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SUMMARY

Lifetime  traits in three up-grading trials of local Domiati with Friesian (Friesian
trial), Shorthorn (Shorthorn rial) and Jersev  (Jersey irial) were genetically
evaluated. Direct (G') and maternal (GY) additive effects, direct (H') and maternal
(H") heterotic effects and direct (R') and maternal (R") recombination effects for
total kilograms born (TKB), number of calvings (NC), herd life (HL), length of
productive life (LPL), TKB/HL and TKB/LPL were estimared, In Friesian and
Shorthorn trials, upgrades generally showed the highest means for TKB, NC, HL and
LPL relative to the iwo parental purebreds, bur in Jersey trial, upgrades showed
higher means than local Domiati onlyv. In Friesian trial, TKB/LPL and TKB/HL
decreased with the increase of Friesian genes, while, no clear trend was detected for
the same iraits in Shorthorn and Jersey trials. I the three trials, estimates of G' for
all  lifetime traits were generally in favour of the European breeds, except for
TKB/LPL. In Friesian and Jersey trials, estimetes of GY were negative and in favour
of the European breeds, while the estimaies recorded in Shorthorn trial were positive
and In favour of local Domiati. Estimates of H' recorded for all traits in Friesian and
Shorthorn trials were positive, while the estimates recorded in Jersev trial were
negative. In Friesian trial, estimates of H' were 43.2% for TKB, 36.8% for NC, 8.7%
for HL, 17.7 % for LPL, 43.3% for TKB/HL and 19.3% for TKB/LPL, while they
were 21.3 %, 18.99 %, 13.6 %, 21.8 %, 14.1% and 0.79% in the Shorthorn trial in
the same order. Estimates of H" in the three trials were positive and ranged from
2.1% 10 44.1%. Estimates of R were also positive in the three trials, while those of
R were positive in Friesian trial and negative in Shorthorn and Jersey trials.

Keywords: Egyptian Domiati cows,up-grading, lifetime traits, additive, heterotic
and recombination effects
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INTRODUCTION

Beefl from dairy cattle in Egypt is obtained from bull calves beyond the veal stage
in addition to young and old cows or bulls culled from the breeding stock of dairy
herds after being fatiened.

Up-grading Egyptian Domiati cattle with some foreign breeds of dairy cattle was
performed to improve milk production (Arafa et al., 1998) and to increase meat
production, since it was shown that crossbred dams give calves with heavier birth
weight than straightbred ones (Gregory et al., 1985; Elzo et al., 1990; Cundift et al.,
1992; Thorpe et al., 1993). Many investigators found that body weight of the calf at
birth was strongly correlated with its weight at later ages (Gregory ef al., 1985;
Arthur er al., 1989; Cundilf er al., 1992; Thorpe er al., 1993). Thus, total kilograms
born by the cow during her productive life form an important component in beef
production. The other lifetime traits represented by number of calvings during the
productive life of the cow along with length of productive life and herd life of the
cow are also of considerable importance in this concern.

Three t(rials of upgrading of Lgyptian Domiati cows with Friesian, dairy
Shorthorn and Jersey bulls were carried out in the Ministry of Agriculture in Egypt.
The objective of the present study was to estimate the genetic components of direct
additive (G, maternal additive (G™), direct heterosis (H'), maternal heterosis (H™),
direct recombination effect (R") and maternal recombination effect (R™) for lifetime
traits in these up-grading trials conducted in Egypt.

MATERIALS AND METHODS

Herds

Animals of three dairy herds in three experimental stations located at El-
Gimmaiza (Mid-Delta), El-Serw (North Delta) and Sids (Mid-Egypt) were used in
this work. The three stations belong lo the Animal Production Research Institute
(APRI), Agricultural Research Center, Ministry of Agriculture, Egypt. Local Domiati
(D) cattle were upgraded with Friesian (F) in El-Gimmaiza station (called Friesian
trial); dairy Shorthorn (S) in El-Serw station (called Shorthorn trial) and Jersey (I} in
Sids station (called Jersey trial) up to 15/16 European blood. In Friesian and
Shorthorn trials only, inter-se matings 7/8 European
blood (F or S) were obtained. Domiati, European and crossbred animals of the three
up-grading trials of the study were kept under similar conditions of housing and
management organized by APRI. Calvings during the period of September-
November, December-February, March-May and June-August were classified as
autumn, winter, spring and summer calvings. respectively, During the winter and
spring (i.e. during the period of keeping animuals on the open fields of Egyptian
clover), females of each breeding group were tethered in the field in a specific arca.
They were checked for estrus twice daily by the assigned bull and served when they
were in heal at the proper time. Pregnancy diagnosis was done 60 days post service
and females that failed to conceive were left with the same bull to be mated and so
on. During summer and autumn (i.e. the period of keeping animals in open sheds),
females were divided into mating groups and each group was housed with the
assigned bull in one shed for two months. Pregnancy was diagnosed by rectal
palpation.
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Data collection and adjustments

Data were available on 2754, 1953 and 986 normal lactation records in Friesian,
dairy Shorthorn and Jersey trials, respectively. Birth weights of the calves of many
cows were not available, Also, only cows that had at least three calvings are included
in the analysis. Data used in the present study were collected over a period of 20
consecutive years started in 1960. Table 1 shows the distribution of lactation records
and cows in the three trials. The numbers of cows used in the analysis were 222, 101
and 105 in Friesian, Shorthorn and Jersey trials, respectively. Records of cows in
cach upgrading trial were edited in a separate file for statistical analysis. Within each
trial, information on each cow included cow number, birth date, breed group of the
cow, parity number, calving date (birth date of the calf), age at calving, and birth
weight of the born calf and its sex. Sires and dams of the cows were not recorded or
identified in most cases. In all trials, lifetime traits included total kilograms born
during the productive life of the cow (TKB), number of calvings per cow (NC), herd
life (HL) and length of productive life (LPL). Herd life was defined as the period
from birth of the cow to her natural disposal, while length of productive life was
defined as the period from the first calving to disposal (due to diseases, reproductive
problems, accidents or natural death). TKB/HL and TKB/LPL were defined as TKB
per month of herd life and TKB per month of productive life, respectively.

Table 1. Distribution of records in the three trials

[tem . Trial

Friesian Sherthorn Jersey
Number of cows 222 101 105
Total number of lactation records 1555 621 695
At least three calvings per cow 1114 508 591

Number of cows in different genetic groups:

Domiati (D) 15 40 1
European (E) 84 27 10
16 -- 2
39 2 30
TIBE1/8D 36 2 39
15/16E1/16D 13 4 23
(3ME1/4D) 12 13

Using the mixed model program of Harvey (1990). birth weight of the calf (as a
trait of the cow) across all parities of each trial was analyzed for the effects of breed
group of the cow,cow within breed group, year-season combination, parity and sex



4 Afifi et al.

(named model 1). Then, data of birth weight were corrected for the effects of year-
season. of calving, parity and sex. The corrected data of birth weight were used to
calculate total kilograms born by each cow during her productive life. Data of TKB,
NC, HL, LPL, TKB/HL and TKB/LPL were analysed for the effects of breed group,
year of birth of the cow and season of her birth (named model 2).

Estimation of crossbreeding components

Effects of direct additive (G'), maternal additive (GM), direct heterosis (H[),
maternal heterosis (H'“), direct recombination effect (R[) and maternal recombination
effect (RM) were estimated according to Dickerson (1992). Model 2 mentioned above
was used to drive a selected set of linear contrasts, i.e. G', G, H', H™, R' and R™.
The coefficients required to estimate the contrasts of individual additive (G and
maternal additive (G™) effects were calculated as the deviation of Domiati (gTU)
minus European (g'e), ie. G'=g'p - e and G = g™ |, - g™p; where g'p. g'g, g"p and
gMF_ represent the Domiati and European additive genetic breed effects in the
individual (I) and the dam (M), respectively. According to Van der Werf and de Boer
(1989a), the coefficients for individual (HY) and maternal (H*) heterosis were
calculated for the daughter and the dam, respectively, as: [Ps(1-Pd) + Pd(1-Ps)].
According to Van der Werf and de Boer (1989Db), the coefficients for recombination
effect (individual and maternal) were calculated as: [Ps(1-Ps) + Pd (1-Pd)]; where Ps
= fraction of sire genes and Pd = fraction of dam genes. The coefficients for expected
genetic contribution in different genetic groups computed according to Dickerson
(1992) are presented in Table 2.

RESULTS AND DISCUSSION

In Friesian (rial, genetic group differences were only significant {P<0.05 or
P<0.001) for TKB and TKB/HL. In Shorthorn trial, genetic group differences were
not significant for all traits studied. For all lifetime traits in Jersey trial, significant
differences (P<0.03) between genetic groups were detected only for NC.

Genetic-group comparison within each up-grading trial

Performances in all lifetime traits (TKB, NC, HL and LPL) of each upgrade in
Friesian and Shorthorn trials were generally higher than those of the two purebreds,
but in Jersey trial, upgrades showed better performance than only the local Domiati
{(Figures 1 up to4). Also, performance of 1/2F 1/2D group in Friesian trial recorded
the highest means for TKB and NC compared to the other upgrades. In Shorthorn
trial, 3/48 1/4D recorded the highest means for all traits studied compared to the other
upgrades. Upgrades in the present study generally showed the highest crops of calves
along with the longest life o lactate and reproduce relative to the two parental
purebreds (Figures 1 up to 4). For the same three trials of upgrading, Arafa
(1987&1990) also reported the superiority of upgrades relative to the two purebreds
particularly upgrading of Domiati with Shorthorn for lactation traits. In Friesian trial,
TKB/LPL and TKB/HL decreased with the increase of Friesian genes, while, no clear
trend was detected for the same two traits in Shorthorn and Jersey trials (Figures
5&6).
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Figure 1: Total kg born in different genetic groups
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Figure 2; Number of calvings in different genetic groups
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Figure 3: Herd life (month) in different genetic groups
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TKB/LPL= total kilograms born per month of productive life.

Figure 5: TKB/LPL (kg/month) in different genetic groups
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Figure 6: TKB/HL (kg/month) in different genetic groups
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Direct (G") and maternal (G™) additive effects

In the three up-grading trials, estimates of direct additive effect (G'= g', - g'p) for
all lifetime traits were negative (except TKB/LPL) and in favour of the European (E)
breeds (Table 3). Arafa (1996) and Arafa et al (1998) came to the same conclusion
for milk production traits and reproductive performance in the same three upgrading
trials. Estimates of G' were significant (P<0.05) for all traits except NC and
TKB/LPL in Friesian trial, non-significant in Shorthorn and Jersey trials (Table 3).
Significant estimate of G' for birth weight was reported by Dillard er al. (1980), Trail
et al. (1982), Koch eral (1985) and Olson et al (1985) working on different breeds
of beef cattle. In Egypt, Arafa (1996} with three trials of upgrading and Khalil er al.
(2000) with three crossbreeding trials of Holstein cattle with German Friesian also
reported significant additive (G" effects in milk production traits (P<(.001).

Table 3. Estimates of direet (G") and maternal (G™) additive effects and their
.....Standard errors (SE) for lifetime traits in the three up-grading trials
Friesian trial Shorthorn trial Jersey trial
... FEsimate  SE  BEsimate  SE  Estimate  SE
Direct additive effect: S

Trait"

TKB -93.32% 43.99 -28.02 23.26 -119.88 124,65
NC -1.89 1.3 0.21 0.83 -5.95 4.49
HL 4045+ 17.39  -12.37 11.12 -80.08 74.07
LPL “38.44% 17.49 -9.77 11.39 -85.08 74.93
TKE/LPL 0.03 0.28 0.15 0.27 0.15 1.90
TKB/HL -0.62* 0.28 =21 0.24 -0.13 (.52
Maternal additive effect:

TKRB -56.91 58.90 1.48 30.30 -137.83 [23.17
NC -0.73 1.81 1.07 1.07 -0.61 490
HL -40.96 23.29 1.87 14,49 -93 35 74.38
LPL -34.33 23.42 4.65 14,84 -100,14 75.24
TKB/LPL 0.45 0.37 0.07 0.36 -0.41 1.91
TKB/HL 007 037 002 031 034 053

* TKB= total kilograms born, NC= number of calvings, HL= herd life in months,

LPL= length of productive life in months, TKB/HL= total kilograms born per month of
herd life and TKB/LPL= total kilogrms born per month of productive life.

* = P<0.05.

The estimates of maternal additive effect (GM = g“ o gM ) were non-significant
and negative for most of the traits, i.e. in favour of the European breeds in Friesian
and Jersey trials (Table 3). In Shorthorn trial, positive estimates for all traits were
obtained except for TKB/HL, i.e. in favour of the Domiati. Arafa (1996) also
recorded negative estimates of G™ for milk traits in favour to the European breeds of
dams,
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Direct (') and maternal (H) heterosis

Estimates of direct heterosis (HY) in Friesian and Shorthorn trials for all lifetime
traits were positive (Table 4). The estimates of H' ranged from 8.7 to 43.3% in
Friesian trial and from 0.79 to 21.8% in Shorthorn trial. These positive estimates of
H' show that upgrading Egyptian Domiati cows with Friesian and Shorthorn bulls
would improve the performance of lifetime traits. In agreement with these results,
Koch er al (1985), Reimer ef al. (1985), Hohenboken and Webet (198Y9), Gregory et
al. (1991) and Thorpe er al. (1993) found positive estimates of H' for birth weight.
Contrary to what was found in Friesian and Shorthorn trials, estimates of H' for
lifetime traits were negative in Jersey trial (Table 4). In this respect. Wessely et al.
{(1986) found that crossing Holstein Friesian breed with German Black Pied was
responsible for a reduction in the calf birth weight, amounting to10% of the parental
mean. Also, negative estimates of H' were recorded by Khalil er al. (2000) for milk
yield traits (90-day. 305-day and total) in three crossbreeding trials of Holstein cattle
with German Friesian raised in Egypt.

Table 4. Estimates of direct (H") and maternal (HY) heterosis and their standard

_errors (SE) for lifetime traits in the three up-grading trials
S R s ettt bt

Estimate SE  Estimate

Jersey trial

ut trial

Trait }?‘;um:_uc SE 1:_\'112}11113 (in units) (in %) Estimale  SE  Estimate
Y v i TRTOIO i RO Gounits) (%)

Drirect heterosis:
TKB 537 19.6 432 30.0 18.5 21.3 -17.9 615 -13.8
NC | 2k (.60 368 092 .66 15949 -0.87 240 -16.03
HIL. 3.2 7.8 3.7 13.73 8.9 130 =133 30.0 -12.6
LPL 10.4 78 FET 13.68 9.1 218 151 374 S21.03
TKB/LPL (.g 3 0.1 9.5 0.02 022 0.79 -(1.56 (.94 -25.6
TKB/HL (Wi ke 0.1 43.3 19 0.19 4.1 -0.21 .26 -158
Maternal heterosis:
TKB 18.6 15.3 14.9 3877 39.3 41.0 239 T 18.4
NC 0.46 .47 1.5 1.78 1.40 36.7 0.54 1335 15.5
HL 7.0 6:l 7.97 2771 i858 274 38 23.6 1012
LPL 0.6 6.l 2 27.66 19.3 44.1 11.8 23.9 16.5
TKE/LPL (.06 0.1 23 -0.04 0.46 -1.71 0.30 060 e
TKB/HL 015 01 122 037 0.17

* TKB= total kilograms born, NC= number of calvings, HL= herd life in months,
LPL=length of productive life in months, TKB/HL= total kilograms born per month
of herd life and TKB/LPL= total kilogrms born per month of productive life,

" Y= the percentages of the parental means.

= P, FFE=P<0.001.

Positive but non-significant estimates of H" were recorded for all lifetime traits in
the three trials, except for TKB/LPL in Shorthorn (rial (Table 4). The estimates
ranged from 2.7 o 14.9% in Friesian trial, from 27.4 to 44.1% in Shorthorn trial and
from 2.1 o 18.4% in Jersey trial. In general, these positive estimates of H" indicate
that cows born [rom crossbred dams showed better performance for lifetime traits
than cows born from straightbred dams. The high estimates of HY for all lifetime
traits in Shorthorn trial indicate that daughters born from crossbred dams including
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Shorthorn blood could perform better in lifetime traits studied than daughters born
from purebred dams,

Direct (R') and maternal (R™) recombination effects

Estimates of R’ were positive and non-significant for all lifetime traits in the three
trials (Table 5). Estimates of R for all lifetime traits in Friesian and Shorthorn trials
are generally lower than estimates of H' and this implies that dominance effect was
positive. However, heterosis was assumed to represent dominance effect plus half of
the additive by additive effect, whereas the recombination effects represent half of
the additive by additive effect (Van der Werf and de Boer, 1989d&b) In Jersey trial,
estimates of H' were negative and lower than estimates of R', which implies that
epistatic effect is more important.

Table 5. Estimates of direct (R') and maternal (R™) recombination effects
and their standard errors (SE) for lifetime traits in the three up-
_grading trials

R A AT 4 A 0 L 5 4 s 5 .1 AL 5

Trait* I“lIC‘}ItlI'I trial Shmlhom trial

4 o Estimate SE_ Bstmate  SE  Estimate  SE
Direct recombination effect:
TKB 16.63 11.13 12.90 8.00 4.31 11.99
NC 0.42 0.34 0.37 0.28 0.14 0.47
HL 8.10 443 5.65 3.83 1.66 T2
LPL 6.34 4.40 531 3.92 203 2.2
TKB/LPL 0.01 0.07 0.03 0.09 0.070 0.18
TKB/HL 0.09 0.07 0.06 0.08 0.005 0.05
Maternal recombination effect:
TKB 13.00 8.73 2760 878 -6.47 9.73
NC 0.31 0.27 -0.38 0.31 -0.28 0.38
HL 7.28% 345 -3.79 4.20 -4.00 5.78
LPL 6.12 3.47 -4.72 4.30 -3.54 5.85
TKB/LPL -0.03 0.05 -0.05 0.10 -0.018 0.148
TKB/HL — 0.06 0.06 010 0.09 _-0.008 _0.041

“TKB= total 1]0gr'um born, NC= number of ¢ r,d]\«mg,s HL= herd life in momhe
LPL=length of productive life in months, TKB/HL= total kilograms born per month of herd
life and TKB/LPL= total kilogrms born per month of productive life.
#= P<(.05.

Estimates of RM for all lifetime traits in Friesian trial were positive, with
significant effect (P<0.05) on HL (Table 5). Positive and significant R™ for HL
indicates that crossbred dams including Friesian genes mothered cows with longer
herd life than did purebred Friesian dams when both groups were mated to the same
purebred Friesian bulls. Estimates of R™ for all lifetime traits were negative and non-
significant in Shorthorn and Jersey trials (Table 5). The non-significant effect of R™
shows that epistatic effect appeared to have little influence on lifetime traits. On the
other hand, estimates of R™ for most lifetime traits were smaller than estimates of
HY, which show that the dominance effects on these traits were positive and
relatively more important than the epistatic effect.
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CONCLUSIONS

(1) Grades of inter-se matings [i.c. (3/4F 1/4D)? or (7/8F 1/8D ) or (3/4S 1/4D)” or
(7/85 1/8D)?] showed better performance in lifetime traits when compared to
the exotic paternal purebreds (Friesian and Shorthorn).

(2) Superiority of European breeds (Friesian, Shorthorn and Jersey) over Domiati in
their direct and maternal additivity for most lifetime traits indicates that these
breeds could be used as effective breeds in dairy industry in Egypt to improve
calf crop and to increase the longevity of cows to lactate and reproduce by
crossing Domiati cattle with them,

(3) In Friesian and Shorthorn trials, direct heterotic effects (H[) are evidenced.
Moderaie or high estimates of maternal heterosis (H™) in the three trials might
indicate that crossbred dams provide better maternal conditions to their
daughters than that of purebred dams. The high estimates of H" in Shorthorn
trial lead to state that crossbred Shorthorn cows resulting from crossbred dams
including Shorthorn genes could give more calf crop and longer productive life
than those crossbred cows resulting from purebred dams.
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