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Abstract
The estimation of nonadditive genetic effects plays a signi�cant role in the accuracy of estimated
breeding values of growth traits. Data for genetic estimation of individual and maternal heterosis of
crossbreed cattle in Ethiopia are limited to research institutions and universities. This paper aims to
estimate the crossbreeding effects on the growth performances of Holstein Friesian Horro and
Jersey Horro crosses in Ethiopia. The data used in the study included pedigree and weight data of
animals born between 1980 and 2008. Heritability of growth traits were estimated using restricted
maximum likelihood (ASREML). However, the additive, maternal, and heterosis effects of the crosses
were estimated using the crossbreeding effects (CBE3) package and �tting Kinghorn’s Model one for
growth traits. The direct and maternal heritability estimates for one-year weight, for the best model, which
included the direct maternal covariance were 0.77 ± 0.12 and 0.26 ± 0.09, respectively. Individual
heteroses estimated for Jersey and Holstein Friesian were signi�cantly high and positive for one year
weight (21.6 ± 6.7 and 26.0 ± 3.9 kg), pre-weaning average daily gain (27.4 ± 26 and 28.9 ± 15 g), and
post-weaning average daily gain (68.8 ± 16.6 and 61.8 ± 9.9 g), respectively. The maternal additive effect
for growth traits was mostly positive; therefore, it may be preferable to use crossbred cows resulting from
purebred dams instead of using crossbred cows from crossbred dams. Signi�cantly higher heterosis and
additive parameters in Holstein Friesian Horro crosses showed that crossbreeding of Horro with Holstein
Friesian may be advisable in the areas of Horro cattle breeds occupied.

Introduction
The estimation of additive and nonadditive genetic parameters plays a prominent role in genetic
evaluation for growth traits(1). In addition, Sadeghi et al. (2) suggested that the estimation of nonadditive
genetic effects played a signi�cant role in the accuracy of the estimated breeding values of growth traits.
Data for genetic estimation of individual and maternal heterosis of crossbreed cattle in Ethiopia are
limited to research institutions and universities. Analysis of these data using appropriate models are a
signi�cant role in the design of sound and sustainable breeding programs in Ethiopia and accurate
estimation of breed additive and nonadditive effects (3, 4).

In the past, a few studies of genetic estimation genetics parameters of crossbreeding effects on growth
performance of Bos taurus x Bos indicus cattle crosses in Ethiopia (3, 4, 5, 6). Thus, data on
crossbreeding is scant to develop a resonance and sustainable crossbreeding program. Indeed,
complying and analyzing existing data from the research institute and universities could be paramount
important in the designing of crossbreeding strategies. Furthermore, intensive and proper performance
evaluation of F1 crossbred dairy cow’s on-station and on-farm is a vital role in the de�ned breeding
objectives of crossbreeding (7). Crossbreeding effects on growth performance in Holstein Friesian and
Jersey x Horro crosses have not been predicted at Bako Agriculture Research Center. This paper aims to
estimate the crossbreeding effects on growth performance of Holstein Friesian and Jersey x Horro
crosses. This could be useful for designing cattle breeding objectives and assessing the exploitation of
additive and nonadditive genetic effects as novel synthetic breed development.
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Material And Methods

Study location
Data on Horro cattle and its crosses with Holstein Friesian and Jersey cattle breeds were obtained from
the Bako Agricultural Research Center of Oromia Agricultural Research Institute. The Bako Agricultural
Research Center lies at about 09°6’N and 37°09’E. The mean annual rainfall, mean monthly minimum,
and maximum temperature of the area are about 1220 mm, 14°C and 28°C, respectively (8). It is situated
in a hot and subhumid climate. The mean monthly minimum and maximum temperatures are about 14°C
and 28°C, respectively, with an average monthly temperature of 21°C. The vegetation cover of the area is
woodland and open wood grassland type. The dominant pasture species include Hyperhenia (Hyperhenia
anamasa) and Sporobolus (Sporobolus prraminmidalis) grasses and the legume Neonotonia (Ninotonia
wighti) cited by Abera et al. (8).

Breeding practices
The heifers were mated when they were at least twenty-four months of age and when they attained a
body weight of 200 kg. Heat detection was done as described previously (8, 9), cows and heifers showed
heat were mated either naturally (local or crossbred bulls) or inseminated with frozen semen of Holstein
Friesian and Jersey which were purchased from the National Arti�cial Insemination Center, within 24
hours after heat (8).

Management practices of animals
All herds were grazed on natural pasture for around 8:00 hours daily. During the nighttime, all herds were
housed based on age and sex. The lactating cows were supplemented with 2–3 kg of concentrate during
milking time. An unspeci�ed number of concentrates were supplement to the animals based on the body
condition and during scarcity periods. All animals had free access to clean water. All cows and heifers
were kept in a comparable environment with reasonably constant management. All newborn calves,
within 24 hours weighed and permitted to suckle the dam to get colostrum, then after calves were
separated from the dams and moved to individual calf pens for bucket feeding until weaning at three
months of age. Until weaning, each calf was fed a total of 227 liters of milk. After six months of age, all
animals were grazed in a group on natural pastures for about 8 hours a day and supplemented with
conserved natural pasture, hay, and maize silage at night.

Data collection and preparation
The pedigree and growth traits data were gathered from 1980 to 2008 at the Bako Agricultural Research
Center on Horro and its crossbred animals (8, 9, 10). The growth traits of birth weight (BW), weaning
weight (WW), pre-weaning average daily weight gain (DG), average daily weight gain post-weaning (PDG),
and one year weight (YW) have described in the past of our study (8, 9, 10). For the �nal analysis, a total
of 2359 calf records were used (8, 9, 10). During the whole experimental year, a total of 184 sires were
used along with 710 dams. In our previous study, we elucidated the environmental factors of parity, sex,
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year, breed, and period of year of birth were signi�cant effects on the growth traits of Horro and their
crosses (8). Heritability was estimated using different models mentioned in our previous studies ( 9,10)
using the ASREML program (11).

Genotypes for which crossbreeding parameters for growth performance were predicted are presented in
Table 3. These genotypic categories were chosen because of the limitation of the data to include other
categories. The least-squares means and standard errors obtained from the SAS analysis were
subsequently used to estimate the crossbreeding effects, using the CBE3 package of �tting Kinghorn’s
Model one (12) for growth traits.

Results

Heritability estimates of growth traits
The variances of direct additives were larger than the variance of maternal genetics for all growth traits
(Table 1). Larger values of direct variance were found for one-year weight and post-weaning average daily
gain and the lowest permanent environment and maternal genetic variances were reported for one-year
weight. The variance of maternal genetics was smaller than the variance of direct genetic, this might be
indicating that a higher estimation of direct heritability than maternal heritability. Current observations
showed that when maternal effects or permanent maternal effects were �tted in the models, direct
heritability was decreased, while including direct maternal covariance in the model, estimated direct
heritability was substantially increased but might not improve the log-likelihood in the model. It has been
reported previously a genetic parameter for birth, weaning, and pre-weaning weight of Horro and their
crosses with Holstein Friesian and Jersey cattle breeds (Abera et al. 2011). Therefore, this study was
focused on the post-weaning and one-year weight of growth traits of Horro and their crosses with
Holstein Friesian and Jersey cattle breeds. Direct heritability of one-year weight as illustrated in Table 1.
The direct and maternal heritability estimates for the one-year weight from the best model (4) were 0.77 ± 
0.12 and 0.26 ± 0.09, respectively.
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Table 1
(Co) variance components and genetic parameters for one year weight of Horro cattle and their

crosses
Items Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

δ2a 244 ± 7 247 ± 7 233 ± 6 427 ± 5 247 ± 6 427 ± 5

δ2m     0.00012 ± 10 144 ± 3 0.00003 ± 9 117 ± 2

δ2c   0.000146 ± 7     0.00004 ± 0 22 ± 0.6

δ2e 298 ± 10 296 ± 10 289 ± 10 194 ± 4 295 ± 9 192 ± 4

δ2p 542 ± 22 543 ± 22 521 ± 23 556 ± 43 541 ± 22 556 ± 42

δ2am       -209±-6   -210±-3

ram       -0.8 ± 0.1   -0.90 ± 0.2

h2a 0.45 ± 0.06 0.46 ± 0.06 0.45 ± 0.07 0.8 ± 0.1 0.5 ± 0.07 0.8 ± 0.1

h2m     0.00 ± 0.00 0.26 ± 0.09 0.00 ± 0.0 0.2 ± 0.1

h2c   0.000 ± 0.00     0.00 ± 0.0 0.04 ± 0.07

h2t 0.5 ± 0.06 0.5 ± 0.06 0.5 ± 0.07 0.9 ± 0.1 0.5 ± 0.07 0.9 ± 0.1

-2LogL -5193 -5193 -5192 -5183 -5193 -5183

δ2a =direct additive genetic variance; δ2p= phenotypic variance; δ2am = covariance between direct
additive and maternal genetic effect; ram = genetic correlation between direct additive and maternal
additive effects; h2a = direct additive heritability; h2m = maternal additive heritability; h2c = heritability of
permanent environment; h2t = total heritability; -2LogL =– 2log likelihood and δ2e = error variance

The post-weaning daily gain of direct heritability was varied from 0.33 to 0.57, the highest estimate being
for models in which the directmaternal covariance has been �tted (Table 2). Post-weaning average daily
maternal and permanent environment heritability was ranged from 0 to 0.19 and0.00 to 0.024,
respectively.
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Table 2
(Co) variance components and genetic parameters for post-weaning average daily gain of Horro

and their crosses
Items Model 1 Model 2 Model 3 Model 4 Model 5 Model6

δ2a 1024 ± 5 1056 ± 5 976 ± 5 1757 ± 5 1003 ± 5 1758 ± 5

δ2m     0.00 ± 12 593 ± 2 0.0002 ± 12 502 ± 1

δ2c   0.0006 ± 12     0.001 ± 12 76 ± 0.4

δ2e 2034 ± 12 2011 ± 12 1975 ± 12 1628 ± 7 2006 ± 12 1619 ± 7

δ2p 3058 ± 122 3067 ± 123 2951 ± 124 3105 ± 151 3009 ± 122 3105 ± 150

δ2am       -872±-3   -850±-3

ram       -0.9 ± 0.01   -0.90 ± 0.2

h2a 0.3 ± 0.1 0.3 ± 0.1 0.3 ± 0.07 0.6 ± 0.1 0.3 ± 0.1 0.6 ± 0.1

h2m     0.0 ± 0.0 0.2 ± 0.1 0.00 ± 0.0 0.2 ± 0.1

h2c   0.00 ± 0.00     0.00 ± 0.0 0.024 ± 0.

h2t 0.3 ± 0.1 0.3 ± 0.1 0.330.1 0.7 ± 0.1 0.3 ± 0.1 0.7 ± 0.1

-2LogL -6439 -6439 -6439 -6432 -6439 -6432

δ2a =direct additive genetic variance; δ2p= phenotypic variance; δ2am= covariance between direct
additive and maternal genetic effect; ram = genetic correlation between direct additive and maternal
additive effects; h2a = direct additive heritability; h2m = maternal additive heritability; h2c = heritability of
permanent environment; h2t = total heritability; -2LogL = − 2log likelihood and δ2e = error variance

Crossbreeding parameter estimates
The genetic effects of additive and heterosis are shown in Table 4. The Jersey Horro crosses had
signi�cantly lower individual and maternal additive breed contributions to the calf's performance than
Holstein Friesian Horro crosses. These comparisons reveal that Holstein Friesian Horro crosses had high
growth performance than the Jersey Horro crosses in the areas of Horro cattle breeds occupied.
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Table 3
Least square means and standard errors for birth weight, weaning weight, one-year weight, and pre-

weaning and post-weaning average daily gains
Source N BW

(kg)
N WW

(kg)
N YW

(kg)
N DG

(gm)
N PDG

(gm)

Overall 2160 20 ± 3 1731 44 ± 9 1361 86 ± 
24

1731 300 ± 
106

1361 118 ± 
60

Horro 812 18 ± 
0.13

589 39 ± 
0.4

512 73 ± 
1.

589 266 ± 4 512 93 ± 3

Friesian   -   -   -        

HF(F1) 509 22 ± 
0.2

429 48 ± 
0.4

328 103 ± 
1

429 330 ± 5 328 150 ± 
3

HF(F2) 448 23 ± 
0.2

378 48 ± 
0.5

270 90 ± 2 378 316 ± 6 270 120 ± 
4

Jersey   -   -            

HJ(F1) 105 18 ± 
0.4

90 43 ± 
0.9

77 96 ± 3 90 316 ± 
11

77 114 ± 
5

HJ(F2) 286 19 ± 
0.2

245 44 ± 
0.6

174 85 ± 2 245 302 ± 
11

174 149 ± 
7

HF (F1) = Horro Friesian Crosses, (F1), HF (F2) Horro-Friesian (F2 and other), HJ (F1) = Horro-Jersey (F1)
and HJ (F2) = Horro-Jersey (F2 and other)
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Table 4
Crossbreeding parameter estimates for birth weight (BW), weaning weight (WW), one-year weight (YW),

and pre-weaning (DG) and post-weaning average daily gains (PDG)
Effect BW (kg) WW (kg) YW (kg) DG (gm) PDG (gm)

Mean 18 ± 0.1 39 ± 0.4 73 ± 1 266 ± 4 93 ± 3

GiF 12 ± 0.8 18 ± 2 9 ± 7 70 ± 26 -9 ± 17

HiHF -2.6 ± 0.5 -0.59 ± 1 26 ± 4 28.9 ± 15 62 ± 10

MiF 6.8 ± 0.4 17 ± 1 61 ± 3 128 ± 13 114 ± 8

HmHF 1 ± 0.2 0.3 ± 0.6 -13.0 ± 2 -14.5 ± 8 -30.9 ± 5

GiJ 6 ± 1.2 11 ± 3 2.9 ± 9 44 ± 36 -27 ± 24

HiHJ -4 ± 0.9 -2 ± 3 22 ± 7 27.4 ± 26 69 ± 17

MiJ -1 ± 0.8 7 ± 2 46 ± 6 99 ± 25 111 ± 15

HmHJ 2 ± 0.43 0.9 ± 1 -11 ± 3 -14 ± 13 -34 ± 8

GiH = individual additive, HiHF=), individual heterosis, HmHF = maternal heterosis of Holestain
Friesian and GiJ = individual additive, HiHJ = individual heterosis, HmHJ = maternal heterosis of
Jersey

Discussion
Heritability estimated for direct and maternal in this study tended to be high under the different models
used. These appear to be due categorization of genetic groups into only three groups to have a
reasonable number of observations in each category. The results showed that model choice had a
prominent role in genetic improvement for obtaining reliable genetic parameters. This study has also
shown higher genetic parameters estimated when models accounting for the covariance of direct
maternal genetics. The direct heterotic gain was high for all growth traits, except for BW and WW. The
estimates of direct heterosis obtained in the present study were positives for most growth traits. Thus, it
is advisable to cross Horro with Friesian and Jersey in a low input management system. Mostly maternal
additive effects for growth traits are positive, and it is preferable to use crossbred cows resulting from
purebred dams instead of crossbred cows from crossbred dams.

A breeding plan and implementation of a selection program require knowledge of the genetic parameters
of growth traits. On the other hand, the biased estimation of breeding values was incorrect (co)variance
components (13). Besides, Haile et al. (6) reported that for the planning of a sound crossbreeding
program, the information on the relative breed’s performance was needed under various environmental
conditions. Furthermore, accurate estimation of breed additive and nonadditive effects and separation of
their causal components is essential for the design of breeding programmed, which fully exploits the
value of crossbreeding (14). Indeed, previous studies indicated that reasonable genetic improvement
using selection for moderate and high heritability traits(6, 15, 16). In agreement with these �ndings, the
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high heritability of one-year weight (0.72 ± 0.05) and two-year weight (0.73 ± 0.06) of Ethiopian Boran was
previously described (6). In contrast, Demeke et al. (3) found that a low heritability (0.13) value was
estimated for purebreds and crossbreds in Ethiopia. Consistent with these results, high heritability has
been reported for the population consisting of 15 cattle breeds due to the multibreed composition of the
herd (16, 17). In the current study, a high level of genetic variability within a group and the estimated
heritability is in�ated due to categorized genetic groups into only three groups to have a reasonable
number of observations in each category (9). These results might be explained by Rodriguez-Almeida et
al. (18), who suggested that quite variable heritability estimates in different combinations of herd lines
results were inclusion of nonadditive genetic variances like dominance and epistatic effects. Bennett and
Gregory (19) and Tosh et al. (20) also reported that high heritability estimates for early growth traits in
composite populations. Following previous observations of Haile et al. (6), the larger discrepancies in the
estimates of heritability for Boran cattle were related to data size in the genotype. Even though,
heritability values were varied based on differences in the type of data record analyses, method of
estimation, and models used for the analysis as cited by Haile et al. (6). In the present results, the
inclusion of the covariance between direct and maternal genetics effects increased the estimate of direct
heritability for one-year weight from 0.77 (model 4) and 0.77 (model 6), which was supported by our
previous reports on pre-weaning weight (9). Comparable to these results, inclusions of covariance
between direct and maternal genetic effects were increasing the direct heritability of birth weight due to a
small number of observations (16).

As illustrated in Table 1, maternal heritability estimates for one-year weight ranged from 0.00 to 0.26.
Furthermore, Pico (21) found that maternal genetic effects might be important in one year's age.
Surprising results were observed in the present study; because the calves were reared by arti�cially
suckling and no longer depend on their dam, these results may indicate the carry-over effects of weaning
weight. On the other hand, the maternal and permanent environment heritability of growth traits of Boran
cattle is comparable to direct heritability estimates, while maternal and permanent environment
heritability of Ethiopian Boran cattle crosses were close to zero, which is suggested that the importance
of maternal effects in indigenous cattle (6). These results might be explained by Meyer(22), who reported
that maternal effects gradually decreased with increasing calf age and were still important at 700 days of
age. Furthermore, Haile et al. (6) reported that maternal heritability diminished with age. However,
relatively high estimates of maternal heritability were reported by Mackinnon et al.(23) for weights
beyond one year of age. Nevertheless, Demeke et al. (3) reported that none of the maternal association
effects on one year weight of the mixed population of purebreds and crossbred cattle in arti�cially reared
calves. Moreover, Vostry et al. (24) reported that maternal effects were as important as direct effects
during the early pre-weaning development and that they got smaller as the calf was growing up. The
signi�cant direct maternal effects are inconsistent with the reports of Kahi et al. (25) and Thorpe et al.
(26). Therefore, pre-weaning growth is a direct indicator of the dam’s milk production and mothering
ability in suckled calves (25). Meyer (27) reported that milk production is the major component of
maternal effects for pre-weaning growth of beef calves and breed differences in maternal effects
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contributable to differences in milk yield. In this study, bucket feeding is expected to have contributed to
the lack of maternal effects for one-year weight and post-weaning average daily gain.

The current results showed that the individual breed additive contribution of Jersey to the BW, WW, YW,
DG, and PDG of calves were 35% (p < 0.01), 27% (p < 0.01), 4% (p < 0.05), 17% (p < 0.05), and 27% (p < 
0.05), respectively. On the other hand, the individual breed additive contribution of Holstein Friesian to the
BW, WW, YW, DG, and PDG of calves were 67% (p < 0.01), 47% (p < 0.01), 12% (p < 0.05), 26%(p < 0.05) and
29%( p < 0.05), respectively. These comparisons are revealed that Holstein Friesian and Horro crosses
have high growth performance than the Jersey and Horro crosses under Bako environmental conditions.
These results are by Demeke et al. (3), who reported the breed additive contribution of Friesian was more
than the additive contribution of Jersey to the BW, WW, DG, and YW of Boran cattle. In the present results,
the lower additive contribution of the Holstein Friesian and Jersey to the YW and PDG traits might be due
to low management and genotype-environment interactions (6, 10). In contrast, Schoeman and
Jordan(16) reported that the higher additive contribution in a multibreed beef cattle herd to the YW and
PDG. Besides, Haile et al. (6) reported that the individual additive breed differences between Boran and
Friesian breeds were positive and signi�cant for growth performance in central Ethiopia. The current
study was observed that all growth traits except post-weaning average daily gain had signi�cant positive
additive effects. However, Demeke et al. (3) reported that negative additive effects of Jersey breeds on all
growth traits in Boran cattle, which is suggested that no weight advantage when crossing with a larger
zebu breed. This is consistent with the results of Haile et al. (6), which demonstrated that the signi�cant
additive breed effect for birth weight, weaning weight, and pre-weaning average daily gain in a
crossbreeding studies involving Boran and Friesian breeds in central Ethiopia. Furthermore, a signi�cant
additive breed effect for birth weight, weaning weight, and pre-weaning average daily was reported in
crosses of Jersey with Ghana Shorthorn and Sokoto Gudali cattle (28). Contrary to these reports, Kahi et
al. (25) elucidated that the nonsigni�cant individual additive genetic effect in Ayrshire and Sahiwal
breeds for birth weight, weaning weight and pre-weaning average daily gain was associated with the level
of management of calf feeding in the farm. In addition, Rege et al. (28) reported that negative additive
effects on growth traits for the Jersey breed compared with the Ghanaian Gudali breed and a positive
contribution of the Jersey breed when crossing it with a smaller African Bos Taurus breed of the
Ghanaian Shorthorn.

As shown in Table 4, the maternal additive breed effect positive small values were estimated for birth
weight but large positives values for the other traits of Holstein Friesian crosses. However, negative small
values were estimated for the maternal additive effect of birth weight but large positive values for the
other traits of Jersey crosses. Correspondingly, Skrypzek et al. (29) found that negative values of
maternal additive effects for Simmental and Hereford beef cattle. Indeed, Kahi et al. (25) reported that
maternal breed additive effects nonsigni�cant for pre-weaning growth of crosses of Ayrshire, Brown
Swiss, and Sahiwal cattle in the lowland tropics of Kenya. Apart from these works, Kahi et al. (25)
indicated that lack of the maternal additive breed effects in bucket feeding and calf house rearing for pre-
weaning traits of crosses of Ayrshire, Brown Swiss and Sahiwal cattle in the lowland tropics of Kenya.
The presence of the maternal additive breed effects at one year weight in the present results was
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suggesting that maternal additive breed effects should not be ignored in de�ning the results from
crossbreeding studies that are conducted in the environment of Horro cattle occupied and in making
recommendations to farmers.

A reliable estimation of crossbreeding parameters has been required for effective designing of
crossbreeding system (30). Furthermore, Theunissen et al.(31) reported that the indicus x sanga and
indicus x taurus direct heterosis effects of growth traits were greater than either the taurus x sanga or
taurus x taurus effects; suggesting that greater genetic distances between breeds have resulted in greater
heterosis than the more closely related breeds. Furthermore, Leal et al. (32) reported that the effects of
individual and maternal heterosis were consistently greater in indicine × taurine crosses than in crosses
among taurine breeds. Estimated direct heterosis effects of BW and WW for crosses of Holstein Friesian
and Jersey with Horro breeds were signi�cant (P < 0.01) and negative. From this study I reported that the
average individual heterosis estimated within Holstein Friesian and Jersey were − 2.6 ± 0.49 and − 3.8 ± 
0.86 kg for BW, -0.59 ± 1.3 and − 1.8 ± 2.6 kg for WW, 26.04 ± 3.9 and 21.6 ± 6.7 kg for YW 28.9 ± 15 and
27.4 ± 26 gm for DG and 61.8 ± 9.9 and 68.8 ± 16.6 gm for PDG, respectively. Similar results have been
reported, individual heterosis effects were signi�cant for weight at birth, weaning, six months, and one
year of age for Friesian, Jersey, and Simmental breeds (6). Compared with these results, Demeke et al. (3)
reported that heterosis was an important genetic factor in�uencing primary growth performance in
crossbreed animals in central Ethiopia. The present results show that the negative heterosis estimates for
the Holstein Friesian and Jersey crosses for birth and weaning weight, which might be explained by the
fact that lower performance calves than the average of the parents(3). Comparable to these results, the
individual heterosis in�uence on YW, ADG, and PDG was positive and signi�cant(3). Indeed, Theunissen
et al. .(31) examined that both effects of direct and maternal heterosis were positive for all growth traits.
On the other hand, previous studies showed that negative heterosis for birth weight in the crossbreeding
of Bos indicus breeds as a dam line (28). In agreement with these results, Cunningham (33) suggested
that a signi�cant difference between the crosses of Bos taurus and Bos indicus was determined by the
interactions of genotype and environment, which is explained that in a poor environmental production is
highly in�uenced by heterosis (34), while in a good environmental production is largely determined by
breed additive effects and small heterosis effects (25). Furthermore, Kahi et al. (25)reported that lack of
heterosis was determined under good nutrition level in crosses of Ayrshire, Brown Swiss and Sahiwal
cattle breeds and the signi�cant high heterosis effects in crosses of Ayrshire, Brown Swiss and Sahiwal
cattle breeds in sub-optimal nutrition(26). In line with this result, the absence of major heterosis results in
the cross of Ayrshire and Brown Swiss was expected (30), because the wider genetic divergence of the
phenotypic difference between parental breeds was the greater the heterosis expressed(30). Comparable
to these �ndings, Mendonça et al. (34) have shown that greater mature weight and maturing rate in
crossbred cows were due to heterotic effects that might depend on the distance between the parental
breeds.

On the other hand, the average maternal heterosis estimated within Holstein Friesian and Jersey were 1.3 
± 0.23 and 1.9 ± 0.43 kg for BW, 0.3 ± 0.64 and 0.89 ± 1.0 kg for WW, -13.0 ± 1.9 and − 10.8 ± 3.3 kg for YW,
-14.5 ± 7.5 and − 13.7 ± 13 gm for DG and − 30.9 ± 4.9 and − 34.4 ± 8.3 gm for PDG, respectively. Indeed,
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Haile et al. (6) reported that the maternal heterosis effects were signi�cant for birth weight (2.5 kg) and
weaning weight (3.0 kg) for crosses of Friesian and Boran breeds in central Ethiopia. As previously
described, signi�cant in�uences of maternal heterosis on birth weight in the crosses of Bos taurus and
Bos indicus in Bangladesh(35). Consistent with these results, maternal heterosis effects were of a higher
magnitude and the opposite sign has been reported by Kahi et al. (25)for pre-weaning traits of crosses of
Ayrshire, Brown Swiss, and Sahiwal cattle in the lowland tropics of Kenya. Furthermore, the maternal
heterosis expressed by taurine indicine was greater than taurine-taurine maternal heterosis (32), due to
the greater genetic distance between taurine and indicine breeds (36).

The direct heritability of one-year weight of Horro and their crosses were high. The maternal additive
effect for growth traits was mostly positive, therefore, it could be preferable to use crossbred cows
resulting from purebred dams instead of using crossbred cows from crossbred dams. The signi�cantly
high heterosis and additive parameters in Holstein Friesian Horro crosses indicate that crossbreeding of
Horro with Holstein Friesian may be advisable in areas of Horro breeds occupied.
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