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. Measuring the intensity of inbreeding practiced in the Friesian

Herdbook cattle, can help in getting an idea in how far the ge-~
notype, according to the milk yield, has changed in the last half
century. ' .

If it is at all possible, it is advisable to avoid the use of cor-
rection factors for non-genetic influences in daughter-dam
comparisons. '

Itis not right to speak about breed differences in heritability.

The comparisons of relatives are expected to give more accu-
rate estimates of heritability of a quantitative character, if the
population under study is reared under such conditions that are
on the average optimal for phenotypic expression.

Using daughter-dam comparisons to estimate the heritability
of production in cattle, regression is prefered to correlation.

. In estimating the breeding value of a sire, too much value is

often set on the uniformity of his progeny.

Blindness in new born lambs, proved to be a recessive semi-
lethal character which appears by intensive inbreeding.

The experiences with the West Europian breeds of sheep make
it very doubtful whether these breeds have an economical value
for Egypt.

The Egyptian law of agrarian reform promulgated on Sept.,
9th 1952, took decisive measures to protect the country against
the evils of feudalism which had badly injured its social and
economical life.

In planting cotton in clay soil in Egypt, it is preferable to cover
the seeds with a mixture ofiold manure and sand at the ratio of
1: 3, in order to get earlier plants with higher yield.

*) A.S.Hornby, E.V.Gatenby and H.Wakefield, 1953, The advanced learner's

dictionary of current English; 4th impression, page 1333.
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Chapter I

INTRODUCTION

The series of problems set for the dairy breeder resolve them-

gselves into how he is to proceed in breeding superior producing
animals. In the past, most attention in improving dairy cattle has
been paid to form and type. The attention after that was paid to the
production of milk, and the milk control systems were founded.
A further step, - was to understand the fundamental basis of gene-
tics and their application to dairy breeding. It is natural enough
that the current state of understanding of this point, and that the
progress in such understanding, has not always been easy, and
that workers with different preconceptions have not always given
equal weight to the same circumstances.
The -widest developed method in-the field of populatmn genetics
that!lights.the way in the trial to find out the genetical back ground
of the animal, is estimating the heritabilities of the charactems-
tics under study. ‘ :

- The causes of observed variation between related 1nd1v1duals,
are not all attributed to their genotypes. The phenotype of an in-
dividual is the net gain of both environment and heredity.
Characters are different from each other in their response to
environmental changes. The more stable the character is when
conditions of environment are changed, the more its expression
is controlled by heredity. Winters (1950) illustrated the heredity
of a. character as a dot in the middle of a circle which represents
the individual's hereditary possibilities and limitation at the time
of fertilization. A satisfactory environment is necessary for the
individual to fill the circle; but inspite of its environment, it can-
not go beyond the bounds of .its heredity. This means that the
phenotype of the individual is determined both by heredity and en-
. vironment, and a deficiency in either will interfere with maximum .
expression of the character.

Environmental factors, espec1ally nutr1t1on, determine whether
the maximum productlon will be reached, and an optimum. nutri-
tional regime is one which enables the individual to take full ad-
,vantage. of its heredity. In accord to the basic concept, however,

the maximum production fixed by heredity, cannot be exceeded by
nutrition or by any other means, in the normal individual.

~ The components of the observed variances, or the phenotypic

e:;lpressmn of the mdundual can 31mp1y be shown bj figure No 1,
‘where: .
0G2 = Genes act in an additive way.

ol2 = Epistasis or non- additive 1nteract10n of genes.
cD2 = Dominance effect. -

.



o(P.E.E.)2 = Permanent environmental factors.

ocE2 = Environmental factors.
o(Int. E. H.)2 = The interrelation between environment and hered-
| ity.

cH2 = Heredity factors.
o P2 = The phenotype of the individual.

o G* ol  oD*  |o(PEE) c E* ot EH)*

e e P
_ oH? | cE? /

o p*
3; 'Fig. 1. The partitioning of the observed variance to its causes.

~ Lush (1940) defined the degree of heritability of a character
(h2), as the fraction of the observed variance which was caused
by differences in heredity.
As far as the animal is concerned, its genotype functions as a
unit. This actual functioning of the genoféype as a whole, is what
Lush meant by the broad definition of h4. From figure 1, this
means that h2 in its broad sense =
"0G2 + 0D2 + 012 + o(Int. E.H.)2 + small part of o(E)2

. oPa
As the gene, and not the whole genotype, is the unit in trans-
mission from parents to offspring, and assuming that each gene
substitution has in every genotype exactly the same effect as the
average effect which it actually does have, then by adding all
these average effects of the constituent genes, we can get an 'ex-
pected' value for each genotype. This value is what Iz_.ush called

e v tieen : G

.the.heritability in the narrow sense; and it equals = —5o—

Without modern statistical analysis, the early studies demon-
strated that milk production, fat production, and fat %, are in-
fluenced by heredity. Rietz (1909) gave evidence that fat yield is
inherited to an extent that allows some prediction of an individual
cow's record from those of its ancestors. Other former investi-
gators, like Hansen (1917), Gowen (1920), Turner (1927), and
Yapp (1928-29), concluded that milk and fat yields are influenced
by many genes, and that the genes for high production tend to be
dominant, and that not all genes have the same effect. The cross-
breds generally resembled the high parent more closely than the
low parent; i.e. there is partial dominance of factors for high
production. _

Madsen (1932) concluded that there was no correlation between
the milking capacity index of a bull and the capacity of his pater-
nal granddam, while the correlation between bull's milking capa-
city index and the production of his maternal granddam was signi-
ficant. While this investigator concluded a sex-linkage as play-
ing a rdéle in milk production, Smith and Robison (1933) concluded
that sex-linkage does not play a large part in inheritance of milk
yield. |

Up till now, no major genes for milk production, nor for fat,
have yet been identified separately. Many of the early attemps
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tried to explain differences in production on the basis of a limited
number of genes, theoried by simple Mendelian hypothesis. The
method of Von Patow (1925-30) that was modified and induced in
practice by Groeneveld in the Friesian cattle Herdbook in Fries-
land, till before the last world war, gives an excellent example
for such attempts.

The method is based upon the assumption that the milk yield in-

heritance is dependent upon four pairs of factors, while the fat

percentage inheritance depends upon five pairs; each factor has
the same value, and the influence of the homozygote is double that
of the heterozygote.

The recent studies indicated dominance and epistatic effects to
play a part in heredity of production of milk and fat. The rate of
improvement in such characters depends on their hereditary
values. The following part (Lush 1849) expresses simple ideas
on this last point: |
1. If h2 is high, we use mass selection, because we are sure that

the character will be translocated to the offspring.

2. If most of the variation is due to environmental factors, we
use progeny testing and pedigree selection as a criterion to
improve the character.

3. If the interactions of genes play a great part in the var1at1on
we better get cross lines between inbred animals to obtain the
desirable combination of genes necessary for the maximum
yield of the trait in question.

The way of est1mat1ng a sire's breeding value from the pheno-

type of his progeny, is carried out by the breeding association
"Friesch Rundvee Stamboek', in Friesland, using a graphic
daughter-dam comparison of milk yield and fat percentage rec-
ords. Using this method or any other to examine the sire index,
the genotypes of the offspring and their dams under comparison,
are unknown, and the bull's index is only estimated from their
phenotypes.
As far as the pairs of dam- daughter comparlsons are a random
sample, errors from different genotypes can be made zero, or
insignificantly small, by increasing the number of comparisons,
so that the plus values and the minus values will be about equal.
In practice, usually the daughters and mates of one bull, are kept
under different environmental conditions as the daughters and
mates of another bull. To compare the indexes of different bulls,
such method is not a good measure of the superior transmitting
ability of a bull, espec1ally with characters like milk yield where
most of the variance is due to environment.
Using the heritability estimates, lights the way to show us to how
great an extent we can depend on the phenotype as an expressmn
of the genotype.
Since the components of comparisons within each sire indicate
deviations from averages, Lush and McGilliard (1955) said that
each of these variables will sum to zero, when as is the case of
the present study, several sires, each with many daughters are
considered, and the plus values and minus values will be about
equally frequent.

The methods which are used in estimating the hemtab111ty are:
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1. More reliable results are expected from experiments involving

-1 the -exposure of monozygous twins' to different environments.
Differences which result: between such twins are utterly environ-
mental, since membems.of such pair ‘of twins- are genetically the,
same..Lush:(1939) stated that .the, ideal method of estimating the
degree of heritability of charactertstlc, is to compare the vari-_
ance ‘of -that characteristic.in the: original population,. with the
average variance within 1sogen1c lines derived from that popula-.
tion. In:populations of farm ammals ' the only isogenic lines avail-
able are, monozygous twins.: :

There are two main d1ff1cu1t1es to get 1dentlca1 tmns in cattle
breeding: A..'to-produce twins. B. havmg produced them to iden-
tify them as monozygdt1o. i ' .
2. The:second method to estlmate the her1tab111ty is that if we-

-devide the selection differential:(the degree by which those se-
lected to be parents excel the average of their generation popula-_
tton) by.the amount their offspring exceed the average of the par-,
ents' generatlon population, we can measure. the- hentable portion
of :variance ‘of.the character. Lush (1949) said that "in order not
to be:rmisled by unnoticed enwronmental changes, it is.usually
necessary that the selection be practiced in opposité directions at
the same.time; so that the 1nterpretat1on will .be based.on diffe-
rences .between the: hlgh and the low lines'. Such method is avail-
able:in .plant, breeding, but .in animal field, no breeder, nor ex-
perimental station, would agree to select in. the undesired.direc-
tion, for the purpose of estimating the herltab111ty of the character.
3..:The.-most apphed method in .estimating the heritability in ani-
,umal :breeding .is the comparison of the amount of resemblance
or. differences found between related animals. As statéd by Lush
(1949); the:-general fact that an animal gets half of its inheritance
from:-each. parent, would naturally lead to one form of  what is
generally:called."Galton's law" (1815)..

Based on this law of inheritance, it was possible by ‘the appli-
cation of Wright's:formula -(1920-21) for- the parent-offspring
correlation, to.estimate the proportion of the variance within each
group, which is due. to heredity, assuming that there is no domi-
nance_or interaction (mckmg) .and that mating is at random with-
in groups. .. = ..

Lush :(1939) mentxoned that "such estlmates 1nclude the add1t1-
vely genetic: portlon of the variance, plus part of: the eplstatlc
variance, and in some relationships, part of the var1ance caused
by. dominance deviations from the additive scheme" -

The most dependable estimates are based,upon the ‘closest rela-
tionships (parents/offspring or full 'sibs), because the sampling
errors-.are thereby kept relatlvely small compared to that which.
is being estimated. Relatives more remote than half-sibs, are
rarely of much use for-estimating heritabilities, smce the genet1c
correlations- expected are relatively small compared to- the1r sam-ﬁ
pling-errors. - s . _'
The correlation between dam daughter is: rpo = 3 h2, where h2 1s'
the heritability of the character.. - . K A

Lush and Strauss (1942) preferred doubhng the 1ntra -gire re-
gression .of daughter's records.on dam's. records as the most
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dependable method to estimate "h2'" of the characters, where the
sire cannot express the characteristic himself, and where the
dams are likely to have been a bit more highly selected than the
daughters, and especially because feeding and other managements
practiced are almost certain to have differed considerably from
herd to herd.

About all the investigations done in this field were carried out
with the aid of using correction factors for different environmental
conditions. As such correction factors are obtained through
averages, no thorough information is known about the efficiency of
applying them to individual animals' productions. They may be
deceiving more than correcting. This evoked the idea to study the
heritability of milk yield and fat percentage, without using these
correction factors. The practical difficulty was how to find suffi-
cient numbers of dam-daughter pairs of animals that were reared
under nearly similar conditions, and at the same moment had
yielded normally within approximately s1rm1ar normal lactation
periods. -
The data found in the province of Frlesland on the reglstered
cattle were excellent to serve such investigation. The isolated
position of this province, and the fact that all the sires used
mostly descended from one line of blood, may account for the
homozygosity of a number of genes involved in establishing the
typical and desired qualitative performance of milk and fat pro-
duction in this breed.

The question we wished to answer in this study was: To what ex-
tent does heredity play a part in directing the improvement of
milk and fat production in the Friesian breed?

13



Chapter 1I

REVIEW OF LITERATURE

In planning genetic improvement, it is essential to know the
heritability of the traits concerned. In animal breeding, this has
been greatly simplified in the approach usually associated with
the names of R.A. Fisher, Sewall Wright, and Jay Lush. It is
now often possible in a given material to compute the proportion
of the total variation resulting from hereditary causes. Such in-
vestigations have recently been done in the field of dairy breeding
‘in different parts of the world.

A. Milk yield:

Axelsson (1933) from correlations between dams and daughters
in the Lowland cattle at Malmohus L#n concluded that the average
heritability value of milk yield was 0.422. This estimate came
from doubling the average correlation 0.211 * 0.0794.

The same investigator (1934) correlated the production records
of the daughters of twelve sires of the Swedish Friesian breed,
with the records of their dams. The average correlation for milk
yield was 0.16 * 0.0701. For all the pairs of daughters and dams
investigated together (not individually for the sires), the correla-
tion coefficient was 0.201 * 0.0524. Such a high correlation would
be of a great practical importance for selection in breeding for
milk yield. In the last part of his research, the investigator
changed the method, to obtain more reliable results. All the nor-
mal yearly records for each cow, were corrected, and the aver-
age yield was correlated between dams and daughters. The result
was 0.211 £0.0794. This was the same result obtained by the
same investigator in his first study mentioned above. He conclud-
ed that the latter method is of greater value than the one used in
the first part of his investigation. |
In averaging the different lactations per cow, the differences
due to circumstances which change from lactation to lactation,
will tend to cancel each other; thus decreasing the environmental
variance, but leaving the genetic variance unchanged.

Gowen (1934) studied the heritability of milk production of
Jersey cattle in the island of Jersey. From 738 high producing
cows, and 766 low producing ones, using full sisters correlations,
the average coefficient was 0.44 for milk yield. When he used
half sisters as basis of estimation, the average correlation coef-
ficient was 0.24. The correlation between full-sibs should contain
3 of the additive genetic variance, while that between half-sibs
would be expected to contain § of the additive genetic variance.
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When we multiply the correlation coefficient, obtained by the in-
vestigator, by 2 in the first case, and by 4 in the second case,
we find that the results obtained for the heritability of milk yield,
were too high. The author concluded that about 50-70% of the
variation in milk yield was due to heredity, 10% for environmental
causes, and that dominance, assortive mating, and permanent en-
vironmental variation, were responsible for the rest of the fluc-
tuations.

Similar data obtained by the same investigator on the Holstein-
Friesian and Guernsey breeds, led to similar conclusions. Such
results are too high as compared with those obtained by most
works in this field.

Copeland (1938) in an attempt to find the best method of using
records in evaluating the genotype of the cow made a study of
lactations of 197 Jersey cows, which had completed 5 periods of
305-365 days Register of Merit records. He found that the coeffi-
.cient of correlation between the highest records of the dams and
their daughters was 0.29 * 0.047, while that between the averages
amounted to 0.30 + 0.046.

Johansson, and Hansson (1940) investigated the relative im-

portance of genetic and non-genetic factors in 3000 Swedish Red-
&-White cows, over a period of 15 years, covering 7000 milk and
fat records. Using dam-daughter comparisons, it was concluded
that the genetic portion of the variation in individual records for
~milk yield amounted to 30-40%.
The method used in this study, (dam-daughter comparison), is
generally the most useful approach, if environmental correlations
can be adequately discounted. The major pitfall is the difficulty
of appraising correctly the environmental contributions to the ob-
served resemblances between relatives. That is why one should
expect such results to be higher than the real heritability value of
milk yield. As the period of study was spread out .over a long
time, this offered a chance for seasons when conditions were
unusually good, to cancel the effects of seasons when conditions
were unusually bad, and thus lessened a part of the effect that
would contribute to the variation.

Lush et al (1941) made two studies; the first study mcluded 676

dam-daughter pairs within 103 sires of the Holstein Friesian herd
at Iowa State College, and the second study was of the Holstein
Friesian Herd improvement Registery Year Book, and included
209 sires with 6 daughter-dam pairs for each. Using the method
of dam-daughter comparison as a criterion to estimate the heri-
tability of milk yield, they came to the conclusion that 25-30% of
the variation was due to heredity, and 57-60% was due to envir-
onmental factors. They gave 15% of the variation to permanent but
non-transmissible differences between cows.
The given measure of h2 in this investigation is in accord with
most of the results obtained by different workers, inspite of the
small number of dam-daughter pairs that was used within each
sire. |

Johansson (1942) in h1s 1nvest1gat10n with 700 dam- daughter
pairs from the Ayrshire cattle in Finland, used intra sire cor-
relations to conclude that 30-40% of the variation in milk yield was

due to heredity.
15 -



Lush, and Strauss (1942) stated that Ward (1940-41) from 3076
daughter-dam pairs within 104 sires, found that the intra-sire
regression of daughter on dam for milk yield, was about 0.15. He
used the life time average as a criterion of comparison. This
would have lessened to some degree, the effect of the circum-
stances which change from one lactation to another for the same
COW.

Rice.(1944) with 19885 Ayrshire, and 23706 Holstein Friesian
daughter-dam pairs, showed the following results: 0.289 + 0.017
and 0.322 + 0.015 for average correlation of daughter-dam
Ayrshire and Holstein Friesian breeds respectwely, and 0.291
and 0.333 for the average regression coefficients in the same
respect.

Tyler and H att (1947) converted the milk records of 6888 daugh-
ters and- mates of 374 Ayrshire sires, to a 305-day mature
equivalent twice-a-day milking basis. Twice the intra-sire re-
gression of daughter's production performance on dam's per-
formance, was used to estimate the heritability of milk yield
which was found to be 31%. The result obtained is about half the
heritability value that was obtained in the same breed by Rice
(1944). This gives evidence that the h2 fraction can easily be
changed with the conditions of the material, and the way it is
treated with.

Bonnier, and Hanson (1948) from analysis of variance, based

on comparisons of milk calories of 6 pairs of identical twins of
cattle, estimated the heritability of milk yield as 39% as calcu-
lated from the first lactation, and 91% as calculated from the
second lactation. The authors attributed 12% of the variation in
milk- yield in the first period to environment, and 49% to inter-
action + error; while the corresponding values in the second lac-
tation were 4% and 5% only.
In this experiment, all animals after first calving had been nor-
mally fed with regard to individual weights and yields. In an ear-
lier investigation one group of the twin sisters was undernour-
ished prior to calving, and after calving had used relatively
more food for their residual growing power. For that purpose,
they yielded less milk than their sisters, during the first lacta-
tion. As the average weight difference between the two sister
groups became less during the second lactation than during the
first, the difference in milk yield was also less during the second
period than during the first. Consequently the estimate of the
hereditary part of the variance increased greatly from the first
to the second lactation. At any rate, the estimate obtained for the
part played by heredity in milk yield, was too high in this experi-
ment.

Laben (1950) analysed the normal lactation records for 270
daughter-dam pairs,- within 34 Holstein Friesian sgires, at the
Univ. of Missouri, for the period 1902-1950. The heritability es-
timate of milk yield as derived from intra-sire regression of
daughter on dam, was 0.36. The effect of mild inbreeding was al-
so analysed, and a 31gn1f1cant decline of 66 L. b. milk was obser-
ved for each 1% increase in inbreeding.

Midtlid and Berge (1950) in their study with 992 dam daughter
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pairs of the Norwegian Red Poll breed of cattle, registered in the
herd book volumes 1-10 at Norway, used intra-sire correlations
and regressions, to measure the inheritable part of the variance
in milk yield. The heritability of milk yield was 0.34.

Sikka (1950) using the means of all age corrected 2392 lactations
of 5 Scottish Ayrshire herds, registered from 1920 to 1939, ob-
tained the value of 37.2% as the heritability of milk yield. He used
Dam-daughter correlation method as a criterion to get his esti-
mate.

Chandrashaker (1951) studied the genetic contribution to the

economic characteristics of 396 cows coming from 5 dairy
breeds, registered in 1919-1950 in the Michigan State College
herd. From 271 daughter-dam comparisons, the heritability of
milk yield was —0.01 £ 0.08.
The given result was based on a very limited number of cases
from 5 different breeds, distributed over a long period, where
the conditions must have differed widely; and it is a great risk to
get ah average reliable h2 with such limited number of data under
those conditions. Mather (1949) concluded that such a negative es-
timate, which is nearly zero, may be fairly ascribed to sampling
error, which was large enough in such a study.

Mahadevan (1951) studied the inheritance of milk yield of 12
leading herds of Ayrshire cattle in S. W. Scotland, with about 5000
milk records collected by means of 14-28 days tests. The daugh-
ter-dam comparison method yielded heritability :estimate of
0.25-0.30.

Touchberry (1951) studied the genetlcs of some characters of
187 daughter-dam Holstein-Friesian pairs, within 22 sires, at the
Univ. of Illinois. From daughter-dam comparisons, the average
h2 of milk yield was 0.25.

Vogel, and Werkman (1952) in their study with two bulls from

the Black-&-White cattle in North Holland, estimated the herita-
bility of milk yield. From 31 daughter-dam pairs within the first
bull, and 27 within the second bull, they concluded that the heri-
tability of milk yield was 40%.
The given estimate in the last study is a bit high as compared
with most of the reliable ones in this field. The investigation was
confined to only two bulls which had a large number of daughters.
Doubtless that increased the cases where some of the daughters
of one bull, and their dams, were kept in one herd, while others
of the same bull were kept in another where the management dif-
fered. This would have contributed an environmental portion to
the daugher-dam correlation. Again, if it happened that an owner
had given a daughter and her dam, a better environment than the
average of the other pairs in another herd, this would also have
added a primary correlation between the environments of the
daughter and her dam, which would have contributed a non-genetic
portion to the estimate of heritability. It was better in such a stu-
dy to increase the number of bulls, with even a smaller number
of daughters for each, than to choose only two bulls with a rather
high number of daughters.

The above results, except that of Chandrashaker (1951) indica-
ted an estimate of heritability of milk yield, that ranged from 25%
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to 91%. Most of the reliable studies gave values of 25-40% for h2
of milk production. We can conclude that phenotypic selection
alone should therefore automadtically bring about some genetlc
improvement in the course of milk yield. However, this impro-
vement in the case of that trait, will not be so intense as when
the selection is based on the genotypes of the animals.

B. Fat percentage-

Axelsson (1933) working with dam- daughter correlation method
estimated the ‘heritability of fat percentage in the Lowland cattle
at Malmshus Lin. The results showed an average correlation co-
efficient of 0.386 X 0.0381.

The same investigator (1934) in provmg twelve sires from the
Swedish Friesian breed, investigated the part played by heredity
in the variation of fat percentage. Basing his results on dam-
daughter correlation, the average correlatlon coefficient within
sires was 0.320 £ 0.045,

Bartlett et al (1934) in the course of their investigation, com-
pared 2088 dam-daughter pairs of Holstein Friesian cows within
118 sires, with regard to butter-fat percentage. A significant
correlation between dam and daughter was shown to be 0.4169
+0.0122, |

Gowen (1934) in his investigation on the 1nﬂuence of inheritance
on butter-fat percentage of 738 high yielding, and 766 low yield-
ing Jersey cows, using the full sister correlation method obtain-
ed a ‘correlation coefficient of 0.45. The half sister correlation
gave a coefficient of 0.26. From that material, and from similar
data obtained on the Holstein-Friesian and Guernsey breeds, he
concluded that 75-80% of the variation in fat percentage was due
to hered1tary causes. He attributed small part of the variation to
environment,” dominance, and other causes rather than heredity
action. His results are nearly in agreement with most of the es-
timates done in this field by different investigators with different
breeds, and under different conditions. This strengthens the idea
that fat percentage, in contrast to milk yield, is a very highly he-
ritable character.

Szczekin-Krotow (1938) used the value of (2 x daughter's%% —
dam's%) as an index of fat percentage to 47 Holstein Friesian
bulls, gathered from breeders Asociations in Holland. Comparing
210 cow's index with their 232 daughters commg from the 47
bulls, they measured the part played by heredity in fat percentage
as 0.6644. Selected data of both parents who had 3.5% fat in their
milk, gave the value of 0.635. The investigators said that the
variation of fat percentage was found to correspond to variations
caused by random distribution of 4 pairs of genes in a given popu-
lation.

Johansson and Hansson (1940) estimated the heritability of fat
- percentage in 3000 Swedish Red-&-White cows, over a period of
15 years. The genetic portion of variance measured by dam-
daughter comparisons was 70-80%.

Lush et al (1941) from 3010 daughter-dam's records compari-
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sons, within 209 Holstein-Friesian bulls, concluded that the ave-
rage heritability of fat percentage was 60%.

Johansson (1942) in his 1nvest1gat10n of 700 daughter -dam pairs
from the Ayrshire breed of cattle in Finland, used the intra-sire
correlation method as a criterion in estimating the heritability of
fat percentage. The average result was 70-80%.

Rice (1944) based his investigation on dam-daughter compari-
sons of 19885 Ayrshire pairs and 23706 Holstein Friesian pairs of
cattle in America. Using dam-daughter correlations, he got the
coefficients of 0.482 + 0.014, and 0.433 * 0.013 for the Ayrshire
and Holstein Friesian respectively. When he used the method of
regression of daughter's fat percentage on dam's fat percentage,’
the two coefficients were 0.474 and 0.436 in the same respect.

Johansson (1947) from a statistical analysis of the first records
of 229 pairs, and working with correlation between dam's fat
percentage records, and daughter's records from the Swedish
Polled cattle, found the heritability of fat percentage to be 70-
80%.

Tyler and Hyatt (1947) estimated the heritable fraction in. fat
percentage, from 6888 daughters and mates of 374 Ayrshire
sires. Basing the calculations on intra-sire regression of daugh-
ter on dam, the heritability estimate was 55%. They concluded
that about 85% of the animal's genotype that influences milk pro-
duction, also influences the production of butterfat. They also
suggested that approximately 20% of the heredity that influences
milk yield, also affects the fat percentage in the milk. The re-
- sults of this study indicated that fat percentage was about twice
ag heritable as milk yield as well as butterfat production.

Johansson (1949) from a study of intra-sire correlations with
20 high producing, and 13 low producing herds of the Swedish Red-

-—;thte cattle, estimated the heritability of fat percentage as
70%

Laben (1950) analysed the records of 270 daughter-dam palrs
within 34 Holstein-Friesian sires, at the Univ. of Missouri. The
heritability estimate as derived from intra-sire regression of
daughter on dam was 0.54. Genetic correlation showed that a de-
cline in fat percentage was accompanied by increase in milk pro-
duction. The correlation between lifetime average of rmlk yield
and fat percentage was —0.10.

Midtlid, and Berge (1950) from their study of the Nor.weg1an.
Red Poll cattle, used the regression of 992 daughter's fat per-
centage records, on their dams' records, to measure the inheri-
tableopart of variance in fat percentage. The average her1tab1l1ty
was 0.66

. Chandrashaker (1951) studied the genetic contribution to fat
percentage in 5 dairy breeds at Michigan State College. Basing
the calculations on intra-sire 271 daughter-dam comparisons, the
average heritability of fat percentage was 0.56 + 0.05.
It is worth while here to mention that the h2 estimate obtained in
the last study, was obtained by the same investigator, and from -
the same limited material that yielded a negative value or nearly
zero estimate of the heritability of milk production. That gives a

new evidence that the fat percentage is highly heritable and is
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much less affected by the ‘non- genetic circumstances that affect
- the niilk yield.

-~ :'Mahadevan (1951) from analysis of about 5000 fat records from
.':'AYrshireA cattle in S.'W. ‘Scotland, reported that the heritability of
fat percentage was between 0.50 to 0.60. The data were collected
from different herds, -and-were analysed by using dam-daughter
-comparison as:a method to estimate h2 of the character.

i+ The above results gave estimates of heritability of fat percen-
-tage:ranging betwéen 0.50.and 0.90. These high estimates make it
possible to.:obtain.better understanding of the individual genotype,
with:regard to fat percentage, through the practice of phenotypic
.selection. The ‘breeder: can:have: much control on the heredlty of
that character, in the exercise! of improvement.,

C.*Fat yield:

Gifford, and Warren (1930) studied the inheritance of yearly
‘hutter-fat production. in advanced registry records of 2041 dam-
-daughter pairs of cattle, from the Holstein-Friesian advanced
register year books. Using dam-daughter comparisons in groups
according to the sires average performance, the average coeffi-
cient ofi.correlation was 0.197. This means that the heritability of
that character was 39.4%. . . | '

- Heizer (1933). reported an estimate of her1tab111ty of 0.778
+ 0.013 for butter-fat production as calculated from correlations
between dams and daughters within sires, in the Ayrshire cattle
in Philadelphia. herd. This estimate is about double that given by
..GlffOI‘d & Warren (1930) for the h2 of the same trait.

* Plum '(1935) studied. the- causes of differences in butter-fat
;productlon of- 95 herds of Guernsey, Holstein-Friesian, and Jer-
sey breeds of cattle, found in Iowa cow testing associations.
‘Using..dam-daughter. comparisons as a basis of the analysis, and
from a total number of 5859 degrees of freedom, he concluded
that the part played by genetics in the heredity of butter-fat pro-
duction amounted to 26%. He attributed the rest of the variation to
the environmental causes, and only 2% to the breed differences.

.Johansson,; and Hansson (1940) in their study of 3000 Swedish
Red & -White cows, over a period of 15 years, covering 7000 re-
cords, ~and with the aid of- dam-~daughter correlation method, con-
cluded that.the genetic portion of variation in individual fat pro-
duction record amounted to 30-40%.

This -estimate meansg that the character is only heritable to the
same degree as milk yield is. ~

Lush, and Strauss (1942) worked out the intra-sire correlation
and regression of daughters on dams separately in different breeds
of cattle from Iowa Herd improvement associations, registered
from different herds during the period 1936-1939. A sum of 283
sires with an average number of 7.6 daughter-dam comparisons
per sire were included to get the following results for pounds of
fat produced in the firgst 305 days of corrected lactations: 0.130
and 0.133 for Holstein, 0.147 and 0.147 for Guernsey, 0.166 and
0.157 for Jersey, 0.076 and 0.085 for Brown-Swiss, 0.270 and
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0.208 for Ayrshire, 0.046 and 0.045 for Shorthorn, and 0.084 and
0.051 for Red Polled cattle, for their dam-daughter correlation
and daughter on dam regression coefficient, respectively.

The investigators attributed the causes of differences in these
estimates done on different breeds, to mainly two reasons; 1. a
sampling variation. 2. The breed differences. It was also found
in the breeds in which the dams' records averaged the highest,
the daughters' averages went yet higher, while in the breeds in
which the dams' records averaged lowest, the daughters' aver-
ages went yet lower. Why this was so, the investigators did not
know, but its effect on the variance between breed averages was
obvious from the results obtained.

Johansson (1947) from a statistical analysis of the milk records
of 462 dam-daughter pairs from 29 herds of Swedish Polled cat-
tle, calculated the coefficients of intra-cow correlation, and
daughter on dam regression within bulls. Those calculations in-
dicated an estimate of heritability of fat yield as the order of 30-
40%.

Tyler, and Hyatt (1947) corrected the productmn of 6888 daugh-—
ters and mates of 374 Ayrshire sires, in order to estimate the
heritability of butter-fat yield. Using intra-sire regression of
daughter on dam, the heritability estimate of the trait was 28%.
They concluded that about 85% of the animal's genotype that in-
fluences milk production, also influences the production of but-
terfat.

Johansson (1949) reported from a study with 20 high producmg,
and 13 low producing herds of Swedish Red-&-White cattle,
heritability estimate of 36% for fat yield. .

Legates (1949) studied the butterfat production from 23330 re-
cords of 12405 cows coming from 293 different Jersey herds at
Iowa State. When heritability was computed as twice the intra-
herd regression of daughter-on-dam, on a single record basis,
the estimate of h2 of butter-fat production was 0.201. This value
is to a some degree less than most of the results obtained in this
field and for the same character. The sampling error would have
played a part in reaching this result.

Beardsley et al (1950) in a study with progeny records of 176
proved sires of the Guernsey, Holstein~Friesian, and Jersey
breeds, which were represented by 5 daughter-dam comparisons
in each, and from 2 or more herds, calculated the heritability of
butter fat yield. By doubling the linear regression of daughter on
dam within breeds, within sires, and within herds, the estimate
was 27.4%.

Laben (1950) analysed the normal fat yield records of 270
daughter-dam pairs within 34 Holstein-Friesian sires, at the
Univ. of Missouri, over the period 1902-1950. The heritability
estimate of fat yield as derived from intra-sire daughter on dam
regression, was 0.29.

Midtlid and Berge (1950) from 992 pairs intra-sire daughter on
dam regression from the Norwegian Red Poll cattle registered in
the herd book volumes 1-10 at Norway, found that the heritability
of fat yield was 0.44.

Chandrashaker (1951) from the records of 396 cows of 5 breeds
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of dairy cattle at Michigan State College, registered from'1919 to
1950, ‘used 271 daughter-dam comparisons to estimate the herita-
b1hty of fat yield as 0.20 * 0.08. The -estimate is a little lower
than most of the other hZ values given by different investigators,
and could be attributed to the sampling error.

Rennie (1951) ‘working with Jersey cattle at Canada, analysed
the records of 776 dams with 858.daughters, from 360 sires, By
the aid' of daughter -dam comparisons within sires, he found that
the heritability of fat production was 36%.
~ Touchberry (1951) gstudied the genetics of some characters of
the Holstein cows at the Univ. of Illinois. From 187 dam-daugh-
ter comparisons within 22 sires, the heritability of fat yield was
0.35.

The same 1nvest1gator working on the same material had given
the value of 0.25 as' the heritability of milk yield. As h2 of fat
percentage proved always to be much higher than that, and as the
fat yield is the net result of multiplication of fat percentage and
milk yield, one should always expect that the heritability of fat
yield would be a little higher than that of milk yield, as was the
case in the former study.

o Harvey, and Lush (1952) from a study of 2786 daughter-dam
pairs of Jersey breed, collected from 226 herds over a period of
1943-47, measured that additively genetic variation constituted
about 18% of the intra-herd and intra- year variance in single re-
cord of fat yield.

Most of the above mentioned results indicate an estimation for
the heritability of fat production that was around 0.35. The esti-
mates more or less agree with those given as heritability values
of milk yield. It can be fairly concluded that the character is
highly affected by the non-heritable factors, to about the same
degree as the milk yield is. :

D. Other characters concerning milking abilities

Johansson, and Hansson (1940) in their investigation with 3000
Swedish Red-&-White cows, concluded that the genetic portion of
the variation in persistency was 15-30%.

Johansson (1942) made a study of 700 daughter-dam compari-
sons from the Ayrshire cattle in Finland. He computed that the
heritability of length of milking period was 15-30%.

The same investigator (1947) from a statistical analysis of the
records of 462 daughter-dam pairs of cows from 29 herds of
Swedish Polled cattle, calculated the coefficient of daughter-on
dam regression within sires, to obtain 20-30% as the heritability
value of persistency of yield.

In (1949) from his study with 20 high producing and 13 low pro-
ducing herds of Swedish Red-&-White cattle, Johansson reported
22% for the heritability of persistency and 32% for h2 of length of
dry period.

Sikka (1950) from his 2392 lactations study of 5 herds of Scot-
tish Ayrshire cattle, concluded that the herltabﬂlty of permstency
was 29.2%.
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Mahadevan (1951) from his study with about 5000 milk records
in Scotland, declared that the heritability of permstency of milk
yield was between 0.10 to'0.15.

Johansson, and Korkman (1952) studied the heritability of the
udder properties in 591 cows, the progeny of 62 bulls, in Swedish
Red-&-White, Swedish Friesian, and Swedish Polled breeds of
cattle. The results of the statistical analysis indicated that vari-
ation in yield between the left and the right half of the udder were
of wholly non-genetic origin. The front-to-rear index of heritabil-
ity was 0.75. There seemed to be very good prospects of im-
proving symmetry between the fore and rear udder by means of
selection. |

The previous results show clearly that the heritability estimate
of a given character, is not a constant fraction. The different in-
vestigators, or even the same investigator gave hereditary esti-
mates for any trait, that differed according to the conditions of
the material, and the way it was estimated and treated with. The
estimated value of heritability then, is a statistic fraction des-
cribing a particular population. Lush (1940) stated that this frac-
tion can be made larger or smaller if either the numerator or the
other ingredients in the denominator can be altered. Thus it may
vary from population to population for the same characteristic,
and may vary from one characteristic to another even in the same
population. |

The results obtamed for herltablhty estimates, by different in-
vestigators, are summarised in the following survey.

Summary of heritability estimates by different z'nvesfz'gators on dairy properties

h2 in
Chara:;ter and Breed percentage Method used Reference
A. Milk yield:
Lowland cattle | 42,2 dam-daughter correlation [Axelsson 1933
Swedish Friesian 32 42.2|dam-daughter correlation |[~--=---- 1934
Jerséy, Holstein-Friesian, full -sister and |
and Guernsey } 50 70 lyaif-sister correlations }Gowen 1934
Jersey | 58 60 |dam-daughter correlation |[Copaland 1938
Swedish Red-&-White 30 40 |daughter-dam comparisons |Johansson
. R - & Hansson 1940
Holstein-Friesian 25 30 |daughter-dam comparisons |Lush et al 1941
Ayrshire in Finland - 30 40 [daughter-dam comparisons |Johansson 1942
Holstein-Friesian 30 daughter-dam regression |(Ward 1940-1941
Ayrshire 58.2-57.8]|dam-daughter .
Holstein-Friesian ' 64.4-66.6)jcomparisons [}Rlce 1844
Ayrshire 31  |daughter-dam regression | Tyler & Hyatt 1947
(From first lactation) - 39 } . . . Bonnier &
(From second lactation) 91 identical twins Hansson 1948
Holstein-Friesian 36 daughter-dam regression |Laben 1950
Norwegian Red Poll . .34 dam-daughter comparisons |Midtlid &
- Berge 1950 |

(Continued)

' .
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(Continued)

Character and Breed hé in Method used Reference
percentage
Scottish Ayrshire 37.2 dam-daughter correlation |[Sikka 1950
Five dairy breeds (-1) daughter-dam comparisons |Chandrashaker 1951
Scottish Ayrshire 25. 30 |daughter-dam comparisons|Mahadevan 1951
Holstein-Friesian | 25 daughter-dam comparisons ['Touchberry 1951
Black-& -White Holland 40 daughter-dam comparisons|Vogel &
Werkman 1952
B. Fat percentage
Lowland cattle 77.2 dam-daughter correlation JAxelsson 1933
Swedish Friesian 64 dam-daughter correlation [-------- 1934
Holstein-Friesian 83.4 dam-daughter correlation |Bartlett et al 1934
Jersey, Holstein-Friesian full-sister and
and Guernsey } 85 half-sister correlations }Gowen 1934
Black-&-White Holland 63.5-66.4 {[dam-daughter correlation |[Szczekin-
Krotow 1938
Swedish Red-&-White 70 80 ({(daughter-dam comparisons{Johansson
' & Hansson 1940
Holstein-Friesian 60 daughter-dam comparisons | Lush et al 1941
Ayrshire in Finland 70 80 |daughter-dam comparisons Johansson 1942
Ayrshire 94.8-96.4 . .
Hglstein-Friesian 86.6-87.2 dam-daughter comparisons I!-Rlce 1944
Swedish Polled 70 80 |dam-daughter correlation |Johansson 1947
Ayrshire 55 daughter-dam regression |[Tyler & Hyatt 1947
Swedish Red-&-White 70 darh-daughter comparisons |Johansson 1949
Holstein-Friesian 54 daughter-dam regression |l.aben 1950
Norwegian Red Poll 66 daughter-dam regression |Midtlid &
' Berge 1950
Five dairy breeds 56 dam-daughter comparisons|Chandrashaker 1951
Ayrshire 50 60 |dam-daughter comparisons|Mahadevan 1951
C. Fat yield: ,
Holstein-Friesian 39.4 dam-daughter comparisons|Gifford &
Warren 1930
Ayrshire 77.8 dam-daughter correlation |Heizer 1933
Guernsey, Holstein- } - .
Friesian and Jersey 26 dam-daughter comparisons lPlum 1935
Swedish Red-&-White 30 40 |dam-daughter comparisons|Johansson
& Hansson 1940
Holstein-Friesian 26 26.6
Guernsey - 29.4
Jersey 31.4-33.2 '
Brown Swiss 15.2-16 Qgdam-daughter comparisons|{Lush & Strauss 1942
Ayrshire 41.6-54 |
Shorthorn 5.2- 9.0
Red Polled 10.2-16.8
Swedish Polled cattle 30 40 |dam-daughter comparisons)Johansson 1947
Ayrshire 28 dam-daughter comparisons|Tyler & Hyatt 1947
Swedish Red-&-White 36 dam-daughter comparisons| Johansson 1949
Jersey 20.1 daughter-dam regression | Legate 1949
Guernsey, Holstein- - . S .
Friesian and Jersey I] 27.4 dam daughter comparisons| Beardsley et al 1950




h2 i '

Chafacter and Breed percerll?age Method u-sed Reference
Holstein-Friesian 29 daughtef-dam regression |Laben 1950
Norwegian Red Poll 44 daughter-dam regression |Midtlid &

Berge 1950
Five dairy breeds 20 dam-daughter comparisons|Chandrashaker 1951
Jersey 36 dam-daughter comparisong|{Rennie 1951
Holstein-Friesian 35 dam-daughter comparisons| Touchberry 1951
D. Other characters
Lactation period
Ayrshire in Finland 15 30 |dam-daughter comparisons|Johansson 1942
Persistency
Swedish Red-&-White 15 30 |dam-daughter comparisons{Johansson

& Hansson 1940
Swedish Polled cattle 20 30 |dam-daughter comparisons{Johansson 1947
Swedish Red-& -White 22 dam-daughter comparisons| -=------- 1949
Scottish Ayrshire 29.2 dam-daughter comparisons} Sikka 1950
Ayrshire 10 15 |dam-daughter comparisonsjMahadevan 1951
Dry period
Swedish Red-&-White 32 dam-daughter comparisons|Johansson 1949
Udder properties
Swedish Red-&-White,
Friesian & Polled
(Left-to-right half) 0 ] - ' Johansson
(Front-to-rear half) 75 correlation tests } & Hansson 1952
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Chapter III

MATERIAL

The Friesian Herdbook Society, ""Friesch Rundvee-Stamboek",
dates back as far as the year 1879. By usmg primitive means,
selection was established centuries ago to improve this breed of
cattle, before the foundation of the society. Since, in the last
century, no animal was introduced to Friesland, one can say that
this breed of cattle is pure Friesian cattle. Figure 2 shows a ty-
pical Friesian bull, and figure 3 shows a typical Friesian cow.
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Fig. 2. A typical Friesian bull.
(Anna's Adema 30587 F.R.S. ).

It is a common way in this province to breed the heifers at
about 15 months of age, so that around the age of two years, cows
can have their first calving. The animals over the whole province
are milked twice daily at about equal intervals, and a test-milking
is carried out every fifteen days. A test-milking always concerns
the yield of one cow produced during 24 hours, and includes the
yield in the evening of a certain day, together with the quantity
yielded the next morning. The milk ylelds are recorded by people
specially appointed for the purpose as certificated recorders,
assisted by samplers. They register the records of test-milking
in the milk-book of the dairy farmer concerned, as well as in
separate milk sheets which are at a later date forwarded to the
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herdbook office, as well as the provincial milk service, for rati-
fication. When the cows are dried off the final figures are deter-
mined as soon as possible.

According to the last report of the central milk control service
organisation in 1954, 79% of the Friesian cows in Friesland are
under 1control All the ‘registered cows are controlled, as a gene-
ral rule ‘

Fig. 3. A typical F'riesian COW.
& yp (Sneeker 44 143686 F.R.S.).

" All the records of the registered cows in Friesland since 1920,

were pooled out to serve as a material for this research. Before
the year 1920, the production was markedly affected by the con-
ditions of the first world war; where as before that war, the well
developed milk control system, was not to rely upon yet. As the
main purpose of this research work is to estimate the heritability
of milk yield and fat percentage without using correction factors,
it was sound to exclude the disturbed period of the second war
conditions.
Figure 4, illustrated from printed matter of the ''Friesch
Rundvee Stamboek', shows clearly the disturbed periods before
the first war till 1920 as well as during the per1od (1940-47) of
the second world war.

Soil] and Feeding: Cattle spend about half of the year in the
open on permanent grassland, which takes up about 85% of the to-
tal of cultivated land in Friesland. During this period, the ani-
mals' food consists enclusively of grass. As nothing is cheaper
than grass in feeding problems in the Netherlands, most of the
production is obtained during this green season.

During the six months of winter time, when the cows are in-
doors, the ration consists mainly of hay, grass silage, and arti-
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ficially dried grass. These standard rations of roughages are
supplemented; (especially on the mixed farms), by beets, beet-
tops, and roots. The total amount of concentrates per milking cow
per season, amounts to 200-250 kgs.

5000
410 ?"._ 4900
4.00 !.' F. :’:." .'E P J 4800
380 42 ot = i 4600
370 — i AL i {4500
260 Y ]k 3 f""\/ ) T 3:
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SN /f i | 4300
3h0f———13-1 —F 4200
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Fig. 4. Average fat percentage and milk yield in kg., of cows
entered into the Friesian Herdbook.

The soils of the province of Friesland are composed of clay,
peat, and sand. It is said that the production differs even slightly,
according to the kind of soil the animal is reared on. For this
purpose, the animals serving this research were grouped accord-
ing to the kind of soil kept on; and then all were pooled together
to see if there is an effect on the heritability estimate from this
point of view. |

From figures 5, 6, and 7, we can illustrate the distribution of
the daughter-dam pairs included in this research, over the clayey,
peaty, and sandy soils, where the animals were kept on.

Conditions of research: Under the following conditions, a
total number of 9550 pairs of daughter-dam records were intro-
duced in the comparisons, firstly for correlations, and secondly
for regressions, in order to estimate the heritability of milk
yield. An equal corresponding number was used in the calcula-
tions forh2 of fat percentage. These comparisons covered the first
three lactation periods. The daughter-dam pairs introduced in
each case were distributed on the three lactation periods as fol-
lows: 4315 daughter-dam pairs within 117 bulls for the first peri-
od, 3402 daughter-dam pairs within 104 sires for the second lac-
tation period, and 1833 daughter-dam pairs within 65 bulls for the
third production period.

28



BIRD JO sared va-nmﬁm:mv 6€€L 3Y3 Jo .wn?.ﬁmo Jo

(1 =+ pue g =& - 0¢ =) sI93y8nBp 107 BuTATED JO YIUOIN — SOSBO gLEL

‘1108 L3R[0 woaj awrwd yoyym - -
yiuow ayj} jo uopnqraisip syl °s ‘g

aunp Lenr Trady . yoae|n ‘qey  Laenuep ..ooQ *AON ‘190 ‘3dag  3sndny Lnp
» | cc.......u&._-.f....i......._s X » cc;cc. » cm
“«
. » »
» » s & o . ¢ N M
* * %+ wok * X » X » . ® 0 * v =
| . , &
% » N »
* .C* -« » N ¥ » h l* h _c* t*l » » » » ..m
. . . % . o
» t**
* XK ¥ ¥|x¥K KRR %o o H »
ot * *_*.***w.w«****.**** ¥ R A I * ...m
X¥ ¥ ¥|xx xx pall JE F 8 27 N VIVRVIS Y FR e
X ¥ X (v ‘|
» ********** » MY NK » KKK KEXEE]| 5 45 » W
A A i S 2 ) T R T 2T I R P N A 2
x x[FFFEE X I e X H ooyl ppx X|xyp XX
* * » * X "
X x xx EXEXEKKE]| » 4#********** » %y K ' |
Lt ’ gl X xE XX * » v o
¥ * ***H**«&.« IR B s R RS Ll N x |+ ® m
o - k¥ X X X[pxxxx REE N v KK krx ¥ oy X ¥ .
XX ¥X¥|ws y|** * %% Y > » e,
R e 1 A e L :
¥XXX|x x¥x b G MU 24 A Mo el R A XK x| *xe [* » ** 08
¥rx X'y x b I S TSRS 1 I I N <
» KK X 1 d b ST T R i, ve xK[,
» » % X NNNNAN]|* NN X[ % % % y ¥
R R L Ao asadad S St *mnmnnﬁ:*nﬁuﬁt; i N I BT
k*m** * AR R R R VT RVEVER IR I B VIR TIE I B *4 .
Xy XE¥ X ¥ b J. A P M I T
»
:.*kﬂw.wﬂu***fﬁ##«wn AT Y .
XX XFH o oy [ XXXy Yy PPN ek ke kR [ kXK x x| ¥ x x|¥ ¥ ¥(T
FEEXE T T ko [ X e [P K g K [k il
» XH KK res .....H*H.H.MF ¥ x e n ’ 1
***«* X F¥xxxx ***a&f«* ¥ldexp x ¥ K Kk ¥ K|kkhkkR x .* »» » *x * 15
X X X X ﬂ.ﬂunn«f«*****x&********* . » =
¥ ¥
. % ® li ** ¥‘*¥I * » . " ' » w
L L R M MM L BT eI . e
X¥ ¥y g FXRFX|RXAX * «* «| A <
» * » » * t . c . M.
* * i *_*_.i * ¥ X ¥* tx. .,&..x. » IR NE Y I I » 2

-surep JoJ SurA[ed JO YIUON — SISBO GEEL

‘qa 4



Ttady

‘(1 =» pue g =

ﬂom Kyead wo.Jaj sures
Yomym eiep jo sared wep-Jasnep (L8 oy} jo Surated jo yjuour Y3 Jo UOTNQIIISIP U, °9 mﬂ

.«; saajydnep 10J SUIA[ED JO YIUOIA —~ SOSEO QL8

aunp Lep yoaeyy  °qag ALxenuer  *oa( *AON 190 ‘ydag " “ysndny  Lnp
4 _ .
. . <
&
[ES
. . - 0
c
&
%
» » » » > » % m.
{e
» % . . .
» » » » » » * |*a » s.}.__. X 51 ¥* * = mwv
» _N
x  »
. . x x X | ¥ ¥l oy x| x| ey 2
» ,.# » » » » *
. X ¥ VTR PR "RE") REVEPIY [P TR I L I 5
% .
- 5
» . » . % ® - =
*oror ol ks | xox x| ¥¥¥ Iy xxlx * | * S
XXX X AR 5
. *an *s¥¥¥¥¥ -
.o [PXRXX|NyxtX| yx¥ »
» » ol LA SRV BRSPS VS VEE 1 NN XN HY K N .*” S AR AR * . o ® Mua.
XN XK X
" .
* * * » * *** » » »
» a3 ad » K ¥ ¥ ¥ ¥ * x| ¥ ¥ x X S » »
»
¥ ¥y xlx ¥
» * » » * » &
» % % 2| 2 X » Fo ¥ | X 2y X X * X o» K X » » » . » ..m
» » . % ®* W * » » » =
.3 ¥ * » » » nm
» » ¥ 5 » » » nn..
2

Yo JaB

‘swiep J0Jj SUTATED JO YIUOJN — S3Sed (L8



‘{108 hvcaw WwoJgJ awed yomym

ﬁmv Jo sared wep-aajydnep [$g1 Y3 Jo w:c&wo JO yjuowr ayj} Jo uornqraisip ayL ‘. mﬁ.m

: = & PUB G = ) 8a9jyInep J0] BUIATED JO YIUOIN —~ SISED THET

aunp Leln 1ady yosaep ‘qog KAaenuef = °03( *AON ‘190 ‘3deg  isndny Amp
» ¥ ¥ I3 3 %209 y ’ * % » = » #. » * m..
x ¥ . &
b
2
* » » N » » * QM
w_ il
[€2]
* » » ® X » » x| % 23| = * .i * » ..mv
.
» » .ﬂ v .ﬂ.c X * x ¥ N * X XsaxNg] » » = » * * » m
» | . ¥ )
* » » » " » » » *r X | s % » . o . W
¥ * [ x| x v ¥ x R 2
»
» N ¥ 4 » ¥ » % yioao» » % &N ] » L m
» x Xy ¥ K X X ¥ ¥ x t*; t.i# X x » » " o
» # h, w.....
» ¥¥4.#;4**&***********”.***Cl* *t*t#*a.l » » m
¥ ¥ ¥lyxxx 3
AR M ¥ K ¥ X |
| & * ¥px X | o
¥ |¥xx _MH..*.« e M Y I VR B N * |8
¥Ry x| ¥¥E X x| ¥y * .
» " i
* ¥ XN pp N » » v ¥ >
x| ek x| FXREXN x|t ¥ ¥ x xx * * terrp 7 ’ m
XX x ¥ xxx|xyypyp ¥ ¥ ¥ =
. » ®  » ¥ » » » »y a ® » » # o
a;u&cutt***&.*‘**** & X XN X% ¥ ¥ » » » ..m
X x x|¥ x x| £
-» *» % » » » % » * * - * =
x|y NMEARE AR LIS IR N N L * * 5
: . e
» % | & 2 |l 22| 2 4 e et . = 5
¥ o
—

‘surep J0j SUTATED JO YUOIN — SIE®D [HET



The average number of palrs in each comparlson within sire,
was 36.9 daughter-dam pairs, with a minimum number of 15, and
a maximum of 84 pairs for the first period, with respective num-
bers of 31.8 pairs, and 15-73 for the second period, and 28.2
daughter-dam pairs, and 15-55 for the third production per1od, in
the same respect.

Conditions -

1. As was stated before, the two periods of producing during
war, were neglected for the purpose of unfavourable condi-

tions of feeding that affected the production, as shown in figure 4.

2. The average milk yield per day, as calculated from normal

| lactations, with periods lying between 260. to 360 days, was

taken as a criterion in the comparisons for measuring the herita-

bility of milk yield in this study. In order to estimate h2 of fat

percentage, only records coming correspondmgly with the lacta-

tions included, were worked out.

3. The minimum number of pairs within sire in any of the com-
parisons was not less than 15, while the maximum was 84.

4. The bulls that served this study:were only used on normal
services, and no sire group of the artifmlal insemination was

introduced. :

5. Mostly the daughter-dam pair under compfarison was kept in
one herd during the production studied. '

6. In each case under comparison, only a difference in age not
more than six months between the daughter and her dam, was al-

lowed. Fortunately, it seemed that mostly ali the cattle females

in the province of Friesland were bred when they were around the

age of 15 months.

7. The groups within each sire were divided into three categories
owing to the kind of soil the animals were kept on. In this way,

" the attempt was made to minimise the effect of different feeding

conditions on the three different soils. If a sire's group was kept

on different soils, the group was divided into subgroups, and

each was worked out separately.

8. Assuming homogeneous population, rather than intra-sire ba-
sis, the pooled regressions and correlations were worked out,

neglecting the part played by sires, and depending only on the si-

de of the dams. In this way, the heritability estimates were first

. worked out according to groups within each kind of soil. In a sec-

ond attempt, the intra-breed estimates were measured, neglect-

ing the effect of different kinds of soil.

9. From figures 5, 6, and 7, it is easy to conclude, in most
cases, the striking similarity between the month of calving of

each dam-daughter pair under comparison in this research.
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Chapter 1Y

METHODS USED

The analysis of covariance was used to obtain the regression
and correlation coefficients in the present investigation. The
heritability reached at was computed firstly by doubling the intra-
sire, intra group, and intra breed, dam-daughter correlation co-
efficients; and secondly by doubling the corresponding daughter-
dam regression coefficients, for milk yield, as well as for fat
percentage.

As devised by Fisher (1954), tne conceptlons for calculating the
correlation coefficient (r), the regression coefficient (b) and for
the standard error of the correlation, are as follows:

r = — 2(Xy)
VE(x2) - 2(y2)
where ''r' is the product correlation between ""X" and "Y" variates.

- -2(xy)
Z (x2)

where ''b'" is the re ression coefficient of daughter's records on
dam's records, and "'x" and "y'" were used to represent dam and
daughter deviations, respectively. |

Fisher (1954) in discussing the accuracy of the correlation co-
efficient, stated that with large samples, and moderate or small
correlations, the correlation obtained of "n'" pairs of values, is

distributed normally about the true. value ''p''; , (Where "o'"' = cor-

?

relation between x and y), with variance & ;pl) ;. it is therefore

usual to attach to an observed value ''r'' a standard error

1-r2 or 1-ra .
n-1 \/ n
The equation
op = 1-r2
V 2(n-1)

was used to calculate the figures shown in this investigation as
standard error of the correlation within groups.

At the advice of Prof. Dr. N.H. Kuviper, the following equation
was used to compute the standard errors of the regresqmn coeffi-
cients obtained in the present study: -
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o(b) ox \V T(m-Iy -2

where o(b) is the standard error for the regressmn coefficient,''p"
is the correlation between "x'' and "y'", and '"'n" is the number of
pairs included. |

The degrees of significance mentioned in the present study for
the differences between regression coefficients, were measured
according to Snedecor (1946) page 320- table 12.3, and Kenney
and Keeping (1953) page 276~ table 9.66. |

The test of symmetry of the graphs of the frequency curves,
was carried out according to Snedecor (1946) p. 174, section 8.5;
where the measure of skewness is "'g;'. If g; were zero, sym-

metry in the sample would be demonstrated.



Chapter V

RESULTS

A. Milk yield

The estimation of the fraction of variance in milk yield which
is due to hereditary causes, was based on 117 intra-sire groups,
daughter-dam comparisons. From 9550 pairs of data distributed
over three lactation periods in the different parts of the province
of Friesland, the following results were gained.

Table No. 1 shows the results of the analysis of vamance and
covariance, for the determination of dam-daughter correlation
(r), as well as daughter on dam regression (b).

It. is shown in table 1 that the dam-daughter correlation method
yielded the following coefficients: First lactation; for groups rear-
ed on clayey soil 0.1740 £ 0.0172, for those kept on peaty soil
0.1784 * 0.0570, for the sandy soil groups 0.1858 + 0.0465, and
when no soil differentiation was made, the average correlation
coefficient was 0.1868 + 0.0149. The respective regression coef-
ficients were 0.1622 £ (0.0163, 0.1755 £ 0.0591, -_0.2068 ;!: 0.0503,
and 0.1758 & 0.0143, in the same respect.

For the second lactatlon and in the same order as mentloned
above, the average correlation coefficients were 0.1946 & 0.0192,
0.2152 * 0.0623, 0.1691 + 0.0513, and 0.2049 * 0.0167; whereas
the average regression coefficients were 0.1836 + 0.0185, 0.2003
+ 0.0595, 0.1659 + 0.0532, and 0.1966 + 0.0164.

In the third lactation period, the respective values were 0.1885
+ 0.0278, 0.2673 £ 0.0817, 0.2184 *+ 0.649, and 0.1858 £ 0.0229
for the correlation coefficients, and 0.1839 + 0.0276, 0.2261
+ 0.0723, 0.2079 £+ 0.0636, and 0.1746 £ 0.0220 for the regression
coefficients, in the same respect.

The number of comparisons, in the case of neglecting the effect
of soil, was always hlgher than if it was calculated as a total of
the daughter-dam pairs that entered in the groups of different
kinds of soil. From the ''material", no sire group with less than
fifteen pairs was allowed in the comparisons. It happened in some
of the cases that a sire group which was kept on different kinds of
soil, when divided into sub-groups according to the kind of soil;
some of these sub- -groups could not suffice for the minimum num-
ber of daughter-dam pairs required in the research. Such sub-
groups could serve the material when we made no differentiation
according to the kind of soil the animals were reared on. This
was the cause of the difference found between the total number of
comparisons, and the summations in this investigation.

In assuming homogeneous population, the pooled correlation -
and regression coefficients are shown in table No. 2.
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The average heritability of milk yield as calculated by doubling
the regression of daughter's records on dam's records, was
35.50% (see table 3). When it was calculated on the same
“base for each of the three lactation periods alone, it was
33.62% for the first period, 36.56% for the second, and 38.14%.for .
the third lactation period. Again, doubling the regression coeffi-
cients, the heritability estimates of milk yield in each kind of soil
were: 34.74% for the clayey soil groups, 38. 88% for peaty, and
38.48% for the groups coming from the sandy soil.

When the differences caused by the effect of different soils on
the production records were neglected, the heritability reached
at was 36.58%.

By doubling the dam-daughter correlatlon, the heritability es-
timates obtained were: 37.36%, 35.34%, 38.64%, 39.84%, 36.80%,
41.84%, and 38.22%, in the same respect. The later values were
on the average higher than those obtained by doubling daughter on
dam regression coefficients. The d1fferences were on the average
highly significant.

Table No. 3 shows the above mentioned heritability estimates as"
calculated from doubling the dam-daughter comparisons within
sires, and within kind of soil, as well as w1th1n the whole prov-
ince.

The way that was used to get the average her1tab111ty fractions,
was to multiply each regression, or correlation coefficient within
groups, by the corresponding number of comparisons. Then by
-the addition of the totals and dividing this sum by the total number
of comparisons, the average coefficients were gained. Doubling
such coefficients, gave the average heritability estimates men-
tioned in this investigation. '

When the material was studied as a homogeneous population,
rather than on an intra-sire basis, the average heritability esti-
mate of milk yield, reached at by doubling the regression coeffi-
cient of daughter's on dam's records, was 39.60%. When it was
calculated for each of the three lactation periods under study, -the
estimates yielded the following heritabilities: 37.76% for the first
period, 41.18% for the second, and 41.04% for the third lactation
period. The heritability value of the same character in each kind
of soil was: 39.12% for the groups reared on clayey soil, 44.90%
for the peaty, and 39.34% for the groups that were producing on
the sandPr soil. When neglecting the effect of different soils, the
average 'h2' of milk yield was 41.66%. '

When the dam-daughter correlation method was used, the ave-
rage heritabilities were, 40.60%, 38.68%, 42.58%, 41. 46%, 40.26%,
47.04%, 38.74%, and 42.70%, in the same respect as was mentlon-
ed above.

The estimates shown in table No. 4 were on the average hlgher
than the corresponding values of heritability given in table No. 3.
The statistical tests on the differences between the regressmn
coefficients in table No. 1 and the corresponding values in table
No. 2, proved that the differences were highly significant.

The heritability estimates obtained through the intra-gire groups
as divided according to the kind of soil the animals were reared
on, are more reliable than the other trials used in the present.
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investigation to compute the heritable part of variance in milk
yield as well as in fat percentage. The division into groups ac-
cording to the kind of soil, excluded a great part of environmental
nutritional variations between the three kinds of soil, which con-
tributed . a higher portion to the estimates, when the heritability
was computed without differentiation between the three kinds of

soil.

B. Fat percentage

The heritability of fat percentage was estimated applying the
methods of daughter-dam comparisons within 117 bulls. The fol-
lowing results were obtained, using the same 9550 daughter-dam
comparisons that were included in the study of the heritability of
milk yield.

Table No. 5 shows the results of the analysis of variance and
covariance, for the determination of daughter on dam regression,
and dam-daughter correlation coefficients.

It is shown in table 5 that the dam-daughter correlation method
yielded the following coefficients: First fat tests, for groups rear-
ed on clayey soil 0.4487 + 0.0142, for those kept on peaty soil

0.4236 * 0.0483, for the sandy soil groups 0.3439 * 0.0427, and
when no soil differentiation was made, the average correlation
coefficient was 0.4295 £ 0.0126. The respective regression coef-
ficients were: 0.4111 * 0.0145, 0.4047 + 0.0511, 0.3728 + 0.0492,
and 0.4022 £ 0.0130.

For the second fat tests, and in the same order as mentioned
above, the average correlation coefficients were: 0.3794 * 0.0171,
0.3371 £ 0.0579, 0.3694 * 0.0456, and 0.3792 = 0.0149; where as
the average regression coefficients were: 0.3559 £ 0.0173, 0.3214
+ 0.0588, 0.3640 X 0.0485, and 0.3570 + 0.0152, in the same res-
pect. In the case of the third fat tests, the respective values were;
0.4127 *0.0239, 0.3845 *+ 0.0750, 0.3773 % 0.0585, and O. 4111
+ 0.0198 for the correlation coefficients; and 0.3919 £ 0.0245,
0.3025 + 0.0644, 0.3598 * 0.0593, and 0.3812 + 0.0201 for the
regression coefficients, in the same respect.

As from the whole material no sire group with less than {fifteen
pairs was allowed in the comparisons, the total number of com-
parisons in the case of neglecting the effect of soil, was always
higher than the total number of dam-daughter pairs that can be
reached at by the addition of the number . of comparisons in the
groups reared on different kinds of soil. This was for the same
reason that was mentioned in the results of ''milk yield".

In another attempt, when assuming homogeneous population,
rather than on an intra-sire basis, the variance and covariance
estimates are shown in table No. 6. | ,

The average heritability of fat percentage, as calculated by
doubling the regression of daughter's records on dam's records,
was 76.52% (see table 7). On the same basis, the average esti-
mates of heritability for each of the three tests coming from the.
first three lactation periods were: the first period 81.28%, the
second period 70.82%, and the third period 75.98%.
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When the estimates were made accordihg to groups reared on dif-
ferent kinds. of soil, the average heritabilities were: clayey soil
77.52%, peaty soil 70.88%, and sandy soil 73.36%. When the dif-
ferences coming from different kinds of soils were neglected, and
the whole material was pooled, the heritability of fat percentage
averaged as 76.40%.

By doubling the dam-daughter correlations, the heritability es-
timates were: 81.58%, 87.04%, 74.98%, 81.06%, 83.42%, 76.92%,
72.04%, and 81.60%, in the same respect.

Table No. 7 shows the above mentioned estimates of heritability
as computed from the two methods of daughter-dam comparisons.

Assuming homogeneous population, rather on an intra-sire

basis, the average heritability estimates were as shown in table
No. 8. The differences between the regression values obtained in
table 8, and those shown in table 7, were on the average highly
significant.
From :the assumption of the population homogenelty, the average
heritability of fat ‘percentage, as being based on the daughter-
dam regression method, was 84.44% (see table 8). On the same
basis, and in. accord to each of the three production periods, the
average heritability of fat percentage was: First period 88.52%;
second period 80.90%; and third period 81.28%. By doubling the
average regression coefficients that came from groups within
each kind of soil, -the estimates of heritability were: 86.58% for
clayey groups; 73.28% for peaty groups; and 77.06% for sandy
groups. When no differentiation between the different soils was
made, the average heritability was 86.88%.

Estimates based on dam-daughter correlation method yielded
the followmg heritabilities: 83.52%, 88.14%, 79.38%, 80.20%,
85.00%, 79.82%, 75.78%, and 86.00%, in the same order as men-
tioned in the above method.

The heritability of fat percentage in all cases in this investi-
gation, was about two times the heritability of milk yield.
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'Chapjer Vi

GENERAL DISCUSSION

Heredity and environment are the two main factors that affect
the phenotypic expression of the characters of animals. To bring
out more clearly the part played by heredity in milk yield and fat
percentage, it is necessary to try to eliminate the contribution
caused by environmental factors in measuring '"h2" by the dam-
daughter correlation method. To reach this point of accuracy,
there are two means: i.e. 1. using correction factors for each
environmental component in attempt to standardise the records
for major non-hereditary sources; 2. or, to find all the animals
under the same environmental conditions. The latter method is
more in accordance to reality, since the determination of the ef-
fect of environmental factors is usually difficult, and consequently
‘the derived correction factors applied in correcting individual
expressions cannot be accurate. Bakhoven (1948) advised ' that
apart from age and lactation period, one should not use correction
factors. He added that it must not be forgotten that no accurate
corrections could be made for feeding, individual health circum-
stances, and managements.

On the other hand, in practice, we cannot find all the animals
needed for an investigation, under strictly the same conditions.
Naturally in estimating the heritability of economic characteris-
tics in animal breeding, we do not usually put the animals chosen
for the research, under well designed laboratory conditions, in
order to eleminate completely the effect of environmental contri-
bution to our estimates. Even if we do so, we still cannot exclude
the part played by the interaction between the different genotypes
of the animals, and the standard environment of the experiment.
One should then expect such estimates of heritability to contain
a part of the non-heritable portion of the variance.

The following discussion is to make clear the degree to which
the results of the present research, were affected by the most
important components of environment.

1. Age of cow. at calving: According to.the known fact,
cows tend to produce more with advancing age, and succeeding
lactations, till a certain lactation period. Bosma (1935), working
with the Friesian Herdbook cattle in Friesland, and after stan-
dardizing the milk records for different non-heritable factors,
found that the cow, on the average, attained her highest milk
record at the age of 8 years. De Bas (1936) concluded from his-
study of the cattle at 10 stables in the district of "Roosendaal-
Holland", that the Friesian cow attained her highest production at
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the seventh lactation period; i.e. around 9 years old. Gowen
(1924) analysed a large number of 365 days records for Holstein-
Friesian cows, and found that milk yield rises at an even decreas-
ing rate, as the age of the cow increased, to the age of eight
years. From this age of maximum production, their milk yields
declined at an even increasing rate as the age increased. Johans-
son and Hansson (1940) reported that milk yield of cows is in-
fluenced by their age at calving. Horn (1950) found that the cor-
relation between average annual milk production and length of life
in Hungarian Red Spotted cows, was 0.15 %+ 0.026. Ragab et al
(1953) showed that the milk yield of the Egyptian buffalo increased
with advance in age, until the maximum production was attained
at ithe third lactation (6.5 yrs.), after which it declined. Ragab et
al (1954) found that milk yield of the Egyptian cow increased with
a decreasing rate, with the advance of age, till the 5th to 6th lac-
tation. Bekedam (1954) from a study with controlled Red-&-White
cows (M.R.Y.breed), in the province of ''Noord Brabant''-Holland,
found that the cow attained her highest production at the age of 8.1
to 9.1 years.

In the studies involving age standardization, investigators either
have used. the published breed factors, which naturally apply
" mostly to the population being studied, or they have derived fac-
tors from the records of the material under discussion. Bosma
(1939) fromhis study of the Herdbook Friesian cattle in Friesland,
divided the milk production in different ages of the cow, in per-
centages, assuming that the production was 100% at the age of 8
years. His table derived from his study is:

age age

% of production years months % of production years months
56 1 8 87 4 3
99 1 10 89 4 6
62 2 — 91 4 9
64 2 -2 92 5 —
67 2 4 94 3 6
69 2 6 96 6 —
71 2 8 98 6 6
73 2 10 99 7 —
75 3 — 100 8 —
78 3 3 99 9 —
80 3 6 98 10 —
83 3 9 95 11 -
85 , 4 — 91 12 —

Workmg in the same field, De Bas (1936) from his material at
"Roosendaal-Holland', derived the following results:

N. of calving % aof proc_iuction N. of calving % of production |

1st 72 oth 97
2nd 85 6th 98
3rd 91 7th 100
4 th 94 8th - 99
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Many otheY studues;j of records Whlch 1nvoLved age standardlza-‘
tion, as derived frém the records, studied, have been” reported

Rietz (1909) applied age corrections to butterfatirecords. ‘Eckle’
(1911) gave a tab-ulatmn saymg that, "a dairy cow on the average.
as a two years old,may be {expected to produce ‘about 70%, as a
three years old around 8Q%, and as a four years old about 90% of
the milk and butterfat she will produce under; the isame treatment
when mature''. Tur er, et al {1924) worked out conversion factors
for Jersey, Shorthorn, Ayrshire, Guernsey, and Holstem Friesian
breeds, iniorder t6~get -comparative-values for the cows of vari-

ous ages.Lush, and Shrode (1950 used the *Eckles's correction = -

factors with 43000-Holstein- Friesian cows' records, and concluded
that the method removed about 52% of the age variance.

From the results given by Bosma (1935) and De Bas (1936) we
find that both differed in their results that were derived from

Friesian cattle records in different places in the Netherlands.

The .correction factor 1s more sultable for the populatmn it was
derived from. o '

In the present study, mostly in all cases, there was a d1fferen-_
ce that did not exceed 6 months between the age of the daughter,
and the age of her dam,. at the same number of calving. It was
found reasonable: enough that, because of that slight'difference in
age, which would:not have affected the differences found between
dam-daughter pairs average: 'daily ‘records to a high degree, age
correction factors were not ‘used. One can alsoexpect, that this
non-heredity factor, contributed only a little, if any, to our estl- )
mates of herltablh,ty obtained in the present study. :

2. Lenght of lactation period: Gaines (1927) saxd that .
"the amount of milk or butterfat produced during any lactatiot, * |
governed by three major phys1olog1ca1 elements of lactations; the |
height and persistency.of the maximum yield, and the length of
the lactation period". Gaines and Davidson (1926) measured the
correlation between the .length of record, and total'yield as the -

order of  0.94."They found that 305 days record was 8- 90% of the .

365 days ‘record. Rice (1942- p. 566) ‘reported that, 'to convert .
365 days record to a 305 days basis, :multlply by 0.85, and to
convert- 305 days record to 365- days basis, ° multlply by 1.17.
Bekedam (1954) from his study with the Red-&:White (M.R.Y.
Holland), cattle in the province of "Noord Brabant', concluded that
from periods ranging between -250- 490 days, the highest daily
production was attained at the age 2.3-3.2 years when the lacta-
tion period was 251-266. For the age from 3.2 years up'to 9.1
years, the highest records could be obtained from lactation peri-
ods ranging between 266 to 281 days. ~ _

Under the conditions of the present study, only normal lactatlons |

with duration of 260-360 days were allowed. Figures 8, 9, and 10
show clearly the great similarity between the dam daughter
pairs, with regard to the length of their lactation periods. As it
is considered in such cases that the length of lactation period
would have mildly affected the dam-daughter records, no cor-
rection factors were used, and the average milk y1e1d per day: -
was taken as a criterion in all the comparisons in this *nvest'ga-

tion, to measure the heritability of milk yield.
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3. Month of calving: In order to determine the part played
by heredity in milk yield and fat percentage, one must put in ac-
count the month of calving of both dam and daughter under com-
parison, as a component of the variation caused by environment.
Keestra, and Bakhoven (1931), studied the influence of the month
of calving of 45573 Friesian controlled cows in Friesland, during
the period 1927-28. They found that most of the calvings in Fries-
land occurred during the two months of Feb. and March, and
secondly in April. This indicates that most of the farmers prefer,
owing to the economic feeding conditions, to get their cows' pro-

ductions during the green season.
Figure 11, as illustrated from Keestra-Bakhoven's work, shows

clearly the distribution of month of calving in their material.
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Fig. 11. fI‘he percent distribution of month of calving of 45573 Friesian cows
in Friesland - during 1927-'28. ‘

This result they got, is in accordance with that I got from my
material, and which was shown in figures 5, 6 and 7.

Keestra and Bakhoven in their study, found that the lactation
periods of cows which calved during the months of March, April,
May, June and July, were, on the average, shorter by 20 days, than
those which calved during the other months of the year. The long-
est periods were those of cows that calved in September and Oc-
tober. It seems to me rather reasonable that in the latter case
the next heat periods of some of the cows that calved late in
autumn, were short during the cold weather, and were not recog-
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nized by the farmers. Such cows which did not succeed to be bred
in early winter, were usually kept to be bred during next May.
Such cows the farmers-kept in lactation as far as their productlon
pa1d the extra costs of winter feeding. Moreover, the milk price
in‘winter is higher. |
The 'influence of the month of calving over the production of
milk and the fat percentage, is shown in flgure 12. From this
figure, Keestra and ' Bakhoven found that the highest production
was attained during the months of calving of September, October,
and November. They concluded that if the farmers spread the
months of calving in' their material equally over the year, the
average production per cow should be 150 kgs milk higher (about
3 3/45) and + 0.02% fat (about 1/9%) higher.

gure 12, as illustrated from Keestra-Bakhoven (1931), shows
the effect of the month of calving on: 1. the lactation period. 2.
the average fat percentage, and 3. the average milk yield.
Plum (1935) showed that the season of calving contributed 3% to

the total variation in yield.

' Figures 5, 6, and 7 showed the great similarity in the occur-
rence of most cases of the month of calving in the material studi-
ed; and no reason was found sound enough to use correction fac-
tors tostandardize the effect of the month of calving in the present
data. It is not expected that, under the conditions of the material,
the heritability estimates were significantly highly affected by the
contribution of the month of calving on the production records of
the material.

4. Effect of feeding conditions: Many experiments have
been carried out to demonstrate the effect of feeding level on milk
and butterfat production. Wing, and Foord (1904) found that liberal
feeding to a poorly fed herd, would increase milk and fat produc-
tion up.to .50%. Keestra and Bakhoven (1931) in their study of the
Friesian cattle in the province of Friesland, found greater diffe-
rences between the milk- yield in summer and winter on the pas-
ture farms, compared with the mixed farms. This can be easily
attributed to the fact that on the mixed farms, the farmer can
store roots and by products of his farm, to feed them to his cows
in winter time, whereas the farmer on the pasture farms has not
the same possibilities. Jensen et al (1942) from !data gathered
over 3 years from 10 experimental stations, found that about 15-
20% more milk was obtained from levels above the commonly
standard.

Increasing the level of feeding raised the milk yield, but had no
effect on butterfat percentage. This gives another evidence that
fat% is more governed by heredity, and consequently less affected
by environment than milk yield. Ragab, et al (1954) showed that
buffaloes calving in Egypt in the months of February and March,
were the best yielders, and their relative yields.went up to 116
and 114% for the two months respectively. This was due to the
fact that the green fodder in Egypt, (Trifolium Alexandrinum), is
only available during the late autumn and winter seasons (Nov. -
May). For the same reason, Ragab, et al (1954) found that the
Egyptian cow that calved in November, showed the highest milk
yield.
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Fig. 12. As illustrated from Keestra and Bakhoven (1931)
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In Friesland cows are not forced to give high yields. The farmer
always aims at the attainment of high average output by good and
economical feeding. It is clear from figures 5, 6, and 7, that
most of the farmers preferred to have their cows to calve during
Feb., March, and April, so that most of the production could be
gamed on green fodder. .

As it was said before’in the "Material”, the soil of the province
of Friesland is composed of clay, peat, and sand. As feeding
conditions differ slightly according to the three kinds of soil, the
animals serving this research work, were grouped within sires in
accordance with the kind of soil they were kept on. Berry and
Lush (1939), and Lush, et.al (1941), pointed out that the omission
of a record known to be made under abnormal circumstances for
which adequate correction cannot be made, might increase .the
value of the results. In the present study, apart from the period
of war, the omission was applied to those records following
abortion, or where the records carried the notation of serious
illness or accident during the lactation.

From the conditions mentioned in the '"'Material'', mostly the
daughter-dam pair under comparison, was kept in one herd dur-
ing the production studied. Most of the investigation was confined
to bulls which had a very high number of daughters. That naturally
increased the proportion of-cases where some of the dams and
daughters were kept in one herd, while. others were kept in another
where the conditions of feeding differed. This would have contri-
buted -an.environmental portion to the daughter-dam correlition.
An other effect would have happened if there was any general ten-
dency for the owner to give a daughter better feeding than the
average of the other daughters in his herd, and her dam better
environment than the average of the other dams. Such a correla-
tion between the environments of daughter and of dam, would have
contributed a non-genetic portion to the correlation between the
records of daughters and dams. We find no method for testing
these data, to learn whether such environmental correlation did
exist; but in view of the feeding and managements practice  in
Fr1esland i.e., in the present material, most of the yields were
obtained in the green time where cows of different herds fed al-
most only grass. That gave a great portion of similarity in their
emanagement, (although the nutritional value of grass, differs
more or less from soil to soil); we think that such environmental
correlation must have been in most cases of our study, very small
to contribute much to our estimates of heritability.

0. Effect of temperature: Zeller (1951) found that the {war-
mer the environment, the lower the butter fat content, and the
colder the environment, the higher the butterfat content of the
milk. Fluctuations of as much as 1% were observed; whereas
milk yield was seldom affected. In the present investigation, the
cattle were on the pasture six months per year (from about April,
- till October). During this period, the temperature rarely reached
the degree that affected the yield of the cows. During the six
months of winter time, the cows were kept indoors.

Figure 13, shows the average degrees of temperature over the
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whole year, in the province of Friesland, where the data were
collected. It is note worthy to say, that the weather conditions are
naturally even over the whole province, so that one should not
~expect any great influence from this point on our present results

of the research.

M A M 4 4 A S 0 N D

- = = = average maximum temperature
average temperature
...... average minimum temperature

Fig. 13. The average temperature in the different months.

6. Number of records needed: Lush and Strauss (1942)
stated that in averages of two or more lactations per cow, the
differences . due to circumstances which change from lactation to
lactation, will tend to cancel each other, thus decreasing the en-
vironmental variance, but leaving the genetic variance unchanged.
In their study, they used dams with 3.15 average records, and
daughters that yielded 1.68 average records. For comparing those
findings with others, and for making them useful for generalizing
to cases where each cow has ''n" records, they used a special
formula to express the findings in terms of what they would be if
each cow had only one record. Putman, et al (1943) made a com-
parison of the use of the first records versus the average of all
records in dam-daughter comparisons. The comparison of those
data for 169 Ayrshire sires, and 3388 dam-daughter pairs,
showed that there was only a very small and ingignificant dif-
ference in the results obtained by the two methods. The first

records comparisons averaged slightly higher ‘than the averages
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of all records. They suggested that a real saving can be made :in
the labour requ1red to report dam-daughter comparisons by using
firgt records only.

- In estimating. the her1tab111ty of milk yield and fat percentage
from dam-daughter comparisons in the present investigation,
from the results obtained for each of the first three lactation
periods, the average value of heritability was worked out.

This is a better method "than comparing averages of unequal
weights, standardized by any means to one record. The spreading
out of the records over different years, had more chance to cancel
the differences in feed or management from one year to another
in the records of both dame and daughters under comparison in
this study.

The average m11k y1e1d in-310 days in each of the three lactation

periods of the animals under study, and in accord to groups owing
to the kind of soil, is ‘shown in table 9. Table 10 shows the cor-
responding fat percentage tests for the same cows.
From table 9, the averages of kgs. of milk produced in 310 days
for the.groups rearedon clayey, peaty, and sandy soils, were as fol-
lows: first lactation, 3442.55, 3375.90, and 3298.40; second lac-
tation ‘4276.45, 4132.30, and 4123.55; third lactatlon 4851.50,
4628.30, and 4650. 0, respectively. The average milk yield over
all the provmce w1th1n the animals sgtudied was, 3413.10 for the
first lactation per1od 4237.70 for the second, and 4794.15 for the
third period It is clear from the .results obtained that the milk
yield obtained on the clayey soil was slightly higher than that ob-
tained on the peaty, and that the milk yield on the latter, except
in the third lactation, is' insignificantly higher than that on the
sandy soil. That is due to the fact that on the clayey soil, the land
offers better feeding than in the case of sandy and peaty soils. So
one can safely say that different standards of feeding according to
the condition of agriculture practiced in each kind of soil, caused
such differences in productmn For this reason it was reasonable
enough to group the animals in this 1nvest1gat1on according to the
kind of soil kept on, as it is mentioned in the ""Material"'.

The average heritability estimates of milk yield as obtained
from within groups, within sires, and according to different kinds
of soil, were, 35.50% and 37. 36%, (see table 3), as obtained from
daughter on dam regression, and dam-daughter correlation me-
thods, respectively. When the effect of different soils was neg-
legted, the effect of variability of different feedmg conditions
appeared in the results. The estimates, as shown in table 3, were
36.58%, and 38.60%, for the two methods of comparison respec-
tively. |
It is for the purpose that cattle feeding conditions differed wide-
ly; i.e., some feeding concentrates during the green time, and
some had enough grass; and also for the reason that milk yield is
not highly heritable but is affected greatly by feeding conditions,
that it can be concluded that the results of the estimates of herita-
bility of such a character, as calculated from groups of cattle
kept on those different conditions, should contain some of the va-
riability caused by environmental conditions. The results which
are shown in table No. 3 confirm this conclusion.
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The estimates as obtained from groups on clayey, peaty, and sandy
soils were 34.74%, 38.88%, end 38.48%, basing the calculations
on daughter-cn-dam regression method.

The same estimates as calculated from daughter-dam correla-
tion method were, 36.80%, 41.84%, and 38.22% respectively.

For the same purpose mentioned in the last part of the discus- -
sion, the heritability estimates of fat percentage differed as well
as the average fat percentage tests. From table 10, the average fat
percentage tests for the groups kept on clayey, peaty, and sandy
soils, were as follows: first records, 3.89%, 3.75%, and 3.77%;
second records, 3.91%, 3.73%, and 3.80%; third records, 3.88%,
3.73%, and 3.76%, respectively. The average fat percentages over
all the province within the animals studied were, 3.86%, 3.88%,
and 3.85% for the first, second, and third production periods
respectively. It is clear from the results that the average fat
percentage within groups kept on clayey soil was slightly higher
than that obtained from those kept on sandy soil, and that the fat
percentage obtained from the latter groups, was on the average
higher than that obtained from those groups kept on peaty soil.

The average herxtablhty of fat percentage as obtained from
within groups, within sires, and according to different kinds of
soil, were, 76.52% and 81. 58%, as calculated from daughter on
dam regression, and dam-daughter correlation methods, res-
pectively. When the effect of different soils was neglected, the
results were 76.40%, and 81.60% respectively. It seems from the
results obtained, and shown in table No. 7, that the fat percentage
is much more heritable than the milk yield, and correspondingly,
the former character is less affected by environmental conditions
than the latter. The estimates of heritability of fat percentage ob-
tained from groups reared on clayey, peaty, and sandy soils were,
77.52%, 70.88%, and 73.36%, when the calculations were based on
daughter on dam regression. The same estimates as calculated
from doubling the dam-daughter correlation were, 83.42%, 76.92%,
and 72.04%.

From table 9, on the average it is shown that the milk yields
attained in 310 days, for dams under the conditions of this invesg-
tigation, were higher than the corresponding yields of their daugh-
ters. This could be attributed to one or more of the following
reasons: —

1. Cows selected in practice as dams, were on the average higher
in respect of their yields. This was proved to be right in the
data of the present research. Figure No. 14, which was worked
out from the first lactations of the daughters and dams in this
study, shows that there was a tendency for shght selection on the
side of the dams.
The test of Skewness, (see chapter 4), showed significant g1 of
+ 0.434 + 0.037 in the frequency distribution of the dams' first
milk yields, whereas the corresponding gi for daughters' yields
were + 0.226 +0.037. In the two cases, the curves were steeper
on the left sides where the lower productlons were situated.
The higher asymmetry in the case of the dams' yields graph,
demonstrates a conclusion that the dams were higher selected
than their daughters, with regard to their production records.
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The slighter skewness in the case of the daughters' graph may
indicate that some selection was practiced too, but to a less de-
gree than in the case of the dams. This very slight selection might
have occurred from culling the unsatisfactory yielding daughters,
before they had the chance to close their first records.
. 2. From figures 8, 9, and 10, it is clear that on the average, the
- lactation- per1ods of daughters under investigation, were a lit-
tle longer than the ‘gimilar periods of their dams under compar-
json. As the criterion to get the average milk yield in 310 days
was to multiply 310 by the average milk yield per day for each
cow, this figure could be affected by the lactation period length;
i.e. the longer the period, the smaller the average milk yield per
day, as compared with that gained from shorter permd under the
same genotypic and environmental conditions.
3. Moreover, the phenotypic selection to improve the two charac-
' ters (milk yield and fat percentage) could be highly effective in
thé case of fat percentage in contrast to milk yield. The reason is
dimply gained from the fact that the fat percentage is a highly
heritable character, while the milk y1e1d is a low one.
4. Another reason is that selection in Friesland was strongly di-
- rected towards fat percentage. Around 1900 came the indus-
trial ‘manifacturing of dairy products, and the dairy plants had
been established. After that, most of the farmers passed on to
deliver their milk ‘to those plants. Owing to the differences be-
tween the fat content of the -milk which milk plants received, it
was arranged that all milk was paid on a basis of fat content, be-
gsides the grade of the milk. Owing to that, the farmers d1rected
their- selection towards keeping animals y1e1d1ng high fat in their
milk. The ‘results were as shown by De Jong (1947). He reported
that in the period 1912-16, the average fat percentage in the milk
of the Friesian :cows in Friesland was 3.26%. He added that dur-
ing the period 1935-1939, the average fat percentage amounted to
3.78%, in the milk of the cows registered in the Friesian Herd-
book, during that period. Kramer (1953) said that, '"it will be
clear that this way of payment based on fat content (in the
Netherlands), has importantly influenced, and is still influencing
the breeding of cows with a high yield of fat".
~ KriZenecky- (1933) found a negative correlation between milk
yield and ‘fat percentage in the order of —0.1988 to —0.1842. The
same author (1934) with a material from Red Danish, Black-&-
White Friesian, Black-&-White Dutch, East Finnish, West Fin-
nish, Finnish Ayrshire, Swedish Red Polled, Black-& -White Swed-
ish, Swedish Ayrshire, and Bohemian breeds, made a study of the
correlation between milk yield and fat. He concluded that there was
a negative but insignificant correlation between milk yield and fat
percentage, as compared with possitive correlation between milk
yield and fat yield. The two correlation coefficients were -0.1771
and +0.9379 respectively. Podhradsky (1940) from a study of the
production of Bernese cattle in Moravia, reported that no cor-
relation existed between milk yield and fat percentage. Solovj&v
(1940) found a negative correlation of —0.399 * 0,01 between daily
milk yield and fat percentage in the milk of 21 simmental cows.
De Jong (1947) stated that Bakhoven mentioned that when he exa-
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mined random samples of the cows registered in the Friesian
Herdbook in Friesland, he found that there was no clear negative
correlation between milk yield and fat percentage, but the animals
with low milk yield and low fat yield were not many, because they
were mostly culled. The primary investigation of the records of
the present study did not indicate a clear negative correlation to
exigt between milk yield and fat percentage, and another investi-
gation is needed to clear up this point.

It is now said that recently the farmers in Friesland chose to
increase butterfat yield by increasing milk yield, and that most of
them now, when they get the fat percentage in the milk of their
cows around 4%, begin to direct all their attention towards im-
proving the milk yield.

Heritability Estimates

Regression is to be preferred to correlation between dam and

dayghter in data like those in the present study, because the dams
had been somehow selected. Lush and Strauss (1942) concluded
from a similar study that ''doubling the intra-sire regression of
daughter's records on dam's records, seemed the most dependa-
ble method for estimating the heritability in data like these, whe-
re the sire cannot express the characteristic himself, where the
dams were likely to have been a bit more highly selected than
daughters, and especially because feeding and other management
practices were almost certain to have differed considerably from
herd to herd'. Therefore, one can say that the estimates of herit-
ability obtained from the daughter-on-dam regression, in the
present study, are nearer to reality than those obtained from
doubling the dam-daughter correlation coefficients.
The regression of daughters' records on dams' records within
groups of offspring by the same sire, should eliminate most of
the environmental, dominance, and epistatic contribution to the
correlation between parent and offspring. It would be expected in
such comparisons that the standard deviation of the dams' records
(2x), would be lower than the statistic (£y) for daughters' records,
'because in the present study the dams were to some extent a se-
lected group (see figure 14). Moreover, according to the fact that
daughters are in the same sire progeny, half sisters, whereas
the dams may be from several different sires, this tends to re-
duce (Zy) relative to (Zx). That was why the estimate obtained by
daughter-on-dam regression method, on the average, less than
the corresponding estimates gained by dam-daughter correlation
method. ,

If we compare the resulta obtained in this study, with those ob-
tained by different investigators mentioned in the literature, we
find that most of the estimates of heritability of milk yield
were 30-40%, while those of fat percentage were 60-80%. Our
results obtained through regression method were, 35.5% for milk
yield, and 76.52% for the heritability of fat percentage. The cor-
responding heritabilities as estimated from dam-daughter cor-
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relation’ method were 37.36%, and 81.58% for the heritability of
the two characters, in the same respect.

Sampling errors, dominance, epistatic deviations, or selective
mating, or any other non-heritable conditions, may have some
effect on the estimations usually reached at as measurments of
heritability.

The Mendalian errors that come from segregation which per-
mits gametes coming from sires and dams to contain different
- genes, tend to cancel themselves as the case in the present stu-
dy, where the number of pairs under comparison increases.
Mather (1949 p. 134) mentioned that in plants, the size of com-
parisons "is not to be reduced below, say 10 or 15 individuals".
In the present study the number of comparisons within each sire
group ranged between 15 to 84 dam-daughter pairs. This gave
more chance to cancel the Mendalian errors. |

Although some investigators mentioned breed differences to
exist in the amount of the heritability of characteristics, it can-
not be rightly said without standardizing all the methods, numbers,
and circumstances under which the estimates are carried out.
The present study does not indicate direct comparatively results
with others, unless the latter are done under similar conditions,
and with a similar number of comparisons. .

When the whole material was studied as a homogeneous popula-
tion, rather than on an intra-sire basis, as was done in tables 3
and 7, the correlations and regressions were as shown in tables 4
and 8. The heritability estimates attained at'in the latter two ta-
bles, by doubling the correlation and regression coefficients were
on the average significantly higher than the corresponding ones
measured through intra-sire basis. The heritability estimates as
averaged within sires, within groups, were, 35.5% and, 37.36%
for milk yield, and 76.52% and 81.58% for fat percentage, as cal-
culated from the regression and correlation methods respective-
ly. The estimates attained at assuming homogeneous population
were, 39.60% and 40.60% for milk yield, and 84.44% and 83.52%
for fat percentage, for the two methods in the same respect.

Most of the differences found between the estimates obtained
within sires, and those from the treated material assuming ho-
mogeneous unit, must be due to larger sire group to sire group
heterogeneity in feeding and management. In the case of fat per-
centage estimates, where the differences proved to be on the aver-
age, very highly significant, a great part of this difference can
be attributed to assortive mating that probably had been practiced
according to the character of fat percentage. Genetic heteroge-
neity is not wholly excluded, and may have interfered with those
differences; but on the other hand, owing to the fact that in the
last century, breeding the Friesian cattle in the province of
Friesland, was always closed, all the blood appeared to belong
almost exclusively to one or two main ancestors. If in such a way
inbreeding was practiced, one would expect some degree of genetic
“homozygosity between the sires and mates used in the present
study. This point needs more study, since no attempt, till now,
was made to measure the amount of inbreeding used in the Frie-
sian cattle, in the province of Friesland.
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Chapter VII

CONCLUSION

In this study, the estimates of heritability obtained from the
regression of daughters' records on dams' records, within groups
of offspring by the same sire, and according to the kind of soil
the ‘animals were reared on, are nearer to reality than those ob-
tained from the other trials. The results of estimates of that me-
thod showed that about 35% of the observed variation in milk
yield, and about 76% of the observed variation in fat percentage,
were due to heredity; and that thus about 65% and 24% of the ob-
served variation of the two characters respectively, were due to
non-genetic factors. This indicates that fat percentage is highly
heritable, and can be improved by the application of phenotypic
selection. If the mass selection is practiced for the purpose of
improving milk yield, the character will also improve at a slower
rate, as compared with the improvement gained by paying more
attention to genotype, basing the selection on pedigree and
progeny testing.

Since genetic differences can be followed only by their effects
on the phenotype, the means of detecting the amount of these ef-
fects will be limited, since in the case of low heritable characters
like milk yield, we can reduce only the non-heritable variation,
but till now there is no way to eleminate it all.

. As is shown from the results in tables 9, and 10, there was a
tendency for milk yield to decrease towards the average while the
fat percentage was improving. We have no means to predict the
mechanical and physiological relations between the genes respon-
sible for milk yield, and those responsible for fat percentage.
This means that the ideal method to improve both characters at
the same time, has not been found yet. We hope that in future we
can have a fuller understanding of the problem, to have a greater
control over the practical use of applying statistical methods in
improving these two economical characters.
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Chapter VIII

SUMMARY

This work was carried out to measure the heritability of milk.
yield and fat percentage of the herdbook cattle in Friesland, using
daughter-dam cows comparisons, and without the use of correc-
tion factors. Data were collected from the books of the Friesian
Herdbook cattle society in Friesland since 1920 with the period
1940-1947 excluded. A total number of 9550 pairs of daughter-dam
records, within sires that were only used on normal services,
were introduced in the comparisons, firstly for correlations, and
secondly for regressions, in order to estimate the heritability of"
milk yield. The same records were used in the calculations for
the heritability of fat percentage. The comparisons covered the
first three lactation periods. The daughter-dam pairs introduced
in each case were distributed on the three lactation periods as
follows: 4315 daughter-dam pairs within 117 bulls for the first
period; 3402 pairs within 104 sires for the second period; and
1833 pairs within 65 bulls for the third production period.

The average number of pairs in each comparison within sire
was 36.9 daughter-dam pairs, with a maximum of 84, and a mini-
mum of 15 pairs for the first period, with respective. number of
31.8 pairs and 73-15 forthe second period; and 28.2 daughter-dam
pairs, and 55-15 for the third production period, in the same res-
pect. The average milk yield per day as calculated from normal
lactations with periods of 260-360 days, was taken as a criterion
in the comparisons of milk yield. The difference of age between
each daughter and her dam in the corresponding lactation, did not
exceed 6 months. The groups within each sire were divided into
three categories owing to the kind of soil the animals were kept
on. Under the conditions of the material, the analysis showed the
following:
1. The average milk yield in 310 days in each of the first three
lactation periods of the animals under study was; first lacta-
tion; 3443, 3376, and 3298; second lactation: 4276, 4132, and 4124;
third lactation: 4852, 4628, and 4650, Kgs. milk respectively for
the groups of cows kept on clayey, peaty, and sandy soil. For fat
percentage, the corresponding figures were: 3.89%, 3.75%, and
3.77%; 3.91%, 3.73%, and 3.80%; 3.88%, 3.73%, and 3.76%, in the
same order as mentioned in the case of milk yield.
2. The average heritability estimates of milk yield as obtained
from groups, viz. within sires, and according to the different
kinds of soil, were 35.5% and 37. 36%, as computed by doubling
the regression of daughters' records on dams' records and the
dam-daughter correlation respectively. Under the same condi-
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tions, the average heritability of fat percentage was 76.52% and
81.58% in the same respect.
3. When the effect of different soils was neglected, the average
heritability estimates ‘for milk yield were 36.58%, and 38.60%
as obtained from daughter on dam regression, and dam-daughter
correlation methods respectively.
The corresponding figures for fat percentage  were: 76.40%,
and 81.60%, respectively. '
4. When all the data were studied as a homogeneous population,
- rather than on an intra-sire basis, the average heritability
estimates for milk yield were: 39.60%, and 40.60%; where as for
fat percentage the estimates were: 84.44%, and 83.52%, as com-
putéd from daughter-on-dam regression, and dam-daughter cor=.
relatlon methods respectively. *

““Theé: most-true heritability estimates in this study are those ob-
tamed through ‘the daughter-on-dam regression method from
groups, within sires, and according to the different kinds of soil.
So, the conclusion is that about 35% of the observed variation in
average milk yield per lactation, and about 76% of the variation
in'average fat percentage of the Friesian herdbook cattle, are due
to heritable differences, whereas the remaining part of the vari-
ation can be attributed to non-hereditary causes.

68



SAMENVATTING

Dit onderzoek werd verricht om de erfelijkheidsgraad (h2) van
de melkopbrengst en het vetgehalte bij het stamboekvee in Fries-
land te bepalen. Hierbij werd de methode der dochter-moederver-
gelijking toegepast, zonder gebruik te maken van "correctiefacto-
. ren. R . |

De gegevens werden verzameld- uit de “boeken van het Friesch
Rundveestamboek vanaf 1920, met uitzondering van de jaren 1940-
1947. In totaal werden 9550 lijsten van dochters met die van haar
moeders vergeleken om zowel de correlatie- als de regressie-
coéfficient te berekenen, teneinde de erfelijkheidsgraad voor de
melkproductie te bepalen. De dochter-moedervergelijking werd
steeds uitgevoerd binnen groepen dochters van é¢n natuurlijk dek-
kende stier. Dezelfde lijsten werden gebruikt om de erfelijkheids-
graad voor het vet gehalte te berekenen.

Voor elk der drie in het onderzoek betrokken lactatieperioden
waren de aantallen de volgende: Voor de eerste 4315 dochters van
117 stieren, voor de tweede 3402 van 104 stieren en voor de der-
de 1833 dochters van 65 stieren.

Per stier werden gemiddeld 36.9.dochters met haar moeders
vergeleken, variérende van 84 tot 15 voor de eerste lactatieperio-
de; voor de tweede waren deze aantallen 31.8 (variérende van 73
tot 15) en voor de derde 28.2 (variérende van 55 tot 195).

Voor de vergelijkingen van de melkhoeveelheid werd uitgegaan
van de gemiddelde dagopbrengst, berekend uit normale lactatie-
perioden van 260 tot 360 dagen. Het verschil in leeftijd tussen een
dochter en haar moeder. bedroeg voor eenzelfde lactatieperiode
maximaal 6 maanden. -

De dochters van elke stier werden in drie groepen verdeeld
naar de grondsoort waarop de dieren werden gehouden.

De resultatenvan het onderzoek kunnen als voigt worden samen-
gevat:

1. De gemiddelde melkgift in 310 dagen van de bij dit onderzoek
betrokken dieren bedroeg op klei-, veen- en zandgrond voor de
eerste lactatieperiode resp. 3443, 3376 en 3298 kg; voor de
tweede lactatieperiode resp. 4276, 4132 en 4124 kg en voor de
derde lactatieperiode resp. 4852, 4628 en 4650 kg. Voor het
vetgehalte waren de cijfers in dezelfde volgorde: 3.89%, 3.75%
en 3.77%; 3.91%, 3.73% en 3.80%; 3.88%, 3.73% en 3.76%.
~ 2. De berekening uitgevoerd binnen de groepen halfzusters en te-
vens binnen de groepen naar grondsoort gaf door verdubbeling
van de dochter-moeder-regressie een erfelijkheidsgraad van
35.5%; werd de correlatie-coéfficient tussen moeders en doch-
ters met twee vermenigvuldigd, dan werd 37.36% gevonden.
De op dezelfde wijze berekende erfelijkheidsgraad voor het
vetgehalte bleek in dit geval 76.52% resp. 81.58% te zijn. :
3. Als geen rekening werd gehouden met het verschil in grond-
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soort dan leverde de regressie-methode een gemiddelde erfe-
lijkheidsgraad voor de melkhoeveelheid op van 36.58%, de cor-
relatie-methode van 38.60%. Voor het vetgehalte waren in dit
geval de cijfers resp. 76.40% en 81.60%.
4. Als alle gegevens werden beschouwd als te zijn afkomstig uit
één homogene populatie, dan werd als gemiddelde erfelijkheids-
graad voor de melkhoeveelheid 39.60% (regressie) en 40.60%
(correlatie) gevonden, terwijl voor het vetgehalte dan de waar-
den 84.44% resp. 83.52% werden.

De meest juiste waarden van de erfelijkheidsgraad voor melk-
opbrengst en vetgehalte van het in dit onderzoek bewerkte mate-
riaal zijn die, welke hierboven onder (2) worden aangegeven.

De conclusie is dus, -dat ongeveer 35% van de gevonden variatie
in gemiddelde melkproductie per lactatie en ongeveer 76% van de
variatie in gemiddeld vetgehalte bij het Friese stamboekvee een
gevolg zijn van erfelijke verschillen, terwijl de rest van de va-
riatie moet worden toegeschreven aan niet-erfelijke oorzaken.
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