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Summary
Objectives: The objective of this deliverable was first to investigate barriers toward
adoption of Best Management Practices and particularly barriers to reduced/minimum
tillage (RT) across Europe. A socio-economic analysis was realized to know the financial
benefits for a farm to drop these barriers and apply reduced or no tillage on their fields. A
review of recent research was done, and the main focus was put on three European
countries: France, Italy and United Kingdom.
The performance under different tillage practices of wheat and barley varieties of the
WHEALBI project (10 of each species) were observed in three countries under different
treatments (conventional, low nitrogen, organic) to know the best suited varieties and their
economic performance under different management practices.
The second part of the deliverable report is dedicated to the study of CAP measures and
public subsidies which could permit to develop at farm-scale conservation agriculture
and reduced tillage. The actual ‘Greening’ part of the CAP was dissected for the three
countries France, Italy and UK, and prospection of the CAP 2020 reform and other agriculture
and soil policies were reviewed to understand which policies could help providing adequate
conservation measures. The Swiss BiodivSol project, which tries a new payment method
based directly on the soil functionality, quality and organic matter, parameters highly
correlated with the way farmers protect the soil through their management practices, is
very inspiring. It helps farmers to take care of their soil and think about their practices on a
long-term approach, but also to think the soil structure and biodiversity as a capital and a
legacy for future farmers and for the whole population.
Results have been presented at the Final Whealbi Conference and can be found here:
https://www.whealbi.eu/wp-content/uploads/2018/10/Socio-economic-assessment-ofinnovative-crop-management-practices-.pdf
Teams involved: AI
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Context
During the past decennia, best management practices (BPMs) and conservation measures in
agriculture have been developed to maintain or restore soil physical, chemical and biological
properties which are essential to the sustainability of agriculture.
Adoption rates of these practices vary among different countries and even among different
regions in a country. Adoption rates depend on the context of a region or a country, consisting
of biophysical, economic, social but also regulatory and institutional conditions.
The WHEALBI project tends to develop wheat and barley varieties fitted for tomorrow’s
climatic conditions and suited for agricultural practices that should be developed in the
coming years. Hence, it is necessary to study the development of conservation measures in
Europe and understand the factors affecting their adoptions.
The objective of this study was first to investigate barriers toward adoption of BPMs and
particularly barriers to reduced/minimum tillage (RT) across Europe. These barriers could
appear at the farm level, at the scale of cooperatives or other actors of the agri-food chain.
A socio-economic analysis was then realized to know the financial benefits for a farm to
drop these barriers and apply reduced or no tillage on their fields. A review of recent
research was done, and we focused on three European countries which have singularities:
France, Italy and United Kingdom.
Several farms types were studied (size, crops, recent/old farm…) to understand which are
the best situations to implement reduced tillage.
The performance under different tillage practices of wheat and barley varieties of the
WHEALBI project were observed to know if some varieties are more suited for these
practices. Results of this trial and economic analysis are presented in this deliverable.
The second part of this report is dedicated to the study of CAP measures and public subsidies
which could permit to develop, at farm-scale, conservation agriculture (CA) and RT. The
actual ‘Greening’ part of the CAP was studied and prospection of the CAP 2020 reform and
other policies in the world was done to understand which policies could provide conservation
measures.
Finally, this report tends to observe barriers to RT and BMPs and to know the way to
outreach them and develop agriculture in a more sustainable way.
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Introduction
Intensive forms of agriculture have been proven to cause severe environmental effects, such
as soil erosion by water and wind, or pollution of the ground and surface water with nutrients
and pesticides, contributing to the deterioration of natural habitats and the loss in biodiversity.
To avoid or mitigate these detrimental environmental effects, many conservation measures
can be undertaken by farmers (Sattler, 2010).
Conservation agriculture (CA) is less adopted in Europe compared to other regions of the
world. With respect to European farmers, it has been suggested that they are generally not
strongly affected by the consequence of soil degradation and therefore unlikely to adopt some
conservation practices compared to other regions in the world (Van den Putte, 2010).
In Europe, the use of cover crops and diversified crop rotations is still hardly practiced due to
climate and soil limitations, short length of growing period in northern latitudes, lack of
adapted crop varieties, difficult management of crop residues in wet conditions and general
market conditions (Lahmar, 2010).
Although Europe is behind other countries in adoption of CA, the indicators for future
progress are encouraging. According to Eurostat (2010), CA is practiced on 22.7 Mha,
representing 25.8% of arable land in Europe.
However, adoption rates also fluctuate in time caused by some unforeseen problems after
uptake of a new management practice or changes in economic conditions (Lahmar, 2010). In
this respect, the fundamentally changing EU’s common agricultural policy accompanied by
an increased social pressure, might increase the adoption of conservation practices in Europe
(Van den Putte, 2010).
Nevertheless, to raise the uptake of conservation practices, a better understanding of farmers –
who are refraining from implementing measures that have proven to increase soil quality and
sustainability – is clearly needed.
Tillage is important to provide the correct conditions for crop establishment and growth and,
in general, requires mechanical manipulation of the soil by equipment that either cuts, shatter
or invert the soil. Tillage is performed for optimising productivity by alleviating physical,
chemical and biological constraint of the soil.
Current tillage can be divided in two categories: Conventional tillage (CT), whereby a
sequence of operations is used to prepare a seedbed including complete soil inversion to bury
or incorporate crop residue and is usually accompanied by additional mechanization to create
a seedbed, or non-inversion tillage, knows as conservation tillage or reduced tillage (RT), that
involves fewer passages than conventional tillage (Morris, 2010).
This report explores the list of barriers to the adoption of reduced tillage and the economic
and environmental reasons to outreach them.
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Factors affecting the acceptance of conservation measures
and reduced tillage
Identify the barriers at the farm scale
Several studies were done to understand which are the barriers to the development of
sustainable agriculture and RT in Europe. Some of these are based on the behaviour of
farmers opposed to CA, others on the impact of RT on productivity and others on the
environmental dynamics under conservation measures.
This deliverable collects and describe all the elements which represent barriers at farm-scale
for the improvement of RT.
This report is based on the study of RT in parts of the world that receives a temperate climate,
like Europe. In these countries, RT cannot be suited to a unique production (like transgenic
soybean in South America), but needs to integer an agronomic system which combined cover
crops, diversification and longer rotations.
In other words, RT must be associated with the two other pillars of CA: diversification
and permanent cover of the soil.
The barriers against RT could be cultural, economic or physical and each farmer has a
different point of view of his farm and the possibilities to implement RT on his land.
In this report, the study is based only on farms with arable lands.
Cultural barriers

The change from conventional to CA and conservation practices needs a radical shift in the
farmers’ mind as the conventional agriculture is seen as a security model of production with
practices well-established. The conventional model is based on three axes: yield security and
risk management, the appearance of the field and the easy way to work, like a cooking
recipe. On the contrary, the use of RT makes the system more complex to follow, and
even more with the integration of the other pillars of CA and a reduced chemical
management of the land.
The lack of scientific evidence on long-term socio-economic and ecological impacts of CA
systems, the scatter of the available results, the diversity of CA practices used, and the wide
range of European contexts do not allow to draw a comprehensive picture on CA within
Europe (Lahmar, 2010).
A lot of farmers think the benefits of CA and RT appears more at the society level than on
their farm, or maybe after a long-term using these practices. Moreover, the soil quality seems
to be a barrier to the development of RT: if the organic matter is still available in large
amount or if the soil is easy to work with ploughing, the advantages of RT seem not
justified for the farmers. Thus, the environmental and agronomy benefits of CA need to be
more largely explained to the farmers to favour the development of reduced tillage.
Finally, the most important cultural barrier to RT is the lack of knowledge and advices about
the different practices, and the lack of technicity of agriculture consultants on these practices.
Thus, the fear of change is the most powerful barrier for European farmers.
Economic barriers

To develop CA and RT in Europe, it is essential that these practices show economic
advantages. This economic issue brings some problems for farmers who have inappropriate
materials on the farm or have fears about the yield loss with RT. Physical and economic
barriers are often linked. Indeed, the yield-loss, which represent a major economic impact in
the farm, is often due to bad cultivation conditions.
8 / 45

D7.4

The investment is often the first and the most powerful economic barrier. This investment
depends on which RT practice the farmer wants to use (the investment for no-tillage is more
important than reduced tillage).
If the material is already on the farm, no more investment is needed. However, it is necessary
to acquire the knowledge and skills to change the production pattern which represent time and
money for the farmer.
The Catch-C project realized a survey conducted across Europe to analyse the main economic
constraint on farmer’s point of view. The results are similar in all the countries of Europe.
Farmers think that RT implies:
 Extra-herbicide for weed control under RT which involves supplementary costs
 Supplementary costs for protection against diseases and pests
 Yield loss in the first years of implementation
Fluctuations of the price of gasoil and pesticides could also represent a barrier to the
development of reduced tillage. According to these fluctuations, farmers will be willing or not
to adopt some conservation measures (Nail, 2007).
Finally, the lack of subsidies to support farmers who develop RT on their farm seems to
be a strong barrier to the development of CA. Indeed, the whole agricultural community
agrees to say that public policies must promote CA and RT by creating subsidies for farmers
who try to adopt these methods.
Physical barriers

The strongest barriers to the development of RT at the farm-scale are physical.
In this type of barriers, the raise of weeds, pests and diseases are the first argument given
by farmers. These ones determined the productivity of the crop and the protection costs.
With RT, the protection of the crop is more difficult than in conventional agriculture, at least
during the first years of establishment. Ploughing allows to limit the development and
germination of weeds in the field and with RT, the most used solution is the chemical one
which create extra-cost. Alternative technics exist like very late cover crops and direct
sowing.
These problems are observed at short-term on farms and it is necessary to associate RT with
the other pillars of CA to limit the proliferation of weeds and the use of pesticides.
The Table 1 resumes all the barriers given by farmers and their types:
Barriers
Higher weed pressure
Higher disease pressure
Growth of the previous crop in the
following crop
Slope is too high
Higher risk of transfer of crop disease

Type
Physical
Physical

Barriers
Accountants
Modify work organisation

Type
Social
Social

Physical

Advisors

Social

Physical
Physical

Social
Financial

Accentuated waterlogging

Physical

Reduced soil water retention

Physical

Slow warming up of soil in spring

Physical

% of stones
Bad conditions for crop emergence
Soils are compacted/heterogenous

Physical
Physical
Physical

Other farmers
Higher use of herbicides
No appropriate machinery for
reduced tillage
Not enough technical knowledge
No subsidies for conservation
agriculture
Lower yields in bad weather
Lower yields in general

Financial

Financial
Financial
Financial
Financial

Table 1: Overview of barriers seen by farmers for reduced tillage (Catch-C, 2015)
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All these barriers, described by farmers, are the opposite of the results shown by
conservation agriculture. Indeed, it is essential to re-think the system in its globality and
before use reduced tillage, it is necessary to restore the soil fertility by using cover crops,
restore the soil life with crop diversification and long rotations. With this system, all the
barriers shown by farmers drop one by one.
The same observation could be done with the economic studies analysed in this deliverable.
The problem of these studies is that they try to investigate the effect of reduced tillage on soils
always ploughed before, while it seems necessary to restore the soil fertility before making
comparisons.
Even if the cost of RT is a strong barrier to its development, it does not represent the most
powerful barrier. The risk management, efficacity, the time and effort to implement these
measures are important factors too (Sattler, 2010).
Sattler et al. realized a survey on German farmers to understand their opinion on conservation
agriculture practices and the results showed that RT has the best index of acceptance, of all
the practices from CA, due to their potential of reducing costs and time and high
environmental efficiency.
So even if there are strong barriers against the development of CA, reduced tillage could be
developed in Europe without too much effort and bring to farmers some opportunities to
reduce their labour and machinery costs.

Economic interest to ignore these barriers and use RT on his farm
In this part of the study, only the economic benefits at farm-scale will be developed. The
agronomic or environmental effects will be developed in the next part of this study, as well
as the benefits to the society.
The economic analysis will be done on three European countries: Italy, United Kingdom
and France.
Each of these countries have particular climatic conditions which have effects on the
cultural practices and the results of this study maybe vary according to the country.
It is necessary to divide the cultural practices in several categories (deep reduced-tillage,
shallow reduced tillage, direct seeding…) which don’t engage the same economic
investment and operational costs.
Italy

All the data presented in this analysis comes from recent study performed in Italy (Vastola,
2017).
The investigated area is in the province of Matera (Basilicata region), in Southern Italy, where
high quality durum wheat used for pasta’s production are produced, on clay and permeable
soils. There is a typically Mediterranean climate with rain from 650 to 800mm by year with
a large variability across years.
This study focused on a comparative economic assessment concerning three different crop
production systems:
 Conventional tillage (CT)
 Reduced/Minimum tillage (RT)
 No tillage (NT)
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The economic analysis includes crop production costs (operating farm machinery, seeds,
etc) and the total output (revenues) of 15 farms of medium size (15 to 50ha). To limit the
impact of climate variability, this study was carried out on a three-year time frame. Durum
wheat (Triticum durum) was the reference crop (Vastola, 2017).
All the costs of production are presented in Table 2:

CT
RT
NT

Ploughing
operation
(40cm)
€/ha
183.33

Tooth
harrow

Disk
harrow

€/ha
60
60

€/ha
53.33
73.33

Preweed
control
€/ha

Prefertilization

Seeding

Post
fertilization

€/ha
104.45
104.45
104.45

€/ha
151.83
151.83
165.16

€/ha
90.41
90.41
90.41

48.33

Postweed
control
€/ha
78.83
78.83

Threshing

Total

€/ha
76.67
76.67
76.67

€/ha
798.96
635.62
485.13

Table 2: Total costs of three tillage practices (CT, RT and NT) (Vastola, 2017)

Results show an average cost for the three years study equal to 798.96 €/ha for conventional
tillage against 635.63 €/ha for minimum tillage and 485.13 €/ha for no tillage.
Consistently, with a more reduced tillage, machinery costs are reduced too. The protection
costs are more important with NT because the benefit on weed community of ploughing is not
present.
Results point out that conventional tillage shows the highest yield levels as compared to no
tillage, with values ranging respectively between 1.19 t/ha and 3.47 t/ha according to years for
CT and between 0.91 t/ha and 1.71 t/ha for NT (Table 3). However, it should be noted that as
rainfall decreases, the differences on yield observed between tillage practices tend to
disappear, while they increase with precipitation, in favour of the conventional system and in
line with the outcome of many studies (Vastola, 2017).
Year

Yield CT

Revenue

Yield RT

Revenue

Yield NT

Revenue

2013
2014
2015

1.19
3.47
1.83

324.54
1107.28
656.89

0.87
2.56
1.35

237.27
816.90
484.59

0.91
1.71
1.14

248.28
545.66
409.21

Table 3: Revenue of durum wheat for the three cropping systems (Vastola, 2017)

Results show a higher cost effectiveness of NT and RT particularly in dry years (2012-2013),
whereas the traditional system is more profitable in rainy years. The significant CAP
payments play a major role in sustaining agricultural activity especially in marginal
rural area, where low crop yields and poor revenues from sales of farm products have
negative impacts on the farm’s total economic balance sheet (Vastola, 2017).
The Table 4 shows the economic results on this territory:
2012-2013

2013-2014

2014-2015

Revenue

Cost

CAP

Cash
flow

Revenue

Cost

CAP

Cash
flow

Revenue

Cost

CAP

Cash
flow

Total

CT

324.54

793.78

320.00

-149.24

1107.28

791.81

320.00

635.47

656.89

811.30

320.00

165.59

663.71

RT

237.27

630.45

320.00

-73.18

816.90

628.48

320.00

508.42

484.59

647.97

320.00

156.62

603.35

NT

248.18

479.95 320.00
88.23
545.66
477.98
320.00
387.68
409.21
497.47
320.00
Table 4 : Economic results for the three tillage practices with the CAP single payments (Vastola, 2017)

231.74

723.01
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In this study, the best soil management seems to be the no-tillage practice, RT does not have
any significant advantage. The drawbacks of these conservation measures are they are very
dependent of the climate, type of soil and crops.
This analysis shows that RT is adapted when a large variability of rain and climate occurred.
In the last years, farmers faced different challenges, global market instability and political
decisions. In this context, the adoption of no tillage or reduced tillage could therefore be a
viable option to the risk management related to climate change and price instability (Vastola,
2017).
In other studies, realized in Italy, the same results are shown with other crops (maize), but the
same conclusion is given concerning the variability of results with climate and type of soil
(Basso, 2011).
Farmers must understand that the loss of profit in short term is offset on the long term with a
better risk management and a smaller dependence to climatic variations. Knowledge on
conservation agriculture must be improved and public policies must encourage the
development of these practices in Italy.
United Kingdom

Reduced tillage in United Kingdom is split in many practices. The data present in this analyse
comes from a study realized in 2016 (Townsend T. J., 2016) with six types of practices:







Conventional tillage (CT)
Rotational ploughing (RP)
Deep reduced tillage (DRT)
Shallow reduced tillage 1 (SRT1)
Shallow reduced tillage 2 (SRT2)
Zero tillage (ZT)

The model used here is a Britain farm of 400ha with a rotation that can include any of the
following: winter wheat (WW), winter and spring barley (WB and SB), winter oilseed
rape (WOSR) and winter field bean (WFB). Winter wheat could be cropped first,
continuous or after a break crop (WOSR or WFB). In this study, WFB is used for its
environmental and agronomic benefits but not for economic reason.
To calculate the economic impact of each type of RT, the gross margin was considered thanks
to the 2011 market price. Net margin comes from gross margin with the integration of
machinery costs and investments.
These margins were calculated with an optimal crop mix for each RT practice with the
associated machinery use. Indeed, for optimised profit, adaptation of the crop mix is
necessary (Table 5). Systems where tillage is RT (i.e. no ploughing) favour increased areas of
WW and WOSR over WB, reflecting the increase in available resources and different timings
of operations for WB relative to WW and WOSR, with WB providing earlier harvesting than
WW and thus spreading work load over a longer period (Townsend T. J., 2016).
Tillage system
Crops
WW
WB
WOSR

CT
133.3
133.3
133.3

RP
138.4
61.6
200.0

DRT
186.5
27.0
186.5

SRT1
186.5
27.0
186.5

SRT2
186.5
27.0
186.5

ZT
186.5
27.0
186.5

Table 5: Area of each crop (ha) according to the used tillage practice (Townsend T. J., 2016)
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The best crop mix and rotation to maximise the gross margin is the one presented in Table 5.
First, WW with an apply of nitrogenous fertiliser equal to 75% of the recommended level and
straw removal, followed by a winter barley with straw removal and a WOSR at the end of the
rotation.
The Table 6 shows the net margin for each practice with this crop mix and with a use of
contractors to realize some of the work when the farm resources are not sufficient and
particularly with CT where a slow work rate is present. The cost of the contractors adds
approximately £85/ha onto the costs of the CT system compared with the full RT systems.
There are additional costs with the contractor fees incurred by all tillage systems for the use of
the baler and swather (Townsend T. J., 2016).

Gross margin (£/ha)
Contractors’ fees (£/ha)
Machinery costs (£/ha)
Fuel costs (£/ha)
Labour costs (£/ha)

Tillage systems
CT
RP
714
816
109
28
296
287
148
115
69
59

DRT
879
24
277
78
42

SRT1
888
24
224
78
41

SRT2
878
24
215
69
47

ZT
894
24
206
62
37

Net margin (£/ha)

432

602

651

676

688

529

Table 6: Fuel, labour, machinery and contractor costs and the resultant net margin for each tillage system (Townsend T. J.,
2016)

Gross margin was 14–25% greater for the RT systems compared with the CT system. When
RP is pulled aside, all the others RT practices have equivalent gross margin. However, when
the costs and requirements are integrated to the determination of the net margin, some
variations are present in the RT systems. The RP system results in similar machinery costs to
the CT system even though machinery use is reduced. Two sets of machinery are still
required—RT machinery and a plough.
The full RT systems have greater net margins resulting from a combination of lower
machinery, fuel and labour costs. The net margin for the zero-tillage system is £256/ha
greater than that in the CT system. Although DRT has a similar gross margin to SRT1, the net
margin for SRT1 is £49/ha greater, reflecting the extra costs associated with DRT (a large
tractor is required).
These results indicate that greater financial benefits are derived from using RT than the
gross margin suggest. This is because net margins consider the benefits of reduced labour and
machinery costs alongside the reduced fuel use.
In the analyse realized by Townsend, the additional cost due to a larger use of herbicide is not
considered. Indeed, it can be possible to have extra costs in RT systems resulting from larger
weed, pest and disease burdens. In addition, fluctuations of the market and subsidies must be
taken in account.
With these other parameters, the net margins of RT will be affected with a lower production
than in CT and extra herbicide used. Further analyses must be done in UK to understand the
effect of RT on the weed population and the cost of the additional use of herbicide.
However, with a good crop mix and crops with great added values on larger areas, RT seems
to be a great opportunity to reduce production costs and labour.
Adaptations of the crop mix must be thought depending of each farm and specific conditions
which occur to move to reduced tillage. With changes at the farm level, this study
demonstrates that reduced tillage offers a realistic and attainable sustainable
intensification intervention, given the financial and environmental benefits to the farm.
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France

In France, literature shows many divergences in the comparative analysis of RT costs. In a
study realized by INRA (2013), the results depend on the scenario (optimistic or pessimistic),
the move from CT to RT could result additional costs or benefits.
Results of a long-term trial on tillage practices realized by “Arvalis – Institut du Végétal”
during ten years are presented in the Table 7. Two rotations were studied and the results are
compiled: Beetroot – Winter wheat – Pea and Winter wheat – Maize.
€/ha/crop

Ploughing

Reduced tillage

No tillage

Product (with subsidies)

1492

1460

1473

Operational costs
including herbicides
Mechanisation costs
Labour costs
Other costs
Net margins

578
78
327
144
272
171

598
104
284
132
272
175

626
127
272
126
272
179

Table 7: Operational costs and resultant net margins for three tillage practices

The net margin is affected by the tillage practice but not with large differences like in Italy or
United Kingdom. This study shows also that the labour time is reduced by 25% with RT and
40% with NT. The fuel consumption is also reduced by 40% between CT and NT (78L/ha for
CT and 49L/ha for NT).
Moreover, this study takes into account the CAP subsidies and the loss of yield engaged by
RT. However, this loss is not always justified and after few years with reduced tillage, the
yield is almost the same than in CT and depends largely on the agronomic conditions of the
farm. Finally, the French public policies don’t encourage RT practices yet, but with the next
changes in the CAP 2020 policy, the net margin could be bigger if politics want to develop
these practices.
These results agree with those published by INRA, which explained that in function of the
scenario, RT should bring benefits or costs. Unlike in Italy or UK, the results in France do not
show a great increase of the economic benefit with RT practices.
In conclusion of this economic analysis, RT seems to be a good practice to reduce labour and
operational costs and increase the margins realized on different crops. It is important to look
at the benefits of these practices at a medium or long term and not during the first year of
implementation.
Furthermore, it is important to be aware of the significant and numerous factors involved in
tillage performance. Reduced tillage practices have also many decisive advantages on the
agronomical and environmental conditions and tend to create agriculture less dependent of
farm inputs.
The Figure 1 shows the performance of CT, RT and NT with the economic, environmental
and productivity dimensions. Even if CT is the most productive, the production cost and
the weak benefit for the environment of this system make it less suitable than the two others.
This figure confirms the results obtained by the economic analysis with a decrease of costs
with RT systems.
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Figure 1: Performance measures relating to the different tillage systems (Morris, 2010)

Besides the advantages seen on the farm level, RT delivers services to the society by
preserving the environment and biodiversity. Knowler (2007), has indexed in his study all the
benefits and costs obtained by RT with the associated scale (Table 8).

Table 8: Distribution of benefits and costs associated with conservation agriculture across different spatial scales (Knowler,
2007)
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RT seems to be a viable solution for European agriculture from the angle of agricultural
profitability. Potential negative effects on agricultural productivity can be strongly reduced by
applying sufficiently deep tillage and using a crop rotation including crops other than cereals
(Van den Putte, 2010).
Specific factors of the farms need to be considered because the benefits realized according to
RT should be altered. Climatic conditions, soil texture, rotation and farm size are
characterizing factors of farms which affect the benefits of RT and BMP and the success of
the system.

Agronomic and physical factors affecting the adoption of conservation
practices and reduced tillage
Many factors could influence the improvement of RT on a farm. In this part, we tried to study
a lot of parameters which play key roles in the success of a change of tillage practice.
Consistent with crops and agronomic situations, it is not possible to simplify the technical
itinerary in the same way. Lot of long-term trials have allowed to test the feasibility of
itinerary without ploughing, ranging from direct sowing to those involving shallow tillage
with an unpacking.
Farm characteristics like the farm size or farmer’s age and environmental factors must have a
key role for improvement of RT.
Influence of crops and rotation

All the crops are not easy to grow with RT practices and rethink the rotation is an important
point before applying RT to maximise the chance of success. In this study, a rotation Winter
Wheat – Oilseed Rape and Winter Barley was observed. The capacity of each crop to grow
under RT is described below and the rotation, too.
The winter wheat is one of the most suitable crops for RT. On an average of 30 trials, with
all type of soils, an itinerary with RT has similar yield than in conventional tillage. The
seeding period of winter cereal and the moisture levels are favourable for the emergence of
crops. This could limit the impact of residual straws in the seedbed. At the opposite,
ploughing could create in clay soils fewer great seedbeds which limit the crop emergence.
The Table 9 shows us the yield obtained by CT, RT and NT of 30 trials realized on different
type of soils. RT seems to be a good alternative to ploughing for Winter Wheat.

Drainage
speed of soil

Number
of trials

Soil type

Previous crop

Very good

11

Silt-clay, Limestone
clay

Good

8

Silt, Puddled silt, Clay

Maize, Beetroot,
Oilseed rape, Pea…
Maize, Beetroot,
Oilseed rape, Pea…

Intermediate

9

Bad

2

Drained Silt and
puddled silt, Drained
Clay
Puddled Silt

Yield in % of
ploughing
Reduced
Direct
tillage
drilling
100.0

100.6

99.9

100.3

Maize, Oilseed rape,
Pea

98.5

96.5

Maize

93.0

85.9

Table 9: Impact of the reduced tillage on winter wheat yield (Labreuche, 2007)

The oilseed rape is often considered like a flexible crop according to its strong capacity of
compensation. However, this crop is difficult to grow with RT practices. Indeed, its
establishment is tough to lead because of the dried conditions in summer. So, the exigence on
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the seedbed are strong. Of course, the presence of the straw after a cereal crop is a constraint
with RT. This crop needs a soil with thin elements and a high moisture level to grow. The
establishment of oilseed rape needs management of many parameters and the non-inversion
tillage practice could be choose in function of the soil type.
There are not plenty of references about winter barley in RT. This culture, like winter wheat
is quite suitable with reduced tillage. However, it seems to be more difficult to establish
than the last one, because it doesn’t appreciate soil with residual straws. Moreover, this
plant is more sensitive to an excess of water than a winter wheat.
With a typical French rotation like this one (Winter wheat – Oilseed Rape – Winter Barley),
RT has similar results than CT in yield terms but to obtain them, farmers must adapt seeding
and harvesting time. If it is possible, the straw removal is a good practice to avoid losses at
the establishment of the next crop. The long-term viability of conservation tillage techniques
appears to depend on the use of a proper crop rotation (Van den Putte, 2010).
To reduce the impact of RT on the yield, a deep RT could compensate this loss. Maize, peas
or root crops seems to be more difficult to implant with RT but with an adaptation of rotation,
with cover crops and a longer rotation, yield losses could be limited.
The environmental and climatic conditions are important too, for choosing the best reduced
tillage practice to use with one crop.
Influence of environmental factors

Agroclimatic conditions play a key role in determining the benefits of CA and its components.
As would be expected, some studies have found that the presence of soil erosion and other
soil problems on a farm correlates positively with conservation tillage adoption. Related to
this, studies have shown that farm located in regions of steep slopes and erodible soils
have a greater tendency to adopt soil conservation practices.
The climate plays also a key role in the adoption of CA practices and RT. In the semi-arid and
Mediterranean regions, retaining water in the soil thanks to RT provides some degree of
drought proofing and some level of economically acceptable yields even during dry periods
(Kertész & Madarasz, 2014).
RT may be successful on some types of soil and sometimes quite unfavourable on others
(Soane, 2012). Soils in Europe with imperfect drainage and weak structure generally led to
lower yields with RT than after ploughing. In UK, Cannell et al (1978), classified the soils
into three classes according to their perceived suitability for no-till. Class 1 soils were most
suitable and included the self-mulching calcareous clays derived from limestone or chalk.
Sandy and sandy loam soils, especially with low organic matter, may lack the ability to
acquire a stabilised structure under RT.
However, a recent review of studies realized as part of the Catch C project on 97 cases
(different soils, climates and durations in Europe) shows that RT can be adopted in a variety
of different conditions (Table 10), through adapting the type of machinery and number of
passages to the type of soil and crops in rotation. Clay and loam soils present greater yields
than ploughing in this case and sandy or silty soils are slightly penalized against ploughing.
Climate
Northern
Western
Eastern
Southern

n
3
26
39
29

mean
0.95
0.99
1.01
0.99

Soil texture class
n
Clay
9
Loam
13
Sand
44
Silt
23
Unknow
8

Duration
Mean
1.02
1.03
0.94
0.95
1.00

Low
Medium
High
Very high

n
17
20
38
22

mean
0.98
1.03
0.98
0.97

Table 10: Results of reduced tillage compared to plough in various conditions (Catch-C, 2015)
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Farm physical characteristics

In addition to the environmental and agronomy factors, assessments of the adoption of
conservation tillage and similar soil conserving practices have often paid attention to a variety
of biophysical characteristics of the farm itself (Knowler, 2007). One common factor is the
farm size. It is frequently said that farmers with large areas of arable land are more willing to
invest in new technologies such as reduced tillage or direct seeding.
The economics are defined broadly to include not just short-term financial benefits and costs,
but also the whole-farm management context, constraints on key resources such as labour and
capital, risk and uncertainty, interactions between enterprises, and time-related factors, such
as interest rates and the urgency of providing for the farm family (Godwin, 2015).
A study realized in 2011 in United Kingdom showed that conservation tillage is used in
69% of large farms, 50% in medium farms and 22% in small farms (Townsend T. ,
2016). Often, RT is used only on a part of the planted area of the farm so the investment
of two types of cultivation equipment is more feasible for larger farms. RT may also be
more suitable for larger farms due to their ability to cope with the risk burden
associated with RT. It is likely that this kind of farms also have greater timeliness issues
giving them greater incentive to switch to faster crop establishment methods.
However, more and more small farms surpass the scale limit and use RT to limit their labour
and operational costs.
The farmer’s attitude to adopt RT is also different with the needs of investment in new
machinery for other tillage practices than ploughing. With that, there are differences between
old and recent farms. If at the establishment of the farm, the farmer wants to go directly to CA
practices and RT, the investment for this kind of material is not more expensive than
traditional machinery.
In contrast, if the material for ploughing is already present on the farm, when the farmer
decided to move from CT to mixed tillage, the requirement to hold machinery suitable for
both CT and RT simultaneously will typically lead to greater machinery depreciation costs
than would result from a single tillage system approach. This new investment could increase
the risk taken by the farmer and limit his belief to move to CA practices.
In a study realized by “Arvalis Institut du Végétal” in France, they have compared eight
tillage practices and their investment (Table 11) on an area of 200ha with a rotation:
Winter Oilseed Rape – Winter Wheat – Spring Barley. On a new farm, the investment for
RT is less expensive than traditional ploughing, until 33% cheaper for reduced tillage with
classic machinery.
Indeed, the draught force needed for RT is lower than ploughing so less powerful tractors
are necessary which contribute to limit the investment.
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Tillage practices
Always plough
Occasional plough (2/3 years)
Reduced tillage with classic
machinery + decompaction
Reduced tillage with specific
machinery + decompaction
Reduced tillage with classic
machinery
Reduced tillage with specific
machinery
Reduced tillage with
cultivator/drill
No-till with specific drill

Nb of
tractors
3
3

Draught force
(HP/ha)
2.25
2.25

Investment
(€/ha)
1 589
1 589

3

2.25

1 523

2

1.35

1 128

2

1.35

1 098

2

1.35

1 085

2

1.35

985

2

1.35

1 020

Table 11: Comparison of investments for eight different tillage practices (Thomas, 2006)

The lower investment coupled with the decrease of operational costs represent key drivers for
the implementation of RT on European farms. These elements enable young generations to
create their farms or take over old farms with good prospects for the future.
Finally, there are a range of factors which influence the establishment of RT on a farm,
i.e. economic, environmental, physical or agronomic (Figure 2). However, this study showed
that RT practices can reduce crop establishment costs through increased timeliness of
operations and potentially lower fuel usage and increased work rates. As with all techniques,
RT must be carefully adopted to fit with particular soil and climatic conditions for particular
regions or areas. Surface crop residue and plant material needs to be carefully managed to
maximise the benefits of residue. Cereals are the more adapted crops to RT, but with longer
rotations and adapted management, most of the crops could be conducted in RT practices.

Figure 2: Summary of factors related to the sustainable uptake of reduced tillage within European regions (Soane, 2012)
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Economic assessment: An example with WHEALBI trials
During the WHEALBI project, the work package 7 has for objectives to develop innovative
crop management practices to identify wheat and barley ideotypes with enhanced
performance under sustainable farming practices and evaluate farmers’ economic interest to
adopt new crop management practices for wheat and barley in the light of the new CAP
regime.
Beyond the study of the literature around new cropping techniques, two-years trials have been
realized in United Kingdom, Italy and Hungary. The results from this trial are presented to
support the economic analysis realized in the first part of this deliverable.
With these data, we performed an economic analysis to compare the costs of each tillage
practice related to yield and to know which is the most cost-efficient.
We will use only the data of Cambridge trial as a demonstration in the current study, mainly
because all costs of experimentation in this location are fully reliable. All the data come from
NIAB, realized under WP7.

WHEALBI trials – Cambridge
Trial parameters

Three different tillage practices have been tested in this trial:
Tillage practices
Plough
Deep Non-Inversion Tillage

Shallow Non-Inversion Tillage

Tillage Depth
40 cm

30 cm

18 cm

Table 12: Tillage practices used in the WHEALBI trials

Besides tillage practices, other trial parameters like the N level (high and low fertilization)
or the classification of varieties (elite, conventional, old…) were studied. Below are
presented the varieties of wheat and barley studied in these trials:
Accession
Tiepolo
MV-Kolo
KWS Santiago
WW 512
WW 502
Robigus
Hereward
Soissons
Alchemy
Bankuti-1201

Wheat
Classification
Elite
Landrace

Modern
Old

Barley
Accession
Classification
Saffron
KWS Infinity
Elite
Lomerit
Hatif de Grignon
Landrace
Fridericus
Ketos
Modern
Amillis
Sixitine
Dea
Old
Robur

Table 13: Wheat and barley accessions used in the WHEALBI trials
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To perform this economic study, we decided to focus only on elite and modern cultivars of
wheat and barley, adapted to the climate of United Kingdom. Indeed, old and landraces
varieties are not used anymore by farmers and do not present interest to perform an economic
study based on a conventional or semi-conventional farming.
The technical itinerary (ITK) and its cost is not the same for the two years of experiment.
Number of treatments depends on the climate and the pressure of weeds, fungus and insects of
the year.
Crop itinerary

We present below the whole crop itinerary, which is the same for each tested tillage practice.
The corresponding price for each component of the ITK is mentioned. Only the cost of tractor
use to perform treatments is not included.
Operation
Herbicides
Fungicides &
PGR’s
Insecticides
Machinery
costs
Total
Fertiliser
High
Low
Machinery
costs

Wheat
Nb. of application

Cost (£/ha)

Barley
Nb. of
application
1

Cost (£/ha)

5

95.81

5

118.25

4

77.20

2

17.25

2

17.25

3 (190kgN/ha)
2 (50kgN/ha)

31.31

84.00

49.00

315.31

174.76

110.00
29.00

2 (140kgN/ha)
1 (40kgN/ha)

6.65/operation

81.00
23.00
6.65/operation

Table 14: Crop itinerary of WHEALBI trial, 2016

Operation
Herbicides
Fungicides &
PGR’s
Insecticides
Machinery
costs
Total
Fertiliser
High
Low
Machinery
costs

Wheat
Nb. of application

Cost (£/ha)

Barley
Nb. of
application
1

Cost (£/ha)

5

131.87

5

162.80

4

82.28

2

6.90

-

-

3 (190kgN/ha)
2 (50kgN/ha)

55.72

84.00

35.00

385.57

173.00

122.00
32.00

2 (140kgN/ha)
1 (40kgN/ha)

6.65/operation

90.00
26.00
6.65/operation

Table 15: Crop itinerary of WHEALBI trial, 2017

The high level of fertilizer corresponds to a standard N dose (local farm practices) and the low
level to a reduced N appliance.
The economic study is done on KWS Santiago, Robigus, Hereward and Alchemy for
wheat and KWS Infinity, Lomerit and Saffron for barley, the conventional and elite
varieties adapted to the climate of United Kingdom. The different yields of these two crops
for the two-years trial are summarized in the tables below:
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High N
Shallow NonInversion
Deep NonInversion
Plough
Low N
Shallow NonInversion
Deep NonInversion
Plough

KWS Santiago
(t/ha)
2016
2017

Robigus (t/ha)

Hereward (t/ha)

Alchemy (t/ha)

2016

2017

2016

2017

2016

2017

9.35

9.22

8.19

8.54

8.62

8.65

9.11

8.64

9.37

9.71

8.47

8.17

8.43

8.42

8.58

8.97

9.92

9.95

8.42

8.78

8.03

7.74

9.15

8.58

5.41

9.46

5.1

7.96

5.01

7.23

5.23

8.56

7.30

8.89

6.41

7.86

6.46

7.48

6.91

8.71

5.48

8.62

5.36

8.09

4.98

7.37

5.43

8.45

Table 16: Wheat yields under different tillage practices, year and cultivars

KWS Infinity (t/ha)
2016
2017
High N
Shallow NonInversion
Deep NonInversion
Plough
Low N
Shallow NonInversion
Deep NonInversion
Plough

Lomerit (t/ha)
2016
2017

Saffron (t/ha)
2016
2017

8.19

8.23

8.10

8.30

7.72

8.39

8.65

8.26

8.47

8.36

8.49

8.17

8.30

7.08

7.69

7.76

7.99

7.64

4.21

7.05

4.69

7.26

4.55

6.85

6.40

7.91

6.45

8.13

6.03

7.13

5.53

7.31

5.43

6.97

5.24

7.11

Table 17: Barley yields under different tillage practices, year and cultivars

Bold characters show the best yield tillage practice for each variety
Statistical analysis

The statistical analysis of these tables shows no effect of tillage practices on yield. For wheat,
ploughing seems to have better yields in high input systems, while for low nitrogen inputs,
deep inversion-tillage has better results in ¾ of cases.
For barley, the conventional tillage never allows the highest yields and even then, Deep NonInversion tillage seems to be the best practice to maximise the yield.
The overall statistical analysis realized by the NIAB confirms no significant yield
differences between the three tillage practices regardless of nitrogen input, cultivar or
years. Statistical differences on yields appear on the factor “genotype”, in particular between
old and elite cultivars. This is clear as modern breeding helped to improve wheat and barley
yields and elite genotype used today are more resistant and more adapted to current growing
conditions.
To complete the economic study, it is necessary to take into account the seed cost and the
wheat or barley sales after the harvest.
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2016
Seed price (£/t)
Feed grain price (£/t)

Wheat
360
115

2017
Barley
365
125

Wheat
330
138

Barley
355
118

Table 18: Seed costs and wheat and barley price after harvest

We can observe a strong different market price for wheat harvest 2016 and 2017 (respectively
115£/t and 138£/t), which makes a high difference on the turnover at hectare of farm level.
Finally, with all these data and the cost of each tillage practices, we were able to make a
global economic study on wheat and barley, and find out what is the most interesting strategy
for the farmer.
Economic analysis

Wheat
The Table below shows the production costs and gross margin of each tillage practice in the
United Kingdom with the example of one elite wheat variety, KWS Santiago:
KWS Santiago
High N

Costs

Incomes

Seed Price
Tillage
Fertilisation
Crop itinerary
Total
Grain Price*Yield

Gross Margin (£/ha)

Low N

Costs

Incomes

Seed Price
Tillage
Fertilisation
Crop itinerary
Total
Grain Price*Yield

Gross Margin (£/ha)

639.56

2016
DNI
64.80
110.00
129.95
315.31
620.06

1140.80
501.24

Plough
129.50

716.42

2017
DNI
59.40
110.00
141.95
385.57
696.92

684.92

1075.25

1373.10

1339.98

1272.36

467.19

656.68

643.06

587.44

SNI

Plough

SNI

Plough

98.00

129.50

608.06

1077.55
457.49

98.00

129.50

551.91

2016
DNI
64.80
110.00
42.30
315.31
532.41

520.41

630.2

839.5

78.29

307.09

Plough
129.50

SNI
98.00

619.77

2017
DNI
59.40
110.00
45.30
385.57
600.27

588.27

622.15

1189.56

1226.82

1305.48

101.74

569.79

626.55

717.21

SNI
98.00

Table 19: Detailed economic analysis and gross margin on wheat cultivar: KWS Santiago

As the crop itinerary and inputs are the same for all wheat varieties, we can estimate the gross
margin for all the conventional and elite wheat varieties:
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Plough
High N
KWS Santiago
Robigus
Hereward
Alchemy
Low N
KWS Santiago
Robigus
Hereward
Alchemy

Gross Margin (£/ha) – Wheat varieties
2016
2017
DNI
SNI
Plough
DNI

SNI

501.24
328.74
283.89
412.69

457.49
353.99
349.39
366.64

467.19
333.79
383.24
439.59

656.68
495.22
351.70
475.90

643.06
430.54
465.04
540.94

587.44
493.60
508.78
499.12

78.29
64.49
24.24
49.54

307.09
204.74
210.49
262.24

101.74
66.09
52.29
104.04

569.79
496.65
377.97
561.51

626.55
484.41
431.97
601.71

717.21
510.21
428.79
577.83

Table 20: Gross margins on wheat cultivars of the WHEALBI trials

For wheat, in most of the cases, traditional ploughing does not seem to be the best practice
for maximising the gross margin. In seven cases on eight, conservation tillage practices allow
a better margin than conventional tillage.
Barley
The Table below shows the production costs and gross margin of each tillage practice in the
United Kingdom with the example of one elite barley variety, KWS Infinity:
KWS Infinity
High N

Costs

Incomes

Seed Price
Tillage
Fertilisation
Crop itinerary
Total
Grain Price*Yield

Gross Margin

Low N

Costs

Incomes

Seed Price
Tillage
Fertilisation
Crop itinerary
Total
Grain Price*Yield

Gross Margin

464.26
1037.5

2016
DNI
65.70
110.0
94.30
174.76
444.76
1081.25

573.24

636.49

Plough
129.5

469.70
835.44

2017
DNI
63.90
110.0
103.30
173.0
450.20
974.68

438.20
971.14

590.99

365.74

524.48

532.94

SNI

Plough

SNI

Plough

98.0

129.5

432.76
1023.75

98.00

129.50

399.61
691.25

2016
DNI
65.70
110.00
29.65
174.76
380.11
800

368.11
526.25

291.64

419.89

158.14

Plough
129.50

SNI
98.0

399.05
862.58

2017
DNI
63.90
110.00
32.65
173.00
379.55
933.38

367.55
831.9

463.53

553.83

464.35

SNI
98.00

Table 21: Detailed economic analysis and gross margin on barley cultivar: KWS Infinity

As the crop itinerary and inputs are the same for all barley varieties, we can estimate the gross
margin for all the conventional and elite barley varieties:
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Plough
High N
KWS Infinity
Lomerit
Saffron
Low N
KWS Infinity
Lomerit
Saffron

Gross Margin (£/ha) – Barley varieties
2016
2017
DNI
SNI
Plough
DNI

SNI

573.24
496.99
534.49

636.49
613.99
616.49

590.99
579.74
532.24

365.74
445.98
431.82

524.48
536.28
513.86

532.94
541.20
551.82

291.64
279.14
255.39

419.89
426.15
373.64

158.14
218.14
200.64

463.53
423.41
439.93

553.83
579.79
461.79

464.35
489.13
440.75

Table 22: Gross margins on barley cultivars of the WHEALBI trials

As for wheat, gross margins are more important with conservation practices. A lower
disturbance of the soil with shallow or deep non-inversion tillage is not penalizing the crop,
and is beneficial for the farmer by reducing the labour and machinery costs.
For the first year 2016, an external factor has impacted yields, both on wheat and barley, for
the low nitrogen input, reducing yields by 35%. This important loss cannot be solely
explained by low nitrogen input as such a difference is not found for year 2017. Anyway, DNI
seems to correct partly the impact of this external factor as the best yields for each variety are
obtained with DNI, which yields the highest gross margin.
It is important to note that depreciation of the material (tractors and machinery) is not taken
into account for the calculation of gross margins. We know that ploughing needs a more
powerful tractor than shallow or deep non-inversion tillage because as the work depth is
higher, the resistance of the soil is higher. With a full calculation integrating a lower use of
tractor with less horse power needed, the depreciation costs will be higher for deep ploughing,
reducing thus even more the gross margin in comparison to conservation soil management
practices.
This economic study permits to support the results shown in first parts of this report.
Conservation practices, by reducing the cost of machinery could compensate the yield loss
against conventional practices. This experiment shows that winter wheat and winter barley are
crops which permit a simplification of soil management. Moreover, in resilient systems (low
nitrogen inputs), conservation practices seem to be more adapted. It is shown in the literature
that a lesser soil management could compensate a lack of nitrogen or different physical stress
with a better adaptation capacity of the crop.
Some improvements could be done in further experiment by optimizing the N input period. In
the low N system, the input is done by the end of winter (1st of March), or the needs in
nitrogen of wheat at this period is weak. To really optimizing the nitrogen inputs in resilient
systems, it could be good to put a large amount of nitrogen later in the season, during the
elongation stage.
Unfortunately, the economic study cannot be done for experiments in Italy and Hungary
because of a lack of information about costs and incomes of these trials. However, we could
extrapolate the results in UK to those two other countries. Indeed, as in the United Kingdom,
the crop itinerary in Italy or Hungary is the same for the three tillage practices, so the only
factor which could change the margin is the tillage and the level of nitrogen input. We have
seen that ploughing is the most expensive tillage of the three practices used in these trials.
Moreover, the statistical analysis realized by NIAB in these two countries didn’t show any
difference between tillage practices on barley or wheat yields. So, we could make the same
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economic assessment and since there are no yield differences for tillage practices, deep and
shallow non-inversion tillage must have bigger gross margins than conventional tillage.
Finally, these trials were unable to prove an effect of tillage practices on yields but the
economic study realized in United Kingdom shows that ploughing isn’t the best practice to
maximize the margin. These trial results consolidate the previous studies done with literature
results, which prove that the cost of conventional practices is too important to compensate the
yield penalty which occurs with reduced tillage, this loss is not significative in most of the
cases.

Environmental policies and development of conservation
agriculture: The role of the CAP
With its pressure on natural resources, agriculture must improve its environmental
performances with more suitable and sustainable production schemes. Farmers must be
adaptable to respond to the challenge of climate change and implement attenuation measures
on their farms. The objective of a more sustainable agriculture could be reached thanks to the
combined effect of policy measures and their application on the field.
Given the absence of an overarching legal and policy framework for soil protection in Europe,
the CAP has a particular important role to play in underpinning appropriate soil management
on agricultural soils.
In this part, the different political measures for the improvement of environmental
consideration in Europe will be described, and particularly those engaged under the CAP
regulation. On all the environmental problematics, the conservation of a good quality of the
soil is an important way to keep a qualitative and productive agriculture. A link with
conservation agriculture practices and reduced tillage will be done at each step of this study.
At first, all the EU environmental politics linked with the soil degradation processes will be
described and after that, the role of farmers on soil conservation will be examined with a
focus on the environmental measures of the CAP that could be implemented at the farm-scale.
The CAP is split in different categories and environmental issues are developed in many of
these. Some measures are mandatory or regulatory and others are voluntary to obtain more
subsidies from EU. We will describe all these measures and their importance in the soil
management.
The Member States have the opportunity to adjust these policy measures to correspond to
environmental national issues. For this reason, we will investigate the difference in terms of
implementation of these policy measures on three countries: Italy, France and United
Kingdom.
Finally, a description of other policy measures related to soil conservation applied in other
parts of the world will be described to finish with a prospective study on the next CAP reform
(2020). This prospective study on next CAP will allow to see if measures to decrease the
agricultural impact on soil degradation are under discussion.

Assessment of soil policy measures in EU
At the EU level, many environmental policies are implemented with a wide range of benefits
on the environment. Indeed, many European Directives try to preserve the environment at the
European scale. For example, the Nitrate Directive, the Groundwater Directive and Water
Framework Directive have been introduced to preserve the aquatic environment from
pollution.
Even if the soil doesn’t have a specific framework for its protection, all these directives could
have beneficial effects on it. For example, the Nitrate Directive limits the decline of organic
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carbon or the compaction of the soil. The Groundwater Directive could increase the soil
biodiversity and limit the contamination.
Louwagie et al. (2011) made a list of all the European policies which could have positive
effects on soil degradation processes (Table 23).
Soil degradation processes
Water
erosion

Organic
carbon
decline

Soil
biodiversity
decline

Compaction

Contamination

+
+
+
+
+

+

+
+
+
+
+

+
+
+

+
+
+

+
+
+

Salinization/
sodification

Environmental policies
Nitrate Directive
Water Framework Directive
Groundwater Directive
Sewage Sludge Directive
Plant Protection Products
Directive
Birds Directive
Habitats Directive
(Proposed) Soil Framework
Directive

+
+
+

+
+
+

+
+
+

+

Common Agricultural Policy
-Cross Compliance
Statutory management
+
+
+
+
+
requirements (SMRs)
GAEC requirements
+
+
+
+
-Rural Development Regulation
LFA Payments
+
+
Agri-environment payments
+
+
+
+
+
Table 23: Positively expected effects of EU policies on soil degradation processes

+

+

However, as these policies have other aims and other scopes of action, they are not
sufficient to ensure an adequate level of protection for soil in Europe.
While many directives are not directly linked with agriculture and CAP, we see that they have
an indirect positive effect on soils in different cases.

Policy measures in CAP
Environmental policies are commonly classified into three types: Mandatory/Regulatory
measures, voluntary incentive-based ones and private initiatives. We find these three
types of measures in the CAP. The first pillar with direct payments to farmers uses more
mandatory or regulatory measures whereas voluntary measures are more present in the second
pillar with the rural development part.
Cross-compliance

Cross-compliance is an important tool for integrating environmental requirements into the
CAP. Cross-compliance ensures that support granted under the CAP contributes to promoting
sustainable agriculture and, thereby, responds positively to concerns of citizens. Since 2005,
all farmers receiving direct payments are subject to compulsory cross-compliance.
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The cross-compliance is a mechanism that links direct payments to compliance by farmers
with basic standards concerning the environment, food safety, animal and plant health and
animal welfare, as well as the requirement of maintaining land in good agricultural and
environmental condition (European Commission, 2017).
The cross-compliance represent the “baseline” or “reference-level” for agri-environment
measures. For all requirements falling under cross-compliance, the compliance costs have to
be assumed by farmers (Polluter-Pays Principle).
The cross-compliance is applied on the first pillar of the CAP. Subsidies under the 1st pillar
are the most important ones because it represents 80% of the total CAP expenditures. It
supports the measures to sustain the crop prices and farmers’ incomes.
The cross-compliance is split in two categories of measures in the first pillar of the CAP:
 Good Agronomic and Environmental Conditions (GAEC)
 Statutory Management Requirement (SMR)
A farmer who receives direct payments from Europe must respect these measures. If he
doesn’t, a reduction of payments is applied.
Good agricultural and Environmental Conditions (GAEC)
The seven GAEC of the cross-compliance are shown in the Table 24:
Area

Main issue

Requirements and Standards
GAEC 1: Establishment of buffer strips along watercourse
GAEC 2: Where use of water for irrigation is subject to authorisation,
Water
compliance with authorisation procedures
GAEC 3: Protection of ground water against pollution
GAEC 4: Minimum soil cover
GAEC 5: Minimum land management reflecting site specific conditions to
Environmental,
Soil and carbon
limit erosion
climate change,
stock
GAEC 6: Maintenance of soil organic matter level through appropriate
good agricultural
practices including ban on burning arable stubbles, except for plant health
condition of land
reasons
GAEC 7: Retention of landscape features, including where appropriate,
Landscape,
hedges, ponds, ditches, trees in line, in group or isolated, field margins and
minimum level of terraces, and including a ban on cutting hedges and trees during the bird
maintenance
breeding and rearing season and, as an option, measures for avoiding
invasive plant species
Table 24: Good agricultural and environmental conditions of the cross-compliance (European
Commission, 2015)

GAECs are expected to have positive impacts on soil quality and durability, for example, they
could help to reduce erosion, soil compaction, maintain soil organic matter and soil structure.
However, Member States have a broad margin to implement these GAEC measures, and thus
some of them became useless to maintain soil quality and durability. The national
implementation of these measures will be developed later on.
Statutory Management Requirement (SMR)

The SMR represents the other part of the necessary measures for responding to the crosscompliance. These requirements refer to thirteen legislative standards for environment, food
safety, animal and plant health and animal welfare.
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Area of cross-compliance

Requirements and Standards
SMR 1: Nitrate Vulnerable Zone
Environment, climate change and
SMR 2: Wild birds
good agricultural condition of land
SMR 3: Habitats and species
SMR 4: Food and feed law
SMR 5: Restrictions of the use of substance having hormonal
or thyrostatic action and beta-agonists in farm-animals
SMR 6: Pig identification and registration
Public health, animal health and
SMR 7: Cattle identification and registration
plant health
SMR 8: Sheep and goat identification
SMR 9: Prevention and control of transmissible spongiform
encephalopathies (TSEs)
SMR 10: Plant protection products (PPPs)
SMR11: Welfare of calves
Animal welfare
SMR 12: Welfare of pigs
SMR 13: Animal welfare
Table 25: Statutory Management Requirements of the cross-compliance (Scottish Government, 2018)

These SMRs are applied in several European Directive and regulations. They establish the
link between the full direct payments and the respect of these requirements.
As we show in Table 25, a high number of measures are engaged at the European scale to
protect the environment. However, the soil is not at all the first issue for the European
Union. For now, the CAP has identified three priority areas for action to protect and enhance
the EU’s rural heritage:
 Biodiversity and the preservation and development of ‘natural’ farming and forestry
systems, and traditional agricultural landscapes
 Water management and use
 The climate change issue
The non-respect of the cross-compliance (GAEC or SMR) is sanctioned through a reduction
in support payments from the CAP (3% to 5% of reduction).
Some of these measures could improve the conservation agriculture (CA) in Europe but they
need to be strengthened to encourage farmers to use conservation practices. Concerning
Reduced Tillage, nothing in GAECs encourage farmers to go in this direction.
Greening measures

The initial objective of the CAP has evolved with the 2014 reform, towards “the enhancement
of environmental performance through a mandatory “greening” component of direct
payments. The initial goal was to better support agricultural practices which are beneficial for
the climate and the environment, applicable throughout the European Union (Catch-C, 2015).
Member States are required to use 30% of their payments to grant an annual payment (on
top of basic payment) for “compulsory practices to be followed by farmers addressing, as a
priority, both climate and environmental policy goals”.
These 30% green direct payment are dedicated to apply of the three following basic practices:


Maintenance of permanent grasslands: this measure includes bans on ploughing in
designated areas and fixes a national/regional ratio with 5% flexibility. The
maintenance of permanent grassland can be accounted at the regional level (like in the
Netherlands) or for each farm individually (like in France).
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Crop diversification: this practice mandates farms operating over more than 10
hectares of arable land to have at least 2 crops (for farms over 10 ha), and at least 3
crops (for farms over 30 ha of arable land). The main crop must not exceed 75 % of
arable land, and the two main crops 95%. Unfortunately, diversification doesn’t mean
crop rotation and monoculture in some fields can still be performed.



Maintenance of an “ecological focus area” (EFA) of at least 5 % of the arable
area of the farm. What Member States consider as “ecological” and conversion
factors (to “convert” linear elements like hedges into surfaces for example) is at their
will. Farms of less than 15 hectares of arable land are exempted. Note that this
exemption is not a minor issue: after the European Union enlargement (2016), 66% of
the EU farms are now less than 5ha. Small and medium farm in EU account for about
98% of farms, 85% of the work, 70% of livestock and only 2/3 of the total arable area.

The obligation of crop diversification specifically addresses progress to enhance soil quality.
EFA also focus on the improvement of soil quality.
These three measures could have equivalent practices in some countries. It is the
responsibility of Member States to define the equivalent measures, and to decide how these
practices need to be implemented. Member states could implement equivalent practices to
respond to specific conditions and local situations in terms of agricultural systems and
environmental conditions within the European Union. All the equivalent practices to greening
are developed in the Table 26.
Equivalent practices
Crop diversification (more appropriate selection
Ecological set aside
of crop)
Crop rotation
Buffer zones
Winter soil cover
Management of uncultivated buffer strips
Production on arable land with no use of
Catch crops
fertilisers
Conversion of arable land into permanent
Management of meadow or pastures
grassland extensively used
Extensive grazing systems
Table 26: Equivalent practices for "greening measures" of the CAP

As SMRs and GAECs measures, greening is a mandatory request. The difference with SMRs
is that farmers are subsidised (even if the application is mandatory) to comply, rather than
fined for a lack of compliance. It is a sort of “bonus”.
We have presented all the environmental measures under the CAP pillar 1. All these are
mandatory but equivalent practices of Greening can be used by Member States. Some of these
measures (GAECs) move towards conservation agriculture with crop diversification or
minimum soil cover but none of the measures of CAP pillar 1 are linked with reduced
tillage at the EU level. We will see further that some EU countries have chosen to implement
national measures to improve RT on arable lands.
There are few divergences between Member States for greening but none of them is
interesting to develop subsidies for conservation agriculture and reduced tillage. We will see
those divergences in the “National Implementation” part.
Rural Development

The second pillar of the CAP is most dedicated to the rural development and focuses on:
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 The amelioration of the competitivity and multifunctionality of agriculture
 The promotion of the environment
 The participation for rural territories development
Only one part of the rural policy package is linked with environmental measures with
objectives to preserve natural resources and foster a more sustainable agriculture.
The operational objectives are to, improve farming practices to preserve biodiversity and
water resources, protect remarkable biodiversity through Natura 2000 network, participate to
the objectives of the water framework directive, protect soil and finally contribute to mitigate
greenhouse gas emissions. These objectives are combined in one measure: Agrienvironmental schemes.
Agri-environmental schemes (AES)

Agri-environment measures or schemes provide payments to farmers who subscribe, on a
voluntary basis, to environmental commitments related to the preservation of the environment
and maintenance of the countryside.
Farmers commit themselves, for a minimum period of five years, to adopt environmentally
farming techniques that go beyond legal obligations. In return, farmers receive payments that
provide compensation for additional costs and income foregone resulting for applying those
practices in line with the stipulations of agri-environment contracts.
Examples of commitments covered by national/regional agri-environmental schemes are:
 Environmentally favourable extensification of farming
 Management of low-intensity pasture systems
 Integrated farm management and organic agriculture
 Preservation of landscape and historical features
Agri-environment measures are established by Member States and they are co-financed by
them. They are submitted to the Commission for approval as part of their Rural Development
Plans. Member States and Regions set up agri-environment programmes and these are often
subdivided into different schemes. Each programme or scheme is made up of a series of
measures.
They may be designed at the national, regional or local scale to be adapted to particular
farming systems and specific environmental conditions. This makes agri-environment
schemes a targeted tool for achieving environmental goals.
We will develop those agri-environmental schemes in the part dedicated to the national
implementation.
Finally, since the CAP reform of 2014, the environment becomes a significant goal for the
European Commission with a restructuration of the payments. With the first pillar (crosscompliance measures and greening payment), mandatory measures must be taken by farmers.
Furthermore, supports to voluntary farmers to improve their farm sustainability have also
been implemented.
However, a large margin is left to Member States to apply these measures which limit the
benefits of these policies. Moreover, as the soil is not the priority in this CAP reform,
measures linked with its quality are weak. Only few Member States have chosen to put more
emphasis on the soil quality, but we have to wait until the new CAP reform to see some
measures adapted to enhance and protect the soil quality.
The Figure 3 shows the global scheme of the measures for environmental preservation under
the CAP regulation.
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Figure 3: The new greening of the CAP (Gumbert, 2014)

National implementation
After describing the CAP measures at the European level, we focus below on the specific
measures applied on Italy, United Kingdom and France. We will analyse now how these
countries apply the European legislation on the soil preservation and if these national
regulations tend to improve CA and the use of RT. For each country, the difference between
the European legislation and the national implementation of GAECs, Greening payment and
AES is studied.
In all cases, the Ministry of Agriculture oversees the design of the cross-compliance settings,
in close cooperation with the Ministry of environment. There is a general frame at national
level and often regional specifications (Catch-C, 2015).
Italy

Viable food production has become the focus of the CAP due to the difficult context in recent
years although the sector has showed stability compared with others during the crisis. The
objective of sustainable management of natural resources has long been relevant in Italy with
respect to political dialogue and has increased in importance with the implementation of the
greening measures. However, the big driver of discussion in this round has been climate
change, biodiversity and water and not so much the soil conservation.
In Italy, GAECs have been framed by the Ministry of Agricultural and Forest policy and the
environmental SMRs by the Ministry of the Environment and Territory Conservation. This is
a national framework, approved by the State-Regions conference. As such, representatives of
the regional governments, the national and regional paying agencies, the Ministry of
Environment, the farmers unions and the environmental organisation have been consulted
during the design of the measures. Regional governments can adopt more precise standards
according to local conditions.
Italy mentioned the soil conservation in many areas, in the greening and equivalent
commitments, rotations and soil tillage. Based on provisions contained in the Code of Good
Agricultural Practice, political measures are in favour of RT and NT. Public officials are
32 / 45

D7.4

worried about how to control these measures, because controlling the type of tillage and the
tillage depth is difficult (Catch-C, 2015).
GAEC 4: Soil minimum cover
The Italian legislation for soil minimum cover measures is only dedicated to soil with existing
erosion problems. On these lands, it is necessary to implement a cover crop to avoid erosion.
During winter time, a permanent cover crop during at least 90 days, between the 15 of
September and the 15 of March, is mandatory. If it is not possible, farmers have to use
reduced tillage and no plough practices to limit erosion.
In Italy, the legislation for the soil minimum cover is almost the same than the GAEC that
limits erosion problems.
GAEC 5: Minimum land management reflecting site specific conditions to limit erosion
Three measures under this GAEC are developed in Italy (Ministero della giustizia, 2017):
 On soil with visible signs of erosion, farmers must create furrows at the top of the field
to retain the rain.
 It is forbidden to level the soil without authorisation to prevent erosion.
 Farmers must keep the hydraulic network implementation to have good water
circulation.
Again, these measures are applied to fields with erosion problems and not to all arable lands
in order to prevent (future) erosion problems.
GAEC 6: Maintenance of soil organic matter
To limit the reduction of soil organic matter, the stubble and crop residues cannot be burned.
This measure is the same in the three countries under study.
As it is described, the national legislation of GAEC in Italy does not really incite farmers to
change their practices and develop CA and tillage. Indeed, the application of a cover crop or
RT is only mandatory on fields with existing erosion problems. Not burning stubbles on the
field is logical to keep the soil organic matter and avoid useless CO2 emission, but the
application of CA practices, including cover crops and reduced tillage could have a larger
effect on the soil organic matter.
Greening payment
Just like GAEC, the greening payment of the CAP could be slightly modified at the national
level. All the Member States have to respect the measures under greening and very few
differences with the European legislation are shown.
Agri-environmental schemes:
In Italy, there are four types of AES and two of them could improve the soil quality and apply
CA on arable lands:
 Type 1: Crop rotation, cover crops, minimum tillage and reduction of fertiliser
 Type 2: Increase organic component of arable soil
The agri-environmental schemes are managed at a regional scale and each region could
propose to its farmers AES or not. For example, in Calabria, an AES (10.1.5: Soil protection
and increase of the soil organic matter) is dedicated to conservation practices and reduced
tillage with the implementation of two measures:
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 Minimum or No tillage
 Permanent cover of the soil
These measures could improve the number of farmers which used CA practices with a
financial support for these changes.
Many regions of Italy have implemented AES linked with conservation agriculture (Abruzzo,
Lombardi, Campania, Molise…) but not all of them (Piemonte…). These schemes represent a
good start to improve the development of these measures in Italy. All these regions have
chosen the permanent cover and RT practices in their AES.
France

The French agricultural and rural policy packages are designed according to a dialogue
between the Ministry of Agriculture, farmers unions and the agri-food industry (Catch-C,
2015).
The main choices of France do not target soils directly. Indirectly, soil quality may be
enhanced by some specific measures, like subsidies for crop protein production (beans,
soya, lupine…)
GAEC 4: Soil minimum cover:
To respect the cross-compliance, under this GAEC, French farmers must grow a crop or cover
crop before the 31st of May (Ministère de l'agriculture, 2015). This measure does not improve
the soil quality because all farms in activity grow a crop at this time of the year. However, on
vulnerable area (Nitrate Directive) the presence of a cover crop during winter is mandatory.
GAEC 5: Limit soil erosion:
To maintain the soil structure and limit the erosion, French farmers don’t have the possibility
to apply tillage practices on gorged or flooded fields. No-tillage practices are one of the pillars
for conservation agriculture and this GAEC move towards CA but the fact that is only on
flooded fields is not sufficient.
GAEC 6: Maintenance of soil organic matter:
As it is done in Italy, this measure prevents farmers from burning their crop residues or
stubbles with the aim to improve soil organic matter. However, farmers do what they want
with these residues, including harvesting which don’t permit the return of organic matter into
the soil.
With the national implementation of GAEC in France, the conservation of soil isn’t the
priority. Indeed, these measures are applying only on fields with erosion problems (GAEC 5).
Moreover, the GAEC 4 doesn’t permit a soil minimum cover during winter which is one of
the most important point for CA.
Greening:
The three measures of the greening payment do not differ from the European regulation.
However, an exemption exists for the crop diversity:
 For farmers who cultivate only maize in monoculture, they can substitute the crop
diversity obligation by a cover crop sown fifteen days the latest after the maize harvest
around October (Ministère de l'agriculture , 2015).
Moreover, farmers who are engaged in organic farming don’t have to respect the three
measures of the greening payment on fields conducted in organic practices.
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The national implementation of the mandatory measures of the CAP in France does not
present any advantage for the conservation of soil and reduced tillage. More measures for the
protection of biodiversity and water have been engaged by the French government.
Agri-environmental schemes:
Since the CAP reform in 2014, five schemes for agri-environmental and climatic measures
have been created by the French government. These AES, with a minimum time of five years,
can be applied to the whole system of the farm, on specific fields with environmental issues or
to preserve genetic resources (endangered races or varieties) (European Commission , 2016).
The AES most linked with soil problematics is the one on arable lands: “AES field crops”
(Ministère de l'agriculture, 2015). Farmers who want to subscribe to this AES have
supplementary constraint to preserve the environment than the mandatory ones.
In this AES, farmers must grow a larger diversity of crops than other farmers:
 The predominant crop must not represent more than 60% of the whole area of arable
lands in the second year and 50% in the third year.
 Four different crops must be grown in the fourth year and five in the fifth year
 5% of legumes must be grown since the second year
 Obligation of crop rotation
Other measures on the limitation of pesticides and nitrogen inputs are presented in this AES
but their link with conservation agriculture is weak. With the obligation of rotation and a
(small) part of legume cultivation in the field area, this AES is engaged as a first step towards
CA.
This scheme has two levels of application in function of the engagement of the farmer on
these practices. The compensation price to implement this scheme depends on the region of
application and vary from 90€/ha for a level 1 (reduced measures) and 234€/ha for the second
level (higher engagement).
Besides the agri-environment schemes and the mandatory measures, other initiatives could
be implant between farmers, industrials and all the actors of agriculture sector. These
initiatives often occur at a regional or a lower scale. For example, farmers could compose
groups named GIEE (economic and environmentally interest groups) on a coherent territory,
and propose actions linked with agro-ecology. The aim of these initiatives is improved at the
same time the economic, environmental and sociologic performance of farms by favouring
technical, social or governance innovations, and by encouraging experiments. The regional
agricultural chambers are requested to ensure networking of the outcomes (Catch-C, 2015).
As it is described, the mandatory measures from the CAP don’t encourage a good soil
management but farmers could implant, on a voluntary basis, on their land, some measures to
conserve the soil and have a financial help from Europe.
United Kingdom

In United Kingdom, there are slight variations in the legislation between the four countries
(Wales, England, Scotland and Northern Ireland). In this deliverable we only study the cases
of England and Scotland which represent the major part of the territory.
GAEC 4: Soil minimum cover:
In England no specific measures are establish for a minimum soil cover. On the website of the
government it is written that: “You must take all reasonable steps to protect soil by having a
minimum soil cover unless there is an agronomic justification for not doing so, or where
establishing a cover would conflict with requirements under GAEC 5 – Minimising soil
erosion” (Department for Environment Food & Rural Affairs, 2018).
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The minimum soil cover must be provided by vegetative cover by all types of crop, grass and
herbaceous forage, cover crops and leguminous or overwintered stubble from combinable
crops or other stubbles.
In Scotland, however, the legislation wants that farmers leave the stubbles on the field or
implant a cover crop between the harvest and the end of February.
Cover crops can improve the soil organic matter and limit erosion more than the stubbles/crop
residues.
GAEC 5: Limit soil erosion
As for the GAEC 4, England and Scotland don’t have any specific measure to limit the
erosion of the soil of arable lands. Farmers must take all reasonable steps to put suitable
practical measures in place to prevent excessive soil and bankside erosion.
Scottish government adds a measure to limit erosion for farmers who have cattle by limiting
the over grazing along the watercourse.
GAEC 6: Maintenance of soil organic matter:
As the other countries under study, to maintain a minimum level of organic matter in the soil,
farmers can’t burn the straws, stubbles or crop residues after the harvest, except for plant
health reasons (diseases and weed management).
Greening:
The United-Kingdom, as France, has decided to manage the ratio of permanent grassland at a
regional scale. Besides that, and the choice of the EFA in the list of 11 elements, which vary
among all the member states, the United Kingdom has no other differences than the European
legislation.
The mandatory measures implemented in UK don’t permit a change of practices on arable
lands. Only the presence of cover crop could improve the soil quality. The non-specific
measures for the GAEC 5 seems to be difficult to control if erosion problems or not are
present on the field.
Agri-environmental schemes:
England and Scotland have developed AES with a choice of multiple options. Farmers can
select from a range of environmental management options to create an agreement which fit
with their farming practices and meets the environmental priorities for their farm.
The three possible schemes are:
 Entry Level Stewardship (ELS) including Uplands ELS
 Organic Entry Level Stewardship (OELS) including Uplands OELS
 Higher Level Stewardship (HLS)
The ELS and OELS have a duration of five years whereas the HLS a duration of 10 years
with some options could run for a longer time (Natural England, 2013). There is a very long
list of options that farmers could choose in their schemes with a huge diversity of objectives
(Climate change adaptation, historic environment, landscape, birds, biodiversity, water
quality, soil quality…).
For the soil quality, on arable soils, there is a list of the different options that farmers could
choose at least for the ELS:
 Management of field corners
 6m/12m buffer strips on cultivated land next to a watercourse
 Undersown spring cereals
 Management of maize crops to reduce soil erosion
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 In-field grass areas to prevent erosion and run-off
 Enhanced management of maize crops to reduce soil erosion and run-off
 Winter cover crops
Other actions could bring benefits for the soil but there are not directly linked with the
production and the land. Each option brings a certain number of points and if the farmer has
enough points, he could entry in these schemes and have subsidies to reach his options.
For the ELS standard payment is around 30£/ha, for OELS around 60£/ha and the payment
for HLS varies according to the management required under the specific agreement.
These AES can permit to guarantee or restore the soil quality and limit its degradation but for
that, it needs that farmers choose option with a beneficial effect for the soil. The huge number
of options permits to farmers to have subsidies even if they don’t choose soil improvement
options.
Finally, we’ll see in this part, dedicated to the national implementation of CAP measures, that
countries don’t always choose measure for the improvement of soil quality. No mandatory
measures are present to modify the tillage practices and reduced tillage isn’t a priority
for the European Union, for now. The different GAECs dedicated for the soil are often
implement on fields with erosion problems already and don’t prevent these effects before their
appearance. It is the case for France or Italy and the United Kingdom doesn’t have any
specific measure to control these problems.
A recent study realized in France shows that the greening part of the CAP doesn’t have any
beneficial impact on fields for the 2014-2018 period. For the next reform of the CAP, the
European Commission needs to choose measures in favour of the soil conservation and which
permit to farmers to go towards more sustainable practices.
In the next part of this deliverable, we will speak about other policies inside and outside EU
which have more impact on the soil management and farmer’s practices. We will see that
some countries in EU with erosion problems have already implement some measures at a
national level to use reduced tillage and practices linked with conservation agriculture.

Other policies linked with the soil management
Inside the European Union

The national implementation of the mandatory measures of the CAP doesn’t shows any
results for the soil conservation in the three countries under study. However, some countries
in the European Union have chosen to implement more measures dedicated to the soil
management and reduced tillage.
The European GAECs could be rework at the national scale in each Member State to
correspond to the local conditions and better adapt these measures. In Flanders (Belgium),
farmers must respect some soil management practices to have their full direct payments.
Flanders (Belgium)

The Flemish government adopted on April 25, 2014 new requirements regarding soil erosion.
They classify arable lands in four types in function of their erosion risk. The obligated
measures for combatting soil erosion are gradually becoming stricter between 2015 and 2018
for the field with a very high or high erosion risk. Depending on the erosion risk and the crop
type, these measures include:
 Stricter rules for cover crop (minimum period without crop in the field)
 Contour sowing is an obligation on more parcels
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 Prohibition for crops on ridges on parcels with very high erosion risk
 Non-inversion tillage
 Prohibition for maize growth unless sown with direct drilling or strip-till on parcels
with very high erosion risk
Moreover, the Flemish government strongly recommend farmers to apply these measures on
parcels with low and medium erosion risk too.
Again, in Flanders, the government implement a second set of measures to optimize soil
fertility and soil structure. Farmers are obligated to take soil samples for pH and C
analysis on arable land (Catch-C, 2015). If the result of this analysis is bad and the carbon
contain of the soil is too low farmers should take one of these measures:
 Applying farmyard manure
 Applying compost
 Incorporating straw
 Growing cover crop
All these measures going towards conservation agriculture and they are mandatory measures
(GAECs) so farmers have the obligation to respect them. In this region, problems linked
with the soil are multiple and it might be the reason why politics choose to have stricter
measures than in other countries of EU.
Netherlands

In Netherlands, specific tillage practices are implemented in one region (Loess district) to
limit soil erosion.
Regulation here consists of stipulating a set of requirements for limiting soil erosion:
 Removal of tracks after harvest by tilling at least 15cm depth
 Removal of tracks after sowing sugar beet, maize or onion
 Tillage to max depth of 12cm or application of a ‘mulch system’ (if plough in autumn,
set cover crop, and no-inversion tillage in spring)
These practices are implemented to limit soil erosion in a district where erosion risk is high. It
seems to be the most important fact for the politics to adopt new politics for the soil
management. In France, UK or Italy, the GAECs linked with soil erosion are only present on
fields with already erosion problems. In other countries in EU, like Belgium, politics try to
limit these problems in regions where the erosion risk is high, to prevent problems.
By trying to limit erosion problems, governments may change farmers practices towards more
suitable practices and conservation agriculture.
Outside the European Union

For the improvement of soil conservation, other countries in the world have chosen to integer
more powerful measures than EU member states for the soil quality in their agricultural
policy. A few examples will be developed in this part.
Switzerland: The BiodivSol project

Switzerland makes tests on a device to replace the cross-compliance of the direct payments.
The BiodivSol project tries a new payment based directly on the soil structure. This project is
based on this observation: the soil functionality and quality are directly linked with its organic
matter themselves linked with the clay which protect them from microorganisms of soil (Diss,
2017).
To define this quality, the project used a OM/Clay ratio. A threshold was defined, after many
observations of Swiss soils with the VESS test (Visual Evaluation of Soil Structure) and had a
38 / 45

D7.4

value of 17% which correspond to the minimal soil quality. In other words, it indicates that a
soil with 10% of clay must have 1.7% of organic matter or more to have a good quality.
Below this 17%, the quality is low and under 12% many agronomic problems are observed.
The very good soil could reach a ratio of 24%.

Figure 4: Link between the VESS test and the OM/Clay ratio (Boivin)

With this experiment, farmers could check the soil quality of their land and choose their own
measures to improve the part of OM in their soils. The subsidies for this experiment are linked
with the result and the soil quality. At the beginning of the subscription, the VESS test and the
ratio OM/Clay give the amount of the subsidy. For a OM/Clay rate of 8%, the payment is
null, then progressive until a maximum payment for a rate of 24%.
To do this, farmers are free to use any methods and choices to increase the organic matter in
their soil. With this result-based payment, farmers are encouraged to improve their soil quality
to raise the carbon sequestration in their soil, by modifying their system and tend to
conservation agriculture with more reduced tillage, rotation and permanent cover of the soil.
Change tillage practices to limit the soil erosion: The Norway example

Norwegian agriculture depends heavily on governmental subsidies, due to small farming units
and high costs (Lundekvam, 2003). To increase the production in this country, milk and grain
production was regulated using regions specific prices. In south-eastern Norway, this policy
resulted in an increase in the grain producing area from 30 to 80% of total agricultural area
causing a similar reduction of grassland area over a 30-year period. The change in land use
caused by this policy more than doubled the estimated soil losses by water erosion.
Erosion research was started around 1980 and the results from this research lead to an
introduction of several kinds of payments in the early 1990 to encourage more sustainable
agricultural production. Since the policy changed there has been changes in cultivating
systems and a reduction in soil erosion has been estimated. Thus, farmers’ behaviour and soil
erosion in Norway is strongly influenced by agricultural and environmental policies.
To reduce erosion, the government has set as a priority the reduction of the area under autumn
ploughing in regions susceptible to soil erosion. Farmers receive compensation for
ploughing their land in spring. The amount of compensation is related to the erosion risk
level of the particular areas. The following measures can be subsidised: leaving cereal fields
under stubble during autumn and winter, covering drainage ways with vegetation using
catch crops (Arnoldussen, 1999). Farmers are also able to receive support when land with
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high erosion risk is no longer used for arable farming but maintains a permanent vegetation
cover.
As in Belgium, the Norwegian government has chosen to classify the agricultural lands in
four categories of erosion risk and apply some measures in function of this risk. This is a first
step to conservation agriculture by change tillage practices to keep the soil in good health.

Prospective measures for soil protection
Towards a Soil Framework Directive?

In September 2006, the European Commission put forwards its thematic strategy for soil
conservation, including the proposal for a Soil Framework Directive. While the regional and
the Economic and Social Committees and the European Parliament have endorsed the
proposal, the EU Council of Environment Ministers in December 2007 under the Portuguese
Presidency failed to adopt a common position because of opposition from Germany, the UK,
France, Austria and the Netherlands (German League for Nature and Environment ; European
Environmental Bureau, 2011). The arguments used to refuse the Directive were:
 It is incompatible with the subsidiarity principle
 It demands an excessive amount of bureaucracy
 The expenses incurred following its implementation would be very high
Taking note that the proposal has been pending for almost eight years without a qualified
majority in the Council in its favour, the Commission on 30 April 2014 took the decision to
withdraw the proposal for a Soil Framework Directive, opening the way for an alternative
initiative in the next mandate. The commitment to sustainable soil use is in line with
the Seventh Environment Action Programme, which provides that by 2020 "land is managed
sustainably in the Union, soil is adequately protected and the remediation of contaminated
sites is well underway" and commits the EU and its Member States to "increasing efforts to
reduce soil erosion and increase organic matter, to remediate contaminated sites and to
enhance the integration of land use aspects into coordinated decision-making involving all
relevant levels of government, supported by the adoption of targets on soil and on land as a
resource, and land planning objectives". It also states that "The Union and its Member States
should also reflect as soon as possible on how soil quality issues could be addressed using a
targeted and proportionate risk-based approach within a binding legal framework"
(European Commission, 2016).
A possible way forward on soil protection at EU level was discussed over lunch during the
Environment Council meeting under Greek Presidency on 3 March 2014. The debate
indicated that protecting soils remained an important objective for the Union, despite the fact
that, in its present format, the proposal for a Soil Framework Directive could not be agreed by
a qualified majority (European Commission, 2016).
Finally, Member States aren’t agreed with a common EU Directive for soil protection yet,
saying this directive overlap with other politics already engaged at the national scale. We have
seen in this deliverable, for the moment, member states don’t apply strong enough measures
under CAP policy to protect soil against the main problems. If no European Directive couldn’t
be implemented on soil protection, the role of the new CAP reform for 2020 will be important
to keep the quality of EU agricultural soils.
The new CAP reform for 2020: Evolution of the environmental measures

Discussions have begun between the member states of the European Union to think about the
CAP reform which will occur in 2020. With a reduction of the European budget after the exit
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of United Kingdom of EU, which was a net contributor to the CAP budget, and which
represent a “hole” of 3 billion euros for the CAP, two solutions are explored:
 The other member states compensate this loss, by raising their contribution.
 The European budget is reduced of the United Kingdom contribution. This is the most
credible scenario
Besides this problem, the CAP must continue to evolve to ensure the European citizens’
expectations, concerning the impact on their health, the environment and the climate. The
CAP must maintain its market orientation and its support to the EU family farm model across
all regions of the Union. It is necessary to reorganize the budget and develop more efficient
measures to respond to environmental aims and encourage farmers to apply
conservation agriculture on their lands.
Agriculture is one of the sectors most vulnerable to climate change (water scarcity, changing
precipitations patterns, overall temperature increases and variation…). However, farmers are
not only users of natural resources, but also, indispensable managers of ecosystems, habitats
and landscapes. Any new CAP should reflect higher ambition and focus more on results
about resource efficiency, environmental care and climate action (European Comission,
2017).
In November 2017, the European Commission released a report on the future of farming for
the next years and an overview of the CAP reform for 2020 is done. Some elements on the
greening payment of this new reform are presented below:
Based on research results and the share of this knowledge, his implementation and support
proliferation of modern technologies to maximise the contribution of agriculture to the EU
and global objectives, the future CAP must support climate smart-farming by training, advice
and innovation. Environment must be the big issue of the next reform. The European
Commission wants 30% of the second pillar will be dedicated to this problematic. Further
that, the environmental conditionality for direct payments will be strengthened. Finally, it will
be 40% of the CAP subsidies which be under environmental conditions.
The current green architecture of the CAP is split in three distinct policy instruments: Cross
compliance (GAEC & SMR), green direct payments and voluntary agri-environmental and
climate measures (AES). In the next reform, it will be replaced, and all operations are
integrated into a more targeted ambitious and yet flexible approach. The new model will
allow Member States to devise a mixture of mandatory and voluntary measures in Pillar I and
Pillar II to meet environmental and climate objectives defined at EU level. Definition of
targets correspond to local environmental conditions of each member state must be choosing
to ensure that the agreed environmental and climate objectives defined at EU level are
achieved.
Member States will have the flexibility to formulate strategic plans allowing for addressing
climate and environmental needs at local level. It should be explored how an obligatory EUwide requirement to have a nutrient management plan and incentives for precision agriculture,
forming part of any Member States CAP strategic plan, could improve results (European
Comission, 2017). In a few words, with this reform, there will be no more a global
environmental politic at the EU scale, only objectives that Member States must achieve with
their own measures.
The attribution of income support to farmers will be conditioned to their undertaking of
environmental and climate practices, which will become the baseline for more ambitious
voluntary practices. The new conditionality will rely on the implementation of a streamlined
set of environmental and climate conditions, providing environmental and public goods.
These practices would be further defined by Member States to better take account of their
specific situation, climate risks and needs, while ensuring that these practices adequately
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contribute to the objectives agreed at EU level. Additional environmental and climate benefits
will be achieved through voluntary entry schemes and more ambitious agro-environmentclimate schemes that will allow Member States/Regions to target their specific concerns
(European Comission, 2017).
This approach seems to be in keeping with the CAP reform of 2014 with voluntary and
mandatory measures for environmental purposes. Such approach will lead to simplification of
requirements for direct payments with a single set of management and control rules and a
reduction of administrative burden to the Member State and farmers. Greater subsidiarity
ensures a clear environmental link for actions taken.
By fixing targets, the Commission has chosen an approach based on environmental results on
each farm. If measures will be taken on soil health and all its problematics, reduced tillage
and conservation agriculture could be improved to reach these targets. The overall
performance of the new green architecture should encourage the promotion of cooperative/collective approaches, involving farmers and stakeholders in a result-oriented
delivery of environmental and climate public goods and developing schemes that integrate the
provision of knowledge and environmental investments (European Comission, 2017).
The soil management and the conservation of its quality seems to be critical issues to continue
to have a productive and sustainable agriculture. The development of conservation agriculture
and all the practices linked with, are good ways to reach these objectives while respecting the
environment. The European Union must apply policies, through the CAP, to involve farmers
into these new practices and develop the conservation agriculture across Europe.
Since 2003 and then 2014, environmental issues become more and more important in the
direct payment schemes and politics try to encourage farmers in more environment-friendly
practices, with mandatory or voluntary methods.
Politics have to continue in this way and develop in the next CAP reform more measures
linked with the conservation of soil and based on field results. Moreover, all the member
states must choose practices to prevent the degradation of soil in their policies and not only on
lands with erosion problems. By supporting farmers in their new practices’ management, the
CAP could improve a more suitable agriculture through reduced tillage practices and
conservation agriculture measures. However, the whole contain of the future CAP will not be
disclose before the European Union elections, which must impact the role and the budget
allowed to the next CAP program.
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Conclusion
The purpose of this deliverable was to bring some elements to compare different soil
management practices. A large bibliographic review has allowed studying conservation tillage
practices and conventional tillage in three European countries and how these countries were
helping (or not) the farmers through the greening CAP measures. To support the review, the
WHEALBI trials allowed showing cultivar responses to different management practices.
One of the conclusions of this deliverable is that reduced tillage could be implemented on
multiple kinds of farms. In most of the cases, reducing the mechanization and the labor cost,
results in a benefit on the gross margin, even if the crop yield is slightly reduced. Besides, this
reduced tillage has a large impact on the environment and the soil physical and biologic
characteristics, and helps to restore the soil natural biodiversity (micro-organisms,
earthworms, etc). By increasing the soil quality, farmers could reach better results year after
year on their crops and being better engaged in suitable agriculture, with less carbon releases
and increase of the soil biodiversity. So, besides the benefits at the farm scale, conservation
agriculture has an important role to play for the reduction of pollution (soil, water, air) for the
benefit of all the society, and should thus be encouraged by appropriated measures. Many
studies like the 4/1000 in France show also the impact of such agriculture on carbon storage,
and how efficient it could be to reduce and face the effects of climate change.
It is important to understand that reduced tillage is just one part of a more important change of
the farming system. Conservation agriculture works by associating reduced tillage with
diversification and soil cover and best results appeared when these three practices are put
together. So, the different economic studies described in this deliverable are often incomplete,
no taking in account the advantages of cover crops and crop diversification, missing a
systemic or more holistic approach. Moreover, all these studies have calculated the economic
benefit of reduced tillage without including the fact that lands were always ploughed before
the experiment, which could limit the benefit of reduced tillage, this benefit often occurs after
years of good management practices with a good fertility and biodiversity.
We have tried to point out in this report the role of European and national policies, which
have to play a major role on the development of conservation agriculture and reduced tillage
in Europe. With the CAP 2014-2020, very few measures were engaged in the soil
conservation, even if there was some ambition at the commission level before adoption of
specific “greening” at the member state level. We can expect or hope that the next reform of
the CAP in 2020 could include soil protection and conservation in the mandatory measures.
These new measures on soil protection, if adopted at the member state level, could encourage
financially farmers to have more respectful measures to preserve the soil from erosion and
organic matter losses, and have positive impact on the global biodiversity and resilience of the
system. A part of the solution may potentially come from farmers, as many initiatives around
more sustainable agriculture and Conservation Agriculture are emerging from farmers (for
example the APAD network at the French Level, the “Living Soils” initiative), paving a road
to a future and more resilient agriculture.
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