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Abstract

Swensson, C. 2002, AMMONIA RELEASE AND NITROGEN BALANCES ON SOUTH SWEDISH DAIRY
FARMS 1997 — [994. Doctor's dissertation.
ISSN 1401-6249, ISBN 91-576-6176-6

The thesis summarises and discusscs studics concerning factors influencing ammaonia release in cow housces and
factors influencing nitrogen surplus and nitragen efficiency on dairy farms,

The first investigation was carried oul at the Animal Lxperimental Station at Alnarp. The aims were 10
investigate if a lower content of erude protein in the diet for high-vielding dairy cows will decrcase the ammonia
release from manure. The ammonia release was significantly decreased for cows fed with lower protein levels
comparcd with high protein dicts.

The elfects of manure-handling system, type of cow houses and leeding ol dairy cows on ammoniy release
were studied i a field investigation. Resulls demonstrated a higher release ol amumonia 1n free stall barng with
liquid manure handling systems compared with tie stall barns with solid manure hundling systems. There was a
higher ammonia release from cow diets with a higher content of crude protein.

A theoretical caleulation of the nitrogen efliciency and nitrogen surplus al cow level and farm level was
carried out. The assumptions for the calculations were for a farm located in central Skdne (south Sweden) with
30 dairy cows and 50 heclares ol arable land. The nitrogen eflficiency al farm level was 28% on an average.
Nitrogen surplus per hectare varied between 135 145 kg when the intensity was 8600 kg millk/ha.

Nitrogen balances from conventional dairy farms situated in southern Sweden were investigated using the
farm gate method. Neither nitrogen surplus per hectare nor nitrogen efficiency showed significant effects of the
manure-handling system. The results showed that nitrogen cfficicney was significantly improved by including
sugar beet in the crop rotation and was negatively correlated with milk yield per hectare and nitrogen fertiliser
per hectare.

Analysis of dairy farms with balances from three consecutive years 1997, 1998 and 1999 showed that these
dairy farms decreased their nitrogen surplus by 25 kg N/ha between 1997 and 1998&. This decrease was not
repeated in the following vear. Input of N from artificial fertiliser decreased significantly from the first year.

Keywords: farm gate balances, environment, ammonia emission, milk preduction, manure handling system, cow
houses, crude protein.
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Explanations

Ammonia release
Ammonig emission

AAT
PBV

CP

NPN

TAN

I'arm Ciate balance

STANK

MINAS

ALFAM

Nitrogen efficiency

Lu

Release of ammonia from fresh manure to the
interior atmosphere in the building

Emission of ammaonia from the building to the
ouldoor atimosphere by the ventilated air

Amino acids absorbed in the intestine
Protein balance in rumen

Crude protein

Nitrogen

Non protein nitrogen

The sum of ammoniumN and ammeonia-N in
manure {Andersson, 1993), TAN — ammoniacal N
(Sommer & Hulchings, 2001).

The farm gate method wreats the farm as a black
box On the input side are purchased feed, lertiliser,
biological N-fixation and N-deposition. On the
output side are livestock and crop products. The
difference hetween the input and output flows is the
nutrient surplus/deficit {Cederberg, 2002).

Manure — nutrition in circulation (Stallgodsel —
néring i kretslopp — in Swedish) { Swedish Board of
Agriculture, 1999). A computer tool developed by
Swedish Board of Agriculture, which among other
things,calculates farm gate balances and nitrogen
losses on farm level.

Durch Nutrient Aceounting System,
Mineralenbockhouding in dutch (Breembrok et al.,
1996)

Ammonia loss from field applied manure.
Calenlation of ammoenia losses by using a multiple
regression model (warw bl dk -2000-03-23)

Ratio between N in animal products and crop
products and N input.

Livestock Unit
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Introduction

Decreasing milk prices and increasing input costs have forced dairy farmers to
increase the efficiency of dairy production in west European countries. Several
different ways have been used; increasing herd size, increasing milk yield per cow
and ycar, and/or dcercasing the cost per kg milk. At the same time, socicty has
placed new demands on dairy production, both ethical issues and environmental
issucs. Examples of the former arc banning clectric cow traincrs or the movement
towards loose-housing in Sweden (Hultgren, 2001), and an example of the latter is
the increascd attention to environmental pollution from dairy farms. Hencee, a dairy
farmer in the 21™ century has a great challenge to achieve the balance between
cfficiecnt dairy production and  ecthical and environmentally fricendly dairy
production.

This thesis is focused on nutrient flows in dairy farms in south Sweden,
especially nitrogen flows,

Assessing dairy farms

To achieve a successful dairy farm, judged not only by the dairy farmer and his
family but also by society, there is a need of tools, that evaluate the ethical and
environmental impacts of the dairy farm. Dairy farms have a long history of
comparing production and productivity from the dairy herd, for example, with key
figures such as kg milk butterfat per cow. The problem with these figures is that
they fail to reflect the economic output of dairy production. During recent

decades in Sweden, efforts have been made to compare the economic outcomes of
dairy farms. This has been done in the campaign “25-0ringen” or in RAM
(Analyses of the result in milk production} (Pahlstorp ef al., 1997; Swensson et al.,
19974; Swensson ef al., 1997b; Swensson, 1998).

From having focus on cvaluation of production and thc cconomy, the focus
during recent vears has chunged to environmental and ethical issues.

Welfare issues

In Sweden., the necw Animal Protection Act (APA, 1988), mecant that morc
considerations should be taken to animal welfare when assessing existing systems
and, especially, introduction of new production systems and methods. Still, there is
a lot te do in Swedish dairy production to achieve a production that meets high
cthical demands. Compared with other intensive regions of dairy production in
Europe, mo st Swedish dairy cows are found in tie stall barns instead of free stall
barns. On the other hand, Swedish dairy cows arc legally required to be on pasture
during the summer and they probably have fewer problems with mastitis and foot
problems compared with dairy cows in the Netherlands or in Great Britain,

The APA is a platform that states the minimum or lowest limit of animal welfare.
Both the Farmers Union (LRF) and dairy organisations have more specific options
to improve animal welfare in the dairy herds. For example, it is forhidden to usc
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hormones to create heat synchronisation in heifers (LRF, 2001,
httewww . nibichusesvinuw/ 2001-11-28).

Environmental issues

Society, and especially the "green movements”, has initiated increased attention to
environmental issues in agriculture in the western world during recent decades,
both regarding crop production (Carson, 1963) and animal production. The
intensification and specialisation in animal production means that more manure is
produced on fewer farms. Hence, these farms have difficulties in absorbing all
nutrients in manure. The amount of nitrates in ground water may be too high. In-
creased emissions of ammonia occur also on these farms, which has negative
influences on both animals and human beings in the cow houses. Emissions of
ammonia lead to an increased deposition of ammonia/ammonium. The deposition
causcs cutrophication in freshwater and marine ccosystems and may also
contribute to acidification of soils if nitrified and leached (Kirchmann ef a/.. 1998).
According to Kirchmann ez af. (1998), ammonia cmissions ncar very large animals
may cause local toxic effects on surrounding vegetation. In Europe, numerous
cfforts have been made to decreasce the negative environmental influence from the
whole livestock sector, for example in The Netherlands, Denmark and Sweden
(Kuipers ef al., 1999; Jakobsson, 1999). Also in the United Statcs, a process has
started to reduce the environmental impact caused by animal production and this
process appears to be accelerating (Nelson, 1999; Meyver & Mullinax, 1999).
Initially, focus has been directed at nitrogen and phosphorus. Chase (1999) reports
that these nutrients arc being overfed in relation to requirements in many herds in
United States.
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Aims of the thesis

The general aims of the thesis were to contribute to the understanding of the
nitrogen flows on a dairy farm, how to handle them, and thereby reduce the
negative environmental impact of dairy farms. The purpose of the studies was to
find possibilities to improve the utilisation of nitrogen on dairy farms. The goals of
the investigations have been to study the variation in utilisation of nutrients
between different dairy farms and to find some of the weak links in the chain; feed —
animal- house — storing of manure — spreading of manure — crops. Focus has been
on the first two steps of the chain.

The goal was to test the following hypothesis. All hypotheses were not possible
to clarify in details, due to limited resources and time, hence some of the questions
remain for testing in new projects.

1. In comparison with other intensive dairy-producing regions in Europe,
dairy farms in the south of Sweden have fewer surplus problems with
nutrients.

2. The handling of manurc is of grcat importance for the utilisation of
nutrients.

3. Dairy farms with high-yiclding cows utilisc the nutrients better compared
with dairy farms with normal milk yields.

4. A very important factor bchind a good utilisation of nutrients is the
human factor, 1.e. the manager of the dairy farm.

The specific aims were;

*  To test the hypothesis; A lower content of crude protein in the dict will
decrease the ammonia release from cow manure and a well-balanced diet
with feedstuffs of Swedish origin will not decrease the milk vicld (Paper I).

*  To compare ammonia emission from different types of cow houses and
manurc handling systems and to analysc the influence of crude protein in
the dairy cow diets on ammonia emission. To evaluate a simple method to
measure ammonia cmission from cow houses with indircet estimation of
the ventilation rate (Paper TI).

* To calculate nitrogen cfficiency and nitrogen surplus per hectare of a
dairy farm situated in the south of Sweden. The detailed aims were to
analyse five feeding strategies, typical for the region, and two milk vield
levels, and the influence on nitrogen efficiency and nitrogen surplus per
hectare (Paper LLI).

* To compare and analyse the influence of manure handling systems on
nitrogen surplus per hectare and nitrogen efficiency. To test the
hypothesis that liquid manure handling should give lower nitrogen
surplus compared with solid manure handling (Paper ['V).

* To analyse nitrogen balances from dairy herds during three consecutive
years, 1997, 1998 and 1999, and analyse causes of changes between
different years (Paper V).

11



Structure of the thesis

Cow level Papers [ and III
Cow house level Paper 11

Farm level Papers II1 and TV
Regional level Paper V

Human level In thesis

Demarcations of the thesis

With the exception of ammonia, nitrogen treated in the thesis is not divided into
nitrogen compounds as N, NO; or N, O, or nitrification and denitrification. All dairy
herds included in the thesis are situated in the south of Sweden.

12



SHORT SUMMARY OF INCLUDED PAPERS

Paper I

The investigation was carricd out al the Animal Experimental Station at Alnarp,
belonging to the Swedish University of Agricultural Sciences. The aims were to
investigate il a lower content ol crude protein in the diet for high-viclding dairy
cows will decrease the ammaonia release from manure and if a well-balanced diet
with feedstuffs of only Swedish origin would maintain milk production. Five
treatments were used in the experiment, two different protein supplements made of
ingredients of Swedish origin were each fed at two protein levels, 17% compared
with 13 — 13.5%. As a control, a commercial protein mix, based to a high degree on
imported products, was fed at the higher protein level. The experimental design was
a Latin squarc including twenty Holstein cows. The five experiment periods lasted
for six weeks. Diets with high protein content gave a higher content of urea in the
milk. Dicts with lower profein content gave the same level ol cascin and whey
protein. The ammonia release (measured by a special capsule over travs of
colleeted manure and urine) was significantly decrecased for cows fed the lower
protein levels compared with the high protein diets, Treatments with low protein
levels had significantly lower milk vyicld, kg ECM, but the nct profit, milk income
minus feed costs were nearly the same in all treatments. Hence, a well-balanced
diet of Swedish origin can compete with diets based on imported feedstuffs and the
ammonia release can be decreased without affecting net profit. The nitrogen
efficiency in the low protein diets was approximately 45% and in the higher protein
diets it was 34 %.

Paper 11

The effects of manure handling system, type of cow houses and feeding of dairy
cows on ammonia release were studied in a field investigation. Altogether 34 dairy
farms in the south of Sweden were visited twice during winter. The level of
ammonia release was analysed by calculating a ratioc between ammonia
concentration and the temperature difference between outside and indoor
temperature or the ratio between ammonia concentration and the differences
between outdoor and indoor carbon dioxide concentrations. These ratios gave
characteristic levels of ammonia release in relation to animal density independently
of the actual ventilation rate. The accuracy of the ratios is dependent on the

difference between the temperature inside the cow house and the outside
temperature. Therefore, measurements at wintertime are preferable.

Results demonstrated a higher release of ammonia in free stall bamns with liquid
manure handling systems compared with tie stall barns with solid manure handling
systems. There was a higher ammonia release from cow diets with a higher content
of crude protein in the cow diet.

13



Paper 111

A theoretical calculation of the nitrogen efficiency and nitrogen surplus at cow
level and farm level was carried out. The assumptions for the calculations were for a
farm located in the middle of Skine with 50 dairy cows and 50 hectares of arable
land. Five typical dicts were used, onc bascd mostly on commercial feed, two dicts
were grain based + purchased concentrate, two diets were based on alternative
feedstuffs, super-pressed beet pulp and distiller’s grain. Two levels of milk yicld
were analysed, 8600 kg/year and 11000 kg/year. All other inputs and outputs were
the same, for cxample crop yiclds. The amount of purchascd mineral fertiliser was
based on the assumption that all manure from animal production was utilised in the
crop production. The losses of nitrogen from cow housc and storing werc
calculated according to the Swedish extension tool STANK. l.osses during
spreading of manurc were calculated in two ways; according to STANK or
according to the simulation model ALFAM. The results from the two calculations
were nearly similar. The following results were obtained. The nitrogen ¢flicicney at
farm level varied between 27-30 %. Nitrogen surplus per hectare varied between
135-145 kg when the intensity was 8600 kg milk/ha. Lowest surpluses were
achieved with the diets including super pressed beet pulp at both intensities.

Paper IV

Nitrogen balances from 283 conventional dairy farms situated in southern Sweden
were investigated using the farm gate method. The material was obtained from
Skénemejerier, which has a campaign named “Environmental bonus™ and this
campaign includes calculations of farm gate balances.

Nitrogen balances were determined for 1997 and 1998. Three nitrogen balances
were calculated; for the whole furm, for crop production and for milk production.
The aims of the investigation were to study if factors such as the manure handling
system, the amount of nitrogen obtained from mineral fertiliser per hectare and the
proportion of sugar beets have an influence on the nitrogen balance (Paper 4).
There was neither significant effect of manure handling system on the nitrogen
surplus per hectare nor on nitrogen cfficiency. The results showed that nitrogen
efficiency was significantly improved by including sugar beet in the crop rotation
and was negatively correlated with milk yield per hectare and nitrogen fertiliser per
hectare. The mitrogen surplus per hectare was positively correlated with milk yield
per hectare and nitrogen fertiliser per hectare.

Paper V

Altogether |38 farm gate balances from three consecutive vears 1997, 1998 and
1999 were analysed. The farm gate balances were seleeted from dairy farms which
did not export or import manure, did not have any major animal production except
milk production and the crop production was of minor importance. The dairy {arms
decreased the nitrogen surplus by 25 kg N/ha between 1997 and 1998, This
decercase was not repeated in the following year. Input of nitrogen {rom artificial
fertiliser decreased significantly from the first year. Comparing dairy farms with no
output of crop products with dairy {arms with outpul of crop products shows that
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dairy farms that did not sell crop products had on average, approximately 20 kg
higher nitrogen surplus per hectare and 8% less nitrogen efficiency. Both groups
delivered about 6600 — 6800 kg milk per hectare.

15



Background

Historical background

Since the second world war (WW 1I), agriculture has changed rapidly. Modern
agriculture has increased outputs {rom both crop products and animal products. At
the same time the structural development has rapidly increased the size of the
farms. The change in Swedish dairy production is summarised by Hultgren (2001).
The leaching of nitrogen from Swedish agriculture in a historical perspective is
simulated by Hoftmann ez al. (2000) in the simulation model SOIT/SOILN. The
outcome from the modc!l highlights the following findings;

* Leaching of N from agriculture was nearly the same in 1860 as today.
Agriculture 100 — 150 years ago could not utilisc all nutrients due to crop
diseases, pests and poor management.,

*  The leaching increased by approximately 100% post-WWII — from 1950 10
1980. This is explained by a higher input of N from manure and mineral
fertiliser.

*  Still, the net load to the sea is higher due to lower retention by wetlands
today compared with the middle of the 19" century. 100 years ago the
drainage of rivers, lakes and wetlands started, which destroved the
retention capacity of nitrogen.

From the study it is possible to draw several conclusions (Hoffmann et a/., 2000);

1. It is important to have wectlands as a nitrogen sink before nitrogen
transported by streams, reaches the sea.

2. The higher input of nitrogen after WWII has, in combination with the first
factor, been negative to the environmental situation in the coastal regions.

The situation today

Environmental goals in Sweden

In Sweden, the government has decided upon 15 environmental objectives. The
overruling goal for the environmental policy is to leave to the next generation a
society where major environmental problems have been solved. Several of the
environmental objectives have interim targets and action strategies for
environmental quality objectives {Swedish government, 2000). Many of the
objectives concern agriculture directly or indirectly. At least two of them are
directly connected with the manure problem in agriculture. These objectives are:
“Natural acidification only” and “Zero Eutrophication”.

Natural acidification only

Only natural acidification means, for instance, that “the deposition of substances
that lead to acidification, should, in the long run, not exceed the critical load in land
and water areas™ and “measures to prevent anthropogenic soil acidification
prescrve natural production capacity, archcological objects and biological
diversity”.

16



Interim targets for “natural acidification only™ are stated below.

By year 2010;

* A maximum of 5 % of all lakes and 15% of the total length of running water
in the country will be affected by anthropogenic acidification

»  The trend towards increased acidification of forest land will have been
reversed in areas that have been acidified by human activities , and a
recovery will be under way

= Atmospheric emission of sulphur dioxide will be reduced by 60 000 tonnes

»  Atmospheric emission of nitrogen oxides will be reduced by 148 000
tonnes

Zero eutrophication

Zero eutrophication means that “nutrient levels in soil and water must not have
adverse effccts on health, biclogical diversily or the possibility to use land and
water resources”. Interim targets for this objective are specified below

1. “By 2009, an action programme 1n accordance with the Water Framcwork
Directive will specify how to achieve a good ecological status in lakes and
strcams, as well as costal waters”.

2. “By 2010, waterborne anhtropogenic emissions in Sweden of phosphorus
compounds into lakes, streams and coastal waters will have diminished
continuously from 1995 levels”.

3. “By 2010, waterborne anthropogenic nitrogen emissions in Sweden into
marine areas to the south of Aland sea will be reduced by 30% compared
with 1695 levels, i.e. to 38 500 tonnes™.

4. “By 2010, ammonia emissions in Sweden will be reduced by at least 15%
compared with 1995 levels, to 51 700 tonnes”.

5. “By 2010, emissions in Sweden of nitrogen oxides into the atmosphere will
be reduced to 148 000 tonnes”.

Many of these objectives are directly connected with agriculture, for example,
numbers 3 and 4. One way to achieve the target of number 3 could be to establish
wetlands and the objective of number 4 could be achieved by improved handling of
manure in all steps.

In table 1, the leaching from Swedish agriculture is summarised. The leaching
from agriculture is nade by using the simulation model SOIL-N (Hoffmann ef a/.,
2000). According to these calculations, the leaching from the root zone in arable
land in 1995 was 24 kg N /ha with a variation of 15 — 40 kg N. The leaching from
extensive grass is estimated to vary between 1 to 7 kg N/ha and this is assumed to
be the background leaching from land not affected by man (Swedish Board of
Agriculture, 1999¢).

17



Table 1. Nitrogen leaching from Swedish sources and the contribution to the sea, tonnes
nitrogen (Modified from Swedish Board of Agriculture, 1999¢)

Year 1985 1995
Total leaching 135 000 112 000
Total leaching from root zone, 75 000 56 000
Background 10000 10 000
leaching

Leaching from deposition 4000 4 000
Anthropogenic leaching, 61000 42 000
Retention, tonnes 27 000 17 000
Anthropogenic contribution to the 34000 25000
sed

Ammonia

Atmospheric ammenia contributes to natural acidification and is an important factor
for zero eutrophication. The emission of ammona from agriculture was
approximately 49 500 tonnes in 1999 (Statistics Sweden, 2001). This is a dcercase of
10% since 1995. The decrease 1s explained by a decrease in number of animals and
changes in manure storage and manure spreading-methods.

The government has the objective that ammonia emissions should be decreased by
15% compared with the level in 1995 (Swedish government, 2000), the target 15 51

700 tonnes. This means that the contribution from agriculture should decrcase to 46
500 tonnes (Table 2).

Table 2. Total ammonia emission and emission from agriculture, tonnes of
ammonia (Swedish Board of Agriculture, 1999¢; Statistics Sweden , 2001)

Year 1995 1997 1999 2010
Total cmission 60 800 58 800 55 000" 517007
From agriculture 55200 52 800 49 500 46 35¢°
Emission from 91 90 90 90

agriculture
Y% of total cmission

''5 9% decrcase from 1997 1o 1999 according to Statistics Sweden (2001).
7 Swedish government, 2000
3 Calculated, 90% ol total ammonia cmission.

Onc of the abjectives in Papers 2 and 4 is 1o compare the clfcels of dillerent
manure handling systems on ammonia emission and nitrogen balances,

18



Material and methods

Paper I - Cow level

Experimental design

This experiment was carried out at the Mellangard experimental station, Alnarp.
Five different diets, named A, B, C, D and E, were compared in a Latin squarce tost
including twenty Swedish Holstein cows in 2 or higher lactation. They were kept
in tic-stalls and milked twice daily. The barn at the experimental farm was cquipped
with mobile feed carriers for individual feeding of all feedstuffs. Roughages were
fed twice a day and concentrate mixtures four times daily. Feed refusals were
weighed every morning. As described earlier, 5 different diets were tested.Diets A,
B and D had high protein kvels i.e. 17% crude protein (CP-) in total dry matter
(DM), and diets C and E had a low protein level (13.1-13.5% CP).

The following feedstuffs were utilised, roughages consisted of hay, grass silage
and supcr-pressed beet pulp silage. Two types of concentrates were given
according to milk yield. The base mixture consisted of grain and the other type
included different protein supplements. In dict A, a commercial protein supplement
wus used. Diets B and C used a protein concentrate mixed of peas, rape seed meal,
heat-treated, rape sced expeller, heat treated, dried brewer’s grain and dried bect
pulp fibre. Diets D and E included also linseed cake. Hence, diets B,C,D and E were
bascd on feedstuffs of Swedish origin.

The roughage was the base in the feeding and the concentrates were given
according to milk yield. To alter the protein content in the diets, the amount of
concentrates and roughages, mostly beet pulp, were changed.

Animals and management

As mentioned carlier, [ive different trecatments were tested. The design of the
experiment is given in Table 3, Each period extended over & weeks; the first 2 weeks
were pre-experimental to get the cow adapied to the new [eeding regimen. Total
daily amounts of faeces and urine were collected together from individual cows in
blocks 1 and 3, during 4 days in the last week of cach period.

19



Table 3. Block design. A, B, C. D, E refer to different diets (from Paper 1)

Rlock 1* 2

Period 1 A B C D E A C B D E
Period2 B C D E A C E D A B
Period3 C D E A B B D A E C
Period4 D E A B C E A C B D
Period 5 E A B C D D B E C A
Block 3* 4

Periodl A C E D B C B E D A
Period2 E A C B D A C B E D
Period3 D B A C E D A C B E
Period4 B E D A C E D A C B
Periods C D B E A B E D A C

*Manure was collected

Registrations and analyscs

Feeds. Samples of silages were collected every day and frozen for later analysis of
pooled two-week samples. Samples of concentrate ingredients and blends were
taken on each mixing occasion. Samples were pooled for four weeks. Chemical
analvses were made on pooled samples and nutrition values were calculated
according to standard methods (Spdrndly, 1995).

Miik. Individual milk recording with milk sampling was done two days weekly.
Pooled milk samples were analyscd cvery week at a commercial dairy laboratory.
The contents of true protein, fat, lactose, urea and somatic cell count (SCC) in milk
were analvsed by the infrared technical instrument Foss Combi (Foss Electric AS,
Denmark).

Live weight. The cows were weighed at the beginning of the trial and at the end
of each period. The body condition was scored at the beginning of the trial and
after the whole trial was finished.

Manure. During four consecutive days in the last week of each period, plastic
bins were placed in the manure channel behind each cow in blocks 1 and 3 for total
collection of individual faeces and urine for 24 hours at a time. The collected
amount was thoroughly mixed and a sample was frozen for chemical analyses.
During these days, the cows were separated by empty tie-stalls in order to avoid a
mixture of manures.

Frozen samples of manure were analysed at a commercial agricultural laboratory.
The dry matter was analvsed together with the contents of total N and NH,-N.
Total N (nitrogen) and NII,-N were estimated in wet material to avoid losses of

HMMONIA,

About 1/3 of the fresh manure was put in a plastic bin and the ammonia rcleasc
was estimated using a ventilated chamber, constructed at the department. This
analytical technique to determine ammeoenia release from facces and urine has been
described by Andersson (1994). Ammonia concentrations in the chamber air were
measured with reagent tubes (Kitagawa). The ventilation rate through the chamber
was determined by measuring the pressure difference over an orifice plate. In order
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to eliminate errors caused by variations in ventilation rate, all determinations were

made at a ventilation rate of 100 m/mth and at a room temperature close to 16°C
(Frank ct al., 2002).

Paper II - Cow house level

Estimation of Ammonia - emission background

Production of ammonia is created by two different processes, organic nitrogen
from ¢xcrcta can be broken down or hydrolysis of urca can occur, the main source
of urea is from urine. The latter process is catalysed by the enzyme urease {eq. 1).
The urease enzyme comes from microbes in faeces. The process starts immediately
after urine is deposited on a floor, for instance in a cow house (Elzinger & Swiestra,
1993). Less than 1% of total ammeonia emission from slurry originates from excreta
according to Hartung (1992). The reaction is highly dependent on temperature and
the reaction becomes slower when the temperature is below 5 10°C.

CONNH,), + 3 H,O —» 2NH,' + HCO, +OH —@#  2NH,+CO,+2H,0 (1)

Emission of ammonia can be described by this simplified formula (after Monteny,
1996).

E = k*A*dC
where:

E = emission of ammonia (kg/s)

A = arca of emitting surfuce (m’)

k = mass transfer cocfficient (n/ s)

dC = difference in ammonia concentration at the emitting surface and in the air (kg/
ms')

Factors affecting ammonia release

With focus on dairy cows, the following factors are of importance. Nitrogen
content in manure and uring is the source of ammonia and is, of course, of great
importance. In an ideal solution, the content of TAN, total ammoniacal nitrogen,
has an almost lincar relationship to ammonia relcase (Svensson & Verm, 1993), The
manure surface area is of importance, however. It is not clear whether the
relationship is lincar or not. The amounts of manure and urine, and the period the
manure and urine are exposed to air in the barn have influence on the release of
ammonia. In pig houscs, it has becen shown that the ammonia concentration
increases when the manure is stored more than 24 hours. Hence, trangport of
manure out from the barn 1 — 2 times per 24 hours i3 cnough (Gustafsson, 1992). A
higher frequency of transporting manure out from the barn will not decrease the
release of ammonia. Higher manure temperature inercascs the ammonia release,
maximum at 35°C. Higher pH increases the release of ammonia, with a maximum at
pH 9. The moisture content of the manure also has an influence on release of
ammonia, A high C/N-ratio decreases ammonia release due to the fact that microbes
will utilise nitrogen in mincralisation or in transformation of nitrogen 1o organic
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compounds (Gustafsson, 1992). Also air movements in the building, air velocity
above the manure surface and air flow rate through the building will influence on
rclcase of ammonia (Andersson, 1995; Jeppsson, 2000a). All the factors can, of
course, be changed in one or another way, but some factors are determined when
the building is constructed, for cxamplc, the type of manure handling system and
the possibility to change the manure temperature or the separation of solid manure
and urince. Andersson (1995) claims that the most cffective measurcs of reducing
release of ammonia, with focus on livestock buildings, are to

* decrease the area of manure surface

»  decrease air velocity

*  decrease manure temperature

*  separate urine from faeces as quickly as possible

The type of floor in cubicle houses for dairy herds has a significant effect on
ammonia emissions. An investigation, catried out in The Netherlands, showed a
significant effect of a sclid floor with a gutter in the middle to collect the urine
compared with a concrete slatted floor. The ammonia emission was reduced by 50%
(Swiestra, Smits & Krodsma , 1995). Comparing different management practises to
reduce the nitrogen surplus, kg/ha and ammonia emission of the whoele farm,
Kuipers et al. (1999) concluded that low-emission housing techniques are both
expensive and have little effect compared with other management practises, for
example, injection of slurry or covering slurry storages. On the other hand, a factor
with quick response is the nitrogen content in manure (including urine) which is
determined by the nitrogen content or content of crude protein (CP) in the feed
ration. The relationship between ammonia volatilisation and nutrition and the
formation of urea and ammonia is summarised by Monteny & Erisman {1998). The
dairy cow’s production of urea is the key factor in ammonia emission from manure
and urine. Urca converts to ammonia from floor arcas wetted with urine and from
manure (Smits ez al., 1995).

A schematic overview of processes and factors involved in ammonia release
from livestock houses 1s shown in Table 4.
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Table 4. Processes and factors invelved in ammonia release from livestock houses (after
Groot Koerkamp ¢t al,, 1998)

Processcs Nitrogen compounds Contributory factors
and appearance
Manure production Uric acid, urea, Animal

undigested protein

Degradation Ammonia/ammeonium in - Proccss conditions (manurce):
manure Temperature, pH, water activity
Volatilization Ammonia in air Process conditions and
interaction local climailc and
L process conditions
Ventilation Ammaonia in animal local climate (air), temperature,
houscs relative humidity, air velocity
Emission Ammonia in Alr cleaning
environment

A simple method to estimate ammonia emission from in animal
buildings — theory

Mecasurcments of ammonia cmissions from animal buildings or clscwhere arc not an
easy task. To be able to analyse losses of ammonia from cow houses it must be
possible to mcasure, or at Icast quantify, the losscs in an casy and checap way. To
be able to determine the emissions of ammonia in conventional ways it is necessary
to measure both the ammonia concentration in the outgoing air and the ventilation
rate. The ventilation rate in animal buildings varies considerably, depending on the
heat balance of the buildings, which in turn depends on the outside temperature.
All these interactions make it difficult to evaluate and compare measurements of
concentrations and releases of ammonia in animal buildings, as they might have
been performed under different climatic conditions. These types of measurements
are laborious and need expensive equipment.

Increased ventilation rate may also increase the release of ammonia {Gustafsson,
1988; Andersson, 1995).

In paper 2 a simple method is used, which can characterise ammonia emissions
from an animal building without actual measurement of the ventilation rate
(Gustafsson ef al, 2000). The method is developed from the following
assumptions;

" Release of sensible and total heat increase with the body weights of the
animals. Hence, ventilation requirements in animal houses also increase
with body weights of the animals (CIGR, 1992, 1599}

= Release of carbon dioxide in animal houses is in relation to the total heat
rclease from the animals (CIGR, 1984). Gustafsson (1988) has shown that
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the number and weight of the animals influence the release of ammonia,
carbon dioxide and dust.

*  Mecasurements of differences in indoor and outdoor temperatures and also
indoor carbon dioxide concentrations may give information about the
ventilation rate in relation to the total relcase of sensible heat in animal
houses (Pedersen et al., 1998).

*  Increased ventilation rate may have a diluting cffect en concentrations for
most air pollutants. Tnereased ventilation rate may also increase the
rclease of ammonia (Gustafsson, 1988; Andersson, 1993).

Calculations from mass balances of scnsible heat, carbon dioxide and ammonia
show that it may be possible to characterise the emissions of ammonia in the
ventilated air from an animal building by some simple rclationships that arc casy to
measure in cow houses. The following equations illustrates this (Gustafsson e al.,

2000).

The emission of ammonia by the ventilation is described as:

E=qg"(C—=C) (2)

where [ is emission of ammonia in mg/animal and h, ¢ is ventilation rate, m” per
animal and h, '; and C; are concentrations of ammonia in indoor (or exhaust) air
. . . . .3
and outdoor (inlet) air, respectively, in mg/ni.

If the release of ammonia per animal should be determined, then it is nccessary to
determine a measure of the ventilation rate per animal.

If the over-all heat transmission loss is considerably lower than the ventilation
heat loss, then the necessary ventilation rate to remove sensible heat at a certain
temperature difference may be approximated as:

q~P* 3600 3)
(T,=-Tpa*Cp

where P is release of sensible heat, W/animal, 7; and T are temperatures of
outdoor and indoor air in °C, a is air density in kg/nt, C, is specific heat capacity of
airin J/kg, K.

Combining equations 2 and 3 will give an estimation of the emission of ammonia
in relation to produced sensible heat as:

E - 3600 =« (C,—C,) =const.» (C,—Cj)

4
P a*Cp (T‘;*T,) (7—‘277—'})

The ratio between concentration and temperature differences will give a
characteristic value of the level of ammonia emission per animal, independently of
the ventilation rate, as:
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TR —(C,-C)) (3
(1, 1y

A similar approach can be made by using the indoor carbon dioxide
concentration as an indicator of ventilation requirement;

CR=_4(C,_C,) ©
C(‘()_f’._?‘ - C‘V(’()_r’.l

The ratio between differences in concentrations of ammonia and carbon dioxide
between cxhaust (indoor) and outdoor air will therefore alse give a characteristic
value of the release of ammonia per animal independently of the level of ventilation
ratc.

The accuracy in the determinations of the ratios 7R and CR will depend on
accuracies in the measurements of differences in concentrations and temperatures.

The maximum errors in measurements have been estimated to:

A T/ =2°C Simple handheld instrument
/Ceonz - Copzy/ — 200 ppm Detector tubes
/Crpnsrs Capz i/ — 2 ppm Detector tubcs

The temperature difference between indoor and outdoor air will alse have a large
influence on the error in determination of 7R and CR. Calculated maximum errors in
determinations of 7R and CR  at diffcrent differences in temperaturcs in an
insulated animal building are illustrated in Figs. 2 & 3. The figure clearly shows the
influence of temperature difference on the accuracy in determinations of 7R and

CR.

The error will increase at decreasing temperature differences. The difference in
concentration of ammonia will also decrease at educed temperature difference
(increased ventilation rate), which will also enlarge the error of 7R and CR.

Outdoor climatic conditions will therefore influence the precision in
determination. Measurements during winter conditions, when the differences in
temperature and concentrations of carbon dioxide and pollutants are high, will
improve the precision.
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Material in Paper IT
Thirty-four dairy farms in the south of Sweden were visited twice during the winter. A short description of
the different dairy farms is piven in Table 5.

Table 3. Imvestigared hotses for daivy cows, with different ventilation and manure handling systems and number of
dairy cows

Type of herd Number of Number of dairy cows Number of cow Number of cow

herds houses with houses with
Mean Standard mechanical natural
deviation ventilation ventilation

Tie stall barns 16 45 15 15 1

with solid

manure

Tie stall barns 8 43 14 7 1

with liquid

manure

Free stall barms 6 113 45 3 3

with liquid

manure

Free stall barn 4 &4 65 - 4

with solid

mnure

Moy barn had ventilation through the manure channel.

The ammonia release is calculated using the TR and CR described carlier. T.evels of ammonia, carbon
dioxide and temperature in the barns and in outside air were recorded with detector tubes (Kitagawa) and
clectronic thermometers in the cxhaust air in mechanically ventilated cow houses or in the middle of the
buildings in naturally ventilated cow houses at 1.5 m height above floor level. The concentration of
ammonia and catbon dioxide of air leaving through exhaust fans gives a weighted sample of the
concentrations in the entire building. Outside temperatures were measured at a place not exposed to solar
radiation. Two measurements were made within two months during the winter, Data relating to the
buildings, the manurc and feeding systems were collected during the visits.

At the first visit, the farmers were interviewed about their feeding strategy and the daily feed ration of
the cows. If the farmer was uncertain about the daily feed ration, a weight check was made of the different
feedstuffs and if the farmer did not have any information about the analyses of roughage, a mixed sample
was taken and sent for analysis. The content of crude protein, amino acids absorbed in the intestine
(AAT), protein balance in the rumen (PBV), MJ in total feed ration were recorded. Information on the fat,
protein and urea contents of the milk was collected from the regular milk analyses made by Skdnemejerier.

Papers II1, IV and V - Farm level

Before a description is given of material and methods applied in papers 3, 4 and 5, an introduction to
element balances will be presented.

FElement balances as a concept

Budgets to assess the flows of minerals, nutrients or other elements in agriculture have been used for
many yvears. Element balances as a concept were introduced over 100 years ago in research to analyse the
nutrient tlows in arable land (Legp & Meisinger, 1982), Later they have been widely used both in fields or
at [arm level, regional level or national level to analyse clement [lows (Parris, 1998; Sveinsson e af., 1998).
For decades they have been a useful ool for scientists, farmers, advisors or policymakers, in the planning
and control of nutricnts (Ocnema & Heinen, 1999). Lidlements that have been calculated arc often nutrients
like I, P and K { Sandgren er «f., 1999). Budgets can also be used to calculate heavy metals like cadmium
or energy flows at farm level (Gustafson ef af., 2001). The most common element in budgets is N, due to
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the contamination of ground and surface water and to the pollution of the atmosphere (Watson &
Alkinson, 1999).

The purposc of the budgets determines at which level the budget is calculated. Tf the purposce is to
determine the impact of pollution from a certain sector, i.e. agriculture, this can be calculated on national
or regional level, In research, budgets are often used for a special crop or animal preduction, hence, a
minor part of the agricultural system. If the purpose is to help the farmer in management of the farm it is
better to use a farm gate balance (Breembroek ef af., 1996).

The overall basic concept for an K-budget is simply a conservation ol mass (L.egg & Meisinger, 1982;
Meisinger & Randall, 1991);
N in- N out — N stored within, or lost from the agroecosystems.
N stored within or lost from the system has been defined in different names; for example:
= N-surplus (Halberg ef af., 1995)
= [ong-lerm potentially leachable-N (Meisenger & Randall, 1991)
= Positive or negative balances (Fagerberg «f al., 1996)
Farm gate balances
Many authors have pointed out that there is a need of standardisation of element balances (Breembroek e/

al., 1996; Sveinsson ez ¢f., 1998). One standardisation is (o define (he boundarics of the balance (o a
specific farm, hence, a farm gate balance. A farm gate balance is usually calculated per calendar vear,

Different types of larm gate balances used in N-balances

Watson & Atkinson (1999} distinguish between the following three types of farm gate balances ('I'able 6);

= EIO budget, Economic Input:OQutput budget,accounts for purchased products bought and sales
of N over the farmgate

= BIO budget, Biclogical Input:Qutput budget, includes estimates of biological nitrogen fixation
and attempts to partition losses into leaching and gaseous forms

= TRIO budget, Transfer:Recycle:Input:Output budget, which also accounts for key soil processes

EIO- budget

This type of budget is based on farm management information. It is a simple approach, assuming the
existence of steady-state on the whole farm. Calculated surpluses are assumed to be lost from the system.

BIO budget

In comparison with EIO budgets, the BIO budgets include inputs from symbiotic and non-symbiotic
deposition. Surpluses are lost from the system and portioned in gaseous losses and leaching losses.
Svmbiotic Nfixation is predicted from the content of clover in the swards.

TRIO budget

It includes all information from the BIO budget but also major internal soil N fluxes, i.e. mineralisation
and immobilization. This neans that it is possible that soil N declines or increases, hence, there is no
steady state.



Table 6. N patimvays included in the three different budgering approaches (after Watson & Atkinson, 1999

Pathways of N (inputs and outputs) Budgeting approach

EIO BIO TRIO
Purchased inputs® X X X
Atmospheric deposition” X X
Na-fixation ® X X
Animal inlake (grazing, silage, purchased feeds) ® X X
Fxeretal returns (grazing and manure Y’ X X
Gaseous losses (grazing and housing?’ X X
Mineralisation/conteibution to soil organic rmatter ® X
Livestock outputs * X X X
Other saleable outputs (e.g. surplus silage) ® X X X

a

Based on primary data
* Caleulated using relationships from literature

A comparison of nitrogen balunces used in The Netheriands and Sweden

Farm gate balances, especially N and P-balances, have been calculated, at least in The Netherlands and
Sweden, on a regular basis by national authoritics. [n Table 7 the different approaches are summarised.

Table 7. 4 comparison of farm gate balances used in The Netherlands and Sweden (Breembrock ¢f al.. 1996,
The Swedish Board of Agriculture, 1999a; Pahistorp. 2001, pers.conm.)

Pathways of N-inputs Budgeting approach
The Netherlands Sweden Sweden
“MINAS™ ' “STANK™® “Skinemejerier”
Atmospheric deposition X X
N,-fixation X X
Inorganic fertilisers X X X
By-products X X X
Purchased feed X X X
Natural pasture X X
Seed X
Orgaunic fertiliser from other X X
farms (e.g. manure,
compost)
Animals bought X X X
Bedding material X
Pathways of N - outputs
Animal products (Milk, X X X
meat ..)
Fodder to other farms X X X
Arable land products, X X X
vegetables
Organic fertilisers to other X X X
farms (e.g. manure,
compost)
Animals sold X X X
NH; loss from housing X *
{correction factor for
livestock farms with > 2 LU
/ha)
Natural pasture X

" Qenema et al., 1998, > Neeteson, 2000, * Swedish Board of Agriculture, 1999a,
* Possible to calculate from STANK



Following the typology of Waton & Atkinson (1999) MINAS, must be considered as an EIO-model.
The big difference berween the Swedish nitrogen balances and MINAS is the absence of figures of
nitrogen fixation and nitrogen deposition in MINAS, which makes it difficult to compare farm gate
balances from Sweden and The Netherlands. For individual farms, this may make a great difference,
especially in the case of farms with a lot of leys. The two Swedish balances can be considered as BIO —
models.

Errors and uncertainties in determination of farm gate halances

Ilow accurate are the farm gate balances? Oenema & Ileinen (1999) state that the total variance of a
nutrient budget is less than the sum of the variances of the individual inputs and outputs. This is
explained by the fact that “the total variance is equal to the sum of the variance of the various flows plus
twice the covariance of all possible two-way combinations of these flows, But the covariance is often
negative due to the fact that it is a negative correlation hetween the various oulputs™. Table 8 summarises
crrors in % for a farm gate balance.

Table 8. Approximale values fir the relalive ervors of phosphorus und nitrogen budgels of farms in The Netherlandy
(afier Qenemia & Heinen, 1099)

Input Lrror, % Output Error %
Fertilizers 1-3 Milk 2-8
Manure 10-20 Meat 2-10
Plant material 5-20 Manure 10-20
Atmospheric 10-30 Crops 5-10
deposition
Concentrales 5-10 Leaching 50-200
Forages 5-10 Runoff 50-200
T'otal 5-15 Volatilisation 50-200
Total 10-20

Oenema (2001) claims that uncertainties increase in the order farm gate balance, soil surface budget and
soil system budget. The latter had large uncertainties for internal nutrient flows, leaching losses and
gaseous emissions.

Farm gate balances utilised in Papers III, IV and V

Papers 4 and 5 utilise farm gate balances (BIO-models, see Table 7} collected by Skinemejerier. In 1997
Skénemejerier started a campaign, “environmental bonus”, for extra environmental commitment
(Skanemejerier, 2001). Dairy farmers joining the campaign receive extra moeney for milk produced in
accordance with specific criteria. The campaign was carried out on two levels. The most important
measures in level one was to make an environmental inspection operated by the Federation of Swedish
Farmers and to join the environmental training carried out by Skanemejerier. Level 2 comprised farm gate
balances, including both animal balance and crop balance, and ceasing the use of pesticides on grass
intended for dairy cows. Hence, farm gate balances have been calculated each year since 1997. The
campaign was voluntary the first three years. From vear 2000, dairv farmers marketing their milk through
Skanemejerier, must join the first level of the campaign (Table 9).

Table 9. Number of dairy farims joining the environmental bonus campaign, level 2
(Karisson, 2002, pers.comm.)

Year 1997 1998 1999
Dairy farmers joining 461 610 705
the environmental

bonus campaign




As mentioned above, during the first three years the caleulations included also an animal balance and a
crop balance (Figs. 4, 5, and 6). The calculations were made by software developed by Skinemejerier using
Microsoft Access®. Since vear 2000, the software STANK was used. This software was developed by
the Swedish Board of Agriculturc (1999). The differences between the two softwarcs arc that STANK
does nol calculate an animal balance or crop balance and the deposition of nitrogen from the atmosphere
is more adapted to different regions in the software developed by Skanemejerier.

Input and output values from the dairy farmers to the balances were collected using protocols. The
dairy farmers could fill in the protocols by themselves or the farmers were interviewed about input values
and cutput values, for example how much mineral fertiliser was bought per year or how much concentrate
was fed to the animals per year; doubtful data were double-checked with the farmer to exclude incorrect
data from the analvsis. Advisors from Skanesemin (the regional society for artificial insemination)
collected the balance figures. The balances were calculated on the calendar year. All data were collected,
processed and stored in a database, Microsoft Access®. The results from the balances were sent to the
farmers during the following spring.

Amounts of purchased mineral fertilizer and purchased feed were recorded in the accounts as well as
data on sold milk, sold live animals or slaughtered animals, and sold vegetable products. The nitrogen
fixation from leys was calculated according to the method used in STANK (Swedish Board of Agriculture,
19992}, and the result depends on a subjective cvaluation of the content of clover in the leys. This
estimated figure may affect the result for farms that grow a lot of leys (Hégh-Jensen ¢f «l., 1998).
Atmospheric nitrogen deposition was estimated to be 12 kg — 15 kg /ha according to estimates made by
the regional agricultural society. The nitrogen deposition from the atmosphere is also an uncertain figure
but is of minor importance for the whole inflow of nitrogen,

The whole farm’s balance was defined as the difference between inputs to the farms and recovery in
agricultural products. T'he nitrogen surplus per hectare was defined as the difference between input and
output of nitrogen divided by the size of the farm in hectares. The farm size was defined as land on which
manure could be spread; this includes all arable land on the farm but not natural pasture. The nitrogen
efficiency was defined as the ratio between nitrogen output and nitrogen input (van der Hoek, 1998).

All farms shipping milk to Skanemejerier were defined as dairy farms. Dairy farms that exported or
imported manure were excluded from the statistical analyses due to the uncertain analytical values of
nitrogen in manure (Ocncma et af., 1998; Steineck ef al., 1999). Also dairy farms with a large outflow of
nitrogen from other types of animal production such as pig production, were excluded from the analysis.
The definition of a dairy farm is not the same in EU and Sweden. A Swedish definition of a dairy farm is;
“dairy farm has at least 67% of the farm’s total labour force occupied in milk production” (Statistics
Sweden, 1997). The EU definition of a dairy farm is based on the dairy production’s share of the total
gross margin, hence, being an economic definition (EU,1985). Tt was not possible to use the EU-definition
or the Swedish definition in a strict context due to lack of information on the economic outcome or the
labour time at the dairy farms.
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Paper 111 is a desk study in which calculations were made of nitrogen efficiency and nitrogen surplus on
dairy farms in south Sweden, The outcome from five feeding strategies calculated in the software Bioptek
was caleulated (Larsson, 2001). The six feeding strategics werce as follows;

Grass silage, barley and purchased concentrate

Grass silage, purchased concentrate

Grass/clover silage, barley and purchased concentrate

Grass/clover silage, super-pressed beet pulp, barley and purchased concentrate
5. Qrass/clover silage, distiller’s waste, barley and purchased concentrate

Eal e

All feeding strategies were utilised on the intensity of 8 600 kg milk /ha. Strategies 3 and 4 were also
utiliscd on thc intensity 11 000 kg milk /ha. Crop yiclds arc according to Agriwisc (rcf). Ratc of nitrogen
fertiliser is according o recommendations (rom the Swedish Board of Agriculture (2001) The losscs of
nitrogen from cow house and storing were according to the Swedish extension tool STANK (Swedish
Board of Agriculture, 1999a). Losses during spreading of manure were calculated in two ways, according
to STANK or according to the simulation model ALFAM. To calculate the value of TAN to be used in
ALFAM, information from paper [ was utilised. The outcomes from the calculation were compared with
nitrogen balances calculated according STANK and also with results from the experimental farm at de
Marke, The Netherlands {(van Keulen ez af., 2000).



Methodological considerations

The thesis includes different types of investigations (Table 10), both research in an experimental herd
(Paper 1), modelling of a dairy farm( Paper I1I) and field investigations (Papers I, IV and V).

The investigation presented in Paper I is based on the experimental herd at Alnarp “Mellangird”, The
advantage of an investigalion in an experimental herd s obvious, the dairy cows are in the sume herd of
the same origin, the management is the same during the whole experiment, hence, the influence of the
environmental factor is low. On the ather hand, generalisation of conclusions from ane dairy herd to all
dairy cows in Sweden, or in the world, may be a doubtful approach. The cow house at Mellangérd
includes a tie stall barn for intensive feeding experiments and a free stall barn, the number of dairy cows
is around 170, with an average milk yield of 9 700 kg milk per cow and year, and the feed includes both
supcr-pressed beet pulp and alfalla. It is not a typical Swedish dairy farm, the average herd size in Sweden
is slightly above 40 cows and the milk yicld per cow and year approximately 8 600 kg milk {Stalistics
Sweden, 2000; Swedish Dairy Association, 2001). However, in 8kénc, the average herd size is higher and
the milk yield nearly 9 000 kg milk per cow and year (Swedish Dairy Association, 2001). Sull, warking with
an experimental herd is the traditional way of research 1n dairy production. The investigation presented in
Paper T could hardly have been done in normal dairy herds due to the demands of exact feeding and
collection of manure for analysis of nitrogen compounds.

On the other hand, Paper 11 consists of an investigation carried out in normal duairy herds. The overall
purposc of this investigation was to usc a simple method to characterisc atmmonia emissions in dairy cow
houses and to relate this to type of building, tvpe of manure handling and feeding of the dairy cows. The
simple method is not reliable if small differences occur in outside — inside temperatures, and during the
wintertime part of the investigation was carried out 19992000, the weather was unfortunately mild. Still,
the aim was to utilise the method and analyse the relationships mentioned above, This was done in dairy
herds, that already had a lot of known background data, and the simple method could be evaluated
satisfactorily. Tt is an advantage that the same persons make all the registrations, which probably
decreases the human factor.

In the results presented in Papers IV and V, information was utilised from farm gate balances of dairy
farms collected by Skdnemejerier. As in many other investigations, this is research utilising information
collected by other people for other purposes. Still, there is an opportunity to learn a lot from many dairy
farms. The problems with a field investigation are to be able to exclude false information from reliable
facts. One problem regarding research data among these investigations is the definition of a dairy farm.
The investigation presented in Paper [V uses all data from dairy farms shipping milk to Skinemejerier,
except dairy farms exporting manure. In Paper V, dairy farms with large crop and/or pig production were
excluded.

Table 10. Type of research in the thesis

Type of research Number of dairy herds In

Dairy herd, experimental station 1 Paper 1

“Mellangérd”

Dairy herds, field investigation 30 Paper 11

Dairy herd, modelling 1 Paper I1I

Dairy farms, “meta analysis” 283& 138 Papers IV &
\f
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Fip. 6. Overview of the thesis (Modified from Keating & McCown, 2001).
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Statistical analyses

The statistical analyses were mainly carried out using the SAS statistical package {SAS, 1985; 1986).
Before analysis of variance was carricd out, normal distribution among data was tcsted using proc
Univanate. According to Montgomery (2001}, the following criteria must be [ulfilled if a variance analysis
is to be used: Data should be normally distributed, the variance should be equal, and the data should be
independent. Analysis of variance was used in Papers I, IT, IV and V. In these papers, log-transformation
was used to fulfil the criteria of normal distribution for some parameters, i.e. somatic cells in milk. In other
cases, when the parameters were not normally distributed, a non-parametric test, Wilcoxon-Mann
Whitnev test, was utilised.
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Results and discussion

Cow level

Results from the experimental herd

Nitrogen efticiency was calculated for the dairy cows in the experiment by calculating nitrogen from milk
protein in percent of total consumed nitrogen, without consideration to changes in body weight or score.
Extremely high efficiencies around 42% were observed with low protein diets. The efficiency was also
rather high, around 34%, with the high level diets. However, the efficiency referred only to a part of the
lactation. According to van Vuuren and Meijs (1987), a maximumof 45% of ingested N can be transferred
into milk and bedy vield. Aarts et al. (1992) are of the opinion that the nitrogen efficiency in practice will
be 15 — 25 %. An investigation among 33 Danish dairy herds showed a nitrogen efficiency of 26% during
the winter period and 23 % during the summer period (Nielsen & Kristensen, 2001) In our Swedish
experimental herd the nitregen efficiency has been around 25 — 32 %, when feeding according to standard
recommendations (~ 19 % CP).

The analyses of different milk constituents showed that the content of urea was significantly higher (P
<0.0001}) in treatments with high crude protein level in the diet.

Analysis of different protein components in moring milk showed significantly higher NPN at high
levels of protein in the diets. T'he content of casein was not influenced, while the commercial concentrate
showed a tendency 1o give lower values of whey protein compared with the Swedish mixtures.

Daily amounts of fresh manure or manure DM percent did not differ significantly between diets. There
were significant differences in both total-N and ammo nium-N in wet manure depending on the content of
crude protein in the diet. Especially, diet 13 showed high levels of nitrogen in manure. Diet D, like diet K
{low protein level), had linsced cake in the concentrate. The protein level had little influence on organically
bound N.

Comparing the production of manure and nitrogen in manure on a yearly basis, excluding the pasture
period, clearly demonstrates a lower production of nitrogen with a lower protein content in feed, diets C
and E {Fig. 7). The low protein diets C and E gave significantly lower ammonia release compared with the
high protein diets (p<0.0001}.
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Fig. 7. Caleulated production of ammonia during indoor period, per cow and 300 days (Modificd from Paper T).

The reduction of protein in the diets of dairy cows is known to decrease nitrogen excretion
substantially, especially urinary nitrogen (Bussink & Oenema, 1998). Urine nitrogen mainly consists of
ured. which is rapidly converted to ammonia by urease and ammonia can easily volalilize (Tamminga, 1992;
Kulling e gf., 2001). Smits er af. (1995) compared, amongst other things, the effect of two levels of protein,
15 and 20 %, on ammonia release. They found a 63% higher ammonia releasce in the dict with 20% crude
protein compared wilh the diet with 13% CP. Also Paul er ¢l. (1998) found an increased ammonia relcase
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when the content of crude protein was increased. The same trend was [ound in heifers fed with diets with
different levels of % crude protein (James ef «l.. 1999). Using a dynamic model of N metabolism, Kebreab
et al. {2002) found that ammonia release decreases hy 20% when decreasing C'P % from 20 10 16%. An
carlier experiment conducted at Mellangdrd than described in Paper I, found a 66 % decrease of ammonia
release when lowering the content of CP in cow diets from 19 % to 14 % (Frank et «f., 2002). This is in
agreement with our own findings illustrated in Fig, 8 In summary, the relationship between % crude
protein in the diet of dairy cows and ammonia release is clear.

—

Ammonia release, ppm
O =~ MNWwW PR~ O

13.1 13.5 16.8 17
Crude protein, % of DM

Fig. & Ammonia release from fresh manure related to % CP in DM (Modified from Paper I} .

The nitrogen content in urine is most important regarding ammonia release. According to Kebreab et
al. (2001) there is a linear relationship between nitrogen in urine and ammonia release. There is also a
relationship between milk urea and nitrogen in the urine, Both Castillo ef ¢/, (2000) and Kebreab et af.
(2001) found an exponential function predicting nitrogen in urine from nitrogen intake with an exponential
function;

Nurine= 0.0052%(Niae) (Kebreab er «l., 2001)
Niyine= 30.4%(g MeNinakey (Castillo ez al., 2000)

Kohn er al. (2002) calculated nitrogen in urine (g N/day) from MUN — milk urea nitrogen. MUN

corresponds to milk urea as; 28/60 * milk urea.

Nuine = 0,026¥BW * MUN (Kohn eral., 2002)

uring
From the three equations, the following values of nitrogen in urine were obtained from values in Paper [
(Table 11).

Table 11. Comparison of three equations calculating wrinary N, g Nidayv. Input values from Puper 1

Diet  Castillo et al. (2000) Kebreab et al. (2001) Kohn ez al. (2002 )
A 222 239 32
B 214 231 231
C 137 149 161
D 222 238 256
E 134 145 165

Comparing these results with a dynamic model of N metabolism developed by Kebreab et af. (2002) gave
the following results (Table 12).



Table 12, OQuzput of nitvogen in milk, urine and faeces. using the nitrogen dvnamic model developed by
Kebreab et al. (2002). Input of nitrogen fromlPaper [

Diets A B C D E
Inflow of N 552 542 418 552 412
Outflow

N in milk 176 174 146 176 145
Nin urine 210 203 130 210 127
Nin faeces 145 144 125 145 124
N efficiency, % 32 32 35 32 35

The simulation model could not predict the output of N from milk in the low protein diets C and E. This
might be explained by an underestimation of the microbial production of the dairy cows in these
alternatives. The diets had a higher ration of super-pressed beet pulp which has a high content of easily
fermented carbohyvdrates. Another explanation could be that the dynamic model is developed and
evaluated from research data from England, where the milk yield, kg milk per cow, is at least 2 000 kg below
the average level of the dairy cows of Mellangard.

However, there are still numerous questions to be answered, for example, what is the ideal ration of
crude protein to dairy cows and what happens with the high-yielding cow? An answer to the first
question is propesed by Castillo ez af. (2000) and Kebreab e af. (2001). They simply state that to diminish
the problem with nitrogen pollution from dairy cows the nitrogen intake should not exceed 400 g N per
day for average-viclding cows or a level of 14.7% CP in dict. They proposc that the content of crude
protein per kg dry matter in total diet should be 15%. Tn Great Britain, this should decrease the annual
nitrogen exeretion by 21% and 66% in the urine (the comparison is made with 20% crude protein in the
dietsy (Castillo ez al., 2000; Kebreab e af., 2001). This recommendation was based on a literature review
(Castillo 7 af.. 2000) and on an investigation of five nitrogen balance trials with 1lolstein-Friesian dairy
cows in early or mid—lacation. Nrntake ranged from 289 — 628 ¢ N per day (1806 — 3925 g CP per day)
(Kebreab ez of., 2001). Tamminga & Verstegen (1996) propose a minimum of 24 gram nitrogen per kg of DM
(15.4 % CP} if the rumen should function well,

On the input side in nutricnt balances of dairy farms the input of nitrogen in purchased feed is on the
same level or just below intensive dairy regions in weslern Europe — adjusting for kg milk per hectare
(Paper IV ; Aarts ef «/., 1992). The content of crude protein and the intake of dry matter will determine the
level of the input of nitrogen to dairy cows. During recent decades, the crude protein level in the diets
has been increasing (Gustafsson, 2000, 2001). There are several explanations of this; firstly the increased
level of milk production has resulted in a demand for more crude protein and protein of higher quality for
the dairv cows. A higher content of crude protein in the rations gives a higher milk yield but the efficiency
decreases (Fig. 9) (Tamminga, 1992; NRC, 2001).
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Crude protein in the diet, % of DM

Average increase in milk yield,

Fig. 8 Marginal response accerding Lo NRC (2001).
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Secondly, the microbes in the rumen can support a milk production of 25 — 30 kg per day, a higher daily
yield means that the cow has to be supported with amino acids protected from, or with a slow, breakdown
in the mumen. This also leads to a higher content of crude protein in the diets. A third explanation could be
that it is difficult to provide the energy to dairy cows yielding 50—60 kg milk per day — with carbohydrates.
L'his lcads to a breakdown of pretcin to cncrgy or glucosc, but also to a “spill” of nitrogen.

Another explanation is the introduction of the AAT/PBV-system in Sweden. The AAT/PBV-system of
feed evaluation of cows was introduced in the beginning of the nineties both in Denmark and Sweden.
The system was developed as a Scandinavian cooperative project. However, the practical use differs
among the Scandinavian countries (Madsen, 1985; Madsen e a/., 1995). The system has basically the
same principles as the Dutch system, the French system and has many similarities with protein evaluation
in United States {Tamminga & Verstegen, 1996; NRC, 2001). One ofthe aims of the system was to decrease
the content of crude protein in the diets to dairy cows (Magnusson ef al., 1990). One of the criteria of the
AAT/PBV-system is the great importance of feeds with low-degradable protein to high-yielding cows.
The majority of Swedish dairy cow diets are based on silage with high-degradable protein and this has to
be matched with low-degradable protein, This type of protein feed is mostly imported. Unfortunately, the
feed industry in Sweden based the first concentrates adapted to the AAT/PBV-system on imported corn-
gluten meal. Com-gluten meal is low in lysine content and, therefore, the dairy cows did not milk as
expected. The solution to the problem recommended by the advisory service was to give more concentrate
to the dairy cows and 1o raise the level of AAT per kg milk. Then there was enough lysine to support the
cows’ needs. But this meant also that the content of crude protein was raised. Another problem was that
soon after the AAT/PBV-system was introduced in Sweden the tolls on protein feeds disappeared. The
economic motives to decrease the content of crude protein were no longer present. Making diets for dairy
cows using the AAT/PBY system means fulfilling the criteria of energy and AA'T required by the cows.
I'he goal is not o oplimise the content of crude protein. This means that, quite frequently, some dicts
have loo much crude protein per kg dry matter; levels above 20% CP have been reported [rom Swedish
diets (Lidstrom, 2001, pers. comm.). In spite of the fact that the introduction of AA'T/PBBV system of feed
evaluation was expected to decrease ammonia emission, the introduction of the AAT/PBV-system has
not decreased the emission (Magnussen et af., 1990; Swedish Board of Agriculture,1991,1994). The
AAT/PBV-system itself is not to blame, it is the use of the AAT/PBV-system that has failed. Tt is a
contradiction between theory and practice.

Taday, many advisors in Sweden use a computer software, “Individram”, to compile diets to dairy cows.

This softwarc has many advantages, but onc disadvantage 1is that the crude protcin content in dicts can
impossibly be optimised.

In recent years another feed evaluation system has been introduced to dairy cows, the LFU-system. It is
developed by the Swedish Farmers™ Supply and Crop Marketing Cooperative.

According to recommendations compiled by this cooperative (2001), a high-yielding dairy cow should
have, by average, a content of 17. 4 % CP in the diet, including lactation and dry period (Table 13).

Table 13. Intake of DM and CP of a dairv cow with a milk vield of 10 950 kg per year according to recommendations
compiled by the Swedivh Farmers”’ Supply and Crop Marketing Cooperative (2001)

Kg Days in Kg milk IntakeofDM Total CP  Total
milkiday lactation in  the Kg/day intake, % intake
period DM kg of CP,
kg
Period | S 45 2230 272 1224 19 233
Period 2 40 105 4200 229 2405 18 433
Period 3 30 150 4500 18.6 2790 17 474
Dry period O 60 9.5 618 136 &4
Sum 365 10950 7036 174 1224

Giustafason (2000, 2001) discusses the consequences of decreasing the content of crude protein in feed
rations of dairy cattle in Sweden. One of the conclusions is that a decrease of 1 — 2% of the content of
crude protein in the feed rations enables considerable reductions in emission of ammonia to the
atmosphere. [n practical feeding, this means o decrease from 18 - 19% to 17 — 16% CP of the ration’s dry
matter in early lactation.
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In summary, the increasing input of protein to the dairy cows has been nearly synchronized with the
new awareness of nitrogen surplus ar ammonia emissions on dairy farms.

Cow House Level

Results from the field investigarion

Ammonia

The results [rom the field investigation showed that the hygicnic threshold limit for ammonia
concentration in barn air, 10 ppm, in Sweden was exceeded in one case. The hyglenic threshold limit for
carbon dioxide, 3 000 ppm, was not exceeded In any case (Table 14).

Tablc 14. Concentrations of anumonia and carbon dioxide in cow iouses (from Paper [T}

Type of herd No Ammonia, ppm Carbon dioxide, ppm
Mean Min. Mux. Mean Min.  Max.
value value

Tie stall barn with 16 43 23 84 1645 1125 2425

salid manure ('I'S}

Tic stall barn with 8 6.1 28 9.4 1670 1050 2375

liquid manure (TL)

Free stall barn 6 74 5.1 129 1423 1088 2225

with liquid manure

(1)

Groot Koerkamp ef af. (1998) investigated concentrations and emissions of ammonia in different
livestock buildings in England, 'The Netherlands, Denmark and Germany. T'he investigations were carried
oul in livestock houses for cattle, poultry and pigs. The highest ammonia concentration in catile houses
was found in Germany (22.7 ppm), with mean values in different countries varying between 0.9 ppmto 7.1
ppm. The lowest values were found in England. Another investigation of ammonia concentrations in
livestock buildings in Germany found a mean value of 6.4 ppm in cow houses. The ammonia
concentrations were measured hourly and a mean value from 24 hours was calculated (Seedorf & Hartung,
1999).

TR and CR

Mean values and standard deviations of TR and CR are shown in Table 15. When comparing tie stall
barns and free stall barns, free stall barns have higher values of both TR and CR. Within tie stall barns,
manure handling systems with liquid manure have higher values of both TR and CR. The ranking of TR
and CR was TS< TL <FL, in order of increasing magnitude. Relative ratio is TR and CR compared to TR
and CR at the hygienic limits. TR at the hvgienic limit is calculated with the assumption that the
temp erature difference at minimium ventilation is 25°C, for example an outdoor temperature of — 10°C and
indoor temperature of + 15°C. This assumption means that TR is 0.4. CR is independent of temperature
difference and is 0.0038. Figures 10 and 11 show the ammonia concentrations at different temperature and
carbon dioxide differences. The hvgienic threshold limits of TR and CR are plotted in the figures. It can be
seen that all dairy farms with free stall barn are above the hygienic limits and nearly all dairy farms with tie
stall barns with liquid manure are below the limits. This is more pronounced in the TR figure. However, in
wintertime, with greater temperature differences than registered in this study, the ventilation rate will be
held at minimum level, which may lead to problems with ammonia levels in the barn above the hygienic
limit. Hence, just measuring the ammonia concentration in a barn without considering ventilation flow or
the temperature difference does not reveal very much about the hygienic conditions under other
conditions.
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Each dot is the mean of two measurements from one dairy farm.
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Fig. /! Ammonia concentration in relation to carbon dioxide difference in dairy farms. Each dot is the
mean of two measurements from one dairy farm

Some of the differences of TR and CR between the different types of cow houses in this investigation
can be cxplained by environmental varables. The exposed arca of manure is larger in free stall barns,
which means a higher opportunity Lo ammonia release. All tie stall barns with solid manure used straw as

bedding malerial. ‘1ie stall barns with liquid manure and free stall barns used saw dust, shavings or
chopped siraw in less amounts compared with lie stall barns with solid manure. All except two lie stall
barns with solid manure separated urine and excreta. These farms had a manure handling system with
greater opportunities to make better use of the urine. Urine is, as mentioned earlier, the key factor in
amumonia release in the bam.
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Table 15, A camparison of TR- and CR-ratios for NH; from investigated dairy farms. Mean values from rwo
meqsurements

Type of Tic stall barn with solid Tic stall barn with Free  stall bam  with

farm manure liquid manure liquid manure
n=16 n=§ n=6

Mean 8D’ CV Mean 8D CV  Mean SD  CV
TR 0.45 014 031 0.4 035 055 093 0.26  0.28
TR, relative 1.12 035 031 lLoo 0.87 055 236 0.65 .28
ratio
CR*10° 34 113 033 48 19 039 718 1.1 016
CR, relative 090 030 033 125 049 039 189 0.29 016
ralio

- . . 3 . . .
- Standard deviation ~ CoefTicient of variation

Comparing these results with pig or chicken production, it can be concluded that the overall ammonia
concentration from cow houses is lower (Wachenfelt & Gustafsson, 2001; Wachenfelt, 2001). The
correlation coefficient between TR and CR was 0.87. An investigation in pig houses carried out by
Wachenlelt & Gustalsson (2001) had a correlation coellicient of0.76 between TR and CR.

As mentioned above (page 37), there is a relationship between the content of CP in the dict, urea in
urine and urca in the milk. Hence, one could suspeet that a high level of urea in the milk should contribute
to higher CR and TR, at least in barns with conditions of high ammonia release, for example, tie stall barns
with liquid manure. This is illustrated in Tig. 12.
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Fig. 12. The influence of urea in the milk tank on the CR in tie stall barns with liquid manure ( from Paper IT).

To investigate the influence of different parameters in the diet a regression analysis (backward selection)
was carried out {SAS, 1986) to find the best regression equation with significant factors influencing TR
and CR. Analysing barns with liquid manure, the model with highest rate of explanation of TR and CR
included the following factors with significant influence;

TR CP/ME** with R”40%
CR CP/ME*** PBV*%* with R” 60%
* p<0.05 #% p<0.01; *** p<0.001; R rate of explanation
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The findings in Paper 11 indicate that ammonia cmission fromthe housc is highly dependent on the type
of house and manure handling. Tie stall barng have less ammonia emission compared with free stall baras
and solid manure handling systems have less ammonia emission than liquid manure handling. Lhis
difference is probably duc to the smaller fouled arca per cow and/or the amount of bedding material
(Monteny, 1996). The dominating trend in construction of cow houses in Sweden today is to build free
stall barns (Hultgren, 2001), often with liquid manure handling systems (Schdnbeclk, 2002, pers. comm, }.
Free stall barns are recommended for several reasons, f.e. animal welfare and labour efficiency. The liquid
manure handling system is recommended by the Swedish Board of Agriculture due to fewer losses during
storage and spreading of manure compared with other systems (Swedish Board of Agriculture, 1997,
1999b). Free stall barn systems must be optimised both fromanimal welfare aspects and fromthe aspects
of ammonia emission. Especially in The Netherlands, research has been focused on solveing the latter
problem. Monteny (1996) reported that in cubicle houses far dairy cows with slatted floor and scrapers,
flushing with water reduced ammonia emissions by approximately 20%. Using sloped concrete floor with
a central urine gutter reduced ammonia emission by 48% {Swiestra, Smits & Krodsma, 1993).

The general opinion is that nitrogen losses are higher fram liquid manure compared with solid manure
(Karlsson, 1996). However, there are several reports that question this conclusion, or at least give a more
complicated picture.

Kulling e# «l. (2001) investigated both different tvpes of dairy manure storage and the influence of
dietary crude protein content on emission of ammonia, nitrous oxide and methane, They investigated four
types of dairy manure storage systems, 7.¢., deep litter manure (10 15 kg straw per cow and day),
farmyard manure (1 — 2,5 kg straw per cow and day), ordinary slurry and urine-rich slurry, The manure was
stored lor 7 weeks. Ammonia emissions were reduced due to the content ol erude protein in all manure
types excepl deep litter manure. Deep litter manure had the lowest emission of ammonia. In a laboratory
experiment, Dewes (1999) compared liquid manure from cattle with two types of solid cattle manure, one
based on a straw content of 2.5 kg straw per livestock unit and day and solid manure based on a straw
content of 15 kg per livestock unit and day. The conclusion was *“that the storage of solid manure may be
associated with lower ammonia emission compared with the storage of liquid manure”, This was explained
by the fact that the maximum heat of the manure, due to self-heating, was reached earlier in solid manure
with a high straw content. When the maximum heat was reached, then NH', was rebound by NHC-
heterotrophic metabolism and this was dependent on the content of € (straw). Dewes (1999) concluded
that in practise the opinion is that ammonia emissions are higher from solid manure but considered that a
comparison in practise is not made on the same assumptions; solid manure is often stored in open heaps
with a convex surface and a large ammonia-emitting area compared with liquid manure stored in a tank
with a plane surface. Petersen er al.(1998) compared solid cattle and pig manure stored during 9 — 14
weeks under spring, summer and autumn conditions and found higher ammeonia emission in pig manure
than in cattle manure. They explained this as a difference in dry matter content, 15 — 18 % in cattle manure
compared ta 24% in pig manure. Hence, the temperature was never raised in the cattle manure and the
composting process did not start (Sommer, 1999). This is in accordance with a Swedish investigation
where cattle manure did not compost in contrast to pig manure (Forshell, 1993). Sommer & Dahl (1999)
found, in a Danish investigation, small nitrogen losses in composted deep manure litter from cattle.

In summary; the trend towards free stall buildings, which is positive in animal welfare aspects and
labour aspects, puts a great challenge on solving the proble m with ammonia release in free stall barns.

Farm level

Altogether 283 dairy farms without manure export had farm gate balances from both 1997 and 1998. Of
these, 270 farms had information on the manure system. In Table 16 nitrogen surplus, nitrogen efficiency
and nitrogen surplus per tonne of milk in 1997 and 1998 are shown. The average values for nitrogen
efficiency or nitrogen surplus per hectare in 1997 and 1998 were used in the calculations.



lable 16, Nitrogen surplus, adirogen effiviency and nilrogen per tonne of milk, 1997 and 1998

Nitrogen surplus per hectare  Nitrogen efficiency Nitrogen per tonne of milk
Mean S.D Mean S.D Mean S.D

1697 163 6l 29 11 28 9

1998 146 56 32 11 28 13

Influence of mineral fertiliser, milk vield per hectare and sugar beets

As expected, nitrogen from mineral fertiliser significantly influenced on both nitrogen surplus per
hectare and nitrogen efficiency. The same effects were found for milk yield per hectare except when dairy
farms below 5 000 kg milk per hectare were excluded (Table 17). Probably this is explained by the great
variation in nitrogen surplus among dairy farms. Nitrogen surplus per tonne of milk was significantly
influenced by milk yield per hectare, mineral nitrogen per hectare and the proportion of sugar beet on the
whole farm when dairy farms with a milk yield below 5 000 kg /ha were excluded.

The main crops at the dairy farms were grass and grain. Sugar beet was the third crop on approximately
one-third of the dairy farms (Table 18). The dairy farms growing sugar beet were generally larger, had less
area of grass and more area of grain and also had a higher annual milk yield per cow; on the other hand,
thev had a lower milk vicld per heetare (- 1590 kg /ha, Table 18). 'I'he recason for the lower nitrogen surplus
per hectare and the betler nitrogen cfficiency for dairy farms growing sugar beel was probably the
difference in farm size and the output of nitrogen in crops. The more varied production on the dairy farms
arowing sugar beet was reflected in the higher output of nitrogen in their crops. On farm level, the
nitrogen surplus per hectare will decrease and nitrogen efficiency will be improved when the output of
nitrogen from ¢rops increases {Granstedt, 2000), The higher input of nitrogen to these farms is probably
cxplained by the higher nitrogen rate o sugar beetl and grain compared with grass. Grassland in Sweden is
oflen a cambination of grass and clover and, therefore, the nitregen rate Lo grassland does not exeeed 100
kg nitrogensha ('able 19). Dairy farms prowing sugar beet had a better nitrogen efficiency, which is
shown by the significant positive correlation cocfticient as well as the analysis of variance (Table 18).
fable I7. Sigmificant faciors influencing N efficiency and N surplus as identified by analysis of variance, together with
corvelation coefficient (fron Paper IT)

All dairy Dairy farms with a milk yield per hectare below 5
farms 000 kg /ha excluded
n=270 n= 160
N efficiency N efficiency N surplus per N surplus per
hectare tonne milk
Manure handling system ns ns ns ns
Milk yield per hectare HEE ns HEE o
Mineral N per hectare * ok oA ok
Proportion of farm as sugar beet HEE HEE ns *
Correlation coellicients
Milk vield (kg/ha} 035 -0.04 045 -030
ko ns EE * ok
Mineral nitrogen {kg/ha) -0.03 -0.14 048 0.33
ns ns FkE ]
Proportion of farm as sugar bect 0.49 0.37 0.02 0.13
PR sk ok s ns

ns — nat significant ¥ P05 ¥* P07, #FF 220001
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‘Table 18, Farm characieristics, inpul of N, N surplus per hectare and N efficiency for farms with and
without sugar beet. Average values from 1997 and 1998 except milk yield per cow and herd size

{fremn Paper IV )

Dairy farms without Dairy

farms

sugar beet growing sugar beet
n=177 n =93
Median Range Median Range P for sugar
beet
Farm size (ha) 50 15-486 75 221245 0.02
Area of grass : {ha) 31 5- 194 28 2-152 0.1093
Area of grain * (ha) 16 02-334 35 5-739  <0.0001
Area of sugar beet {ha) 0 - 8 2-324 -
Herd size * 1997 389 10-139 425 13-329  0.1798
Milk vield in 1997 ' (kg /cow 8683 5440- 8949 5784- 0.0255
and year) 11234 11328
Milk vield® (kg /ha) 6441 2283- 4850 1167- <0.0001
25647 13291
Mineral ' fertiliser (kg N /ha) 88 1.18-174 108 25-185  <0.0001
N fixation ’ (kg N /ha) 2 3-79 19 3-55 0.0014
Purchased cancentrate * (ke N 76 9-326 55 5-191 0.0004
‘ha}
N output in milk and livestock 37 04-127 23 0-62 <().0001
{kg N /ha)
N output in crops® (kg N/ha) 12 0-78 42 3-108  «0.0001
N surplus * (kg N /ha) 160 58-328 143 53-311 0.0036
N efficiency * (%) 27 10-63 38 19-62 <0.0001
"analysed by T-test {SAS 1983)
* anulysed by T-test after (ransformed to log 10 (SAS 1985)
* analysed by the non-parametric Wilcoxon test (SAS 1985)
Table 19. Recommended raies for N fertiliser in Southern Sweden
(Muodified from The Swedish Board of Aericulture, 2001) (from Paper 1V )
Crop Wheat  Barley Grassland, Grassland,  Grassland with
Oats 2 harvests 3 harvests 50 % clover,
2 harvests
Expected 7 6 7 8 7
yield
(t'ha}
kg N‘ha 150 105 145 205 85

Milk yvield per cow and year and nitrogen surplus and nitrogen efficiency

Infermation on the milk vield per cow and vear was available from 1997. In Table 20 the result from the
correlation analyvsis shows a positive significant correlation between nitrogen surplus per cow and milk
vield per cow and vear and a negative significant correlation between nitrogen surplus per tonne milk and

milk yicld per cow and vear.
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lable 20. Corredagivn aralvves, Falues from 1997

Milk  yield Hend size, Nitrogen Nitrogen
per  cow 1997 surplus  per surplus
and year cow, 1997 per tonne
1997 milk
1997
Milk yield per ---—-
cow and year
1697
Herd size, 1997 0.03 -—
ns
Nitrogen 0.49 .10 -
surplus  per %% ns
cow, 1997
Nitrogen -0.21 0.03 0.s7
surplus  per *** ns R
tonne of milk
1697
=
E 30
k= 29
g
c 28 A
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= 5 27
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kg milk per cow and year, 1997

Fig. [3. Nitrogen surplus per tonne milk according to milk average herd level of milk yield per cow and year.
Influence of manure handling systems

A comparison of nitrogen efficiency or nitrogen surplus was made between dairy farms with solid
manure handling system and liquid manure handling system. In this investigation, a few farms with deep
straw bedding or a mixed manure system were excluded from the analysis. There was no significant effect
of manure handling svstem on the nitrogen surplus per hectare or on nitrogen efficiency. It was concluded
that farm size and herd size were bigger in farms with a liquid manure system compared with those based
on solid manure (p<t 0.0001). Dairy farms with a liquid manure handling system tended to have a lower
input of W from mineral fertiliser than farms with a solid manure handling system (ns). This is in
accordance with indings from Myrbeck (1999).

Recommendations from the Swedish Board of Agriculture (1997, 1999b) strongly focus on switching to
liquid manure handling systems  (Gustavson, 1998). ‘These recommendations are based on the well
cstablished fact that ammonia emiis sion during spreading of manure is higher from solid manure than [rom
liquid mamure, although some findings question this (Kulling ¢/ «/., 2001). It is more important that
ammonia emission from spreading of manure is influenced by many factors. Temperature, wind speed,
incorporation in the soil of manure are examples of this. Still, it is possible to model ammonia emissions
from liquid mamue, ie the ALFAM model (Sommer, Hutchings & Carton, 2001). However, according to
Sommer & Hutchings (2001) ammonia anission from solid manure during spreading is impossible o
predict duc Lo lack of information and interrelationships between many factors. All together this means
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that it is a difficult task to optimise the spreading of manure (o lower the ammonia emisson. In theory
liquid manure is probably right, in practise it {3 a problem to utilise the advantages with liquid manure.

‘I'here could be several explanations of this. Iirst, farmers mavbe not sufficiently consider the value of
nutrients in manurce, they have a lack of confidencc in the value of nutrients in manure (Steineck er ali.,
2000). Secondly, they have difficulties In utilising the nutrients in the right way. The farmers have to
choose between many important things, which not always favours measures giving low ammonia
emissions. For example, the advisors recommend that liquid manure should be spread after the first
harvest of roughage to decrease the content of clostridia spores in silage, but at this time the temperature
is high and increases ammonia emissions. Lhivdly, another problem, at least in southern Sweden, is that
many farmers let machine stations spread liquid manure and they have no time 1o wait for optimal weathier
conditions.

Nitrogen efficiency and nitrogen surplus at farm level

The desk study (Paper 111y coneluded that nitrogen surplus, N kg /ha. should approximately be around 140
kg nitrogen per hectlare with the intensity of 8 600 kg milk per hectare. Nitrogen efficiency was about 25 30
% at the same intensity. So what is the situation in practice? In Paper [V the following regression equation
was obtained, based on data fromtwo years;

N surplus per hectare (kg/ha) — 77.6 + 0,0126 * milk production {kg/ha)

The intensity of 8 600 kg milk per hectare gives a nitrogen surplus of 186 kg N/ha, 40 45 kg above the
result from the desk study.

Comparison of nitrogen balances from three years, 1997, 1997 and 1999

In Table 2| the results from farm gate balances over three consecutive years are summarised, These
results are based on dairy farms selling both crop products and animal products such as milk and meat. It
was a significant decrease of nitrogen surplus between the first year and second year, maybe best
cxplained by a decrcasc in the rate of nitrogen from mincral fertiliser. On the other hand, the input of N
from concentrate per heclare remained the same during the three years. In Table 22 the farm galc balances
from 1998 was divided in farms with or without an output from crops together with an output from milk and
meat. Hence, the first group is directly comparable to the desk study. The results from the field
investigation compared with the desk study show a higher surplus in practice than in theory. But average
values in the investigation are not particularly high, especially when considering the uncertainty in
calculations (Table 8). The large variation between different dairy farms is more striking.
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Table 21. Farm size, milk prodction input of' N, N efficiency and N surplus, 1997, 1998 and (999, n 138 (From
Paper 17

Factor 1997 1998 1999
Mean SD# Mean SD Mean SD P for year

Arable land, 58a 51 66 a 6l 664 62 ns
hectare

Total milk 371347 a 254152 394027 a 208864 420021 a 290740 ns
deliverv per

vear, kg

Delivered 6917 a 2319 6622 a 2513 6865 a 2219 ns
milk yield,

kg/ha

N from 101a 39 88 b 35 91b 33 0.0101
mineral

fertiliser, kg

N:ha

N from 8Ha 40 80 a 41 86a 44 ns
purchased
fred, Kg
N:ha

N from
fixation by
levs
(N/ha)

N efliciency, 24a 8 27b 8 29b 8 0.0025
%%

N surplus, kg 187 a 57 161h 57 167b 57 0.0002
N:ha

21 26b 20 26b 18 0.0020

j
-
=

SD = standard deviation, ns= non significant
a.b Values within a row without a common letter dilfer significantly

Table 22. Furm size, milk produciion input of N, N efficiency and N, P and K surplus 1998. Dairy farms with output
from milk and livestock — crops or without outpui from crops (from Paper V)

Factor Farms without output Farms with output from P for

from crops both livestock and with/without
crops

Number of farms 28 110 -

Arable land, hectare 56 68 ns

Total milk delivery per vear, tonnes 374 399 ns

Delivered milk vield, kg milk ‘ha 6801 6576 ns

N from mineral fertiliser, N/ha 88 89 ns

N from purchased feed, N/ha 85 80 ns

N from fixatien by levs, N/ha 30 24 ns

N surplus, N‘ha 130 157 0.0783

N efficicncy 21 29 0.0001

P surplus, Piha 7 ) 0.0151

K surplus, K/ha 32 26 0.0237

Ns—non significant p=4Q.1

In summary: describing nitrogen efficiency at dairy farm level is a difficult task depending on the
definition of a farm. As discussed in Paper V, the definition of a dairy farm is not similar in Sweden and In
EU. Anocther difficulty in comparing nitrogen efficiency between dairy farms is the influence of stocking
rate. The simple statement is; “the higher the stocking rate the higher the surplus”. As shown previously,
it may be better to state that within a certain stocking rate there is great variation in both nitrogen surplus



and nitrogen etticiency (Fig. 14). 1lence, many dairy farms have an opportunity for improvements in this
matter (Halberp, 1999:Kristensen & Borsting, 2001). Maybe the best advice is that dairy farms should not
compare the nitrogen balances with nitrogen balances from other dairy farms, instead they should
compare with themselves,
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Human level

A dairy farm, or any farm at all, is not a machine, it is a living system. As indicated in Tig. 6
(Methodological consideration), a farm can be described as a system with both techaical and human
components, Someone has said that a farmer makes at least 100 decisions per month, which have influence
on the nitrogen [lows on and off'the larm. Therelore, it is important o highlight the human component of
the farm, What are the goals and attitudes of the farmer?

van der Plocg (1996) distinguishes between ot least 5 farming styles in The Netherlands: ceconomical
farmers, intensive farmers, large farmers, cow men and machine men. These styles have different strategies
and goals with their production. The answers to the environmental pressure in The Netherlands have
made different responses according to farming styles. Between 1980/87 and 1990/9( the intensive farmers
decreased the nitrogen surplus by approximately 60 kg per hectare compared with the cow men with a
decrease of 180 kg nitrogen per hectare and machine men with a reduction of 250 kg nitropen per hectare.,
‘The bottom line is; what is good farming practise? The answers must be that it differs between farmers.

A comparison of attitudes towards nature and the environment between agricultural students at Alnarp
and Swedish citizens showed both similaritics and differences (Swensson, 2002; TUddenberg, 1995). A
majority of agricultural students, compared with ordinary Swedish citizens ‘.., the man in the the street,
do not think “human beings and animals have the same value and have the same right to live”. The
majority of the students have been working within livestock production and it is almost an every-day
decision to decide whether ar not animals are gaing to live or die.

Also g majority of agricultural students comparced with ordinary Swedish citizens consider that it is
possible to divide animals and plants into harmful and usclul calegorics. These concepts are included in
the agricultumal sector. Both groups agreed that environmental preblems are a threat to the future of
human beings. On the other hand, there was disagreement if “Nature’s own balance is the best for human
beings, animals and plants and therefore human beings should not disturb this balance”, “Iluman beings
have no right to destroy the possibilities of animals and plants to survive” and “The interference of
human beings make nature more ugly”. Itis a challenge to farmers to cultivate without destroving nature.

Another survey was carried out among the dairy farmers joining Skinemejerier’s environmental bonus
campaign (Bernle, 2001).This study was based on two groups of farmers depending on the result from
farm gate balance calculation; one group with a nitrogen surplus below 200 kg nitrogen per hectare and
another group of dairy farmers above this limit. All the dairy farmers had been calculating a nutrient
balance sheet during three years. The number of cows were between 2080 dairy cows, milk yield above 5
000 kg sold milk/hectare. A telephone interview was made with the farmers. The interviews lasted between
60-120 minutes. Altogether 13 dairy farmers were interviewed.

Most of the farmers agreed with the negative environmental impact from agriculture, although some of
them mentioned the industry sector as being a greater threat to the environment. Dairy farmers with a low
nitrogen surplus did have lower inputs of nitrogen. These dairy farmers declared that they choose to
decrease the input of nitrogen from purchased mineral fertiliser due to the possibility of negative
environmental impact. The attitudes concerning the concept “Environmental bonus™ were also different in
the groups. Group “low” had a positive attitude towards this concept. Most of the farmers knew the
content of crude protein in their silage, but none of them knew the content of crude protein in the total
diets of the dairy cows. Hence, they had no idea of how the diets could influence ammonia release, as
shown in Papers T and II.

Still, conclusions from this type of survey must be handled with great care. First, the studies are not
made at the same time which means that attitudes can have changed. Secondly, especially the last survey
is based only on a small number of interviews.

However, the results presented above indicate differences among dairy farmers towards environmental
concern. It is not difficult to believe that a farmer with good knowledge of the nitrogen cycle in nature and
with environmental concern does not exaggerate the rate of nitrogen fertiliser to the crops, thinks about
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the content of crude protein in the dairy cow dict, and spreads manure at the right time with great care.
These types of larmers prabably voluntarily join both the environmental bonus campaign and “grab the
nutrients campaign™. But how abour the others?

One big problem on dairy farms is to balance the nitrogen from manure with nitrogen mineral fertiliser.
The solution is not to skip manure or mineral fertiliser but to mix the use of these resources in the right
way. This is in accordance with the conclusion of Kdérischens (2000) that “highest vields are only
attainable in an environmentally acceptable way in a combination of organic and mineral fertilisation”, Still
there are numerous of socio-psychological constraints amang larmers and advisers Lo overcome before
this can be used properly (Nowak e af., 1998). To avoid the farmer’s uncertainty about the manure™s
nitrogen content, it is better to use both manure and mineral fertiliser. A shortfall or surplus in nitrogen
originating from manure is much less than if the farmer trusted only manure (Smith & Chambers, 1995).
Ilanegraat’ (1998) considers that nitrogen surplus can be reduced substantially by better nitrogen
management at farm level in The Netherlands. From England, Dampney, Lord & Chambers (2000) report
that “a major difficulty that has been identified in campaigns o reduce nitrate pollution is convincing
farmers that they are responsible in the most part for nitrate pollution problems and that the required
changes in practise can be justified on economic or other grounds™. Meyer (2000) states that the human
compancnt in managing manure is more important to study than new rescarch on storage, collection,
transportation and utilisation of manure.
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Final Discussion

A higher milk yield per cow means, on average, a higher nitrogen surplus per cow. On the other hand, the
nitrogen surplus per tonne of milk decreases (Fig, 13). If we focus only on the product milk this means that
it is better to have a higher milk yield per cow with regard fo nitrogen surplus. Still, it indicates that it is
better, in general, to have high-yielding cows, assuming that the milk yield per hectare is not too high, The
intensity of a dairy farm aflfects nitrogen surplus and nitrogen efficiency. The intensity can be expressed
as kg milk per hectare or stocking rate. Korcvaar (1992) reports from The Netherlands that nitrogen surplus
per hectare increased from 297 kg N/ha to 442 kg/ha when kg milk/'ha increased from 8667 kg N/ha o 20
510 kg N/ha. The intensive dairy farms had a higher input of nitrogen fertiliser and also had te buy more
roughage and concentrate. llalberg et al. (1995) found also a correlation with the intensity, expressed as
stocking rate, of the dairy farm and the nitrogen surplus. At least under Swedish conditions, it is better to
use kg delivered milk per heetare than stocking rate as an indicator. An animal density with @ cow milking
6000 kg milk per year compared with a cow milking 12 000 kg milk per year has a totally difTerent nitrogen
surplus per hectare. A better definition of animal density, at least in dairv production, is kg milk per
hectare. Kg delivered milk is measured by the dairies every sccond day and Swedish dairy farms deliver
very small amounts of milk to other buyers. Stocking rate, expressed as animal units per hectare, varies a
lot more, and information en the number of the young animals is often lacking,

The results in Papers TV and V show that nitrogen surplus in Swedish dairy production is lower than in
dairy production in Denmark and The Netherlands. This is probably best explained by lower animal
density-kg milk per hectare and a lower inflow of purchased mineral fertiliser. Land in Sweden is cheap
compared with other countrics in western Europe and therefore dairy farms are generally larger. One of the
reasons for cheaper land is the climate in Sweden, which influences both the average crop yields and the
choice of craps. An average Swedish farmer cannot compete with colleagues in P'rance, (Germany, the
Danish islands or The Netherlands on crop yields. This alse means that the average ratio of nitrogen to
crops 1s lower in Sweden than in these countries due to expected lower yields. Another striking difference
between Sweden and the other countries is the lower deposition of atmoespheric nitrogen in Sweden. This
input of nitrogen may be up to 6 times higher in The Netherlands and Germany. In many ways, the lower
use of fertilisers by conventional Swedish crop farmers make them more similar to organic farmers
comparcd with conventional crop farming in western Europe. On the other hand, duc to the high milk vicld
per cow and year in Sweden, Swedish dairy production has a similar or higher inflow of nitrogen from
purchased feed than conventional dairy production in western Furope.

Comparison between conventional and organic dairy farming

Today, the Swedish government is encouraging a change from conventional agriculture to organic
farming, sometimes called sustainable farming. Narrowing the discussion to dairy production and nitrogen
flows at farm level, the most important changes are that nitrogen from mineral fertiliser is not allowed and
the dairy herd should be self-supporting with at least 50% home-grown feeds. It is also stated in the rules
that the dairy cows should have the possibility to go outside during the winter period on a hardstanding.

Comparison of the nitrogen surplus and nitrogen efficiency at organic dairy farms with conventional
dairy farms has been done by, e.g., Halberg ef al. (1995), Daalgard et al. (1998), Cederberg & Bergstrom
(1999), Cederberg & Matsson (2000) and Myrbeck (1999). All these investigations have calculated farm
gate balances according to the BIO model (see page 28) These authors, except Myrbeck (1999), claim that
a change to organic dairy farming probably should decrease the nitrogen surplus and, at least in Denmark,
would improve nitrogen efficiency. Myrbeck (1999) analysed balances from 1300 farms in Sweden, among
them 608 dairy farms. The following conclusions were made from this study concerning dairv farms; there
was a great variation between dairy farms, more intensive dairy farms had a higher nitrogen surplus, and
there was a tendency for nitrogen efficiency to decrease. Organic dairy farms had a better nitrogen
efficiency compared with conventional dairy farms. This material was not analysed statistically. TTowever,
there are some difficulties in making these comparisons. First, and naturally, animal densities are lower in
organic dairy farming compared with conventional farming. Cederberg & Mattson (2000) use the Life
Cycle Assessment (LCA) method to compare a conventional dairy farm with an organic dairy farm in



Sweden. They found a lower nitrogen surplus and a better nitrogen cfficiency at the orgunic dairy farm.
But the conventional dairy farm in this study had more than twice as much kg milk per hectare compared
with the organic dairy farm. The [.CA-method has advantages, bur one disadvantage is that they have
difficultics in considering the variation in the paramecters. The standard deviation in our studies was 57 kg
for nitrogen surplus per hectare (Table 20). This corresponds to Llalberg e/ af. (1995), who had a standard
deviation of 52 kg on 16 conventional dairy farms, Both Halberg ef af. (1995) and Dalgaard ¢ af. {1998)
make comparisons at the same stocking rate and still found lower nitrogen surplus in organic dairy
farming. However, kg milk per hectare is lower in organic dairy farming in the investigation made by
Dalgaard er al. (1998). Sccandly, it is difficull (o estimate the nitrogen fixation by legumes. Organic farming
is, of course, highly dependent on nitrogen fixation and, thereflore, it is important to estimate this figure
correctly. In Table 23, a comparison is made of conventional and organic dairy farming made in Denmark
and Sweden. The investigations in Table 23 are not made in the same years, still they highlight some
interesting facts; the input of N from purchased mineral fertiliser is probably higher in Denmark than in
Sweden and the input of N from atmosphere is higher in Denmark. The comparison between conventional
and organic dairy farming in Table 23 [avours organic dairy farming, at least in the context ol nitrogen
surplus, However, there are several limitations in such a comparison. First, all comparisons should be
made, as mentioned above, at the same milk vield per hectare, sccondly the crop rotation and the crop
production should be ag cqual as possible, at least the oulput af crop products should be equal. TTowever,
it 18 striking that the input of nitrogen in conventional dairy farming is not matched with an input of
nitrogen fixation. Either conventional dairy farmers underestimate both nitrogen in manure and nitrogen
fixation or the nitrogen fixation at organic dairy farms is underestimated. Still, it indicates that there is less
circulating nitrogen on organic dairy farms than on conventional dairy farms, However, for economic
reasons, organic dairy farmers are also trying to increase both crop yiclds and milk viclds, which means
more circulaling nitrogen in the system. Probably, this places a higher demand on management skills
among organic dairy farmers as they have difficulties in controlling crop diseases and they are more
dependent on utilising nitrogen in manure. Inputs of nutrients in organic farming are mostly nitrogen
from fixation by clover and legumes, which are difficult to steer to the crops (Torstensson et af., 2000).
According to Jarvis (2000), the leakage of N from mineral fertiliser and nitrogen by fixation are at the same
level when the same amount of nitrogen is compared. Another problem is that one might suspect that
ammonia emissions increase in organic dairy farming, at least, when high-yielding dairy cows are utilised.
More legumes and clover are probably going to be utilised in the dairy cow diets in organic dairy farming,
both in pasture, and indoor feeding, which leads to a higher content of CP in the dairy cows diets, which
may increase ammonia emissions (see Papers [ and II).

Table 23. Comparison of nitrogen surplus and nitrogen efficiency in conventional and organic dairy farming in
Denmark and Sweden, average vaiues

Number Nitrogen Nitrogen  Stocking Kgmilk  Inputof InputofN from

of farms surplus efficiency rate per N from atmosphere
per % LU/’ha hectare fertiliser ~ {deposition +
hectare KgN/ha  fixation)
Kg N/ha Kg N/ha
Conventional' 16 217 16.4 1.5 Not 161 50
known
Organic ' 14 124 20.7 1.06 Not 0 108
known
Conventional * 1 198 19° Not 7415 86 25
known
Organic ’ 1 05 24° Not 3297 0 56
known
Conventional 14 167 33 0.94 7650 98 36
Organic’ 12 85 25 0.58 6609 0 84.5
Organic * 41 54 29 0.74 2770 0 44 (only fixation)
Conventional © 138 161 27 Not 6622 88 41
known

' Halberg et al. (1995), Ccderbcrg & Matsson, 2000, * Cederberg & Bergstrom, 1999; Cederberg, 2002
"Myrbeck (1999), median values, * Thesis, Table 21 and year 1998



Probably it is better to divide dairy farmers or all farmers according Lo their intensily, expressed as the
attitudes towards striving to be high-producing in every aspect. Driving [orces may be economical and/or
a more laid—hack attitude 10 farming. In the investigation presented in Papers |V and V, there are dairy
farms with a very low input of purchased mineral fettiliser (TFig. 13) and the farmers had no interest in
being organic due to the many regulations in organic farming (Iahlstorp, 2001, pers.comm.). Actually,
there was a tendency that dairy farms with a low nitrogen surplus in 1997 ingreased the ratio of nitragen
from purchased mineral fertiliser hetween 1997 and 1998, and the opposite was noted for dairy farms with
a high nitrogen surplus in 1997 (Swensson, 20000,
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Figure 15. Nitrogen from purchased mineral fertiliser, kg N / ha in relation to kg milk per hectare. Year 1998.

The government’s objective to decrease the ammonia emission by 15% compared with the
level in 1995

In Table 24 trends in ammonia emission and nitrogen surplus in Sweden are summarised. As with many
other things, there are conflicts between different goals inside and outside agriculture which make things
complicated.

=  Asindicated in paper I, there is sometimes an economic advantage in increasing the level of CP
in dairy cow diets due to the increased milk production per cow (Fig. 9).

= The trend towards free stall barns is motivated for reasons of animal welfare and probably
reduces the labour time per cow but will also increase the ammonia release in the barn (Paper 11
and Table 15).

=  The trend towards specialisation in both crop production and animal production makes it more
complicated to utilise manure (Paper V). This may lead to higher ammonia emissions.
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Table 24. A short summary of trends in ammonia release/emission and nitrogen surplus and proposed measures to

improve the situaiion

‘I'rend in ammeonia
release/emission
and nitrogen
surplus from dairy
farms in Sweden

Measures for
improvement

Farm level

Measures for
improvement

Extension level

Measures for
improvement

Research level

Dairy cow diets
(Paper 1}

Cow houses
(Papcer 2)

Farm level —
manure handling
systems

(Paper 4

Farm level —
(Paper 5)

Increasing until now

Increasing due to
morc free stall barns

Om the same level?

Diccreasing due
lower ratio of
nitrogen to crops

Decrease the
content of crude
protein in dairy cow
dicts

Change computer
software for

dairy cow diets

Use of more
bedding material

Analyse nutrients
in manure
Spreading of
manure al right time
Decrease the ratio
of nitrogen to crops

Focus from high
yields in milk
production to high
net return in milk
production

Plan cow houses
according to
economic, animal
welfare and
environmental
goals

Education of
employees at
machinery stations

The ratio of
nitrogen to different
crops should more

Develop the
AAT/PBV-system
More focus on
high-yiclding cows,
improve dry matter
intake

Constructing of
houscs with a
better separation ol
cxerela .':lnd manurc

More research on
solid manure
handling systems

System analysis of
dairy farms

regionally specified

The Swedish way to solve the problem with nitrogen surplus is to emphasise good farming techniques. In
2001 the campaign “Grab the nutrients” started. In the beginning this concerned only advisors working
with farmers, who jein the campaign voluntarily. Today, about 1400 or 25 % of the possible farmers who
have joined the campaign (Olofsson, 2002, pers. comm. ). This is an example of a very ambitious campaign
designed to make the farmers aware of nitrogen surplus problem and then they will, hopefully, utilise
nitrogen more efficiently, both in crop and in animal production. Actually, it is similar to the environmental
bonus that was introduced in Skine by Skdnemejerierin 1997, in an attempt to restore the nutrient balance
in conventional farming. There appears to be no problem to get farmers to join the campaign but
comparing it with a similar Dutch campaign some lessons could be learned. The investigation in The
Netherlands divides farmers into at least five tvpes and they did not have the same strategy with regard to
fulfilling the environmental pressure from society. As indicated in the paragraph “ITuman level”, the
intensive farmers did not decrease the nitrogen surplus as much as other types of farmers. Ience, it must
be important both in education and extension, to learn and discuss farming as an activity with many
differcnt goals. In this respeet, organic dairy larming, in most cases have an advantage, because the
[armers probably have a broader undersianding of the role of agriculture in the society
view (I.indholm, 2001).

a more holistic
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Conclusions

Cow level

=  Itis possible to lower the content of crude protein in diets to dairy cows to 15—-16% CP, if the diet
has a good balance with easy digestible carbohydrates

=  Ahigh content of CP in dairy cow diets decreases the quality of protein in milk

= Tt is possible, at least in the south of Sweden, to use only feedstuffs produced in Sweden,
without having lower milk vields

=  There is a relationship between a dairy cow’s intake of nitrogen, urea in its urine and urea in its
milk. Hence, if two of the parameters are known it is possible to calculate the third.

Cow house level

=  Ammonia emission from the house is dependent on the content of nitrogen in manure, which is
chiefly dependent on the amount of urea in the urine.

= The oceurrence of ammoenia emissions fromcow houses 1s also dependent on the type of manure
handling sysiem and the type of cow house. Ammonia cmissions increases in the order tie stall
barn with solid manure << tie stall barn with liquid manure < free stall barn with solid manure < free
stall harn with liquid manure.

" Tt is possible o characterise the ammonia emissions fromcow houses using a quick and simple
method witheut actual measurement of the ventilation rate

Farm level

= Theorelical calculalions of nitrogen balances of dairy farms in south Sweden with 8600 kg milk
per hectare show that it should be possible to achieve a nitrogen surplus of about 140 kg N per
hectare, oran N efficiency of approximately 28%.

= Still, there is a large variation in practicc among dairy farms in N surplus per hectarc or N
efficiency

®  The largest inflow of N to a dairy farm is N from mineral fertiliser. N from purchased feed
contributes also with a large inflow of N, especially on intensive dairy farms.

= The N surplus and the N efficiency have improved between 1997 and 1998

=  There is no effect of the manure handling system on N surplus

= Having sugar beet in the crop rotation improves N efficiency

Regional level

Comparing nitrogen balances in Sweden with nitrogen balances in countries with intensive dairy
production, i.e. Denmark and The Netherlands, clearly shows that dairy production in Sweden has a minor
problem with N-surplus compared with the average situation in these countries.

Areas for further research

Cow level
There is a lack of knowledge on nitrogen balances in high-yielding cows, above 10 000 kg milk per cow
and vear., Results from Paper 1 indicate & beuler nitrogen elliciency than reported in literature for dairy
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Cow house level

Ammonia cmissions from storage and spreading [rom  liquid manure handling systems are rather well
understood. However, solid manure handling systems, including deep straw bedding, need lurther
research due to the fact that solid manure handling systems are the most widelv used systems in Sweden.
It scems that the latter systems, at least in Sweden, have not been objectively cvaluated. Sommer &
Tutchings (2001) point out ** To our knowledge, there is no information available concerning ammotia
losses during handling and spreading of solid manure”, However, research have actually been carried out,
both in Sweden and other countries (Rodhe, 1998; Kullin et al., 2001; Rodhe, 2002, pers.comim. ).

Investigations of the white spots of ammonia emission in milk production, i.e, ammonia emission from
hard standings yards, have o be considered. An investigation carried oul in Great Brilain indicates
substantial losses from these arcas (Ellis et ai., 2001).

Farm level

When comparing manure handling syvstems, the consequences for soil compaction must be considered
(Brundin & Rodhe, 1994).

One way to improve both organic and conventional farming is to breed crops, other than leguminous
species, that can utilise biclogical fixation of nitrogen.

More sophisticated systems analyses are absolutely essential for ranking between different measures
to reducc the negative cnvironmental impact of dairy production.

An interesting way of solving the problem with ammonia emission from pasture and, at the same time,
mixing the academic disciplines of teaching and of animal science is “to teach cattle to keep moving while
urinating and defecating. [t may seriously reduce leaching and gaseous losses” (Smaling et af., 1999).

Practical recommendations

Cow level

=  For a farmer, dairy farmer or not, the use of farm gate balances is a useful tool to understand the
N flows on the farm, and most important, to learn the trends at farm level.

= Diets fed to dairy cows must be optimised for crude protein, not only AAT and PBV. At least the
diets fed to dairy cows should not exceed 19% crude protein.

=  The most commonly used software in Sweden for compiling dairy cow diets, Individram, should
have a possibility to optimise the content of crude protein in the diets, or at least , have a fixed
level of crude protein.

Cow house level

= Use a lot of straw or other bedding material in the cow houses. Both to decrease the release of
ammonia and for reasons of animal welfare.

=  When building a new cow house and having to choose a manure handling system — look at the
whole chain when making the choice and consider animal welfare aspects. Do not only make
economic calculations.

Farm level

= The decision support system STANK - an extension tool for crop production, has many
advantages but also limitations. It should be able to consider the content of crude protein in the
cattle diets. In addition as Gustalsson (2000, 2001) points out, the references should be
described in greater detail.
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=  Recommended amounts of N [rom mineral fertiliser to different crops should be more farm-
specific or even field-specific. General recommendations are not adequale and meaningless.

= ‘lake care of, and use, the nitrogen in manure and consider the nitrogen content in manure when
planning the need of nitrogen from mineral fertiliser — an old, but still important, advice.

ITuman level

= There is a need of more education in environmental topics in agriculture, both among students,
[armers and advisors. Alse a more holistic view on agriculture is preferable.
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