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High productivity gains in German agriculture...

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Ernteertrag fiir 1 ha Weizen
(Winterweizen einschl. Dinkel und Einkorn)
1950*: 2.580 kg
1980*: 4.890 kg
Durchschnitt 2017-19:  7.303 kg
Ernteertrag fiir 1 ha Kartoffeln
1950*: 24.490 kg
1980*: 25.940 kg
Durchschnitt 2017-19: 40.400 kg
Milchleistung pro Kuh und Jahr
1950*: 2.480 kg

1980*: 4.538 kg

2019: 8.250 kg

Legeleistung einer Henne pro Jahr
1950*: 120 Eier

1980*: 242 Eier

2019: 298 Eier

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

* friiheres Bundesgebiet

BMEL (2020) Landwirtschaft verstehen

...but at the expenses at high
external costs! (ZKL, 2021):

(21bn € < 90bn €)

»
d
N LANDWIRTSCHAFT

Zukunft Landwirtschaft.
Ein: mtgesellschaftliche Aufgabe
Empl Vit

Zubunfiskommission Landwirtschaft




Organic farming as role model for agricultural tranformations

FIGURE 3 | Towards More Sustainable Agriculture
AT
5 e Increasing adoption of organic
E” principles in mainstream agriculture
improves global sustainability
Global
Agriculture
]
| =
m L}
] .
= ]
ﬁ ¥
=
R
© . |
- Growing the organic sector
= : + (certified & non-certified) while
E el ". making it more sustainable
=
?11; .‘-“::::fff'li-l
[, - : : LY
Low Sustainability High

Evhorn et al., Nature Sustainability, 2019 4



Eco-functional intensification and circularity through organic soil-
crop-livestock systems

1. Success story organic farming

2. ,Standard” (organic) farming is not enough!

3. Eco-functional intensification and circularity through
improved organic cropping systems

4. The potential of integrated animal-plant agricultural systems:
developing agriculture and food within planetary boundaries
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Research Farm Gladbacherhof

- Agricultural Teaching and Research Facility for Organic Farming at
the JLU GieBen (since 1990)

- Mixed-use farm in a mid-mountainous area

- (9.5°C average annual temperature, 655 mm annual precipitation)
- 110 hectares of arable land, 77 hectares of permanent grassland

- 8-year crop rotation with maize cultivation

Operation Focus Areas:

* Dairy cattle (100 Holstein-Friesian cows with 8,500 kg of milk per
cow per year), breeding goal: lifetime performance

* Seed and plant material production

* Laying hens (mobile chicken coops)

e direct sales to customers

Gladbacherhofu. JLU GieBen

@ Frankfurt
O




Global: Organic farming area

3.5M 17.8M

Northern America Europe
6.5M

. 36.0M
.Oc¢eania
9.9M “
Latin America v /¥
2.7M
Africa

(in M= million hectares; in total 76.4M, 1.6.% of farmed land)

Source: FiBL survey 2023




Organic Farming in Europe

EU-target: 25% organic farming area by 2030

Organic area, 2021

{% share of total utilised agricultural area)

30
5
0
15

10

EU, France and Portugal: estimate. Cyprus: provisional. =
Greece and Austria: 2020 data, _,_".,Q

eurostati|@



Ambitious targets for organic farming...

Target: 30% organic farming in Germany by 2030

6000 -

5000 -

4000 +

ca. 17%
2000 -

Nutzflache in 1000 ha

1000 -

1995 2000 2005 2010 2015 2020 2025 2030

3000 Anteil an LN:

Development of organic farming area in Germany including projection 2030
(assumed constant growth rate); (BMELV 2022, BOLW 2023)
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Organic Agriculture — the benefits for ecosystems and society
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Abstract

Rootasocisted microbes ply  key role in plant performunce and productivity, mskis
agroecosysiems. So far, very few sudies have assessed the impact of different fam
is till unclear whetier sgriculural intensification influences the structure and cor
investigaied he impect of conventional, no-41l, snd organic Tamming
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&
. 366; P < (L0001 ) between agriculural intensificstion snd mol fungal network connectivity. The

oocumence of keystone s was hest explained by soil phosphons. levels, bulk density, pFL and myconthizal colonization.

The majority of keystone taxa ane known 1 form arbuscular mycontizal sssociations with plants and belong 1 the orders

Glmerales,

was also \nunfn.mllly Migher umg onganic farming.

Supporting this, the sbundance of mycorrhizal fungi in rools and soils
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taa for and

of keystone txa in the ool microbiome.
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Enhanced microbial biomasses and N transformation activities in soils
under organic farming (global meta-analysis)

Microbial biomass carbon —o— 41% % (100)
Microbial biomass nitrogen ——e—— 51% o (49)
Total PLFA —e— 59% o (22)
Dehydrogenase activity —e— 74% B (40)
Protease activity —o— 84% ko (T)
Urease activity —&— 32% w5 (18)
Metabolic quotient —&—- -4% n.s. (40)
0.5 10
. .1 ] - . . . e

Figure 3: Summary of overall response ratios (RR). Random effects model with a Z-Distribution and a 95 % confidence interval was applied
on eight target variables listed on the y-axis. The red line (RR=1) indicates no difference between organic and conventional systems. X-axis
is given in log-scale as indicated with grey numbers. Numbers in brackets display the number of pairwise comparisons included in each
calculation. Numbers beside the confidence intervals indicate the overall percentage difference per target variable. *>0.05, **>0.01,
**%*>0.001, n.s.=not significant

Lori et al., 2017, PLoS ONE
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Productivity and ecosystem services in organic agriculture
(in comparision to conventional) —in short

Enhanced soil life (Lori et al. 2017;Lichtenberg et al. 2017; Hess & Sanders, 2019)
Enhanced carbon stocks in organic farming (Gattinger et al. 2012; Aguilera et al. 2013)

Less area-scaled and equal/lower yield scaled GHG emissions (Skinner, Gattinger et al. 2014 &

2019; Chiriaco et al. 2022)

Higher above-ground diversity (Stein-Bachinger et al. 2021)
Equal animal welfare (health, behaviour, emotions) (Brinkmann et al. 2019)

Equal food quality, lower abundance of unwanted residues (Baranski et al. 2013)

But lower yields:
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)



Organic Farming and the long shadow of less yield...

i \
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CONVENTIONAL FARMING ORGANIC FARMING

Assessing the efficiency of changes in land use for mitigating climate change (Searchinger et al. Nature, 2018)

Yen Strandqvist/Chalmers University of Technology



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

Conventional (CONMIN) Organic (BIODYN)

Mader et al. 2002, Science




Water retention of arable soils after heavy rain (20 mm/h)
DOK Trial Switzerland

Conventional (CONMIN) Organic (BIODYN)

Mader et al. 2002, Science
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Low resilience against extreme rainfall

(110 mm/h on 5th July 2018) despite 35 years of organic farming at Gladbacherhof, Germany
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Eco-functional intensification and circularity through organic soil-crop-
livestock systems

* Closing the yield and efficiency gaps according to best ecological and
agronomic practice

* Targeted use of natural processes and ecosystem services for
improved resilience

* Close integration of crop production and animal husbandry
* Symbioses, synergies, multidimensionality including bioeconomy

20



Agroforestry, ecosystem services and resilience

(a) Cropland systems

Cropland agroforestry

Open cropland

Provision of
food fibre & fuel

Provision of

food, fibre & fuel Erosion

resistance

Erosion
resistance

Carbon
sequestration

Carbon
sequestration

Water
regulation

Water
regulation

Soil nutrient
cycling

Soil nutrient
cycling
Soil greenhouse
gas abatement

Soil greenhouse

gas abatement Habitat for soil

biological activity

Habitat for soil
biological activity

(b) Grassland systems

Provision of
food, fibre & fuel

Habitat for soil
biological activity

Grassland agroforestry

Open grassland

Provision of
food, fibre & fuel

Habitat for soil
biological activity

Carbon
sequestration

Soil nutrient
cycling

Veldkamp et al. 2023; Communications Earth & Environment
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Agroforestry Systems Hessen at Gladbacherhof (GH1-GH3)

i:;‘z- % N
A e

{ )
R

Type
Main aims

Establishment
Size [ha]

Slope orientation
Slope [grade]

TS orientation

TS number

TS width [m]

AS width [m]

TS total length [m]
TS share [%]

Number of trees

/)
/

Weckenbrock et al., submitted



Agroforestry Systems at Gladbacherhof

Silvopastoral Agroforestry System Agroforestry System




Eco-functional intensification and circularity through organic soil-crop-
livestock systems

* Closing the yield and efficiency gaps according to best ecological and
agronomic practice

* Targeted use of natural processes and ecosystem services for
improved resilience

* Close integration of crop production and animal husbandry
* Symbioses, synergies, multidimensionality including bioeconomy
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Mulch vegetable farming

- Planting vegetables in a mulched biomass system facilitates open-field
vegetable production without the need for irrigation

- This approach also promotes increased soil carbon retention and reduces
greenhouse gas emissions, enhancing sustainability in agriculture

e Gemenge aus Grinschnittroggen-
Zottelwicke- Erbse (60;20;20)

e Benotigt ca. die geplante Gemiuseflache x
Faktor 2 (zzgl. 100 %)

Saat einer
geeigneten
Zwischenfrucht

e Gerate: Schlegelmulcher,
Ladewagen mit Streuwerk

e Ziel: min. 15t TM ha?!

Mulchen und
Nachstreuen

Pflanzung der e Pflanzung mit spez.
Jungpflanzen Pflanzmaschine
(,,MulchTec”)

Dix, Hauschild et al. 2023a, in prep.




Eco-functional intensification and circularity through organic soil-crop-
livestock systems

* Closing the yield and efficiency gaps according to best ecological and
agronomic practice

* Targeted use of natural processes and ecosystem services for
improved resilience

* Close integration of crop production and animal husbandry
* Symbioses, synergies, multidimensionality including bioeconomy
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Future research and development: eco-functional intensification to
make use of the soils potential

Harvested products Food system
a o o o efficiei?cy

Yield gap

Efficiency gap

Crop, weed, pest Harvest

management ooy ]
('\\\ ; K
~ .

I
|
|
I
~ I
(5] v :
Externally recycled nutrients

........... ‘New’ external inputs

¥ - Farmgate economics

Stored soil resources Losses Atmospheric deposition

Current Opinion in Environmental Sustainability

Food system efficiency perspective on soil (A) and crop (B) management as modifying factors of field-level interactions between soil (1), losses to atmosphere or
water (2), nutrient inputs (3-6), and crop growth, leading to harvested products (7). www.sciencedirect.

Nordwijk and Brussard. 2015, Curr Opion Environ Sus



Eco-functional intensification and circularity through organic soil-
crop-livestock systems

1.

Success story Organic Farming

,Standard” (organic) farming is not enough!

Eco-functional intensification and circularity through
improved organic cropping systems

The Potential of Integrated Animal-Plant Agricultural
Systems: Developing Agriculture and Food within Planetary
Boundaries




Spatial and temporal decoupling of animal husbandry from crop
production (arable land and grassland)

Export-import

ti

Non-food uses

i ~N .
Plant production Human food

; & (ﬂ Animal feed
— M ey

Animal production

I ‘ Yields Q\\\‘..\-m- !IIquunul\:\l\\ &-
Crops Grasslands W
: A
.I% T j’ & Manure
N A A rotatlon \\\\\\\\\
T TR
1
L 1B .
losses = Synthetic nitrogen Losses
@ Plant production and associated land use, determined by yields s+ Symbiotic nitrogen fixation
@ Animal production and associated feed requirements wmump Nitrogen flows between compartments

Proplanta.de, 10/2019



Too many animals in a few places: Over-fertilisation, feed imports
(LUC), stable sizes, animal welfare,...

AN WENIGEN STELLEN ZU VIELE TIERE

Abstockungsbedarf in Deutschland nach Landkreisen, Uberschreitung der Besatzdichte

von 2 GroBvieheinheiten pro Hektar landwirtschaftlicher Nutzflache auf Gemeindeebene, 2016 Schleswig-Holstein
1 Nordfriesland

* Necessary reduction of livestock units
(animal numbers) in the areas marked in

2 Schleswig-Flensburg
3 Dithmarschen
4 Rendsburg-Eckernforde

FLEISCHATLAS 2018/ LUCKMANN, DESTATIS

5 IR yellow and red in order to achieve 2.0
PR ey 7 LU/ha (= max. value for organic farming,
74.345 AN EU Organic Regulation)
v B8 lamburg
! 16 B:emen
¥ v Potsdam B.eflin
Ha.nnover T . ) )
g * Prescription by law of an area-based
¢ 3 livestock farming system that is
220 o -t - bt compatible with the natural
5 Sachsen-Anhalt H
o Sl Yy environment?
9 Cuxhaven Wiesbaden
13 Wesermarsch 25 Erzgebirgskreis
i; 33:231'& Saarbricken Bayern
Lo : s 2o
. Senkung in GroBvieheinheiten - gf mes;g“
18 Keve keine Anderung Stuttgart 132 Eding
i oSyt P
e W00 PV 5
26 Breisgau»Hochschwar‘zwald 26 %35 36 37 ﬁ::ihlesgadener

l ' l ' P Le e A SRSl 2 Rinder Roc @l 10 schlachtreife Schweine (38 666,6 Masthahnchen

B 0 S S B

Kartografische Zuweisung der Haltungen zu den L: i aus der Addition nach

30

Luckmann, Destatis (CC BY 4.0)



Humus accumulation only on organic mixed farms with cattle
h USba nd ry (Long-term Gladbacherhof OAFEG trial since 1998)

Humus supply in 0-30 cm (kg C ha)

58000,00
56000,00
54000,00
52000,00
50000,00
48000,00
46000,00
44000,00
42000,00

f \ /\ ;E — Mixed farm

- Livestock-free
with clover grass

Livestock only

cash crops

123456738 9101112

Experiment duration (years) Schulz et al., 2014
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Great nutrient potential through legumes and farm manure!

Global potential to produce 140 million tons

of nitrogen on cropland
(Badgley et al., 2007)

Global potential to use 160 million tons of
nitrogen (and other nutrients) from
livestock manure more efficiently on
cropland (calculated on the basis of 18.3
billion farm animals/FAQ)

Badgley et al., 2007, Gattinger et al. 2013, Schader et al. 2015



Low "carbon footprint" in grass-based milk production despite lower
productivity compared to livestock housing!

Journal of Cleaner Production 211 (2019) 161170

Contents lists available at ScienceDirect

Journal of Cleaner Production

ELSEVIER journal homepage: www.elsevier.com/locate/jclepro

Is low-input dairy farming more climate friendly? A meta-analysis of | M)
the carbon footprints of different production systems

Heike Lorenz ®*, Thorsten Reinsch 2, Sebastian Hess °, Friedhelm Taube 2

@ Institute of Crop Science and Plant Breeding — Grass and Forage Science/Organic Agriculture, Kiel University, Hermann-Rodewald-Str. 9, 24118 Kiel,
Germany
Y nstitute of Agricultural Econamics — Dairy and Food Industry Econemics, Kiel University, Olshausenstr. 40, 24118 Kiel, Germany

2.15
20 7 .
18
=
?
A 1.5 1.45
(@]
o
—
L .
O 1.11 115
1.0 1‘
0.66 0.68
054 058
confinement mixed pasture

Production system
Lorenz,...Taube, 2019 33



F N\ # Integrated Organic Crop-Livestock Systems — GreenDairy

GreenDairy: Goals

...to develop innovative, ecological crop-livestock systems that are both
ecologically and economically sustainable, as well as enabling a special level
of animal welfare, and thus enjoy a high level of acceptance in society.

©
(o) (2 animal
= ®
environment ° °
o =]
o ®

34



High-input: 9200 liters of milk/year, with corn silage in the diet
Low-input: 7200 liters of milk/year, without corn silage in the
diet

P Alfalfa Alfalfa
P Alfalfa Alfalfa

Winter wheat (human Winter rye (human

nutrition) nutrition)

Maize/sorghum millet Potatoes (human nutrition)

(animal)

Winter triticale (animal) Winter wheat (human
nutrition)

Grain legume (animal) Grain legume (animal)

Winter spelt (human Winter spelt (human

nutrition) nutrition)

Spring oats (animal) + Spring oats (animal) +

alfalfa as undersowing alfalfa as undersowing
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Living lab “Organic Dairy Germany” ClleN] arms
\\)}[ g g y y n\@
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o
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- 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

10 Lead

Commercial Farms: Hb

1 Demonstration

Farm: . : outreach farms:
Uplander Dairy

Network

Gladbacherhof only Uplander Farms

Paderborn
R el :
- Warb:xrg ym  Gotingen

“”"‘“v‘“m

Willmgen Kas | ™.
t:nlzlar 'H N{m“‘fn

Gummersbach Frankenl)erg“Mel gen

“ H Rotenburg
- 'H Siegen .H_ : Bad Hersfels;H
Marburg -
‘- Dlllenbulg - ‘- - “

'Hn ‘- o Y -
Giel HFulda
Gladbacherhor. e -

Koblenz L'"'f’ﬁg Bad Nanheion

ul B

Milk producer of the Organic dairy factory , Uplander Bauernmolkerei“



...on the way to “Complex, multifunctional, organic agri-food systems, that will be sustainable
and socially just and will be able to feed the world with significantly reduced greenhouse gas
(GHG) emissions in 2050” (The Villum Experiment, 2016)

Cow Inge: *2008, 122.000 | life time performance, 12. lactation
Von 100.000 aktuell lebenden hessischen Kiihen

nur etwa 20 mit dieser Leistung. Unter Bio Bedingungen in Deutschland

aktuell nur 5 lebende Kiihe mit solch einer Leistung
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