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Abstract 
Grown worldwide, potato is one of the most important food crop on the planet. However, its cultivation raises 

growing environmental concerns, one of them being the issue of soil erosion. Agricultural practices to mitigate 

those effects are slowly emerging, one of them being known as autumn hilling. As the name suggests, hilling is 20 

performed in autumn and subjected to a biological ploughing over the winter. Potatoes can then be directly seeded 

into them. Since 2017, trials have been conducted on Belgian loamy soils to assess its viability in the region. The 

aims of this thesis were to assess the efficiency of the technique on erosion control and soil water storage 

enhancement. This was performed through a series of field measurements, soil characterization and the 

development of a water-flow simulation model on Hydrus 2D. Treatments effect did not show significant impact 25 

on erosion rates and runoff volume. This was attributed to a large variability in field conditions and to a delay in 

canopy development, which resulted in significantly lowered soil cover at the beginning of the growing season. 

However, the results of the model over the last 5 years have shown an increase in storage capacity by a factor of 

2 in the autumn hills. Although these results require validation in view of the model's limitations, this observation 

gives a first piece of evidence towards enhanced water conservation capacities in autumn hills, compared to 30 

conventional potato cropping, which might prove of great significance in the context of climate change.  

Key words : Potato, reduced tillage, soil erosion, water conservation, silty loam, Belgium, Hydrus 

 

Cultivée dans le monde entier, la pomme de terre est l'un des aliments les plus consommés de la planète. 

Cependant, sa culture soulève des préoccupations environnementales croissantes, notamment de par son impact 35 

sur l'érosion des sols. Des pratiques agricoles visant à atténuer ces effets apparaissent lentement, dont le système 

des buttes d’automne. Comme son nom l’indique, les buttes sont formées en automne et soumis à un labourage 

biologique pendant l'hiver. Les pommes de terre peuvent alors y être directement plantées. Depuis 2017, des 

essais sont menés sur les sols limoneux belges pour évaluer sa viabilité dans la région. Les objectifs de ce TFE 

étaient d'évaluer l'efficacité de la technique sur le contrôle de l'érosion et l'amélioration de la disponibilité en eau 40 

du sol. Ceci a été réalisé par une série de mesures sur le terrain, une caractérisation du sol et le développement 

d'un modèle sur Hydrus 2D. Les techniques envisagées n'ont pas montré d'impact significatif sur les taux 

d'érosion et le volume de ruissellement. Cela a été attribué à la variabilité des conditions au sein de la parcelle et 

à un retard dans le développement de la canopée, qui a entraîné une diminution significative de la couverture du 

sol au début de la saison de croissance. Cependant, les résultats du modèle sur les 5 dernières années ont montré 45 

une augmentation de la capacité de stockage par un facteur 2 dans les buttes d’automne. Bien que ces résultats 

demandent validation au vu des limitations du modèle, cette observation donne une première piste concernant 

l'augmentation de la conservation de l'eau dans les buttes d’automne, qui pourrait s'avérer cruciale dans le 

contexte du changement climatique. 

Mots clés : Pomme de terre, techniques culturales simplifiées, érosion du sol, conservation de l'eau, limon 50 

argileux, Belgique, Hydrus 
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Introduction 

Grown worldwide, potato is one of the most important food crop on the planet (FAO, 2020). In Western Europe, 

and in Belgium particularly, production is especially intense, thanks to favourable soil-climate conditions and to 

the development of an important transformation industry, making potato a major source of income. However, 

potato cultivation raises important environmental concerns, one of them being soil erosion. Among other issues, 

because potato demands an intensive soil preparation and is cultivated in ridges, the fields are particularly prone 

to runoff and soil losses caused by the Belgian erosive rain of May-June (Verstraeten et al., 2006). They are also 

susceptible to erosion during harvest, where soil is exported with the tubers. When considering both those 

phenomena, mean soil losses in potato fields range around 5t.ha-1 per year (Ruysschaert et al., 2007a; Evans, 

2017), resulting in loss of fertility and eventually in loss of income. 

As potato is a very demanding crop, in terms of water availability, temperature and soil condition, the cultivation 

is a very calibrated one, and alternatives are slow to emerge. The agricultural world and the scientific community 

are however aware of the problem, and alternative agricultural practices which would be environmentally and 

economically sustainable are being tested and slowly implemented all over the world.  

It is on those bases that Greenotec1 set up a trial aiming at developing a more environmentally friendly solution 

to potato cropping. The solution they have chosen to focus on is referred to as “autumn hilling”. Developed in 

Germany in the late 90s, in the experimental station of Scheyern, the main change in this technique is that rather 

than forming the hills when planting in the spring, they are pre-formed after the harvest of the preceding cereal 

and seeded with a cover crop. Over winter, roots and freeze-thaw cycle proceeds to a form of “biological 

ploughing”, allowing for direct seeding of the potatoes in the ridge in the spring. Along with a better repartition 

of working time along the year, the technique is expected, partly thanks to the reduction of tillage induced and to 

the well-stabilised autumn ridges, to have a positive impact on soil erosion. While results are encouraging in 

terms of yield, the impact of the technic on erosion is yet to be demonstrated. 

The working hypothesis of this research is that autumn hilling is an effective solution for enhancing soil and 

water conservation, while remaining an agronomically viable solution in Belgian pedo-climatic context. This 

research therefore has several objectives (i) Conduct a survey of the different existing techniques to mitigate soil 

erosion (ii) Assess the efficiency of the autumn hills to mitigate soil erosion, and its impact on soil surface 

characteristics (iii) Assess the impact of the different soil preparation on soil hydraulic properties, water dynamics 

and drought stress occurrence. The analysis of the differences between the soil temperature regimes was 

originally also an objective of this thesis. However, because of the coronavirus epidemics, which induced 

delaying of the beginning of the field work, it was decided to leave it out of this research to focus solely on soil 

water dynamics.  

 
1 Groupement de Recherche sur l’Environnement et d’Etude de Nouvelles Techniques Culturales - Group for Research on the Environment and the Study 

of New Cultivation Techniques. “Belgian farmers association aiming at researching concrete solutions to the practical problems they encountered on a day-

to-day basis in adopting Soil Conservation Techniques (SCTs) on their farms”. 
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I. The potato crop 

1.1 Context 

Domesticated by Andean farmers nearly 8.000 years ago, potato (Solanum tuberosum L.) was imported in Europe 

by the Spanish, closely followed by the English, at the end of the 16th century (FAO, 2008a). Despite a slow 

spread at first, the crop was recognized during the famines of the 18th century for its high nutritious value, 

cheapness, and ease of cultivation and storage. By mid-19th century, potatoes were the major staple in Europe 

(Komlos, 1998).  

For the same reasons as in Europe a century before the 20th century saw a steady increase in the consumption and 

production of potatoes in developing countries. The production of these areas has in fact exceeded in 2005 the 

production of developed countries, and today’s world leaders in terms of production are China and India, 

producing alone almost a third of the total harvest worldwide (Devaux et al., 2014). 

Potato is now truly a global food, grown on nearly 18 million hectares worldwide (figure 1), for a total production 

of 370 million tons in 2018. It is the third most important food crop in terms of human consumption, after wheat 

and rice (FAO, 2020). 

 

Figure 1 - Worldwide distribution of potato harvested area (Devaux et al., 2020) 

Europe however has seen its production steadily decrease for several decades, due to a drop in the use of potato 

as feed in Eastern Europe and a decline of the demand for fresh potatoes (Devaux et al., 2020). In Western Europe, 

the decline is however less significant and countries such as Belgium or France have actually been increasing 

production over the last decade (De Cicco et al., 2019). This is mainly due to the growth of the processing 

industries, highly represented in the region. Those strong links with industry, and the favourable environmental 

conditions have made the countries of the NEPG2 key players in potato production and transformation over the 

world (Sawyer et al., 2019). 

 
2  North-Western Europe Potato Growers – Composed of 5 countries (Belgium, Germany, France, the Netherlands and UK) that formed an association to 

regulate the evolution of the production and the exportations of potatoes and potato-derived products.   
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Ranked as the 6th European producer, Belgium stands out due to its central location, ideal pedo-climatic conditions 

and highly specialised processing companies. This allows for a very intense production, with yields ranging from 

40,1 t/ha to 53,5 t/ha between 2011 and 2016 (Petel et al., 2019; Sillon Belge, 2019). As a comparison, the 

worldwide yield is only of 20,11 t/ha (FAO, 2020).  

Potato represents 11,1 % of all arable lands (Eurostat, 2018). The cultivated area is distributed between Flanders 

(56%), and Wallonia (44%) (Statbel, 2019). Most (88%) of the potatoes found in Belgium are ware potatoes – 

harvested in September and stored, whereas only 9% are early potatoes – harvested earlier in the season for direct 

consumption. Of those 9%, 99% are cultivated in Flanders (Statbel, 2019). The number of producers has been 

decreasing for the past decades, with a drop of 58% between 1990 and 2010. Most of the cultivated area are part 

of high-size holdings, 61% of them being part of more than 80ha farms in 2010 (Petel et al., 2019).  

Transformation industries play a key role in the Belgian potato industry, with 80% of the production intended for 

transformation (SocoPro, 2020). This industry has been increasing from around 500,000 tons of potatoes 

processed in 1990 to 5 million tons in 2018. The country is also the largest exporter of frozen potatoes worldwide, 

selling to more than 150 countries (BelgaPom, 2019). Exportations are however also  dependant of the importation 

of fresh potatoes from neighbouring countries, as the sole Belgian production, despite its importance, is not able 

to support the demand of the transformation industries (Lebrun, 2011). 

1.2 Crop science 

1.2.1 Biology 

Potato (Solanum tuberosum L.) is a member of the Solanaceae family. Cultivated as an annual plant, potato is 

actually a perennial crop, that mainly reproduces vegetatively by means of tubers. Tubers are starch-accumulating 

organs derived from the tips of the underground stems. At the end of growing season, the plant dies, leaving only 

the tubers in the ground. They serve as nutrient store and allow the plants to survive the cold season and generate 

new shoots when the conditions are favourable. The different growth stages are described in figure 2. When 

cultivated, tubers are harvested and mostly used for consumption. Some tubers however are grown as propagation 

material (called seed potatoes) and planted to generate the next crop (FAO, 2008b). 

 

Figure 2 - Phenological growth stages of Solanum tuberosum L. 
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1.2.2 Cultivation 

Planted in spring in temperate regions, commercial growers cultivate the crop in ridges. This practice offers many 

advantages, such as eliminating weeds when forming the ridge, reducing soil humidity, detrimental to the tubers 

at high percentages, easing the harvest or protecting the tuber from the light-induced greening that makes it unfit 

for consumption.  Harvest date is dependent on the variety and intended market use of the tuber.  

Extensive soil preparation is part of the conventional management practices. A conventional tillage might include 

one pass of primary tillage with a mouldboard plough, several passings of secondary tillage to prepare the soil, 

and tertiary tillage operations including planting, hilling and harvesting (Tiessen et al., 2007a). The aim of those 

preparations is to reach a well-drained and well aerated soil, with a loose structure that will allow the tubers to 

develop (FAO, 2008c) .  

Very demanding in NPK fertilisation, the crop is also vulnerable to pest and diseases. As for many Solanaceae, 

late blight poses a great threat to potatoes, affecting foliage and tuber in the field and in storage, possibly leading 

to a 100% crop loss. Numerous other diseases such as rhizoctonia also affects potato yields and quality. Major 

pests include the Colorado potato beetle, aphids, wireworms, slugs and nematodes, that feed on the tuber, leaves 

and stems, or transmit pathogens. The control strategy against those threats often include the use of chemicals, 

detrimental to the environment and to human health (Vincent et al., 2013). 

1.2.3 Growth requirements 

Water 

Potato is more sensitive to water stress than many other crops (Porter et al., 1999). This is the consequence of its 

shallow root system, that induces an effective rooting depth of half the one of cereals (Anderson et al., 2013). 

This sensitivity varies accordingly to the plant growth stage and leads to a global reduction in yield and quality 

of tubers (Kehr et al., 1964; Alva, 2008). Among others, it delays emergence and root establishment, impedes 

root growth, and reduces the number of stolons and tubers, as well as their sizes (Obidiegwu et al., 2015). 

Less documented, excess water is also a significant problem in temperate climate. A Dutch study by Van Oort et 

al. (2012) concluded that, over the last 60 years, wet start or wet end of the growing season had had the highest 

negative impact on potato yields. It is therefore crucial for the soil to be well drained, as to avoid waterlogging 

and poor aeration of the soil. Bad conditions result in diminished root growth and an increased risk of diseases 

(Benoit et al., 1985; Alva, 2008). Fluctuations within the ridges are also to avoid, as they will result in uneven 

bulking, tuber malformation and growth cracks (Nyawade, Karanja, Gachene, Schulte-Geldermann, et al., 2018).  

 The FAO estimates that, for a 120-to-150-day crop, 500 to 700 mm of water are required (FAO, 2008c). For 

optimum yield, a soil moisture in the root-zone maintained at minimum 70% of field capacity is recommended 

(Larsen, 1984; Foroud et al., 1993). Xiaolin et al. (2016) also indicated that the moisture contents at 20cm and 

30cm depth are the most highly correlated with yields.  
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Temperature  

As for water, potato has specific demands in terms of soil and air temperature. The optimum ranges are once 

again linked to the growth stage and are variety-dependent (Levy et al., 2007). Both air and soil temperature are 

important (Gregory, 1956; Reynolds et al., 1989), even though the final yield is mainly regulated by the 

temperature 10 cm below soil surface (Xiaolin et al., 2016). 

Sprouting and plant emergence requires a soil temperature of at least 6°C (Levy et al., 2007). Plantation timing 

is therefore important. During vegetative growth, optimal foliage growth and root growth occurs at soil 

temperature range of 15–20 °C (Rykaczewska, 2015).   

Tuberization is a critical period. Tuber yield is greatly influenced by soil temperature, the optimum being similar 

as the roots’ requirements. It is greatly reduced by high soil temperatures, particularly if combined with high air 

temperature (30°C day/23°C night). Above 30°C, tuberization is sharply inhibited and the few tubers that forms 

are poorly developed (Kehr et al., 1964).  

Soil characteristics and compaction 

If potatoes can be grown on most soil types, they will prefer slightly acidic, sandy loam to loamy soils with a 

high organic matter content, good drainage and aeration. Texture and structure impact yields and shape of the 

tubers. Naturally loose soils are favoured, as they offer minimal resistance to the enlargement of tubers (FAO, 

2008c). 

Soil compaction has a significant impact on potato growth. If some degree of consolidation is needed for the crop 

– as it helps root anchorage and allows water uptake, important level of compaction will greatly impede the 

development of roots and tubers (Anderson et al., 2013). The decrease of porosity reduces the oxygenation in the 

soil, inducing root deaths and the formation of potato black heart in the tubers. As for air, water movement is 

reduced, increasing the occurrence of flooding, of pathogens and anoxic conditions (Ragassi et al., 2012). 

Moreover, as water stays trapped, soil stays colder for a longer time in the spring, as a wet soil requires more 

energy to warm up.   

Roots development is impeded, and roots tend to remain more superficially located, exacerbating the risk of water 

stress and limiting the access to nutrients. A study on English soils demonstrated that the growth rates of roots 

were halved for a penetration resistance of 1,5 MPa, with a maximum of 20mm a day at the soil surface (no 

resistance). As a comparison, in this same study, it was estimated that more than two thirds of the surveyed 

commercial English commercial fields had a resistance of more than 3 MPa, where root growth would be less 

than 2mm a day. Thus, rooting depth is likely to be considerably shallower than desirable. Tuber development 

was also significantly limited, leading to a decrease in final biomass, and an increased occurrence of deformed 

tubers (Stalham et al., 2007).  Tomis et al. (2017) demonstrated that one pass and two passings of machinery 

resulted in bulk density of 1,54 and 1,56, respectively leading to decrease of productivity of 15% and 25% 

compared to the unwheeled ridge. 
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II. Soil erosion in potato fields  

Soil erosion is defined as “the detachment, entrainment and transport (and deposition) of soil particles caused by 

one or more natural or anthropogenic erosive forces” (Boardman et al., 2006). Described as the biggest threat to 

soil fertility and productivity in Europe, a study of the European Joint Research Center estimated that 7% of 

European agricultural soils were affected by the phenomena, costing €1.25 billion in annual agriculture 

productivity loss (€42.841 million in potato crops) (Panagos et al., 2018).  

European water erosion rates vary greatly according to land use, slope and soil cover. A review of literature by 

Verheijen et al. (2009) places the mean European erosion rates between ca. 3-40 t.ha-1.yr-1
, even though the author 

points out that that those rates may vary too much to actually be a useful indicator.  As a comparison, this same 

study considers soil formation rates by both weathering and dust deposition range from ca. 0.3 – 1.4 t.ha-1.yr-1. 

Different vectors can be responsible for soil erosion, the main ones present in Wallonia being water, tillage and 

harvest (Dautrebande et al., 2006). Potato is considered to be one of the crops with the highest erosion risk, as it 

favours all three types of erosion (Auerswald et al., 2006).  

2.1 Water erosion 

Water erosion is the most known form of erosion at the field scale. The phenomenon directly impacts the field, 

as water tends to accumulate on downslope, causing excess moisture there and hydric deficit on convexities. 

Among other issues, it also results in losses of organic matter and of mineral elements and therefore leads to a 

globally reduced yield. Off-site, it is the cause of floods and mudslides and of pollution of waterways by fertilisers 

and pesticides, carried by runoff and sediments (Dautrebande et al., 2006).  

Few estimates of the average soil loss exist in potato fields. In England, a 10-year monitoring program estimated 

that average soil loss varies of 3,3 t.ha-1.yr-1 (Evans, 2017) while in Germany Bug et al. (2012) identified a mean 

soil loss of  4.2 t.ha-1.yr-1 over 11 years.  

2.1.1 Theoretical background 

Under the action of the rain, soil aggregates break down, according to different mechanisms – e.g. slaking caused 

by the compression of entrapped air during wetting, breakdown by raindrop impact etc. – leading to  the formation 

of smaller aggregates or to the release of elementary particles (Le Bissonnais, 2016). Aggregate stability is 

therefore a key concept in the process of soil erosion and is defined as “the capacity of a soil aggregate to keep 

its cohesion and not to break up into smaller fragments when it is submitted to the effect of water” (Algayer et 

al., 2014). It is dependent on a series of soil properties, including soil texture, antecedent moisture content, clay 

mineralogy, and organic matter content (Nciizah et al., 2015).  
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On top of the creation of soil particles easily transported by runoff, an important consequence of this 

disaggregation is the formation of soil crusts. Small particles reorganize, filling the interaggregate voids at the 

soil surface. The top layer is further compacted by the impact of water drops, leading to the formation of a thin 

layer of soil with high bulk density, higher shear strength and finer pores compared to the underlying soil. This 

first stage of crust is referred to as structural crust. This crust is then thickened by the sedimentation of soil 

particles that were displaced through runoff – becoming what is called a depositional crust (Bresson et al., 1990; 

Nciizah et al., 2015). In addition to agronomical problems, such as mechanical impedance of seedling emergence, 

the major impact of crusting is a decreased rate of infiltration that will greatly increase runoff. If infiltration rate  

on recently tilled soils may range around 30-50 mm.h-1, a well crusted surface will show infiltration rates of 1-2 

mm.h-1 (Auzet et al., 1990). This decrease has a double origin: a reduction in soil surface porosity, and a decrease 

of roughness, diminishing the soil surface depressional storage capacity (Le Bissonnais, 2016).  

Transport begins when water can no longer infiltrate, either because rain intensity is higher than infiltration rate, 

or because the soil is saturated. The small size particles are then mainly transported in the runoff, that detach the 

particles as the flow shear stresses exceed the shear strength of the soil – a phenomenon referred to as wash 

erosion (Verheijen et al., 2009). The higher the speed of the runoff, the higher the rate of displacement of soil 

particles (Dautrebande et al., 2006). A second process, called splash erosion, intervenes, at a lesser extent 

however, where, under rain drop impacts, particles are displaced through saltation (Bollinne, 1978).  

Wash erosion can take different forms: sheet erosion or inter-rill, where the runoff is diffuse all over the soil 

surface; rill erosion if the runoff concentrates into small streams, and gully erosion if it concentrates into larger 

channels. This last type of erosion is greatly linked to topography, gullies being mainly found along the 

waterflows, or other relief such as wheeling tracks (Dautrebande et al., 2006). The interactions between agregate 

breakdown, crusting, surface infiltrability and soil erosion are depicted in figure 3.  

Figure 3 - Interactions between aggregate breakdown, crusting and erosion (Le Bissonnais, 2016) 
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2.1.2 Factors influencing water erosion in Belgian potato fields 

Rain is the input force behind sheet and rill erosion. More than the quantity of rainfall, the rain intensity plays an 

important role in the runoff and erosion rate. The higher the intensity, the higher the size of water drops and the 

kinetic energy. The rain is then said to be more erosive and tends to disaggregate the soil at a higher rate. 

Obviously, rainfall is also the reason for runoff, with an average of 5 to 10% of annual rainfall – largely dependent 

on the year considered - in Wallonia contributing to surface runoff (Dautrebande et al., 2006). Verstraeten et al., 

(2006) calculated the mean rain erosivity of Belgian rainfall over a 105-year period (1898-2002) and concluded 

that the period from May to September had the highest rain erosivity.  

Those high erosivity rains coincide with the period where the potato cultivation induces a bare ground cover 

(May-June). The soil is therefore not protected by the canopy. Later in the season (July-August-September), a 

denser cover will protect the soil from rain erosivity because of leaf interception. Roots also play a role, enhancing 

the drainage of the soil due to their sole presence and to water uptake that decreases saturation. They also structure 

the soil, making it less susceptible to runoff.  

Topography plays a significant role in the erosion process - 3% slope being considered the threshold value for 

erosion risks. However, in Belgium, in 2005, 43% of potato areas were located on surfaces with a more than 3% 

slope (FIWAP, 2015). In addition, slope length is also of great importance. A plot with a mild slope can be as 

subject to erosion as a shorter plot on high slope (Dautrebande et al., 2006).  

The formation of ridges also favours water erosion, as the important slope of the ridge’s sides (circa 30°) 

concentrates runoff in the furrow, and increases the sediments load due to wash and splash erosion. Furrows then 

serve as tramlines for runoff (Auerswald et al., 2006). Sediment deposition at the bottom of those furrows and 

the formation of depositional crust further decrease the infiltration rate of the soil (Agassi et al., 1989). In the 

same conditions, erosion rates are shown to be four times higher on a ridged potato field, than on fields with a 

flat surface (Chow et al., 1994).  

Along rain erosivity, soil cover and topography, soil erodibility is an important factor influencing erosion rates. 

Belgian potatoes are mostly grown on sandy loam and loams (FIWAP, 2015). Those soils are described in 

literature as the most sensitive to crusting and therefore runoff and erosion (Bradford et al., 1987; Boardman et 

al., 1994; Dautrebande & Sohier, 2006). The low organic matter of the agricultural fields enhances those 

tendencies, as it decreases aggregate stability (Boardman et al., 1994). The soil preparation of potato crop 

worthens those effects, as it requires a very fine soil structure, that increases the risk of aggregate breakdown.  

Lastly, soil compaction due to the rolling of heavy machineries is of great importance in potato fields because of 

a high number of passes. The lack of timing flexibility resulting from the high demands of the industry causes 

those operations to sometimes be performed in wet conditions, resulting in loads higher than the plastic limit of 

the soil, and so in irreversible soil deformation. The importance of the compaction is greatly influenced by the 

number of passes. The furrows are therefore compacted, diminishing even further the infiltration rate (Tomis et 

al., 2017).  
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2.2 Tillage erosion 

Tillage erosion is defined as “the redistribution of soil that occurs within a landscape as a direct result of tillage 

operations” (Tiessen et al., 2007b). When tillage is made on a sloping plot, the translocated soil is transported 

preferentially towards the bottom of the slope. Even though soil does not actually leave the plot, erosion does 

occur on the soil convexities, whereas the soil accumulates in the concavities.  

In Europe, mean tillage erosion ranges between 3 and 9 t.ha-1 yr-1 (Verheijen et al., 2009) and is therefore of the 

same order of magnitude as water erosion. Both the slope gradient and the tillage practices (tools, speed, and 

depth) influence the rates of erosion (Gillijns et al., 2005). Obviously, the number of passes is also of importance, 

making potatoes management practices a great cause of tillage erosion. In potato fields, on Canadian loams, 

(Tiessen, 2007b; Tiessen et al., 2007c) estimated that primary and secondary tillage operations resulted in a mean 

displacement of 3m, and tertiary tillage (planting – hilling - harvesting)  displaced the soil up to 23.6 m 

respectively. In Belgium, Van Oost et al. (2006) showed that the combination of chisel tillage and mouldboard 

ploughing – both part of the soil management practices in potato cultivation - resulted in local tillage erosion 

rates over 3 mm.yr-1.   

Effects are limited to the inside of the plot. The phenomena leads to increased spatial variation of soil properties, 

including nutrient content, but also surface and sub-surface hydrology (infiltration rates, overland flows etc.) 

(Gillijns et al., 2005; Van Oost et al., 2006). As a result, large reductions of crop yield are associated to tillage 

erosion (up to 40% for the convex areas) (Tiessen et al., 2007b). Tillage also fills rills and gullies, reinforcing 

soil losses due to concentrated runoff, as the gullies and rills often re-appear the next year (Verheijen et al., 2009).  

2.3 Soil loss due to crop harvesting (SLCH) 

Known as “soil tare” in agronomical terms, SLCH corresponds to the part of the soil (clods, rock fragments and 

soil adhering to the crop) that is collected with the potatoes during harvest. Undermined until recently, its 

importance is considerable compared to the other types of erosion. In Belgium, Ruysschaert et al., (2007a) 

estimated a soil tare of 2,2 t.ha-1 per harvest, with a maximum of 45 t.ha-1 (based on 1000 soil tares data at a 

potato-processing factory). Those numbers range in the European average of 2,25 t.ha-1 calculated in a review of 

the existing literature by Panagos et al. (2019). 

Unlike erosion and tillage erosion, SLCH is not linked to the topography. It depends on the type and form of 

crop, the soil type, the soil moisture at harvest and the equipment used. If soil moisture content at harvest time 

controls the quantity of adhering dirt, soil texture controls the amount of clods harvested, responsible for most of 

the variability in the rates of SLCH (Ruysschaert et al., 2004).  

In addition to nutrient and soil losses at the plot scale, SLCH has economic consequences for the farmer, as the 

farmer pays for the transport of the soil (to the factory and back to the field after separation) and receives financial 

penalties for the soil that the factory has to manage – the adhering soil and the non-adhering part if the farmer 
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does not manage the return to the field himself3. However, a considerable drawback for the reduction of soil tare 

is that it increases damage to the tubers and causes greater loss of small potatoes, as the potatoes are not protected 

from shocks by the surrounding soil (Ruysschaert et al., 2007b).  

 

Figure 4 - From left to right : A. Water erosion in potato fields (FIWAP, 2015) - B. Tillage erosion impact Photo: University of 

Debrecen (Isaacs, 2018) - C. Excessive refinement of the soil (Martin et al., 2004) 

III. Further considerations 

3.1 Influence of the supply chain on the conversion 

Along with the growers, the supply chain is composed of many actors. Upstream, producers of farm inputs and 

machinery, along with the public authorities and organisms dictate legislations, offer consulting to growers and 

participate in research. Downstream, the chain is completed by the negotiators, transformation industries and 

distributors. In Belgium, transformation is distributed between 18 industries, 6 of them accounting for more than 

90% of the production (Petel et al., 2019).  

High interdependency exists with the chain. Growers depend of the buyers for income. Packers and processing 

industries depend on growers to produce the necessary quantities, with the expected level of quality, to sustain 

the demand of their own clients (Smit et al., 2008).  

As a result, long-term relationships exist between the growers and the buyers from the industry. Potato growers 

have two choices to sell their production - either by contracts, either on the free market. With the first option, the 

producer chooses, at the beginning of the season, to sell its production to an industrial. In the second case, the 

producer will sell its harvest at market price. Since 2010, contracts are the priority solution chosen by the farmers, 

70% of the harvest being sold in this way in 2016 (Petel et al., 2019). Those contracts are written for a year. 

However, the actors do not switch suppliers/ customers in quick succession and the sector seems to prevail long-

term relationship (Commission de l’agriculture contractuelle, 2006; Smit et al., 2008).  

 
3 Personal communication by Pierre Van Eecke (FIWAP – Filière Wallonne de le Pomme de Terre) 



 

11 

 

This system has the advantage of offering a price that does not depend of the very volatile potato open market, 

linked to the unpredictable yields achieved among the NEPG. However, the contracts are based on fixed prices 

per tonnes. They are therefore not always the most interesting solution for farmers, putting the economic risks on 

them mainly, since the prices do not vary with the costs of production and won’t go up in case of a low-offer year  

(SillonBelge, 2017). Smit et al. (2008) also notes that the contracts may impose a specific mode of production, 

restricting the choices of the grower. Moreover, a grower under contract is less inclined to ‘take the risk’ to switch 

to a new way of growing, as it may affect the development of potatoes. Lastly, when under contract, growers have 

reported to receive more interesting prices (€/ha) when cultivating on bigger plots, which increases the length of 

the slopes and so the erosion risk4.  

The high interdependency within the chain and the power relationships are strong constraints on the development 

of new practices. Other actors influence the way the crops are grown, and change will have to take place in 

agreement with all other parties involved. The conversion can only occur if the new solutions are cost-effective 

and maintain or increase yield/quality.  

However, things are slowly evolving in the Belgian potato sector. Beginning of 2020, Belpotato.be was created. 

Developed by several instances, the FIWAP notably, Belpotato is an interprofessional organisation, mixing 

production, trade and transformation potato actors. Together, they established a list of 8 challenges the sector 

must cooperate on to find solutions to, to guarantee the economic, environmental and societal sustainability of 

the supply chain. Soil erosion is part of those 8 challenges (SillonBelge, 2020).   

3.2 Overview of the existing legislations   

At the European scale, the subject of erosion appears in the CAP – Common Agricultural subsidies. Since 2000, 

the notion of conditionality has appeared: growers will only receive subsidies if they respect a set of rules in 

terms of holding exploitation, consisting of a set of ‘Good Agricultural and Environmental Conditions’. In 

Wallonia, concerning erosion mitigation, only the slope parameter is considered to determine the conditions to 

follow. The parcels considered at risk of erosion are the ones whose slope is greater or equal to 10% on more 

than 50% of their surface area, or on more than 50 acres.  

Crop cover during interculture is then compulsory, between September 15th and 1st January, and row crops are 

forbidden on those plots. However, both norms do not apply to row crops if a grassed strip of at least 6m wide is 

present in the downslope. This grass strip must respect a few conditions, such as not to be grazed, to be composed 

of prairies grasses/legumes, and to stay in place until the harvest. Therefore, the Walloon-translated conditionality 

only prevents runoff and soil losses to leave the plot. However, grassed strips are not efficient against 

concentrated flow or against high concentrations of sediments, and are only fully effective after a few year 

(Dautrebande & Sohier, 2006). Moreover, soil erosion can occur on slopes less important than 10% at significant 

rates - cf supra.  

 
4 Personal communication of Pierre Demarcin, - GISER (Integrated management Soil Erosion Runoff) Advisor for the SPW (Wallonia 

public service).  
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In terms of Walloon legislation, few regulations aiming to limit erosion risks exist. The new ‘Décret Sol’ of 2018 

only mentions erosion once, quoting “Anyone who modifies or exploits a soil shall ensure the prevention of 

erosion, which could threaten the quality of the soil in the long term, through appropriate rural engineering and 

exploitation techniques, such as anti-erosion plot management, anti-erosion cropping techniques, crop rotation”. 

No further details are provided.  

Outside of the mandatory standards, the Walloon Agricultural Code stipulates that subsidies can be given to local 

governments and farmers. The latest can receive subsidies for modifications such as the adaptation of tillage and 

cultivation techniques, minimum soil cover, the introduction of a crop rotation that respects soil fertility etc. 

However, the Walloon Government still has to determine the entry into force of the chapter of the code concerning 

the control of erosion.  

Subsidies for agri-environmental measures exist, supposed to compensate for loss of income and additional costs 

incurred – e.g. grassed strips or winter soil cover. However, soil erosion is never the main purposes of those 

measures. They remain on a voluntary commitment over a 5-year period and it is necessary to encourage farmers 

to commit. Municipalities also underline the necessity to work on long-term solution rather than 5 years ones 

(RWDR, 2011).  

As a conclusion, the legislation is rather poor concerning soil erosion. The measures based on voluntary 

commitment might not be enough to put into place an effective control of the process. 

IV. Adapted agricultural practices to mitigate erosion 

4.1 Principles of erosion mitigation 

Erosion mitigation articulates around seven main principles, that involve increasing soil cover, soil aggregate 

stability, infiltration rates and surface water retention, as well as limiting slope lengths and slowing down runoff, 

and conducting runoff water properly without causing erosion. Adaptation of existing agricultural practices is a 

preventive measure, that aim at avoiding the occurrence of erosion within plots, rather than trying to handle its 

consequences (Dautrebande & Sohier, 2006). A lot of approaches can be undertaken, ranging from reduced tillage 

to cover crop, or to the addition of organic matter.  

The following pages aim at analysing the existing literature about erosion mitigation in the potato crop. Are taken 

into consideration only the studies focussing on erosion during the growing period – spring water erosion, tillage 

erosion and harvest erosion – therefore excluding the interculture water erosion, as well as wind erosion, which 

is not a predominant process in Wallonia. When available, results obtained in similar pedo-climatic conditions 

as in Belgium are favoured. Discussion about the side effects of the changes of the cultural practice are purposely 

excluded, to focus mainly on the impacts in terms of soil losses and runoff.  
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4.2 Crop rotation 

The type of crop grown can have a considerable impact on soil structure and spring left-over residues, and 

therefore the soil erosion susceptibility in the following season (Po et al., 2009). Two types of crops are here 

considered: the previously harvested cash crop of the rotation, and the cover crops grown over the winter.  

Research in this branch mostly focus either on the results over the whole rotation – the conclusion being that a 

rotation with no potato, or where potato is less frequent, results in lesser erosion rates; either on the impacts of 

previous crops on soil-born pathogens, weeds, nitrogen cycling and global yield. Only Eshel et al. (2015) in Israel 

provides data on the impact of the winter cover crops on erosion in potato fields. Different cover crops (oat, 

triticale, rye, oat/purple vetch and rape-seed) are planted in autumn, mowed in the spring and left on the ground 

before spring soil preparation. Oat showed to be the most efficient one, due to a greater soil cover during the 

growing season thanks to the residues, reducing erosion by nearly 100%. Mention of trials of direct seeding in 

the cover crops, without mowing, is also present in this article, but no results are presented. 

 A few studies assess the effect of crop rotation on erosion correlated properties such as aggregate stability and 

soil cover, which could indicate an influence on erosion. For instance, Carter et al. (2003) showed that structural 

stability at the soil surface (0-10cm) was improved significantly by the addition of Italian ryegrass, barley or red 

clover in the potato rotation. Over the long-term, ryegrass improved organic carbon content evolution in the soil 

compared to barley and clover. Gasserl et al. (1995) obtained similar results with a fall rye cover crop which 

improved significantly soil aggregate stability. Over the two-years of the studies, it however did not increase 

SOC. In both studies, those effects were linked with the rapid decomposition of residues which lead to better 

aggregation in the short-term. 

4.3 Amendments 

Main aggregating agent in loamy soils, organic matter is of great importance to soil structure and stability. 

Different studies have shown significant effect of various type of amendments, such as poultry litter, manure, 

compost, on soil losses and runoff i.e. Gilley et al., 2000; Faucette et al., 2002; Ramos et al., 2006.  However, 

results are not always positive. For instance, 10 years of application of different type of compost on Belgium 

loamy sand did not result in a significant decrease in runoff or erosion, even though aggregate stability had been 

significantly improved (Arthur et al., 2011). 

In potato crops, several amendments have been assessed for their impact on soil erosion. In Domínguez et al., 

(2019),  municipal compost (60t.ha) was applied to a silty-loam and significantly decreased soil bulk density, 

increased porosity and decreased soil losses per 38% compared to the control. Aggregate size and stability were 

not impacted. Gagnon et al. (2001) studied the effect of a pulp fibre residue, raw or composted, at two dosages 

(45 t.ha-1 and 90t.ha-1), applied pre-planting, to a sandy loam cultivated under continuous potato. The results were 

an increase in macro-aggregation, linked to an increase soil organic matter, which was still present after 3 years 

of continuous cropping.  
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Rees et al. (2011, 2014) studied the effects of 3 years of application of 4 t.ha-1 of fresh poultry broiler manure at 

different timing. Soil loss was significantly reduced when manure was applied pre-planting or pre-hilling over 

the growing season. Application pre-planting showed the most significant decrease (15%), while fall application 

proved to be the least efficient. However, repeated manuring did not improve saturated hydraulic conductivity, 

matrix bulk density, field capacity, available-water-holding capacity, or wet aggregate stability.  

Finally, on sandy loams of South-East Canada, Edwards et al. (2000) and Edwards (2010) lead a long term 

experiment on the application of compost (potato culls – pig manure – sawdust 3:3:1; 15 t.ha-1). While after the 

first three year of the trials, no significant differences of soil losses could be highlighted (Edwards, Burney, et 

al., 2000), the following years of trial showed that compost amendment reduced runoff by 15% and sediment loss 

by 33% relative to the control. Compost also proved to enhance soil physical properties, with an increase of 

aggregate stability of 7% (Edwards, 2010). 

In this same experiment, the decrease of runoff and soil losses brought by 4 years of application of liquid pig 

manure was however not significant, despite an increase in aggregate stability and hydraulic conductivity of 5% 

and 67%, respectively. There was no effect of treatment on soil organic matter.  

4.4 Tillage practices  

4.4.1 Primary tillage  

Conservation tillage (CT) refers to “a range of tillage practices that have the potential to reduce soil degradation, 

relative to some form of conventional tillage” (Carter et al., 2005). Reduced soil losses have been correlated with 

conservation tillage as it allows for the maintenance of residues on the surface. Those residues intercept the rain, 

protecting the soil from crusting, store water and increase roughness, slowing down runoff (Van den Putte et al., 

2010). Reduced tillage have been shown to increase SOC in the 0-15cm layer (Lewis et al., 2011; Viaud et al., 

2011), and to reduce the destruction of aggregate caused by deep ploughing, resulting in a more stable soil  

structure (Sławiñski et al., 2012). Those positive effects showed to be true even in rotation involving root crops, 

which bring high disturbance to the soil (D’Haene et al., 2008).  

In potato fields, complete no tillage is not an option because of the soil disturbance induced by tertiary tillage 

and harvest operations. Several studies show that option exist to apply forms of conservation tillage in potato 

cultivation, that do not generate income loss (e.g. Grant et al., 1973; Carter et al., 2001, 2005; Martin et al., 2004; 

Griffin et al., 2009; Van den Putte et al., 2010; Ryckmans, 2011). However, only limited research exists on their 

impact on soil erosion, and a majority of them originate from a series of trial led in New Brunswick (Canada). 

Delayed mouldboard ploughing 

Conducting mouldboard ploughing in the spring rather than in the fall has been considered a way of reducing 

spring erosion. Resulting conditions in the spring were similar than with conventional practices, as residue cover 

was not significantly impacted (<5%) and no difference appeared in terms of spring soil temperature, sprout 

emergence, clod size distribution or harvest erosion (Carter et al., 1998, 2001). In Chow et al. (2000), it resulted 
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in a decrease of runoff of 50% and of 60% of soil losses during the growing season. Ploughing indeed is known 

to enhance water infiltration by increasing soil surface roughness. Those effects are however short-lived, which 

explains why only spring mouldboard ploughing have a positive impact on spring erosion. Spring mouldboard 

ploughing was however associated with high non-growing season runoff, compared with fall tillage practices, 

indicating that a soil cover is necessary to avoid winter erosion (Chow et al., 2000). 

Sub-soiling 

The role of subsoiling, which loosens the lower soil horizons without inverting them, has also been assessed on 

soil erosion in potato fields. Pierce et al. (1995) showed that subsoiling performed in the fall or in the spring 

directly in a rye cover, resulted in higher proportion of large pores and decreased bulk density in the plough pan 

at the end of the growing season. It was correlated with higher soil hydraulic conductivity.  Those results confirm 

observations obtained previously by Bishop et al. (1978) and Ross et al. (1987). However, Bishop et al. (1978) 

has shown that, after two years of standard tillage, original compaction levels were restored. In Holmstrom et al. 

(2000), fall subsoiling showed a decrease of soil bulk density only on 3 out of the 8 fields studied. Those mixed 

results were related with significant amount of tillage in potato cultivation following subsoiling, which may have 

caused soil recompaction below the plough depth.  

The results in terms of soil losses and runoff seem to confirm that the effects of subsoiling might be short-lived, 

particularly in conventionally managed field. In irrigated potato, Sojka et al. (1993) performed subsoiling post-

planting, in the same pass as hilling, resulting in increased infiltration of minimum 10%, depending on the fall 

tillage treatment, and decreased soil losses, particularly in trafficked furrows.  However, in Chow et al. (2000), 

if sub-soiling in the fall decreased annual runoff in 10%, it showed no difference on runoff during the cropping 

season (May-September). In Belgium, Verlinden et al. (2005) compared spring mouldboard ploughing with 

spring subsoiling and also concluded that there were no difference in terms of runoff between the two technics.  

Fall chisel-ploughing 

The replacement of mouldboard ploughing by chisel ploughing in the fall was also considered. The chisel plough 

is associated with less soil inversion and destruction of aggregates, resulting in higher proportion of macro-

aggregate, and higher soil cover (Carter et al., 1998). In potato fields, Carter et al. (2005) indicated that residue 

cover (18%) was significantly higher than with mouldboard ploughing, where residue cover was less than 5%. 

With this same approach, (Chow et al., 2000) observed a mean decrease of 30% of runoff and 60% of soil losses 

over the growing season.  

While Carter et al. (2005) concluded to no significant impact on harvest erosion between the techniques, 

Ryckmans (2011) results in Belgium tended to show an advantage of the chisel plough over the mouldboard on 

soil tare (11.7 t/ha and 14t/ha). Results are however dependent on the year, and while the chisel was largely more 

performant on the first year, it was not the case over the following years. Canadian studies have also assessed 

that the impact of the chisel plough on tillage erosion was not significantly different from the one of the 

mouldboard (Tiessen, Lobb, Mehuys, et al., 2007).  
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Spring chisel ploughing 

Long-term studies have been led on Canadian sandy loams, comparing autumn mouldboard ploughing to the use 

of a 15 cm depth one-pass of chisel plough in the spring, which loosens the soil without inverting it and leaves a 

large amount of residues on the surface. Results showed increased pre-hilling residues cover (>20% in reduced 

tillage, <5% in conventional tillage), increased surface organic carbon content, and improved aggregate stability, 

enhancing large (>2mm) water-stable aggregates (Holmstrom et al., 2000, 2006; Carter et al., 2001; Carter, 

Peters, et al., 2009). It showed a slight but significant decrease of bulk density compared to fall mouldboard 

ploughing (Carter et al., 2001; Carter, Noronha, et al., 2009). As delayed mouldboard ploughing and fall chisel 

ploughing, it had no significant effects on harvest erosion, soil temperature in the spring or sprout emergence 

(Carter et al., 2005). In Holmstrom et al. (2000) the soil losses rates were reduced by 50-90% and runoff by 37,5-

50% compared to conventional tillage. Similar trends in terms of soil losses and runoff were denoted pre-hilling 

in Holmstrom et al. (2006), however, post-hilling, the decrease was no longer significant (p=0,055 and 0,058, 

respectively).  

No ploughing 

Holmstrom et al. (2006) analysed the effect of no autumn or spring ploughing. Residue cover after planting was 

the highest of the treatments considered (>33%). The decrease in runoff and soil losses pre- and post-hilling were 

however similar to spring chisel ploughing. Results in this sense have also been obtained in Belgium, in a study 

by Verlinden et al. (2005) comparing conventional soil preparation to a soil preparation limited to only two passes 

of secondary tillage with a rotary harrow in the spring. A rain simulation showed that the runoff flowed over a 

75% shorter distance in the case of reduced tillage, compared to conventional. Those effects however might be 

countered, as Ryckmans (2011) showed that the absence of any form of deep tillage resulted in important harvest 

erosion, with soil tare rising up to 47 t/ha in one of the four year of the trial.  

4.4.2 Tertiary tillage: hilling 

Timing 

As already discussed, erosion rates are shown to be four times higher on a ridged potato field, than on fields with 

a flat surface (Chow et al., 1994). Those results were however obtained shortly after planting before canopy 

development. Results are different when considering the whole growing season. Indeed, comparing one-pass 

hilling at planting with hilling 35-45 days later, Xing et al. (2011)  showed that runoff was not impacted but soil 

losses were 40% higher when hilling was delayed. Those results were in accordance with Nyawade et al. (2018) 

who showed a decrease of 12t/ha of soil losses between hilling at planting and two-pass hilling (at 15 and 30 

days). The differences in soil losses were mostly imputed to a faster sprouting and development of the canopy in 

early-made ridges, which protected the soil. The increased roughness of ridges might also play a role, increasing 

infiltration rate compared to the non-hilled plots. Those effects are however only present over a short-time, as 

tillage-induced roughness degrades rapidly with rainfall impact.  
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Contour hilling 

Contour farming refers to a tillage along the contour lines or at least perpendicularly to the slope, rather than in 

the direction of the slope. Water is therefore blocked by the ridges and runoff limited. The technique is however 

only viable on well-drained soil, limited rainfall, limited slopes and uniform topography. Indeed, if water 

accumulation becomes too great, there is a risk of ridges rupturing and aggravating the erosive risk (Liu et al., 

2014). Those technics therefore demand very strict 

implementation method and field conditions, making them 

difficult to apply (Dautrebande, Cordonnier, et al., 2006; 

GISER, 2015). 

The existence of systems where only a few rows would be 

perpendicular to the slope – referred to as “Querdämmen” or 

literally cross-ridging (Figure 5), was also reported in Germany 

(Molnar, 2014). However, no data was found on the efficiency 

of the system and the risk appear to be similar than stated above.  

Furrow diking 

Also called micro-damming, tied ridging or basin tillage, furrow diking refers to the construction of dams between 

the potato furrows at an even distance. Water is retained between the dikes, enhancing infiltration, reducing 

runoff, and therefore erosion. Already present in the USA in the 30s in cereals and cotton fields (Jones et al., 

2007) the technique was first tested in potato crops in Israel in 1990 (Agassi et al., 1993). Since the early 2000s, 

the development of adapted devices such as the Dyker in Germany or the Barbutte in France has led to an 

increased interest in the technique and extensive literature was found on the subject e.g. in France (AREAS, 2005; 

Martin et al., 2016), Belgium (Olivier et al., 2014; FIWAP, 2015), UK (Anderson et al., 2013), Germany 

(Aurbacher et al., 2012), Czech Republic (Vejchar et al., 2017, 2019), Switzerland (Prasuhn et al., 2017; Lemann 

et al., 2019) and Canada (Gordon et al., 2011).  

Two main systems are to be differentiated: systems which create holes thanks to rotating blades, and systems 

which “pull” the soil to form a small dam. No significant difference in terms of results are highlighted in literature. 

However, Lemann et al. (2019) who studied the Dyker (hole system) indicated that it might further improve 

infiltration, as the hole created forms a direct pathway for water through the compacted plough horizon.  

Results on sediment yields and runoff are consistent between the different trials e.g. reduced runoff by 53–94% 

and sediment load 76 to 97% (Gordon et al., 2011); 72-86% decrease in runoff and 88% in soil losses (Vejchar 

et al., 2017, 2019), nearly a 100% decrease of runoff (Aurbacher et al., 2012), 70% decrease in runoff and 88% 

in soil losses (FIWAP, 2015) etc. The lower rates reported were found in Olivier et al. (2014), with a reduction 

of only 50% of runoff and 66% of soil losses. This was mainly due to a reduced efficiency at the end of the 

season. Indeed, it was reported that the dams tended to settle slightly over the season, and could be breached 

following intense rainstorm in Olivier et al. (2014) and FIWAP (2015). However, even when damaged, micro-

Figure 5 - Cross-ridging (Molnar, 2014) 
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dams still proved effective in slowing down runoff and retaining sediment. Similar observations were made with 

the holes-system, which were filled with sediment along the season (Vejchar et al., 2017; Lemann et al., 2019).  

A slightly different system has also been implemented in Great Britain, referred to as the “Wheel Track Roller”, 

a machine developed by Aquagronomy meant to be used in tramlines. Combined with angle tines placed at the 

back of the wheel, the machine creates holes on the side of the furrows, while the concave shape centre of the 

machine gives a convex shape to the centre of the tramline. In this way, water is diverted towards the created 

reservoirs and is encouraged to infiltrate beneath the ridges, enhancing water use at the same time. This also has 

the advantage of maintaining a dry and compacted centre pathway, oppositely to the tied-ridgers, which eases 

trafficability. In potato fields, a diminution of 85% and of 58% of the runoff in the tramline has been reported, 

respectively compared to a non-treated tramline and to a tied-ridged tramline (Lebrun, 2014; Creyke, 2015).  

Autumn hilling or direct mulch-planting 

This practice includes forms of reduced tillage, as well as a modification of the timing of tillage operations. 

Instead of forming the ridges during or post-planting, they are made in late August following a post-cereal-

harvest-stubble. A cover crop is then seeded and protect the soil over the winter. The soil of the ridges is therefore 

loosened over the winter by roots, biological activity and climatic agents. The cover crop is then either killed by 

frost, a herbicide or mechanical action. In the spring, potatoes are planted directly, or after a shallow pass of 

rotary harrow, within those ridges in the residues of the cover crop. Those hills are expected to be more stable 

and therefore to erode less (Gerl, n.d.; Auerswald et al., 2005; Greenotec, 2018). The displacement of tillage 

operations to late summer/autumn allow for dryer soil condition, making the soil less sensitive to compaction and 

to the formation of compacted plough-pan. Moreover, the technique results in a global reduction in mechanization 

costs. 

Only a few mentions have been found worldwide - in Germany (Schieder et al., n.d.; Schieder, 2004; Auerswald 

et al., 2005), in Belgium and France (“Quand l’agriculture de conservation a la patate,” 2018; Greenotec, 2018; 

Celerse, 2019), and in the USA (Kanters, 2016).  

In Scheyern (Germany), where the technique was developed, the early trials had demonstrated a soil stabilizing 

effect, with a difference of volume of 20% in favour of the pre-formed hills, compared to spring-formed hills. 

Indeed, while spring hills were flattened considerably during the growing season due to rainwater, the autumn 

Figure 6 - From left to right : A. Barbutte system Photo : La France Agricole B. Dyker system (https://www.youtube.com/watch?v=v_vrwqGV5G8)  

 C. Results of the Wheel Track Roller (Creyke, 2015) 

https://www.youtube.com/watch?v=v_vrwqGV5G8
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hills retained their size and shape (Schieder et al., n.d.). Depending on the intercrop (mustard, winter vetch or 

winter turnip) used over the winter, residues of varying thickness were still found in autumn. They proved not to 

be a problem at harvest, and the clod content at harvest was not impacted (Auerswald et al., 2005). Only under 

wet harvest conditions and with a thick mulch layer (1998), was the dirt content slightly higher (Schieder et al., 

n.d.). Greenotec (Belgium), who has monitored erosion in the system in 2018, obtained less favourable results in 

terms of erosion. While the autumn hills reduced mean sediment rate of 10%, they resulted in more important 

runoff compared to mouldboard ploughing. Moreover, autumn hills resulted in harvest erosion rates of 23% of 

the total harvest, compared to only 6,9% for the conventional system (Greenotec, 2018).  

4.5 Additional soil coverage 

4.5.1 Intercropping and living mulches 

Systems involving the combination of different crops at the same time on the field are considered here. The crop 

associated with potato can either be a cash crop, or an interplanted cover crop which will not be harvested. 

Expected results are an increased soil cover, and/or a stabilisation of the soil thanks to the roots of the associated 

crop.  

Maize-potato intercropping is a system found frequently in the tropics to improve sustainability (Mushagalusa 

Nachigera, 2006). Results on soil erosion appear to differ depending on the disposition of the rows. With 2:2 

rows ratio, Zhang et al. (2020), found a decrease of runoff of 15.65% - 46.73%, and of soil losses of 33.96% - 

42.77%, compared to the sum of runoff and soil losses of crops grown separately. Those effects are linked to the 

redistribution of throughfall induced by maize canopy. With 4:4 rows ratio, Fan et al. (2016) showed that runoff 

was not significantly different in maize-potato association than in sole potato.  

Legumes growing in the inter-rows of the potatoes is also a system that is being studied e.g. in China (Ren et al., 

2019), in Kenya (Nyawade et al., 2019), in Canada (Boyd et al., 2001) or in Belgium where a trial with horse 

bean (Vicia faba L.) is running in 20205. Concerning the impact of the system on erosion, Nyawade et al. (2019) 

has demonstrated that growing one row of legumes between each row of potato can significantly reduce soil 

losses by 20% to 76%, depending on the type of legumes. This was linked to a higher soil cover, and to a lower 

decrease of surface roughness over time. It also showed an increase of organic matter and of microbial activity 

due to the high residue returns, both important factors of aggregate stability (Nyawade, Karanja, Gachene, Parker, 

et al., 2018). In the same region, those results were confirmed by Gitari et al. (2019), who showed a lower 

accumulation of fine particles - the most prone to erosion - at the bottom of the slope in potato-legume 

associations than in sole potato.  

The use of nurse crop has also been studied in Maine (Jemison, 2017; Jemison, 2019). Defined as a fast-emerging 

short-term cover crop, they are often used to reduce weed pressure (Hall et al. 1995) but they could also provide 

short term protection of the soil, in the beginning of the season when associated with a slow-emerging crop such 

 
5 Personal communication of François Dessart – Greenotec ASBL.  
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as potato. In this study, winter rye seed and oat were seeded at the time of potato planting and left to grow for 3 

or 4 weeks, before being incorporated with a one-pass hiller. After 3 weeks, the nurse crops were 10 cm high, 

with 10cm-roots, which is judged in the study as sufficient biomass to slow erosion and were easily incorporated. 

Depending on the year of trial, an extra growing week offered mixed results. While providing an additional week 

of protection, plants grew too high (over 50cm) in 2016, making them difficult to completely bury and thus 

increasing the risk of them growing tall and competing with potatoes. However, the next year, while total dry 

matter increased over this extra-week, height was the same, and plants were successful incorporated. No data on 

erosion rates are provided in this study.  

In Europe, Köpke et al. (2007) mentions studies in Germany by Kainz and Haas, respectively in 1997 and 1999 

on potato/mustard, potato/maize and potato/sunflower association, which would have shown a reduction of water 

and harvest erosion.  

4.4.2 Residue mulches 

Residue mulches, such as hay or straw, have been shown to reduce soil losses, mainly by reducing raindrop 

impact but also by reducing runoff velocity, and therefore increasing infiltration (Edwards, Volk, et al., 2000; 

Döring, 2005). Several studies have shown an 80% (or more) reduction of erosion even with quantities smaller 

than 2.5 t.ha-1, which leave part of the soil uncovered (Borst and Woodburn, 1942b; Lal, 1987; Nill and Nill, 

1993 in (Döring, 2005). Meyer et al. (1970) showed that only 0,56 t.ha-1 were sufficient to reduce soil losses by 

more than 60% on 15% slopes under intense simulated rainfall.  

In potato cultivation, report of the use of mulch has mainly been found in Germany 

(Döring, 2005; Hein, 2015), in Canada (Edwards, Burney, et al., 2000; Rees et al., 

2002; Edwards, 2010; Xing et al., 2012) and in the USA (Bushnell et al., 1931; 

Awan, 1964; Berg, 1984). 

In potato ridges, Döring (2005) conducted a 3-year experiment in the temperate 

climate of Germany, studying the effects of straw mulch applied shortly after crop 

emergence at rates from 1.25 to 5.0 t.ha-1. Soil erosion was reduced in a simulated 

rain experiment by over 97% compared to the control. Over the rain simulation, it 

was observed that straw was washed from the ridges, leading to soil crusting on the 

upper half of the ridge and to important runoff. However, those washed straws formed micro-dams in the furrows, 

which slowed runoff and favoured greatly sediment retention. The same phenomenon was also observed by 

(Gamerith, 2012). 

Encouraging results were also obtained in irrigated furrows (Berg, 1984; Shock et al., 1988). Shock et al. (1988) 

demonstrated a decrease of 67% of irrigation-induced soil losses with straw spread solely in the furrows at a rate 

of only 0.9 t.ha-1 (8kg/100m of row).  

Figure 7 – Extreme example of 

accumulation of eroded soil and 
mulch in the furrow as observed by 

Gomerith (2012) 
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However, Edwards, Burney, et al. (2000) points out that surface-applied straw might have limited resistance to 

runoff on long slopes and evidence that low rate of surface applied residues can maintain their erosion control 

abilities after several rainstorms in a ridge-tilled system was not found.  

Although bringing slightly less soil cover, partial incorporation is a way to ensure higher stabilisation of the 

mulch. Rees et al. (2002) studied the impact on spring and summer water erosion of fall-applied hay mulch with 

subsequent shallow incorporation in the spring. Between June and September, both runoff and soil losses were 

reduced by more than 80% even for the lowest application rate (2,25 t.ha-1) on an 11% slope. In a second study 

in the same conditions, Rees et al. (2005) showed increase soil organic carbon of the plough layer, resulting in 

better soil aggregation, higher saturated hydraulic conductivity and reduced bulk density.  

Similar observations were made by Edwards (2010) and soil losses were reduced by 73% by the straw mulch 

treatment (4 t.ha-1, 20% soil coverage; applied post-planting, pre-emergence and incorporated via hilling). Runoff 

was 42% lower than the control. Aggregate stability was slightly increased in the spring (+7%), which was 

attributed to the intense soil microbial activity known to occur at this time of year in the presence of most 

decomposable organic matter sources.  

 

Figure 8 – Application of rye mulch (cultivated in the rotation as a crop cover) at a rate of 1,3 to 3 t.ha-1 with a manure spreader 

(https://humus-macht-leben.com/bodenfruchtbarkeit/kartoffel-mulchen/).  

4.6 Synthesis  

A synthetic review of literature is presented in table 1. In addition to providing a summary of the observations 

reviewed over the last pages, it provides an indication of the effect of yields denoted in those same studies. This 

study on the impact of yield is thus not a comprehensive study of literature but solely results from the studies 

providing both data on erosion and yields. A symbol code is used, to give an indication on whether the technique 

provides a change of less than 30% (+), more than 90% (+++) or intermediary (++). An interrogation mark in the 

“Impacted factors” signifies that none of the studies showed a significant impact of the technique considered on 

any of the factors linked with erosion mitigation principles.  

 

https://humus-macht-leben.com/bodenfruchtbarkeit/kartoffel-mulchen/
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Table 1 - Synthetic table of the literature review 

 
Location and soil type Number of studies Erosion Runoff Principle associated with… Yield 

effect?  

Crop rotation 

Mowed cover crop Israel (loam to sandy loams) 1 +++ ++ Improved soil cover = 

Cereal fall cover crop Canada (sandy loams) 2 n.a. n.a. Improved agregate stability = 

Amendments 

Compost  Spain (silty loam) 

Canada (sandy loam) 
2 n.a. n.a. Improved aggregate stability 

= 

Poultry manure Canada (sandy loams) 2 + + ? + 

Mixed 
Canada (sandy loams) 2 ++ + 

Improved aggregate stability 

Improved Ksat 

+ 

Primary tillage 

Delayed mouldboard ploughing Canada (sandy loam) 2 ++ ++ Enhanced water infiltration = 

Sub-soiling Canada (sandy loam) 3 n.a. 0 to + Enhanced water infiltration = 

Fall chisel ploughing Canada (sandy loam) 

Belgium (?) 
4 + ++ 

Improved aggregate stability 

Improved soil cover 

= 

Spring chisel ploughing 
Canada (sandy loam) 2 ++ ++ to +++ 

Improved aggregate stability 

Improved soil cover 

= 

No ploughing Canada (sandy loam) 

Belgium ( ? ) 
3 n.a. n.a. Improved soil cover 

- 

Hilling practices 

Tied ridging Czech Republic (sandy loam), Belgium 

(sandy and silty loam), Canada (sandy 

loam), Israel (sandy soil) etc. 

11 ++ to +++ ++ to +++ 
Enhanced water infiltration 

Decreased slope length 

= or + 

Autumn hilling Germany, Belgium, France 3 n.a. n.a. ? 
 

Additional soil coverage 

Potato-maize intercropping China (?) 2 + or 0 ++ or 0 Synergistic effect of canopy ? 

Potato-legumes association Kenya (?) 2 n.a. n.a. Improved soil cover ? 

Nurse crop USA 1 n.a. n.a. Improved soil cover = 

Surface mulching 
USA, Canada, Gemany 4 +++ ++ 

Improved soil cover (?) 

Enhanced water infiltration  
= 

Incorporated mulching  
Canada 2 ++ ++ 

Improved soil cover 

Improved aggregate stabiltiy 
= 
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Looking at table 1, several conclusions can be drawn from this literature analysis. The main one being that most 

of the assessed techniques tend to show positive effects on erosion and runoff, or on one of the factors associated 

to them, without showing negative effects on yield. However, those results are to be taken with precaution. 

Indeed, the only technique that received extensive validation for its efficiency under different climate and soil 

conditions is tied-ridging, which proved extremely efficient in a large number of studies. For the remaining 

considered techniques, most were studied for their impact on erosion in only 1, 2 or three studies. Those studies 

also tend to be led in similar pedo-climatic conditions. For instance, apart for the Greenotec trials, all the studies 

on reduced tillage were carried out on Canadian loamy sands. Effects under European climate and soil conditions 

are therefore mostly unknown.  

Some studies only focus on the factors known to be associated with erosion, such as aggregate stability or 

infiltration rates. However, the links between the two are not always evident. Moreover, the interdependency 

between factors is also important to consider e.g. a technique which would improve infiltration rates while 

decreasing soil cover might not result in significant results in terms of erosion rates. Another remark is the 

importance of carrying the studies directly on ridged fields, as the dynamics might not always be the same post- 

and pre-hilling as demonstrated by Holmstrom et al. (2006). This was not the case in the study lead by Carter in 

Canada, who solely focussed on the pre-hilling period.  

Lastly, while a lot more extensive number of studies were initially selected for this state of the art, more than half 

had to be eliminated. They indeed presented the technique considered as an erosion measure control, relying 

solely on traditional expectations of benefits, and focussed on other impacts of the practice such as yield or pest 

and disease management, giving no supplementary data on erosion. However, the responses in potato crops have 

been shown to be different than in other crops, mostly due to the presence of rows and furrows zones, hilling 

operations and shallow root system, which lead to an important variability of soil structural condition compared 

to other crops such as cereals (Carter et al., 1998). 

This lack of clear evidence towards the positive effects of erosion control measures is a strong drag for the 

penetration of those technics in the common cultivation practices. Considering the economic factors at stake, and 

the financial investments necessary to implement some of those techniques, farmers need concrete results in 

terms of erosion mitigation and improved – or at least not diminished – yields. Still, lots of innovation showed to 

be coming from the farmers themselves and different testimonies of trials were found online. While lacking 

scientific results, this tends to denote a positive will of the farming community to find efficient and reliable 

alternatives.  

Based on those different observations, the aim of this thesis is to bring a deeper understanding on the feasibility 

of one of the techniques assessed in this literature analysis: autumn hilling. This research will focus on the study 

of erosion and runoff rates, completed by a monitoring of soil surface characteristics. A second objective is to 

study the effect of the technics on water dynamics and water conservation, which will be performed by the 

construction of a model in Hydrus 2D.   
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V. Material and methods 

5.1 Site and trial description 

This experiment is part of a trial set in place by Greenotec in 2017, aiming at comparing the feasibility of autumn 

hills in Belgian potato fields.  It is therefore the fourth year of trial in total, and the third year where erosion 

measurements have been made. The potato variety used this year is the Fontane (semi-late variety), while it was 

the Challenger over the preceding years.  

5.1.1 Site description 

The field trial took place on a well-drained, silty loam (14.1% clay, 77.6% loam, 8.3% sand) field located in Les-

Bon-Villers, Belgium (50.51°N, 4.45°E). It is located within a 12.25 ha potato field, part of a quadrennial rotation 

potato - winter wheat – beetroot – winter wheat, managed in reduced tillage by the farmer, Guibert Dumont de 

Chassart.  

The experimental plot is composed of 24 adjacent rows, for a length of 100m i.e. approximately 2160 m2. An 

orthophoto of the field is available in figure 9. Slopes on the trial vary from classes 1-3% to 5-7%. A concentrated 

runoff axis is present at the eastern end of the plot but is out of the area considered for the measurements – cf 

infra. In comparison, the slope varied from 3 to 5% on the 2018 trial and were equal to 5% on the 2019 trial. The 

soil types were similar (Aba) (Greenotec, 2019; Matheise, 2020).  

 

Figure 9 - Ortophoto and slope classes of the experimental plot (Source : Wallonmap) 

Belgium has a temperate climate, with mean temperature of 9.8°C and mean annual precipitations of 821.1mm. 

A weighing rain gauge (OTT Pluvio2) was installed on May 15th to record daily precipitations. It is linked to a 

data logger (Campbell CR1000), and one recording is taken every minute.  
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5.1.2 Field experimental design  

The experimental design of 2018 and 2019 are present in appendix 1. The 2020 experimental design is composed 

of three sub-plots, each one 8 rows large (7,2m) and 100m long. Each sub-plot receives a different treatment: 

• Reduced tillage (RT), where the mouldboard ploughing is replaced by chisel ploughing 

• Autumn hills, with direct seeding (AH) 

• Autumn hills, with shallow pass of rotary harrow before planting (RAH) 

A fourth treatment - conventional soil preparation with a mouldboard plough (Conv.) - was originally part of the 

experiment and supposed to serve as basis of comparison. It was however abandoned following a general decision 

of Greenotec to stop implementing a conventional treatment in their trials. This decision is based on the fact that, 

as the association works on fields that have been cultivated in conservation tillage for a few years, ploughing 

would lead to intense mineralisation in the surface and influence results unrealistically6. Figure 10 gives a 

schematic representation of the trial.  

 

Figure 10 - Schematic representation of the experimental design 

The trial starts in August, after winter wheat harvest. The whole plot is decompacted before being stubbled with 

a chisel plough (Horsch tiger). The latest is associated to a seed drill and a cover crop is broadcasted over the 

whole field. Its composition is as follow : 2.5kg of phacelia (Phacelia tanacetifolia Benth.), 4kg of Egyptian 

clover (Trifolium alexandrinum L.), 70kg of fava-bean (Vicia faba L.), 1kg of white mustard (Sinapis alba L.) 

and 5kg of black oat (Avena strigosa L.). It is the first year that this mix is used, the aim being to match studies 

carried out in France on the same technique so as to compare results. Hilling is then performed in AH and RAH.  

The remainder of the winter cover that has not been killed by frost is destroyed in the spring with glyphosate. 

Spring differences between the three treatments are as followed. In RT, the deep tillage is carried out with a chisel 

plough at a depth of 17-20cm. This treatment is followed by one-pass with a rotary harrow and planting. In AH, a 

few days before planting, a combined tool tine-hiller, created in the context of this trial, is passed through the 

hills. This aims at opening them so they can warm up, creating appropriate conditions for planting. Potatoes are 

planted three days later. Finally, in RAH, one pass with a vertical-axis rotary harrow is carried out before planting.  

 
6 Personal communication of Simon Dierickx – research fellow at Greenotec 

100 m 
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A calendar of the different tillage interventions is present in table 2. A complete description of the technical 

itinerary led on the whole field, including dates of pulverisation, is present in Appendix 2 and pictures and 

pictures of the machinery used in Appendix 3.  

Table 2 - Calendar of the tillage operations in the treatments 

Date of intervention Tillage intervention 

Reduced tillage Autumn hills Reframed autumn hills 

August 2019 Winter wheat harvest 

August 31st 2019 Decompaction, stubble and cover crop seeding 

5th September 2019 / Hilling 

April 18th 2020  / / Tine-hiller pass 

April 21st 2020 Chisel plough + vertical 

axis rotary harrow 

Vertical axis rotary 

harrow 
/ 

April 21st 2020 Planting 

 

5.2 Soil profile description 

5.2.1 Soil profile description 

To describe the soil profile, one ridge is opened two weeks post planting in each of the treatments. Those profiles 

are situated on the flatter area of the trial, so as not to interfere with erosion measurements – see infra. A simple 

description based on visual assessment of the profile is carried out, aiming at highlighting the main differences 

between the treatments and to define the different homogenous layers present in the systems. Those will 

afterwards dictate soil sampling and probes location.  

5.2.2 Dye tracer experiment 

 To complete this description and investigate the infiltration behaviour of water within the ridges, water 

movement is studied with a dye tracer experiment. Commonly used in soil, dyes simply stain the flow paths of 

water in soils, clearly depicting the complicated pattern of water dynamics (Flury, Flfihler, et al., 1994). Brilliant 

blue is commonly used, as it can be considered non toxicological and therefore environmentally acceptable, a 

point particularly important in the field (Flury & Flühler, 1994). 

For each of the treatments, 15l of tracer solution is prepared with tap water and a cooking dye (Brilliant Blue 

FCF) with a concentration of 4g/L (Flury, Flfihler, et al., 1994). This was calculated to fill the total macroporosity 

of the ridge, which is estimated to 20% in a potato ridge by Panini et al. (1997), where preferential flow occurs. 
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This solution is then dispensed on a 0,4 m2 surface (0,45mx0,90m) over approximately one hour, using a water 

can equipped with a large head (45cm long). Care is taken to dispense the water without creating waterlogging 

which would create pressure on the soil surface. Two hours later, a vertical profile is dug with a depth of 40cm 

for surveying dye patterns and infiltration behaviour.  

It was thus carried out on July 10th.  To limit the influence of roots, which would create preferential pathways, 

while maintaining randomness, rows are chosen randomly, and the first spot found where potatoes seed had failed 

to develop are selected for this experiment.  

5.3 Monitoring of runoff, soil losses and surface characteristics 

5.3.1 Runoff and soil losses 

To collect the soil losses and runoff, collecting barrels are placed in several furrows at the bottom of the slope -

see figure 10 supra. A metal spout is placed in the row to direct water into the barrel placed in a pit, and collect 

runoff resulting from the 25m of slope uphill. To isolate those 25m from the rest of the furrow above, a soil dam 

is built at the top of the length considered, and potential runoff coming from above is deviated in the adjacent 

row. The surface influencing each barrel is therefore 22.5 m2 – rows being located 90cm apart. Figure 11 presents 

the different element of this installation.  

It is here important to note that planting conditions led to the exclusion from the trials of 2 rows in AH and RAH. 

They indeed “collapsed” following planting and were judged not to be representative of typical furrows of the 

treatment. Because of that, and because it is not possible to place barrels on two adjacent rows, only two barrels 

were used in the AH and RAH, while three barrels were used in the RT.  

The level of the barrels is monitored after each rain event. In the event of a run/erosion inducing rain, water is 

extracted from them via a pump (thermic pump Honda WX10), in a barrel of a known volume, while being 

careful to extract sediments with the water. Height is then measured to deduce runoff volume collected. Water is 

then sieved to homogenize the sediment within it, and 3 samples are extracted. They are then dehydrated; the 

mass of sediment is measured and the sediment concentration (gr/L) and soil losses (t.ha-1) within the runoff is 

calculated.  

Figure 11 - From left to right : A. metal spout and collecting barrel. B. On-field view of barrels installed in the RT treatment. C. Soil dam 
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Those operations were carried out by Gilles Swerts, technician within the Wallon network for soil and water 

conservation (ULiège, UCLouvain, SPW). This year’s result will come to complete the results from the preceding 

years, acquired in the same conditions, and furnished by the GISER. The treatment RAH was added in 2019, 

only two years of result are therefore available. In addition to sediment concentrations, soil losses and runoff per 

rain event, the annual cumulated runoff, annual cumulated soil losses and mean sediment concentration are 

calculated. 

5.3.2 Surface characteristics monitoring 

To further the understanding of the results obtained in terms of soil losses and runoff, the measurements of 

additional characteristics on the field is necessary.  In addition to slope and soil type, which are permanent and 

do not differ between the three treatments, the most relevant characteristics to consider are surface roughness, 

crusting stage and crop cover (Le Bissonnais et al., 2005). As those characteristics are dynamic, a field monitoring 

is planned, with measurement campaigns at the beginning of the season, after each significant rain event (>1mm 

in 24h) and at the end of the experiment. Three days are waited after a rain event, to let the soil partially dry 

before measurements are taken. To be representative of the conditions having engendered the runoff, the area 

studied is limited to the 25m used for soil losses and runoff measurements. As for erosion rates, the collapsed 

ridges are also excluded from the trial area. Within this area, three locations per treatment are chosen randomly 

to perform the following measurements (see figure 10 for considered area).  

Crusting stage & infiltration rate 

The characterization of the crusting stage is made by a visual assessment. To do so, Bresson et al. (1990) suggests 

a classification in three stages, presented in table 3.  

Table 3- Typical morphological features of the surface crusting stage according to macroscopic facies (Bresson et al., 1990)   

Notation Name  Description 

F0 Initial fragmentary stage Initial state, all particles are distinguishable 

F1 Structural crust Sealing of the soil surface with continuous patches area of 0-60%. 

Presence of small sized clods (0.1 to 15mm) not yet incorporated 

to the crust  

F2 Sedimentary crust Smoothening of the surface with more than 50% of continuous 

patches 

Only 10 to 50 mm sized clod not yet incorporated to the crust 

Alteration of clod edges and contact angles between clods and 

underlying surface 

To add quantification to this visual assessment, surface near-saturation infiltration rates are monitored. It is indeed 

an indicator of the crusting stage, as the development of a crust is known to have a direct impact on infiltration 

rates (Le Bissonnais et al., 2005).  
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To do so, a Minidisk (METER Group, Inc. USA) infiltrometer is used, whose functioning and recommendations 

of use are described in METERGroup (2012). When possible, the Minidisk is systemically placed at equal 

distance of two potato plants, at the centre of the ridge. In practice, because the infiltrometer requires a flat surface 

to stand on, the closest suitable location is chosen. A fine sand layer is applied to ensure good contact between 

the soil and the MiniDisk. For each replicate, three tensions are considered: -6cm, -3cm and -0.5cm. Level of the 

water column is measured every 30 seconds, until steady-state infiltration has gone for at least 4 minutes and that 

at least 20 mL of water has flowed out of the column. As a result, measurements are estimated to last 

approximately 10-15minutes for the two first tensions, 5-8 minutes for the last one.  

To calculate a value of saturated hydraulic conductivity, data are treated with the Microsoft Excel evaluation 

sheet provided by the METER Group. This sheet relies on the Zhang method, described in Zhang (1997).   

Soil roughness (SR) 

The chain method described by Saleh (1993) was used to measure roughness, as it is a fast and easy to use method. 

It relies on the idea that as a chain of a given length, L1, is placed on the soil surface, the horizontal distance 

covered, L2, will decrease as the roughness increases (Altikat, 2013) – see figure 12. SR is then calculated as 

follow:  

𝑆𝑅 =  (1 −
𝐿2

𝐿1
⁄ ) × 100 (%) 

Where L1 is the measured length [L] and L2 the total length of the 

chain [L]. 

A 1m roller chain with 6mm joints is used. It is laid on the ground 

perpendicularly to the ridges’ direction, by taking great care to follow as close as possible the microtopography 

of the soil with the chain. The beginning of the chain is systematically placed at the centre of the furrow. As the 

measurement is fast, and SR can change very rapidly on short distance, 3 repeats are made at each location over 

a 1m distance. They are then averaged to obtain a representative value of the conditions at the location considered.  

Canopy cover percentage (CC) 

To measure CC, the Android application “Canopeo” is used (Patrignani et al., 2015). Developed by the Oklahoma 

State University using MatLab, it is based on a pixel classification algorithm using colour ratios. It has the 

advantage of being free, fast and accurate within 1% (González-Esquiva et al., 2017).  

The phone used is held at chest height and placed in the centre of the ridge, which is considered ideal for the 

picture to cover the ridges, from one furrow to the adjacent one. The functionality “Record a video” is used, in 

which the application takes a series of 20 photos at regular time interval, while the user displaces over a short 

distance (estimated to approximately 10m). Results is therefore a mean of 20 photos taken over 10m, more 

representative than a photo at a single location. Videos are always taken in the morning around 9am, under clear 

weather, going uphill from the randomly selected location. The default threshold is used.  

Figure 12 - Chain roughness measurement (Altikat, 2013) 
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Statistical analysis 

Statistical analysis is performed on R (R Development Core Team, 2005). Samples are assumed to be random, 

simple and independent. A Shapiro-Wilk test is used to check for normality of the populations, and a Bartlett test 

is used to test for equality of variances. In case of a lower number of repeats than 3, normality of the populations 

is assumed, along with equality of the variances if only one replicate is present.  

Sediment rates and runoff data from 2017 to 2019 are tested with one-way ANOVA (treatment factor only). One 

ANOVA is performed per rain event, and per total of the season. A two-way ANOVA is performed on surface 

characteristics – with treatment and date as fixed factors. In case of interaction between the two-factors, one one-

way ANOVA will be performed for each date comparing the treatment, and conversely one one-way ANOVA is 

conducted for each treatment to assess the effect of planting date. In case of significative effect, Tukey tests are 

performed to highlight differences between factors. The p-value significance threshold is fixed at 0.05.  

In case of non-respect of the conditions for ANOVA, even after data transformation, a non-parametric Kruskall-

Wallis test is performed. This proved especially necessary in the analysis of the runoff volume results, where 

distribution proved to be far from normal. In case of significative effect, a Dunn test is performed to highlight 

differences between factors.  

5.4 Modeling of the water regimes 

5.4.1 Hydrus 2D/3D 

Soil water regime was simulated with the computer simulation model HYDRUS-2D (PC-Progress). This software 

allows for 2D and 3D representation of variably saturated water flow, heat movement and transport of solutes. 

To do so, Hydrus numerically solves Richards equation for variably-saturated flow, using the finite element 

method based on a mass conservative iterative scheme. A sink term is incorporated to the solution in the flow 

equation to simulate root water uptake (RWU) (Šimůnek1 et al., 2006; Šimůnek et al., 2008). The flow is therefore 

governed by the modified Richards equation:  

𝜕𝜃(ℎ)

𝜕𝑡
 =  

𝜕

𝜕𝑥𝑖
[𝐾(ℎ)

𝜕ℎ

𝜕𝑥𝑖
+  𝐾(ℎ)]  −  𝑆(ℎ) 

Where θ is the soil water content (cm3.cm-3), h is the pressure head (cm), K(h) is the unsaturated hydraulic 

conductivity function (cm.h-1), xi and xj are the spatial coordinates x or z (cm), t is time (hour) and S(h) is the 

sink term (h-1). S(h) is defined according to the model developed by Feddes et al. (1978). 

The program allows for the selection of different functions to describe soil hydraulic properties. In this study, the 

water retention and hydraulic conductivity function described by van Genuchten–Mualem (Mualem et al., 1978; 

van Genuchten, 1980) is used :  

𝑆𝑒(ℎ)  =  
1

[1 + (−𝛼ℎ)𝑛]𝑚
 

With Se(h) is the relative saturation (dimensionless) 𝑆𝑒(ℎ)  =  
𝜃 − 𝜃𝑟

𝜃𝑠− 𝜃𝑟
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Where θr is the residual SWC [m3m-3], θs is the saturated SWC [m3m-3], n [-], m[-], and α[L-1] are shape 

parameters. In practice, the simplification m = 1-1/n is used.  

 𝐾(𝑆𝑒)  =  𝐾𝑠(𝑆𝑒)𝑙 [1 − (1 − 𝑆𝑒

1
𝑚⁄

)𝑚]
2

 

With Ks is the hydraulic conductivity at saturation [L.T-1] and l is an adimensional shape parameter. 

5.4.2 Soil and crop characteristics determination 

Hydraulic parameter measurements 

For each treatment, three undisturbed samples are taken with 100cm3 ring within the ridge, and three are taken 

from under the ridge, 5cm below the height of the change of structure that is described by profile description. 

They are then dried at 105°C for 24 hours and weighed, to determine soil bulk density (BD).  

Soil hydrodynamic properties are determined using the evaporation method of Schindler (1980). This method is 

based on the continuous measurement of water movement through a previously saturated soil sample which is 

weighted at regular interval to assess water content. The gradient of water tension is measured in each sample 

ring by two tensiometers placed at different height in the sample.  

Because those measurements are time-consuming (1-2 weeks per sample), priority is given to the analysis of the 

ridges’ soil characteristics. The bottom soil is assumed to have the same behaviour in the three treatments, and 

only one sample is collected. Four undisturbed samples are taken with 250 cm3 during profile digging, in the 

centre of the ridges and in the sub-ridge soil of the RAH (chosen randomly between the three treatments). The 

samples are analysed with a ku-pF apparatus (Umwelt-Geräte-Technik GmbH) – represented in figure 13, whose 

associated scale has an accuracy of 0.01g and tensiometers have a 0-90 kPa range. Measurements are taken every 

4 minutes. 

Recommendations from the ku-pF manual (UGT Ltd., n.d.) are followed for 

calibration of the tensiometers, use of the apparatus and data preliminary 

treatment. This pre-treatment of data results in the computation of tension, 

water content and hydraulic conductivity according to time and in the 

determination of saturated SWC. 

The determination of soil hydraulic characteristics is then conducted in 3 

steps. One tenth of the data points are selected and used to obtain a first 

estimation of the 4 unknown parameters in RETC, which will be used as 

initial conditions. The Van Genuchten retention curve is then fitted on the 

data points SWC - Tension in the Curve fitting Toolbox from MatLab, 

allowing to determine the parameters n, α and θr. Once those parameters are 

determined, l and K(h) are determined through the fitting of the Mualem 

relationship on hydraulic conductivity – water content data.  

Figure 13 - ku - pF apparatus (UGT 

Ltd., n.d.) 
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Quality of the fit of each curve is assessed by the analysis of the resulting determination coefficient R2 and root 

mean square error RMSE.  

Monitoring of the soil water content 

Soil water content and temperature in the ridges were monitored from the 19th of May to 10th of July. For each 

treatment, two probes were inserted vertically within the soil profile previously dug, in the direction of tillage. 

The location of the top probe depends on the profile description made, and probes at a mid-height of the top layer. 

The bottom probe is located 35cm below the top of the ridge, 5cm left of the centre of the ridge. 

Due to available equipment, 2 types of probes are used: 2 5TM probes (Decagon Devices) and 4 5TE probes 

(Decagon Devices), the second one allowing in addition of SWC and temperature the measurement of soil 

salinity. They however have similar characteristics and present an accuracy of ±0.02 m3/m3 for SWC when 

specific calibration according to soil type and bulk density are used and of ±1 ◦C for temperature. Their operating 

range is between -40°C and 60°C, and 0-100% SWC. Volume of influence is 0.3L (Decagon Devices Inc., 2014). 

Data scans are recorded every 30 minutes on an EM50 datalogger (Decagon Devices).  

Because the opened soil profile was exposed to direct sunlight, it proved necessary 

to correct SWC data according to soil temperature. The methodology followed is 

described in (Cobos et al., 2007). Calibration of the probes was also carried out prior 

to the installation of the probes, according to measured bulk density and soil type.  

Root development analysis 

Modelling requires data on the root spatial distribution. On July 5th, a profile is dug 

along the potato main stem. A frame composed of 6.3mm-side square grid (figure 

14) is placed along the profile. The presence of roots within a square is reported on 

squared paper, allowing for a representation of roots distribution.  

5.4.3 Model construction and validation  

General settings 

A 2D-model is computed. Water flow, root water uptake and root growth are the different processes considered. 

Hours are considered as time unit and time discretization parameters used are the default ones. A total of 960 

hours is considered i.e from May 21st (48 hours after probes installation) to June 30th. The default iteration criteria 

are selected. 

Hydraulic parameters 

A first model is built, with the parameters used for the hydraulic function as the ones computed in 5.5.4. A second 

approach is also assessed, with the inverse modelling (IM) option provided in Hydrus 2D. Based on a Levenberg-

Marquardt optimisation algorithm, it allows for the optimisation of soil hydraulic parameters based on a series of 

input data.  

Figure 14 - Analysis of roots 

distribution 
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In this thesis, one fourth of the data measured by the ridges’ probes is used as input data to optimize the hydraulic 

parameters. As the IM algorithm demands for only a limited number of parameters to optimize at a time, only 

saturated hydraulic conductivity and the shape parameter associated to it, l, are optimized, in both layers. The 

initials values are the one measured by the ku-pF. For the top layer, the bounds within which it can vary are fixed 

by the maximum and minimum Ksat measured over the season by the infiltrometer. Results of the last campaign 

are however excluded, considering the Hydrus simulation stops on July 11th. For the under-ridges, the soil 

pedotransfer function (PTF) Rosetta is used to calculate the superior bound. It allows for an estimation of Ksat 

based on BD, soil texture and is implemented in Hydrus. The lower bound is set at the value computed by the 

ku-pF.  

Root growth and water uptake 

The root water uptake parameters selected are the ones advised for potato, already implemented in Hydrus 

(Wesseling,1991). The required parameters for root growth are initial root depth and initial rooting radius, 

assumed to be 0, along with maximum rooting depth and maximum rooting radius. The latest were assessed from 

the root distribution analysis carried out on July 5th.  

Initial and boundary conditions 

To improve computation time, only half a ridge is represented on the Hydrus interface, assuming a symmetric 

behaviour in both sides of the ridges. Two different soil layers are considered in the ridges, their exact location 

is determined based on the previous soil profile descriptions. Observation nodes are placed at the location of the 

probes within the profile.  

Initial boundary conditions are expressed in terms of SWC and values are the ones measured 48h after probes 

installation. SWC is assumed to be constant within the soil layer.  

A time variable flux is set on the top soil profile, subjected to atmospheric conditions. Free drainage was assumed 

at the lower boundary and no-flow boundary conditions were set on the sides of the profile. A representation of 

the resulting soil profile is present on figure 15.   

 

Figure 15 - Representation of the soil profile in Hydrus 

50 

cm 
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Time-variable input 

Hourly time-variable atmospheric conditions were necessary, including precipitations, transpiration and 

evaporation. Precipitations are obtained from the rain gauge located on the site.  

Hourly crop evapotranspiration (Etc) is calculated following the dual crop coefficient approach recommended by 

the FAO (Allen et al., 1998):  

𝐸𝑇𝑐  =  (𝐾𝑒  +  𝐾𝑐𝑏)  ×  𝐸𝑇0 [cm] 

where Ke is the evaporation coefficient, Kcb the crop coefficient and ET0 the reference evapotranspiration. Daily 

ET0 is calculated using the FAO ET0calculator, which relies on the Penman-Monteith equation. The 

meteorological data used are the ones from the Baisy-Thy meteorological station that is part of the PameSeb 

network and located 10km away from the trial. The daily evapotranspiration is then distributed equally along the 

day. The recommended Kcb for the different stages of potato growth were used.  

In case of significative difference between the treatment canopy cover, a coefficient calculated on the differences 

in canopy measured along the season is applied to the Kcb coefficient :  

𝐾 =  
𝐶𝐶

𝐶𝐶𝑟
 ×  𝐾𝑐𝑏 [-] 

Where CCr  is the reference canopy cover, considered to be the ones from the RT treatment, CC is the canopy 

cover of the considered treatment and Kcb is the initial crop coefficient.  

Quality assessment 

Quality of the fit is assessed by the calculation of the RMSE comparing modelled data at observation nodes and 

probes result. The model with the lower RMSE is kept for the rest of the analysis.  

5.4.4 Conventional treatment  

To compensate for the removal of the MP treatment in the 2020 trial, an additional profile is modelled. Its 

properties are modelled as follow. A potato field, conventionally cultivated, with a mouldboard ploughing carried 

out in January 2020, is selected. It is part of the same soil class as the trial soil (Aba). In this field, undisturbed 

soil samples are taken at three depths (Inside the ridge – 5cm below the soil surface – 20 cm below the soil 

surface; 3 repeats per depth). BD is determined as described above.  

The soil pedotransfer function (PTF) Rosetta is then used to estimate soil properties. Inputs of the PTF are 

measured BD, along with the soil texture and OM content of the trial soil.  

The same procedure as described above is followed to build the model. Values of evapotranspiration and of root 

growth parameter used are the ones computed for the RT treatment. No validation is performed for this model, 

considering the absence of potential validation data.  
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5.5.5 Simulation of water infiltration and water availability  

Once built and validated, the models are now put in use. The precipitations from the past 5 years measured at the 

Baisy-Thy weather station (Pameseb network) are inserted in the model (1st of January 2015 to 31st December 

2019). Methodology for evapotranspiration computation and settings remain the same. The time unit is changed, 

to days.  Indeed, Hydrus does not allow for a number of variable input data large enough to work in hours.  For 

each season, the initial conditions are defined in terms of hydraulic potential, with a linear distribution according 

to depth.  

For each of the growing season, the elements of the soil water balance are simulated by Hydrus i.e. infiltration, 

runoff, root water uptake, evapotranspiration and drainage. Those elements, along with precipitations allow for 

the computation of the soil water storage variation in the profile thanks to the following equation:  

𝑊𝑆𝑖 = 𝑊𝑆𝑖−1  + 𝐼 −  𝑅𝑊𝑈 − 𝐸𝑇𝑃 −  𝐷𝐷 

With WS water storage, I infiltration, RWU root water uptake and DD deep drainage.  

The number of days where potato is subjected to water stress can therefore be calculated. The threshold 

considered at which the potato starts to suffer from lack of water is set below 70% of the field capacity (FC) 

(Larsen, 1984; Foroud et al., 1993). So as to have only one threshold value and not one per profile, FC is defined 

thanks to the equation developed by Saxton et al. (2006), based on soil texture and organic matter content.  

Statistical analysis on this number of stressed days through the season is performed with a one-way ANOVA 

(factor = treatment), and eventual differences are assessed by a Tuckey test.   
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VI. Results 

6.1 Profile description 

Figure 16 presents pictures depicting the rows characteristics of each treatment. While RT and RAH appear rather 

similar from this point of view, AH presents a different appearance with notably the presence of large soil 

aggregates on the surface and an important proportion of plant residues.  

Picture of the semi-opened ridges are found in appendix 3. Because of the poor 

quality of those pictures, reader may have a better appreciation of the soil profile in 

figure 20, presenting the results of the dye tracer experiment.  

RT treatment 

The RT ridges present a very loose structure within the entire volume of the ridge 

i.e. 25 cm high, base of 90cm, composed in majority of a very fine soil, mixed with 

clods smaller than 5cm (figure 17). The lattest are easily disrupted and result in the 

same fine particles as present in the ridge. Residues from the cover crop are also 

present. From the soil level, this loose structure rests on a compact layer. Presence 

of earthworms is denoted within this compact layer.  

RAH treatment 

While remaining rather loose and unstructured the inside of the RAH ridges present a coarser structure with a 

larger proportion of clods, more compact than in the RT. More plant residues are also observed. The transition 

within the loose ridge and the soil layer beneath is not completely flat but slighlty convex, associated with a 

remain of the autumn hill not completely destroyed by the rotary harrow. Presence of earthworm is also noticed. 

AH treatment 

In AH, the profile takes a different form. The top of the ridge is a mix between solid aggregates of varying sizes, 

ranging from less than one centimetre to over 20, and plant residues (figure 18A). This is however not 

homogeneous over the plot, and some rows are better shaped with only the trace of the tine-hiller pass in the 

centre (figure 18B). The same remark can be made for the furrows, who vary greatly in facies (figure 19).  

 

Figure 16 - From left to right : Global view of RT, RAH and AH ridges and furrows (June 1st) 

Figure 17 - Loose soil present in 

the RT ridges 
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A closer look at those surface aggregates show an intense bioturbation (Figure 18C.), result of the cover crop and 

passed winter. Beneath this layer which result from the disturbance induced by planting (ca. 15cm deep), a 

compact layer is found, remains of the hills formed in autumn. As in the clods, intense biological activity is 

present in this layer.  

 

Figure 18 - From left to right : A and B : top view of the AH ridges C. AH surface clod 

 

Figure 19 - Differences in the facies of the furrows in AH   

The results of the dye tracer experiment are present in figure 20. The first observation is that most of the dye 

remained close to the soil surface. The water has progressed a bit further than the dye but did not reach the bottom 

of the ridge. Infiltration was particularly low on the inclined sides of the ridges, where it has been observed that 

most of the water would simply flow down towards the furrow.  

In RT, the infiltration of water on top of the ridge appear rather homogeneous. It is however difficult to assess 

considering the dye has not progressed a lot, probably due to an insufficient use of water. The waterfront however 

is distinguishable and also appears to have progressed at a similar rate within the ridge, not highlighting the 

presence of preferential flow. AH shows a quite different pattern, and it is clearly distinguishable that water has 

preferentially infiltrated at the centre of the ridge, at a much deeper extent than in RT. The lack of infiltration on 

the ridges side is also visible. Lastly, the RAH treatment also hints towards the existence of a preferential flow 

at the centre of the ridge, while less obvious than in AH. The infiltration pattern appears as an in-between of the 

two other techniques. More general views of the trial and extra pictures are presented in appendix 4.  

5 cm 5 cm 

16mm 

A 

16mm 
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16mm 

C 

16mm 
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Figure 20 - Dye tracer experiment (From the top : RT, RAH, AH) 
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Table 4 presents the results of the bulk density measurements. No significant differences exist between the 

treatments, neither in the ridge, nor in the under-ridge.  

Table 4 - Bulk density (gr/cm3) according to soil tillage practices 

Treatment BD (gr/cm3) 

 Ridge Under-ridge 

RT 1.10 ± 0.11 1.44 ± 0.08 

RAH 1.03 ± 0.15 1.47 ± 0.04 

AH 1.01 ± 0.11 1.41 ± 0.06 

 

6.2 On-site rainfall 

Rainfall repartition throughout the season is presented in figure 21. Cumulated precipitations on the plot are of 

102 mm from May 21st to June 17th. While June was in the meteorological seasonal average, May and April were 

exceptionally dry, with May 2020 being recorded as the driest May month since 1981. In Uccle, 5.4mm of rainfall 

was recorded, compared to a Belgian mean monthly total of precipitations of 66.5mm in May (IRM, 2020a).  

During what is described as the “risky” season in terms of erosion (May-June), only one significant rain event is 

highlighted, on June 17th with a peak intensity of 13.5mm/h. An extra measurement campaign was also added on 

June 17th following the less important rain of June 5th, to have a more regular follow-up of the crop. As a result, 

four campaign measurements have been carried out: May 21st, June 7th, June 26th and July 20th.  

In Baisy-Thy, 17.6mm of rain have been recorded between planting date and the beginning of this trial, with a 

maximum intensity of 2.6mm/h on April 28th (Source : CRA-W/Réseau Pameseb).  

 

Figure 21 - Rainfall (mm/h) and cumulated rainfall (mm/h) throughout the 2020 trial 
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6.3 Erosion and surface characteristics 

6.3.1 Runoff and sediment concentrations 

Total growing season runoff, mean sediment rates and total soil losses (figure 22) were not significantly affected 

in 2018 nor in 2019. For 2020, data are only representative of the situation on August 1st. Looking solely at 

means, in 2018, Conv. is the treatment where the less runoff occurred and where erosion rates are the lowest. RT 

is the less satisfactory treatment. In 2019, Conv. again showed the lowest total runoff volume, but AH had the 

most elevated. In terms of erosion rates, only RAH detaches itself, with higher rates than the other treatments. 

 

Figure 22 - Total growing season runoff (L) and erosion rates (t.ha-1) according to the treatment (Source for 2018-2019 : GISER) 

Table 5 and table 6 presents respectively the results for runoff and sediment concentrations of runoff-generating 

events since 2018. Mean and relative error are presented. The absence of relative error signifies that only one 

measurement was available due to manipulations errors (spilled barrel etc.).  

Three runoff events occurred in 2018, for 5 in 2019 and only 1 in 2020. Lower rain intensities are present in 2019 

(<7mm/h) compared to 2018 (>11mm/h and up to 21.17mm/h) and 2020. No differences between the treatments 

were highlighted in 2018. Looking solely at the means, a slight advantage might be given to AH, who showed 

lower runoff volumes than RT in the 3 events, and lower than Conv. in 2 events. This is also true in terms of 

sediment concentration, and AH had lower means in all of the three events.  

This trend is also present over the first event of the season 2019. While AH, Conv. and RAH showed none or 

almost no runoff, RT presents with a mean of 8.83L. This trend however does not confirm over the rest of the 

season. On the 6th and the 15th of June, results showed a significantly increased runoff in RAH compared to other 

treatments. Moreover, AH denoted an increase of 23% of runoff compared to MP in late August. While this effect 

is only significant on June 19th, soil sediment concentrations are higher in RAH than in the other treatments 

throughout the whole season.  
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In 2020, results were not significant, neither in sediment concentrations, nor in runoff quantities. In terms of 

mean, RAH has the advantage in terms of runoff and sediment rates. However, a close study of the furrow reveals 

that one of the barrels of the RAH treatment has been placed in an old trafficked lane, while no trafficked rows 

was detected in other treatments. As a comparison, runoff and sediment concentrations were of 120.95L and 

33.49gr/L in the trafficked rows, against 44.89L and 18.12gr/L in the non-trafficked rows. When deleting this 

value, a significant effect of treatment on runoff and on soil losses is brought to light. RAH and AH shows a 

decrease in runoff than RT, respectively of 67% and 16%, while only RAH shows a significant decrease in 

sediment concentration of 51%. As a result, total erosion rates are significantly (p-value <0.0001) decreased, 

equal to 0.36 t.ha-1 in RAH, compared to 2.44 t.ha-1 in AH and 2.28 t.ha-1 in RT.  

Table 5 - Runoff (L) induced by rain events from 2017-2019 according to treatment - Mean, relative error and statistical analysis 

Date 24/05/18 04/07/18 13/08/18 19/05/19 28/05/19 5/06/19 15/06/19 19/06/19 18/08/19 17/06/20 

Rainfall (mm) 

Duration (min) 
17.74 

55min 

23.85 

32min 

11.26 

10min 

15.5 

All day 

7.84 

1h20 

8.3 

All day 

13.38 

3h30 

13.56 

45 min 

21.73 

12h 

14.37 

36min 

Treatment * ns ns ns * * ns ns *  

Runoff (L) 

Conv.  51.21ab 

±17.05% 

125.30a 

 

92.99a 

±44.31% 

0.00a 

±0.00% 

0.30a 

±173.21% 

103.49a 

±19.81% 

21.07a 

±21.93% 

82.42a 

±13.86% 

21.96a 

±139.80% 

/ 

RT 107.12a 

±24.02% 

186.57a 

±6.44% 

95.60a 

±13.07% 

8.83a 

±173.2% 

0.40a 

±173.21% 

113.51ab 

±19.81% 

27.47a 

±21.94% 

89.81a 

±13.85% 

24.45a 

±93.07% 

136.84a 

± 5.08% 

RAH / / / 0.80a 

±141.4% 

4.25b 

±8.32% 

147.21b 

±2.47% 

24.97a 

±20.34% 

80.44a 

±15.73% 

28.10ab 

±88.59% 

82.45a 

± 68% 

AH 41.12b 

±20.25% 

167.31a 

±15.60% 

76.34a 

±40.98% 

0.00a 

±0.00 

1.00ab 

±1.73% 

108.05a 

±10.71% 

37.92a 

±2.16% 

84.19a 

±9.20% 

109.9b 

±29.77% 

114.42a 

±0.00% 

n.s = non significant. * significant (p < 0.05) ** highly significant ( p<0.01) *** very highly significant (p<0.001) 

Within the same column, means with the same letter are not statistically different (p-value > 0.05) 

Table 6 - Sediment concentration in runoff (gr/L) from 2017-2019 according to treatment - Mean, relative error and statistical analysis 

Date 24/05/18 04/07/18 13/08/18 19/05/19 28.05.19 5/06/19 15/06/19 19/06/19 18/08/19 17/06/20 

Rainfall (mm) 

(Max. intensity 

(mm/h)) 

17.74 

55min 

23.85 

32min 

11.26 

10min 

15.5 

All day 

7.84 

1h20 

8.3 

All day 

13.38 

3h30 

13.56 

45 min 

21.73 

12h 

14.37 

36min 

Treatment ns ns ns ns ns ns ns ** ns * 

Sediment concentration (gr/L) 

Conv. 34.10a 

±59.41% 

55.88a 

 

32.20a 

±45.19% 

0.00a 

±0.00% 

2.59a 

±173.21% 

54.54a 

±4.72% 

9.58a 

±12.23% 

168.46a 

±26.44% 

16.39a 

±74.04% 

/ 

RT 22.21a 

±22.70% 

57.11a 

±14.42% 

48.39a 

±18.64% 

4.92a 

±173.21% 

6.94a 

±173.21% 

48.92a 

±7.29% 

9.92a 

±7.83% 

134.89a 

±41.21% 

19.21a 

±74.04% 

37.36a 

±10.16% 

RAH / / / 2.83a 

±87.37% 

19.44a 

±18.22% 

62.97a 

±19.27% 

27.10a 

±32.65% 

195.67b 

±26.74% 

23.79a 

±52.48% 

25.81a 

±15% 

AH 17.62a 

±41.99% 

28.83a 

±47.06% 

27.16a 

±14.28% 

0.00a 

±0.00% 

5.11a 

±173.21% 

62.97a 

±16.39% 

10.35a 

±30.47% 

156.03a 

±38.23% 

20.23a 

±56.51% 

47.93a 

±4.53% 

n.s = non significant. * significant (p < 0.05) ** highly significant ( p<0.01) *** very highly significant (p<0.001) 

Within the same column, means with the same letter are not statistically different (p-value > 0.05) 
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6.3.2 Monitoring of the surface characteristics 

Canopy cover 

A significant interaction exists between the two factors, campaign date and treatment. Four one-way ANOVAs 

are therefore performed, one per campaign date.  Except for the first campaign (p-value = 0.0553), the treatment 

effect is always significant (p-value <0.001). Results are presented in figure 23. Throughout the season, the RT 

treatment has a higher canopy cover than the RAH, himself having a higher CC than AH. Differences are the 

most important on July 4th and diminish throughout the rest of the season. AH presents the highest variability of 

measures.  

 

Figure 23 - Development of the canopy cover throughout the 2020 potato growing season, according to soil preparation practices 

6.3.2 Roughness 

No significant interaction exists between the factors. No effect of campaign date or of treatment could be 

demonstrated. The highest variability is associated to AH, as shown in figure 24. Based on a simple calculation, 

the roughness attributed to the sole presence of the ridge is ca. 19%, considering its dimensions. Therefore, in 

RT and RAH, close to no additional roughness brought by the presence of microtopography at the surface is 

highlighted by the chain, except a slight but not significant raise in AH. The variability of AH roughness is also 

more important, rising up to 26%. 
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6.3.4 Crust analysis 

The crust analysis of the top part of the ridge shows the development of a fine structural crust (F1), already 

present during the first campaign in RAH and RT (figure 25A). Non-incorporated aggregates of less than 1cm 

are still present at the surface. The crust analysis revealed itself to be more complicated on the AH, due to the 

highly variable surface state. No crust can be highlighted in the centre of the row, where large soil aggregates are 

present. No visual evolution of the crust on the ridges is apparent during campaign 2 or 3 (figure 25B). Over 

campaign 4, however, the development of important crevices on the ridges’ top resulted in the breaking of the 

crust present on RAH and RT (figure 25C). This change on the surface is not significant in AH, considering the 

already irregular shape of the ridges’ top.  

The sides of the ridges are similar in the three treatments (figure 26). No significant evolution could be 

highlighted. In AH, and at a lesser extent in RAH, the bottom part of the ridges sides is extremely smoothed due 

to the pass of the hiller in the remains of the autumn ridge (figure 26).  

 

Figure 26 – State of the soil surface of the ridges’ sides in AH and RAH (left : top, right : bottom) 

Figure 25 – Crust evolution of the surface at the top of the ridge (from left to right : RT on May 21st, RT on June 26th, RT on July 20th) 
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At the beginning of the trial, small soil aggregates are distinguishable in the furrows of the three treatments (figure 

27A). No evolution is apparent until the storm of June 17th, where runoff has occurred. The third campaign thus 

shows the development of a sedimentary crust (F2) where even aggregates bigger than 5 are incorporated in the 

crust. The intermediary stage was not observed. The furrows have been totally smoothened. After drying, cracks 

are present on this crust (figure 27B).  

Accumulation of sediment is visible in the AH and RAH furrows due to small “dams” created by plant residues 

and larger sized aggregates (figure 27C and D). 

 

Figure 27 – Evolution of the facies of the furrows A : RT on May 21st, B:RT on June 26th, C: sediment accumulation due to residue in 

AHs, D : sediment accumulation due to large aggregates in AH.  

6.3.5 Saturated hydraulic conductivity 

Normality of population was not respected; a logarithmic transformation was therefore necessary to respect the 

conditions of the ANOVA. Results showed a significant impact of campaign date (p-value = 0.00254) but no 

significant impact of treatment.  

The saturated hydraulic conductivity appears to decrease between the first and second campaign, showing the 

most significance with a p-value equal to 0.001. Hydraulic conductivity then increases before the third campaign 

A B 

C D 
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and remains stable between the third and fourth campaign. The results of the fourth and first campaign are not 

significantly different.   

 

Figure 28 - Evolution of saturated hydraulic conductivity along the 2020 growing season (letters represent the different group resulting 

from the Tukey test) 

6.4 Model construction and validation 

6.4.1 Soil hydraulic properties 

The modelled retention curves are presented on figure 29. Quality of the fit is very satisfactory for the retention 

VG curve, ranging between 96% and 99%. A slight offset is however present between the curves, particularly 

visible in the lower water contents in the AH and RAH curves, indicating that a VG model might not be the most 

appropriate to use. 

 

Figure 29 - Modeled retention curves 

a 

b b 

ab 
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When using the entire range of hydraulic conductivity data in RETC, the fit in MatLab proved to be of extremely 

poor quality in the three ridges sample (R2 < 0). The obtained Ksat values were respectively equal to 1.13x10-7  

m/s, 8.15x10-7 m/s and 3.42x10-6 m/s in RT, RAH and AH ridges.  Except for AH, they were thus estimated to 

be lower in the ridges than in the more compact under-ridge layer, where Ksat is equal to 5.51x10-7 m/s.  

An hypothetic explanation for this poor quality fit is based on the quality of the data themselves. Wendroth et al. 

(1993) reports that evaporation measurement of hydraulic gradient is not reliable at near-saturation tension. Based 

on visual assessment, it is indeed visible that hydraulic conductivity becomes more variable as the tension 

decreases.  Based on this observation, and a series of trial-error, it was assessed that excluding the data points 

where tension was below 200 kPa would give the best results, and the curve matched closely with the higher 

tension data points. By keeping data under 200 kPa, either would RETC not find any solutions at all, either the 

quality of the fit would be extremely poor. The resulting curves are present in figure 30. 

The resulting hydraulic properties, along with the R2 and RMSE of the fit are presented in table 7. Quality of the 

conductivity curves for AH, RT, and CT is slightly lower, ranging from 84% to 92%. However, the conductivity 

curve of RAH presents a much lower R2 (58%). It should also be noted that a malfunction of the kupF caused the 

loss of the data comprised in the 316-421 hPa tension range of the RAH sample.  

Table 7 - Estimated hydraulic properties with 95% confidence bound and quality of fit 

 θr 
(cm3.cm-3) 

θs 
(cm3.cm-3) 

α 
(cm-1) 

n 
(-) 

Ksat  
(cm/h) 

l 
(-) 

VG curve HC curve 

RMSE R2 RMSE R2 

RAH 0 0.50 0.052 
(0.049, 
0.051) 

1.20 
(1.19, 
1.20) 

10.18 
(7.37, 
12.99) 

0.27 
(-0.34, 
0.88) 

0.012 0.97 3.92e-06 0.58 

AH 0 0.33 0.062 
(0.059, 
0.064) 

1.23 
(1.23, 
1.23) 

3.23 
(2.43, 
3.56) 

-3.29  
(-3.52, -

3.06) 

0.013 0.96 2.09e-06 0.90 

RT 0 0.50 0.052 
(0.051, 
0.052) 

1.261 
(1.259, 
1.262) 

3.50 
(2.81, 
4.20) 

-1.83  
(-2.12, -
1.548) 

0.009 0.99 1.80e-06 0.92 

Under-
ridge 

0 0.52 0.030 
(0.029, 
0.030) 

1.115 
(1.114, 
1.116) 

0.20 
(0.19 
,0.20) 

-13.91 (-
14.21, -
13.61) 

0.007 0.97 7.97e-06 0.84 

Compared to the Ksat measured on the field in 6.4.2, differences exist between the treatments, with a particularly 

high Ksat in RAH. In the measured values of the first campaign, made at the same time as the samples for the ku-

pF were taken, Ksat ranged between 1 and 10cm/h, this maximum value having been observed in the AH treatment 

and not in the RAH. The maximum measured value in RAH was 8.3cm/h.  

Looking at the shape of the curves in figure 29, the RT ridges appear to have less capacity of water retention – 

lower soil water content for a same tension – than the RAH. Indeed, the SWC variation between the wilting point 

(pF = 4.2) and the saturation (pF=0) equals 0.41 cm3.cm-3 in TCS and 0.36 cm3.cm-3 in RAH. The most important 

water retentions capacities are present in the under-ridge, with a SWC of ca. 0.3 cm3.cm-3 even at the wilting 

point (pF of 4.2) and a variation of SWC of 0.26 cm3.cm-3 . In AH, the variation is of the same extent, but ranging 

in a lower range, because of a saturated SWC of only 0.33 cm3.cm-3.   
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Figure 30 - Modelled Mualem hydraulic curves (from top to bottom : Under-ridge, RT ridge, RAH ridge, AH ridge) 
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6.4.2 Root growth 

Views of the root system in the different treatments on July 5th are presented in figure 31. In the RAH and RT 

treatments, the root system appears to have colonised the entire volume of the ridge. This colonisation is more 

uniform in the RT ridges, than in the RAH where a higher density appears to be present in the top centre of the 

ridge. In the AH, root colonisation is limited to the looser parts of the ridge and the roots have only gone around 

the compact aggregates found in the top 15cm of the ridge, without entering them. In the three treatments, the 

maximum rooting depth is ca. 35cm.  

The repartition of the tubers is also different, with tubers being located higher in the ridge in AH, while they 

colonize the whole ridge in RT and RAH.  

While differences arise between the treatments, the parameters to specify in Hydrus do not allow for a specific 

enough description of roots distribution to show it. Therefore, the same parameters are used for the three profiles 

(table 8).  

Table 8 - Root growth parameters 

Max. rooting depth 35cm 

Max. rooting radius 35cm 

Depth of max. root 

density 

15cm 
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Figure 31 - Root systems of the treatments on July 5th (From top to bottom : RT, RAH, AH) 



 

50 

 

6.4.3 Calibration and validation of the model   

The different representations of the profiles in Hydrus 2D, based on the profile descriptions and dye tracer 

experiment carried out, are presented in figure 32.  

 

Figure 32 - Soil profiles as represented in Hydrus (from left to right: RAH, RT, AH). 

The resulting RMSE and R2 for the different observation points are present in table 9. According to Phogat et al. 

(2011), results are satisfactory from an RMSE of 0.05 cm3cm-3. In the ridges, RMSE are below this threshold 

only in RAH with the original simulation (no IM), while AH and RT ranges at 0.07 cm3cm-3. All the under-ridges 

RMSE are above this threshold, ranging between 0.08 and 0.11 cm3cm-3. IM did not bring any significant 

improvement, and data are therefore not presented here.  

 RT RAH AH 

Ridge 0.07 cm3cm-3 0.03 cm3cm-3 0.07 cm3cm-3 

Under-ridge 0.11 cm3cm-3 0.08 cm3cm-3 0.09 cm3cm-3 

Table 9 - Quality indicators of the water flow simulations 

A closer look at the differences between the model and the measurements can be taken on figure 33. While the 

variations due to the rain event of June 17th and of the beginning of July are easy to spot on the curves, the rain 

event of the 6th of June did not impact the probes, while an increase in SWC is present in all of the models. The 

same observation is made from the rain event of July 3rd in the RAH and AH SWC.  

This brings important differences, especially in the under-ridge. Indeed, this engenders the SWC to increase, to 

stay at this level and increase some more after the second rain event. As a result, the modelled SWC in the under-

ridges present a systematic upward shift for all of the simulation period, which appear to be the cause of the high 

RMSE. Still in the under-ridges, another observation is that, following a rain event, the measured SWC increases 

immediately and sharply, similarly to a surface soil layer, while the response in the simulated SWC is delayed 

and more scattered over time. This difference might be partly explained by poor quality in the resulting data, 

rather than by a problem with the modelisation itself. Indeed, while the ridge should have been closed once the 

probes in place, to create realistic, minimally disturbed conditions, they were left exposed. This creates a 

distortion of real conditions, especially in the under-ridge layer, which is usually not exposed at all to a direct 

effect of atmospheric conditions. 
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The modelled behaviour in the ridges appear rather satisfactory in RAH, as expected according to the RMSE, 

with only a slight shift above the measured data, but similar responses in terms of wetting and drying following 

the main rain event (June 17th). In AH, the responses in wetting are similar, but the soil dries much faster in the 

simulation than in the measured data. A global under-estimation of SWC by the model is also denoted. In contrast, 

SWC in RT rather tends to be over-estimated in the model, mainly due to the difference in responses to the June 

5th rain event between modelled and measured data. The drying phase also presents a steeper decline in SWC 

than in measured data.  

 

Figure 33 - Comparison of simulated and measured SWC 

The profile representing the conventional treatment is presented in figure 34. Based on visual assessment of the 

field profile, three layers were delimited: the ridge, a ploughed layer (under-ridge), and a deeper compact layer. 

The measured and estimated soil properties of this profile are presented in table 10. In the ridge, the saturated 

SWC and the Ksat are very similar to what was measured in the RT ridge, who had values of 3.50cm/h of Ksat and 

0.50 cm3/cm3 of saturated SWC. The under-ridge layer presents slightly lower BD compared than the ones 

observed in the other treatments (1.41 to 1.47 gr.cm-3).  However, the 

estimated Ksat, 1.11cm/h, for this layer is higher than what was 

modelled for the under-ridge layer by the ku-pF (0.2 cm/h). This is 

also the case in the deepest layer, where even with a significantly 

higher BD (1.65 gr.cm-3), Ksat is still higher than in the under-ridge 

layer of the three other treatments. Saturated SWC decreases with 

depth, which was not either the case in the ku-pF measured properties, 

where, for the three treatments, it was higher in the under-ridge than 

in the ridge.  
Figure 34 - Representation of the conventional 

treatment profile in Hydrus 
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Table 10 - Hydraulic properties of the conventional treatment 

 

6.4.4 SWC content evolution and spatio-temporal dynamics  

Figure 35 presents the evolution of the SWC 20 and 30 cm deep in the centre of the ridge, a depth where 

differences in SWC is expected to impact potato development. At this depth, the mean SWC are equal, in 

descending order, to 0.32 cm3.cm-3 in RT, 0.29 cm3.cm-3 in AH, 0.27 cm3.cm-3 in RAH, 0.20 cm3.cm-3 in Conv. 

This trend is however different higher at 20cm deep where AH presents a mean of only 0.09 cm3.cm-3, thus 

inferior to the mean SWC of RAH (0.15 cm3.cm-3), RT (0.14 cm3.cm-3) and especially Conv. (0.36 cm3.cm-3). 

Focussing on the rain event of June 17th (figure 35) – hour 629 on the graph, the response in terms of variation 

during the wetting phase are of similar order ca. +0.1 cm3.cm-3. A slight delay in the peaks is present, the peak 

being reached faster by the Conv. At 30 cm, the peak also appears to be at its maximum slightly later in RT than 

the other treatments.  

More important differences are present in the drying phase. Conv. present the most important drop, resulting in 

a decrease of ca. 0.25 cm3.cm-3 at 20cm and 0.30 cm3.cm-3 at 30 cm before stabilisation. The difference is 

particularly important at 30cm, where for a similar period, the other treatments have decreased by less than 0.05 

cm3.cm-3.  

 

Figure 35 - Evolution of the simulated SWC over the monitoring period. 

 
BD (gr/cm3) 

θr 

(cm3.cm-3) 

θs 

(cm3.cm-3) 

α 

(cm-1) 

n 

(-) 

Ks 

(cm/h) 

l 

(-) 

Ridge 1.089 ± 0.05 0.08 0.51 0.005 1.71 3.53 0.5 

Under-ridge 1.384 ± 0.09 0.07 0.44 0.0052 1.67 1.11 0.5 

Deep layer 1.649 ± 0.02 0.06 0.38 0.007 0.007 0.37 0.5 
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Figure 36 - Spatio-temporal variability of the SWC between T=-4h before rain event and T=64h 
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Figure 36 presents dynamic views of the evolution of SWC. T0 is set at the beginning of the 17th June rain event. 

For the online readers of this thesis, animated visualisations of this same evolution are available in the link in 

footnote at a more precise time resolution7. 

The first observation made from these visual confirms a previous remark: in the Conv. treatment, the waterfront 

advances very quickly and evolution can no longer be observed after 2 hours in the ridges, and after 16hours in 

the lower layers. From T4, the SWC of the under-ridges layers in Conv. is smaller than in the three other 

treatments.  

In the RT, the waterfront displaces slower, taking more than 32hours to reach the centre of the ridge and to reach 

an equilibrium. Apart from this observation, the direction of water movements resembles the ones of the Conv. 

– see Figure 38. In the loose top part of the RAH ridge, the waterfront displacement resembles closely the one 

observed in the RT, at a higher rate however (figure 37). In the AH, the water flow also passes very quickly 

through the top layer. The water flow direction is influenced by the presence of the under-ridge layer and its 

shape, and water entering the profile from the top tends to flow towards the deepest part of the top layer. In the 

under-ridge, water movement follows the shape of the separation between layers and is dragged towards the 

interior of the ridge.  

            

Figure 37 - Flow velocities at T+1 

From those observations, the global trend that can be highlighted is that, as soil tillage intensity decreases in the 

treatments, the mean SWC of the profile increases. Between the Conv. and the other treatments, this is linked to 

a faster percolation of water through the profile, as water is less efficiently conserved in the under-ridge layer. 

Comparing the three others treatments, this is linked to the increasing presence of the under-ridge layer as tillage 

intensity decreases. This soil water content is indeed very stable in this layer, ranging ca. 0,30 cm3/cm3.  

 

 

 
7 https://youtu.be/I4ayamq-lHw  

Conv.  RT RAH  AH  

https://youtu.be/I4ayamq-lHw
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6.5.3 Soil water balance 

The last results of this thesis concern the computation of the soil water balance and water storage through five 

growing seasons. Results in terms of days of water stress are not significant when considered alone in the model. 

However, when adding the cumulated precipitations as a factor, the effect of treatment becomes very highly 

significant, and both RAH and AH are significantly less subject to drought stress than RT and Conv. No 

significant differences were highlighted between RAH and AH. Over the 5 years, AH presents a total of stressed 

days of 90 days, RAH 168 days, RT 484 days and Conv. 469 days. Over the 5 years, the soil water storage was 

in average 2.0 times higher in AH and 1.7 times higher in RAH than in Conv.  

Figure 38 presents the evolution of the evolution of the global soil water content through the profile over the year 

2015. The differences are clearly marked, with the Conv. and RT treatment below the threshold through the whole 

ending of the season. 

 

Figure 38 - Evolution of the global soil water content through the 2015 growing season 
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VII. Discussion  

7.1 Soil characteristics according to tillage treatments 

7.1.1 Global visual assessment   

Higher proportion of residues, while the amount of residues pre-spring tillage is assumed to be the same is 

denoted in the AH and RAH compared to Conv. Higher proportion of soil residues at the surface is a common 

effect of reduced tillage intensity and has been shown to be one of the explaining factors of the impact of reduced 

tillage on erosion rates e.g. Carter et al. (2005). Indeed, it has been demonstrated that, at low rates of soil cover 

(<20%), a curvilinear relationship exists between residues cover and erosion rates (Grande et al., 2005). Even 

small changes in residues amount might therefore bring disproportional differences in the result. Concerning 

runoff, Leys et al. (2007) states that an increase soil cover of 10% - averaged increased due to the presence of 

residues in the reduced tillage - result in a reduction of the runoff coefficient by ca. 5%.  

The AH ridges do appear to be well stabilised in their bottom part as expected and previously observed by 

Schieder et al. (n.d.) in Germany, with still ca. 10-15cm of cm of compact soil forming the bottom of the ridge. 

This is less visible in the RAH ridges where only of few centimetres of the stabilised autumn hill remains visible 

in surface at the bottom of the ridge. 

Profile analysis showed the presence of the compacted layer higher in the ridge as tillage intensity reduces. This 

observation concurs with the ones made in the previous years of trials. In the 2019 trial, Matheise (2020) showed 

the occurrence of a higher soil penetration resistance in the 15-35cm depth in AH compared to RT and RAH.  

While slightly more compact, the RAH treatment had not shown however significant differences with the RT. 

The profiles in AH and RT observed in 2018 are present in figure 39. Similar shapes are visible, with the “V” 

shape dug in the compacted autumn hill by the planting of potatoes in the AH ridge, even more apparent than in 

2020, and the loose fine structure of the RT. No remarks about the convex shape of the compacted layer in RAH 

was however found in the previous trial’ years. The hypothesis here is that it is a trace of the remains of the 

autumn ridge, that has not been completely destroyed by the rotary harrow.  

 

Figure 39 - Soil profile within the 2018 autumn hilling trial (on the left : AH, on the right : RT) (Source : Greenotec)   
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From those pictures, an important difference is however highlighted, 

as the structure of the layer below the loose horizon in AH appears 

much more friable and porous as it was in 2020. The large and compact 

aggregates, left-over pieces of the autumn ridges, are also not, or at 

least less, present. While it is difficult to assess on a single photo, the 

global appearance of the AH ridges (figure 40) in the previous years 

does not either tend to show such a large heterogeneity on the surface 

than the one present on this year AH ridges.  

The climatic conditions of the year 2020 might partly explain the differences present in the trial this year. Part of 

those differences is attributed to a mild winter - one the three hottest since 1981 – and the quasi absence of 

freezing during the season (IRM, 2020b), which could therefore not play its structural role on soil. A second point 

is the very dry and hot month of April that came before planting, which is expected to have resulted in very dry 

soil conditions during the spring tillage operations. While this is positive in terms of compaction risk, the low 

plasticity of dry soils might also be the source of the formation of this year large stable clods on the ridges, as the 

soil broke down in pieces after the pass of the tine and could not be reshaped into a correct hill afterwards.  While 

no description of this effect could be found in literature, the effect has however already been observed during 

harvesting and under soil moisture content of 0.08 cm3/cm3, a increase in soil tare was denoted due to the 

formation of large stable clods with high crushing resistance (Campbell, 1982; Ruysschaert et al., 2006).  

The cover crop, different from the previous years, might also have played a role in the planting conditions. The 

existence of small uncovered patches was denoted in March, which might have explained part of the 

inhomogeneous conditions observed on the AH ridges. However, as it was not further assessed in the context of 

this thesis, this hypothesis can not be confirmed.  

7.1.2 Surface characteristics 

Canopy cover 

Differences in canopy cover were important along the season, RT showing a strong advantage compared to AH 

and RAH. This difference was particularly important in the beginning of the season and reduced as the season 

moved forward. This delay in development was already observed in the previous years of the trials. This effect 

had originally been imputed to lower soil temperatures in the AH in the beginning of the season. This has been 

corrected in 2018 by the addition of a pass with a combined tined-hiller, resulting in temperatures in the ridges 

actually higher than in the other treatments at the beginning of the season. Still, AH tended to show a less vigorous 

start in 2018 (Greenotec, 2018). In the 2019 trial, small differences in terms of soil cover had also been 

highlighted by Matheise (2020). Shortly before harvest, the highest soil cover value was attributed to the most 

intensive soil preparation (Conv.) and the lowest to AH. RT and RAH showed intermediary values. The 

differences observed between AH, RAH and RT were however not significant. This observation might tend to 

confirm the fact that AH and RAH caught up on RT along the season.  

Figure 40 - Planting in the AH ridges (Source : 

Greenotec) 
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If not coming from a temperature effect, the effect of a slower development of canopy might be imputed to soil 

resistance penetration. However, Stalham et al. (2007) showed that a compaction at 0.1m tended to delay 

emergence slightly, reduced the length of the main shoot and initial rate of leaf appearance, compared to a 

compacted layer present at 0.4m. This can easily explain the delay showed in AH, where the compact layer 

already appears ca. 0.15m. 

The differences present between RT and RAH had not yet been reported in the previous trials. A hypothesis is 

that the presence of remaining of the stable autumn hills might also have impacted soil compaction and therefore 

plant development in the same way as AH. Indeed, the presence of this particular profile had not either been 

assessed in the previous experiments.  

Before moving on, two remarks can be done. The first is that the biggest variability is observed in AH, while 

minimal variability is found in the other treatments. This high variability denotes inhomogeneity among surface 

characteristics. The second is that Canopeo only allows for green cover quantification. Therefore, cover crops 

residues are not considered. However, a visual assessment denoted higher presence of residues as tillage intensity 

decreased. Considering the impact small changes in soil coverage can have at low amount of global cover on 

erosion, this might prove a significantly impacting data to consider in the assessment of the technique.  

Roughness 

No differences in terms of roughness could be highlighted between the treatments, or along the season. From a 

visual assessment, this is not surprising when comparing RT and RAH, considering the small preciseness of the 

chain (links of 6mm), and the resemblances between the surface of both treatments. While non-significant, the 

raise in the AH values is attributed to the presence of the large compact aggregates on top of the ridge. Once 

again, the highest variability observed is attributed to a higher inhomogeneity within this treatment compared to 

the others. 

It is also important to note that roughness might have been underestimated, particularly in the AH. Indeed, when 

using the chain method on ridged fields, the roughness obtained describes both the changes of topography linked 

with the ridges themselves and the microtopography of the soil surface. Hypothesizing that the ridges shape is 

the same, this does not pause a problem, as the differences will solely be imputed to microtopography  However, 

here, it was observed that the AH ridges had slightly collapsed, rarely keeping their initial height of ca. 25, and 

therefore reduced the roughness component imputed to the ridge. This therefore may hide a more important 

increase in microtopography roughness, which is the component that interested us here. This effect is further 

described in Skidmore (1997). 

This higher roughness on top of the ridge might influence runoff in the sense that it might avoid part of the water 

that fell on top of the ridge from rolling down the sides of the ridges towards the furrows. This water is thus 

directly infiltrated in between the large aggregates. This effect is exacerbated by the presence of the incision 

made by the tine at the beginning of the season, whose presence demonstrated quicker infiltration in the centre 

of the ridge in the dye tracer experiment. 
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Alternative methods to the chain might have shown more significant results. While more precise, they are much 

more time-consuming and/or expensive, which is the reason they were not considered in this thesis. For instance, 

the pin-point method, that does not require sophisticated material and software either, and is based on the 

measurements of the height of a series of pins lowered on the ground from a frame, was shown to require 90 

minutes of work per measurement compared to less than 10 minutes for the chain method (Jester et al., 2005).  

Crust analysis & infiltration rates 

Little difference in terms of crusting could be highlighted between the treatments. While no data were found on 

potato fields, Leys et al. (2007) also report little difference between conventional and conservation tillage in beet 

and maize fields on Belgian loamy soils.   

No differences could either be highlighted in hydraulic conductivity values. It is also however important to note 

that, because the infiltrometer had to be placed on the sides of the ridges of the autumn hills treatments to find a 

flat spot to put it, those measurements are not expected to be representative of the whole top of the ridges. Indeed, 

it has been demonstrated that water infiltrated much faster in the centre part of the row, because of the pass of 

the tine.  

The slight decrease conductivity observed on the second campaign might come from a development of the crust, 

while the increase might be linked with the development of the observed crevices. This slight variation should 

however not be given too much importance, considering it is the results of only 3 locations on the field, and that 

it only repeated over one campaign. Indeed, Ksat is highly variable and is greatly influenced by the presence of 

macropores. It is expected to vary from several orders of magnitude at field scale, and this natural spatial 

variability has already been shown to hide the differences between tillage practices (Strudley et al., 2008).   

The lack of significant development on the ridges is mostly imputed to the fact that the ridges were already 

protected by the vegetation cover by the time of the first major rain event, almost 2 months after planting. A 

greater evolution was present in the furrows and might have shown more interesting variations along time and 

maybe differences between the treatments.  

7.1.3 Soil physical and hydraulic properties 

Saturated soil water content ranged ca. 0.50 cm3cm-3 in RT and RAH, but only reached 0.33 cm3cm-3 in AH. This 

is surprising, considering the AH ridge is expected to be mainly composed of large aggregates resulting from the 

breakdown of the autumn hills, whose remains in the under-ridge layer showed a saturated SWC of 0.52 cm3cm-

3 and was expected to reach higher SWC due to higher porosity. No clear explanation was found to explain this 

result, except the influence of local conditions within the ridge which may have engendered a particularly low 

porosity in the sample. An under-estimated saturated soil water content result in the general underestimation of 

the SWC because the whole VG curve is drifted to low SWC values. The fact that Hydrus simulation resulted in 

an under-estimation of SWC compared to measured values might corroborate this hypothesis.  
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Looking at the modelled Ksat in the ridges, they are all within the range of value measured by the infiltrometer 

and are therefore judged realistic. The fact that the hydraulic conductivity appears higher in the RAH treatment 

compared to the two others is however surprising. It is indeed situated out of range of what was measured by the 

infiltrometer on the RAH plot and the closeness of the fit was the worst of all the curves modelled. However, 

when using those parameters in Hydrus, the RAH ridges simulation behaviour was the one where the closest fit 

with the measured values was observed. Considering a lower value, closer to the mean measured Ksat, resulted in 

a bad quality of the fit. It was for this reason decided to keep the value computed by the analysis of the ku-pF 

curves. In terms of physical explanation, this might be linked with the presence of residues in the sample, which 

tend to enhance hydraulic conductivity and were very present in the RAH ridges. Less residues were present in 

RT, and the presence of compact aggregates might limit the hydraulic conductivity in AH.  

In the conventional treatment, the parameters of the ridge layer are similar in terms of saturated soil water content 

and hydraulic conductivity. The comparison of the under-ridges brings however differences, and soil hydraulic 

conductivity is higher in Conv. than in the treatments. The decrease in soil bulk density is not surprising as often 

linked with conservation tillage, and higher level of compaction have already been correlated with conservation 

tillage in potato fields without adverse effects on yields (Carter et al., 2005). In literature, different effects of 

reduced tillage have been shown when considering hydraulic conductivity of the topsoil. While some studies 

point out that reduced tillage brought a higher level of compaction, and a decrease in Ksat, others have shown 

enhanced infiltration thanks to biological activity, and mainly the development of continuous vertical macropores 

brought by earthworms (D’Haene et al., 2008). The dynamics of those effects are not clearly defined, but a 

temporal factor might be to consider, and only soil under reduced tillage for a long period of time (>7years) might 

develop sufficient macropore connectivity for them to efficiently improve infiltration (Tebrügge et al., 1999). 

Considering the values obtained here, the field rather appears to be in the first alternative.  

Considering the determination of those points of measure rely only on one repeat, they cannot be considered as 

representative of the whole plot. Further studies will need to be carried out to assess the extent at which those 

properties vary and to confirm the results. This especially true considering the presence of important biological 

activity in the treatments might affect soil properties and is expected to be at the basis of the presence of 

macropores, which may cause soil properties to vary greatly from one location to another.  

Moreover, the use of the ku-pF has resulted in the computation of soil hydraulic properties based on VG curve. 

However, despite satisfactory results in terms of fit, the shape of the measured relationship between SWC and 

tension in AH and RAH does not resemble a typical VG shape. It moves away from it particularly at low soil 

moisture levels. The choice of another hydraulic function might therefore have been recommended here. This is 

very important to consider because small changes in the shape of the retention curves can greatly influence soil 

properties and the hydraulic conductivity curves is very sensitive to those properties. This may therefore strongly 

impact the Ksat estimated. This is especially true for fine-textured soil as it is the case herein (Vogel et al., 2000).  
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7.2 Impact of tillage on water erosion 

Reduced tillage in different crops have been shown to decrease erosion. For instance, in Belgian loamy soils, 

after an analysis of more than 150 rainfall simulations, Leys et al. (2007) showed decrease in runoff and soil 

losses in 63% and 88% of the experiments in runoff and soil losses, respectively. However, they also report that 

those results were highly variable, and conventional system also sometimes led to higher soil losses and runoff, 

particularly in the case where absolute soil losses were rather small. This variability in results is frequently present 

in literature e.g. Wendt et al. (1986); Rüttimann et al. (1995). 

In Canada, trials on spring chisel ploughing in potato fields had demonstrated benefits in terms of residues cover, 

carbon content and aggregate stability (Holmstrom et al., 2000, 2006; Carter et al., 2001; Carter, Peters, et al., 

2009). However, while those effects resulted in decreased runoff and soil losses pre-hilling, the decrease was no 

longer significant post-hilling (Holmstrom et al., 2006). This last observation concurs with the observations of 

this thesis, where no significant impact of RT over Conv. could be highlighted when measuring sediment rates 

and runoff post-hilling.  

The impact of autumn hills and reframed autumn hills are yet to be determined in literature. The only traces of 

erosion measurements report a soil stabilizing effect, with a difference of volume of 20% in favour of the pre-

formed hills, compared to spring-formed hills at the end of the season (Schieder et al., n.d.). This was not observed 

this year, mainly because of the few amount of rainfall that did not significantly affect the shape of the ridges. 

In this trial, no advantages of one technic over the other could therefore be highlighted from the data. This can 

partially be explained by important variability within the treatments. Highly variable results are often a problem 

encountered when working on apparently homogeneous field plots. As reported by Rüttimann et al. (1995), the 

average within site variability can range between 30% and 50%, no matter the plot size, and is responsible for 

obscuring the potential effects of the techniques considered.  

Along with natural variations, an important source of variability within the plot might be the presence of different 

degree of wheel-track compaction induced between the rows. Indeed, in 2020, important differences between a 

row in a wheel track and a non-trafficked one have been assessed. Mentions of the presence of trafficked rows 

among the studied rows are made in 2018 and 2019 (Greenotec, 2019), but could not be associated with particular 

data, since the information was not recorded. Because tillage practices are modified, the number of passes within 

each row is indeed different and the machinery used for each sometimes different. Wheel traffic is however 

associated with significantly increased soil bulk density and reduced infiltration rates (Myers et al., 1996). In 

potato fields, Tomis et al. (2017) has shown that even a difference of one pass was enough to significantly impact 

compaction. Knowledge of the locations of the wheel tracks and the number of passes in each treatment might 

therefore help in the positioning of the barrels, and to the understanding of the resulting soil losses.  

Those last results might show that when variability within the field is considered, re-tilled autumn ridges might 

present an advantage over the other treatments in terms of erosion. However, this hypothesis is only based on 
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one rain event, and will need further validation, especially since it is very different from what was observed in 

the previous years of the trial.  

7.2.1 Impact of soil surface characteristics on runoff and erosion rates 

Factors linked to the surface state of the soil are considered as the factors controlling runoff generations (Le 

Bissonnais et al., 2005). This was also confirmed on Belgian silty loam by Leys et al. (2007) who highlighted 

that they were much more important than intrinsic soil characteristics, such as soil organic matter and texture, 

and this even when considering conservation tillage. Despite the lack of significance of the data, the soil 

characteristics can still bring some leads as to the processes controlling erosion and runoff.  

The main differences in soil characteristics observed and quantified in this year trial is the delay in canopy 

development in RAH and, at a higher extent, in AH. Indeed, in terms of erosion potential, those differences are 

of great importance, considering their amplitude. Differences in soil cover have also already been shown to 

obscure the expected benefits of tillage treatments in terms of erosion control – e.g. it was demonstrated in Xing 

et al. (2011) that when comparing early hilling and late hilling (+45 days), even though runoff is supposed to be 

4 times greater on ridged land than on flat land (Chow et al., 1994), the higher soil cover in the early hilled 

potatoes resulted in no differences between the two by the end of the season.  It is therefore possible that the 

effect of canopy overrides the benefits brought by AH and RAH e.g. increased residue cover, more stabilised 

base of the ridge, increased roughness on top of the ridges.  This effect of canopy cover might be validated by 

the fact that prior to the development of any vegetation – ca. before 30 days after planting – both in 2018 and 

2019, the rates are lower in terms of both runoff and erosion in AH and RAH than in RT. However, once the 

canopy starts to develop, it appears that the delay in AH and RAH might erase any significant positive impact of 

the other characteristics, making the effect of treatment insignificant.  

The fact that RAH in 2019 showed globally higher erosion rates than both Conv. and RT is not to overlook. 

Again, this could be the result of an interaction of factor : the delay in canopy cover makes it more exposed to 

rain impact, while the loose structure of the soil tilled recently stills makes it easily detachable from the ridge, in 

contrast with the stable AH ridge. While this effect has not been detected in 2020, it is an important aspect to 

monitor in future trials, to insure that RAH does not actually worthen soil losses.  

Those conclusions are however to take with great care, considering the lack of significance in the data. Moreover, 

it is only the first year where soil characteristics have been assessed. It is unsure that the delayed development of 

soil cover was of the same extent over the previous years. It is indeed the first year that is has been mentioned. 

The same goes for the presence of a very irregular surface on top of the AH ridges, which appear of a lesser 

significance in the previous years. Lastly, the lack of the usual Conv. control treatment in this year trial did not 

allow for a comparison of this conventional mouldboard ploughing system with the remaining treatments.  

7.4 Impact of slope and rainfall characteristics on water erosion 

Along side surface characteristics, several other external factors are expected to impact erosion, such as slope 

and rainfall characteristics. When considering the results of autumn hills, an importance difference is that while 
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it has shown to be the least subjected to runoff and soil losses in 2018, compared to reduced and conventional 

tillage, this was no longer the case in 2019. A difference that was highlighted is that, while the year 2018 and 

2020 was subjected to short high-intensity rain, the rains of 2019 are more scattered through the days and less 

intensive. The second difference between both years is that the trial took place on more important slopes in 2019 

than in 2018. Because both factors vary in parallel, it is difficult to assess the impact they had on the response of 

the different tillage practices on erosion. It has however already been denoted that enhanced erosion control 

capacity were easier to highlight when the soil losses of conventional treatment were important e.g. on important 

slopes or under highly erosive rains (Leys et al., 2007).  

7.3 Impact of tillage on water storage 

7.3.1 Results 

Using the model, it was possible to highlight that both form of autumn hills significantly enhanced water storage 

within the topsoil of a potato field, compared to both the reduced tillage and the conventional tillage. To this date, 

no other study assessing the potential of autumn hills for water conservation has been found.  

However, improved water retention has often been linked with reduced tillage systems and conservation tillage 

has been reviewed as a system to reduce drought stress, particularly in arid regions. For instance, in North China, 

Wang et al. (2007) reviewed improved water use efficiency up to 35%. Water losses by evaporation were also 

reduced. In maize cultivation, Li et al. (2020) also demonstrated higher water content throughout the entire 

growing season in non-inversion tillage. This has also been demonstrated in more temperate regions, and, in 

Norway, Ekeberg et al. (1996) when comparing mouldboard ploughing with reduced tillage (only spring soil 

preparation) demonstrated significantly higher soil water content in the latest. Intermediary tillage system such 

as fall chisel ploughing however resulted in lower soil water content.  

Different reasons are underlined in literature for this enhanced water retention capacity. The first one is a decrease 

in evaporation thanks to the near surface residue cover. The second is a higher proportion of pores with high 

water retention (Rasmussen, 1999; Wang et al., 2007).  Considering surface residues are not taken into account 

in the calculation for soil evaporation by the dual crop coefficient FAO method, the effect is here attributed to 

the high water-retention capacity of the under-ridge layer, compared to the under-ridge in Conv. However, higher 

residues cover has been denoted in RAH and AH, and their presence might also play a role on evaporation control, 

especially in the furrows, who remain unprotected from the Sun for a long period of time.  

The methodology followed to assess the level of the threshold is a bit arbitrary, and a more refined positioning 

of this threshold is necessary for validation. However, global water content has been shown to be globally higher 

over the years. In the future, working in terms of useful water content, considering the proportion of water 

available to the plant based on field capacity and wilting point will also provide more precise data on the quantity 

of water available to the plant along the season. Also, considering the initial moisture content would provide with 

more realistic scenarios, as the initial water storage here as been fixed at the beginning of each season at a constant 

tension.  
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7.3.2 Limits of the model 

The quality of the fit between measured and modelled values of SWC were only mildly satisfactory. However, 

correct behaviour was achieved for the RAH treatment. When compared to the control, the conventional 

treatment, its potential ability to mitigate drought stress therefore can be given more credit than for the results 

obtained for AH and RT. It was assessed that the simulated RT behaviour tended to dry much faster than in 

reality, which might explain its relatively low capacity to store water. The same observation was made in AH, 

combined with a global under-estimation of SWC. This is assumed to be less impacting on water storage results 

through the whole profile, as the proportion of the soil layer described as the “ridge layer” was of lesser 

importance, compared to the under-ridge layer.  

Important uncertainties also rely on the behaviour of the under-ridge layer and difference in behaviour might 

greatly impact the results of the calculation of the total water storage. Indeed, the gain in total water storage was 

attributed to the fact that this layer had more important retention capacity, which could serve as a reliable source 

of water for the plant. However, the quality of the fit of the under-ridge was not below the 0.05cm3/cm3 threshold. 

This was partly attributed to bad quality measured data because the ridge had not been closed back over the 

probes. The simulated behaviour resembles more closely the behaviour of a deeper soil layer, isolated from 

atmospheric conditions. Nevertheless, this raises question on the real behaviour of this under-ridge layer, which 

will need further assessment. The hypothesis according to which soil properties were the same in the under-ridge 

of AH and RAH than RT also raises question. The intense biological ploughing that take place in the autumn 

hills and the pass of the chisel plough might create different properties in both soils. Considering the sample used 

was originated from the bottom of the RAH ridge, this brings a further source of questionability in the RT model.  

Looking at the water infiltration dynamics, it also appears that not all processes are correctly modelled in Hydrus. 

The main difference relies on the absence of the preferential flow at the centre of the AH ridge in Hydrus. The 

AH ridge layer has indeed been considered as a homogeneous one for simplification purposes. A more precise 

representation of dynamics inside the ridge might therefore require finding a way to represent this flow more 

accurately. Another important dynamic change that is not considered in Hydrus is rain interception by the canopy 

(Šimůnek1 et al., 2006). Studies comparing infiltration patterns in potato fields have however highlighted that 

water was more likely to infiltrate through the furrows, because of the repartition of rainfall induced by potato 

leaves. Water repartition is therefore not expected to be uniform at the soil surface (Manhaeghe et al., 2018). 

Lastly, Hydrus does not allow for the evolution of hydraulic properties with time. However, those properties are 

expected to evolve through time, under the action of rain. For instance, the development of a crust might be 

complicated to implement in Hydrus, as its properties are dependent on the progress of the growing season.  
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7.4 Global assessment of the technic 

Findings of those thesis have focussed mainly on water erosion and water conservation in the soil profile. 

However, the impact of tillage on those attributes is impossible to separate from other effects, such as yield or 

economical factor. Before concluding this thesis, a global assessment of the autumn hills and re-tilled autumn 

hills is there performed.  

A first important observation is the impact of autumn hills on harvest erosion. Results of the previous years of 

the trials have indeed shown that autumn hills resulted in an important increase of harvest erosion, with soil tares 

equal to 23t.ha-1 compared to only 6.9 t.ha-1 in the conventionally ploughed treatment (Greenotec, 2018). This 

increase is imputed to the presence of large soil clods at the soil surface. Considering their important size, they 

will not be able to go through the sieve. Ruysschaert et al. (2006) indeed indicated that large soil clods were the 

main source of variability in harvest erosion. In autumn hills, Auerswald et al. (2006) suggests that those soil 

tares at harvest were directly correlated with soil conditions at planting, and would increase in case of extreme 

conditions – too dry or too wet. This correlation is of importance, as it was demonstrated to be of the same extent 

as the correlation to soil conditions at harvest.  

Yields are of course to take into consideration. Since 2017, autumn hills have showed a reduced yield compared 

to conventional ploughing. However, it caught on 2019 and achieved an equally good performance as the 

conventional treatment. This might be linked with improvements made on the technique, such as a more 

performant cover crop or the addition of the tine-hiller to warm up the soil at the beginning of the season, or 

simply to appropriate conditions in 2019. Schieder et al. (n.d.) in Germany also indicated no difference between 

the control and autumn hills, indicating that when performed in good conditions, the results can be interesting. 

The yield loss in the previous years might be linked with increased soil compaction, which had been shown to 

delay plant development. Ekeberg et al. (1996), who studied a similar form of potato direct seeding in mulch, 

had also denoted a delay in development. When studying harvest dates, they demonstrated that if left to grow for 

an extra 10 days, directly seeded potatoes would perform equally well to conventionally planted ones, while they 

would provide lower tuber yields if harvested in late August. Since 2017, retilled autumn hills have performed 

equally as good as conventional ploughing and have even outgrew its yields in 2019 by 8t.ha-1 (Greenotec, 2019) 

In addition to those effects on yield, autumn hills have also been shown to decrease mechanisation costs over the 

whole year (from the cover crop seeding to harvest), with costs ranging at 154€/ha in AH and 217€/ha in RAH, 

compared to 274€/ha in conventional cropping. AH also allow for a lower working time - 2,4 h/ha compared to 

3.5 h/ha in conventional. RAH also allows for a decrease in working hours with an estimate of 2.9 h/ha. While 

this remains higher than the hours estimated for reduced tillage (2.7h/ha), the repartition of the workload is 

slightly better, with only one pass of rotary harrow in the spring before planting, the rest of the preparation taking 

place in autumn (Greenotec, 2018).   
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VIII. Conclusion 

While being one of the most important food of the planet, potato cultivation raises important environmental 

concerns, one of them being soil erosion. All over the world, alternative practices to mitigate this problem are 

slowly emerging and were reviewed in this thesis. While results are positive in most cases, validation of their 

efficiency and viability in a diverse range of pedo-climatic conditions is lacking. This lack of expertise and of 

demonstrated results makes their entry in the common agricultural practices of Belgian farmers extensively slow 

and insignificant. An exception to that is the use of tied-ridging, who demonstrated excellent results in a variety 

of situations and is now practiced commonly in Belgium.  

Another one of those potential leads towards a more environmentally-friendly potato cropping is the autumn hills 

technique. The first goal of this thesis was to assess its efficiency on erosion control. To do so, runoff and erosion 

rates have been monitored throughout the beginning of the growing period, alongside with the soil surface 

characteristics known to be the most impacting on erosion: canopy cover, roughness and crusting stage. However, 

the proofs towards the efficiency of the autumn hills were scarce, and no significant effect of treatment could be 

highlighted on the total runoff and erosion rates of the season. The complexity of the interactions between the 

different factors make the results difficult to interpret. The hypothesis formulated was that potential erosion 

control capacity of the autumn hills were obscured by the existence of important spatial variability and by a delay 

in canopy cover development.  

It has also been reviewed that important rates of harvest erosion were a strong drawback to the potential viability 

of autumn hills for erosion control, and previous results have shown increase of soil tare at harvest of 16t.ha-1 

compared to a conventional soil preparation. This was however not the case in the ridges that were slightly re-

tilled in the spring.  

Much interesting results have however been obtained in terms of water conservation and autumn hills have been 

found to significantly decrease the number of days where potatoes would have been subjected to drought stress 

over the last five years. Global water storage in the ridge was multiplied by 2 in autumn hills and by 1.7 in re-

tilled autumn hills. This is attributed to the presence of a soil layer with high water capacity retention in the 

bottom of the ridge compared to the one of a conventionally managed system. While the extents of this 

improvement still need further validation, due to uncertainties on the quality of the model, this observation gives 

a first piece of evidence towards enhanced water conservation capacities in autumn hills, compared to 

conventional potato cropping.   

While non re-tilled autumn hills still have some drawbacks, such as unsure yields and enhanced harvest erosion, 

and might still require better mastering of the technique, re-tilled autumn hills have a great potential, allowing 

for a better repartition of workload throughout the year and equal or even enhanced yield. In a decade where 

climate change effects are becoming more and more evident, the development of performant techniques, able to 

mitigate the effects of high intensity rain on erosion and of increased drought period on yield losses, are of crucial 

importance and autumn hilling might be a part of the solution.   
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Appendix 1 – Technical itinerary  

 



 

78 

 

 



 

79 

 

 

 



 

80 

 

Appendix 2 – Agricultural machinery (Source : Greenotec) 
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Appendix 3 – Profiles from the first dye experiment attempt 

 

Appendix 4 – Collection of visuals along the growing season  

March 2020 – Cover crop and autumn hills 
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May 8th 2020 – Global view of the field 

 

May 8th – RT (left) and AH (right) plots 
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June 1st – From left to right : RT, RAH and AH plots 

 

June 26th – From left to right : RT, RAH and AH plot 

 

May 21st – Illustration of the collapsed ridges 

     

 


