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Introduction

Recent intensification in European agricultural production is 

accompanied by serious environmental trade-offs questioning 

the sustainability of current specialized production systems for 

both all arable cash crops and animal products. 

Current challenges in intensive agriculture:

a) High demand for external resources
b) Reduced biodiversity
c) High N- and P-surpluses  
d) Increasing social demands with respect to animal welfare 
e) Climatic impacts 

. 



Why being interested in mixed farming?

Several authors recommenda paradigm change from highly 

specialized production systems back to integrated crop livestock 

systems (ICLS) in order to increase diversity of land use and 

resource efficiency as a strategy to enhance sustainability and to 

reach the environmental protection goals
(Rockströmet al., 2009; Ryschawyet al., 2012; Godfrayand Garnett, 2014).
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Many studies indicate positive environmental effects of ILCS 

(Ryschawyet al., 2012; Moraine et al., 2014; Peterson et al., 2020)due to improved 

C- and N-cycling among the sub-systems and consequently a lower 

demand for external resources

Thus, lower N- and P2O5 surpluses can be attained 

Several studies foundpositive effects on soil organic carbon (SOC) 

with increased rates of CO2sequestration in diversified crop rotations



And there is pressure from agricultural policy

German Climate Protection Act 2021: Reduction of GHG by 65% by 2030, neutrality 

in 2045

German Agriculture: Reduction of GHG emissions to 56 million tons of CO2eq

Farm to Fork Strategy: Aim: Making the European food system more sustainable

Implementation of Sustainable Development Goals/ SDGs: 

Food security and sustainable production, by 2030 through:

Å Reduction of chemical-synthetic pesticides by 50%

Å Reduction of nutrient losses by at least 50%

Å Reduction of fertilizer use by at least 20% while maintaining soil fertility

Å Reduction in the use of antibiotics in animal husbandry 50%

Å Increase in organic farming to a share of 25%

Implementation at national level of the following guidelines

Å EU Nitrate Directive, 

Å European Water Framework Directive, 

Å EU Marine Strategy Framework Directive, 

Å EU Directive on National Emission Ceilings (NERC)
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Why being interested in grazing dairy cows on a mixed farm?

Under the temperate conditions of North-West Europe, 

ruminant -based integrated crop-livestock systems are 

considered as a strategy towards ecological intensification.

Cows are able to transform non edible organic matter (grass, 

catch crops and by-products) to high valuable protein  

Pasture is considered a cheap and environmentally friendly 

forage source(Dillon et al. 2008, Rotzet al. 2009)

Customers consider grazing as 

essential for animal welfare 

and are willing to pay premium 

price for pasture based milk 
(Zühlsdorfet al. 2014)

. 

Fodderfree from GMO

Cowsareout on freshgrass

Milk from the own region

Low price

Cowsfed with hay

Organic

Mentionedfirst andsecond

Ranking of most importandcriteriaenwhenbuyingmilk (Zühlsdorfet al. 2014)



Background of the project  ñEco-efficient pasture-based milk productionò

The interdisciplinary project: ñEco-efficient pasture-based milk 

productionò started in 2016 at Kiel Universityôs organic research farm 

Lindhof in Northern Germany. 

The project focusses on a whole-farm approach to analysethe potential of 

pasture-based milk production on grass-clover leys to strengthen 

sustainability of an organic arable crop rotation. 

In 2015 Lindhofôslow input herd of suckler cows + followers (0,4 LU/ha) 

was replaced by a spring calving herd of dairy cows (0,9 LU/ha). 

The shareof grassclover in the crop rotation wasincreasedfrom 20% to 40%

. 

Picture:  Organic Winter wheat in 2018 at Lindhof as part of an:

a) all-arable crop rotation            b) dairy herd based crop rotation
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Experimental siteand farm characteristics

Farm Area:                      182.0 ha
production area:            159.3 ha 

arable land            110.9 ha
perm. grassland (intens.)  6.9 ha
wet perm. grassland with 
management-restrictions 41.5 ha 

98 Dairy cows on 50 ha grass 
clover leys

2 x 20 replacement heifers
+ 2 x 30 beef heifers on    

permanent grassland

Precipitation:        785 mm p.a.
Temperature:        average: 8.7 °C
Soil type: sandy loam,   

loamy sand



Aim:

Maximization of milk production from grazing at a 

reduced input of concentrates (770 kg/cow/year)

What we do:

Grazing of 2year lasting multi species grass clover

leys (perennial ryegrass + white + red clover + birdsfoot

trefoil + chicory + lancelot platain + carravay)

Rotational grazing, after each milking allowance of

fresh grass based on platemeter readings

Grazing from beginning of March ïto mid

November (Grazing period: 275 days/year)

Seasonal-calving from end of January - mid April 

Breed: Jerseys and Crossbreeds with EBI 

First calving at an age younger than 24 month

No additional N-fertilisation to the grass clover, 

all manure is transferred to arable crops) 

Selfsufficiantwith concentrates (Triticale + Faba beans)

ñEco-efficient milk productionò Lindhof since 2016



Inspiration camefrom Ireland

We tried to transfer the Irish sytem to Northern Germany

Humphreys, 2016



Comparison of grass growth between Lindhof and Ireland
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Figure 1. a) Daily growth rates (kg DM ha-1) for grass clover without inorganic N fertiliser at Lindhof (2014-

2017) compared to daily growth rates measured at Solohead(1999-2006) of grassland fertilised with 150 kg 

N ha-1 yr-1 and 300 kg N ha-1 yr-1 respectively, b) cumulated growing degree-days >5°C at Lindhof (2014-17) 

compared to Solohead(1999-2006).



Inspiration from Ireland

The òIrish sytemò (Humphreys, 2016)



Growth of organic grass clover at Lindhof 

in 2 different grazing intervals

(Average yearly rainfall: 785mm

Average temperature 8,7°C)

On sandy loamy soils
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Institut für Pflanzenbau
und Pflanzenzüchtung

Institut für Agrarökonomie

Change in crude ïprotein-concentrations of organic grass clover at Lindhof 

in 2 different grazing intervals
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- Syncronisation between the cows daily energy demand and Daily growth 

of Net-energy (the first 2 years of experience)

The challange:
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Grazingaroundthe 3 leafstage

Source : Schlei p et al ., 2011

Optimal energy -
yields

Sub optimal yield
potential

> 3 leaf

Decreasing forage quality

2. 5 - 3 leafÒ 2leaf



: The Irish style of Grazing

Rotationsweidesystem

28

4 cm 10 cm 9 cm 8 cm 7 cm 6 cm          5 cm            4.5 cm

Rotational grazing at Lindhof, fresh grass after each milking



- Rotational grazing, after each milking allowance of fresh grass based on 

platemeter readings

Rising platemeter as central tool for optimisation of grazing



- Silage cuts are under taken when the grass gets to long

Feed wedge baseret on rising platemeter readings



Digitale Lösung

Also  borrowed from Ireland

Anzeigeauf demHandydisplay: 
19 von 20 Messpunktensinderfasst

We also usedigital rising plate meters

e.g. the grasshopper



Digitale Lösung

Nutzungdes TechnischenFortschrittsausIrland

Grasshoppersat Lindhof

Verfügbarer Weideaufwuchs je Schlag

Schläge mit laufender Nummer sortiert nach verfügbarem Weideaufwuchs

= Bedarf, hier für
10 Std. Halbtagsweide
(Trockenheits-bedingt)

= durchschnittlicher 
Aufwuchs
(verfügbar)

= hier 15 Tage
(wegen noch 

Trockenheits-bedingt 
verhaltenem Nachwuchs)

Übersicht der ca, 60 ha Weideschläge 
des Lindhofesam 10. September 2018
(weiße Schläge = frisch genutzt)

= Zielertrag bei Auftrieb
bei normalem Zuwachsbedingungen

Schlag-Karte



Projekt CAU Kiel seit 2016

Getting the calved cows out as early as we can (early March). In early spring net

energy-concentration of grass is high, cows find more grass as we had expected

Early Grazing is supporting tillering and sward density

ñ¥ko-effiziente Weidemilcherzeugungò Lindhof



Projekt CAU Kiel seit 2016

Integration of deepr rooting red clover and forage herbs into the grazed leys

ñEco-efficient milk production ò Lindhof



Projekt CAU Kiel seit 2016

Co-operation with an organic all-arable farm (Aaf) (Win-Win ïsituation)

Exchange of Farm-yard manure to grass clover (1st and 2nd cut silage) since 2020 

Faba Beans and Corn from Aaf exchanged with winter wheat produced at Lindhof

Eco-efficient milk production ò Lindhof



Projekt CAU Kiel seit 2016

2018 Cross breeding Jersey x Irish Black and White (EBI)

ñEco-efficient milk production ò Lindhof



Projekt CAU Kiel seit 

2016

Since 2020 Rotational crossbreeding based on three breeds

Jersey x Irish Black and white (EBI) x Angler (in family with Scandinavian Red)

ñEco-efficient milk production ò Lindhof


