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1 Introduction

This report contains the program, minutes, abstracts and all presentations from the International Workshop
“From yield-based to society-based fertilizer recommendations” which was held from 16-18 April 2024 in
Lelystad, the Netherlands.

Background of the workshop

Fertilization is not only affecting crop yield and financial return but also many other societal aspects as water
quality, greenhouse gas emissions and biodiversity. However, current fertilizer recommendations are
generally focused on maximizing (financial) yield for the farmer only. Besides, many recommendations were
developed a few decades back. Recent knowledge and needs, for instance on site specific fertilization, is
included to a limited extent in the recommendations. Finally, fertilizer recommendations have been
developed nationally or even regionally with different methodologies resulting in different recommendations
in similar situations.

New Dutch research program on fertilization recommendations

We have started a research program in the Netherlands to develop new methodologies for fertilization
recommendations because of the need to incorporate the latest knowledge in the recommendations and to
adapt the recommendations to future cropping systems and societal needs. We have organized this
international workshop to be able to explore the knowledge from surrounding countries and to explore
possible cooperations in fertilizer recommendation development.

International applied sciences workshop
The workshop was held from 16 to 18 April 2024 in Lelystad, The Netherlands with about 45 participants.
This applied sciences workshop was aimed at developing concrete solutions to improve fertilizer
recommendations. The workshop was focused on the following themes:
1. Current state of fertilizer recommendations in Europe and need for new recommendations
2. Options to improve fertilizer recommendations:
a. Integrating organic matter, nitrogen and phosphorus recommendations
b. Integrating fertilizer choice in the recommendations
c. Guided fertilization systems
d. Fertilizer recommendations for Ca, S, Mg and micronutrients
3. Integrating fertilizer recommendations to a fertilizer plan on field and farm level

Next to oral and poster sessions there were discussion sessions on the themes. Besides, an excursion to the
Farm of the Future in Lelystad was organized.

The workshop was mainly aimed at (applied) researchers in the field of fertilizer recommendation
development in Northwest Europe. However, the workshop was open for researchers from other parts of the
world and for staff from companies and organizations involved in fertilizer recommendations.
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2 Program of the workshop

2.1 Afternoon Tuesday 16 April, Van der Valk Hotel Lelystad

12:00-13:30 Registration and Lunch

13:30-13:45 Opening of workshop: Janjo de Haan, WUR: Background, aims & expected results of the
workshop

13:45-18:00 Session 1. Setting the Scene: Current state of fertilizer recommendations in Europe and
need for new recommendations
Chair: Wim van Dijk, WUR

13:45

15:00
15:30
16:00

17:00

Keynotes and presentations: 15 min per presentation +5 min discussion
1. Janjo de Haan, WUR: Fertilizer recommendations renewal in the Netherlands
(why PPS BAAT)
2. Suzanne Higgins, AFBI: EJP SOIL Stocktake on harmonizing methodologies for
fertilization guidelines across regions
3. Stefaan De Neve, Ghent University: Evaluating the performance of current N
and P fertilizer advice systems in Belgium
4. Poster pitches, 2 minutes
a. Milan Franssen, Delphy: Nutri-Check Net, current and new fertilizer
recommendation systems in Europe
b. Renske Hijbeek, WUR: Nitrogen fertilizer replacement values of organic
amendments: determination and prediction
Break
Introduction of the case study during the workshop
Discussion in groups on main challenges, objectives and possible solutions
for new fertilizer recommendation systems
Plenary recap and closing of session

18:00-20:00 Diner buffet

2.2 Morning Wednesday 17 April, WUR Field Crops

9:00-12:00 Session 2. Integrating organic matter, nitrogen and phosphorus recommendations and
Guided fertilization systems
Chair: Janjo de Haan, WUR

9:00
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Keynotes and presentations: 15 min per presentation +5 min discussion

1. Christine Watson, SRUC: Growing our future: routes to sustainable soil and
nutrient management

2. Bart Timmermans, LBI: Integrated carbon, nitrogen and phosphorus
management: lessons learned from Dutch long-term experiments.

3. Karoline D’'Haene, ILVO: The calculation of the nitrogen mineralisation amount
in fertilisation advices

4. Cathy Thomas, Rothamsted: Nitrogen recovery and losses with different types
and rates of organic fertiliser in a long-term wheat rotation field trial

5. Poster pitches, 2 minutes
a. Bart G.H. Timmermans, Louis Bolk Institute: NDICEA - calculating carbon

and nitrogen dynamics in agricultural fields



Geert-Jan van der Burgt, Louis Bolk Institute: Integrating time related
processes in nitrogen fertilization recommendation

Annemie Elsen, Bodemkundige Dienst Belgie: N-INDEX expert system: A
powerful tool in nitrogen recommendation

Koen Willekens, ILVO: Crops nutrient supply from different sources in soil
Goovaerts Ellen, Proefstation voor de Groenteteelt: Nitrogen advice in
Flanders

Evelin Loit-Harro, Estonian University of Life Sciences: Comparison of
Organic and Conventional Crop Management in Estonia since 2008

Dr. Susanne Klages ,agri.kultur: Update of Critical Values for plant analysis
under present conditions in Saxony-Anhalt

Stefan Geyer, Francisco Josephinum Wieselburg: TerraZo - free application
map creation and deployment based on field trials

Lex Slootweg, ICL: Controlled Release Fertilizers, a way to improve farmers
nutrient use efficiency

10:45 Poster session on topics of session including coffee break
11:15 Discussion in groups on topics of session using the case study
12:15 Plenary recap and closing of session

12:30-13:30 Lunch

2.3 Afternoon Wednesday 17 April, WUR Field Crops

13:30-15:00 Excursion Farm of the Future

15:00-17:30 Session 3. Fertilizer recommendations for Ca, S, Mg and micronutrients and Fertilizer choice
recommendations
Chair: Romke Postma, NMI

15:00 Keynotes and presentations: 15 min per presentation +5 min discussion
1. Sven Verweij, NMI: Fertilizer selection tool
2. Arjen Reijneveld, Eurofins: Advances in fertilization recommendations: A three-
step approach incorporating new insights
3. Poster pitches, 2 minutes

a.

Hans-Werner Olfs, Osnabrick University of Applied Sciences:
Measurements of plant-available P, K and Mg contents and pH of soils with
the soil sensor system Stenon “FarmLab” as a basis for fertilizer
recommendations for arable crops

Karolina Barcauskaite, Lithuanian Research Centre for Agriculture and
Forestry: Do composts meet organic fertilizers quality requirements:
Lithuanian case study?

Wieke Vervuurt, WUR: Long-term effects of phosphate fertilization

Wieke Vervuurt, WUR: Evaluation framework to predict the fate of organic
materials

Hendrik Holwerda, WUR: Potential for reducing P fertilization without
affecting crop yield

16:00 Poster session on topics of session and session 1 including coffee break
16:30 Discussion in groups on topics of session using the case study
17:30 Plenary recap and closing of session

18:00-20:00 Drinks and dinner
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2.4 Morning Thursday 18 April, Van der Valk Hotel Lelystad

8:30-12:00
11:50-12:30
12:30
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Session 4. Integrating fertilizer recommendations to a fertilizer plan on field and farm level
Chair: Janjo de Haan, WUR

8:30 Keynotes and presentations 15 min per presentation +5 min discussion
1. Frank Liebisch, Agroscope: The Swiss fertilizer recommendation - historic
development, current status and integration in legislation and ways forward to
sustainable nutrient management (on the example of arable crops)
2. Janjo de Haan, WUR: Integration of fertilizer recommendations
to farm level
9:15 Panel discussion led by André Hoogendijk, panel: Gert Jan van Dongen (farmer),
Harm Brinks (Delphy), Arjan Reijneveld (Eurofins) en Geert-Jan van Roessel
(LambWeston)
10:15 Break
10:30 Discussion session on integrating fertilizer recommendations at farm level
11:30 Plenary recap of discussion session

Closing of the workshop

11:50 Pitches WP-leaders PPS BAAT what they take with them from the workshop
12:10 Formulation of needed actions and possible follow ups

Lunch and farewell



3 Minutes of the workshop

3.1 Opening of the workshop

Afternoon Tuesday 16 April, Van der Valk Lelystad

Janjo de Haan opens the meeting and welcomes the 40 participants. Marjoleine Hanegraaf, co-organizer is
still ill and therefore some items in the program are changed. Janjo gives a short background on the
objective and program of the workshop.

3.2 Session 1. Setting the Scene: Current state of fertilizer
recommendations in Europe and need for new
recommendations

Afternoon Tuesday 16 April, Van der Valk Lelystad
Chair: Wim van Dijk, WUR

Keynotes, presentations and poster pitches

Session 1 contained three presentations and two poster pitches. Suzanne Higgins presented online due to
travel problems. Sheets of the presentations and poster pitches are in the appendix.

A question about the presentation of Janjo de Haan was how to convince farmers to use the new
recommendations? The new recommendations must have an added value for the farmers, they must have
the tools to apply them and they need to have trust in the new recommendations without fear of losing yield.
We have to provide that. A second question was about the relation of the new recommendations to
legislation. We have no objective to change legislation or to have recommendations for new legislation. We
just want to show with new recommendations how to comply to societal goals. However it can be an
outcome later that the recommendations are also used in legislation. Legislation is changing, see for instance
the current evaluation of the Nitrated Directive.

Another question was to what extent harmonization of methodologies for fertilization guidelines across
regions in Europe is really needed. Indeed, some are difficult to harmonize due too different climatical
conditions, soil types and farming systems in Europe.

A question about the presentation of Stefaan de Neeve was if the labs were informed about the large
differences in recommendations. Yes, the labs are informed and they are discussing this together. One of the
participants is of one of the labs and she indicated that the recommendations were changed because of this
study.

Introduction of the case study

David de Wit introduces the case study (Gert-Jan van Dongen, arable farmer on heavy clay soil in Flevoland)
we will use during the workshop to illustrate first results and which we have used in the PPS BAAT for a first
integration study of the fertilizer recommendation system. He shows also nutrient balances of nitrogen,
phosphate and potassium of the farm. Nitrogen fixation is not included in the balance presented and
expected to be of limited size for this farm. The potassium surplus is high, mainly because of the high
potassium levels in the digestate.

Discussion session
Three questions were discussed during the discussion session
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1. How do you rate the fertilizer recommendations in your country in terms of 1) Up to date to actual
knowledge and technology; 2) taking in to account societal requirements and 3) practical applicability by
farmers?

Current recommendations are mainly economic and yield based and different systems are used in every

country. The quality of the systems is judged differently by the researchers. Some researchers indicate that

knowledge is up to date but technology needs improvement. Other researchers have the impression that
fundamental knowledge is missing for a good recommendation. And there are also researchers who state
that the use/implementation of recommendations can be improved. Situation varies a lot between countries
in e.g. percentage of organic farms, who is responsible for the recommendations, the investment in
development and innovation of fertilizer recommendations, how the information supply to the farmers is
organised and how much attention is paid to environmental issues. Social requirement are not really taken
into account, except for the legislation and measures for which subsidies are received.

2. What are the most urgently needed improvements in fertilizer recommendations?

Old fertilizer recommendations are often at the safe side to prevent the risks of yield reduction. This leads to
larger environmental risks. Also education of farmers to improve their knowledge about fertilization is
needed. It is needed to give farmers more insight in nitrogen flows and effects of reduced fertilization and
other factors involving nutrient efficiency and nutrient losses. Besides a good prediction of the nitrogen
mineralization of the soil is needed. Finally, a good tool is needed to evaluate the fertilization.

3. Is harmonization of fertilizer recommendations within Europe necessary? Why?

The question is what is the value of harmonization? The participants are unanimous about the need to
harmonize methodologies and the basic principles to make fertilization advices. Uniform criteria for how a
good advice does look like, where it comes from and guarantees of independence are desired. About
harmonization of recommendations itself there is debate. There are now many differences which make
harmonization difficult, e.g. different extraction systems for nutrients in soil and recommendations should be
integrated into other cultivation aspects of the crop. More cooperation is however needed if we want to
modernize recommendations, especially for crops with small acreage. It is too expensive and also inefficient
if in every country new recommendations are developed. Besides there is a need for tools to help farmers
make the right decisions.

General conclusions of session

- Large differences in fertilizer recommendations within Europe, as well in methodology as in organization

- Focus of current systems is mainly on optimal economic yield, limited incorporation of societal aspects

- The application of fertilizer recommendations by farmers can be improved, better independent
recommendation needed

- Improvements of fertilizer recommendations are needed, especially on estimation of soil nitrogen
mineralisation

- Societal aspects mainly forced by legislation and subsidies

- More cooperation on modernizing recommendations needed, but the need for harmonization is discussed

3.3 Session 2. Integrating organic matter, nitrogen and
phosphorus recommendations and guided fertilization
systems

Morning Wednesday 17 April, WUR Field Crops
Chair Janjo de Haan

Keynotes, presentations and poster pitches
Session 2 contained four presentations and nine poster pitches. Sheets of the presentations and poster

pitches are in the appendix.

Discussion Integrating organic matter, nitrogen and phosphorus recommendations
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In Belgium and the UK an index-system is used which is more or less based on a balance. In the
Netherlands, the Nmin-system is used currently in which the recommended N rate is based on the measured
soil mineral N in spring. This system leaves less room for taking into account specific crop and soil
characteristics (e.g. crop yield level and soil N delivery).

In order to modernize/improve current systems a system approach is necessary, a balance system fits in

that and is already used in different countries. It will also increase the transparency compared to e.g. Nmin-

systems. However, the balance system needs estimations for different inputs and outputs, a couple of them
were discussed:

- The soil N mineralisation could be based on model calculations taking into account soil characteristics
(e.g. OM content, C/N-ration OM), fertilisation history, crop rotation and length of the growing season of
the crop. In NL the Eurofins lab also provides such a calculation to clients bur the calculation method is
not public. The calculation could be fine-tuned during the growing season taking into account actual
weather data or by soil and crop measurement of the N status of the crop-soil system (guided systems,
see also below).

- For the crop N demand the N recovery of available N is an important parameter. However, this
parameter when derived from experiments is also affected by the soil N mineralisation level. Therefore,
in Belgium the crop N demand is estimated by the sum of total crop N uptake and the residual soil
mineral N after harvest. The latter is an indicator for unrecovered N.

It is important that farmers get confidence in the system. Therefore a testing on farms is necessary and

helpful.

For organic matter (OM) currently in Belgium and the Netherlands, the system of the effective OM supply via
crop residues and organic manure is used and as threshold level a minimum amount of EOM-supply is used
(fixed level or by assuming an annual 2% mineralisation of soil OM). This system may be improved by using
models (e.g. NDICEA) to calculate the annual C mineralisation based on soil characteristics, crop rotation and
fertilisation history. This could be coupled to the calculation of the soil N mineralisation which is necessary for
the N balance system. For the C as well as the N mineralisation the same calculation can be used.

Discussion guided fertilization systems

There are several systems available for estimating the N-rate. The systems are all known in the different
countries, but not all countries use them. Most used are the nitrogen guidelines based on soil mineral N (N-
min guideline) and the N-balance method. Decision support systems that can be used for adjusting the N-
rate during the growing season are the KNS-method, petiole sap or leaf analyses, chlorophyll measurements,
systems based on remote sensing or nearby sensing, crop growth models and a combination of sensing and
crop growth models. The different types of systems which are already available have each their own pro’s
and con'’s.

In Belgium and Germany especially vegetable growers use the KNS-method, forced by law. In the
Netherlands this system is available but it is rarely used. The system is developed in Germany and is for a
number of crops adapted to the Belgium or Dutch growing conditions. The system calculates the required N
fertilisation (top up N-rate) at different stages during crop growing season based on measurement of soil
mineral N and expected crop N uptake. An improvement of the method would be to adjust the recommended
supplemental N application rate to the expected N mineralisation.

In Germany decision support systems based on nearby sensing or measuring the chlorophyll content of the
leaves are commonly used in cereals. By comparing the measured values to target values, the top up N-rate
is determined. The systems are developed by Yara and provided to the farmers for free. The farmers only
have to share their farm data, amongst others yield, with Yara. With this information Yara can improve the
system. The target values differ per variety and are established by Yara through research.

For all systems it is important to take the expected yield into account, that can be based for example on the
average yield of five years on the same field.

The decision support systems and N balance method are difficult for farmers to understand and they need
support for this. Farmers need to get confident that lower fertilization levels at start don’t give yield risks
when monitored well. Legislation can stimulate uptake/use by farmers.

A point of discussion was whether farmers should legally be obliged to use decision support systems or
should be convinced and be supported to use it. Use a system perspective by designing new fertilizer
recommendations.
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General conclusions from the session

Integrating organic matter, nitrogen and phosphorus recommendations

- Different current systems in countries to look at organic matter nitrogen and phosphorus

- In the discussion groups two main paths to assess the needed N rate were discussed: 1) assessing the
needed N rate in advance and 2) assessing the N rate by guided systems during the growing season.
Both pathways can also be combined. For both systems a balance method seems to be the best option
taking into account specific crop and soil characteristics.

- The organic matter recommendation can also be based on a balance and calculation that were done for
soil N mineralisation could also be used for annual OM mineralisation.

- Confidence by farmers is an important aspect, therefore testing in practice is necessary.

Guided fertilization systems

- Interest in guided fertilization systems by farmers but these systems are not frequently used

- For using guided fertilization systems, farmers need support and constant improvement or adaptation to
e.g. new varieties of the systems is needed

- Different types of systems already available with each their own pro’s and con’s

- Legislation can stimulate uptake/use by farmers of guided fertilization systems

3.4 Session 3. Fertilizer recommendations for K, Ca, S, Mg
and micronutrients and Fertilizer choice recommendations

Afternoon Wednesday 17 April
Chair: Romke Postma, NMI

Excursion to the Farm of the Future
We made an excursion to the field lab of the Farm of the Future in Lelystad with explanation by David de Wit.
More information see https://farmofthefuture.nl/en/.

Keynotes, presentations and poster pitches
Session 3 contained two presentations and 5 poster pitches. Sheets of the presentations and poster pitches
are in the appendix.

Discussion on potassium recommendations

In the Netherlands the K-fertilization recommendation is split up into a recommendation for the soil and a
recommendation for the crop. The soil recommendation comprises target values for the available soil stock,
the calculation of a K-rate to repair a too low soil stock and the calculation of the necessary K-rate on
rotation level to maintain the desired soil stock. The latter is based on a balance method (K-supply by
fertilization and K-disposal by the harvested products and K-losses). The crop recommendation depends on
the available soil stock and the effect of K on crop yield and quality aspects. Both recommendations must be
complied with.

In other countries the K-recommendation is less complex than in the Netherlands. They do not have a soil
recommendation like in the Netherlands, but only a crop recommendation or the crop and soil
recommendation are integrated. The type of soil test that is used to determine the available K soil stock
differs per country and in some countries there are even more soil tests used, dependent on the laboratory.
In all countries the K-recommendation is based on the crop type and the K soil level. With respect to the
crop, the K-uptake is taken into account and/or the disposal of the field. Quality aspects are not really taken
into account. It was also noted that the need for very accurate systems is not that high as for N as the
response of K and other nutrients as Mg, Ca and micronutrients is quite weak.

It was also discussed whether fertilisation with Ca en micronutrients is really necessary. Often manure is
used that also contains nutrients. It's better to wait if lack symptoms become visible and to act (by e.g. foliar
applications). Is interaction of nutrients important (see Albrecht method), in NL research on that topic did
not show that is was very relevant.
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The Dutch system is regarded as complex and too difficult for farmers. The formula for calculating a K-rate to
repair a too low soil stock, is regarded as mock-accuracy. Integration of the soil and crop recommendation is
recommended.

Discussion on fertilizer choice recommendations

There are no fertilizer selection systems in use in European countries as far as known by participants, while
fertilizer choice may strongly affect nutrient availability and dynamics, nitrate leaching, ammonia
volatilization and/or greenhouse gas emissions. Fertilizer choice in Belgium and the Netherlands is often
financially driven in the current situation, not on agronomic or sustainability needs. Because of the negative
price, pig and/or cattle slurry is often applied at the maximum rate that is allowed within legal limits.
Fertilizer choice is one of the aspects in fertilization, that is of importance in addition to the amount of
nutrients applied. Because of the effects on agronomic and environmental performance, it would be useful to
include them in fertilizer recommendations. In addition, other aspects like placement (e.g. via row
application) and timing (e.g. split N application) may be incorporated. The tool for fertilizer choice is context
dependent, based on soil type, crops and cropping systems. E.g. mixed farms will use own manure first.

A proper evaluation of all aspects affected by the fertilizer choice will be difficult, but could be done via
pricing of all effects. For some aspects this is difficult, e.g. for nutrient losses and/or the overall value of
organic matter. Weighing of various agronomic and environmental aspects is possible if a common unit (e.g.
euros) is used, but remains difficult as this involves policy decisions.

Farmers have no overview on available fertilizers and their pro’s and con’s, while the amount of different
fertilizer types is growing. For that reason, giving insight in agronomic, financial and environmental aspects
via a tool for fertilizer choice, can be helpful. However, the system is quite complex and farmers want a very
simple advice, so many of the choices have to be made for them: e.g. crop requirements and what
environmental objectives they need to fulfil. Another reason for drawing up recommendations for fertilizer
choice could be to comply with ecoschemes (CAP) or CO2-footprints for retailers.

General conclusions from the session

- The Dutch potassium recommendations are for a large part comparable to other countries but rated as
too complex with separate soil and crop recommendations.

- A fertilizer selection tool could be a valuable addition to fertilizer recommendations and it may be of use
for farmers, but it should be very simple to use. It should include effects on nutrient availability and
dynamics, nitrate leaching, ammonia volatilization and/or greenhouse gas emissions, so that it can be
used to quantify effects on GHG-emissions and/or for implementation in ecoschemes.

3.5 Session 4. Integrating fertilizer recommendations to a
fertilizer plan on field and farm level

Morning Thursday 18 April, Van der Valk Hotel
Chair Wim van Dijk

Presentations
Session 4 started with two presentations. Sheets of the presentations and poster pitches are in the appendix.

Panel discussion

A panel discussion was held, led by André Hoogendijk, director of BO Akkerbouw, the branch organization for
Dutch arable farming and with the following members representing important stakeholders in Dutch arable
farming: Gert-Jan van Dongen, farmer; Harm Brinks, consultancy organization Delphy; Arjan Reijneveld, soil
testing lab Eurofins and Geert-Jan van Roessel, LambWeston, processor of potato products.

First question was whether the panel members gained new insights during the workshop? Arjan indicated
that everyone is struggling with the same issues. Main challenge is to let farmers use the fertilizer
recommendations and that they also take societal goals into account. Gert-Jan said that there is a large
difference between growers. The challenge is to show growers that attention to soil health and following
recommendations pays off. Harm Brinks pointed that advising on fertilization is challenging as the legal
norms are lower than the advice. How to help farmers to reduce losses and keep a good crop yield. However
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nitrogen fertilization is not the most important thing and does not have to be used as correction if all other
factors of the cropping system are well managed, but this is different for every farmer, soil and rotation.
Gert-Jan points at the importance of organic matter management. He has been very much focused on
increasing organic matter content and have been able to get it about 2% higher compared to his neighbours.
Besides it is important to look to the whole rotation and not to individual crops only. Estimating nitrogen
mineralization is difficult. We need to give the tools to farmers to help them optimize their fertilization,
however the trust in models and calculations is low. We have to show that they are of help.

Discussion session

4 questions were discussed in the last discussion session:

1. Is integration of fertilizer recommendations to farm level really needed?

Nitrogen fertilization recommendations must be determined on field level scale, taking into account the N
supply by mineralization of the soil and residues of previous crops and green manures. Other nutrients, such
as P and K can be determined on filed level scale (dependent on the soil level and the crop) but also on
rotation or farm level scale, to maintain soil fertility. Due to legal restrictions allowed N-rates may be lower
than the recommended rates. This can only be assessed on a farm level. For those situations the allowable
amount of nitrogen must be divided between crops and fields must be optimized in order to prevent yield
reductions as far as possible. Also, other assessments of societal goals have to be made on farm level.

2. How can farmers goals and societal goals best be combined in the fertilizer recommendations?

A higher yield merges a higher disposal of the field, a lower soil surplus and lower losses to the environment.
Therefore farmers must pay (more) attention to other cultivation factors that affect yield and take care for or
improve amongst others soil quality. Education is important. N-fertilization recommendations must be more
accurate, taking account the potential yield of the field and the N-mineralization. N-fertilization
recommendations have to be integrated in the total crop management. A clever crop rotation including
nitrogen catch crops can reduce the nitrogen losses. Farmers must be made more aware of the
consequences of environmental pollution due to fertilization.

3. How to deal with the scale issue: translate national and regional goals to goals at farm level?

It depends on the land use and soil type per region. The composition of type of agricultural companies in a
region can differ, for example whether there are mainly dairy farmers or arable farmers or vegetable
farmers. How to achieve the goals differs per region and must be translated to the farms in that region. The
goals on farm level scale must be checked and monitored, amongst others by measuring the mineral N-
content in the soil before winter.

4. How do we keep fertilizer recommendations transparent and practical applicable for farmers?

The balance method approach for fertilization recommendations is transparent and gives a clear insight in
how the recommended rate is built up. When the necessary background information is accompanied, it must
be well understandable for farmers. It can also give famers a better idea of how much nitrogen the soil
supplies, of which they are often not aware.

An adviser or advisory services should not only give the farmer the recommended fertilization rates but also
supply the balance and back ground information. Open source tools for fertilization planning are important to
understand but also to be not dependent on a single organization.

General conclusions of the session

- Fertilizer recommendations at farm level are necessary for legislation and societal goals.
- Setting goals at farm level will be difficult.
- Educate farmers and advisors better on the backgrounds of fertilizer recommendations.

3.6 Closing of the workshop

Morning Thursday 18 April, Van der Valk Hotel
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Pitches WP-leaders PPS BAAT what they take with them from the workshop

WP1 Integrating organic matter, nitrogen and phosphorus recommendations, Wim van Dijk:
recommendations about N. In the Netherlands, we want to move towards a balance system. For this
system we need good estimations for inputs and outputs from which soil N mineralisation and crop N
demand are most important. For soil N mineralisation a model calculation could be a good basis giving at
the same time also an estimation of the soil OM balance. For crop N demand the crop N recovery could
be an indicator but the recovery (as measured in trials) is also affected by soil N mineralisation.
Therefore look also at other systems (e.g. using residual soil mineral N as done in Belgium).

WP2 Guided fertilization systems, Wieke Vervuurt: dynamic split application. Struggling with this part.
There is a societal aspect, trust in the system. Predict N-min still difficult.

WP3 Fertilizer recommendations for K, Ca, S, Mg and micronutrients, Wieke Vervuurt: K-
recommendation. From crop response to balance system. It looks now complex for other countries, good
to take this into account.

WP4 Fertilizer choice recommendations, Sven Verweij: giving farmers insight and take the environmental
aspects there with. Give the consequences.

Formulation of needed actions and possible follow ups

Accurate estimation of soil nitrogen mineralization and connected measurements and models is a big gap
to be solved. Geert-Jan van Burgt recommend the researchers in the PPS BAAT to use existing scenario’s
in NDICEA to analyse current situations.

We have to better use the available knowledge from each other’s. This workshop was mainly organized
by the Dutch research program PPS BAAT and a follow up is not foreseen. It is however important to
exchange research results in future.

Currently there are no calls for EU-wide research on this topic. It is encouraged to exchange ideas, data
and results in the meantime and look for new opportunities.

The workshop was well received by the participants.
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4 Abstracts oral presentations

4.1 Session 1. Setting the Scene: Current state of fertilizer
recommendations in Europe and need for new
recommendations

4.1.1 Fertilizer recommendations renewal in the Netherlands

Janjo de Haan, WUR

How fertilization of arable crops is carried out in agriculture influences many current social challenges.
Reduction of emissions through fertilization is necessary because of the needed reduction of: a) nitrogen and
phosphate to ground and surface water (Nitrate Directive, Water Framework Directive), b) ammonia
emissions to the air (the ‘nitrogen crisis’) and c¢) nitrous oxide and methane emissions from organic manure
to the air (reduction of greenhouse gas emissions). In addition, farmers have to: a) sequester more carbon
in the soil (Climate Agreement) through, among other things, the right choice of manure; b) use organic
residues as fertilizers (circularity) and c) limit the use of finite raw materials (phosphate, potash, gas for the
production of nitrogen fertilizer). Together with this all, fertilization for the farmer has to contribute to
optimal and profitable crop production and maintenance of soil fertility.

Practically applicable fertilization recommendations that addresses both these social and production aspects
are necessary. Current fertilization recommendations as included in the Dutch Soil and Fertilization Manual
are not tailored to this. These fertilization recommendations are focused on economic efficient production
with limited attention to the societal aspects. Besides, current fertilizer recommendations are mainly based
on old concepts and do not make sufficient use of recent knowledge and do not respond sufficiently to the
local situation of the field and farm and the options of new precision fertilization techniques. This makes that
maximum efficiency and effectiveness in fertilization are not achieved.

Therefore, we developed in 2022 a 4 year research project with public private partners and financing to
develop new methodologies for fertilizer recommendations in arable farming. Researchers are working with
partners from trade organizations, suppliers, retail, fertilizer producers, laboratories and with the Ministry of
Agriculture, Nature and Food Quality to develop new fertilizer recommendations. These new
recommendations have to balance the needs of the crop, the soil and the supply of nutrients better and also
contribute to the above social challenges.

The project consists of the following work packages; WP1) the development of plot- and location-specific
fertilization recommendations integrally for nitrogen, phosphate and organic matter; WP2) the development
of dynamic seasonal fertilization recommendation by combining modelling with soil and crop measurements;
WP3) the development of fertilizer recommendations based on the intensity and capacity of the soil for
potassium, sulphur, calcium and a number of trace elements; WP4) a fertilizer selection tool to provide
insight into suitable (circular) fertilizers and WP5) integration of fertilization recommendations at farm level
and testing of the integrated recommendations in practice. After approval by the Arable Farming Field
Vegetable Fertilization Committee (CBAV), the new fertilizer recommendations will be included in the Dutch
Soil and Fertilization Manual for arable farming.

4.1.2 EJP SOIL Stocktake on harmonizing methodologies for fertilization guidelines across
regions

Suzanne Higgins, AFBI

The European Commission has set targets for a reduction in nutrient losses by at least 50% and a reduction
in fertiliser use by at least 20% by 2030 while ensuring no deterioration in soil fertility. Within the mandate
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of the European Joint Programme EJP Soil ‘Towards climate-smart sustainable management of agricultural
soils’, the objective of this study was to assess current fertilisation practices across Europe and discuss the
potential for harmonisation of fertilisation methodologies as a strategy to reduce nutrient loss and overall
fertiliser use. A stocktake study of current methods of delivering fertilisation advice took place across 23
European countries. The stocktake was in the form of a questionnaire, comprising 46 questions. Information
was gathered on a large range of factors, including soil analysis methods, along with soil, crop and climatic
factors taken into consideration within fertilisation calculations. The questionnaire was completed by experts,
who are involved in compiling fertilisation recommendations within their country. Substantial differences
exist in the content, format and delivery of fertilisation guidelines across Europe. The barriers, constraints
and potential benefits of a harmonised approach to fertilisation across Europe are discussed. The general
consensus from all participating countries was that harmonisation of fertilisation guidelines should be
increased, but it was unclear in what format this could be achieved. Shared learning in the delivery and
format of fertilisation guidelines and mechanisms to adhere to environmental legislation were viewed as
being beneficial. However, it would be very difficult, if not impossible, to harmonise all soil test data and
fertilisation methodologies at EU level due to diverse soil types and agro-ecosystem influences. Nevertheless,
increased future collaboration, especially between neighbouring countries within the same environmental
zone, was seen as potentially very beneficial. This study is unique in providing current detail on fertilisation
practices across European countries in a side-by-side comparison. The gathered data can provide a baseline
for the development of scientifically based EU policy targets for nutrient loss and soil fertility evaluation.

4.1.3 Evaluating the performance of current N and P fertilizer advice systems in Belgium

Stefaan De Neve & Steven Sleutel, Research group Soil fertility and nutrien management, Department
Environment, Ghent University, Coupure Links 653, 9000 Gent, Belgium - stefaan.deneve@ugent.be

We have made a systematic comparison of the performance of N and P fertilizer recommendation systems in
Belgium, based on advices that were given for a number of typical arable and vegetable crops. There were
often large differences in formulated N fertilizer advice for one and the same field and based on the same
available data. In general N fertilizer advices were (much) larger than advices calculated on the basis of a
systematic and full N balance, and would lead to increased risks of N losses. Despite the high P status of all
of the soils in this study, P fertilizer was still recommended by all of the investigated systems, and will lead
to a further and unnecessary build-up of P. There is an urgent need for further streamlining the existing
fertilizer recommendation systems, by e.g. setting up agreed tables of parameter values that need to be
used when calculating a N fertilizer advice. Clearly accelerated P mining is hampered by the large availability
of animal manures.

4.2 Session 2. Integrating organic matter, nitrogen and
phosphorus recommendations and Guided fertilization
systems

4.2.1 Growing our future: routes to sustainable soil and nutrient management

Christine Watson, SRUC and SLU

For decades, the default position for arable agriculture has been to rely to a large extent on the use of fossil
fuel derived fertilisers. Recently, issues with supply disruption caused by events such as Ukraine and the
Covid pandemic, combined with climate change and the diminishing amount of phosphorus reserves are
forcing us to rethink this paradigm. Nitrogen fertilisers derived from non-fossil fuel sources are on the
drawing board but still a long way from being mainstream. Targets for sustainable crop nutrition have also
shifted beyond individual crops to a more systems-based approach related to the entire cropping or farming
system and taking into account impacts on soil health, carbon, biodiversity, water quality etc.
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Going forward we need to reduce our dependence on energy expensive fertilisers and find innovative
solutions from a systems perspective. There are no easy answers, and this will require a range of innovative
solutions including agroecological and technology-based interventions in agriculture as well as consideration
of structural changes in farming and society to make better use of co-products. This opens up a dialogue on
regional solutions and how we can make the most of existing resources to meet future crop nutrition and soil
health needs. This presentation will explore some alternative approaches to sustainable nutrient
management with a view to exploring this further through the workshop.

4.2.2 Integrated carbon, nitrogen and phosphorus management: lessons learned from
Dutch long-term experiments.

Bart Timmermans!, M. Hanegraaf?, Geert-Jan van der Burgt!
1l ouis Bolk Instituut, Bunnik, NL; °WUR

Agriculture in Western-Europe is under growing pressure to change in order to become more sustainable.
Also so in The Netherlands, where highly intensive agricultural systems are widely spread. But changes are
difficult, as the current systems are tangible, and the exact aims for future agricultural systems are vaguer
and more insecure. Knowledge and insights can help. Within the project “"PPS Beter Bodem Beheer” a study
was made of >40 crop rotations in 4 Dutch long-term experiments towards their carbon balances, nitrogen
efficiencies and losses, and phosphorus dynamics. The aim was to quantify performance of current
agricultural systems and of alternative management treatments tested to see how they perform and what
can be achieved. Quantification of the processes was made using the NDICEA model, that was validated at
first using field-specific mineral nitrogen measurements and a maximum average deviation of 20 kg N/ha
(RMSE). Results of carbon balances and of nitrogen efficiencies and losses are presented. The classical way
of calculating NUE is discussed, with an alternative that takes changes in organic matter and organic nitrogen
in the top-soil into account. Phosphorus balances are presented, and an effort is made to integrate carbon,
nitrogen and phosphorus balances into the management of crop rotations.

4.2.3 The calculation of the nitrogen mineralization amount in fertilization advices

Karoline D’Haene, ILVO
Georges Hofman, Ghent University

The calculation of the nitrogen (N) mineralization amount in fertilization advice is a big challenge due to the
large variation between fields. An overestimation of the N mineralization amount can result in reduced yield
or quality. An underestimation of the N mineralization amount can lead to high soil contents of nitrate
nitrogen at harvest. Especially for late harvested crops, when it is too late to sow an effective catch crop, a
high nitrate nitrogen residue should be avoided reducing the risk of nitrate leaching during the winter period.
Soil organic matter (SOM) is a key parameter of soil quality because it exerts a strong beneficial influence on
physical, chemical and biological soil parameters. Nitrogen mineralization from SOM alone typically provides
between 25 and 50% of the N requirement of a crop and on highly fertile soils this can even be more than
100%. The potential N mineralization rate globally depends on the SOM and total N (TN) percentage.
However, the N mineralization amount calculated based on a SOM or TN (fraction) measurements needs to
be adapted considering the SOM quality and the field history e.g. the frequent application of manure results
in a higher N mineralization amount than expected based on a SOM or TN measurement. Also management
during the cropping season -e.g. mechanical weed control- can affect the N mineralization rate. For the
calculation of the N mineralization amount from crop residues and catch crops and the long term effect from
manure application farmers need to give extra information. Due to the impact of management of the
previous years the calculation of the N available by mineralization is above all difficult for hired fields.
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4.2.4 Nitrogen recovery and losses with different types and rates of organic fertiliser in a
long-term wheat rotation field trial

CATHY THOMAS!, XAVIER ALBANO!, RUBEN SAKRABANI?, STEPHAN HAEFELE!
1Sustainable Soils and Crops Department, Rothamsted Research, Harpenden, Hertfordshire, UK, AL5 21Q
2School of Water, Energy and Environment, Cranfield University, Cranfield, UK, MK43 OAL

Appropriate management of fertiliser is essential to ensure long-term soil health and to prevent pollution.
This study assessed nitrogen (N) recovery from different types and rates of organic fertiliser, in combination
with inorganic N fertiliser at 190 kg/ha-1. A field trial at Rothamsted applied FYM, compost, anaerobic
digestate (AD) and straw, at rates of: 3.5 <2.5 <1.75 <1 t carbon/ha-1 for 8 seasons. The total organic plus
inorganic N applied with the organic amendments was e.g., with maximum rate 4: 448 < 425 < 329 < 226
kg N/ha-1 with FYM, compost, AD, and straw respectively. The trial was also simulated in the DNDC
(DeNitrification-DeComposition) model.

After 8 seasons, the greatest increase of SOC was with rate 4 of both compost and FYM at 33%, and the
smallest increase was with no treatment at 2%. Soil N accumulation was greatest with compost at all rates
at ~20%, with other treatments it was between 5-15%, but with mid rates of straw and with no treatment
there was a decrease in soil N. Crop N uptake (yield * N concentration) was roughly equal across all
treatments at ~200 kg/ha-1. Total N recovery (soil accumulation + crop uptake) was greatest with straw
rates 1 and 4 at ~100%, and with compost rate 1 and AD rate 2 there was recovery greater than 90%.
Otherwise, recovery was between 70-80%, and with no treatment recovery was 68%.

Therefore, with no treatment and high rates of amendment there was around 30% N loss. However, with low
rates of compost and AD and rates 1 and 4 of straw there was recovery of 90-100%. Therefore, organic
amendments can be applied for soil improvement without excessive pollution. The predicted data from the
DNDC model correlated well to the observed data e.g., R2 = 0.78 in soil N accumulation. This model will
therefore be used for assessment of the modes of N loss e.g., gaseous or leachate, and for further
simulations of optimal organic and inorganic N fertiliser combinations.

4.3 Session 3. Fertilizer recommendations for Ca, S, Mg and
micronutrients and Fertilizer choice recommendations

4.3.1 How to Choose the Best Fertilizer Plan for Your Farm: A Multi-Criteria Optimization
Framework

Sven Verweij, NMI

One of the key factors that affect the profitability and sustainability of a farm is the selection and application
of organic and mineral fertilizers, including products from animal manure. However, most of the existing
studies on fertilizer management focus only on the optimal nutrient rates for crop production, ignoring the
effects of different fertilizer types and combinations on the farm economics and environment. To address this
gap, we propose a nhovel modelling framework that integrates the monetary aspects of fertilizer management
into the decision-making process. The framework consists of six modules that each evaluate the economic
outcome of a fertilizer plan based on the costs and benefits of: (1) purchasing fertilizers, (2) disposing farm
manure, (3) storing fertilizers, (4) applying fertilizers, (5) harvesting crops, and (6) complying with legal
regulations. Optionally, a seventh module can be added to account for the compensation of greenhouse gas
emissions from fertilizer use. The framework is designed to operate with matrix operations, which enables
fast computation on GPU's and advanced optimization techniques to assist farmers in finding the optimal
fertilizer plan. This framework has several benefits, such as:
- It can help farmers to maximize their profits and minimize their costs by choosing the most suitable
fertilizer type and amount for their crops and soil conditions.
- It can help farmers to reduce their environmental footprint by avoiding over-fertilization and excess
nutrient losses that can cause water pollution and greenhouse gas emissions.
- It can help farmers to comply with the legal regulations on fertilizer use and manure disposal,
avoiding fines and penalties.
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- It can help farmers to adapt to changing market conditions and climate scenarios by providing them
with flexible and robust fertilizer plans."

4.3.2 Advances in fertilization recommendations: A three-step approach incorporating new
insights

Arjan Reijneveld, Eurofins

Most current fertilization recommendations are based on soil fertility testing, and have been developed a few
decades ago. Since then, the socio-economic environment and scientific insights have altered. Food quality
and environmental sustainability are high on the political agendas now. This shows up among others in the
approval of 17 sustainable development goals (SDGs), the European Green Deal, the EU Directive on Soil
Monitoring and Resilience, and the insight that both healthy food and healthy food production systems are
needed. Accurate broad-spectrum soil tests and related fertilization recommendations are essential for
achieving these goals.

Commonly, many different tests are needed for a full soil health assessment, which is laborious, expensive,
and many tests have a high environmental footprint. New broad-spectrum soil tests offer the potential to
assess many soil characteristics rapidly, but often face challenges with calibration and validation.

We created a three-step approach for introducing new broad-spectrum soil tests and new scientific insights in
fertilization recommendations, as follows: (1) establishing new broad-spectrum soil tests and new scientific
insights, (2) creating translation models bridging old and new soil tests and insights, and (3) validation and
implementation of new recommendations in practice. We selected and extensively tested two broad-
spectrum techniques, i.e., Near Infrared Spectroscopy (NIRS) and 0.01 M CaCl2 extractions combined with
mass spectrometry and ICP.

Comprehensive assessments indicate the accuracy of NIRS determinations for a wide range of soil physical,
chemical and biological indices (R2 = 0.90). Comparisons of results obtained with conventional methods and
0.01 M CaCl2 extractions for essential and beneficial nutrients and nine (heavy) metals provide new insights
in sorption characteristics. Translational models were subsequently developed to establish correlation
between the results of the broad-spectrum soil tests and conventional methods, enhancing user confidence.
In addition, we developed and tested a range of additional indicators, to meet the demands of society and
policy as related to food quality and environmental sustainability. This approach allowed us to introduce new
fertilization recommendations and concepts, including the soil nutrient intensity-buffering-quantity concept,
an assessment of all essential nutrients, as well as soil biological indices.

Validation and implementation of our three-step approach has been successfully conducted across various
geographical regions, including European countries, China, New Zealand and Vietham. The accompanying
advice reports (including fertilization recommendations; Soil Carbon Check, Soil Life Monitor and Soil Health
Indicator) provide guidance for land users to attain healthier crops and soils, and thereby contributing to the
realization of the SDGs.

4.4 Session 4. Integrating fertilizer recommendations to a
fertilizer plan on field and farm level

4.4.1 The Swiss fertilizer recommendation - historic development, current status and
integration in legislation and ways forward to sustainable nutrient management (on
the example of arable crops)

Frank Liebisch, Agroscope

"The official fertilizer recommendation dates back to 1938 in Switzerland. Since then, methods, resources,
justification and environmental impact of nutrient use in agriculture changed largely. Today we foster two
site and use specific methods: a soil sampling and a model-based estimation of crop fertilizer demand for N
and P. However, those methods are not an integral part of the Swiss legislation (law enforcement) allowing
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for significant losses to the environment causing significant environmental and resource problems such as
surface water eutrophication and nitrate pollution of drinking water reserves.

Consequently, a better integration of good and best fertilizer practices in legislation is one of several
challenges for a sustainable nutrient management in Switzerland. Others are the 1. digital transformation
closing the gab of information use between field and farm, extension, legislation and environmental and
national monitoring, 2. Improvement of fertilizer recommendation, by better calibration to pedo-climatic
conditions, estimation of nutrient release from fertilizers and soils using multi-factorial statistics and models
and 3. a better integration of spatial and temporal variability by means of precision fertilization methods and
technology.

The presentation will be closed by a regional example of an intensive agricultural region having exceeded
nitrate levels in their ground water reserves since decades. The example shows, how a multi-stakeholder
consortium addresses the above-mentioned challenges in a co-creation process. In particular, the
combination of the critical load concept and good fertilization practices, a robust documentation of nutrient
application practices and nutrient balancing of all inputs is seen as the regional solution towards a drinking
water resource fulfilling national quality standards combined with a productive agriculture in a region with
fertile soils."

4.4.2 Integration of fertilizer recommendations to farm level

Janjo de Haan, WUR

Current fertilizer recommendations are mainly on crop and field level and per nutrient. To assess if the
fertilization strategy of a farmer is complying to society goals integration to farm level is needed. Societal
goals are mainly set at national or regional level and are translation to farm level by e.g. legislation &
rewarding. The farm is the main decision unit. In the integrated fertilizer recommendations farmers goals on
continuity of the farm operations have to be combined with societal goals and legislation. They are
dependent on the available knowledge and technology.

Important societal goals are on water quality of groundwater and surface water (Nitrate Directive and Water
Framework Directive), climate mitigation with reduction of greenhouse gas emissions and carbon
sequestration (Climate law), climate adaptation and water regulation and nutrient recycling (reduction use of
ending sources as energy and fertilizers). Indicators with target values have to be defined to assess the
fertilization strategy on these goals. Question is how to translate targets on national or regional level to the
farm level.

The first step in integration of fertilizer recommendations is to make optimized fertilizer recommendations for
farmers goals which complies to legislation at farm level. Societal impact is calculated but no optimization is
done on these goals. Besides reduced fertilization schemes are assessed to give insight in possible effects.
The ultimate ambition is to have an optimized fertilizer recommendation within constraints of farmer,
legislation and societal goals with insight in trade-offs between goals. The process to make this possible is in
development in the PPS BAAT.
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5 Abstracts poster presentations

5.1 Session 1. Setting the Scene: Current state of fertilizer
recommendations in Europe and need for new
recommendations

5.1.1 Nutri-Check Net, current and new fertilizer recommendation systems in Europe

Milan Franssen, Delphy

Nutri-Check Net (NCN) is a Horizon Europe thematic network. In this project we make an inventory of 1)
current recommendation systems in 9 European countries, 2) screening of scientific and grey literature for
new recommendation systems, tools and services for nutrient management, 3) inventory of commercial tools
& services. Existing recommendation systems are compared, new systems, tools and services are assessed
(several aspects, also cos-benefit) and discussed with national experts and farmer groups in the partner
countries. The project specifically aims for identification of knowledge and tools which improve efficiency of
N/P use in target crops potato, wheat and maize across Europe.

The most relevant systems will be tested in practice with the farmers. The inventory so far assessed 12
national recommendation system, 815 research projects of which 225 were deemed relevant to the project,
and 217 commercial tools & services of which 155 relevant.

The preliminary results of the inventory show differences between countries, and between the level of
adoption of different technologies and methodologies throughout Europe.

The most promising/interesting systems, tools and services will be published on the NCN platform, which is
aimed at farmers, researchers, advisors, other supply chain actors, and legal bodies. The NCN platform
targets use as central hub for EU-wide information on advisory tools and systems for N/P fertilization.

5.1.2 Nitrogen fertilizer replacement values of organic amendments: determination and
prediction

Renske Hijbeek, WUR

"The nitrogen fertilizer replacement value (NFRV) quantifies the value of organic amendments as a nitrogen
fertilizer, and is commonly defined as the extent to which organic fertilizer N can replace mineral fertilizer
nitrogen (N). NFRVs can be calculated by comparing the crop N uptake from equal N application rates of
mineral and organic fertilizer, or by comparing the N rates of both fertilizers needed to obtain equal crop N
uptake.

Currently, NFRVs are mainly known for animal manure, whereas other organic waste products may become
available as fertilizer products in the future. In this study, a pot experiment with spring wheat was performed
to (1) assess NFRVs of a range of organic amendments; (2) compare NFRVs based on equal N application
with NFRVs based on equal N uptake; and (3) assess which product characteristics explain observed
variation.

Observed NFRVs varied between 6.2 and 78.8%, with the lowest value for raw food waste and the highest
for fishmeal. NFRVs were overestimated when calculated based on equal N application rate (with on average
6.9% point), and more so at high N application rate (9.0% point). NFRVs should therefore be calculated
based on equal N uptake from organic and mineral fertilizers. Nitrogen concentration of the organic fertilizer
provided the best explanation of variation observed in NFRVs (R2 = 0.86).

These findings give valuable insights into the large variation in value of organic waste streams as organic
fertilizer and can support decisions on sustainable N application rates, to increase crop N uptake and reduce
N losses to the environment.
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Based on: Westerik et al. (2023) Nutrient Cycling in Agroecosystems
(https://link.springer.com/article/10.1007/s10705-023-10316-7)"

5.2 Session 2. Integrating organic matter, nitrogen and
phosphorus recommendations and Guided fertilization
systems

5.2.1 NDICEA - calculating carbon and nitrogen dynamics in agricultural fields

Bart Timmermans en Geert-Jan van der Burgt, Louis Bolk Instituut

In order to become more sustainable, agricultural systems should optimize between multiple aims: carbon
balances should be maintained in order to warrant soil quality, or even increased to help and decrease
atmospheric CO2. Nitrogen efficiency should be high and losses towards the environment minimal. The
NIDCEA model is a field-scale agricultural model, that can provide insights into the management of
agricultural systems for farmers, extension workers and scientists. It is one of the few models that combines
carbon and nitrogen dynamics in its calculations. Containing a large and still increasing number of fertilizers
and manures, tillage effects, and characteristics of many crops, short and long-term dynamics of an actual
field can be analyzed. Inefficiencies can be identified, and alternatives scenarios can be evaluated.

5.2.2 Integrating time related processes in nitrogen fertilization recommendation

Geert-Jan van der Burgt, Louis Bolk Institute
Philipp Schad, Landwirtschaftskammer Nordrhein-Westfalen

Considering nitrogen availability for crop growth, several complex processes play a role such as
mineralization, leaching, denitrification. A society-based nitrogen fertilization recommendation has the

targets
. to supply enough nitrogen in a fitting availability pattern for adequate crop growth
. to prevent nitrogen surpluses during and after crop growth.

This requires further elaboration of the ‘time’ factor in the recommendation strategy in two aspects: time
within the season, and time over the years, since a substantial part of the nitrogen mineralization within the
crop growth season is related to last year’s management practices. This second time aspect implies that a
fertilization recommendation cannot be seen independent from crop sequence. The calculation of nitrogen
use efficiency has to be reconsidered, calculating this at crop sequence level instead of single crop level, and
taking into account changes in soil nitrogen stock.

The required accuracy cannot be covered by using fixed table values for (extra) nitrogen mineralization out
of pre crop, cover crop and applied organic manures in the actual year or the past year(s). A future nitrogen
recommendation system should instead be based on calculated mineralization in a dynamic soil-crop nitrogen
model.

Using the NDICEA model, being such an integrated nitrogen model, examples are given of field experiences
in Germany and the Netherlands, showing the importance of taking into account the nitrogen dynamics. This
will quantitatively be compared with the actual nitrogen recommendation practice on crops in Germany and
the Netherlands. Using the model prediction, nitrogen supply could, under circumstances, be reduced,
resulting in reduced nitrogen losses to air and water. If time is taken into account, crop sequence becomes
an important factor in nitrogen fertilizer recommendations.

5.2.3 N-INDEX expert system: A powerful tool in nitrogen recommendation
Annemie Elsen, Bodemkundige Dienst van Belgié
The expert system N-INDEX calculates field-specific nitrogen fertilization recommendations for arable crops,

vegetables, fruit cultivation and pasture in temperate regions, based on mineral nitrogen analyzes. The N-
INDEX indicates how much nitrogen becomes available for the crop during the growing season. Not only the
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amount of mineral nitrogen in the soil at the time of sampling is taking into account, also the expected
nitrogen mineralization in the coming months.
The N-index system is based on 18 factors that can be divided in three large groups.

1. Factors influencing the amount of available mineral nitrogen in the soil at the time of sampling,
and the amount of nitrogen uptake by the crop at the time of the sampling: available mineral
nitrogen in the soil is measured by the mineral nitrogen analysis. The nitrogen already taken up
by the crop at the time of sampling is determined primarily by the cultivation technique and by
the crop development.

1I. Factors that determine how many mineral nitrogen the soil will deliver during the growing
season: the nitrogen released by mineralization of soil humus, crop residues, cover crops and
already applied organic fertilizers.

III. Factors that result in a reduced availability of mineral nitrogen during the growing season: low
pH, leaching, volatilization, denitrification and leaching.

To calculate all these factors, both the field history and the field characteristics should be well known.
Therefore, at time of sampling, an extensive questionnaire is filled out by the farmer and the sampling staff.
Based on the gathered information and the results of the minerals nitrogen content of the soil (based on
analysis of the soil sample) the N-INDEX is calculated.

The calculation of the nitrogen fertilization advice (Y) based on the N-INDEX is formulated as follows: Y = A-
b*N-INDEX, with A the total nitrogen demand of the crop.

5.2.4 Crops nutrients supply from different sources in soil

Koen Willekens, Flanders Research Institute for Agriculture, Fisheries and Food, Merelbeke, Belgium
Jasper Vanbesien, Inagro research & advice in agriculture and horticulture, Belgium
Peter Vanhoof, Organic Forest Polska, Poland

Crops nutrients supply origins from different sources, (i) nutrients in mineral form present in the soil, (ii)
nutrients released from decomposition of freshly amended organic material and (iii) nutrients that become
available by symbiosis between plants and micro-organisms in the rhizosphere. We used an analytical method
(bio-electronic measurements according to Peter Vanhoof) that distinguishes for these different sources of
nutrients in a farmers fields’ monitoring in organically managed vegetable cropping systems. In parallel, the
amount of plant available N, i.e., the sum of the amount of mineral N in the soil profile plus the N uptake in
aboveground plant biomass, was assessed at different time points during the growing season, (i) before
fertilization and tillage in spring, (ii) under a young crop at an intermediate sampling moment, (iii) at crop
harvest and (iv) at the end of the growing season in autumn.

The partial balance of plant available N in the time span between the first and the second sampling moment
reflects the N-release from soil organic matter and organic amendments. The apparent N mineralization rates
(kg N per ha per day) are highly different between fields and are likely related to soil characteristics, and
partially to the amount and nature of the organic amendments. The field related part can be considered for
advice on fertilization and other soil management aspects in the subsequent growing seasons.

Secondly, soil management history and base fertilization clearly affects the ratio between the amounts of
nutrients from different sources, as assessed with the bio-electronic measurements at the second sampling
moment. Besides stock of mineral nutrients, which includes the mineral N amount at that time point, the
measured potential amount from the two other sources can help growers to decide on top dressing for the
standing crop.

5.2.5 Nitrogen advice in Flanders based on the KNS-System

Goovaerts Ellen, Proefstation voor de Groenteteelt

The quality of surface and groundwater in Flanders must improve. Therefore there is a strict
legislation on nitrogen use. One of these restrictions is the obligated “advisory system” for
vegetables. A method research centres use for these recommendations is the former KNS-advice
system. The main principle of the system is based on target values for nitrogen and the N-content in
the soil, according to rooting depth. The system takes in to account how much a vegetable crop
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needs at a certain moment of growing. For cultivations with a longer growing period the system
advices a fractioned fertilization. A lower dose at planting can be adjust on the moment the N-uptake
of the plant increase. This fractional technique gives opportunities for responding on unpredicted
climate conditions (eg rain), soil mineralisation, nitrogen release from catch crops or harvest
residues. The result is a lower risk of nitrogen leaching for outdoor crops. Good N-advices demands
more than an up to date KNS-system. A maximum of input from the field (crop residues, catch
crops, the use of manure, compost) must reach the adviser. These elements pose in real life
sometimes difficulties to integrate. This can lead to a potential higher nitrate residue in the soil than
predicted.

5.2.6 Comparison of Organic and Conventional Crop Management in Estonia since 2008

Evelin Loit-Harro, Estonian University of Life Sciences

"The aim of this study was to compare and analyse the impact of organic and conventional growing systems
within the same rotation to the yield and quality of barley, clover, winter wheat, field pea and potato, as well
as to assess the soil nutrient content and microbiological diversity in time.

The field experiment was established on 2008 on the experimental fields of the Estonian University of Life
Sciences (580 22" N, 26040 "E) and the data has been collected since (three full rotations to date). Soil type
is Stagnic Luvisol (sandy loam surface texture, C 1,38% and N 0,13%, pHKCL 6,0). The field was divided by
nitrogen treatments: three different treatments in organic plots (Org0, Orgl with winter cover crops, and
OrglII with cover crops and manure) and four different treatments in conventional plots receiving mineral
nitrogen (NO, Nlow, Naverage, and Nhigh). The five-field crop rotation was based on following order: spring
barley with undersown red clover, red clover, winter wheat, field pea, potato.

The average yield in organic system was generally lower compared to conventional system. Protein content
was in positive correlation with mineral nitrogen rate. However, dietary fiber content (beta-glucan and
arabinoxylan) was only impacted by yearly temperature and precipitation and it did not depend on
fertilization. The content of all studied macronutrients in the soil has decreased over the years. The soil
nitrogen content was the least affected by the treatment with cattle manure in organic system. The greatest
nitrogen loss was from the soil of conventional treatment with the highest nitrogen rate. The potassium
content of the soil decreased the most. The most sustainable in terms of soil fertility was the manure
treatment in the organic system, while the conventional system with the highest nitrogen rate was the most
vulnerable.

5.2.7 Update/Validation of Critical Values for plant analysis under present conditions in
Saxony-Anhalt

Susanne Klages, agri.kultur

Plant analysis is one method to adjust fertilization (later) during the plant production period. Introduced in
the 60ies and updated in the 80ies and 90ies of last century, Critical Values are target concentrations in
plant tissue linked to target yields.

There are different methods for the deduction of Critical Values and the evaluation of individual nutrient
concentrations in plant tissue in order to tailor fertilization to expected yields and/or qualities.

Aim of ANAPLANT, an EIP-Agri financed project running for 3 years since spring 2023, is to validate the
Critical Values used at present in one German Federal State. The first project year was determined by
droughts, the second by moderate conditions. We will present first project results and give possible
explanations accordingly. Further, we will explain necessary frame conditions for the application of the
methods cited above to deduce Critical Values and evaluate plant concentrations as means to predict yield
and/or crop qualities.
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5.2.8 TerraZo - free application map creation and deployment based on field trials

Stefan Geyer, Francisco Josephinum Wieselburg

"TerraZo, developed by Josephinum Research, is a web application designed to facilitate site-specific
fertilization for farmers without requiring high acquisition costs for new equipment or expensive software.
Based on Sentinel 2 satellite data and field trials, vegetation indices are calculated, and fertilizer
recommendations for each subarea are generated using models. The application maps that are generated
can be easily exported and imported into compatible tractor terminals, enabling seamless utilization in the
field. Alternatively, smartphones or tablets can be used for site-specific fertilizer application. Result is that
variable and site-specific N-fertilization leads to savings in inputs and tailored plant nutrition. In addition,
site-specific fertilization ensures a balanced N-budget, higher N-efficiency, and lower greenhouse gas
emissions. Nevertheless, the creation of application maps requires not only technical expertise but also the
incorporation of agronomic and location-specific characteristics of the fields. Both aspects are considered to
simplify the technical barriers for the user and support them in site-specific fertilization through proposed
fertilizer quantities. It is important that the user can customize all suggestions to accommodate their
personal preferences and experiences. Another important point is that when we able to established such a
system on a wide scale, new knowledge is transferred directly to the point of application. This can lead to
widespread adoption and implementation of site-specific fertilization practices. By incorporating advanced
technologies and data-driven approaches, practice and science can benefit from each other and more
informed nutrient management decisions can be made. In order to put this into practice, seminars, training
courses and practical events as well as several projects with farmers are carried out as part of the Innovation
Farm."

5.2.9 Controlled Release Fertilizers, a way to improve farmers nutrient use efficiency

Lex Slootweg & Ronald Clemens, ICL

The use of Controlled Release Fertilizers (CRF) is standard practice for decades in the horticultural industry in
Europe. Nursery stock plants grown in pots or containers are grown with CRF because of its high efficiency
and known low losses of nutrients to the environment.

In agricultural field crops this fertilizer technology has been introduced later but in the last 10 years many
developments occurred to fit CRFs for field crops as well. Due to its programmed availability for crops, it can
improve nutrient use efficiency strongly. So far main reason for farmers to use CRF has been yield increase
and labour reduction (reduced applications).

Knowing that within the European Green Deal nutrient losses need to be reduced with 50% and application
rates with 20%, an enormous challenge is ahead of the agricultural sector. Following a F2F strategy without
substantial improvements in nutrient use efficiency can however lead to yield reductions with negative
effects on land use and CO2 Footprints (source: WUR, Jan 2022). Enhanced Efficiency Fertilizers, like CRFs
which can be used at lower rates and maintaining yields could be a way to reach Green Deal objectives.
Recent global meta analyses show that CRFs can reduce all pathways of Nitrogen losses like leaching,
Ammonia volatilization and N20 emissions substantially while the nitrogen use efficiency can be increased.
Other Enhanced Efficiency Fertilizers like Nitrogen stabilizers (urease- and nitrification inhibitors) only effect
one of the pathways.

Due to its higher efficiency, higher yields or reduction of nitrogen inputs at similar yields can be achieved.
This has a positive effect on carbon footprint reductions of a produced crop.

Also, long term studies show that CRFs can have a positive effect on soil microbial community composition
and function.

ICL recently developed a new coating technology eqo.x for coating of Nitrogen and use in agricultural crops.
This coating is fully biodegradable and therefor will meet new standards in the FPR from 2026 onwards.

References:

1. Measuring N losses of different fertilizers (NMI Wageningen 2021)

2. The effect of long-term controlled-release urea application on the relative abundances of plant growth-
promoting microorganisms (Shangdong Agricultural University China 2023)

3. Next-generation enhanced-efficiency fertilizers for sustained food security (Shu Kee Lam et al 2022)
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4. Innovative Controlled-Release Polyurethane-Coated Urea Could Reduce N Leaching in Tomato Crop in
Comparison to Conventional and Stabilized Fertilizers (Pisa University 2020)

5.3 Session 3. Fertilizer recommendations for Ca, S, Mg and
micronutrients and Fertilizer choice recommendations

5.3.1 Measurements of plant-available P, K and Mg contents and pH of soils with the soil
sensor system Stenon “FarmLab” as a basis for fertilizer recommendations for arable
crops

Hans-Werner Olfs, Osnabriick University of Applied Sciences

In recent years, sensor devices for so-called ""in-situ"" soil analysis have been increasingly used by farmers

as a substitute for classical soil tests (with soil samples and subsequent laboratory analysis) as a basis for

deriving suitable fertilizer application rates for arable crops. For this purpose, the German startup Stenon has
developed the ""FarmLab"" soil sensor, which is equipped with sensors for measuring the impedance as well
as the absorption spectra (NIR to UV spectral range) of soils, GPS position, some weather data, and soil
temperature and moisture. Such real-time, laboratory-independent soil analysis would provide rapid and
cost-effective access to soil data. However, before these soil sensors can be recommended for use on farm,
an independent scientific evaluation is needed to ensure that farmers receive reliable soil data.

To evaluate the performance of the ""FarmLab"" soil sensor, 2 studies were conducted. In spring 2021, a

""FarmLab"" soil sensor was used in a survey study in western Lower Saxony on 64 farmers' fields. In a

second study measurements were carried out on P and K long-term field experiments (2 sandy and 1 loamy

site for each nutrient; 4 treatments: control without P/K, 0.5, 1, and 1.5 (or 2) times the P/K plant uptake)
in eastern Lower Saxony.

In the farm survey, the laboratory data for each of the 4 tested parameters (pH, available soil P, K and Mg)

did not agree well with the measured values obtained with the ""FarmLab"". No correlations were found

between the laboratory data and the corresponding ""FarmLab"" data for P or K in the 3 long-term P/K

fertilization trials. Further evaluations are necessary before reliable statements on the practical suitability for

farmers as well as the comparability of the Stenon ""FarmLab"" results to lab data can be made."

5.3.2 Do composts meet organic fertilizers quality requirements: Lithuanian case study?

Karolina Barcauskaite, Lithuanian Research Centre for Agriculture and Forestry

It was investigated the quality of composts produced in Lithuania. Physical characteristics, nutrients, heavy
metals and organic pollutants contents were determined in various kinds of composts including green waste,
sewage sludge, food waste, cattle manure etc. Moreover, potential risks of the environment have been
simulated. Performed Monte Carlo simulations showed that the shortest period in which zinc background
concentration in soil could increase twice in 2 years, Cu background level in some cases increase double in 3
years. All the investigations performed in Lithuania and future perspectives will be presented in the
workshop. The newest results of Lithuanian farmers and other stakeholders' interests in using processed and
unprocessed organic materials in agriculture survey results will be demonstrated as a part of the internal EJP
SOIL program BioCASH project activity.

5.3.3 Long-term effects of phosphate fertilisation

Vervuurt, W., van Geel, W.C.A. en Regelink, I.

Excessive supply of phosphate is undesirable due to the negative impact on the water quality, and its
efficient use should be pursued since phosphate is a finite resource. Legislation in the Netherlands restricted
the maximum supply of phosphate on agricultural soils to minimise losses to the environment. Concerns
about soil fertility and yield losses arose. A long-term phosphate trial was initiated and preserved to quantify
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the effects of P-fertilisation levels on crop growth as well as on soil phosphate levels and phosphate losses.
The experiment on a marine light clay soil started in 1990 with four levels of phosphate fertilisation: 0, 70,
140 and 280 kg P205 ha-1 yr-1. In 2005, each treatment was split, and fertilisation was continued in one
part and discontinued in the other. The O-treatment was split in a part that remained unfertilised and a part
that received 70 kg P205 ha-1 yr-1 since then. Crop yields were monitored, and phosphate fractions (P-
CaCl2, Pw, P-Al and total P) were determined in the soil and groundwater. Different levels of fertilisation led
to divergent soil phosphate levels. An optimum yield was obtained by 70 kg P205 ha-1 yr-1 at a soil
phosphate level that is considered as optimal (25-45 mg P205/litre water soluble-P). Yield losses occurred at
fertilised and unfertilised plots with lower soil phosphate levels. Higher soil phosphate levels in combination
with and without fertilisation did not affect yields. The crop P-uptake was larger with a higher soil phosphate
level and fertilisation, indicating overconsumption of P. Still, high surpluses were found for the treatments
with 140 and 280 kg P205 ha-1 yr-1. Surpluses became only for a small part visible in plant available
phosphate. The other part turned into more stable phosphate fractions in the upper soil, moved to deeper
soil layers and to the groundwater.

5.3.4 Evaluation framework to predict the fate of organic materials

Veenemans, L.?, Vervuurt, WP*, Middelkoop, J.C.¢, Verhoeven, J.T.W.?, Schoumans, O.F.?
Wageningen Environmental Research, the Netherlands?; Wageningen Plant Research, the Netherlands®;
Wageningen Livestock Research, the Netherlands; *Presenter

Introduction

With the transition towards a circular economy, new organic fertilisation products will be introduced to the
market. The nitrogen and carbon dynamics of these products is not yet evaluated and suitable tools are not
available. To fill this gap, Wageningen Research developed a toolbox that can be used by various
stakeholders to easily assess the carbon decomposition and nitrogen mineralisation of these products. The
framework is currently being validated and tested.

Methodology

The model RothC has been used to assess C mineralisation and sequestration from farm management. The
C/N ratio of the individual organic pools of RothC was used to assess the N-mineralisation and
immobilisation. The model was calibrated based on incubation studies in which C and N mineralisation of 16
different organic materials was measured, both in a sandy soil and a clay soil. The measured C-
mineralisation was used to determine in each fertilising product the fraction of easily decomposable plant
material (form) and the complementary fraction of recalcitrant plant material (frem = 1 - fopm). Furthermore,
the influence of soil type on mineralisation/immobilisation was quantified. With regression analysis, a
connection was made between the fraction of easily decomposable plant material and a large palette of
laboratory analyses performed on the organic materials in order to derive a simplified method the estimate
C- en N mineralisation of organic products in soils. Five additional organic materials were used to validate the
model.

Results and discussion

A new simplified innovative methodology has been developed to predict the fate of an organic product in
terms of C- and N-mineralisation and immobilisation. Simple laboratory analyses (total nitrogen content, a
pyrolysis parameter and a MicroResp. parameter) could predict the size of the RothC parameter for the easily
decomposable fraction of carbon (foev) of an organic fertilising product, enabling the prediction of carbon
dynamics. The model results were quite similar to what was measured with incubation experiments.
However, the MicroResp. parameter is not considered reliable during the validation phase. The use of other
parameters, such as COD, BOD or HWC, will now be explored. For N mineralisation, an overestimation was
found, meaning that just using a fixed C/N-ratio of each of organic pools in RothC is a too simple approach.
However, this approach is a first step from the conventional long-term and costly incubation experiments or
field studies that are typically required to assess the impact of organic materials, at least for carbon
turnover. The model assessment of N mineralisation will be further investigated.

Conclusion
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The tool is a simplified method, and can help to predict the effects of an organic material on carbon storage
in soils and in the future possibly nitrogen mineralisation as well.

Acknowledgements
This project was funded by the Dutch KB programme Circular & Climate Neutral Society of Wageningen
University and Research.

References
Coleman, K., & Jenkinson, D. S. 1996. RothC-26.3 - A Model for the turnover of carbon in soil. In: Evaluation
of soil organic matter models: using existing long-term datasets. Springer Berlin Heidelberg, pp. 237-246.

Schoumans, O.F., et al. in prep. Conceptual framework to evaluate organic fertilisers on C and N mineralisation
and economic aspects. Wageningen Research, Wageningen.

Schoumans, O.F., et al. in prep. Description of the Evaluation Framework Tool for Organic Fertilisers (EFTOF).
Wageningen Research, Wageningen.

5.3.5 Potential for reducing P fertilization without affecting crop yield

Hendrik Holwerda?®*, Regelink, 1.C.2, Koopmans G.F.?
Wageningen Environmental Research?, Wageningen University®, presenter”

"Two long-term phosphate fertilization trials initiated in 1972 on a calcareous loam soil near Marknesse and a
cover sand soil near Wijster were studied. The loamy soil is a reclaimed clay soil which is rich in phosphate
minerals by nature; this soil can sustain crop growth for decades without P fertilization despite the low
typical low SPT values. In contrast, the sandy soil is poorly fertile by nature and its P content is the result of
human activities.

After 50 years, cumulative P surpluses range between -2500 kg P205/ha and +9000 kg P205/ha. A
comparison between total P and the oxalate-extractable P revealed that more than 70% of the cumulative P
surplus accumulated in the oxalate extractable pool linked to Fe/Al oxides. We found that the P-loading of
the Fe/Al oxides controls concentrations of PO4 in CaCl2 (P-CaCl2) and water (Pw) and that these relations
were similar for both soils despite the large difference in pH and soil texture. The oxide content of the soil is
thus a valuable indicator serving as a guidance to determine how much P should be supplied or withdrawn to
change P-CaCl2 or Pw to the optimal range.

Critical SPT values for optimal crop yield varied strongly between the loamy and sandy location. Optimal crop
yield was defined as >90% of the max attainable yield. For potatoes, the loamy soil requires a critical Pw-
value of 14 while the sandy location requires a critical Pw-value of 34. We hypothesized that the lower critical
STP in the loamy soil is due to the difference in soil physical properties resulting in higher P diffusion to plant
roots. This implies that the widely used SPTs poorly predicts differences in P availability between different
soil types.

The far higher critical SPT value on the sandy soil also implies a greater challenge in managing trade-offs
between high crop yields versus risk for P losses to ground- or surface water. However, at both locations the
high P-surplus application only marginally enhanced P concentrations in soil moisture at 35 and 75 cm
compared to the unfertilized fields. For these soils, surface runoff losses are expected to form a larger
environmental risk than P leaching losses due the high P sorption capacity of both the topsoil and subsoil.

In conclusion, soil type greatly influences critical SPT values and a soil-specific approach is needed to balance
environmental losses versus crop yields.
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Name Organisation Country |

Arjan Reijneveld Eurofins Netherlands
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Eline Klompe CropSolutions Netherlands
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Hans-Werner Olfs Osnabriick University of Applied Sciences Germany
Romke Postma Nutriénten Management Instituut NMI bv Netherlands
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Renkse Hijbeek WUR Netherlands
Janus den Toonder Louis Bolk Instituut Netherlands
Andre Hoogendijk BO Akkerbouw Netherlands
Gert-Jan van Dongen Farmer Netherlands
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Objective and expected results of the workshop
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Sugar beet
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Silage maize

Total area arable crops: 660 000 ha
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The nitrogen crises
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PPS BAAT

BemestingsAdviezen Akkerbouw Toekomstgericht

Nitrate concentrations groundwater in the Netherlands

All agricultural farms

mg nitraat per liter
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150 7 - Clay
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Challenges around fertilization

' 3. Increase
‘ % recycling of
\ nutrients @ ‘

2. Reduce use of

finite resources

1. Reduce nutrient
emissions to water
and air

4. Increase/stablllze 5. Increase carbon BemestingsAdviezen Akkerbouw Toekomstgericht
soil fertility sequestration in soils

17

Fertilization recommendations in the Netherlands

Two (active) standing committees -« Independent

« Arable farming & vegetables  Scientific based
www.handboekbodemenbemesting.nl - Researchers, advisors and

» Grassland and fodder crops farmers
www.bemestingsadvies.nl « Privately financed by branch

organizations
» Regular adaptations of current

advices
BemestingsAdviezen Akkerbouw Toekomstgericht
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http://www.handboekbodemenbemesting.nl/
http://www.bemestingsadvies.nl/
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Current fertilization advice in the Netherlands is outdated

tuber yield, b
t ha-!
50, . 50~
. .—-""-.\\‘ -
e S 1
v ~
45h o . BN
. 30k
col- 20+
10+ = 7 Z
f »..-ﬂ
35k : A ﬁ ";
—.' {g Fr] ﬁ
"’b 0 300 700 Q .50 51.100 101150 151. 200 201. 250 251 300 301,350 351- 400

200 i
fertilizer-N application rate, _
ertilizer t rana! Hﬂplkg hq 1

Current fertilization advice: agronomic advice per nutrient and crop

BemestingsAdviezen Akkerbouw Toekomstgericht
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Fertilization advice based on outdated methods
PPS BANT
BemestingsAdviezen Akkerbouw Toekomstgericht
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PPS BAAT New Dutch public-private cooperation project

* 4-year project

+ Consortium of 3 research organizations &
13 private parties

« Branche organizations arable farming, (ﬂ C Agrid
- - Food %9 Ministerie van Landbouw,
CompOSt & fert|||zers ’ "E:ES;‘.”: o A 1 Natuur en Voedselkwaliteit
» Fertilizer producers and retail <)
. . WAGEN‘NGEN t Louis Bolk nml.
« Laboratories, arable industry ersiry e L e o
Soil for life
» Focus on arable crops @ Pagrifim euofivs. AjeL NS 33 wersomere GG
(
+ Budget 1.5 Meuro VIRS WD vavpEREN g  Wm—— <
« 50-50 financed by government and private
parties

BemestingsAdviezen Akkerbouw Toekomstgericht
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Fertilization advice
Needs of crop and soil - Site specific
1/= crop yield - Dynamic
1/= Soil Fertility - Capacity &
T carbon sequestration intensity
T Climate adaptation

Emissions
J Emissions to
water & air

NOj, NH3, N,0, P,05

Supply of nutrients
{ Ending resources
T Circular resources

Characteristics

Crop
- Nutrient Uptake

Tests in practice farm

field &

4 Yoo

a

Soil

\ 4

ﬁﬁ/ /Illl\\\-

- Organic matter quality

- Nutrients
- Stock

a

Costs & benefits

€ [l

22

v

4 R’s fertilization:
* Right product

* Right amount

* Right moment
* Right place

11



What we are developing

Several objectives

@ Set targets —_—]

i

Evaluatlon

Part of methodology \

Use of precision
Ele} technology

Practical applicable

23
Expected Results
—_— ]
1. Tested
methodology for
site specific 2. Tested
integrated methodology for
fertilization dynamic (nitrogen)
recommendations fertilization
for N, P and application within
organic matter the growing season

New measurement
methods & models

Measure &
observe

3. New fertilization
recommendations
based on intensity
& capacity (P, K,
etc.)

Execution al

24

4, Tested
methodology for
fertilizer choice
based on objectives
and field conditions

15-5-2024

Integral
recommendations

at farm level

1\
Advice é

Dynamic, flexible,

time & site specific

5. Integration of
advices on field and
farm level and
publication of
advices in the
Dutch fertilization
manual

BemestingsAdviezen Akkerbouw Toekomstgericht
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To conclude
[ —— |

Big need for adapted fertilization advice with societal issues

Fertilization advices methods differ a lot over Europe
New knowledge and technology available but not used

Developing new fertilization advice is needed, we started this in PPS BAAT

BemestingsAdviezen Akkerbouw Toekomstgericht
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PPS BAAT
BemestingsAdviezen Akkerbouw Toekomstgericht
Lt

voor de
/ akkerbouw
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o
WAGENINGEN LD Louis Bolk nmnl ..

UNIVERSITY & RESEARCH .
+/ Instituut . .
Soil for life

o e .2, .
(0 agrifirm <& eurofins

&
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Topsegtor
Agri&
Food

#9 Ministerie van Landbouw,
Natuur en Voedselkwaliteit

wo AICL NS 3 weomsasesten CZAY
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International Workshop

15-5-2024

From yield-based to society-based
fertilizer recommendations

16-18 April 2024 Lelystad

27
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(& EJP SOIL

AGRI-FOOD
& BIOSCIENCES
INSTITUTE

EJP SOIL

European Joint Programme

(-

EJP Soil Stocktake on
harmonising
methodologies for
fertilisation guidelines

across regions

Dr Suzanne Higgins

16 April 2024

inisterie van Landbouv,
jatuur en Voedscliowaliceit

@ PPS BAAT |
BemestingsAdviezen Akkerbouw Toekomstgericht

Leading | Protecting | Enhancing

14
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EJP Soil Stocktake Studies

@ EJP SOIL

Lurcpecn Joint Programme

AGRI-FOOD

afbi

INSTITUTE

EJP Soil Project

& BIOSCIENCES

W v oo

N e

R WiLEY

SURVEY ARTICLE

Stocktake study of current fertilisation recommendations
across Europe and discussion towards a more
harmonised approach

Suzanne Higgins' © | Saskia D. Keesstra® © | Zydre Kadziuliene® |
Lionel Jordan-Meille*© | David Wall® | Alessandra Trinchera® |
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Abstract
lonses by
o leust 505 nd st in ferlnes use by o least 20% by 2030 while

il eritty.

—
Joint Progssmeme. F3 Sl “Terwanis clmate-semrt stajmable marapement of
pricltural ', the objectrve of this study was to ssscss current fetiisation

tiom methodologies as & strwiegy to reduce nutrient koss and overall fertlser
use. A stocktake stidy of curment metbods of deliveing ferilisation advice
took place across 23 Buropesn coustrles. The stockiake was In the form of &
uesnnsite, enpiing 4 questimn. Inlormation wes gatheral on 4 luge

ing i Skang wlth g, cocs s €8
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PR WiLEY

RESEARCH ARTICLE

Comparison of nitrogen fertilisation recommendations
of West European Countries

Lionel Jordan-Meille' © | Pascal Denoroy' | Klaus Dittert? |
Thibaut Cugnon® | Miguel Quemada‘ | David Wall® | Luca Bechini®s |
Simone Marx” | Oene Oenema® | Arjan Reijneveld” | Frank Liebisch™® |
Khady Diedhiou' | Francesca Degan' | Suzanne Higgins" o

v -
Abstract

datives. In thes stidy. we revicwed and analysad the underiying principles and
methods of X 10 West

idenfy smiarites and diferences. and develop suggestions for recomdera

An aralysis of natoest N fetil
oo Fevesled that there were three main categories of
calculation wethonds: () N s balunces’ (France, Tualy, Spuin), (i) “Cor-
recied standards’ (Germmazy, Nethectands, Switcerkind. Laxembourg), and
i) “Pre-parameterised calculations', which refy on a soil N supply typology
(United Kingdom, treland, Belgiums). In total 16 varlables wese identifid
the calculation methads. The more complex methads use 10 (Haly, France).
whie the simplest aaly rely o 3 (Laembosrg). The mast common varlables
include the avadlbility of N in manure, the N uptake by a crop, and the N

other countries, 3 legal cae (caps ca maimum allowable N rases). We com.

livessack. a0d fos 2 farm with & dverse asable crop focathun withees bvesiock.

Acrass the 10 countries, large difrences in the N fertilistion calculation

methads 4nd rewliing N revommendations existed foc the fwo ansgement

scenarios, ranging fom almast 0o fertisation o 138 kg N ha~!, and from

11110 200 kg N b, respectively. The differences were ot accousied for by
s

erence values for N avaslability in ranure, N uptake by crop and N ieaching
Hawever,
N ferifisation recommendations i lkely t0 be counterpeoductive 2 there are

irmprovements in N e efliciency are necewary. Farm wale s babarce,

ey PP —r— T

24 countries, 26 partners

2020 - 2025

e To foster climate-smart sustainable
agricultural soil management
e Creation to a roadmap to meet key

SDGs

e Wide range of sub-projects and tasks

AGRI-FOOD

afbi

INSTITUTE

& BIOSCIENCES

EJP SOIL

European Joint Programme

I Participating countries

15



15-5-2024

EJP Soil overview and impact

IWHAT:

WHAT:

IIVIPACI;S | of EJPISOIL

EJP'SOIL DELIVERABLES]

Novel soil  Roadmap for soil research 1. Understand soil management impacts on:
management Scientific papers/ « climate adaption and mitigation (soil
pmc:"fglss/ e HOW: i"te""fe‘:)%':?s' carbon sequestration)

Nutrient EJP ST ACTIVITIE ) + Sustainable agricultural production
StOthakeS Of key management LT = Policy analyse * Land and soil degradation

guidelines Stock takes and advice

Internal

soil management A
i el Access to WHY: (=115
practices Y (et AUEJP'SOILTARGETS

CUCEIEY  field sites

2. Understand how carbon sequestration
contributes to regional CC mitigation

3. Establish soil networks and build capacity

4. Harmonize soil information and support
international reporting

Policy briefs

N I raining schools

ks Stakeholder

Good agricultural soil e e

;‘ﬁ:;ggﬁ Science. management for: o Foster adoption of sustainable soil
measures for SRYSTFN 1. Climate change mitigation ;::;::I'frl'g Outreach, management
sz’:ﬁ’@:g: networks 2. Climate change adaptation [PORTIY narratives Develop region and context-specific

3. Sustainable agricultural

) fertilization practices
production Established

retention

Harmonised soil

Science- 4. Eco-system services SCiey'cte' ‘
databases NI, e, %3-Soilldegradation C°';:B‘:Ed R
. . to LUCAS HELPS TO IMPLEMENT & REALIZE
Standardised soil database » onferences . AP
H o clence- Support soil fi i -
monitoring tools BB soclety databases RN * CLIMATE TARGETS

+ SDGs (2, 13, 15)

interaction
Tran.:ne schools apacity

. building fora
Harmonized for stakeholders
soil databases Shred (e-) and young .
Standardized jnfragructures  scientists Support farmers in
monitoring soil role as stewards of

tools ipformation

land and soil resources

L
AGRI-FOOD
& BIOSCIENC
INSTITUTE

Fertiliser Recommendations L" EJP SOIL

Eurcpean loint Programme

e Based on agronomic requirements, specific to soil
and crop type, generated individually within each
country.

o To reach or maintain target ranges of plant-
available nutrients in soil, to achieve target yields

e The basis of good practice should be to make the
best economic use of nutrients while at the same
time meeting environmental legislation

L
& BIOSCIENCES
INSTITUTE

16
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Do we need to harmonise fertilisation guidelines?

» Harmonisation and standardisation of soil monitoring allows comparative
baseline data to be collected and allows monitoring of change over time.

Is this the same for fertilisation practices?

» Need to increase nutrient use efficiency on farms

» Need to be accountable for the management of land
» Apply only the nutrients we need and where needed

» Requires data collection
» Can't manage what we don't know

> [ 4
afbi sz Q/ EJP SOIL

Differences in Fertiliser Recommendations

SoilUse
and Management %

St Lre s Management, Dicember 2012, 2, 419-415 dok: 10,1111 1475-224 301200483 5

e Recognised for many years that differences in s
fertiliser recommendations exist between countries An overview of fertilizer-P recommendations in Europe:
. . . . soil testing, calibration and fertilizer recommendations
e Also differences in methods for tackling nutrient
loss Lo

e Improving fertilisation techniques to better match
nutrient supply with crop demand would improve
overall nutrient use efficiency

e Differencesin soil tests and fertilisation guidelines
can operate within close proximity e.g.

Thresholds of target phosphorus fertility classes in European fertilizer

neighbou ring countries or regiOnS Separ’ated by a ;_vmm:wndarlim_as ir{| :;lx;inn to critical soil test phosphorus values derived
o o the analysis of 55 Europ
land border. Issues for farmers living in border P T —
areas B vater fbey
e Management of nutrients where there are shared
. . . Nitrogen Surplus—A Unified Indicator for Water
water bodies or trans-boundary air pollution Pollution in Europe?

Susanne Klages '+, Claudia Heldecke **, Bernhard Osterburg ", John Hailey %, Irina Calclu,

® Clare € Tommy Dalgaard %, Hanna Frick *, Matja2 Glavan *, Karoline DY Hacne %,
AGRI-FOOD EJ P S O | L GeorgsHtman™, ks AmorienLeia ™, Niols Sy Ko Vesloop  and
a l & BIOSCIENCES i i vom Théee e, Germany
INSTITUTE Eurcpecn leint Programme % ), Detfast BT9 SIX. Northern e
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Objectives of Study

e To gather information on how fertilisation guidelines are currently formulated and
managed and assess potential for harmonising methods between neighbouring
countries and across regions.

o Objective 1: To complete a stocktake of current fertiliser guidelines across European
countries

o Objective 2: To identify the key variables influencing fertiliser guidelines e.g. climate,
soil, cropping systems, nutrient loss

o Objective 3: To identify synergies, similarities and differences in fertilisation
guidelines between neighbouring countries

afbi s / EJP SOIL

INSTITUTE opecn Joint Progr

Objectives of Study

o Objective 4: To assess the potential for harmonisation of methodologies and
barriers to harmonisation

o Objective 5: To identify the stakeholders involved in formulating fertilisation
guidelines within individual countries

o Objective 6: To evaluate the importance of knowledge transfer and community
engagement.

i EJP SOIL

cpean Jeint Progra

\\

L
AGRI-FOOD
& BIOSCIENCES
INSTITUTE
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” s < v e -
1 |Sub-Objective 2: Identify key variables in directing these gui e.g. climatic, soil, cropping system, nutrient loss
' Q1. What environmental zone is your | Q3.
E J P S O | I_ 2 e parnes courtryJoouny n 2. it e e inyour comnryz o
‘ 3 de 1a recherch ) -
Eurcpean Joint Frogramme p search (WR) "
H 3|BIOS science Austria AT
6 4|Flanders R h Institute for Agriculture, Fish d Food (EV-IL VO) BE
7 5|Centre Wallen de Recherch: (CRAW) BE
A B c D E [4]
1 |Sub-Obj; 4: Assess the p ial for h. ization of hadols and barriers to h
QDo you feel that fon gut
between neighbouring countries? This implies discussions between  |Q2. Should there be a central
2 icif EJP Partner | Country | countries on common i knowledge |fertilization
3 de I recherch & L
4 i Research (WR) L
5 5105 science ustria a7
6 4|Flanders R h Institute for Agriculture, Fish d Food (EV-IL VO) BE
7 5|Centre Wallen de Recherch: (CRAW) BE
8 6|Czech University of Life Sciences (CULS] cz
9 7|Aarhus University, Danish Centre for Foed and (AV) DK
10 8|Estonian University of Life Scit (EMU] EE
1 9|National Resources Institute of Finland (LUKE) Fl
12 10|Johann Heinrich von Thunen-| (Thuenen) DE
13 1 Julich (Julich) 3 |
14 12|Centre for Agricultural Research of the Hungarian Academy of MTA ATK) HU
15 13|Teagasc (Teagasc) IE
16 14)Council for Agricultural Research and Economics (CREA) T
17 15|University of Lawia (ULy ol
] B -———
18 16|Lithuanian re for Agriculture and Forestry (LAMMC) LT
13 17|Norwegian Institute of Bioeconomy Research (NIBIO) INO
20 18]Institute of Soil Science and Plant Cultivation - State Research Institute (IUNG) PL
21 19|National Institute for Agrarian and Veterinarian Research |P. (INIAV) [ad
22 20|National Agricultural and Food Centre (NPPC) ES
23 1|university of Liubljana, Biotechnical Faculty, Centre for Soil and ence (ULBF) 51
24 22|National Institute for Agriculture and Food Research and Technology (INIA) SP
. itucal i £ -]
« .| sub-Objective 1 | Sub-Objective2 | Sub-Objective3 | Sub-Objectived | Sub-Objectives .. (&) |1 I— bl
Ready T Accessibilty: Good fo go i o
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Participating Countries

Lithuania
Netherlands
Norway
Poland
Portugal

Austria

Belgium (Flanders)
Belgium (Wallonia)
Denmark

Estonia

Finland
France
Germany
Hungary
Ireland
Italy
Latvia

afbi

AGRI-FOOD
INSTITUTE

38

Slovakia
Slovenia

Spain

Sweden

Switzerland
Turkey

United Kingdom

& BIOSCIENCES

Environmental zones*

I ~iine Nortn

B coreal

I Nemoral

B Atantic Noh

I Alpine South

B continental

I Atiantic Central

B Pannonian
Lusitanian

B Meciterranean Mountains.
Meditarranean North

Mediterranean South

Environmental zones according to Metzger et al. 2005
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Results

o Results presented reflect the questionnaire responses, and as such are dependent,
in part, on the knowledge and experience of the individual who completed the
guestionnaire.

o Description of main organisations involved in formulating fertilisation guidelines per
participating country

e 83% of countries have a designated committee responsible for fertilisation
guidelines e.g. government, research organisations, public authorities, universities,
farmer organisations. Small number of countries - government advisory services,
universities or research organisations

f ~ ’ P

AGRI-FOOD EJ SO I L
a bl & BIOSCIENCES Q .

INSTITUTE Eurcpean loint Programmae

Frequency of updates to fertilisation guidelines

e 1/3 of countries had over 10
years between updates

e Small, regular updates to some
nutrients, in response to new
scientific data or agronomic trials
(France, Netherlands, UK,
Austria, Italy, Poland, Sweden)

e > 10 years Estonia, Hungary,
Latvia, Lithuania

B Small changes annually in response to
scientific data; not for every nutrient

03-5 years, especially N and P. Other
nutrients less frequently (10 yrs or
more)

o8 years

310 years

B>10 years

L
AGRI-FOOD
& BIOSCIENCES
INSTITUTE
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Soil P Tests

16 soil P tests identified

In some countries, more
than one test for P is used
within the same country

Most frequently used is
Olsen P (sodium
bicarbonate) and Egner-
Riehm method (ammonium
lactate).

AGH
&B
INS

afbi

K, Mg, Ca

Ammonium acetate
&
Ammonium lactate

Variations in
methodology &
method
descriptions

AGRI-FO
& BIOSC
INSTITUTE

afbi

Table 3: List of plant available soil phosphorus chemical extractant methods recorded by participating countries.
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)
= °
g 2 2
€ = S 8|5, FAERE] &
gl2(g|g|B(e|E|B|E]. [=|E|E|E(R(2|2|8|<(8|2]2
gwgﬁi‘% 3532‘505§553§§§
< | S|E(E|B|2|2|BE(5(5|12(2|8 3|5 |66 |6 |~ |5
0.5 M sodium bicarbonate pH 8.5
(Olsen etal, 1954) 48 25| 2 A % s
0.1 Mammonium tactate 0.4 N acefic acid, pH
3.75 (Egneret al,, 1960) X X XX x| X XX X X
Remoisture of soil 1-2 mL sodl + 2 mL water X
(Sissingh, 1971)
0.05 M calcium acetate + calcium lactate +0.05 X X X
M +0.3 M acetic acid pH 4.1 (Schiller, 1969)
0.015 M ammonium fivoride + 0.2 M acetic acid
+0.025 M ammonium nitrate + 0.013 M ninc X X X
acid. pH 2.5 (Mehlich, 1984)
Sodium acetate acetic acid, pH 4.8 (Morgan's X
1941)*
0.03 M ammonium fiuoride + 0.025 M X X
hydrochioric acid (Bray and Kuriz, 1945
1:5 citric acid 2% (Dyer, 1894) X 4
0.2 M ammonium oxalate (Joret and Hebert,
X
1955
1:2.5, water saturated in CO; X X
(Dirks and Scheffer, 1930)
0.5 M ammonium acetate + EDTA 0.02 M pH x
4.65 (Van den Hende and Cottenie, 1960)
* Modified Morgan's method used in parts of (05M acid to pH 4.5) (MISR/SAC. 1985).
12
Table 5: Methods of measuring plant available K, Mg, Ca in soil across participating countries.

7 .

§ * z > s g 5 = |® |® c ;?‘

o o - E
HaHHHE SR IR
?uSm,gssszgﬁgmga‘éggx : |5 |«
< | |0 |w |k |uw O |T |=|= |3 |3 |2 (2 || |0 |0 |60 @ |0 |F |D

Ammonium acetate X X X | X X[ X X X | X X|X|X
Ammonium lactate

(Egner-Riehm) X X X | X X X X| X | X
Sodium acetate X
Hydrochloric acid and X

oxalic acid)
0.01M CaCl, X X X
Cobalt-hexamine X

combined with NIRS
Mehlich-3 X X X
Morgan's X
Calcium acetate lactate X

(Schiiller)

* K: CO:-saturated water; 1:10 water, Ammonium acetate — EDTA.
Mg: CaClz; 1:10 water; Ammonium acetate — EDTA.

Ca: Ammonium acetate — EDTA.
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Nitrogen

Table 6: Methods of measuring soil nitrogen in participating countries.

15-5-2024

€ z |2 2|8 3 (8|2 3
Not usually measured slC|g|E|Ble|E|BlR| |=|a|E(E|R|2|5|5lc|E|E|®
AN ERERERE cﬂzZ:«gwgsg 3 |E
. . . . Slwis |w[E|8|8|5|p || [&|3 3 518 |8 |2 (% |5 |x
|nr0ut|neso||ana|ys|s LjlajojwfC|c 0|z |EB|2 (3|03 |z|z|ad|d|v|n|o|o|a |~ |5
. . Total N by D busti
in many countries but R e oo X X x[x|x| [x X X
often classified via soil Total N by Kjeldahl
. (NF ISO 112261) X ol | e | w ol
type' previous crop, Potentially mineralisable N by X
management & rainfall, DNORMEAZ
B Mi I N (No, 1M or 2M KCI
target yields & source e by Ao x| x x[x[x| |[x X X x | x
of N (mineral or Mineral N (Nmin) by CaCl; - 2 2
. extraction
organic) (UK)
Not measured in routine analysis X X X | X X X
No information provided X
Sweden: Plant available N frequently estimated via
- J—— handheld optical sensors. Yara N sensor is widely used to
a l i quantify real-time crop N availability
43
| bt § November 33 | At 10 Novesbes 3128
N it rogen RESEARCH ARTICLE [ Soii scionce MAATNSY
Comparison of nitrogen fertilisation recommendations
of West European Countries
. . . . i Lionel Jordan-Meille* | Pascal Denoroy' | Klaus Dittert® |
e Underlying principles and methods of N fertilisation Thibaut Cugnon’0 | Miguel Quemada® | David Wall' | LucaBechini®o |
. . Simone Marx” | Oene Oenema® | Arjan Reijneveld® | Frank Liebisch™® |
recommendations across 10 West European countries Khady Diedhiou’ | Francesca Degan®’ | Suzanne Higgins"
e Three main categories of calculation methods: i e e B 1 74
> ‘N mass balance’ (France, Italy, Spain) e
» 'Corrected standards’' (Germany, Netherlands, T e e
Switzerland, Luxembourg) sl b e e e i
> 'Pre-parameterised calculations’, which rely on a soil N s G Wi i
. i) * calculations’, ich rely on a soil N suj
supply typology (UK, Ireland, Belgium) T e T
iyt syrads it
. . . include the availability of N in manure, the N uptake by a crop, and the N
* The most complex calculations included 10 variables reenssd by crop residoe.Few et xplicity coraider N ko 0 ground
and surface waters or 1o the atmosphere in the cakulation methods. In some
(taly, France) i i it o e
* The simplestrelies on 3 variables (Luxembourg). i [ e
* Most common variables - N in manure, N uptake by a e | | e e e S
crop, N released by crop residues. e e
the complexity of the equations used, but rather resulted from contrasting ref-
erence values for N availability in manure. N uptake by crop and N leaching.
. However, the study concluded that standardisation of the method to calculate
AGRI-FOOD N fertlimtion is likely o be s there are
& B!OSCIENCES no objective reasons to favour vne method more than the others. Nonetheless,
l INSTITUTE improvements in N use efficiency are necessary. Farm scale mass balance,
[ T——— © 01 Bk Scctety of Sl Soesce. | 1of 19
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Nitrogen

e Few countries consider N loss to water and atmosphere in

calculations

e Some countries but not all, are bound by legal status i.e.
NVZs
e Comparison of N recommendations for:
» Wheat crop on a farm with livestock
0to 135 kg N ha-1

Arable rotation without livestock

111 to 210 kg N ha-1
Differences not accounted for by complexity of calculation
but by contrasting reference values for N availability in
manure, N uptake by crop, and N leaching.

No objective reason to prefer one method over another.
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Synergies, Similarities & Differences

e Common across all countries:

> Soil analysis

> ldentification of nutritional needs of crops
> Interpretation of soil test results

» Formation of fertilisation plan

L
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T WILEY

RESEARCH ARTICLE

Comparison of nitrogen fertilisation recommendations
of West European Countries

Lionel Jordan-Meille' © | Pascal Denoroy' | Klaus Dittert® |
Thibaut Cugnon’© | Miguel Quemada® | David Wall* | Luca Bechini® |
Simone Marx’ | Oene Oenema® | Arjan Reijneveld” | Frank Liebisch™®® |
Khady Diedhiou' | Francesca Degan' | Suzanne Higgins''

Abstract

Nitrogen (N) budgets at farm level are influenced by N fertilisation recommen.
dations. In this study, we reviewed and analysed the underlying principles and
methods of N fertilisation recommendations in 10 West European countries, 10
identify similarities and differences, and develop suggestions for reconsiders-
tion and improvement. An analyss of national official documents on N fertili-
sation recommendations revealed that there were three main categories of
calculation methods: (i) ‘N mass balances’ (France, Mtaly, Spain), (i) “Cor
rected standards’ (Germany, Netherlands, Switzerland, Luxcmbourg), and
(i) ‘Pre parameterised calculations’, which rely on & soil N supply typology
(United Kingdom, Ireland, Belgium). In total 16 variables were identificd in
the caleulation methods. The more complex methods use 10 (Italy, France),
while the simplest only rely on 3 (Luxembourg). The most common variables
include the availability of N in manure, the N uptake by a crop, and the N
released by crop residues. Few countries explicitly consider N losses to ground
and surface waters or 1o the atmosphere in the cakculation methods. In some
countries, the N fertilisation recommendation has & voluntary status, and in
other countries, & legal one (caps on maximom aliowable N rates). We com-
pared the N fertiliser recommendations for a wheat crop grown on & farm with
livestock, and for a farm with a diverse arable crop rotation without livestock.
Across the 10 countrices, large differences in the N fertilisation calculation
methods and resulting N recommendations existed for the two management
scenarios, ranging from almost 0o fertilisstion to 135 kg N ha~', and from
111 10 210 kg N ha ", respectively. The differences were not sccounted for by
the complexity of the equations used, but rather resulted from contrasting ref-
erence values for N availability in manure, N uptake by crop and N leaching.
However, the study concluded that standardisation of the method to calculate
N fenilisation is likely to be as there are
80 objective reasons to favour one method more than the others. Noactheless,
improvements in N use efficiency are necessary. Farm scale mass balance,
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Synergies, Similarities & Differences

Differences between countries:

YV V V e

(low to high)
Presentation to farmers (booklet, manual, app, calculator)

A\

L
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Synergies, Similarities & Differences

o Awareness of Differences:
» Some countries are familiar with how

neighbouring countries formulate their fertiliser "

guidelines
Many are unaware

No common European approach
Or unknown to the person completing the
questionnaire?

YV V VYV V

L
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Methods of communication with stakeholders (farm advisors)
Detail included in fertilisation guidelines (complex to simplified)
Most European countries allocate soil analyses to 4 - 6 classes

15-5-2024
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Lack of shared information available? -

Environmental zones*
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Differences across land borders

« Examples:

¢ Ireland: Olsen P test used in Northern Ireland & Morgan's P
in Republic of Ireland

o Implications for farmers in cross border regions and
implications for shared water bodies in border areas

Received 21

IRELAND &
N

n
=

s st

021 | Arcestat 2 Mserber 2121

s n g
RESEARCH ARTICLE n

Comparison of soil phosphorus index systems for grassland in
the cross-border region of Ireland”

SaraE. Vero! | DonnachaDoedy? | RachelCassidy? | SuzanneHiggins®® |
Gillian Michall® | Julie Camphbell® Per-Erik Mellander® Noeleen McDonald®

Kilometers ,\

100 150 200 N
Edward Burgess® | KarenDaly® | ErinSherry?
Legend
Vero et al. 2021 Abstract B 5aciovater Catchment Extent
Background: The (P} Lests and index syst de guide for S
agronoemic nutrkent requirements and is frequ used to-estimate risk of P losses.
. to watercourses. Use of soil testing and manag
f AGRI-FOOD s H
a . 2022
l & BIOSCIENCE e yes et al. 20
INSTITUTE tests and index systems s not straightforward Incrass border regions, where hydrologic
i i e impie-
mented in adj; fs. Thi: i: ties in canfusion as to

Harmonisation

e Overall support for some kind of harmonisation or standardisation of fertilisation guidelines
between neighbouring countries

e Should only be where soil type, growing conditions, crop rotations and yields are comparable

e Climate has huge influence on nutrient cycling and nutrient availability ....... Influence on fertilisation
requirements

L
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Harmonisation and Standardisation

Standardisation: Describing data in the same way - agreed definitions, structure
and format. Should there be a standardised approach across Europe?

Harmonisation: Translating data to the same units, lab methods, definitions etc.
Example of carbon

Shared indicators of N & P surplus and legacy fertilisation
Shared indicators of impact of fertilisation
Harmonisation and alignment of fertilisation guidelines between neighbouring
countries and regions will be difficult, if not impossible. Evaluation on case-by-
case basis

ring of knowledge may be more important

[ ]
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Precision Fertilisation

According to the questionnaire responses, the % of farmers implementing precision
technology is quite low, and varies between technologies.

However, uptake of variable rate fertilisation is increasing, and more decision
support tools are now available.

France & Germany report some of the highest uptake rates

In the Netherlands approx. 15% of farmers now use satellite imagery, soil scans and
variable rate fertiliser applications, and 17% in Switzerland

In Sweden and Denmark a free of charge platform ‘CropSAT is being widely used.

L
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Precision Fertilisation

o All of the countries surveyed considered
that precision fertilisation using soil and
crop sensors is important in future
farming

L
AGRI-FOOD
& BIOSCIENCES
INSTITUTE

Precision Fertilisation

e Hotspots of nutrients within fields can resultin
increased GHG emissions or P loss to
waterways

e Only apply the nutrients required, and in the
correct amounts

e Cowan etal (2021) Up to 20% savings can be
made by not applying N where unnecessary to
do so

5 . — — K
el 11800 0010935 007 0105 0.14 5

Legend
Soil P Index [T ncex 2

Index 0 - Index 3
Index 1 - Index 4

Hayes et al. 2021
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Considerations for harmonisation

Methods used to formulate fertilisation recommendations

The way we sample soils

Laboratory extraction methods

Factors accounted for e.g. previous crop, management history, manure inputs
Carbon - set method to measure

L
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Stocktake of current fertilisation methodologies across Europe

CONTEXT
The European Commission has OBJECTIVE RESELE
set targets to: *» To assess fertilisation * There are differences in fertilisation guidelines
. g practices across Europe ) . ) . o
:Zgg?gg%ugrlﬁm losses by at and discuss harmonisation operating between neighbouring countries, even within
o Lt (T ay e oy e of methodologies the same environmental zone
least 20% by 2030 METHOKDSK o BARRIERS TO HARMONISATION
. ; : * A stocktake study of current
While ensuring no fertilisation guidelines » Guidelines need to be specific to soil and climatic

deterioration in soil fertility BEES 25 ST

countries took place

variables and there are significant agro-ecosystem
differences across Europe
POTENTIAL BENEFITS OF HARMONISATION

* Shared learning in best practice

» Collective approach to tackling environmental
concerns

P e ~¥ i St e v u».ﬁ ot T4y~
SIGNIFICANCE: This data analysis across 23 European countries provides a baseline from

which scientific solutions can be developed to deliver EU policy targets for fertiliser use,
nutrient loss and soil fertility

N oY
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Conclusions

e Careful consideration is required in terms of what can be harmonised / standardised and the limits
of this
Will take time
A centralised European approach will have advantages and disadvantages and may be impossible
Discussions in how we measure, map and monitor soil nutrients and crop growth is advancing all the
time. Precision farming, Al, high powered computing will all facilitate improved monitoring of soil
and crop in future

L
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Thank you
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International Workshop

From yield-based to society-based
fertilizer recommendations

16-18 April 2024 Lelystad
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International Workshop: From yield-based to society-based fertilizer recommendations
16-18 April Lelystad the Netherlands

Evaluating the performance of current N
and P fertilizer advice systems in Belgium

Stefaan De Neve, Steven Sleutel, Nick Krekelbergh, Orly Mendoza

Department Environment, Ghent University, Belgium
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1. Nutrients and water quality in the North of Belgium
2. Results of in-depth analysis of N and P fertilizer recommendations

3. Lessons learned and next steps
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1. Nutrients and water quality in the North of Belgium (Flanders)
Nitrate in surface water in agricultural areas, Flanders, 2002-2020
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1. Nutrients and water quality in the North of Belgium (Flanders)
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1. Nutrients and water quality in the North of Belgium (Flanders)
Conclusions:
* Water quality with respect to nutrients not improving (enough), despite decades of action plans

* Role/potential of existing N and P fertilizer advice systems?

—_
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2. Results of in-depth analysis of N and P fertilizer recommendations

Project commissioned by VLM to benchmark existing advice systems:

» In-depth analysis of advice systems
» Comparison of advices for range of real field situations
» Identification of bottlenecks and suggestions for improvements

—_—
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2. Results of in-depth analysis of N and P fertilizer recommendations
2.1. Inventory of existing systems in Belgium

Following (Belgian) fertilizer advice services were addressed:

* Proefcentrum voor de Groenteteelt vzw (PCG);

* Proefstation voor de Groenteteelt vzw (PSKW);

* Bodemkundige Dienst van Belgié (BDB);

* Inagro;

* Agrolab;

* Landbouwcentrum Granen Vlaanderen vzw (LCG);

* Koninklijk Belgisch Instituut tot Verbetering van de Biet vzw (KBIVB);
* UGent campus Bottelare

Response = 0

From previous knowledge: most use a type of N balance approach

—_
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2. Results of in-depth analysis of N and P fertilizer recommendations
Rationale: Comparison of N and P fertilizer reccommendations on a variety of fields and crops

» Ask for N and P fertilizer advice for a specific crop on each field
» Based on soil analysis by the individual labs
» Analysis and comparison:

* response or not?

* additional data requested from farmer?

* magnitude of N and P fertilizer advice

* time between request for N and P fertilizer advice, and reception of the actual advice?

* Comparison to detailed N balance by consortium
* Comparison to Demeter tool

—_—
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2. Results of in-depth analysis of N and P fertilizer recommendations
2.2. How do soil analyses of the same field compare between labs?
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* SOC: mean CV: 8%, in agreement with expected variation, with outliers
* P-AL: mean CV: 13%, in agreement with expected variation, with outliers
* Interpretation P-AL (classes): suprisingly large differences
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2. Results of in-depth analysis of N and P fertilizer recommendations
2.3. How do N fertilizer advices of the same field-crop combination compare?
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2. Results of in-depth analysis of N and P fertilizer recommendations
compare?

2.3. How do"N fertilizer adwces of the same field-crop comblnatl
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2. Results of in-depth analysis of N and P fertilizer recommendations
2.3. How do N fertilizer advices of the same field-crop combination compare?
Comparison to calculations based on Demeter tool (De)
Field ‘ EGT P1 ‘ 1H_P1 15 P1 LH_P1 | MH_P1 NDB_P1 Mean
Labo Lab De A Lab De A Lab De A Lab De i Lab De A Lab De A
A 118 -28 146 30 -40 70 71 129 -58 30 -24 54 43
B 142 -60 202 100 59 41 114 -24 138 220 156 64 156 B9 87 100
C 130 -45 175 58 44 14 185 185 o 56
D 170 171 -1
E a -20 20 82
G 46
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https://eloket.vlm.be/Demeter/Account/LogOn
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2. Results of in-depth analysis of N and P fertilizer recommendations
2.4. How do P fertilizer advices of the same field-crop combination compare?
General principle:

at optimum soil P status (assessed with P-AL): P fertilizer = P removal by harvested crop parts
What is optimum P status?

Table 5 Detailed description of calibration methods for soil-P tests (used in Step 2 of soil-P recommendations). Crop and soil factors used in
calibrations are given. The values presented refer to wheat cultivated on a loamy soil, pH 6.5

Jordan-Meille et al. 2013 P fertility categories, as a function of
’ Other parameters taken into account soil-P Test values (mg/kg)
Country Soil P Test Soil Crop ‘sensitivity’ Very low Medium Excessive
|Belgium (Flanders) 2 classes < 50 120-180 =500 |
Hungary Texture, pH, carbonates 2 classes <30 61-100 =161
Lithuania AL Texture and pH <21 45-66 =88
Norway Is Belgium from a different planet? <50 30-70 >140
Slovenia <26 53-109 =175
Sweden 3 classes <20 40-80 =160
Denmark 3 classes <20 20-40 =60
73

2. Results of in-depth analysis of N and P fertilizer recommendations
2.4. How do P fertilizer advices of the same field-crop combination compare?

Reported P-AL contents, P class, P fertilizer advice for the subsequent crop, and expected P fertilizer advice (kg P,Os ha?)

ILab A 8 s
Field p-AL  Class P-advice expected P-advice) Class P-advice expected P-advice] Class P-advice expected P-advice
EGT_P1 19 High 30 0 28 rather high 50 0 32 7 60 0
JH_P1 45 rather high 30 0
s P1 16 optimum 96 20 19 4 100 0
KB_P1 24 high 30 0 25 rather high *60 0
LH_P1 28 high 40 0 34 rather high 40 0
MH_P1 32 rather high 60 0 28 6 70 0
NDB_P1 44 high 48 0 55 very high 0 0
PV _P1 25 high 30 0 27 rather high 50 0 23 5 70 0
PVDM_P1 14 optimum 100 45 15 normal 110 30
PVDS_P1 her high 0
nosr2 . These P advices will inevitablylead to further P.accumulation 0
in the soil with undesirable environmental effects.
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3. Lessons learned and next steps
3.1. Agronomic and environmental implications

Agronomic

P fertilization:

* urgent need for updating (reducing!!) target values, and its implementation (e.g. no effect of 0 P
fertilization during 7 years, De Neve et al. 2022)

N fertilization:
* mean deviation per field ‘advisors - Demeter’: -15 to +130 kg N ha!

* mean over all fields: +57 kg N hal: ample space for agronomically meaningful reductions

—_—
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3. Lessons learned and next steps
3.1. Agronomic and environmental implications

Environmental
P fertilization: much delayed mining of P saturated soils

Table: Differences in mean P advices between advisory bodies and advice that would be expected based on
newly agreed P classes proposed by VLM

Lab A B C D E F
Advice (kg P,0s ha't) 53 50 70 40 0 37
Expected advice (kg P05 ha'l) 9 3 0 0 0 0
Advice - Expected (kg P,Os ha?) 44 47 70 40 0 37
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3. Lessons learned and next steps
3.1. Agronomic and environmental implications

Environmental
N fertilization:
Average higher N fertilization of 57 kg N ha™ : increased losses by N leaching, e.g.
i) assume 60% is leached below rooting zone, 250 mm drainage yearly:
— increase of NO;-N -concentration of 13.6 mg NO;™-N L in leachate
ii) assume median “attenuation factor” in Flanders of 5.3 (D’Haene et al. 2022):

— NO;-N concentration in surface water increases by 2.6 mg NO,-N L%, or 11.4 mg NO; L

—_—
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3. Lessons learned and next steps
3.2. Policy advice

* All N fertilizer advice systems should use a detailed N balance approach

* Central commission for agreed and updated parameter values

* More support for farmers to interpret, implement and monitor fertilizer advices

* Impact of climate change on water quality (less effective nutrient uptake, changing
mineralization patterns, more/less dilution/leaching)

* Supplement NO5™-N residue analyses with reference fields and field N balance
calculations
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3. Lessons learned and next steps
3.3. Next steps

* VLM has picked this up and is working on it

* All advisory services are working on a proposal for harmonization, under
supervision of VLM, with our scientific involvement
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Nitrogen Fertilizer Replacement Values of organic
amendments: Determination and prediction

Renske Hijbeek, Ellis Hoffland & Dorien Westerik

83

Nitrogen Fertilizer Replacement Value (NFRV)

"The extent to which organic fertilizer N
can replace mineral fertilizer N”

100%

100t = N uptake at the lsval of 100 kg N ha-i minaral fertilizer
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Prediction

R?=0.77
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85
Determination
® At equal N application: NFRVs differ, depending on N rate (100 or
200 kg N/ha) (p =0.0001).
® At equal yield or N uptake: NFRVs are the same at either 100 or 200
kg N/ha
86
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Introduction of the case study
Flevoland

David de Wit
WUR Open Teelten
Lelystad, 16 April 24

PPS BAAT
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Content

[—— |

1. Why case study

2.Flevoland

3.Casus farm Gert-Jan van Dongen (clay soil, Flevoland)

PPS BAAT
BemestingsAdviezen Akkerbouw Toekomstgericht
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Why case study

« New advice based on literature

+ Testing new advice in practice In
» Understanding the change from the old there is no
advice difference between

« Immediate feedback

» This autumn also on sandy soil and

But in

ammn'r |
E Ad 1 Akkerbouw jericht

Flevoland

Origin

» Polder reclaimed by sea (3m
below sea level)

« Very fertile soil

» Reclaimed for agriculture

» Sea (salt water) transformed
into lake (fresh water)

{ g
© / FRIESLAND

-" stingsAdviezen Akkerbouw Toek icht
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15-5-2024

Flevoland

Soil type

« Sandy soil on the edges of the Northeast P
+ Light clay soil in the Northeast Polder

* Heavy clay soil in eastern and southern Fle

BemestingsAdviezen Akkerbouw Toekomstgericht

Flevoland

Land use

[ oumberotfams | Aeatha) |

Arable farms 1300 61,600 £e. 14

Dairy farms 400 19,900 VD ensre
Characteristics B

« North-East polder: Intensive arable crop rc .
« Flevopolder: Less intensive arable crop rof
« Intensive collaboration arable and dairy farr.s

PPS BANT
BemestingsAdviezen Akkerbouw T icht

47



95

96

Flevoland

Crops and yield

15-5-2024

i Crop Acreage (%)

» Mostly arable crops for high-  Fotato 1%
value food production or Cereals 19%
starting material Grasses L
Onions 12%

+ Yields well above average in Beets 1%
the Netherlands Bulbs 6%
Vegetables 5%

Corn 4%

Carrot and chicory
Leguminous plants

Casus clay soils v. Dongen

+ Heavy clay soil

« Crops: winter wheat, sugar beets, green beans
and flax

+ Land leased for: ware potatoes, onions and
tulip bulbs

» Used artificial fertilizers: NTS 27%, KAS27,
NK16-30, foliar fertilizers

» Used organic fertilizers: solid goat manure,
liquid fraction of digestate (after liquid-solid
separation)

* Located in nutrient-polluted area (-20% on
nitrogen use standard)

4%
2%

Crop Mean yield (t/ha)
winter wheat 9,8 (+ 5%)
seed potato 38,5 (+ 8%)
sugar beet 96,5 (+15%)
seed onions 50,9 (+ 6%)
ware potatoes 49,6 (+ 4%)
silage maize 48,1 (+ 8%)
spring wheat 7,3 (+ 5%)
spring barley 7,9 (+19%)
onion sets 41,3 (- 13%)
winter barley 9,5 (+13%)

PPS BAAT

BemestingsAdviezen Akkerbouw Toekomstgericht

PPS BAAT

BemestingsAdviezen Akkerbouw Toekomstgericht
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Casus clay soils v. Dongen

Balance total N
10000

+ Small nitrogen and potassium surplus o I , I .
o |
+ Considerable deficit on the phosphate D e '
balance totaiNnput | hanestoutput | balance otal N

w Organic fertilizer W Artificial fertilizer m Compost ® Output ® Balance

Balance active N
8000

6000
4000
2000
. | | - n

|
-2000

N P205 K20 N P205 K20 N P205 K20

stikstof {kg/ha)

usable N input harvest output balance usable N

m Organic fertilizer w Artificial fertilizer ® Compost m Output mBalance

BemestingsAdviezen Akkerbouw Toekomstgericht

97

Casus clay soils v. Dongen

Choice of fertilizers based on:

» Legal use of nutrients

* Long-term agreements (digestat)
Availability and price

Needed for healthy soil and crop

BemestingsAd 1 Akkerbouw T¢ icht
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Discussion session 1 Questions

1. How do you rate the fertilizer recommendations in your country/region in terms
of:
* Up to date to actual knowledge and technology
» Taking in to account societal requirements
 Practical applicability by farmers

. What are the most urgently needed improvements in fertilizer
recommendations?

. Is harmonization of fertilizer recommendations within Europe necessary? Why?

,, [ PPS BAAT |
g8l Natvur o Vosdscliovaliscle BemestingsAdviezen Akkerbouw Toekomstgericht
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Session 2. Integrating organic
matter, nitrogen and phosphorus
recommendations and
Guided fertilization systems

International Workshop
From yield-based to society-based fertilizer
recommendations

16-18 April 2024 Lelystad

(& EJP SOIL

Agri&
Food Ministerie van Landbouw,
Natuur en Voedselkwalitlt

BemestingsAdviezen Akkerbouw Toekomstgericht

Program session 2

o ——
Keynotes and presentations
Christine Watson, SRUC

Growing our future: routes to sustainable soil and
nutrient management

Bart Timmermans, LBI

Integrated carbon, nitrogen and phosphorus
management: lessons learned from Dutch long-
term experiments

Karoline D'Haene, ILVO

The calculation of the nitrogen mineralisation
amount in fertilisation advices

Cathy Thomas, Rothamsted

Nitrogen recovery and losses with different types
and rates of organic fertiliser in a long-term wheat
rotation field trial

Discussion

Plenary recap

Poster pitches

Bart Timmermans, Louis Bolk Institute

NDICEA - calculating carbon and nitrogen dynamics in
agricultural fields

Geert-Jan van der Burgt, Louis Bolk Institute

Integrating time related processes in nitrogen fertilization
recommendation

Annemie Elsen, Bodemkundige Dienst Belgie N-INDEX
expert system: A powerful tool in nitrogen recommendation
Koen Willekens, ILVO

Crops nutrient supply from different sources in soil
Goovaerts Ellen, Proefstation voor de Groenteteelt

Nitrogen advice in Flanders

Evelin Loit-Harro, Estonian University of Life Sciences
Comparison of Organic and Conventional Crop Management
in Estonia since 2008

Dr. Susanne Klages ,agri.kultur

Update of Critical Values for plant analysis under present
conditions in Saxony-Anhalt

Stefan Geyer, Francisco Josephinum Wieselburg: TerraZo -
free application map creation and deployment based on field
trials

Lex Slootweg, ICL: Controlled Release Fertilizers, a way to
improve farmers nutrient use efficiency
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Keynote Christine Watson

BemestingsAdviezen Akkerbouw Toekomstgericht
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Integrating carbon, nitrogen and phosphorus: lessons learned
from Dutch long-term experiments

PPS BBB: WP 2B Organic Matter and Fertilization

Bart Timmermans, Marjoleine Hanegraaf, Geert-Jan van der Burgt

WAGENINGEN | .
....... BiTY & PESEARCH () Louis Bolk

Instituut

Quantifying performance of management
practices in long-term experiments

——
(( >40 crop rotation systems

Northern sea-clay
PO+Kollumerwaard, tillage and cut and carry fertilizers

Reclaimed peat
BKV: tillage, compost, amendments, Tachetes

Central sea-clay
BASIS: tillage, composts, organic system

Southern sand
BKZ: tillage, composts, fertilization, organic system

WAGENINGEN .
....... BiTY & PESEARCH Louis Bolk 6

Instituut
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Organic matter Balance

7000
6000

g

OM input and degradation: far larger than balance

ke OM/ha/year

Annual SOM degradation: variable 0.5 % — 2.4 %

Northern sea-clay Central sea-clay Reclaimed peat  Southern sand

OM balance in many cropping systems <0
also in “standard “ systems

Organic matter Balance

1200.00

Compost: factor that makes balance positive

800.00

Input organic matter

catch crops and green manure  crop residue and roots M organic fertilization

Explanations =
* Intensive rotations (many cash + root crops) %‘ “o000
* Mostly slurry and artificial fertilizers 2 o0
Compost N st
-400.00
WAGENINGEN .
UNIVERSITY & RESEARCH L[ Lou!s Bolk 00.00 N=16 N2
Instituut
NUE and N-balance: taking the soil into account
Average NUE on sand: 53% (SE 2%)
Average NUE on clay/loam: 62% (SE 7%)
BKz BKz BKV BKV
standard compost standard compost
Input Nitrogen (kg N/ha/jaar) 252 298 194 307
Crop uptake (kg N/ha/jaar) 199 200 164 181
Output nitrogen (kg N/ha/jaar) 129 129 118 128
Balance (kg N/ha/jaar) 124 169 76 180
NUE (classic) (%) 51 Y- S - R B
Leaching (kg N/ha) 115 112 80 95
Soil mutation (kg N/ha/jaar) [ o 6 e
NUE with soil as source/sink (%) 50 50 56 52
wagEnINEN u Louis Bolk :
Instituut
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NUE includingsoil (%)

NUE including the soil: correlations

100 100
90 ° . 90
80 .5? 80
70 = 70
® ° 3
60 (] s e o % 60
a e g o £
50 . . e S . g %0
40 ° S 40 °
30 s 30
20 Z 20
10 10
0 0
0 50 100 150 200 250 300 350 0 2000 4000 6000 8000 10000 12000
Fertilizer N (kg N/ha/y) OM input: manure, crop residue, catch crops, roots (kg OM/ha/y)

Higher NUE does not always mean lower input
Systems should be / can be adapted to increase NUE

WAGENINGEN .
naVEREITY & RESEAREH h Louis Bolk °
[nstituut

P-balance
Historically very high P-balances ]
Akkerbouw, verschil in fosfaatruimte .
Current P-balances almost zero Van 2020 naar 2021 )
In our systems: average 5.5 kg P205/ha/y A s
P-balances Verschil (kg P205)
40.00 ‘";05
5-0
30.00 ’-:0~5
ls- 10 Y. y -
% 20.00 - s AN e s
g 10.00 i o :
Eﬂ 0.00 T r r afs =
. Il Compost No| st ‘ w % : ’
-20.00 _/‘/ \ - )
-30.00 ,‘ e
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Step towards integration: internal and external OM input

Internal OM: example PO with cut and carry fertilizers

Negatives
Closing systems Long term: decrease in other mineral nutrient levels
Decreasing losses Timing of nitrogen challenge
Much OM and N irt P Not easy to fit in system

External OM: example BKV combi, compost but few catch-crops

Negatives
Direct, high increase OM Risk of unequallity in levels of nutrients on long term
Easy to fit in system Risk of losses to environment
Many possible organic fertilizers Risk pollutions

Extremes undesirable: we need a bit of both = balance

WAGENINGEN .
UNIVERSITY & RESEARCH L Louis Bolk
Instituut

11

11

Summary

Carbon — OM balance

*  Most systems slightly negative

* Concerns: soil fertility and carbon credits? OM input (e.g. Compost) strong effect
Nitrogen — NUE

e Relevant to take soil as source/sink into account

*  More input of OM does not always mean lower NUE
* Systems can be adapted to prevent losses
Phosphorus — P balance

* P-balance almost zero: negative and positive systems
* Balance linked to organic fertilizer input

* Policy change to less input in high productive area
Integration

e Optimizing / combining both internal and external OM

WAGENINGEN .
UNIVERSITY & RESEARCH L Louis Bolk
Instituut

12
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THE CALCULATION OF THE
NITROGEN MINERALISATION
AMOUNT IN FERTILISATION ADVICES

KAROLINE D’HAENE &
GEORGES HOFMAN

17 april 2024

13

Introduction
1|

Literature study on nitrogen mineralisation rate (Dutch report)

Goal:
01 Collect the research results
0 Indicate the importance of different parameters

1 Recommendations

Source: D’Haene & Hofman

14
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Intfroduction

Incorrect estimation of mineralisation rate:
1 Too high: risk of yield reduction

1 Too low: risk of high nitrate nitrogen residue in the soil in
the autumn

15

Introduction

Cut grassland

100

Dry matter yield (*100 kg ha) / N residue 0-60 cm (kg N ha?)

Effective N fertilisation rate (kg N ha!)
4 Dry matter yield < Nitrate N residue

Source: D'Haene et al. (2014)

16
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Inroduction

Incorrect estimation of mineralisation rate:

Sources: VLM - VMM

01 Too low: risk of high nitrate nitrogen residue in soil in autumn
= risk of high nitrate concentration in surface water

[
]
(=]

0

Average residue (kg NO; -N ha?)
(] Y (=) =] S
o o o o (=]
5
2,
%7,
"o
2,
"o
ey |
—

e,%q
K
A
.
r’%&
e%s
2,
2,
e%‘)
v:‘0
< ‘}7
0
0
%
0
0
0 O
o,
r’oee
90‘{,‘

I Average residue —Average conc. surface water

30

v

0

Flanders

Average conc. surface water
(mg NO; per litre)

17

Introduction

0 Lack of synchronisation of nitrogen mineralisation rate and

nitrogen uptake

A

. . _-=—" Excessive
Cumulative nitrogen - ) R
- mineralisation in
demand by crop
autumn
’
/ Cumulative nitrogen ™
,' mineralisation .
. Soil 4 e,
______ temperature
I "
Jan Apr Jul Oct §
Time

Source: De Neve (2017)

18
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Measuring methods and models

Different methods: lab and field methods of
mineralisation rate, measurements of soil parameters,
calculation methods and models

different (dis)advantages

difficult to predict mineralisation under field conditions

19

Soil parameters

Soil organic carbon (SOC) / nitrogen

y=0.31 x+ 0.059

r 0.0(32;

OF tw
-
. .-

o
T

g
[39]

(mg N kg™ day?)

Il 1 1

2 <4 0 I
Log SOC (%)

Log nitrogen mineralisation

Source: Liv ef al. (2017)

20
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Soil parameters
[
1 Soil organic carbon (SOC) / nitrogen
S X y =0.31 x+ 0.059 y=0.31x+0.34
= zr 2 r . 280
2 — r 0.0(3.2; o 2T %)61‘
By | ; . ol
©
ET o 0 3
E =4 ) A R ®
[T T
&y -2 - *e
-E ‘E’ A A X. A
=
0 -2 -1 0 1 2 -l 0 1
S Log SOC (%) log TN (%)
Source: Liv et al. (2017)
21
Soil parameters
[
o Soil organic carbon — nitrate nitrogen residue
100
90 +
80
70 +
» 60 7
I 50
(]
"T—J a0 1
& 30 +
20 +
10 +
0 T v
Very low low rather low normal rather high high
= >90 kgN/ha
®<=90 kgN/ha soil carbon concentration (SOC) (classes)
Samples: 2014 Source: Nawara et al.
(2021)
22

11
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Soil parameters
|

o1 Effect soil moisture content

Source: De Neve & Hofman (2002)

=
o
o
-
Z e e e |-
(=]
£
z
s
[
£ Y ——m———— g — g —|————"
s
— - 15%
_ ——T%
——o-- 20%
0 1 | —
0 4 8 12 16

Time (weeks)

23

Weather conditions
|

The
Netherlands

Grassland 1993-2005 'De Marke'
20%

15%

10%

Montly mineralisation (% year)
w1
®

RN R R ]
TR,
SRS

P4
w B BN

Jan. Feb. Ma. Apr. May June July Aug. Sep. Oct. Nov. Dec.
Month

Source: Verloop et al. (2017)

24
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Management

Grassland - arable land The

Netherlands

o Grassland 1993-2005 'De Marke Maize 1993-2005 'De Marke'

w N v
S o =}

Mineralisation (kg N ha'* month?)
o
o

Mineralisation (kg N ha* month-?)

SSRASSRAN
SRR

Jan. Feb. Ma. Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Ma. Apr. May June July Aug. Sep. Oct. Nov. Dec.
Month Month

Source: Verloop et al. (2017)

25

Management

Frequent application of manure = higher N-
mineralisation rate than expected based on
SOC- or N concentration:
2 options
Correction factor of mineralisation rate
e.g. Wallonia x 0.9 - 1.2

Long term nitrogen efficiency of manure

26

13
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Management

Soil disturbance
Crop residue management

Irrigation

27

Recommendations / conclusions

Interaction between soil properties, field history (crop
rotation and management) and weather conditions
under field conditions

Need to have a more uniform method to calculate the
nitrogen mineralisation rate + transparency of the method

Need to facilitate the data collection of fields

i.e. history of crop rotation and applied organic manure and
general soil data

Introduction of digital soil passport

User-friendly tool with field data to estimate nitrogen
mineralisation potential

28

14
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Recommendations / Conclusions

Increase awareness of farmers on:

Impact of different factors on mineralisation rate:
Soil parameters

Field history of applied organic manure & management
Importance of good soil quality

Link between soil organic carbon content and nitrate
nitrogen residue

29

Recommendations / Conclusions

Increase awareness of farmers on:

Importance of split fertilisation:
Takes into account previous weather conditions
Second application rate based on soil sampling

Reduction of start rate is needed

Need of research on effect of:

Soil disturbance
Soil life

30
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ROTHAMSTED
RESEARCH

Nitrogen recovery with different types and rates of organic
fertiliser over 8 seasons in a wheat rotation field trial

Cathy Thomas, Xavier Albano, Stephan Haefele

Sustainable Soils and Crops Department, Rothamsted Research, Harpenden, Hertfordshire, UK, AL5 2JQ
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\D ROTHAMSTED Why use organic fertiliser

» Mineral N fertiliser is susceptible to losses of ~40% SOC in the Cotswolds farm cluster - arable vs
(Withers et al., 2014). grassland fields on the same farm
» Deficient organic matter in soil leads to degraded soil o Very good
structure. There can also be yield and nutrition benefits | o2s
from adding organic fertiliser (Thomas et al., 2019). :
0.20
» Carbon sequestration in soil as SOC becomes & | hLl || || i \l : I I Caiuse
recalcitrant. L Y Iy ! - | : B e
' 3 E‘o?.,:ig \ﬁj;:', J'HI I I J‘ II III -
» GHG emissions from organic materials when left. “otomogepe T 8GRV P dit kg slatanail
Degraded., : L] F | L R | ]
» Solid manures have up to 30% and slurries up to 50% 0.0 : o
NH,, which can be volatilised or leached. o
» Soil N immobilisation occurs with organic amendments “"C‘”‘”:_“JZZO&C“F:;”?”NE?&E:&%E?zéz

with C:N ratio > 30 e.g. straw, which reduces the N

. Storkey et al., 2024, submitted
available to the crop. Gimiey )

35

ROTHAMSTED
RESEARCH

Field trial materials and methods

36
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Fosters field trial 2013-2020

> Fosters winter wheat rotation field trial (2 plots per treatment) over 8 seasons 2013-2020.
» 4 types of organic fertiliser applied before drilling in early October:
1. FYM (from composted cow dung)
2. Anaerobic digestate (AD, fibre fraction from maize and vegetable waste)
3. Compost (household food and garden waste)
4. Straw (from previous season crop)
» 4 rates of amendment balanced for organic carbon: 1000 > 1750 > 2500 > 3500 kg C/ha™.
» Control with no organic amendment.
» All plots received inorganic N at 190 kg/ha™ (AHDB recommend 220 kg/ha* for wheat).
» Dumas total C and N and moisture content analysis of amendments in each season.
» Dumas total C and N analysis of soil (0-23 cm) and crop in 2013 and 2020.
» Yield of straw and grain in each season.

ROTHAMSTED
RESEARCH

37

ROTHAMSTED Organic fertilisers
RESEARCH

Total N apphed (mineral + organic N) average of all wheat years >

Total N decreases FYM < AD < compost <
straw.

% | > Digestate fibre has ~30% and FYM ~10%

Cand N content (%) average of 8 seasons: available N (AHDB, 2023). In compost most

srwNn=oO!

Total N applied (kg ha™")

C% N % C:N = N is organic (Hartz et al., 2000).
FYM 35 2.6 14
AD 43 1.8 26 » FYM and compost have lowest C:N ratio
COMPOST 24 15 17 and straw very high C:N ratio.
STRAW 45 0.5 92 &

Treatment » Total applied N decreased from FYM <
compost < AD < straw.

Anaerobic digestate (AD) fibre Compost from S ———
fraction from maize and vegetable food and garden
waste  JearEs season harvest

— e M

38
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\D ROTHAMSTED N balance calculation

Total N recovery % = crop N uptake + accumulated soil N * 100
total applied N (organic + inorganic)

> Crop N uptake kg/ha = straw + grain N concentration (average of 2013 and 2020) *
straw + grain yield (each season)

» Accumulated soil N kg/ha/yr? = 2020 soil N — 2013 soil N/ 8 seasons
- Soil N kg/ha = soil N % * Bulk Density/100*23/100*10000

39

ROTHAMSTED
RESEARCH

Field trial results

40
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Relative crop N uptake from 2013-2020

o

——2013 —e—2015

o O

Relatjye crop N,uptake fkg/ha )=
S o o &

o

.‘
L
b

2016

Relative crop N uptake (N concentration * yield) by year
2017 —e—2019 —e—2020

FYMm oM1
om2
oM3
OomM4

AVERAGE

kg C/hat
OM1.
1000
OoM2.
1750
OM3:
2500
OM4:

AD oM1
om2
om3
OoM4
AVERAGE

Compost OM1

omM3

om4

Control crop N uptake at

- o o < - o
s = =2 2 = =
O O O O o O

om1
om2

omM3
omM4

r om2
om3
om4
AVERAGE

3500

oM1
om2
om3
omM4

Straw

omM1
omM2
omM3
Oom4

AVERAGE

Relative crop N uptake (%) average

107
114
116
130
117

98
116
115
117
112

109
109
109
112
110

98
106
94
102
100

» Yield/N uptake was higher in amended plots relative to the control, except with straw, and this difference
increased with year, indicating that organic N continued to mineralise over time.

> Yield/N uptake decreased from FYM < AD < compost < straw — corresponding to the pattern of total N in the
amendment and probably available N content. Compost has lower available N content.

» Straw often had lower yield than the control in the earlier seasons indicating mineral N fertiliser

immobilisation due to the high C:N ratio.

41

Soil total C and N accumulation in topsoil from 2013-2020

Soil C accumulation/year
< 2000
1500

1000

Soil organic carbon (kg ha yr
o
o
o

o

Treatment

OM rate

A WON-=O

Soil total nitrogen (kg ha yr ')

o
o

=
i
.

£

o
o

Soil N accumulation/year

@ @ S o o
o Py & N
& & 2 R

6@ & P

o
&\@ 60\0
N )

<° ‘?g'l‘
Treatment

OM rate

A WON-=O

kg C/hat
OM1:
1000
OoM2:
1750
OM3:
2500
OM4:
3500

» Soil Cand N accumulated most with FYM and compost and least with AD, straw and the
control.

» The control and the lowest rate of AD and mid rates of straw mined the soil N.

ROTHAMSTED
RESEARCH

» Therefore, the amendments with the highest C:N ratio mineralised the existing soil OM
more extensively which led to greater N loss.

42
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N recovery absolute and proportional to total N applied

Kg/ha-

]

N recovery average of all wheat years
Farnyard manure Anaerotic digestate Campest Sraw Canlrel
100
400 kg C/ha*
OoM1: 80
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g L 1750 =
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= e l223)
3 200 2500 g 40
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> 20 b
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o]
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N recovery average of all wheat years

Fanmyard manure  Anasrabic digestate

Compost

Straw

Control

M soil

crop

01234 01234 01234 01234 01234

OM rate

» Proportional N loss was highest with the control at 35%, due to soil N mining, whilst having >100%
crop recovery. Suggesting that 35% of mineral N fertiliser was lost rather and crop uptake was from N

mineralised from the soil.

ROTHAMSTED » Proportional N loss was ~20% with amendments.

RESEARCH

» With compost rate 1 and straw rates 1 and 4 recovery was ~100% because of good crop N uptake and
soil N accumulation at low input rates.

43
%
o N recovery
Analysis of variance Bonferroni test
Variate: N_recovery_%
OM_type.OM_rate
Source of variation d.f. s.s. m.s. v.r. Fpr.
Message: some comparisons have missing sed's; these have been removed from the output.
Year stratum 5 2609339 5218.68 54.54
Mean

Year.*Units* stratum Control OMO 67.66 a

OM_type 4 3716.01 929 9.71 <.001 Anerobic digestate OM1 72.65 ab

OM_rate 4 512.09 12802 1.34 0.263 Farmyard manure OM4 74.82 ab

OM_type.OM_rate 8 53221 665.26 6.95 <.001 Straw OM3 75.31 ab

Residual 80 7655.03 95.69 Compost OM4 77.51 abc
Farmyard manure OM2 77.78 abc

Total 101 43298.62 Farmyard manure OM1 78.64 abcd
Farmyard manure OM3 78.7 abcd
Anerobic digestate OM4 80.19 abcd
Compost OM2 80.62 abcd
Compost OM3 81.12 abcd
Anerobic digestate OM3 87.4 abcde
Straw OM2 87.41 abcde
Anerobic digestate OM2 92.77 bcde
Straw OM1 98.23 cde
Compost OM1 98.85 de
Straw OM4 102.84 e

> AD rate 2, straw rates 1 and 4 and compost rate 1 had significantly
ROTHAMSTED greater % recovery than the control.
RESEARCH
44
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ROTHAMSTED
RESEARCH

DNDC model

45

DNDC model input

The DeNitrification-DeComposition (DNDC) model combines nitrogen conversion and hydrological processes to simulate crop yields,
nitrogen leaching, and greenhouse gas emissions
(Institute for the Study of Earth, Oceans, and Space, University of New Hampshire).
» 4 OM types x 4 OM rates + control x 8 seasons = 129 model simulations.

» The final average of the DNDC and observed data over 8 seasons were compared.

A

ROTHAMSTED
RESEARCH

46
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DNDC vs observed N recovery, average of 2013-2020
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RESEARCH 8
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DNDC predicted mode of N loss

DNDC predicted N losses (average of
150
- —+Leachate and run-gff-No3Q > DNDC predicted higher NH, than NO,
‘2100 in the amendments and therefore
Eo higher gaseous/NH, losses.
38 50 ,—/ o » However, compost was predicted to
z —o—o—oe ° have higher NO, than the other
0 amendments, and therefore greater
daY daog daNms dNms = NO; leaching/run-off.
>SS =222 =22 =2z2=2=2 9
[eNeoNoNe} oNeoNoNe) [oNeoNoNe) OO0OO0OO0 E
z
o
O

ROTHAMSTED
RESEARCH
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recearc - Conclusions and further work

» All amendments except straw increased yield/crop N uptake compared to the control, and this effect increased
over time as more organic N was mineralised. The amended plots also accumulated significant soil N.
Consequently, amended plots had greater total N recovery of ~ 80% compared to the control at 65%.

» Furthermore, a low rate of compost and the highest rate of straw had N recovery close to 100%. Due to low input

of immediately available inorganic N and higher organic N content, but still greater crop N uptake and soil N
accumulation compared to the control.

» Therefore, organic amendments can be applied for increased yield and soil improvement without excessive N loss
compared to inorganic fertiliser alone, but different rates are appropriate for different types of amendment.

» Further work with DNDC will simulate combinations of OM rates and inorganic N rates at 90 < 120 < 150 < 180 <
210 < 240 kg/hato find the optimum for N recovery.

49

ROTHAMSTED ~ Acknowledgements
RESEARCH

Lab group: Javier Hernandez, Sarah Dunham, Jo Carter, Stephan Haefele, Steve McGrath and
temporary staff who did a lot of shovelling
Funding: BBSRC, Growing Health ISP
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51

ROTHAMSTED X
RESEARCH Questions

How does yield/crop N uptake, SOC and SON change with different types and
rates of organic fertiliser over 8 seasons?

What is the N recovery/loss with different types and rates of organic fertiliser
over 8 seasons?

How does the DNDC model compare with observed data? What are the modes
of N loss — gaseous and leaching predicted with the DNDC model?

52
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Straw + grain yield 2013

=)

Crop yield (tha™")
HON=O

Straw + grain yield 2020

OM rate

Crop yield (t ha“)
bPON=2O

{ ]L m

o

N &
L) o

%
o

Treatment

omM1 om2 om3 om4 NONE
AD 1.28 1.24 (%23} 121
comp 1.25 1.24 1.19 1.17
FYM 1.28 1.24 1.20 1.17
STRAW 1.28 1.28 1.26 1.24
NONE 1.29
AVERAGE 1.27 1.25 1.22 1.20

nature > scientific reports > articles > article

Article | Qpen access | Published: 30 April 2022
Analytical modelling of soil porosity and bulk density
across the soil organic matter and land-use continuum

D. A Robinson ®, A Thomas, S. Reinsch, L Lebron, C. J. Feeney, L. C. Maskell, C. M. Wood, F. M. Seaton, B

A Emmett & B. ). Cosby

Sclentific Reparts 12, Article number: 7085 (2022) | Cite this article

6973 Accesses | 20 Citations | 1 Altmetric | Metrics
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8

Most organic N - 10-25% is mineralised in the first season
following application and 5% thereafter

2017

3 o
Aaded sraw - 25000 25000
. -Esun s 600 A A
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9 B9 9 . ) 20000 20000|
EEEE £ g
g k- =]
= . L H T (£ £ 15000 . ’ [ F=Ru o
39 Ackded stz 8 =2 B | B
-y =g . § 10000 10000
§ 2 IE § 200 200, 3 =]
33| B g (splits P <0.05) £ 500 soonl | =
Amendment OM rate: P <0. Pl P g
(Non-straw amendment: P E Wmandmart O3 =l H (splie: Pq‘!‘.lil
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(Thomas et al., 2019)
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International Workshop

From yield-based to society-based
fertilizer recommendations

16-18 April 2024 Lelystad

(@ EJPSOIL be i) W PPS BAAT
Eutapean Jaint Pregiomme 74 2] N en Voedselliels BemestingsAdviezen Akkerbouw Toekomstgericht

Bart Timmermans,
Louis Bolk Institute

NDICEA - calculating carbon and
nitrogen dynamics in agricultural
fields

A PPS BAAT
Food s Ministerie van Landbouw, ;
» P24 Natuur en Voedselkwaliteit BemestingsAdviezen Akkerbouw Toekomstgericht
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Geert-Jan van der Burgt,

Louis Bolk Institute

Integrating time related processes
in nitrogen fertilization
recommendation

be & PPS BAAT
(be <) M |
= Nomer e Vosdselonlical: BemestingsAdviezen Akkerbouw Toekomstgericht

57
N-INDEX expert system:
a powerful tool in nitrogen recommendation
Annemie Elsen
Bodemkundige Dienst van Belgié
aelsen@bdb.be

ﬂi Bodemkundige ,

MVH Dienst van Belgié .. 58
58
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N-INDEX method

Crop

demand N-INDEX

+ Mineral N (rooting depth)
+ Mineralisation:

+ Organic matter (% C)
+ Cover crop

+ Crop residues

dation I\Bex

+ Organic fertilizer

- Effect structure, low pH
- Leaching during growing period

crop residue-l_ product

recomenen

ﬂi Bodemkundige

Dienst van Belgié .

59

Crops nutrients supply from different sources in soil

A two-year (2023-2024) field monitoring of N
dynamics and overall nutrients availability in
organically managed vegetable cropping systems

Koen Willekens, Jasper Vanbesien, Peter Vanhoof

International Workshop From yield-based to society-based fertilizer recommendations
16-18 April Lelystad the Netherlands

Instizus voar Latchouw
visseri - e ¥oed nzsonderzeck

ILVO
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1. N dynamics

Measurement of mineral N amount (NO3-N + NH,*-N) in 0-90 cm soil
profile and crop N uptake in aboveground biomass, throughout the growing

season,
- Balances of plant available N
- N mineralization rates (kg N per ha per day)

1. Overall (potential) nutrients availability

Measurement of electrical conductivity (EC) in an aqueous soil solution,
with and without sugars, in 0-30 and 30-60 cm soil layers, at an early crop

growing stage,

-> Current availability of nutrients in mineral ionic form

—> Potential nutrients release from decomposition of freshly amended

organic material

—> Potentially available nutrients by symbiosis between plants and micro-

organisms in the rhizosphere

#re | Ewopees Landbountond
Iy e harming
( | g e

n i pasiand

ILVO

ILVO

Instiaus voar Latchouw |
visseri - e ¥oed nzsonderzeck

he)inportance

of a good advisory system

Y A less developed root system
Y Arelative short growing period
Y Harvest at a moment that N-uptake is high

Ellen Goovaerts - Research centre for vegetable production

For the production of outdoor vegetables achieving a high quality is crucial,
even more than yield. However vegetables are characterized by:

proefstation

VOOR DE GROENTETEELT
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The main principle of the KNS-system

N-uptake by plant

+*

Latent N: minimum
amount of N necessary in
the soil

a certain depth depending
on rooting depth
L J

Mineralisation of the soil

N from crop residues.
manure, catch crops.

compost, ..

N-advice from the system Adjusting the advice

Target value ata - :‘::l;‘l':nu from -

certain moment N delivered from )
Measured soil content on other sources = N advice

to the farmer

(kg N/ha/day)

=> Fractioned fertilisation for crops with a longer growing period

= o
> J

L8
Good advices demands, an up to date KNS-system in combination with:
A maximum of input from the field to the adviser
A Correct way of soil sampling and analysing

Confidentiality between farmer and adviser

63

Comparison of Organic and Conventional
Crop Management in Estonia since 2008

Rotation:
Spring Barley undersown with red clover — Red clover-Winter wheat — Field pea —Potato (4x)

Org Il (catch crop and cattle manure
(90 Nmin))
Org | (catch crop as green manure)

* Total dry matter yield was significantly lower
(A) in all organic treatments and NO

* Winter wheat protein content was the highest
in N2 and N3, which received 100 and 150 kg of
N/ha.

* Nitrogen treament did not impact the
arabinoxylan and the beta-glucan content.

Org 0 (no fertilizer/no pesticides)
N3: N150 (N;20-150P25Kse5)

* Soil phosphorus content decreased in all
organic treatments and in N3.

N2: N100 (Ngo_100P25Kes)

+ Plant available potassium in soil decreased in N1: N50 (N4o_50P25Kes)
all treatments

NO: NO (Control, NoPyKo) ——

Eesti Maaiilikool

Estonian University of Life Sciences

* Soil microbial diversity and abundance
increased during the second rotation in most
treatments. Decrease in bacterial diversity was
seen NO and N3.

64
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Susanne Klages, agri.kultur

Update of Critical Values for plant
analysis under present conditions
in Saxony-Anhalt

PPS BAAT

BemestingsAdviezen Akkerbouw Toekomstgericht

Y G T
INNO 009
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FARM @

FARMING FOR FUTURE

TERRAZO

LELYSTAD, 17.04.2024

STEFAN GEYER
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INNO 09
VATION @@

Francisco Josephinum, Wieselburg FARM @

FARMING FOR FUTURE

Lietuva
&
Focou
}

_, Polska
R {

Ennapyc{

www.josephinum.at

67

INNO 99
VATION @

TerraZo Anwendung (www.terrazo.at) FARM @

FARMING FOR FUTURE

TerraZo'
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69

Conclusion “Site-specific fertilization”

= New technologies contribute to improving N efficiency.

= The full potential has not yet been exploited

= Data can be used across fertilization

= Algorithms need to be made easily accessible to the public

= Technologies accelerate knowledge transfer!

INNO 99
VATION @@
FARM @

FARMING FOR FUTURE
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Fertilizer choice reducing Nitrogen emissions

Options to improve fertilizer recommendations:

a. Integrating organic matter, nitrogen and phosphorus recommendations
b. Integrating fertilizer choice in the recommendations

c. Guided fertilization systems

d. Fertilizer recommendations for Ca, S, Mg and micronutrients

Some options for Nitrogen:
*Fertilizers with Urease-inhibitors
*Fertilizers with Nitrification-inhibitors
*Controlled Release Fertilizers (CRF):
Biodegradable Coated Urea, Nitrogen is released based on soil temperature

AICL

1. CRFs are very effective in reducing nitrogen losses from all pathways!
Published in Nature in 2022

~
J

" — - Cropland
{U‘easelnhlbnurs \ b Nitrification inhibitors Ebiel'ni: s (Dmvlmeu-relessefeﬂlz?\ . Crssans

®

e S - S N

e o i . Mutiple (cropland + grassiand)
v * — Rice paddy

%ﬁ_ § & — upland
< ®  Akiyame sl al (2010)

Cai and Akiyama (2017)
Decack (2014)

Feng el al. (2016)
Gao et al (2021)
Giksanz et al. (2018)
Han et al. (2017)
Huang et al (2015)
Lietal (2018)
Linquist et al (2012)
Pan et al. (2016)
Qo et al (2015)
Quemada et al, (2013)
Siva et al (2017)
Thapa et al. (2015)
Tietal (2018)

W et al (2021}

¥a et al (2017)

Yang et al (2016)
Yang et al. (2021)
Znang et al. (2016)
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From publication: Next-generation enhanced-efficiency fertilizers for sustained food security (Shu Kee Lam et al 2022, University of Melbourne)
&ICL results of 21 meta-analyses on the potential of EEFs to reduce N losses from food production systems at both regional and global scales.
Data included are already published and publicly available, with those publications properly cited in the reference list of the publication.
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Poster:

CRF-trial by Nutrient Management Institute,
The netherlands 2021

Leaching

Ammonia emissions

N,O emissions

Yield

Nitrogen Use Efficiency (NUE)

AICL

73
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Session 3. Fertilizer
recommendations for Ca, S, Mg and
micronutrients and Fertilizer choice

recommendations

International Workshop
From yield-based to society-based fertilizer
recommendations

16-18 April 2024 Lelystad

(& EJP sOIL

— PPS BAAT
o € Youdsilomaliels BemestingsAdviezen Akkerbouw Toekomstgericht

Program session 3

[—— ]
Presentations

Sven Verweij, NMI
Fertilizer selection tool

Arjen Reijneveld, Eurofins

Advances in fertilization recommendations:

A three-step approach incorporating new
insights

Discussion

Plenary recap

Poster pitches

Hans-Werner Olfs, Osnabriick University of Applied
Sciences

Measurements of plant-available P, K and Mg contents
and pH of soils with the soil sensor system Stenon
“FarmLab” as a basis for fertilizer recommendations for
arable crops

Karolina Barcauskaite, Lithuanian Research Centre for
Agriculture and Forestry

Do composts meet organic fertilizers quality
requirements: Lithuanian case study?

Wieke Vervuurt, WUR
Long-term effects of phosphate fertilization

Wieke Vervuurt, WUR
Evaluation framework to predict the fate of organic
materials

Hendrik Holwerda, WUR
Potential for reducing P fertilization without affecting crop
yield
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o
il .. soil for life

Fertlllzer Plan for Youl
A MUulti=Cri Ah,erla~0§t1“
_Framework

SVEN VERWELJ & ROMKE POSTMA

156 mei 2024

Nutrient

Advices

©0060

. .
nmi Y soil for life 15 mei 2024
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Content .
Footprint

Fertilizers

Fertilizer
Advices

Nutrient

Advices

P94

Legal
Limits

Storage Equipment

16 mei 2024

[/ . .
1 @ soil for life

How can we optimize fertilizer choice?

Cost function — Optimizer
* Evaluate the effects for a fertilizer choice * Can be trained on many examples

* Modules describe single processes * Usesgradient descent to minimize cost

« Tradeoffs require common unit(e.g. €) function

* Quickadvices during interference enables
feedback process with farmers

m BAAT m

\utriBudget

* Matrix calculation enabled

. .
nmi Y soil for life 15 mei 2024
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Modules in cost function

1. Purchase of fertilizers
2. Removal manure

3. Storage of fertilizers

4. Application of fertilizers
5. Harvest of crops

6. Legal limits

[/ . .
1 @ soil for life

7. Greenhouse gas
emissions

8. Ammonia emissions

9. Nitrogen leaching to
groundwater

10. Nitrogen leaching to
surface water

11. Phosphate leaching to
surface water

12. Organic matter content
of soil

15 mei 2024

Results: Module 1

Module 1
Purchase of fertilizers

Module 1
2 2 Purchase of ferfilizers
5 5 3be 3be
1 1
7 7 3a 3a
o 4 2 1 1
§
§ 11 11 H
o 2a 2a
39 9
'S
8 8 da 4a
13 13
3 2c 2c
6 & 6000 -4000 -2000 0 -1200 -900 -600 -300
Cost [€] Cost [€/ ha]
10 10 e
6000 4000 2000 O 900 -600 -300 0
Cost [€] Cost [€ / ha]
dewit
® H H 15 mei 2024
1 @ soil for life mei
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Results: Module 5
°
Module 5
N Il P |
— Module 5
] — n I B | Y S
-100 1] 100 200 -50 0 50 100 33& — =_ L
K H = | -200 100 0 <100 75 -50 =25 0 -100 0 100 200
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jé,____ﬁ==
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dewit
o i i 15 mei 2024
12111 ¥g soil for life mei
Results: Module 7
L]
Module 7
GHG Emissions (only N20)
« I e
Module 7
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o I o I
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s| I s I
2a 2a
| + - [ (]
- A ] 4 | -l
13 13 0 2500 5000 7500 0 250 560 750 1000 1250
. - GHG emission kg COZes] GHG smissicn (kg CO2eq / ha]
3 | 3 ‘ —
0 2000 4000 6000 80O 0 500 1000 1500 2000
GHG emission [kg COZeq] GHG emission [kg CO2eq / ha]
dewit
® i i 15 mei 2024
1 @ soil for life mei



15-5-2024

Product 1
4
[}
E Product 2
=
Sf Product 3
Etc. | oeoduce1 | oeaducts | peaducta | ere |
Parameters | e [T e e |
Field 1
Field 2 E
F o
Field 3 A
Field 1 E
‘ K(;, EtcH
ﬁ Field 2 o{y
Q9 Fertilizers
L Field3
Etc. l\é’)
&
Parameters
[ ) :
1111 ¥y soil for life 16 mei 2024
11
Creating an optimizer
Calibration Validation Interference
DL model DL model DL model
Fertilizer advice Fertilizer advice Fertilizer advice
Cost function Cost function
15 mei 2024

[/ ) ;
1111 ¥y soil for life
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apus: a R package to optimize fertilizer choice

* Open-source available
* RunsonCPU and GPU

* github.com/AgroCares/apus

0

brkiix) soil for life

13

Thanks for your attention

Vv Sven Verweij

v sven.verweij@nmi-agro.nl

N
nniit .. soil for life

14
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International Workshop

From yield-based to society-based
fertilizer recommendations

16-18 April 2024 Lelystad

(& EJP sOIL

i el Voudsallomiively BemestingsAdviezen Akkerbouw Toekomstgericht

Ministerie van Landbouw, @ ' ' ‘ BnnT
N:
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<& eurofins
Advances in fertilization

recommendations:

A three-step approach

incorporating new insights
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Soil testing and fertilization recommendations

Then

Most current fertilization recommendations
are based on soil fertility testing, and have

been developed a few decades ago.

* Optimal economic production

* Prevent crop quality problems

17

500

400

300

200

100

<& eurofins

Optimal K application : Bevelander 2 NH — 1950
A Bevelander Haarlemmermeerd7-49
o Eersteling NNH _1950

+ Bintje 2.7VI1.1952

&.
"

Fertilization
recommendation

$®+ 0 04 o

X+ XPS4H . .
\a\dviu
xx X xX doce 4 o ot °
- 0 o 00 +OK R B ‘e Jo
n | .K-qclcll
10 20 30 Soil-K-status

Soil testing and fertilization recommendations

Now

The socio-economic environment and
scientific insights have altered.

» Closing yield gaps

» Prevent crop quality problems

» Use fertilizer in a prudent way

» More resilient crops; less crop protection

» Prevent health/fertility problems
humans, dairy cattle, horses, sheep

» Beat climate change

» Clean water

» Biodiversity

18

<& eurofins
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Soil health testing to monitor and guide for:
* Farmers/growers
» Agri-food industry ealthy crops
+ Government 3n food system.
« Urban areas rting farmers

 Nature Jce nutrient
and nourish

. for Yara Europe

%‘;’!, IN POIAIOES
S 7 Sy 81 " RY v .
=9 «/ ’ “; ’ d .‘ Y - ‘&\

-

| S ONHIY | b e i

The healthier the soil,
the better the contribution
to the Sustainable
Development Goals

Bouma, J.; de Haan, J.; Dekkers, M.S. Exploring Operational
Procedures to Assess Ecosystem Services at Farm Level,
including the Role of Soil Health. Soil Syst. 2022, 6, 34.
https://doi.org/10.3390/s0ilsystems6020034

20
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Soil Health <& eurofins

Ll Objective:
Routinely offer comprehensive
overview of soil health

and give recommendations
(guidelines)

Chemical

Biuinemann, E. K., Bongiorno, G., Bai, Z., Creamer, R. E., De Deyn, G., de Goede, R., Fleskens, L., Geissen, V., Kuyper, T. W., M&der, P., Pulleman, M., Sukkel, W., van
Groenigen, J. W., & Brussaard, L. (2018). Soil quality — A critical review. Soil Biology and Biochemistry, 120, 105-125.

21

Full soil health assessment + guidelines .::'.' eurofins

Commonly, many different tests are needed for a full health assessment

e Laborio

- Expensi and...the “traditional” soil tests
« are the basis of many fertilization recommendations
« and sometimes part of legislation

* Highen

11
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3 step approach <& eurofins

a three-step approach for introducing new broad-spectrum soil tests and new scientific insights in
fertilization recommendations
Establishing new broad-spectrum soil tests and new scientific insights

Il Creating translation models bridging old and new soil tests and recommendations

1l Validation and implementation of new fertilization recommendations in practice

23

<& eurofins
Step |

Testing for Life

T

Broad Spectrum Soil Tests

24
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Near Infra-Red Spectroscopy (NIRS)

Soil Characteristic Calibration
Near Infra-Red Spectroscopy (NIRS) as rapid n ym B OED EME Bm  Sm
1 1 1 H N-total 55947 2004 09 86 053 0.002 0353
broad-spectrum soil test in dried soil! o i : =
S-total 7,78 2004 097 55 021 -0.000 021
K-CEC 16,144 2006 09 20 219 -0040 29 ]

CaCEC 15742 2006 097 55 1753 0.483 17.52 150 ?;i];:i]]' NEN

,\[g{ki 15732 2006 0388 27 632 -0.015 632 |SDBE:;(S',][4:'\]];_\{\

pHCaCly W3 097 53 018 -0op4 pig  PotentiometriciSO
< S e C O n S Smlnrgam:carbon (80C) 7 2004 09 129 493 0.066 49

Soil Organic matter (SOM) 24825 2004 100 175 6.46 0.007 6.46 1
. - . Soil inorganic carbon (SIC) 15864 2004 097 56 145 0.001 145 EN-EN 48]
Cla)' (<2 pm) 49121 2004 098 70 1799 0.664 1797 NEM

> S O I I n I CeS Sand (>50 pm <2000 wm) 8419 2015 096 47 5839 1.3% 5837

Effective CEC (ECEC) 16122 2005 097 58 2044 0125 2044 I%ﬁf&%ﬁ?h

SpeCHuneey e ana
Biology and Biochemistry, 43, 1649 — 1659.

Jaconi, A., C. Vos & A. Don. 2019. Near infrared spectroscopy as an easy an precise method
to estimate soil texture. Geoderma, 337, 906 — 913.

Niederberger, J. B. Todt, A. Boca, R. Nitschke, M. Kohler, P. Kiihn & J. Bauhus. 2015. Use of
near-infrared spectroscopy to assess phosphorus fractions of different plant availabilty in
forest soils. Biogeosciences, 12, 3415 — 3428.

Zhang. L. & R. Zhang. 2015. Fast detection of inorganic phosphorus fractions and their

Reijneveld, J.A.; van Oostrum, M.J.; Brolsma, K.M.; Fletcher, D.;
phosphorus content in soil based on near-infrared spectroscopy. Chemical Engineering Oenema, O. Empower Innovations in Routine Soil Testing. Agronomy

Transactions, 46, 1405 — 1410.
Zornoza, R., C. Guerrero, J. Mataix-Solera, K.M. Scow, V. Arcenequi & J. Mataix Beneyto.
2008. Soil Biology and Biochemistry, 40, 1923 — 1930.

2022, 12, 191.
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0.01 M CaCl, <& eurofins

*  The NIRS-chemical characteristics are often soil quantity measurements
° Measuring soil intensity is often not possible: 0.01 M CaCl, for

o NOg NH,, DON, S, P, K, Mg,

o Na,

o Fe, Zn, Mn, Cu, Mo, B and Co, Se, Si

o Bio available (heavy) metals like Cd, Al, Cr, Pb

° Method used worldwide, so a lot of literature and results of field trials
* Comparable ionic strength as the average salt concentration in many soil solutions

* Various nutrients in single extract, which allows considering relationships between nutrients
* Measured nutrients reflect the availability at the pH of the soil solution

Houba V.J.G., Novozamsky, I., Lexmond, T.M. & Van der Lee, J.J. 1990. Applicability of 0.01 M CaCl2 as a single extraction solution for the assessment of the nutrient status of soils
and other diagnostic purposes. Communications in Soil Science and Plant Analysis, 21, 2281 — 2290
Houba V.J.G., Novozamsky, I. & Van der Lee, J.J. 1994. Status and future of soil and plant analysis. Communications in Soil Science and Plant Analysis, 25, 753 — 765.
Houba, V.J.G., P.J. van Erp, M. Fotyma, J. Loch & J. Baier. 1996. Development and testing of a universal soil extraction method for the evaluation of soil fertility and soil
pollution. Communications in Soil Science and Plant Analysis, 27, 233.
Van Erp, P.J. 2002. The potentials of multi-nutrient soil extraction with 0.01 M CaCl2 in nutrient management. PhD thesis Wageningen University, The Netherlands.
Miles et al. (2014) promoted Si-0.01 M CaCI2 for sugar cane in South Africa
K-0.01 M CaCl2 showed a high correlation with rice parameters in Iran by Kavoosi et al. (2003) )
Finger millet yield (India) was positively and significantly correlated with K-0.01 M CaCl2 (Srinivasarao et al., 2014), -
Suriict et al., 2013 (Turkey) found that Mn-0.01 CaCl2 was the best out of 16 soil tests to relate to tea parameters, and
Spargo et al. 2017 (USA) used it for S determination in field and forage crops.

26
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Effect of pH on soil intensity
Zinc (Zn)
S 20000
3 : .
(&) 5 55 13 6! 7 75
£ 18000 0 © ° : 1008 MEA ’
& .
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2 ° o © . %10 ., "
¥ 14000 1° 3 B
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8 12000 A g o8
= et
S 10000 4 o ° Y
> .
=
g 8000 A o, TR T e,
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g
6000+ R Cadmium (Cd)
4000 Ty .
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0
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pH-CaCl, .
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Intensity, buffering, quantity system can be introduced -.'5%- eurofins

onrad Mengel and Ernest A. Kirkby 33 nensy, sy snd bffer pover

5 Plants must be supplied adequately with nutrients during their entire growth period.
ith the support of For this reason the concentration of plant nutrients in the soil solution must be

maintained at @ satisfactory level for plant growth. Nutrient availability depends
arald Kosegarten and Thomas Appel therefore not anly on the nutrient concentration of the soil solution at any given time
but also on the ability of the soil to maintain the nutrient concentration. This capability
of a soil to ‘buffer’ the nutrient concentration of the soil solution is a further important
bth Edition factor in nutrient availability.

Generally those nutrients required by plants in high amounts, are present in the soil
solution in relatively small concentrations. This s particularly the case for phosphate
and K*. Calculated on an arca basis the soil solution contains in the order of only about
0.5—1.0 kg P/ha and 10—30 kg K'ha, whereas the total demand for these nutrients is
considerably higher. A cereal crop for example requires about 20 kg P/ha and 100 kg

K/ha. As a cereal crop growing under the soil conditions described docs not necessarily
become deficient in P or K, this shows that the removal of these nutrients from the
soil solution by the crop must be ied by a substantial i of the
soil solution from the solid phase of the soil. One may thus distinuish between two

nutrient fractions in the soil: the quantity or capacity factor (Q) which represents
the amount of a potentially available nutrient and the intensity factor (I) which is directly
available and represented by the concentration of the soil solution.

The concept of nutrient intensity and nutrient quantity was first proposed by Schofield
(1955). He compared the availability of phosphate with the availability of soil water.
Soil water availability depends not on the total amount of water present in the soil but
rather on the strength by which the water is bound to the soil matrix (sec page 26).
The same holds true for phosphate and also for some other plant nutrients. Therefore
nutrient intensity and quantity factors are interrelated. The relevant relationships are

28
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<& eurofins

Step Il

Creating translation models PR
bridging old and new soil tests Ut
and fertilization _ e
recommendations PR
------- Y =X
Linear
15 20 25 30

CE=7 (crrole.kg-1)

Relationship between the cation exchange capacity measured with the cobalt hexamine trichloride method and
with the Metson method It appears that the value of the CEC results from the cumulated properties of the clay
and the organic matter. The fact that there is a measurement difference between both methods according to their
implementation (pH of the soil

29
Translation models
from conventional method to new broad spectrum soil test results
Elemes Conventional Method Ty 2 e Step 2
For example: for Mg-NaCl e Haas et al,
ple g9 al, 2014 [22]
. Translati del with 0.01 M CaCl, (2 0.88 |/ Bater &
ranslation model with 0. acCl, (r> 0.88) aas et al. [52
. . b [58];
» Translation model with 0.01 M CaCl, and Mg-CEC (NIRS) r2 = 0.97 1[59]
005 [52]
2005 [52]
hydroquinone
HNO3; 1: 10 (w/0) 0.43 Henkens, 1961 [60]; . o N
Cu M Nitric acid Anonymous, 2012a; 2012b [14,54] 087 De Haas etal., 2005 [52]
- 1: 40 (w/v) 0.4 M Acetic Henkens, 1959 [61]; N ) 5>
Co acid Anonymous, 2012b [54] 088 De Haas et al., 2005 [52]
Hot water; 1: 10 y -
B orw ;Oetrwmer (w/v) Berger & Truog 1939 [62] 0.74 Novozamsky et al., 1990 [63]
KCL1:5(@/v) 1M , ) A 5455 Houba et al.,, 1990 [24]; Fotyma et al.,,
pH potassiumchloride Anonymous, 2012a; 2012b [54,55] 0.98 1998 [64]
30
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Step

Validation and implementation
of new fertilization
recommendations in practice

<& eurofins

Testing for Life

New fertilization recommendations

This approach allowed us to introduce new

fertilization recommendations

including the soil nutrient intensity-buffering-

guantity concept
A soil-based and crop-based recommendation

an assessment of all essential nutrients, as

well as soil biological indices.

32

* Electrical conductivity
* Soil erosion (modelling)
= Soil bulk density

* Water holding capacity
* pH-water/pH-CaCl,

\

s Extractable phosphorus
* (heavy) metals

<& eurofins

* Biodiversity
descriptors

//

Biological

* Soil organic
carbon

16
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Agronomical validation and communication .:f-' eurofins

At the same time:
] communication campaigns, farmers’ field schools, and meetings with advisors were
organized to explain the concept and improve the implementation of the new approach
and soil tests in practice.

(Wieke Vervu Scalable system successfully conducted across various geographical regions,
including European countries, China, New Zealand and Vietnam

» Future: living lab + lighthouse studies

33

Broad spectrum soil test results used for advice reports (“tools”) .:f.' eurofins

Wil

LT

b Wit
(IR

3. Soil Health Indicator

34
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Thank you for your attention! & eurofins

Arjan Reijneveld
Karst Brolsma
Oene Oenema

International Workshop

From yield-based to society-based
fertilizer recommendations

16-18 April 2024 Lelystad

(& EJP sOIL be > ... PPS BAAT
futamma i e £ o] Natuur enVosdeloali BemestingsAdviezen Akkerbouw Toekomstgericht
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Stenon’s FarmLab for in-field soil analysis

-

HOCHSCHULE OSNABRUCK

v'Stenon claims

= Equivalent to lab data

> Soil pH

> Plant available P/K/Mg
> Soil mineral N

»  TotalC/N

> Soil moisture

>

= Fast & reliable
v’ Certified by the DLG

(German Farmers association)

Optical UV/Vis sensore.

H.-W. Olfs | International Workshop on Fertilizer Recommendations — Lelystad, The Netherlands — 16-18 April 2024 | 37
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-
.
Equivalence Stenon FarmLab versus lab analyses oo
Survey on farmers’ fields Long-term P-/K fertilization trials
50 2
. pH R2=0,04 P . R2=028 % P: Hodenhagen o K: Hodenhagen
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Do composts meet organic fertilizers quality requirements:
Lithuanian case study?

Karolina Barcauskaité
Lithuanian Research Centre for Agriculture and Forestry, Instituto Av. 1, Akademija, 58344 Kedainiai, Lithuania

Table 1. Agrochemical indicators in different types of compost produced in Lithuania, 3-year results

e Composts from green and food waste are classified as soil improvement
- Compost type |
Quality GWC FWC SSC cMmC DC substances. Cattle manure composts could be considered as multi-nutrient
Total nitrogen, % 0.76 organic fertilizers while digestate composts meet the mono-nutrient organic
Total phosph. % 0.25 0.53 fertili X
Total p fum, % 0.59 19 ertilizers requirements.
Tota{ amount of main 160
%
:r::::::rbon 8.90 16.10 > Sewage sludge composts are rich in nutrients however high amount of heavy
Note: GWC-green waste compost, FWC-food waste compost, SSC-sewage sludge compost, CMC-cattle manure metals Cd and Zn is a limiting factor of these composts' use.
compost, DC-digestate compost
- very low average - very high
low doesn‘t meet OF L | meet OF
e Lithuanian policy recommendations regulate the total Cr amount in composts,
but not hexavalent chromium as recommended to determine it in EU
Table 2. Concentration of heavy metals in different types of compost produced in Lithuania, 3-year results document. There is a gap in the data of Cr (VI) in Lithuanian compost samples.
Heavy metals, \ Compost type |

mg/kg SSC
e We suggest consider to evaluate the nutrient/contaminants ratio while talking
about organic fertilizers such as compost quality.

karolina.barcauskaite@lammc.lt
https: ; y
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Wieke Vervuurt, WUR

Long-term effects of
phosphate fertilization

be &> W PPS BAAT

o] Natuuren Voedsellowliel BemestingsAdviezen Akkerbouw Toekomstgericht

40
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Wieke Vervuurt, WUR

Evaluation framework to predict
the fate of organic materials

(be) N, . PPS BAAT |
= (Naote G Yoehmbi BemestingsAdviezen Akkerbouw Toekomstgericht
41
Effects of Long-term Phosphate Fertilization on Soil P
Pools and Crop Available P.
Background Long-term experiments
+ Maintain certain P stock in soil * Noncalcareous sandy soil and
for optimal yield by calcareous loamy soil
fertilization
e Cumulative P balance of -1000 to
4000 kgP/ha after 50 years
« Prevent too high input to
minimize environmental risk » Measured Crop yield, P uptake, Soil
and reduce usage of non- Test Phosphorus
renewable resource
WAGENINGEN
42
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Some results

e P-loading onto oxides seems to go1s
govern P in solution, also in 2o
calcareous soil. o0s
e Critical Pw levels for potato 0.0
Loam soil: 5 mgP/kg (14 mgP205/L) R
Sandy soil: 9 mgP/kg (23 mgP205/L)
Loamy P leaching Sandy P leaching
soil (mgP/L) soil (mgP/L)

e Low leaching rates: Fertilization with
. . P 35cm  75cm P 35cm  155cm
low environmental losses and optimal dosage depth  depth | dosage deep  deep

yield is manageable at both sites. 0 0.02  0.01 0 0.04 _ 0.02
35 0.03  0.01 20 0.1 0.04

70 0.01 0.02 39 0.1 0.04

105 0.04 0.01 79 0.15 0.01

WAGENINGEN 105 0.1 0.02

UNIVERSITY & RESEARCH 43

43
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Session 4. Integrating fertilizer
recommendations to a fertilizer plan
on field and farm level

International Workshop
From yield-based to society-based fertilizer
recommendations

16-18 April 2024 Lelystad

% P8 Ministerie van Landbouw, PP’ BnnT 5
o] o en Vol BemestingsAdviezen Akkerbouw Toekomstgericht

(& EJPsOIL (be i

Program session 4 and closing of the workshop

Presentations Discussion

Frank Liebisch, Agroscope Discussion

The Swiss fertilizer recommendation
Plenary recap

Janjo de Haan, WUR
Integration of fertilizer recommendations to
farm level

Closing of the workshop

Pitches WP-leaders PPS BAAT

Formulation of needed actions and possible
follow ups

Panel discussion

Leader: André Hoogendijk

Members:
Gert Jan van Dongen farmer

Harm Brinks Delphy PP‘ Bnn-r
Arjan Reijneveld Euro fins BemestingsAdviezen Akkerbouw Toekomstgericht

Geert-Jan van Roessel LambWeston
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1schaft Département fédéral de I'économie,
de la formation et de la recherche DEFR

Agroscope

The Swiss fertilizer recommendation - historic development,
current status, mtegratlon in legislation and ways forward to

Liebisch F. et al.

Agroscope, Gewasserschutz und Stoffflisse, 8046 Zurich, Schweiz

Agroscope

www.agroscope.ch | good food, healthy environment

© Outline

= Historic development and current fertilizer recommendation
= Examples for ways forward for fertilizer recommendation

= The NGO Nitrate project ahead of legislation?!

@
a
o
g
2
2
o

<

Liebisch et al. | April 2024
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© History of fertilizer guidelines in Switzerland

1930 1940 1950 1960 1970 1980 1990 2000 2010
1938/40 1941 1964/66 1972 1987 1994 2001 2009 2017
(e] ® O Qee o o e ce o @O o oe @O0 °

Since 1930 till 1980: analytical D 3 i ion
Fertilizer value of organic sources, and rough estimation of demand

I
2
13
o
3

Fields specific estim, i . o Abbitdung 0 ] Stechgerat nproben.ch. Bild: oe So
Nmin method mes

(Wehrmann & Scharpf, 1977)
(since 1987 in PRIF) Corrected fertilizer Norm and Nmin,
Sensors mentioned

Beispiele

@
Q
]
2 Ridinien
] far die Diingung
o wa
<

Liebisch et

——

© The Swiss agricultural Nitrogen balance (farm gate)
indicates inefficient nutrient managment

180 - mporterte Futternitel Q) (RTIETIY ot oo procire @D

160 -
140 -

120 Tierische

Ausscheidungen

z ] und

o Luftstickstoff !mm- rluste, Stroh etc. Luftstickstoff

g 80 und Lachgas Q und Lachgas

: it i (' w Ammoniak
Political target valu Nitrat ;

Pfianzliche LX) Mineraldunger
- - N Nahrungsmittel k] Recycling-/ilbrige Danger » Inputs
40 1 Implementation of environmental laws and nutrient g Sestoutmport = Outputs
| Oberschuss 3 gm.:in;\ Fee - Vil
20 4o management contro &)  (Verhiste + Bodenworratséndenung) m Oberschuss

The Swiss N cycle @ 2019-2021 (in thousend t), Spiess und

L B S L L A e ] L
1 @ @@ ol N a0® e® Al Liebisch 2023
»\Q“bﬂ J\%"'q‘ \Qﬁ?’\ »\9%1\ \%Q‘\\ »\ng\ \99@ 1003\ 1001\ 1,0\\\ 1’0\6 10\9\

—Gesamter Input —Tierische Produkte  — Pflanzliche Produkte ~ —Uberschuss

~ 37 % N recovery / use

Liebisch et al. | April 2024 7
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© In Switzerland N use in agriculture is linked to environmental
problems
Nitrogen deposition, modelled Nitrate in drinking water resserves
High N deposition is strongly related to high 15-20% of measured reserves are above the quality
. animal density and thus Ammonia emissions, threshold, mostly under intensive agricultural use
g (Rihm, B., Kiinzle, T. , 2019: Mapping Nitrogen (FOEN, 2019)
5 Deposition 2015 for Switzerland)
Liebisch et al. | April 2024 8
8
© The principles of fertilization (PRIF):
the base for fertilization norms and corrections
Fertilization Norm
(kg N/ha Table 9) Base
1 Used in legal context
Correction according to the soil, Good praCtice
climate and management .
Available,
use not binding
Correction according to the Best practice?
nutritional status of the plant
and the soil in situ, precision .
s Partly available,
g emerging, to be
g developed and integrated
Liebisch et al. | April 2024 9
W. Richner et al. GRUD, Agrarforschung 06 2017, htips:/www.agrarforschungschweiz.ch/archiv
T. Guillaume, F. Liebisch
9
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© PRIF Methods for N correction:

Nmin & Adjusted Norm

Ref. value - N, - Correction factors Norm Correction factors Recommendation
= Recommendation = Norm + 1:yield + 1:SOM + 1:mech+ fPC +f OF + fprecip +fST

Korrekturen nach Boden-, Klima- und Anbau-
bedingungen

" 1. N-Mineralisierungspotenzial des Bodens
Diingungsnorm

und Tongehalt: Tabelle 12 "
(kg N/ha, Tabelle 9) zu diingende
+/- 2. Vorfrucht: Tabelle 13 - N-Menge
Korrektur in Abhan- 3. Nachwirkung von organischen Diingern: ~ Tabelle 14 (kg N/ha)
giDkEiL des Ertraoes 4. Winter- und Frahlingsniederschlage: Tabelle 15
(Tabelle 117) X

L 5. Hacken nach dem Auflaufen der Kultur: ~ Tabelle 16
0 - 6. Auswirkungen der Bedingungen im
S. Schénmann during sampling in the Nitrate project (NGO) Frahling auf die Mineralisierung von OS:  Tabelle 17

+ Time-intensive and expensive + Based on model-predictions and more information
o about the field is required i.e. previous crop,
a . . . L. .
3 + Direct measurement in the soil + Free of costs, digitally available (soon)
2
Liebisch et al. | April 2024 10
10
TABLE 4 Components (inputs and outputs) included in the nitrogen budget by each country, ranked in decreasing order of number used.
Outputs (direct or through coefficient) Inputs (or not needed to be brought)
Send  Cena L A AUC Spart  Cuae  Hu Past CR c Ir M, Mo, Atm D AdY
; Atmos.  Apparent ; Crop  Humus  Pasture  Crop Interm. Manure  Atmos. Adjust. of
end  Uptake Leach. Losses Use Coef. start  start  min. min. residues  crops Irrigat. Manure  Year-1 deposition  the yield
France
Italy
Switzerland | Norm | Verluste | | I
Belgium (Wal.)
Germany
United Kingdom
Spain ~ SuisseBilanz
The Netherlands
Ireland
Luxembourg Fertilizer planning or good fertilization is mandatory (not binding)
:ﬂd“ly-’jl“grj The legal enforcement tool for nutrient management ist the Suisse Bilanz
narvest; Hu - Nivegen ne| ® INtEQrates no additional sources of N then fertilizer (no environment, soil or management factors)
;ﬁpiﬁﬁfﬁ}fm_ui"m » Allows environmental losses
g brought theyear before: L | ¢ Average on farm level
§ prevailing during its spreachrrg-
g
o
<
Liebisch et al. | April 2024 11
Lionel Jordan-Meille et al. 2023 Comparison of nitrogen fertilisation recommendations of
West European Countries. https:/doi.org/10.1111/ejss.13436
11
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© Swiss farmers need to prove an even balance between N
input from animal production and fertilizers and crop N
demand at farm level - the Suisse-Balance

Modul 1: Grundfutterbiianz
Bestimmung der eigenbetrieblich
produzierten Grundfuttermenge und
Uberpriifung der Grundfuttermenge
Produktion von Wiesen und Weide

®

Modui 2: N und P verfligbarkeit
im Hofdiinger
Bestimmung des pflanzenverfiigbaren
Stickstoff im unvergonenen Hofdlinger

¥ Nverf Anal ”Nveﬂ Export (Hofdinger)
5 Niot Bedarf* Suisse-Bilanz TP ~ fdiinger)
¥ P20 Bedarl Saldo 4 N available

I

Modul 4: Import organischer oder
mineralischer Diinger

Modul 3: Nahrstoffbedarf Kuituren

Bestimmung des Nahrstoffbedarf

Bastimmung des ergénzenden
der angebauten Kulturen

Nahrstoffimport von organischen
oder mineralischen Dingerm

4

= changes in livestock,
manure and field
management improved
agricultural production

= society and policy ask
for more sustainable
nutrient management.

= Broader knowledge
base

é“ * Der Niol Bedarf wircy Nellu-NahrslaﬂhedarfproP:t‘eklir['(\;g.;l;é:a{)armme\l Deatome) el n NO deep reV|S|0n S|nce

2 Crop N demand 90ies
Ciebisch et ar. [ ApriT 2024 12
Color in pie chart explains data sources for the modules

12

© Ways forward for fertilizer recommendation
= Integrating a model into the suisse balance to use current knowledge on the feed
and manure cascade and N use

= Making better use of soil extraction information, soil and climate factors
= Digital transformation, software and web support
= Remote sensing and precision farming

Liebisch et al. | April 2024

13
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Agroscope

Schweizerische Eidgenossenschaft Département fédéral de I'économie,
Confédération suisse de la formation et de la recherche DEFR
Confederazione Svizzera

) Agroscope
Confederaziun svizra aroscop

Evaluating a model |mplementat|on for an unproved

management regulatlon in SW|tzerIand

\“’.f

5 VW ..%

%

eb|sch F. Maver, J. & Epper, C "A ¥

Agroscope; Gewdsserschutz und Stoffflusse, Zurl;h

www.agroscope.ch | good food, healthy environment

2
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o
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© Base and aim of the study

= Integrate actual knowledge into the balance

= Allow evaluation of loss reduction measures along manure cascade
= Compare current and modelled N available from animal manure

N0

NH,

N, NH: N,O

Feeding -

Manure cascade  —

Short- and long-term_|
N-manure utilisation

e N0 PN
" Noart

Colour legend:
= soluble nitrogen, particularly NH,"
s crganically bound nitrogen

Liebisch et al. | April 2024 — nitrogen loss pathways (NH," : ammonium, NO,: nitrate, NH,: ammonia, N,O: nitrous oxide, N,: molecular nitrogen,

Npart: particulate organic nitrogen, DON: dissolved organic nitrogen)

15
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© Methodology: Modelling the manure cascade and
loss reduction measures

Plant production Livestock production

= Flux model

N excretion ‘

Legend iN N
Emission NH - NH.
L T—" Pasture Housing/ g
N,O,NO,N.| exercise yard
N

ﬂ Flow
Manure NH
storage ONON.

Application of
NH. | mineral ferzilizers/
recycling fertilizers

Agroscope

Liebisch et al. | April 2024 16

Agrammon, 2022. https://agrammon.ch/
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© Current Balance underestimates available N
Model is farm specific and allows targeted
implementation of meassures
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Acker- und Futterbau
i i AAE10-K Tongehalt der Feinerde (%)
1. Soil K Test for available K mgKkg <10 10-19,9 20-299 30-389 =40
0-19,9 15 15 1.4 1.4 1.2
20-399 15 14 1.4 1.4 1.2
40-59,9 14 14 1.3 1.2 1.0
60-79,9 14 12 12 12 1,0
2. Yield calibration 80-99,9 12 12 12 1,0 10
. ~ . . 100-119,9 1.2 1,2 10 1,0 1,0
yleld SOll K+ SOll Clay 120-139,9 1.2 10 1,0 1,0 08
H NO3 Conte nt 140-159,9 10 10 1,0 1,0 08
160-179,9 10 10 10 08 08
Mehlich3 180-1899 | 10 10 038 08 06
200-219,9 10 0.8 0.8 08 06
Ba Cl 2 220-239,9 08 0.8 0.8 06 06
240-259,9 08 0,8 06 06 04
260-2799 08 0,6 06 06 04
AA_EDTA’ AA’ AL 280-299,9 06 06 06 os NGO
300-319,9 06 06 04 os NGO
Bray 320-339,9 06 04 o4 [GON ee
340-359,9 04 o4 [GON o0 ean
CO,-H,0, H,0 Coo o0 oo
380-308.9 [NOONN o0 [ o0 00
g Madaras and Koubova 2015 4004159 |GG NGO [INGIGIN (NG oo
E Zebec et al. 2017 =a0 NGO INOONN [T OO Moo
g 3. Boden K Versorgungsklassen
Liebisch et al. | April 2024 PRIF, 2017 18
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AAE1D Wheat Barley
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s . S
2 751 o /
E %01 \"’ "I.‘
2 1 <
25 |" LJ =
[ ]
I ]
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00 |0 100 200 300 2
£ Soil test K [mg kg™"] g 1501
Crop Wheat — Barley — Maize — Potato ———— — =
1001 '-A7" ______ e
Covariables: crop + fertilization + Ca + Mg + clay %ﬁ-————— ‘,-/.’4"
S 5017 %
content + pH + temperature + precipitation {" P
L4 7
0
. 0 100 200 0 100 200
Random effects on asymptote: year / location Soil Test K [mg kg™
ué Year -+ 1990 =— 2005 =— 2010 -=- 2014
E ) R P E Site = ALT - CAD = ELL - GRA - OEN -~ REC
g relativer Ertrag = A * (1 — e R*(STP+E))
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@ Project WebGRUD

Pilotproject to get the book / fertilizer recommendation into the digital age (Open Government

Data)

Findah\e
Grundiagen fur die Dimgung
andwtichatticher Kulturen
in der Schwelz

Daten oder Datenmodell
maschinenlesbar, vollstandig,

aktuell, durch Metadaten beschrieben
und soweit mdglich, Rohdaten.
offene Nutzungsbedingungen, nicht
proprietar.

uneingeschrankt und
diskriminierungsfrei,

] ( einfach auffindbar, permanent
— ..
= an verfugbar.
29
g (@ ~.m = | Machine readable formats
: - —1
< - ——
Liebisch et al. | April 2024 20
20
© Losung und erwartetes Ergebnis
Solution and expected outcome
WebGRUD N Utzergru ppen Softwarehersteller / Datenexperten
WebPRIF user groups Software developers / data experts
Daten / GRUD
RDF Expertise Expertise
Data / PRIF
Bundesamter expertise Forschung
Federal offices ‘RLINDAS Research
Monitoring\ Smart Farming Tech
Kontroll-
instruménte Beratungsinstrumente
Controlling tools Counselling tools
A / Berechnung
§ Kantonale Amter Dl R Landwirtschaftliche Beratung
] Cantonal offices Fertilizer requirement Agricultural i
g | gricultural counselling
Liebisch et al. | April 2024 - 21
Landwirt/innen
Farmers
21
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Re

Satellit

ata

te sensing systems: Vegetation status and productivity

Training and validation sites

GPR estimated LAl

"X A

Inference

[Cieewe >
o
o

GPR derived uncertainty

Strcknat S

o Catdaion >

Physically based radiative transfer model

Time series

Aronencorg
(s )
=]

PROSAIL model 2 > i
----- WA
g‘, bt , =i ' maize ' clover clover 1 maize i clover 4 Il
f:n . N 2016 2017 2018 2019 2020 2021
- — images adapted from Teja Kattenborn and Katja Berger] 22
o
E @A Thanks a lot to our partners! »
Earth Observation of Agroecosystems team (ETH CS, HAFL, Strickhof, SwissFutureFarm, Arenenberg)
22
¥ Yield mapping: combination of combine harvester data,
satellite imagery and climate data (soil map planned)
Predicted yield (t/ha)
151
376
=
E\ JSSOI;OE .
Liebisch et al. | April 2024 23
Perich et al. 2023, field crops research
23
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o Outlook: Remote sensing based in season N
status detection
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Liebisch et al. | April 2024 24
Perich et al. in preparation
24

¥ Outlook: Satellite-based N status estimation explains up to
57% of the crop yield variation at field level.

Concept for satellite-based
modelling of nitrogen status in
winter wheat - under Review

Soil map not yet
integrated

J 250 500 750 .1000m

@
a
o
g
2
2
o

<

Figure 6: End of April composite of the N nutrition index (NNI) of all winter wheat fields
Liebischet  from 2017-2021 of the example farm located in western Switzerland. The field borders are

coloured according to the individual years.
TERENSIS

25
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0 mravToNsolothurn TEI"I’éH/Uit Canton de Berne UAg roscope Q :‘digeaélfgpr?ggllﬁgl‘toeg
—
Bildungszentrum

Wallierhof

Criticalu INFORAMA

Groundwater-conserving, productive agriculture
through site-adapted nitrogen fertilization

= Applied scientific support project in the
Nitratprojekt NGO

= Demo trials and on-farm testing of current
fertilization methods and increase knowledge /
acceptance

= Legal integration, decision support tools

= Reduce N losses into groundwater under the
critical N load of 30 kg N ha* while maintaining
productivity?

= Challenges: technical limitations in
measurements, data quality from on-farm
experiments

@
a
7]
o
0
2
o

<

Liebisch et al. | April 2024

4] Largest Nitrate prOJect in SW|tzerIand (Nitrate vulnerable
zone ...) i T :

/ Erweiterung

B e e 2021
1 Enweiterter Perimeter ab 2021 (
Flachen und Betriebe im Projektgebiet per Ende 2022
SO BE SO und BE
total total Total
% Landwirtschaftliche Nutzflache im Projektgebiet [hal 1124 259 1383
g Davon am Nitratprojekt beteiligt (Vertragsflachen) [ha] | 1031 52 1083
< — | Anz. Betriebe im Projektgebiet 96 30 126
e e 7 Betrieb mit Beteiligung am Projekt (mit Vertragen) |82 1 93 z
20. September 2023 - Folie 27
27
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https://so.ch/verwaltung/bau-und-justizdepartement/amt-fuer-umwelt/wasser/grundwasser/schutz/das-nitratprojekt-niederbipp-gaeu-olten/das-forschungsprojekt-criticaln/
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Agroscope

¥ Used Measures are not sufficient

TBDV: 40 mg Nitrat/I

Since 90ies above quality level
Project aim: 25 mg Nitrat/I

Todays measures und
paricipation is right and
important, but not sufficient

Max acceptable N-loss:
@ 30 kg N / (ha*Jahr)

Average loss today:
@ 51 kg N/(ha*Jahr)

Liebisch et al. | April 2024 28

20. September 2023 - Folie 28

2
)
I
&
o
2
o
<

¥ Target N surplus acceptable

Ground water ressource

@ 30 kg N /ha = Grundwasserschutz und Produktion

Liebisch et al. | April 2024 29

20. September 2023 - Folie 29
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© N-Balance arable crops NitroGau

Zahlen in kg N ha! Messperiode*

Deposition
i\,ﬁg\% ;nte -260 e

l Fixierung

N Dungung
(total): +181

Mineralisierung:

AuswaschungT + 50 bis 250 kg N/ ha

-71 Nitrot
NGOz~

== ferlendes
= Puzsletei) :

—_— 30
H. Wey (2021)
Blinemann et al. (2022) 20. September 2023 - Folie 30

Agroscope

0 Project to innovate current nutrient managment system

Test and teach fertilizer recommendation
Develop a target oriented subsidy system
Optimize processes (sampling and advice)
Education of farmers and advisors

Show case for agricultural policy makers

o
a
o
g
2
2
o
<

Liebisch et al. | April 2024 31

20. September 2023 - Folie 31
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Agroscope

Conclusion for fertilizer recommendation in
Switzerland, what should we do ?

= Regular revision with regard to yield, varieties, methods ....
» Binding and quantitative integration in legislation and law enforcment instruments

» Consequent digital transition (seamless data exchange between practice, federal

and cantonal authorities ... and research)

» Focus on knowledge exchange and education

Liebisch et al. | April 2024 32

Agroscope

Frank Liebisch et al.

frank.liebisch@agroscope.admin.ch

Agroscope good food, healthy environment
www.agroscope.admin.ch
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International Workshop

From yield-based to society-based
fertilizer recommendations

16-18 April 2024 Lelystad

(@ espsoiL B9 i Moo @)PPSBAAT
e e = o] Nacwuren ocdselaleic BemestingsAdviezen Akkerbouw Toekomstgericht

34

Integration of fertilizer recommendations
to farm level

Janjo de Haan, Wim van Dijk & Romke Postma

International Workshop From yield-based to
society-based fertilizer recommendations

16 April 2024

Agri&
be) i) W e PPS BAAT
= o] Mauren vocdseloalei BemestingsAdviezen Akkerbouw Toekomstgericht

35
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Need of integration of fertilizer recommendations to farm level

Current recommendations Societal goals “

. on higher
» % scale levels ‘s

1 nutrient in 1 crop in 1 field

¥

Organic manure
has multiple
nutrients

(

The farm is 3 i

the decision =/}ﬁ1\\\=

unit
BemestingsAdviezen Akkerbouw Toekomstgericht

36
Integration approaches
Societal goals and legislation Available knowledge &
technology
Integrated
fertilizer
recommendation
- - gngﬁsf\ﬁg Akkerbouw Toekomstgericht
37
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Farmers goals and fertilization

Continuity of farm operations

Yield and Financial
product quality return

Soil fertility/
soil health

€ %

BemestingsAdviezen Akkerbouw Toekomstgericht

38

Societal goals and fertilization

e —— From Landmark.eu

« Water regulation
- Water quality ground & surface water
« Nitrate Directive, Water Framework Directive
« Climate change adaptation
Climate change mitigation
+ Reduction Greenhouse Gas emissions

« Carbon Sequestration

Nutrient cycling

Biodiversity, habitat provision

Food, fibre, fuel production

BemestingsAdviezen Akkerbouw Toekomstgericht

39
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Legislation in the Netherlands

Nitrate action plan

+ Usage standards of N-total, P-
total, N in animal manure
» Usage and cropping instructions
e.g.
« Manure application periods
« Catch crops
« ‘Extensive’ crops

Other aspects only voluntarely

Common Agricultural Policy
« Eco schemes

BemestingsAdviezen Akkerbouw Toekomstgericht

40
Indicators societal goals
[ |
A. Groundwater quality E. (Soil) biodiversity
1. N and P surplus 6. Organic matter balance
2. Mineral N in soil in November 7. Ammonia emission
B. Surface water quality F. Climate adaptation & water
3. Surface runoff risks N & P? regulation
C. Greenhouse gas emissions 6. Organic matter balance
4. Indirect & direct emissions of CO, 8. CEC-occupation
5. Indirect & direct emissions of N,O 9. PH
D. Carbon sequestration G. Nutrient recycling
6. Organic matter / carbon balance 10. fehnaerv?/;tflgegtciuisgsfmm non-
@ Pes anT
BemestingsAdviezen Akkerbouw Toekomstgericht
41
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Stikstof

—

W
III%Iif

Links to other assessment systems in development

Soil Health Assessment
BLN 2

6 chemische
functies

Faciliteren van de
nutrientenkringloop

Primaire

Doelen

NPLG

KPI's NH3 emissies mep Circulariteit/herks
% natuur en landschap N-overschot 08 balans Diergezondheid e
05 balans P-overschot % natuur en landschap Gewasdiversiteit
Waterkwantiteit Bodemkwaliteit

productie

KPI-K

Crirical Performance Indicators for Circular Agriculture

Integrale
Bodem-
kwaliteit

Waterregulatie
en zelfreinigend [ 3 grondwater
vermogen functies

Bodem-
biodiversiteit en
habitatvoorziening

Koolstofvastlegging
en klimaatregulatie

8 opper-
vlaktewater
functies

2 functies
Koolstof-
vastlegging

1 functie
Lachgas-
emissie

42

Ambition on integration

First step

* Optimized fertilizer
recommendations
- For farmers goals
* Which complies to legislation

« Calculation of societal impact
« Insight in effects on societal goals
* No optimization

» Give insight in effects of reduced
fertilization schemes

Ultimate ambition

* Optimized fertilizer
recommendation within
constraints of farmer, legislation
and societal goals

« Insight in trade-offs between
goals

BemestingsAdviezen Akkerbouw Toekomstgericht

43
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Challenges in integration

Issues at different scales

Risk of lack of window of
solution

Establishment of target values
at farm and field level

Priorities in issues: political
decisions

BemestingsAdviezen Akkerbouw Toekomstgericht

44

1. Have your
goals and targets
ready

2. Establish crop
needs per field

- 3. Fertilizer
and nutrient

choice

level

Process of first step integration, first ideas

4. Integrate at
field and farm 5. Confront

fertilization needs
with goals

6. Optimize to
comply with
legislation and
fulfill goals

BemestingsAdviezen Akkerbouw Toekomstgericht

45
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Integration in PPS BAAT

Actions

» First session for farm of Gert-Jan
van Dongen

» Further development and tests in

future with
e Practical farms
* Long term system experiments

Aspects
+ Methodology development
» Practical applicability

Fiekd

EEEwEy.

sEpwyy.

sfenyy.

sEenyy.

000 0005 000 005 060 00 X 0z
Diforence 1o recommendation kg / ha)

BemestingsAdviezen Akkerbouw Toekomstgericht

46

To conclude

Integrating fertilization
recommendations at farm
level is complicated but
needed

Ideas are welcome _‘O’_
how to realize this o=

Methodology in development
- First steps
+ Optimize to comply to
legislation

» Give insight in societal
effects

« Ultimate ambition

+ Optimized fertilizer
recommendations at farm

level

BemestingsAdviezen Akkerbouw Toekomstgericht

47
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BemestingsAdviezen Akkerbouw Toekomstgericht
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¥l Ministerie van Landbouw,
Natuur en Voedselkwaliteit

®
WAILSENINGEN () Louis Bolk nni .‘
UNIVERSITY & RESEARCH £ |nst‘tuut

Soil for life

L6 . .
H: agrifirm <% eurofins . A\jep n’C__I’JT] . Vereigns Avatbedriven  CZAY

—
(o " )
s (J)IRS @D Sxumsest  ZVANTPEREN @ff) o 8ueprorsy  pidR

<

48

Panel discussion

Leader:
André Hoogendijk BO Akkerbouw

Members:
Gert Jan van Dongen farmer
Harm Brinks Delphy
Arjan Reijneveld Eurofins
Geert-Jan van Roessel LambWeston

PPS BAAT
(B_&“ Food Ministerie van Landbouw,
i/ £ Natuur en Voedselkwalielt BemestingsAdviezen Akkerbouw Toekomstgericht

49
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Discussion session 4 Questions

. Is integration of fertilizer recommendations to farm level really needed?

. How can farmers goals and societal goals best be combined in the fertilizer
recommendations?

. How to deal with the scale issue: translate national and regional goals to goals
at farm level?

. How do we keep fertilizer recommendations transparent and practical applicable
for farmers?

be) i

=

. [—— PPS BAAT |
o] o en Vol BemestingsAdviezen Akkerbouw Toekomstgericht

50
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NUTRI-CHECK NET

OPTIMISING CROP NUTRITION

Milan Franssen - Harm Brinks, Delphy BV, Netherlands

(~ 26 CropNutrition Clubs

« Nutrient-use-efficiency is a primary challenge for arable farming
throughout Europe.

« On-Farm nutrition decisions are often based on experience and
guesswork, with farmers in different countries implementing a
varying degree of decision-support systems, tools and analyses.

« NUTRI-CHECK NET is a European project which is addressing crop
nutrition decision making on arable farms.

A

« The project is establishing a self-sustaining, multi-actor Thematic
Network to build farm-level adoption of best field-specific nutrient
management practices.

1 NETwork 7/\_/
« Precise farm-specific decisions must derive from on-farm N—J

~Shes . | € norm-crecx e
knowledge, inquiry, and confidence.

- Best

Across 9 European Countries

« Information on systems and tools to improve crop nutrient decision Practices
making should be available to farmers throughout Europe.

NUTRI-CHECK NET

« An inventory of existing recommendation systems, projects, and
commercial tools & services has been prepared by partners in 9
countries.

0000

() NrR-cHecNer Voma Aot conmenstin S At Tt S B rots (G &

Home > Recommendation Systems

« The target crops are wheat, maize and potato. Target nutrients are
NP (and K).

Recommendation Systems

« A total of 13 recommendation systems, 811 projects, and 211
commercial tools & services have been assessed.

searen a
Major & for Handboek
productive agricultural crops Handbook soil and fertilisation Claral e

« National Expert Groups are involved to assess quality and quantity
of the assessment.

Publsher. covsmment Pusisier xpert group members

InterNaw Vejledning godsknings- og

harmoniregler

« 26 Crop Nutrition Clubs select tools and assess ‘Requirements’,
‘Refinements’ and ‘Outcomes’ of each crop’s nutrition through
each season.

Pubisher goment
Pusister gorerment Languages

EXPLORE RESEARCH PROJECTS

Observations:
« National recommendation systems are using different

methodologies for sampling and analysis, which complicates
benchmarking.

« The contents of the inventory, are published online through a
customised NUTRI-CHECK NET platform.

« Tools & services range from soil sensors, to laboratory services, to
satellite imagery and mineralization prediction models.

« This platform serves as EU-wide inventory for farmers, advisors,
researchers, and other entities.

« Only a few technologies are specifically used in a single country.

« Few commercial tools & services were identified in 2> countries.

nutri-checknet.eu

PARTNERS

@ cagasc I * / LITHUANIAN AGRICULTURAL
" TEQMONIKO NANEMIZTHMIO AGHNON (o) a —
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WAGENINGEN

UNIVERSITY & RESEARCH

Nitrogen fertilizer replacement values of organic amendments:

determination and prediction

Dorien Westerik!, Ellis Hoffland? & Renske Hijbeek3

1Wageningen Environmental Research,

23$oil Biology Qroup, Wageningen University and Research, Wageningen, the Netherlands
Plant Production Systems group, Wageningen University and Research, Wageningen, the Netherlands

Nitrogen fertiliser replacement values

Nitrogen fertilizer replacement value (NFRV) is the value of organic
amendments as a nitrogen fertilizer, showing the extent to which

organic fertilizer N can replace mineral fertilizer nitrogen (N).

Study objectives

1. To assess NFRVs of a range of organic amendments.
2. To assess which product characteristics explain observed variation.

3. To compare NFRVs based on equal N application with NFRVs based
on equal N uptake.

Pot experiment

A pot experiment with spring wheat was performed with two N
application rates for the organic amendments (100 and 200 kg N/ha),
seven N application rates for the mineral fertiliser (25, 50, 75, 100,
125, 150 & 200 kg N/ha) and a control (0 kg N/ha). A response curve
was drawn for the mineral fertiliser treatments to allow calculation of
NFRV at equal N uptake.

1. NFRV variation: between 6.2 and 78.8%

100% 100% = N uptake at the fevel of 100 kg N ha * mineral fertilizer

f

ic fertilizer)

75%-

9% of mineral fertilizer replaced by organ

NFRV. (

Figure 1: Found NFRVs (y-axis) for different organic fertilizers (x-axis) at 100 kg N ha'l. At
100% the N uptake from an organic fertilizer equals the N uptake from mineral fertilizer. Error
bars represent SE of the mean, with 3 replicates per treatment. Letters above the bars
represent significant differences (p<0.05) between the treatment rr_\eans: common !etters
indicate no significant difference. The pictures below represent one replicate of each treatment,
including the mineral fertilizer treatment (100 kg N ha!) as a visual reference.

E’ m Wageningen University & Research
H P.O. Box 123, 6700 AB Wageningen
" Contact: dorien.westerik@wur.nl
LinkedIn: www.linkedin.com/in/dorienwesterik

2. Prediction: N concentration offers best
explanation

R?=0.77

25 50 75 100 0 20 40 60 80
Total N content (g kg”) Potential mineralizable N content

(mg N kg™ dry soil)

100] ° R?=0.45 100
50 SO e
o0 v . Sle (]
0 0
10 20 30 0 1 2 3 4 5
C:N ratio Cellulose:Lignin ratio

NFRV (% of mineral fertilizer replaced by organic fertilizer)

Figure 2: Covariance between NFRV (y-axis) and N concentration (total n), potential
mineralizable N content, C:N ratio and cellulose:lignin ratio (x-axes) (p<0.001).

3. Determination: at equal N uptake less errors

® At equal N application rate: estimated NFRV at higher N application
rate (200 kg N/ha) was found to be larger than estimated NFRV at
lower N application rate (100 kg N/ha) for seven of the eleven
organic fertilizers (p < 0.0001).

®At equal N uptake: NFRV was similar for both low (100 kg N/ha)
and high N application (200 kg N/ha) (p = 0.596).

Outlook

B Short term N value of organic amendments can be assessed based
on product characteristics (N concentration).

®| ong term experiments are needed to also quantify long term N
value.

B Calculating NFRV based on equal N uptake (or yield), as opposed
to a calculation based on ratesiis

equal N application

recommended to reduce errors.

Westerik, Dorien, Ellis Hoffland, and Renske Hijbeek. "Nitrogen fertilizer replacement values of
organic amendments: determination and prediction." Nutrient Cycling in Agroecosystems (2023):
1-14. https://doi.org/10.1007 510705-023-10316-7

" M +31 (0)6 37153973
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B.G.H. Timmermans', G.J. van der Burgt
"Louis Bolk Institute | Contact: b.timmermans@Iouisbolk.nl

The NDICEA model: calculating carbon and
nitrogen dynamics in agricultural fields

Introduction

NDICEA (van der Burgt et al., 2006) is a dynamic model to calculate long term
carbon balances and nitrogen dynamics for agricultural crop rotations and
grassland systems on field scale. It uses daily local weather data and can quantify
carbon sequestration and nitrogen mineralization. The aim of the NDICEA
model is to evaluate and predict mineral nitrogen and organic matter in the soil,

G S o
3 3 3

Cumulative nitrogen available/uptake (kg/ha)
=
o
S

which can be used when improving nitrogen fertilizer recommendations. / ﬂ
50
Methodology
2008 2010 2012 2014 2016 2018
« The model quantifies mineralization of organic matter and nitrogen using
— Available — Uptake — Fixation

current conditions (soil characteristics, weather data) and the management of
a field in the past years.
. Extensive lists of fertilizers, manures and crops with their characteristics are

Fig 2. N- availability and N-uptake for each crop

150

included
. Crop yields are target-oriented: the farmer sets them according to his
experience or expectation

Conclusions

NDICEA provides valuable insights in long term soil fertility and short and long
term nitrogen dynamics that can be used to gain insights in nitrogen efficiency
and loss. It offers the possibility to quantify processes, and to evaluate alternative
scenarios aiming at a higher nitrogen use efficiency, organic matter balance or 2008 2010 2012 2014 2016 2018

Cumulative nitrogen leaching (kg/ha)

o | — Leaching 1
carbon SequeStratlon' Fig 3. Nitrogen leaching

Calculations

80
12k

Organic matter top soil (%)
5
=
6) |10 doy Janew |uebig

-24k

Course of mineral N (kg/ha)

2008 2010 2012 2014 2016 2018
— Course 1 @ Above ground @ Roots
@ Green manures @ Grass clover ) Compost
2008 2010 2012 2014 2016 o e e

= T0| = i
Topsoil Subsoil Fig 4. Long term organic matter balance

Fig 1. Mineral nitrongen data and calculations

304.
matter. Plant and Sall, 76, 297~
Plant and Seil, 181, 39-45, httpsi//dol. org/10.] 1007/bf00011290. ;
fficiency In cropping systems: Nutr Cycl Agroecosyst: 74,

jon of ‘young’ soll erganlc

More info Eﬂg‘@ References
B Ha Janssen, B. H. (1984). A simple method for
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Integrating time related processes In
nitrogen fertilization recommendation

2024

B.G.H. Timmermans', G.J. van der Burgt
1Louis Bolk Institute | Contact: gjvcnderburgt@gmoll.com
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Nitrogen Use Efficiency (NUE) Fertilizer-N recommendation

The generally accepted calculation of NUE is Two year history of the 2023 potato crop shows Soil Organic Matter
increase (2.00 -> 2.06% in 0-30 cm).

N

product

/ Niupiizer AL CLOP level. : o

For a conventional arable farm the NUE is calculated for the 2023
potato crop (input 125 kg ha* N; output 165 kg ha? N) and for the
rotation in four ways (data in kg ha' N):

10k

-10k

Organische stof bouwoor (%)

A. Asabove mentioned: NUE__=132%

crop

B. Change in soil-N stock* (-172) included:

o
(63) J00manoq Jois ayasiuebig

16 20k
5 B 2021 2022 2023 2024 2025
NUEcrop (Npmduct/ (NfZﬂ NS"’Ck)) S6% Verloop 1 @B d ()
b = — P ove W
C. AsB, deposition +19 included: % Groenbemesters TKlave ) C:r::;:fst
Mest @ Afbraak
= = 9
NUEcrup (Npmducr, / (Nfen Nsm:k+NdEP)) 52%

D. AsC, calculation over 2021-2024:
Average input 270, output 159, stock change +224
NUE =244%

rotation

The model-predicted SOM decrease in 2023 until harvest is 2.06 ->
1.92%, leading to a substantial expected net N-mineralization.
Formal N-recommendation for the 2023 crop would have been 150-
175 kg available N ha. Driven by own experience and this model

information, the farmer decides to apply 125 kg N ha, which turns
out to be sufficient.

A positive N-stock change is not N-loss but investment in the soil

* N-stock change is calculated with the NDICEA nitrogen and

carbon model, validated for this field by means of inorganic N
measurements in 2023:

15
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Cumulatieve stikstof beschikbaar/opname

— e 7\\\ —o— = o
R umaias AN T e
— - e 23 nov 23 0
— Bouwvoor — 2" bodemlaag 26523 Jul 23 okt 23
Conclusion; — Beschikbaar — Opname Binding
» Deposition and change i i
ge in soil N stock should be included in the C i
onclusion:
NUE approach :
X Z » Knowledge of quantified N- i ;
A one-year (crop) approach in NUE calculation is inadequate in . P soulothisorical agroromyleads

S ; toab -fertili .
situations with a substantial change in N-stock etter N-fertilizer recommendation.
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N-INDEX expert system: a powerful tool
in nitrogen recommendation

Annemie Elsen, Bodemkundige Dienst van Belgié
aelsen@bdb.be

The expert system N-INDEX calculates field-specific nitrogen fertilization recommendations for arable crops, vegetables, fruit cultivation
and pasture in temperate regions, based on mineral nitrogen analyses. The N-INDEX indicates how much nitrogen becomes available for the
crop during the growing season. Not only the amount of mineral nitrogen in the soil at the time of sampling is taking into account, also the
expected nitrogen mineralization in the coming months.

The N-INDEX system is based on 18 factors. To calculate all these factors, both the field history and the field characteristics should be well
known. Therefore, at time of sampling, an extensive questionnaire is filled out by the farmer and the sampling staff. Based on the gathered
information and the results of the mineral nitrogen content of the soil (based on analysis of the soil sample) the N-INDEX is calculated.

The calculation of the nitrogen fertilization advice (Y) based on the N-INDEX is formulated as follows: Y = A-b*N-INDEX, with A the total
nitrogen demand of the crop.

N-INDEX Method

ﬁoil analysis soil sampling (0-30-60-90 cm) \
mineral N (NO3-N, NH4-N)
Crop N-INDEX texture + pH-KCI
demand Parcel previous crop INPUT
soil conditions
liming / organic fertilizer / N-fertilizer
green manure
Crop crop / variety
- )
é x sowing date / developmental stage /
o s
s = —
z 4 N-INDEX = X, + X, + Xz + oo + Xpg + Xip # X35
(1) (2) (3)
(1) available mineral nitrogen and nitrogen uptake by the crop at time of sampling: EXPERT
g o mineral nitrogen soil analysis, cultivation technique, crop development
% 2 (2) mineral nitrogen to be delivered by the soil during growing season: SVStem
g 'E soil humus, crop residues, cover crops and already applied organic fertilizers
o o (3) reduced mineral nitrogen availability during the growing season:
S £ ) e e .
£ low pH, leaching, volatilization, denitrification and leaching /
g { \
N-fertilisation recommendation = A — b*N-INDEX OUTPUT
N-INDEX Recommendation
Winter wheat — p— S o smenes p— Potato

29/05/2022
G1/06/2022

2022 102
N 5110000 E 490000
s0em

Beginning growing season During growing season

25/01/2023
27/01/2023

EN BEQORDELING

100%

Variéteit
_eaidatum) ‘

GEDSER
(12/10)

Het hog kan in

191kg N/ha ‘

eerste fractie
tweede fractie

86 kg N/ha
58 kg N/ha
47kg N/ha

o dit perceel. Het

K de wettelijk
S oy

bodemvoorraad.

TEELTSPECIFIEKE

houdend met de

Bodemiaag | Grondsoort Wiraath monfumN | Zuuriegrasd | Totaalorganische Bodemiasg | Grondsoort Nitraatn Zuurtegraad
Nos-N) (NHe-N) (oH-KC) koolstof (T0C) Nos-N) () () Koolstof 10}
kg N/ha kg N/ha % kg N/ha kg N/ha %

58 54
030m eem 1 s 126 30 am rof zan =

r o 00 Grof zand B s et 177
3060em - 1 “ 3060am - o « .
N-INDEX* N-INDEX
60-90 cm - 18 <« 138 60.90 cm - - - 253
Lager dan normaal Hoger dan normaal

Minerale N-reserve (0-90 cm) a 14 Minerale N-reserve (0-60 cm) 10 <@ b

Bodemreserve
0%

Procentuele N-index

Verwachte N-mineralisatie
100%}

BEMESTINGSADVIES: AARDAPPELEN

Voor de berekening van het bemestingsadvies word n functie van de vermelde zaai/plantdatum rekening gehouden
e door het gewas jeelheid stikstof.

met d

Bestemming

e

N-fractionering

Friet

| FONTANE

‘ 33kgN/ha

Voorraadbemesting OkgN/ha
Bijoemesting 33kgN/ha

rmelde
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kanin

d d | Het
houdend met de

op een

bodemvoorraad.
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e bijbemesting toedienen bil het begin van de knolvorming.
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Koen Willekens, Flanders Research Institute for Agricu Z ‘ .
Jasper Vanbesien, Inagro research & advice in agriculture and horticulture, Belgium

Peter Vanhoof, Organic Forest Polska, Poland

Introduction

A two-year (2023-2024) field monitoring of N dynamics and overall nutrients availability is pgrﬂ’)rmed in 6 organically mana
rotation as a part of the Demo Project ‘Organic fertilization practice secures good water quality’.

This demonstration project is financed by the Flemish government an
The monitoring approach is illustrated by the first-year data of 2 fields with a cauli

Monitoring approach
|. N dynamics

Mineral N amount (NO5~N + NH,*-N) in 0-90 cm soil profile & crop N uptake in above,
season.

— T1: before fertilization and tillage in spring

— T2:under a young crop at an intermediate sampling moment
— T3: at crop harvest

— T4: at the end of the growing season in autumn
Plant available N = mineral N amount in the soil profile + crop N uptake
Plant available N balance is the difference between subsequent amounts of plant available N

Fisheries and Food, Merelbeke, Belgium

s nutrients supply from different sources in soil

ged fields with a vegetable-arable crop

d the European Agricultural Fund for Rural Development (EAFRD).
flower main crop, field A with an early and field B with a late planted crop.

ground biomass is measured at multiple time points during the growing

Plant available N balance reflects apparent N-release from soil organic matter and organic amendments in the considered balance period

1l. Overall (potential) nutrients availability is measured for the 0-30 and 30-60 cm layers at T2 (in an early growing stage of the crop) by Electﬁcal Conductivity (E_C) :
measurements (bio-electronic measurements according to Peter Vanhoof) in an agueous soil solution, one without and one with sugar addition, the latter to mimic

plant exudates in the rhizosphere. Three different nutrients sources can be distinguished:
— Current availability of nutrients in mineral ionic form

— Potential nutrients release from decomposition of freshly amended organic material
— Potential available nutrients by symbiosis between plants and micro-organisms in the rhizosphere

Results

Field A, cauliflower planting date March 17

Field A, planting date March iz

B % mineral

B % decomposition
¥ Highly positive apparent N release in the beginning of the growing season

fertilization level in the following growing seasons B2 whichicanibe gecoul Sdifoniin determining the base
¥ Negative N release values, i.e., apparent N

mmobilization, under a more deve

to symbiotic micro-organisms in the rhizosphere (T2-13)

loped crop with well-d
-developed rooting syst i
v Field A compared to Field B: .

— Higher mineral N amounts throughout the whole Browing season
= Higher availability of nutrients in mineral form at T2

— Ci i i
onsiderably lower potential nutrients availability by symbiosis at T2
a

Y To i
p dressing level at T2 can b
e based on i i i
(potential) nutrients availability from different sources (bio-el m r
l0-¢electronic and mineral N measurem
ents)

«(\3\

Europees Landbouwfonds
voor Plallelandsonmlkkellng:
Europa [nvesteert

In zijn platteland

Field A Field B
22/03/2023 10/0_?/2023 7/06£2023 18/10/2023
250 T1 2 i T4 texture  sandy loam sandy loam
200
® 150 %0C 3,5 1,2
< 100
S5 C/N 20 10
=0
= Y
== pH-KCI 6,8 6,7
3 1105?) Fertilization (kg N/ha)
g 200 farm yard manure (cattle) 200 105
250
E S pig slurry effluent 110
8350
= 220 commercial organic fertilizer 100 30
450 : s Preceding crop grass-clover ley grass-clover ley
B0-30 ®m30-60 ®60-90cm soillayer ®marketable yield ® crop residue
Field B, cauliflower planting date July 2 Field plant available N a
pparent N release
14/04/2023 8/08/2023
/ _‘/_ / 4_2 2/1%/?%023 18/19{2023 plantingdate  time point k i
e A 4 P g/ha balance period kg/ha ke/ha/day
250 i
o F
g = ield A T1 104 T1-T2 (49 days) 330 6,7
8o 150 M
i 100 s archily T2 434 T2-T3 (28 days) -152 54
= T3
5 5 o : 282 T1-T3 (77 days) 179 23
= =0
B Field B T
2 150 i 24 T1-T2 (116 days) 307 26
5200 July 2
S Y T 331 T2 - T3 (55 days) -65 517
300 T3
' 267 T1-T3 (171 days) 243 14
8030 m30-60 ®60-90cm soillayer m marketable yield m crop residue ;
100
90 T2
Field soil layer mineral decomposition symbiosis total 80
planting date cm uS/cm S/cm 70
Field A 0-30 277 10 3
81
368 R @
March 17 3060 153 19 67 239 g
30
Field B 0-30 136 60 2
255 | ‘
July 2 30-60 120 o . ;
53 299 472 0 - 5] L] Bl
0-30 cm 30-60 cm
Discussion

0-30 cm 30-60 cm

Field B, planting date July 2

H % symbiosis




owever vegetables are characté
A SS‘F’évelope d root system /A _

o P { i = < . . 4
=>Fertilisation is a challenge when striving a lLow residue of nitrogen in the soil
to avoid leaching to surface / groundwate L &b '

Ellen Goovaerts - Research centre for vegetable production

The main principle of the KNS-system

N-advice from the system Adjusting the advice
N delivered from
Target value at a - the soil -
certain moment Siso N delivered from
Measured soil content on = i
N-uptake by plant _ _ other sources = N advice
& a certain depth depending N from crop residues, to the farmer
Latent N: minimum on rooting depth manure, catch crops,
' L
amount of N necessary in . o . compost, ..
Mineralisation of the soil
the soil

(kg N/ha/day)

=> Fractioned fertilisation for crops with a longer growing period

When is the best timing for using the system?

T1 - Shortly before planting - And/or at the breaking point of N-uptake curve

- Minimal 4 weeks after application of manure - Soil content of 0-30 cm and 30-60 cm layer is taken into account
- Soil content of 30 cm layer is taken into account

- Especially for crops with short growing period

Lettuce: T1 = shortly before planting Leek: T1 = shortly before planting T2 = 6 weeks after planting

z Lettuce 7, Leek
£ 100 2 oo o—=t
f% / % 150 1
-4 -4
% 50 A‘ / ; 1:3 ' M//
2 o g o
g 1 2 3 4 5 6 7 8 é 1 2 3 4 5 6 7 8 9 10 11 12 13 14
g Weeks of cultivation é Weeks of cultivation
The advantages of the system The challenges
- Advices based on soil measurements (N-content) Not everything can be measured, we also have to use estimated values for:
- Fractionated fertilisation for crops with longer growing period minimises - Mineralisation: how many kg N/ha/day must be encounted?
the risk of leaching by lowering the N-dose at planting o  Depending on history in use of organic matter
- Soil samples provides a deeper view in soil mineralisation and nitrogen o  Depending on growing period/soil temperature
release from catch crops or harvest residues o Range between 0.5 - 1.5 kg N/ha/day
- Fertilisation can be adapted to unpredicted climate conditions (eg. rain) - The amount of nitrogen released from catch crops depends on
- There is a higher opportunity for managing the amount of residual nitro- o type, date of sowing, development, C/N-content, date of incorporation
gen at harvest - The amount of nitrogen released from harvest residues depends on
- There is a lower risk of nitrogen leaching for outdoor crops o type, plant variety; method of harvesting (fresh market - industry)

- Row/band fertilisation
o  Sampling method/interpretation of soil analyses

- To keep the system (base 1989) fertilisation trials and projects are needed

'\,
N

Conclusion: o o

Good advices demands, an up to date KNS-system in ::ombination wi

W A maximum of input from-the field to the adviser
W A correct way of soil sampling and analysing

W Confidentiality between farmer and adviser




Comparison of Organic and Conventional Crop Management

in Estonia since 2008
Eesti Maaiilikool

Evelin Loit-Harro, Mailiis Korge, Maarika Alaru, Indrek Keres, Banafsheh
Khaleghdoust, Vyacheslav Eremeev, Kaidi Moll, Are Selge, Liina Talgre Estonian University of Life Sciences
Estonian University of Life Sciences, Tartu, Estonia; evelin.loit@emu.ee

Introduction . Methods

o The aim of agriculture is to produce food of high nutritional quality o Long-term field crop rotation experiment located at the Estonian University of
in sufficient quantity, while being sustainable and protecting soil. Lifg Scienf:es in lartu/County (58°22" N, 26°40' E) started in 2008.
o There is a shift towards reduced fertilizer use and increase of o Soil type is Stagnic Luvisol (sandy loam surface texture, C 1,38%, pH 6,0).
organic cropping. o Rotation: spring barley with undersown red clover, red clover, winter wheat, field
o Cereal grains contain starch, proteins and also dietary fibers, such pea, potato (all in four replications) with fertilizer treatments:
as arabinoxylan (AX) and beta-glucan (BG), proven to have essential o Collected:
functional properties. > Sf)'l NO: NO (control, NOPOKO) Org 0 (no fertilizers, no pesticides)
o The aim of the study was to compare the organic and conventional > Y'EId_ N1: N50 (N40-50*P25K95) Org | (cover crops as green manure)
cropping within the same legume-rich crop rotation, to see the > Quality N2: N100 (N80-100*P25K95)  Org Il (cover crops, cattle manure)

impact on soil, crop yield and quality. > Dietary fiber 3 \150 (N120-150*P25K95)

* lower N rate for spring barley undersown with red clover and higher for wheat and potato

Total yield of five crops as an average of 2008-2012 and yield structure Winter wheat Fredis protein content dough quality indicators as an average of 2012-2017
35

A B
0% 0rg0 __JOrgl __lorgll N0 ____|
- A A i A
5 " 100 § § \§ § % § %\ N Prot: 73 11.2+0.7 11.5+0.6 11.3+09 11.3+06 116+1.1 129+1.1 13.6+0.7
30 NERNERNEINENEINEINE
o 04N \ NENERN N NP
c S INENENENENEN N Wi [ 57+07  57:08 58406 5807 6009 6104
h) ] RSN S R 2] - 3N
€ s 5 B B 3 60 - . i I absorbtion,%
= £
B 8" 2.0 Dough 208+02 202+02 202402 224%+03 21602 3.00+0.3 354402
2 § 324 development
3 20 time, min
- 1] p24 p23 p3q poq pog po ) f/ DRI e I 420 £0.55 417£042 4.07+0.50 4394043 4284055 5084040 6.20£038
Org0 Orgl Orgll  NO N1 N2 N3 Org0 Orgl Orgll NO N1 N2 N3% min
® Barley =redclover ®w wheat

Tpea

Treatments** S potato

Total dry matter yield was significantly lower (A) in all organic treatments and
NO (average of 2008-2012). Barley and wheat yield was higher (B) in
conventional treatments, while red clover biomass was lower. (Keres et al 2020)

Winter wheat protein content was the highest in N2 and N3, which received 100 and 150 kg of
N/ha. Flour water absorption and dough development was the best in conventional
treatments with higher N rate. (Keres et al 2021)

6.00

o
o

* Nitrogen treament did not impact the
arabinoxylan and the beta-glucan
content.

¢ Annual weather had impact on AX
and BG.

* Higher temperatures during tillering
and grain filling period increased AX
values (Korge et al. 2023).

« More precipitation during grain
filling decreased BG content
(Khaleghdoust et al. 2024).

5.00
o 4.00

8
S 3.00
s

AXg100g?!

g 2.00

ab a a

1 || |
2019 2020 2021

1.00 & b ab

] =]

ab

b

0.00 [ ||
2014 2015

2016 2017 2018

Year

2014 2015 2016 2017

Year
® AX winter wheat 1 AX spring barley

2018 2019 2020 2021

BG spring barley  m BG winter wheat

letters on bars refer to comparison between different cropping years of the same species; bars with the same letter are not significantly
different (P <.05)

letters on bars refer
different (P <.05)

between different of ies; bars with the same letter are not significantly

Aa
| Abc
(8
N1 N2

ONVENTIONA
02017 Mean

PPINg y: pe

130 Soil phosphorus content

decreased in all organic
treatments and in N3.

Plant available potassium in soil
decreased in all treatments.

Use of winter cover crops and
composted cattle manure in the
organic system did not maintain
the levels of P and K in the soil at
baseline (Keres et al. 2020).
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02008 Mean

N1 N2 N3
CONVENTIONAL CROPPING no

02017 Mean

Plant available P content (mg kg-1) in the soil at the beginning of the field trial and after ten years. 2008 Mean: F(6, 133)=1.268,
P=0.276; 2017 Mean: F(§, 133)=2.754, p=0.0149; *different large letters indicate a significant difference between years, and different
smallletters indicate the difference between treatments in a given year

Plant available K content (mg kg-1) in the soil at the beginning of the field trial and after ten years. 2008 Mean: F(6, 133)=1.268, p=0.276;
2017 Mean: F(6, 133)=8.215, p<0.001; *different large letters indicate a significant difference between years, and different small letters
indicate the difference between treatments in a given yea

Fungi .

R

Soil microbial diversity and
abundance increased during the
second rotation in most treatments.

* Decrease in bacterial diversity was

vour seen NO and N3.

* Treatments with low to average
mineral nitrogen input were favorable
for soil microbes (Esmaeilzadeh-

Salestani et al. 2021).

. * Soil organic carbon content increased

after the first rotation (except in NO),

but decreased after the second

rotation in N3, Org | and Org II.

0
Cop%

D 2013
D 2017140

1404

»

1.46bc

£y

%*; -:-!1‘:&"" -:' a5

1.40ab  1.40ab

1,380

In 2008
1,38%

3Th

Shannon Diversity Measures
@

1,222

1,20

N1 N2 N3 Org0 Orgl Orgll

CONVENTIONAL CROPPING H (ORGANIC CROPPING

References: Keres et al 2020 Long-term effect of farming systems on the yield of crop rotation and soil nutrient content. Agricultural and Food Science; Keres et al 2021 The Combined Effect of Nitrogen Treatment and
Weather Conditions on Wheat Protein-Starch Interaction and Dough Quality; Korge et al. 2023. The influence of cropping system, weather conditions and genotype on arabinoxylan content in wheat and barley grains. J.
Cereal Sci; Khaleghdoust et al. 2024. Barley and wheat beta-glucan content influenced by weather, fertilization, and genotype. Front. Sustain. Food Syst.; Esmaeilzadeh-Salestani et al 2021 Cropping systems with higher
organic carbon promote soil microbial diversity, Agriculture, Ecosystems & Environment
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ANAPLANT - Critical values for plant analysis:

update/v

S. Klages?, W. Haberker

Background

plant analysis is one method to adjust femliz?tion (Iater.) during
% lant production period. Introduced in the 60ies and
i f?ﬂ in the 80ies and 90ies of last century, Critical Values
(ucﬁ/d)aaie target concentrations in plant tissue Iinkgd tt? target
yields and/or qualities. (Current nutrient concentrations |n plént
tissue are compared to CVs or -ranges to detectv fe_mllzatxon
needs). In the Saxony-Anhalt region, plant analysis in former
GDR-times was traditionally used to apply limited amounts of
fertilizers most economically. Now, the environmental impact of
fertilizer use dominates the common interest, while frame
conditions (e.g., increasing droughts, reduced air-pollution)
under which CVs originally have been developed changed
substantially.

Tfﬁaterials'ar'\d Meghodsy

|

sk L

On farm research and sampling of fertilizer trials

Sampling plant- and soil-samples at defined growth stages,
recording GPS-sampling positions

Plant analysis with inductively coupled plasma optical emission
spectrometry (ICP): N, P, K, S, Ca and Mg according to methods
VDLUFA |1 3.5.2.7 2004 and VDLUFA VIl 2.2.26 2003, B, Fe, Cu,
Mn, Mo and Zn according to methods VDLUFA VII 2.2.26 2003

Soil analysis: N according to Dumas, P and K according to
VDLUFA | (CAL): A 6.2.1.1, Mg according to VDLUFA |
(Schachtschabel) 6.2.4.1 and Ca as NH,Cl-pulping and B, Fe, Cu,
Mn, Mo and Zn according to VDLUFA |, A.13.1.1 2004 CAT-
method; pH according to VDLUFA I, A 5.1.1 1991, soil group
according to VDLUFA |, D 2.1 and humus content as explained
in ONORM 11081 209-11

At the end of the season, farmers/researchers were
interrogated concerning details of crop cultivation: fertilizer
applied (N, P,0;, K,0, MgO and Ca0 in kg/ha, farmyard manure
as tons or CBM/ha, B, Mn, Cu, Zn, Fe as yes/no-information),
imigation, date of application/irrigation, vyield, qualities
achieved (raw protein, sugar, starch)
We set up a database with PostgreSQL. We use Python for the
calculation and comparison of CV obtained according to the
methods cited above and for visualising the results. We use
SPSS to perform statistical evaluation of different subsets.

Preliminary Results

Due to a delayed project start in 2022, samples were taken
mostly in the later development stages, in 2023 in earlier stages:
these early sampling periods are more relevant in case foliar
fertilization in the current vegetation period is considered. Figure
2a exemplarily shows mean values and standard deviation for
Potassium at different growth stages of winter wheat in two
sampling periods. In Figure 2b, these values are compared to
those of the high vielding subsets (top 20 %).

potassium (% dm)

CUn ©hN w0 whw e Cha s
development stzge.

Flgure 2b: CV and values for total sample size for

e osment iage ™
loslm mi 4N alues and standard deviations of
entration of potassium in winter wheat.

§ta(istica|ly, yiel
identicall), oy,
ﬂ,e high vieldi
difference be
NUtrientst)

d and raw protein content in both years were
ever, while yields differed considerably between
Ng subset and the rest, there was no significant
tween both subsets in concentration of most

As a linear
Plant samp|
deduction o
Sumner (19
be deduceq

|p:ssnal\r/‘ed relvation bef\fleen nutrient concentration in
Tl yle(;(.i/qualmes isA a prerequisite for the
Eak cording tf’ Beaufils (1973) Walworth and
ks ent und Dafir (1992), meaningful cv could not
iam Ith this Procedure,

ney-U-Test, Kruaka\»walhwes\‘ medlan and distribution.

Literature

Bergmann, .
ER

Beayf)s, d): Em

(

(1973); pjg

:uenmenm.un and cal|
1 Bull.of Uniy of gy

hrungsst
S fm n:ir;z:n bel Kulturpflanzen, Gustay Flscher-Verlag, Jena,

lbraton baseg o rur\:':\(dla:von Integrated sysiem (DRIS): A Een‘grﬁl scheme for
Tt g Pies developed from research in plant nutrition. Sojl

T o

W[‘F"‘ft“[uv S A

Profect partners

Potassium compared to present reference range.

Cooperating project

1agri.kultur, Messel, 2pHYTOsolution, Freyburg, 2IAU, Freyburg

Figure 1: sampling

Preliminary Results

Boundary lines were programmed according the general
equation

f(x)=y_max+a_| * (x-x_max)A2 in case x < x_max,

f(x) =y_max +a_r* (x-x_max)A2 in case x > x_max

as spline/parabola with different slopes left and right of the
optimum. Figure 3 shows exemplarily the boundary line for
potassium in development stage 31 of winter wheat.

nl, M. Erb-Brinkmann?, S. Siegmund?,
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®
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standardized yield
°
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A

1 2 3 4 s 6
potassium (% dm)

Standard yleld according to local fertilization planning program Bsysd to determine standard nutrient need;

Target concentration of potassium In winter wheat, EC 31 as calculated with boundary line approach (Heym
and Schug, 1995, adopted)

Target concentration of potassium in winter wheat, EC 317
sample origin
Hochschule Anhalt, fertilizer trial
A LG Bernburg-Strenzfeld, fertilizer trial
® onfarm
Figure 3: boundary line for development stage 31 of winter wheat
Target concentration of potassium as calculated with the
boundary line approach currently is far lower (2.1 — 3.6 % dm)
as published by Bergmann (1993) (3.2 — 5.1 % dm). As samples
are only available from two years so far, results may alter when
considering further sampling periods. Yield levels of fertilizer
trials were comparable to those harvested on farm.

Obviously, the deduction of boundary lines works better the
higher the number of pairs of yield-nutrient’ values are.
Further, the dispersion of values may hamper an evident shape
(outliers, broad dispersion).

In Table 1, differences of present target ranges?) in comparison
to analysed plant nutrients in 2023 are listed for the crops
investigated: in some cases, considerable differences justify
further research towards an adaption of CVs.

winter
rapesead

curentlyopolied e [

ranges” < means of all samples.
aken

ranges™> maans of |

Table 1: comparison of currently applled tar
measured In 2023

“laccording to Bergmann (1993), Vielemeyer and Hundt (1991)
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SACHSEN-ANHALT

slidation for Saxony-Anhalt

W. Bannach?

Aim of the project

The EIP-Agri financed project (duration 4/2022 until 12/2024)
aims at the update/validation of CVs used in the Ggrman Fedf:*ral
State of Saxony-Anhalt. Figures applied at present in lab routines
refer to different stages of crop development and were deduces
by Vielemeyer and Hundt (1991), Bergmann (1993) and
supplemented by own recent research. These reference ranges
were compared with CVs

(a) calculated from mean nutrient concentrations of high yielding
subsets (Beaufils, 1973, Walworth und Sumner, 1987, Parent
und Dafir, 1992) and

(b) deduced from a Boundary Line around scatter plots qf the
relation nutrient concentration/yield and the CV as maximum
(Heym und Schnug, 1995; Klages, 2012).

Discussion

We could show, that a deduction of CVs in plant tissue in order to
determine nutrient supply of crops via a high yielding sul?set
failed as there was no significant difference in nutrl?nt
composition between the high-yielding subset and th.e rest. Using
the boundary line approach, reasonable CVs respectively -ranges
in plant tissue could be calculated.

However, results could be explained as follows:

Under favourable conditions, there is a linear relationship
between nutrient concentration in leaf tissue and crop
harvest/quality. A high yielding subset can be defined, for which
nutrient concentrations are also elevated (Figure 4).

o Py o [

e
Figure 4: hypothetic refation nutrient concentration in plant tissue/yield under favourable conditions.
Under unfavourable conditions, this relation is decelerated, no
high yielding subset with a significant elevated nutrient
composition can be defined. The boundary line in this case marks
as CV the lowest nutrient concentration with which under these
conditions high yields could be attained. For reaching this CV,
usually lower fertilizer rates are sufficient (Figure 5)

flattening of
the curve

3 sultur (% dm) o

Figure 5: hypothetic relation nutrient concentration in plant tissue/yleld under unfavourable conditions
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TerraZo -
Free creation of application maps and

deployment based on field trials

Materials & Methods

Location: Josephinum Research Wieselburg : g
Based on Sentinel-2 satellite data and field trials, vegetation indices are calculated, and using mod.els, ferti lzatlo(r;
recommendations are generated for each specific area. The application maps that are generated can be easily exported an
imported into compatible tractor terminals, enabling seamless utilization in the field. Alternatively, smartphones or tablets can

be used for site-specific fertilizer application.

Results
Variable and site-specific N-fertilization leads to a reduction in operational costs and a demand-driven plant r_mFrition.
Additionally, site-specific fertilization ensures a balanced N-balance, higher N-efficiency, and lower greenhouse gas emissions.

Figure
9000 [ Konstam 160
B veriabel

8500 150

8000 140

7500 130

7000 120

6500 110

6000 - 100

yield (Wheat) amount of fertilizer
kg/ha kg/ha

Constant vs. variable N-fertilization Creation of application maps TerraZo
© Josephinum Research © Josephinum Research © Josephinum Research

Conclusion

As part of the research project, it has been found that the creation of application maps requires not only technical expertise
but also the consideration of agronomic and location-specific characteristics of the fields. Both aspects are taken into account
in the project to simplify technical barriers for the user and support site-specific fertilization by proposing fertilizer quantities.
Importantly, the user has the flexibility to customize all suggestions to accommodate personal preferences and experiences.
Another important point is that when we able to established such a system on a wide scale, new knowledge is transferred
directly to the point of application. By incorporating advanced technologies and data-driven approaches practice and science
can benefit from each other and more informed nutrient management decisions can be made. :
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e osephinum Pranlfll P. 1), Gansberger M. 1), Geyers. 1) @®: :‘Z"‘:ﬁ@
Taubdck A. 2), Hungendorfer M. 2), Winterspacher M. 2) A R
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3250 Wieselburg, E-Mail: stefan.geyer@josephinum.at u?‘?;.‘.‘." 2
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A new controlled-release
fertilizer with a fully
biodegradable coating
reduces nitrogen losses
to the environment

Authors: Adi Perelman, Cristian Terrones, Cristian Filote, Ronald
Clemens, Scott Garnett
ICL Growing Solutions - Israel, The Netherlands, United Kingdom

Introduction

Nitrogen (N) is crucial for plant nutrition and agricultural systems’ sustainability and
economic viability'. N is highly dynamic thus it challenging to efficiently manage

it, particularly in intensive agricultural systems where huge N inputs may lead to
substantial losses through surface runoff, leaching to ground waters, and gaseous
emissions to the atmosphere. There are several ways to reduce the risk of N losses, like
urease inhibitors, nitrification inhibitors, and controlled-release fertilizers (CRFs). The
challenge of new fertilizer technologies is to reduce N losses from agricultural systems
and to increase Nitrogen Use Efficiency (NUE)2

This study aimed to assess N loss reduction to the environment when using CRFs
compared to uncoated urea.

Materials and Methods

Experimental design

The trial was executed by NMI b.v. (Nitrogen Management Institute, The Netherlands) in 2021.

A pot experiment with red beetroot (Beta vulgaris vulgaris) was set up using loamy-
sandy soil with a high pH (>7.5). The experiment consisted of four treatments

1. Zero N (control)

2. Urea 46%N | 1x N | 100% N rate as base fertilizer

3. Urea 46%N | 2 x N | 50% as base fertilizer and 50% as top-dressing

4. CRF* 40%N | 1x N | 100% N rate as base fertilizer

The trial was set up in a randomized block design with 4 replicates per treatment. All
treatments received 150 kg N ha™, full rate as base fertilization or split applications,

except for the control. All treatments received the same amount of P, K, Ca, Mg, and S.

* The CRF product is fully coated urea by ICL’ new biodegradable coating technology - eqo.x®

Measurements
NH, and N,O emissions, and total N leached were measured throughout the trial. At
the trial's end, total plant biomass and Nitrogen Use Efficiency were assessed.

Conclusions
Compared to regular urea, CRFs

Reduce N leaching,
up to 60%

Reduce NH;
volatilization, up to 60%

Reduce N,O emissions,
over 10%

Results

Cumulative total N leached Cumulative ammonia losses

100 6
- Zero N N
g0t ~ Urea4s%|1xN 5 @
Urea 46% | 2 XN a 2
a 4
- 60 ~ CRF 40% | 1XN o o
£ 5 3
2 40 -54% | |-61% 2 b .
ab 2 N .
a
20 ) 1
0 0+ S e
0 15 30 45 60 75 0 5 10 15 20 25 30 35 40 45 50 55
Days after application Day

After 72 days, by using CRF 40%N, total N lost by
leaching was reduced, in average, by 58% compared to
conventional urea.

After 14 days, N losses as NH; volatilization were
significantly reduced by 53% comparing CRF 40%N with
Urea 46%N, applied at the same time and rate, and by
31% when compared to split application of urea.

Cumulative N,O emmisions

400 T = ZeroN

350 T - Urea 46% | 1XN

300 Urea 46% | 2 X N @
250 + = CRF 40% [ 1XN

In the first 30 days, N losses as N,O were
significantly higher for Urea 46 %N / TxN
compared to split application of urea and CRF
40%N. At this moment, Urea 46%N | 2 x N received
only 50% of the total N.

© b
£ 200
o b The N,O emissions after 72 days varied between
150 0.17 and 0.5 kg N/ha but there were no statistically
100 a significant differences between treatments for the
2 total cumulative N,O emissions.
50 R b,
0 A —c,
0 0 5 10 15 20 2‘ 5 20 However, CRF 40%N lowered N,O emissions by -11%
compared to regular urea applied at the same rate
Days after application and time.
p yield and Nitrogen Use

Total biomass
(above and below ground) 14

12
10
8
6
4
2
0 0

CRF 40% Urea 46% Urea 46% ZeroN CRF 40% Urea 46% Urea 46%
[1XN  |2XN [1XN [1XN |2XN [1XN

Nitrogen Use Efficiency (NUE)

kg/ha
yield (kg) / 1 kg of N applied

Less N losses lead to higher NUE therefore higher yields. In this trial, CRF 40%N improves NUE by more than 80% and
increases yield by more than 30% compared to average results recorded by both treatments where urea was used.

#*

Increase NUE by
more than 80%

NUE calculated as Agronomic Efficiency = (YF-YO)/N applied
Different letters indicate significant differences (p < 0.05).

%

Increase yield by
more than 30%

References: ' Zaman, M., & Blennerhassett, J. D. (2010). Effects of the different rates of urease and nitrification inhibitors on gaseous emissions of ammonia and nitrous oxide,
nitrate leaching and pasture production from urine patches in an intensive grazed pasture system. Agriculture, Ecosystems and Environment, 136(3-4), 236-246.
2 Minato, E. A., Cassim, B. M. A. R, Besen, M. R., Mazzi, F. L., Inoue, T. T, & Batista, M. A. (2020). Controlled-release nitrogen fertilizers: Characterization, ammonia volatilization,

and effects on second-season corn. Revista Brasileira de Ciencia Do Solo, 44.
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RESEARCH CENTRE

o Lithuanian case study?

RESEARCH C Do composts meet organic fertilizers quality requirements:

Karolina Barcauskaitée

Lithuanian Research Centre for Agriculture and Forestry, Instituto Av. 1, Akademija, 58344 Kedainiai, Lithuania

NTRODUCTION

Waste generation and environmental pollution pose significant challenges W(?rldwide, with an.nual levels of.pollu

complexities of waste management have intensified in recent decades, necessitating the selection of ?pproprlate tr . O
remains a particularly sensitive issue in developing and densely populated countries, and determining optimal strategle§ remalE ol
Composting organic biodegradable waste stands as a crucial and well-established component of waste manage.ment 'practlc‘es in urc;p : [ e
where composting was involved, were published in 2005 in Lithuania. Ministry of Environment of the Republic of thh'uama release ;”S . i
about the proper management of organic waste, including composting. Later, these guidelines were improved several times to fully fu l e
development of waste management in the country. Same year, as the first policy about the waste management was re‘aleased, the Association g
Waste Management Centers was established. Currently, 10 regional waste management centers are operatingin Lithuania.

tion and waste steadily increasing.

eatment methods. Waste managem
uest

Soild organic fertizers: shall contain organic Compost

i il improvements
carbon content = 15% Organic soil imp

Shall contain =20 % or mor
dry matter

Organic carbon content 2 7.
% by mass

A) Mono-nutrient
* Total nitrogen (N) > 2.5%

«  Total phosphorus pentoxide
(P,05) > 2%

» Total potassium oxide (K,0) >
2%

Is compost an

organic fertilizer

or an organic soil /soi/
improvement (improvement
substance ? substance?w

Heavy metals limits for
organic fertilizers & organic
soil improvements:

Wr_ganic
fertilizer?

B) Multi-nutrient
» Total nitrogen (N) > 1%
» Total phosphorus pentoxide

;Heavyirrrrjetailr 7Conc., mg/kg

(P,05) 2 1% cd 1.5/
+ Total potassium oxide (K,0) > Cr (VI) 2
1% Hg il
e The sum of those nutrient Ni 50
contents shall be at least 4 % Pb 120
by mass 7 800
VARIOUS ORIGIN COMPOSTS’ QUALITY 4
Table 1. Agrochemical indicators in different types of compost produced in Lithuania, 3-year results CU ——— 300
ity indi \ Composttype CONCLUSIO
N
\ Quality indicators GWC FWC SSC CMC DC 2
\\::tt:', ::;:z:': 2 %—gg5 & IR | : > Sewage sludge composts are rich in
\ Totalpotassium,’% __:] - l — BEa | nutrients however high amount of
Total amount of main | e B R ‘ heavy metals Cd and Zn is a limiting
nutrients, %

factor of these composts' use.

Organic carbon :
content, % En i
Note: GWC-green waste compost, FWC-food waste compost, SSC-sewage sludge compost, CMC-cattle m

compost, DC-digestate compost waste are classified as soil

very low average

: very high improvement substances. Cattle
low | doesn‘t meet OF meet OF manure composts il e

> Composts from green and food

Table 2. Concentration of heavy metals in different types of compost produced in Lithuania, 3-year results COnSide red as mu lt i‘n utrient
Y e | Compostitype organic fertilizers while digestate
g mg/kg GWC FWC SSC | cMc “ composts meet the mono-nutrient
- & Yk ).15 I B2 organic fertilizers requirements.
Ni > Li %
L .
Cu ithuanian policy recommendations
= regulate the total Cr amount in
\\Cr,,.,,, composts, but not hexavalent
~ :
5 chromium as recommended to
determine it in EU d
oc
Acknowledgments )

There is a gap in the data of Cr (V1)
in Lithuanian compost samples.
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Long-term effects of phosphate fertilization

Vervuurt, W., van Geel, W.C.A., Regelink, I. and de Haan, J.J.

Introduction

In agriculture there is a growing need to use phosphorus fertilizer
more efficiently because of P related environmental problems and
diminishing P reserves. Legislation in the Netherlands restricted the
maximum supply of phosphate on agricultural soils to minimize losses
to the environment. Concerns about soil fertility and yield losses
arose. A long-term phosphate trial was initiated and preserved to
quantify the effects of P-fertilization levels on crop growth as well as
on soil phosphate levels and phosphate losses.

Methods 3
The experlment ona .marme o ?:‘o s 1) =
light clay soil started in 1990 2 S < S S 8
with four levels of P- fertilization. = S § § 8 E %
In 2005 each treatment was @ % o
.3
0

split: fertilization was continued
in one part and discontinued in
the other. Resulting in these
treatments and fertilization

(kg P,O5 ha't yrt):

v

1990-2004 2005-2022 |

P1-0 0 0 total P PAL P-Olsen P-CaCl2
P1-70 0 70 . o _

P2-0 70 0 Figure 1. Phosphate fractions in the soil.
pP2-70 70 70 Crop yiels were monitored and
P3-0 140 0 phosphate fractions (P-CaCl,,
P3-140 140 140 Pw, P-AL and total P) were

P4-0 280 o determined in the soil (0-30cm
P4-280 280 280 and 30-60cm).

Effects on yields

e An optimum yield was obtained by 70 kg P,Os ha'! yr! at a soil
phosphate level that is considered as optimal.

* Yield losses occurred at fertilized and unfertilized plots with lower soil
phosphate levels.

¢ Higher soil phosphate levels in combination with and without
fertilization did not affect yields.
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Figure 2. Relative crop yields for fertilized treatments (filled) and not fertilized treatments (open)
in the period 2006-2022, for crops with a high P need (potato, onion, maize, beans).

[E]¥[] Wageningen University & Research
o P.O. Box 123, 6700 AB Wageningen
[EI¥%: Contact: wieke.vervuurt@wur.nl
M +31 (0)6 14603068
https://edepot.wur.nl/588813

Effects on soil

« Different levels of fertilization led to divergent soil phosphate levels
in the soil layers 0-30cm and 30-60cm.

* Discontinuation of fertilization led to sharp decreases in soil
phosphate levels.

e The P,O; surpluses did not lead to proportionate changes in the soil
P,O; stock at 0-30cm.

e Losses were difficult to quantify.

¢ At high fertilization rates P-CaCl, stabilized while the P stock
measured with P-Al further increased.
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Figure 3. The soil phosphate levels measured as P-CaCl2 (top) and as P-Al (bottom) in the
layer 0-30cm.

Conclusions

¢ At sub optimal soil phosphate levels, fertilization is needed to reach
optimal yields and improve the soil phosphate levels.

* At high soil phosphate levels, fertilization is not needed to reach
optimal yields. The current limit of 40 kg P,0O5 ha-t yrtis sufficient
to reach optimal yields at high phosphate levels.

¢ At low soil phosphorus levels, mining did not lead to a further
decrease.

¢ At high soil phosphorus levels, mining did not lead to stabilized
levels after 18 years.
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Background

We are transitioning towards a circular economy that aims to reuse
waste streams such as sewage sludge, surplus of manure, and organic

Results

household waste. Treatment and reuse of these waste streams will i"é 2000
lead to new organic fertilisation products. The overarching project 5 11 (sand)
includes assessment of agronomic, environmental, health and £ = e
' : / 0'51500 .- Y - @-11 (clay)
economic aspects. This study focuses on the agronomic impact. E @ =@loe T
; > P z B S (sand)
& G 9 = 1000 5 — |
ObJect!ve . . S , ® = (chy)
Developing a simple and quick method to predict the agronomic S ; ;
impact of organic products, to speed up the acceptance or rejection of 2 | L{chy)
new organic products, thus contributing to the transition towards g 1(sand)
(O]

circular economy. —

0 20 40 60 80 100 120
s tg) Time (days)
2:9,
J €€€ Figure 3. Measured C-CO2 emission due to fertiliser decomposition over time, for sandy and
\ E'/=—
a

clay soil. With 11 = cattle slurry, 5 = dairy sludge, 1 = champost.
| e Simple laboratory analyses (total nitrogen content, a pyrolysis
parameter and a MicroResp. parameter) could predict the size of the
/ \\ easily decomposable fraction of carbon (fDPM) of an organic
fertilising product, enabling the prediction of carbon dynamics.

e For N mineralisation, an overestimation was found, meaning that

just using a fixed C/N ratios of each of organic pools in RothC is a
too simple approach

Sandy soil
Figure 1. Two routes for investigating the carbon and nitrogen turnover: incubation - 2500
?}periments (Fop) or simple laboratory analyses and modelling based on this study (bottom). § g
Introduction & methodology §’§“ i
* By analysing carbon and nitrogen-related characteristics of 16 very )
different organic products in incubation experiments as well with _é?woo
simple laboratory analyses, an extensive dataset was created. g =
* This dataset was used to calibrate sizes of a quickly and a slowly 3 CRRERERY LN
decomposable pool, as defined in the model RothC. 0 : .

1228 68 7. B1 G

o Measured

105 =151 1D
B RothC (DPM based on regression)

¢ Simple analyses were coupled to the size of the quickly 139G 1> 16

decomposable pool by regression analysis. N turnover followed from

organic matter decomposition and C/N ratios assigned to pools. Figure 4. Comparison of cumulative C emission due to mineralisation of the organic products
over 120 days in sandy soil, from i) the incubation experiment, and ii) the RothC model with
DPM based on regression.

1 Champost

2 Farmyard manure
3 Garden peat

4 Straw

SWWTP dairy sludge

¢ 6 Bokashi
10 7 Mono-digested cattle slurry
8 Struvite with organic matter
9 Chicken manure

- 2 10 Grass
r11 16 411 Cattle slurry

12 Organic waste compost
13 Deep litter stable manure
14 Soil improver from GZV

Conclusions

e The evaluation framework tool can, with a simplified method, help to
predict the expected effects of an organic fertiliser on carbon
storage in soils.

e The method of using fixed C/N ratios per pool was too simplistic to
explain N turnover

e The methodology will be tested and validated within a follow-up
project: Validation of a assessment system for organic fertilisers

15 Co-digestate from GZV
16 Pig slurry

Figure 2. The organic products used In this study.
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Background Results
* Phosphate is strongly bound by soil particles and natural p availability is os e Eammaaee o j

therefore very low.

|
020

+ P fertilization is thus needed to increase the soil P stock to a certain amount

. 600
: | seain S
for optimal crop growth. go1s| o
B % E | 2400
- To th.e contrary, a high soil P stock created by excessive P fertilization increases oo gs«m
the risk on environmental losses and wastes finite phosphate reserves. ‘ | “a0
= o & ~ e 2 2 g 0.05|
This requires tailored fertilization advice accounting for the effect of soil P ‘ O i Yactansell0e) parp0
sorption properties. e ‘ Y =c(-145) + c(0.687) x, A =087
OO0 2 S 4 e G © T 0 Jo 2 T 4305 1688 S 20 22 W24 w26 128 1 0 100 200 300 400 500 600 700 800 900
Pw (mgP/kg) P-total (mgP/kg)
Q CroP@REmOAL Figure 4: In blue triangles the sandy soil is shown and in red dots the loamy soil.
P

Left) Water extractable P (Pw) is related to P-loading (P,./[Aly+Fe.]). The
comparable relation for both sites suggests that P in solution is likely governed by
/Al oxices O the relative loading of oxides particles for both soil types.

Clay €06es " o Right) Ammonium-oxalate extractable P is compared to total P. Part of applied P is
e @3 &t Ny | lost from the ammonium-oxalate extractable pool to very stable pools only
extractable by strong acid. This loss is highest on the calcareous loam soil with 30-
35% of applied P.

ﬁ’RIMA&Y k Potato Potato
aeaTTE (P B 120 g
= 3 110 S hia & :
100 3 'E-A-E-v.—':i—_:;_'
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5 Figure 1. This figure shows the most important pathways of phosphorus binding of O 10T 20 R 308 SO R SO BRI OGO 0100 07 1055 20/ 00l 40507 60T 701 80
| mineral applied P fertilizer. Depending on the specific soil properties, these processes  Figure 5: Critical water-soluble P levels for optimal crop growth have been
| govern the bio-availability of applied P fertilizer.
1

determined by fitting crop yield to Pw by Mitscherlich equations. This shows that
the sandy soil (Right) requires a higher level of water-soluble P than the loamy

Objective soil (Left) for optimal potato growth. STPs P-CaCl, and P-AL indicated a similar
difference.

To understand: o g

A) Phosphate sorption in P pools with variable reactivity to the soil solution. Loamy Sandy —[ w‘ |

B) The relation of soil type with the quantitative importance of calcium- %,I _Total P (mgP/L) Sg" Total P (mgP/L)| a |

phosphate precipitation versus phosphate adsorption to oxides. dosage dosage o

C) The relation of soil P availability tests with crop yield and environmental (kgP/ 35cm 75cm | (kgP/ 35cm 155 cm
ha) depth depth ha) depth depth | §

losses. D @2 @Ol ® 00 oo |

: B @6 el 0 @l eed] o b
0.08| ¢ =

Mothods ZORNOT0 IGY02 % B G O ‘
i

05 @t @Ol 709 @5 @60 sl
We used two Dutch long-term fertilization experiments to gain insight iln B 5 00 @R | U BT 0T U DO S e
e isms. The LTEs are situated on a calcareous loamy soil in ; ' : ; o

ls:(l)er\?:IZ:drgizh:nnoncalcareous sandy soil in Drenthe. Both LTEs were initiated in ;gﬂe 1: Oilverrr?;iestiiZOd I'?afszofeetg \l/:vl'?:hreldsg szertmzanon basibeen
1971 and are still maintained. Mineral P fertilizer has been applied yearly with g ,Ied S:/ith Ersepmin e solil :fteror255 years at the loamy
various dosages. This resulted in cumulative P surpluses of -1000 to +4000 kg ;sand B R e A el Vce?rs of surplus
P/ha after 50 years. Various arable crops have been cultivated for which crop Sl s remainéd b gl f.aster atﬁr-soluble B

i d yearly. an  expected
yield and phosphate uptake has been measured yearly. e e basei el e oxpecied

P fertilization at 35 cm depth. loading and  water-soluble P

acquired for yearly fertilized plots.

Conclusions

* P-loading onto oxides seems to govern P in solution for both soil types.

¢ On the calcareous loam soil P losses to very stable pool are substantial.

e Critical STP values are not generic. Following generic
recommendations may lead to inefficient P fertilizer usage.

* At both sites, P leaching was only minorly enhanced for treatments receiving P

fertilization

8

|
|
3
o
|
|
1

4 ad % 3: LTE on acid sandy fertilization rates of 4x crop uptake for more than 30 years.

Figure 2: LTE on calcareougI :;ﬂl;':ar Wijster. Clay: 4%; pH « When P fertilization is withheld, water-soluble P declines with an enhanced rate
loam soil near Marknesse. Clay eduction of P-loading.

20%; pH 7.5; OM 3.6%; 9% 5.0 OM 4.5%. compared to the r g

CaCO;.
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