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STELLINGEN

1. De kenmerken ruwvoeropname cn gewichtsverandering tijdens de lactatie
vertonen een duidelijke variatie bij melkkoeien op een rantsoen met ad

libitum ruwvoer en een gelijke krachtvoergift per dier.

Dit proefschrift.

2. De produktieverschillen tussen melkveepopulaties op een rantsoen met

ad libitum ruwvoer zijn groter bij ecen systecem met krachtvoer naar melk-
produktie dan bij een gelijke krachtvocrgift per dier. Hiermee dient men
rekening te houden bij de vaststelling van de genetische verschillen tussen
melkveepopulaties.

Dit proefschrift.

3. De mogelijkheden om door middel van wijzigingen in de voedingsstrategie
een verbetering van de persistentie van de melkproduktie bij eenzelfde
totale lactatieproduktie te bewerkstelligen worden onvoldoende onderkend.

Broster, W.H., 1980. ADAS Quarterly Rev., 39, 234-255.

4. De mogelijkheden van de herkauwer, in het bijzonder het rund, om ruwvoer
om te zetten in voor de mens nuttige predukten worden vanuit het cogpunt

van de wereldvoedselvoorziening niet maximaal benut.

Winrock Internaticnal, 1978. The role of ruminants in support of man.
Winrock Intern. Livest. Research and Training Centre, Morrilten, USA.

5. Een optimaal gebruik van de eigenprestatietoets van jonge proefstieren,
bij ad libitum voersystemen, vercist de meting van de individuele voer-

opname.




6. De gebruiksduur van melkkoeien binnen een bedriif heeft een duidelijke
invloed op het bedrijfseconomisch resultaat, het effect van de gebruiksduur
op de genetische vooruitgang voor melkproduktie is echter gering.

Renkema, J.A. and J. Stelwagen, 1979, Livest. Prod. Sci., 6, 15-27.
Korver, S. and J.A. Renkema, 1979, Livest. Prod. Sci., 6, 29-37,

7. De beschikbare kengetallen per koe, welke in het kader van de melkcontrole
routinematig worden berekend, zoals de produktie-index, bieden onvoldoende
ondersteuning voor een eccnomisch optimale vervangingbeslissing.

Bakker, H., J.H. Wallinga, J. Dommerholt, H.G. Kooper, S.R. Sijbrandij
and W.M.G. Wismans, 1979. Bedrijfsontwikkeling, 10, 611-616,

8. Bij de rijpaardfokkerij heeft de evaluatie van de verzamelde gegevens
een te lage prioriteit en derhalve worden selectiemogelijkheden onvoldoende
benut,

9. Voor een verantwcorde uitoefening van de preventieve gezondheidszorg bij.
landbouwhuisdieren is een goede zodtechnische en economische kennis ncod-
zakelijk.

Ellis, P.R. and A.D. James. Veterinary Record, 105, 523-526,.

10. De bereidheid van het K.F.R.S. en het K.N.R.S. om deel te nemen aan de
in de toekomst op te richten Nederlandse Bond voor de Rundveeverbetering
zou op korte termijn gedemonstreerd kumnen worden docr het samenvoegen van
hun maandbladen.

i1. De "bedenktijd" van kandidaat-lijsttrekkers geeft te denken.

Proefschrift van 5. Korver
Feed intake and production in dairy breeds dependent on the rationm.

Wageningen, | oktober 1982.
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Symbols and abbreviations

n number of sample units

s.d. standard deviation

df degrees of freedom
P probability

55 stm of squares (Z(y—?)z)

RZ determination coefficient ({Z(y-3)° - L(y-5)2}/ziy-515)

u overall mean

GE Eross energy

ME metabolizable energy

NE net energy

VEM Dutch feed unit (net energy for lactation)

FCM fat corrected milk (mass fraction of fat 4.00% = (0.4 + 0.15
fat %) milk yield)

FP(M fat protein corrected milk (secticn 3.1.4)

Treatment groups and experiments (chapter 3)

DF Dutch Friesians

HF Crosses between Holstein Friesian and Dutch Friesian
Roughage Ration with a low concentrate level and ad libitum roughage
Concentrate Ration with a high concentrate level and ad libitum roughage
Experiment I] First experimental lactation

Experiment I, First experimental lactation of the cows with a second

experimental lactation
Experiment II Second experimental lactation



1 INTRODUCTION

Over the last 10 years there has been a marked increase in the milk production
of the dairy cows. Between 1970 and 1979 in the Netherlands the yield of Black
and White (Friesian} cows in recorded herds rose by an average of 1040 kg per
cow in a full lactation (C.M.D., 1979). In general this was the result of improved
nutrition and efficient methods of selection.

In the early stages of lactation the intake of nutrients, especially energy and
protein, does not meet the requirements of the high vielding cow. The gap between
supply and demand can be reduced by either increasing the concentration (nutrient
density) of the ration, increasing the feed intake, or by a combination of these
two factors. The extent, in practice, to which the concentration can be increased
is limited because approximately 30% of the dry matter should be from long
roughage to enable the rumen to function nommally.

The roughages fed to ruminants consist predominantly of cellulose, hemicellulose
and lignin. Because of man's inability to digest them they can make no direct
contribution to human nutrition. On the other hand, the ruminant has the ability
not only to digest these roughages but also to convert them into products of
high nutritional value for man, e.g. milk and meat.

The higher quality roughages such as hay and grass silage are usually grown on
land that is unsuitable for arable crops. An economic change or greater food
shortage could result in the need to use more roughage and food crop by-products
with a higher crude fiber content. In these circumstances the variation in
roughage intake between cows will be of increasing importance.

The milk production capability of dairy cows is, at present,the main characte-
ristic on which their selection is based. In determining this the cows are
generally given rations high in concentrates. Between 1970 and 1979 the concen-
trate intake per cow per year doubled in the Netherlands to an average level
of approximately 1625 kg (Nota Melkveehouderij, 1981). High producing herds and/or
modern herds already used more than 2000 kg concentrates per cow a year. The
question that arises is whether the selection decision would remain the same if
the cows were fed on rations with a high roughage content. Conrad et al. (1964)
and Baumgardt (1070) have suggested that the meachamisms regulating the intake of
feed may vary according to its digestibility.

The importance of the interaction between genotype and nutrition in dairy cattle



has been studied in some experiments but only within a breed (Korver, 1979).
Reports of experiments with different breeds (dairy, dual purpose) in temperate
zones were not found in the literature. The exchange of semen between countries
and especially the import into the Netherlands of Holstein Friesian semen
emphasises the need for such experiments. The Holstein Friesian had a higher
genetic potential for milk production of approximately 16% compared with the
Dutch Friesian (Oldenbroek, 1979). These breeds were selected in different
envirommental circumstances (e.g. different feeding regimes).

An experiment covering two successive lactations was therefore designed, its
objectives heing to study:

- Variance in feed intake {(energy and roughage), milk preducticn and components,
and live weight change during the two lactations in dairy cattle within and
between two subpopulation$ and dependent on the ration. The subpopulations were
characterized as Dutch Friesian and crosses between Holstein- and Dutch
Friesians and the rations as a high and a low concentrate level with ad libitum
roughage.

- The importance of the interaction between genotype and ration on milk production
(including components), feed intake and live weight change during the lactation.
In chapter II the literature is summarized briefly. This is based on the more

extensive review of Korver (1979) and publications of other authors. Materials

and methods are described in chapter III and results in IV. The results start
with the description of the individual characteristics in total and partial

lactations and end with the relationships between these characteristics within a

genotype-ration group. Each -subchapter ends with a short discussion. The general

discussion is the subject of chapter V.



2 LITERATURE

2.1 Feed intake
2.1.1 Regulation of the feed intake
2.1.1.7 Introduction

The feeding of the animal involves a series of chemical and physiological
processes in which food contributes to the demands for maintenance, milk
production, body tissues and other activities. Control of the total metabolic
system involves two types of regulation namely homeostasis and homeorhesis
(Bauman and Currie, 1980). Homecostasis is the maintenance of a physioclogical
equilibrium and homeorhesis is the coordinated control of metabolism in the
various tissues to support a physiological state. Ruminants, as well as mono-
gastrics, try to achieve in the long run a balance between their intake of
nutrients and the requirement for them (Baumgardt, 1970; Baile and Forbes,
1974; Rohr, 1977). In this way the animal attempts to reach equilibrium at a
certain physiological level (e.g. the extent of fat reserves - Baumgardt (1970)).

The hypothalamus is probably the central organ for the regulation of the feed
intake and stimuli of metabolic or physical origin (neural, endocrine or other)
may provide a feedback to the central organ to limit feed intake. The features
affecting the regulation of intake and the mechanisms of regulation are very
incompletely known as shown by the reviews of Balch and Campling (1969},
Campling (1970), Baumgardt (1970), Baile and Mayer (1970), Jones {1972), Baile
and Forbes (1974), Journet and Rémond (1976), Rohr (1977) and De Jong (1981).
As in most reviews a distinction is made between the physical and metabolic
regulation mechanisms. These mechanisms will be described very briefly in 2.1.1.2
and 2.1.1.3 and in later sections (2.1.2, 2.1.3) the feed and animal factors

which play a role in these systems are reviewed.

2.1.1.2 Physical regulation

| A high forage ration (bulky and with a high crude fiber content) can result in
' a lower intake of nutrients than the requirement of the individual would demand.



This normally results in a negative energy balance in the ruminant. The in-
adequacy of the intake can usually be compensated by a mobilization of the body
reserves. The feed intake in such situations is dependent on the capacity of
the alimentary tract, especially of the reticule rumen, and the rate of
disappearance of the digesta from the reticulo rumen (Conrad et al., 1964;
Campling, 1970; Baumgardt, 1970).

The capacity of the reticulo rumen depends on the size of the animal, the
deposition of fat within the abdominal cavity, stage of pregnancy and lactation
(Campling, 1970; Bines, 1976b; Journet and Rémond, 1976; Forbes, 1977a; Forbes,
1977b) . According to Tulloh (1966) and Rines (1976b)} it is possible that the
increased demand for nutrients in the lactating cows can be met partly by a
hypertrophy of the alimentary tract.

The rate of disappearance of digested and undigested material from the reticulo
rumen is dependent on the chemical composition of the feed, the degree of
mastication and rumination, the rate of breakdown (microbial activity, motility
of the rumen, fermentation conditions), the capacity of the muscular contractions
of the gut and the reticule-omasal orifice. Warwick and Cobb (1975) suggested
possible differences in the rate of disappearance between cows independent of the
physiological state of the animal and the nature of the offered food. Decreasing
the size of the food particles generally improves the feed intake, however it is
possible that intake of ground forage is inhibited by the distal part of the
alimentary tract (Van der Honing, 1975). The digestibility of the feed is
positively correlated with the feed intake for rations of low digestibility
(Conrad et al., 1964) (2.1.2).

2.1.1.3 Metabolic regulation

The intake of a ration with ahigh digestible nutrient concentration may not be
inhibited by the capacity of the rumen but by the requirement of the individual,
unless the concentrate roughage ration causes digestion problems (off-feed). The
energy intake is constant in such a situation and the feed intake will decrease
with an increase in the energy concentration (Baumgardt, 1970).

Several workers have done research on metabolites such as volatile fatty acids,
glucose, insulin and free fatty acids in the reticulo rumen and blood.

The central reaction in the rumen is the fermentation of carbohydrates and
proteins to velatile fatty acids, methane and carbon dioxide. The ratio of the
volatile fatty acids produced (acetic, propionic and butyric acid) depends on
the ratio of roughage to concentrates (Sutton, 1976; Kaufmann, 1976; Rohf, 1977) .




These acids have received considerable attention in the research. Intra rumenal
infusions with acetate or propionate (often in amounts beyond the physiological
limits) have a negative influence on the feed intake, whereas the results with
butyrate were more variable (Baile and Mayer, 1970; Baile and Forhes, 1974).

De Jong (1981) did not find any influence of the infusion of a physiologically
normal amount of volatile fatty acids in rumen fluid or blood on the feeding
patterns in free-feeding ncn-lactating goats. Insulin may play a role in the
regulation of the feed intake (De Jong, 1981).

According to Baile (1971) and Rohr (1977) the fat reserves may have aneffecton
the regulation of the energy balance in the long term. Metabolites (e.g. free
fatty acids) and hormones (e.g. growth hormone) may possibly form a commumication
system between body fat reserves and the central nervous system {(Baile and
Forbes, 1974; Journet and Rémond, 1976). A relaticnship between fat mobilization
post partum and the low intake has also been postulated (Journet and Rémond,
1976) .

Metabolic regulation by temperature is not thought to be important within the thermo-
neutral zone (Jones, 1972). Inmost Dutch situations cattle are within this zone. Out-
side of it extra energy isneeded for temperatures below the thermoneutral zone whereas
temperatures above itwill result in an increase of the heat loss or a lower energy
intake (Jones, 1972; Bines, 1976a; Zemmelink, 1978; Verstegen, 1978).

The relation between physical and metabolic regulation seems to be dependent on
the digestibility of the ration and the physiological state of the animal (Conrad
et al., 1964; Baumgardt, 1970)(2.1.2).

2.1.2 Feed and management factors

Guality of the feed

Conrad et al. (1964) found a positive relation between digestibility of the
dry matter and the dry matter intake (linear regression: y = -17.0 + 0.67x;
x = dry matter digested (%), y = dry matter intake (1b)). However, after adjust-
ment for metabolic weight and the estimated energy content of the milk, they
showed a positive relation in the range of 52 to 67% digestibility but above this
there was no relation. This indicates an alteration from a physical to a
metabolic regulation but the peoint at which it occurred depended on the physio-
logical state of the animal (Conrad et al., 1964).

The digestibility of roughage is negatively correlated with the crude fiber

content in the dry matter. However, some crude fiber of long forage is necessary



for the function of the rumen and the optimm for the maintenance an acetic to
propicnic acid ratio of 3:1 varies between 13-20% crude fiber in the dfy'matter
(Kaufmarm, 1976; Journet and Rémond, 1976; Rohr, 1977). Increasing the supply

of nitrogen to give a crude protein content in the dry matter of about 10% may
increase the intake of low quality roughage by ruminants. However, the optimum
is dependent on the physioclogical state of the animal, the raticn compositicn
and nature and solvability of proteins in the feed (Jones, 1972; Tamminga et al.,
1978; Bines, 1979).

A dry matter content below 30-35% has a negative influence on the intake of
silage but above this level no effect could be shown (Jackson and Forbes, 1970;
Van der Honing and Van Reeuwiijk, 1971). This negative relation may be caused by
a change in the chemical composition of the silage as a result of the
preservation process (Rohr, 1977).

Processing and preservation

The extensive reduction of the particle size of roughages impairs rumen
motility and saliva flow. On the other hand, rate of passage of the small
particles is increased. The effect on intake of grinding roughage is generally
inversely related to the quality of the roughage (Bines, 1979). According to
Van der Honing (1975} and Rohr (1977) the grinding of straw results in an in-
crease in intake but little or no effect of grinding was found with good quality
artificially dried forage.

In general the dry matter intake of conserved forage as silage or hay is lower
than that of the fresh material (Bines, 1979). Campling (1966) observed a lower
intake of silage than of hay made from the same crop when offered alone but
this difference largely disappeared when supplementary concentrates were offered.

Method of feeding

The effect on intake of changing the ratio of roughage to concentrates in the
diet can be expressed as the substitution rate. This is defined as the decrease in
roughage dry matter intake (kg) per kg of added concentrate intake. Its effect
depends among other things on the energy requirement of the cow, its physio-
logical state, the frequency of feeding, the digestibility and physical form of
the forage and the amoumt of concentrates (Van der Honing, 1975). Where the
quality of the basal diet is poor and especially where it has a low protein

content, addition of a small amount of concentrates will even raise roughage




intake unless the protein content of the concentrates is also low. The sub-
stitution rate increased with the increase of the digestibility of the roughage
and for hay and silage it ranges between .2 and 0.6 (Rijpkema and Steg, 1975;
Van der Honing, 1975). The substitution rate for ad libitum herbage feeding is
about 0.4 - 0.6 over the range of 2-4 kg concentrates (Meijs, 1981). Van der
Honing (1975) reviewed values of about 0.8 - 1.0 for ground roughage.

The substitution rate increases with a higher level of concentrates (Riipkema
and Steg, 1975), the total dry matter intake usually decreases when more than
60-70% of diet is concentrates. Some long roughage in the raticn is necessary for
the normal functioning of the rumen. Ekern (1972b) showed, in an experiment with
two concentrate levels per kg of produced FCM, a decrease in the substitution
rate with the increase of the stage of the lactation. However, the lactation
stage was confounded with the concentrate level. The substitution rate during the
lactation appeared dependent on the concentrate level in the dry period before
calving.

Wilson and Flynn (1974), cited by Bines (1979}, suggested that 6 hours per day
ad libitum access to feed is probably adequate for stall-fed animals to maximize
their intake of silage. Freer and Campling (1963) found an increase of the hay
intake when cows had 24 hours access to it instead of 5 hours. Balch and Campling
(1969) and Zemmelink (1980) described the influence of the quantity of offered
material on the intake by ruminants.

According to Kaufmarm (1976) an increase in the number of meals of concentrates
per day increases the intake and rumen fermentation activity.

FPalatability and smell

Several researchers have postulated that palatability and smell may influence
the roughage intake (Baile and Forbes, 1974). However, these factors have not
been examined in great detail and it is difficult to quantify their effects but
it is likely that, as with other mammals, they do play a role in the selection of
feed by ruminants (Rohr, 1977}.

2.1.3 Animal factors

The feed intake of a dairy cow is dependent on many factors peculiar to the
animal itself e.g. growth, fattening, milk production, pregnancy, size, age,
genetic potential. The relations between the various factors will be described
in chapter 2.4 and this chapter will be confined to a general description of the



influence of the physiological state of the dairy cow (lactation and pregnancy)
and the genetic differences.

Pregnancy

Two opposing effects infiuence feed intake during pregnancy. The slightly
increased demand for nutrients for the development of the foetus would increase
the intake. At the end of pregnancy however, the volume of the rumen is reduced
by the foetus and associated tissues. In the dairy cow the stage of lactation is
confounded with that of pregnancy and therefore most research on the effect of
pregnancy is limited to the dry pericd. Curran et al. (1970) and Journet and
Rémond (1976) reported a decline in intake of 0.2 kg dry matter per day per week
during the last six weeks before calving. Journet and Rémond (1976) observed
considerable differences between diets in the level of intake and the intake,
decreased more rapidly during the last week of pregnancy.

Early lactation

The feed intake increases more slowly than the milk production {energy output)
in early lactation. In the literature three possible reasons are mentioned:

1. It may be necessary that fat deposited within the abdomen before calving must
be mobilized before rumen £ill can be maximized (Bines, 1976b}.

2. A slow hypertrophy of the alimentary tract after parturition as was suggested
by Tulloh {1966).

3. The rate of metabolism in both rumen and tissues has to adapt to the new
situation (higher demand for nutrients), but this takes time.

Bines (1976b) concluded on the basis of literature and his own research that
the time of maximun intake of feed lies between the 5th and 36th week of the
lactation with an average of 16 weeks. The time between maximum milk production
during the lactation and maximum feed intake is dependent on the age and
physiological state of the animal and the ration composition. An increase in the
quantity of concentrates in the ration decreases the difference in time (Coppock
et al., 1974; Bines, 1976b; Journet and Rémond, 1976).

Later lactation

In several experiments the dairy cows were fed according to their milk
production and this implies that the amount of concentrates was dependent on the



milk production level. The time during the lactation with the maximal energy
intake and the shape of thec¢nergy curve over the lactation is dependent on the
feeding system. Brown et al. {1977) reported a clear decrease in the energy
intake during the lactation after the maximm intake, but the cows were offered
concentrates according to the level of milk production. @Pstergaard (1979)

offered a fixed concentrate level during the lactation (weeks 1-36) and observed
a comparatively constant energy intake level in the second part of the lactation.
The same was found for the ad libitum intake of feeds with fixed concentrate to

forage Tatios (Broster et al., 1978).
Genetic differences

A large mmber of experiments have been done on the effect of feed quality or
feeding level on the feed intake, however only a few have been designed to
estimate genetic differences. Within the experiments with genetic inferences
there existed avariationbetween experiments in feeding ration and period of
measuring during the lactation. In most studies forages were fed to appetite and
concentrates according to milk production.

Legates et al. (1956), cited by Miller et al. (1972), reported significant
differences between Ayrshire, Guernsey, Jersey and Holstein cows in hay
consumption per unit body weight (grain provided 40% of the maintenance require-
ment}. Hooven et al. (1971) observed differences between Holsteins and Jerseys.
Oldenbroek and Van Eldik (1980) reported differences in roughage intake between
Dutch Red and White, and Friesians (Holstein and Dutch). In these two experiments
the cows were fed concentrates according to milk production.

Lamb et al. (1977) reported a coefficient of variation among progeny groups of
5.0% for the total dry matter intake during the lactation (ad libitum system)
on a roughage ration without concentrates. For a ration with ad libitum roughage
and 1 kg concentrates per 3.5 kg milk a coefficient of 7.3% was found. A second
comparable experiment with higher concentrate levels per ration showed lower
coefficients of variation among progeny groups.

Stone et al. (1960) observed a repeatability of weekly forage dry matter
consumption of 0.70 for Holstein cows. Mather (1959} summarized the literature
and arrived at the following repeatabilities for forage consumption per 454 kg
body weight: month~to-month in same vear, 0.54; year-to-year, 0.37. Relations
between feed consumed, total- and part-lactation were investigated by Hooven
et al. (1872) on the basis of 425 first lactations. Coefficients of correlation
between estimated net energy (ENE) consumed in adjacent periods ranged from 0.75
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to 0.91 while the values between the 10 part-lactation measurements of ENE con-
sumed and total lactation ranged from 0.51 to 0.87 (highest values inmid-lactation).
The estimations of the heritabilities of the feed intake ranged between 0.1
and 0.4 (Gray et al., 1967; Miller et al., 1972; Hooven et al., 1972). These
estimations were greater than zero, indicating that a portion of the total
variation in feed intake iscontrolled by additive genetic effects. The variations
in estimates is caused by the nature of the characteristic, the ration and the
number of individuals used.

2.2 Milk production and components

The milk yield and composition of milk are affected by many facters. They can
be divided into two broad areas namely physiological and enviromnmental. The
physiological factors are governed in part by the inheritance of the animal and
in part by such factors as age, mumber of lactation and pregnancy (e.g.
Dommerholt, 1975). The feeding level, the season and the herd are examples of
envirommental factors.

In a normal situation the lactation curve of a dairy cow shows a rapid increase
in the milk production immediately after parturition reaching its peak
production approximately 30-50 days after parturition (Bines, 1979). Peak milk
production plays an important role in determining lactation milk yield (Broster,
1972) . The rate of decline in yield after calving (persistency) is clearly
influenced by pregnancy (Auran, 1974).

There is 'a general inverse relationship between milk producticn and milk
protein and milk fat percentages. These percentages decrease in early lactation;
are at a low point during the peak of lactation and then gradually increase
towards the end of lactation {Politiek, 1957).

2.2.1 Animal factors

Milk production increases with the age of a cow and the maximm is reached at
an age of about 6-8 years. The effect of age on test-day yield decreased
progressively with days after parturition (Dommerholt, 1975). The calving inter-
val has, in general, a positive relation with the lactation vield. The depressive
effect of the pregnancy on the milk production starts 60-150 days after conception
{Auran, 1974). This depends on the stage of lactation and the lactation number.

Dommerholt (1975) investigated the milk records of 4000 cows and observed a
coefficient of variation for milk production at 30 days lactation of 23% and
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this increased slowly to about 26% at 190 days and then towards 32% at 270 days.
The influence of season, age and herd decreased as the lactation progressed. At
the begimning a model with these effects explains about 69% of the variation and
this decreases to about 49% at the end of the lactation. The cumulative total
production had a coefficient of variation of 21.6% and the three effects
mentioned explained 69% of the variatiom.

Differences between breeds in milk yield and components were reviewed by e.g.
Turton (1981). Heritabilities of yields and percentages of milk components in the
first lactation were reviewed by Maijala and Hanna (1974) and Miller et al.
(1981) and these are on average in field conditions: milk yield 0.25; fat yield
0.25; protein yield 0.25; fat percentage 0.50 and protein percentage 0.45. Maijala
and Hanna (1974) reviewed a repeatability for milk production of 0.49 between
lactations and for fat percentage 0.69. Dommefholt (1975) calculated correlation
coeffigients between test-day yield and total lactation. These were highest in
mid-lactation (about 0.85) and higher in the first months of lactation than at
the end.

The phenotypic correlation coefficients between milk yield and percentage fat
and between milk yield and percentage protein were -0.20 and -0.19 respectively
{Maijala and Hanna, 71974). The correlation coefficient between the two components
was estimated to be 0.49.

2.2.2 Environmental effects

This review will be confined to the most important environmental effect, namely
feeding level. The milk production response to feeding level and changes of
feeding level is dependent among others on stage of lactation, length of feeding
period and production potential of the cows. The milk production of a dairy cow
is not only dependent on the actual enrergy supply but also on the feeding level
during the previous period. Therefore both short-term and long-term effects had

to be considered by comparing the effects of several rations or feeding levels.
Dry period

The dry period has an influence on the redevelopment of the mammary gland
tissue and the replenishment of body reserves. Broster (1971) had reviewed the
literature concerning relationships between prepartum feed intake and subsequent
production. He concluded that the amount of feed prepartum was without effect
in comparisons between "moderate’ and "high" levels and when postpartum feeding
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was generous. A low feeding level (a fall or a small gain in liveweight before
calving) had a negative influence on the milk production postpartum. Ekern
(1972a) investigated the effect of two feeding levels (82-90 MJ ME or 99-111

MJ ME) but did not observe differences in milk production. Lodge et al. (1975)
reported the results of an experiment with eighteen cows with two feeding levels
prepartum (494 kJ ME or 889 kJ ME per body weight to the 0.75 power) and observed

no difference in milk production on an ad libitum feeding system.
Lactation

The effect of level of feeding during lactation has been studied by many
researchers (e.g. reviews of Broster, 1972 and Wiktorsson, 1979). In these
studies a distinction can be made between experiments during some weeks of the
lactation, experiments during total lactation and multiple lactation studies. In
these investigations several levels or distributions of concentrates over the
lactation were compared:
- Different levels of concentrates were fed according to the actual milk pro-
duction with a fixed amount or ad libitum roughage.
- Different fixed levels of concentrates during the lactation with fixed or ad
libitum roughage.
- Different fixed ratios of concentrates to roughage (fixed or ad libitum).
Broster et al. (1969) reported a high response to an increased fixed feeding
level during the first 9 weeks of the lactation in an experiment with heifers.
The heifers were fed during these weeks two fixed levels cne being the requirement
of a heifer with 20 kg milk the other being 75% of this standard. In these 9 weeks
of lactation this resulted in a milk production difference of 161 kg milk and over
the total lactation 533 kg (short- and long term effect). After 9 weeks the cows
at each level were rerandomized to either a high or a low level of feeding. The
results indicated that the response in milk yield for the same amount of feed is
dependent on the foregoing feeding level (treatment high-high versus high-low
168 kg; treatment low-high versus low-low 58 kg). Broster and Thomas (1981)
concluded in a review that in fixed feeding regimes the short-term response in
milk output to concentrate input is directly related to current yield and the
long-term effect is mainly influenced by the feeding level during the experimental
period and the plane of nutrition in the residual pericd.
Ekern (1972a) studied normal and high levels of concentrates given according to
milk producticn. During the experimental period of 28 weeks of lactation the cows
consumed 5.06 - 5.44 and 5.82 - 6.09 MJ ME per kg FCM above maintenance
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requirement. No significant response in milk yield was observed. @stergaard (1579)
compared 8 fixed strategies of feeding concentrates independent of the current
vield. These were characterized by different patterns of feeding 3 different total
amounts of concentrates. The total concentrates fed during the 36 weeks of
lactation were: 1134 kg, 1512 kg and 1865 kg. The roughage was ad libitum with

a fixed amount of roots, dried pulp and molasses (7.4 kg dry matter per day).
During the rest of the lactation the cows were fed according to milk yield and
body condition. The distribution of the concentrates over the lactation within

a level did not influence the milk production. The average milk yields for the
groups low, medium and high were 5657 kg, 6062 kg and 6388 kg FCM respectively
(43% heifers per group). These 3 levels were compared with a group of cows which
were fed according to milk production with total lactation yield of 5772 kg FOM.
@stergaard (1979) observed an influence of the pattern of feeding distributicn on
the persistency but ne influence of the level on this characteristic. Broster and
Thomas {1981} suggested, referring to Johnson (1977), that the ability of changes
in persistency to campensate on peak yield is a function of the feeding level in
relation to cow potential.

As just mentioned the milk production is influenced by both short- and long-term
effects. Therefore it is desirable to study cows over several lactations.
Wiktorsson (1971, 1979) had studied multiple lactations. Wiktorsson (1971)
compared three levels of feeding different amounts of energy per kg milk
during two experimental lactations. The results from these lactations indicated
that the cows on both treatments seemed to adapt their yields to the new feeding
levels. The changes in milk production occurred during the first of the two
lactations. Wiktorsson (1979) presented the results of a simular experiment with
two feeding levels during two successive lactations. The results were comparable
with the previous experiment. After these two experimental lacatations the
individuals got the same feeding level. The low level of feeding in earlier
lactations had a negative effect on the milk yield during the first part of the
lactation, while the total production over 305 days did net differ significantly
between groups when the same feeding level was used.

Oldham and Sutton (1979) have discussed the effect of the concentrates to
roughage ratio on the milk fat percentage. More than about 70% concentrates in
the dry matter decreased the fat percentage. Underfeeding had a negative influence
cn the protein percentage of the milk (Rook, 1976).
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2.3 Live weight change

Changes in live weight of lactating cows result from a combination of growth,
change of alimentary tract fill, pregnancy and alternate deposition and subsequent
catabolism of body reserve tissues. Even though body reserves may subsequently be
catabolized toprovidemetabolites for milk secretion, this process is inherently
less efficient than the direct utilization of nutrients for milk production
(Van Es and Van der Honing, 1979). Moe et al. (1971) indicated that body tissue
changes may not be accurately reflected by live weight changes.

Huth and Smidt (1979) observed, in an experiment with 304 cows, an average body
gain from service to date of calving of 127.6 kg. Miller et al. (1969} studied the
body weights of 1004 Holstein cows. They observed the greatest change in live
weight during the first lactation. The effect of the stage of lactation ranged
from -37 to +46, or a total of 83 kg. These values for second and following
lactaticns were -26 to +45 and -17 to +34 respectively.

In an experiment where hay and concentrates were available ad libitum {Lodge
et al., 1975), cows which had been fed at the maintenance level before calving
weighed less at calving than cows that had been given 1.8 times maintenance. The
former group showed no net loss of body weight during the first 16-weeks' period of
the lactation and the cows fed at the higher level before calving lost 62 kg in
that period.

A more generous plane of nutrition in early lactation benefitted current body
weight change, either reducing lesses or increasing gains, depending on the trend
in the experiment (Broster and Thomas, 1981). A low feeding level had the reverse
effect but after a change in level the individuals tried to regain the lost
tissues. Wiktorsson (1971, 1979) showed that in multiple lactation experiments
the main changes in live weight caused by the feeding level applied occurred

during the first year.
2.4 Relationship between milk production, feed intake and 1live weight change
2.4.1 Introduction

At the initiation of lactation, marked alterations in the general partitioning
of nutrients and metabolism of the whole animal must occur to accommodate the

demands of the mammary gland. Lactogenesis in ruminants is attended with metabolic
changes such as increased lipolysis, gluconeogenesis and glycogenolysis,

mobilization of protein reserves and increased absorption and mobilization of
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minerals (Bauman and Currie, 1980). According to these reviewers these metabolic
changes are perhaps the most pronounced examples of homeorhesis. Within species,
they can result in a deficiency of nutrients by the combined effects of feeding
level, feed intake capacity (2.1.3) and genetic potential for milk production.
This deficiency can be compensated by a reduction in body reserves. Bauman and
Currie (1980} underlined the importance of diverting nutrients from the feed and
bedy reserves to meet the needs of pregnancy and lactation. Within dairy cattle
there is a variation in genetic potential for milk production. Selection for
greater production increases the requirement for nutrients. These can be supplied
by a higher feed intake and/or higher mobilization of reserves. '

Milk production decreases with the progress of the lactation and under normal
conditions (365 days calving interval)} the decrease is intensified by the new
pregnancy. At the end of pregnancy the nutrient requirements are about 75% greater
than in a non-pregnant animal (Bauman and Currie, 1980). In general there is no
lack of nutrients for milk production in the second part of the lactation and the
animal will try to replenish reserve tissues to reach an equilibrium at a certain
physiological state (Baumgardt, 1970). Genetic differences exist in the division
of nutrients between milk production and reserve tissues (differences in
priorities).

Several researchers have quantified the relation between milk production, feed
intake and live weight losses and these have been studied under several feeding
conditions. The review will be confined to some extensive studies on ad libitum
feeding systems, namely: 1. Feeding concentrates according to requirements and

ad libitum roughage 2. Feeding concentrates independently of requirements.
2.4.2 Feeding concentrates acecording to requirements

This feeding system is based on energy balance studies in which the utilization
of the several nutrients for milk production and maintenance are estimated. In
most studies the individuals were offered ad libitum roughage and limited
concentrates. The concentrate level per individual was determined on the basis of
the difference between the requirement for milk production and maintenance and the
estimated average intake from roughage. Thus milk production was the determining
factor on which feed was adjusted.

Hooven et al. (1972) and Miller et al. (1973) reported an extensive in-
vestigation into the relations between milk production, feed intake and live
weight with this feeding system. This research was based on 425 first lactations
(Hooven et al., 1972) or 548, 536 and 211 first, second and third lactations
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respectively (Miller et al., 1973) (overlap of material). Table 2.1 presents the
range of the correlation coefficients per stage of lactation because these were
calculated in both studies per 30 days lactation. The correlation coefficients
with live weight were from Miller et al. (1973) and were based on 3 lactations.
The other results were those of Hooven et al. (1972). The correlation coefficients
between FCM and feed intake increased with increasing lenght of the lactation.

The average live weight per stage of the lactation has a low correlation

coefficient with milk yield and feed intake.

Table 2.1. Phenotypic correlation coefficients between FCM (kg
(kg), feed intake (ENE), live weight (kg) and gross efficiency
of the lactation (Hooven et al., 1972, Miller et al., 1973).

or milk yield
in three parts

FCM/ Milk/ FCM/ Intake/
Intake Live weight Efficiency Live weight
weeks 1-13 +0.15 - +0.50 -0.03 - +0.11 +0.78 - +0,85 +0.31 - +0.36
weeks 14-30 +0,57 - +0.70 -0.16 - -0.08 +0.77 - +0.82 +0.25 - +0.30
weeks 31-42 0,70 — +0.73 -0.23 - -0.19 +0.82 - +0.98 +0.21 - +0,22
Intake/ Live weight/
Efficiency Efficiency
weeks 1-13 -0.38 - -0.15> -0.29 - -0.13
weeks 14-30 -G.09 - +0.24 -0.42 ~ -0.34
weeks 31-42 +0.30 - +0.43 -0.48 - -0.45

* Gross efficiency = ratio FCM yield to feed intake (kg Mcal_])

Miller et al. (1972) calculated on the basis of a limited amount of material,
namely 548 daughter-dam pairs, the phenotypic and genetic correlation coefficients
on total lactation results (table Z.2). The genetic correlation coefficients
between grain consumption and milk production was +1.0 due teo the precise
allocation of grain according to each cow's production. Genetic and phenotypic
correlation coefficients between forage consumption and milk yield were positive
but much lower. Forage consumption was negatively related to gross feed efficiency.
By varying the ratic of forage to grain the feeding regime increased the variation

in yield among cows.
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Table 2.2, Phenotypic (first line) and genetic correlation coefficients
between feed consumption and other total lactation traits (Miller et al.,
1972}).

Trait Concentrates Roughage Energy intake
(ENE) (ENE) (ENE)}

FCOM (kg) +0.83 + 0.02  +0.10 + 0.05  +0.72 + 0.02
+1.00 +0.32 ¥ 0.31 +0.82 *+ 0.02

Live weight change® (kg) -0.48 + 0.04  +0.08 + 0.05  -0.28 + 0.04
-0.95 + 0.42 +0.26 + 0.19 —0.43 + 0.24

Concentrates (ENE) =0.23 + 0.05 +(.58 + 0.03
+0.33 ¥ 0.20  +0.84 * 0.03

Roughage (ENE} +0.66 + 0.03
+0.80 + 0.05

Gross efficiency™™ (kg ENE ')  +0.74 + 0.02  -0,32 + 0,04  +0.17 + 0.05
+0.90 + 0.02  -0.11 + 0.25  #0.50 + 0.07

Live weight (kg) -0.18 + 0.05 +0.49 + 0.04 +0.41 + 0.04
-0.21 + 0,18 +0.93 + 0.01 +0.44 + 0.07

* Live weight change between start and end of lactation
*¥% Gross efficiency = Ratioc FCM yield to energy intake

Broster (1972) reviewed the literature and noted that several workers found
a negative correlation between body weight change and milk production. Politiek
and Vos (1975) observed in first lactation cows a negative correlation coefficient
between milk production and live weight change in the first 100 days of lactation
(-0.55). Wood et al. (1980) observed a partial correlation coefficient between
milk yield during the period of & negative energy balance and live weight loss,
with live weight after calving held constant, of -0.18 for Friesians and -0.55
for Ayrshires. The period of negative energy balance was estimated on the live
weight change. The coefficient between milk vield during the first 20 weeks of the
lactation and live weight after calving was +C.56 for Friesians and +0.76 for

Ayrshires.
2.4.3 Feeding concentrates independenily of requirements

Feed is made the independent factor and is expressed in absolute amounts in-
dependent of the milk production. Examples of such feeding regimes are: 1. Fixed
ratio of concentrates to roughage. 2. A fixed concentrate level with ad libitum
roughage. Broster (1976) described the general relation between feed intake, milk
yield and live weight change dependent on the genetic potential of the cow. The
partitioning of the nutrients over the several body functions and the supply of
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nutrients is dependent on the individual and the physiological state of the animal.
On this feeding regime feed intake and milk production are not confounded in
contrast with the regime of feeding to requirements.

Pstergaard (1979) compared 8 fixed strategies of feeding concentrates in-
dependently of the current milk yield with a control group fed concentrates
according to milk production. However, he did not describe the relations between
the characteristics in that extensive material (total number: 298 cows). Grieve
et al. (1976) reported the correlation coefficients between characteristics on a
feeding regime with a fixed concentrates to roughage ratio (n=49 first lactations)
(first 180 days of lactation 60:40 and the rest of the lactation 40:60). Intake
of dry matter during the total lactation, days 91 to 180, anddays 181 to 305 was
correlated with lactation yield of solids-corrected milk and the coefficients
being +0.81, +0.78 and +0.82 respectively (table 2.3}. The first part of the
lactation has a much lower correlation coefficient. Feed intake was also
correlated with gross efficiency and this phenotypic correlation coefficient was
much higher than in the results of Miller et al. (1972).

Table 2.3. Correlation coefficients between dry matter intake and lactation
traits (Grieve et al., 1976).

Dry matter intake period (days)

1-90 91-180 181-305 Total
305 days SCM" yield +0. 31 +0.78 +0.82 +0.81
Body weight post _partum +0.28 +0,28 +0.15 +0.27
Body weight loss -0.28 +0.29 +0.16 +0.10
Body weight end lactation +0.17 -0.10 -0.12 -0.04
Gross efficiency™** +0.12 +0,63 +0.68 +0.62
* SCM = Solids corrected milk
ok Body weight loss post partum to peak lactation

*»»x Efficiency = Ratic total lactatiom SCM to total dry matter
intake (kg kg~1) :

2.5 Genotype-ration interaction
£.5.1 Introduction

The performance (the phenotype) of an animal is a function of the genotype and
the environment and a possible non-additive relationship between these two effects.
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The differences between genotypes may be dependent on the environment.

Several workers have reported on the genotype-environment interaction within
species among breeds, strains or families. The research on the importance of the
interaction was stimulated by Hammond (1947). He suggested: ''The highest improve-
ment of a trait by selection will be reached in the environment that is necessary
for the fullest expression and the superiority of a genotype in this environment
will be kept in an other enviromment'. However, Falconer and Latyszewski (1952)
demonstrated an interaction between genotype and level of nutrition for growth
in mice and Fowler and Ensminger (1960) in pigs. They stated that the genes
affecting the character in the two environments were not the same.

Same examples of environments are: climate, nutrition, housing, age, sex, year
and season. This section will be confined to the importance of the interaction
between genotype and level of nutrition or type of ration in dairy cattle.

2.5.2 Methods of detecting the presence of interaction

The testing of an interaction is possible in a situatlon in which at least two
genotypes are tested in at least two enviromments. The genotype may be represented,
for example, by progeny groups, monozygous twins, or breeds. The chance of
obtaining an interaction will increase with the increase of the genetic variation
(Syrstad, 1976).

The variance analysis is that according to Pani and Lasley (1972), one of the
most usual ways for detecting a genotype-environment interaction. However, a
statistically significant interaction may be caused by ranking differences of the
genotypes between environments or by the differences between genotypes in the two.
environments (pseudo-interaction)(figure 2.1). These differences may be caused by

genetic and/or environmental effects.

A Environment 1 genotype A
A Enviranment 2 o ocao genotype B
Fig. 2.1. A classification of genotype—enviromment interactions (Minkema,
1968
I : No ranking change, no significant interaction

II : Ranking change, no significant interaction
IIT: No ranking change, significant interaction
IV : Ranking change, significant interaction
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Falconer and Latyszewski (1952) considered the phenotypic expression in the
two environments as two different characteristics and calculated the genetic
correlation between these two characteristics. The genetic correlation can alsoc

be estimated from the direct and correlated responses in selection.
2.5.% Results with dairy catile

Results of the experiments with progeny groups and monozygous twins were re-
viewed. The review was confined to temperate zones and no references to experi-
ments with different breeds (dairy and/or dual purpose) were found in the
literature.

Progeny groups of sires

The experiments with progeny groups can be divided into experiments with groups
on several rations and on field data.

Richardson et al. (1971) performed an experiment with 228 daughters (heifers)
of 13 Jersey sires which were divided intc groups on a roughage ration {ad
libitum) or a ration with roughage ad libitum and 1 kg concentrates per 3 kg of
milk. The first group produced about 19% less fat corrected milk and the inter-
action between sire and ration had a significance level between (.10 and 0.05. The
interaction for the ratio total net energy to FCM was significant which might be
the result of the level of concentrates heing determined by the level of
preduction. The ranking of the sires on the two rations for FCM were similar but
there were a few clear shifts, namely from two groups of daughters of bulls
selected from New Zealand (9 to 5 and 12 to 2).

Lamb et al. (1977) presented the results of two experiments. Data were from 289
complete first lactations of Holstein cows, including 150 daughters of 10 sires
in trial 1 and 139 daughters of 8 sires in trial II. The two rations for trial I
were alfalfa hay ad libitum and alfalfa hay ad libitum plus 1 kg concentrates per
3.5 kg FCM. In trial II, the rations were alfalfa hay ad libitum plus 1.4 kg
concentrates per day and alfalfa hay ad libitum plus 2.7 kg concentrates per
3.5 kg FCM above 4.5 kg per day with a minimum of 10.9 kg concentrates per day
for the first 6 weeks and 2.7 kg per day thereafter. Between the two raticns of
the first experiment there existed a difference in coefficient of variation for
F(M production (higher on the concentrate ration). The difference between the
two rations in the two experiments for FCM was appreximately 29% and 28%. The
interaction of sire - ration affected (Px 0.05) FCM, ratio FCM to digestible
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energy intake and fat yield in trial I. In trial II no significant interactions
were found. When the daughters of a New Zealand bred sire were removed from
experiment I, no significant interactions remained.

Since the regular progeny testing of sires was introduced, several studies have
been made on the importance of genotype-envircnment interaction on the ranking of
progeny-tested sires. The nutrition difference is probably the most important
factor in the variation hetween herds within a region. The interaction may be
expressed by the herd - progeny group of a sire or by the genetic correlation
between production in pairs of levels and these analyses were carried out by
several researchers on milk recording data.

A review of the results was presented by Freeman (1975), Syrstad (1976}, Wiggans
and Van Vleck (1978), Ibrahim (1979) and Danell (1982). In general the interaction
component was small (0-4% of the total variation, or a genetic correlation between
0.8-1.0). A clear exception were the results of Mac and Burnside (1969), which
grouped the herds in a series of environmental factors. Only the interacticn
between progeny group (sire) and amount of concentrates given in summer was
significant and genetic correlations were determined between 0.54 and 0.79. Many
researchers showed a higher variance between and within progeny groups on the
high level herds.

Monozygous twins

An interaction between genotype and environment may be estimated through a
difference in enviromment between the twins. It is necessary for testing the
interaction in a variance analysis to have pairs on the same treatment. Rindsig
and Freeman, cited by Freeman (1975), divided 129 monozygous twins over two
rations. Half of the twins were not so allocated but were available for comparison.
The low nutrition level consisted of ad libitum roughage and 0.167 kg concentrates
per kg FOM and the high level of ad libitum roughage and 0.5 kg concentrates per
kg F(M. No significant interaction was detemmined for production traits. The
coefficient of correlation between members of monoczygous pairs was estimated as
0.71. The reviews of Pani and Lasley (1972), Freeman (1975) and Syrstad (1976)
showed that the few experiments with dairy cattle monozygous twins on different
rations did not indicate significant interactions for milk production characte-

ristics.
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3 MATERIALS AND METHODS

3.1 Materials
3.1.1 Introduction

Review of the literature shows that the importance of the genotype-ration inter-
action on production traits in dairy cattle was studied in some experiments within
a breed (e.g. progeny groups, monozygous twins}. Reports of experiments with
different breeds (dairy, dual-purpose) in temperate zones were not found in the
literature, Nevertheless it is probable that the chance of obtaining an inter-
action will increase with an increase in the genetic variance. As mentioned in
the general introduction (1) the importance of the use of different breeds in
a genotype-ration experiment has increased with the exchange of semen between
countries. A comparison between Dutch Friesians and crossbreds between Friesian
subpopulations was carried out on the experimental farm of the Agricultural
University (Politiek et al., 1982). Dairy cows descended from the Dutch Friesian
(DF) population and the crossbreds between Holstein- (MF) and Dutch Friesians
(as well HFxDF as HF x (HFxDF)) from that experiment were used in this project.
These two groups had the greatest contrast for milk production (DF - HFxDE:

-822 kg milk in the first lactation - Politiek et al., 1982) and were defined as
the genotypes in this genotype-ration experiment.

Most studies on milk production and feed intake were carried out on a feeding
regime with concentrates given according to milk production. The variation on
production traits was confounded with the concentrate level. The dairy cows in
this project were offered a fixed level of concentrates during the lactation (two
levels) with ad libitum roughage. The variation in milk yield may have been caused

by e.g. a variation in roughage intake, body change or utilization of nutrients.

* The Dutch Friesians and the crosses between Holstein- and Dutch Friesians

were allocated over two rations namely a low and a high concentrate level with
ad 1libitum roughage. The contrast in concentrate level between rations was chosen
in such a way that a difference in the regulation mechanism of the feed intake
was possible (2.1.1).

The short-and long term reactions of the individuals were studied during two
experimental lactations as was the dry period between these two lactations. The
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original plan of the project was to study the effect of the ration in the first
lactation on the traits in the second lactation by changing half the number of
the cows within a subpopulation. The involuntary culling during and at the end
of the first experimental lactation was higher than was expected. Therefore all
the cows were changed {rom the ration of the first to the second experimental
lactation. The differences between ration contrasts in the two lactations could
be studied and it was to be expected that the carry-over effect would be greater
than in the alternative (a situation with two experimental lactations without
ration change).

The experimental lactations were extended over a period of 40 weeks. No data
were gathered in the period between week 40 of the first experimental lactation
and the dry period (8 weeks before calving) but the ration was checked and all
the cows were offered the same ration in the dry period.

This project started in 1979 on the experimental farm of the Agricultural
University ("Ir. A.P. Minderhoudhoeve" - East Flevoland).

The following abbreviations were used:

DF - Dutch Friesians

HF - Crosses between Holstein Friesian and Dutch Friesian
Roughage - Ration with a low concentrate level and ad libitum roughage
Concentrate - Ration with a high concentrate level and ad libitum roughage

Experiment I, - First experimental lactation (total mumber: 971)

Experiment T, - First experimental lactation of the cows with a second
experimental lactation (total number: 64)

Experiment II - Second experimental lactation (total mumber: 64}

3.1.2 Animale

The first experiment started with about 100 cows but this number was decreased
by inveluntary culling in the two experiments and the dry period. Full lactation
data were presented from 91 cows in the first experiment and 64 cows in the dry
period and second experiment. The allocation of cows over the genotypes, rations
and experiments are presented in table 3.1. "Normal" indicates that the same
concentrate level was offered to all the individuals with ad libitum roughage in
the dry period.
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Table 3.1. The allocation (including numbers) of the cows over the
genotypes, ratlons and experiments.

Genotype Experiment I Dry period Experiment II
DF Roughage (n=23) Normal (n=18) Concentrate (n=18)
DF Concentrate (n=22) Normal (n=16) Roughage (n=16)
HF Roughage (n=23) Normal (n=17) Concentrate (n=17)
HF Concentrate (n=23) Normal (n=13) Roughage (n=13)

The cows were allocated over the rations within a genotype before the first

experiment. The allocation criteria were:

- Date of calving

- Milk production (including components) first lactation

- Live weight (including some body measurements) at the beginning of the first
lactation

- Lactation number (2, 3 and more than 3)

- Generation (first or second for the HF group).

The unadjusted averages per genotype-ration group are presented in table 3.2.

The culling before and during the first experiment and the envirommental effects

on production characteristics in the first lactation could have influenced the

correctness of the allocation. However an analysis of the variance of these

characteristics of the cows used (total n=91) in the first lactation and the

lactation before the first experiment did not show a significant (P> 0.05) ration

effect.

Table 3.2. Live weight and some body measurements after calving at the first

lactation and milk production (incl. components) in the first lactation
per genotype-ration group.

DF-Roughage DF-Concentrate HF-Roughage HF-Concentrate

(n=23) (n=22} (n=23) (n=23}

mean s5.d. mean 8&.d. mean - s.d. mean s.d.
Trait
Live weight (kg) 502 39 502 38 512 37 521 41
Pelvic height (ecm) 130.3 3.5 131.1 2.9 135.1 3.3 136.0 4.0
Hearth girth (cm) 190.3 8.7 [88.7 6.3 189.8 6.3 191.4 6.2
Milk production (kg) 4990 710 4860 531 5799 709 5737 712
Fat (10 g keg™) 4.35 0,28 4.24 0.28 4.01 0.29 3.93 0.19

Protein (10 g kg~1) 3.36 0.16 3.39 0.18 3.29 0.13 3.27 0.14
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The involuntary culling after the first experiment, during the dry period and
the second experiment was mainly caused by fertility problems and mastitis (table
3.3). The insemination of the cows was started 60 days after calving and the cows
were culled because of fertility problems when the time between calving and
conception was more than 180 days. The total number of involuntary culling ranged
between 5 and 10 over the four genotype-ration groups,

Table 3.3. The reasons and numbers of involuntary culling after the first
experiment per genotype-ration group.

DF-Roughage DF-Concentrate HF-Roughage HF-Concentrate

Reason
Fertility problems 2 5 4 6
Mastitis and other udder

problems 1 1 1 2
Remainder 2 - t 2

Every disease during this project was recorded when it was diagnosed by the
veterinarians of the Central Veterinary Institute in Lelystad. Table 3.4 reviews
the incidence of the several diseases per experiment and per genotype-ration
group. The total mumbers per experiment are presented, which included repeated
measurements in the several weeks of the lactation. However, within any one week
it was considered as one treatment. During the project a "measuring week" was
defined as being from Thursday to Thursday. A tendency existed for a difference
between rations in the number of treatments for mastitis and, in the first
experiment, for sole ulcer (table 3.4). The numbers of treatments for sole ulcer
were 22 and 45 respectively for the combined roughage and combined concentrate
groups in the first experiment. The mmber of cows with sole ulcer during the
lactation were, for the roughage and concentrate group in the first experiment,
17 and 26 respectively and in the second experiment 10 and 18. This underlined
the ideas of Weaver (1979) on the influence of the feeding level on this
disease. Some cows of the roughage group had been treated because of grass-
tetany. This only happened at the begiming of the first experiment because
after that time the magnesium level in the concentrates was increased for this

group.







