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CHAPTER 1
1.1 Grassland farming
In grassland farming systems the harvested or grazed biomass (grass, herbs, and legumes)
is the basic crop taken from the agricultural land. Herbage from grassland is mainly used
in cattle production systems (dairy and beef) but also provides the basis for keeping sheep,
goats, and horses. Grassland farming includes the permanent and temporary grassland
that is incorporated in a crop rotation system on arable land. Permanent pasture is defined
by the European Commission as “land used to grow grasses or other herbaceous forage
naturally (self-seeded) or through cultivation (sown) and that has not been included in the
crop rotation of the holding for five years or longer” (Commission Regulation (EC) No
796/2004).

1.2 Potentials and challenges concerning grassland farming in Europe
During the last decade social awareness of the multifunctionality of grassland and
especially permanent grasslands has increased (Jeangros and Thomet, 2004; Lehmann
and Hediger, 2004; Gibon, 2005; Sanderson et al., 2007). Grasslands provide several
ecosystem services like biodiversity and wildlife protection, carbon sequestration, water
purification, nutrient retention as well as social benefits like recreation (e.g. Hopkins et
al., 2002; Isselstein and Kayser, 2014).
This multifunctionality, however, strongly depends on the intensity of the grassland
management and on environmental conditions. Although agriculture in Europe is strongly
supported by governmental subsidies, the agricultural production systems have to adjust
their production methods and management to recent global market and price fluctuation
trends to stay profitable. During the last two decades the utilization of grassland in Europe
has changed considerably. In the last twenty years the area of grassland has decreased in
most European countries as well as the number of cattle (EUROSTAT). In Germany,
cattle number decreased by more than 35 % and the number of sheep by more than 11 %
from 1990 to 2015.
This development was partly caused by a more intensive dairy production which
represents the most profitable way of grassland utilization (Isselstein et al. 2005). There
is an on-going trend to increasing milk yields per cow which requires high energy
contents in the feed – this can be provided by intensive permanent grassland management,
ley grass and silage maize (e.g. Taube and Conijn, 2007). Maize is comparably easy to
cultivate at reasonable costs. In Germany, the area that is cultivated with maize and other
non-grass feed for dairy production has increased during the last half century (Offermann
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et al., 2010; Reheul et al. 2015) often at the expense of permanent grassland. This trend
is going to continue or even increase with the end of the milk quota in 2015 (BfNGrünlandreport, 2014). However, it is the permanent grassland that provides a wider
range of ecosystem services than ley grass or arable farming.
To foster a more sustainable forage production the new Common Agricultural Policy
(2014-2020), enacted by the European Union in 2013, developed new “Greening”
guidelines to promote the preservation of permanent grassland. However, these new
guidelines seem to be not as effective as intended (Pe’er et al., 2014) and miss their
conservation targets, especially when it comes to preserving permanent grassland.
In spite of the on-going land use intensification and the increasing cultivation of high
energy crops, forage from grassland is still regarded as rather cost-efficient compared to
maize and other concentrates and is often still the basis of cattle production systems in
Europe. These forage production systems, however, differ on a regional scale. To support
an overall preservation of a sustainable grassland management it is important to
investigate grassland farming systems on a regional scale concerning farm structures and
regional conservation goals.
1.3 Grassland farming in Northern Germany
In northern Germany grassland covers 20 to 30 % of the agricultural land (Statistisches
Bundesamt 2008; Smit et al. 2008). The percentage slightly differs among the federal
states of Germany (Tab. 1.1).
Tab. 1.1: Area of agricultural land and grassland in Germany (Source: German Federal
Statistical Office (Destatis), Subject-matter series 3, 2014).
Federal State
Baden-Württemberg
Bavaria
Berlin
Brandenburg
Bremen
Hamburg
Hesse
Lower Saxony
Mecklenburg-Western
Pomerania
North Rhine-Westphalia
Rhineland-Palatinate
Saarland
Sachsen

Agricultural land
(ha)
1422.0
3141.2
2.0
1313.6
8.5
14.4
768.0
2625.9
1340.3

Grassland
(ha)
549.3
1052.9
0.7
281.2
6.7
6.7
282.9
719.3
261.8

Grassland
(% of agricultural land)
38.6
33.5
35.0
21.4
78.8
46.5
36.8
27.4
19.5

1460.1
703.5
77.5
904.2

389.0
222.7
39.7
183.7

26.6
31.7
51.2
20.3
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Saxony-Anhalt
Schleswig Holstein
Thuringia
Germany total

1169.1
993.6
781.0

169.5
318.3
166.2

14.5
32.0
21.3

16724.8

4650.7

27.8

The efficiency of a multifunctional grassland depends on well balanced goals. However,
the more services are demanded from grassland the more likely are goal conflicts and
trade-offs (Isselstein and Kayser, 2012; Isselstein and Kayser, 2014).
The frame conditions for grassland management can change due to agricultural political
targets, market processes, cost structures, technological process and climate change on a
regional scale. These factors can intensify goal conflicts and compromise sustainable,
multifunctional grassland farming (Dabbert and Krimly, 2004; Soussana and Lüscher,
2007; Peeters, 2008). Therefore, it makes sense to evaluate grassland farming and
grassland management practices on a regional and on a farm scale in order to development
sophisticated adaption strategies for a sustainable grassland management.
An assessment of grassland farming systems by quantitative indicators for the
sustainability of production system can also be helpful (Taube and Wachendorf, 2004,
van Passel et al., 2006, Treyse et al 2008). This approach would include investigations on
productivity and nutrient fluxes on different levels and in different production systems
(Schröder et al., 2003; Rotz et al., 2005).
Furthermore, climate change is supposed to change the productivity of grassland (yields
and nutritional quality) (Lüscher et al., 2005; Hopkins and Del Prado, 2007). The impact
of climate change on grassland depends on the botanical composition of the sward and
can be modified by fertilization and other management practices (Harmens et al., 2002).
Climate change can have differed effects on grasslands: elevated CO2 concentrations will
generally increase grassland productivity while predicted less precipitation, especially
during summer periods, might lead to drought periods resulting in smaller yields; more
rainfall in winter can lead to waterlogging on sensitive soils (e.g. Thornley and Cannell,
1997; Dukes et al., 2005).

1.4 The NaLaMa-nt Project
The investigations in the context of this dissertation were conducted within the scope of
the joint research project NaLaMa-nT: Sustainable land management in the North
German Plain. The aim of the project was to establish a knowledge and decisions basis
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for an innovative and sustainable land management in the North German Plain (NGP)
that considers the changing ecologic, economic and social frame conditions.
The NGP is a part of the geomorphic formation North European Plain (NEP, elevation 0
to 200 m above sea level) which stretches from the Netherlands to Poland/Lithuania. In
the South, it is confined by the Central European Highlands while bordered by the North
Sea in the western part and the Baltic Sea in the East. The climatic conditions in the survey
area range from sub-maritime conditions in the west to sub-continental conditions in the
east.
The aim of the subproject “Grassland” within NaLaMa-nT was to identify the future
challenges and opportunities of grassland farming in northern Germany and to contribute
to the development of scenarios for a more sustainable land use, including grassland.
In four representative model regions in norther Germany (Fig. 1.1) the status quo of
grassland farming systems were analyzed. The model regions differed in land-use,
economic and ecological factors and social framework.

Fig 1.1: North German Plain with the four NaLaMa-nT model regions Diepholz, Uelzen,
Fläming and Oder-Spree (right) and the geographical location in Germany.
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1.5 General study aims
Three investigation approaches were developed to analyze different aspects of grassland
farming in northern Germany where new research results can foster sustainable grassland
management.
In this thesis the results of these three approaches; 1) a sociocultural approach, 2) a test
method validation approach and 3) a field experiment approach) are presented.

1) In the second chapter the attitude and behavior of grassland farmers concerning
voluntary agri-environment measures (AEM) were analyzed. Advisory services
can benefit from a better understanding of the ways farmers think and feel and
hence adapt their communication with the farming community. We conducted
face to face interviews on 82 farms in four model regions in northern Germany
and asked questions on personal, business and management data as well as
questions on personality traits, general land use preferences, economic factors and
social frame conditions.
(On-farm survey and interview – CHAPTER 2).
2) In the third chapter the reliability of the 13C isotopic signatures in cattle tail switch
hair as an indicator to validate cattle production systems that are supposed to be
based on forage from pasture and not maize was tested. We sampled hair and
obtained information on management and annual mean composition of diets on
23 cattle farms in northern Germany of different grazing regimes (year-round
grazing, summer grazing, no grazing).
(Isotopic analysis – CHAPTER 3).

3) Chapter four is concerned with the intensification of forage production on typical
sandy soils in northern Germany. It was analyzed how intensification can lead to
adequate yield and forage qualities while simultaneously preserving other
ecosystem services of forage production systems. In a three year experiment four
management intensity levels representing four typical forage production systems
(moderate permanent grassland, intensive permanent grassland, ley grass, maize)
on five sites on a climatic gradient (temperature and precipitation) in northern
Germany were analyzed .
(Field experiment – CHAPTER 4).
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CHAPTER 2
2.1 Abstract
Grasslands have a multi-layer protection function for nature, biodiversity and climate.
These functions can be fostered by an adapted management on grassland farms.
Promoting nature protection alongside agricultural production is an aim of European
agricultural policy. However, a number of studies indicate that existing Agri-environment
measures (AEM) are not as effective as assumed, mainly because they are not sufficiently
used by farmers. We investigated the view of grassland farmers on nature conservation
and on existing AEM in four distinct regions on a west to east gradient in the North
German Plain. We conducted a survey on 82 grassland farms inquiring basic farm data
and asking questions on general agricultural issues and nature protection. The results
indicate that the majority of all respondents is generally interested in nature conservation
and believes it to be of concern for every farmer. In contrast, only a minority of grassland
farmers is using the existing AEM to the full extend on their own farm. By applying the
concept of farming styles, we classified farmers into four groups, namely Traditionalist,
Idealist, Modernist, and Yield Optimizer. These farming styles groups differ in farm and
management parameters, general attitudes towards agricultural issues, farming objectives
and economic success. We found that in our survey the farming styles groups differ in
their attitude towards nature conservation. However, they do not differ in the adoption of
AEM and have different reasons for not taking part. We state that for a better
implementation of AEM into agricultural practice a better communication, which is
adapted to the different ways that farmers manage their farm and think and feel, is needed.
Consequently, AEM need to be revised as well.

2.2 Introduction
Grasslands and especially extensively used grasslands deliver valuable ecosystem
services like carbon sequestration, water protection and biodiversity. Consequently, the
preservation of grassland becomes more and more important in the landscape context
(Matzdorf and Lorenz, 2010; Flessa et al., 2012; Gonthier et al., 2014). Despite this, the
proportion of permanent grassland in Germany, and especially of species-rich extensive
grassland, has been constantly declining in the last decades (BfN-Grünlandreport, 2014).
In order to preserve extensive grassland within predominantly intensive agricultural
systems the farmer needs to be actively involved (e.g. de Snoo et al., 2013) and be
interested in nature conservation in general. The crucial role that the farmer plays in this
11
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context has been formally acknowledged in the EU Common Agricultural Policy (CAP)
(Burton et al., 2008) and has been investigated in a number of research studies (e.g. Potter
and Gasson, 1988; Ahnström et al., 2009).
Agri-environmental measures (AEM) have been introduced as a key tool of the European
agricultural policy to foster nature and landscape protection (Benton et al., 2011). Farmers
who voluntarily participate in such regionally adapted conservation measures receive
governmental support payments. Based on the European Council Regulation 1698/2005,
AEM are a mandatory part of the Rural Development Plans (RDP) in EU Member States
and are a central element of the second pillar of the Common Agricultural Policy (CAP).
Research results show that AEM are not always as efficient as intended and assumed (e.g.
Gasson and Hill, 1990; Ilbery and Stiell, 1991; Whitby et al., 1996; Winter, 2000;
Boatman et al., 2010). This lack of success of AEM has, among others, also been
explained by a poor understanding of how farmers perceive AEM and their individual
reasons for participation or non-participation (e.g. Schroeder et al., 2013; de Snoo et al.,
2013). A better knowledge about the general attitudes of farmers towards nature
conservation and their judgement of existing AEM can be seen as a key for the
development of improved AEM. This approach is based on the idea that different farmers
have different attitudes and think differently and need to be addressed accordingly.
The aim of this study was to find out how specific farm parameters of farms that manage
grasslands in four regions with mixed agricultural use in northern Germany are related to
attitudes and actions of the farm managers concerning AEM. Furthermore, we wanted to
investigate the underlying reasons of farmers for participation or non-participation in
AEM. Grassland management varies fundamentally among regions, different production
systems and even within farms. We conducted face to face interviews on 82 farms in four
model regions in the North German Plain and asked questions on personal, business and
management data as well as questions on personality traits, general land use preferences,
economic factors and social frame conditions. We chose farms that managed grassland in
typical ways based on regional census data (Dahl and Sauer, 2012) to get a representative
picture grassland management in each model region.
We investigated the general attitude of farmers towards nature conservation and AEM
and how farm parameters (e.g. farm size, management intensity, age and education of
farm manager) are related to these attitudes. Furthermore, we allocated farmers to
different farming styles (Van der Ploeg, 1994). The farming style concept combines farm
parameters,

personality

traits

and

socio-economic
12
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Schmitzberger et al. (2005) refined this original concept by grouping farmers with similar
farming strategies into categories (farming styles) such as ‘Traditionalist’, ‘Yield
Optimizer’, ‘Modernist/Innovative’ and ‘Idealist’. The concept attracted international
attention and has been applied, for example, to pig farmers in the Netherlands and
mountain farmers in Austria, among others (Commandeur, 2006; Vanclay et al., 2006).
Eggers et al. (2014) analyzed the view of farmers on climate change and found the
farming style concept particularly helpful.
We hypothesize, that
1) grassland farmers in northern Germany differ in their attitude towards nature
conservation,
2) a positive attitude towards nature conservation in grassland farmers results in a
positive attitude towards AEM and to a better participation in AEM,
3) grouping farmers into certain farming styles will further explain their attitudes
towards nature conservation in general and participation in AEM in particular.

2.3 Material and methods
In this study, 82 farms were chosen to participate in a survey in four model regions (from
west to east: Diepholz n = 20, Uelzen n = 20, Fläming n = 21, Oder-Spree n = 21; Fig.
2.1). The regions are located on a climatic gradient from sub-maritime to sub-continental
in the North German Plain (NGP), one of Germany’s major geographical regions. The
NGP is a part of the geomorphic formation called North European Plain (NEP, elevation
0 to 200 m above sea level) which stretches from the Netherlands to Poland/Lithuania. In
the South, it is confined by the Central European Highlands while bordered by the North
Sea in the western part and the Baltic Sea in the East (Fig. 2.1). The four model regions
differ in land-use preferences, economic factors and social framework (Tab.2.1).
Grassland is not the predominant agricultural use but ranges from 9 % to 22 % of
agricultural land.
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Tab. 2.1: Some basic information about the model regions.
Diepholz
Area (km2)

Uelzen Fläming

Oder-Spree

1988

1454

2163

2243

108

65

60

82

Agricultural land (% of total area)

75

53

49

38

Grassland (% of agricultural land)

22

9

20

16

-

-

20

11

Population density (people per km2)

Predicted population decrease until 2020 (%)

All interviewed farmers managed at least five hectares of permanent grassland.
Traditionally, grassland management is usually not the only land use on many farms in
the model regions and is often combined with arable farming. Extensive grassland on
marginal land or on wet sites can be found in different production systems – as a basis of
production for suckler cows or as set-aside land in intensive dairy or other livestock
production. Therefore, the focus is not only on production systems like grassland-based
dairy or suckler cows but on the whole range of farms that manage grassland in the
regions. To achieve a representative picture of the main production systems in each
region, the selection of farms was based on agricultural census data (Dahl and Sauer,
2012) from the Federal Statistical Office of Germany. Within these main groups of
production systems 20 farms per region were selected randomly.

Fig. 2.1: The North German Plain (NGP) within North European Plain (NEP) (left); and
NGP with the four regions of this study (from west to east: Diepholz, Uelzen, Fläming,
Oder-Spree) (right).
A standardized questionnaire was developed to be answered in face-to-face interviews by
the participating farmers. The interviewer transcribed the data and information given by
the farmers.
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The questionnaire consisted of two parts: in the first section, we asked 62 questions
concerning personal data, farm management and business management; the second
section contained 58 statements on general agricultural issues and nature protection
issues. The respondents stated their degree of agreement on a five-point Likert scale
(1=totally agree, 5=totally disagree). After finishing the regular interview by
questionnaire, we allowed for enough time to talk to the farmer about problems and
possibilities concerning agriculture, nature conservation and AEM.
In analyzing the data, we proceeded as follows: in the first step (1), we looked at data on
farm size, farming intensity, education and age of the farmer and whether this data are
related to the farmers’ attitude towards conservation and AEM and to the actual number
of AEM participants. In a second step (2), we allocated farmers to four distinctive farming
styles, which allowed us to (3) elucidate the background of the different attitudes of
farmers towards nature conservation and AEM.

2.3.1 The concept of attitudes
Attitudes are considered as a central concept of social psychology (Ajzen, 2005).
However, the concept of attitude is complex, difficult for psychologists and researches to
define and, consequently, has changed considerably over the years (Allport, 1954;
Dillard, 1993). In earlier definitions attitudes were described as persistent states of mind
with a close relationship to the behavior of an individual. For example, Allport (1935)
defined an attitude as "a mental and neural state of readiness, organized through
experience, exerting a directive and dynamic influence upon the individual's response to
all objects and situations with which it is related”. Later the concept of attitudes was
mainly reduced to its evaluative component. Bem (1970) defined attitudes only as “likes
and dislikes” and Fishbein and Azjen (1975) defined attitude as “a learned predisposition
to respond in a consistently favorable or unfavorable manner with respect to a given
object” while Petty and Cacioppo (1981) saw it as “a general and enduring positive or
negative feeling about some person, object, or issue”. There is a vast amount of literature
on how to measure attitudes (Thurstone,1928; Likert, 1932; Sherman, 1932).
In this study we follow Eagly and Chaiken (1993) who defined attitude as “a
psychological tendency that is expressed by evaluating a particular entity with some
degree of favor or disfavor”. We measured the degree of favor or disfavor of farmers to
certain statements to AEM and nature conservation (five-point Likert scale), and
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combined this with information on farm parameters and personality traits to deduce
attitudes of farmers towards nature conservation and AEM.

2.3.2 Statistics and farming styles
A cluster analysis was carried out to identify possible grouping variables from the
information obtained from the first part of the questionnaire (farm size, nitrogen input,
stocking rate, cutting frequency of grassland, education and age of farm manager). As
most of the data was on the ordinal scale (Five-point Likert scale), we applied either
Mann-Whitney-U tests or Kruskal-Wallis one-way analysis of variance by ranks (Bühner,
2006) to identify significant differences between groups. To suggest a quasi-interval scale
of the survey data with equal scale sections, all rating scales were clearly demarcated at
the endpoints and had numbered squares (Bühner, 2006; Weiber and Mühlhaus, 2010).
All statistical analyses were conducted using the software R! version 3.1.2.
We chose four major farming styles (see Eggers et al., 2014) which are representative for
the model regions, namely Traditionalist, Idealist, Modernist and Yield Optimizer. The
selection process considered information from the literature (Van der Ploeg, 1994;
Vanclay et al., 2006; Defra, 2008; McRae-Williams, 2009; Barnes and Toma, 2012) and
the opinions of experts and stakeholders in the model regions.
For the allocation of farmers to certain farming style groups we followed the approach of
Schmitzberger et al. (2005): we used 47 Likert-scaled (Scott and Marshall, 2009)
statements in our survey to derive classification criteria. Statements were assessed as
being positive, negative or neutral for a specific farming style (ranging from -1 to 1).
They were used to distinguish the four predefined farming styles that we had chosen as
relevant for our study. We then allocated each statement to a category and gave scores.
For example, a farmer who agreed with the statement ‘My main goal is a return on
invested capital’ was allocated a score for the Yield Optimizer category. A farmer who
disagreed with the statement received a score for the Idealist farming style. Finally, we
aggregated the scores and arrived at four scores for each farmer for each farming style.
For example: Farmer 1: Traditionalist: -17, Idealist: 1, Modernist: 15, Yield-Optimizer:
24. We then allocated the farmer to the farming style with the highest positive score (in
the example: Yield-Optimizer). Besides allocating the farmer to a certain farming style
we also obtained an individual behavioral pattern for each farmer (see Eggers et al., 2014).
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2.4 Results and discussion
As participation in AEM is voluntary, it is important to motivate farmers to use these
measures and to join the programs. It is therefore crucial to know what farmers think
about nature conservation in general and why they do or do not participate in AEM (e.g.
Morris and Potter, 1995; Wilson, 1996; Wilson and Hart, 2000, 2001; Boonstra et al.,
2011; de Snoo et al., 2013). These studies usually dealt with farmers from different
countries or different business forms (e.g. organic vs conventional), and tried to elucidate
differences in their attitudes. In our survey, we focused on farms that manage grassland
in four model regions in northern Germany. We found distinct differences among farmers
in their attitude towards nature conservation and AEM.
When analyzing the attitude of farmers towards nature conservation and AEM, we
suggest that it is advisable to distinguish between


farmers’ attitude towards nature conservation



farmers’ attitude towards AEM, and



farmers’ actual participation in AEM.

Our findings stress the importance of understanding the underlying reasons for the
attitudes and decisions of farmers. In the following, we present and discuss results from
our survey about the general attitude of farmers towards nature conservation and AEM
and how they were related to farm parameters. Finally we used the farming style concept
to further explain farmers’ attitude and actions concerning nature conservation and AEM
by combining farm parameters, personality traits and socio-economic background
information.

2.4.1 General attitude of farmers
Nearly 60 % of all interviewed farmers stated that a farmer should play an active part in
nature conservation. Only 12 % of all farmers disagreed with this statement (Fig. 2.2,
s27). However, only 38 % of the farmers in the survey stated that they use AEM “as far
as possible” (Fig. 2.3, s15) and 45 % were actually implementing AEM. About 40% of
all interviewed farmers believed AEM to be an important tool to preserve landscape and
nature, while another 40 % did not agree with this (Fig. 2.3, s18). As a reason for not
participating, 30 % of the farmers referred to too small compensation payments. On the
other hand, another 30 % stated that these payments were not too low (Fig. 2.3, s19).
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Trade-offs between economic pressure in agricultural production and conservation
activities have been identified as reasons which prevent farmers from taking part in AEM
(Gasson and Potter, 1988; Mccann et al., 1997). In our study, however, for 70 % of the
interviewed grassland farmers’ low financial incentives were not the main reason for their
non-participation in AEM (Fig. 2.2, s30) (compare Wilson and Hart, 2001; Burton et al.,
2008).
We chose statements s27 and s15 (see Fig. 2.2 and 2.3) as key statements and used them
to further explore the somewhat differing attitudes of farmers towards nature conservation
and AEM. We found only a weak correlation between farmers’ attitude towards nature
conservation and AEM (correlation of statements s15 and s27: R²=0.37). Furthermore,
farmers who were actually taking part in AEM did not show a more positive attitude
towards nature conservation compared to farmers that did not participate in AEM (Tab.
2.4). Some studies conclude that the attitude of farmers towards nature conservation can
explain their participation or non-participation in AEM (Potter and Gasson, 1988;
Brotherton, 1989 and 1991; Moss, 1994; Saunders, 1994). Coleman et al. (1992) state
that policy measures that lead to a more positive attitude of farmers towards nature
conservation will be more effective than those which provide only ‘temporary bribes’.
Burton et al. (2008) add that participation in voluntary conservation measures only return
little symbolic capital to the reputation of farmers and that this would be different if the
image of nature conservation amongst the farming community could be polished and
improved. Based on our findings, we state that a positive attitude towards nature
conservation does not automatically lead to a positive attitude towards AEM and
participation in AEM. Other parameters are involved in the decision-making process.

s26: “Nature conservation on my farm is only
possible in connection with time-saving…
s27: “A farmer should play an active part in nature
conservation.”
s28: “Nature conservation is part of my farm
marketing concept.”
s29: “I consider nature conservation as an external
interference. “
s30: "On my farm nature conservation is only
practicable in connection with appropriate…
0%
totally disagree

disagree

20%
neutral

agree

40%

60%

80%

100%

totally agree

Fig. 2.2: Agreement of interviewed farmers to statements s26-s30 on nature conservation.
Five-point Likert scale: 1 = totally disagree, 5 = totally agree.
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s15 "I try to use AEM as far as possible."
s16 " I´m not interested in AEM."
s17 " I take part in AEM but feel restricted in my
"freedom"."
s18 “AEM are an important tool to protect…
s19: “Compensation payments are too small.”
s20: “Most of my revenue depends on AEM.”
0%
totally disagree

disagree

20%
neutral

40%
agree

60%

80%

100%

totally agree

Fig. 2.3: Agreement of interviewed farmers to statements s15-s20 on agri-environment
measures (AEM). Five-point Likert scale: 1 = totally disagree, 5 = totally agree.
2.4.2 Farms in model regions
The four model regions do not only differ in the size and proportion of agricultural land
and grassland to the total area (Tab. 2.1) but also in the way grassland farms are organized
and managed (Tab. 2.2). Typical grassland farms were smallest in Diepholz and these had
the highest N input rate to grassland to support high stocking rates. We found a trend of
decreasing management intensity of grassland farms from the western regions (Diepholz,
Uelzen) to the eastern regions (Fläming, Oder-Spree) (Tab. 2.2). On the other hand, age
and education of farmers in the survey were at a similar level in all regions.
Intensive or moderate dairy farming with corresponding intensity of grassland
management dominated in Diepholz. In Oder-Spree a more extensive grassland
management for suckler cows was prevalent. About a third of the grassland farms in
Uelzen and Fläming were producing field crops as well (Tab. 2.2).
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Tab. 2.2: Farm size, management and predominant grassland use of the 82 farms in the
survey for the four model regions (regional means). LU/ha = Livestock units per hectare,
N = Nitrogen (from organic and artificial fertilizer).
Parameter

Diepholz

Uelzen

Fläming

OderSpree

N input on grassland (kg N/ha/yr)

230.4a

184.5ab

95.4bc

54.4c

Stocking Rate (LU/ha agricultural land)

1.6a

1.1a

0.4b

0.6b

Grassland cuts per year (n)

4,1a

3,3b

2,8bc

2,3c

Farm Size (ha agricultural land)

100.2a

134.3a

1305.8b

752.4b

Grassland (ha)
Grassland of agricultural land (%)
(calculated on the basis of all data, not from
means)

28.0a
36.2a

28.8a
36.7a

201.6b
31.2a

161.4b
45.8a

Age of farm manager

47.4a

48.8a

52.6a

54.6a

Education of farm manager
(1 = none, 6 = university study, see Tab. 2.3)

3.9a

4.6a

4.4a

3.8a

75

33

29

33

Farm size and management:

Production system:
Intensive and moderate grassland farms
- Dairy production systems (%)

Extensive grassland farms
10
14
14
43
- Suckler cow, horses, sheep keeping (%)
Grassland on farms with other production
focus
15
38
43
5
- Grassland (different purposes) (%)
Letters a, b and c indicate significant differences (p < 0.05) among model regions (columns) tested
with Kruskal-Wallis one-way analysis of variance on ranks.

Farmers in Diepholz agreed significantly less to the key statement s15 on AEM (“I try to
use AEM as far as possible”, Tab. 2.3) than farmers in Fläming and Oder-Spree. The
percentage of all farmers that were actually using AEM on their farm also differed among
model regions: from 25 % in Diepholz to 43 % in Fläming, 52 % in Oder-Spree, and 70
% in Uelzen; the difference between Diepholz and Uelzen is significant (p < 0.05).
The organization of AEM in Germany is conducted at the federal state level which results
in a range of dissimilar requirements and compensation payments (Thomas et al., 2009).
However, this fact is not sufficient in explaining the differences in participation in our
survey; both, Diepholz and Uelzen are actually located in the same federal state.
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2.4.3 Farm paramters and attitudes of farmers
Pražan (2010), in the Czech Republic, found that farms with a higher intensity were less
likely to participate in AEM. Similarly in our survey, farmers with a more extensive
grassland management (low nitrogen input, lower stocking rates, and low cutting
frequency) showed a more positive attitude towards AEM (Tab. 2.3). However, this was
not the case with the attitude towards nature conservation: grassland farmers with
intensive production systems showed no less interest in nature conservation than their
colleagues with more extensive management (data not shown).
Tab. 2.3: Degree of agreement to statement s15: “I try to use AEM as far as possible” of
farmers differing in some personal or farm parameters. Agreement on a Five-point Likert
scale (1 = totally disagree, 5 = totally agree).
N input
on grassland (p < 0.001)

mean

sd

n

Farm Size

(p = 0.112)

mean

sd

n

Low

3.70a

(5-50 ha)

2.07

1.54

14

51-250 ha)

2.86

1.63

42

(251-1250 ha)
(>1250 ha)

3.66
2.77

1.67
1.30

12
13

1.60

33

Small

ab

1.30

15

Medium

High
(131-300 kgN/ha/a)
Very high
(>300 kgN/ha/a)

b

2.32
1.55b

1.43
1.04

22
11

Large
Huge

Stocking rate (p < 0.001)
Low
(0-0.7 LU/ha)
Medium
(0.8-1.5 LU/ha)
High
(>1.6 LU/ha)

mean
3.49a
2.28b
1.69b

sd
1.52
1.46
1.18

n
43
25
13

Grassland area (p = 0.163)
small
(5-20 ha)
medium
(21-100 ha)
Large
(>100 ha)

2.83
2.53
3.33

1.61
1.73
1.32

24
36
21

Cutting frequency (p < 0.001)
Low
(0-2 cuts/a)
medium
(2-3 cuts/a)
High
(4 and more cuts/a)

mean
3.73a
3.05a
1.60b

sd
1.44
1.58
0.88

n
15
40
20

Age (p = 0.615)
< 42 years
42-5 years
52-6 years
> 61 years

mean
2.69
2.68
2.82
3.44

sd
1.58
1.73
1.60
1.51

n
16
22
34
9

Education (p = 0.120)
None
Vocational Training
Annual Vocational Collage
Biennial Vocational Collage
Master Craftsman
University Studies

mean
2.27
3.30
1.50
3.00
2.46
3.30

sd
1.39
1.70
0.70
1.84
1.61
1.52

n
11
10
2
11
24
23

Medium

(0-60 kg N/ha/a)
(61-130 kg N/ha/a)

2.60

Model Regions (p < 0.05)
Diepholz
Uelzen
Fläming
Oder-Spree

mean
2.20a
3.00ab
3.38b
3.42b

sd
1.47
1.38
1.43
1.17

n
20
20
21
19

Letters a and b indicate significant differences (p < 0.05) among group means (rows) tested with
Kruskal-Wallis one-way analysis of variance on ranks.

Many studies have revealed demographics to have an influence on the decisions of
farmers. It has been reported that young and better educated farmers on comparably
smaller farms have a higher concern for nature conservation and are more likely to
participate in AEM than others (Bultena and Hoiberg, 1983; Buttel and Gillespie, 1988;
Featherstone and Goodwin, 1993). We found that farmers who were actually taking part
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in AEM had larger farm sizes, a higher educational level and lower stocking rates (Tab.
2.4). AEM can be attractive to larger farms as compensation payments are paid per
hectare and as these farms often have a certain proportion of marginal land as well.
Tab. 2.4: Differences between farmers that are using AEM and farmers that are not using
AEM in degree of agreement to statements s15 and s27 (Degree of agreement on a Fivepoint Likert scale; 1 = totally disagree, 5 = totally agree) and in basic personal and farm
data.
Farmers
using AEM
(n=39)

Farmers not
using AEM
(n=43)

Significance
of difference
p value

Degree of agreement to statement s15:
“I try to use AEM as far as possible.”
3.53
2.21
p < 0.001
(Five-point Likert scale)
Degree of agreement to statement s27:
“A farmer should play an active part in
3.77
3.58
p = 0.343
nature conservation “ (Five-point Likert
scale)
N input on grassland (kg N/ha/a)
119.78
157.49
p = 0.123
Stocking rate (LU/ha)
0.69
1.09
p = 0.028
Cuts per year (n)
2.40
2.82
p = 0.221
Farm Size (ha)
648.91
525.69
p = 0.044
Grassland (ha)
132.12
83.84
p = 0.477
Age of farm manager (years)
50.82
50.98
p = 0.780
Education (levels 1-6, for notations see
4.64
3.74
p = 0.047
Tab. 2.3)
Significance of differences was tested with Kruskal-Wallis one-way analysis of variance on ranks.

2.4.4 Applying the farming style concept
The differences in attitude and behavior of farmers towards nature conservation and AEM
are complex and not easily explained by business or demographic parameters alone. In
consequence, we enhanced our analysis to include personality traits of the farmers.
Seabrook and Higgins (1988) introduced the idea of a “Self-Concept” of each farmer. It
is an image that a farmer has of himself or herself and determines the way he/she assigns
or confines himself/herself to a particular social group with specific values and goals.
Farmers of similar farming systems (Van der Ploeg, 1994; Schmitzberger et al., 2005)
can differ substantially in their attitudes and actions due to very different self-images
(Schoon and Grotenhuis, 2000; Boonstra et al., 2011). Thus, we assume that the image
farmers have of themselves contributes to their decision whether to participate in AEM
or not. Family plays a role, too, and their opinion has been found to be more important
than that of consultants and farm advisors (Schroeder et al., 2015).
Our data confirm the findings of Schmitzberger et al. (2005) that farmers of different
farming styles (Traditionalist, Idealist, Modernist, Yield Optimizer) differ in their attitude
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towards nature conservation. Traditionalists and Yield Optimizers agreed less to the
statement s27 “A farmer should play an active part in nature conservation.” than Idealists
(Tab. 2.5). However, we found that grassland farmers of different farming styles did not
differ in their degree of agreement to statement s15 “I try to use AEM as far as possible.”
(Tab. 2.5).

Tab. 2.5: Degree of agreement of farming styles to statements s27 and s15. Agreement
on a Five-point Likert scale (1 = totally disagree, 5 = totally agree) and percentage of
farmers that actually use AEM.
Degree of agreement (s27):
Degree of agreement (s15):
“A farmer should play an active part in
“I try to use AEM as far as
nature conservation.”
possible.”
Traditionalist
3.09a
2.60 a
b
Idealist
4.12
3.19 a
ab
Modernist
4.10
3.00 a
ac
Yield Optimizer
3.36
2.54 a
Letters a,b,c indicate significant differences (p<0.05) among farming styles (rows) tested with
Kruskal-Wallis one-way analysis of variance on ranks.
Farming style

There was also no difference in participation in AEM among the four farming styles (data
not shown). This strengthens our assumption that the attitude towards nature conservation
does not necessarily lead to similar actions concerning participation in AEM.
Farmers of different farming styles, however, showed different attitudes towards some
other aspects of AEM (statements s16-s20). The differences in their attitude towards
nature conservation (statements s26-s30) will be briefly summarized by combining the
answers to the statements of the interview (only significant differences (Kruskal-Wallis
one-way analysis of variance on ranks, p<0.05) are considered) in the following
paragraphs. For statements see Fig. 2.2 and Fig. 2.3.
Traditionalists have a negative attitude towards nature conservation in general (s27). They
perceive conservation as an external interference in their farm business (s29). These
farmers could not be persuaded by compensation payments to integrate nature
conservation into their business (s30). Their way of managing their land and business is
influenced a lot by traditions. AEM-consultants should therefore address Traditionalists
on an emotional level and not as mere producers.
Idealists show a more positive attitude towards nature conservation (s27) and believe
AEM to be an important tool to protect nature and landscape (s18) and do not see nature
conservation as an external interference (s29). However, in spite of this positive attitude
they do not use AEM more often than other farming styles (data not shown). In our study
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40 % of the Idealists manage organic farms and thus would benefit from assistance on
how to use AEM in combination with subsidies for organic farming.
Modernists have a positive attitude towards nature conservation (s27). They use AEM
slightly more often than farmers of other farming styles; however, this difference is not
significant. In contrast to Traditionalists, Modernists do not perceive conservation
programs as an undesired external interference in their farm business (s29). Hence, they
would benefit from information on new possibilities of integrating AEM in a profitable
way into their farm business.
Yield Optimizers believe less than Idealists that farmers should play an active part in
nature conservation (s27). They think that nature conservation is only practicable with
appropriate compensation payments (s30). Apart from that, Yield Optimizers do not see
a benefit for nature and landscape by using AEM (s18). However, if AEM could be
implemented in a profitable way into their business, e.g. on marginal agricultural land
which they had abandoned from cultivation, Yield Optimizers could be convinced to use
AEM.
It has been stated that farmers often show a rather negative general attitude towards
government authorities and public administration and that their trust in public
organizations is low (Cantrill, 2003). This might affect their view on governmental
conservation programs (Aggelopoulos et al., 2016; Gronewold et al., 2012). We did not
have a statement in our survey that directly relates to farmers’ attitude towards
governmental organizations. However, statement 29 in our survey (“I consider nature
conservation as an external interference”) points in the same direction and about 30 % of
all interviewed farmers agreed with this statement. Traditionalists especially are critical
in this respect, while Idealists and Modernists are less negative.

We conclude that the farming style of each farmer, which combines the personality traits
and the frame conditions of the business, summarizes the key factors in their decisionmaking process. We agree with Eggers et al. (2014) that applying the farming styles
concept can improve understanding and communication among governmental or
environmental stakeholders and the farming community. It can foster the development of
a communication that is well adapted to the varying requirements of different groups of
farmers. Vanslembrouck et al. (2002) also stressed the need for communication between
stakeholders from agriculture, policy and conservation to improve implementation of
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AEM in agricultural practice. Nature conservation on a landscape scale can only be
achieved in cooperation with the farming community.

2.4.5 Open conversations with farmers
During an open conversation subsequent to the interview with the standardized
questionnaire, farmers came up with a number of additional reasons for not participating
in AEM. Some reasons seem to be specific to certain farming styles (see Tab. 2.6). Only
Traditionalists and Idealists mentioned the complexity of the application forms as an
obstacle. This seems to be independent of the educational background as we found
Idealists to have spent a longer time in education than Traditionalists (data not shown).
Furthermore, Traditionalists and Idealists worry that they might unintentionally give
wrong information and would have to pay back compensation payments.
Another important impediment seems to be the long minimum participation time of most
AEM (usually 5 years; European Council, 2005). In fact, short term AEM have only little
positive effect on nature conservation (Moxey et al., 1999). However, long-term AEM
can restrict farm development and thus the adaption to market fluctuations. What might
help to increase participation among farmers is if they could participate in AEM in more
flexible ways and if the advisory service would be improved as well (Wilson, 1997).
The new CAP reform has introduced compulsory greening schemes and payments
targeted at agricultural practices that are beneficial for the climate and the environment.
This includes maintaining permanent grassland, crop diversification and maintaining an
‘ecological focus area’ of at least 5 % of the arable farm land. Consequently, some farmers
might be even less interested in taking part in additional voluntary AEM – and land might
already be used for the greening scheme. Whereas AEM are regionally adapted,
conservation programs and the greening schemes are not, and this might be a step
backwards in implementing regional conservation measures.
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Tab. 2.6: Reasons for non-participation in AEM mentioned by farmers during open
conversations subsequent to our interview with the standardized questionnaire.
Reasons for not using AEM by farmers

Farming Style

Complexity of AEM application forms

Traditionalist, Idealist

Afraid of unintendedly giving wrong information and repayment

Traditionalist, Idealist
Traditionalist, Idealist,
Modernist
Yield Optimizer

Long minimum participation time of AEM (usually 5 years)
No need for participation due to high income

2.5 Conclusions
Less than half of the interviewed farmers in northern Germany use AEM. Improving the
image of nature conservation amongst the farming community alone would not help much
to increase AEM participation numbers. The attitude of farmers towards AEM and their
actual participation in these programs is influenced by basic farm parameters in
combination with the personality traits of each farmer. Moreover, applying the farming
styles concept on grassland farmers improves our understanding of the farmers’ decisionmaking process. This approach could thus help to provide the basis for better
communication among governmental or environmental stakeholders and the farming
community. Clearly, nature conservation on a landscape scale can only be achieved in
cooperation with the farming community. We agree with Ahnström (2009) who
emphasized the importance of making farmers aware of the crucial role they play in nature
conservation and to place “farmland biodiversity in the hands and minds of farmers”.
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3.1 Abstract
Cattle tail switch hair can serve as an isotopic archive – different sections of each hair
contain information on diet from different time periods. We tested the reliability of 13C
signatures (δ13C) in cattle tail switch hair to retrospectively trace back the annual mean
dietary proportion of maize of different production systems without having to sample and
analyze the feed. Furthermore, we investigated if changes in the dietary proportion of
maize during summer and winter feeding can be detected by sampling hair only once a
year. We sampled tail switch hair and obtained information on management and annual
mean diet compositions on 23 cattle farms in northern Germany. Farms differed in dietary
proportions of maize, grass and concentrates as well as in grazing regime (year-round
grazing, summer grazing, no grazing). We found that the mean δ13C signature of two hair
sections that contain the isotopic information of summer and winter feeding (δ13CYear) is
a robust indicator for the annual mean proportion of maize in cattle diet. We could also
reveal short term changes in the diet (when maize was added for some time) by analyzing
the distribution of summer and winter δ13C signatures (δ13CSeason). Farms whose dietary
proportion of maize deviated from the average dietary proportion of maize of the
respective grazing regime (in summer or winter feeding) could be detected by analyzing
the δ13CSeason values of a single cattle hair. We conclude that the method can be used in
different cattle production systems to check on dietary proportions of maize for a period
of one year before sampling of hair.

3.2 Introduction
The on-going trend to increasing milk yields requires higher energy contents in the diet
that are often provided by silage maize and concentrates. Maize is comparably easy to
cultivate at reasonable costs. Consequently, the area that is cultivated with maize for dairy
production in Germany has increased during the last half century (Offermann et al., 2010;
Reheul et al. 2015). Maize is often cultivated in intensive cattle production systems with
N surpluses resulting in a potential risk for larger N emissions compared to grasslandbased forage production (Herrmann, 2013). The public interest in food production
methods and the origin of food has been increasing over the last years (Gregory and
Ingram, 2000; Opara and Mazaud, 2001; Bahar et al., 2005). In livestock production,
pasture-based systems are regarded as more friendly for the environment, as promoting
animal-welfare, and are thought to yield healthier products compared to non-grazing
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systems (Kelly et al., 1998; Aurousseau et al., 2004; Bedoin, 2012; Hocquette et al.,
2012). However, most cattle farms, especially dairy, feed a mixture of grass silage, maize
and concentrates in the daily diet of their animals. In practice, it is difficult to obtain
detailed and reliable information on the feeding regimes on farms (Schüler et al. 2016;
Becker et al. 2015). To verify the feeding regimes of farms, simple and robust indicators
would be needed (Bockstaller et al., 1997; Halberg, 1999).
Isotopic analysis of different animal tissue has been used to evaluate food quality, to
retrace animal feeding and to assess production systems in general in recent years
(Knobbe et al., 2006; Karoui and Debaerdemaeker, 2007; Molkentin, 2009). It has been
confirmed by isotope ratio mass spectrometry (IRMS) that the isotopic signature of cattle
diet is transferred to animal tissue (Schwertl et al., 2005; Männel et al., 2007; Wittmer et
al., 2010; Auerswald et al., 2011). In this respect, hair proved to be especially useful as it
grows more or less continuously (Bullough and Laurence et al., 1958; O’Connell and
Hedges, 1999; West et al., 2004; Schnyder et al., 2006) and can preserve isotopic
information for many years (Touzeau et al., 2014). Thus, hair can serve as an isotopic
archive recording dietary changes over time (e.g. White et al. 1999). Furthermore,
sampling of hair is quick and easy and can be done without much disturbance to the
animal (Schwertl et al., 2003).
The carbon isotopic signatures (δ13C) of C4 plants, such as maize, differ strongly from
that of C3 plants (grasses, legumes, concentrates like soy or grain) (e.g. Knobbe et al.,
2006) because of different photosynthetic pathways. Therefore, differences in the dietary
proportion of C3 and C4 plants are related to the δ13C in cattle tissue (Smith and Epstein,
1971; Tieszen and Fagre, 1993; Kelly, 2001). The strong correlation of δ13C in cattle
tissue and the dietary proportion of maize (C4) has been shown in a number of studies
(Kornexl et al. 1997; Schwertl et al. 2005; Bahar et al., 2005; Knobbe et al., 2006;
Auerswald et al. 2015).
In this study, we used a two-step approach to test reliability of δ13C signature in cattle
hair as a tool for tracing back the maize level in the feeding regime: in the first step we
tested the reliability of the relationship of the annual mean δ13C signature in cattle hair (δ
13

CYear) and the annual mean proportion of maize that is fed in different cattle production

systems. We hypothesize that
1) δ13CYear in cattle hair of various cattle production systems in different regions in
northern Germany can be used as a reliable indicator for the annual mean dietary
proportion of maize in cattle diet.
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In the second step we tested whether the δ13C signatures of two different sections of the
same cattle hair (δ13Cseason) can be used to verify differences in dietary proportions of
maize among grazing regimes (year-round grazing, summer grazing, no grazing) and to
reveal short term diet changes. We hypothesize that
2) grazing regimes and differences among the dietary proportion of maize between
seasons can be detected in a single cattle hair plucked in mid-March of the
following year by analyzing δ13CSeason.

3.3 Material and Methods
3.3.1 Sampling design
We chose 23 cattle farms, mainly dairy but also suckler cows on the basis of two gradients
(Tab. 3.1): 1) a location gradient (longitude, temperature, precipitation) and 2) a
production intensity gradient characterized by the annual milk yield per cow per year and
the stocking rate. For estimating the milk yield of suckler farms we used standard values
from the literature (KTBL, 2009). Sampling of cattle hair was carried out in 2014 and
obtained the isotopic information referred to cattle feeding in 2013.
To describe the feeding regime on the farms, we developed a questionnaire to be answered
in face-to-face interviews with the farm managers. Farmers gave information on annual
mean dietary proportions and grazing regimes for the year 2013 (Tab. 3.1). On all farms,
maize is fed as the only C4 plant in cattle diet. The concentrates did not contain any C4
components, but consisted of soybean meal, sugar beet molasses, and wheat and barley
seed. The dietary proportions of maize, grass and other concentrates differed substantially
between suckler and dairy farms (Tab. 3.1). The farms could be assigned to three grazing
regimes: year-round grazing, summer grazing (May–October), and no grazing. The
breeds included Holstein, Deutsche Schwarzbunte, Deutsches Fleckvieh and Welsh
Black. We assumed that cattle breed has no influence on the isotopic signatures in cattle
hair which has been stated by Schwertl et al. (2003). Differences in δ13C signatures of
silage, hay and fresh grass from temperate humid pasture are negligible (Schwertl et al.
2005).
Data on temperature and precipitation were obtained from the Clima Data Center (CDC)
of the Deutsche Wetterdienst (DWD) (Tab. 3.2).
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3.3.2 Study area and farms
Our study area was located between 51°50’ to 53°05’ North and 8°19’ to 14°38’ East in
northern Germany in an area called North German Plain (NGP). The NGP is a part of the
geomorphic formation called North European Plain (NEP, elevation 0 to 200 m above sea
level) which stretches from the Netherlands to Poland/Lithuania. To the South the NEP
is confined by the Central European Highlands while to the west is the North Sea and to
the east the Baltic Sea in the East. The climatic conditions range from sub-maritime
conditions in the west to sub-continental conditions in the east.
All farms are located on sandy soils between 38 and 76 m above sea level. The mean
annual precipitation in the year 2013 varied between 525 and 693 mm and mean annual
air temperature ranged between 8.9 and 9.3 °C (Tab. 3.2).

Tab. 3.1: Details of the production systems of cattle farms in the survey on a gradient
from west to east. LU = livestock unit, 500 kg of body weight; Lon = Longitude.
Annual mean dietary
proportions (% DM)
Farm Lon[E] Farm
type

Grazing Milk yield Maize Grass
regime (kg/cow/
(pasture,
yr)*
silage, hay)

Concen Stocking rate
trates
(LU/ha)*

A

8.69

Dairy

B

8.35

Dairy

C

8.62

summer
no
grazing
yearround
summer
yearround
yearround
yearround
no
grazing
summer
no
grazing
no
grazing
summer
yearround
no
grazing

D
E
F
G

Suckler
cow
8.33 Dairy
Suckler
8.64
cow
Suckler
10.67
cow
Suckler
10.30
cow

H

10.48 Dairy

I

10.74 Dairy

J

10.54 Dairy

K

10.67 Dairy

L

12.64 Dairy
Suckler
12.85
cow

M
N

12.09 Dairy

7300

0

71

29

0.6

11212

39

36

25

0.9

2500

0

96

4

1.6

9500

35

35

30

1.4

2500

0

100

0

1.0

2500

0

100

0

0.8

2500

0

98

2

0.6

9600

53

27

20

1.9

9000

36

36

28

0.3

8800

35

45

20

2.5

8845

39

17

44

2.0

7300

54

29

17

0.7

2500

0

100

0

0.3

8500

20

59

21

1.1
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V

no
grazing
no
12.14 Dairy
grazing
Suckler year12.69
cow
round
Suckler year13.87
cow
round
no
14.64 Dairy
grazing
no
14.20 Dairy
grazing
no
14.10 Dairy
grazing
14.09 Dairy
summer

W

13.90 Dairy

O
P
Q
R
S
T
U

12.74 Dairy

7000

36

27

37

0.5

9760

39

26

35

1.8

2500

0

100

0

0.3

2500

0

98

2

0.4

11266

45

20

35

0.5

9870

50

25

25

0.5

9550

55

19

26

0.6

8870

64

0

36

0.2

summer 6200

31

53

16

1.2

* We used standard values for estimating the milk yield of suckler cow farms (KTBL, 2009);
Stocking rate: LU/ha of agricultural land.

Tab. 3.2: Recorded variables, source and range; DWD = Deutscher Wetter Dienst,
German Weather Service.
Variable

Unit

Grazing regime

Source

Range

questionnaire

1) year-round grazing,
2) summer grazing,
3) no grazing

Farm size (Agr. Land*)

ha

questionnaire

20–3800

Arable Land

ha

questionnaire

0–3500

Grassland area

ha

questionnaire

8.3–450

Annual precipitation

mm

525–693

Precipitation during
vegetation period, AprilOctober

mm

Weather station
(DWD)
Weather station
(DWD)

Weather station
(DWD)
Weather station
(DWD)

8.9–9.3

Detection station
(DWD)

171–179

Precipitation:

351–482

Temperature:
Annual mean temperature

°C

Mean temperature during
°C
vegetation period, AprilOctober
Length of vegetation
d
period
*Agr. land =Agricultural land
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3.3.3 Hair sampling and preparation
The tail switch hair is the longest hair of cattle and is therefore best suited for detecting
changes in diet over longer periods in the past (Schwertl et al., 2003). We plucked bundles
of approximately 50 cattle tail switch hairs from two full grown, healthy animals of
average productivity of each farm from March 10 to March 20, 2014. All sampled animals
had been kept on the farm for more than 2 years before sampling. After sampling, the
hairs were put in bags and were frozen for storage until further processing. We prepared
the hair samples for stable isotope analysis according to Schwertl et al. (2003; 2005). To
remove contaminants, like traces of faeces, the hairs were soaked and washed by ultrasonication with deionized water, dried (40 °C, 48 h), soaked in a 2:1 mixture of
methanol/chloroform (approximately 2 h), rinsed with deionized water, soaked in
deionized water for another 30 min, and rinsed again; finally, the hairs were dried again
(40 °C, 48 h).

3.3.4 Position-time conversion and hair growth phases
Mammal hair undergoes distinct phases of growth (anagen phase) and rest (telogen phase)
(e.g. Alonso and Fuchs, 2006). For position-time conversion, that is to clearly assign a
certain segment of the hair to a certain period of growth and the respective diet at that
time, we need to know if the hair was in the growing or resting phase when plucked. In
our study, we distinguished between anagen and telogen hair by microscopic examination
as described by Van Scott et al. (1957) and Schwertl et al. (2003) and selected only three
anagen hairs of similar length from each animal for further isotopic analysis.
For the interpretation of the isotopic analysis, we assumed a medium hair growth rate of
0.8 mm/day and the isotopic signal of a new diet after a diet switch to take 80 days to be
clearly detectable in cattle hair (Jones et al., 1981; Fisher et al., 1985; Ayliffe et al., 2004;
Schwertl et al., 2003; Schnyder et al., 2006; Zazzo et al., 2007; Osorio et al., 2011). This
implies that each part of a hair can be assigned to an approximate period during which it
had grown (Männel et al., 2007; Auerswald et al., 2011).
Cattle tail switch hair, especially of dairy cows, is regularly cut for hygienic reasons and
hairs are often only about 10 cm long. We plucked hair in mid-March 2014 and chose the
oldest hair section in order to get an isotopic signal from the previous summer that was
as clear as possible. In fact, the sampling of the hair section that represented the summer
period (9–11 cm from the hair base) has been a compromise between practical application
and precision – sections from tail hair of at least 12 cm would have given an even clearer
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signal. In our study, the average length of suckler cow tail hair was 32.4 cm and that of
dairy cow tail hair was 13.5 cm; the shortest hair was 11.3 cm.
The response of cattle hair to a dietary signal can be described by an exponential decay
function (e.g. Schwertl et al., 2003). The diet of the last days before hair growth
contributes the largest share to the signal of the newly grown hair section. Our selected
section for the summer period therefore contains around 50 % isotopic information of the
summer – the grazing period (October, September) and another 50 % of the winter period
– the stable period (November).
In each cattle tail hair we selected four hair segments of 1 cm each (Fig. 3.1). For the
summer period (August 2013) we chose the 9–11 cm section and for the winter period
2013 (November 2013) the 3–5 cm section. Each segment of 1 cm was cut with a stencil
into even smaller pieces and put into a tin cup (4x6 mm) for isotopic analysis.

Fig. 3.1: Scheme of cattle hair plucked on March 15, 2014 showing hair sections that
were analyzed for the winter (light grey) and summer period (dark grey).
3.3.5 Isotopic analysis
The isotopic analysis was carried out with an isotope ratio mass spectrometer Delta Plus
IRMS linked with a Conflo III-Interface (Finnigan MAT, Bremen, Germany) to an
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elemental analyzer NA1110 (Carlo Erba Instruments, Milano, Italy). The isotope data are
presented in parts per thousand (‰) as δ13C (‰), with δ13C = [(Rsample / Rstandard)-1] x103
and R the 13C/12C ratio in the sample or standard (V-PDB, “Vienna Pee Dee Belemnite“).
Each sample was measured against a secondary laboratory standard which had previously
been calibrated against international standards (IAEA NBS18 and IAEA 600).

3.3.6 Statistics
In the first step, we looked for possible correlations amongst the parameters to get
information on the structure of our dataset. To test for posible random effects we first
used a linear mixed model (lmer4 package, R!) containing all data (that is all 552 values
of all measured hair sections) with the factor ‘dietary proportion of maize’ as fixed factor
and ‘(single) cow’ and ‘(single) hair’ as random factors. Afterwards we used a linear
model based on the annual mean δ13C signatures of each farm (mean values of 4 sections
of 3 hairs of 2 cows from each farm) to test the reliability of the relationship of the annual
mean δ13C (δ13CYear) in cattle hair and the annual mean proportion of maize. To test the
quality of the linear model we investigated the relationship between predicted and
observed δ13CYear values. Next, we performed a one-way analysis of variance (ANOVA)
followed by a Tukey post hoc test to assess the differences in the seasonal mean δ13C
signatures among the three grazing regimes and between summer and winter δ13C
signatures (δ13CSeason) of the grazing regimes. We used box plots to indicate the variability
within δ13CSeason values in the different grazing regimes as a basis for discussing outliers.
All statistical analyses were conducted using the software R! version 3.2.1.

3.4 Results and Discussion
3.4.1 Correlations of δ13CYear in cattle hair with cattle production system and location of
the farms
The δ13CYear values in cattle tail switch hair of each farm showed the highest correlation
with the annual mean dietary proportion of maize (Tab. 3.3). The dietary proportions of
grass and other concentrates were also correlated with 13CYear values because of the high
intercorrelation of dietary components (Tab. 3.3). We did not find a correlation between
δ13CYear values with longitude, temperature or precipitation (Tab. 3.3). However,
differences in temperature and precipitation might have added to the variability of the
results. This matter is further discussed in section 3.4.3.
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Tab. 3.3: Correlation coefficients between δ13CYear values of each farm and selected
parameters of cattle production systems and location of the farms.
δ13CYear
δ13CYear
Maize in diet
(%)
Grass in diet
(%)

Maize
in diet
(%)

Grass
in diet
(%)

Concentrates
in diet
(%)

Milk yield
(kg/cow/yr)

Longitude
(E)

vegP
(mm)

1
0.95

1

0.94

-0.97

1

Concentrates
in diet
(%)

0.84

0.83

-0.94

1

Milk yield
(kg/cow/yr)

0.84

0.85

-0.87

0.83

1

Longitude
(E)

0.33

0.37

-0.33

0.25

0.11

1

0

-0.05

0.02

0.02

-0.09

-0.17

1

0.14

0.22

-0.20

0.16

0.04

0.84

-0.36

vegP
(mm)
vegT
(°C)

vegT
(°C)

1

vegP = precipitation during vegetation period (April-October); vegT = Temperature during
vegetation period (April-October).

The annual dietary proportion of maize explained 89 % (p<0.001) of the variation in
13

CYear values in cattle hair (Fig. 3.2) with an uncertainty of < 8 % in 96 % of all cases

(Fig. 3.3). This finding confirms the close relationship between the dietary proportion of
maize and δ13C in cattle hair that has also been found by Osorio et al. (2011), Zazzo et al.
(2007) and Schwertl (2005).
Boner and Förstel (2004) investigated δ13C in beef from strict organic and conventional
farms. The use of C4 plants is rather unusual in strict organic farming and they concluded
that a δ13C in cattle hair of -20 ‰ in beef is the limit for strict organic farming. A higher
δ13C in cattle hair would be a clear sign for maize or other C4 plants in the diet.
Our model confirms that a 13CYear value in cattle hair higher than -25.10 ‰ (95 % CI) is
an indication for maize in the cattle diet of up to one year before hair sampling (Fig. 3.2).
This is further confirmed by the fact that differences in δ13C of C3 plants from pastures
can only lead to differences in δ13C in cattle hair in the range of -25 ‰ to -27 ‰ (Schnyder
et al., 2006). Also concentrates solely derived from C3 plants have been found to result in
similar or only slightly higher δ13C in cattle hair than C3 plants found in permanent
pastures (Bahar et al. 2005).
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Fig. 3.2: Relationship between the annual mean dietary proportion of maize and the
annual mean 13C signature (13CYear) in cattle hair. Each point refers to a farm. The solid
and dotted lines refer to regression line and 95 % confidence interval respectively.
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Fig. 3.3: Relationship of predicted and observed δ13CYear with regression line and error
bars for each farm.
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The results show that δ13CYear in cattle hair of various cattle production systems in
different regions in northern Germany can be used as a reliable indicator for the annual
mean dietary proportion of maize in cattle diet. The ability to partly reconstruct diets
within a certain time span in the past using δ13C in cattle hair is a valuable tool to check,
for example, for maize or other C4 plants in feeding regimes that are supposed to be
completely based on grass or are grazing-only dairy systems. Being able to estimate the
amount of maize in the diet is already one step further than just distinguishing between
grass-only systems and feeding systems that contain grass, maize and concentrates.
3.4.2 Differences in δ13CSeason among grazing regimes
There was a significant effect of the grazing regime on δ13CSeason (p < 0.001) while the
effect of the season (summer and winter) and the interaction of grazing regime and season
were not significant. 13CSeason values in cattle hair of the three grazing regimes were: yearround grazing -26.00; summer grazing: -21.90; no grazing: -20.22; all means differed
significantly from each other.
However, when we investigated the distribution of δ13CSeason for each grazing regime, we
were able to identify farms whose summer or winter δ13C values deviated strongly from
the mean seasonal δ13C value of the respective grazing regime (Fig. 3.4). The three
outliers within the no grazing and summer grazing regime could be explained by the
annual dietary proportions of maize of the respective farms that deviated strongly from
the annual dietary proportions of maize of the respective grazing regime (farm A and farm
N; Fig. 3.4). The very high value in the winter δ13C values of the year-round grazing
regime could also be explained by maize in the diet (Fig. 3.4, farm Q). In the interview at
the time of sampling of the tail hairs, the farm manager of farm Q reported not to have
fed maize in the previous year. However, after calling the farm manager again after data
analysis and asking for a possible explanation of the high δ13C in cattle hair, he
remembered having fed maize silage from a neighboring farm for some time during
November 2013.
The two outliers of the summer δ13C values in the year-round grazing regime were below
the -25 ‰- level and thus cannot be related to maize or other C4 plants in the diet
(Schnyder et al. 2006; see section 3.4.1). Water availability can have an influence on δ13C
of plants as well and that might have affected our results (e.g. Schnyder et al. 2006).
However, we were not able to relate these two outliers in the summer δ13C in cattle hair
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to rainfall or temperature during the vegetation period. For a further discussion on
unexplained variability in δ13C values in cattle hair see section 3.4.3.

Fig. 3.4: δ13C values of cattle hair sections analyzed seperately for summer and winter
periods of the three grazing regimes (δ13CSeason). Annual dietary proportion (%) of maize,
grass and concentrates are indicated in the three boxes above each grazing regime. Circles
indicate ourliers in the δ13CSeason value distributions within each season of each grazing
regime.
Analyzing outliers within the distribution of the δ13CSeason values of grazing regimes and
seasons made it possible to detect farms that deviate from the average δ13CSeason of their
respective grazing regime (Fig. 3.4). The fact that even a temporary change in diet
increased the δ13CSeason values proves that the approach of relating δ13C in cattle hair with
annual dietary proportions of maize is sensitive enough to detect short-term deviations.
For horses, West et al. (2004) also found that short-term diet changes are detectable in
hair even if the isotopic signal is weaker compared to signals that result from a permanent
change of diet.

3.4.3 Factors that can contribute to unexplained variance
In our study, 89 % of the variance in δ13C in cattle hair could be explained by the dietary
proportion of maize. However, there is a range of other factors which possibly could
contribute to the unexplained 11 %. Generally, plant communities that consist of C3 plants
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are sensitive to water availability and increasing precipitation results in reduced δ13C in
cattle hair (e.g. Arens et al., 2000; Kaplan et al., 2002; Schnyder et al., 2006; Diefendorf
et al., 2010; Klaus et al. 2013). Our study sites were chosen on a climatic gradient from
sub-maritime to sub-continental (420 km). Differences in temperature and precipitation
among our sites were in the range of Δ-temp.: 0.4 °C and Δ-precip.: 168 mm. For an
investigation of the possible effect of precipitation on δ13C in cattle hair we used data
from farms which only fed C3 plants. We did not find any correlation between the annual
precipitation or precipitation during the vegetation period and the mean δ13C in cattle hair,
indicating an only weak effect in our sample on farms along our climatic gradient. Studies
that report a significant influence of climatic parameters on δ13C in cattle hair of temperate
grassland actually had more pronounced differences in temperature and precipitation
among their sites, such as the study of Schnyder et al. (2006) with Δ-temp. of 0.9 °C and
Δ-precip. of 436 mm. Soil texture directly determines the amount of water in the soil that
is available to plants (Klapp, 1971). The effect of soil conditions on δ13C values of C3
plants is even stronger than that of climatic factors (Schnyder et al. 2006). Therefore,
although all farms were located on sandy soils, small differences in soil conditions like
water retention could have contributed to the unexplained variance.
It is unlikely that the use of concentrates might have contributed decisively to the
variation in δ13C in cattle hair. Studies on dairy farms that investigated the effect of
concentrates from C3 plants on δ13C in cattle hair found very small differences in the
isotopic signal (de Smet et al. 2004; Bahar et al. 2005; Schwertl et al. 2005; Osorio et al.
2011). Moreover, concentrates derived from C3 plants and grass silage differ only very
little in δ13C (< 0.3 ‰) (Bahar et al. 2005).
Some of the unexplained variance might also be related to inaccurate information on the
composition of the cattle diet given by the farmer (Auerswald et al. 2015). This is
important as it served as the sole basis for relating δ13C in cattle hair and maize in the
diet. In our study we aimed at getting reliable information from the farmers by carefully
preparing the interviews. We provided the relevant information of the survey to the
farmers beforehand, we established a careful cross checking of data at all stages of data
acquisition and analyses, and we contacted the farmers again in case of implausible data.
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3.4.4 Potential and limitations of using δ13C in cattle hair to check on reported dietary
proportions of maize in practice – what to keep in mind
We investigated differences between summer and winter δ13C in cattle hair for 2013 by
analyzing two centimeters of each anagen cattle hair sampled. The length of the tail hair,
however, limits the time in the past from which the isotopic signal can be analyzed. To
obtain clear isotopic information for the summer and winter period of the same year, the
tail hair needs to be at least 12 cm long and plucking time no later than March 15 of the
following year. If the plucking time is much later than March 15, the previous summer
would not be covered; if the plucking time is much earlier, the hair would only contain
isotopic information of the summer period but not of the winter period of that year. We
found that differences between summer and winter δ13C in cattle hair were clearly
detectable in our samples (Fig. 3.4). This was the case even though the hair section we
analyzed for isotopic information from the summer section contained 50 % information
from the winter period as well. We conclude that differences in dietary proportion of
maize (or C4 plants) between summer and winter periods can be revealed in a single cattle
hair, even when it is only 11 cm in length.

3.5 Conclusion
We conclude that δ13C in cattle tail switch hair is a reliable tool to be used in practice to
retrospectively estimate the annual dietary proportion of maize in the previous year
without analyzing the feed components. δ13C in cattle hair proved to be a robust indicator
that was not influenced by climatic conditions within the gradient of our study and the
method can be applied to a range of cattle production systems. Sampling cattle tail hair
of >11 cm length in spring can provide two different sections containing information on
δ13C in cattle hair from the summer and winter period of the previous year. This
information can be used to evaluate seasonal differences in the composition of feed (C3/C4
plants) in different grazing regimes (year-round grazing, summer grazing, no grazing).
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4.1 Abstract
With the proceeding intensification of forage production systems many farmers broke up
their permanent grassland and cultivated high-energy forages like ley grass and maize
instead. In norther Germany, apart from the coastal marsh-regions, sandy soils with a low
water holding capacity and nutrient retention functions prevail. The aim of this study was
to investigate the potentials and risks of land-use intensification on former extensively
managed permanent grassland sites on sandy soils for yield, forage quality and other
ecosystem services. We set up a three-year field experiment with four management
intensity levels representing four typical forage production systems (moderate permanent
grassland, intensive permanent grassland, ley grass, maize) on five sites on a climatic
gradient (temperature and precipitation) in northern Germany. We found that ley grass
had no higher N yields and crude protein concentrations than intensive permanent
grassland. Intensive permanent grassland had higher N yields than moderate permanent
grassland while the number of plant species was not lower. Of all treatments, intensive
permanent grassland was least influenced by site and year effects on yield, forage quality
and species number. The dry matter yields of all grassland treatments were small, but
forage had good net energy contents and crude protein concentrations. Dry matter yields
of maize were in a range of those of the farming practice in the respective regions, but
nutritional quality was poor. Maize showed a higher risk of nitrogen leaching compared
to the grassland treatments. We conclude that to avoid a loss of ecosystem services and
to have a forage production system that delivers yields of adequate quality, a moderate or
intensive management of permanent grassland can be a good option on sandy soils.

4.2 Introduction
Grassland farming plays an important role among the agricultural production systems in
Germany. The proportion of grassland ranges from 20 to over 30 % of the agricultural
land on a federal state level (Statistisches Bundesamt, 2008; Smit et al., 2008).
Extensively or moderately managed permanent grasslands deliver biomass for livestock
and energy production and also provide ecosystem services like biodiversity and wildlife
protection, carbon sequestration, water purification, nutrient retention and also social
benefits like recreation (e.g. Hopkins et al., 2002).
In the last decades, however, forage production in cattle production systems has been
intensified all throughout Europe. The on-going trend of increasing milk yields requires
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high energy forage with high energy contents which can be provided by intensive
permanent grassland management, ley grass and silage maize cultivation (e.g. Taube and
Conijn, 2007). The area cultivated with maize has increased drastically in Germany
during the last half century (Offermann et al., 2010; Reheul et al., 2015) often at the
expense of permanent grassland. This process leads to increasing trade-offs because
intensive forage crop production is accompanied by the loss of other ecosystem service
functions (Tilman, 2001; Thébault et al., 2014; Allan et al., 2015; Allan et al., 2014).
In northern Germany, a great amount of grassland on freely draining sandy soils has been
ploughed in recent years to cultivate ley grass or maize (Wachendorf and Taube, 2002)
to increase the production intensity.
In this study we wanted to find out how yield and forage quality (N yield, crude protein
concentration, energy content) and other ecosystem service parameters (species richness,
nitrogen use efficiency, soil mineral nitrogen) of different grassland systems are
influenced by a gradual intensification of the system. We investigated four management
intensity levels of forage production (moderate permanent grassland, intensive permanent
grassland, ley grass, maize) on five sites on sandy soils along a climatic gradient
(temperature & precipitation) in northern Germany. Our hypothesis is that, despite the
unfavorable soils conditions, an adapted management intensity of grassland management
can lead to adequate yields and forage qualities while ecosystem services like
phytodiversity and nutrient retention are preserved.

4.3 Material and Methods
4.3.1 Study area
The five experimental sites (Diepholz, Heidekreis, Uelzen, Fläming, Oder-Spree) were
located on an west-east gradient between 51°50’ to 53°05’ North, and 8°19’ to 14°38’
East in northern Germany in an area called North German Plain (NGP), one of Germany’s
major geographical regions. The NGP is a part of the geomorphic formation North
European Plain (NEP, elevation 0 to 200 m above sea level) which stretches from the
Netherlands to Poland/Lithuania. In the South, it is confined by the Central European
Highlands while bordered by the North Sea in the western part and the Baltic Sea in the
East. The climatic conditions in the survey area range from sub-maritime conditions in
the west to sub-continental conditions in the east, with warmer and dryer summers in the
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eastern regions. All sites are located on sandy soils with similar soil conditions (loamy
sand to sandy loam, ss-ls) between 38 and 76 m above sea level.
All sites were extensively managed grassland (at least for the previous five years) with
not more than two cuts per year and less than 100 kg N ha/year.
Before starting the experiment, Magnesium (Mg), P (Phosphorus), Potassium (K) and
pH-values were tested on all sites in 0-10 and 0-30 cm soil depth in March 2012 (Tab.
4.1). Soil mineral nitrogen was tested in October of each year in 0-30 cm. Mg and K, were
analyzed by atomic absorption spectrometry (ASS) and P was analyzed photometrically
by an automatic analyzer (Eppendorf). For soil mineral nitrogen (SMN; sum of NO3-N
and NH4-N) samples were taken on all sites; sampling depth was 0–30 cm. After
extraction with a 0.0125 M CaCl2 solution, the nitrate and ammonium concentrations in
the filtered solution were measured photometrically by flow injection analysis (FIA).
All sites received fertilizer to adjust initial soil nutrient concentrations before starting the
experiment. The sites in Diepholz, Heidekreis and Uelzen were limed in April to adjust
the initial pH to average.
Tab. 4.1: Long-term temperature and precipitation dates on observation sites (arranged
from west to east) among 1991-2010 and soil mean values (0-30 cm) of Magnesium (Mg),
Potassium (K), Phosphorus (P) (mg/100g) and pH-values of each site before staring the
experiment.
Site
Diepholz
Heidekreis
Uelzen
Fläming
Oder-Spree

Annual mean
temperature
(1991-2010)
°C
9.8
9.1
9.2
9.8
9.6

Precipitation
annual sum
(1991-2010)
mm
706.1
757.9
726.7
571.9
584.9

Mg

K

P

pH

mg/kg mg/kg mg/kg
46
39
83
50
30
17
47
45
95
104
69
48
80
55
85

4.6
4.7
4.3
5.4
5.7

4.3.2 Experimental Set up
We set up a three-year field experiment with a two-factorial design: there were five sites
along a climatic gradient and four treatments on an intensity gradient represented by a
combination of increasing N input, cutting frequency and transformation to ley grass or
maize - level 1 and 2: increasing N input and cutting frequency on permanent grassland;
level 3 and 4: ploughing of existing sward with cultivation of ley grass (level 3) and maize
(level 4) (Tab. 4.2).
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Tab. 4.2: Experimental design.
Management
Factor

Factor Levels

1. Site

1. Diepholz (DH)
2. Heidekreis (HK)
3. Uelzen (UE)
3. Fläming (FL)
5. Oder-Spree (OS)

Cutting
frequency

Amount and partitioning
of N application (kg N
ha/yr)

2. Treatment 1. Moderate permanent grassland
(PGM) – Level 1

2

80 (50/30)

2. Intensive permanent grassland
(PGI) – Level 2

4

240 (80/60/60/40)

3. Conversion of permanent grassland; 4
Ley grass
(Ley) - Level 3
4. Conversion of permanent grassland; (1)
Maize
(Maize) – Level 4

340 (110/90/80/60)

160 (80/80)

There were four treatments in a randomized block designs with three replications
resulting in 12 plots per site and a total of 60 plots; s each plot had a size of 15 m² (3 m x
5 m).
The maize treatments were ploughed in April in each year and silage maize (variety:
Ambrosini, FAO 215) planted with 8 seeds per m² maize. The ley grass treatments were
ploughed only in April 2012 and sown with a ley grass mixture (Seed mixture A3, 29 %
Lolium multiflorum, variety: “Gisel”; 29 % Lolium hybridum, variety “Enduro”; 42%
Lolium perenne, varieties: 21 % “Limbos” and 21 % “Zocalo”). Before ploughing the
original grass sward had been killed with an herbicide (glypgosate).
Intensive permanent grassland and ley grass were cut four times a year: in mid-Mai, early
July, end of August, and mid-October. Moderate grassland was cut twice a year: in early
July and in mid-October. Maize was harvested at the end of September.
All treatments were fertilized with potassium, magnesium, and phosphate in mid-March
of each year. The grassland-plots (PGM, PGI, Ley) received nitrogen in form of calcium
ammonium nitrate (CAN) in mid-March and after each cut except for the last cut of the
year (see Tab. 4.2). Maize-plots were fertilized with nitrogen in early July (see Tab. 4.2).
Weeds in maize were controlled by herbicides and weeding by hand.

55

CHAPTER 4
4.3.3 Data sampling and measurement
Before each harvest of the grass treatments (PGM, PGI, Ley) two randomly chosen
samples were taken in an area of 1 m². The standing biomass was cut at a height of 5 cm
with garden scissors and herbage mass was weighed. Subsamples (500 g) were then taken
from the cut material and oven-dried at 60 °C for 48 h to determine dry matter (DM)
content.
Before harvesting the maize in mid- to end-September each year, 40 plants per plot were
cut manually, the biomass weighed and maize plants chopped with a branch cutter. From
the chopped material subsamples (500 g) were taken and oven-dried at 60 °C for 48 h to
determine dry matter (DM) content.
Dried biomass samples were ground in a mill (1 mm) and analyzed by near-infrared
spectroscopy (NIRS) for forage quality parameters. Energy content (NEL) was calculated
in accordance with the German Society of Nutrition Physiology (GfE, 2004, 2008, 2009).
Nitrogen use efficiency (NUE) was calculated as described in Brentrup and Palliere
(2010).
All higher plant species were recorded in all 12 plots on all 5 sites in July 2013.
Data on temperature and precipitation (monthly averages) were collected from the
Climate-Data Center (CDC) of the German Weather Service (Deutscher Wetterdienst,
DWD).

4.3.4 Statistics
We used a linear mixed effects model (lme4 package, R!) with the factors ‘Treatment’,
‘Site’ and ‘Year’ in die fixed effects term and ‘Block’ in the random effects term. We
also tested for interactions between factors. Differences between treatments in each
observation year were analyzed by a one-way analysis of variances (ANOVA) followed
by pair-wise comparisons of means using a Tukey HSD post hoc test. Non normal
distributed data were rank transformed before applying parametric methods. All statistical
analyses were conducted using the software R! version 3.2.2.
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4.4 Results and Discussion
Cultivating maize on unfavorable soil conditions is common agricultural praxis as maize
is generally thriving under all circumstances. In north-western Europe maize is often
cultivated on sandy soils, usually as feed for livestock or for biogas production – yields
are high when there is sufficient water and nitrogen (Pammer and Ranninger, 1928;
Kayser et al., 2011). In contrast, economic grassland management on sandy soils is more
challenging. The effectiveness of grassland fertilization depends on the type of meadow
concerned (Müller, 1953). Site conditions and plant species compositions have a large
influence on the way in which a certain grasslands should be managed. As yield and
forage quality and also ecosystem service functions of forage crop production systems
and especially of grasslands vary with site conditions like soil type and climatic
conditions (Wilson, 1982; Buxton and Casler, 1993; Buxton and Fales, 1994) also the
trade-offs between productivity and the loss of other ecosystem services can vary. In the
following section we will first present and discuss the effect of the intensity level of the
forage production system in combination with year and site effects on yield and forage as
well as ecosystem service parameters of the different forage production systems. In a
second step, we will discuss advantages and disadvantage of the intensification of the
forage production system and how to minimize the trade-offs between yield, forage
quality and the preservation of other ecosystem services.

4.4.1 Differences in yield, forage quality and other ecosystem service parameters among
treatments, sites and experimental years
The treatment effect (intensity) was usually stronger than that of site or year. The site
effect was smaller than the year effect (Tab. 4.3). The interaction of treatment and year
was strong for all parameters while the interaction of treatment and site was comparably
weak (Tab. 4.3).
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Tab. 4.3: Results of ANOVA evaluating effects of Treatment, Site and Year on Yield, forage
quality and other ecosystem service parameters. *** = p < 0.001; ** = p <0.01.
Dry
matter
yield

N
yield

Energy
content

Crude
protein
concentration

Nitrogen
use
efficiency

Soil
mineral
nitrogen

Plant
Species
richness

333.07
***

35.32
***

28.09
***

915.25
***

228.95
***

20.27
***

21.58
***

25.65
***

33.17
***

7.28
***

11.26
***

29.20
***

1.80
ns

4.20
**

22.47
***

73.86
***

13.67
***

44.48
***

62.93
***

15.76
***

---

Treatment : Site
F value
P value

7.74
***

4.42
***

6.32
***

7.36
***

5.22
***

3.35
***

3.55
**

Treatment : Year
F value
P value

4.86
***

38.84
***

16.18
***

57.18
***

28.42
***

16.23
***

---

10.09
***

19.17
***

10.32
***

20.25
***

16.95
***

6.45
***

---

6.59
***

3.26
***

2.66
***

10.43
***

3.23
***

2.58
***

---

Multiple R² of model

0.92

0.89

0.80

0.97

0.92

0.75

0.76

P Value

***

***

***

***

***

***

***

Treatment
F value
P value
Site
F value
P value
Year
F value
P value

Site : Year
F value
P value
Treatment : Site :
Year
F value
P value

The differences among sites did not correlate with climatic parameters along the westeast gradient (data not shown). However, the climatic conditions in the experimental years
differed substantially from the long-term average (compare Tab. 4.1, Tab. 4.5). There are
other interactions of environmental site conditions and management apart from climatic
parameters that might have caused the differences among the sites (Neuwirth and Hofer,
2013; Käding et al., 2005). Although all sites had similar cultivation history – they had
been extensively used as permanent grassland with a maximum of 100 kg N/ha –
differences in the initial soil conditions (see Tab. 4.1) might have influenced the results
to a certain extent. Especially the supply with P and K and lime (pH) would have altered
the soil fertility.
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Tab. 4.4: Differences in yield, forage quality and other ecosystem service parameters of
treatments among years. Letters indicating significant differences among years (colums).
Parameter
Dry matter
yield
(t/ha)

Treatment (Intensity Level)
Moderate permanent grassland
Intensive permanent grassland
Ley grass
Maize*

2012
4.42
5.30
3.64 a
13.15

2013
5.41
5.60
7.23 b
17.58

2014
4.52
5.71
6.59 b
15.35

P value
ns
ns
< 0.001
ns

N Yield
(kg N/ha)

Moderate permanent grassland
Intensive permanent grassland
Ley grass
Maize

96.8 ab
118.9
72.3 a
125.8 ab

121.5 a
126.6
191.0 b
159.4 a

71.4 b
140.9
165.3 b
84.0 b

< 0.01
ns
< 0.001
< 0.001

Energy content
(MJ NEL/kg
DM)

Moderate permanent grassland
Intensive permanent grassland
Ley grass
Maize

5.93 a
6.15 a
6.01
5.85

5.98 a
5.87 b
6.25
6.10

4.44 b
6.01 ab
6.11
6.05

< 0.001
< 0.05
ns
ns

Moderate permanent grassland
Intensive permanent grassland
Ley grass
Maize

150.7 a
150.9
134.1 a
69.0 a

149.1 a
150.0
176.8 b
62.9 a

103.2 b
162.5
165. 3b
36.0 b

< 0.001
ns
< 0.001
< 0.001

Nitrogen use
efficiency
(%)

Moderate permanent grassland
Intensive permanent grassland
Ley grass
Maize

121 ab
50
21 a
79 a

152 a
53
56 b
100 b

87 b
59
49b
52 ab

< 0.01
ns
< 0.001
< 0.001

Soil mineral N
(kgN/ha)

Moderate permanent grassland
Intensive permanent grassland
Ley grass
Maize

11.0 a
12.8
13.8 a
51.1

13.1 ab
18.6
22.6 ab
49.5

19.4 b
23.2
36.5 b
25.5

< 0.05
ns
< 0.001
ns

Crude protein
(g/kg DM)

Tab. 4.5: Climatic parameters of all sites in all observation years. AMT = annual mean
temperature, vegT = temperature during vegetation period.

2012

DH
HK
UE
FL
OS

AMT
(°C)
9.7
9.1
9.2
9.3
9.5

vegT
(°C)
13.7
13.3
13.5
14.3
14.1

2013

DH
HK
UE
FL
OS

9.2
8.8
8.9
8.9
9.2

14.0
13.7
13.9
14.5
14.3

577.2
654.7
743.2
671.6
543.9

352.5
402.7
531.7
433.9
347.5

DH
HK
UE
FL
OS

10.9
10.5
10.5
10.6
10.6

14.9
14.6
14.7
15.2
14.9

695.9
626.9
611.6
560.5
610.6

508.0
413.2
462.0
440.5
465.3

Year

Site

2014

Annual Precipitation
Precipitation during
(mm)
Vegetation Period (mm)
620.4
366.8
707.7
404.7
584.4
359.1
617.4
384.9
591.6
358.1
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The N yields of moderate permanent grassland, ley grass and maize differed significantly
among the three experimental years (Tab. 4.4). However, these differences did not
correlate with precipitation and temperature of respective years. The smaller N yields of
ley grass in the first year compared to the two following years (Tab. 4.4) are probably a
result of the time that the ley grass sward needed to establish after sowing in spring of the
first year.
For maize, a strong growth of weeds in 2014 that could not be fully controlled by
herbicides and weeding (see section 4.3.2) might be the reason why the N yields and
crude protein concentrations were low in this year (Tab. 4.4).

4.4.2 The influence of management intensification on yield and forage quality
In our experiments the intensification of forage production on extensively managed
permanent grasslands on sandy soils did not always led to yields and forage qualities that
we had intended and expected. The common knowledge is that fertilization rapidly
increases productivity in semi-natural grasslands (Suding et al., 2005; Clark et al., 2007;
Chalcraft et al., 2008). Furthermore, a renovation of the grassland sward normally tends
to improve the forage crop production, at least in the first years (e.g. Søegaard et al.,
2004). However, in our experiments the mean dry matter yields of all grassland treatments
(PGM, PGI and Ley) were relatively low (Tab. 4.6). Mean dry matter yields ranged from
4.8 t DM/ha in moderate permanent grassland to 5.8 t DM/ha in ley grass. Intensification
from moderate to intensive permanent grassland did not significantly increase dry matter
yields (Tab. 4.6). Under favorable soil conditions, intensive grassland and ley grass can
produce yields up to 12 and 14 t DM/ha, respectively (KTBL, 2009). Even under poor
soil conditions, ley grass produced up to 10 t DM/ha when more than 300 kg N/ha/yr were
applied (Thomas et al., 1991).
We assume that the low yields of moderate permanent grassland, intensive permanent
grassland and ley grass were a result of complex interactions between site and soil
conditions, former management, sward composition and new fertilization and cutting
regime (e.g. Käding et al., 2005; Abassi et al., 2007).
The mean energy content and crude protein concentrations in moderate and intensive
permanent grassland and ley grass, however, were in a range that can be regarded as
sufficient for at least some production parts of most livestock feeding systems (Tab. 4.6;
compare: KTBL, 2009).
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It has been found that yield and forage quality of grasslands are often affected differently
when the production intensity is changed and increasing yields in grassland can go along
with decreasing forage qualities (e.g. Shi et al., 2013). In our study, increasing the
management intensity from moderate to intensive permanent grassland had a positive
effect on mean N yields, energy content and mean crude protein concentration of the
forage but not on dry matter yield (Tab. 4.6, Fig. 4.2). A further step in management
intensity from intensive permanent grassland to ley grass, which included breaking up the
sward, however, showed no positive effects on forage quality (Tab. 4.6, Fig. 4.2). With
the transition from intensive permanent grassland to ley grass an established plant
community that was adapted to site conditions and former management was destroyed.
Replacing an adapted and extensively managed sward by a newly sown ley grass mixture
did not increase forage quality in the first three years under unfavorable soil conditions.
If we consider only forage quality we might conclude that intensive permanent grassland
seems to be an option when production of former extensive grassland is supposed to be
increased on sandy soils. The intensive permanent grassland also showed a high stability
in yield and forage quality parameters during the experimental years and among sites
(Tab. 4.4). We assume that the increased nitrogen application compared to the moderate
permanent grassland buffered possible site or year effects (Diepholder and Jakob, 2002).
The mean dry matter yields of maize in our experiments (15.51 t DM/ha) were good and
as expected in practice (Tab. 4.6, compare: Kayser et al., 2011). The mean energy content
of maize (6.01 MJ NEL/kg DM), however, was rather low (Tab. 4.6) (compare: KTBL,
2009). The mean crude protein concentration of maize (55.1 g/kg DM) and especially the
crude protein concentration in 2014 (36 g/kg DM), were also very low (Tab. 4.4).
Normally crude protein concentration in maize is about 90 g/kg DM (KTBL, 2009). In
2012 and 2013 we assume that the unfavorable soil conditions led to an inhibited N uptake
of the maize plants which resulted in reduced energy and protein concentrations while
yields were sufficient. We applied N to maize in two doses, the first at the time of planting
and the second around mid-June to July. It might be that the second fertilization at the
beginning of July has been too late to get into full effect (Landwirtschaftskammer NRW,
Recommendations silage maize fertilization). In 2014, herbicides were applied three
weeks later than in the two other observation years and additional weeding by hand was
necessary – maize plants had suffered from competition with weeds at that time to some
degree. The dominant weed in the maize plots on all sites was the white goosefoot
(Chenopodium album), a fast growing arable weed which can reach heights of up to 150
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cm. We assume that some of the applied nitrogen had been taken up by this weed and
would return to the soil only later after killing. The reduced crude protein concentration
of maize and the reduced soil mineral N under the maize plots in 2014 (Tab. 4.4) also
point to less available nitrogen in the soil compared to the other years (compare
Wachendorf et al., 2006).

4.4.3 The influence of management intensification on other ecosystem services
The yield stability of grassland systems has been found to increase with increasing plant
diversity, ensuring adequate yields also in years with unfavorable weather conditions
(Deak et al. 2009; Silvertown et al., 2006; Tilman et al., 2006). However, a higher plant
diversity in grassland ecosystems does not necessarily result in a positive effect on
nutrient retention (Mulder et al., 2002; Niklaus et al., 2006; Harrison et al., 2007; Weigelt
et al., 2005), water use efficiency (Caldeira et al., 2001; van Peer et al., 2004) or on
economic parameters. Many studies conducted at different scales have shown that
nutrient enrichment causes a rapid decline in plant diversity (Tilman, 1987; Berendse and
Elberse, 1990; Wedin and Tilman, 1996; Gough et al., 2000, Zechmeister et al., 2003;
Stevens et al., 2004; Crawley et al., 2005; Niu et al., 2014: Korevaar and Geerts, 2015).
The moderate and intensive permanent grassland in our experiment could not be assigned
to “species-rich grassland” concerning existing Agri-environment measures in the
respective federal states. Nevertheless, both treatments showed an average of 15 species
per 15 m². It seems that the larger input of N, P and K in the intensive grassland and the
higher cutting frequency of four instead of two cuts per year did not lead to a loss of plant
diversity compared to the moderate grassland (Tab. 4.6). As we found no N sensitive
plant species on our sites we assume that under the given circumstances a moderate
intensification does not pose the risk of an immediate decrease in plant species.
As expected, the mean nitrogen use efficiency (NUE) decreased with increasing amount
of N application (increasing intensity level) (Tab. 4.6). The nitrogen use efficiency of
moderate permanent grassland was above 100 % in all years (Tab. 4.4) and can already
be a sign for a non-balanced nitrogen supply. If the removal of nitrogen from the system
is continued over time there is the risk of soil mining and depletion (Berentrup and Pallier,
2010).
The mean NUE of intensive permanent grassland (56 %) and especially ley grass (42 %)
were rather low. Oenema et al. (2015) found an average NUE of grasslands on intensively
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managed Dutch dairy farms of 61 %. Low NUE is an indicator that N is lost from the
system, either through leaching or gaseous losses. As we only used mineral fertilizer in
our experiment, gaseous N losses are negligible, but N losses through leaching might
have occurred. We investigated the amount of soil mineral N in autumn as an indicator
for the risk of N leaching (Homm, 1994; Wachendorf et al., 2006). We found that residual
soil mineral N (0-30 cm) in all grassland treatments increased from year to year which
indicates more available N that had not been taken up by plants and/or had mineralized
at the time (Tab. 4.4). However, the overall amount of soil mineral N in top soil (0-30
cm) was quite small – although almost 40 kg/ha for ley grass in 30 cm point at a potential
risk for N translocation and even leaching (Tab. 4.6). On average over the years the soil
mineral N under intensive permanent grassland was not higher than under moderate
permanent grassland (Tab. 4.6); and on intensive permanent grassland not higher than on
ley grass – however, soil mineral N (0-30 cm) under ley grass was significantly larger
than that of the other treatments in the last experimental year 2014 (data not shown).
Kayser et al. (2015) found residual mineral N in permanent grassland fertilized up to 320
kg N/ha with mineral N or slurry on average below 50 kg N/ha and related N (nitrate)
leaching less than 15 kg/ha per year. Ley grass following a break-up can result in much
larger soil mineral N and potential leaching (Reheul, 2007; Pötsch et al. 2013).
Maize showed a relatively high NUE in all years (Tab. 4.4) and a mean NUE of 77 %
(Tab. 4.6). However, the average amount of soil mineral N (0-30 cm) of 42.0 kg N/ha
after maize was significantly higher than the one under the permanent grassland
treatments 14.5 and 20.7 kg N/ha respectively for PGM and PGI. Soil mineral N (0-30
cm) in autumn after maize decreased from 51.1 kg N/ha in 2012 to 25.5 kg N/ha in 2014
(Tab. 4.6). The large residual N in the first year after maize can be seen as a result of the
increased N mineralization rate after the breaking up of the grassland sward (Hatch et al.,
2003) and indicate leaching of N or translocation to deeper soil layers (e.g. Adams and
Jan, 1999; Shepherd et al., 2001 and Springob, 2004).
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Tab. 4.6: Differences in yield, forage quality and other ecosystem service parameters among
treatments. Sd = Standard deviation. Letters indicating significant differences among treatments
(rows). * treatment was not included statistical analysis.
Parameter
Treatment (Intensity Level) Mean
Sd
P value
Dry matter yield
Moderate permanent
4.79 a
1.64 p < 0.001
(t/ha)
grassland Intensive
5.53 ab
1.41
permanent grassland
5.82 b
2.13
Ley grass
15.51
6.38
Maize*
N Yield
(kg N/ha)

Moderate permanent
grassland Intensive
permanent grassland
Ley grass
Maize

96.6 a
128.8 b
142.9 b
122.8 ab

42.8
35.0
60.8
58.6

p < 0.001

Energy content
(MJ NEL/kg DM)

Moderate permanent
grassland Intensive
permanent grassland
Ley grass
Maize

5.45 a
6.01 b
6.15 b
6.01 b

0.82
0.27
0.37
0.43

p < 0.001

CP
(g/kg DM)

Moderate permanent
grassland Intensive
permanent grassland
Ley grass
Maize

134.3 a
154.5 b
158.7 b
55.1 c

31.0
20.0
30.9
20.5

p < 0.001

Plant species richness
(n)

Moderate permanent
grassland Intensive
permanent grassland
Ley grass
Maize*

14.9 a
14.7 a
10.5 b
13.4

3.0
1.9
2.4
1.7

p < 0.001

Nitrogen use efficiency
(%)

Moderate permanent
grassland Intensive
permanent grassland
Ley grass
Maize

121 a
54 b
42 c
77 d

54
15
18
37

p < 0.001

Soil mineral N
(kgN/ha)

Moderate permanent
grassland Intensive
permanent grassland
Ley grass
Maize

14.5 a
20.7 ab
24.3 bc
42.0 c

8.5
22.2
17.8
42.9

p < 0.001
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Fig. 4.1: Relation of mean crude protein concentration and dry matter yields of all
treatments in 2012-2014. PGM = moderate permanent grassland, PGI = intensive
permanent grassland, Ley = Ley grass, Maize = Cultivation of maize.

Fig. 4.2: N yield in relation to the amount of annual N application on all treatments in
2012-2014. PGM = moderate permanent grassland, PGI = intensive permanent grassland
Ley = Ley grass, Maize = Cultivation of maize. Letters A and B indicate significant
differences (p < 0.01) among treatments.
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4.5 Conclusion
A moderate intensification of formerly extensive grassland by slightly increasing the N
input and increasing the cutting frequency with the aim of more stable yields and good
forage quality does not necessarily have to result in a loss of species number or increased
risk of N loss and can be an option on unfavorable soils.
We conclude that an adapted intensive management of permanent grassland can avoid a
loss of ecosystem services (Conijn et al. 2002) and simultaneously deliver forage of
adequate quality that can, in contrast to extensive grassland forage (Spatz, 1994; Stoll et
al., 2001), be used in profitable cattle production systems.
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5. Synthesis
Grassland management for forage production is a complex matter as grasslands are very
diverse with a range of different management intensities that vary from very extensive to
very intensive. The livestock and related forage production system determines the
management intensity of grasslands. In Germany, the prevalent forage production differs
on a regional scale as well. On livestock producing farms grassland production is often
combined with the cultivation of leys and silage maize. The on-going intensification of
livestock and related forage production systems leads to more and stronger trade-offs
between productivity and ecosystem service functions. An increased cultivation of high
energy crops on arable land at the expense of permanent grasslands means that important
ecosystem services related to permanent grassland like biodiversity, nutrient retention,
water purification and also C sequestration are reduced and the sustainability of the forage
production systems decreases.
As discussed in CHAPTER 1, for a successful integration of sustainable production
systems into the agricultural praxis the farmers needs to be actively involved. Regional
agri-environment measures that are adapted to regional conservation goals can help to
preserve sustainable grassland farming in northern Germany. Most farmers do not have a
general negative attitude towards nature conservation. However, the number of famers
that actually do use AEM is comparably small. Different farmers have different reasons
for not taking part in these measures. Farmers should be addressed individually by
advisory services concerning AEM. A better communication among politicians, farmers
and conservationists is a prerequisite for a better implementation of AEM into the
agricultural praxis in Germany. Farmers play a crucial role in nature conservation and
there is a need to place “farmland biodiversity in the hands and minds of farmers”.
Due to the multifunctionality of permanent grassland, pasture-based systems in livestock
production are regarded as more friendly for the environment, as promoting animalwelfare, and are thought to yield healthier products compared to non-grazing systems. To
verify these sustainable feeding regimes simple and robust indicators are very useful. In
CHAPTER 2 the

13

C isotopic signatures in cattle tail switch hair was used to

retrospectively validate cattle production systems that are supposed to be based on forage
from pasture and not maize. This method can be a valuable tool to verify a reported
feeding system that helps to preserve ecosystem services.
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Sustainable forage production on permanent grassland includes both, the provisioning of
ecological functions but also the preservation of the production function. A lot of
ecosystem services that are provided by permanent grasslands are based on an adequate
management. An adequate management that delivers forage of adequate quality and
simultaneously preserves other ecosystem services depends very much on site conditions.
CHAPTER 3 describes that under certain environmental conditions, an adapted
intensification of formerly more extensively managed grassland can be a good
compromise to achieve economic and ecological goals.
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6.1 Summary
Grassland is seen to fulfil a range of functions: Grasslands deliver biomass for livestock
and energy production and provide several ecosystem services like biodiversity and
wildlife protection, carbon sequestration, water purification, nutrient retention and also
social benefits like recreation. This multifunctionality, however, strongly depends on the
intensity of management and on environmental conditions. Grassland farming plays an
important role among the agricultural production systems in Germany and grasslands are
mainly used for cattle production. In northern Germany, the proportion of grassland of
the total agricultural land ranges from 20 to over 30 %. There is an on-going trend towards
an intensification of land-use and increasing milk yields which require higher energy
contents in forage. Grassland farmers have to follow this trend if their enterprise is to
remain profitable. This results in an intensification of grassland management – usually an
increased N input and more cuts – with the extension of the cultivation of ley grass or the
cultivation of the high energy crop maize for cattle fodder. As it is mainly extensively or
moderately managed grassland that provides many ecosystems services, the
intensification of grassland management can weaken its multifunctionality.
The first aim of this dissertation was to analyzed farmer’s attitude and behavior
concerning voluntary Agri-environment measures (AEM). These measures tend to
promote a more extensive grassland management by providing governmental support
payments to farmers. A standardized questionnaire was developed to be answered faceto-face by 82 grassland farmers on a west to east gradient in northern Germany. The
selection of farms was based on census data to achieve a representative picture of the
area. Questions were asked concerning personal data, farm management and business
management as well as on general agricultural and nature protection issues. The results
indicate that the majority of grassland farmers is generally interested in nature
conservation and believes it to be of concern for every farmer. In contrast, only a minority
of the respondents is using the existing AEM to the full extend on their own farm. By
applying the concept of farming styles, we classified farmers into four groups, namely
Traditionalist, Idealist, Modernist, and Yield Optimizer. These farming styles groups
differ in farm and management parameters, general attitudes towards agricultural issues,
farming objectives and economic success. We found that in our survey the farming styles
groups differ in their attitude towards nature conservation. However, they do not differ in
the adoption of AEM and have different reasons for not taking part. We state that for a
better implementation of AEM into agricultural practice a better communication, which
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is adapted to the different ways that farmers manage their farm and think and feel, is
needed. Consequently, AEM need to be revised as well.
The second aim was to find a simple method that can be used in practice to retrospectively
check on mean maize contents in diet of different cattle production systems over a longer
period without frequently and costly surveys on the farms. Sections from cattle hair serve
as an isotopic archive - they contain information on diet from different time periods. We
tested the reliability of

13

C signatures (δ13C) in cattle tail switch hair to retrospectively

trace back the annual mean dietary proportion of maize of different production systems
without having to sample and analyze the feed. Furthermore, we investigated if
differences in dietary proportion of maize during summer and winter feeding can be
detected by sampling hair only once a year. We sampled hair and obtained information
on management and annual mean composition of diets on 23 cattle farms in northern
Germany. Farms differed in dietary proportions of maize, grass and other concentrates as
well as in grazing regime (year-round grazing, summer grazing, no grazing). We found
that the mean δ13C of two hair sections that contain the isotopic information of summer
and winter feeding is a robust indicator for the annual mean proportion of maize in cattle
diet on a farm. We could also demonstrate short term changes in the diet (when maize
was added for some time) by comparing summer and winter δ13C. Farms whose dietary
proportion of maize deviated from the average dietary proportion of maize of the
respective grazing regime (in summer or winter feeding) could be detected via the δ 13C
of a single cattle hair. We conclude that the method can be used in different cattle
production systems to check on dietary proportions of maize for a period of one year
before sampling of hair.
The third aim was to investigate the potentials and risks of land-use intensification on
former extensively managed permanent grassland sites on sandy soils concerning
productivity and other ecosystem services.
We set up a three-year field experiment with four management intensity levels
representing four typical forage production systems (moderate permanent grassland,
intensive permanent grassland, ley grass, maize) on five sites on a climatic gradient
(temperature and precipitation) in northern Germany. We found that ley grass had no
higher N yields and crude protein concentrations than intensive permanent grassland.
Intensive permanent grassland had higher N yields than moderate permanent grassland
while the number of plant species was not lower. Of all treatments, intensive permanent
grassland was least influenced by site and year effects on yield, forage quality and species
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number. The dry matter yields of all grassland treatments were small, but forage had good
net energy contents and crude protein concentrations. Dry matter yields of maize were in
a range of those of the farming practice in the respective regions, but nutritional quality
was poor. Maize showed a higher risk of nitrogen leaching compared to the grassland
treatments. We conclude that to avoid a loss of ecosystem services and to have a forage
production system that delivers yields of adequate quality, a moderate or intensive
management of permanent grassland can be a good option on sandy soils.

6.2 Zusammenfassung
Grünland erfüllt eine Reihe von wichtigen Funktionen: Es liefert Biomasse für die Tierund Futtermittelproduktion und stellt gleichzeitig viele Ökosystemfunktionen, wie die
Erhaltung

der

Artenvielfalt,

Kohlenstoffspeicherung,

Wasserreinigung,

Nährstoffrückhaltung und einen hohen Erholungswert für die Gesellschaft, zur
Verfügung.

Diese

Multifunktionalität

Bewirtschaftungsintensität

und

von

hängt

allerdings

verschiedenen

stark

von

der

Umweltbedingungen

ab.

Grünlandbewirtschaftung spielt eine wichtige Rolle innerhalb der landwirtschaftlichen
Produktionssysteme in Deutschland, besonders in der Rinderhaltung. In Norddeutschland
reicht der Anteil des Grünlandes an der gesamten landwirtschaftlichen Nutzfläche auf
Landesebene von 20 bis über 30 %.
Die fortschreitende Intensivierung der Landnutzungssysteme mit immer höheren
Anforderungen an die Milchleistungen pro Kuh führt zu einem immer höheren Bedarf an
Energiegehalt im Tierfutter. Landwirte, die Grünland bewirtschaften, müssen sich diesem
Trend anpassen um ihren Betrieb profitabel und wettbewerbsfähig zu erhalten. Diese
Entwicklung führt zu einer Intensivierung der gesamten Futterproduktion. Für das
Grünlandmanagement bedeutet dies höhere Stickstoffdüngergaben und eine erhöhte
Nutzungsfrequenz.
insbesondere

Es

Mais,

werden
angebaut.

aber

auch

Dies

vermehrt

geschieht

Hochleistungsfuttermittel,

häufig

auf

Kosten

von

Dauergrünlandflächen. Da besonders extensiv bewirtschaftetes Dauergrünland neben der
Produktionsfunktion sehr viele andere Ökosystemfunktionen bereitstellt, führt der
Flächenverlust an Dauergrünland zu einer Schwächung der Multifunktionalität der
Agrarlandschaft.
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Hinsichtlich dieser Ausgangssituation ging es im ersten Teil dieser Arbeit um die
Einstellung und das Verhalten von Landwirten, die Grünland bewirtschaften, bezüglich
der Agrarumweltmaßnahmen (AUM). Diese Maßnahmen wurden entwickelt, um eine
extensive Bewirtschaftung von Dauergrünland zu fördern. Die Teilnahme an diesen
Programmen ist freiwillig. Betriebe, die an AUM teilnehmen, bekommen staatliche
Ausgleichszahlungen, wenn sie ihr Dauergrünland extensiv bewirtschaften. Innerhalb der
Untersuchungen wurde ein standardisierter Fragebogen entwickelt, der von 82
Betriebsleitern von Grünland-Betrieben auf einem Gradienten von Westen nach Osten in
Norddeutschland beantwortet wurde. Die Auswahl der Betriebe erfolge auf Basis von
Zensus

Daten,

um

ein

repräsentatives

Bild

der

Grünland-Betriebe

der

Untersuchungsregion zu bekommen. Es wurden Fragen zu persönlichen Daten, Betriebsund

Geschäftsmanagement

sowie

zu

allgemeinen

landwirtschaftlichen

und

naturschutzfachlichen Angelegenheiten gestellt. Die Ergebnisse zeigen, dass die
Mehrheit der befragten Betriebsleiter generell am Naturschutz interessiert ist. Die meisten
Betriebsleiter vertraten die Ansicht, dass Landwirte die Aufgabe haben, die Natur aktiv
zu schützen. Diese positive Einstellung zum Naturschutz korrelierte allerdings nicht mit
einer positiven Einstellung zu AUM. Mit Hilfe des „farming style concepts“ wurden alle
befragten Betriebsleiter in vier Gruppen eingeteilt (Traditionalisten, Idealisten,
Modernisierer und Ertragsoptimierer). Diese Gruppen unterschieden sich hinsichtlich
Betriebsparametern

wie

Betriebsgröße,

der

generellen

Einstellung

zu

landwirtschaftlichen Belangen und wirtschaftlichem Erfolg. Es konnte gezeigt werden,
dass sich diese vier Gruppen auch hinsichtlich ihrer Einstellung zum Naturschutz
unterscheiden. Allerdings unterschieden sie sich nicht hinsichtlich der Nutzung von AUM
und nannten zugleich unterschiedliche Gründe für eine Nichtteilnahme an den
Maßnahmen. Die „farming styles“ beschreiben Landwirte auf Grund einer Kombination
von Betriebsparametern und der Art wie diese Landwirte denken und fühlen. Für
Beratungsstellen, die AUM in die landwirtschaftliche Praxis integrieren möchten, könnte
eine Kommunikation, die an die unterschiedlichen „farming styles“ angepasst ist, von
Vorteil sein. Die existierenden AUM sollten hinsichtlich der von den Betriebsleitern
genannten Gründe für eine Nichtteilnahme überarbeitet werden.
Der zweite Teil dieser Arbeit befasst sich mit der Überprüfung der Praxistauglichkeit
einer Methode zur Untersuchung des Maisanteils im Futter von unterschiedlichen
Rinderhaltungssystemen. Die
Gegenstand

dieser

13

C-Isotopensignatur in den Rinderschwanzhaaren war

Untersuchungen.

Rinderhaare
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Isotopensignaturen und erhalten somit Informationen über die Zusammensetzung des
aufgenommen Futters in der Vergangenheit. In dieser Untersuchung wurde zunächst die
Verlässlichkeit der

13

C-Isotopensignatur in den Rinderschwanzhaaren für die

Überprüfung des Maisanteils im Futter analysiert. Weiterhin wurde untersucht, ob der
Maisanteil im Futter über einen längeren Zeitraum auf Basis eines einzelnen Haares
zurückverfolgt werden kann, ohne kostspielige und zeitaufwendige Umfragen und
Untersuchungen auf den Betrieben durchführen zu müssen. Es wurde untersucht, ob
durch die Analyse von unterschiedlichen Abschnitte von Rinderschwanzhaare
Unterschiede im Maisanteil im Futter während der Sommer- und der Winterfütterung
festgestellt werden können. Auf 23 Rinderbetrieben in Norddeutschland wurden
Rinderschwanzhaare

und

Informationen

zum

Management

und

der

Futterzusammensetzung gesammelt. Die Betriebe unterschieden sich hinsichtlich des
durchschnittlichen jährlichen Anteils von Mais, Gras und anderem Kraftfutter in der
Ration und in der Haltungsform der Rinder (Ganzjahresweide, Weidehaltung im Sommer,
keine Weidehaltung). Die Ergebnisse zeigen, dass die gemittelten 13C-Isotopensignaturen
von zwei Haar-Abschnitten, welche isotopische Informationen über die Sommer und
Winterfütterung enthalten, den durchschnittlichen jährlichen Maisanteil im Futter auf
einem

Betrieb

verlässlich

widerspiegeln.

Kurzzeitige

Änderungen

in

der

Zusammensetzung der Ration (wenn über einen kurzen Zeitraum Mais gefüttert wurde)
konnten ebenfallt aufgedeckt werden. Betriebe deren Maisanteil im Futter stark vom
durchschnittlichen Maisanteil im Futter des jeweiligen Haltungssystems abwich, konnten
ebenfalls mittels 13C-Isotopensignaturen in einem einzelnen Haar nachgewiesen werden.
Demnach kann diese Methode in unterschiedlichen Rinderhaltungssystemen zur
Überprüfung von Maisanteilen im Futter über einen Zeitraum von einem Jahr vor der
Probenahme der Haare eingesetzt werden.
Der dritte Teil dieser Arbeit befasst sich mit der Untersuchung der Potentiale und Risiken
einer

Landnutzungsintensivierung

von

ehemals

extensiv

genutzten

Dauergrünlandflächen auf sandigen Böden in Norddeutschland. In einer 3-Jahres-Studie
wurden vier typische Futtermittelproduktionssysteme mit steigender Intensität (moderat
bewirtschaftetes Dauergrünland, intensiv bewirtschaftetes Dauergrünland, Ackergras,
Mais) auf fünf Untersuchungsstandorten auf einem Klimagradienten (Temperatur und
Niederschlag) untersucht. In dieser Untersuchung konnten keine höhen Stickstofferträge
und Rohproteingehalte im Ackergras im Vergleich zum intensiv bewirtschafteten
Dauergrünland nachgewiesen werden. Das intensiv bewirtschaftete Dauergrünland zeigte
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allerdings im Vergleich zum moderat bewirtschafteten Dauergrünland höhere
Stickstofferträge, Rohproteingehalte und Energiedichten im Aufwuchs. Die Anzahl der
Pflanzenarten wurde allerdings durch diese Intensivierung nicht verringert. Im Vergleich
zu den anderen drei Intensitätsstufen der Futtermittelproduktion wurde beim intensiv
bewirtschafteten Dauergrünland am wenigsten Variabilität bei allen aufgenommenen
Parametern zwischen den fünf Standorten und den drei Untersuchungsjahren festgestellt.
Die Trockenmasseerträge der drei Grünland Intensitäts-Stufen waren gering aber von
guter Qualität hinsichtlich Energie- und Rohproteingehalt. Die Trockenmasseerträge des
Maises lagen im zu erwartenden Bereich für die Untersuchungsregion, waren aber von
eher schlechter Qualität. Wie zu erwarten zeigte sich beim Mais ein höheres Risiko für
eine Stickstoffauswaschung im Herbst im Vergleich zum Dauergrünland und zum
Ackergras. Dies bedeutet, dass ein moderat bis intensiv bewirtschaftetes Dauergrünland
eine akzeptable Option der Futtermittelproduktion auf ungünstigen Standorten darstellt.
Der Verlust von wichtigen Ökosystemleistungen wird im Vergleich zum Ackergras und
zum Mais vermindert und gleichzeitig kann eine angemessene Futterqualität erzielt
werden.
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7.1 Index of Figures
Fig.1.1: North German plain with the four NaLaMa-nT model regions
Diepholz, Uelzen, Fläming and Oder-Spree (right) and the geographical
location in Germany.

5

Fig. 2.1: The North German Plain (NGP) within North European Plain (NEP)
(left); and NGP with the four regions of this study (from west to east:
Diepholz, Uelzen, Fläming, Oder-Spree) (right).

14

Fig. 2.2: Agreement of interviewed farmers to statements s26-s30 on nature
conservation. Five-point Likert scale: 1 = totally disagree, 5 = totally agree.

18

Fig. 2.3: Agreement of interviewed farmers to statements s15-s20 on agrienvironment measures (AEM). Five-point Likert scale: 1 = totally disagree, 5
= totally agree.

19

Fig. 3.1: Scheme of cattle hair plucked on March 15, 2014 showing hair
sections that were analyzed for the winter (light grey) and summer period (dark
grey).

39

Fig. 3.2: Relationship between the annual mean dietary proportion of maize
and the annual mean 13C signature (13CYear) in cattle hair. Each point refers to
a farm. The solid and dotted lines refer to regression line and 95 %
confidence interval respectively.

42

Fig. 3.3: Relationship of predicted and observed δ13CYear with regression line
and error bars for each farm.

42

Fig. 3.4: δ13C values of cattle hair sections analyzed seperately for summer and
winter periods of the three grazing regimes (δ13CSeason). Annual dietary
proportion (%) of maize, grass and concentrates are indicated in the three boxes
above each grazing regime. Circles indicate ourliers in the δ13CSeason value
distributions within each season of each grazing regime.

44

Fig. 4.1: Relation of mean crude protein concentration and dry matter yields
of all treatments in 2012-2014. PGM = moderate permanent grassland, PGI =
intensive permanent grassland, Ley = Ley grass, Maize = Cultivation of
maize.
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Fig. 4.2: N yield in relation to the amount of annual N application on all
treatments in 2012-2014. PGM = moderate permanent grassland, PGI =
intensive permanent grassland Ley = Ley grass, Maize = Cultivation of maize.
Letters A and B indicate significant differences (p < 0.01) among treatments.
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7.2 Index of Tables
Tab. 1.1: Area of agricultural land and grassland in Germany (Source:
German Federal Statistical Office (Destatis), Subject-matter series 3, 2014).

3

Tab. 2.1: Some basic information about the model regions.

14

Tab. 2.2: Farm size, management and predominant grassland use of the 82
farms in the survey for the four model regions (regional means). LU/ha =
Livestock units per hectare, N = Nitrogen (from organic and artificial
fertilizer).

20

Tab. 2.3: Degree of agreement to statement s15: “I try to use AEM as far as
possible” of farmers differing in some personal or farm parameters.
Agreement on a Five-point Likert scale (1 = totally disagree, 5 = totally
agree).

21

Tab. 2.4: Differences between farmers that are using AEM and farmers that
are not using AEM in degree of agreement to statements s15 and s27 (Degree
of agreement on a Five-point Likert scale; 1 = totally disagree, 5 = totally
agree) and in basic personal and farm data.

22

Tab. 2.5: Degree of agreement of farming styles to statements s27 and s15.
Agreement on a Five-point Likert scale (1 = totally disagree, 5 = totally
agree) and percentage of farmers that actually use AEM.

23

Tab. 2.6: Reasons for non-participation in AEM mentioned by farmers during
open conversations subsequent to our interview with the standardized
questionnaire.

26

Tab. 3.1: Details of the production systems of cattle farms in the survey on a
gradient from west to east. LU = livestock unit, 500 kg of body weight; Lon =
Longitude.

37

Tab. 3.2: Recorded variables, source and range; DWD = Deutscher Wetter
Dienst, German Weather Service.

37

Tab. 3.3: Correlation coefficients between δ13CYear values of each farm and
selected parameters of cattle production systems and location of the farms.

41

Tab. 4.1: Long-term temperature and precipitation dates on observation sites
(arranged from west to east) among 1991-2010 and soil mean values (0-30
cm) of Magnesium (Mg), Potassium (K), Phosphorus (P) (mg/100g) and pHvalues of each site before staring the experiment.

54

Tab. 4.2: Experimental design.
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Tab. 4.3: Results of ANOVA evaluating effects of Treatment, Site and Year
on Yield, forage quality and other ecosystem service parameters.
*** = p < 0.001; ** = p < 0.01.

58

III

CHAPTER 7
Tab. 4.4: Differences in yield, forage quality and other ecosystem service
parameters of treatments among years. Letters indicating significant
differences among years (colums).

59

Tab. 4.5: Climatic parameters of all sites in all observation years. AMT =
annual mean temperature, vegT = temperature during vegetation period.

59

Tab. 4.6: Differences in yield, forage quality and ecosystem service
parameters among treatments. Sd = Standard deviation. Letters indicating
significant differences among treatments (rows).
* treatment was not included statistical analysis.
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