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AUTOMATICON OF FEEDING AND MILKING - INTRODUCTORY COMMENTS

H. Saloniemi

College of Veterinary Medicine, Helsinki, Finland

At the beginning of the seventies the first steps werse
taken in the field of automation of dairy cow feeding and
milking. In 1970 a system was introduced in the Netherlands
in which a transmitter was used to dose concentrate for cows
in the milking stall (Rossing 1987). From the middle of the
seventies the practical concentrate feeding systems have been
in use on dairy farms. Investigations of the possibilities of
automation in dairying have been developing vexry fast in the
eighties. The key innovation in the automation of feeding and
milking was the automatic cow identification. By the automa-
tic identification systems, processes can be controlled and
the reguired animal data be collected individually.

The amount and quality of concentrate should be controlled
in order to avoid health digsorders and f.ex. overfeeding
resulting fat cow syndrome and low efficiency. It is shown
that a daily variation of plus minus 15 percent in concentra-
te feeding results 5 percent less milk on the same amount of
feeds (Wiktorgson & Knutsson 1977). It is algo ghown that
individual feeding resulted in higher milk production than
group feeding of cows, either tied up or in a free stall
system. The contrclled feeding systems for cows have been
developed for concentrate feeds fairly well.

From the nutritional, cow health management and feed effi-
ciency point of view, more attention should be given to the
automatically controlled roughage feeding. Reports have been
published indicating that a system which allowes individual
feeding of roughage in a free stall system gives considerable
economical benefits in feed consumption, lower health rigk of
underfeeding of cows during the first part of lactation and
lower risk of overfeeding in later stages and also less
conflictg in cow behaviour (Wiktorsson 1987).

The milk yield reccrding per cow provides the farmer a
valuable data for cattle feeding and breeding management. The
automation of this measurement saves much labor time. While
doing this recording continucusly on every milking, the
information of an unexpected drop of daily milk yield acts as
an effective indicator of health disturbances. Other parame-
ters which can be measured automatically and quickly are milk
temperature and electrical conductivity of the milk. It has
been found that milk temperature is a good measure of body
temperature (Maatje & Rosging 1976), which is a ugeful indi-
cator of the health condition of the c¢ow. The electrical




conductivity of the milk of each guarter can be measured
automatically during every milking. It has been found in many
investigations that there is a good relationship between the
milk conductivity and the number of cells in the milk.

As gufficient sensors are now available to indicate sick
animals, the attachment of the milking machine can also be
automated. The feed dispensing station in the cowshed is
developed for the place of automatic milking. It was found by
Rossing (1987), that the cows came tc the feed station 5.4
times a day and were milked four times a day. It was also
established that the production rose during automatic milking.

The automatic monitoring methods of cow behaviour in cow-
shed have been investigated widely. An increased level of
activity may indicate ocestrug and a reduced activity tells
about health disorders. The use of electronic transducers for
activity monitoring has led to observation of wvery high
proportion of heats (Thompson & Rodrian 1983).

The automatic collection of data during milking angd feeding
serves a good tocl for promoting the welfare of animals. The
processing of collected data with the information produced by
milk recording organisation and the disease recording system
(which is widely usged in Finland, Norway and Sweden) gives a
good possibility to a very effective health management on
farms (Saloniemi 1987).

‘ The new technology and the fast development of automation in
dairying ig not a threat to animal welfare and health, 1f we
‘ take it in use carefully and only after intensive investiga-
: tions. All the scientistg presenting papers in this symposium
‘ have worked for promoting our knowledge about the effects of
| new technology in dairy production. Automation of feeding and
milking is a great challenge for today's milk production.
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Autcomation in milk preoductien

Hans 0. Gravert

Institute for Milk Production, Federal Dairy Research
Center, Kiel, Federal Republik of Germany

Summary

This introduction paper outlines the targets of automation
in milk production. These are (1) to improve the animals
welfare (2) to improve the working conditions for the far-
mer or herdsman, {3) to improve the guality of milk and
milk products, (4) to achieve a better protection of the
environment and (5) to reduce the costs in milk produc-
tion. Some ideas are discussed especially the expected aad-
vantages of fully automated milk production which cor-
responds better to the natural behaviour of dairy cows
than the present system.

In talking about automation we might think of electronics,
computers and robots. However, automation in agriculture
started originally with early farm machinery and has al-
ways been a combination of new technical aids, of new pro-
duction systems and even of new plant varieties or geneti-
cally improved animals. In milk production the invention
of the milking machine about 50 years ago undoubtedly has
been the most revolutionary change. It took a long time,
however, from the first model on the market to the sophi-
sticated equipment of to-day. A farmer’s decision to buy
machinery is based on the benefits he can expect from re-
lief from strenuous labour, from higher gross income from
more and better efficiency in preoduction. However automa-
tion in milk production should mainly aim at somewhat dif-
ferent targets:

Firstly, as members of a humane society we should give a
high priority to all aspects of animal welfare, especially
in farm animals. Since the normal working hours of nen do
not coincide with the circadian pattern of a cow’s heha-
viour selection has always been directed towards a dome-
sticated dairy cow which primarily fits the demands of the
dairy farmer. With automation the close links between
dairyman and cow might become more flexible giving not on-
ly the dairyman more flexibility in his daily duties but
also an opportunity for the cow to return to her more "na-
tural" behaviour. What do we mean by "natural" with
respect to a dairy cow?

We dont know very much about the requirements for the
welfare of a dairy cow. A beef cow nursing her calf pro-
duces a daily milk ylield of about 6 kg, a low producing




dairy cow will start with about 15 - 20 kg daily and a
high-yielding cow will achieve about 40 kg. If we compare
the lactation curves we cbserve the biggest differences in
the early stage of lactation. In the second month p. p.
the superiority of a high vielding cow versus a low pro-
duction is about 23 kg, in the eighth month p.p. 15 kg on-
ly. Selection for higher milk yield apparently increases
the initial daily yield more than the average yield. It is
hard to believe that twice-a-day milking with up to 20 kg
milk stored in the udder before milking really can help

a cow’s welfare.

In beef herds the freguency of suckling is about 4 to

6 times per 24 hours, in early lactation even more
(table 1). Total nursing time is about three gquarters to
one hour, compared to a dairy cow with two milkings with
scarcely 20 minutes in total. As shown by Day et al.
(1987) the number of nursing bouts increases with lower
milk production level. So with respect to dairy cows one
might argue that 4 - § milkings with 10 minutes each per
24 hours would fit the "natural" pattern best.

This target can be realized with automated milking robots
only. Ir. Ipema from the IMAG Institute at Wageningen will
report on the current state of development which is promi-
sing though there will be a long period of trial and error
until a generally acceptable stage will be achieved. Simu-
lation studies with voluntary milking systems confirm the
observations with nursing cows that the cows prefer mil-
king intervals of 4 -6 hours with 4 -6 milking times per
24 hours (table 2). The motivation to enter the milking
box, however, seems to be based more on the desire for
concentrates rather than on the impetus to be milked. The-
refore voluntary milking systems must be combined with au-
tomated feed dispensers.

It is a well known fact that one can expect more milk per
cow after more frequent milking. The increase in the simu-
lation trials have been 2,7 kg FCM (= 13 %) in our herd
and in the Dutch experiments 2,2 kg FCM (= 8 %) and 2,9 kg
FCM (= 11 %) resp. This corresponds fairly well with
trials with 4 times milking versus twice-a-day. E. g.
Meinhold and Rosegger found an increase between 13 % and
22 % in cows with an initial yield of 5000 kg FCM and

6300 kg FCM resp.

With regard to feeding frequency we can also be fairly
sure that twice-a-day will not correspond to the "natural®
behaviour of a cow. We know from behavioural studies in
free-stalls that dairy cows visit the concentrate dispen-
sers up to 15 times, the roughage silos up to 10 times,
the water trough about 5 and the cubicles about 9 times
per 24 hours (table 3}. In total they spend about 16 hours
for feeding, drinking and resting. The actual sleep of
dairy cows is rather short, about 30 - 60 minutes are deep
sleep and another 3 hours slow wave sleep.
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Theoretically frequent feeding will increase the feed in-
take (table 4). Kaufmann (1976) found an additional
roughage intake of up to 0.4 kg DM if he fed seven versus
twice-a-day. There was also a positive effect of feeding
frequency on the fat content in milk presumably as a re-
sult of a more constant pH-value in the rumen and a higher
. synthesis of acetic acid (table 5). With 14 feedings per
24 hours the fat content was 4.04 %, with twice-a-day fee-~
ding 3.69 % only. So frequent feeding should result in
less stress for the dairy cow. However, we dont know the
real optimum from the viewpoint of the cows welfare.

when we talk about the animal’s welfare a good bedding,
hygienic conditions and sufficient space might also be im-
portant. Cows are social animals and form a dominance or-
der within a herd. To avoid stress and damage they have to
keep a minimum social distance between each other (Wieren-
ga, 1983). In free-stails this can be achieved by an ave-
rage area of about 4 m“ per cow. With a voluntary milking
and feeding system the number of cubicles can be less than
the number of cows.

Secondly, automation in milk production should improve the
working conditions for the farmer or herdsman. Milking, is
not only a hard physical work load but also a stringent
limitation of the farmer’s time. In modern milking par-
lours the number of cows per hour and man varies between
50 and 100 (table 6). Most time is spent on udder prepara-
tion, attaching the units and teat dip. For high-yielding
cows there might be also a waiting time, expecially in
herringbone parlours., Any automation will not neglect the
farmers skill but decrease the burder of physical work

and change over to more mental and control work, however
with more free choice of the time during the day.

A third target of automation is the guality of product. In
milk production healthy cows with unaffected udders are
primary conditions for mastitis prevention combined with a
high hygienic standard for udder preparation, milking,
cooling and storage of milk. In yobot milking one can ex-
pect one milking unit per about 25 cows, two units for

50 cows etc. This means that the milking machine is used
permanently, with the exception of cleaning period. There-
fore rinsing and disinfection bhetween cows has to be an
integrated part of the system. The milk will be gathered
in small gquantities which requires a small but effective
cooling system. Milk delivery from the bulk tank will be
independent from any fixed time during day or night. In
trials with voluntary milking the cell count in milk was
not affected though there is no experience so far with
real robot milking. Theoretically a better udder health
could be expected from more frequent milking, however,

the present milking machines have heen adjusted to a
twice~a-day or three times-a-day milking. They might need
some modification to voluntary milking systems, e. g. a
lower vacuum, to avoid teat damage or irritation.



Other aspects of product quality concern taste and flavour
of raw milk, the risk of spores in milk harmful to cheese
making, the composition of fatty acids to achieve an opti-
mum spreadability of butter, and the structure of casein
micelles to avoid clotting in cream. Much research efforts
should follow each development in automation to ensure a
high quality standard of milk preducts.

A fourth target of automation in milk production should be
a better protection of the environment. Free-stalls with
concrete or slatted floors and increased herd size have
created problems with ligquid manure. In my opinion this
development seems to become a deadlock. The liquid manure
has disadvantages for the cows (feet and leg troubles),
for the soil (destroying structure), for the underground
water (content of nitrate} and for people (terrible
odour). The only advantages are low labour costs. A dairy
cow produces more than double as much wet waste as a beef
cow and the biochemical oxygen demand is about twice as
much (table 7). This makes it extremely difficult to treat
the waste adegquately and at reasonable cests to avoid the
problems mentioned above. -

In waste management there is a numerous variety of techni-
cal solutions from simple spreading the fresh manure to
energy recovery systems. Whichever solution is preferred
priority should be given to the cow’s welfare and to the
protection of the environment and ground water. From this
peoint of view perhaps the straw bedding used by our grand-
parents was not the worst alternative.

Finally, but extremely important, one tardget of automation
iz the reduction of costs in milk production. With the
present methods of milk production we force the cows to a
fixed routine and we utilize most of the barn eguipment
only temporarily. E. g. in a free-stall all cows are
gathered in a waiting area twice-a-day for about one hour.
After milking they prefer to eat roughage, then concen-
trates, then they drink and afterwards they want to lay
down for about two hours. The milking machine is used for
just 3 - 4 hours per day and 20 hours it is idle.

With automation all the equipment should be used perma-
nently, especially feed dispensers, milking machine, cu-
bicles and rinsing or flushing devices. This would keep
the costs of automation at a reasonable level. We know,
however, that this target cannot easily be achieved. As an
example table 8 gives the results from 568 free-stalls in
Schleswig-Holstein, about half of them without and with
autonatic feed dispensers. In the latter group number of
cows per herd and milk yield were higher, however with a
higher concentrate input. So in total the feed costs per
kg milk were slightly higher in herds with automatic feed
dispensers.



Automation in milk production will inevitably be connected
to a higher mental =skill of the farmer. Increasing invest-
nents require increasing management. Any automation must
be accompanied by an excellent supervision, maintenance
service and regular check-up. Micro-electronics have been
applied for a better and more efficient monitoring of herd
data, replacing and improving old-fashioned paper work. Of
course, using a computer-based herd management system re-
quires adequate training and exercise and is therefore
nmostly linked to the succession of a young generation.
Some components of automation are already available,
others have still to be developed. Therefore we are grate-
ful to the following speakers of this session who will
talk about the present state of knowledge.

Table 1. Suckling behaviour in beef cows (Day et al.,
1987).

Day of Frequency of Total min
lactation nursing nursed
52 8,6 64
104 5,9 49
167 4,5 44

Table 2. Voluntary milking systems.

Number Frequency of
Author of cows milkings kg FCM/day

Ordolff 1982 Exp. 22 4,6 24,0
Contr. 29 2 21,3
Rossing et al. Exp. 14 5,4 28,3
1985 Contr. 14 2 26, .
Roesing 1987 Exp. 19 3,8 30,5
Contr. 19 2 27,5




Table 3. Behaviour of cows in free-stall (Baehr, 1983).
Area Number of Time Time .
visits present (min)} ! active (min)
Feed dispenser 15,1 36,5 16,0
Self-feed silage 10,2 138 {138)
Drinking 5,3 17,9 3,4
Cubicles 8,7 745 563

Table 4. Feeding frequency and roughage intake (kg/cow)
(Kaufmann, 1976).

Intake of -
praoduction level concentrates raoughage
FCM 2 x 7T x - 2 x 7Tx
20 - 25 kg 9,5 9,5 5,4 5,6
25 - 30 kg 11,3 11,3 5,7 5,8
30 - 35 kg 12,3 12,3 5,8 6,2

Table 5. Effect of feeding frequency (Kaufmann, 1973).

2 X 14 x difference
Daily milk yield 23,6 | 23,4 | - 0,28
Fat-% ~ 3,69 4,04 | + 0,35§§
Rumen pH (Xx) 6,28 6,31 + 0’°3x
pH (=) 0,23 0,20 | =~ 0,037
acetic acid 55,1 60,4 + 5,3xx
propienic acid 21,2 20,1 |,-1,1
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Table 6. Productivity of cow and labor regquirement
(Armstrong and Quick, 1986).

Milk/cow
s/cow 15,9 kg | 27,7 kg

Cows in and feed 5,4 5,5
Udder preparation 10,1 12,1
Attach unit 8,9 8,9
Teat dip 7.9 8,1
Cows out 4,0 3,9
Waiting 0,9 9,2
Adjust and reattach < I § 3,7
Floor wash 1,0 1,1
out of parlor 1,4 1,6
Total 42,7 54,1
Cows per man hour 84 67

Table 7. Feedlot wastes per cow and day (Taiganides,
1987).

Beef cow Dairy cow
Total wet waste (kyg) 25 65
Moisture content (%) 83 91
Biochemical oxygen
demand (kg) 0,65 1,26

Nitrogen (g) 275 250
Phosphorus (g) 55 40
Potassium (g} 125 160

Table 8. Free-stalls in Schleswig-Holstein (Thomsen,
1988).

without with

concentrate dispensers
Number of farms 294 274
Cows/Farm 59,3 67,9
Milk, kg/cow 5634 5909
Fat-% 4,14 4,16
Protein-% 3,32 3,32
Concentrate, t/cow 1,67 1,84
Feed cost/kg milk 23,2 23,4
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THE EFFECTS OF AUTOMATED MILKING AND FEEDING ON THE PRODUCTION AND
BEHAVIOUR OF DATRY COWS

Ipema, A.H.l, H.X. Wierengaz, J. Metzl, A.C. Smitsl, W, Rossingl

1 Institute of Agricultural Engineering (IMAG), Wageningen, Netherlands
2 Research Institute for Animal Production (IV0)}, Zeist, Netherlands

Summary

In the near future more and meore processes on dairy farms will be
automated. Milking will be fully automated, enabling cows to be milked
several times daily. Cows are already accustomed to calling at the
feeding station several times daily for their ration of concentrates.
Therefore the feasibility of milking cows at the feeding station was
studied. In two experiment cows milked more than twice daily at a
concentrate feeding station were compared with cows milked twice daily in
the parlour. An average milking frequency of about 4.0 times per 24 h was
observed for voluntary milking. As a result of this raised frequency the
increase in milk yield was about 5 kg per cow per day (20%) in the first
and 3.4 kg per cow per day (14%) in the second experiment. The milkfat
and protein contents were lower in the first few months of lactation,

Advances in technology and in breeding mey bring about substantial
increases in milk yields. This meskes it desirable to optimize feeding
toc, Therefore, an experimental automatic forage feeding system
consisting of 15 feeding stations that can be entered by free-housed cows
during 24 hours a day has been developed. The amounts of forage dispensed
and the leftovers removed by this system are recorded per individual
animal . Research has shown that cows fed with the automatic system can
achieve similar forage intake and milk yield to cows fed ad libitum in a
feeding passage.

The behaviour of cows milked more frequently per day and that of cows
fed by the automatic feeding system was also studied. There were no
significant differences between the lying times of cows fed with the
automatic feeding system and cows fed at a traditional feeding gate. In
. these cases the average lying times per group were between 685 and 700
min. per cow per day. In one experiment with more frequent daily milking
lying times were longer compared with milking twice daily in a milking
parlour, Especially for the high-yielding cows this effect was striking.
Keywords: dairy cows, automation, milking, feeding, behaviour

Introduction

Increasing productivity has long been the goal of farm development in
the Netherlands. Yields of grass and feed crops, and of milk have
increased dramatically during recent decades and dairy farming has been
scaled up, mainly as a result of advances in mechanization and housing.

There are currently about 55,000 dairy farms with a total of 2,29
million dairy cows in the Netherlands. So, on average, there are about 40
dairy cows per farm, More than 90% of the farms with more than forty
mitking cows have cubicle houses. Advances in mechanization and housing
have contributed to a substantial rise in labour productivity. In 1950
about 330 hours of labour were neceded for one cow in a year; in 1980 this
figure had fallen to only 40 hours per cow per year (Postma, 1981).




The introduction of guotas in 1984 changed the picture: futher
development now requires improvements in farm management and operations,
One of the options is higher milk yields per animal, with optimum
nutrition, New techniques are required for this and therefore
possibilities and effects of automated milking and feeding are receiving
particular attention,

Results of two experiments simulating automatic milking will be
discussed. In the second part the development of an experimental feeding
system will be described. At the end behaviour aspects of automated
feeding and milking will be dealt with,

Automation of milking

For milking in the milking parlour the individual animals can be
identified electronically, The milk yield can be established with
electronic milk meters and used to determine a cow's need for
concentrates, These data, which also dvaw the dairy farmer's attention to
deviations from the normal production level, have to be processed by
computer (Burema & Kerkhof, 1979, Burema & Kerkhof, 1983}.

Another major part of dairy cattle management is concerned with the
detection of oestrus and diseases, Sick cows and cows in oestrus can be
detected by determining deviations from the normal situation--as with the
milk yields. For this detection use is made of signs that can be measured
quickly and automatically. The most suitable indicators are temperature
and activity (Maatje & Rossing, 1976, Maatje & Rossing, 1986, Maatje &
al., 1987). For detecting udder diseases the electric conductivity of the
milk can be measured (Maatje et al., 1983, Rossing et al., 1987).

As the detection of cows in cestrus, of diseases, and of deviant milk
quality can now be automated in principle, this allows the milking
process to be performed without supervision. The next step in automation
will then be the automatic application of the cluster to the udder. A
milking robot is being developed-in collaboration with a manufacturer.
The first prototype was ready at the end of 1987 (figure 1).

Fig.l. Prototype of milking robot,
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A working milking robot would make it easy to millk cows more frequently
per day. Many farms already use automatic cow identification systems
combined with feeding stations that dispense the concentrates. Milking
could alsc be done at these feeding stations, Cows visit the station
several times a day and could be milked at the same time, thus obviating
the need for a milking parlour.

Two experiments were carried out to simulate automatic continucus
milking. In these experiments, an adapted feeding/wilking station was
used. Next to the feeding staticn there was a complete milking plant with
a washer unit. The milk from this plant was stored in a separate tank
outside the building. For applying the cluster the feeding station was
manned for 24 hours a day. When a cow entered, the cluster was applied
provided she had not been milked during the last three hours and the
expected yield was at least 3.5 kg. The milking was interrupted twice
daily (6.00-7.30 h and 15,30-17.00 h) sc that the entire plant could be
washed ocut,

Continuous milking: Experiment 1.

This experiment was carried cut over a period of 11 weeks, from 1
February 1984 to 17 April 1984, to ascertain how often cows come to be
milked and how the system affects milk production (Rossing et al., 1985).
A test group of 20 animals with an even distribution of age and lactation
stage was selected from a dairy herd. They were given roughage ad lib.
but the amount of concentrates required per cow was determined on the
basis of an estimated roughage intake, actual wmilk production, body
weight and age.

After the start of the experiment most animals came voluntarily te the
statien. Some animals sometimes did not appear within 12 hours of the
previous milking and were then brought to the station. In the first week
a cow had to be brought to the stetion in less than 5% of the milkings.
Later, this figure fell to less than 1%, It was a problem mainly in cows
that were drying off, and alsc in some cows with foot problems,

On average, a cow visited the station 5.4 times daily. Bach animal was
milked 4.0 times a day on average, with a variation of 3.0 to 5.4. The
highest milking frequency registered per day for any cow was 7.

Figure 2 gives the average standard cow production (Aan., 1983) in kg
per day during a preliminary pericd of &4 weeks, the test period of 11
weeks and a post test period of 4 weeks. The curve for another group on
the farm, wmilked twice a day in the milking parlour, is also given for
comparison. Roughage rations were identical for both groups.

In the first 5 weeks of the trial, the standard cow production
increased from about 35.5 kg in the preliminary pericd, up ta sbout 47 kg
in the fifth test week. The transition back to milking twice daily was
accompanied by a marked decrease in production,

The other group of cows showed a gradual increase in the standard cow
production during the test period. However, the level of this group
remained clearly below that of the test group. After the trial was
finished, both groups reached approximately the same level.

During the trial the standard cow preduction of the test group was on
average 8 kg higher than that of the other group. With an average of 156
days in lactation and an average age of &4 years and 6 months, milk
production was about 5 kg per day higher than was predicted on the basis
of the production level of the other group.
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Fig. 2. Standard cow production of a more frequent milked group
(testgroup (group 1}) and a group milked twice a day (group 2),

During the test period fat and protein levels for each milking were
sampled over set periods of 28 hours {(6x) or 72 hours (4x). Milk yields
were recorded for each milking., The large deviation in fat percentages
within cows was striking. The difference between milkings was 1,5 to 2%,
There was considerably less variation in protein content,

The cows were milked several times a day and at different times during
the day in the test period. The milking system used allowed the interval
between consecutive milkings to be varied for a particular cow. The
length of this interval naturally influences the yield at a given moment.
In order to investigate these effects, each yield (milk, fat (grams and
percentages) and protein (grams and percentages)) was compared with an
predicted yield. A predicted yield was based on the average production in
the appropriate week and the interval since the previcus milking.

Table 1 shows the milk, fat and protein production measured as a
percentage of the predicted production at several predicted milk yield
levels.

The influence of milk yield level on the difference between measured
and predicted milk production was not very great,
Milk yield level did, however, have a clear influence on fat percentage.
With smaller milk yields the fat percentage measured was clearly higher
and with larger milk yields clearly lower than predicted. Consequently,
the relative maximum production of grams of fat was obtained with lower
milk yields. The level of the milk yield affected protein percentage only
slightly, The relative production of grams of protein was, therefore,
mainly determined by the relative milk production.
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Table 1. Relationship between predicted and measured yield {(milk, fat and

protein).
Predicted No. of milkings Production measured as % of prediction
milk yield
(kg)
milk fat protein
grams % grams 7%
< 4 117 99 105 106 98 100
4 - 6 430 98 102 104 98 100
6 - 8 325 101 104 103 101 100
8 - 10 174 102 101 99 103 101
10 - 12 86 102 96 94 100 68
12 - 14 a0 160 94 95 101 101
14 - 16 25 99 91 92 99 100
> 16 15 96 . 85 88 96 100
Continuous milking: Experiment 2, y

In this experiment a test group and a reference group were used (Ipema
et al., 1987). The reference group was milked twice daily (16.00 h. and
6.00 h.) in the milking parlour according the normal schedule, with the
forage being supplied at a feeding fence.

Most of the concentrates were given at & feeding station, and only a
small part in the parlour. The test group was fed forage using an
automatic feeder system (described later). The forage given to both
groups consisted of wilted silage and maize silage. The test group was
milked at a modified concentrate feeding station.

Each group contained a maximum of 18 animals at a time. An attemp:t was
made to achieve comparable groups, by matching animals of similar ages
and calving dates. The test period lasted 36 weeks and ran from 20
September 1985 to 29 May 1986. Untill the end of January 1986 there
were changes in the groups; these mainly consisted of replacing animals
to be dried off by newly calved ones. Throughout the experiment there
were, on average, seven heifers in each group.

Animals from the reference group were milked in the parlour twice
daily, whereas those of the test group were milked more often, The
average milking frequency of 19 animals that were in the test group for
more than 100. davs was 3.90 times a day, with individual variations of
between three and five times daily.

The distribution of the number of milkings over the 24-hour period is
shown in Figure 3.

On average, the number of milkings was highest in the hours after the
milking pauses when the plant was being washed out; later there were
gslight declines. The number was lowest in the period between midnight and
6.00 h.
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Fig. 3. Distribution of the number of milkings over the Z4-hour period.

Milk data were recorded every week during one day. Table 2 gives the
average group results. These averages only refer to the pairs of animals
that stayed in the test and reference groups for at least 100 days.

Table 1. Average production data of test group and reference group.

Reference group Test group Difference

Number of animals 19 19

Days in lactation 118 124

Age at calving (vears and moths) 3.05 3.08

Milking frequency (daily) 2.0 3.9

Milk production (kg/day) 25.1 28.5 + 3.4 ¥
Milkfat content (%) 4.66 4,51 - .15
Protein content (%) 3.43 3.38 - 0.05
Milkfat production {g/day) 1164 1276 + 112 *
Protein production (g/day) 859 956 + 97 *
Fat and protein production {g/day) 2023 2232 + 209 *

* Differences are significant (P<0.05)

The daily individual milk yield of the reference group was 3.4 kg
higher than that of the test group. This implies an increase of 14%. The
contents of protein and, in particular, of milkfat, seemed to be
slightly lower in the test group. Conseguently, the increases of 112 g
milkfat and 97 g protein (totalling 209 g) were 10% and 11% compared with
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the reference group. Both the increase in milk yield and that in milkfat
and protein production are statistically significant. Note that the daily
individual production of the reference group (2023 g of milkfat and
protein combined) was considerable.

Almost throughout the lactation the milk yield of the test group was
10% higher than that of the reference group. The percentages of milkfat
and protein, however, were evidently lower in the test group in the first
half of the lactation period. In the second part of the lactation the
percentages for both groups were similar. As a result, the increases in
milkfat and protein production were greater in the course of the
lactatiocn.

Automation of forage feeding

The introduction of the milking robot may entail substantial increases
in milk yvields. Biclogical developments are also likely to facilitate a
rise in milk yields. Performances of 8000 to 10000 kg or mere per
lactation will be the rule rather than the exception. This implies that
more attention has to be paid to the diet. High individual performances
can only be realized if the animal can take up sufficient feed of high
quality. The importance of a proper forage quality and intake is shown in
Table 3.

Table 3. Effects of nutrient content and forage intake on a dairy gow's
need for concentrates (body weight 600 kg; daily yield 25 kg FCM).

Forage Concentrates required

Intake VEM *

kg dry matter per kg dry matter kg/day 4
9 750 10.3 100
10 B25 8.7 84
11 900 7.0 68

* VEM = Dutch Feed Units

An increased iantake and better quality of the forage could result in
considerable economies in the amount of concentrates needed.

Technical options that influence intake could be sought in the
preparation of the feed at the moment of distribution. More frequent
feeding and the preparation of a mix of different feed types tend to
boost the total intake,

Traditionally, individual rations of concentrate are calculated on the
basis of the animal's milk yield, fat content, body weight, age and
estimated forage intake. More information on the individual ferage intake
is necessary so that the concentrate rations can be determined
accurately. Moreover, more rasearch is needed to develop optimal feeding
systems for the high-yielding herds. Such systems should meet the
requirements for feeding dairy herds with daily yields ranging from 13 te
50 kg per cow.

To study the technical possibilities for this, a system that can supply
forage to individual animals fully autcmatically and that also allows the
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forage intake of individual animals to be recorded has been designed at
TMAG (Ipema & Rossing, 1987).
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AUTOMATIC FEEDING SYSTEM

Figure 4. The automatic feeding system.

The system (figure 4) can dose two different types of feeds or mixtures
of different feeds. A cubicle house contains 15 feeding stations. When a
cow enters one cof these feeding stations she is identified electronically
from the tag around her neck. Her number is scrutinized by a computer,
and if the computer's data show that she needs food, the rear gate is
closed. The computer decides which food has to be desed to that animal.
When a mikture of both feeds has to be dosed, first the weighing belts
are tared. Both dispensing units start up, stopping when the calculated
amount of food is approximately reached. As the system cannot dose within
an accuracy of 200 grams, the amount of food on the weighing belts is
weighed and the computer records that the cow has been given this amount.
The belts then start up and the food from both belts is collected in a
rail-mounted feed-dispensing bin. This bin is transported to the feeding
station where the cow is, and the amount of food in the bin is dropped
into the manger, After a certain time (normally 15 min.) the rear gate is
copened and a valve in the manger is opened by a pneumatic ram. Any
leftovers fall onto a belt, which starts up when the valve is opened. The
food on the belt is transported to a box where it is automatically
weighed. This amount of leftovers is recorded by the computer. The
control system allows for the valve of only one manger to be open at any
time. If the cow remains in the feeding station she is allowed another
porticn of food. ‘

The food in the storage bins can be a mixed food that has been mixed
previously, a normal loose material, or forage in blocks.

The whole proces is controlled by a computer in combination with a FLC
(Programmable Logic Controler).

The automatic feeding system has already been used for some
experiments. First the effect of adjusting the portion size will be
described. In another experiment the system of feeding has been compared
with feeding at a feeding fence.
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Automated forage feeding: Experiment 1.

The feed is supplied in portions. The standard portion size is about
2.5 kg. A fixed time of 15 minutes is available for consuming a portion.
Trials in 1985/86 showed that when standard portions are given tc a group
of cows the portion is almost always too big and therefore there are
larpe amounts of leftovers. However, some cows find the portion too
small. They can easily consume the portions within the fixed eating time
of 15 minutes. Because of this variation in the intake rate between cows
and between feeds {palatability)} it is necessary to adjust the portion
size in a short run. The portion size should be adjusted to the
individual intake rate in such a way that the amount of leftovers does
not exceed 107 of the portion and yet the time spent feeding does not
become unnecessarily long. Therefore, the chosen system continuously
modifies the portion size per cow, within certain limits, depending on
the amount left over from the last delivered portion.

In an experiment two groups of i0 high-yielding cows were compared. One
group (S) received the forage and concentrates seperately. The
concentrates were fed in a concentrate feeder and the forage (dry matter
content 37.3 %) was given in the feeding stations of the automatic
feeding system. For the other group the concentrates and forage were
mixed (group M). This mixture {(dry matter content 49.2 %) was also fed
via the automatic feeding system. These cows received only a small amount
of concentrates in the concentrate feeder. Table 4 shows the effegt of
the different feed compositions on the average portion size per cow. The
data were gathered over an experimental period of 8 weeks.

Table 4. Effect of the feed composition on the portion size (intake
rate) per cow.

Group - Portion size (kg)

delivered (fresh) intake (fresh} intake (DM) leftovers

av., 8. av. 8. av. S. av, 8.
) 2,22 0.23 2.01 0.29 0.75 0.11 10.0 3.5
M 2,15  0.09 1.93 0.10 0.95 0.05 10.4 1.4

This table shows that the average portion size (fresh material) does
not depend entirely on the composition of the food. The average amount of
fresh food delivered per portion was 2.22 kg and 2.15 kg for the two
groups respectively. The percentage of leftovers was also similar for
both groups, However, the standard deviation was smaller for the group
with the mixed food (M}, indicating that the system had caused a
variation in the portion sizes between cows in one group and that this
was dependent on the composition of the food (palatabilicy).

The average amount of fresh material eaten per portion is also on the
same level for both groups. Because aof the higher dry matter content of
the mixed food, the average amount of dry matter per portion was (.20
grams higher, This means that the intake rate on a dry matter basis is
20-25 % higher for mixed food.




Automated forage feeding: Experiment 2.

An experiment was done to compare the automatic feeding system with
traditional feeding in the feeding passage. If the automatic system is to
be used in future in research on optimizing the feed intake it is
important to know whether it produces results similar to those achieved
with traditional feeding.

In the experiment two groups (Gl and G2) of 20 cows were studied. The
animals were paired between the groups. An attempt was made to pair
animals of similar age, calving date and production level. The experiment
lasted 9 weeks. In the first 3 weeks group Gl was fed in the feeding
passage and group G2 at the automatic installation. After three weeks
the groups were changed over and after three weeks they were changed back
again. For feeding in the feeding passage there were 20 places available
at the feeding gate. In the automatic feeding system only 8 places were
accessible for the 20 animals of the groups. Both groups were fed ad
libicum. The forage consisted of a mixture of grass silage, maize silage
and artificially dried alfalfa. The mixtures were prepared three times a
week for both groups. Concentrates were fed individually in separate
feeding stations. The amount of concentrates per cow depended mainly on
the milk yield.

The results of this experiment are shown in table 3. P

Table 5. Comparison between automatic feeding system and traditional
system.

Feeding system

automatic traditional difference
Feed intake (/cow/day)
- forage (kg dry matter) 14.3 14.0 + 0.3
- concentrates (kg dry matter) 6.9 6.7 + 0.2
- total (kg dry matter) 21.2 20.7 + 0.5
Yield
- milk (kg/cow/day) 28.2 27.8 + 0.4
- fat and protein (%) 8.07 8.08 - 0.01
- fat and protein (g/cow/day) 2251 2216 +35

The daily forage intake per cow with the automatic system was 0.3 kg dry
matter higher than in the feeding passage. The concentrate intake was
also higher. This higher feed intakes caused g higher yield of 0.4 kg
milk and 35 grams fat and protein, These higher yields were, however,
barely significant (P<0,10).

Behavioural aspects

The aforementionned developments in automation took place in the period
1984-1987, During the experiments many animal behaviour studies were
carried out (Metz et al., 1987), largely to ascertain how animals would
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adapt to the automatic systems for feeding and milking. In the next there
will be a short description of the systems studied. Some general results
will be discussed.

Feeding ad libitum at the feeding fence with a number of feeding places
equal to the number of cows and milking twice daily in the milking
parlour was designated the standard system. Behaviour in this system was
studied in 1986 (18 cows) and in 1987 (2x20 cows). The next system was
feeding with the automatic system and milking twice daily in the parlour.
This system was studied in 1986 {18 and 2x18 cows) and in 1987 (2x20
cows)., The numbher of cows per forage feeding station varied between 2.5
and 2.6. In 1984 the system with feeding at the fence and milking in the
concentrate feeder (simulating automatic milking) was studied (20 cows).
The last system is the one in which the cows were fed in the automatic
system and milked in the concentrate feeder (1986; 18 cows). The number
of cows per forage feeding station was in this case 2.6.

Behaviour was observed over at least three periods of 24 hours for each
system, The following activities were recorded for each cow: lying;
standing (in cubicle, walking area or milking parlour); staying at the
feeding places (concentrates or forage). The frequency of recording was
once per 10 (or in one case, 135) minutes.

Table 6 gives an overview of the lying and forage eating behaviour at
these systems. For each system the cows observed are divided in two
groups. The groups "low" give the results of the cows with a milk yield
less than 25 kg per day (during the observation pericds) and the groups
"high" do the same for the cows produced more than 25 kg milk per day.

Table 6, Lying and forage eating behaviour data for cows in different
feeding/ milking systems.

System of Cows No. of Lying Forage eating
feeding/ cows Min./day =,
milking S
Min, /day Periods/day
av. ] av. s av. 8 fagtw
) \u“v
Fence/ -
parlour  all 58 686.3 117.6 8.3 2.1  243.6 46.8 @iy 4r
low 8 726.4 111.9 8.7 1.8 240.5 48.4 %(u
high 30 648.8 111.9 8.0 2.3 2464 45,9 oo
Aut.sys./ o
parlour all %4 698.3 115.2 7.2 1.6  '332.8 76.0 isfe W B
low 44 741.6  93.0 7.3 1.6 " 315.3 535.1 o7 e
high 50 660.2 120.2 7.2 1.7 348.2 88,2 1yt
Fence/
feed.stat. all 19 * 732.4 96,2 8.5 1.5  226,2 32.4 7 7
low 10 720.6  99.8 8.1 0.7 236.7 23.9 .
high 9 745.6  96.1 8.0 1.9 214.6 37.8 7,1
Aut.sys./
feed.stat, all 17 * 694.5 163.1 6.4 1.¢ - 283.3 68.9 a4y, gy "
low 8 752.9 1149 7.2 1.1 '279.2 39.5
high 9 642.6 187.6 5.7 2.3 287.0 90.0 §
P

* one cow excluded because of severe foot problems
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In the system with feeding at the fence and milking in the feeding
station the lying times were longest. Here the high-producing cows lay
even longer than the lower-producing cows. This could be a positive
effect of the higher milking frequency in this system. The lying times
for the other systems were, on average, similar. In all these cases the
big difference in lying times between cows with a milk yield of more than
25 kg and less than 25 kg is striking. The extra time for standing was
not used for eating (the time spent eating did not differ between the

production groups within a system), In general, the high-producing cows

stood in the cubicles longer; this suggests that these cows had problems
in lying down because of the pressure on the udder. Tn the system with
automatic feeding and milking in the feeding station the high-producing
cows had no so long lying times as with feeding at the fence and milking
in the concentrate feeder for reasons that are not clear. The variation
in lying times is, especially, for this group rather high, This might be
due to foot problems.

The number of lying periods seem to be influenced by the feeding
system. Feeding at the automatic feeding system gave fewer, but longer,
lying periods. Obviously, cows in the automatic system stand up less
often for eating than cows fed at the feeding fence. This means, however,
that the system of feeding (including the number of places available and
the layout of the housing system) influences animal behaviour.

The times spent eating forage were longer in the automatic system. This
is mainly because the time the cows were just standing in the feeding
stations was included in this eating time., For eating at the fence, only
the time the cow had her head through the fence was reccrded as forage
eating. The longer eating time in the automatic system had no clear
effect on the the lying times.

The times spent eating concentrates were about 45 minutes per cow per
day in the systems with milking in the parlour. In the systems with
milking in the feeding station these times were in average about 10
minutes longer. On the other hand milking in the parlour took about 50
minutes which could be "saved" by the cows milked in the feeding station.

Discussion

The full automation of the milking and feeding processes seems to be
technically possible in the near future. Concentrate feeding has already
been automated. The detection of cows in cestrus, of diseases, and of
deviant milk quality can now be automated in principle. Milking robots
are being developed.

With automated milking systems more frequent daily milking will be
possible. This will result in higher yields per cow. More research will
be necesarry in future. Questions about optimal milking frequencies at
different stages of lactation and about the effects on animal health
(reproduction, udder, teats etc.) should be examined.

The results described here indicate that thé automatic feeding system
could be a useful instrument for further research on optimizing the
feeding of dairy cows. However, also here more research will be
necessary.

Aspects such as profitability, labour savings, and effects on the
production, health and behaviour of the animals will determine whether
the systems will be applied in practice. For an automated milking system
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the prospects seem to be better than for automated individual feeding
systems for complete forage rations,

It can be stated that automation can create favourable cenditicns for
the cows, such as the repeated provision of fresh feed, permanent access
to the feed and the facility of adjusting the feed composition {forage,
concentrates) to individual needs. More frequent milking, probably,
better meets the requirements 6f the high-yielding cows. Higher yields
and in one experiment longer lying times especially for these
high~yielding cows indicate this. Future research in this field will be
very interesting. Besides, attention will have to be paid to disturbances
in the synchronism in behaviour in the herd and the correct timing of the
individual use of the feeding and milking stations.

It is evident that the location in the stall layout where certain
activities (lying, eating forage and concentrate, milking} take place is
of influence on the frequency of this activities. This might be of
importance for the design of future housing systems in which highly
automated feeding and milking techniques are integrated.

References

Annonymus, 1983. Automation of dairy farm management. Research Report
83-1. TMAG, Wageningen.

Burema, H.J. and J.A. Kerkhof, 1979. A Dairy herd management and Health
Control System. IMAG, Wageningen.

Burema, H.J., and J.A, Kerkhof, 1983. Health monitoring of lactating
cows. Proceedings of the Symposium Automation in Dairying, TMAG,
Wageningen.

Ipema, A.H. and W. Rossing, 1987. Automatic individual feeding of dairy
cattle. Proceedings of Symposium Automation in Dairying, IMAG,
Wageningen. p. 41-51,

Tpema, A.H.,, E. Benders and W. Rossing, 1987. Effects of more frequent
milking on milk production and health of dairy cattle, Proceedings of
the third Symposium Automation in Dairying, IMAG, Wageningen. p. 283 -
293,

Maat je, K., and W. Rossing, 1976, Detecting cestrus by measuring milk
temperatures of dairy cows during milking. Livestock Production Science
3:p. 85-89.

Maatje, K., et al., 1983. Automation of electrical conductivity
measurements during milking. Proceedings of the Symposium Automation in
Dairying, IMAG, Wageningen. p. 89-99,

Maatje, K., and W. Rossing, 1986. Measuring the temperature of the milk
during milking and the activity of dairy cows to detect sick cows and
cows in heat. International Conference AG ENG 86, Noordwi jkerhout, the
Netherlands.

Maat je, K., F. Wiersma, W. Rossing, 1987, Measuring milk temperature
during milking and activity of the dairy cow for detecting sick cows
and cows in oestrus. Proceedings of the third Sywposium Automation in
Dairying, IMAG, Wageningen. p. 176-184.

Metz, J., H.K. Wierenga and A.H. Ipema, 1986. Verhalten von Kuhen heim
automatischer Futtern und Melken., KTBL-8chrift 319. Darmstadt-
Kranichstein. p. 138-154.

Postma, G., 1981. Van 300 naar 50 manuren per koe in 30 jaar.
Landbouwmechanisatie 32(11).

Rossing, W., A.H. Ipema and P.F. Veltman, 1985. The feasibility of
milking in a feeding box. Research Report 85-2, IMAG, Wageningen.

Rossing, W. et al., 1987. Practical experiences with real-time

23




measurements of milk conductivity for detecting mastitis., Proceedings
of the third Symposium Automation in Dairying, TMAG, Wageningen. p.
138-146.

24



-

EFFECTS OF AUTOMATIC CONCENTRATE FEEDING SYSTEMS ON THE BEHAVIQUR OF
DATRY COWS

H.K. Wierenga and H. Hopster

Research Institute for Animal Production "Schoonoord",
P.0.Box 501, 3700 AM Zeist, The Netherlands

§ummar}5

In dairy practice, more and more systems for the automatic feeding of
concentrates are gradually being introduced. The effect of four different
systems of concentrate feeding on the pattern (frequency and time) of ea-
ting concentrates and on the general activities (eating, standing, lying)
of the cows were investigated.

The experiment showed that the different feeding systems gach result in
a different concentrates eating pattern. The cows always try to obtaln
concentrates as soon as they are available, even if this results in a
reduced lying time or in an increased number of interruptions of lying
periods.

It is hypothesized that under less favourable conditlons - e.g./in-
creased competition for a feeding statien - problems will first arise
wlth the investigated fixed-1ll-time system. Fewer problems may be ex-
pected under less favourable conditions with the variable-time system. It
is pointed out that it is important for the cows to have information
about the exact time at which concentrates are available again,

Keywords: dairy cattle, automatic feedlng, concentrates, behaviour, daily
rhythm.

Introduction

Gradually more and more practical farms are using systems for automatic
concentrate feeding. With such systems cows can be identified individual-
ly in a feeding station and they can receive concentrates if they have
not consumed their total allotted ration for that period, Per feeding
gstation, about 25 cows can be fed concentrates. The various available
systems can be roughly divided into two types: fixed-time and variable-
time feeding systems. Investigations {Spiegelberg, 1980; Baehr, 1984,
Cellis 1980; Wierenga & Folkerts, 1986; Van de Burg et al., 1987) have
shown that the two types each cause a typical pattern of wvisits to the
feeding station. With a fixed-time system, each 24-hour period 1s gener-
ally divided into two 12-hour feeding cycles, which are subdivided inte
three 4-hour periods. When such a system is used, the number of visits is
high directly after the start of a new feeding period and then gradually
decreases. When, after some time, most cows have received thelr concen-
trates, the number of unrewarded visits gradually increases. Depending on
the amount of concentrates given, each cow visits the feeding station
about 10 times per 24 hours; only about half of these vigits is rewarded
(Wierenga & Folkerts, 1986; Van der Burg et al., 1987). The variable-time
system involves a 24-hour period during which the cows gradually build up
their allotted ration. When, after a visit, the ration has again reached
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a level of 50 grams, at & new visit the cow will receive concentrates,
The cows visit the feeding station about 15 times per 24 hours when such
a varisble-time system is applied. These vislts take place continuously
during the whole 24 hours, and almost all are rewarded (Van de Burg et
al,, 1987; Wierenga & Folkerts, 1986).

The described investigations only give information about the visits to
the feeding station of a group of cows as a whole. No information is
avallable about individual diffevences between cows In the time and fre-
quency of their visits, or about the possible consequences of automatic
concentrate feeding for other behavioural activities, Individual differ-
ences could be substantial, because the number of feeding stations is
limited, so that the cows must wvisit the stations in turn.

The aim of the experiments described in this paper was to obtain
information about the behaviour of individual cows under various systems
of concentrate feeding. In particular, the consequences of automated
feeding for the lying behaviour (total time and daily rhythm) was inves-
tigated, by comparing systems with which the intake of concentrates took
place at different parts of the 24-hour period., The variable-time system,
with a fairly constant pattern of Intake of concentrates during the 24-
hour period, was compared with the fixed-time system with peaks in intake
of concentrates directly after the start of a new 12-hour cycle. With the
latter system the consequences of starting each 12-hour cycle at times
when cows were also active with eating roughage and, on the contrary, at
times when most cows normally were lying down, were investigated. For
comparison feeding concentrates at the feeding rack was also investi-
gated,

The results of such experiments give imsight into the way the animals
make use of the systems and thereby how the systems affect the cows. The
information can be used in the development of systems for automatic con-
centrate feeding, but can also contribute te the development of auteomatic
systems for milking or roughage feeding.

Materials and methods

Animals, housing and feeding

The investigation comprised three experiments (experiments I, II and
ITI) which were performed with three different groups of 20 lactating
dalry cows each. At the start of the experiments the cows were in about
their third month of lactation. The age of the anlmals in each group
varied between two and ten years.

The cows were kept in a cubicle house (fig. 1) with one row of 19 cu-
bicles, a feeding rack with 16 places and a walking area 2.60 m wide,
with a slatted floor. The concentrate feeding station was placed in the
cubicle row.

The cows were milked in a milking parlour at 07.00 hr and 16.30 hr. In
the three experiments the cows received maize silage (respectively 5.0,
5.0 and 4.2 kg d.m. per cow) after morning milking. In the first two
experiments the cows recelved hay ad lib., of which part was given at
13.30 hr and the rest after evening milking. Total hay intakes 1n ex-
periments I and II were 8.0 and 4.7 kg d.m. per cow respectively. In the
third experiment the cows received, iIn addition to the maize silage,
grass silage ad 1ib. which was also given at 13.30 hr and after evening
milking. The total intake of grass silage was 5.3 kg d.m. par cow,
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Fig. 1. Plan of experimental cubicle house.

In the first experiment each cow recelved 12 kg of concentrates, and in
the second and third experiment 11 kg of concentrates per cow were given.
With automatic feeding 9 kg of the total ration was always given via the
feeding station and the remainder was given In the milking parlour. When
concentrates were fed at the feeding rack, the cows received 7 kg of con-
centrates per cow mixed with maize silage directly after morning milking,
The remaining 4 kg was given in the milking parlour,

The three systems for the automatic feeding of concentrates are de-
scribed briefly. In both fixed-time systems in each cycle of 12 hours,
4.5 kg of concentrates were available for each cow, At the start of each
cycle the alletted ration of each cow was set at 3.0 kg. After a period
of 4 hours, 1.5 kg was added te the available ration. When a cow had not
eaten any concentrates in the first four hours, then her balance became
4.5 kg, In the last 4-hour period of a cycle the balance was not in-
creased again but those cows who had eaten only part or nothing of their
concentrates, would be rewarded at a visit to the feeding statlon. In the
first of the two tested fixed-time systems, the 12-hour cycles started at
07.00 hr and 19.00 hr (this system was called the "fixed-7-time gsystem").
In the second system (the "fixed-1ll-time system") the 12-hour cycles
started at 11.00 hr and 23.00 hr.

The third system which was applied was a variable-time system, Every
day, each cow started at 19.00 hr with a balance of 0.2 kg. Every 14 min-
utes 0,1 kg was added to this balance. For instance, when a cow visited
the feeding station 140 minutes after the start of the period, she cauld
recelve a maximum of 1.2 kg of concentrates. If she consumed her 1.2 kg,
her balance built up gradually again, starting from 0.0 kg. This balance
could grow to a maximum of 3.0 kg. When this level was reached the cow
first had te visit the station and eat {part of the) concentrates before
the procedure of the growing balance was started again. When a cow vis-
ited the feeding statiom regularly to eat concentrates, after a period of
about 20 hours (so at about 16.00 hr) the maximum amount of 9 kg of con-
centrates was allocated.

Experimental design

The experimental design is given in Table 1. Each system in turn was
tested for a perlod of about 3 weeks. In experiment I three systems were
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