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High productivity gains in (German) agriculture… 
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+333%

+283%
…but at the expenses at high 
external costs! (ZKL, 2021):

(21bn € < 90bn €)

BMEL (2020) Landwirtschaft verstehen
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1. Organic Farming as a role model – what does science say
about the benefits of organic farming

2. The role of research in delivering the potential of organic 
farming

• The yield problem and how to overcome this?

• Eco-functional intensification in organic cropping systems 

• Organic crop-livestock systems: example of GreenDairy & ClieNFarms

3. Concluding words

Developing organic farming: benefits and the role of knowledge
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Development of organic farming in Germany (area, farms)
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Data Source: Willer & Lernoud (2017): The World of Organic Agriculture

16.1
(2023)

In total: 



JUSTUS-LIEBIG-UNIVERSITÄT GIESSENThe 4 principles of organic farming

Principle of Health
Organic agriculture should sustain and enhance the health of soil, plant, 

animal, human and planet as one and indivisible.

Principle of Ecology
Organic agriculture should be based on living ecological systems and 

cycles, work with them, emulate them and help sustain them.

Principle of Fairness
Organic agriculture should build on relationships that ensure fairness 

with regard to the common environment and life opportunities.

Principle of Care
Organic agriculture should be managed in a precautionary and 

responsible manner to protect the health and well-being of current and 

future generations and the environment.

www.ifoam.bio/why-organic/shaping-agriculture/four-principles-organic 8
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Other non-organic labels drawing on organic (IFOAM )principles

But: Organic farming is the system 
with the highest level of legal 
certainty and consumer trust (since
1993)



JUSTUS-LIEBIG-UNIVERSITÄT GIESSENOrganic farming as role model for agricultural
tranformation

10Eyhorn et al., Nature Sustainability, 2019
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11
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The research was funded by German Federal Ministry

of Food and Agriculture (BMEL) within the framework of the Federal 

Organic Farming Scheme (BÖL)

Sanders et al., «Benefits of organic agriculture for environment and animal
welfare in temperate climates», Organic Agriculture 2025,  https://doi.org/10.1007/s13165-025-00493-w 

Seite 12

https://doi.org/10.1007/s13165-025-00493-w
https://doi.org/10.1007/s13165-025-00493-w
https://doi.org/10.1007/s13165-025-00493-w
https://doi.org/10.1007/s13165-025-00493-w
https://doi.org/10.1007/s13165-025-00493-w
https://doi.org/10.1007/s13165-025-00493-w
https://doi.org/10.1007/s13165-025-00493-w


JUSTUS-LIEBIG-UNIVERSITÄT GIESSEN

Systematic and quantitive literature analysis

Qualitative analysis of

the organic farming

legislation

Pairwise comparisons

ORG      CON

Further analysis of

scientific literature

based on
528 scientific studies

2.816 single pairs

EU-Öko-Verordnung

Richtlinien

Privat-rechtliche 
Standards 
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Sanders et al., «Benefits of organic agriculture for environment and animal
welfare in temperate climates», Organic Agriculture 2025,  https://doi.org/10.1007/s13165-025-00493-w 
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No clear conclusion was drawn regarding animal welfare indicating that farm-
specific management factors are of greater importance than the production 
system (organic vs conventional).

https://doi.org/10.1007/s13165-025-00493-w
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Soil quality & function

Sanders et al., «Benefits of organic agriculture for environment and animal
welfare in temperate climates», Organic Agriculture 2025,  https://doi.org/10.1007/s13165-025-00493-w 
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Mäder et al. 2002, Science 16

Organic (BIODYN) Conventional (CONMIN)

Mäder et al. 2002, Science

Long-term organic farming and soil quality
(DOK Trial Switzerland, *1977)
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Organic (BIODYN)Conventional (CONMIN)

Mäder et al. 2002, Science 17

Water retentention of arable soils after heavy rain (20 mm/h)
DOK Trial Switzerland
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1. Organic Farming as a role model – what does science say
about the benefits of organic farming

2. The role of research in delivering the potential of organic 
farming

• The yield problem and how to overcome this?

• Eco-functional intensification in organic cropping systems 

• Organic crop-livestock systems: example of GreenDairy & ClieNFarms

3. Concluding words

Developing organic farming: benefits and the role of knowledge
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Yen Strandqvist/Chalmers 
University of Technology

(Searchinger et al. Nature, 2018) 

Organic Farming and the long shadow of less yield…

Globally: -9 to -25% (Seufert et al. 2012, De Ponti et al. 2012, Ponisio et al. 2015, Wilbois & Schmidt, 2019)

Germany: -20 to 43% (Noleppa 2016, Treu et al. 2017, BMEL 2019)
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De Ponti et al. 2012; Seufert et al. 2012

Less crop yields in organic farming

On a global level in average 20% less yield in organic farming. In high external
input countries, yield gap is even more pronounced. Poor data base for
developing countries.
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Cereal yield gap in Germany
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Wilbois and Schmidt, Agronomy, 2019

Trade-offs between productivity and ecosystem 
services
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Wilbois and Schmidt, Agronomy, 2019

➢ The true yield gap between organic and intensive conventional management shrinks 
when an ecologically sustainable threshold is set as benchmark when productivity is 
balanced out with ecosystem services.

Yield as a result of transformation processes in 
cropping systems/agro-ecosystems
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Wilbois and Schmidt, Agronomy, 2019

➢ The gap between organic and conventional yield may go into reverse under less 
favorable conditions. (see Lal, Science, 2004)

Yield as a result of transformation processes in 
cropping systems/agro-ecosystems
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Eco-functional intensification and circular economy in the crop-
livestock system

26

Nordwijk & Brussard (2014), Current 
Opinion Environmental Sustainability, 
8:62-70

▪ Closing yield and efficiency gaps according to best ecological practices
▪ Targeted utilisation of natural processes and ecosystem services



JUSTUS-LIEBIG-UNIVERSITÄT GIESSENDiverse crop rotations with legumes – keyword: N autonomy!

Monitoring of biological nitrogen fixation (BNF) in grain legumes shows a 
fluctuation between 9 and 92% (highest at site Oberfeld and winter 
varieties)

5

% Ndfa = 
δ15NControl−δ15NLegume 

δ15NControl− BLegume
 ×  100

Gladbacherhof→soya fixed lowest N (17-71 kg N) 
faba highest (113.3-157.3 kg N)

Oberfeld→ pea lowest (30.4-38.7 kg N) 
soya highest 63.4-66.8 kg N)

y = -0,0406x + 4,7675
R² = 0,4726
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BNF as a response to limited soil N availability

Binacchi et al., 2023,  AGEE 27
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Biostimulants for improved nutrient uptake and productivity 
(without mineral-synthetic nitrogen fertilization)

Schütz, Gattinger et al., Frontiers, 2018 29
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Conservation tillage

no-till with

herbicides

Integrated plant
production

Reduced tillage in 
organic farmingPlough

29
29



JUSTUS-LIEBIG-UNIVERSITÄT GIESSENMulch vegetable farming – planting vegetables into a mulched
biomass enables open-field vegetable production without irrigation
and more soil carbon and similar emissions

Saat einer 
geeigneten 

Zwischenfrucht

• Gemenge aus Grünschnittroggen-
Zottelwicke- Erbse (60;20;20) 

• Benötigt ca. die geplante Gemüsefläche x 
Faktor 2 (zzgl. 100 %)

Mulchen und 
Nachstreuen

• Geräte: Schlegelmulcher, 
Ladewagen mit Streuwerk

• Ziel: min. 15 t TM ha-1

Pflanzung der 
Jungpflanzen

• Pflanzung mit spez. 
Pflanzmaschine 
(„MulchTec“)

30Dix, Hauschild et al. 2023a, in prep.
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Organic cabbage cropping as influenced by different green mulch
materials (August 2022)

Dix, Hauschild et al. 2024, Hauschild, Dix et al. in prep.; Dix et al. in prep.

https://www.youtube.com/watch?v=fRF-
Gv_uphc&list=PL_bpmztjpAa0ohAtUl76sDBdKoJXK0lgi&index=3
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Dix, Hauschild et al. 2024, AGEE

Mulch reduces ground temperature, reduces water losses and
increases yields in dry conditions

20,7 t 
ha-1

29,4 t 
ha-1 28,2 t 

ha-1

34,5 t 
ha-1

Without mulch 3 Mulch variants

Yields – white cabbage
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1. Organic Farming as a role model – what does science say
about the benefits of organic farming

2. The role of research in delivering the potential of organic 
farming

• The yield problem and how to overcome this?

• Eco-functional intensification in organic cropping systems 

• Organic crop-livestock systems: example of GreenDairy & ClieNFarms

3. Concluding words

Developing organic farming: benefits and the role of knowledge
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High land use due to livestock farming

FAOSTAT, Zukunftsstiftung Landwirtschaft 
(CC BY 4.0)

77% (of 2.000 m2) = 
1.540 m2 for animal 
feed (meat, milk, eggs) 

A GLOBAL ACREAGE OF 2.000 SQUARE METERS
Global cultivation of crops on fields and in permanent crops, area per capita of the world 
population, 2014, selection

Soybeans
169,89 m 2

Rape 
52,2 m2

Cotton 
50,2 m2 Pea-

nuts
38,4 
m 2

Sun
FL.

36,4 

m2

Olives

Oil seeds 436,4 m2

other

Legumes 123,1 m 2

Beans
Peas

Spices 8,6 m 2

Rubber 16 m 2

Nuts 18,9 m 2

Cherries
Fruit 91,2 m 2

Pears

Tomatoes Vegetables 81,9 m 2 Aubergines

Beet

Sugar 45,9 m 2

Sugar cane Hops

Tea

Stimulants 42 m 2

Fibres 4 m 2

Potatoes Roots 89,4 m 2

Cereals 1.042,6 m 2

Wheat 13,9 m 2 Corn 267,1 m 2 Rice 235,2 m 2

Millet 
110,4 m 2

Barley

others
Oats
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Reduction in grass feeding in favour of increased proportions 
of maize, cereals and soya in the ration... decline in grazing! 
(ruminant nutrition?)

http://portaldelinterior.com

„Feedlots“ in Argentina Bull fattening barn in Germany

agrarheute.com
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Eco-functional intensification and circular economy in the crop-
livestock system

36

Nordwijk & Brussard (2014), Current 
Opinion Environmental Sustainability, 
8:62-70

▪ Closing yield and efficiency gaps according to best ecological practices
▪ Targeted utilisation of natural processes and ecosystem services
▪ Strong linkage between crop production and animal husbandry: soil-animal-

plant systems, no competition between livestock and humand food/feed
▪ Instead symbioses, synergies, multidimensionality incl. bioeconomy
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Equal „Carbon footprint“ in grass based / low-input dairy production
despite lower productivity compared to in-door systems

Lorenz,…Taube, 2019
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Prof. Dr. Friedhelm Taube
Uni Kiel & Uni Wageningen
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GreenDairy: Goals

Synthese

Bewertung

Datenintegration

Information and data flow

Betriebsnetzwerk Upländer
Bauernmolkerei

LLH Eichhof
Uni Kassel Frankenhausen

Übertragbarkeit

Animal

Environment

Plant

…Developing innovative crop-livestock systems, which are ecologically 

and economically sustainable at highest animal welfare levels and so 

they will be accepted by the society. 

38
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Research Farm Gladbacherhof

LFE 
Rauischholzhausen

LFE 
Groß-Gerau

LFE 
Gladbacherhof

JLU Gießen

LFE 
Oberer Hardthof

Universität Kassel

LFE 
Frankenhausen

Frankfurt

LFE 
Neu-Eichenberg

Gladbacherhof in short

Agricultural Teaching and Research Facility (LFE) for Organic
Farming at JLU Giessen (since 1990) 

• Mixed farm in a low mountain range location (9.5°C avg T, 
655 mm annual precipitation) 

• 110 ha arable land, 77 ha permanent grassland
• 8-year crop rotation with maize cultivation

Main areas of operation: 
• Dairy farming (2x 64 Holstein Friesian cows with 9,000 or 

7,200 kg milk/cow/year), breeding goal: lifetime production 
• Seed and planting material production
• Laying hens (mobile chicken coop) 
• Direct marketing 

Impacts of our research
• Working together with extension services in several research

projects
• New Leibnitz Institute: Innovation Centre for Agricultural

Transformation (IAT) in Brandenburg and Hessen (5 Living 
labs)
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GreenDairy – Research platfrom Gladbacherhof, Uni Gießen:
Organic farming since 1983 (110 ha arable, 70 ha permanent grassland; 
Rainfall: 640 mm; silty-sandy loam) 

40
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GreenDairy – modern technologies in organic cattle husbandry

41

Feeding robot Lely Vector, but also Slurry robot (Lely Collector) and 
milking robot (Lely Astronaut)
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GreenDairy – cows have 24/7 free access to pastures and milking
robots

42

Grasshopper platemeter for
determination of forage uptake
through grazing
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GreenDairy – which feeding intensity for dairy cows in organic crop-livestock systems? 

43

• Feed less food: High input cows take 88% of their feed and low

input 51% feed from arable land; low input spares 27% potential 

human food

• All cows have continous grassland access from April to November

• Young livestock feeds 100% on pastures from April to November

(N-fixation)

Feeding regime since 01/2024 after 9 months of transition
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GreenDairy – organic High Input dairy cows (Holsteins) in 2 groups

44

64x High Input (+maize), 64x Low Input (-maize) in a longterm trial

Knob, Gattinger et al. in prep.
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GreenDairy – Milk yields 2024

45

-30%

-28%

Knob, Gattinger et al. in prep.
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System analysis – organic High-Input performs better on 11 
categories, but worse on biodiversity, air – and groundwater 
quality (reference year 2024)

• Steps: 

1. Reduction of indicators (from >100 to <60)

2. Classification (n=11)

3. Data from subprojects: boxplot (min, Q1, median, Q3, max), year 2024

4. Standardization (median of better system = 100%)

5. Determination direction per indicator

6. Average % of all indicators per class

7. Radar chart for system comparison

made up data!

0

20

40

60

80

100

Climate

Groundwater…

Air quality

Biodiversity

Soil quality

Feed qualityEconomy

Food…

Food quality

Mental state

Animal health

High input

High-Input

Low-Input
Sahrei et al. in prep.
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Living lab “Organic Dairy Germany”  Developing innovative crop-livestock systems, which
are ecologically and economically sustainable at highest animal welfare levels and so they
will be accepted by the society. 

1 Demonstration 
Farm:

Gladbacherhof

10 Lead 
Commercial Farms:

Upländer Dairy
Network

100
outreach farms:

only Upländer Farms

Gladbacherhof

Milk producer of the Organic dairy factory
„Upländer Bauernmolkerei“ 47
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ClieNFarms: Carbon Footprints of 1+10 organic dairy farms in 
the living lab “Organic Dairy Germany”

48

produktskalierte THG-Emissionen:
Durchschnitt von 11 Betrieben:
1,06 kg CO2-Äq./kg FEKM

High-Input-Farms

Low-Input - Farms

Milk yields of the farms
(per cow and year):
High input: ca. 9.000 kg
Low input: ca. 6.000 kg
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49

• Organic faming is a system approach. It is a smart combination of 
traditional knowledge with modern technologies.

• Eco-functional intensification and crop-livestock integration as 
promising approaches for delivering the full potential of organic 
farming

• Organic farming is a knowledge-intensive approach: investments 
in research, demonstration, and advisory systems are central 
ingredients of success

Concluding words
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