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Abstract
In organic farming, as crops production is directly depending on soil quality, farmers pay attention
to preserve soil ecosystem in order to benefit from better ecological services. Today, soil conservation practices, such as ploughless soil tillage and cover cropping, have gained prominence in
organic cropping systems and provide for great potentials such as maintaining or increasing soil
fertility, saving labor and reducing energy costs.
This paper focuses on organic farmers who integrated or tended to integrate soil conservation
practices in their cropping systems. The aims of this study are (i) to understand how these new
combined practices are managed in relation to farmers’ objectives and constraints and (ii) to identify difficulties encountered by farmers and how they deal with it. This work provides a reference
base for designing new organic cropping systems.
Our study was based on 24 semi-structured interviews with farmers, having diverse farming systems and different levels of experience. They were located over France in various pedoclimatic
situations.
From these interviews, we developed a typology based on the frequency (occasional or systematic) of use of both ploughless soil tillage and cover crop along the crop rotation. Four different
strategies were observed. We found two main factors to explain the diversity of strategies: (i)
farmers’ objectives and (ii) capacity of adaptation facing constraints such as weed infestation,
pedoclimatic conditions or equipment availability.
Understanding these factors is a key issue for designing future sustainable organic cropping systems and find suitable solutions.
1. Introduction
Organic agriculture systems are identified as an alternative to conventional food producing systems to face current economical and environmental challenges. Organic agriculture (i) is strictly
regulated through the organic standards (eg: prohibition of chemical synthetic inputs) and (ii)
consists in a whole-farm approach including natural resources management and aiming to
achieve self-sufficiency on farm (eg: closed cycle in nutrients) (Watson et al., 2002).
Because of these characteristics, soil quality is a crucial issue for organic producers. Indeed, as
crop production is directly depending on soil health, farmers pay attention to preserve soil ecosystem in order to benefit from better ecological services. Consequently, farmers are looking for
more sustainable forms of management in their systems, as far as soil conservation practices are
concerned. Innovative practices from conservation agriculture have gained prominence in organic
cropping systems because these practices provide great potentials such as maintaining or in-
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creasing soil fertility, saving labor and reducing energy costs (Hobbs et al., 2008). Conservation
agriculture is based on three agrosystem management principles: (i) non-inversion tillage to limit
soil disturbance (ploughless tillage as direct drilling or chisel plow…), (ii) permanent soil surface
cover (as cover cropping or mulching), (iii) diversification of rotations and intercropping (FAO,
2012). The application of these three principles correspond to several agronomic strategies from
direct drilling through living mulches to reduced tillage with cover crop introduced between two
main crops (Derpsch et al., 2010).
The interests of soil conservation practices are higher when these practices are fully applied together than when they are isolated (Kassam et al., 2009). As crop rotation is traditionally forming
a part of organic cropping systems, the main challenges in adoption of soil conservation practices
are the adoption of both cover cropping and ploughless tillage. Indeed, in organic farming, the
period between two main crops is usually managed to limit weed infestation by using false seedbed technique (Bàrberi, 2002) and ploughing remains the most common soil tillage technique
used to manage weeds and incorporate organic surface residues (Teasdale et al., 2007).
Currently, references on soil conservation practices are coming from conventional agriculture
studies. In organic farming, few studies are leading to understand the adoption of conservation
practices whereas this type of agriculture has been shown as able to improve soil fertility and
provide ecosystem services (Maeder et al., 2002). These improvements are mainly due to the
organic matter input and forage legume presence in rotations. Thus, both organic and conservation approaches raised greater expectations towards farm sustainability. Today, the question
remains because organic research studies are mostly done on an analytical approach either on
ploughless tillage (Peigné et al., 2007 ; Krauss et al., 2010) or cover cropping (Løes et al., 2011).
However, organic farmers are innovating towards the integration of soil conservation practices
(Gerber, 2008).
In this context, the aims of this paper are (i) to describe the diversity of agronomic strategies
combining ploughless tillage and cover cropping, (ii) to understand how these combined practices
are managed in relation to farmers’ objectives and constraints and (iii) to identify difficulties encountered by farmers and how they deal with it. For this purpose, several French organic farmers
who integrated or tended to integrate soil conservation practices in their cropping systems were
interviewed. This overview of farmers ’experiences provides major keys to design new sustainable cropping system in organic farming.
2. Data and methods
The data collection was carried out in summer and autumn 2010. First, we contacted local organic advisors all around France to get a list of organic farmers who are supposing or claiming to use
soil conservation practices. From this list of around hundred contacts, we selected the farmers
who seemed to be the most experienced in soil conservation practices. Thus, we called 70 farmers to have an overview of their cropping systems management. Then, only farmers who integrated a high frequency of conservation tillage, cover cropping or both into their cropping systems
were selected to further our expectations. The others were using ploughless tillage or cover cropping too occasionally and were not very sensitive and experienced with these thematic. Finally
interviews were conducted with 24 farmers.
A semi-structured interview guide was used to cover topics such as (i) description of the farm
(socio-economic, soil and climate conditions), (ii) identification and description of the cropping
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systems integrating soil conservation management, (iii) formalization of farmers’ objectives linked
with these practices, (iv) description of the difficulties encountered regarding the adoption of these innovations and how they dealt with.
The interviews lasted between 2 and 4 hours, depending on the time availability of each farmer.
The information exchanged was recorded.
Furthermore, a secondary interview, shorter than the first, was made by phone one year later, on
autumn 2011. The objectives of this second interview were to update farmers’ experiences and to
validate the analysis made after the first interview.
To represent the diversity of agronomic strategies managed by the 24 farmers, we developed a
typology. This typology considers ploughless tillage and cover cropping practices. For a visual
support, we graphically positioned each cropping system on two axes according to the frequencies (occasional or systematic) of cover cropping and ploughless tillage use along crop rotation.
The frequency of ploughless soil tillage use was calculated by the ratio: number of main crops
sowing preparations without ploughing / number of crops sowing preparation along the rotation.
The frequency of cover cropping use along the crop rotation was calculated by the ratio: period
(in month) when the soil is covered between two mains crops / total period between two mains
crops along the rotation.
3. Results
3.1. Global description of the sample
The 24 organic farmers met were recognized by advisors or peers as users of soil conservation
practices. This number of farmers is low. Even if our method of farmers’ inventory could not be
exhaustive, this low number of farmers shows that soil conservation practices are today atypical
managements in organic farming (regarding the number of advisors who were contacted and the
total number of French organic farmers producing crops, which is estimated at around 8 000
(Agence bio, 2011)).
Farmers were located over France in various pedoclimatic situations, including four broad geographical zones: north/northeast, middle-east, southwest and west. A wide diversity of production systems, farm structure and levels of experience were also represented by this sampling.
Sixteen farmers were specialized in crops production and eight were in crop-livestock mixed systems.
3.2. Description of the typology
There are (i) 13 farmers who totally stopped to use the mouldboard ploughing and 11 farmers
integrating occasional ploughing into their cropping systems ; (ii) 20 farmers who were frequently
integrating cover cropping between two crops into their cropping systems whereas 4 did not use
cover cropping.
When we cross these two practices, four groups are pointing out. Global characteristics of each
group are presented in the table 1.
3.2.1. Group 1: plough back after trying to stop mouldboard ploughing
This group is composed of two farms which are characterized by occasional ploughing (one
ploughing every 4 to 8 years), and no cover cropping.
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These two farmers strongly limited ploughing because they wanted to preserve soil ecosystem
and reduce labor. These farmers reduced ploughing for a long time (more than 20 years). They
tried to stop it totally for agronomical objectives but, after 5 to 8 years, crop production performances were reduced by huge weeds infestation. Facing that, they considered that it was necessary to plough back in order to satisfy crops production stabilization and economic profitability.
These farmers did not integrate cover crops in their cropping systems for three main reasons.
Firstly, the conditions of soil and climate can be constraining for cover crop establishment. One
farmer is located in South-East of France and there is a lack of soil humidity at cover crop sowing
period. The other farmer is located in Middle-East of France and soil can be wet at cover crop
destruction period. Secondly, cover cropping lead to an increase in labor needs. Thirdly, stubble
cultivation and false seed bed technique are used to control weed infestation between the main
crops period and the presence of a living cover impede these interventions.
3.2.2. Group 2: Intensive soil ploughless tillage
These two farms are characterized by intensive non inversion soil tillage and the absence of cover cropping along crop rotation.
These two farms are located in South-west of France on a clay soil where the climate is dry during summer period. The cropping systems of these farms are based on a strong presence of
spring crops with a high use of inputs (irrigation and organic fertilizers).
Farmers systematically use soil conservation practices because they do not want to disrupt soil
biological activity. Nevertheless, farmers frequently use deep non inversion tillage to increase soil
porosity and limit perennial weeds.
Farmers don’t integrate cover cropping mainly because their systems are very sensitive to weed
infestation. Consequently, the period between two crops is very important for them to manage
stubble cultivation and numerous false seed-bed cultivation techniques. In addition, they argue
that the dry climate limits cover crops development. Furthermore, they consider that cover crops
seeds are expensive.
3.2.3. Group 3: Pragmatic soil tillage and toward cover cropping integration
This group is based on the use of occasional ploughing and the frequent use of cover cropping
between two mains crops along the rotation. This group contains 9 farms in a broad diversity of
pedoclimatic conditions and farming systems (Table 1).
These farmers largely reduced ploughing mainly for agronomic and labor consuming reasons.
However, they use occasional ploughing to deal with delicate situations as (i) temporary meadows destruction, (ii) establishment of some spring crops (such as maize) to increase warming in
heavy soil and (iii) weeds control.
These farmers, who are mainly on specialized crops production systems, integrate more and
more cover cropping between two mains crops to reduce organic fertilizer inputs and enhance
soils fertility. The practices are thus managed in a pragmatic way relative to these objectives.
Plow is not considered to be negative for soil quality because it remains occasional and it is compensated by a strong presence of cover cropping.
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3.2.4. Group 4: Towards the combination of soil conservation practices
This group of 11 farms can be defined by systematic ploughless tillage and occasional to frequent
cover cropping use along the crop rotation. Farmers in this group are not experienced in soil conservation practices and the cropping systems are ongoing evolution.
These farmers want to manage the whole soil conservation practices for numerous reasons. First
of all, they give a strong importance to soil preservation because they had to face some problems
in the past (erosion for example). Then, they want to limit their dependence to organic matter
inputs. Lastly, they are looking for new technical challenges (as integrating agroecology principles
into their cropping system management) in order to be professionally satisfied. Regarding these
objectives, these farmers are sure that soil conservation practices are suitable solutions.
However, these combinations of practices are quite difficult and farmers are facing many difficulties. For example, weed control or competition between the main crop and the permanent covers
are the main constraints. Most of the farmers accept these difficulties and consider it as inherent
consequences of learning new practices. There is no reference to adjust their judgment on these
practices so they have to explore themselves these innovations. For three farmers of this group,
economic performances were limited by the reduction of crop yield. Nevertheless, these farmers
are persevered and exploring other technical solutions to optimize their cropping systems such as
integrating new main crops or cover crops.
This group presents the strategies which are the closest to conservation agriculture management
as farmers were trying to combine reduced tillage and cover cropping together. Nevertheless,
within the sampled farmers, no one integrated systematically cover cropping and ploughless tillage.
4. Group determinants
4.1. Farmers’ objectives
Cropping systems are the results of a compromise between farmers’ objectives. We identified five
intended farmers’ objectives which are particularly explained the reasons of the differences management between the four groups.
First of all, all the farmers are sensitive to soil conservation. However, when soils are considered
as sensitive to degradation, such as erosion, some farmers give priority to this objective. For example, farmers of the group 4 want to strongly integrate soil conservation practices in their cropping systems because these practices are viewed as relevant solutions to face these objectives.
The second objective is to gain in autonomy as far as fertilizer inputs are considered. The farmers
of groups 3 and 4, mainly specialized in crops production, have the willingness to limit external
dependence on organic matter. Thus, the role of cover cropping is essential in their cropping
systems to provide nutrients to soil (in particular nitrogen) necessary to the development of following crops.
The third objective is the stabilization of crop performances. For example, for the farmers of group
2, ploughing is used to satisfy crop production stabilization whereas this practice is considered,
by these farmers, like limiting the good performance of soils.
The fourth objective is the research of new challenges. This objective is very important for farmers of group 4. The explorations of new technical tracks enable farmers to optimize their cropping
systems and revalorize their profession.
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The last objective is related to the personal convictions of farmers. For example, farmers of group
4 are mostly tending to an ideal cropping system as near as possible to natural ecosystems (limiting soil disturbance, keeping soil cover, favoring facilitation between plants) (Malézieux, 2012).
Ploughing was considered by these farmers as an unfavorable practice regarding the pursued
agronomic goals such as soil biological activity. The willingness to integrate soil conservation
practices is that, in some cases, the difficulties generated by these innovations impact negatively
the economic performances.
Agronomic strategy of each group is the results of a compromise between these various objectives.
4.2. Farmers’ capacity of adaptation
Globally, the farmers of each group are satisfied with the performances obtained with their respective cropping systems even if it is not always the case in the group 4 where these experiences led to limitations in crop performances. The control of the consequences of soil conservation
practices is or was not always possible and adaptations are or were necessary to face the encountered difficulties.
First of all, pedoclimatic constraints can represent considerable obstacles regarding to the adoption of soil conservation practices (Rabah, 2010). In one hand, the climate can constrain cover
crop success because of (i) dry conditions in summer at the sowing period or (ii) wet conditions in
autumn or winter at cover crop destruction period. On the other hand, the textural properties of
soils can be problematic. Ploughless tillage limits the soil porosity and can enhance soil compaction in sensitive soils. These pedoclimatic restrictions can decrease crop production.
Then, ploughless tillage generally generates more important weeds infestation (Tørresen et al.,
2003). These difficulties of weed control can, in certain cases, involve weaker performances of
production than with mouldboard ploughing. All the farmers were or are still confronted with these
weed constraints, in particular by the perennial ones.
Lastly, plant residue management (Soane & Ball, 1998) and temporary meadows destruction
(Trump, 2008) were the third main constraints regarding soil conservation tillage adoption. Difficulties in seed-bed preparation or meadow species volunteers in the new established crop could
lead to a decrease of crop performances.
Facing these difficulties, farmers adapted their cropping systems differently according to their
personal objectives but also according to the pedoclimatic or socio-economic constraints.
A first set of levers, involving only few modifications of the cropping systems, was set up by the
farmers of groups 1 and 2, and to a lesser extent, those of group 3. It is the case of the occasional use of ploughing to destroy temporary meadows, to limit perennial weeds and to facilitate
spring crops' establishment at the end of the rotation. In addition, to limit weed infestations and to
favor soil porosity, other levers were mobilized as (i) intensive used of mechanical equipment
deeply or superficially, and (ii) almost systematic use of mechanical weeding (even for winter
cereals). These farmers thus have a strategy of adaptation based on efficiency or substitution.
They seek to reduce ploughing (group 1) or to substitute it by the frequent and intensive use of
non-inversion soil tillage (group 2).
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Another set of levers, involving major modifications within the cropping systems and even at the
farming system scale, were integrated mainly by farmers of the group 4 and few farmers of group
3. First of all, some of these farmers invested in specialized tools to destruct cover crops or prepare sowing in a living cover crop or dead mulch, such as strip-till or direct drilling. Then, other
levers were used to limit weeds infestation such as suppressive crops or cultivars, or the presence of a permanent cover crop. Lastly, modifications in the cover crop management and the
search for permanent cover cropping were carried out: intercropping, relay intercropping or direct
seeding and strip tillage are used or explored. These new combinations of practices thus need a
re-design the initial cropping systems. This is done by farmers, step by step, according to their
respective available technical solutions.
5. Discussion and conclusion
This example on the appropriation and adaptation of soil conservation practices showed that
organic farmers are innovating towards a better consideration of their objectives such as soil
preservation, yield stabilization or organic matter autonomy. It confirms the findings of other authors about farmers’ capacity to innovate and evolve their cropping systems (Chambers et al.,
1989 ; Faure et al., 2010 ; Leitgeb et al., 2011). These innovations are differently integrated by
farmers. Four types of agronomical strategies were identified regarding the frequency of ploughless tillage and cover cropping uses. Farmers’ objectives and capacity of adaptation facing difficulties are the determinants of these four agronomic strategies. No strategy fully integrates systematically cover cropping and ploughless tillage; despite the interest of some farmers of the
group 4.
Today, scientists are looking for new cropping systems able to preserve soil ecosystems and
maintain or increase food production (Dore et al., 2011 ; Le Gal et al., 2011). Conservation agriculture and organic farming provide answers to these global challenges. That is the reason why it
seems essential to propose and test new cropping systems based on the principles of these two
types of sustainable agricultures. Integrating lessons from this farmers ‘experiences study could
be advantageous for future cropping systems design projects.
First, farmers’ experiences give operational knowledge on the integration of the cropping methods
with ploughless soil tillage or cover cropping in organic farming. This knowledge is related to the
identification of (i) the difficulties encountered by the farmers and (ii) the levers which are mobilized to deal with them.
Then, the majority of farmers feel isolated regarding the adoption of these innovations. They are
confronted with learning difficulties. Sharing these experiences within a dynamic group of farmers
could favor the appropriation of these innovations.
Finally, the study of the four agronomic strategies shows two essential points. On the one hand,
bridges exist between the different strategies. Indeed, a change in objectives or the impossibility
of overcoming an obstacle can force farmers to change their strategy. For example, the farmers
of group 1 moved from a period of systematic ploughless tillage, like the farmers of group 2 are
currently, before returning to an occasional use because of strong weed infestations. In addition,
the adoption of soil conservation practices requires global cropping systems modifications or
redesign of their cropping systems as shown in the group 4. This concept of redesign comes from
the framework of analysis ESR (efficiency-substitution-redesign) suggested by (Hill & MacRae,
1996) and created to describe the transition of agricultural systems towards durability. The other
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groups were more focused on efficiency strategies like limitation in ploughing (group 1) or substitution strategies by replacing ploughing by intensive non inversion tillage (group 2).
Table 1: Global description of the four groups
Group 1
Number of farms

Cover crops management

Soil tillage management

Soil preservation
Yield stabilization
Priority goals
Nutrient use efficiency and
autonomy
Facing new challenges
Deep non inversion tillage
Superficial non inversion
Specific
tillage
practices
Mouldboard ploughing
Direct drilling or strip-tillage
Weed competition
No
suitable equipments
Difficulties
encountered Soil compaction
Removing perennial leys
Competitive crops or cultivars
against weeds
Mouldboard ploughing
Technical False seed-bed
Mechanical weeding
solutions
Keeping soil cover
Equipment investment
Deep rooted cover crops use
Growing cover crops between
two mains crops
Keeping permanent cover
crop
Cover crop Intercropping
Specific
Cover crop relay intercroppractices
ping in main crop
Not enough humidity during
sowing period
Difficulties Too much humidity during
encountered destruction period
Cover crop removing
Cover crop competition
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Frost -sensitive cover crops
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