 m ha-1Σ Ŝǘ ŀ ǇƻǳǊ ǇǊƛƴŎƛǇŀƭŜ ŦƻƴŎǘƛƻƴ ƭΩŀǎǎŀƛƴƛǎǎŜƳŜƴǘ 

agricole. On y retrouve deux principaux types de sols, des sols argileux en amont et des sols crayeux, 

riches en matière organique, en aval. Dans le cadre de ce travail de thèse, ces 3 sites sont utilisés 

comme référence de la variabilité des propriétés des fossés et notamment vis-à-vis de la nature des 

substrats de fond de fossés i.e., sols, litières et végétation. 

Par ailleurs, le devenir des pesticides dans les fossés varie non seulement en fonction de leurs 

propriétés intrinsèques mais également en fonction des propriétés physico-chimiques des molécules 

ŘŜ ǇŜǎǘƛŎƛŘŜǎΦ !Ŧƛƴ ŘΩŀǇǇǊŞƘŜƴŘŜǊ une gamme des comportements possibles 3 molécules, présentant 

des propriétés physico-chimiques contrastées, ont été sélectionnées soit le glyphosate (hydrophile, 

ionisable), ƭΩƛǎƻǇǊƻǘǳǊƻƴ όƳƻyennement hydrophobe, neutre) et le diuron (hydrophobe, neutre). Le 

ŎƘƻƛȄ ŘŜ ŎŜǎ ƳƻƭŞŎǳƭŜǎ ŀ ŞƎŀƭŜƳŜƴǘ ŞǘŞ ƎǳƛŘŞ ǇŀǊ ƭŜ Ŧŀƛǘ ǉǳΩŜƭƭŜǎ ŎƻƳǇǘŜƴǘ ǇŀǊƳƛ ƭŜǎ мр ǇŜǎǘƛŎƛŘŜǎ ƭŜǎ 

plus fréquemment détectés dans les eaux de surface et souterraines en France (SOeS, Ministère de 

ƭΩ;ŎƻƭƻƎƛŜΣ Řǳ 5ŞǾŜƭƻǇǇŜƳŜƴǘ 5ǳǊŀōƭŜ Ŝǘ ŘŜ ƭΩŞƴŜǊƎƛŜΣ нлмоύ.  

9ƴŦƛƴΣ ƭΩŞǉǳƛǇŜƳŜƴǘ ŀƴŀƭȅǘƛǉǳŜ Řǳ [L{!I ǇŜǊƳŜǘ ŘΩŀƴŀƭȅǎŜǊ ŘŜǎ ǇŜǎǘƛŎƛŘŜǎ marqués au C14 avec un 

coût très élevé mais pas les molécules non-marquées. Ainsi les processus de sorption ont été 

quantifiés directement pas mesures avec des substances actives marquées pour le glyphosate et 

pour le diuron. Pour ƭΩƛǎƻǇǊƻǘǳǊƻƴ il existe une base de données considérable de paramètres de 

sorption qui a permis ŘŜ ǎΩŀŦŦǊŀƴŎƘƛǊ ŘŜǎ ŜȄǇŞǊƛƳŜƴǘŀǘƛƻƴǎΦ [ΩƛƴǘŞƎǊŀƭƛǘŞ ŘŜ ƭŀ ŘŞƳŀǊŎƘŜ a donc été 

déroulée avec Ł ŘŜǎ ǘǊŀŎŜǳǊǎ ƘȅŘǊƻƭƻƎƛǉǳŜǎΣ ƭΩǳǊanine et la sulforhodamine B. Ces molécules 

ǇŜǊƳŜǘǘŜƴǘ ŘΩƻōǘŜƴƛǊ ŘŜǎ ƧŜǳȄ ŘŜ ŘƻƴƴŞŜǎ ŜȄǇŞǊƛƳŜƴǘŀǳȄ ǉǳƛ ǎŜǊǾŜƴǘ Ł ŎŀƭƛōǊŜǊ ƭŜǎ ŘƛŦŦŞǊŜƴǘŜǎ 

ŀǇǇǊƻŎƘŜǎ ŘŜ ƳƻŘŞƭƛǎŀǘƛƻƴ ǇŜǊƳŜǘǘŀƴǘ ŀƭƻǊǎ ŘΩƻōǘŜƴƛǊ ƭŜǎ ǇŀǊŀƳŝǘǊŜǎ ǇƻǳǊ ƭŜǎ ǇŜǎǘƛŎƛŘŜǎΦ /Ŝǎ 

molécules présentent certŀƛƴǎ ŀǾŀƴǘŀƎŜǎ Ŝǘ ƴƻǘŀƳƳŜƴǘ ŎŜƭǳƛ ŘΩŀǾƻƛǊ ǳƴ ŎƻƳǇƻǊǘŜƳŜƴǘ Ŝƴ ǘŜǊƳŜ ŘŜ 

ǘǊŀƴǎŦŜǊǘǎΣ ǎƛƳƛƭŀƛǊŜ Ł ŎŜǳȄ ŘΩƘŜǊōƛŎƛŘŜǎ ƳƻȅŜƴƴŜƳŜƴǘ ƘȅŘǊƻǇƘƻōŜǎ ǘŜƭǎ ǉǳŜ ƭŜ ŘƛǳǊƻƴ Ŝǘ 

ƭΩƛǎƻǇǊƻǘǳǊƻƴΣ Řŀƴǎ ŘƛŦŦŞǊŜƴǘǎ ǘȅǇŜǎ ŘŜ ȊƻƴŜǎ ǘŀƳǇƻƴ (Durest et al., 2013 ; Lange et al., 2011). Par 

ailleurs, en raison de leur faible coût analytique elles permettent de multiplier les expérimentations. 

[Ωǳǘƛƭƛǎŀǘƛƻƴ ŘŜ ŎŜǎ ƳƻƭŞŎǳƭŜǎ ŎƻƳƳŜ ǇǊƻȄȅ ŘΩƘŜǊōƛŎƛŘŜǎ ŀ ŞǘŞ ǾŀƭƛŘŞŜ ŀƴ ƳŀǊƎŜ ŘŜ ŎŜǎ ǘǊŀǾŀǳȄ ŘŜ 

thèse (Annexe D). 
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Partie I 

 

Influence des pratiǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ǎǳǊ 

ƭΩŞǾƻƭǳǘƛƻƴ ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ŦƻǎǎŞǎ 
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Chapitre 2  

/ŀǊŀŎǘŞǊƛǎŀǘƛƻƴ ŘŜ ƭΩŞǾƻƭǳǘƛƻƴ ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ 

des fossés suivant les différentes pratiques 

ŘΩŜƴǘǊŜǘƛŜƴ 
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2.1  Introduction 

 

Les propriétés des fossés relatives à leur morphologie (pente, longueur, largeur, profondeur) et à leur 

composantes biotiques (végétation) et abiotique (sol de surface, litières, cendres) sont regroupées 

Řŀƴǎ ƭŀ ƴƻǘƛƻƴ ŘΩ « état de surface ». Les états de surface des fossés sont fortement influencés par les 

ŘƛŦŦŞǊŜƴǘŜǎ ƻǇŞǊŀǘƛƻƴǎ ŘΩŜƴǘǊŜǘƛŜƴ ǊŞŀƭƛǎŞŜǎ ǇƻǳǊ ƳŀƛƴǘŜƴƛǊ ƭŀ ǇŜǊŦƻǊƳŀƴŎŜ ƘȅŘǊŀǳƭƛǉǳŜ ŘŜǎ ŦƻǎǎŞǎ 

(Chapitre 1). Les réseaux de fossés sont en effet régulièrement entretenus par les agriculteurs et les 

ŎƻƭƭŜŎǘƛǾƛǘŞǎ ǘŜǊǊƛǘƻǊƛŀƭŜǎ ŀŦƛƴ ŘΩƻǇǘƛƳƛǎŜǊ ƭŀ ŦƻƴŎtion principale ayant motivé leur implantation c.à.d. 

ƭƛƳƛǘŜǊ ƭΩŞǊƻǎƛƻƴ ƘȅŘǊƛǉǳŜ ǇƻǳǊ ƭŜǎ ōŀǎǎƛƴǎ ǾŜǊǎŀƴǘǎ ŘŜ wƻǳƧŀƴ Ŝǘ ŘŜ ƭŀ aƻǊŎƛƭƭŜ Ŝǘ ƻǇǘƛƳƛǎŜǊ 

ƭΩŀǎǎŀƛƴƛǎǎŜƳŜƴǘ ŀƎǊƛŎƻƭŜ ǇƻǳǊ ƭŜ ōŀǎǎƛƴ ǾŜǊǎŀƴǘ Řǳ wǳƛƴŞ (Bailly et al., 2015).  

¦ƴ ǘǊŀǾŀƛƭ ŘΩŜƴǉǳşǘŜǎ  ǊŞŀƭƛǎŞ Řŀƴǎ ƭŜ ŎŀŘǊŜ Řǳ ǘǊŀǾŀƛƭ ŘŜ ǘƘŝǎŜ ŘŜ CΦ [ŜǾŀǾŀǎǎŜǳǊ ǎǳǊ ƭŜ ōŀǎǎƛƴ ǾŜǊǎŀƴǘ 

du Bourdic, dont Roujan est un sous bassin, a permis de définir le calendrier et les modalités 

ŘΩŜƴǘǊŜǘƛŜƴ ŘŜǎ ŦƻǎǎŞǎ (Levavasseur, 2012). Ce travaƛƭ ǊŞǾŝƭŜ ǉǳŜ ƭŜǎ ŦǊŞǉǳŜƴŎŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ŘŜǎ 

ŦƻǎǎŞǎ ǾŀǊƛŜƴǘ ǎŜƭƻƴ ƭŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ǇǊŀǘƛǉǳŜǎΦ !ƛƴǎƛΣ ǎƛ ƭŜ ŎǳǊŀƎŜ ƴΩŜǎǘ ǊŞŀƭƛǎŞ Ŝƴ ƳƻȅŜƴƴŜ ǉǳΩǳƴŜ Ŧƻƛǎ 

tous les 10 ans, la fauche, le désherbage chimique et le brûlis sont, quant à eux, réalisés à une 

fréquencŜ ƳŞŘƛŀƴŜ ŘΩǳƴŜ Ŧƻƛǎ ǇŀǊ ŀƴΦ [ŀ ŦǊŞǉǳŜƴŎŜ ƎƭƻōŀƭŜ ŘΩŜƴǘǊŜǘƛŜƴ ŘŜǎ ŦƻǎǎŞǎ Ŝǎǘ ŘŜ мΣо ŎŜ ǉǳƛ 

ǎƛƎƴƛŦƛŜ ǉǳΩǳƴŜ ŎƻƳōƛƴŀƛǎƻƴ ŘŜ ǇƭǳǎƛŜǳǊǎ ǇǊŀǘƛǉǳŜǎ ǇŜǳǘ şǘǊŜ ǊŞŀƭƛǎŞŜ ǎǳǊ ǳƴ ƳşƳŜ ŦƻǎǎŞ ŀǳ ŎƻǳǊǎ 

ŘΩǳƴŜ ŀƴƴŞŜΦ [Ŝ ŎŀƭŜƴŘǊƛŜǊ ŘΩŜƴǘǊŜǘƛŜƴ ǾŀǊƛŜ ŞƎŀƭŜƳŜƴǘ ǎŜƭƻƴ ƭŜǎ ǇǊŀtiques. Les périodes pendant 

ƭŜǎǉǳŜƭƭŜǎ ƭŜǎ ƳƻŘŀƭƛǘŞǎ ŘΩŜƴǘǊŜǘƛŜƴ ǎƻƴǘ ƭŜ Ǉƭǳǎ ǎƻǳǾŜƴǘ ǊŞŀƭƛǎŞŜǎ ǎƻƴǘ : de juillet à octobre pour le 

ŎǳǊŀƎŜΣ ŘŜ ƳŀǊǎ Ł Ƨǳƛƴ ǇƻǳǊ ƭŜ ŘŞǎƘŜǊōŀƎŜ ŎƘƛƳƛǉǳŜΣ ŘΩŀǾǊƛƭ Ł ǎŜǇǘŜƳōǊŜ ǇƻǳǊ ƭŀ ŦŀǳŎƘŜ Ŝǘ ŘΩƻŎǘƻōǊŜ 

à mars pour le brûlis. Des enquêtes similaires menées dans le cadre du projet FIP sur les bassins 

versants de Roujan, du Ruiné et de la Morcille, auprès des agriculteurs et collectivités territoriales 

impliqués dans la gestion des réseaux, révèlent que le brûlis, régulièrement réalisé dans les fossés de 

wƻǳƧŀƴΣ ƴΩŜǎǘ Ǉŀǎ ǳƴŜ ǇǊŀǘƛǉǳŜ ǊŞŀƭƛǎŞŜ ǎǳǊ ƭŜǎ ŘŜǳȄ ŀǳǘǊŜǎ ōŀǎǎƛƴǎ (Bailly et al., 2015). Par ailleurs, le 

curage et la fauche sont réalisés plus fréquemment sur les bassins versant de la Morcille et du Ruiné 

ǉǳŜ ǎǳǊ ŎŜƭǳƛ ŘŜ wƻǳƧŀƴΦ [Ŝǎ ǇŞǊƛƻŘŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ǎƻƴǘ ŎŜǇŜƴŘŀƴǘ ƎƭƻōŀƭŜƳŜƴǘ ǎƛƳƛƭŀƛǊŜǎ ǎǳǊ ƭŜǎ о 

bassins. 

tƭǳǎƛŜǳǊǎ ŎŀƳǇŀƎƴŜǎ ŘΩƻōǎŜǊǾŀǘƛƻƴǎ ŘŜǎ Şǘŀǘǎ ŘŜ ǎǳǊŦŀŎŜΣ ǊŞŀƭƛǎŞŜǎ Řŀƴǎ ƭŜ ŎŀŘǊŜ Řǳ ǇǊƻƧŜǘ CLt ƻƴǘ 

permis de définir la variabilité saisonnière ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ŦƻǎǎŞǎ Ł ƭΩŞŎƘŜƭƭŜ ƴŀǘƛƻƴŀƭŜ (Bailly et al., 

2015)Φ /ŜǇŜƴŘŀƴǘ ƭΩŞǾƻƭǳǘƛƻƴ ǘŜƳǇƻǊŜƭƭŜ ŘŜ ŎŜǎ ǇǊƻǇǊƛŞǘŞǎ Ł ƭŀ ǎǳƛǘŜ ŘŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ǇǊŀǘƛǉǳŜǎ 

ŘΩŜƴǘǊŜǘƛŜƴ ƴΩŀ Ł ƴƻǘǊŜ ŎƻƴƴŀƛǎǎŀƴŎŜ ƧŀƳŀƛǎ ŞǘŞ ŘŞŎǊƛǘŜΦ 
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[ΩƻōƧŜŎǘƛŦ ŘŜ ŎŜ ŎƘŀǇƛǘǊŜ ŜǎǘΣ Ŝƴ ŎƻƴǎŞǉǳŜƴŎŜΣ ŘŜ ŎŀǊŀŎǘŞǊƛǎŜǊ ƭΩŞǾƻƭǳǘƛƻƴ ǘŜƳǇƻǊŜƭƭŜ ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ 

ŘŜǎ ŦƻǎǎŞǎ ŎƻƴǎŞŎǳǘƛǾŜ Ł ŎƘŀǉǳŜ ǇǊŀǘƛǉǳŜ ŘΩŜƴǘǊŜǘƛŜƴ ǇƻǳǊ ǳƴ ŎŀƭŜƴŘǊƛŜǊ Ŝǘ ǳƴŜ ŦǊŞǉǳŜƴŎŜ ŘŜ 

ǊŞŀƭƛǎŀǘƛƻƴ ŘŜ ŎƘŀǉǳŜ ŘΩƻǇŞǊŀǘƛƻƴ ǘȅǇŜ ǘŜƭƭŜǎ ǉǳŜ ŘŞŦƛƴƛŜǎ Ŏƛ-dessus. 

 

2.2   Matériel et méthodes 

 

2.2.1 Site ŘΩŞǘǳŘŜ 

 

5Ŝǎ ŜȄǇŞǊƛƳŜƴǘŀǘƛƻƴǎ ŘŜ ǎǳƛǾƛ ǘŜƳǇƻǊŜƭ ŘŜ ƭΩŞǾƻƭǳǘƛƻƴ ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ŦƻǎǎŞǎ ŎƻƴǎŞŎǳǘƛǾŜ ŀǳȄ п 

ǇǊƛƴŎƛǇŀƭŜǎ ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ƛΦŜΦΣ ŎǳǊŀƎŜΣ ŦŀǳŎƘŜΣ ŘŞǎƘŜǊōŀƎŜ ŎƘƛƳƛǉǳŜ Ŝǘ brûlis ont été réalisées 

sur un fossé du basǎƛƴ ǾŜǊǎŀƴǘ Řǳ .ƻǳǊŘƛŎΦ [Ŝ ǎƛǘŜ ŜȄǇŞǊƛƳŜƴǘŀƭ Ŝǎǘ ǎƛǘǳŞ ǎǳǊ ƭŀ ŎƻƳƳǳƴŜ ŘΩ!ƭƛƎƴŀƴ-

du-±Ŝƴǘ όпоϲрΩ bƻǊŘΣ  оϲоΩ 9ǎǘύΣ Ł ŜƴǾƛǊƻƴ н ƪƳ ŘŜ ƭΩŜȄǳǘƻƛǊŜ Řǳ ōŀǎǎƛƴ ǾŜǊǎŀƴǘ ŘŜ wƻǳƧŀƴΦ [Ŝ ŦƻǎǎŞΣ ŘŜ 

120 m environ, a été divisé en 4 sections ou « motifs », chacun comprenant 5 quadrats de 4 m de 

long séparés chacun par des bandes tampon non-entretenues de 2 m de long (Fig. 2.1). Le premier 

quadrat de chaque motif est un quadrat témoin, non entretenu. Les quadrats suivants sont, 

respectivement, curés, fauchés, brûlés et déshŜǊōŞǎ ŎƘƛƳƛǉǳŜƳŜƴǘ ŘŜ ƭΩŀƳƻƴǘ ǾŜǊǎ ƭΩŀǾŀƭ ǇƻǳǊ 

chaque motif. Le fossé a une largeur inférieure moyenne de 64 cm, une largeur supérieure moyenne 

de 160 cm et une profondeur de 54 cm. 

[ŀ ǇǊŜƳƛŝǊŜ ŎŀƳǇŀƎƴŜ ŘΩŜƴǘǊŜǘƛŜƴ ŀ ŘŞōǳǘŞ Ŝƴ ŀǾǊƛƭ нлмр ŀǾŜŎ ƭŜ brûlis et le désherbage chimique. 

Le curage a, lui, été échelonné entre avril et début mai 2015 en raison des conditions locales 

ŘΩƘǳƳƛŘƛǘŞ ǘǊŝǎ ŘƛŦŦŞǊŜƴǘŜǎ ǎŜƭƻƴ ƭŜǎ ƳƻǘƛŦǎΦ [ŀ ŦŀǳŎƘŜ ŀ ŞǘŞ ǊŞŀƭƛǎŞŜ ŘŞōǳǘ Ƨǳƛƴ Ǉǳƛǎ Ł ƴƻǳǾŜŀǳ Ŝƴ 

septembre 2015. La deuxième campagne ŘΩŜƴǘǊŜǘƛŜƴ ŀΣ ǉǳŀƴǘ Ł ŜƭƭŜΣ ŘŞōǳǘŞ Ŝƴ ŦŞǾǊƛŜǊ нлмс ŀǾŜŎ ƭŜ 

brûlƛǎ Ŝǘ ǎΩŜǎǘ ǇƻǳǊǎǳƛǾƛŜ Ŝƴ ŀǾǊƛƭ ŀǾŜŎ ƭŜ ŘŞǎƘŜǊōŀƎŜ ŎƘƛƳƛǉǳŜΦ 

5ŜǳȄ ǇǳƛǘǎΣ ƭΩǳƴ ǎƛǘǳŞ ŘƛǊŜŎǘŜƳŜƴǘ Ł ƭΩŀƳƻƴǘ Řǳ ŦƻǎǎŞ Ŝǘ ƭΩŀǳǘǊŜ ŜƴǾƛǊƻƴ млл Ƴ Ŝƴ ŀǾŀƭΣ ǇŜǊƳŜǘǘŜƴǘ ŘŜ 

suivre les fluctuations du niǾŜŀǳ ŘŜ ƭŀ ƴŀǇǇŜΦ tŀǊ ŀƛƭƭŜǳǊǎΣ ƭŜ ǎƛǘŜ Ŝǎǘ ŞǉǳƛǇŞ ŘΩǳƴŜ ŎŀƴƴŜ 

ƭƛƳƴƛƳŞǘǊƛǉǳŜ ǉǳƛ ŜƴǊŜƎƛǎǘǊŜ ƭŜǎ ŦƭǳŎǘǳŀǘƛƻƴǎ Řǳ ƴƛǾŜŀǳ ŘΩŜŀǳ Řŀƴǎ ƭŜ ŦƻǎǎŞ ŀǾŜŎ ǳƴ Ǉŀǎ ŘŜ ǘŜƳǇǎ 

ŘΩǳƴŜ ƘŜǳǊŜΦ 
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Figure 2.1 Υ 5ƛǎǇƻǎƛǘƛŦ ŜȄǇŞǊƛƳŜƴǘŀƭ ŘŜ ǎǳƛǾƛ ŘŜ ƭΩŞǾƻƭǳǘƛƻƴ ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ fossés post-entretien. 

Chaque motif est un ensemble de 5 quadrats de 4 m séparés par une bande tampon non entretenue 

ŘŜ н ƳΦ [ΩƻǊŘǊŜ ŀƳƻƴǘ-aval des quadrats est le suivant : témoins non entretenus (QT), curage (QC), 

fauche (QF), brûlis (QB) et désherbage chimique (QD). 

 

 

2.2.2 Méthodes de suivis des propriétés des fossés 

 

2.2.2.1. Suivi des états de surface 

[ΩŞǾƻƭǳǘƛƻƴ ŘŜǎ Şǘŀǘǎ ŘŜ ǎǳǊŦŀŎŜ ŀ ŞǘŞ ǎǳƛǾƛŜ ǎǳǊ ƭŜǎ ŘƛŦŦŞǊŜƴǘǎ ǉǳŀŘǊŀǘǎ ŘŜ ƳŀƴƛŝǊŜ ǉǳŀƭƛǘŀǘƛǾŜ ǎŜƭƻƴ 

ƭŀ ƳŞǘƘƻŘŜ ŘΩƻōǎŜǊǾŀǘƛƻƴ ŘŜǎ Şǘŀǘǎ ŘŜ ǎǳǊŦŀŎŜ ŘŞǾŜƭƻppée dans le cadre du projet FIP (Bailly et al., 

2015). Cette méthodologie consiste à mesurer les caractéristiques morphologiques sur un profil type 

du fossé considéré et à apprécier visuellement les caractéristiques fonctionnelles sur un tronçon de 5 

Ƴ ƧǳƎŞ ǊŜǇǊŞǎŜƴǘŀǘƛŦ ŘΩŀǳ Ƴƻƛƴǎ ул ҈ Řǳ ōƛŜŦΦ пп ǾŀǊƛŀōƭŜǎ ǎƻƴǘ ŀƛƴǎƛ ŜǎǘƛƳŞŜǎ Ŝǘ ǊŜƴǎŜƛƎƴŞŜǎ Řŀƴǎ 

ǳƴŜ ƎǊƛƭƭŜ ŘΩƻōǎŜǊǾŀǘƛƻƴ όAnnexe A) et parmi elles, le taux de recouvrement par la végétation et par la 

litière, la hauteur de végétation et de litière, le type principal de litière (feuilles mortes, résidus de 

fauche, fragments végétaux plus ou moins décomposés) et la présence/absence de cendres.  

5Ŝǎ ŎŀƳǇŀƎƴŜǎ ŘΩƻōǎŜǊǾŀǘƛƻƴ ŘŜǎ Şǘŀǘǎ ŘŜ ǎǳǊŦŀŎŜ ƻƴǘ ŞǘŞ ǊŞŀƭƛǎŞŜǎ ŀǾŜŎ ǳƴ Ǉŀǎ ŘŜ ǘŜƳǇǎ ŘŜ м5 jours 

pendant la période de croissance végétale dense c.à.d. entre avril et juillet puis avec un pas de temps 

ŘŜ м Ƴƻƛǎ ƭŜ ǊŜǎǘŜ ŘŜ ƭΩŀƴƴŞŜΦ 19 campagnes ont ainsi été menées entre avril 2015 et mai 2016. 
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2.2.2.2. Suivi des propriétés des sols 

 

Propriétés physico-chimiques des horizons de sol 

Afin de caractériser les propriétés des différents horizons de sols du fond du fossé, des petites fosses 

de 50 cm de large et 50 cm de profondeur ont été excavées dans le fond du fossé sur les témoins de 

chacun des 4 motifs début juillet 2015. La description des profils de sols a permis de délimiter, par 

ŘƛǊŜǎ ŘΩŜȄǇŜǊǘ όŎƻƳƳǳƴƛŎŀǘƛƻƴ ǇŜǊǎƻƴƴŜƭƭŜΣ DΦ /ƻǳƭƻǳƳŀύΣ р ƘƻǊƛȊƻƴǎ ŘƛǎǘƛƴŎǘǎ ǇƻǳǊ ƭŜǎ ƳƻǘƛŦǎ ƴϲ мΣ н 

et 4 ainsi que 6 horizons pour le motif n°3. Les caractéristiques structurales et morphologiques de ces 

horizons de sol sont décrites dans le tableau 2.1.  

5Ŝǎ ǇǊŞƭŝǾŜƳŜƴǘǎ ŘΩŜƴǾƛǊƻƴ рлл Ǝ ŘŜ ǎƻƭ ƻƴǘ ŞǘŞ ŜŦŦŜŎǘǳŞǎ Řŀƴǎ ƭŜǎ п ǇǊŜƳƛŜǊǎ ƘƻǊƛȊƻƴǎ ŘŜǎ ƳƻǘƛŦǎ ƴϲ 

мΣ н Ŝǘ п ŀƛƴǎƛ ǉǳŜ Řŀƴǎ ƭŜǎ с ƘƻǊƛȊƻƴǎ Řǳ ƳƻǘƛŦ ƴϲ о ŀŦƛƴ ŘΩŜƴ ŀƴŀƭȅǎŜr les propriétés physico-

chimiques. La granulométrie, la teneur en carbone organique, en azote, en carbone total et en 

ŎŀƭŎŀƛǊŜΣ ƭŜ ǇI Ŝǘ ƭŀ ŎŀǇŀŎƛǘŞ ŘΩŞŎƘŀƴƎŜ ŎŀǘƛƻƴƛǉǳŜ ό/9/ύ ŘŜ ŎŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎ ƻƴǘ ŞǘŞ ŀƴŀƭȅǎŞǎΣ ŀǾŜŎ 

des méthodes normalisées, par le labƻǊŀǘƻƛǊŜ ŘΩŀƴŀƭȅǎŜ ŘŜǎ ǎƻƭǎ ŘŜ ƭΩLbw! ŘΩ!ǊǊŀǎΦ 

Les propriétés physico-ŎƘƛƳƛǉǳŜǎ ŘŜ ƭΩƘƻǊƛȊƻƴ ŘŜ ǎǳǊŦŀŎŜ Řǳ ǎƻƭ ǎƻƴǘ ǎǳǎŎŜǇǘƛōƭŜǎ ŘΩŞǾƻƭǳŜǊ ǎŜƭƻƴ ƭŜǎ 

ŎȅŎƭŜǎ ŘŜ ǎŞŘƛƳŜƴǘŀǘƛƻƴκǊŜƳƻōƛƭƛǎŀǘƛƻƴ ƭƻǊǎ ŘŜǎ ŎǊǳŜǎ ǎǳŎŎŜǎǎƛǾŜǎ ŀƛƴǎƛ ǉǳŜ ǇŀǊ ƭΩŀŎǘƛƻƴ ŘŜǎ 

différentes moŘŀƭƛǘŞǎ ŘΩŜƴǘǊŜǘƛŜƴΦ tƻǳǊ ŞǘǳŘƛŜǊ ŎŜǘǘŜ ŞǾƻƭǳǘƛƻƴ ǇƻǘŜƴǘƛŜƭƭŜ ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ǎƻƭǎ ŘŜ 

surface, une deuxième série de prélèvements a été effectuée sur chacun des quadrats entre 0 et 

2 cm de profondeur, environ 9 mois après le premier prélèvement. La même ǎŞǊƛŜ ŘΩŀƴŀƭȅǎŜǎ ŀ ŞǘŞ 

ŎƻƴŘǳƛǘŜ ǎǳǊ ŎŜǘǘŜ ǎŞǊƛŜ ŘΩŞŎƘŀƴǘƛƭƭƻƴǎ ǉǳŜ ǎǳǊ ƭŀ ǇǊŜƳƛŝǊŜΦ 

Des mesures de densité ont également été effectuées dans les 5 premiers centimètres de sol de 

ŎƘŀŎǳƴ ŘŜǎ ǉǳŀŘǊŀǘǎΦ [Ŝǎ ǇǊŞƭŝǾŜƳŜƴǘǎ ŘŜ ǎƻƭ ƻƴǘ ŞǘŞ ŜŦŦŜŎǘǳŞǎ Ł ƭΩŀƛŘŜ ŘŜ ŎȅƭƛƴŘǊŜǎ ŘΩǳƴ ǾƻƭǳƳŜ ŘŜ 

100 cm3 puis les échantillons séchés 24 h à 105°C. La densité est alors définie comme le rapport de la 

masse de sol sec sur le volume de sol. 
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Tableau 2.1 : Structure et description des horizons de sols  

Horizon 
Profondeur 

(cm) 
Structure Description 

Motif  1 H1 0 ς 2 continue 10% de cailloux, nombreux résidus végétaux, irrégulièrement très poreux 

H2 2 ς 20 polyédrique sub-anguleuse, sous-structure 

particulaire 

très poreux, nombreux turricules, éléments grossiers faibles (5%) 

H3 20 ς 35 grenue très fine nombreux turiculles très fins, très nombreuses racines 

H4 35 ς 40 - éléments grossiers > 50 % 

H5 40 ς 50 polyédrique sub-anguleuse ƴƻƳōǊŜǳǎŜǎ ǘŃŎƘŜǎ ŘΩƘȅŘǊƻƳƻǊǇƘƛŜΣ ǇǊŞǎŜƴŎŜ ŘŜ ǇƻŎƘŜǎ ŘŜ ǎŀōƭŜ 

Motif  2 H1 0 ς 5 continue, polyédrique sub-anguleuse par 

endroits 

ŦƛǎǎǳǊŜ ŘŜ м Ł мΦр ŎƳ ŘŜ ƭŀǊƎŜΣ ǘǊŝǎ ǇŜǳ ŘΩŞƭŞƳŜƴǘǎ ƎǊƻǎǎƛŜǊǎ όғр҈ύ 

H2 5 ς 20 polyédrique sub-anguleuse 1cm poreux, résidus de brûlis par endroit, éléments grossiers <5% 

H3 20 ς 30 polyédrique sub-anguleuse 1cm poreux, tâŎƘŜǎ ŘΩƘȅŘǊƻƳƻǊǇƘƛŜΣ ŞƭŞƳŜƴǘǎ ƎǊƻǎǎƛŜǊǎ ғр҈ 

H4 30 ς 38 polyédrique sub-anguleuse très peu nette 0,5 cm ǇƻǊŜǳȄΣ ǘŃŎƘŜǎ ŘΩƘȅŘǊƻƳƻǊǇƘƛŜΣ р҈ ŘΩŞƭŞƳŜƴǘǎ ƎǊƻǎǎƛŜǊǎ 

H5 38 ς 50 - horizon très caillouteux, graviers abondants, calcaires 

Motif  3 H1 0 ς 3 continue beaucoup de petites racines 

H2 3 ς 15 polyédrique sub-anguleuse très poreux, beaucoup de petites racines 

H3 15 ς 25 litée alternance de lits, très granuleux, peu de racines, très poreux 

H4 25 ς 35 litée poreux, nombreuses racines (vigne) 

H5 35 ς 43 polyédrique sub-anguleuse très poreux 

H6 43 ς 50 polyédrique sub-anguleuse ǉǳŜƭǉǳŜǎ ǘŃŎƘŜǎ ŘΩƘȅŘǊƻƳƻǊǇƘƛŜ 

Motif  4 H1 0 ς 3 continue, litage ponctuel  

H2 3 ς 27 polyédrique sub-anguleuse très poreux, beaucoup de petites racines, nombreuses mottes irrégulières 

H3 27 ς 40 litée très poreux, litage irrégulier décalé vers la gauche 

H4 40 ς 48 granuleuse très poreux 

H5 48 ς 50 granuleuse très poreux, granites et cailloux abondants, très dur 
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Figure 2.9 : Profils de sol des 4 motifs du fossé décriǘǎ Ŝƴ ƧǳƛƭƭŜǘ нлмр ŀǳ ŘŞōǳǘ ŘŜǎ ŜȄǇŞǊƛƳŜƴǘŀǘƛƻƴǎ ŘΩŜƴǘǊŜǘƛŜƴΦ 



2.2 Matériel et méthodes 

 
 

74 
 

Conductivité hydraulique à saturation 

Des mesures de conductivité hydraulique à saturation (Ksat) ont été conduites en avril 2016 dans la 

zone non entretenue située entre le motif n° 1 et le motif n°2 (Fig. 2.1). Les mesures ont été réalisées 

par la méthode automatisée des doubles anneaux de Müntz (Fig. 2.2) (Garnier et Elamri, 2014). Ces 

ƳŜǎǳǊŜǎ ƴΩƻƴǘ Ǉŀǎ ŞǘŞ ǊŞŀƭƛǎŞŜǎ ǎǳǊ ƭŜǎ ŘƛŦŦŞǊŜƴǘǎ ǉǳŀŘǊŀǘǎΣ ōƛŜƴ ǉǳŜ ƭŜǎ ŘƛŦŦŞǊŜƴtes pratiques 

ŘΩŜƴǘǊŜǘƛŜƴ ǎƻƛŜƴǘ ǎǳǎŎŜǇǘƛōƭŜǎ ŘŜ ƳƻŘǳƭŜǊ ƭŀ ŎƻƴŘǳŎǘƛǾƛǘŞ ƘȅŘǊŀǳƭƛǉǳŜ Ł ǎŀǘǳǊŀǘƛƻƴΣ ŀŦƛƴ ŘŜ ƴŜ Ǉŀǎ 

ǇŜǊǘǳǊōŜǊ ƭŜ ǎǳƛǾƛ ŘŜ ƭΩŞǾƻƭǳǘƛƻƴ ŘŜǎ Şǘŀǘǎ ŘŜ ǎǳǊŦŀŎŜΦ 

 

Figure 2.2 : Mesure de la conductivité hydraulique à saturation par la méthode automatisée des 

doubles anneaux de Müntz. 

 

aŀŎǊƻǇƻǊƻǎƛǘŞ Ŝǘ ǾƻƛŜǎ ŘΩŞŎƻǳƭŜƳŜƴǘ ŘŜ ƭΩŜŀǳ 

[ŀ ƳŀŎǊƻǇƻǊƻǎƛǘŞ Ŝǘ ƭŜǎ ǾƻƛŜǎ ŘΩŞŎƻǳƭŜƳŜƴǘ ŘŜ ƭΩŜŀǳ Řŀƴǎ ƭŜǎ ƘƻǊƛȊƻƴǎ ŘŜ ǎƻƭ Řǳ ŦƻƴŘ ŘŜ ŦƻǎǎŞǎ ƻƴǘ 

été caractérisées in-situ par colorimétrie. Pour cela, un cadre en acier de 30 x 40 cm est enfoncé de 

ǉǳŜƭǉǳŜǎ ŎŜƴǘƛƳŝǘǊŜǎ Řŀƴǎ ƭŜ ŦƻƴŘ Řǳ ŦƻǎǎŞ όCƛƎΦ нΦоύΦ нл [ ŘΩǳƴŜ ǎƻƭǳǘƛƻƴ ŘŜ ŎƻƭƻǊŀƴǘ 

(Sulforhodamine B) à la concentration de 1 g l-1 est alors injectée dans le cadre avec une charge 

ŎƻƴǎǘŀƴǘŜ ŘŜ о ŎƳΦ ¦ƴŜ Ŧƻƛǎ ƭΩƛƴŦƛƭǘǊŀǘƛƻƴ achevée et la flaque ressuyée, un guide fixe est placé le long 

du cadre, cadre qui est ensuite retiré. Une fosse de 1 m de long sur 40 cm de large et 45 cm de 
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ǇǊƻŦƻƴŘŜǳǊ Ŝǎǘ ŜƴǎǳƛǘŜ ŜȄŎŀǾŞŜ Ŝƴ ŀǾŀƭ ŘŜ ƭŀ ȊƻƴŜ ŘΩƛƴŦƛƭǘǊŀǘƛƻƴ Ŝǘ ƧǳǎǉǳΩŁ ǎŀ ƭƛƳƛǘŜΦ ¦ƴŜ Ŧƻƛǎ ƭe profil 

mis à niveau, perpendiculairement au fond du fossé, un cadre de 30 cm de large et 40 cm de 

profondeur, gradué et étiqueté, est placé sur le profil pour délimiter la zone de prise de vue. Un 

appareil photo grand angle à objectif 24 mm est placé dans la fosse à une distance de 65 cm et à 

environ mi-hauteur du profil. Une première série de prise de vues est alors réalisée. Une tente 

opaque placée au-ŘŜǎǎǳǎ Řǳ ŦƻǎǎŞΣ ǇŜǊƳŜǘ ŘΩƻōǘŜƴƛǊ ǳƴ ƻƳōǊŀƎŜ ƘƻƳƻƎŝƴŜ ƭƻǊǎ ŘŜǎ ǇǊƛǎŜǎ ŘŜ ǾǳŜǎΦ 

[ΩŞŎƭŀƛǊŀƎŜΣ ƘƻƳƻƎŝƴŜΣ Ŝst réalisé grâce à deux rampes de leds (Falcon Eyes torche LED, Lovinpix) 

ǇƭŀŎŞŜǎ ŘŜ ǇŀǊǘ Ŝǘ ŘΩŀǳǘǊŜ ŘŜ ƭΩŀǇǇŀǊŜƛƭ ǇƘƻǘƻΦ ! ƭΩƛǎǎǳŜ ŘŜ ƭŀ ǇǊŜƳƛŝǊŜ ǎŞǊƛŜ ŘŜ ǇƘƻǘƻǎΣ ƭŜ ǇǊƻŦƛƭ Ŝǎǘ 

ŘŞŎŀƛǎǎŞ ŘŜ мл ŎƳ ǇƻǳǊ ǳƴŜ ƴƻǳǾŜƭƭŜ ǎŞǊƛŜ ŘŜ ǇǊƛǎŜǎ ŘŜ ǾǳŜǎΦ ¢ƻǳǘŜ ƭŀ ȊƻƴŜ ŘΩƛnfiltration est ainsi 

ǇƘƻǘƻƎǊŀǇƘƛŞŜ ǇŀǊ ǘǊŀƴŎƘŜǎ ŘŜ мл ŎƳ ǎŜƭƻƴ ƭΩŀȄŜ ƭƻƴƎƛǘǳŘƛƴŀƭ Řǳ ŦƻǎǎŞ ǎƻƛǘ о ƛƳŀƎŜǎ ǇŀǊ ȊƻƴŜΦ 

[Ŝǎ ƛƳŀƎŜǎ ōǊǳǘŜǎ ŀǳ ŦƻǊƳŀǘ b9C ǎƻƴǘ ǇǊŞǘǊŀƛǘŞŜǎ Ł ƭΩŀƛŘŜ Řǳ ƭƻƎƛŎƛŜƭ bƛƪƻƴ /ŀǇǘǳǊŜ b·н ǉǳƛ ǇŜǊƳŜǘ 

de corriger la balance des blancs et la saturation des couleurs. La distorsion des images est corrigée à 

ƭΩŀƛŘŜ Řǳ ƭƻƎƛŎƛŜƭ tƘƻǘƻǎƘƻǇΦ [Ŝǎ ǇƘƻǘƻǎ ǎƻƴǘ ŜƴǎǳƛǘŜ ƳŀǎǉǳŞŜǎ ǇƻǳǊ ƴŜ ƎŀǊŘŜǊ ǉǳŜ ƭŀ ȊƻƴŜ 

correspondant au cadre puis transformées en format jpeg.  

 

 

Figure 2.3 : Caractérisation de la macropƻǊƻǎƛǘŞ Ŝǘ ŘŜǎ ǾƻƛŜǎ ŘΩŞŎƻǳƭŜƳŜƴǘ Řŀƴǎ ƭŜǎ ǎƻƭǎ ŘŜ ŦƻƴŘ ŘŜ 

fossé. A : infiltration de colorant dans un cadre en acier de 30 x 40 cm. B : ressuyage de la flaque. C : 

ŜȄŎŀǾŀǘƛƻƴ Ŝƴ ŀǾŀƭ ŘŜ ƭŀ ȊƻƴŜ ŘΩƛƴŦƛƭǘǊŀǘƛƻƴ Ŝǘ  ƳƛǎŜ Ŝƴ ǇƭŀŎŜ ŘΩǳƴ ƎǳƛŘŜ Ŝƴ ǎǳǊŦŀŎŜΦ 5 : mise en place 

du cadre de prise de vue. E Υ ǘŜƴǘŜ ŘΩƻƳōǊŀƎŜ ǇƻǳǊ ƭŜǎ ǇǊƛǎŜǎ ŘŜ ǾǳŜǎΦ C : prise de vue du profil 

ŘΩƛƴŦƛƭǘǊŀǘƛƻƴΦ 
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Une première campagne de colorimétrie a été réalisée en juillet 2015 sur les bandes tampons 

séparant les témoins des quadrats curés pour chacun des 4 motifs. Ces images sont une référence de 

la macroporosité initiale sur chacun des motifs. Afin de détecter un changement potentiellement 

ǎƛƎƴƛŦƛŎŀǘƛŦ ŘŜ ƭŀ ƳŀŎǊƻǇƻǊƻǎƛǘŞ Řǳ ǎƻƭ ƛƴŘǳƛǘ ǇŀǊ ƭŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴΣ ǳƴŜ ŘŜǳȄième 

ŎŀƳǇŀƎƴŜ ŀ ŞǘŞ ǊŞŀƭƛǎŞŜ Ŝƴ Ƨǳƛƴ нлмс ǎǳǊ п ǉǳŀŘǊŀǘǎ ǊŜǇǊŞǎŜƴǘŀƴǘ ƭŜǎ п ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴ 

ǊŜǎǇŜŎǘƛǾŜƳŜƴǘΣ ŎƘŀŎǳƴ ǘƛǊŞ ŀƭŞŀǘƻƛǊŜƳŜƴǘ Ŝǘ ƛǎǎǳ ŘΩǳƴ ƳƻǘƛŦ ŘƛŦŦŞǊŜƴǘΣ ŀƛƴǎƛ ǉǳŜ ǎǳǊ ƭŜǎ ǘŞƳƻƛƴǎ ŘŜ 

ŎƘŀǉǳŜ ƳƻǘƛŦΦ /Ŝǎ ŘŜǳȄƛŝƳŜǎ ǘŜǎǘǎ ŘΩƛƴŦƛƭǘǊŀǘƛƻƴ ƻƴǘ ŀƛƴǎi été réalisés sur le motif N°1 pour le brûlis, 

sur le motif N°2 pour le désherbage chimique, sur le motif N°3 pour la fauche et sur le motif N°4 pour 

le curage. 

 

 

2.3  Résultats et discussion 

 

2.3.1 Evolution des états de surface 

 

Au début des expérimentations en ŀǾǊƛƭ нлмрΣ ƭΩŜƳǇǊƛǎŜ ŘŜ ƭŀ ǾŞƎŞǘŀǘƛƻƴ ǎǳǊ ƭΩŜƴǎŜƳōƭŜ ŘŜǎ ǉǳŀŘǊŀǘǎ 

était très homogène et relativement faible avec un taux de recouvrement de 30 %. La végétation y 

Şǘŀƛǘ ǇŜǳ ŘŜƴǎŜ Ŝǘ ǊŜƭŀǘƛǾŜƳŜƴǘ ǊŀǎŜΦ tŀǊ ŀƛƭƭŜǳǊǎΣ ƛƭ ƴΩȅ ŀǾŀƛǘ Ǉŀǎ ŘŜ ƭƛǘƛŝǊŜ ƴƛ ŘŜ ŎŜƴŘǊes sur 

ƭΩŜƴǎŜƳōƭŜ ŘŜǎ ǉǳŀŘǊŀǘǎΦ 

Sur les quadrats témoins non-ŜƴǘǊŜǘŜƴǳǎΣ ƭŀ ǾŞƎŞǘŀǘƛƻƴ ŀ ǇǊƻƎǊŜǎǎƛǾŜƳŜƴǘ ǊŜŎƻƭƻƴƛǎŞ ƭΩŜƴǎŜƳōƭŜ ŘŜ 

ƭŀ ǎǳǊŦŀŎŜ ŘŜǎ ǉǳŀŘǊŀǘǎ ǇŜƴŘŀƴǘ ƭŜǎ Ƴƻƛǎ ŘŜ ǇǊƛƴǘŜƳǇǎ Ŝǘ ŘΩŞǘŞ όCƛƎΦ нΦпύΦ [Ŝ ǊŜŎƻǳǾǊŜƳŜƴǘ ǘƻǘŀƭ ǇŀǊ 

la végétation a été atteiƴǘ ǾŜǊǎ ƭŜ Ƴƻƛǎ ŘŜ ǎŜǇǘŜƳōǊŜ ǇƻǳǊ ƭΩŜƴǎŜƳōƭŜ ŘŜǎ ǉǳŀŘǊŀǘǎ ǘŞƳƻƛƴǎ Ŝǘ 

ƳŀƛƴǘŜƴǳ ǇŜƴŘŀƴǘ ƭŜǎ Ƴƻƛǎ ŘΩŀǳǘƻƳƴŜΦ ! ǇŀǊǘƛǊ Řǳ Ƴƻƛǎ ŘŜ ŘŞŎŜƳōǊŜΣ ǳƴŜ ŘŞǇǊƛǎŜ ǇǊƻƎǊŜǎǎƛǾŜ ŘŜ ƭŀ 

ǾŞƎŞǘŀǘƛƻƴ ŀ ŞǘŞ ƻōǎŜǊǾŞŜ ƧǳǎǉǳΩŀǳ Ƴƻƛǎ ŘΩŀǾǊƛƭ нлмс ŀǾŜŎ ŘŜǎ ǘŀǳȄ ŘŜ ǊŜŎƻǳǾǊŜƳŜƴǘ Ŝǘ ŘŜǎ densités 

de végétation, cependant, supérieurs à ceux observés au début des expérimentations. Si la 

recolonisation de la surface a été progressive, la croissance et la densification de la végétation en 

place ont, elles été très rapides. Par ailleurs, les couches de litières observées sur ces quadrats 

ŞǘŀƛŜƴǘ ǘǊŝǎ ŦŀƛōƭŜǎ ƧǳǎǉǳΩŀǳ Ƴƻƛǎ ŘŜ ŘŞŎŜƳōǊŜΣ Ł ƭŀ ǎǳƛǘŜ ŘǳǉǳŜƭΣ ƭŀ ǎŜƴŜǎŎŜƴŎŜ ǇǊƻƎǊŜǎǎƛǾŜ ŘŜ ƭŀ 

végétation vivante a généré quelques minces apports (Fig. 2.4). Les principaux apports de litières sur 

ces quadrŀǘǎ ƻƴǘ ǊŞǎǳƭǘŞ ŘŜ ƭΩŀŎŎǳƳǳƭŀǘƛƻƴ ŘŜ ŦŜǳƛƭƭŜǎ ƳƻǊǘŜǎ ǇǊƻǾŜƴŀƴǘ ŘŜǎ ŎǳƭǘǳǊŜǎ ŘŜ ǾƛƎƴŜǎ 

avoisinant le fossé au cours des mois de janvier et février. La quantité de feuilles mortes collectées 
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par les différents quadrats était très hétérogène en raison de leur orientation différente par rapport 

à la direction des vents dominants (Fig. 2.1 et 2.4). Les quadrats des motifs 2, 3 et 4 ont ainsi collecté 

ƭŀ ǇƭǳǇŀǊǘ ŘŜ ŎŜǘǘŜ ƭƛǘƛŝǊŜ ŀƭƻǊǎ ǉǳŜ ƭŜ ǉǳŀŘǊŀǘ ǘŞƳƻƛƴ Řǳ ƳƻǘƛŦ м ƴΩŜƴ ŀ ǇǊŜǎǉǳŜ Ǉŀǎ ŎƻƭƭŜŎǘŞΦ [ŀ 

décroissance pǊƻƎǊŜǎǎƛǾŜ ŘŜ ƭΩŞǇŀƛǎǎŜǳǊ ŘŜ ƭŀ ŎƻǳŎƘŜ ŘŜ ƭƛǘƛŝǊŜ ǊŞǎǳƭǘŜ ŘΩǳƴŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ 

ǇǊƻƎǊŜǎǎƛǾŜ Ƴŀƛǎ ŞƎŀƭŜƳŜƴǘ ŘΩǳƴ ǘŀǎǎŜƳŜƴǘ ƛƴŘǳƛǘ ǇŀǊ ƭŜǎ ŎǊǳŜǎ ǎǳŎŎŜǎǎƛǾŜǎΦ 

Sur les quadrats curés, la reprise de la colonisation par la végétation à la suite des opérations de 

ŎǳǊŀƎŜ ŀ ŞǘŞ ǘǊŝǎ ǇǊƻƎǊŜǎǎƛǾŜ ǘƻǳǘ ŀǳ ƭƻƴƎ ŘŜ ƭΩŀƴƴŞŜ ǎǳƛǾŀƴǘŜ όCƛƎΦ нΦрύΦ [ŀ ǾŞƎŞǘŀǘƛƻƴ ȅ Ŝǎǘ ǊŜǎǘŞŜ 

ǊŜƭŀǘƛǾŜƳŜƴǘ ǊŀǎŜ Ŝǘ ǇŜǳ ŘŜƴǎŜΦ [ŀ ŦŀƛōƭŜ ǎŜƴŜǎŎŜƴŎŜ ŘŜ ƭŀ ǾŞƎŞǘŀǘƛƻƴ ŀǳ ŎƻǳǊǎ ŘŜǎ Ƴƻƛǎ ŘΩƘƛǾŜǊ ƴΩŀ  

généré que de faibles apports de litières. Ainsi, touǘ ŎƻƳƳŜ ǎǳǊ ƭŜǎ ǉǳŀŘǊŀǘǎ ǘŞƳƻƛƴǎΣ ƭΩŜǎǎŜƴǘƛŜƭ ŘŜǎ 

apports de litière ont été constitués par la collecte de feuilles mortes des vignes avoisinantes. Ces 

ŀǇǇƻǊǘǎ ŞǘŀƛŜƴǘ ŞƎŀƭŜƳŜƴǘ ǘǊŝǎ ƘŞǘŞǊƻƎŝƴŜǎ ǎŜƭƻƴ ƭŜǎ ƳƻǘƛŦǎ Ŝǘ ǳƴŜ ŘŞŎǊƻƛǎǎŀƴŎŜ ŘŜ ƭΩŞǇŀƛǎǎŜǳǊ ŘŜ ƭŀ 

couche de litière identique à celle des quadrats témoins a été observée (Fig. 2.5). 

Pour les quadrats fauchésΣ ƭŀ ǊŜǇǊƛǎŜ ŘŜ ƭŀ ǾŞƎŞǘŀǘƛƻƴ ǎǳƛǘŜ ŀǳȄ ƻǇŞǊŀǘƛƻƴǎ ŘΩŜƴǘǊŜǘƛŜƴ ŀ ŞǘŞ ǘǊŝǎ 

rapide et associée à une densification et une croissance également très rapides notamment à la suite 

de la première opération de fauche (Fig. 2.6). Chacune des opérations de fauche a généré des 

ŀǇǇƻǊǘǎ ŎƻƴǎŞǉǳŜƴǘǎ ŘŜ ƭƛǘƛŝǊŜ ǉǳƛ ƻƴǘ ŞƎŀƭŜƳŜƴǘ ŞǘŞ ŎƻƳǇƭŞǘŞǎ ŀǳ ŎƻǳǊǎ ŘŜ ƭΩƘƛǾŜǊ ǇŀǊ ƭŀ ŎƻƭƭŜŎǘŜ ŘŜ 

feuilles mortes. Les quadrats fauchés ont ainsi été partiellement ou totalement recouverts tout au 

ƭƻƴƎ ŘŜ ƭΩŀƴƴŞŜ ǇŀǊ ǳƴŜ ŎƻǳŎƘŜ Ǉƭǳǎ ƻǳ Ƴƻƛƴǎ ŞǇŀƛǎǎŜ ŘŜ ƭƛǘƛŝǊŜΦ 

Sur les quadrats brûlés, la reprise de la colonisation par la végétation à la suite des opérations de 

brûlis a été très progressƛǾŜ ǘƻǳǘ ŀǳ ƭƻƴƎ ŘŜ ƭΩŀƴƴŞŜ ǎǳƛǾŀƴǘŜ Ƴŀƛǎ ŀǎǎƻŎƛŞŜ Ł ǳƴŜ ŎǊƻƛǎǎŀƴŎŜ Ŝǘ 

densification très rapide de la végétation en place (Fig. 2.7). Sur ces quadrats la couche de litière est 

ǊŜǎǘŞŜ ǘǊŝǎ ŦŀƛōƭŜ ǾƻƛǊŜ ƛƴŜȄƛǎǘŀƴǘŜ ƧǳǎǉǳΩŀǳ Ƴƻƛǎ ŘŜ ƧŀƴǾƛŜǊ ƻǴ ƭŀ ŎƻƭƭŜŎǘŜ ŘŜs feuilles mortes a généré 

des apports conséquents mais très hétérogènes. Cette litière a été totalement élimée en février 2016 

par la seconde opération de brûlis (Fig. 2.7). Les cendres issues du premier brûlis ont recouvert le 

ŦƻƴŘ ŘŜǎ ǉǳŀŘǊŀǘǎ ƧǳǎǉǳΩŀǳ Ƴƻƛǎ ŘΩŀƻǶǘ Ǉǳƛǎ ǎŜ ǎƻƴǘ ǇŜǳ Ł ǇŜǳ ŘƛǎǎƛǇŞŜǎΦ ¦ƴŜ ƎǊŀƴŘŜ ǇŀǊǘƛŜ ŘŜ ŎŜǎ 

ŎŜƴŘǊŜǎ ƴΩƻƴǘ Ǉŀǎ ŞǘŞ ŜƳƳŜƴŞŜǎ ǇŀǊ ƭŜǎ ŎǊǳŜǎ ǎǳŎŎŜǎǎƛǾŜǎ Ƴŀƛǎ ƻƴǘ ŞǘŞ ƛƴŦƛƭǘǊŞŜǎ Ŝǘ ƛƴǘŞƎǊŞŜǎ Ł ƭŀ 

couche superficielle de sol. Ceci semble également avoir été le cas des brûlis antérieurs aux 

expérimentations comme en témoignent les lits de cendres observés à différentes profondeur des 

profils de sol (Tableau 2.1). /ŜŎƛ ŀ ŞǘŞ ŎƻƴŦƛǊƳŞ ǇŀǊ ŘŜǎ ƻōǎŜǊǾŀǘƛƻƴǎ ǊŞŀƭƛǎŞŜǎ ƭƻǊǎ ŘΩŞǾŝƴŜƳŜƴǘǎ ŘŜ 

crue de très faibles intensités, en mai et juin 2015, ayant généré des écoulements uniquement sur le 

ǇǊŜƳƛŜǊ ƳƻǘƛŦΦ ! ƭΩƛǎǎǳŜ ŘŜ ŎŜǎ ŎǊǳŜǎΣ ŀǳŎǳƴŜ ǘǊŀŎŜ ŘŜ ŎŜƴŘǊŜǎ ƴΩŀ Ǉǳ şǘǊŜ ƻōǎŜǊǾŞŜ ǎǳǊ ƭŜ ǉǳŀŘǊŀǘ 

ŘŞǎƘŜǊōŞ ŎƘƛƳƛǉǳŜƳŜƴǘ Ł ƭΩŀǾŀƭ Řǳ ǉǳŀŘǊŀǘ ōǊǶƭŞΦ 
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Figure 2.4 : Evolution sur les quadrats témoins du taux de recouvrement par la végétation (a), de la classe de hauteur de la végétation (b), du taux de 

recouvrement par la litière (cύ Ŝǘ ŘŜ ƭΩŞǇŀƛǎǎŜǳǊ ŘŜ ƭŀ ŎƻǳŎƘŜ ŘŜ ƭƛǘƛŝǊŜ (d). [Ŝǎ ōŀǊǊŜǎ ŘΩŜǊǊŜǳǊ ǊŜǇǊŞǎŜƴǘŜƴǘ ƭŜǎ ŞŎŀǊǘǎ ǘȅǇŜǎΦ 
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Figure 2.5 : Evolution sur les quadrats curés du taux de recouvrement par la végétation (a), de la classe de hauteur de la végétation (b), du taux de 

recouvrement par la litière (cύ Ŝǘ ŘŜ ƭΩŞǇŀƛǎǎŜǳǊ ŘŜ ƭŀ ŎƻǳŎƘŜ ŘŜ ƭƛǘƛŝǊŜ (d). [Ŝǎ ōŀǊǊŜǎ ŘΩŜǊǊŜǳǊ ǊŜǇǊŞǎŜƴǘŜƴǘ ƭŜǎ ŞŎŀǊǘǎ ǘȅǇŜǎΦ [Ŝǎ barres en pointillées rouges 

représentent les opérations de curage. 
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Figure 2.6 : Evolution sur les quadrats fauchés du taux de recouvrement par la végétation (a), de la classe de hauteur de la végétation (b), du taux de 

recouvrement par la litière (c) eǘ ŘŜ ƭΩŞǇŀƛǎǎŜǳǊ ŘŜ ƭŀ ŎƻǳŎƘŜ ŘŜ ƭƛǘƛŝǊŜ (d). [Ŝǎ ōŀǊǊŜǎ ŘΩŜǊǊŜǳǊ ǊŜǇǊŞǎŜƴǘŜƴǘ ƭŜǎ ŞŎŀǊǘǎ ǘȅǇŜǎΦ [Ŝǎ ōŀǊǊŜǎ Ŝƴ ǇƻƛƴǘƛƭƭŞŜǎ ǊƻǳƎŜǎ 

représentent les opérations de fauche. 
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Figure 2.7 : Evolution sur les quadrats brûlés du taux de recouvrement par la végétation (a), de la classe de hauteur de la végétation (b), du taux de 

recouvrement par la litière (cύ Ŝǘ ŘŜ ƭΩŞǇŀƛǎǎŜǳǊ ŘŜ ƭŀ ŎƻǳŎƘŜ ŘŜ ƭƛǘƛŝǊŜ (d). [Ŝǎ ōŀǊǊŜǎ ŘΩŜǊǊŜǳǊ ǊŜǇǊŞǎŜƴǘŜƴǘ ƭŜǎ ŞŎŀǊǘǎ ǘȅǇŜǎΦ [Ŝǎ ōŀǊǊŜǎ Ŝƴ ǇƻƛƴǘƛƭƭŞŜǎ ǊƻǳƎŜǎ 

représentent les opérations de brûlis. 
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Figure 2.8 : Evolution sur les quadrats désherbés chimiquement du taux de recouvrement par la végétation (a), de la classe de hauteur de la végétation 

(b), du taux de recouvrement par la litière (cύ Ŝǘ ŘŜ ƭΩŞǇŀƛǎǎŜǳǊ ŘŜ ƭŀ ŎƻǳŎƘŜ ŘŜ ƭƛǘƛŝǊŜ (d). [Ŝǎ ōŀǊǊŜǎ ŘΩŜǊǊŜǳǊ ǊŜǇǊŞǎŜƴǘŜƴǘ ƭŜǎ ŞŎŀǊǘǎ ǘȅǇŜǎΦ [Ŝǎ ōŀǊǊŜǎ Ŝƴ 

pointillées rouges représentent les opérations de désherbage. 
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Enfin, sur les quadrats désherbés chimiquement, la reprise végétale a été relativement rapide mais 

la végétation est restée ōŀǎǎŜ Ŝǘ ŎƭŀƛǊǎŜƳŞŜ όCƛƎΦ нΦуύΦ [ŀ ǎŜƴŜǎŎŜƴŎŜ ŘŜ ƭŀ ǾŞƎŞǘŀǘƛƻƴ Ł ƭΩƛǎǎǳŜ Řǳ 

ŘŞǎƘŜǊōŀƎŜ ŎƘƛƳƛǉǳŜ ŀ ƎŞƴŞǊŞ ǳƴŜ ŎƻǳŎƘŜ ŘŜ ƭƛǘƛŝǊŜ ǊŜƭŀǘƛǾŜƳŜƴǘ ƛƳǇƻǊǘŀƴǘŜ Ƴŀƛǎ ŘΩŞǇŀƛǎǎŜǳǊ ŦŀƛōƭŜ 

(Fig. 2.8). Tout comme pour les autres quadrats les apports de litière qui ont également été 

ŎƻƳǇƭŞǘŞǎ ŀǳ ŎƻǳǊǎ ŘŜ ƭΩƘƛǾŜǊ ǇŀǊ ƭŀ ŎƻƭƭŜŎǘŜ ŘŜ ŦŜǳƛƭƭŜǎ ƳƻǊǘŜǎΦ 

9ƴ ǊŞǎǳƳŞΣ ƭŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ƻƴǘ ǳƴ ƛƳǇŀŎǘ ŦƻǊǘ Ŝǘ ŎƻƴǘǊŀǎǘŞ ǎǳǊ ƭŜǎ ŘȅƴŀƳƛǉǳŜǎ 

de végétation et de litières dans les fossés. La recolonisation par la végétation à la suite des 

opérations de curage et de brûlis est relativement lente et les apports de litière générés par la 

senescence de la végétation sont faibles. Dans le cas du brûlis la croissance de la végétation en place 

et sa densification est très rapide alors que dans le cas du curage la végétation reste relativement 

rase et clairsemée. A contrario, la recolonisation par la végétation à la suite des opérations de fauche 

et de désherbage chimique est très rapide mais associée à une croissance et une densification 

relativement lentes. Ces deux pratiques génèrent des apports conséquents de litière bien que la 

quantité de litière générée par la fauche soit bien supérieure à celle générée par le désherbage 

chimique. Des relevés botaniques ont été réalisés en avril 2015 et mai 2016 par F. Vinatier et G. Rudi 

Ŝǘ ǇŜǊƳŜǘǘǊƻƴǘ ŘΩƛŘŜƴǘƛŦƛŜǊ ƭΩƛƳǇŀŎǘ ŘŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ƻǇŞǊŀǘƛƻƴǎ ŘΩŜƴǘǊŜǘƛŜƴ ǎǳǊ ƭŀ ǎŞƭŜŎǘƛƻƴ ŘŜǎ 

ŘƛŦŦŞǊŜƴǘŜǎ ŜǎǇŝŎŜǎ ǾŞƎŞǘŀƭŜǎ Ŝǘ ŀƛƴǎƛ ŘΩŜȄǇƭƛǉǳŜǊ ƭŜǎ ŘƛŦŦŞǊŜƴŎŜǎ ŘŜ ŘȅƴŀƳƛǉǳŜǎ ŘŜ ǊŜŎƻƭƻƴƛǎŀǘƛƻƴ 

sur les difŦŞǊŜƴǘǎ ǉǳŀŘǊŀǘǎΦ [Ŝǎ ǘǊŀƛǘŜƳŜƴǘǎ ƴΩƻƴǘ ŎŜǇŜƴŘŀƴǘ Ǉŀǎ ŜƴŎƻǊŜ ŞǘŞ ŀŎƘŜǾŞǎΦ 

 

 

2.3.2 Evolution des propriétés des sols 

 

2.3.2.1. Evolution des propriétés physico-chimiques des sols 

!ǳ ŘŞōǳǘ ŘŜǎ ŜȄǇŞǊƛƳŜƴǘŀǘƛƻƴǎ ŘΩŜƴǘǊŜǘƛŜƴΣ Ŝƴ ƧǳƛƭƭŜǘ нлмрΣ ƭŜǎ ǇǊƻǇǊƛŞǘŞǎ ǇƘȅǎƛŎƻ-chimiques et 

texturales des différents horizons de sol, respectivement, étaient très similaires entre les 4 motifs du 

ŦƻǎǎŞ ό¢ŀōƭŜŀǳ нΦнύΦ 9ƴ ǊŜǾŀƴŎƘŜΣ ƭŀ ǎǘǊǳŎǘǳǊŜ Ŝǘ ƭΩŞǇŀƛǎǎŜǳǊ ŘŜ ŎŜǎ ƘƻǊƛȊƻƴǎ ǇǊŞǎŜƴǘŀƛŜƴǘ ŘŜǎ 

caractéristiques bien spécifiques à chacun des profils (Fig. 2.9). 
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Tableau 2.2 : Propriétés physico-chimiques initiales des horizons de sols des 4 motifs 

Horizon Profondeur Argiles Limons Sables carbone organique Azote totale Carbone total CEC CaCO3 pH 

 [cm] [%] [%] [%] [%] [g kg-1] [%] [cmol kg-1] [g kg-1] [-] 

Motif  1 H1 0 ς 2 29,50 38,20 32,30 2,32 1,80 4,76 14,30 203,00 8,26 

H2 2 ς 20 30,00 40,10 29,90 1,80 1,54 4,26 14,10 205,00 8,47 

H3 20 ς 35 31,40 40,70 27,90 2,39 1,08 4,11 13,40 144,00 8,49 

H4 35 ς 40 28,90 35,00 36,10 1,17 0,94 3,86 11,70 224,00 8,51 

Motif  2 H1 0 ς 5 29,60 42,20 28,20 2,23 1,87 4,98 14,10 229,00 8,23 

H2 5 ς 20 34,40 43,10 22,50 1,81 1,49 4,32 16,10 209,00 8,47 

H3 20 ς 30 31,30 38,40 30,30 1,32 1,17 4,19 13,40 239,00 8,51 

H4 30 ς 38 26,30 31,90 41,80 0,84 0,66 3,86 9,61 252,00 8,60 

Motif  3 H1 0 ς 3 28,90 41,80 29,30 2,12 1,70 4,97 13,00 238,00 8,19 

H2 3 ς 15 30,10 40,20 29,70 1,97 1,69 4,83 15,10 238,00 8,34 

H3 15 ς 25 18,20 18,50 63,30 0,94 0,72 4,66 8,42 310,00 8,68 

H4 25 ς 35 29,40 38,20 32,40 1,43 1,20 4,45 12,70 252,00 8,45 

H5 35 ς 43 32,30 41,70 26,00 1,27 1,05 4,07 13,30 234,00 8,53 

H6 43 ς 50 25,40 32,60 42,00 0,65 0,60 3,72 9,55 256,00 8,64 

Motif  4 H1 0 ς 3 29,30 40,40 30,30 2,34 1,87 4,90 14,40 213,00 8,11 

H2 3 ς 27 30,60 39,30 30,10 1,39 1,18 4,33 12,90 245,00 8,61 

H3 27 ς 40 32,40 39,20 28,40 1,17 1,08 3,95 13,90 232,00 8,55 

H4 40 ς 48 25,80 31,00 43,20 0,81 0,67 4,21 10,10 283,00 8,60 
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Tableau 2.3 : Propriétés physico-chimiques des sols de surface (0-н ŎƳύ ŘŜǎ ǉǳŀŘǊŀǘǎ ŀǇǊŝǎ ф Ƴƻƛǎ ŘΩŜntretien 

Quadrats Densité Argiles Limons Sables Carbone organique Carbone total CEC pH 

ID [g cm-3] [%] [%] [%] [%] [%] [cmol kg-1] [-] 

QT1 1,41 22,20 (-7,3) 41,20 (+3,0) 36,60 (+4,3) 2,25 (-0,07) 4,69 (-0,07) 12,70 (-1,6) 8,32 (+0,06) 

QC1 1,23 27,60 (-1,9) 42,30 (+4,1) 30,10 (-2,2) 1,69 (-0,63) 4,16 (-0,60) 13,30 (-1,0) 8,59 (+0,33) 

QF1 1,31 26,30 (-3,1) 45,70 (+7,5) 28,00 (-4,3) 2,36 (+0,04) 5,19 (+0,43) 13,90 (-0,4) 8,43 (+0,17) 

QB1 1,33 21,10 (-8,4) 46,20 (+8,0) 32,60 (+0,4) 2,14 (-0,18) 4,73 (-0,03) 13,20 (-1,1) 8,77 (+0,51) 

QD1 1,35 23,80 (-5,7) 39,80 (+1,6) 36,40 (+4,1) 1,87 (-0,45) 4,72 (-0,04) 12,40 (-1,9) 8,48 (+0,22) 

QT2 1,23 23,70 (-5,9) 40,50 (-1,7) 35,80 (+7,6) 1,51 (-0,72) 4,38 (-0,60) 12,50 (-1,6) 8,59 (+0,36) 

QC2 1,14 23,40 (-6,2) 38,00 (-4,2) 38,60 (+10,4) 1,43 (-0,80) 4,89 (-0,09) 11,00 (-3,1) 8,55 (+0,32) 

QF2 1,26 22,80 (-6,8) 39,80 (-2,4) 37,40 (+9,2) 1,86 (-0,37) 5,29 (+0,31) 11,90 (-2,2) 8,50 (+0,27) 

QB2 1,22 20,60 (-9,0) 45,00 (+2,8) 34,40 (+6,2) 2,05 (-0,18) 5,05 (+0,07) 12,30 (-1,8) 8,73 (+0,50) 

QD2 1,24 22,70 (-6,9) 44,90 (+2,7) 32,40 (+4,2) 2,08 (-0,15) 5,14 (+0,16) 13,00 (-1,1) 8,45 (+0,22) 

QT3 1,16 28,70 (-0,2) 45,50 (+3,7) 25,80 (-3,5) 1,94 (-0,18) 4,95 (-0,02) 14,40 (+1,4) 8,47 (+0,28) 

QC3 1,20 27,80 (-1,1) 46,00 (+4,2) 26,20 (-3,1) 1,74 (-0,38) 4,92 (-0,05) 13,20 (+0,2) 8,54 (+0,35) 

QF3 1,23 26,70 (-2,2) 50,80 (+9,0) 22,50 (-6,8) 2,80 (+0,68) 5,65 (+0,68) 14,90 (+1,9) 8,40 (+0,21) 

QB3 1,21 23,30 (-5,6) 48,40 (+6,6) 28,30 (-1,0) 2,95 (+0,83) 5,83 (+0,86) 14,50 (+1,5) 8,66 (+0,47) 

QD3 1,21 25,60 (-3,3) 45,90 (+4,1) 28,50 (-0,8) 3,02 (+0,90) 5,84 (+0,87) 15,70 (+2,7) 8,35 (+0,19) 

QT4 1,21 26,80 (-2,5) 46,70 (+6,3) 26,80 (-2,5) 2,71 (+0,37) 5,47 (+0,57) 15,00 (+0,6) 8,36 (+0,25) 

QC4 1,08 27,20 (-2,1) 43,10 (+2,7) 29,70 (+0,6) 1,43 (-0,91) 4,21 (-0,69) 12,90 (-1,5) 8,49 (+0,38) 

QF4 1,27 27,50 (-1,8) 43,10 (+2,7) 29,40 (-0,9) 2,90 (+0,53) 5,62 (+0,65) 14,70 (+0,3) 8,38 (+0,27) 

QB4 1,25 20,70 (-8,6) 46,30 (+5,9) 33,00 (+2,7) 2,40 (+0,06) 5,35 (+0,45) 13,00 (-1,4) 8,84 (+0,73) 

QD4 1,33 26,40 (-2,9) 45,70 (+5,3) 27,90 (-2,4) 2,33 (-0,01) 5,21 (+0,31) 14,40 (0,0) 8,48 (0,37) 

Les données entre parenthèse indiquent les écarts des valeurs de propriétés physico-chimiques des sols mesurées 9 mois après entretien par rapport aux 

valeurs initiales avant entretien.
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[ΩƘƻǊƛȊƻƴ ŘŜ ǎǳǊŦŀŎŜ όIмύΣ ŘΩǳƴŜ ŞǇŀƛǎǎŜǳǊ ŘŜ н Ł р ŎƳ Şǘŀƛǘ ƭΩƘƻǊƛȊƻƴ ƭŜ Ƴƻƛƴǎ ǎǘǊǳŎǘǳǊŞ ό¢ŀōƭŜŀǳ нΦмύ 

mais le plus riche en carbone organique et carbone total, ayant le pH le plus bas et la CEC la plus 

élevée (Tableau 2.2). Une tendance générale de baisse avec la profondeur du carbone organique et 

total, de la CEC et une augmentation du pH a été observée dans les différents horizons de chacun des 

profils (Tableau 2.2). La texture des différents horizons présentait également un léger gradient selon 

la profondeur avec des sols plus limoneux en surface (LSA) et plus sableux (SLa) en profondeur 

(Tableau 2.2). 

Les propriétés physico-ŎƘƛƳƛǉǳŜǎ ŘŜǎ ǎƻƭǎ ǇǊŞƭŜǾŞǎ Řŀƴǎ ƭΩƘƻǊƛȊƻƴ ŘŜ ǎǳǊŦŀŎŜ ŘŜ ŎƘŀǉǳŜ ǉǳŀŘǊŀǘ Ŝƴ 

avril 2016 (Tableau 2.3), soit 9 mois après le premier prélèvement réalisé en juillet 2015, ont peu 

ŞǾƻƭǳŞ ǇŀǊ ǊŀǇǇƻǊǘ ŀǳȄ ǇǊƻǇǊƛŞǘŞǎ ŘŜǎ ǎƻƭǎ ŘŜ ƭΩƘƻǊƛȊƻƴ Iм ǇǊŞƭŜǾŞǎ ƛƴƛǘƛŀƭŜƳŜƴǘ ǎǳǊ ƭŜǎ п ƳƻǘƛŦǎΦ [Ŝ 

taux de carbone organique dans les sols des quadrats curés est cependant légèrement inférieur en 

moyenne à ceux des autres quadrats et correspond au taux moyen initialement mesuré dans 

ƭΩƘƻǊƛȊƻƴ Iн ό¢ŀōƭŜŀǳ нΦнύΦ 9ƴ ŜŦŦŜǘΣ ƭƻǊǎ Řǳ ŎǳǊŀƎŜΣ ǳƴŜ ŎƻǳŎƘŜ ŘΩŜƴǾƛǊƻƴ мр ŎƳ ŘŜ ǎƻƭ a été 

ŘŞŎŀƛǎǎŞŜ ŎŜ ǉǳƛ ŎƻǊǊŜǎǇƻƴŘ Ł ƭΩƘƻǊƛȊƻƴ Iм Ŝǘ Ł ǳƴŜ ǇŀǊǘƛŜ ŘŜ ƭΩƘƻǊƛȊƻƴ Iн όCƛƎΦ нΦ9). La densité des 

sols est très variable localement (Tableau 2.3). Cette variabilité de la densité ne semble cependant 

Ǉŀǎ ǊŜƭƛŞŜ Ł ǳƴŜ ŘƛŦŦŞǊŜƴŎŜ ŘŜ ǇǊŀǘƛǉǳŜ ŘΩŜƴǘǊŜǘƛŜƴ Ƴƛǎ Ł ǇŀǊǘ ǇƻǳǊ ƭŜǎ ǉǳŀŘǊŀǘǎ ŎǳǊŞǎ Řƻƴǘ ƭŜǎ ǎƻƭǎ 

ont une densité moyenne inférieure à celles des autres sols. Le curage a donc un effet immédiat mais 

modéré sur les propriétés physico-chimiques des sols de surface. Cependant, pour les autres 

ǇǊŀǘƛǉǳŜǎΣ ƭΩƛƳǇŀŎǘ ǇƻǘŜƴǘƛŜƭƭŜƳŜƴǘ ŎƻƴǘǊŀǎǘŞ ǎǳǊ ƭŜǎ ǇǊƻǇǊƛŞǘŞs physico-ŎƘƛƳƛǉǳŜǎ ŘŜǎ ǎƻƭǎ ƴΩŜǎǘ 

donc pas significatif pour un laps de temps de 9 mois. La modification des propriétés physico-

chimiques des sols liée à la fauche, au brûlis ou au désherbage chimique se fait donc probablement 

sur une échelle de temps beaucoup plus longue. 

 

2.3.2.2. Conductivité ƘȅŘǊŀǳƭƛǉǳŜ Ŝǘ ǾƻƛŜǎ ŘΩŞŎƻǳƭŜƳŜƴǘ ŘŜ ƭΩŜŀǳ 

La valeur moyenne de conductivité hydraulique à saturation (Ksat)  mesurée en avril 2016 sur la zone 

non-entretenue située entre les motifs 1 et 2 est élevée mais très variable selon les 4 réplicas soit 

387,36 ° 287,81 mm h-1. Lors de la mesure, le dispositif comprenant les 4 doubles anneaux était 

déployé sur une distance totale de 2 m environ (Fig. 2.2). La forte variabilité locale des valeurs de 

Ksat entre les réplicats laisse supposer une très forte hétérogénéité de la conductivité hydraulique à 

ƭΩŞŎƘŜƭƭŜ Řǳ ōƛŜŦΦ     
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Figure 2.10 : Facteurs biotiques provoquant une forte hétérogénéité spatiale de la conductivité 

ƘȅŘǊŀǳƭƛǉǳŜ Ł ǎŀǘǳǊŀǘƛƻƴ Ŝǘ ŘŜǎ ǾƻƛŜǎ ŘΩŞŎƻǳƭŜƳŜƴǘ ŘŜ ƭΩŜŀǳΦ 

 

Les images de traçage colorimétrique dans les profils de sol des quadrats sont de bons indicateurs de 

ƭΩƘŞǘŞǊƻƎŞƴŞƛǘŞ ǎǇŀǘƛŀƭŜΣ Ł ƭΩŞŎƘŜƭƭŜ Řǳ ōƛŜŦΣ ŘŜǎ ǾƻƛŜǎ ŘΩŞŎƻǳƭŜƳŜƴǘ ŘŜ ƭΩŜŀǳ Ŝǘ Ŝƴ ŎƻƴǎŞǉǳŜƴce de la 

conductivité hydraulique à saturation. Lors de la première campagne de caractérisation des voies 

ŘΩŞŎƻǳƭŜƳŜƴǘ ŘŜ ƭΩŜŀǳ ǇŀǊ ŎƻƭƻǊƛƳŞǘǊƛŜΣ Ŝƴ ƧǳƛƭƭŜǘ нлмрΣ ƭŀ ǾŞƎŞǘŀǘƛƻƴ ǊŜŎƻǳǾǊŀƛǘ ŜƴǾƛǊƻƴ ол҈ ŘŜ ƭŀ 

surface des quadrats témoins des 4 motifs (Fig. 2.4) et la répartition des espèces végétales était 

homogène. La structuration des sols en horizons sur les profils était cependant différente pour 

chacun de ces quadrats (Fig. 2.9). Or, malgré des états de surface des quadrats témoins équivalents, 

le traçage colorimétrique a révélé des motifs bien spécifiques à chacun des profils (Fig. 2.11 et 2.12). 
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Figure 2.11 : ǘǊŀœŀƎŜ ŎƻƭƻǊƛƳŞǘǊƛǉǳŜ ŘŜǎ ǾƻƛŜǎ ŘΩŞŎƻǳƭŜƳŜƴǘ ŘŜ ƭΩŜŀǳ ǎǳǊ ƭŜǎ ǉǳŀŘǊŀǘǎ ǘŞƳƻƛƴǎ ŘŜǎ  

motifs 1 et 2 en juillet 2015. Les échelles sur le bord des images sont graduées en cm. 

 

La différence des motifs de coloration peut être en partie expliquée par la texture et la structure des 

différents horizons des profils. Pour les motifs 1 et 3 par exemple, les horizons très granuleux 

(horizon 2 du motif 1 et horizon 3 du motif 3) ou comprenant des poches sableuses (horizon 5 du 

motif 1) sont beaucoup plus colorés que les autres horizons et le colorant semble y avoir diffusé très 

ǊŀǇƛŘŜƳŜƴǘ όCƛƎΦ нΦмм Ŝǘ нΦмнύΦ 9ƴ ŜŦŦŜǘΣ Ŝƴ ƭΩŀōǎŜƴŎŜ ŘŜ ōƛƻǇƻǊŜǎ ƻǳ ŦƛǎǎǳǊŜǎΣ ƭŀ ŎƻƴŘǳŎǘƛǾƛǘŞ 

hydraulique à saturation est en générale supérieure pour les sols sableux que pour les sols argileux 

(e.g., Pachepsky and Park, 2015). Pour les autres horizons, de texture limono-argileuse, les motifs de 

coloration sont plutôt de type patchs discontinus surtout présents aux alentours des racines et 

galeries de rongeurs (motif 4).  
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Figure 2.12 : ǘǊŀœŀƎŜ ŎƻƭƻǊƛƳŞǘǊƛǉǳŜ ŘŜǎ ǾƻƛŜǎ ŘΩŞŎƻǳƭŜƳŜƴǘ ŘŜ ƭΩŜŀǳ ǎǳǊ les quadrats témoins des  

motifs 3 et 4 en juillet 2015. Les échelles sur le bord des images sont graduées en cm. 

 

/ŜǇŜƴŘŀƴǘΣ ƭŀ ǇǊŞǎŜƴŎŜ ŘŜ ƳŀŎǊƻǇƻǊŜǎ ŎƻƴƴŜŎǘŞǎ Ł ƭŀ ǎǳǊŦŀŎŜ Řǳ ŦƻǎǎŞΣ ǘŜƭǎ ǉǳΩǳƴŜ ǊŀŎƛƴŜ ǇƛǾƻǘΣ 

modifie de manière significative les voies dΩŞŎƻǳƭŜƳŜƴǘ ŘŜ ƭΩŜŀǳ Ŝƴ ŎƻƴŎŜƴǘǊŀƴǘ ƭŜǎ ŞŎƻǳƭŜƳŜƴǘǎ 

(Motif 3 - 30cm, Fig. 2.11). La variabilité observée entre les différents motifs (Fig. 2.11 et 2.12) est 

ŘƻƴŎ ŘƻǳōƭŞŜ ŘΩǳƴŜ ŦƻǊǘŜ ǾŀǊƛŀōƛƭƛǘŞ ƭƻŎŀƭŜ ƭƛŞŜ Ł ƭŀ ǇǊŞǎŜƴŎŜ Ǉƭǳǎ ƻǳ Ƴƻƛƴǎ ƛƳǇƻǊǘŀƴǘŜ ŘŜ 

macropores connectés à la surface du fossé (Fig. 2.12).  
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Figure 2.13 : ǘǊŀœŀƎŜ ŎƻƭƻǊƛƳŞǘǊƛǉǳŜ ŘŜǎ ǾƻƛŜǎ ŘΩŞŎƻǳƭŜƳŜƴǘ ŘŜ ƭΩŜŀǳ ǎǳǊ ƭŜǎ ǉǳŀŘǊŀǘǎ ǘŞƳƻƛƴǎ ŘŜǎ  

motifs 1 et 2 en juin 2016. Les échelles sur le bord des images sont graduées en cm. 

 

Lors de la deuxième campagne, en juin 2016, les quadrats témoins des 4 motifs étaient recouverts à 

plus de 80% par une végétation dense (Fig. 2.4). La présence accrue de végétation semble avoir 

augmenté la diffusion et les écoulements du colorant dans les horizons limono-argileux qui étaient 

peu colorés lors de la première campagne notamment pour les motifs 2 et 4 (Fig. 2.13 et 2.14). En 

effet, la coloration des profils y est plus homogène que lors de la première campagne. La présence de 

macropores très conducteurs tels que des galeries de rongeurs a également été mise en évidence 

lors de cette deuxième campagne (motif 1-20cm, Fig. 2.13). Pour un motif donné, les motifs des 

profils de coloration sont cependant semblables pour les deux campagnes. 
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Figure 2.14 : traçage coloriméǘǊƛǉǳŜ ŘŜǎ ǾƻƛŜǎ ŘΩŞŎƻǳƭŜƳŜƴǘ ŘŜ ƭΩŜŀǳ ǎǳǊ ƭŜǎ ǉǳŀŘǊŀǘǎ ǘŞƳƻƛƴǎ ŘŜǎ  

motifs 3 et 4 en juin 2016. Les échelles sur le bord des images sont graduées en cm. 

 

tƻǳǊ ƭŜǎ ǉǳŀŘǊŀǘǎ ŜƴǘǊŜǘŜƴǳǎΣ ƭŜ ǘǊŀœŀƎŜ ŎƻƭƻǊƛƳŞǘǊƛǉǳŜ ŘŜǎ ǾƻƛŜǎ ŘΩŞŎƻǳƭŜƳŜƴǘǎ ŘŜ ƭΩŜŀǳ ŀ ŞǘŞ 

réalisé en juin 2016, pour la fauche sur le motif 3 (M3), pour le curage sur le motif 4 (M4), pour le 

brûlis sur le motif 1 (M1) et pour le désherbage chimique sur le motif 2 (M2).   
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Figure 2.15 : ǘǊŀœŀƎŜ ŎƻƭƻǊƛƳŞǘǊƛǉǳŜ ŘŜǎ ǾƻƛŜǎ ŘΩŞŎƻǳƭŜƳŜƴǘ ŘŜ ƭΩŜŀǳ ǎǳǊ ƭŜǎ quadrats fauchés, 

curés, brûlés et désherbés chimiquement en juin 2016. Les échelles sur le bord des images sont 

graduées en cm. 
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Les profils de coloration des quadrats entretenus présentent des caractéristiques bien distinctes des 

quadrats témoins du même motif et sont très différents les uns des autres (Fig. 2.12, 2.13 et 2.14). 

Alors que sur les quadrats témoins, une variabilité locale importante avait été mise en évidence, sur 

les quadrats entretenus, cette variabilité des motifs de coloration pour un quadrat donné est faible.  

Ainsi seuls les profils photographiés à 20 cm du bord du cadre sont représentés dans la figure 2.15. 

Le long des profils des quadrats brûlés et fauchés, le colorant est présent de manière homogène 

ƧǳǎǉǳΩŀǳ ōŀǎ Řǳ ǇǊƻŦƛƭ ŀƭƻǊǎ ǉǳŜ ǎur les quadrats témoins des motifs 1 et 3, malgré la présence de 

macropores très conducteurs le colorant est essentiellement concentré sur les deux horizons de 

surface. Sur les profils des quadrats brûlés et fauchés la coloration est beaucoup plus intense au 

ƴƛǾŜŀǳ ŘŜǎ ǊŀŎƛƴŜǎ όCƛƎΦ нΦмрύΦ [Ŝ ŎƻƭƻǊŀƴǘ ǎŜƳōƭŜ ǎΩşǘǊŜ ƛƴŦƛƭǘǊŞ ƭŜ ƭƻƴƎ ŘŜǎ ǊŀŎƛƴŜǎ Ŝǘ ŀǾƻƛǊ ŘƛŦŦǳǎŞ Ł 

ǇŀǊǘƛǊ ŘŜǎ ŎŀƴŀǳȄ ǊŀŎƛƴŀƛǊŜǎ ǾŜǊǎ ƭŜ ǎƻƭ ŀƭŜƴǘƻǳǊΦ [ŀ ŘŜƴǎƛǘŞ ŘŜ ǾŞƎŞǘŀǘƛƻƴ ǎǳǊ ŎŜǎ ǉǳŀŘǊŀǘ ƴΩŞǘŀƛǘ 

cependant pas supérieure à celle des quadrats témoins ni au moment des expérimentations ni au 

ŎƻǳǊǎ ŘŜ ƭΩŀƴƴŞŜ ǇǊŞŎŞŘŜƴǘŜΦ [ΩŜƴǘǊŜǘƛŜƴ ŘŜǎ ŦƻǎǎŞǎ ǎŜƳōƭŜ ŎŜǇŜƴŘŀƴǘ ŜȄŜǊŎŜǊ ǳƴŜ ǇǊŜǎǎƛƻƴ ŘŜ 

ǎŞƭŜŎǘƛƻƴ ǎǳǊ ƭŜǎ ŜǎǇŝŎŜǎ ǾŞƎŞǘŀƭŜǎ Ŏƻƭƻƴƛǎŀƴǘ ƭŜ ŦƻǎǎŞΦ [ŀ ŘƛŦŦŞǊŜƴŎŜ ŘŜǎ ǾƻƛŜǎ ŘΩŞŎƻǳƭŜƳŜƴǘ Ŝǎǘ ŘƻƴŎ 

probablement liée à des différences de populations végétales sur les quadrat entretenus et témoins. 

Ceci pourra être confirmé ultérieurement grâce aux relevés botaniques exhaustifs réalisés en avril 

нлмр Ŝǘ Ƴŀƛ нлмс Řƻƴǘ ƭŜǎ ǘǊŀƛǘŜƳŜƴǘǎ ƴΩƻƴǘ ǇƻǳǊ ƭŜ ƳƻƳŜƴǘ Ǉŀǎ ŞǘŞ ŜƴŎore achevés.  

Les profils des quadrats curés et désherbés chimiquement sont très différents de ceux des quadrats 

fauchés et brûlés (Fig. 2.15). La coloration y est concentrée sur le haut du profil et ne semble pas 

induite par des écoulements préférentiels le long des canaux racinaires. Ces quadrats étaient plus 

ŦŀƛōƭŜƳŜƴǘ ǾŞƎŞǘŀƭƛǎŞ ŀǳ ƳƻƳŜƴǘ ŘŜǎ ŜȄǇŞǊƛƳŜƴǘŀǘƛƻƴǎ Ŝǘ ŀǳ ŎƻǳǊǎ ŘŜ ƭΩŀƴƴŞŜ ǇǊŞŎŞŘŜƴǘŜΦ 5Ŝ ǇƭǳǎΣ 

Řǳ Ŧŀƛǘ ŘŜ ƭŜǳǊ ǾŞƎŞǘŀǘƛƻƴ Ƴƻƛƴǎ ŘŜƴǎŜ ǘƻǳǘ ŀǳ ƭƻƴƎ ŘŜ ƭΩŀƴƴŞŜ ǉǳŜ ǎǳǊ ƭŜǎ ŀǳǘǊŜǎ ǉǳŀŘǊŀǘǎΣ ǳƴŜ 

croûte ǎΩŞǘŀƛǘ ŦƻǊƳŞŜ Ł ƭŀ ǎǳǊŦŀŎŜ ŎŜ ǉǳƛ ŀ ǇƻǳǊ ŜŦŦŜǘ ŘŜ ǊŞŘǳƛǊŜ ŎƻƴǎƛŘŞǊŀōƭŜƳŜƴǘ ƭŜǎ ŦƭǳȄ 

ŘΩƛƴŦƛƭǘǊŀǘƛƻƴΦ 

[Ŝǎ ŘƛŦŦŞǊŜƴǘŜǎ ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ǎŜƳōƭŜƴǘ ŘƻƴŎ ŀǾƻƛǊ ǳƴ ƛƳǇŀŎǘ ŘƛŦŦŞǊŜƴŎƛŞ ǎǳǊ ƭŜǎ ǾƻƛŜǎ 

ŘΩŞŎƻǳƭŜƳŜƴǘ ŘŜ ƭΩŜŀǳ Řŀƴǎ ƭŜǎ ƘƻǊƛȊƻƴǎ ŘŜ ǎƻƭ ǎƻǳǎ-fossé et par conséquent sur la conductivité 

ƘȅŘǊŀǳƭƛǉǳŜΦ [ΩƘŞǘŞǊƻƎŞƴŞƛǘŞ ǎǇŀǘƛŀƭŜ ŘŜǎ ǾƻƛŜǎ ŘΩŞŎƻǳƭŜƳŜƴǘ sur les quadrats témoins liée à la 

présence de galeries de rongeurs, à des différences de systèmes racinaires et de structuration des 

horizons de sols semble cependant supérieure à celle observée sur les quadrats entretenus de 

manière contrastée. 
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2.4  Conclusion 

 

Les fossés sont entretenus au moins une fois par an, par curage, fauche et désherbage chimique ou 

également par brûlis en zone méditerranéenne (Bailly et al., 2015; Levavasseur, 2012). Les 

expérimentations menées dans le cadre de ce travail de thèse ont permis de mettre en évidence que 

ŎŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ƻƴǘΣ ŘΩǳƴŜ ǇŀǊǘΣ ǳƴ ƛƳǇŀŎǘ fort et contrasté sur les dynamiques 

de végétation et de litières dans les fossés. La recolonisation par la végétation à la suite des 

opérations de curage et de brûlis est relativement lente et les apports de litière générés par la 

senescence de la végétation sont faibles. Dans le cas du brûlis la croissance de la végétation en place 

et sa densification est très rapide alors que dans le cas du curage la végétation reste relativement 

rase et clairsemée. A contrario, la recolonisation par la végétation à la suite des opérations de fauche 

et de désherbage chimique est très rapide mais associée à une croissance et une densification 

relativement lente. La fauche et le désherbage génèrent des apports conséquents de litière bien que 

la quantité de litière générée par la fauche soit bien supérieure à celle générée par le désherbage 

chimique. De plus, le brûlis génère des apports de cendres qui restent pendant plusieurs mois en 

ǎǳǊŦŀŎŜ Řǳ ŦƻǎǎŞ ŀǾŀƴǘ ŘΩşǘǊŜ ǇǊƻƎǊŜǎǎƛǾŜƳŜƴǘ ƛƴŦƛƭǘǊŞŜǎ Ŝǘ ŀǎǎƻŎƛŞŜǎ ŀǳ ǎƻƭΦ 

Les pratiqueǎ ŘΩŜƴǘǊŜǘƛŜƴ ƻƴǘΣ ŘΩŀǳǘǊŜ ǇŀǊǘΣ ǳƴ ƛƳǇŀŎǘ ƳƻŘŞǊŞ Ł ŎƻǳǊǘ ǘŜǊƳŜ ǎǳǊ ƭŜǎ ǇǊƻǇǊƛŞǘŞǎ 

physico-chimiques des sols de fond de fossés. Leur impact est à priori également modéré sur les 

ǇǊƻǇǊƛŞǘŞǎ ƘȅŘǊŀǳƭƛǉǳŜǎΦ /ŜǇŜƴŘŀƴǘΣ ƭΩƘŞǘŞǊƻƎŞƴŞƛǘŞ ƛƴƛǘƛŀƭŜ ŘŜǎ ǾƻƛŜǎ ŘΩŞŎƻǳƭŜƳŜƴǘ ŘŜ ƭΩŜŀǳ Şǘŀƛǘ 

ǘŜƭƭŜ ǉǳΩƛƭ Ŝǎǘ ŘƛŦŦƛŎƛƭŜ ŘŜ ŎƻƴŎƭǳǊŜ ǉǳŀƴǘ Ł ƭΩŜŦŦŜǘ ŘŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ǎǳǊ ƭΩŞǾƻƭǳǘƛƻƴ 

ŘŜǎ ǇǊƻǇǊƛŞǘŞǎ ƘȅŘǊŀǳƭƛǉǳŜǎΦ [ƻǊǎ Řǳ ŎǳǊŀƎŜΣ ǳƴŜ ŎƻǳŎƘŜ ŘΩŜƴǾƛǊƻƴ мр ŎƳ ŘŜ ǎƻƭ Ŝǎǘ ŜƴƭŜǾŞŜ Ŝƴ 

surface qui correspond bien souvŜƴǘ Ł ƭΩƘƻǊƛȊƻƴ ƭŜ Ǉƭǳǎ ǊƛŎƘŜ Ŝƴ ƳŀǘƛŝǊŜ ƻǊƎŀƴƛǉǳŜ (Needelman et al., 

2007; Vaughan et al., 2008). Le curage a donc un effet immédiat mais modéré sur les propriétés 

physico-chimiques des solǎ ŘŜ ǎǳǊŦŀŎŜΦ {Ŝƭƻƴ ƭŜǎ ŎƻƴŘƛǘƛƻƴǎ ŘΩƘǳƳƛŘƛǘŞ ŘŜǎ ǎƻƭǎ ƭƻǊǎ ŘŜǎ ƻǇŞǊŀǘƛƻƴǎ ŘŜ 

curage, cette pratique est également susceptible soit de rétablir la porosité du sol ou de la colmater 

ό/ƘŀǇƛǘǊŜ мύΦ tƻǳǊ ƭŜǎ ŀǳǘǊŜǎ ǇǊŀǘƛǉǳŜǎΣ ƭΩƛƳǇŀŎǘ ǇƻǘŜƴǘƛŜƭƭŜƳŜƴǘ ŎƻƴǘǊŀǎǘŞ sur les propriétés physico-

ŎƘƛƳƛǉǳŜǎ ŘŜǎ ǎƻƭǎ ƴΩŞǘŀƛǘ Ǉŀǎ ǎƛƎƴƛŦƛŎŀǘƛŦ ǇƻǳǊ ǳƴ ƭŀǇǎ ŘŜ ǘŜƳǇǎ ŘŜ ф ƳƻƛǎΦ [ŀ ƳƻŘƛŦƛŎŀǘƛƻƴ ŘŜǎ 

propriétés physico-chimiques des sols liée à la fauche, au brûlis ou au désherbage chimique se fait 

donc probablement sur une échelle de temps beaucoup plus longue. Par ailleurs, les différentes 

ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ǎŜƳōƭŜƴǘ ŀǾƻƛǊ ǳƴ ƛƳǇŀŎǘ ŘƛŦŦŞǊŜƴǘƛŞ ǎǳǊ ƭŜǎ ǾƻƛŜǎ ŘΩŞŎƻǳƭŜƳŜƴǘ ŘŜ ƭΩŜŀǳ Řŀƴǎ 

les sols de fond de fossés et en conséquence ǎǳǊ ƭŀ ŎƻƴŘǳŎǘƛǾƛǘŞ ƘȅŘǊŀǳƭƛǉǳŜΦ [ΩƘŞǘŞǊƻƎŞƴŞƛǘé spatiale 

ŘŜǎ ǾƻƛŜǎ ŘΩŞŎƻǳƭŜƳŜƴǘǎ ƭƛŞŜ Ł ƭŀ ǇǊŞǎŜƴŎŜ ŘŜ ƎŀƭŜǊƛŜǎ ŘŜ ǊƻƴƎŜǳǊǎΣ Ł ŘŜǎ ŘƛŦŦŞǊŜƴŎŜǎ ŘΩŀǊŎƘƛǘŜŎǘǳǊŜ 

de systèmes racinaires et de structure et texture des horizons de sols semble cependant supérieure à 
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celle observée sur les quadrats entretenus de manière contrastée et génère une forte variabilité de 

ƭΩƛƴŦƛƭǘǊŀǘƛƻƴΦ 

[Ŝǎ ŘƛŦŦŞǊŜƴǘŜǎ ǇǊŀǘƛǉǳŜǎ ŘΩŜƴǘǊŜǘƛŜƴ ƻƴǘ ŘƻƴŎ surtout un impact fort et contrasté sur les états de 

surface des fossés et notamment sur la présence de végétation, de litière et de cendres. Cet impact 

Ŝǎǘ ŀǳǘŀƴǘ ƛƳƳŞŘƛŀǘ ǉǳΩŁ ƭƻƴƎ ǘŜǊƳŜΦ [Ŝǎ ǇǊƻǇǊƛŞǘŞǎ ǇƘȅǎƛŎƻ-chimiques des sols ne sont cependant 

ǉǳŜ ƳƻŘŞǊŞƳŜƴǘ ƛƳǇŀŎǘŞŜǎ ǎǳǊ ǳƴŜ ŞŎƘŜƭƭŜ ŘΩǳƴ ŀƴΦ 
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Partie II 

 

Influence des propriétés des fossés sur 

les processus clé modulant la rétention 

de pesticides dans les fossés 
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Chapitre 3  

Variabilité et déterminants de la capacité de 

sorption de pesticides des fonds de fossés 
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Le pouvoir tampon des fossés vis-à-vis des pollutions par les pesticides résulte essentiellement de 

processus de sorption sur les différents matériaux des fonds de fossés tels que les sols, la végétation, 

les litières et les cendres (e.g., Margoum et al., 2006; Stehle et al., 2011; Vallée et al., 2014). Ces 

processus de sorption sont généralement caractérisés au laboratoire sur des petits échantillons des 

ŘƛŦŦŞǊŜƴǘǎ ƳŀǘŞǊƛŀǳȄ ŀƎƛǘŞǎ ƧǳǎǉǳΩŁ ŞǉǳƛƭƛōǊŜ ŀǾŜŎ ǳƴŜ ǎƻƭǳǘƛƻƴ ŘŜ ǇŜǎǘƛŎƛŘŜ (OECD, 2000). 

/ŜǇŜƴŘŀƴǘΣ ƭŜǎ ŎƻŜŦŦƛŎƛŜƴǘǎ ŘΩŀŘǎƻǊǇǘƛƻƴ Ŝǘ ŘŜ ŘŞǎƻǊǇǘƛƻƴΣ ŀƛƴǎƛ ƳŜǎǳǊŞǎ Ł ƭΩŞǉǳƛƭƛōǊŜ ŀǳ ƭŀōƻǊŀǘƻƛǊŜΣ 

sont essentiels mais insuffisants pour caractériser la capacité de sorption globale de pesticides des 

ŦƻƴŘǎ ŘŜ ŦƻǎǎŞǎ ŎŀǊ ƛƭǎ ǊŜƴǎŜƛƎƴŜƴǘ ǳƴƛǉǳŜƳŜƴǘ ǎǳǊ ƭΩŀŦŦƛƴƛǘŞ ǊŜƭŀǘƛǾŜ ŘΩǳƴ ǇŜǎǘƛŎƛŘŜ ǇƻǳǊ ƭŜǎ ŘƛŦŦŞǊŜƴǘǎ 

matériŀǳȄΦ hǊ ƭŀ ŎŀǇŀŎƛǘŞ ŘŜ ǎƻǊǇǘƛƻƴ ƎƭƻōŀƭŜ ŘŜǎ ŦƻǎǎŞǎ ŘŞǇŜƴŘ ƴƻƴ ǎŜǳƭŜƳŜƴǘ ŘŜ ƭΩŀŦŦƛƴƛǘŞ ǊŜƭŀǘƛǾŜ 

ŘΩǳƴ ǇŜǎǘƛŎƛŘŜ ŘƻƴƴŞ ǇƻǳǊ ƭŜǎ ŘƛŦŦŞǊŜƴǘǎ ƳŀǘŞǊƛŀǳȄ ŘŜǎ ŦƻƴŘǎ ŘŜ ŦƻǎǎŞǎΣ ǉǳƛ Ŝǎǘ ǘǊŀŘǳƛǘŜ ǇŀǊ ƭŜǎ Kd, 

Ƴŀƛǎ ŞƎŀƭŜƳŜƴǘ ŘŜ ƭΩŀōƻƴŘŀƴŎŜ ǊŜƭŀǘƛǾŜ ŘŜǎ ŘƛŦŦŞǊŜƴǘǎ ƳŀǘŞǊƛaux ainsi que des caractéristiques des 

ŎǊǳŜǎ ƛΦŜΦΣ ƘŀǳǘŜǳǊ ŘΩŜŀǳΣ ŘŞōƛǘΣ ǘŜƳǇǎ ŘŜ ǊŞǘŜƴǘƛƻƴ ƘȅŘǊŀǳƭƛǉǳŜ (e.g., Stehle et al., 2011).   

9ƴ ŜŦŦŜǘΣ ƭŜǎ ŦƻǎǎŞǎ Ŝƴ ŎǊǳŜ ǎƻƴǘ ŘŜǎ ǎȅǎǘŝƳŜǎ ǘǊŝǎ ŘȅƴŀƳƛǉǳŜǎ Řŀƴǎ ƭŜǎǉǳŜƭǎ ƭΩŜŀǳ ŎƛǊŎǳƭŜ 

généralement rapidement. Les temps de réteƴǘƛƻƴ ƘȅŘǊŀǳƭƛǉǳŜ ǎƻƴǘ ŘŜ ƭΩƻǊŘǊŜ ŘŜ ǉǳŜƭǉǳŜǎ ŘƛȊŀƛƴŜǎ 

de minutes pour des fossés aux crues intermittentes générées par la collecte des flux de 

ruissellement des surfaces connectées (Bundschuh et al., 2016; Lange et al., 2011). Or, des vitesses 

ŘΩŞcoulement rapides associées à des temps de rétention hydraulique faibles limitent le temps de 

ŎƻƴǘŀŎǘ ǇƻǘŜƴǘƛŜƭ ŜƴǘǊŜ ƭŜǎ ǇŜǎǘƛŎƛŘŜǎ Řƛǎǎƻǳǎ Řŀƴǎ ƭŀ ŎƻƭƻƴƴŜ ŘΩŜŀǳ Ŝǘ ƭŜǎ ƳŀǘŞǊƛŀǳȄ ŘŜǎ ŦƻƴŘǎ ŘŜ 

fossés (Bundschuh et al., 2016; Stehle et al., 2011). Dans ces conditions, le temps de résidence des 

peǎǘƛŎƛŘŜǎ Řŀƴǎ ƭŜǎ ŦƻǎǎŞǎ ǇŜǳǘ şǘǊŜ ƛƴŦŞǊƛŜǳǊ ŀǳ ǘŜƳǇǎ ƴŞŎŜǎǎŀƛǊŜ ǇƻǳǊ ŀǘǘŜƛƴŘǊŜ ƭΩŞǉǳƛƭƛōǊŜ ŘŜ 

sorption de certains pesticides. Il est alors nécessaire de caractériser les cinétiques de sorption pour 

ƭŜǎ ŘƛŦŦŞǊŜƴǘǎ ƳŀǘŞǊƛŀǳȄ ŀŦƛƴ ŘΩŞǾŀƭǳŜǊ ƭΩƛƳǇŀŎǘ ŘŜ ǘŜƳǇs de résidence courts sur la capacité de 

sorption de pesticides des fossés. 

Par ailleurs, les Kd ŘΩǳƴ ǇŜǎǘƛŎƛŘŜ ŘƻƴƴŞ ǾŀǊƛŜƴǘ ƎǊŀƴŘŜƳŜƴǘ ǎŜƭƻƴ ƭŜǎ ǎƻƭǎ Ŝƴ ŦƻƴŎǘƛƻƴ ŘŜ ŎŜǊǘŀƛƴŜǎ 

propriétés physico-chimiques (e.g., Wauchope et al., 2002; Weber et al., 2004). Les propriétés des 

sols étant très variables selon les fossés, mesurer les Kd pour une gamme de pesticides et les 

ŘƛŦŦŞǊŜƴǘǎ ŦƻǎǎŞǎ ŘΩǳƴ ǊŞǎŜŀǳ ǇŜǳǘ ǊŜǾŜƴƛǊ ǘǊŝǎ ŎƘŜǊΦ 5Ŝ ŦŀƛǘΣ ŞǘŀōƭƛǊ ǳƴ ŘƛŀƎƴƻǎǘƛŎ ŘŜ ƭŀ ŎŀǇŀŎƛǘŞ ŘŜ 

ǎƻǊǇǘƛƻƴ ŘΩǳƴ ǊŞǎŜŀǳ ŘŜ ŦƻǎǎŞǎ ƴŞŎŜǎǎƛǘŜ ƭΩǳǘƛƭƛǎŀǘƛƻƴ ŘΩƻǳǘƛƭǎ ǇŜǊƳŜǘǘŀƴǘ ŘΩŜǎǘƛƳŜǊ rapidement et à 

moindre coût les Kd ŘŜǎ ǇŜǎǘƛŎƛŘŜǎ ǎǳǊ ƭŜǎ ǎƻƭǎΦ 5Ŝǎ ŦƻƴŎǘƛƻƴǎ ŘŜ ǇŞŘƻǘǊŀƴǎŦŜǊǘΣ ǇŜǊƳŜǘǘŜƴǘ ŘΩŜǎǘƛƳŜǊ 

les Kd en fonction des propriétés clé des sols influençant leurs variations (Moeys et al., 2011; Weber 

et al., 2004) mais ƭŜǳǊ ǇƻǘŜƴǘƛŜƭƭŜ ǳǘƛƭƛǎŀǘƛƻƴ ǇƻǳǊ ƭŜǎ ǎƻƭǎ ǎǇŞŎƛŦƛǉǳŜǎ ŘŜǎ ŦƻƴŘǎ ŘŜ ŦƻǎǎŞǎ ƴΩŀ Ǉŀǎ ŞǘŞ 

démontrée. 
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[ΩƻōƧŜŎǘƛŦ ŘŜ ŎŜ ŎƘŀǇƛǘǊŜ Ŝǎǘ ǘǊƛǇƭŜ Ŝǘ ŎƘŀŎǳƴ ŘŜǎ ǘǊƻƛǎ ƻōƧŜŎǘƛŦǎ ǎǇŞŎƛŦƛǉǳŜǎ Ŧŀƛǘ ƭΩƻōƧŜǘ ŘΩǳƴŜ section. 

!ƛƴǎƛΣ ƭΩƻōƧŜctif de la première section ŘŜ ŎŜ ŎƘŀǇƛǘǊŜ Ŝǎǘ ŘΩƛŘŜƴǘƛŦƛŜǊ ƭŜǎ ŦŀŎǘŜǳǊǎ ǇǊƛƴŎƛǇŀǳȄ ƛƴŘǳƛǎŀƴǘ 

une variabilité de capacité de sorption de glyphosate et de diuron des fossés et de développer une 

ƳŞǘƘƻŘŜ ŀŘŀǇǘŞŜ Ł ƭΩŞǘǳŘŜ ŘŜ ƭŀ ǎƻǊǇǘƛƻƴ ƎƭƻōŀƭŜ ŘŜǎ ŦƻƴŘǎ ŘŜ Ŧossés pour des propriétés et régimes 

ƘȅŘǊŀǳƭƛǉǳŜǎ ŎƻƴǘǊŀǎǘŞǎΦ [ΩƻōƧŜŎǘƛŦ ŘŜ ƭŀ ŘŜǳȄƛŝƳŜ section est, lui, de mesurer les cinétiques 

ŘΩŀŘǎƻǊǇǘƛƻƴ Řǳ ŘƛǳǊƻƴ Ŝǘ Řǳ ƎƭȅǇƘƻǎŀǘŜ ǇƻǳǊ ƭŜǎ ŘƛŦŦŞǊŜƴǘǎ ƳŀǘŞǊƛŀǳȄ ŘŜǎ ŦƻƴŘǎ ŘŜ ŦƻǎǎŞǎ ǇƻǳǊ ŘŜǎ 

conditions similaires à celles de fossés en crue et à comparer les cinétiques entre les différents 

ƳŀǘŞǊƛŀǳȄΦ 9ƴŦƛƴΣ ƭΩƻōƧŜŎǘƛŦ ŘŜ ƭŀ ǘǊƻƛǎƛŝƳŜ section est de valider les fonctions de pédotransfert pour 

ƭΩǳǎŀƎŜ ǎǇŞŎƛŦƛǉǳŜ ŘŜǎ ǎƻƭǎ ŘŜ ŦƻƴŘǎ ŘŜ ŦƻǎǎŞǎΦ 

Les résultats de la première section ŘŜ ŎŜ ŎƘŀǇƛǘǊŜ ƳŜǘǘŜƴǘ Ŝƴ ŞǾƛŘŜƴŎŜ ǉǳΩŜƴ Ǌŀƛǎƻƴ ŘŜ ƳŀǎǎŜǎ  

significativement supérieures à celles des autres matériaux et de propriétés de sorption souvent 

élevées, les sols sont les principaux constituants de la capacité de sorption de pesticide des fonds de 

fossés. La méthodologie développée dans cette section permet de hiérarchiser la capacité de 

sorption globale de pesticide de fossés aux propriétés contrastée sur la base des Kd des différents 

ƳŀǘŞǊƛŀǳȄ ƳŜǎǳǊŞǎ Ł ƭΩŞǉǳƛƭƛōǊŜΦ [Ŝǎ ǊŞǎǳƭǘŀǘǎ ŘŜ ƭŀ deuxième section de ce chapitre mettent en 

évidence que la sorption du glyphosate et du diuron sur les matériaux de fonds de fossés est rapide 

et varie peu pour chaque type de matériaux. Enfin, la dernière section met en évidence que les 

fonctions de pédotransfert permettent de déterminer très rapidement et avec une précision toujours 

inférieure à un ordre de grandeur les Kd Řǳ ŘƛǳǊƻƴΣ Řǳ ƎƭȅǇƘƻǎŀǘŜ Ŝǘ ŘŜ ƭΩƛǎƻǇǊƻǘǳǊƻƴ ǇƻǳǊ ƭŜǎ ǎƻƭǎ ŘŜ 

fond de fossés. 
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3.1   Sorption du glyphosate et diuron sur les matériaux des fonds de fossés 

 

La première section du chapitre 3 sur les capacités de sorption globales du diuron et du glyphosate 

ŘŜǎ ŦƻƴŘǎ ŘŜ ŦƻǎǎŞǎ Ł Ŧŀƛǘ ƭΩƻōƧŜǘ ŘΩǳƴ ŀǊǘƛŎƭŜ ǇǳōƭƛŞ Řŀƴǎ Science of the Total Environment tel que 

présenté ci-dessous. 

 

Variability of glyphosate and diuron sorption capacities of ditch beds determined using 

new indicator-based methods 

Jeanne Dollinger, Cécile Dagès, Sandrine Negro,  Jean-Stéphane Bailly, Marc Voltz. 

 

3.1.1 Introduction 

 

Farm ditch networks are engineered landscape features that are designed and managed to perform a 

variety of ecosystem services, including waterlogging control, soil erosion prevention, biodiversity 

conservation or water purification (Dollinger et al., 2015a; Herzon and Helenius, 2008; Levavasseur et 

al., 2016). The water purification potential of ditches has raised interests among institutions that are 

tasked with protecting water quality. Indeed, farm ditch networks play an important role in the fates 

of pesticides within cropped catchments.  

Ditches collect drainage and runoff fluxes potentially loaded with pesticides and rout them 

downstream towards receiving water bodies or groundwater (e.g., Louchart et al., 2001). Despite 

constituting contaminants dispersal pathways because they link cropped fields with water bodies, 

ditches may have buffering effect for attenuating water pollution by pesticides according to their 

composition and hydraulic properties (Dollinger et al., 2015a; Herzon and Helenius, 2008; 

Needelman et al., 2007a). The high pesticide retention capacities reported for ditches have been 

attributed so far mainly to the sorption of pesticides to the various materials in the ditch beds 

although other biogeochemical processes e.g., biotic- and abiotic degradation or sedimentation of 

pesticides-loaded particles may, to some extent, also contribute to mitigate pesticides in ditches  

(Dollinger et al., 2015a; Stehle et al., 2011). Consequently, the buffering capacity of ditches is closely 

linked with the nature and profusion of the ditch-bed materials.  
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The main endogenous materials that provide efficient sorption sites for pesticides include soils and 

decaying and living vegetation. Ditch soils are formed from the accumulation of both field eroded 

particles and humified plant or algae residues and are structured due to root activity and 

drying/wetting cycles (Needelman et al., 2007b; Ruppert et al., 2014; Vaughan et al., 2008). Thus, the 

soil texture, structure and chemical composition in ditches are very site specific. Moreover, these 

nutrient-rich soils combined with particular hydrologic conditions provide ideal growth conditions for 

a variety of terrestrial and wetland plants (Herzon and Helenius, 2008; Needelman et al., 2007b). 

Consequently, ditches can be densely vegetated, and the natural decay of ditch plants and the input 

of dead leaves from surrounding trees and perennial crops (e.g., vineyards, orchards) may result in 

the formation of consequent litter layers (Levavasseur et al., 2014).  

Managing farm ditches to maintain ecosystem services will modify the properties of the ditches, 

particularly the abundances of various bed materials in the ditches. Ditch management operations, 

i.e., dredging, chemical weeding, mowing and burning, impact the properties of ditches in 

contrasting ways (Dollinger et al., 2015a). Although dredging removes most materials from ditch 

beds, mowing and burning provide additional materials (e.g., hay and ash) that can have high 

sorption capacities (Dollinger et al., 2015a). Thus, farm ditch management can be used as an efficient 

method for protecting water quality in cropped catchments. Performing a diagnosis of farm ditch 

networks and designing appropriate management strategies requires good knowledge of the factors 

that drive pesticide adsorption and desorption in ditch beds.  

The sorption capacities of ditch beds depend on 3 factors, the abundances and characteristics of the 

various bed materials, the relative affinity of a given pesticide for the available bed materials, and the 

hydraulic regime (Dollinger et al., 2015a). Adsorption and desorption coefficients measured in the 

laboratory using small samples are important but insufficient for characterizing the pesticide sorption 

capacities of ditch beds because they only provide information regarding the relative affinities of 

given pesticides to the various materials. Few studies have reported sorption coefficients for ditch 

soils, litter and wetland plants (e.g., Crum et al., 1999; Passeport et al., 2011; Rogers and 

Stringfellow, 2009; Vallée et al., 2014). Moreover, to our knowledge, the global sorption capacity of 

ditches resulting from their heterogeneous ditch-bed compositions has not been determined. 

Indeed, no methods are currently available for assessing the global sorption capacities of ditch beds 

with contrasting properties under varying hydraulic regimes based on operational, cost-effective and 

easily reproducible observations of ditch properties. 

In this study, we therefore aimed at estimating the variations of the sorption capacities of ditch beds 

for glyphosate and diuron of catchments with different management, hydrological and pedological 
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features. The specific objectives of this study were to i) identify the main drivers of the pesticide 

sorption capacity of ditch beds and ii) develop indicator-based methods suitable for analysing the 

ranking of sorption capacities of farmed ditches with contrasting properties and under varying 

hydraulic regimes. Three case studies are considered in the present study in three head-water 

catchments in France. 

  

3.1.2 Materials and Methods 

 

3.1.2.1. Physico-chemical properties of studied pesticides 

The herbicides glyphosate and diuron were selected for their potential contrasting sorption 

behaviours to ditch materials based on their physico-chemical properties (Table 3.S1). Moreover, 

both herbicides are among the 15 pesticides that are most widely detected in surface water bodies 

and groundwater in France ό{hŜ{Σ aƛƴƛǎǘŝǊŜ ŘŜ ƭΩ;ŎƻƭƻƎƛŜΣ Řǳ 5ŞǾŜƭƻǇǇŜƳŜƴǘ 5ǳǊŀōƭŜ Ŝǘ ŘŜ 

ƭΩŞƴŜǊƎƛŜΣ нлмоύ. Glyphosate [N-(phosphomethyl)glycine] is a zwitterionic molecule with strong 

hydrophilicity and very high water solubility (Table 3.S1). The speciation of glyphosate varies with the 

pH of the surrounding environment (Dollinger et al., 2015b). Diuron (3-(3,4-dichlorophenyl)-1,1-

dimethylurea) is a hydrophobic molecule with moderate water solubility and remains neutral under 

environmental conditions (Table 3.S1). 

 

3.1.2.2. Sampling and measurement methods used to determine the 

properties of the ditch-bed materials 

Sampled ditches and ditch bed materials 

Selected ditches, soils and ash 

Soils were sampled from ditch surface layers at different locations along ditch networks from 3 head-

water catchments in different agricultural, climatic and pedological settings. Soils RO-D1-S through 

RO-D9-S (Table 3.S2) were sampled from the Roujan catchment located south of France, which has a 

semi-arid Mediterranean climate and contains loamy soils and mainly vine crops (Andrieux et al., 

1993). Soils RU-D1-S and RU-D2-S were sampled from the Ruiné catchment located west of France, 

which has an oceanic climate and contains clay soils and chalky soils on the plateaus and in the 

depressions (Vernier and Dubernet, 1997), respectively, and sunflower, corn, and vine crops. Soils M-

D1-S and M-D2-S were sampled from the Morcille catchment located east of France, which is 

characterized by a continental temperate climate and contains sandy-loam soils and mainly vine 
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crops (Rabiet et al., 2010). Ash samples were collected just after a burning event from the Roujan 

catchment.  

 

Living and dead vegetation 

Dead vegetation, including dead leaves (RO-DL), hay (RO-Ha) and decaying plant residues (RO-DPR), 

was collected from ditches in the Roujan catchment. Plants, including Rubus fructicosus, Arum and 

Elytrigia, were collected from the Roujan catchment shortly before the experiments and were grown 

in the greenhouse before use to keep them fresh for the sorption experiments. The three perennial 

plant species collected in this study are wide spread and ubiquitous in the three sampled 

catchments. Rubus fructicosus is a ligneous species, and Elytrigia and Arum sp. are herbaceous and 

succulent species, respectively. Rubus fructicosus and Elytrigia colonize ditches all year, and Arum sp. 

is a winter species that grows between October and April. Farm ditches host a wide diversity of 

terrestrial and wetland plants (Herzon and Helenius, 2008). The plant species selected for this study 

provide an overview of the main types of vegetation that commonly colonizes farm ditches in France. 

 

 Physico-chemical properties of the ditch-bed materials 

The particle size distributions, pH values, cation exchange capacities (CEC) and organic carbon, 

nitrogen and Olsen Phosphorus (P-Olsen) contents of the soil and ash samples were measured at the 

INRA-ARRAS laboratory (France) using standardized methods as reported in Table 3.S2. The soil bulk 

densities were estimated by sampling a known volume of soil and measuring the dry weight after 

oven drying for 24 h at 105°C.  

The carbon, nitrogen, sulfur and residual ash contents of the decaying and living vegetation were 

measured at the INRA-USRAVE laboratory (France) using standardized methods as reported in Table 

3.S3. The bulk densities were evaluated using the water displacement method. 

 

 Sorption properties of the ditch-bed materials 

Measurement of adsorption coefficients for ditch-beds materials 

Soil and ash samples were air-dried to a target humidity of 10 % (w-w) and passed through a 2 mm 

sieve. Leaves and stems from fresh plants were chopped into 3 to 5 cm fragments just before 

performing batch experiments. Decaying vegetation samples were dried at 30°C to a final humidity of 



3.1 Sorption du glyphosate et du diuron sur les matériaux des fonds de fossés 

 
 

106 
 

10 % (w-w). Shortly before the experiment, the dead leaves were chopped into 3 cm fragments and 

mowing residues into 3 to 5 cm fragments. The dry weight and final humidity of all materials were 

determined from the difference of their mass before and after oven drying for 24 h at 105°C. 

Sorption batch experiments were performed using 14C-labelled glyphosate and diuron (Isotop, 

Hungaria) with specific activities of 9.31 and 2.64 MBq/mg, respectively. Solutions with glyphosate 

and diuron concentrations of 5, 10, 50, 100 and 1000 µg/l were prepared in a 0.01 M CaCl2 and 200 

mg/l NaN3 electrolyte solution. Sodium azide was used to prevent microbial degradation during 

batch experiments. Because of the high specific activity of the labelled pesticides, the 14C-labelled 

solutions were mixed with non-labelled glyphosate and diuron (Sigma-Aldrich, France) solutions of 

equal concentrations. The labelled/non-labelled solution ratios were 25-75 % (v-v) for glyphosate and 

50-50 % (v-v) for diuron. A fixed volume of 10 ml of each solution was added to the various materials, 

respectively, in glass centrifuge tubes with Teflon-lined caps. The solid-to-solution ratios (g/ml) for 

glyphosate were 1/10 for soils, 1/5 for decaying vegetation, 3/10 for plants and 1/20 for ash, and the 

solid-to-solution ratios for diuron were 1/5 for soils, 1/10 for decaying vegetation, 1/10 for plants 

and 1/20 for ash. The solid-to-liquid ratios were chosen to be as close as possible to ditch conditions 

while respecting analytical constraints such as quantification limits. Slightly higher solid-to-liquid 

ratios were thereby chosen for materials with higher sorption potential. Batch experiments were 

conducted in triplicate. The centrifuge tubes were shaken for 24 h at 23°2°C before centrifuging at 

3000 rpm for 10 min. Preliminary kinetic batch tests showed that equilibrium was reached for all 

material/pesticide combination within less than 24h. Radioactivity counting of the supernatant 

solutions was performed in duplicate. Aliquots of 1 ml were sampled from the supernatant solutions 

and mixed with 4 ml of Ultima Gold scintillation liquid (PerkinElmer, USA) to measure activity using 

liquid scintillation counting (Tricarb2800, Perkin Elmer, USA). The amounts of pesticides in the 

materials were calculated from the difference in radioactivity between the initial and supernatant 

solutions. The pesticide concentrations in water at equilibrium were calculated from the activity 

data. The amounts of pesticide sorbed to each material were calculated using mass balance. 

Adsorption isotherms were represented by both linear (Eq. 3.1-1) and Freundlich models (Eq. 3.1-2). 

Cs = Kd Cw (Equation 3.1-1) 

Cs = Kf Cw
n  (Equation 3.1-2) 

where Cs is the amount of sorbed pesticides in the material at equilibrium (µg/kg), Cw is the 

concentration in the supernatant (µg/l), Kd is the linear sorption coefficient (l/kg), and Kf (µg(1-n) ln kg-

1) and n are the Freundlich coefficients. 
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Measurements of the desorption coefficients of the ditch-bed materials 

Desorption batch tests were conducted for all materials in triplicate. After 24 h of equilibration with 

the solution at 100 µg/l, the activity in the supernatant solution was measured as previously 

described (Section 2.2.3.1), and the residual supernatant solution was removed. Next, an equivalent 

volume of fresh electrolyte solution was added and the tubes were shaken again for 24 h. Five 

successive desorption steps of 24 h each were performed. For each desorption step, the activity in 

the supernatant solution and the exact volumes of the removed supernatant and added electrolyte 

solutions were precisely measured. The amounts of pesticide sorbed to each material at each step 

were calculated using mass balance. Desorption isotherms were described using the Freundlich 

model (Eq. 3.1-2). Hysteresis between corresponding adsorption and desorption isotherms was 

represented by the H parameter (Eq. 3.1-3). 

 H =   (Equation 3.1-3) 

where n is the linearity parameter of the Freundlich isotherm (Eq. 3.1-2) either for the adsorption 

isotherm (nads) or for the desorption isotherm (ndes). 

 

Estimation of soil adsorption coefficients using pedotransfer functions 

Pesticide adsorption coefficients are highly variable among soils because they depend on the soil 

physico-chemical properties (Dollinger et al., 2015b; Wauchope et al., 2002; Weber et al., 2004). 

Measuring adsorption coefficients can be expensive and time consuming, especially for soils, because 

ditch soils have a large range of sorption properties (Tables 3.1-1 and 3.1-2). Pedotransfer function 

for predicting soil and sediment adsorption coefficients are available for a wide range of molecules 

(Dollinger et al., 2015b; Moeys et al., 2011; Weber et al., 2004), including diuron. Here, we 

investigate the possibility of using these pedotransfer functions to estimate the diuron adsorption 

coefficients of ditch soils RO-D1-S to RO-D8-S, which were not experimentally measured. For diuron, 

the pedotransfer functions for estimating soil adsorption coefficients is based (Weber et al., 2004) on 

the organic matter content (Eq. 3.1-4). 

Kddiuron = 3.26 OM ς 0.1 OM² ς 1.4 (° 1.1 cm3/g)  (Equation 3.1-4) 

where OM is the organic matter content (%). 

Accordingly, the Kd values of the ditch soil materials for diuron were estimated using equation 3.1-4 

and the properties described in Table 3.S2. Next, the set of experimentally measured Kd values (RO-
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D9-S, MO-D1-S, MO-D2-S, RU-D1-S and RU-D2-S) was compared with the predicted Kd values for 

these soils (data not shown), with a prediction accuracy of 0.09 cm3/g. Eq. 3.1-4 was very accurate, 

and the Kd values of RO-D1-S to RO-D8-S were then estimated using this pedotransfer function 

(Table 3.1-1).  

 

3.1.2.3. Estimation of the pesticide sorption capacities of the ditch beds from 

in situ observations of ditch properties 

Calculation of the adsorption coefficients for the composite ditch materials 

Global adsorption coefficients for the composite ditch beds can be calculated from the relative 

masses of the individual materials and their respective sorption coefficients (Eq. 3.1-5, Appendix A). 

Eq. 3.1-5 is based on the following assumptions: i) the adsorption isotherms are linear and ii) the 

pesticide concentrations are uniform throughout the water column and in equilibrium with the 

sorbed pesticide concentrations on the ditch-bed materials.  

Kdditch =  Kds +  Kdveg +  KdDV +  Kdash = 
В  

 (Equation 3.1-5) 

where Ms, Mveg, MDV, Mash and M are the masses of the soil, vegetation, decaying vegetation, ash, and 

the total composite material (g), respectively; Kds, Kdveg, KdDV, and Kdash are the adsorption 

coefficients for the soil, plants, decaying vegetation, and ash (cm3/g), respectively; Mi is the mass of 

material i, where i is one of the ditch materials [soil (s), decaying (DV) and living vegetation (veg) or 

ash (ash) (g)]; Kdi is the sorption coefficient of material i; and Kdditch is the global sorption coefficient 

(cm3/g). 

The masses of the different materials can be approximated from in situ observations of ditch 

properties (Section 3.1.2.3). It must be noted that the amounts of dead and living vegetation 

available for sorption vary among flood events with the water level. If the water level is lower than 

the total depth of the material layer, only a fraction of this layer is available for sorption. This effect 

may be significant, particularly ŦƻǊ ŘŜŀŘ ŀƴŘ ƭƛǾƛƴƎ ǾŜƎŜǘŀǘƛƻƴΦ CƻǊ ƭŀǊƎŜ ŘƛǘŎƘŜǎ όҒм Ƴύ with low water 

depths (< 15 cm), the proportion of ditch-bank to ditch-bed materials is small. Consequently, ditch-

bank materials are neglected when calculating Kdditch.  
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 Estimating the retention and remobilization of pesticides in the ditch beds 

To assess the retention capacities of the ditch beds during a contaminated flood event, we propose 

computing an indicator that corresponds with the percentages of the pesticide flowing in the ditch 

that could potentially be retained by sorption on the bed materials. We refer to this indicator as SPRI 

(Sorption induced Pesticide Retention Indicator) hereafter. The SPRI is calculated based on the same 

hypothesis than that used for calculating the Kdditch  but being based on a mass balance approach, it 

additionally supposes that the entire volume of water flowing in the ditch during a flood event is 

jointly in contact with all of the material surfaces below the water level and that sorption equilibrium 

with the different materials occurs nearly instantaneously. Thus, the estimated concentrations of the 

pesticides at the ditch outlet correspond with the concentrations in the water column when sorption 

equilibrium is reached with all of the materials in the ditch bed. The mathematical derivation of SPRI 

is described in Appendix A. The SPRI value varies according to the volume of water flowing in the 

ditch, the characteristics of the ditch and the sorption properties of the ditch-bed materials, as 

shown by the following equation:  

ὛὖὙὍ Ϸ  
В  

В  
ρππ = 

 

  
  100 (Equation 3.1-6) 

where V is the volume of water flowing in the ditch during a specific time during a flood event (cm3). 

The contributions of each individual material to global pesticide retention during flood events with 

non-varying water levels and constant initial aqueous concentrations was approximated by FPi, which 

is the fraction of pesticides sorbed on material i relative to the total amount of sorbed pesticide (%) 

(Eq. 3.1-7).  

Ὂὖ  
В

ρππ (Equation 3.1-7) 

where Pi(0) is the amount of pesticide sorbed on material i (g) and is computed by combining Eq. 3.1-1 

and the mass balance equation as follows (see Appendix A, Eq. A-2 and A-6): 

ὖ  ὅ ὓ ὑὨ  
  
 ὓ ὑὨ (Equation 3.1-8) 

where Mi is the mass of material i (i = s, veg, DV or ash), Cw is the concentration in the water column 

at equilibrium (g/cm3) and Cini is the pesticide concentration in the inflow water (g/cm3). 

The mass of pesticide that remains sorbed to each individual material after one flushing event with 

clear water (Pi(1)) can be estimated from the Freundlich desorption model and mass balance by using 
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a numerical solver (R Core Team, 2014). The fraction of the initially sorbed pesticides that is 

remobilized after one clear water flood event, FDi (%), can be approximated as described in Eq. 3.1-9. 

ὊὈ
 
ρππ (Equation 3.1-9) 

 

 Approximating the amounts of ditch material from in situ observations 

The qualitative operational method proposed by Bailly et al. (2015) for in situ observations of ditch 

properties was used to approximate the amounts of the different bed materials. Briefly, this method 

is based on precise measurements of ditch geometry (bottom and top width, depth and length) and 

visual estimates of vegetation, decaying vegetation, ash cover and the thicknesses of the material 

layers in a representative ditch segment of 5 m. The masses of different materials can be derived 

from these observations using Eqs. 3.1-10 to 3.1-13. However, given the roughness of the vegetation 

and decaying vegetation layers, deriving the masses from in situ observations of the surface area 

covered by a given material and the maximum thickness of the layer requires good knowledge of the 

porosity of the layer. The porosities of plants, dead leaves and mowing residues were assessed by 

harvesting plants or decaying vegetation in 30 by 40 cm quadrats, where the layer depths were 

measured. The harvested plants and decaying vegetation were weighed in the laboratory, and the 

porosity was calculated as the ratio between the volume of the material (the dry mass of the 

material divided by its bulk density; see Table 3.S3) to the volume of the layer. 

Ms = wbot LDitch rs hs (Equation 3.1-10) 

MDV = wbot LDitch SDV (1-pDV) rDV min(hDV,hw) (Equation 3.1-11) 

Mveg = wbot LDitch Sveg (1-pveg) rveg min(hveg, hw) (Equation 3.1-12) 

Mash = wbot LDitch Sash rash hash (Equation 3.1-13) 

where wbot is the bottom width of the ditch (cm), LDitch is the length of the ditch (cm), ri is the bulk 

density of the material i (g/cm3), Si is the fraction of the total surface area occupied by the material i, 

hw is the water level (cm), pveg is the vegetation porosity, pDV is the decaying vegetation porosity, and 

hi is the layer depth of material i (cm). 

For the soil layer, a mixing zone with a depth of 2 cm is commonly assumed in modelling approaches 

(FOCUS, 2007). Thus the soil depth (hs) in Eq. 3.1-10 was set as 2 cm. For the dead vegetation layer, 

the main type of decaying vegetation was considered in Eqs. 3.1-5 and 3.1-11. 
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3.1.2.4.  Case studies of ditch bed sorption capacity 

Eight ditches from the Roujan catchment were investigated on May 27th, 2013, (Table 3.1-3) to 

determine the properties of their beds using qualitative operational methods (Section 3.1.2.3). The 

masses from all materials were derived from these observations using Eqs. 3.1-10 to 3.1-13 and the 

porosity values reported in Tables 3.S2 and 3.S3. The characteristics of the ditches are described in 

Table 3.1-3, and the properties of the bed soils are given in Table 3.S2 (RO-D1-S to RO-D8-S).  

We estimated the diuron and glyphosate adsorption capacities of ditch beds during contaminated 

flood events with varying concentrations and water levels by calculating the Kddtich and SPRI values. 

The contributions of the various bed materials to the global adsorption of ditch beds were also 

assessed. Finally, we estimated diuron and glyphosate desorption, the repartitioning of residual 

sorbed pesticides among various materials and the diuron and glyphosate concentrations in the 

water at the ditch outlets following a clear water flood event.   

The global sorption coefficients for the 8 ditches (Kdditch) were calculated using Eq. 3.1-5 for a 

normalized ditch length (LDitch) of 100 m and a normalized ditch width (wbot) of 1 m. These data were 

used to estimate the proportions of glyphosate and diuron that could be adsorbed in ditch beds 

during flood events with flowing volumes of 15, 30, 180, 429 and 749 m3 corresponding to water 

depths of 0.5, 1, 5, 10 and 15 cm (Eq. 3.1-6). The proportions of pesticides retained in the ditch beds 

calculated using SPRI (Eq. 3.1-6) did not vary with the pesticide concentrations in the water column 

because only linear adsorption isotherms were considered. However, the assessment of the 

contributions of each individual material to the total pesticide retention as well as the pesticide 

residues remaining after a clear water flushing event (Eq. 3.1-7, 3.1-8 and 3.1-9), depend on the 

aqueous pesticide concentrations. The repartitioning of adsorbed glyphosate and diuron among ditch 

materials was then calculated using Eqs. 3.1-7 and 3.1-8 for aqueous concentrations of 50 and 300 

µg/l, respectively, which are representative of the herbicide concentrations measured in the outlet 

ditch of the Roujan catchment (Dages et al., 2015). The masses of adsorbed glyphosate and diuron 

remaining in the ditch materials after 1 flushing step were calculated using Eq. 3.1-9, and their 

repartitioning among all materials was calculated using Eq. 3.1-7 by replacing Pi(0) with Pi(1). The 

results are expressed as the proportions of the masses remaining in the different materials relative to 

the total mass initially adsorbed. 

The unitary volumes flowing in the ditches during the flood events were approximated from the 

water depth to flowrate rating curve established for the outlet ditch of the Roujan catchment and 
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correspond for all water depths to approximately 3h floods depending on the vegetation density. 

This ditch is similar in shape to the RO-D1 and RO-D8 ditches. 

Similar studies could not be performed for the other catchments due to missing information, namely 

the soil bulk densities. Nevertheless, the characteristics of the Ruiné and Morcille ditches are within 

the ranges of the characteristics of the 8 Roujan ditches (as shown in Table 3.1-3), which are 

sufficient for estimating the global variation of ditch sorption. 

 

3.1.3 Results and discussion 

 

3.1.3.1. Ditch-bed material properties 

 Basic characteristics  

The ditch soils collected along the ditch networks of the Roujan, Ruiné and Morcille catchments have 

highly variable textures and chemical compositions (Table 3.S2). Particularly, the organic carbon 

content varied by 1 to 7 fold among the soils collected from the ditches of a given catchment and 

was significantly higher than the organic carbon contents of the surrounding cropland (Dousset et al., 

2010; Dagès et al., 2015). This result is consistent with the site-specific pedogenic processes that 

were reported by Vaughan (2008) and Needelman (2007), i.e., humification. The soil pH values are 

relatively constant across each network, with acidic soils in the Morcille catchment, neutral to basic 

soils in the Ruiné catchment and basic soils in the Roujan catchment (Table 3.S2). The ditch soils 

contain high nutrient loads, especially nitrogen (Table 3.S2), which may favour dense vegetation 

cover. The elementary ion compositions and C/N ratios vary among plants species (Table 3.S3), with 

Rubus fructicosus exhibiting the highest C/N ratio. The variations in the C/N ratios among species are 

inversely proportional to the residual ash content. The same trend was observed for decaying 

vegetation i.e., dead leaves and hay. This result suggests that the C/N ratio is higher for living or dead 

vegetation that contains high concentrations of lignin, e.g., Rubus fructicosus or hay (Table 3.S3). 

The proportions of the various materials varied significantly among the 8 ditches investigated 

simultaneously in the Roujan catchment (Table 3.1-3). The nature and the proportions of the various 

ditch-bed materials were both related to pedological characteristics and management strategies 

(Dollinger et al., 2015a), which were different between the observed ditches. For example, litter 

layers were observed in ditches RO-D1, RO-D4, RO-D5, RO-D6 and RO-D8. Ditches RO-D5 and RO-D6 

were chemically weeded the month before the survey and ditch RO-D8 was mowed. Ditches RO-D1 
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and RO-D4 were not managed in the month preceding the survey (Table 3.1-3) but earlier 

investigations (data not shown) indicate that these 2 ditches were chemically weeded and mowed, 

respectively, 2 months before the survey. Furthermore, denser vegetation cover was observed for 

ditches RO-D2 and RO-D3 (Fig. 3.S1), which were not subjected to any management operations in the 

preceding month. The contrasting soil properties and the differing vegetation, decaying vegetation 

and ash profusion among the 8 ditches may result in composite ditch-bed materials with very 

contrasting sorptive properties. 

 

Table 3.1-3: Main properties of the ditches estimated from in situ observations 

Ditch 

ID 

Vegetation 

cover 

Vegetation 

height 

Litter 

cover 

Litter 

depth 

Main decaying 

vegetation 

type 

Ash 

cover 

Last visible 

management 

operation 

 % cm % cm  %  

RO-D1 15 >15 60 5 Ha 0 not managed 

RO-D2 100 >15 0 0 - 0 not managed 

RO-D3 80 >15 15 1 DL 0 not managed 

RO-D4 18 >15 55 5 Ha 0 not managed 

RO-D5 30 >15 40 1 Ha 0 chemical weeding 

RO-D6 5 >15 15 1 Ha 50 chemical weeding 

RO-D7 1 >15 2 1 Ha 0 not managed 

RO-D8 10 <15 48 1 Ha 100 mowing 

RU-D1 50 <15 0 0 - 0 dredged 

RU-D2 10 <15 10 5 Ha 0 not managed 

MO-D1 0 0 0 0 - 0 chemical weeding 

MO-D2 20 <15 30 1 Ha 0 not managed 

Ha: hay - DL: dead leaves 

 

 Sorption properties 

Both the linear and Freundlich models were satisfactorily adjusted to the experimental adsorption 

isotherms, and the Freundlich model was adjusted to the experimental desorption isotherms (Tables 

3.S4, 3.1-1 and 3.1-2). For both diuron and glyphosate, the adsorption coefficients (Kdads and Kfads) for 

the soils covered one order of magnitude. Moreover, the adsorption coefficients for the various soils 

were one to two orders of magnitude higher for glyphosate than for diuron, with Kdads values ranging 

from 50 to 320 l/kg and 1.5 to 19 l/kg, respectively. Desorption hysteresis is commonly considered 

significant when H (Eq. 3.1-3) is lower than 0.70 (Passeport et al., 2011). Accordingly, the desorption 

hysteresis was significant in all soils for diuron and especially glyphosate. The large variability in the 
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adsorption and desorption behaviours among soils for both pesticides may be related to the different 

physico-chemical properties of the soils (Dollinger et al., 2015b; Wauchope et al., 2002; Weber et al., 

2004).  

Table 3.1-1: Diuron sorption coefficients of the ditch materials 

Material Kdads R² Kfdes ndes R² H 

 l kg-1  µg(1-n) ln kg-1    

RO-D1-S 17.21* nd 114.66* 0.32* nd nd 

RO-D2-S 8.59* nd 114.66* 0.32* nd nd 

RO-D3-S 19.37* nd 114.66* 0.32* nd nd 

RO-D4-S 6.63* nd 114.66* 0.32* nd nd 

RO-D5-S 6.06* nd 114.66* 0.32* nd nd 

RO-D6-S 5.24* nd 114.66* 0.32* nd nd 

RO-D7-S 3.66* nd 114.66* 0.32* nd nd 

RO-D8-S 6.30* nd 114.66* 0.32* nd nd 

RO-D9-S 5.17 1.00 114.66 0.32 0.99 0.39 

RU-D1-S 2.91 1.00 86.41 0.27 0.99 0.34 

RU-D2-S 14.97 0.99 175.96 0.41 0.85 0.47 

M-D1-S 1.51 1.00 121.44 0.07 0.94 0.09 

M-D2-S 14.90 1.00 103.37 0.52 0.94 0.58 

RO-DPR 22.44 1.00 130.91 0.56 0.99 0.59 

RO-DL 46.53 1.00 140.79 0.70 0.96 0.60 

RO-Ha 28.62 1.00 40.28 0.97 0.99 0.99 

RO-P1 2.58 0.98 181.81 0.17 0.63 0.18 

RO-P2 2.15 1.00 30.70 0.71 0.97 1.06 

RO-P3 3.15 0.98 222.32 0.15 0.85 0.18 

RO-A 1009.08 0.99 2196.98 0.00 0.80 0.00 

The Kads (*) values for soils RO-D1-S to RO-D8-S were estimated using the pedotransfer function. The 

desorption parameters Kfdes and ndes of soil RO-D9-S were used as proxies for the desorption 

parameters of soils from RO-D1, RO-D2, RO-D3, RO-D4, RO-D5, RO-D6, RO-D7 and RO-D8. 

Among all of the ditch-bed materials, the adsorption of diuron to ash was especially high and non-

reversible. In addition, dead vegetation exhibited a strong sorption capacity for diuron, which did not 

vary much among the different types of decaying vegetation despite their different characteristics. 

Adsorption on living vegetation was relatively low and did not vary much from one plant species to 

another. However, desorption hysteresis is significant for Rubus fructicosa and Elytrigia but not for 

Arum sp. The adsorption of glyphosate on living and dead vegetation is 1 to 3 orders of magnitude 

lower than the adsorption of glyphosate on soils, and a significantly greater proportion of glyphosate 

was desorbed from living and dead vegetation than from soils (Table 3.1-2). 
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Table 3.1-2: Glyphosate sorption coefficients for the ditch materials 

Material Kdads R² Kfdes ndes R² H 

 l kg-1  µg(1-n) ln kg-1    

RO-D1-S 30.70 1.00 354.81 0.32 0.97 0.33 

RO-D2-S 26.15 1.00 410.11 0.20 0.94 0.22 

RO-D3-S 44.66 1.00 557.24 0.15 0.96 0.16 

RO-D4-S 23.58 0.99 388.34 0.22 0.98 0.23 

RO-D5-S 31.89 1.00 489.94 0.18 0.97 0.19 

RO-D6-S 64.86 1.00 508.03 0.21 0.94 0.22 

RO-D7-S 33.02 0.99 479.16 0.32 0.72 0.33 

RO-D8-S 69.15 0.99 448.19 0.17 0.99 0.17 

RO-D9-S 51.69 1.00 675.64 0.14 0.98 0.15 

RU-D1-S 302.63 1.00 1096.48 0.07 0.95 0.06 

RU-D2-S 262.41 1.00 1029.52 0.10 0.99 0.10 

M-D1-S 89.07 1.00 751.16 0.25 0.98 0.27 

M-D2-S 318.82 1.00 1067.30 0.04 0.79 0.04 

RO-DPR 5.25 1.00 56.84 0.44 1.00 0.49 

RO-DL 4.35 0.98 42.57 0.37 0.82 0.31 

RO-Ha 0.77 0.98 4.30 0.67 0.75 0.68 

RO-P1 0.54 0.98 34.29 -0.01 0.23 -0.01 

RO-P2 0.30 0.97 26.98 -0.13 0.63 -0.17 

RO-P3 2.04 0.97 59.27 0.01 0.52 0.01 

RO-A 23.58 1.00 298.20 0.38 0.98 0.43 

 

Among all of the ditch materials, the experimental sorption experiments show that diuron exhibits 

the greatest affinity for ash and dead vegetation, with less affinity for soils. This result corresponds 

with the studies of Garon-Boucher (2003) and Yang (2003), who reported high diuron Kdads values for 

dead leaves or humus and Kdads values for crop burns that were approximately 1000 times higher 

than the Kdads values observed for soils. Moreover, among the ditch materials, glyphosate had the 

greatest affinities for soil and ash.  

 

3.1.3.2. Variability of the ditch bed sorption capacity 

Global adsorption coefficients 

Composite ditch-material Kd (Kdditch) values varied greatly among the ditches for both glyphosate and 

diuron with 2- and 9-fold variations, respectively, among the 8 ditches from the Roujan catchment 

(Table 3.1-4). The water level only slightly influenced the Kdditch values for both pesticides. However, 

a slight decreasing trend of Kdditch was noticeable for all ditches when the water level increased, 
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except for diuron in the ditches containing significant decaying vegetation layers (i.e., RO-D1, RO-D4 

and RO-D5). For these ditches, the maximum Kdditch value was reached when the water level equalled 

the decaying vegetation depth. The values of Kdditch were also greater for glyphosate than for diuron 

in the ditches containing ash and dense decaying vegetation layers. The values of Kdditch were very 

similar to those of the bed soils for glyphosate, which indicated that soils dominated the global 

sorption potential of the ditches for this substance. Given, the soil Kd values for glyphosate higher 

than the Kd values for the other ditch materials (Table 3.1-2) and, considering the very high apparent 

porosity of decaying and living vegetation (Table 3.S3), the soils were from far the most abundant 

material in the ditch beds, with proportions of 85.6 to 99.9 % of the total material masses in the 8 

ditches. For diuron, the Kdditch values were slightly greater than the soil Kd, particularly for ditches 

RO-D6 and RO-D8, which were covered with thin layers of ash. Decaying vegetation did not influence 

the global diuron sorption capacity much because very little decaying vegetation was present relative 

to the amount of soil.  

 

Table 3.1-4: Composite sorption coefficients (Kdditch) of the ditch materials for glyphosate and 
diuron 

 

 

 Retention and remobilization during flood events 

The proportions of both glyphosate and diuron potentially retained by sorption during contaminated 

flood events and estimated by SPRI varied largely between the ditches (Table 3.1-5). The computed 

SPRI values for diuron were likely realistic because they were within the range of the diuron 

retention values observed by Margoum (2003) for ditches with equivalent properties and water 

Ditch ID 
 Kdditch glyphosate  Kdditch diuron 

 0.5 cm 1 cm 5 cm 10 cm 15 cm  0.5 cm 1 cm 5 cm 10 cm 15 cm 

RO-D1  30.60 30.49 29.70 29.50 29.30  21.97 21.97 22.01 21.86 21.71 

RO-D2  26.01 25.87 24.82 23.62 22.53  9.40 9.35 8.95 8.50 8.09 

RO-D3  44.49 44.31 43.07 41.61 40.25  26.00 25.91 25.17 24.30 23.48 

RO-D4  23.50 23.42 22.80 22.59 22.40  7.16 7.22 7.64 7.57 7.50 

RO-D5  31.79 31.68 31.33 30.90 30.48  6.48 6.52 6.44 6.35 6.26 

RO-D6  64.19 64.13 64.01 63.86 63.72  20.40 20.40 20.36 20.31 20.27 

RO-D7  33.02 33.01 33.00 32.99 32.98  3.79 3.79 3.79 3.79 3.79 

RO-D8  67.65 67.48 67.24 66.94 66.64  35.75 35.72 35.59 35.43 35.27 
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levels varying between 3 and 35 cm. Margoum (2003) measured diuron retention and observed that 

it varied from 3 to 39 % in ditches characterized by different abundances of living and dead 

vegetation. The SPRI values significantly decreased when the water levels increased. Thus, the 

proportion of ditch-bed materials compared with the volume of the water column also decreased, 

leading to less favourable conditions for adsorption processes. Indeed, when the water level 

increased from 0.5 to 15 cm, a general SPRI decrease of approximately 90 % was recorded in all 

ditches (Table 3.1-5). Again this result is consistent with the findings of Margoum (2003), who 

detected the significant retention of diuron only when the water depths were lower than 10 cm for 

ditches 100 m long.   

 

Table 3.1-5: Sorption induced Pesticide Retention Indicator (SPRI) 

 

The repartitioning of adsorbed glyphosate and diuron among the various bed materials (Fig. 3.1-1) 

shows that soils are the main adsorbents, which was expected from the analysis of the Kdditch values. 

Soils accounted for nearly all of the glyphosate adsorption, with only a small fraction of glyphosate 

adsorbed by ash. The fractions of diuron adsorbed by plants and decaying plants are very low and 

low, respectively, compared with the fraction of diuron adsorbed by soils, although the KdDV value is 

much larger than the Kdsoil values. However, despite the very low mass of ash compared with the 

mass of the soil in ditches RO-D6 and RO-D8, the ash accounted for 73 and 81 % of the total diuron 

adsorption (Fig. 3.1-1). Indeed, diuron exhibits a very high affinity for ash (Table 3.1-1). Accordingly, 

the repartitioning of adsorbed glyphosate and diuron among the various ditch materials did not vary 

much with water level fluctuations (Fig. 3.1-1). In fact, even at the lowest water level, all of the soil 

and ash were assumed to be in contact with the water column. However, the roles of soils in the 

sorption capacities of ditches may be more important for glyphosate and diuron than for more 

Ditch ID 
 SPRI glyphosate (%)  SPRI diuron (%) 

 0.5 cm 1 cm 5 cm 10 cm 15 cm  0.5 cm 1 cm 5 cm 10 cm 15 cm 

RO-D1  84.76 73.09 31.44 16.10 9.91  79.97 66.18 25.37 12.45 7.53 

RO-D2  80.12 66.32 24.97 12.24 7.41  59.29 41.56 10.71 4.78 2.80 

RO-D3  89.21 80.16 40.55 22.21 14.07  82.86 70.26 28.50 14.29 8.72 

RO-D4  79.94 66.06 24.74 12.09 7.31  54.85 37.50 9.92 4.04 2.57 

RO-D5  84.96 73.39 31.77 16.30 10.05  53.53 36.20 8.74 3.85 2.24 

RO-D6  92.14 85.13 49.14 28.78 18.80  78.84 64.56 23.51 11.39 6.86 

RO-D7  88.29 78.65 38.33 20.63 12.97  46.42 29.74 6.67 2.90 1.68 

RO-D8  92.68 86.07 51.05 30.37 20.00  86.99 76.59 35.57 18.76 11.68 
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hydrophobic pesticides that have previously exhibited affinities for living and dead vegetation that 

were from 1 to 3 orders of magnitude higher than their affinities for soil (Dollinger et al., 2015a). 

 

 

 

Figure 3.1-1: Distribution of adsorbed glyphosate and diuron in the soil, litter, vegetation and ash 

in ditches from the Roujan catchment. The results are expressed as the mass percentages of the 

pesticides in a given material to the total amount of adsorbed pesticide. The distribution was 

calculated for water levels of 0.5, 5 and 15 cm and is not dependent on the initial concentration as 

only linear sorption isotherms are considered. 

 

The estimated fraction of desorbed pesticides after clear water flood events depends on the initial 

contamination, desorption behaviours of the pesticides from various materials and water level of the 

clear water flood events (Fig. 3.1-2). For ditches from the Roujan catchment, the estimated fraction 

of pesticides desorbed after clear water flood events varied from 0.04 % to 94.6 % for glyphosate and 

from 2.8 % to 95.3 % for diuron, with the greatest desorption rates estimated for high initial pesticide 
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loads and high water levels for both contaminated and non-contaminated flood events (Fig. 3.1-2). 

Due to the non-linearity of the desorption isotherms, the percentages of pesticide desorbed from the 

ditch beds varied with the initial amount of pesticide adsorption. The estimated fraction of pesticides 

desorbed was greater for high amounts of initially adsorbed pesticide than for lower amounts of 

initially adsorbed pesticide. Moreover, the proportion of desorbed pesticides during high water level 

flows was larger because the solid-to-liquid ratio decreased when the water level increased. 

Moreover, the desorption intensity varied between the bed materials. After a clear water flood 

event, the glyphosate and diuron initially adsorbed on decaying vegetation and plants and the 

glyphosate initially absorbed on ash were nearly completely desorbed. In fact, the relatively low 

abundances of these materials result in very low solid-to-liquid ratios and, consequently, conditions 

that are favourable for desorption processes. In contrast, the outstanding desorption hysteresis from 

ash counterbalances the effects of a very low solid-to-liquid ratio for diuron. Among all of the ditch 

materials, soils exhibited the lowest desorption potential (Fig. 3.1-2) for glyphosate. The same trend 

was observed for diuron in ditches RO-D1, RO-D2, RO-D3, RO-D4, RO-D5 and RO-D7. However, the 

exceptionally low desorption rates in the ditches covered by thin layers of ash that resulted from 

burning operations were attributed to the ash. Accordingly, the sorption capacity ranking differed 

slightly after a clear water flood event when compared with after an initial contaminated event, 

particularly for ditches containing ash. 

The estimated glyphosate and diuron concentrations at the ditch outlets after their remobilization 

from the ditch beds due to a flushing event varied greatly among the ditches and with the 

characteristics of both initial and flushing floods (Fig. 3.1-3). However, even for ditches with high 

estimated desorption rates, the glyphosate and diuron concentrations at the ditch outlets after a 

flushing event were less than 50 % of the initial concentrations in the ditches (Fig. 3.1-3). Thus, even 

if the long term pesticide retention capacity of ditch beds is limited due to reversible adsorption 

processes, ditches can be expected to buffer pesticide concentrations in receiving water bodies and 

thereby reduce the risks of acute toxicity in these ecosystems (e.g., Bundschuh et al., 2016; Werner 

et al., 2010). 
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Figure 3.1-2: Distribution of glyphosate and diuron in the different ditch materials and desorbed 

fractions after a non-contaminated flushing event with varying water levels. The individual graphs 

differ depending on the characteristics of the contamination event, the initial amount of adsorbed 

pesticides, and the water levels of the flushing events. The initial flood events were characterized by 

aqueous concentrations (Cini) of 50 and 300 µg/l and water levels of 0.5, 5 and 15 cm. The following 

clear water flushing events had water levels that were equal to the contaminated events. The results 

are expressed as the mass percentage of pesticides in a given material to the total amount of 

adsorbed pesticides. 
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Figure 3.1-3: Estimated glyphosate and diuron concentrations at the ditch outlets during a clear 

water flushing event. 
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3.1.3.3. Estimation of ditch beds sorption capacity: potential and limitations 

Estimating the global pesticide sorption capacity of ditch beds using Kdditch, SPRI and the following 

potential of desorption (Eq. 3.1-9) based on simple in situ observations of ditch properties enables 

for rapid and cost-effective ranking of ditches regarding their potential of water purification and the 

a priori identification of the effects of different management strategies on the retention of pesticides 

in ditch beds. Kdditch and SPRI provided equivalent ranking for the investigated ditches regarding their 

pesticide adsorption capacities because they are based on the same hypotheses. However, because 

Kdditch ranks ditches only on basis of the affinities of the pesticide to the ditch-bed materials and their 

relative abundance, SPRI allows for a more quantitative assessment of pesticide retention because it 

is based on a mass balance approach. The SPRI values estimated for the 8 ditches from the Roujan 

catchment (Table 3.1-5) are in the range of the measured pesticide retention capacities reported for 

ditches according to the review of Dollinger (2015a) (between 3 and 99%). 

This approach, however, has several limitations due to the accuracy of the input data (e.g., the 

relative amounts of the different materials) and due to some hypotheses underlying the calculations 

of Kdditch and SPRI.  

The in situ characterization of ditch properties in a network is difficult because of the spatially very 

heterogeneous conditions of ditches. The visual inspection of ditch properties (Bailly et al., 2015) can 

provide estimates of the respective amounts of various ditch-bed materials. However, estimates of 

the porosities of living and dead vegetation layers are approximate because they vary with the type 

of vegetation and change when the vegetation decays or when compaction occurs due to successive 

flood events. However, given the low contribution of both materials in ditch ranking towards their 

sorption capacities of diuron and glyphosate, a light bias in the porosity assessments would have 

little influence on the final ditch rankings. 

For computing Kdditch and SPRI, it was assumed that all flowing water is mixed simultaneous and 

perfectly with the adsorbing ditch-bed materials and that equilibrium is instantaneous. This 

assumption differs from the actual conditions in ditches, where water flows rather quickly and 

possibly heterogeneously. The difference between this assumption and reality may lead to several 

estimation biases that may compensate for each other. The actual water flow in ditches may indeed 

be fast and concentrated into specific pathways then limiting the contact time and the fraction of 

adsorbing material in contact with the diluted pesticide and in turn, limiting the pesticide sorption 

compared with the hypothesis of a simultaneous contact of the solution with all ditch bed materials. 

In contrast, the assumption that perfect mixing and instantaneous equilibrium occurs tends to 
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overestimate the adsorption capacity. The observed equilibrium times of diuron and glyphosate with 

the various ditch-bed materials ranged from 5 min to 3 h ōǳǘ ŘƛŘƴΩǘ ǾŀǊȅ ƳǳŎƘ ŦƻǊ ŀ ƎƛǾŜƴ ƳŀǘŜǊƛŀƭ 

type e.g., soil, litter, vegetation (data not shown). Thereby, even if the absolute value of SPRI may be 

affected by non-equilibrium sorption, the ranking between ditches would not be affected. 

Finally, to simplify the calculations, the ditch bank materials were neglected when calculating Kdditch 

and SPRI. However, for ditches with a width of 1 m and water depths of 10 to 20 cm, the proportion 

of ditch-banks compared with the ditch-bed materials becomes significant, potentially representing 

up to 50 % of the bed material mass for a water depth of 20 cm. Neglecting the ditch bank materials 

when calculating Kdditch and SPRI would then lead to great underestimation of the ditch sorption 

capacity. 

 

3.1.4 Conclusion 

 

In this paper, we present an apriori estimation of the variation of ditch pesticide sorption capacities 

and an analysis of the factors that control pesticide sorption for a set of farmed ditches. We also 

propose two new indicators for estimating the global ditch bed sorption capacity. These indicators 

were evaluated on three head-water catchments with non-permanent flow, but are suitable for both 

temporary and permanent flow conditions. 

Ditch beds are composed of soil, living and decaying vegetation and ash in variable proportions 

according to their pedological substrate and ditch management. Measurements of the adsorption 

and desorption coefficients of diuron and glyphosate indicate that the sorption affinity of the 

different ditch-bed materials may also vary largely between pesticides. Diuron exhibited the greatest 

affinity for ash, dead vegetation and, to a lesser extent, soils, while glyphosate exhibited the greatest 

affinity for soils and ash. The global sorption capacity of the observed ditches was significant and 

confirmed that the ditches could have a buffer function by decreasing pesticide pollution in the 

water. However, the sorption capacity varied largely between ditches (from 1 to 3 or 4-fold 

depending on the pesticide studied), which indicates that the buffering potential of ditches is 

variable. The variation in the sorption capacities between ditches was mainly driven by the nature of 

soils and abundance of ash. Thus, regularly burning ditch vegetation may improve pesticide retention 

in the ditch beds. Moreover, mowing provides layers of decayed vegetation, which can be 

progressively humified in ditch beds increasing the organic carbon content and, consequently, the 

soil sorption potential for hydrophobic pesticides. Given the range and factors involved in the 
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variation of sorption capacities, they need to be estimated specifically for each ditch according to its 

specific characteristic and to the effect of various management strategies. 

The development of management strategies for operating farm ditch networks to  attenuate diffuse 

pollution by pesticides requires the use of rapid and cost-effective tools. As shown, the new 

indicators Kdditch and SPRI presented in this study are calculated from simple observations of farm 

ditch properties and make it possible to rank ditches according to their global sorption potential. 

Although the used indicators are associated with uncertainties, they may be useful from an 

operational point of view for investigating the a priori impacts of using different management 

strategies in ditch networks and can be used when designing optimal strategies for protecting water 

quality in catchments dominated by cropland. 

 

Appendix A 

Calculations of Kdditch and SPRI are based on the following assumptions: i) adsorption isotherms are 

linear, ii) pesticide concentrations are uniform throughout the water column and in equilibrium with 

the sorbed pesticide contents of all of the ditch-bed materials and iii) the volume of water flowing in 

the ditch during a flood event is in joint contact with all of the material surfaces. Thereby, the 

estimated concentrations of the pesticides at the ditch outlet (Cout) correspond with the 

concentration in the water column (Cw) when the sorption equilibrium is reached with all of the 

materials in the ditch bed. In the ditches with limited infiltration potentials, the inflow volume (V) 

corresponds with the sum of the outflow (Vout) and water column (Vl) volumes for an initially dry 

ditch. 

V = Vout + Vl           (A-1) 

In the ditches with n solid compartments (here n=4, namely soils, decaying vegetation, vegetation 

and ash) with different Kd values, the mass balance equation when the solid and liquid phases are at 

equilibrium is 

ὖ  ὖ  ὖ  В ὖ         (A-2) 

and 

ὖ  ὅ   ὠ           (A-3) 

ὖ  ὅ  ὠ  ὅ ὠ          (A-4) 



3.1 Sorption du glyphosate et du diuron sur les matériaux des fonds de fossés 

 
 

125 
 

ὖ  ὅ ὠ            (A-5) 

Ὥᶅ ‭ ρȟȣȟὲȟ ὖ  ὅ ὓ ὑὨ         (A-6) 

where i refers to one of the n solid compartments, Mi the mass of the solid compartment i (g), Kdi is 

the sorption coefficient of compartment i (cm3/g), Pi is the amount of pesticides sorbed on 

compartment i (g), Pl is the amount of pesticides in the aqueous phase at equilibrium (g), Pin is the 

amount of pesticide entering the ditch (g), Pout is the amount of pesticide recovered at the ditch 

outlet (g), Cw is the average pesticide concentration at sorption equilibrium in the ditch and outflow 

water (g/cm3), Cout is the pesticide concentration at the ditch outlet (g/cm3) and Cini is the aqueous 

pesticide concentration in the inflow water (g/cm3). 

The percentage of pesticide retained on the bed material by sorption during a flood event, which is 

referred to as the sorption induced pesticide retention indicator (SPRI), is expressed as follows: 

ὛὖὙὍ 
В

   ρππ          (A-7a) 

By combining Eqs. A-1 to A-6, the following equations were obtained: 

ὛὖὙὍ 
В

 В
 ρππ         (A-7b) 

ὛὖὙὍ 
 В     

     В  
 ρππ        (A-7c) 

ὛὖὙὍ 
 В   

В   
 ρππ         (A-7d) 

When combining the Kdditch from Eq. 3.1-5 with Eq. A-7d, the SPRI can be expressed as follows: 

ὛὖὙὍ  
  

 
 ρππ         (A-8) 

where M =В ὓ , which is the total mass of the ditch-bed materials.  
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Appendix B: Supplementary material 

 

 

Figure 3.S1: Ditches from the Roujan catchment network on May 27th, 2013 

 

 

Table 3.S1: Physico-chemical properties of glyphosate and diuron 

Properties  Glyphosate Diuron 

Formula  C3H8NO5P C9H10Cl2N2O 

Molecular mass g mol-1 169.1 233.1 

Aqueous solubility at 20°C g L-1 10.5 to 12.0 0.04 

Log Kow at pH 7  -4.1 to -3.2 2.7 

pKa1 ς pKa2 ς pKa3  2.2 ς 5.5 ς 10.2 13.2 

Vapor pressure at 25 °C mPa 1.31 10-2 1.15 10-3 

IŜƴǊȅΩǎ ƭŀǿ Ŏƻƴǎǘŀƴǘ ŀǘ нрϲ/ Pa m3 mol-1 2.10 10-7 2.00 10-6 

From ANSES 2015 and FOOTPRINT 2015 

 

 




























































































































































































































































































































































































































































































