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SUMMARY

Data of three upgrading trials of local Domiati cattle with Friesian (Friesian
trial), Shorthorn (Shorthorn trial), or Jersey (Jersey ftrial), were used to quantify
the importance of direct additive effect (G'), maternal additive effect (G"),
direct heterosis (H'), matemnal heterosis (H"), direct recombination loss (R')
and maternal (R™) recombination effect for some reproductive performance in
these three up-grading ftrials conducted under hot climatic conditions. The
reproductive performance used were age at first (AC1) and second (AC2)
calving and calving interval of all lactations (Cl).

in the three upgrading trials , breed group effects were significant
(P<0.001) on AC1 and Cl in the Friesian trial and on Cl (P<0.05)in the
Shorthorn trial, while it did not show any significant effect on reproductive traits
in the Jersey trial.

Means of AC1, AC2 and CIl increased with the increase of Friesian (F)
blood from 1/2 to 7/8F. Least squares means for Cl in all lactations increased
with the increase of the proportion of Shorthorn (S) blood from 1/2 to 7/8S,
while least squares means for Cl in Jersey trial did not show any clear trend
as the proportion of Jersey blood increased.

For all reproductive performance in the three ftrials, direct heterotic
superiority (H') of crossbred cows were evidenced over their purebred parents.
Estimates of H" for reproductive performance ranged from -1.3 to 3.4% in the
Friesian trial, -0.8 to 3.4% in the Shorthorn trial and 0.8 to 11.1 % in the
Jersey frial. Estimates of H" in the three up-grading trials for Cl were positive
and unfavorable. Significant heterotic maternal effects for AC1 and ClI
(P<0.01) were observed in the Friesian trial only. Estimates of R' and R" for
AC1, AC2 and Ci were positive and insignificant in most cases.
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INTRODUCTION

Although crosshreeding trials in dairy cattle in Egypt have been evaluated
by considerable research (e.g. El-ltriby and Asker, 1958; El-ltriby et al, 1963;
Aboustate, 1975; Fahmy et al., 1976; Arafa, 1987; Mostageer et al., 1987), the
genetic analysis and reporting of these results were often insufficient. Little
genetic information is available on heterosis, additive effects and
recombination losses for reproductive intervals in these trials. Although these
genetic effects are rather low compared with the within breed genetic
variability, they may generate significant bias in genetic evaluation, and the
consequences of their inclusion in the model of analysis should be
investigated (Beichard et al., 1993).

The objective of the present study was to quantify the direct additive effect
(G), maternal additive effect (G¥), direct heterosis (H'), maternal heterosis
(H"), direct recombination effect (R') and maternal recombination effect
(RY) for reproductive intervals in the three up-grading trials conducted under
hot climatic conditions. These trials included Friesians, Domiati ard their up-
grades; Shorthorns, Domiati and their upgrades; Jerseys, Domiati and their
up-grades.

MATERIAL AND METHODS

Records used in this study were collected from three dairy herds located at
El-Gimmiza, El-Serw and Sids experimental stations. EI-Gimmiza and El-Serw
stations are in the north part of Nile Delta (about 150 kilometer to the north of
Cairo), while the Sids station is about 160 kilometer to the South of Cairo.
These stations belong to the Animal Production Research Institute,
Agricuitural Research Center, Ministry of Agriculture. Three up-grading trials
were carried out in these stations. Animals of the El-Gimmiza station (Friesian
trial) involved Friesian, Domiati and their crosses; those raised at EI-Serw
station (Shorthorn trial) included dairy Shorthorn, Domiati and their crosses
and those raised in Sids station (Jersey trial) were Jersey, Domiati and their
crosses. Details of breeding plan and management in each crossbreeding trial
of the study were described by Arafa (1996).

Estimation of heterotic components

Methodology of estimating the genetic components from data on up-graded
animals was described by Dickerson (1969& 1992). In this study, the six
genetic components obtained were:

G= average individual additive effect of the cow (i.e. direct additive effect)

G™= average maternal additive effect of the dam.
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H'= expected heterosis due to dominance in the crossbred cow (i.e.

direct or individual heterosis).

H"= expected heterosis due to dominance in the crossbred dam (i.e.

maternal heterosis).

R'= expected recombination loss in the individual cow (i.e. direct or

individual recombination effect).

R"= expected recombination loss in the crossbred dam (i.e. maternal

recombination effect).

The coefficients were computed as functions of the proportion of genes
obtained from each breed contributed tc both genotypes of the individual (1)
and its dam (M). The coeffclents for individual additive effect (G') and
maternal additive effect (G") were calculated as the deviation of the proportion
of Domlatl genes (g D) from the Eroportlon of European genes (g ), l.e.

G'=gb- QEandG g'h-g
where gD' gt . g"p and g"; represent the proportion of Domiati and
European genes in the individual (I) and the dam (M). The coefficients for
individual heterosis (H') and maternal heterosis (HM) were calculated for the
daughter and the dam, respectively. These estimates of heterosis were
calculated according to the probability that one gene at a locus was from the
European blood ancestry whereas the other gene was from Domiati ancestry.
Coefficients for expected contribution of genetic effects (in Domiati purebred
and his crosses with Friesian or Dairy Shorthorn or Jersey) computed
according to Dickerson (1969 & 1992) were presented in Table 1.

Table 1. Coefficients of expected contribution for genetic effects in groups of
purebreds and crossbreds

Breed gID glg G‘I}E QHD QHE Gno_e H' HM =3 R"
group”

Domiati 1.0 0.0 1.0 1.0 00 1.0 0.0 0.0 0.0 0.0
European 0.0 1.0 -1.0 0.0 1.0 -1.0 0.0 0.0 0.0 0.0
(E)

1/2E-1/2D 0.50 0.50 0.0 1.0 0.0 1.0 1.0 0.0 0.0 0.0
3M4E-1/4D 025 0.75 -0.5 0.50 0.50 0.0 0.50 1.0 0.50 0.0
7/8E-1/8D 0.125 0875 -0.75 0.25 0.75 -0.50 0.25 0.50 0.25 0.50
15/116E- 0.063 0938 -0.875 0125 0875 -0.75 0.125 0.25 0125 025
1/16D

(3;45.2 025 075 -050 025 075 -050 0375 050 0625 0.50
174Dy
mae-z 0.125 0.875 -0.75 0125 0875 <075 0219 025 0281 025
1/8D)*""

+ Sire breed listed first.
++ Coefficients of inter-se mating were used for estimating genetic compenents in
Friesian and Shorthorn trials only (i.e., inter-se mating in Jersey was not practiced).
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Data and statistical analysis

Data used in the present study were collected over a period of 26
consecutive years starting in 1950. Data of each crossbreeding trial were
analysed separately using mixed model program of Harvey (1980).
Distribution of records for different genetic groups in different years is
presented in Figure 1. The fraits used were age at first (AC1) and second
(AC2) calving and calving interval of all lactations (Cl).

The basic form of the general linear model used for analyzing age at first
calving (AC1) and age at second calving (AC2) was:

Y =XB +e

The basic form of the general linear model used for -analyzing calving
interval (CI) of all lactations was:

Y=XB+ZU+e
where:
Y= An (Nx1) observational vector,
X= Incidence mairix for fixed effects,
B= Vector of fixed effects including covariate of age of cow. The fixed effects
and covariates considered fc - each trait are specified in Table 2.
Z= Incidence matrix for random effect.
U= Vector of random cow effect .
e= Veclor of random error.

The two models permit to derive a selected set of linear contrasts, i.e. G,
G" H, HY, R and RY. The fitted models including these linear contrasts are
presented in Table (2). '

Table 2. Model and model components used in anzalysis of data

Mode! No. Trait Model components”
Model 1 AC1, AC2 Breed group (F), year-season of birth (F)
Model 2 Cl of all lactations  Breed group (F), cow within breed group (R),

year-seascn of calving (F), parity (F), age of
cow as covariate term (linear & quadratic).

F= fixad effect | R = random effect.
RESULTS AND DISCUSSION

Means and variation of uncorrected records

In the Friesian trial (Friesian and their up-grades with Domiati), mean of
age &t first calving (AC1) (Table 3) was 38 months which was higher than that
of 34 months cobtained by Arafa (1987). Mean of AC1 in Shorthorn frial
(Shorthorn and their up-grades with Domiati) was 36.0 months which was also
higher than that of 35.1 months recorded by Aboustate (1975) and of 38.5
months recorded by Arafa (1987). In Jerseys and their up-grades with Domiati,
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age at first calving obtained (34.8 months) was higher than that of 32.5
months recorded by Aboustate (1975).

Table 3. Actual means, their standard deviations (SD), and percentages of
variation (V%) for age at first (AC1) and second (AC2) calving
and calving interval (Cl) in the three upgrading trials

Trait No. Mean SD V%
Eriesian trial:
AC1 (month) 745 37.99 11.64 24
AC2 (month) 617 52.89 12.03 19
Cl (day) 2298 432 102 20
Shorthorn trial:
AC1 {month) 509 36.03 6.88 18
AC2 (month) 440 50.94 8.07 15
Cl (day) 1625 427 105 20
Jersey frial:
AC1 (month) 285 34.80 11.05 21
AC2 (month) 201 48.72 11.59 20
Cl (day) 735 420 93 20

*= P<0.05, ***= P<0.001.

For the three up-grading trials, means and phenotypic standard deviation
for AC1 and AC2 as well as Cl were generally the lowest in the Jersey trial,
followed by Shorthorn, while they were the longest in the Friesian trial (Table
3). i

In the three ftrials, year-season of birth combination, generally, affected
(P<0.01 or P<0.001) AC1 and AC2 (Table 4). Also, year-season of calving
effects on Cl were significant (P<0.05 or P<0.01 or P<0.001). Madalena et al.,
(1990a) showed that year-season affected most reproductive traits studied.

Means of AC1, AC2 and Cl increased with the increase of Friesian blood
(Table 5). Age at first (AC1) and second (AC2) calving increased with the
increase of proportion of Friesian blood (F) from 1/2F to 7/8F, and from 1/2F
to 15/16F for Cl. The same frend also was obtained with groups of inter-se
matings [i.e. (3!4F1!4D)2 and (7.’8F1ISD)2] for AC1 and AC2 only. In
Shorthorn trial, least-saquares means for AC1, AC2 as well as Cl increased
with the increase of the proportion of Shorthorn blood (S) from 1/2S to 7/8S
(Table 5). In Jersey trial, least-squares means of AC1, AC2 and Cl showed
no clear trend with the increase of the proportion of Jersey biocod (J) in the
different genetic groups (Table 5).
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Table 4. Tests of significance of ANOVA components for lactation traits across
all lactations in Friesian, Shorthorn and Jersey frials

Source of Breed Cow Party YS’ Age at calving”
variation group within
(BG) BG L Q

Friesian trial
AC1 (months) e — - i - —
AC2 {months) ns e — —
CI {days] —mE E= 2 3 22 v L L a2
Shorthorn trial
AC1 (months) ns — - o e S—
AC2 (months) ns e ——nn e — -—
C[ {days) * L2 s s EE 2] R - Easd
Jersey trial
AC1 (months) ns - —- e - ——--
AC2 (months) ns —- — = -
cl (da}’S) ns ERd ER * o wh

"= Year-season effeci, "= Age at calving as a covariate (L= Linear, Q= Quadratic).
ns= non-significant (P>0.05), *= P<0.05, **=P<0.01, ***=P<0.001.

Individual (direct) additive effect (G')

In Friesian trial, estimate of individual additive effect (G'=g'y-g') for AC1
was positive and in favor of Friesian cows, while G' estimate of AC2 was
negative and in favor of Domiati cows (Table 6). For both traits, effects of G
were insignificant. G' for Cl in the three upgrading trials were generally large
(P<0.01 or P<0.001) and in favor of Domiati cows (Table 6). This indicates
that, relative to Domiati, Friesian cows showed longer (unfavorable) Cl and
they calved at the first time at younger age by 3.04 months while they calved
at the second time at older age by 0.8 months than Domiati cows. Thus, the
advantages of Friesian cows for lactation traits were offset partially by longer
Cl than Domiati cows. The same trend was observed by Thorpe et al. (1993)
with Bos taurus and Sahiwal cattle. In literature, Martinez et al. (1988) reported
that repiacement of pure Zebu geiies by Holstein genes was associated with a
reduction in AC1 by 6 months along with a reduction in Cl by 37 days.
Touchberry {1992) showed that Holsteins exceeded Gurnseys (P<0.05) by 9.4
days for Cl. The same author reported earlier age at first calving (8.6 days) for
Guernseys than for Holsteins (non-significant). In favor of Domiati cows, a
negative significant (P<0.001) estimate was recorded for CI.
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Table 6. Estimates of individual (G') and matemal (G") additive genetic effects
for reproductive intervals in the three upgrading trials

Trait G' G"
Estimate SE Estimate SE
Friesian trial:
AC1 (months) 3.04 2.08 -1.03 2.81
AC2 (months) -0.81 2.64 -5.58 3.62
Cl (days)
-122.0*** 12.3 -139.6"** 17.3
Shorthron trial:
AC1 (months) -1.81 1.99 -4.90 2.68
AC2 (months) 3.97 2.56 5.26 3.47
Cl (days)
-38.8™ 14.5 -49 4% 19.7
Jersey trial:
AC1 (months) 8.76" 431 -9.40" 4.68
AC2 (months) -17.01% 7.59 -16.97* 7.90
Cl (days) 44 319 275 31.2
*=P<0.05, == P<0.01, =* < 0.001.

For Friesians and Shorthorns and their crosses, AC1 and AC2 showed
significant negative estimates of G'in favor of Domiati cows. On the other
hand, negative significant estimates of G' were recorded for Cl of Friesian and
Shorthorn trials in favor of Domiati cows (Table 6). However, negative and
significant estimates of G' for AC1 and AC2 show that Domiati cows had
younger age et first and second calving than Jersey cows. Opposite to
Friesian and Shorthorn breeds, estimates of G' for Cl in Jersey trial were
generally positive and non-significant (Table 6). In the literature, significant
estimates of G' were recorded for AC1 (Martinez et al., 1988; Thorpe et al.,
1993) and for Cl (Martinez ef al., 1988; Touchberry, 1992; Thorpe et al.,
12a3). On the other hand, insignificant G' was reported for Cl by Madalena et
al. (1990a) and for AC1 by Touchberry (1992).

Maternal additive effect (G™)

in the three trials, the estimates of maternal additive effect (G= g"5-g")
for AC1 and AC2 were negative and in favor of Domiati dams. The negative
GM estimates for AC1 and AC2in the Jersey trial were significant (P<0.05)
and in favor of Domiati dams (Table 6). Estimates of G" for Cl in Friesian and
Shorthorn trials only were significant (P< 0.001) and they were also in favor of
Domiati dams (Table 6), i.e. additive maternal effects of Friesian or Shorthorn
dams showed longer Cl and oider AC1 and AC2 than of Domiati dams. So, a
daughter of a Domiati dam was younger at AC1 and AC2 along with shorter Ci
than a daughter of Shorthorn dam. Thorpe ef al. (1993) worked on bos taurus
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(Ayrshire and Friesian), Sahiwal and their crosses showed that additive
maternity of Sahiwal dams had insignificantly longer Cl by 18 days than
additive maternity of Bos Taurus dams. On the other hand, the same authors
concluded that maternal additive effects for AC1 were 68 days in favor of Bos
taurus dams. The additive maternity for AC1 and AC2 (in favor of Domiati
breed) increased from the first parity to the second one.

Individual (direct) heterosis (H')

In Friesian trial, crossbred cows showed younger AC1 and AC2 (P<0.01)
along with shorter Cl than the average of their purebreds (Table 7). Such
reduction in AC1 and/or Cl was also observed by most of the studies including
Friesians and their crosses (Donald ef al, 1977; Rincon ef al., 1982; Teodoro
et al, 1984; Martinez et al., 1988; Madalena et al., 1990a&b; Thorpe et al.,
1993). H' as absolute values (or percentages) for age at calving increased
(P<0.01) from the first parity to the second one, i.e. H' decreased in their
negativity from the 1% parity to the 2" one. However, significant heterotic
effects were also detected by different investigators working with Friesians
and their crosses (Robison ef al., 1981, Van der Werf and de Boer, 1989b;
Ahlborn-Breier and Hohenboken, 1991; Touchberry, 1992; Zarnecki et al.,
1993: McAllister et al., 1994).

In Shorthorn trial, heterotic superiority for reproductive intervals (Table 7)
showed that crossing Egyptian cows with Shorthorn bulls led to a reduction in
Cl! (P<0.05), AC1 (P<0.05) and AC2. The negative estimate of H' for CI
indicates that crossbred cows from Shorthorns recorded significant (P<0.05 or
P<0.01) shorter Cl than the average of purebreds. With Shorthorn x native
cattle in Egypt, Fahmy ef al. (1976) came to the same conclusion. Estimates
(or percentages) of H for age at calving increased in their magnitude (i.e., H'
decreased in their negativ‘rty? from the first parity to the second.

Positive estimates of H' in Jersey trial were recorded for AC2 and CI, but
negative ones for AC1. Opposite to the present results, Donald et al. (1977)
with Friesian x Jersey and Ayrshire x Jersey reported negative estimates of H'
for Ci. Heierotic superiority (H') of crossbred cows for age at calving increased
from the first parity to the second. The favorable significant H' (P<0.05) for CI
across zll lactations showed also that Jersey-up-graded cows recorded
longer Cl than the average of their purebreds.

Maternal heterosis (H")

In the Friesian trial, the negative estimates of H" for AC1 and AC2 show
that crossbred dams recorded younger ages at first (AC1) and second (AC2)
calving than their purebred dams (Table 7). Percentages of HY/GM for AC1
and AC2 indicate also that maternal heterosis in crossbred dams relative to
their maternal additive in purebred dams were favorable and high (-47.6% for
AC1 and -6.6% for AC2); i.e. H" is of considerable importance to improve AC1



Egyptian J. Anim. Prod. (1998) 101
and AC2 of up-graded Friesian-Domiati cows. These favorable estimates of
H"Y for Cl and AC2 were also observed by Thorpe et al. (1993). Heterotic
maternity of crossbred dams in Friesian trial for age at calving increased in
magnitude (i.e., decreased in their negativity) from the first parity (AC1) to the
second one (AC2).

Table 7. Estimates of individual (H') and maternal (H") heterortic effects
for reproductive intervals in the three upgrading frials

Trait H THT HIGT  HIG"
Estimate SE Yo Estimate SE % % Yo
Friesian trial:
ACH -3.16*" 0.84 -8.2 -0.49 0.81 -1.3 -100.0° -47.6
{months)
AC2 -3.52* 111 6.5 -0.37 1.04 07 -100.0° -6.6
(menths)
Cl (days)
-6.5 4.9 -1.4 15.9** 5.0 3.4 -5.3 1.4
Shorthron trial:
AC1 -2.24* 10 60 -028 088 -08 -100.0° 58
{months)
AC2 -1.80 126 -3.2 1.67 117 34 -40.3 ang
{months)
Cl (days)
-13.04° 6.6 2.4 6.5 6.5 1.2 -336 13.2
Jersey trial:
ACT -0.64 241 1.8 1.77 1.71 5.3 7.3 18.8
(months)
AC2 0.04 393 01 5.05 278 1.1 0.23 29.8
{months)
Cl {days)
23.47 105 5.2 3.7 106 0.8 100.0” 13.5

= P<0.05, ™= P<0.01, ™" < 0.001. a = Estimates greater than 100%.

Favorable negative estimate of H" in Shorthom trials was recorded for
AC1, while H" for AC2 was positive. However, this effect was insignificant for
both triats (Table 7). H" of age at calving increased from the first paritk; to the
second one. As in the Friesian trial, unfavorable positive estimate of H™ for ClI
across all lactations was observed.

Opposite to Friesian and Shorthorn trials, AC1 and AC2 in Jersey trial
showed unfavorable positive estimates of K (Table 7). However, positive
H" for AC1 and AC2 lead to state that crossbred cows (Jersey x Domiati) from
crossbred dams had different heterotic maternity for age at calving than those
COWS born from purebred dams. As for Shorthorn trial and opposite to Fr1e5|an
trial, H" for CI, AC1 and AC2 were Iower than those eshmates of H' since
maternal heterotic superiority relative to H'[(i.e. (H" - H'YH')*100 in this trial
were mostly negative and averaged -61%]. As in Friesian and Shorthorn frials,
unfavorable positive estimates of H" was recorded for CI. Opposite to this
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result, Thorpe efal. (1993) found that H" in crossbred dams could reduce Ci
by 18 days.

Individual (direct) recombination effect (R')

Estimates of R for reproductive intervals in the three up-grading trials are
presented in Table 8. Information in the literature concerning estimates of R of
upgrading experiments in dairy catfle are scarce. Most of these available
results are contradicting. However, reviewed values for R' were often non
significant (McAllister, 1986) or significant but of small magnitude (Ericson,
1987). Van der Werf and de Boer (1989a) concluded that estimates of
recombination effects were negative and smaller than estimates of heterosis.

In Friesian frial, estimates of R' for AC1 and AC2 were positive (Table 8),
but insignificant. The insignificant effect of R'indicates that there should be
little difference in heterosis as measured and expected in a particular cross.
On the other hand, estimates of R' for CI were positive and significant
(P<0.01). Heterosis was assumed to represent dominance effects and half of
additive by additive effects, whereas the recombination effects represent half
of the additive by additive effects (Van der Werf and de Boer, 1989 a&b).
Here, estimates of R' for Cl, AC1 and AC2 were generally larger than
estimates of heterosis (Table 8), which implies that the dominance effects on
Ihese lraits were negative in most parities.

Estimates of R recorded for AC1, AC2 and Cl in Shorthorn trial were
positive and insignificant (Table 8). As in Friesian trial, estimate of R' for Cl of
all lactations was positive, but insignificant. Estimates of R' for Cl were larger
than estimates of direct heterosis (Tables 7& 8), which implies that the
dominance effect in this trait was negative.

In the Jersey trial, estimates of R were positive for all traits, with non-
significant effect (Table 8). Fortunately, these favorable estimates of R'in the
Jersey trial indicate that there is a potential advantage in using more available
heterosis to develop parental strains including Jersey blood to be used in
crossbreeding in Egypt.

The positive R" for AC1, AC2 and Cl in the Friesian trial were favorable for
the dairy producers (Table 8). Literature concerning estimates of R" in
crosshreeding experiments in dairy cattle is not available for comparison with
those obtained in the present study. Estimates of RY for Cl were generally
larger than H" which implies that the dominance effect in Cl was negative.
Opposite to R/, reversible and unfavorable positive signs of R" were observed
for AC1, AC2 and Cl in Shorthorn trial in most cases (Table 8). Positive
insignificant estimates of RYin Jerse;/ trial were recorded for AC1, AC2 and Cli
traits (Table 8). The insignificant R" indicates that epistatic effects appear to
have little influence on these traits.
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Table 8 . Estimates of individual (R') and maternal (R™) recombination effects
for reproductive intervals in the three upgrading trials

Trait R' R/G' RY R™/G"
Estimate SE % Estimate SE %

Friesian triai:

AC1 046 0.93 15.1 049 079 476

{months)

AC2 0.81 1.22 100.0 1.05 1.04 18.8

(months)

Cl (days)

18.8™* 5.4 15.4 23.2" 49 16.6

Shorthron trial:

AC1 0.71 0.86 39.2 154 083 314
(months)
AC2 0.59¢ 1.16 149 1.16 1.14 221
(months)
Cl (days)

1.6 6.2 4.1 6.4 64 13.0
Jersey trial:
AC1 088 086 10.2 060 0.86 6.4
(months)
AC2 253 1.39 14.9 093 141 5.5
(months)
Cl (days)

1.8 5.3 409 1.1 55 4.0

* = P<0.05, **= P<0.01, *** < 0.001.

The three trials recorded positive estimates of R™ for AC1, AC2 and CI
(Table 8). For AC1, the Friesian trial recorded the lowest R™ , while for AC2
and Cl Jersey trial recorded the lowest R" .

CONCLUSION

The Friesian breed at EI-Gimmiza showed higher individual additive effect
(G for calving interval (Cl) compared with Shorthorn and Jersey breeds.
Among the three foreign breeds, Friesian recorded alower G' for AC1 and
AC2 than Jersey and Shorthomn.

For all trials of upgrading, additive maternity (G ) of Friesian dams ranked
first for AC1 and AC2, followed by Shorthorn and Jersey dams, i.e. Friesian
dams were the youngest dams for AC1 and AC2 of the three foreign breeds.
Jersey dams recorded the lowest G* for CI.

Crossing of Domiati cows with Friesian bulls was associated with a
reduction in lengths of AC1, AC2 and Cl. These observations indicate that
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crossing of Friesian bulls with Domiati cows in important. Crossbred cows
including Jersey blood had longer Cl and older AC2 and younger AC1.

The insignificant effect of individual (direct) recombination effect (R') and
maternal recombination effect (R") estimates for most reproductive intervals
showed that epistatic recombination effects appear to have little influence on
these fraits, and therefore there is a potential advantage to use crosshred
cows including Shorthorn or Jersey blood to develop parental strains having
more available heterosis to be used in crossbreeding stratification systems in

Egypt.
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