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TA on three Austrian Fleckvieh breed associations in Lower
Austria, Upper Austria and Tirol regions were collected in the
period from 1976 through 1982. The material consisted of 130039
female records for the first four lactations. Interval traits analyzed
were age at first calving (AFC), age at second calving (ASC),
days-open period (DO), days dry period (DP) and lactation length
(LP), while the productive traits were 100- and 305-day lactation milk
traits (kg milk, kg fat and fat %).

There was no systematic change in the estimates of heritability
and genetic and phenotypic variances for interval traits studied over
the first four lactations. Heritability estimates for interval measures in
the different parities were generally very low ranging between 0.04
and 0.10, except for age at calving (0.37 1o 0.39). Estimates of genetic
correlations ranged between 0.32 10 0.44 and 0.37 1o 0.47 for age at
calving with DO and LP, respectively. High genetic and phenotypic
relatienships were observed between DO and LP (0.55 10 0.75) while
negative correlations between DP and LP were obtained, of the order
of - 0.2. Genetic correlations between DO or LP and 100- and 305-
day milk and fat yields were mainly positive and of the order 0.3 to
0.5 according to the order of parity while negative estimates were
found between 2ll interval traits and fa1% . In most cases , negative
genetic correlations were detecied between DP and all milk traits in
100- and 305-day lactation.

Phenotpic correlations were higher with 305-day lactation than
with 100-day lactation, indicating the possibility of an effect of
pregnancy. Phenotypic cormrelations between yield traits (milk and fat )
in both 100- and 305-day lactation and interval traits were positive
and relatively low in different lactation while negative estimates with
DP were observed . Fat% in different lactations were phenotypically
negatively correlated with interval traits studied .
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In most studies on interval traits (e.g. days open , dry period , lactation length ... etc) in
dairy cattle carried out on Al data involving large numbers of animals , very low

heritability estimates between 0 and 5% have been reported (Maijala , 1978 ; Janson ,

1980b; Janson and Andreson 1980 ; Schneeberger and Hagger , 1986) , though in a few

reports , heritability estimates were somewhat higher , near 10% (Hansen , 1979 ; Bar-

Anan et al., 1979 ; Berger er al., 1981) . Efficiency of selection for improved fertility
can be seriously impaired if there is an antagonistic genetic relatonship between milk

and fertility . Some results from field data indicate the existence of such an antagonism
(e.g. Maijala , 1976 ; kragelund et al., 1979 ; Olds er al., 1979 ; Van Arendonk ef al.,
1987) .

During the last years , much attention has been directed towards traits other than
production traits in dairy cattle breeding programmes . To make a correct evaluation for
fertility and other interval traits of dairy cattle in Austria and in order to improve
existing breeding plans it is essential to have a knowledge of the genetic relationships
between such traits and milk production traits . The main objective of the present study
was , therefore , to estimate the genetic parameters for some interval traits to be used in
an evaiuation of the consequences of different selection strategies . Special attention
was paid to the estimation of genetic and phenotypic correlations between interval traits
and milk traits at 100- and 305-day of lactation .

Material and Methods

Data on productive and reproductive performance of Fleckvieh cows were obtained
from the official Federation of Austrian Cattle Breeders (ZAR) on three Fleckvieh breed
associations in Lower Austria (LA) , Upper Austria (UP) and Tirol region (TR). The
records used were those of first calvers and older cows calved in seven consecutive
years from 1976 to 1982 . The material consisted of reproductive and productive
performance of 130039 females . All records were 305 day or less completed lactations .
Data were available on 20600, 48638 , 34579 and 26222 daughters representing 1001,
3063 , 2548 and 2215 sires in the Ist, 2nd, 3rd and 4th lactations , respectively . In LA
all records were from first calvers and older cows (from 2nd through 4th lactations ),
while those from UA and TR were only older cows (from 2nd through 4th lactations ).

Heifers were inseminated when they reached an average 320 kg body weight , while
cows were inseminated during the first heat period after the 60th days post - partum .
All services were by artificial insemination (AI) using deep-frozen semen with the
restriction of avoiding full-sib , half - sib and sire-daughter matings . Other details of the
breeding policy and management followed were described by hartmann et al. (1986) .
The interval traits studied were age at first calving (AFC) , age at 2nd calving (ASC) ,
days-open period (DO) , days - dry period (DP) , length of lactation period (LP) while
the produciive traits were 100-day milk yield (100 dMY) , 100-day fat yield (IOOdF__EQ .
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305-day milk yield (305dMY) , 305-day fat yield (305dFY) , 100-day fat% (100dF%)
and 305-day fat% (305dF%) . Only sires with at least two daughters (paternal half
sisters) were included in the analyses . For each herd, one daughter per sire was
represented randomly and therefore the herd effect was partly eliminated as discribed by
Harvgrove er al., (1981). .Harvey's (1977) Mixed Model Computer program was utilized
in analyzing the data.

Data of Ist lactation in LA were analyzed using the following mixed model:
ijim =u+ Sj +AL M +HAM),, + €ikim ¢))

where Yjklm denotes the observation on the jkimth lactation ; }: = the overall mean
common 1o all observations; Sj= the random effect of jth sire; Ak = the fixed effect of
the kth year of calving; M = the fixed effect of the 1th month of calving; (AM) ; = the
effect of the Two-factorsinteraction between year and month of calving, and ey, =2

random error element of the jklmth observation assumed to be independently and
randomly distributed (0.02 ¢).

Data of the 2nd through the 4th lactations obtained from LA, UA and TR were
analyzed by adopting the model :

Yijum=u+Bi+ Sij+Ak+M1+(AM)k1+e kim  (2)

where all terms are explanined in the previously described mixed model, except Bj = the
fixed effect of the ith breed association, and S;; = the random effect of the j th sire nested

within ith breed association. Confounding between breed association and sire is thus
avoided since the analyses were carried out within breed association.

Estimates of the effects of sires (in model 1) or sires within breed associations (in
model 2) and remainder components of variance and covaiance were computed
according to method III of Henderson (1953). Paternal half-sib analyses of variance and
covariance were performed to obtain the estimates of heritability and correlations.
Standard errors of heritability estimates were calculated according to the method
derived by Swiger et al. (1964). Estimates of genetic (with standard errors) and
phenotypic correlation were obtained by computing techniques described by the
LSML76 program of Harvey (1977).
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Results and Discussion
Means and Variation

Means and standard deviations and coefficients of variation (CV) of interval traits
studied in different parities are given in Table 1. In genéral, mecans of DO and LP
slightly increased from the 1st to 4th lactation, while those of DP had no definite trend
(Table 1). However, means reported here fall within the range of estimates obtained on
Fleckvieh cattle in Austria (e.g. Essl, 1984; Hartmann et al., 1986). The results showed
that variation in DO and DP were relatively high as compared with that of other traits
studied.

TABLE 1. Means , standard deviations (SD) and coefTicients of variation * (CV) of interval
traits in the first four lactations of Fleck vieh cattle .

Trait No. of records Mean SD CV,%
Ist Lactation
AFC {months ) 20600 293 3.8 12.7
DO (days ) 20600 98.4 67.4 68.3
DP (days ) 20600 51.1 29.1 56.9
LP (days ) 20600 3363 629 18.6
nd ation
ASC (months ) 48638 42.5 4.1 9.6
DO 48638 98.4 64.2 652
DP 48638 525 28.5 54.1
LP 48638 3359 584 17.3
rd ton
DO 34579 99.1 64.4 64.8
DP 34579 52.0 29.1 55.7
LP 34579 3386 58.4 17.2
th ion
DO 26222 99.7 65.1 65.1
DP 26222 514 29.6 574
LP 26222 340.4 58.1 17.0

+Coefficients of variation computed as the residual s.d. divided by the overall least-squares
means of a given trait.

Non-genetic effects

For most traits (i.e. interval traits) year and month of calving and their interaction
proved to be significant in all parities as shown in Table 2. The magnitude of the effect
of year of calving as shown by the size of the F-ratios is larger than that of month of
calving for different traits (Table 2). Adjustment for year and month of calving and
their interactions, therefore, seems necessary if bull evaluaton on female fertility is to
be performed on this kind of data.
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TABLE 2. F-ratios for the effects of different factors on interval measures of Fleckvieh

cows in the first four lactations.
Source d.f. Age at
calving DO DP LP
1st lactation
Sire 1000 3.1 %% 42 R 3 Lo 1.3 #9*
Year of calving (Y) 3 2085 132 ++¢ 84 e 224 %+
Month of calving (M) 11 19.9 wes 2.5%% 19+ 55 ¢
YxM 33 1.2 23454 1.0 3,1k
Remainder mean squares 19552 14 4516 846 3912
clatio
Breed association (B)}+ 2 2819 327 %+ 3.2 s0% 139%ss
Sire within B 3062 2.6 %%% 1.2 #* | B o 1.3.%%%
Year of calving 6 1628%** 155%%% 25 **¢ 38.0 ***
Month of calving 11 8.6 %= 1.7 11.9%ws 6.6 ***
YXM 66 1.6 %% 2.1%%% 1.5 *#¥» 2.9 ¥4+
Remainder mean squares 45490 17 4110 807 3378
3rd lactation
Breed association (B)+ 2 25.8 s+* 348 =+ 8.2 0
Sire within B 2547 1.3 92 124¢s 1.3 e
Year of calving 5 16.6 ¥+ 18.3 +u¢ 24.8 ¥*n
Month of calving 11 Rt R 8.8 #x 0.0 Hex
YXM 55 3.0%%s 1.7 %%+ 34 08%
Remainder mean squares 31958 4121 839 3372
4th lactation
Breed association (B)}+ 2 15.0 %%+ 31.6 **= 143 #»=
Sire within B 2114 Yok B 12 ve#
Year of calving 5 11,8 *** 6.3 #xn 17.5%0%
Month of calving 11 2. e 7.9 wkx 6.8 #¥*
YXM 55 2.4 %%+ 13+ B.6 s
Remainder mean squares 23934 4209 1171 11876

+Effect of breed association tested against sire within breed association and all other effects tested
against the remainder mean square.

Variance Components and heritability estimates

Results given in Table 2 show that the sire of the cow affected (P < 0.001) all traits
in different lactations. These findings are similar to those obtained by Janson (1980 b).
Sire and remainder components of variance for different traits studied are given in
Table 3. However, the proportions of variation (V) for sires and for the error variances
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were almost the same for the different parities. Strandberg and Dane 11 (1988) came 1o
the same conclusion for days-open period.

The estimates of h? for age at calving in the 1st and 2nd lactations were very similar
(0.39 and 0.37, respectively) , i.e. the relative additive genetic variance was almost
unchanged from the 1st to the 2nd lactation (Table 3). Heritability for age at calving
were the highest estimates amongst the interval traits studied. Therefore, age at st or
2nd calving seem to be more efficient as a selection criterion than the other traits
(Table 3).

TABLE 3. Varlance component estimates (¢ 2) and proportions of variation (V) due to

random effects and heritability estimates (h 2) and their standard errors (SE)
for Interval traits in the first four lactations of Fleckvieh cattle.

Sire + Remainder
Trait oF ., o ¥V s v h? SE
st Lactatio

AFC 1.5 0.097 139 0903 039 0.023
DO 585 0.013 4516.4 0.987 0.05 0.011
DP 9.1 0.011 845.9 0.989 0.04 0.011
LP 59.5 0.015 3912.3 0985 0.06 0.011
2nd FLactation

ASC 1.7 0.093 16.5 0.907 037 0.014
DO 574 0.014 4111.0 0.986 0.06 0.008
DP 122 0.015 8073 0.985 0.06 0.008
LP 545 0.016 33787 0984 0.06 0.008
3rd Lactation

DO 76.3 0.018 4121.1 0.982 0.07 0.010
DP 138 0.016 839.4 0.984 0.06 0.010
LP 71.7 0.021 3371.9 0.979 0.08 0.011
4th Lactation

DO 72.1 0.017 4209.1 0.983 0.07 0.012
DP 214 0.024 8713 0976 0.10 0.013
LP 589 0.017 3334.1 0.983 0.07 0.012

+ Contribution of sire to variance of all traits studied was significant (P < 0.001) in different Iactations.

Estimates of h? were very low and fairly uniform for interval traits (DO, DP and LP)
as shown in Table 3. Different studies showed that only a minor part of the variation in
female fertility could be related to systematic factors (Cole and Cupps, 1977).
Estimates from the 1st to the 4th lactations ranged between 0.05 - 0.07, 0.04 - 0.10.and
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0.05 - 0.08 for DO , DP and LP, respectively. Differences in h? estimates were
generally small and fairly uniform in the different lactations (Table 3) . Since the
estimation method used does not give negative estimates there is an inherent bias which
may give overestimates of heritabilities when true values are close to zero . However,
the reason for the low heritability in this case is not a low genetic variance but rather a
high environmental variance. One would therefore expect the inherent bias to be very
small. However, the estimates for traits studied fall within the range reported on
Fleckvich or other breeds of dairy cattle (Bar-Anan ef al., 1979; Hansen, 1979;
Kragelund et al., 1979; Janson and Andreasson, 1980; Seykora and Mcdaniel, 1983;
Strandberg and Danell, 1988).

Correlations between interval traits

Genetic (rg) and phenotypic (rp) correlations between interval traits are given in
Table 4. As expected, positive correlations (rg and rp) between AFC and ASC and the
other interval measures studied were observed. Higher rg were generally observed

TABLE 4. Estimates of genetic correlations with standard errors "(below diagonal) and
phenotyple correlations (above diagonal) between interval traits of Fleckvieh

cattie.
Trait Age at calving bo DP Lp
Age at calving+
ist lactation 0.06 0.01 0.05
2nd lactation 0.09 0.01 0.10
DO
1st lactation 0.32 (+0.085) 0.07 0.79
2nd lactation 0.44 (40.056) 0.20 0.76
3rd lactation 0.23 0.74
4th lactation 0.25 0.72
DP
1st lactation 0.18 (+0.093) 0.10 (£0.168) 0.17
2nd lactation 0.13 (+0.054) 0.54 (10.092) 0.15
3rd lactation 0.24 (£0.102) -0.14
4th lactation 0.38 (x0.104) 0.12
LP
1st lactation 0.35 (+0.079) 0.75 (0.061) -0.23 (+0.170)
2nd lactation 0.47 (+0.051) 0.60 (£0.057) -0.26 (+0.120)
3rd lactation 0.63 (+0.054) -0.21 (+0.108)
4th lactation 0.55 (0.082) -0.10 (£0.116)

+ Correlations between age at calving and other traits were estimated only for 1st and 2nd

lactations.
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between age at calving and either DO or LP (0.32 - 0.47) than between age at calving
and DP (0.13 - 0.18); a trend which is in good agreement with Baptist and Gravert
{1973). On the other hand, estimates of rp are generally weak and similar to those
estimates reported by kragelund et al.. (1979) and Janson (1980a).

For the different lactations, DO and LP were positively highly genetically (0. 55 -
0.75) and phenotypically (0.72 - 0.79) correlated as shown in Table 4. Therefore ,
selection for shorter DO will lead to shorter LP. The correlations between DO and DP
were positive, but lower than the corresponding estimates between DO and LP.
Negative correlations between DP and LP were of the order of 0- 0.2 observed.
Sclection for higher LP will therefore lead to shorter DP.

Phenotypic correlations between intervals and milk traits

Estimates of rp between interval traits studied and 100 - day milk traits were beiween
-0.08 10+ 0.13 for the different parities (Table 5) while estimates of rp with 305 - day
milk traits were between -0.16 to + 0.29. Negative estimates were generally observed
for correlations between DP and most milk traits in both 100 - and 305 - day lactation
while positive estimaies were observed between DO and yield traits. Also, estimates of
rp between DO and percentage trails were negative.

The estimates in Table 5 show that rp between milk production during first 100 -
days and different interval traits are smaller than corresponding estimates for 305 - day
lactation. This is probably due to the influence of gestation on milk production (Smith
and Legates, 1962) However, small rp essentially zero, between 100-day milk
production and various interval traits, comparable to those in the present study, have
been reported in many studies (e.g. Smith and Legates, 1962; Everett et al.., 1966;
Olds et al.., 1979; Janson andAndreason, 1980) while rp with 305 - day lactation yield

were usually somewhat higher, 0.1 to 0.3 (Baptist and Gravert, 1973; Janson and
Andreasson, 1980; Scykora and Mcdaniel, 1983; Strandberg and Danell , 1988).

Possibility of indirect selection for intervals through milk traits

Estimates of rg between milk traits and interval measures are given in Table 5. The
pesitive rg were mainly observed between DO and both 100 - and 305 - day milk and

fat yields in the order of 0.3 to 0.5 according to the parity. Also, positive estimates (0.4
10 0.5) were obtained between LP and both milk and fat yield in 100 - and 305 - day
lactation. However, negative estimates were mainly observed between all interval traits
and fat % . The correlaticns between DP and all milk traits in 100-and 305-day

lactation were also negative in most cases.

EgyptJ Anim. Pord., 28, No. 2 (1991)



139

GENETIC AND PHENOTYPIC ASSOCIATIONS OF MILK

"1 Jo sareumnsa oy o1 yuaocelpe sesayiuesed wr uaAid am s10U3 prRpUNG -

200 - (ZLO'0F) TI'0-  TZT0 (SLOOF¥v0o  STO(ELOOT s¥'0  v00- (LSU'0OFOE0- 100 (LESOF 610 800 ($20°0F) ZED %% iy
100 (LSO0F) 100- €20 (LEOOF)vE0 STO(SSOOF €0 200~ (GOUOFETO- 100 (ROTOFZI0 600 (7900F) 610 1w pig
200-(ISOOFI €00~ 90 (6r00TF) L0 6Z0(SYO0F) IS0 €00~ (P8OOFETO- 00 (8600F)LZO0 110 (S500F)SED 58| puz
100-(180°0F) 100~ 970 (0LOOF) LSO  6Z0(6900F) LS50 100 (#S00F)100- T1'0 (BLOOF 90 €10 (9L0°0F 6v0 0w 8]
dl
1000 (2900 F) 100 80°0-(1L00F) 100~ 600 (1LOOF)TO0- €00~ (LEFOFIEED- Z00- (6600F)LLO- 100 (pLOOF) v1°0D 199 iy
100~ (P90'0F) EL'0 - 60°0-(690°0F) LOG - TI'0- (890°0F) 200 - 100 - (IZIOF)QI0-  T00- (ZELOF ZTLO 100- (1L00F) 070 W pig
00 - (ESO0OF P10~ TI'0-(6S00F)6Z°0- Z1'0-(BSO'OF)IST0- 100 (C800F)SI0- 100~ (EOI0OF)9Z0- TOO - (0°0F) §0°0 -  1¥IPUT
100-(860°0F)01°0- SI'0-(EOTOFI9P0- 91'0-(COL0OF) S0~ 100 (ROI'OF)LOO-  L00O- (DOT'OF)vED- 800 - (L60°0F) ££°0- e 18]
da
100-(ZLooF) 00 S0 (6L00FEE0  SI0LLOOT 660  S00- (QOI'OFIZED- 100 (SESOFBI0- 600 (580°0F) SZ0 Wy
€0'0 - (090°0F) 600~ 91'0 (Z900FIv€0  81'0(0900F) 660  v0'0- LITOFELO- 100 (@ZTOF v20 800 (9900 F) 0€0 1| pIg
20'0- (bSO'0F) OO+ RI'0 (SSOOFIBED  OTOWSOOFEL'0 €00~ (060°0FIEED-  v00 (POU'OF) 1Z0 010 (6500 F) 660 1| pug
200 (LBOOF) 800~  L1'0(0800F ¥r0  0TOGLOOF 6v0 (00 (00LOFE0O- 600 (980'0F) §¥'0 600 (¥80°0F) 640 Ll Gl
oa
10| puz
$0°0- (6200 F) L00- 900 (1€00F) S00- 800 ([E00FT00- S0°0- (LPOOF)OLO 100 (95007 900 LOO (ZEOOF) 9070 - 098]

11°0- (9v0°0¥) 820~ ¥00-(SYOOF €20~ 100 (SHO'OF)SI'0- 800~ (SP00F) 620~ €00~ OROOTFIL0- 100 (Sp00T) 8170 -
Suiapeo ofy

d, 04 dy 0 d, 0y dy 04 dy 94 dy 0y
#H.._.F
% APSOE AdPsOE ANPSOE % JAPOOT AAPOOT ANPOOT [eAsu]
s)ed) Y Aep-go¢ spredy Ny Kep-o01

"INIED YIIANDI]] JO SUONEIIE] INOJ ISAL U} UY SHEL}-[CAIINUL PUE SjTE) T
Kup-gog pur Aup-gT usasiaq (1) suopeppai0d adAjouayd puw 4510400 prepuess im (D) uonedLI0d douad Jo sajewIsT 'S FTAVL

EgyptJ Anim. Pord., 28, No. 2 (1991)



140 AM SOLIMAN AND M.HKHALIL

Positive estimates of rg between DO and milk production are undesirable for
selection for higher milk and fat yields since this leads to an increase in DO. Van
Arendonk ez al . (1987) found even higher rg, 0.6, between DO and milk yield in Ist
or 2nd lactations. These rg's may to some extent be inflated if farmers tend to begin
inserninating high producing cowslater than lower producing cows later than lower
producing cows. The positive rg between 305 day milk and fat yields with DO can be
explained on the basis of the effect of delayed pregnancy on milk production. Similarly,
most of the reviewed studies showed unfavorable rg between milk traits and interval
traits (e.g. Everett et al.. ,1966 ; Janson and Andreason, 1980); Bergereral., 1981,
Seykora and Mcdaniel, 1983; Strandberg and Danell, 1988).

Conclusion and General Considerations

There was no systematic change in heritabilities and genetic or phenotypic variances
for differcnat traits studied over the first four lactations. Also, results of the present study
and those recently reported in the literature (Schneeberger and Hagger, 1986;
Strandberg and Danell, 1988) Show that the h? of female fertility, as measured in Al is
very low. Thus the major part of variation in fertility traits results from environmental
and non-additive genetic variation.

In relation to the level of h? estimates for different interval traits studied, age at
calving seems 10 be more amenable 1o selection and thus a means of improving female
fertility of dairy cattle, than any other trait. This trait has the advantage over the
interval measures, as it can be used for both heifers and cows. Drawing conclusions
regarding the efficiency of different measures of female fertility as selection criteria (as
measured in Austrian Al recording system) the whole selection programme must be
considered. This subject is outside the scope of the present study.

Heritabilities for DO were low, albeit somewhat higher estimates than reporied. The
heritabilities found, however, do not preclude a possible use of the trait in a progeny
testing scheme, especially when considering the large genetic variation in the trait. Here
and in some situations, DO also appears to be a measure suitable as a selection
criterion, since it is one of the variable parts of the calving interval. The lengthening of
this interval may be caused by several factors, e.g. the farmer's decision, delayed onset
of ovarian activity, silent cestrus or missed oestrus due to weak symptoms (Marion and
Gier, 1968; Cole and Cupps, 1977). Poor oestrus detection is one of most important
factors, involved in fertility problems. If poor heat expression were found 1o be the
major cause of delayed DO, then direct selection for heat intensity would probably be
more efficient than selection on the interval itself.
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Age at calving and both DO and LP seem to be related genetically. Also, DO and
LP are ciosely genetically and phenotypically related. Therefore, Shortening the DO
would not be a goal in itself. The ultimate goal in selection for better fertility should be
to shorten the DO or calving interval parallel with an improvement in conception rate.
A major drawback with the interval traits studied as selection criteria is that selection
for any one of the intervals requires at least one calving, which may cause biases in
breeding values due to selection and also delayed bull evaluation.

Unfavorable correlations between interval traits and milk traits obtained in the
present and reviewed studies (e.g. Strandberg and Danell, 1988) May have causes
other than purely genetic ones. This emphasizes the need for inclusion of some interval
traits in the selection criteria. Also, such results must be interpreted with caution. For
example, it was shown that DO was influenced 1o a greater extent by factors on herd
level (Janson, 1980 a; Essl, 1984). Thus, if the Austrian farmers were to inseminate
high-yielding cows later than moderate or low-producing cows this would
automatically produce an antagonistic rg between milk and fat yields and DO. It is also
possible that high-producing cows will be afforded more chances of conceiving than
low-producing cows, a management practice which could also create a "false™ Jgenetic
antagonism. Lack of visible heat later in high-yielding than in low-yielding cows
(Marion and Gier, 1968) may be other causes of an antagonistic relation that may at
lcast be partly genetic. A higher incidence of retainned placenta in high - yielding cows
(Kragelund ef al., 1979) might have the same effect. Accordingly, rg between
production and the interval traits, e.g. DO, is subject to these influences. From this
point of view, interval measures which included DO can be questioned when
investigating the genetic relationship between productive and reproductive
performance, at least on field data where it is difficult to asses management practices.
For example, when correlating DO with 305 - day lactation yield, one would expect to
find an antagonistic relationship due to the depressing effect of pregnancy after about
the fifth month of pregnancy.

In conclusion, when evaluating dairy bulls for milk yield by using lactation yield,
adjustments should be made [or the effect of DO (as cited earlier by the Austrian
studies, e.g. Essl and Haiger, 1978; Essl, 1984; Soliman, 1984; Soliman and Khalil
1989; Soliman er al., 1989). If such adjustments are not performed, bulls with poor
fertility will be favoured in the evaluation for milk yield. The question as to whether
there is real genetic antagonism between milk production and fertility in dairy cattle
might be difficult to answer without deeper knowledge of the physiological

background, such as the hormonal interplay between hormones of reproduction and
lactation.
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