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School milk demand: design and first results of the German federal research project

~Focus on school milk”

Petra Salamon*, Cornelie Pfau**, Monika Grillenberger**, Inken B. Christoph*, Andrea StraBburg**, Sascha A. Weber*,
Gunter Peter*, Aida Gonzalez*, Julia Bonfig** and Daniela Weible*

Abstract

School milk consumption has declined steadily in Ger-
many. To retrieve quantifiable information on the different
influencing factors and to provide approaches to improve
the school milk demand, a research project’ was set up
by the German Federal Ministry of Food, Agriculture and
Consumer Protection. The main objective is to evaluate
the impact of factors like price, attitudes and habits (es-
pecially consumption habits), social background, gender,
economic situation, knowledge; product range and distri-
bution form, as well as of nutritional education measures.
Schools located in North Rhine Westphalia were select-
ed by stratified random sampling. The impacts of prices
are derived in a price experiment in which the price of
school milk was reduced stepwise during the school year
2008/09, and increased over the school year 2009/10,
while quantities of demand are reported regularly. Almost
all other information/data is captured by questionnaires
given to pupils, parents, class teachers, school principals,
school milk managers, and delivery firms, with a focus
on the consumption of dairy products, attitudes towards
school milk and milk in general, acceptance of the school
milk program, distribution problems throughout the chain
as well as on the handling. This article presents the design
and first descriptive results.

Keywords: School milk, influencing factors, demand, sub-
sidy

' The Federal Ministry of Food, Agriculture and Consumer Protection commis-
sioned the Department of Nutritional Behaviour of the Max Rubner-Institute
(MRI) and the Institute of Market Analysis and Agricultural Trade Policy of
the Johann Heinrich von Thinen-Institute (vTI) to conduct this research in
close cooperation. Due to the specific expertise in social sciences and nu-
tritional behaviour, the responsibilities of the MRI in this research are the
development of questionnaires used in the surveys and of nutritional edu-
cation measures, the carrying out of the respective surveys, and the analysis
of the data as well as to provide relevant data for a quantifiable demand
model. Responsibilities of the vTl are based on its expertise in analysing the
agricultural and food markets including demand and supply. Thus, the vTI's
experience covers demand models, issuing supply-side surveys and the de-
velopment of questionnaires, respectively. The work of the vTl is focused on
conducting the price experiment. In this context, the VTl is responsible for
the collection and the analysis of the demand data, as well as the estimation
of the demand models.

* Johann Heinrich von Thinen-Institut (vTl), Federal Research Institute for
Rural Areas, Forestry and Fisheries, Institute of Market Analysis and Interna-
tional Trade Policy, Braunschweig, Germany

** Max Rubner-Institut (MRI), Federal Research Institute of Nutrition and Food,
Department of Nutritional Behaviour, Karlsruhe, Germany

Zusammenfassung

Die Nachfrage nach Schulmilch: Konzeption und erste
Ergebnisse des deutschen Bundesmodellvorhabens
»Schulmilch im Fokus”

Der Konsum von Schulmilch ist an deutschen Schulen
stetig zurlickgegangen. Um quantifizierbare Informati-
onen Uber die verschiedenen Einflussfaktoren sowie Lo-
sungsansatze zur Verbesserung der Schulmilchnachfrage
zu erhalten, wurde vom Bundesministerium fur Ernah-
rung, Landwirtschaft und Verbraucherschutz (BMELV)
ein Modellprojekt initiiert. Bei diesem soll in erster Linie
der Einfluss von Faktoren wie beispielsweise des Preises,
verschiedener Einstellungen und Verhaltensweisen, insbe-
sondere des Ernahrungsverhaltens, des sozialen Umfeldes,
des Geschlechtes, der 6konomischen Situation, des Wis-
sensstandes, der Produktpalette, des Distributionsweges
sowie Informationsveranstaltungen gemessen werden.
Hierfir wurden Grundschulen in Nordrhein-Westfalen
mittels einer geschichteten Zufallsstichprobe ausgewahlt.
Der Preiseinfluss wird mit Hilfe eines Preisexperimentes
ermittelt, in dessen Rahmen der Schulmilchpreis wah-
rend des Schuljahres 2008/09 schrittweise gesenkt und im
Schuljahr 2009/10 schrittweise wieder angehoben wurde.
Die bestellten Schulmilchmengen wurden regelmaBig von
den Schulen gemeldet. Nahezu alle anderen Informati-
onen/Daten wurden mit Hilfe von Fragebtgen erhoben,
die von den Schulern, Eltern, Klassenlehrern, Schulleitern,
Schulmilch-Koordinatoren sowie den Schulmilchanbietern
ausgefillt wurden. Hierbei lag der Fokus auf dem Kon-
sum von Milchprodukten, den Einstellungen gegenuber
Schulmilch und Milch im Allgemeinen, der Akzeptanz des
Schulmilchprogramms, Distributionsproblemen wie auch
der allgemeinen Handhabung. Im Rahmen dieses Artikels
werden erste deskriptive Ergebnisse prasentiert.

Schlisselwérter: Schulmilch, Einflussfaktoren, Nachfrage,
Beihilfe



1 Introduction

A balanced diet is a basic need, especially for children.
Dairy products are a part of such a diet (Heine 1999) due
to the animal protein, vitamins and minerals they contain.
School milk sales have a very long tradition because it is
one way to cover the basic daily nutritional requirements
of children. The present design was essentially established
as a consumption aid by the European Union in 1972 (VO
(EWG) No. 1080/77). The project had however, two ad-
ditional objectives: on the one hand, it was a good tool
for improving the nutritional situation of children; on the
other hand it was an easy way to win new consumers. To-
day, the main intention is to encourage the consumption
of dairy products. Therefore, all children visiting a nurs-
ery school, or a primary or secondary school, are entitled
to receive a maximum quantity of 250 ml of subsidized
school milk or milk equivalents per school day. Subsidized
prices of school milk follow a maximum price policy. In
Germany, maximum prices are fixed by the federal states
and, in return, distributing firms are granted a subsidy in
compliance with some regulations. Since 1993, the school
milk subsidy was reduced to its current level of 18.15 cents
per kg. Declining shares of school milk demand accompa-
nied this reduction. At present, 300,000 tonnes of milk
equivalents are consumed within the framework of the
EU’s school milk programme, of which 41,000 tonnes are
consumed by German children.

Manifold are the reasons for the decline in milk con-
sumption. The attitudes of parents and children towards
milk and milk products, their preferences and tastes, their
habits towards a healthy diet, changing eating habits and
preferences are discussed. But also the adequate packag-
ing, waste or school’s problems in handling the milk are
mentioned. Declining numbers of dairy firms engaged in
producing the school milk supply have made school milk
less accessible, since the less profitable school milk pro-
duction line could not always be retained within the con-
centration process of the German dairy industry. In addi-
tion, the product range of school milk is limited. Financial
pressure has reduced the technical staff at schools over
time, thus causing a decline in the number of people who
are willing to distribute and sell school milk.

2 Aim and research question

The demand for school milk is affected by agents taking
part in the school milk chain (compare Figure 1): the child
drinking or refusing school milk, its parents, the school
with its principal, the teachers, and the school milk man-
ager, the dairy industry and, last but not least, the state.
Involved decision-making units (also called agents) have
different interests in school milk; they also differ in their

attitudes towards and their knowledge of the product.
Just as with other products, they are able to influence pro-
duction, distribution and consumption in various ways and
with different impact, and they also interact. Until now,
the strength of interaction is mostly just discussed but
rarely proven and quantifiable information on interactions
is also lacking.

School milk
demand

Dairy industry

Agents influencing school milk demand

Source: Own illustration.

Figure 1:

Scientific literature regarding school milk is rather lim-
ited. In Germany, two studies have been conducted and
reported so far. Wietbrauck (1976) investigated the factors
for decreasing school milk consumption with the objective
of a proposal for school milk systems that keep school milk
consumption at a higher level. The study concludes that
school milk consumption can be influenced by the prod-
uct range at schools, the milk temperature and marketing
measures of dairies, of the government and other organi-
sations. Later on, Weindlmaier and Fallscheer (1997) ana-
lyzed the organisation and cost of school milk marketing
in Germany as well as the attitudes of school personnel
and pupils regarding school milk. Several problems have
been detected: a complicated school milk subsidy scheme,
high cost related to school milk production and distribu-
tion, higher margins for other products sold at schools,
steadily decreasing number of adults to organize the sell-
ing of school milk products.

However, those findings are quite outdated and since
then demand has declined further. Thus, the aim of this
project is to identify factors which influence school milk
demand. As an important driver, consumer prices, deter-
mined for the most part by the state, must be taken into
account. Other likely determinants to be examined are
nutrition education, socio-economic status and location
(rural/urban area). Further potential impact factors are to
be selected and their influence is to be explored in order to
gain data for the development of a quantifiable demand
model.
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To retrieve current data on influencing factors on school
milk demand along the school milk chain, the German
Federal Ministry of Food, Agriculture and Consumer Pro-
tection set up a project “Focus on school milk” in North
Rhine Westphalia, in cooperation with the Ministry of the
Environment and Conservation, Agriculture and Consum-
er Protection of North Rhine Westphalia. Results hereof
should be a base for developing future school milk policies.

The project is divided into a main project conducted in
North Rhine Westphalia, and into several satellite projects
also including other German federal states or Germany as
a whole. This article will only address the main project.
Primary schools were included in the main project, divided
into two different samples: (1) a ‘classes’ sample’ provid-
ing data on demand at the class level and (2) a "pupils’
sample’ with data on demand and other data such as
nutritional behaviour and attitudes at individual level. All
data collection at schools is restricted to class levels two,
three and four.

The paper is structured as follows: first, a general de-
scription of the project is given, including the price experi-
ment conducted and different samples drawn to compile
the relevant data. Then, in section four some selected first
descriptive findings based on the analysis of the first three,

respectively, four, price steps in school year 2008/09 are
shown. A final section provides a summary and some pre-
liminary conclusions.

3 General design of the research project
3.1 Price Experiment

The main project includes a price experiment allowing
for a quantification of price, respectively subsidy effects,
on school milk demand. Prices were standardised in Price
Step 1 and then reduced in three additional price steps in
school year 2008/09 and are increased in two price steps
in the pupils’” sample or in three steps in the classes’ sam-
ple, respectively, to again reach the original price level in
Price Step 8 in school year 2009/10. In the participating
schools, the price of school milk (250ml) was gradually
reduced during school year 2008/09 from 35 cts?3 (Price
Step 1) to 25 cts (Price Step 2) and 15 cts (Price Step 3)
to O cts (Price Step 4). Prices were increased again during
the school year 2009/10 as shown in Figure 2. To prevent
strategic behaviour, those price steps were not announced
in advance.
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Figure 2:
Prices of school milk during the price experiment

Pupils’ sample

2 Euro cents.

3 Price of non-flavoured school milk was 30 cts/250 ml. From the second to
the seventh price steps, pure and flavoured milk are charged for the same
price.



During the school year 2008/09, participating schools
periodically reported school milk quantities ordered at
class (classes’ sample) or individual level (pupils’ sample).
However, in the following school year 2009/10, only infor-
mation at school level was compiled comprising all classes
of the school regarded. Demand was differentiated by fla-
vours. As additional demand information, data on class
sizes, gender, and immigration background share, popula-
tion size of the town and the socioeconomic status of the
district was collected. Socioeconomic status acknowledges
that the social burden (share of people with immigration
background, of unemployed persons, as well as persons
requiring social welfare assistance or the share of apart-
ments in residential houses) in each district may differ.

3.2 Samples

Sampling units for this project were primary schools
chosen from the total set of all primary schools in North
Rhine Westphalia.* The sample was drawn randomly in a
multi-stage sampling procedure taking different strata into
account. As characteristics of the stages in that process
the socioeconomic status of the district derived from the
spending on welfare aid at county level, the share of pupils
with a migration background and former participation or
non-participation in the EU school milk programme were
considered. However, participation in the price experiment
and the related surveys were optional. The pupils’ sample
was drawn in a first step.

3.2.1 Pupils’ Sample

Three draws were necessary to reach the desired amount
of schools. First, 125 schools were contacted, in a second
draw 59 schools, and in the third draw, 102 schools. Ul-
timately, 116 schools agreed to participate. 112 of those
schools sent back the basic data about the different class-
es within the schools. 108 submitted complete school
milk orders for the school year 2008/2009. Approximately
17,700 pupils in class levels two, three and four are cov-
ered in the project.

The application of self-administered questionnaires was
chosen to gain data for variables included in the demand
model as well as to identify additional driving factors on
school milk demand. As children have a considerable pur-
chasing power and also increasing influence on purchas-
ing behaviour at family level, the questioning of children
was found to be of great importance (Barlovic 1999). The
restriction to class levels two, three and four was due to
the pupils’ lack of reading and writing abilities in class

43,392 primary schools with 737,455 pupils.

one. Different questionnaires were developed for pupils,
their parents, class teachers, the school principals and the
school milk managers. In general, the questionnaires con-
tained questions on nutritional behaviour, consumption
preferences, attitudes towards healthy nutrition, milk and
school milk, ideas about the school milk programme (pro-
moters and barriers) and suggestions for improvement,
knowledge about nutrition and milk as well as socioeco-
nomic indicators.

100%

O 1st draw
@ 2nd draw —
@ 3rd draw

m positive response

80% +—

60% +—

40% ||

Percentage share

20% +—

0 OA) T T

Sample size Participation Basic data  Complete

orders
(36 weeks)

Source: Own calculation.

Figure 3:
Participation of schools and available demand data in the pupils’ sam-
ple

Questionnaires for school personnel (school principals
and school milk managers) additionally contained ques-
tions on food, meals and specifically milk offered at the
schools, organisation of the school milk distribution, deci-
sions on the product range, attitudes towards milk and
school milk and educational offerings on nutrition and
milk by the school.

Questions were either developed specifically for this
survey or used from other surveys, such as the German
Health Interview and Examination Survey for Children and
Adolescents (Kurth 2007). To examine attitudes, all re-
spondents except children, were requested to rank state-
ments from “totally disagree” to “totally agree” using a
five-point Likert scale. All questionnaires underwent pre-
testing. Moreover informational letters were developed
explaining this research. The survey procedures included
information on the protection of data privacy. The parents’
written consent was obtained prior to interviewing the pu-
pils. Questionnaires, letters and forms of parents’ consent
were also provided in Turkish.

Data collection took place in the beginning of the school
year 2008/09 and was conducted by 33 trained interview-
ers. The interviewers recruited were nutrition professionals
with additional experience in dealing with school classes.
They also completed a special training for this research.
Depending on the number of classes in the respective
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schools, the interviewers were responsible for three to six
schools in different districts. In each school data collection
was initiated with an informational meeting with school
personnel. Interviewers were also in charge of distributing
information material and questionnaires to the interview-
ees, including the collecting of completed questionnaires
and their return to the project leaders. These interviewers
assisted the pupils in filling out the questionnaires in the
classroom, explained questions and guided the children
through the questionnaires. Interviews quality checks were
carried out randomly.

The response rates to questionnaires ranged from 64 %
to 97 %, depending on the different groups questioned
(see Figure 4). Response rates assumed for estimating
sample size are exceeded.

100%

80%
60% -
40% -
20% -
0% A : : : :

Parents Pupils  Teachers Principals School
milk
managers
n=11.399 n=11.893 n=688 n=116 n=114

Source: Own calculation.

Percentage share

Figure 4:

Response rates of questionnaires of the different groups in the pupils’
sample

3.2.2 Classes’ sample

Two draws of 475 and 207 schools, respectively, were
necessary to reach the desired amount of schools within
the classes’ sample. A total of 26 consolidated schools
were added in the beginning of the school year 2008/09.
The reasons for that were billing problems of dairy firms,
if a school participated but its consolidated partner did
not. Finally, the classes’ sample consisted of 373 schools
of which 348 delivered the basic data. 340 of them sub-
mitted complete school milk orders for the school year
2008/09. The questionnaires were filled out by 320 school
principals and 326 school milk managers. After a valida-
tion process, a sum of approximately 2,800 classes was
analyzed.
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Figure 5:

Participation of schools and available demand data in the classes’
sample

3.3 Data on deliveries at school level

Due to practical reasons, participating schools them-
selves no longer reported data on school milk quantities
ordered in the school year 2009/10. Instead, only data on
school milk quantities delivered at the school level was
made available on a monthly basis, either by respective
firms, or if impossible, by the auditing agency of the school
milk subsidy®. This data source has its limitations as no in-
dividual or class data are gained. Furthermore, pooled data
on school basis derived from the pupils’ and the classes’
samples are not comparable as first classes and combined
classes were not covered in those samples and, sometimes
school milk managers ordered some surplus amounts to
improve handling. Due to these limitations, the set of data
cannot be combined with the pupil and classes’ sample.
The data is compiled for school year 2008/09 (Price Steps
1 to 4) and for school year 2009/10 (Price Steps 5 to 8),
respectively. This data comprises only a restricted set of in-
formation, but nevertheless some limited analysis on price
impacts is feasible.

Altogether, information from 12 school milk suppliers is
available, classified according to the distribution scheme
into manufacturing dairies, milk producers and distribut-
ing firms (see Table 1). It should be mentioned that not
all of the data delivered by these firms could be related to
the classes’ or the pupils’ sample. In total, the observed
firms could potentially provide 112,259 pupils with school

5 Landesamt fur Natur, Umwelt und Verbraucherschutz Nordrhein-Westfalen.



milk, whereas most pupils (91.4 percent) could receive
their school milk from a manufacturing dairy. Direct sales
by milk producer cover 7.4 percent of pupils.

Table 1:
School milk delivery firms and number of delivered schools and pupils

Type of firm Number of Number of Number of
schools allocated pupils
delivered schools supplied

Manufacturing 459 447 102,605

dairies

Milk producers 36 35 8,296

Distributing firms 5 5 1,358

Total 500 487 112,259

Source: Own calculation.

3.4 Nutritional education measure

As a potential influencing factor on school milk demand,
a nutritional education measure carried out in schools by
.LandFrauen”® (women who live in rural areas, are en-
gaged in communal work and had passed a specific teach-
ing training) was included in this study. The content of
the nutritional education measure within the framework
of this project was based on teaching units carried out by
LandFrauen throughout North Rhine Westphalia prior to
the project. The teaching units were carried out once in
each school class in school year 2008/09 and equally dis-
tributed over the first four price steps. A control group was
included in which teaching units were not carried out. This
study design allows the comparison of children participat-
ing in the teaching units with children not participating
and the examination of the impact of the teaching units
on school milk demand at different price levels. Based on
the random sampling, 88 schools participated in the nu-
tritional education measure (22 in each price step) and 22
schools in the control group without teaching units.

The teaching units focussed on a school breakfast with
an emphasis on milk using specific teaching material. Simi-
lar types of teaching units are also carried out in other
German federal states, which make a transfer of results
possible. The teaching units that are usually carried out by
the LandFrauen in individual ways with differing core areas
were standardised for the project and an outline of the
teaching unit developed. The main topics of the teaching
units cover some basics on nutrition and the importance of
breakfast, and mention of the main food groups must also
be included. After a theoretical part, the pupils produced
butter on their own and consumed a healthy self-prepared

6 English translation: The Farm Wives' Association.

breakfast composed of bread, fruit and fresh vegetables.
With the meal, fresh milk (1.5 % fat) was served and, ad-
ditionally, for children who did not like milk, water was
provided. The duration of the teaching unit was approx.
100 minutes and was scheduled for the first two school
lessons to ensure that children were able to have a joint
breakfast during the following school break. In order to
examine the impact of the teaching units, a second writ-
ten interview was carried out at the end of the school year.
The questionnaire included questions on the teaching
units themselves and repeated questions of the first ques-
tionnaire to examine a potential change in knowledge and
attitudes. The first interviews were carried out prior to any
teaching unit and before any change in school milk price,
whereas the second interviews were conducted after the
teaching units.

4 First descriptive findings

Preliminary results describing the data attained during
the first school year 2008/09 are drafted in the following
section. The data collection and data processing are still
ongoing. Therefore this chapter presents data at the school
level reported by the delivery firms covering the Price Steps
1 to 4 and data at class level of the classes’ sample, com-
prising Price Steps 1 to 3. Data from the pupils’ sample
is not available, yet. More detailed data analysis, includ-
ing outcome of the pupils’ sample as well as estimation
results of main influencing factors, will be provided at a
later stage. Nevertheless, the analysis already conducted
provides first insights.

4.1 Findings based on school level data

As already mentioned this sample includes aggregated
school level data of first class levels and combined classes.
Thus the outcome is not comparable with analysis based
on data at the more detailed pupils’ and classes’ sample
reported directly, by but will give some overall indications
on the main effects.

The results show that the price charged is one of the
main drivers in school milk consumption (see Figure 6).
In the first price step, the mean consumption was 0.30
packages per pupil and school day, or in other words, on
average 30 percent of all pupils demanded school milk at
that price. When the price was reduced to 25 cts for all
products, the mean consumption share increased to 39
percent. A further price reduction in the third price step
caused no additional growth in consumption, which is
unexpected at first sight. According to rational consumer
behaviour, an increase in demand should be observed.
Therefore, other factors might overcompensate price im-
pacts und lead to a stagnation of the school milk demand.
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Because the third price period extends from January to the
beginning of April, a seasonal influence is easily conceiv-
able. More importantly, milk consumer prices were revised
downwards after a maximum in 2007/08. But a detailed
analysis will only become available with the analysis of the
pupils’ sample. When school milk was distributed for free,
the mean consumption skyrockets to 73 percent, i.e., a 87
percent increase compared to the third price step. With
milk free of charge, almost three-quarters of pupils are in-
terested in school milk.

In general, consumers differ in their preferences, which
might well be expected in the case of pupils, too. There-
fore pupils may be grouped according to different school
milk flavours. However, not all data allow differentiations
in the quantities delivered by flavour, and thus only a dis-
tinction between unflavoured and flavoured milk is pos-
sible (see Figure 7). It is apparent that unflavoured milk is
demanded by a minority only. Average school milk con-
sumption of pure milk was only 3.8 percent at the first
price step, remaining almost constant at the following
steps, and only in Price Step 4 does the share of unfla-
voured milk consumption increase to 8.1 percent. In con-
trast, the consumption share of flavoured milk was 26.5
percent at Price Step 1, and increased to 64.7 percent in
the last observed price step.

A. Weber, G. Peter, A. Gonzalez, J. Bonfig, D. Weible / Landbau-
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Not only individual preferences but also other economic
factors beyond prices might have an impact on demanded
quantities. Considering social burden at the county level
as a socioeconomic indicator, our results show that school
milk demand is dependent on the social economic envi-
ronment a school is located in, see Figure 8. At Index Level
1 the social burden is the lowest, and at Index Level 6 is
the highest. In the first price step (see white columns in
Figure 8), some differences in school milk consumption per
pupil can already be observed. The highest consumption
of 0.33 packages per pupil and school day is shown in
Level 4 of the social index, which is just below the medium
of the social environment. But when price reductions are
taken into account, the core message is that pupils in the
weakest social districts benefit most if school milk is con-
tributed free of charge.

4.2 Findings based on classes’ sample data

The outcome of this section is based on the classes’
sample data which are not directly comparable to the
school level data as already described above. Furthermore,
this data sample includes only the first three price steps
of the experiment. The results, however, are much more
differentiated, as additional information is available at the
level of classes.

At the initial price level, an average of 32 percent of
pupils in classes 2, 3 and 4 consumed school milk (see
Figure 9), which is a higher average consumption than
derived on school level data, see Figure 6. This figure in-
creased by 16 percent to 37 percent as the price of one
package school milk was reduced to 25 cents which is
lower than average school level data. In Price Step 3, with
a price reduction to 15 cts per package, 39 percent of
pupils consumed milk at school, almost the same outcome
compared with results achieved at school level.
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Figure 9:
School milk consumption — classes’ sample data

Consumption depends on consumer preferences, and
pupils’ milk products demand is no exception. There-
fore average consumption differs between the milk fla-
vours offered (see Figure 10). The allocation shows that
flavoured milk products contribute most to school milk
consumption, with chocolate-flavour the most popular.
Thus, approximately 20 percent of pupils demanded choc-
olate-flavour. In contrast, only 4 percent of pupils drank
unflavoured milk, a share comparable to the results based
on the school level data. The other flavours like vanilla and
strawberry exhibit similar consumption shares over time
as pure milk. Along the different price steps the biggest
increases could be observed for chocolate-flavour.
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Figure 10:

Trend of school milk consumption differentiated by variety of milk —
classes’ sample data

For this project, special attention has been drawn to a
possible urban-rural division in school milk demand. A first
indication can be derived by comparing the size of towns
where the selected schools are located. For this purpose
all communities were ordered by size and subdivided into
four quartiles. The first quartile summarises the smallest
communities, whereas the fourth quartile includes the
largest towns. The results reveal a slightly higher share of
school milk consuming pupils in larger cities (4" quartile)
compared with the 1°t quartile (see Figure 11). However,
this finding requires further considerations as the impact
on demand may also stem from income differences.

Consumption is not only affected by preferences, there
is also an influence of age; however, pupils’ age was not
captured by the data compiled in the classes’ sample. Al-
though pupils in a class may be of slightly different ages,
the class levels might be used as a proxy for the age. As
Figure 12 shows, pupils at higher levels consumed at each
price step less than younger pupils. The greatest difference
in consumption share is between Class Level 2 and Class
Level 4 at price step 1. In total, 40 percent of pupils in
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Figure 11:

Trend in school milk consumption differentiated by town size — classes’ sample data

the second school level demand school milk on average at
Price Step 1, whereas the corresponding consumer share
of the fourth class level year is 25 percent only. With lower
prices the impact of the class level becomes smaller, but
still remains significant. At Price Step 3 the absolute dif-
ference between Class Level two and Class Level four was
reduced to 0.11 packages per pupil compared to 0.15 in
Price Step 1.
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Figure 12:

Trend in school milk consumption differentiated by class year —
classes’ sample data

Gender differences prove to have an additional influ-
ence on school milk demand. In the literature it is often
mentioned, that boys show a higher demand for milk and
milk products than girls (Mensink et al. 2007). The results
in the classes’ sample confirm this hypothesis. The con-
sumer share is higher in those classes having a higher pro-
portion of boys (see Steps 1 to 3 in the subsample with >
50 % boys in Figure 13).
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5 Summary

This paper describes the research outline and first find-
ings of a federal research project investigating the de-
mand for school milk and its influencing factors in primary
schools in North Rhine Westphalia. The analysis of de-
mand reactions to price changes is conducted in combina-
tion with a questionnaire survey to identify the determin-
ing factors of school milk consumption. Self-administered
guestionnaires serve as the main source of data for this
study. These questionnaires cover primary pupils (classes
two to four) and their parents, the personnel at schools
(principal, class teacher, school milk manager) and the
supply side of school milk (dairies, milk producers and dis-
tributing firms). School milk consumption on class level as
well as at individual pupil level was reported during the
school year 2008/09. Although the project is not finished
yet few selected findings are presented here.

With four different price steps throughout the school
year 2008/09 the price experiment shows that school milk
prices matter. Price decreases from 35 cts to 25 cts and
then from 15 cts to O cts per package leads — as expected —
to an increase in school milk consumption especially when
the price was reduced to zero. Maximum school milk de-
mand is identified with a free of charge school milk distri-
bution at a participation rate of 73 percent of all primary
school pupils. For different reasons — hypothetically cul-
tural eating and drinking habits, taste, lactose intolerance,
and cow’s milk allergy — a significant proportion of pupils
will not consume milk at all, even free of charge. However,
lower prices steps led to limited demand effects which will
require further considerations. Whether this reaction is
due to a seasonal effect, simultaneous decrease of retail
prices or other factors like, e.g., financial crisis or attitudes
has to be analyzed in detail at a later stage.

Even though data from questionnaires and reported
school milk demand at individual pupils’ level could not
be combined yet, some main drivers of school milk con-
sumption could already be identified: Age can be seen
as important influencing variable as the consumption of
school milk decreases with higher class levels. This study
also supports the hypotheses that gender differences af-
fect milk demand; boys on average consume more milk
than girls. Further, the survey reveals that those districts
having the highest social burden face the highest school
milk consumption, but only in the free of charge price situ-
ation. More results can be expected when individual ques-
tionnaire response and demand figures are available and
finally analyzed.

More specific findings are expected with the analysis of
the pupils’ sample which enables a merger between in-
dividual demand data with outcomes of individual ques-
tionnaires, thus providing quite precise information on de-

mand reactions and attitudes. Subsequently, results should
be used to develop an amended school milk program to
improve pupils’ nutritional situation. But also regional
school milk supply and demand across whole Germany
should be positively impacted by an enhanced system.
Outcomes should also be used for developing the school
catering in German schools and to derive recommenda-
tions for further school milk policy decisions.
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Milking-time tests in conventional and quarter-individual milking systems
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Abstract

The effect of machine milking on udder health has been
recognized for the past 100 years and many studies have
been conducted in order to show the detrimental effects of
conventional clusters since these systems result in perma-
nent deformation of udders and scarred teat canals. Due
to these unwanted effects of conventional systems (CON),
a new quarter-individual milking system called the Multi-
lactor® (MULTI) (Siliconform GmbH, Turkheim, Germany)
has been developed in the last five years. The objective of
this study was to determine the effects of milk flow on av-
erage liner vacuum during the b- and d-phase of pulsation
in both systems by using the milking-time test defined by
International Dairy Federation (IDF, 1999). Measurements
were conducted in two different milking parlours where
a conventional milking system (CON) and MULTI were in-
stalled separately. The vacuum data during milking were
examined and the milk flow curve was recorded using a
LactoCorder® (WMB, Balgach, Switzerland). It was found
out that, at an average flow rate of approximately 5.0 I/
udder/min, the average vacuum in the liner during the b-
phase was 30.2 kPa in CON and 27.7 kPa in MULTI system
which was not significantly different. In contrast the av-
erage liner vacuum during the d-phase was significantly
different between the systems. It was 28.5 kPa for CON
and 16.3 kPa for MULTI. This big difference is caused by
the Multilactor® using the BioMilker® system (Siliconform
GmbH, Turkheim, Germany) that allows periodic air in-
gress to the pulsation chamber.

It is shown that introduction of periodic air inlet to the
teat cups in quarter individual systems can be useful. The
Multilactor® system offers this combination.

Keywords: Vacuum, quarter-individual milking, milking-
time test, b- and d-phase

*  Leibniz Institute for Agricultural Engineering e. V., Department of Enginee-
ring for Livestock Management, Max-Eyth-Allee 100, 14469 Potsdam, Ger-
many, www.atb-potsdam.de,
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Zusammenfassung

Vakuummessungen unter Melkbedingungen in kon-
ventionellen und viertelindividuellen Melksystemen

Ein Einfluss der Melkmaschine auf die Eutergesundheit
ist schon seit Gber 100 Jahren bekannt. Ein neues viertelin-
dividuelles Melksystem (Multilactor®, Siliconform GmbH,
Turkheim, Germany) wurde in den letzten ftnf Jahren ent-
wickelt, um die nachteiligen Einflusse und Belastungen auf
das Eutergewebe und das Zitzengewebe zu reduzieren.

Das Ziel der vorliegenden Studie war es, den Effekt des
Milchflusses auf den mittleren Vakuumabfall wahrend der
b- und d-Phase bei konventionellen und Einzelschlauch-
melksystemen mit Hilfe von Messungen unter Melkbe-
dingungen (International Dairy Federation IDF, 1999) zu
charakterisieren. Die Untersuchungen wurden in zwei
Tandem-Melkstanden durchgefihrt, in denen ein konven-
tionelles System (CON) und ein viertelindividuelles Melk-
system, der Multilactor® (MULTI) (mit periodischem Luft-
einlass) eingebaut waren. Das Vakuumverhalten wurde
an verschiedenen Punkten im Melkzeug erfasst und die
Milchflusskurven mit Hilfe des LactoCorders® (WMB, Bal-
gach, Switzerland) aufgezeichnet. Es konnte festgestellt
werden, dass bei einem mittleren Milchfluss von ungefahr
5,0 I/min/Euter das mittlere Vakuum an der Zitze wéhrend
der b-Phase 30,2 kPa im CON und 27,7 kPa im MULTI
betrug (n.s.). Das mittlere zitzenendige Vakuum in der d-
Phase hingegen unterschied sich signifikant voneinander.
Es betrug 28,5 kPa fur CON und 16,3 kPa fir MULTI. Der
Grund fur die hohe Vakuumdifferenz zwischen den bei-
den Systemen liegt vermutlich darin begriindet, dass der
Multilactor® Melkbecher mit periodischem Lufteinlass ver-
wendet.

Die Ergebnisse haben gezeigt, dass der periodische Luft-
einlass auch bei viertelindividuellen Systemen eingesetzt
werden kann.

Schlusselwérter: Vakuum, b- und d-Phase, viertelindividu-
elles Melken, Messen unter Melkbedingungen
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Introduction

Since 1851 first tries to understand the mechanical
suckling of calves are documented (Herrmann, 1996).
Alexander Gillies developed in 1903 the two-chambered
teat cup, and in 1927 the first well working milking ma-
chine was presented.

In any kind of milking installation, the main goal is to
harvest the maximum milk from the animal in a short time
without damaging the udder. In this respect, milk yield,
raw milk quality and udder health are the key factors for
all dairy farms. Many studies focused on how to improve
these issues and also to reveal and expand the knowledge
on machine milking and mastitis (Bockisch and Ordolff,
2006). The pulsation rate and ratio affect the impact of
the milking cluster to teat. There are different estimations
for the correct relation between them. Joe and McLean
(1984) chose a ratio of 60 to 65 % and a pulsation rate
of 55 to 60 for their investigations. They concluded that
the proportion of clinical mastitis went down compared
to a ratio of 70:30. Besides pulsation, vacuum also has an
influence to udder health. DIN ISO 5707 (2007) suggests
32 to 42 kPa mean liner vacuum for gentle and efficient
milking of cows. Optimizing these parameters in milking
machines will help to reducing udder health problems.

Nevertheless, vacuum fluctuations especially in the claw
during milking lead to milk moving between teat cups.
Therefore, milking machine modifications, designed to
prevent inter-quarter transfer, should usefully contribute
to mastitis control (Mein et al., 1992).

Thus, quarter-individual milking is in the opinion of von
Baer (1971) as well as Hamann and Tolle (1978) a condi-
tion precedent to stop respray and the spreading of bacte-
ria among the teats. Additionally it is important to realize
that the quarters of the udder are considered to be four
separate compartments (Ipema and Hogewerf, 2008).
When the quarters of the udders are four separate com-
partments, the milking with conventional milking clusters
may cause spreading of the bacteria among the teats. For
this reason quarter individual milking is a solution to pre-
vent this unwanted effect.

Automatic milking system (AMS) approach includes
quarter-individual milking. Many experiments on the effect
on udder health were conducted by different scientists.
Rasmussen et al. (2003), Wirtz et al. (2002) detected an in-
crease in bulk-milk somatic cell count after introduction of
AMS. This shows the necessity of having additional meth-
ods to detect clinically infected cows. Measuring somatic
cell count (SCC) per udder quarter is useful to analyze the
milk composition (Berglund et al., 2007). Hence, a special
attention to use systems with quarter-individual milking in
conventional milking parlours, where the milking person
controls udder health status, should be given to reduce

SCC and udder diseases (Rose et al., 2006). Investigations
of Svennersten-Sjaunja et al. (2000) as well as Hamann
and Reinecke (2002) showed a certain improvement in ud-
der health once an automatic milking system was used.

It is necessary to measure the pressure characteristics in
the milking system to understand the conditions at teat
end. The use of electrical pressure transducers enables
measuring not only the static pressure but also dynamic
pressure with a high frequency.

New test methods were described (Rasmussen et al.,
2003; Reinemann et al., 1996) to measure the vacuum
changes during milking time to conduct test measure-
ments closer to the cow. The International Dairy Federa-
tion (IDF, 1999) recommended different types of perfor-
mance tests:

e Dry test - with machine running but without liquid in
the machine

e Wet tests - with machine running and air and liquid
flowing through the machine and an artificial udder

e Milking-time tests - measurements made while milking
dairy cows.

For milking-time tests it is necessary to use a vacuum
measuring system with an error of less than + 0.6 kPa and
repeatability within £ 0.2 kPa (DIN ISO 6690, 2007). For
milking-time tests in the short milk tube the minimum
sample rate should be 170 Hz and minimum response rate
should be 2500 kPar/s.

In addition the National Mastitis Council (1996) speci-
fies that the vacuum recording system must be capable of
measuring at least 90 % of the true change in vacuum,
without further description of the characteristics of such
an instrument.

Materials and method

Two different types of milking systems, a conventional
and a quarter-individual milking system, were tested in
two similar tandem milking parlours at a German dairy
farm. Both milking parlours with a low level milk line were
equipped with milk meters. The conventional milking clus-
ter (Classic Westfalia 300) manufactured by GEA (Bonen,
Germany) has a claw volume of 300 ml (CON) and was
used as a reference cluster. Alternative pulsation at a rate
of 60 cycles per minute and the ratio of 60:40 was ap-
plied. The system working vacuum level was set to 42 kPa.

The MultiLactor'® (Siliconform GmbH, Turkheim, Ger-
many) (MULTI) is a quarter- individual milking system that
can be used in a conventional milking parlour. The length
of the long milk tubes and the inside diameter are 2100
and 10 mm, respectively. The pulsation rate and the ratios

' Mention of trademark or company name does not imply the endorsement of
this product by the authors.
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were adjusted to the same levels as in the conventional
milking parlour. The system working vacuum level was set
to 39.5 kPa. The system allows periodic air ingress to the
pulsation chamber as in the Bio-Milker® system (Hoefel-
mayr et al., 1979) and uses silicon liners. This system has
a different concept in terms of pulsation - sequential pul-
sation. Pulsation starts in each liner individually with suc-
cessive teat cups being 25 % out of phase. This system
provides a better distribution of the milk, when it arrives in
the long milk tube. This unit is completely different from
conventional units as four tubes join to one long milk
tubes by a series of three Y-pieces.

Vacuum measurements were conducted using the milk-
ing-time test with two groups of Friesian Cows (six cows/
group) in the afternoon milking time (IDF, 1999). Vacuum
was measured using a Bovi Press measuring system (A &
R Trading GmbH, Echem, Germany) with a sampling rate
greater than 300 Hz and measuring accuracy of + 0.1 kPa.
The vacuum was recorded across the whole milking pro-
cess at the teat end, in the pulsation chamber, in the claw
and in the main vacuum line, simultaneously. The sensors
were connected with T-pieces. From the data recorded,
the average vacuum for the full pulse cycle, the average
vacuum in the b-phase and the average vacuum in the
d-phase were calculated according to the formulae pre-
sented in DIN ISO 6690 (2007).

The milk flow curve was recorded with LactoCorder® to
determine the properties during milking and to calculate
the vacuum at the teat end for specific milk flow.

Statistical Analyses

The determination of pulsation phases was made using a
customised SAS macro based on the guidelines presented
in 1ISO 5707 and 6690 (2007).

Evaluation of vacuum reduction was made by the use
of parametric tests based on a linear model. The collected
data of the MultiLactor® were compared with the vacuum
data obtained in the conventional system. The data were
analyzed with the statistic software SAS 9.2 TS Level 2MO.
For the calculations of mean values the MEANS procedure
was used, while the linear model was formulated with the
MIXED procedure. Graphs were made with the GPLOT
procedure.

The model equation was assumed as

Vi =Ht Ay +:8xjk e

with
u - general mean,
Vi - random variable vacuum reduction [N(y; 62 )],
a. - (fixed) effect of i-th level of factor milking

ijk
system ,

B - (fixed) effect of covariate x (flow rate),
e - independent residual [N(O; ¢2)],

each for front left and rear right quarter j=(1, 2) and
repetition k=(1,2,3). The estimated effects were used to
calculate the vacuum reduction for selected milk flows
(2.0 and 5.0 | per min/udder).

Results and discussion

Figure 1 shows the results of the milking-time tests in
the two different milking systems at flow rates ranging
between 0 and 5 I/min. For both systems the teat end
vacuum decreased with increasing flow, but the mean
vacuum reductions for MULTI were greater than for CON
(significance level a < 0.05). Mean vacuum values indicate
the averages of the b- and d-phase values. Thus, these
systems have to be compared in terms of the differences
in b- and d-phases.

257

Vacuum reduction (kPa)

A-A-A- Teat end MULTI -©-@-® Teatend CON

0 1 2 3 4 5 6 7
Flow (I/min)

Figure 1:

Mean vacuum reduction at the teat end of CON and MULTI at diffe-
rent flow rates

Figure 2 shows the differences in mean vacuum at the
teat end in b- and d-phases at different flow rates. The
reductions in vacuum in the b- and d-phases have a similar
slope for CON while the differences for the MULTI are con-
siderably large. The mean vacuum in d-phase decreases
dramatically in MULTI as the flow rate increases. This can-
not be attributed to the differences in operating vacuum
levels (42 kPa for CON and 39.5 kPa for MULTI). Table 1
and 2 show significant differences in average vacuum re-
duction and significant differences between MULTI and
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CON for vacuum reduction in the d-phase (significance
level a < 0.05). The intercept p was significantly different
from zero. The estimate has a value of 3.63.
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Figure 2:

Vacuum reduction at the teat end for b- and d-phase in CON and
MULTI at different flow rates.

Mean vacuum values show the averages of the b- and
d-phase values. In addition the wet-test measurements in
the same parlour with simulated milking showed nearly
the same mean vacuum level at teat end in artificial teats.

Table 1:

Tests of fixed effects of milking system (a), milk flow (8) for b-, d-
phase and mean vacuum at teat end.

Phase of pulse Effect NumDF DenDF F-Value Pr> |t
cycle

b-phase o 1 123 2.32 0.1305
B 1 123 230.71 <.0001
d-phase a, 1 123 212.46 <.0001
B 1 123 109.15 <.0001
mean vacuum o 1 123 90.75 <.0001
B 1 123 217.08 <.0001

Table 2:

Differences of least square means of vacuum reduction at teat end for
Multilactor (MULTI) and conventional milking system (CON)

Phase of Milking Esti- Standard  tValue Pr>|t|
pulse cycle system mate Error

b-phase MULTI-CON 0.48 0.31 1.52  0.1305
d-phase MULTI-CON  -9.1939 0.63 -14.58 <.0001
mean vacuum  MULTI-CON  -3.43 0.36 -9.53 <.0001

At a flow rate of 2.0 I/min during milking the mean liner
vacuum level at teat end during the b-phase of pulsation
was estimated as 34.8 kPa for CON and as 32.3 kPa for
MULTI. The mean liner vacuum during the d-phase at the
same flow rate was 34.8 kPa for CON and 22.6 kPa for
MULTI.  On the other hand at a flow rate of 5.0 I/min
during milking the mean liner vacuum level at teat end
during the b-phase of pulsation was estimated as 30.2 kPa
for conventional milking unit (CON) and as 27.7 kPa for
single tube system (MULTI). The mean liner vacuum dur-
ing the d-phase at the same flow rate was 28.5 kPa for
CON and 16.3 kPa for MULTI. The much lower vacuum
in the d-phase is as expected since the MULTI has peri-
odic air ingress to the pulsation chamber. Worstorff et al.
(1983) asserted that periodic air ingress led to better liner
collapse during the d-phase with a substantial improve-
ment (reduction) in teat hardness, teat end lesions and
cell count. Hamann et al. (2001) showed that a positive
pressure system resulted in smaller teat end diameters and
less teat thickness compared to a conventional system. In
contrast to other studies, the MultiLactor® with single teat
cups has a low vacuum loss at the teat end. Preliminary
studies showed that the MultiLactor® and the BioMilker®
with long milk tubes have a significantly smaller vacuum
decrease than the other investigated systems (Oz et al.,
2010). Still, the presented results do not correspond well to
other studies which showed higher vacuum loss at the teat
end in the b-phase with the single teat cups in comparison
to conventional system (O'Callaghan and Berry, 2008). But
all other studies did not use clusters with periodic air in-
let. Nevertheless, the presented results as compared to the
preceding studies that used AMS and conventional milk-
ing systems (Rose et al., 2008) correspond well with other
studies in which high fluctuations and stability problems
with vacuum in the conventional system with long milk
tubes were observed (Rasmussen et al., 2006). Addition-
ally Hillerton (1997) found out that the teat-end vacuum
levels or levels of vacuum loss during milk flow may differ,
although vacuum levels at the milk receiver and pulsator
settings in automatic milking systems are similar to con-
ventional milking systems. Correspondingly, Rasmussen
and Bjerring (2002) found out that vacuum fluctuations
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at the teat end are larger in AMS than in conventional
milking systems. In conclusion of these aspects, MULTI can
have advantages in comparison to AMS like periodical air
inlet to pulsation chamber, lower vacuum loss at the teat
end during b-phase and better massage effect during d-
phase. However, future studies can show if it is useful to
introduce periodical air inlet to the other quarter individual
milking systems, especially automatic milking systems.

Conclusions

For both conventional and quarter-individual systems
the teat end vacuum decreased with increasing milk flow.
The vacuum in the b-phase for both systems is probably
normal since the system working pressures were similar.
The reduction of the mean vacuum level in the d-phase as
the flow rate increases must provide an effective massage
on the teat. The effects of this combination, lower vacuum
loss in b phase and better massage effect in d-phase, could
be considered as an advantage of MULTI system and may-
be for other systems with long “short milk tubes”. Further
research is needed to determine the effects of quarter in-
dividual milking system on the milking characteristics of
the cows and their udder health in conventional parlour.
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Flitterung und Haltung von Hochleistungskiihen

5. Hochleistungskiihe und Klimawandel

Klaus Walter* and Franz-Josef Lépmeier**

Zusammenfassung

Hochleistungskihe sind schon heute vor Klimastress zu
schitzen. Da die Klimatologen einen auf lange Sicht an-
haltenden Anstieg der Temperaturen vorhersagen, wird
dessen Bedeutung fur die Milchviehhaltung analysiert.

Die Leistungsminderung sowie Reduzierung der Futter-
aufnahme der Kuh wird mittels des ,,temperature humidi-
ty index” (THI) bemessen. Daher sind die 10 meistgenann-
ten THI in das Simulationsprogramm ,Milchproduktion
der Zukunft” ebenso wie die umfassenderen Ansatze von
West et al. (2003) und St-Pierre et al. (2003) integriert. In
Verbindung mit den tatsdchlichen Wetterdaten, aber auch
den Temperatur- und Luftfeuchtewerten der Klimaprojek-
tionsmodelle (CLM, ReMo, Star und WetReg), lassen sich
fur die vergangenen 50 Jahre geringe und fur die kom-
menden 50 bzw. 100 Jahre splrbare EinbuBen bei der
Milchleistung und der Futteraufnahme sowie beim mone-
taren ErfolgsmaBstab ,Einnahmen aus Milch minus Fut-
terkosten” nachweisen. Diese Verluste fallen je nach THI
unterschiedlich hoch aus.

Die vergleichsweise hohen Unterschiede zwischen den
Standorten Bremerhaven, Hannover, Augsburg und Cott-
bus erhéhen den Wettbewerbsvorteil der milderen kisten-
nahen Regionen.

Sollten sich die Klimaprojektionen als zutreffend erwei-
sen, entwickelt sich der Hitzestress zu einem zusatzlichen
Hindernis fur die Milchviehhaltung.

Schlagworte: Klimastress, Temperature Humidity Index,
Milchproduktion, Standortvorteil

* Johann Heinrich von Thinen-Institut (vTl), Institut far Agrartechnologie und
Biosystemtechnik, Bundesallee 50, 38116 Braunschweig; klaus.walter@vti.
bund.de

** Deutscher Wetterdienst, Zentrum fur Agrarmeteorologische Forschung,
Bundesallee 50, 38116 Braunschweig

Summary

The feeding and husbandry of high performance
cows
Part 5. High performance cows and climate changes

High performance cows must now be protected against
climate stress. Since climatologists predict a continuing in-
crease in temperatures over the long term, the significance
of this increase is analyzed for dairy cow husbandry.

The reduction in performance as well as the feed intake
of the cow is measured on the basis of the “temperature
humidity index” (THI). The ten most frequently named
THI are integrated in the simulation program “Milk Pro-
duction in the Future”, as well as the more comprehen-
sive approaches by West et al. (2003) and St-Pierre et al.
(2003). Actual weather data, temperature and humidity
values from the climate projection models (CLM, ReMo,
Star and WetReg), show slight losses in milk performance
and feed intake for the past fifty years, and tangible losses
in performance, intake and financial success as measured
in “Income from Milk minus Feed Costs” for the coming
50 to 100 years. These losses vary according to the THI
considered.

The comparably high differences between the Bremer-
haven, Hannover, Augsburg and Cottbus sites increase the
competitive advantage of the mild coastal regions.

Should the climate projects prove to be true, the heat
stress develops as an additional obstacle for dairy cattle
husbandry.

Keywords: Heat stress, temperature humidity index, dairy
cattle, regional competitive advantage



18

1 Einleitung und Ziele

Nach Schatzungen des Intergovernmental Panel on Cli-
mate Change (IPCC, 2007) werden steigende Tempera-
turen von der weltweiten natirlichen und anthropogenen
Treibhausgasproduktion ausgel6st, langere Hitze-, Regen-
und Trockenperioden die landwirtschaftliche Produktion
pragen. Ansteigende Temperaturen kénnten die Milch-
produktion indirekt durch veranderte Futterqualitaten und
zeitweise eingeschrankte Futterverfigbarkeit belasten.

Fur die Bewertung der Zutraglichkeit von klimatischen
Bedingungen wird der ,Temperature Humidity Index”
(THI) eingesetzt. Die unterschiedlichen Ansatze zur Bemes-
sung des THI werden in Verbindung mit den von Klima-
tologen erwarteten Veranderungen des Klimas analysiert.

Zunachst werden alle Funktionen zur Berechnung des THI
fir heutige und zuklnftig erwartete Klimabedingungen
vergleichend nebeneinander gestellt und die von einigen
Autoren genannten Minderungen der Milchleistung und
der Futteraufnahme kalkuliert.

Eine Bewertung des Hitzestresses mittels THI wird vor-
rangig genutzt, um herdenbezogene Resultate zu erzielen.
Daneben gibt es Ansatze, die anhand von Gewicht, Kondi-
tion, Leistung, Trachtigkeit, Rasse etc. den tierspezifischen
Energie- und Nahrstoffbedarf bestimmen und daraus die
individuelle Warmeentwicklung ableiten, um unter Be-
rlicksichtigung des umgebenden Klimas die abzugebende
Warme zu ermitteln.

Tabelle 1:
Ansdtze zur Berechnung des , Temperature Humidity Index” (THI)

2 Literatur und Lésungsansatz

In vielen Landern fuhren periodisch oder ganzjahrig
hohe Temperaturen und Luftfeuchten zu Belastungen fur
Haus- und Nutztiere. Unter hiesigen Bedingungen stellen
die klimatischen Rahmenbedingungen nur an wenigen Ta-
gen oder Wochen ein Hemmnis fir die Milchproduktion
dar, nicht zuletzt weil die Monate Juli und August zwar die
hoéchsten Temperaturen aufweisen, gleichzeitig aber fur
die meisten Kihe das Ende der Laktation bedeuten. Stei-
gen jedoch im Zuge des Klimawandels die Temperaturen
und der Milchmarkt erwartet ein kontinuierliches Ange-
bot, dann werden die Milchproduzenten statt saisonaler
eine kontinuierliche Abkalbung anstreben und dem Pro-
blem der Beeintrachtigung der Leistung mehr Aufmerk-
samkeit widmen (muUssen).

In diesem Beitrag werden keine Ergebnisse aus Ver-
suchen sowie betrieblichen Erhebungen etc. mit Klima-
daten abgeglichen, sondern fir ausgewahlte Standorte in
Deutschland die am haufigsten genannten THI berechnet
und einander gegeniibergestellt. Dabei werden die Klima-
daten variiert, um eine Vorstellung Uber den Einfluss des
vom IPCC (2007) erwarteten Temperaturanstieges auf die
Milchproduktion zu gewinnen.

2.1 Literatur

Bohmanova et al. (2007) und Dikmen et al. (2009) ver-
gleichen einige der in Tabelle 1 aufgelisteten Schatzformeln

Autor Jahr Formel zur Berechnung des THI

Thom 1959 THL, =[04 (T, +T )] 1,8+32+15

Bianca 1962 TH,=(0,15-T, +0,85-T,) 1,8 + 32

Bianca 1962 TH,=(0,35-T, +0,65-T,) 18+32

NRC 1971 THI, =(T, +T,) 072 +40,6

NRC 1971 THI,=(0,55-T, +0,2 .po), 1,8 +49,5

NRC 1971 THI, = (1,8 - T, +32)-(0,55-0,0055-RH) - (1,8 - T, - 26)
Youssef 1985 TH, =T, +0,36 - po +41,2

Ravagnolo und Misztal' 2000 THI, = 0,8 - (T, + 32) - (0,55 - 0,0055 - RH, ) - (T, . - 26)
Mader et al. 1999 THI, = 0,8 - T, + [(RH/100) - (T, - 14,4)] + 46,4

Robinson 2006 THI,,=(@49+0.75-T, +0.2-RH -0.65+(@49+0.75-T, +0.2-RH, ) 035
Ty = Trockentemperatur (dry bulb temperature)

T = Taupunkttemperatur (dew point temperature)

Too = Feuchttemperatur (wet bulb temperature)

Ty = Maximum der Tagestemperatur

M = Minimum der Tagestemperatur

RH = relative Feuchte (%)

RH,e = relative Feuchte (%) zum Zeitpunkt des Maximum der Tagestemperatur

RH, = relative Feuchte (%) zum Zeitpunkt des Minimum der Tagestemperatur

THI,, THI,, THI, wurden zunachst fir Menschen konzipiert (Bohmanova et al., 2007)

! Ravagnolo und Misztal nennen zusétzlich einen auf den minimalen Temperaturen basierten Ansatz THIMin, = 0,8 - (T, + 32) - (0,55 - 0,0055 - RH,, ) - (T,

Dieser THI bleibt hier unbertcksichtigt.

- 26).

Min
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zur Berechnung des THI, um deren Eignung zur Bestim-
mung der regionalen Belastung von Milchkihen zu evalu-
ieren. Dikmen et al. (2009) gelangen zu dem Schluss, dass
die Trockentemperatur dem THI nahezu gleich kommt,
wenn die Rektaltemperatur von laktierenden Milchkihen
der Rasse HF unter subtropischen Bedingungen geschatzt
werden soll.
Bohmanova et al. (2007) fihren aus, dass den THI spe-
zifische Schwellenwerte zuzuordnen sind und dass in
feuchteren Klimaten die Indices mit hoherer Gewichtung der
Luftfeuchte sowie in arideren Klimazonen ein THI mit star-
kerem Einfluss der Trockentemperatur zu bevorzugen sind.
West et al. (2003) testen den ,time lag” zwischen
hohen Temperaturen bzw. THI und der Leistungs- und
Futteraufnahmedepression. Im Vergleich zu zeitgleicher
Betrachtung fUhren zwei und auch drei Tage Zeitverzug
zu geringflgig besseren statistischen PrifmaBen bei der
Erkldrung des Rickganges von Leistung und Futterauf-
nahme. Weiterhin ergeben sich fur die Milchkthe der
Rasse Jersey bei steigenden Temperaturen geringere Lei-
stungseinbuBen als bei den Holstein-Frisian, deren Tages-
leistungen im Versuch um sechs kg Milch hoher liegen.
Bohmanova et al. (2007) und Dikmen et al. (2009) stit-
zen ihre Arbeiten auf eine Vielzahl von Studien, die fur
diesen Themenkomplex zusdtzliche Aspekte und Details
liefern.
Die Ausflhrungen von West et al. (2003) zeigen Uber
ldngere Zeitraume einheitliche Temperaturen und Luft-
feuchten wie sie in (semi)ariden und tropischen Klimaten
anzutreffen sind. Deutschland erlebt dagegen haufige
Wetterwechsel, die auch bei den verschiedenen Szenarien
des Klimawandels die Regel darstellen.
In Tabelle 1 werden die am haufigsten zitierten Ansatze
zur Berechnung des THI aufgelistet und bei allen Modell-
rechnungen kalkuliert.
Abbildung 1 zeigt die Tageswerte der in Tabelle 1 aufge-
listeten THI far den Standort Braunschweig und das Kalen-
derjahr 2003. Aus den Klimadaten werden Trocken- und
Feuchttemperatur, sowie Taupunkt mittels der vom DWD
(1997) herausgegebenen Unterlagen errechnet, in die
Funktionen eingesetzt und grafisch dargestellt.
Die Graphen in Abbildung 1 machen deutlich, dass
e in den kuhleren Zeitrdumen (Winter, Frihjahr und
Spatherbst) groBe Unterschiede? bestehen und

¢ Dbei hohen Temperaturen und Luftfeuchten erkennbare
Differenzen zwischen den einzelnen THI zu verzeich-
nen sind.

2 Diese Unterschiede sind jedoch unbedeutend, weil erst oberhalb eines THI
von 70 bis 72 ein negativer Einfluss auf die Leistungsbereitschaft zu erwar-
ten ist (siehe Tabelle 2).

Es ist zu berilcksichtigen, dass die in Tabelle 1 genann-
ten Autoren von jeweils eigenen Schwellenwerten aus-
gehen und dariiber hinaus die THI Werte unterschiedlich
wichten. Fir den Standort Braunschweig gab es im Jahr
2003 eine Reihe von Tagen mit einem THI Gber 70, verein-
zelt sogar Uber 80, an denen ein deutlicher Hitzestress bei
laktierenden Kuhen auftrat.

Alle hier zitierten Versuche beziehen sich auf Durch-
schnittsleistungen von Gber 25 kg Milch je Kuh und Tag.
Bei geringeren Leistungen werden héhere Schwellenwerte
und geringere Depressionen unterstellt. Fir Trockensteher
treffen die temperaturunempfindlicheren Vorgaben der
Mastrinder zu, das lasst sich aus den einzeltierbezogenen
Energie- und Warmebilanzmodellen des NRC (2001) und
von Paul (1990) ableiten.

Abbildung 1 zeigt, dass der Schwellenwert von 70 bis
72 THI Punkten in den ersten vier und den letzten zwei
Monaten des Jahres sporadisch und nur von THI, Uber-
schritten wird. Einige THI k&nnen rein rechnerisch wegen
der hohen Konstante von Uber 40 und der positiven Bezie-
hung zu den verschiedenen temperaturabhdngigen Kenn-
zahlen nur bei ganztdgig starkem Frost unter 50 bis 60
Punkte absinken.

In Abbildung 2 werden ebenfalls fir 2003 die THI von
Emden und Kempten gegenlbergestellt. Der kistennahe
Standort Emden weist kurzzeitig Anfang Juni und Mitte
Juli und far 10 Tage im August THI Werte von Gber 80 auf.
Der Standort Kempten im Allgau erreicht dieses Niveau
fast durchgéngig von der zweiten Juniwoche bis Ende Au-
gust. Die THI von Braunschweig (Abbildung 1) liegen zwar
Uber denen aus Emden, fallen aber deutlich glinstiger aus
als die im Allgdu. Neben den groBraumigen Differenzen
ergeben sich fur den Einzelbetrieb zusatzliche Vor- oder
Nachteile durch eine geschitzte bzw. exponierte Lage. Bei
Sommerstallhaltung kénnen die stallspezifischen Tempe-
ratur- und Luftfeuchtewerte zu Abweichungen von den
Klimadaten der Wetterstation fuhren.



Dez.

20

——— NRC THIg NRC THIg

NRC THI,

Thom THI,

——— Youssef THI,

Robinson THI,,

—— Bianca THI, —— Bianca THI; - - -Ravagnolo THI; — — — Mader THI,

100

WA
A

xapul Aypiwny ainjeladway

20

100
80

60
0

xapul Ajpiwny ainjesadway

Feb. Marz April Mai Juni Juli Aug. Sept. Okt. Nov.

Jan.

Abbildung 1:

Tageswerte der in Tabelle 1 aufgelisteten THI fur den Standort Braunschweig 2003
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2.2 Bedeutung von Luftfeuchte und Temperatur

Die in den Abbildungen 1 und 2 dargestellten THI Gra-
phen vermitteln nur schwer ihr Beziehungsgeflge, weil
tatsachliche Klimadaten zu Grunde liegen. Daher werden
die Temperatur und die Luftfeuchte systematisch variiert
und die zugehdrigen THI berechnet (Abbildung 3).

Abbildung 3 enthalt 10 Teilgrafiken, in denen fir jeden
in Tabelle 1 genannten Ansatz zur Bestimmung des THI die
Temperatur von 10 °C auf 45 °C gesteigert wird. Alterna-
tiv wird unterstellt, dass die Differenz zwischen dem Maxi-
mum und dem Minimum der Tagestemperatur 10 °C und
30 °C betragt, um die Bedeutung der Abklhlung in der
Nacht zu bestimmen. Zusatzlich werden die Luftfeuchten
im Maximum und Minimum der Tagestemperatur mit
50 % und 80 % sowie 90 % und 100 % angesetzt.

Alle THI Graphen steigen mit der Temperatur. Eine groBe
Differenz zwischen maximaler und minimaler Temperatur
mindert bei gleichen Tageshdchstwerten den THI. Nur
beim THI, , (Robinson, 2006) fihrt eine hdhere Luftfeuch-
te grundséatzlich zu einem hoéheren THI. Bei den anderen
Bewertungen von Hitzestress mittels THI ist dieser Zusam-
menhang uneinheitlich.

Die Graphen der THI, (Ravagnolo und Misztal, 2000)
und THL, (Robinson, 2006) steigen linear mit der Tem-
peratur. Alle Ubrigen THI Schatzfunktionen weisen eine
groBere Steigung auf und wachsen zum Teil sogar Uber-
proportional mit der Temperatur. Bei einem THI von Uber

70 Punkten wird Hitzestress unterstellt (Tabelle 2). Dieser
Grenzwert wird bei nahezu allen Ansatzen im Bereich von
25 °C bis 30 °C Uberschritten. Nur beim THI,  beginnt
der kritische Bereich schon ab 20 °C, weil sich Robinson
(2006) auf Herden konzentriert, deren Jahresleistungen
deutlich Gber 12.000 kg Milch anzusetzen sind.

Das Simulationsprogramm kalkuliert jeden der 10 An-
satze zur Bestimmung des THI, die Ergebnisse werden im
Folgenden jedoch nicht immer detailliert diskutiert. Abbil-
dung 3 verdeutlicht die groBen Differenzen zwischen den
in Tabelle 1 aufgelisteten Ansatzen zur Bestimmung des
THI und den von den Autoren abgeleiteten Belastungen
der Tiere.

2.3 THI und Leistung sowie Futteraufnahme

In Tabelle 2 werden einige qualitative Bewertungen der
Befindlichkeit und Leistungsbeeinflussungen durch Klima
anhand der THI genannt. Der Schwellenwert fir den Be-
ginn des Klimastresses sowie die Einteilung in Belastungs-
bereiche ist nicht einheitlich. Diese unterschiedliche Be-
wertung hat mehrere Ursachen:

¢ Das Leistungsniveau der Versuchstiere variiert zwischen
20 bis 30 kg Milch je Kuh und Tag, dem entsprechend
unterscheidet sich der leistungsbedingte innere War-
meanfall.



22

1201 Thom THI, / Bianca THI, / Bianca THI, Y.
100 . // //
q /
I 80 AT 4 / A
o ~ a
60 / = / , /
40
1201 NRC THI, S NRC THI, /. NRC THIg )
/ / i
100 / / Va /
= A . )
z 80 / // 4 / A
yes % ” ‘ <
60 / / // d
40
120] voussef THI, Mader THIg Ravagnolo THIg
100 o /,/
T 80 . ¢ -
= As ’/'
40 + ‘
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
maximale Tagestemperatur (°C) maximale Tagestemperatur (°C) maximale Tagestemperatur (°C)
120 [ Robinson THI,, Temperaturdifferenz zwischen Relative Feuchte zum Zeitpunkt des
Maximum der Tagestemperatur und Maximum der Minimum der
100 Minimum der Tagestemperatur Tagestemperatur ~ Tagestemperatur
- — 10°C 80 % 50 %
_ PR --- 10°C 100 % 90 %
E 80— 30°C 80 % 50 %
| 30 °C 100 % 90 %
60
40
10 20 30 40 50
Abbildung 3:

THI bei systematischer Variation von Temperatur- und Luftfeuchte



K. Walter, F-J. L6pmeier / Landbautforschung - vTl Agriculture and Forestry Research 1 2010 (60)17-34

Tabelle 2:

Beziehung zwischen THI und Befindlichkeit

23

Autor THI  Schwellenwert Belastungsbereich
Armstrong THI, geringer Stress moderater Stress erheblicher Stress
)
= 71 72-79 80 -89 90 ++
Huhnke THI, Gefahrenbereich kritischer Bereich
ALY 79-83 84 ++
Thom THI, wenig Komfort kein Komfort erheblicher Stress
(esE) ) 69 70-74 75-79 80 ++
West et al. THI, Futteraufnahme -+ Milchleistungsdepression
(20T 70 71-81
Hutjens THI, belastend extrem belastend
2 70 75-78 79 ++
Bohmanova etal.  THI, Hitzestress
e 72 73 ++
Holter et al. THI, Futteraufnahmedepression Futteraufnahme -+ Milchleistungsdepression
)
(Ege)e 70 71-73 74 ++
" zitiert nach: Bohmanova et al. (2007)
2 zitiert nach: West et al (2003)
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Kalkulatorische Minderung der Milchleistung fur unterschiedliche THI bei 0,2 kg Abschlag je THI Punkt oberhalb des Schwellenwertes von 70,
errechnet fir Braunschweig und den Zeitraum von 1961 bis 2009
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e Hutjens (2007) gibt Empfehlungen fur Milchprodu-
zenten und hat dabei Hdéchstleistungen als Zielvor-
gabe. Das bedeutet Tagesleistungen von Uber 50 kg
Milch und damit extrem viel , Prozesswarme”, die das
Tier an die Umgebung abgeben muss.

e Die Bewertungen basieren auf Versuchsergebnissen
mit unterschiedlicher Dauer. Was zu Abweichungen
fuhren muss, wenn sich die von St-Pierre et al. (2003)
einbezogene Kumulation der Hitzebelastung aus dem
Vormonat als stichhaltig erweist.

¢ Die Bewertungen stltzen sich auf Experimente und
Erfahrungen mit Rassen, deren genetische Hitzeanpas-
sung unterschiedlich sein kann.

In Abbildung 4 wird die Minderung der Milchleistung
durch Hitzestress abgebildet. Dabei wird oberhalb des
Schwellenwertes von 70 THI Punkten ein Abschlag von
0,2 kg Milch je THI Punkt vorgenommen (Bohmanova et
al., 2007). Es ergeben sich Leistungsminderungen von
50 bis 100 kg Milch am Beginn des Untersuchungszeit-
raumes, die dagegen 100 bis 150 kg Milch je Kuh und Jahr
betrigen, wenn die ungunstigsten Schatzer (Thom, Ro-
binson) zu Grunde gelegt wiirden. Die Bewertungen von
Youssef (1985) und Mader et al. (1999) fihren dagegen
zu LeistungseinbuBen von maximal 30 kg Milch im ver-
gleichsweise ,heiBen” Jahr 2003. Bei Herdenleistungen
von 5.000 bis 7.000 (1960 bis 1970) ansteigend auf 8.000
bis 9.000 (2000 bis 2008) sind das geringe Verluste. Die
mit Krankheiten, Engpassen bei der Futterversorgung oder
auch zu geringen Grundfutterqualitdten verbundenen Ein-
buBen erreichen dagegen ungleich hohere AusmaBe.

Alle Autoren berichten Ubereinstimmend von Minde-
rungen der taglichen Futteraufnahmen. Diese werden als
erste grobe Annaherung mit etwa 0,1 kg Trockenmasse
(TM) je THI Punkt angegeben. Das flhrt zusammen mit
der Leistungsminderung zu veradnderten Aufwands- und
Ertragsrelationen, die eine Beriicksichtigung der Fitterung
und der Differenz aus Einnahmen fir Milch und Futterko-
sten erforderlich machen.

2.4 Der Ansatz von West et al. (2003)

West et al. (2003) schatzen Leistungsdepression und
Minderung der Futteraufnahme in Abhangigkeit vom THI
(Tabelle 3). Diese Funktionen werden in das Simulations-
programm , Milchproduktion der Zukunft” (Walter, 2008)
Ubernommen und stehen damit ebenso wie der nachfol-
gend genannte Ansatz von St-Pierre et al. (2003) flr wei-
tergehende Kalkulationen zur Verfligung.

Tabelle 3:

Beziehung zwischen Klima und Kennzahlen der Milchproduktion
nach West et al. (2003)

Kennzahl  Rasse Formel zur Berechnung

Holstein Frisian =29,56°- 0,85 - (T,- 0,5 (T, +T.,))

DMI
Jersey =29,15-0,88 - (T,-0,5- (T, +T,)
o Holstein Frisian = 29,15 - 0,85 - (THI, - 0,5 - (THI, + THI, ,))
Mi
Jersey =23,10-0,60 - (THI - 0,5 - (THI, + THI,,))
DMI Futteraufnahme (kg TM)
Milk Tagesleistung (kg Milch)
0,5 (T, +T,) Mittel der Temperatur der beiden Vortage

0,5 (THI_, + THI_,) Mittel des THI der beiden Vortage

2.5 Der Ansatz von St-Pierre et al. (2003)

St-Pierre et al. (2003) legen ein Konzept zur Schatzung
der 6konomischen Verluste durch Hitzestress in der ameri-
kanischen kommerziellen Tierhaltung vor. Fir alle Sparten
der Veredlung werden die Beziehungen zwischen Klima
und Leistungsparametern (Tagesleistung, Gewichtszu-
wachs, Reproduktionsleistung, Mortalitat etc.) quantifi-
ziert und in eine 6konomische Analyse Uberfuhrt, die es
ermdglicht, die wirtschaftlichen Verluste zu evaluieren. Die
von St-Pierre et al. (2003) entwickelten Beziehungen fur
die Milchproduktion werden in Tabelle 4 wiedergegeben.

Tabelle 4:

Beziehung zwischen Klima und Kennzahlen der Milchproduktion
nach St-Pierre et al. (2003)

Kennzahl  Formel zur Berechnung

DMI,, 0,0345 - (THI,,,, - THI, oo - (THIUTHI, )
Milk,,,, 0,0695 - (THI,,, - THI, oo - (THUTHI, )
PR 0,20 - 0,0009 - THI,__,,.

DO 35,7 - (184,5 - PR) + (29,38 - PR?) - 128,8

Loss
CullRate 100-102,7 - (1-1,101 - exp(10,19 - PR))
Deathrate 0,000855 - exp(0,00981 - THI
THI o siehe St-Pierre et al. (2003), Figure 1

THI siehe St-Pierre et al. (2003), Appendix

Duration

ez

THI o Monatsdurchschnitt des THILoad

L1 S 70 fur Milchkuhe, siehe St-Pierre et al. (2003), table 1
DM, Reduzierung der Futteraufnahme

Milk . Reduzierung der Tagesleistung

PR Veranderung des Anteils trachtiger Kihe

CullRate Veranderung der Remontierungsrate

Deathrate Veranderung der Todesrate

3 In der Abbildung 2, S. 239, nennen West et al. (2003) die Konstante 19,56.
Grafik und erganzende Kalkulationen machen jedoch deutlich, dass hier von
29,56 auszugehen ist.
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2.6 Vorgehensweise und Kalkulationskonzept

Alle Berechnungen werden mit dem Simulationsprogramm
.Milchproduktion der Zukunft” (Walter, 2008) durchgefuhrt,
das die wichtigsten produktionstechnischen Zusammenhéan-
ge bertcksichtigt und fir diese Analyse um die in den Tabel-
len 1 bis 4 genannten Bewertungsansdtze sowie Klimadaten
und Klimaprojektionen erweitert worden ist.

Es wird das Konzept der , guten fachlichen Praxis” un-
terstellt; die Kithe sind nicht der direkten Sonneneinstrah-
lung ausgesetzt, ihnen wird ausreichend Schatten und
Platz angeboten, so dass die Luft zwischen den Tieren zir-
kulieren kann.

Die landwirtschaftliche Produktion ist untrennbar und
vielschichtig mit dem Wetter verflochten, was letztlich zu
einem nicht kalkulierbaren Komplex fuhrt, wenn alle Inter-
dependenzen berlcksichtigt werden sollen. Diese Analyse
des eng begrenzten Ausschnittes Milchproduktion ist stets
unter dieser Pramisse zu sehen.

Fur alle Berechnungen wird unterstellt, dass mit Aus-
nahme des Klimas alle produktionstechnischen und &ko-
nomischen Daten denen des Jahres 2005 entsprechen. Die
jingere Vergangenheit ist durch extreme Schwankungen
der landwirtschaftlichen Produktpreise gepragt, die lang-
fristig nicht zu erwarten sind.

Im ersten Schritt wird der direkte Einfluss von Tempe-
ratur und Luftfeuchte auf die Milchproduktion kalkuliert
und bewertet. Diese Vorgehensweise reflektiert zum einen
die Versuchsanstellungen, in denen ebenfalls die Konstanz
der Gbrigen Parameter angestrebt wurde, und sie ermog-
licht zum anderen die Isolierung des Klimaeffektes. Die
Bedeutung des Klimawandels fir die eng mit der Milch-
viehhaltung verknUpfte Futterproduktion wird zunachst
zurUckgestellt und soll erst spater einbezogen werden.

Alternativen, wie Klimatisierung der Stalle, Anpassung
von Kalbeterminen, Begrenzung der Leistungen, ange-
passte FUtterung aber auch Einkreuzung hitzeresistenter
Rassen etc. werden hier nicht kalkuliert, sie bieten jedoch
eine Vielzahl von Ansatzen, um trotz Hitzestress eine er-
folgreiche Milchproduktion zu erreichen.

In vielen Landern mit hohen Spitzen- und Durchschnitts-
temperaturen gibt es hitzeresistentere Lokalrassen, die
allerdings geringere Leistungen erzielen. Da die Wirt-
schaftlichkeit an das Leistungsniveau gekoppelt ist, wird
versucht Hochleistungsrassen einzukreuzen oder deren
Anforderungen an eine Klimatisierung zu erfullen.

2.7 Klimadaten und Klimaprojektionen

Die Abbildungen 1 bis 4 basieren auf den Originaldaten
des Deutschen Wetterdienstes (DWD), die wie auch die
Daten der Klimaprojektionsmodelle (CLM, ReMo, Star und
WetReg), im Internet zur Verfligung stehen.

Walkenhorst und Stock (2009) bieten eine Lese- und In-
terpretationshilfe fir das Konzept der Klimaprojektionen:
Ausgehend von einem globalen Klimamodell*, das die
naturlichen und anthropogenen Einflisse (Treibhausgase,
Aerosole, Landnutzungsénderung etc.) modelliert, wer-
den regionale Klimaszenarien® errechnet. Diese sind CLM,
ReMo, Star und WetReg. CLM ist ein dynamisches, ReMo
ein hydrometereologisches dynamisches Modell. Star und
WetReqg sind statistische Schatzer.

Die Klimaprojektionen erlauben eine unterschiedliche
regionale Auflésung. Hier wird mit Klimadaten aus dem
kleinsten gemeinsamen Raster kalkuliert, das 100 km *
100 km betragt.

3 Einfluss des Klimas auf produktionstechnische
Kennzahlen

Das Leistungsniveau, der Verlauf der Laktation, der Kal-
betermin, die Altersstruktur der Herde etc. sind dem Klima
unterworfen und lassen sich wie viele andere produktions-
technische Kennzahlen beeinflussen, um den Hitzestress
zu mildern.

Die Kontinuitdt bei der Versorgung mit hochwertigem,
vor allem energiereichem Grundfutter, bleibt eine Voraus-
setzung fir hohe Leistungen und fir die Erhaltung der
Gesundheit. Sollten, wie von den Meteorologen befiirch-
tet, langere Trocken- oder Regenperioden die Futterversor-
gung beeintrachtigen, gilt es angepasste Versorgungskon-
zepte zu entwickeln.

3.1 Erlés — Futterkostendifferenz und Kalbetermin

Zunachst wird die Bedeutung des sommerlichen Hit-
zestresses fUr die Leistung unter Berlcksichtigung des
Kalbetermins kalkuliert. Dabei werden die Temperaturen
und Luftfeuchten des Jahres 2005 zu Grunde gelegt. Ware
2005 kein Tag mit einem THI von Uber 70 Punkten aufge-
treten, so hatte eine Kuh (3. Laktation, 675 kg Lebend-
gewicht, Holstein Frisian, ganzjahrige VerfUtterung von
konserviertem Grundfutter) eine Jahresleistung von rd.
10.250 kg Milch erreicht.

4 ECHAMS5/MPI-OM bildet die Basis fir die Modelle CLM, ReMo und WetReg,
ECHAMA4 fur Star.

> Weitere Informationen finden sich im Internet unter (zitiert nach: Walken-
horst und Stock., 2009):
www.mpimet.mpg.de/wissenschaft/ueberblick/atmosphaere-im-erdsystem/
regionale-klimamodellierung/remo-uba.html
www.cec-potsdam.de/Produkte/Klima/cim.html
www.cec-potsdam.de/Produkte/Klima/star.html
www.cec-potsdam.de/Produkte/Klima/Wettreg.html
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Bei einem Kalbetermin im Zeitraum Mitte August bis
Mitte September ergibt sich nur eine Differenz von 250 bis
350 kg Milch zur Maximalleistung (Abb. 5). Die Verluste
sind in den beiden Folgemonaten nur geringfiigig héher.
Bei einem Laktationsbeginn im Januar betragt die Tageslei-
stung in den , Hitzemonaten” Juni, Juli und August noch
rd. 30 kg, so dass ein hoher THI dann zu entsprechenden
Depressionen fihrt. Beganne die Laktation im April, tra-
fen Hochleistungsphase und hohe THI aufeinander, d. h.
hochste physiologische Belastung und maximaler Hit-
zestress waren gleichzeitig zu verkraften und brachten
jahrliche Leistungsverluste von rd. 750 kg Milch.
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Abbildung 5:

Klimastress und maximal erzielbare Milchleistung in Abhangigkeit
vom Kalbetermin, Standort Braunschweig 2005, Hitzestress nach
West et al. (2003) und alternativ 2,5, 5,0, 7,5 und 10 °C hohere
Tagestemperaturen

Abbildung 5 zeigt die Graphen fur den tatsachlichen
Temperaturverlauf des Jahres 2005 und fur Szenarien, die
eineum 2,5, 5,0, 7,5und 10 °C hohere Tagestemperatur
kalkulieren. Dabei werden folgende fur das Produktions-
verfahren relevante Sachverhalte deutlich:

e Ein Beginn der Laktation direkt nach der sommerlichen
Hitzeperiode minimiert die Ausfalle. Es wird dabei an-
genommen, dass Trockensteher diese Phasen ohne
Nachwirkung Uberstehen.

e Rechnerisch reduziert sich die Leistung um rd. 200 kg
Milch je ein Grad Temperaturanstieg, wenn der Kalbe-
termin in den April, also auf den unginstigsten Zeit-
punkt, verlegt wird.

In Abbildung 6 sind die zugehérigen Erlése aus Milch
abzlglich der Futterkosten (EaM-FuKo) dargestellt. Die
Graphen weisen einen dhnlichen Verlauf wie in Abbil-
dung 5 auf. Allerdings erweist sich die Minderung als na-
hezu doppelt so groB3, wenn das Minimum in von Hundert
des Maximums ausgewiesen wird.

Im Folgenden wird vorrangig die Differenz von Erl6s aus
Milch minus Futterkosten ausgewiesen, weil die Abbil-

dungen 5 und 6 eine groBe Ahnlichkeit der Graphen auf-
weisen und der monetéare Erfolgsmafstab die Minderung
der Futteraufnahme einschlieBt.
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Abbildung 6:

Klimastress und EaM-FuKo in Abhédngigkeit vom Kalbetermin, Stand-
ort Braunschweig 2005, Hitzestress nach West et al. (2003) und alter-
nativ 2,5, 5,0, 7,5 und 10 °C hohere Tagestemperaturen

Die Abbildungen 5 und 6 zeigen, dass sich ein groB3-
er Spielraum fir eine Anpassung an steigende Tempera-
turen eroffnet. Allein durch die geschickte Wahl des Kal-
betermins kann der Hitzestress fur die Hochleistungskuh
entscheidend gemindert, wenn nicht sogar vermieden
werden, selbst wenn die sommerlichen Temperaturen
drastisch hoher ausfallen. Diese ersten Resultate sollen
durch die Einbindung des physiologischen Modells von
Paul (1990) verifiziert werden. Das Modell bilanziert die
Warmeproduktion und den Energiebedarf fur Warme-
transport und -abgabe. Es berticksichtigt dabei Atemluft,
Korperoberflache und deren Beschaffenheit.

3.2 Erlés — Futterkostendifferenz und Alter

Abbildung 7 vergleicht Milchkihe in 1., 2. und 3. Lak-
tation unter der o. g. Pramisse, die den Datenkranz des
Jahres 2005 zu Grunde legt und alternativ die Klimadaten
der Jahre 1961 bis 2009 fir die Simulation nutzt. We-
gen des Wachstums weisen die jingeren Kiihe geringere
Leistungen und damit auch geringere EaM-FuKo auf. Der
Unterschied zwischen den Alternativen ohne und mit Kli-
maeinfluss zeigt, dass die Erstkalbin die hdchste Belastung
durch Hitzestress ertragen muss. Die Kuh in 2. Laktation
weist hohere Futteraufnahmen auf, benétigt nur noch
wenig Energie und Nahrstoffe fur das noch ausstehende
geringe Wachstum und erzielt deutlich gunstigere Auf-
wands- und Ertragsrelationen trotz gleicher klimatischer
Konstellationen. Ab der 3. Laktation liegen die Aufwands-
und Ertragsrelationen im ginstigsten Bereich.

Die Minderung der EaM-FuKo durch Hitzestress hat in
den letzten 40 Jahren unwesentlich zugenommen (Abbil-
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dung 7), fallt jedoch im Vergleich zu den Verlusten durch
Krankheit, Unfruchtbarkeit etc. gering aus (Walter, 2004).

Bei der Bewertung der in Abbildung 7 dargestellten Er-
gebnisse ist zu berlcksichtigen, dass der von West et al.
(2003) entwickelte Ansatz zur Bestimmung der Verluste
durch Hitzestress im Vergleich zum Ansatz von Mader et
al. (1999) sehr hohe und gemessen am Konzept von Rava-
gnolo und Misztal (2000) geringe Verluste liefert.

2500

Kuh 3. Laktation ohne Klimastress

—~ 2250 Kuh 3. Laktation mit Klimastress

Kuh 2. Laktation_ohne Klimastress
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Abbildung 7:

EaM-FuKo unter Beriicksichtigung der Zahl der Kalbungen fiir den
Standort Hannover, Kalbetermin Januar, nach West et al. (2003).

3.3 Erlés — Futterkostendifferenz und Dauer der Hitzepe-
rioden

Fur die Wettbewerbsfahigkeit der Milchproduktion wird
das Klima immer wichtiger, denn es werden steigende
Durchschnittstemperaturen, aber auch langer anhaltende
Hitzeperioden, heftigere Unwetter etc. prognostiziert. Zur
Beurteilung moglicher Standort- und Wettbewerbsvorteile
steht die Frage an, ob sich ldnger gleich bleibende oder
taglich wechselnde Temperaturen fur die Milchproduk-
tion als zutraglicher erweisen. Daher werden Klimadaten
Lkonstruiert”, die bei gleichen monatlichen Mittelwerten
30 ,15 und 7 Tage lang konstant und alternativ taglich
wechselnde Temperaturen aufweisen, deren Schwankung
1 bzw. 5 °C betragen (Tabelle 5). Zu Grunde liegen die Kli-
madaten des Standortes Hannover und des Jahres 2005,
die um 5 °C angehoben sind, weil die Originaldaten nur
geringe Verluste durch Klimastress zur Folge hatten (siehe
Abbildung 4).

In Abbildung 8 werden die Lange der Phasen mit ho-
hen Temperaturen und die Verdnderungen der Tages-
hochsttemperaturen variiert, um die Bedeutung der von
Experten vorhergesagten Hitzeperioden, den intensiveren
Wetterwechseln etc. zu evaluieren. Gleichzeitig lassen sich
einige der in Abbildung 9 erkennbaren Minderungen er-
kldaren, denn die aus den Prognosemodellen abgeleiteten
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Temperaturen und Luftfeuchten spiegeln diese Wetterbe-
dingungen wider.

Tabelle 5:
Klimaszenarien

Szenario Temperaturverlauf

A 30 Tage konstant
B 15 Tage konstant
C 7 Tage konstant

D taglicher Wechsel”

-1°C, 20 °C, +1°C, -1 °C, £0 °C, +1 °C, -1 °C ...

E taglicher Wechsel”
-5°C, +0°C, +5°C, -5°C, +0°C, +5°C, -5°C ...

F zweitagiger Wechsel”
-5°C, -5°C, +0 °C, +0 °C, +5 °C, +5 °C, -5 °C, -5 °C, 0 °C, +0 °C ...

G ohne Klimaeinfluss

" Abweichung vom Mittelwert

Abbildung 8 enthalt die Ergebnisse der Simulationen fur
drei der 10 Ansdtze zur Bestimmung der Auswirkungen
von Hitzestress fur die konstruierten Klimaszenarien (Ta-
belle 5). Beginnend mit einer angestrebten Milchleistung
von 5.000 kg Milch je Jahr wird diese um jeweils 500 kg
erhoht, bis der ,body condition score®” (bcs) einen kri-
tischen Bereich? um 0,5 erreicht hat. Die von allen Auto-
ren im Konnex mit Hitzestress genannte Reduzierung der
Leistung und der Futteraufnahme tritt nicht isoliert auf,
sondern geschieht in einem komplexen Beziehungsgefige
von physiologischen, produktionstechnischen und ékono-
mischen Parametern. Die verminderte Futteraufnahme ist
in die Abbauprozesse von Koérpersubstanz eingebunden
und erhoht die daraus entstehende Belastung der Milch-
kaihe. Der Leistungsriickgang fihrt zu schlechteren wirt-
schaftlichen Ergebnissen. Daher werden in Abbildung 8
der bcs und die EaM-FuKo fur unterschiedliche Leistungs-
vorgaben und Klimaszenarien dargestellt, wobei die von
Youssef (1985), St-Pierre et al. (2003) und West et al.
(2003) entwickelten Beziehungen zum Klima unterstellt
werden.

Bei einer Anfangsleistung von 5.000 kg Milch kann die
Kuh im HF-Typ weitgehend ohne Abbau von Kérpersub-
stanz auskommen. Wegen der um 5 °C erhdéhten Tem-
peraturen ergeben sich bei allen Varianten ungiinstigere
Kennzahlen als beim Szenario ,ohne Klimaeinfluss”. Mit
steigender Leistungsvorgabe werden diese Differenzen zu-
nehmend groBer.

6 Zur Bedeutung des bcs siehe Walter (2009)

7 Dieser kritische Bereich stellt keine Fltterungs- oder Haltungsempfehlung
fir Betriebe dar, sondern dient ausschlieBlich der besseren Durchdringung
dieses Komplexes.
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West et al. (2003) mittelt die THI beider Vortage, daher
sind bei schnell wechselnden im Vergleich zu den Varian-
ten mit langer gleich bleibenden Temperaturen die darge-
stellten Unterschiede durchaus zu erwarten.
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Abbildung 8:

EaM-FuKo bei unterschiedlicher Dauer der Hitzeperioden, Kalbeter-
min Januar

Das von St-Pierre et al. (2003) vorgelegte Konzept zur
Bewertung des Hitzestresses enthalt eine exponentielle ku-
mulative Komponente, die die letzten 30 Tage einbezieht
und damit eine , echte” Bewertung des vorangegangenen
klimatischen Geschehens vornimmt. Deshalb entwickeln
sich keine spurbaren Differenzen bei den Klimaszenarien,

gleichwohl fuhrt der von St-Pierre et al. (2003) vorgelegte
Ansatz zu den geringsten EaM-FuKo und damit zu den
hochsten Belastungen durch Hitzestress.

Die Unterschiede bei den drei in Abbildung 8 dargestell-
ten Ergebnissen zeigen sich auch bei den Ubrigen sieben
Ansatzen zur Bewertung des Klimastresses, so dass unter-
schiedlichste Interpretationen mdglich sind:

e keine der Klimavarianten kann als weniger belastend
herausgestellt werden oder

¢ die bisher entwickelten Ansatze sind als unzureichend
anzusehen.

3.4 Hitzestress und zusétzlicher Energiebedarf

Das NRC (2001, S. 21) geht von einem zuséatzlichen En-
ergiebedarf der Milchkihe von 7 bis 25 % des Erhaltungs-
bedarfes aus, entsprechend 0,7 bis 2,4 MCal bezogen auf
eine Kuh mit 600 kg Lebendgewicht. Dieser Anstieg be-
gleitet die Minderung der Milchleistung und auch die der
Futteraufnahme.

Paul (1990) summiert die Warmeproduktion der Or-
gane, der Muskeln, der Verdauung, der Milchproduktion
und bilanziert diese mit der Warmeabgabe Uber Haut,
Atemluft etc. unter Berlicksichtigung der Umgebungstem-
peratur. Fir den u. U. entstehenden Warmeiberschuss
bedarf es einer aktiven, d. h. Energie beanspruchenden
Wadrmeabgabe, die zwar auch in Beziehung zu Blut- und
Lungenvolumina, Atemfrequenz etc. steht, aber ungleich
starker von der entstehenden Prozesswéarme, also von der
aufgenommenen Energiemenge, bestimmt wird.

Die Ergebnisse aus Modellrechnungen fir Kiihe mit stei-
genden Leistungen werden in den Abbildungen 9 und 10
dargestellt. Zunachst wird der Hitzestress entsprechend
den von Youssef (1985) und West et al. (2003) entwi-
ckelten Ansatzen kalkuliert und fur jeden THI Punkt Uber
den Schwellenwert von THI 70 der Erhaltungsbedarf um
je einen Prozentpunkt angehoben®. Der Ansatz von Paul
(1990) kalkuliert die aus der aufgenommenen Energie-
menge entstehende Prozesswarme, daher wird die am
Vortag verzehrte Energiemenge zu Grunde gelegt und
fir jeden THI Punkt oberhalb des Schwellenwertes 3 %
abzufthrende Energie kalkuliert, fur deren Ableitung
wiederum ein Zehntel der Energiemenge bendtigt wird®.

8 Das NRC (2001) nennt nur die Spanne von 7 bis 25 % des Erhaltungsbedar-
fes, ohne einen quantitativen Bezug zur Temperatur oder zu einem THI zu
nennen. Der hier gewahlte Zuschlag von 1 % je THI Punkt stellt eine , freie”
Interpretation der Vorgabe des NRC dar.

° Diese Vereinfachung ist aus dem sehr viel komplexeren Ansatz von Paul ab-
geleitet worden. Fur die angestrebte Verkntpfung der beiden Simulations-
modelle reicht das Leistungsvermodgen modernster PC bei weitem nicht aus.
Erste Tests zeigen, dass 100 Tage nicht binnen Wochenfrist zu berechnen
sind.



K. Walter, F-J. L6pmeier / Landbautforschung - vTl Agriculture and Forestry Research 1 2010 (60)17-34 29

Abbildung 9 zeigt den zusatzlichen Energiebedarf bei
steigenden Leistungen in MJ NEL. In der oberen Bildhalfte
wird der Hitzestress nach dem Ansatz von Youssef (1985)
kalkuliert. Der zusatzliche Energiebedarf nach NRC (2001)
sinkt von 40 auf 25 MJ NEL'® (das kommt dem Energie-
bedarf fur 12 bzw. 8 kg Milch gleich). Wird der Energie-
bedarf dagegen entsprechend der anfallenden Prozess-
wdrme bemessen (Paul, 1990), dann steigt der zusatzliche
Energieaufwand fir die Vermeidung zu hoher Kérpertem-
peraturen mit der Leistung, hier von 80 auf 140 MJ NEL,
vergleichbar einem Energiebedarf fir 25 und 43 kg Milch.
Diese GroBenordnung ware im Vergleich zu den Ubrigen
Hemmnissen und Kostenstellen unbedeutend, wirde die
Bemessung des Hitzestresses nach West et al. (2003) kom-
biniert mit dem Ansatz von Paul (1990) (obere Halfte von
Abbildung 9) nicht deutlich hohere Energieanspriiche of-
fenbaren.
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Abbildung 9:

Zusatzlicher Energiebedarf bei Hitzestress nach NRC (2001) und Paul
(1990), fur den Standort Hannover, 2005, Kalbetermin Januar

10 NEL = Netto Energie Laktation (GfE, 2001)

Dagegen fallt der Energieanspruch fir die Wahrung der
K&rpertemperatur erheblich geringer aus, wenn er ent-
sprechend den Angaben des NRC (2001) am Erhaltungs-
bedarf orientiert wird. Der Abfall des fur die aktive Kuh-
lung bendtigten Energiebedarfes erklart sich aus dem bei
steigenden Leistungen héheren Anteil der aus Kérpersub-
stanz erbrachten Leistung, was wiederum ein geringeres
Gewicht und damit einen entsprechend niedrigeren Erhal-
tungsbedarf zur Folge hat. Ein mit steigenden Leistungen
sinkender Energieanspruch zur Kihlung widerspricht den
Erwartungen und fuhrt zu dem von Paul (1990) entwi-
ckelten physiologischen Ansatz, der die Warmeproduktion
des Tieres bertcksichtigt, die wiederum eng an die Leistung
gebunden ist. Allerdings ergeben sich auch in diesem An-
satz Grenzen flr die aktive Abgabe von Warme, die von
der Oberflache, der Kapazitat des Herz- Kreislaufsystems
sowie von GréBe und Gewicht des Tieres abhangen.
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Abbildung 10:

Erlés aus Milch minus Futterkosten unter Berticksichtigung des zu-
satzlichen Energiebedarfs nach NRC (2001) und Paul (1990), fur den
Standort Hannover, 2005, Kalbetermin Januar

Mittels Simulation lassen sich diese Sachverhalte quan-
titativ darstellen und fur eine Vielzahl von Konstellationen
analysieren, weiterfihrende Antworten sind jedoch an Ex-
perimente gebunden.
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Abbildung 11a:

Langfristige Entwicklung der EaM-FuKo unter Berticksichtigung unterschiedlicher Wetterprognosen und Ansatzen zur Bewertung von Hitzestress
fur eine Kuh in 3. Laktation, Standort Hannover
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Langfristige Entwicklung der EaM-FuKo unter Berticksichtigung unterschiedlicher Wetterprognosen und Ansatzen zur Bewertung von Hitzestress
fur eine Kuh in 3. Laktation, Standort Hannover
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In Abbildung 10 wird die Bedeutung des zusatzlichen
Energiebedarfs fir die Ableitung der Warme bei stei-
genden Leistungen anhand der Differenz aus Einnah-
men fir Milch und Futterkosten dargestellt. Wird der
Hitzestress nach Youssef (1985) kalkuliert, ergeben sich
fur die zwei Alternativen ,zusatzlicher Energiebedarf”
nach NRC (2001) bzw. nach Paul (1990) nahezu gleiche
Graphen, die sich zudem kaum von der Variante ,ohne
zusatzlichen Energiebedarf” unterscheiden. Wird der
Hitzestress dagegen entsprechend dem von West et al.
(2003) entwickelten Ansatz kalkuliert, errechnen sich fur
Leistungen Uber 9.000 kg Milch erste EinbuBen, wenn
nach den Grundsatzen des NRC (2001) vorgegangen wird.
Wird der von Paul (1990) vorgelegte Ansatz adaptiert, er-
geben sich bereits bei Leistungen ab 8.000 kg Milch spur-
bare Erfolgsdefizite. Weil die Energieversorgung der knap-
pe Faktor ist und damit zum entscheidenden Engpass bei
hohen Leistungen bzw. bei der Leistungssteigerung wird,
flhrt ein zusatzlicher Energiebedarf bei Hitzestress neben
der Minderung der Futteraufnahme und Milchleistung
zur weiteren Schmalerung des wirtschaftlichen Resultats.
Bei zukUnftigen Experimenten gewinnen energetische
Bilanzen an Bedeutung.

4 Konsequenzen des prognostizierten Klimawandels

In Abbildung 7 ist fur den Zeitraum von 1960 bis 2010
bereits eine Zunahme der Belastung von Milchkihen durch
Hitzestress zu erkennen, die auf einen allmahlichen Tempe-
raturanstieg zurtickzufthren ist. Die Klimaforschung geht
von einem weiteren Anstieg der Temperaturen aus und
stutzt diese These auf mehrere Klimaprojektionsmodelle.

4.1 Erlés — Futterkostendifferenz und Klimaprojektionen

Die hoéchstmogliche Leistung und damit die maximalen
EaM-FuKo werden stets auf der Basis der produktionstech-
nischen und 6konomischen Daten des Wirtschaftsjahres
2005 ermittelt, wobei nur das Klima fur jedes Jahr im Zeit-
raum von 1960 bis 2100 eingesetzt wird. Da es mehrere
Klimaprognosen gibt, wird diese Simulation mit jedem Da-
tensatz wiederholt. Die in Kapitel 3 deutlich gewordenen
Unterschiede bei der Bewertung von Hitzestress erfordern
die Bertcksichtung der verschiedenen Ansdtze aus Tabel-
le 1. Der THI, von Bianca (1962) bleibt unbeachtet, da er
nicht speziell fir Milchvieh konzipiert wurde. Die Bewer-
tungen durch das NRC (2001) fallen ahnlich aus, so dass
nur der THI, grafisch dargestellt wird.

In Abbildung 11 werden die zuvor ermittelten Unter-
schiede erneut deutlich. So fihrt der Temperaturanstieg
bis zum Jahr 2100 beim Ansatz von Mader et al. (1999)
erst ab 2070 zu geringen EinbuBen, wohingegen THI,
(Thom, 1959), THI, (Bianca, 1962), THI, (NRC, 2001), THI |
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Abbildung 12:

Langfristige Entwicklung von EaM-FuKo fur unterschiedliche Standorte



K. Walter, F-J. L6pmeier / Landbautforschung - vTl Agriculture and Forestry Research 1 2010 (60)17-34 33

(Robinson, 2006) und THI, (Ravagnolo und Misztal, 2000)
Minderungen von bis zu 100 Euro bei den EaM-FuKo"
offenbaren.

Die Klimastresskonzepte von West et al. (2003) und St-
Pierre et al. (2003), dargestellt in Tabellen 3 und 4, nehmen
eine Mittelstellung ein, denn es errechnen sich moderate
Rickgdnge bei den Erfolgskriterien, wenn die verschie-
denen Klimaprojektionen zu Grunde gelegt werden.

4.2 Einfluss des Standorts

Abbildung 12 und Tabelle 6 zeigen die EaM-Fuko fur
die Standorte Augsburg, Bremerhaven, Cottbus und Han-
nover. Das vom Seeklima beeinflusste Bremerhaven weist
die gunstigsten klimatischen Bedingungen fur die Milch-
produktion auf, gefolgt von Hannover und Augsburg. Der
Standort Cottbus muss nach diesen Berechnungen einen
Standortnachteil von rd. 100 Euro im Vergleich zu Bre-
merhaven und rd. 50 Euro im Vergleich zu Hannover und
Augsburg hinnehmen.

Tabelle 6:

Vergleich der EaM-FuKo fur unterschiedliche Standorte (jeweils Mit-
telwerte von 25 Jahresperioden, siehe Abbildung 12)

Augsburg Bremerhaven Cottbus Hannover
Zeitraum EaM-FuKo (Euro)
1951 - 1976 1819 1891 1764 1830
1976 - 2000 1787 1855 1734 1792
2001 - 2025 1740 1818 1697 1762
2030 - 2055 1690 1744 1643 1697

5 Bewertung und Ausblick

Die Kalkulationen zeigen, dass die EinbuBen durch Hit-
zestress in der Vergangenheit im Vergleich zu den Verlusten
durch Verfall des Milchpreises, Kostenanstieg, Krankheiten
etc. gering ausfielen. Das konnte sich andern, wenn der
in der Vergangenheit festgestellte Anstieg der Temperatur
sich in der Zukunft fortsetzt und je nach Projektionsmodell
weitere 2 bis 5 °C eventuell sogar 7 °C zunimmt.

Nicht nur die Unterschiede der projizierten Tempera-
turanstiege erschweren die Quantifizierung der zu er-
wartenden Verluste durch Hitzestress, sondern auch die
deutlich von einander abweichenden Bewertungsansatze.
Wahrend die von Mader et al. (1999) vorgelegte Strategie
erst bei den ungunstigsten Klimaprojektionen zu geringen

" Hitzestress mindert die Effizienz der Milchproduktion durch Leistungsminde-
rung, Rickgang der Futteraufnahme etc. (St-Pierre et al., 2003). Diese Effek-
te interagieren, so dass letztlich nur die EaM-FuKo als Resultierende anbietet.

Verlusten fuhrt, offenbaren die von Robinson (2006), Ra-
vagnolo und Misztal (2000), West et al. (2003) und St-
Pierre et al. (2003) ver&ffentlichten Beziehungen zwischen
Klima und Leistung sowie Futteraufnahme schon jetzt
erkennbar geringere EaM-FuKo. Die Verluste Uberschrei-
ten die 10-Prozent-Marge bei allen Klimaprognosen und
werden, falls sie zutreffen, zu einem ernst zu nehmenden
Problem fur die Effizienz der Milchproduktion.

Biometrische Ansatze (Paul, 1990; McGovern und Bru-
ce, 2000) machen jedoch deutlich, dass nicht nur die Fut-
teraufnahme und die Leistung sinken, sondern dass ein
zusatzlicher Energiebedarf fir die , aktive Kihlung” erfor-
derlich wird. Das NRC (2001) benennt 7 bis 25 % des Er-
haltungsbedarfes als Richtwert, wohingegen Paul (1990)
einen an der aufgenommenen Futtermenge orientierten
Bedarf anfuhrt, der bei hohen Leistungen und Tempera-
turen sogar ein Vielfaches davon betragen kann. Sollten
sich die biometrischen Modelle als zutreffend erweisen,
dann erwachst aus dem prognostizierten Temperaturan-
stieg ein zusatzliches Hindernis bei der Steigerung der Lei-
stung und der Effizienz.

Die hier vorgelegte Analyse der Beziehung zwischen
Milchproduktion und Klima ist um die Positionen Jung-
viehaufzucht und Futterproduktion zu erganzen, um
ganzheitlichen Anspriichen zu genigen.
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Online-survey of keepers of rare animals or plants about their activities and attitudes in

Germany

Josef Efken*

Summary

In Germany the problem of loss of diversity is barely ap-
parent in daily life due to a broad range of products with
similar ingredients or products imported from all over the
world. Consequently the topic engenders neither broad
attention nor engagement. Furthermore there is no over-
view of existing private activities in this area. The goal
of the study is to for the first time characterise persons
who are engaged in On Farm Management in Germany.
An online survey was carried out with the help of the ap-
propriate associations targeted to these special interest
groups. Detailed information on the attitudes and form of
involvement could be gained. Very different species and
varieties or races are kept. Unexpectedly this is not a field
predominantly led by farmers because 70 % of the partici-
pants do not own a farm but are still involved in On Farm
Management. Only a scant half of those surveyed consider
their own abilities as adequate for conservation. Support
is desired both in terms of maintenance activities and in
marketing questions. The results offer a starting point to
show where individuals contributing to the maintenance
of rare plants or animals can be supported.

JEL: H 44, Q 13, Q 57

Keywords: agrobiodiversity, conservation, genetic resourc-
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Zusammenfassung

Online-Befragung von Personen in Deutschland, die
seltene Nutztiere oder Nutzpflanzen erhalten, zu
ihren Aktivitaten und Einstellungen

Die Gefahrdung der genetischen Ressourcen in Deutsch-
land ist im Alltag kaum offensichtlich, da eine fast unbe-
grenzt scheinende Vielfalt an Produkten das Lebensmittel-
angebot pragt. Diese Produkte basieren jedoch haufig auf
nur wenigen pflanzlichen oder tierischen Inhaltsstoffen
oder werden aus der ganzen Welt importiert. Damit im
Einklang steht, dass der Aspekt landwirtschaftliche Viel-
falt in der Offentlichkeit weder auf groBes Interesse noch
Engagement trifft. Zudem besteht kein Uberblick tiber Ak-
tivitdten und Initiativen in diesem Bereich. Ziel der Studie
'Online-Befragung von Erhalterinnen seltener Nutztiere
oder Nutzpflanzen zu lhren Aktivitdten und Einstellungen’
ist es, erstmalig fur Deutschland bzw. den deutschspra-
chigen Raum diesen Personenkreis zu charakterisieren.
Dazu wurde eine Online-Befragung durchgefihrt, die sich
mit Hilfe von einschldgig bekannten Organisationen ge-
zielt an interessierte Personen richtete. Es konnten detail-
lierte Erkenntnisse Uber Einstellungen und Ausgestaltung
des Engagements gewonnen werden sowie Uber Art und
Umfang der unmittelbaren Erhaltung seltener Nutzpflan-
zen bzw. Nutztiere: Es werden verschiedenste Arten und
Rassen bzw. Sorten erhalten. Vermarktungsaspekte sind
wichtig und ‘Erhalten durch Essen’ wird einhellig beftr-
wortet. Nur knapp die Halfte der Befragten schatzt die
eigenen Fahigkeiten als ausreichend ein. Unterstitzung
wird sowohl in Erhaltungsaktivitaten als auch in Vermark-
tungsfragen gewdinscht. Die Ergebnisse bieten Ansatz-
punkte, wie der Personenkreis in seinem Bemuhen, einen
Beitrag zur Erhaltung seltener Nutzpflanzen oder Nutztiere
zu leisten, unterstltzt werden kann.

Schlusselworte: Agro-Biodiversitat, biologische Vielfalt, Er-
haltung, genetische Ressourcen, On Farm Management,
Online-Befragung
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Introduction

The introduction of scientific breeding methods in ag-
ricultural practice starts in the 19" Century in Germany,
first in plant production and later on in animal husbandry
(BDP 1987; Barth et al., 2004). The successful distribution
of these new highly productive varieties and races led to a
speedy drop in the traditional varieties or landraces used
until then. Now, and for decades, agricultural practice
concentrates on a few species and uses mainly modern
commercial seeds and breeds. While agricultural produc-
tion becomes less and less diverse, one can find an enor-
mous range of food products in the supermarkets. But this
diversity is fuelled to a large degree by imports from all
over the world and additionally by the processing of a few
agricultural raw materials into as many different products
as possible. Thus, in sum, it is a deceptive diversity because
the problem of loss of diversity is barely apparent in daily
life in industrialised countries like Germany and doesn't
affect producers or consumers directly, as it does perhaps
in subsistence agriculture. As a result the topic engenders
no direct pressure and, consequently, neither broad at-
tention nor engagement (see also L. Macaioni, E. Lipman,
2009, PP. 8). Furthermore, in a study prepared on behalf
of the German Federal Ministry of Food, Agriculture and
Consumer Protection (BMELV) on communication strate-
gies for agricultural biodiversity, the difficulties tied to this
topic were presented in detail. “Massive problems do not
only occur in the semantic comprehension of the meaning
of the term, but rather also in relation to the perception
and acceptance as a socially relevant topic, as a national
and supra-national problem, affecting not only policy and
agricultural economics, but also private consumption.”
(Kleinhickelkotten et al., 2006, P. 68).

Against this background the question is: how to fulfil
the obligations laid down in the Convention on Biological
Diversity (CBD) and successive international and national
regulations in Germany (BfN 2009, SCBD 2009).

The collection of samples in so-called gene banks is an
inexpensive strategy (WBGU, 2000, P. 944) implemented
both in Germany and internationally. But this form of
conservation can only be realized to a certain extent in
the realm of animals. Also the protected samples are de-
coupled from evolutionary processes (lbisch et al., 1996, P.
188; WBGU, 2000, P. 92). It is further argued that a collec-
tion of samples is only a partial solution to the problem of a
loss of diversity, since it is neither possible nor desirable to
conserve total biological diversity ex situ (Hammer, Gladis,
1996). Moreover gene banks cannot solve the problem of
a loss of agricultural diversity on farms or the diversity of
food, and the related cultural diversity (Mooney, 1983).
Here it is necessary to maintain and to plant and breed
a huge variety of cultivated plants and animals for every-

day life (WBGU, 2000, P. 94). As a first step one can see
the “On Farm Management” (OFM) of genetic resources
(Hammer, 1999, P. 39). With this method, the genetic ma-
terial is constantly exposed to current environmental con-
ditions and breeding. In addition, OFM links agricultural
and socio-cultural aspects since both local knowledge
about cultivated plants or animals and all possible forms
of use are obtained (see, i.e., Virchow, 1999, 38 f.). An
important component of OFM is, besides the immediate
maintenance of rare plants and animals, their use in crops
and husbandry. In agriculture and horticulture, “use
means production for consumption. Thus, maintenance or
even extension of the used agricultural plants and animals
on a species- or race- or variety-level has an effect on the
consumer because he is confronted with the theme agro-
diversity and biodiversity in daily life. In summary, the re-
introduction of rare cultivated plants and animals for use
and marketing can be seen as a form of conservation in
Germany and in industrialised countries in general.

How can this be placed on a solid base? Is it enough,
for example, to rely on voluntary activity in the hope that
a constantly adequate number of persons will be active in
the area? Is it at all possible that OFM be carried out on
a voluntary basis in all cases? Particularly the keeping of
large animals (cattle, horses, pigs) is tied to considerable
financial and time inputs. Specifically in these cases, but
also as a basic question, a search for stable and above all
sustainable conservation strategies is needed (DGfZ, 2003;
Efken, 2005; Feldmann, 2002).

In Germany, no even near-to satisfactory overview is
available of existing private activities to conserve genetic
resources on farm (who maintains what, how many and
how). Until now knowledge was limited to case studies
(Becker et al., 2003) and publicly perceived activities as
well as the few publicly known actors, companies and or-
ganizations. This stands in contrast to the higher informa-
tion level with regard to the activities in public agencies
such as the Gatersleben Gene Bank, the Julius Kihn In-
stitute (German Federal Research Institute for Cultivated
Plants) (JKI) and botanical gardens. Information can be
found, for example, in the BIG, XGRDEU, ZEFOD databas-
es [www.genres.de/genres_eng/index.htm].

On the political level it has been recognized that activity
to maintain diversity must be strengthened (BMELV, 2007).
How, however, can support be provided when only inad-
equate knowledge exists about the people currently in-
volved in this field. Ultimately, due to inadequate informa-
tion, the basis for descriptions and analysis of this group of
persons is missing. Deficits, barriers, strengths and weak-
nesses, as well as strategies, can first be discussed when
the level and form of conservation work becomes clear.
This gap shall be closed with the help of a survey based
on a questionnaire including information on both direct

"
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conservation activities and information on motivation, ob-
stacles, chances and opinions.

The survey was conceived as an online survey. With an
online survey only minimal costs occur. A disadvantage of
this method is that it excludes all those with no access
to Internet, particularly older persons (AGOF, 2008). The
guestionnaire was made available via newsletters of vari-
ous organisations engaged in the conservation of genetic
resources to approximately 4000 households from the be-
ginning of May to the end of August 2007. In this time,
1261 persons clicked on the questionnaire, 500 filled it
out completely, and a total of 485 questionnaires flowed
into the analysis.

Demographic classification of the survey participants

About 60 percent of the participants were men, and
accordingly 40 % women. The age of participants in the
survey ranged between 10 and 80 years.. The age group
between 30 and 60 years of age can be seen as the ma-
jority, set by 80 % of the participants. Here, one can not
speak neither of an ‘youth movement’ nor of an aging
group of participants. With regard to the educational situ-
ation, the profile of survey participants confirms the find-
ings mentioned in other studies that a large affinity to the
field of biological diversity exists in population groups with
a higher educational level. The occupational situation of
participants was also questioned in relation to its proximity
to agriculture. In this survey, 60 % of the participants had
a tie to agriculture, either because they own a full or part
time farm or exercise a profession related to agriculture.
Nonetheless, 70 % of the participants do not own a farm,
but are still involved in the maintenance of rare animals or
plants. Apparently this is not a field predominantly led by
farmers. This is of high importance since agricultural sup-
port schemes (national as well as EU) are almost entirely
related to farmers and thus a majority of actors in this field
are excluded from existing public support possibilities.

Conservation activities and marketing

In the following, the concrete conservation of rare
plants and animals is described in detail. Apparently the
survey particularly addresses active animal and plant keep-
ers, since 80 % of the participants actively keep rare plants
or animals. Half of the participants are organized in supra
regional associations or initiatives. In any case, 123 per-
sons, or 23 % of the participants, are not linked to a club
or initiative. Participants are very active in conservational
activities since they invest more than 10 hours per week,
meaning one quarter of the standard work week. Of the
388 persons who actively keep cultivated plants or ani-
mals, 256 persons market the products from their activi-

ties with plants, animals or products (Figure 1). For 54 %
of the marketers this activity is a hobby, 33 % attain a
significant part of their income from the activities, and for
13 % it is the main source of income.
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(7]
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“é 250 48:As‘urvety
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2 500 U P 388 direct |
IS keeper .. 83 secondaryf
=} occupation
= 150 Of those 256 P I
100 4 sellers
50 I .. 134 as hobb
0

Primary occupation (> 50 % of income);
Secondary occupation (10 - 50 % of income);
Hobby (< 10 % of income)

Source: Efken (2010)

Figure 1:
Percentage of marketers and significance of marketing

The most important sales route is marketing via farm
stores or similar outlets. Cooperation with trade partners
and other marketing forms play a less important role. But
the sellers, for whom this is more than a hobby, sell much
more frequently to gastronomy, retailers and wholesalers.
Only a scant 15 % of those who marketed their wares
had no interest in increasing their marketing. Mostly lim-
ited resources (time, capital, equipment, land) were cited
as obstacles to expansion. Legal obstacles were also of
importance, as were a lack of co-workers. In contrast, in-
adequate demand was seldom a problem, but rather fluc-
tuation in demand. This is in line with information with
several representatives of relevant organisations and an
important, albeit rough, indication about the market po-
tential of ‘diversity products’.

Conservation of rare plants and farm animals

90 % of the people who took part in the survey are
animal keepers or plant cultivators and 80 % of the par-
ticipants actively keep rare plants or animals. Of the latter,
42 % keep both animals and plants and 23 % cultivate
only plants and 35 % keep only animals. In sum, the data
show that survey participants who maintain rare plants
and/or farm animals like to have diversity ‘on farm’ be-
cause most of them keep different species and often of
plants as well as animals. As Table 1 shows, OFM neverthe-
less plays a really marginal role compared to the general
agriculture in Germany.
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Table 1:
Scale of OFM of the participants of the survey

Species Keepers Head
Dogs 71 148
Turkeys 25 158
Colonies of bees 20 183
Horses 65 264
Ducks 46 402
Geese 51 456
Goats 64 868
Rabbits 72 1062
Pigs 66 1128
Cattle 54 1543
Chicken 141 3189
Sheep 141 6 950
Other 73 140
Sum 252 16 491

Source: Efken (2010)

252 persons (52 %) grow rare cultivated plants. The
emphasis is, on the one hand, on typical garden plants
which only use a minimal amount of land, and the other
on arable cultures. The selection possibility “Other, namely

" was chosen 40 times. Particularly fodder plants,
wild vegetables, wild fruit and wild herbs as well as in-
dividual special plants were mentioned. It is conspicuous
that in regard to the average land area used, a small group
of persons uses a relatively large amount of land, so that
the mean is very strongly above the median (see Figure 2).
In the median, half of the participants use less land and

‘Species-Group’ (Number of gnswers)
Spices/Herbs/Medic.PI.(84)

Ornamental plants(36)

|

Species Keepers m?2

Fiber plants 3 15
Dyeing plants 14 142
Protein plants 21 12139
Ornamental plants 36 19093
Spices/Herbs/Medic.Pl. 84 19561
Qil plants 12 22020
Vegetables & Salad 127 27741
Potatoes 105 95704
Fruits 141 336454
Cereals incl. Maize 50 46 5433
Other 41 6 7475
Sum 294 106 5777

half of the participants more land. More or less all species
and varieties show this skewed distribution.

Vegetables, herbs, decorative plants and fruits are often
combined. This ultimately reflects the common practice of
horticulture, at least in the case of private gardens. Rea-
sons for this are crop rotation restrictions and the various
seeding and harvest time points for the cultures as well as
the relative simplicity of the cropping for various cultivated
plants. In conservation many different varieties of one spe-
cies are planted: there is no concentration of one variety,
rather the contrary holds true, on average mostly 5 to 35
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Figure 2:
Average and median land area used to plant rare cultivated plants
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varieties are used. Just as with the average amount of land
area used, the number of varieties kept per individual can
vary greatly, sometimes causing misleading distribution
figures.

294 participants keep rare breeds. Sheep, cattle, poultry,
goats and pigs are most frequently kept (Figure 3). Surpris-
ingly many more keepers were likely to hold larger ani-
mals. This fact becomes clear when considering that par-
ticipants with farms keep larger numbers of large animals.
In comparison to the analysis of cropping of rare plants,
it is evident that the difference between the average and
median are not that great. In other words, individuals
keeping animals tend to keep similar numbers of each spe-
cies. Under the rubric “Other, namely...” 72 participants
gave additional information. A total of 31 cats, 19 mules,
and 13 different decorative birds as well as exotic species
were mentioned. This information highlights in an impres-

Species (Number of answers)
Colonies of bees(20) |
Dogs(71) |= I
Rabbits(72) | [
Geese(51) | ‘:l
Ducks(46) | '
Chicken(141) | |
Turkeys(25) |
Horses(65) |
Goats(64) |

.

The median is “one” throughout, meaning that always at
least half of the keepers keep just one rare breed of one
species. This result is clearly different from that for rare
plants. Apparently the keeping of animals is linked to so
much more work than the plants, that people keeping a
multiplicity of rare breeds tend to be overwhelmed.

Both the information on rare plants, as well as on rare
animals, indicate that the majority of the direct conservers
do this on a really small scale while few persons maintain
a wide range of species, varieties and races respectively.

Opinions of the participants

Besides information about the practical conservation
activities, it is important to know why persons are en-
gaged and what their opinions are. The results presented
in Table 2 show a relatively clear pattern of perspectives

O Mean Median (white line)

Sheep(141) |

Pigs(66) | |

Cattle(54) |

Other(73)
Number: 0 5 10 15

Source: Efken (2010)

Figure 3:
Average and median numbers of rare animals kept

sive way the need for coordinated action and strategies to
clarify what makes sense for conservation and what is no
more than a personal hobby without an impact on agro
biodiversity/biodiversity.

In addition to the number of rare animals kept, the
number of species and races held in each case is also of
interest. Half of those keeping rare animals do this with
one or two species. Anyhow, almost half of the conserv-
ers keep between three and ten species. In husbandry the
races level reflects the diversity or rather here the extent
of the conservation activity within one species. Frequently
more than one race is kept. In particular in cattle, sheep
and chickens, an average of more than two races are kept.

20

25 30 35 40 45 50

on the part of the participants. Over 90 % of those sur-
veyed prefer organically directed agriculture and support
stronger state support for organic farming. Unanimous
support was voiced that the government should do more
for the conservation of biological diversity. At first glance
this will probably not surprise anyone. Under the rightful
assumption that the circle of participants is comprised pri-
marily of experts, the current government activities in this
field however were judged poorly. The statement on the
high level of state control on seeds and varieties and the
explicitly provocative statement on the public support of
established breeding, in particular through the use of pro-
vocative words “large breeders” and above all “big busi-
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Table 2:

Evaluation of agriculture and the protection of genetic resources of the survey participants

Question n Ans. y 6 Not at all true Completely true Don’t know
- »

1 1.5 2 2.5 3 3.5 4 (5
1) Organic farming is clearly preferable to conventional agriculture 485 475 36 07 [} 11
2) Government should support organic farming more strongly than 485 473 35 08 ° 11
conventional agriculture
3) The government should do more to maintain biological diversity 485 474 38 0.5 [ 2
4) The state controls far too much in the area of seed and varieties 485 471 33 08 [ J 11

With th ieties | h Il large-

5) With the seed/varieties laws, the state protects above all large 485 473 37 07 ° 30
scale breeders and concerns

Source: Efken (2010)

nesses” should filter out to what extent the participants
see themselves as an opposition movement and in how
far institutional framework conditions are perceived as
the cause of poorly developed situations. Both statements
tended to be completely accepted by the participants.

In how far marketing activities can be seen as an un-
avoidable problem or as a natural part of the conservation
of rare plants and animals should be clarified with another
block of statements (Table 3). The sale of products from
conservational activities is very strongly supported, there is
no resentment against a commercialization of the conser-
vational activity. The assessment of the economic sustain-
ability of direct conservational work is rather modest. On
average, participants assess the economic perspectives in
the conservation of rare plants or animals favourable to
only a limited extent. However, the participants appear to
be convinced of the attractiveness of the products to be
won from rare plants and animals.

At the end of the questionnaire, participants had the
chance to express their reasons for conserving rare plants
or animals into their own words. A total of 380 persons,
or 80 % of the participants took advantage of this op-
portunity. Statements similar in content were summarized
(Figure 4). The frequency of the responses gives no exact

Table 3:

information on the number of participants since in the an-
swers often multiple topics were addressed, thus partial
answers are considered in two or three topic areas.

Besides the dominant topic ‘conservation of diversity,’
conservation of cultural diversity as well as diversity of
treatment were frequently mentioned reasons. Participants
also see their activities as a contribution to conservation
of cultural aspects. One reason stated relatively often for
the conservational activities was that in contrast to mod-
ern bred varieties and species, healthier and more robust
plants and animals were dealt with here. It is worthwhile
to point out that the topic “self realization” was also a sig-
nificant topic. It was mentioned directly or expressed in the
form of “pleasure in the activity” or “personal meaning.”
These aspects should be considered not only in public sup-
port to expand engagement for genetic resources but also
concerning promotion strategies towards consumers and
consumption. In other words: Diversity of agricultural ge-
netic resources and of food are more than an obligation of
society and every individual, diversity is a way to improve
public and even personal welfare.

Attitudes towards the sale of products from conservation activities of the survey participants

Question n Ans. y 6 Not at all true Completely true Don’t know
< >
1 1.5 2 2.5 3 3.5 4 (5)

1) Wh ith [ti | imal

) Whoever Fan earrw money with rare cultivated plants and animals 485 476 36 07 A 19
should certainly do it
2) Rare cultivated plant crops are not economically viable 485 475 24 08 o 92
3) Keeping rare animal breeds is not economically viable 485 471 23 09 [ 65
4) Products derived from rare plants or animals are not attractive for 485 478 18 08 ° 15

today's consumers

Source: Efken (2010)
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Protection/conservation of genetic resources, genetic diversity, biodiversity

Prevention of standardization, monopolisation, depletion

Conservation of cultural diversity, maintenance of customs and traditions

Environmental protection

Enjoyment of diversity of food, nutrition and meals

Pleasure working with that different and interesting persons

Serves as income, is part of professional activity

Self realisation and enjoyment in the activity, meaningful activity

Healthier, more productive, adaptable plants and animals

Others

Responses from 380 (= 100 %) of 485 surveyed

Figure 4:

0% 20% 40% 60% 80% 100%

Source: Efken (2010)

Frequency of mentions of a topic in the answering of a question , | am involved with the conservation of rare plants or animals because ....."

Competencies and deficits in the conservational ac-
tivities

Also asked were the areas in which the survey partici-
pants possess adequate abilities or in which they desire
support (Figure 5). Adequate abilities existed, as expected,
above all in the direct conservational activities breeding,
husbandry and growing of rare animals. In contrast, the
results for rare cultivated plants were surprising: only %
of the active conservers had adequate competence in the
breeding conservation of rare plants according to their

Organisation of events

Public relations

Marketing

Establish relations with business partners
Establish relations with colleagues
Marketing of products

Processing of products

Maintenance breeding of rare varieties
Cultivation of rare plants

Maintenance breeding of rare breed
Keeping of rare animals

Other

own information. Here a significant deficit became appar-
ent, since this ability is the core of the OFM. Particularly
conspicuous is also the overall low level of available com-
petencies, which only exceeded the 50 % level in a few
cases. Interesting are especially the relatively low quotas
of available competencies in the areas important for the
sale of products (sales, marketing, production of products
and making connections). Accordingly participants chiefly
voiced interest in topics related to marketing. Additional
support is also desired in the field of financing and procur-
ing public support.

% of all (485) (Multiple answers possible) 0% 10% 20%

Figure 5:
Areas in which adequate competencies are available

30%  40% 50% 60% 70% 80% 90% 100%

Source: Efken (2010)
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Concluding remarks

Agricultural practice in Germany has concentrated for
decades on only a few species and modern commercial
seeds and breeds. But consumers perceive no obvious lack
of diversity, because a broad range of processed products
are available from the same raw materials. Against this
background it can be observed that only a small group
within society is engaged in maintaining agro biodiversity
and OFM. No overview existed until now about OFM in
Germany and the extent of the conservation activities con-
ducted as well as the motivation. Without this information
public support and promotion strategies could hardly be
established in a targeted and target group oriented man-
ner. An online survey obtained detailed information in this
area.

The main age group engaged in conservation of genetic
resources is between 30 and 60 years of age. They have
an above average educational level. Important to note that
70 % of those surveyed do not own a farm. Accordingly
OFM is a small scale activity, often carried out in private
gardens and households. This should have consequences
for support strategies because farmer-oriented agricultural
policies obviously do not meet the target group.

Direct maintenance is characterised through diversity:
many species plus different varieties and races are main-
tained. Nevertheless it is quite unclear whether all these
activities serve to protect genetic resources or are no more
than a personal interest in some special plants or animals
without an impact on protection of agro biodiversity.
Strategies also need to give an answer in this direction.
This gains importance since many feel they lack adequate
ability concerning maintenance breeding (especially with
plants). Here support is strongly needed.

With regard to the opinions, persons involved showed
a significant preference for organic farming and a criti-
cal opinion of conventional plant breeding, seed law and
plant variety law. They interpret themselves as alternative
concerning sustainable agriculture. There is a lack of sup-
port for the conservation of genetic resources according
to the opinion of those surveyed. However, on the other
hand, the organisational structure in this area in Germany
is only poorly evolved so that lobbying activities are still
underdeveloped.

The option of use, consumption or marketing for con-
servation was judged strongly positive. Less positively rat-
ed was the actual economic potential of products from
the maintenance activities. Accordingly, a lack of abilities,
primarily in the relevant marketing areas, is seen. Until
now policies in this area are neither market oriented nor
consumer oriented. Since the consumer and market devel-
opments are primarily responsible for the decline of agro
biodiversity — at least in countries like Germany — there is a

need to react on this level too. There is a need for support
and the implementation of strategies concerning market-
ing activities in order to connect agro biodiversity with the
general public via markets and consumption.

An interesting result of the study is that people engaged
in protecting genetic resources highlight clearly, that they
find pleasure in their activities and the consumption of the
products they obtain. The protection of genetic resources
and agro biodiversity was hardly perceived as a burden or
hardship. Thus a stronger accentuation of the positive ef-
fects of agro biodiversity on personal well being besides
the frequently mentioned effects on the environment and
general public should be part of strategies.
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Influence of sulfur fertilization on floral scent patterns of crops in full bloom

Elke Bloem*, Silvia Haneklaus*, Rolf Daniels** and Ewald Schnug*

Abstract

Regularly, macroscopic sulfur deficiency can be found in
oilseed rape on production fields. Severe sulfur deficiency
causes unique flower symptoms with changes in colour
from bright to pale yellow and modifications in shape and
size of the petals. Less known is the fact that sulfur defi-
ciency alters the scent of flowers. It was shown in previ-
ous studies that this has severe implications for pollinating
insects such as honeybees. So far no studies exist, which
investigated the influence of the sulfur nutritional status
on the emission of volatiles by other agricultural plants
during flowering. In the present study the influence of
the sulfur supply on the floral scent of crops with (white
mustard, oil radish) and without sulfur-containing second-
ary compounds (chamomile, field beans, and peas) was
determined. The plant sulfur status was monitored at the
start of main growth and the volatile emissions of flow-
ers were characterized three times during main flower-
ing by employing an electronic nose. Sulfur fertilization
increased the sulfur content in leaves and flowers of all
crops. Significant differences in the emission of volatiles in
relation to sulfur fertilization were determined at least at
one sampling date for all investigated crops except white
mustard. It was possible to distinguish floral scent patterns
of beans from peas and chamomile, and that of peas from
chamomile and white mustard. Moreover it was possible
to discriminate the floral scent of the two glucosinolate-
containing crops white mustard and oil radish, too.

Keywords: chamomile, e-nose, Faba beans, floral scent,
mustard, oil radish, peas, sulfur
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Zusammenfassung

Einfluss der Schwefeldiingung auf das Bliitenduft-
muster von Kulturpflanzen wahrend der Hauptbliite

Akuter Schwefelmangel an Raps kann regelméBig auf
landwirtschaftlichen Flachen beobachtet werden. Bei ma-
kroskopisch sichtbarem Schwefelmangel treten einzig-
artige Symptome an den Bliten von Raps auf wie zum
Beispiel ein Farbwechsel von leuchtend-gelb zu weiBlich
sowie BlUtenblattdeformationen in GréBe und Form. We-
niger bekannt ist, dass Schwefelmangel den Blatenduft
verandert. In vorherigen Untersuchungen wurde gezeigt,
dass diese Veranderungen einen nachhaltigen Einfluss auf
die Bestdubung durch nutzliche Insekten wie die Honig-
biene haben. Bislang liegen keine weiteren Studien zur
Emission gasférmiger Verbindungen von Kulturpflanzen
in Abhangigkeit von der Schwefelversorgung wahrend
der Blute vor. In der vorliegenden Studie wurde der Blu-
tenduft von Kulturpflanzen mit (WeiBer Senf, Olrettich)
und ohne schwefelhaltige Sekunddarstoffwechselprodukte
(Kamille, Faba-Bohnen, Erbsen) untersucht. Der Schwefel-
versorgungsgrad der Pflanzen wurde zur Hauptwachstum-
sphase bestimmt und die Muster der Emission gasformiger
Verbindungen durch die Bliten mittels Elektronischer Nase
zu drei unterschiedlichen Terminen wahrend der Haupt-
blite erfasst. Die Schwefeldiingung erhéhte deutlich den
Schwefelgehalt in Blattern und BlUten sémtlicher Kulturen.
Die Schwefelzufuhr Ubte einen signifikanten Einfluss auf
die Emission gasformiger Verbindungen aller Kulturen mit
Ausnahme des WeiBen Senfs an zumindest einem Bepro-
bungstermin aus. Mit Hilfe der Elektronischen Nase konn-
te der Blitenduft von Bohne und Erbse beziehungsweise
Kamille sowie Erbse und Kamille beziehungsweise Senf
klar voneinander unterschieden werden. Auch der Duft
der beiden glucosinolathaltigen Kulturen Senf und Olret-
tich lieB sich eindeutig von einander unterscheiden.

Schlisselwérter: Ackerbohne, Bllitenduft, Elektronische
Nase, Erbse, Kamille, Olrettich, Schwefel, WeilBer Senf
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Introduction

The scent of flowers is produced by a multitude of dif-
ferent chemical compounds. More than 700 metabolites
have been identified in the volatiles of 60 different plant
families (Knudsen et al., 1993). In volatiles of oilseed rape
34 different compounds were determined (Tollsten and
Bergstrom, 1988; Robertson et al., 1993; McEwan and
Smith, 1998). It is hardly feasible to quantify changes in
the concentration of all known metabolites in relation to
sulfur (S) supply and crop species so that an electric nose
system seems a promising approach to determine com-
plex modifications due to variations in the S supply and to
deliver results on basic differences between crop species.

Macroscopic S deficiency causes characteristic symptoms
in all vegetative plant parts of Brassica crops (Haneklaus et
al., 2006). During flowering of oilseed rape a change in
color, often together with modifications in size and shape
of the petals can be observed (Schnug and Haneklaus,
1994). Besides these phenological changes S deficiency
causes also changes in the release of volatiles by oilseed
rape flowers (Haneklaus et al., 2007; 2009).

In glucosinolate-containing crops such as Brassica rapa
nitriles and isothiocyanates, which are degradation prod-
ucts from glucosinolates were found in the floral scent in
large quantities (Omura et al., 1999). Previous studies have
shown that the S supply increases significantly the gluco-
sinolate content in vegetative plant parts, seeds and pet-
als of oilseed rape and other Brassica (Schnug, 1993; He,
1999). Thus it may be assumed that the S nutritional status
affects the composition of the scent of glucosinolate-con-
taining crops such as Brassica.

Honeybees are attracted by scent, color and form of the
honey-bearing plants, but it is the scent, which is the fast-
est and strongest signal for pollen and nectar (Menzel et
al., 1993). Morphological changes and modifications in
the pattern of volatiles in relation to S fertilization have
been described for oilseed rape, but it is most likely the
striking resemblance of a pollinated and fading rapeseed
flower with an unpollinated, S-deficient one, which makes
them less attractive to honey bees (Schnug and Haneklaus,
1994 and 2005; Haneklaus et al., 2007).

S fertilization influenced the infestation of winter oil-
seed rape with pests; obviously a higher S supply favored
specialist insects (Haneklaus et al., 2008 and 2009). So far,
no data exist about the influence of the S supply on the
release of volatiles by agricultural plants during flowering
though they might be an indicator for the infestation of
crops by pests.

Electric nose (e-nose) systems can discriminate a wide
range of different scents and are suitable for different re-
search purposes. Traditionally e-nose systems have been
used to distinguish differences in aroma and quality of

a product as for instance vegetables and fruits (Broda,
2000), spicery (Madsen and Grypa, 2000), wine (Martin
et al., 2008), beer, tobacco, coffee and cosmetic products
(Bartlett et al., 1997). In food and cosmetic industries a
consistent quality, odor and taste is highly important and
e-nose systems are a fast, cheap and reproducible possibil-
ity to transform complex mixtures of headspace volatiles
into electrical responses that characterize the headspace
(Sinesio et al., 2000) for the control of the product quality.
Other applications of e-nose systems imply the detection
of toxic or malodorous odors from landfill sites and in-
dustries, the detection of mine fields or bombs in military
areas, and in medicine for the diagnosis of diseases (Hatt
and Dee, 2009). In the agricultural sector, Laothawornkit-
kul et al. (2008) demonstrated the potential use of e-nose
technology as a real-time pest and disease monitoring sys-
tem in agriculture.

[t was the aim of the present study to determine the
influence of S fertilization on the floral scent of different
crops and to investigate if patterns in the release of vola-
tiles by flowers of different plant species can be distingu-
ished.

Materials and Methods

In 2008, a field trial was conducted at the experimental
station of the Julius Kuhn-Institute (JKI) in Braunschweig
(E 10°27°, N 52°18"). The climate is temperate and charac-
terized by frequent changes in temperature, humidity, and
winds. The soil type is a Cambisol with a loamy sand soil
texture (6.5 % clay; 47 % sand) with a low water reten-
tion capacity and a high leaching rate. The soil pH value
was 5.5.

Five different crops: white mustard (Sinapis alba), oil rad-
ish (Raphanus sativus var. oleiformis), chamomile (Matri-
caria chamomilla), field beans (Vicia faba) and peas (Pisum
sativum) were grown in plots each with a size of 288 m?.
Plots were split in half and were fertilized with 100 kg S
ha' as ammonium sulphate nitrate (+S) which was applied
in two equal doses of 50 kg ha™' at sowing and at the start
of the main growth. The other half of the plot received no
S (-S). Nitrogen was fertilized at the following rates: white
mustard and oil radish: 100 kg ha' N; chamomile, field
beans and peas: 30 kg ha'N. Potassium was applied at an
equal rate of 115 kg ha' K.

Samples were taken at geo-referenced sampling loca-
tions in an area of about 1 to 2 m? around the sampling
point (Figure 1). Younger, fully differentiated leaves were
sampled in each plot at the start of the main vegetative
growth in fourfold repetition for mineral analysis (Fig-
ure 1). During full blooming flowers were taken in each
plot on three different days to investigate the S status and
the scent of flowers. Unpollinated flowers were cut at the
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insertion of the pedicel. Time between sampling dates var-
ied in relation to the crop-specific progression of blossom
and was at minimum 3 days (peas and chamomile) and
at maximum 17 days (oil radish). For the mineral analysis
leaves and flowers pooled from the three sampling dates
were dried until constancy of weight in a ventilated oven
at 60 °C. The plant material was fine-ground to a particle
size of < 0.1mm using a Retsch ultracentrifugal mill.

Sulphur l @ Sampling location
without S 100 kg ha' S N
® ® l l ® ® Variety: Bodegold
B [ Chamomile | Sowing: 23.04.08
- - Full bloom:  June 2008
o o] |eo o
£
® e |°o ® Variety: Dacapo
B Oil radish Sowing: 24.04.08
T Full bloom: July 2008
o o [ ] [ ]
E
2
L] L] ‘ | L] ] Variety: Santana
E Pea Sowing: 23.04.08
= Full bloom: June 2008
[ ] [ ] | L] L
E
o ) h | ‘ bt _ ® Variety: Sirocco
fJ Field bean Sowing: 23.04.08
- ® ' ° | l ® ® Full bloom: June 2008
[
" i ® bt ® Variety: Maxi
o White mustard Sowing: 24.04.08
P Py P P Full bloom: June 2008
12m Im 12m
Figure 1:

Field trial for the determination of changes in the release of volatiles
by different agricultural plants during flowering

The total S content in leaves and flowers was deter-
mined by a high temperature combustion method, which
operates at 1150 °C for complete S recovery with subse-
guent gas analysis for S employing the Elementar Vario
Max CNS equipment.

Volatiles in the headspace of the flowers were analyzed
by means of an e-nose with a sensor system consisting of
32 conductive polymer sensors (CPS; AromaScan® A32/50S,
UK). The measurement was conducted with 7 fresh flowers
of peas, beans and chamomile and 10 flowers of mustard

or oil radish. All flowers were directly sealed gas-tightly in
glass vials (22 ml capacity) on the field. The measurement
was conducted at 40 °C after an equilibration time of 15
minutes. Headspace volatiles were sampled for a period of
1 minute. After each measurement the system was rinsed
with synthetic air to clean the sensors. Data analysis was
based on the values of maximum change in resistance (AR)/
R, of the sensors, which were interpreted by standard map-
ping techniques, using software supplied by the manufac-
turer (AromaScan, 1995). E-nose data set clusters are com-
pared in a two-dimensional principal component analysis
(PCA) plot, which provides a pictorial reflection of similar
patterns or differences from the data files after data reduc-
tion (AromaScan, 1995). PCA is a technique used to reduce
multidimensional data sets to a lower dimension for analy-
sis to identify the meaning of investigated factors for the
characterized values. The quality factor (QF), which is calcu-
lated by the software, is an index to segregate significantly
different groups from each other (AromaScan, 1995).

For statistical analysis differences between means of
treatments were tested by employing a t-test (Simons,
1995).

Results and Discussion

Previous studies revealed that the S nutritional status of
a crop is not only related to the content of primary and
secondary S-containing compounds in vegetative and gen-
erative plant tissue (Haneklaus et al., 2006) and the emis-
sion of S-containing gases such as H,S (Bloem et al. 2007),
but also to the emission of volatiles, which are important
for the scent of oilseed rape flowers (Brauer, 2007).

S fertilization increased distinctly the S content of leaves
and flowers (Table 1). These differences proved to be sta-
tistically significant in leaf tissue of oil radish and chamo-
mile and in the flowers of all crops except pea.

Table 1:

Influence of S fertilization on the total S content in leaves and flowers
of agricultural crops.

Crop Leaves Flowers
[mgSg'dwl] [mgSg'dw]
-S +S Sig’ -S +S Sig’

White mustard

. 6.8 8.6 136 154 *x
(Sinapis alba) ns

Qil radish (Raphanus

. . . 7.4 9.3 * 16.8 188 *
sativus var. oleiformis)

Chamomile s .
(Matricaria chamomilla) 4.3 6.1 38 41

Field beans (Vicia faba) 4.6 4.6 ns 2.6 2.9 oS
Pea (Pisum sativum) 3.7 4.1 ns 4.6 4.6 ns

Sig’: Level of significance
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Figure 2:

2 dimensional PCA map

Class Class QF

Bean Pea 2.66
Bean Chamomile 5.25
Bean Mustard 1.98
Pea Chamomile 5.30
Pea Mustard 2.78
Chamomile Mustard 1.66

Two-dimensional PCA plot for headspace volatiles from flowers of peas, beans, chamomile and mustard sampled on 27t June 2008 (data include

measurements for S and +S treatments)

The total S content in leaves of all crops proved to be
sufficiently high for producing maximum yields (Haneklaus
et al., 2006). Based on the studies of Brauer (2007) a dis-
tinct effect of a change in the S nutritional status on the
emission of volatiles by flowers was expected when going
from sufficiency to excess, too.

In comparison to GC-MS analysis, which is used to ana-
lyze individual components quantitatively, the e-nose de-
termines changes in the spectrum of several compounds
and thus works qualitatively. The advantages of the de-
termination by e-nose are that a high number of samples
can be easily and fast analyzed and the costs per sample
are low. A major disadvantage is that it is not possible to
guantify the concentration of individual components.

In a first attempt the scent of different flowers was
compared (Figure 2) to test the suitability of the e-nose
measurement for the characterization of flower scent.
Paillan-Legue (1987) showed that climatic factors such as

Oil radish: 17.07.08

0.08-+ 0kgSha' [ QF =2.542
B 100kg S ha'

X
o 0.04
<
© 4
[
~ 0.00+—H
S
o T |

-0.041

1 [ |
-0.08 1 : : ;
-0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
PCA1=82.02%

Figure 3:

=3.52%

PCA2

air temperature have a strong effect on the results of the
e-nose measurement. Therefore all flowers were sampled
and measured on the same day (Figure 2) so that any
change of climatic factors had no impact on the results
obtained. PCA of the sensor data was performed and the
calculation of so-called quality factors (QF) revealed statis-
tically significant differences (Figure 2).

Groups are significantly different from each other when
QF's higher than 2 were determined. QF's were deter-
mined between crops and on different days in relation to
the S supply, each on basis of four replicate measurements
per plot. The results of the e-nose measurements revealed
significant differences in the patterns of volatiles between
crops (Figure 2) and in relation to the S supply (Figure 3).

The data in Figure 2 reveal further that beans and peas,
beans and chamomile, peas and chamomile and peas and
mustard can be discriminated by their scent irrespective of
the S supply as results of both treatments were included in

Chamomile: 25.06.08

- QF =2.745
| 0 kg S ha
0.08 B 100kg S ha
0.04
0.00 u
m
4 m
-0.04 .
L L L Il L
T T T T T
05 -04 03 02 -01 00 01 02

PCA1=94.04 %

Two-dimensional PCA plot for headspace volatiles from oil radish and chamomile flowers in relation to S application.
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the data set. In comparison it was not possible to discrimi-
nate mustard and beans and mustard and chamomile by
their release of volatiles on that particular day. A differen-
tiation between -S and +S plots delivered the same result.
This finding suggests that plants synthezising secondary S-
containing metabolites such as mustard do not necessarily
show a different pattern in scent, which can be detected
by e-nose. Interestingly to note is the fact that it was pos-
sible to discriminate the scent of the two legume crops.
Similar results were determined for different pairs of crops
at the other sampling dates and the two glucosinolates-
containing crops white mustard and oil radish were dis-
criminated by their scent, too.

In Figure 3 the influence of S fertilization on the release
of volatiles is shown for oil radish and chamomile. These
crops were selected exemplary because of their signifi-
cant response to S fertilization (Table 1). The results clearly
reveal that S fertilization and the S nutritional status of
the crop significantly influenced the release of volatiles by
flowers so that it was possible to distinguish between the
+S and =S treatment of both crops.

A weak, however, significant linear correlation was
found between the total S content in flowers (X) of oil rad-
ish and the resistance (dR/R) of all 32 sensors (Y = 0.405X
- 0.13; r2= 66.3 % for the medium resistance of all 32
sensors). This indicates that the intensity of the scent was
related to the S status of the plant.

Abbey et al. (2005) studied the impact of S fertiliza-
tion on the emission of volatiles by different genotypes of
spring onions employing an e-nose. S fertilization proved

Table 2:

to have a significant effect, while it was not possible to
distinguish between all genotypes.

Global radiation and temperature are the most impor-
tant climatic factors influencing the scent of crops (Brauer,
2007; Paillan-Legue, 1987). Accordingly the QF's varied
strongly for one crop species between sampling dates
(Table 2). Under unfavorable climatic conditions, it seems
generally difficult to unfold treatment effects. Even under
controlled greenhouse conditions variations of climatic
factors had a strong effect on the release of volatiles and
masked the S effect (Brauer, 2007). Thus it can be con-
cluded that single e-nose measurements might not reveal
the true impact of S fertilization and crop type on the re-
lease of volatiles.

White mustard proved to be the only crop for which
at none of the sampling dates significant differences be-
tween -S and +S treatment were found (Table 2). The fact
that the S supply in the control plots was in the sufficiency
range (Haneklaus et al., 2006) might have blurred a treat-
ment effect, which may exist when going from deficiency
to sufficiency range. In general, the S supply of all crops
in the control plots was sufficient for maximum productiv-
ity so that the question remains open how severe, macro-
scopic S deficiency will affect the release of volatiles.

From agro-environmental point of view the significance
of changes in the floral scent, which were determined be-
tween crops and in dependence on the S supply in this
study, for the pollination by insects, and the infestation
with pests remains open. In the presented field experiment
a higher abundance of butterflies of the genus Pieris was

Influence of S fertilization on patterns of volatiles, expressed by quality factors (QF), emitted by flowers of different crops at different sampling dates

Plant Date Temperature [°C] Global radiation QF
[J cm?]
Mean Maximum

Glucosinolate-containing crops

White mustard (Sinapis alba) 26.06.08 18.5 23.2 2623 1.260
27.06.08 16.3 20.2 1291 1.614
01.07.08 20.0 27.1 2869 1.634

Qil radish (Raphanus sativus Var. oleiformis) 01.07.08 20.0 271 2869 2.149
07.07.08 16.7 222 2030 1.480
17.07.08 14.6 19.1 1430 2.542

Glucosinolate-free crops

Chamomile (Matricaria chamomilla) 25.06.08 19.1 24.2 1579 2.745
26.06.08 18.5 232 2623 2.081
27.06.08 16.3 20.2 1291 0.832

Field beans (Vicia faba) 18.06.08 17.8 23.7 2534 2.122
25.06.08 19.1 24.2 1579 0.753
27.06.08 16.3 20.2 1291 1.970

Pea (Pisum sativum) 25.06.08 19.1 24.2 1579 1.170
26.06.08 18.5 232 2623 2.848
27.06.08 16.3 20.2 1291 1.391
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counted in plots of white mustard and oil radish, which
received S fertilization. This observation is in agreement
with the studies of Haneklaus et al. (2008, 2009), which
showed that S fertilization, resulted in a higher population
of specialist insects in oilseed rape. Last, but not least the
significance of the S supply for pollination by modifying
intensity and pattern of volatiles emitted by plants might
be worth to examine if crop productivity depends on cross-
pollination, and here on a scale from severe S deficiency to
excessive S supply.
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Erratum to ,Phenotypical indicators for the selection of methionine enriched local
legumes in plant breeding” / Landbauforschung - vTI Agriculture and Forestry Research
4 2009 (59)339-344

Henrik Schumacher*,**, Hans Marten Paulsen* and Achim E. Gau**

The authors regret that in the above article table 1 was printed with incorrect values. It is now given correctly, below.

Table 1:
Mean concentrations of different amino-acids of selected local legume species from Western Europe, cultivars from local seed breeders, HPLC
method

Average and range of amino acids in g/16g N P sativum V. faba V. faba (winter) L. angustifolius
n 49 46 4 46
Cysteine (mean) 1.36+0.14 1.09 £ 0.09 1.08 + 0.09 1.46 +0.16
Cysteine (range) 1.01-1.61 0.86-1.24 1.03-1.21 1.10-1.82
Methionine (mean) 0.98 + 0.07 0.71 £ 0.04 0.71 + 0.05 0.69 + 0.07
Methionine (range) 0.81-1.12 0.58-0.79 0.66 - 0.76 0.51-0.85
Lysine (mean) 7.26 £0.35 6.33 £0.27 6.13+£0.13 4.84 +0.26
Lysine (range) 6.26 -7.90 5.74-6.92 6.01-6.31 417 -5.38

* Johann Heinrich von Thinen-Institut, Institute of Organic Farming,
Trenthorst 32, 23847 Westerau, Germany

** Gottfried Wilhelm Leibniz University Hannover, Institute for Botany, Herren-
hauser Str. 2, 30419 Hannover, Germany
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