
 
 
 

 1 

 
Zurich-Basel Plant Science Center 

https://blogs.ethz.ch/Science_and_Policy/files/2018/01/Agriculture_and_Climate_Change_Reduci
ng_Food_Footprint-.pdf 

 
IMPROVING NUTRIENT MANAGEMENT IN THE SWISS FARMING 
SECTOR 
TURRY OUMA1,2, CHENGCHENG MA3, NICOLIN CAFLISCH4, FRANK LIEBISCH5 
1 Swiss Data Science Center (EPFL and ETH Zurich), Andreasstrasse 5, 8050, Zurich, Switzerland 
2 Sustainable Agroecosystems group, Department of Environmental Systems Science, ETH Zurich, Universitätstrasse 2, 8092 Zürich, Switzerland 
3 Faculty of Science, University of Basel, Klingelbergstrasse 50, 4056 Basel, Switzerland 
4 Crop Science group, Department of Environmental Systems Science, ETH Zurich, Universitätstrasse 16, 8092 Zürich, Switzerland 
5 Agroecology and Environment, Agroscope, Reckenholzstrasse 191, 8046 Zürich, Switzerland

Introduction 

The nutrient balance of the agricultural sector in 
Switzerland shows large N and P surpluses  
(Baumgartner et al., 2025; Spiess et al., 2025). There is 
an ongoing debate among farmers, environmentalists 
and researchers on the adequacy of available tools, 
recommendations and regulations for agricultural 
nutrient management in Switzerland  (Baumgartner 
et al., 2025; Hardegger, 2025; Sutter & Reidy, 2021). 
This study aims to give an overview of tools and 
regulations for nutrient management in Switzerland 
and in other countries and thereby obtain 
development options and strategies for an improved 
national nutrient management to increase nutrient 
use efficiency and reduce environmental pollution 
while maintaining agricultural productivity and 
reducing the administrative burden on farmers.  
 
Principles of nutrient management 

I) To produce high yields and nutritious products, 
crops need adequate supply of all essential nutrients, 
i.e. Nitrogen (N), Phosphorus (P), Potassium (K), 
Calcium (Ca), Magnesium (Mg), Sulphur (S) and 
several micronutrients. Insufficient supply of any 
single nutrient will result in deficiency symptoms, 
but nutrients can also become toxic for plants when 
available in overly copious amounts. However, there 
is usually a plateau between the end of deficiency and 
the onset of toxicity where changes in nutrient 
availability do not affect crop performance (Figure 1) 
(Richner et al., 2017). 

II) Plant-available nutrients that are not immediately 
taken up by plants are at risk of being lost into the 
environment through various pathways, resulting in 
damage to natural ecosystems (e.g. algal blooms and 
fish kills in lakes (Müller & Stadelmann, 2004)) and 
human well-being (e.g. contamination of drinking 
water with nitrate (NO3

-) (Di & Cameron, 2002; 
Federal Office for the Environment FOEN, 2025)). 
 

 
Figure 1: Relationship between yield and nutrient 
concentration in the plant (adapted from (Richner et 
al., 2017)). 
 
III) When farmers harvest their crops, the nutrients 
contained in the harvested products are removed 
from the fields. To prevent a gradual depletion of the 
soil nutrient stocks (that will ultimately result in 
nutrient deficiency and declining yields), farmers 
need to replenish the soil nutrient stocks through 
fertilization (Smaling & Oenema, 1997). However, if 
farmers resupply nutrients in excessive amounts, a 
large part of the nutrients added will end up in the 
soils or be lost to the environment. The risk of this 
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happening is particularly high on farms with animal 
numbers far in excess of what could be sustained 
based on their own plant production: Since animals 
are relatively inefficient in converting feed into edible 
products, this situation generally results in high 
nutrient imports with off-farm animal feed, most of 
which end up in manures rather than in edible 
products that can be sold. Over time, this has resulted 
in many soils in Switzerland being enriched with P to 
an extent that brings no further benefits for crop 
productivity, but constitutes a constant risk of P 
losses into surrounding ecosystems (Federal Office 
for Agriculture FOAG, 2022). In such cases, a negative 
P balance is desirable until the P content of the soil 
has again reached an environmentally acceptable 
level. 
 
To ensure an adequate nutrient supply for crops to 
produce high yields and nutritious food while 
safeguarding the environment, farmers must apply 
fertilizer according to the 4R + 1 principle, i.e. at the 
right time, at the right rate, to the right place, in the 
right form (the classical 4R) (Johnston & Bruulsema, 
2014) and using the right technology (the 5th R) 
(Snyder, 2017). However, this is not always easy to 
achieve in practice and economic incentives are not 
always in favour of best nutrient management 
practices, leading to the following question: 
 
What can governments do to promote good 
nutrient management? 

Usually, governments provide an advisory 
framework consisting of recommendations what 
farmers should or should not do, and a legislation 
framework containing regulations what farmers have 
to / may not do. 
In Switzerland, the most important element of the 
fertilization advisory framework is a guideline also 
used for legislation support known as the “principles 
of fertilisation (PRIF)” ("GRUD" in German and 
"PRIF" in French) (Richner et al., 2017) that is 
currently published as a printed book and PDF files 
by Agroscope about once every ten years. This 
document contains detailed, site-specific fertilization 
recommendations for all crops that are grown on 
relevant scale in Switzerland based on actual yield 

levels, soil nutrient contents and other key soil 
properties such as humus content, crop management 
as well as weather data. 
On the regulatory side, the most important element is 
the so-called "Suisse-Bilanz" (AGRIDEA & Federal 
Office for Agriculture FOAG, 2024), an incomplete 
farm-level N and P balance that farmers need to 
compile every year to be eligible for direct payments 
from the government (DZV 2013 Appendix 1 Article 
2.1.1) (which constitute a substantial proportion of 
most Swiss farmers’ incomes (Renner et al., 2024)). To 
pass the Suisse-Bilanz, farmers need to prove that the 
nutrient input into their farm through the purchase of 
fertilizer and animal feed is smaller or equal to the 
average nutrient removal from the farm with the sale 
of products plus what is referred to as “unavoidable 
losses” by the regulator (Figure 2). More accurately, 
the latter refers to nutrient losses that are in parts 
technically unavoidable but also to losses which are 
avoidable with current best practices and 
technologies (Epper et al., 2025). However, some loss 
reduction measures may come with substantial 
additional costs for the farmer, such as low emission 
storage and field application systems. Farms that 
have many animals sustained on imported feed and 
little or no cropping area commonly need to export 
some of their manures to other farms to fulfil the 
Suisse-Bilanz. However, the Suisse-Bilanz has been 
shown to not fulfil good nutrient management 
standards: First and foremost, the final result of the 
calculation (the percentage saldo) does not contain 
any information on the magnitude of the 
"unavoidable [nutrient] losses", i.e. on the amount of 
nutrients that is lost to the environment 
(Baumgartner et al., 2025). Furthermore, the 
fertilization requirements that are used for the 
balance are based on a highly simplified (and 
accordingly imprecise) calculation derived from the 
PRIF that only considers the crops grown and their 
yield levels but not the site specific fertilization 
planning as used in most European countries (Jordan-
Meille et al., 2023) and outlined in the PRIF. To be 
eligible to obtain direct payments, farmers are also 
obliged to have their soils analysed for plant-
available P, K, humus content and pH value at least 
every 10 years (DZV 2013 Appendix 1 Article 2.2.) as 
in many European countries (Higgins et al., 2023), but 
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the results of these analyses are mostly not  
considered in the Suisse-Bilanz (Baumgartner et al., 
2025). 
 

 
Figure 2: Conceptual representation of the Suisse-
Bilanz in its current state.  
 
Last but not least, whereas manure transfers between 
farms (and other companies) are tracked by the 
government using a digital platform called 
"HODUFLU", fertilizer and off-farm animal feed 
inputs are currently self-declared by farmers in the 
Suisse-Bilanz, making it difficult for authorities to 
detect falsified records (Sutter & Reidy, 2021). 
Apart from the Suisse-Bilanz and the mandatory soil 
analyses every 10 years; there is a ban on the 
application of slurry during winter when plants do 
not grow and thus require no fertilization (ChemRRV 
2005 Appendix 2.6 Article 3.2.1(1)). However, since 
slurry tanks are very expensive to build, farmers 
often build them just large enough to ensure that they 
can comply with this rule. As a result, the slurry 
produced in autumn has to be applied shortly before 
the end of the vegetation period to ensure that the 
slurry tank is empty before winter, resulting in a high 
risk of nutrient losses (Zutter, 2022). 
It should be noted that cantons can impose additional 
regulations on fertilization on their territory and are 
generally responsible for the enforcement of both 
federal and cantonal regulations. As a result, farmers 
interact and share data mainly with cantonal 
extension services and authorities. However, 
fertilization-related data obtained from farms is not 
consistently shared between cantons and the 
confederation. As a result, there are no spatially 
explicit statistics (e.g. maps showing the local 
magnitude of nutrient use or surplus) at the national 
level based on farm data. 
To develop and foster solutions to tackle these 
challenges, it can be very insightful to analyse 

recommendations and regulations that are in place in 
other countries. For this study, we assessed the 
nutrient management systems of the Netherlands, 
Denmark and China to identify strengths and 
opportunities for a meaningful comparative 
assessment. As a result, we highlight key lessons that 
can guide improvements in data quality, institutional 
coordination, and policy implementation. 
 
Results and Discussion 

1. The Netherlands 
Agriculture in the Netherlands is characterised by 
highly intensive, export-oriented production and 
high animal densities, resulting in nutrient inputs 
(specifically nitrogen and phosphorus) that exceed 
defined national ceilings (CBS, 2025). Consequently, 
the sector faces substantial environmental challenges, 
including nitrate (NO3

-) leaching, phosphate 
accumulation, and ammonia (NH3) emissions. A 
critical regulatory turning point is the expiration of 
the derogation from the EU Nitrates Directive by 2026, 
which mandates a reduction of organic nitrogen 
input to a maximum of 170 kg N/ha per year 
(European Union, 2022). To ensure compliance, the 
Dutch government has implemented a strict control 
framework. First, phosphorus production in the dairy 
sector is capped through a system of phosphate rights, 
under which the output of a farm cannot exceed the 
rights it holds (European Commission, 2017). Second, 
slurry application requires approved low-emission 
techniques to minimize ammonia volatilization. 
Third, to ensure transparency, all manure transfers 
require electronic consignment notes (rVDM) 
combined with mandatory GPS tracking (RVO, n.d.). 
Furthermore, nutrient management is optimized 
using digital tools developed by Wageningen 
University & Research, such as "KringloopWijzer" for 
farm-level nutrient accounting and "FarmMaps" for 
site-specific fertilizer recommendations (Wageningen 
University & Research, 2026). 
 
2. China 
China’s diverse agricultural sector is governed by 
rapidly evolving sustainability targets. In 2015, the 
government launched the "Zero Growth Action Plan" 
to cap chemical fertilizer use (MOA, 2015). Crucially, 
this target was successfully achieved by 2020 (MARA, 
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2021). Consequently, the strategy has shifted from 
containment to optimization, specifically by 
substituting chemical inputs with organic resources. 
In regions with intensive livestock farming, the 
priority is transforming manure from waste into a 
resource. The government has established 
progressive targets: achieving a manure utilization 
rate of over 80% by 2025, and increasing this to 85% 
by 2030 (MARA, 2025). 
These goals are underpinned by a legal framework 
established as early as 2014. Specifically, Decree No. 
643 mandates that farms must construct storage and 
treatment facilities with sufficient capacity to contain 
livestock and poultry manure produced during non-
fertilization periods (State Council of the People’s 
Republic of China, 2014). 
Besides these mandatory requirement China also 
provides and encourages farms to use digital tools. A 
notable example is the "Nutrient Expert" system, 
accessible via a WeChat mini program — like a light 
app within China's dominant messaging platform. 
This digital tool allows farmers to input basic data to 
generate field-specific fertilization recommendations. 
Furthermore, Integrated Nutrient Management (INM) 
frameworks are implemented at the county level to 
coordinate nutrient cycles on a regional scale.	
Additionally, data collection is overseen by the 
National Bureau of Statistics, requiring agricultural 
producers—from rural households to business 
entities—to provide accurate information (NBS, 2023). 
In practice, data is fed into the national system 
through a dual channel: designated enumerators 
conduct on-site visits to verify and register data 
directly, while broader regional statistics are 
aggregated and reported hierarchically by 
administrative units (NBS, 2023). 
 
3. Denmark 
Nutrient management in Denmark operates under a 
centralized, regulation-based framework known as 
the "Normative System". Under this regime, all farms 
exceeding specific size thresholds must submit an ex-
ante fertilization plan and an ex-post nutrient account 
annually (HELCOM, 2015). The system imposes 
legally binding nitrogen (N) quotas for each 
individual field, strictly calculated based on crop type, 
soil characteristics, and local environmental 
sensitivity. To minimize nutrient losses, regulations 

also dictate the timing and application methods for 
manure and mineral fertilizers (Aarhus University, 
2025). 
A defining feature of the Danish approach is its high 
degree of digitalization. A centralized national portal 
integrates multiple data streams: national normative 
values (conceptually similar to the Swiss PRIF), GIS-
based field maps, and a mandatory registry for all 
manure transfers between farms 
(Landbrugsstyrelsen, n.d.). This digital integration 
streamlines regulatory enforcement while 
simultaneously reducing the administrative burden 
on farmers, enabling them to benchmark their 
nutrient use efficiency. 
 
 
Future directions 
The current advisory and regulatory framework for 
nutrient management in Switzerland provides a good 
basis to promote sustainable fertilization but it needs 
to be made more transparent, more digital, more 
effective, and at the same time easier to use for 
farmers. Development should not inherit (even) more 
administration or the reduction of current 
environmental standards or regulation, but smarter 
systems that reduce paperwork and strengthen both 
environmental protection and farm performance. To 
achieve this, the following measures are proposed:  
First, the Suisse-Bilanz should be either replaced by a 
classical farm-gate balance of intentional nutrient 
inputs and outputs without the present deduction of 
"unavoidable losses", or farmers should be required 
to submit the full calculation of the Suisse-Balanz 
instead of only the end result so that the magnitude 
of nutrient losses into the environment becomes 
evident.  
Second, Cantons and the Swiss confederation would 
benefit from developing a harmonized national 
standard for data recording, storage, and exchange, 
forming the basis for consistent monitoring and 
evidence-based decision-making. More 
comprehensive tracking of nutrient flows such as 
fertilizer and feed imports, manure exchanges, and 
product exports through a national digital database 
would further improve accuracy, drawing on 
successful models in the Netherlands and Denmark 
(Claessens et al., 2025; Oenema et al., 2007; Splinter & 
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Peerlings, 2023; Van Grinsven et al., 2016). Oversight 
could also be made more efficient through risk-based, 
data-informed audits, with increased scrutiny for 
farms showing a higher probability of nutrient losses. 
Technological innovation offers additional 
opportunities. Automated crop-type detection, 
monitoring of winter soil cover, and verification of 
slurry application timing through satellite imagery 
would reduce manual reporting requirements, as in 
the Netherlands and Denmark while still allowing 
farmers to review the data at any time and report 
possible mistakes so that an on-site verification can be 
conducted if needed. A significant upgrade to the 
GRUD system would transform it into a digital site- 
and year-specific fertilization recommendation tool 
that integrates crop needs, local environmental 
sensitivity, soil, weather and farm management data. 
Additionally, incentivizing the use of precision 
fertilization technologies, soil sampling as well as 
winter storage of manures should be encouraged. 
Anonymised farm data should be made available to 
public- and private-sector researchers and developers 
of nutrient management software and smart 
agricultural machinery. 

 
And finally, to reduce administrative burden, three 
practical measures are highlighted: automatic 
recording of fertilization activities using GPS-
equipped machinery, digital transfer of fertilizer and 
feed information directly from supplier invoices and 
synchronization of livestock and manure data with 
existing herd management systems. These measures 
have already proven effective in countries such as 
Denmark, the Netherlands, Germany, and China 
(Dalgaard et al., 2014; Negash et al., 2024; Wei et al., 
2021; Zhang et al., 2022), and represent applicable  
practical steps toward a more efficient Swiss system. 
 
Conclusions 
Switzerland is well-positioned to advance toward a 
more transparent, efficient, and environmentally 
robust nutrient management framework. While the 
existing system provides a strong basis, its 
effectiveness is limited by fragmented data structures, 
inconsistent data exchange and administrative 
constraints. Modernizing Suisse-Bilanz, harmonizing 
national data standards, and digitizing key nutrient 

flows supported by automated and remote-sensing 
technologies would greatly improve monitoring 
accuracy and ease the reporting burden. Collectively, 
these measures would enable a more transparent, 
efficient, and future-ready nutrient management 
system that better aligns agricultural productivity 
with environmental sustainability. 
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