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Executive summary

The Catch-C project addresses three major goals of better soil management: productivity, mit-
igation of climate change, and soil quality. The potential of soil management practices to con-
tribute to these respective goals has been extensively analyzed in other outcomes (Work
Package 3). Ideally, practices can contribute to productivity, climate and soil quality all simul-
taneously. In reality, however, such practices rarely exist and there are often tradeoffs be-
tween these three major goals. This report focuses on practices that we expect contribute to
improving soil quality. Commonly recognized examples are reduced tillage, the application of
organic inputs (manures, composts), crop rotation, the cultivation of green manures and catch
and cover crops, the retention of crop residues on the field, and the use of low-impact ma-
chinery.

Besides assessing the biophysical merits of these practices, the Catch-C project also aims to
identify barriers against the adoption of better practices. Such barriers may relate to farmers’
perception (Work Package 4), to the legal context (Work Package 5), or to practical (technical
or agro-ecological) difficulties associated with the introduction of better practices (Work
Package 4). This report is about resolving barriers of latter category: practical barriers.

The adoption of sustainable practices on a given farm requires specific tinkering to make
them fit within the current context. It is this process of resolving local difficulties or barriers
that we refer to as ‘innovation’. Innovations, then, are assemblies - of ideas, instruments, pro-
cedures, tips and tricks, etc. - that enable the adoption of better soil management practices.

This report compiles 81 examples of such innovations. Given the geographical spread of their
origins, they cover a wide variety of European farming systems. Some practices may be well
established in one region, but still innovative in another. The purpose of this overview is to
make locally developed ideas and techniques accessible to a wider European audience, in or-
der to facilitate better soil management. The format of ‘collected fact sheets’ is to encourage
the use of this information by projects or organizations dedicated to disseminating innovations
in European agriculture.

Each innovation is described by a separate, illustrated fact sheet, following a standard struc-
ture that summarizes the principle of operation, the main advantages, and the type of practice
that the innovation aims to support (e.g. reduced tillage, or incorporation of crop residues).
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The fact sheets also specify to which goals the innovation contributes, and gives key refer-
ences for more information. The fact sheets are grouped by categories of soil management
practices (crop rotation, tillage, nutrient management, ...). Summary tables are included that
list the main characteristics of each innovation (Tables 3 and 4).
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1 Introduction

1.1 Best management practices (BMPSs)

The Catch-C project addresses three major goals of better soil management: productivity, mit-
igation of climate change, and soil quality. The project aims to assess the potential of practic-
es to contribute to these respective goals (WP3). Ideally, management practices can be identi-
fied, that contribute to productivity, climate and soil quality all simultaneously. In reality,
however, such practices rarely exist and there are often tradeoffs between these three major
goals (see deliverables D3.324, D3.334, D3.344, D3.354, D3.364, D3.371). Moreover, differ-
ent stakeholders have different priorities, and farmers have to work with practical constraints
that may render a generally attractive practice less attractive in a particular case. Strictly
speaking, best practices can be defined — at best- only for particular goals, in particular envi-
ronments.

Despite these shortcomings, we still maintain the concept of BMP to be consistent with the
terminology used in the project work plan (DoW). In our current, more colloquial use of the
term, a BMP is a practice that contributes to (aspects of) soil quality. Commonly recognized
examples are reduced tillage, the application of organic inputs (manures, composts), crop ro-
tation, the cultivation of green manures and catch and cover crops, the retention of crop resi-
dues on the field, and the use of low-impact machinery. These BMPs often contribute to soil
quality, sometimes also to productivity and climate. These examples are rather broad catego-
ries, and a long list of more closely defined management practices (MPs) was developed in
WP3. It is included here in Appendix 1.

Besides assessing the biophysical merits of BMPs, the Catch-C project also aims to identify
barriers against the adoption of better practices. Such barriers may relate to farmers’ percep-
tion (WP4), to the legal context (WP5), or to practical (technical or agro-ecological) difficul-
ties associated with the introduction of better practices (WP4). This report is about resolving
such practical barriers.

1.2 Innovations to overcome barriers

Changes in agriculture and its context (e.g. markets, policies, natural environment) challenge
the farming community to continuously innovate their business (Daane 2010). “Innovation
means putting ideas, knowledge, and technology to work in a manner that brings about a
significant improvement in performance or product quality” (Asenso-Okyere & Davis 2009).
A similar definition was proposed by Adams (1983): “Agricultural innovations are defined as
new ideas, practices or techniques which provide the means of achieving sustained increase in
farm productivity and income.” Adoption, then, is “a mental decision by farmers to make full
use of new idea(s) as the best cause of action” (Ornan et al., 2010).

Now it can be hardly claimed that reduced tillage, the use of organic inputs, crop rotation,
green manures, etc. are innovations. Such practices are as old as agriculture itself. Their
adoption on a given farm, however, always requires specific tinkering to make them fit within
the current context (climate, soil type, cropping system, scale, mechanization, etc.). It is this
process of resolving local difficulties or barriers that we — in this project - refer to as
‘innovation’. The resulting innovations are assemblies - of ideas, instruments, germplasm,
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instructions and procedures, software, tips and tricks, etc. - that enable the adoption of better
soil management practices. In the end, of course, we do recognize that our distinction between
existing practices (MPs, BMPs) and innovations remains somewhat arbitrary.

This report compiles innovations to overcome barriers to the successful adoption of BMPs for
soil management. Given the geographical spread of their origins - the Catch-C partner
countries - they cover a wide variety of European farming systems. Many of these innovative
developments involve facilitating the farm workflow and associated equipment (machinery,
sensors, and associated software). They are often local and consequently not yet within reach
of the wider farming community. Some practices may be well established in one region, but
still innovative in another, as recognized by Gildemacher & Wongtschowski (2013) in their
definition of innovation.

Innovations may sprout from farming practice itself as well as from focused research efforts.
Innovations for end-users are not often covered in the scientific literature. We relied,
therefore, on a mixed approach in compiling this report: inquiries with experiment stations,
advisors and their knowledge platforms, commercial parties as well as scientists. As a
consequence, not all information contained here could be scientifically validated by the
project team. However, we include in all fact sheets the key references that have served as our
sources.

1.3 This report — fact sheets for innovation in soil manage-
ment

The purpose of this overview is to make locally developed ideas and techniques accessible to
a wider European audience, in order to facilitate better soil management. We chose the format
of “collected fact sheets’ to encourage the use of this information by projects or organizations
dedicated to disseminating innovations in European agriculture. Still, as the fact sheets were
drafted from a particular national or regional context, further testing and verification may be
needed for application elsewhere. In some cases, similar innovations were collected from dif-
ferent regions, as for example with *strip tillage’. In such cases we have retained the separate
sheets, showing local variations of the same basic technique.

Each innovation is described in a separate fact sheet, following a standard structure of seven
points: “Related to MP”’; “Related to FTZ”; “Key points”; “What is it?”; “How does it work /
is it applied?”; “Advantages and applications of the innovation”; and “References”. A brief
explanation is given below:

- “Related to MP”: lists Management Practices addressed/supported by the innovation.
An extensive list of management practices (MPs) was drafted in WP3 and is included
here in Appendix 1. Innovations that do not respond to an already defined MP (i.e. not
listed in App.1), are marked as MP ‘not-coded’.

- “Related to FTZ”: lists the zones where the innovation is already applied by some
farmers (see Figure 1 and Table 1). Our codes of farm types and biophysical environ-
ments (so called FTZ-units) follow the classification laid out in WP2 (deliverable
D2.242); the major FTZ units that constitute the geographical frame of the project are
depicted in Figure 1.

- “Key points”: one to three highlights of the innovation.
- “What is it?””: a short description of the innovation.
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- “How does it work / is it applied?”: the principle of the method/technique is explained.

- “Advantages and applications of the innovation”: summarizes all advantageous as-
pects and possible applications of the innovation described.

- “Contribution to CATCH-C major goals”: This section also shows to which of the
Catch-C major goals of better soil management (productivity, climate, soil quality) the
innovation is intended to contribute.

- “Reference”: sources of information (e.g. webpages, famer journals, etc.).
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Figure 1: Selected major FTZs for each participant country in Europe as defined in Catch-C
Work Package 2, see also Deliverable D2.242

Table 1: Major FTZs and land use for each participant country as defined in Catch-C Work
Package 2, see also Deliverable D2.242 and Appendix 2 for ENZ, SL and TXT definitions

ID | Country FTZ Land use

1 | Austria ENZ8 SL3+1 TXT2 Arable / cereal, permanent crops

2 | Austria ENZ6_SL3 TXT3 Mixed farms

3 | Austria ENZ5 SL5 TXT2 Dairy cattle / permanent grass

4 | Belgium ENZ7 SL2 TXT3 Arable / specialized crops

5 | Belgium ENZ7 SL1 TXT1 Dairy farming / permanent grassland
6 | Belgium ENZ7_SL1 TXT2 Mixed farms (pigs and horticulture)
13 | France ENZ12_SL3 TXT4 Arable farms

14 | France ENZ7 SL2 TXT3 Dairy cattle

15 | France ENZ7 SL2 TXT2 Arable farms

7 | Germany ENZ4 SL1 TXT1 Arable and mixed farms

8 | Germany ENZ6 SL1 TXT1 Arable / cereal / Mixed farms

9 | Germany ENZ6_SL2+3 TXT3 Arable farms
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16 | ltaly ENZ12 SL1 TXT1+2+3 Arable / cereal
16 | ltaly ENZ12 SL1 TXT1+2+3 Dairy cattle / temporary grass
17 ENZ12 SL3 TXT2, Arable / cereal
Italy ENZ12 SL4 TXT2+3
21 | Poland ENZ6 SL2 TXT3 Arable / cereal
22 | Poland ENZ6 SL2 TXT1 Mixed farms
23 | Poland ENZ6 SL1 TXT1 Dairy cattle / Other
10 | Spain ENZ13 SL1+2+3+4 TXT4 | Arable / Cereals
11 | Spain ENZ13 SL2+3+4 TXT3 Permanent crops
12 Sheep and goats / Others (pigs) +
Spain ENZ11 SL5 TXT2 Beef and mixed cattle / Permanent grass
12 Sheep and goats / Others (pigs) +
Spain ENZ12 SL2+3+4 TXT2 Beef and mixed cattle / Permanent grass
12 Sheep and goats / Others (pigs) +
Spain ENZ13 SL2+3 TXT1 Beef and mixed cattle / Permanent grass
12 Sheep and goats / Others (pigs) +
Spain ENZ13 SL2+3+4+5 TXT2 | Beef and mixed cattle / Permanent grass
18 | The Netherlands | ENZ7 SL1 TXT2+3 Arable / specialized
19 | The Netherlands | ENZ4 SL1 TXT2+3 Arable / specialized + cereals
20 | The Netherlands | ENZ4+6+7 SL1 TXTO0+1 | Arable/specialized
20 | The Netherlands | ENZ4+7 SL1 TXT1 Dairy cattle / permanent grass

1.4 Structure of this report: sorting of the fact sheets by man-
agement category

The innovations documented in the separate fact sheets differ widely in local relevance (na-
tional, regional, local) and in their degree of introduction in practice (from testing on experi-
ment farms to introduction with advances farmers to full scale establishment). It was not pos-
sible to order all fact sheets in a clear hierarchical structure that respects these differences.
Instead, we have organized them by the broad categories of management practices (as estab-
lished in WP3, see Table 2).

Table 3 gives a concise overview of all innovations covered by the report. Besides a short
description of the innovation, the management practices (MPs) they support are listed in the
table (see MP codes in Appendix 1). If the innovation refers to a specific crop, the crop is also
represented in the table.

Next, Table 4 lists the contributions of the innovation to our goals of sustainable soil man-
agement, here split into their components (productivity, C sequestration / GHG reduction,
(biological) soil health, chemical soil fertility, physical soil fertility). Additional aspects (side
effects) are also mentioned in the Table 4.

10
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Table 2: List of categories of management practices (a full list of management practices is in-
cluded in Appendix 1)

Category of management practic- | Sub-category of management practices

es
Al.Crop rotation
A. Rotation A2. Intercropping / green manure / catch crop
B. Grassland management
C. Tillage
D1. Mineral fertilizer
D2. Organic fertilizer
D3. Residue management
D. Nutrient management D4. Nutrient classification
E1. Crop protection - weeds
E. Crop protection E2. Crop protection - pests
F. Water management F1. Water management - irrigation

F2. Water management - drainage

G. Other
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2. Overview of
technological innovations
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Table 3: Overview list of innovations

|Name of technological innovation |Description

|Related crops

|Related to MP

Category A. “Rotation”

A.1 |Rotation of cereals with lucerne Rotation of a 3-years ley of lucerne with maize in an inten-  |Maize MP3 Rotation with legume crops
(alfalfa) in a dairy farm sive dairy farm
A.2 |Short rotation of grass combined Grass is cropped for three years and followed by three years |Maize MP6 Rotation with grassland
with maize of maize
A.3 |Crop rotation diversification The alternation of subsistence, cash and green manure/cover |Various crops MP8 Rotation with cover/catch crops
crops with different characteristics, cultivated on the same + MP9 Rotation with green manures
field during successive years, and following a previously
established sequence
A.4 |Intercropping / green manure / catch |Growing of two or more crops in proximity to promote inter- |Various crops MP8 Rotation with cover/catch crops
crops action between them + MP9 Rotation with green manures
A.5 |Fast growing cover crops (as green |Seed mixture of summer cover crops with fast growing to Various crops MP9 Rotation with green manures
manures) improve soil fertility and to conserve nutrients containing in
slurry
A.6 |Cover crops (as green manures) for |Seed mixture of summer / winter cover crops to support my- |Maize MP9 Rotation with green manures
maize corrhization of maize roots and to improve soil structure
A.7 |Cover crops (as green manures) for |Seed mixture of summer cover crops for fast shading Potato MP9 Rotation with green manures
potato rotations
A.8 |Nematodes reducing cover crops (as |Seed mixture of summer / winter cover crops to protect Potato, sugar beet |MP9 Rotation with green manures
green manures) against nematodes
A.9 |Soil structure improving cover crops |Seed mixture of summer cover crops with intensive root Winter / spring MP9 Rotation with green manures
(as green manures) growth rapeseed
A.10 |Cover crops (as green manures) for |Seed mixture of summer cover crops specialized to sugar Sugar beet MP9 Rotation with green manures
sugar beet rotations beet
A.11 |Cover crops (as green manures) for |Seed mixture of summer / winter cover crops without leg-  |Winter / spring MP9 Rotation with green manures
water protection areas umes and with or without crucifers rapeseed
A.12 |Catch crops as green manures A leguminous secondary crop is sown between two main Maize MP9 Rotation with green manures

summer crops to maintain the soil covered during winter

13
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Name of technological innovation

Description

Related crops

Related to MP

A.13 |Green manure to reduce beet cyst  |Growing green manure type that is resistant to beet cyst Sugar beet MP9 Rotation with green manures
nematodes nematodes for a full season or in fall only

A.14 |Green manure online decision sup- |Use the online system to choose the optimal green manure  |Potato MP9 Rotation with green manures
port system for control of nematodes

A.15 |Use of green manure to limit potato |Growing green manure type that is not a host to potato cyst |Potato MP9 Rotation with green manures

cyst nematodes

nematodes

A.16

Soil coverage detection

Object based image to analyze and evaluate the soil coverage
and could be used for the quantification of soil erosion

Various crops

MP8 Rotation with cover/catch crops
+ MP9 Rotation with green manures

Al7

Early harvest maize to establish
grass

Early harvest of maize to allow timely establishment of green
manure or grass ley before winter

Maize

MP ‘not-coded’ Use of early matur-
ing maize varieties

A.18

Early-maturing maize with ryegrass

Cultivating early-maturing silage maize varieties in combina-
tion with a ryegrass cover crop

Maize

MP ‘not-coded’ Use of early matur-
ing maize varieties

A.19 |Underseeding under maize with Underseeding under maize (Lolium perenne and Lolium Maize MP ‘not-coded’ Undersowing of
herbicide | multiflorum) with adapted herbicide application green manure within maize
A.20 |Underseeding under maize with Underseeding under maize (Festuca rubra) with adapted Maize MP ‘not-coded’ Undersowing of
herbicide 11 herbicide application green manure within maize
A.21 |Undersowing of a green manure Undersowing of a green manure (Lolium perenne) under Maize MP ‘not-coded’ Undersowing of
under maize after maize sowing maize after maize sowing green manure within maize
A.22 |Undersowing of a green manure Undersowing of a green manure tall fescue (Festuca arundi- |Maize MP ‘not-coded’ Undersowing of

within maize at the same time as
maize sowing

nacea) within maize at the same time as maize

green manure within maize

A.23

Underseeding under maize com-
bined with mechanical weed control

and herbicide banding

Underseeding under maize (Italian and/or perennial ryegrass)
in combination with mechanical weed control and herbicide
banding

Maize

MP ‘not-coded’ Undersowing of
green manure within maize + MP41
Mechanical weeding

Categ

ory B. “Grassland management”

B.1

Rational grazing planning combined
with cultivated areas for feeding the
livestock

Annual grasslands in the dehesa system are used primarily
for livestock grazing

MP11 Permanent grazing

14
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Name of technological innovation

Description

|Related crops

Related to MP

Category C. “Tillage”

C.1 |Use of specific machinery that allow |Non-inversion tillage machinery chisel plow and deep tillage MP17 Non-inversion tillage reduced
non-inversion tillage sub soiler tillage + MP18 Non-inversion tillage
minimum tillage
C.2 |Compact disc harrow for residues |Compact device with high strike capacity for shallow cultiva- MP17 Non-inversion tillage reduced
management tion tillage + MP18 Non-inversion tillage
minimum tillage
C.3 |Stubble cultivator for shallow resi- |Universal cultivation tool for reduced tillage MP17 Non-inversion tillage reduced
dues and seedbed management tillage + MP18 Non-inversion tillage
minimum tillage
C.4 |Disc harrows with 2 rollers for small |Passive tillage tool to incorporate crop residues at small MP17 Non-inversion tillage reduced
farms and fields fields tillage + MP18 Non-inversion tillage
minimum tillage
C.5 |Striptill Only a partial area of the entire surface is cultivated in strips |Various crops MP17 Non-inversion tillage reduced
— the space for further planting/seeding - whereas up to 80% tillage + MP18 Non-inversion tillage
of soil surface remain untreated minimum tillage
C.6 |Strip tillage A less than full-width tillage of varying intensity that is con- [Various crops (e.g. |MP17 Non-inversion tillage reduced
ducted parallel to the crop row direction (no more than 30% |wheat, maize, tillage + MP18 Non-inversion tillage
of the soil surface is disturbed by this practice, leaving most |sugar beet) minimum tillage
of the previous crop’s residue intact
C.7 |Strip till Only strips are processed before seeding, usually at smaller |Corn, sorghum, MP17 Non-inversion tillage reduced
depth than traditional plowing, the reminder of the field re- |sunflower as ex- (tillage + MP18 Non-inversion tillage
mains undisturbed ample minimum tillage
C.8 |Strip till drill Strip till drill is a one- or two-pass technique that creates a MP17 Non-inversion tillage reduced

seed bed only where it is needed rather than across the entire
field (either one-pass targeted seed-bed preparation and sow-
ing or cultivation and slurry application ahead of a separate
sowing operation)

tillage + MP18 Non-inversion tillage
minimum tillage

15
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Name of technological innovation

Description

Related crops

Related to MP

C.9 |Bio strip till Combination of strip till and growing of special catch crops MP17 Non-inversion tillage reduced
for improving soil structure tillage + MP18 Non-inversion tillage
minimum tillage
C.10 |Vertical tillage Application of soil cultivation tools to soil loosening in strips MP17 Non-inversion tillage reduced
without horizontal moving of soil. tillage + MP18 Non-inversion tillage
minimum tillage
C.11 |Smart till Vertical tillage tool to loosening whole surface without hori- MP17 Non-inversion tillage reduced
zontal moving of soil tillage + MP18 Non-inversion tillage
minimum tillage
C.12 |Deep non-inversion tillage Non-inversion tillage at the same depth or deeper than Maize, sugar beet, |MP17 Non-inversion tillage reduced
ploughing depth horticultural crops |tillage + MP18 Non-inversion tillage
minimum tillage
C.13 |Non-inversion spring tillage tech-  |No inverting soil tillage is needed to destroy the grass sod Maize MP17 Non-inversion tillage reduced
nique to incorporate grass sod before tillage + MP18 Non-inversion tillage
maize sowing minimum tillage
C.14 |Non-inversion spring tillage tech-  |No inverting soil tillage is needed to destroy the green ma-  |Maize MP17 Non-inversion tillage reduced
nique to incorporate green manures |nure after maize tillage + MP18 Non-inversion tillage
after maize minimum tillage
C.15 |Non-inversion tillage to reduce vol- |Before winter using a fixed tine cultivator up to the depth of |Potatoes MP17 Non-inversion tillage reduced
unteer potatoes on clay soils the plough layer to facilitate freezing of volunteer potatoes tillage + MP18 Non-inversion tillage
minimum tillage
C.16 |Tramlines Farming system built on permanent wheel tracks where the |Cereals, sugar MP24 Controlled traffic farming
crop zone and traffic lanes are permanently separated beets, corn
C.17 |DGPS-RTK to drive over the field |Tractors are equipped with a differential global positioning  |Maize, potato, MP24 Controlled traffic farming
system (DGPS) and a real time kinematic (RTK) which al-  |onion as examples
lows them to drive on specified positions with an accuracy of
1cm
C.18 |Low tire pressure in controlled traf- |When a wheel based vehicle enters the field the tire pressure MP24 Controlled traffic farming

fic systems

is adjusted to the weight on the tire and to the specific field
operation at hand
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Name of technological innovation

Description

Related crops

Related to MP

C.19

Precision ploughing

The DGPS system corrects the ploughing to plough in exact
rows

MP24 Controlled traffic farming

C.20

Improved fertilizer spreading tech-
niques by variable rate technology at
field borders or spreading jobs

Using a DGPS based description map to shut down fertilizer
application pipes automatically when spreading on borders
instead of the field and to prevent application overlap be-
tween passages

MP24 Controlled traffic farming +
MP26 Mineral N application

cz21

Use of finger weeder

Use of finger weeder: inter and intra row weed control com-
bined with ridging and deridging

Maize

MP24 Controlled traffic farming +
MP41 Mechanical weeding

Categ

ory D. “Nutrient management”

D.1

Biochar application

Carbon-rich product to improve soil functioning and to in-
crease carbon sequestration

MP Organic fertilizer application

D.2 |CULTAN fertilization Controlled Uptake Long Term Ammonium Nutrition fertili- |Various crops MP26 Mineral N application
zation as point injection
D.3 |App to determine optimal nitrogen |Use of app with image analysis to determine optimal nitrogen|Winter rapeseed |MP26 Mineral N application
fertilization for winter rape in spring |fertilization for winter rapeseed in spring
D.4 |Fertigation with mineral fertilizer | Technique that allows the application of water and fertilizers |Various vegetables MP26 Mineral N application +
simultaneously through the irrigation system to apply the as example MP27 Mineral P application +
necessary nutrients to plants MP28 Mineral K application
D.5 |Compost to improve soil fertility Compost to improve soil fertility MP29 Plant compost application
D.6 |On-farm composting Farm compost is made of feedstock which can be found on MP29 Plant compost application +
the farm: wood chips and bark, manure, straw, grass clip- MP30 Bio-waste compost application
pings, crop residues, etc. +
MP31 Sludge compost application
D.7 |Compost application as soil amend- |Distribution of organic matter from a mixed composting of MP30 Bio-waste compost application
ment and fertilizer urban organic wastes
D.8 |Top dressing of maize with bovine |Bovine or pig slurry distributes to maize when the crop is Maize MP33 Cattle slurry application

slurry

well established and actively growing (top-dressing)
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Related crops
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D.9 |Fertigation of maize with bovine Irrigation of maize using slurry mixed with water, in some of |Maize MP33 Cattle slurry application +
slurry using a ranger irrigation sys- |the irrigation events before the flowering stage MP54 Sprinkler irrigation
tem
D.10 |Manure processing (solid-liquid Manure separation into a solid and a liquid fraction after MP33 Cattle slurry application +
separation) which both fractions can be applied to land separately or MP34 Poultry manure application +
further processed MP35 Pig slurry application
D.11 |Application of slurry in winter Slurry is injected into the clay soil in winter wheat between |Winter wheat MP33 Cattle slurry application +
wheat on clay soils in the spring 1th February and the end of April MP34 Poultry manure application +
MP35 Pig slurry application
D.12 |Components in direct seeders for Soil is not tilled in the spring before planting to conserve soil MP36 Return of crop residues
residue management moisture in the seedbed
D.13 |Maintain organic matter content of |After harvest straw residues are chopped and incorporated MP36 Return of crop residues
the soil by the incorporation of straw|into the soil
D.14 |Manganese sensor to adapt fertiliza- |Technical device to evaluate the manganese supply of the Cereals MP ‘not-coded’ Soil analysis (De-
tion youngest developed leaf and the missing amount of manga- velopment and adoption of fertiliza-
nese fertilizer/surface unit tion plans)
D.15 |Soil nutrient sensor to adapt fertili- |The soil sensor evaluates different nutrient contents e.g. ni- MP ‘not-coded’ Soil analysis (De-
zation trogen to adapt the fertilization to the crop needs and to re- velopment and adoption of fertiliza-
duce nutrient losses by leaching or emissions tion plans)
D.16 |Digestate and its solid / liquid sepa- |The waste product from biogas production which is used to |Potato, sugar beet, |MP ‘not-coded’ Application of diges-
ration products replace fertilizers or used as soil improver maize, onions tate (from biogas plants)
D.17 |Liquid fraction of digestate as ferti- |Use of liquid digestate distributes as an organic fertilizer Cereals MP “not-coded” Application of diges-
lizer tate (from biogas plants)
D.18 |DGPS-RTK to apply slurry in rows |A tractor equipped with differential global positioning sys- |Maize MP ‘not-coded’ Row application of

in maize

tem (DGPS) and a real time kinematic (RTK) injects manure
in the first field operation and sows maize seeds in a second
field operation shortly after manure injection

fertilizer +
MP24 Controlled traffic farming

18



CATCH-C

No. 289782

Deliverable number: D4.451
22 September 2014

Catch-

Name of technological innovation
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Related crops

Related to MP

D.19

Soil scanner

Non-invasive method to measure soil heterogeneity

MP “not-coded” Use of smart N indi-
cators to yearly adapt N fertilization
or precision farming

Category E. “Crop protection™

E.1 |Désherbinage Combination of a sprayer on a hoeing machine that enables |Maize MP41 Mechanical weeding + MP24
targeting the row, while inter-row is hoed Controlled traffic farming
E.2 |Autonomous robot An electrically driven tracked module / robot combined with MP41 Mechanical weeding + MP24
different agricultural precision applications (e.g. discs for Controlled traffic farming
hoeing)
E.3 |Vegetated buffer strips using double [The crop itself is used as a buffer strip just increasing the MP44 Patches or stripes of natural
seeded density crop seeding density and changing the sowing direction vegetation
E.4 |Integrated pest management (IPM) |Process of the balanced use of cultural, biological, chemical |Various crops MP ‘not-coded’ Integrated weed
procedures that are environmentally compatible and econom- management (only post-emergence)
ically feasible to reduce pest populations to tolerable levels
E.5 |Cultural weed control Long-term weed management strategy based on the practical |Various crops MP ‘not-coded’ Integrated weed
application of the ecological concept of ‘maximum diversifi- management (only post-emergence)
cation of disturbance’
E.6 |Weed detection using UAV to adapt [Small unmanned aircraft vehicle with a modified RGB cam- |Various crops and |MP ‘not-coded’ Integrated weed
herbicide application era to detect weed grassland management (only post-emergence)
E.7 |Weed detection using weed app to  [Using app with detailed herbicide recommendations for im- |Wheat as example |MP ‘not-coded’ Integrated weed
recommend herbicides portant crops and grassland management (only post-emergence)
E.8 |Underseeding under maize com- Underseeding under maize (Italian and/or perennial ryegrass) |Maize MP41 Mechanical weeding + MP

bined with mechanical weed control
and herbicide banding

in combination with mechanical weed control and herbicide
banding

‘not-coded’ Undersowing of green
manure within maize
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Category F. “Water management”

F.1 |Combined Centre Pivot with mobile [Combined irrigation system with mobile drip tubes to con-  |Potatoes as exam- |MP53 Drip irrigation
drip tubes serve water ple

F.2 |Centre Pivot / Linear irrigation sys- [Centre Pivot / Linear irrigation system MP54 Sprinkler irrigation
tem

F.3 |Combined Centre Pivot-Linear irri- |{Combined centre pivot-linear irrigation system MP54 Sprinkler irrigation
gation system

F.4 |Precision Irrigation - Variable Rate |Site-specific centre pivot irrigation system for variable rates |Various crops MP54 Sprinkler irrigation
Irrigation with individual control of each nozzle

F.5 |Water management systems with Irrigation with treated wastewater for crop production with  |Various crops MP53 Drip irrigation +
treatment of low quality waters adopting appropriate on-farm management strategy MP54 Sprinkler irrigation

F.6 |Leaf clamp to improve and to opti- |[Magnetic non-invasive patch clamp pressure probe to meas- |Various crops MP53 Drip irrigation +

mize irrigation scheduling and
amount

ure very small leaf turgor changes in real time

MP54 Sprinkler irrigation

Category G. “Other practices”

G.1 |Soil Bioengineering Use of engineering design principles with biological and MP ‘not-coded’ Soil conservation
ecological concepts with various construction material to practices (other than mentioned, e.g.
control erosion and flooding dams for gully control)

G.2 |Low pressure tires / caterpillars Specific tires or caterpillars added to wheels MP ‘not-coded’ Reducing soil com-

paction (by use of low pressure tires)

G.3 |Management to reduce and mini- Several aspects to avoid soil compaction MP ‘not-coded’ Reducing soil com-

mize soil compaction

paction (by use of low pressure tires)
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Table 4: Technological innovations and contribution to major goals

Name of technological innovation |Productivity |C sequestration|(Biological) soil | Chemical soil | Physical soil |Other aspects
GHG reduction health fertility fertility
Category A. “Rotation”
A.1 |Rotation of cereals with lucerne (al- X X X X Increase of dairy farm self-
falfa) in a dairy farm sufficiency; reduction of min-
eral fertilizer supply
A.2 |Short rotation of grass combined with X X X X X Reduced losses of nutrients to
maize the environment
A.3 |Crop rotation diversification X X X X X
A.4 |Intercropping / green manure / catch X X X X X Economic
crops
A.5 |Fast growing cover crops (as green X X X
manures)
A.6 |Cover crops (as green manures) for X X X X
maize
A.7 |Cover crops (as green manures) for X X X
potato rotations
A.8 |Nematodes reducing cover crops (as X X X
green manures)
A.9 |Soil structure improving cover crops X X X
(as green manures)
A.10 |Cover crops (as green manures) for X X X
sugar beet rotations
A.11 |Cover crops (as green manures) for X X X X Reduced leaching to the envi-
water protection areas ronment
A.12 |Catch crops as green manures X X X X Reduction of mineral fertilizer

supply
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Name of technological innovation |Productivity |C sequestration|(Biological) soil | Chemical soil | Physical soil |Other aspects
GHG reduction health fertility fertility
A.13 |Green manure to reduce beet cyst X X X X X
nematodes
A.14 |Green manure online decision support X X X X X
system
A.15 |Use of green manure to limit potato X X X X X
cyst nematodes
A.16 |Soil coverage detection
A.17 |Early harvest maize to establish grass X X X X X Reduces emissions of herbi-
cides to the environment
A.18 |Early-maturing maize with ryegrass X X X Lower soil compaction risk
A.19 |Underseeding under maize with herb- X X X Reduction of nitrogen and
icide | herbicides to the environment
A.20 |Underseeding under maize with herb- X X X Reduction of nitrogen and
icide I herbicides to the environment
A.21 |Undersowing of a green manure un- X X X X Reduced emissions of nitrogen
der maize after maize sowing to the groundwater
A.22 |Undersowing of a green manure with- X X X X Reduced emissions of nitrogen
in maize at the same time as maize to the groundwater
sowing
A.23 |Underseeding under maize combined X X X Erosion control; Prevents ni-
with mechanical weed control and trate leaching
herbicide banding
Category B. ”Grassland management”
B.1 |Rational grazing planning combined X X

with cultivated areas for feeding the
livestock
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Name of technological innovation |Productivity |C sequestration|(Biological) soil | Chemical soil | Physical soil |Other aspects
GHG reduction health fertility fertility
Category C. “Tillage”
C.1 |Use of specific machinery that allow X X Economic aspects
non-inversion tillage
C.2 |Compact disc harrow for residues X X X X X Better distribution of crop resi-
management dues and economical aspect
C.3 |Stubble cultivator for shallow resi- X X X X X Better decomposition of post-
dues and seedbed management harvest residues
C.4 |Disc harrows with 2 rollers for small X X X X X Better distribution of crop resi-
farms and fields dues
C.5 |[Striptill
C.6 |Striptillage Reduces soil erosion
C.7 |Striptill Enables better soil warming in
spring
C.8 |Strip till drill X X X X Economic aspects
C.9 |Biostriptill X X X X Economic aspects
C.10 |Vertical tillage X X X X Economic aspects
C.11 |Smart till X X X X Economic aspects
C.12 |Deep non-inversion tillage X X Reduced soil erosion
C.13 |Non-inversion spring tillage tech- X X
nique to incorporate grass sod before
maize sowing
C.14 |Non-inversion spring tillage tech- X X X
nique to incorporate green manures
after maize
C.15 |Non-inversion tillage to reduce vol- X X X X
unteer potatoes on clay soils
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Name of technological innovation |Productivity |C sequestration|(Biological) soil | Chemical soil | Physical soil |Other aspects
GHG reduction health fertility fertility
C.16 |Tramlines X
C.17 |DGPS-RTK to drive over the field X X Energy use; pesticide use; nu-
trient use
C.18 |Low tire pressure in controlled traffic X X X X
systems
C.19 |Precision ploughing X X Energy saving of following
cultivation practices
C.20 |Improved fertilizer spreading tech- X X Reduced emissions of fertiliz-
niques by variable rate technology at ers to the environment
field borders or spreading jobs
C.21 |Use of finger weeder X X Reduced emissions of herbi-
cides to the environment
Category D. “Nutrient management”
D.1 |Biochar application
D.2 |CULTAN fertilization
D.3 |App to determine optimal nitrogen X Economic and environmental
fertilization for winter rape in spring aspects
D.4 |Fertigation with mineral fertilizer X X X X Economic aspects
D.5 |Compost to improve soil fertility X X X X
D.6 |On-farm composting X X X X
D.7 |Compost application as soil amend- X X X X
ment and fertilizer
D.8 |Top dressing of maize with bovine X X X X
slurry
D.9 |Fertigation of maize with bovine slur- X X X X

ry using a ranger irrigation system
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Name of technological innovation |Productivity |C sequestration|(Biological) soil | Chemical soil | Physical soil |Other aspects
GHG reduction health fertility fertility
D.10 |Manure processing (solid-liquid sepa- X X X
ration)
D.11 |Application of slurry in winter wheat X X X
on clay soils in the spring
D.12 |Components in direct seeders for X X X X Environmental aspects
residue management
D.13 |Maintain organic matter content of X X X X X
the soil by the incorporation of straw
D.14 |Manganese sensor to adapt fertiliza- X
tion
D.15 |Soil nutrient sensor to adapt fertiliza- X X X
tion
D.16 |Digestate and its solid / liquid separa- X X X X Due to digestion process diges-
tion products tate free of diseases and weed
seeds, which will decrease
pesticide use compared to the
use of slurry
D.17 |Liquid fraction of digestate as ferti- X X X X X Reduction of mineral fertilizer
lizer use
D.18 |DGPS-RTK to apply slurry in rows in X X X Improves nutrient use efficien-
maize cy
D.19 |Soil scanner X X X X Reduction of nutrient losses to
the environment
Category E. “Crop protection”
E.1 |Désherbinage X Cost reduction
E.2 |Autonomous robot Reduces compaction
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Name of technological innovation |Productivity |C sequestration|(Biological) soil | Chemical soil | Physical soil |Other aspects
GHG reduction health fertility fertility
E.3 |Vegetated buffer strips using double X Environmental impact reduc-
seeded density crop tion, runoff and erosion control
E.4 |Integrated pest management (IPM) Economic aspects
E.5 |Cultural weed control Economic aspects
E.6 |Weed detection using UAV to adapt Reduction of herbicides and
herbicide application economic aspects
E.7 |Weed detection using weed app to X Economic and environmental
recommend herbicides aspects
E.8 |Underseeding under maize combined X X X Erosion control; Prevents ni-
with mechanical weed control and trate leaching
herbicide banding
Category F. “Water management”
F.1 |Centre Pivot/ Linear irrigation sys- X Economic aspects
tem
F.2 |Combined Centre Pivot-Linear irriga- X Economic aspects
tion system
F.3 |Precision Irrigation - Variable Rate X Economic aspects
Irrigation
F.4 |Combined Pivot with mobile drip X Economic aspects
pipes
F.5 |Water management systems with X X X X Economic aspects
treatment of low quality waters
F.6 |Leaf clamp to improve and to opti- X Economic aspects

mize irrigation scheduling and
amount
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Name of technological innovation |Productivity |C sequestration|(Biological) soil | Chemical soil | Physical soil |Other aspects
GHG reduction health fertility fertility

Category G. “Other practices”

G.1 |Soil Bioengineering X X X X Economical, landscaping and
aesthetic aspects

G.2 |Low pressure tires/caterpillars X Reduces soil pressure and fuel
consumption

G.3 |Management to reduce and minimize X X Reducing soil compaction

soil compaction

27



CATCH-C Catch-
No. 289782

Deliverable number: D4.451

22 September 2014

The transnational compilation of fact sheets about innovation as presented here includes and
summarizes 81 technological innovations, collected from eight CATCH-C countries. Table 3
lists an overview about each assembled innovations and their relation to Best Management
Practice and if specified to relevant crops.

A. Rotation

The category of management practices called “Rotation” contains 21 innovations. Most of
these - except three - include the cultivation of a green manure as management practice. Many
of the innovations are defined for a specific crop. Half of the innovations for “Rotation” refer
to maize, and mostly describe the undersowing of a catch / cover / green manure crop. Addi-
tionally, catch crops between maize cultivation and further rotation issues for this crop are
mentioned. The number of technological innovations relevant to maize reflects the importance
of this crop in several European farming systems. For potatoes and sugar beets, six innova-
tions about cover crops to reduce nematodes have been collected. The innovations about
green manure are tailored to address specific tasks or demands. Soil coverage detection is also
related to MP 8 and 9 (catch crops / green manure), but the implementation is more technical.

All innovations summarized under “Rotation” mainly contribute to three goals, first of all
productivity. Also biological soil health and physical soil fertility are frequent. Further aspects
are the reduction of nutrient / nitrogen losses by leaching into the environment, and the asso-
ciated reduction in greenhouse gas emissions.

B. Grassland management

This category is represented here by only one innovation which describes a management prac-
tice from Spain, relevant to systems with permanent grazing.

C. Tillage

Most of the technological innovations of this category are related to minimum / reduced till-
age. Eleven fact sheets represent non-inversion tillage practices. Four of them describe differ-
ent machines for non-inversion tillage and residue management (e.g. chisel, disc harrow) to
conduct shallow cultivation, showing their advantages in comparison to conventional tillage.
A second part in the category “Tillage” belongs to controlled traffic farming. A few techno-
logical innovations are also connected to other MPs (e.g. nutrient management, mechanical
weed control) with controlled traffic.

The “Tillage” related innovations mainly focus on the goal of “physical soil quality”. It is
followed by “soil biological health” which is promoted by the non-inversion tillage. Con-
trolled traffic farming related innovations also support “productivity”. The mentioned techno-
logical innovations in the “Tillage” category summarize and contribute many different other
aspects e.g. reduction of soil erosion, better distribution of crop residues, energy savings and
economic benefits.
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D. Nutrient management

The category “Nutrient management” includes many different fertilizers (mineral, organic,
residues and nutrients). Due to that fact, around 20 fact sheets reflect different kind of MP
related innovations. Innovative ways for organic fertilizers are mostly represented by compost
based on different organic materials, or digestates. Furthermore, this category has also combi-
nation with other categories of management practices. E.g. fertilizer application combined
with controlled traffic farming or fertigation as a combination of irrigation with either mineral
fertilizer or slurry. Three sensor based innovations to analyze nutrients are proposed, to sup-
port better dosage of nutrient inputs. All innovations summarized under “Nutrient manage-
ment” obviously contribute to productivity. The compost related innovations contribute to a
wider set of major CATCH-C goals. Efficient N management obviously contributes also to
climate change mitigation, by reducing N losses and thereby potential N20O emissions.

E. Crop protection

“Crop protection” is reflected by seven fact sheets of innovation. Weed detection and control
are characterized by innovative procedures and strategies. Therefore several various crops are
related to these innovations. The more technical based sheets include weed detection by un-
manned aircraft vehicles or by a weed smartphone app. All these innovations in this compila-
tion are related to an integrated weed management (only post emergence). Two further men-
tioned technological innovations relate to two other MPs — mechanical weeding and con-
trolled traffic.

F. Water management

This category of management practice is represented by six innovations mostly related to var-
ious crops. Four of them improve and / or adapt irrigation systems to conserve water or to
optimize local field area conditions. The use of low quality water is another point of innova-
tive development within this category of water management. A further description improves
irrigation by a leaf clamp and measurement of turgor and water status, respectively. This
method monitors directly (instead of the more common indirect by assessment via soil mois-
ture measurement) and is a step forward to control and to schedule irrigation.

All assembled technological innovations for “water management” combine productivity and
economic aspects as goals.

G. Other practices

Three innovations related to reducing soil compaction and to soil conservation practices as
MPs are contained in this category. These innovations consequently promote “physical soil
fertility”.
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A.1 Rotation of cereals with lucerne (alfalfa) in a dairy farm

Related to MP: MP3 Rotation with legume crops

Related to FTZ: ENZ12_SL1 TXT1+2+3 - Dairy cattle/ temporary grass

Key points

- Lucerne is a valuable source of proteins for dairy cows, that can be used as a forage instead
of other sources of proteins which are normally purchased from outside the farm

What is it?

Rotation of a 3-years ley of lucerne with
maize (widely used as a single crop in
livestock farms), in an intensive dairy
farm

How does it work / is it applied?

- Lucerne is sown in late summer
in light soils, or early spring in
heavy-textured soils, using 30-40
kg ha™ of seeds

- Soil pH should not be lower than

6.0, otherwise N fixation willbe  fjgyre 2: Lucerne ( http://naturewatch.wikia.com/wiki/
limited Datei:Saat-Luzerne.jpg)

- Fertilization of 300-400 kg ha™ of
K,O is needed at sowing and then 100-150 kg ha™ every year in spring, after the first cut, as
mineral fertilizer or manure. No P is generally needed, as soils of livestock farms are generally
richinP

- Sowing is made on a well-prepared seed-bed, then cultipaker to improve soil contact (the
seed is very small)

- Withirrigation, 4-5 cuts per year are performed to have a high-quality forage: the harvest
date must be chosen depending on the cultivar; the criterion is to cut when the flowers are
just visible, mowing at > 5 cm height; with a more mature crop, forage quality and digestibil-
ity are lower; gentle harvesting to reduce leaf losses; do not compact the soil

- In 3 