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Abstract

Background: Understanding the phenotypic and genetic parameter estimates of
growth traits is important for an effective livestock genetic improvement programme.
Objectives: In this study, we evaluated the phenotypic performances and estimated
genetic parameters for birthweight (BWT), weaning weight (WWT), pre-weaning aver-
age daily gain (PADG), pre-weaning Kleiber ratio (PKR), pre-weaning growth efficiency
(PGE) and pre-weaning relative growth rate (PRGR) of Fogera cattle in Ethiopia.
Methods: Growth data collected from 2000 to 2018 in Andassa Livestock Research
Center were used for the study. General linear model of SAS 9.1 was used to estimate
the least squares mean (LSM) + standard error (SE) for phenotypic performances, and
Al-REML of Wombat software combined with a series of five single-trait animal models
to estimate phenotypic variance and its direct, maternal and residual components. Calf
sex, calf birth season and calf birth year were the fixed effects considered.

Results: The overall LSM + SE BWT, WWT, PADG, PKR, PGE and PRGR were 21.28 +
0.05 kg, 97.99 + 0.67 kg, 320.29 + 2.79 g, 10.10 + 0.04, 3.51 + 0.35 and 1.95 + 0.00,
respectively. All the fixed effects considered significantly (p < 0.001) affected all the
traits. The direct heritability estimates for BWT, WWT, PADG, PKR, PGE and PRGR
were 0.21 + 0.07,0.26 + 0.01,0.55 + 0.19, 0.53 + 0.18, 0.33 + 0.00 and 0.50 + 0.00,
respectively. The genetic correlations among the traits ranged from negative (—0.20 +
0.04; BWT-PKR) to positive (0.99 + 0.00; BW-PGE, BW-GR, WWT-PGE, WWT-PGR,
ADG-PGR, PKR-PGR, PKR-PGE and PGE-PGR). Similarly, the phenotypic correlations
ranged from —0.03 + 0.20 to 0.99 + 0.01; BWT-PGE, BWT-PRGR, WWT-PGE, WWT-
PRGR, PKR-PGE, PKR-PRGR and PGE-PRGR).

Conclusion: The positive and larger phenotypic and genetic correlations between
most of the traits implied that selection based on one trait could improve the other

traits. However, the negative phenotypic and genetic correlation between BWT-PKRA
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1 | INTRODUCTION

Growth performance traits, primarily expressed and described by body
weight and growth rate (Menale et al., 2011), are important factors that
need to be considered in any breed improvement programme (Kumar
etal.,2017; Pires et al., 2016). The growth performance of cattle deter-
mines the profitability of a farm which, in turn, is influenced by genetic
and environmental factors. Accurate estimation of genetic parameters
is critically important to implement sound breeding programmes and
to assess the progress of ongoing genetic improvement programmes
(Demeke et al., 2004). Similar to the genetics of the animal, manage-
ment (feeding, health care) plays a determinant role on the perfor-
mance of cattle.

The early growth rate of cattle has a strong implication on both
reproductive and production performances (Zeleke et al., 2016).
Early growth performance traits such as birthweight (BWT) and
weaning weight (WWT) are the basis for selection in genetic
improvement programmes for meat production due to their strong
association with each other and mature body weight (Pires et al,,
2016; Tesfa & Garikipati 2014). Thus, evaluation of the growth per-
formances of indigenous cattle breeds is essential to ascertain the
potential of the breeds and design genetic improvement programmes
for a particular purpose. Moreover, growth rate and efficiency-related
traits including Kleiber ratio (KR), growth efficiency (GE) and rela-
tive growth rate (RGR) are very important for their indirect evalua-
tion of growth. KR, defined as the weight gain per unit of metabolic
body weight (Kleiber, 1961), is an important measure of GE (Kleiber,
1947; Koster et al.,, 1994). KR has an association with growth traits
so that it can also be used as selection criteria for growth traits
(Abegaz et al., 2005; Koster et al., 1994; Shoja & Sarain, 2016). GE-
related traits are economically important for genetic improvement
programmes in the tropics (Mokhtari et al., 2019). Similar to KR,
GE and RGR have a strong positive genetic correlation with growth
traits (Ghafouri-Kesbi & Gholizadeh 2017), and therefore, selection
for better GE traits could improve the growth performance of the
breed.

Fogera cattle are among the Zenga cattle of Ethiopia adapted to the
belt area of Lake Tana, north-western Ethiopia. The breed is known for
its adaptation to the waterlogged marshy grazing areas of Lake Tana
wetlands, better resistance to internal parasites and flies infestations,
and for its traction power in marshy fields (Tesfa et al., 2016). Moreover,

meat and milk production, and the high draught power of the breed are

implies that selection of Fogera calves based on either of the traits has an adverse
effect on the other. Therefore, caution should be taken when designing the selection

criteria for growth improvement.

Fogera cattle, genetic parameter estimates, growth efficiency, growth performance, Klieber ratio

traits perceived by Fogera breed keepers in the belt (Bitew et al., 2010;
Tesfaet al., 2016).

Phenotypic performance evaluation (Bekele et al., 2016; Menale
et al,, 2011; Tesfa et al., 2016) and genetic parameter estimates for
growth traits (Bekele et al., 2016) for Fogera cattle have been carried
out at Andassa Livestock Research Center (ALRC) and Metekel Fogera
cattle ranch. Both genetic parameter estimates and phenotypic perfor-
mance traits are imperative in determining the method of selection and
formulating any suitable breeding plan (Goshu et al., 2014; Kumar et al.,
2017; Pires et al., 2016) and need to be worked out and updated every
time. In this study, we used additional data and additional traits includ-
ing pre-weaning average daily gain (PADG), pre-weaning KR (PKR), pre-
weaning GE (PGE) and pre-weaning RGR (PRGR). With this regard,
there is a dearth of information on PADG, PKR, PGE and PRGR traits
and their associations with other growth traits of indigenous cattle in
Ethiopia. Therefore, the objective of this study was to estimate the
genetic parameters, phenotypic performances and phenotypic & geno-
typic correlations of growth and efficiency-related traits of Fogera cat-
tle at ALRC.

2 | MATERIAL AND METHODS

2.1 | Description of ALRC
Growth data collected from Fogera cattle maintained at ALRC were
used in this study. ALRC is found at 587 km away from Addis Ababa,
which is the capital city of Ethiopia, and 22 km from Bahir Dar city, the
capital of Amhara regional state, on the way to the Blue Nile Falls. Its
geographic location is 11° 29’ North and 37° 29’ East. ALRC has an
elevation of 1730 m above sea level. The centre receives an average
annual rainfall of 1150 mm, and temperature ranging from 6.5to 30°C.
ALRC owns a total of 365 hectares of land of which 310 hectares are
covered with natural pastureland. Offices, bushes, animal housing and
other infrastructures occupy the remaining 55 hectares. The centre has
a topography ranging from a gentle slope to flat. Andassa River, a big
and year-round flowing river, crosses the centre. As the soil is predom-
inantly characterised as vertisol, it holds water during the rainy sea-
son, and it cracks during the dry season when it dries. The main grass
species found in the natural pastureland of the centre include Cyn-
odon, Cetaria, Hyperhenia, Elusin, Andropogon, Paspalum, Eragrostis,

Sporobulus and Trifolium species (Denekew et al., 2005).
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TABLE 1 Descriptive statistics of the data set used for the analysis
Traits analysed N Mean SD Minimum Maximum Range
Birthweight, kg 1475 213 3.07 12 33 21
Weaning weight, kg 1154 98.0 22.9 33 170 137
Pre weaning average daily weight gain, g 1154 320 94.9 50 608 558
Kleiber ratio 1154 10.1 1.38 3.63 13.4 9.76
Growth efficiency 900 35.1 1.05 1.08 7.46 6.38
Relative growth rate 900 1.94 0.09 1.69 201 0.32
TABLE 2 Information related to pedigree, traits analysed and sample sizes
Number of observation in each trait

Animals BWT WWT PADG PKR PGE PRGR
Number of animals 1475 1154 900 900 900 900
Number of sires 54 48 48 48 48 48
Numbers of dams 683 581 581 581 581 581
No of animals with unknown dams 71 71 71 71 71 71
No of animals with unknown sire 152 6 218 218 218 218
Dam with records and progeny 270 156 156 156 156 156
Animals with unknown sire with records 3 6 5 5 5 5
Animals with unknown dam with records 247 247 247 247 247 247
Animals with both parents unknown 3 3 2 2 2 2
Progeny per sire 21 19 19 19 19 19
Progeny per dam 2 2 2 2 2 2
Animals with paternal grand sire 161 79 78 78 78 78
Animals with paternal grand dam 114 79 78 78 78 78
Animals with maternal grand sire 245 211 210 210 210 210
Animals with maternal grand dam 190 151 153 153 153 153

2.2 | Herd management at Andassa Livestock
Research Center

The research centre, on average, owns more than 530 Fogera cattle
of which about 300 are breeding cows. Natural mating is the major
breeding system implemented in the centre. For this purpose, the
cowherd is divided into groups of about 40-50 cows, and one bull
is assigned to each group considering pedigree information to avoid
the mating of closely (Son to Dam, and Sire to Daughter) related
animals.

The general cattle management system at the centre is semi-
intensive. During the dry season, in addition to grazing, cattle are sup-
plemented with hay harvested from the natural pasture and are rarely
supplemented with concentrate during the mid-dry season, January-
May. Seasons are grouped into wet season (June-September) and dry
season (October-May) (Bitew et al., 2010). The herd’s water source is
from the Andassa River. However, tape water is provided for young and
sick indoor animals. Health management practices focus on prevention

through vaccination. Vaccination for major prevalent diseases includ-

ing blackleg, anthrax and pasteurellosis are provided to the entire herd
once every 6-8 months. Internal and external parasite control mea-
sures are also provided twice a year, at the start and end of the rainy
season. Calves suckle their dams for the first 4 days to ensure enough
colostrum consumption. After 4 days, calves are separated from their
dams during the day- and night-time. During milking time in the morn-
ing and evening, calves partially suckle (two teats) their dams until

weaning age of 8 months.

2.3 | Data source and management

Data and traits (BWT and WWT) collected and recorded in a herd book
from 2000 to 2018 were used for this study. The data were entered, fil-
tered, cleaned and organised using MS excel software and arranged for
analysis (Table 1). Information related to pedigree, traits analysed and
sample sizes are presented in Table 2. After cleaning, growth rate and
efficiency-related traits: PADG, PKR, PGE and PRGR were calculated
from BWT and WWT data for each individual animal record.
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PADG is growth rate to weaning age, calculated as PADG = (WWT -
BWT)/240, where 240 is the number of days between birth and
weaning.

PKR is the ratio of PADG to the metabolic body weight to a certain
period. Here, we calculated to WWT at 8 months of age (240 days). PKR
is calculated as PKR = PADG/WWTO7> (Kleiber, 1947).

PGE is an indirect measure of GE, «calculated as
PGE = (WWT-BWT/BWT) x 100 (Ghafouri-Kesbi & Gholizadeh,
2017).

PRGR = Log (WWT) - Log (BWT)/240, for 8 months (240 days) of
weaning age (Ghafouri-Kesbi & Eskandarinasab, 2018; Ghafouri-Kesbi
& Gholizadeh, 2017).

2.4 | Data analysis
Phenotypic data were analysed using the general linear model (GLM)
procedures of the statistical analysis system, SAS 9.1 (SAS, 2002). The
fixed effects used in the model included calf birth year (2000-2018),
calf birth season (dry, wet) and calf sex (male, female). Tukey Cramer
test was used to separate significantly different means. The traits anal-
ysed were BWT, WWT, PADG, PKR, PGE and PRGR.

The statistical model used for the analysis of variances of fixed
effects was:

Yijk=,l,£+Y,'+Sj+Qk+e;jk,

where Yj = the observation on BWT, WWT, PADG, PKR, PGE and
PRGR; 1 = overall mean, Y; = fixed effect of the ith birth year (2000-
2018), S; = fixed effect of the jth birth season (dry, wet), Q = fixed
effect of the kth calf sex (male, female), €ijk = residual associated with
each observation.

The genetic parameters were estimated with single-trait animal
models using an average information restricted maximum likelihood
(AI-REML) method in WOMBAT software (Meyer, 2012). The log-
likelihood ratio test was performed to determine significant random
effects and consequently the most appropriate model for each trait.
Genetic and phenotypic correlations between the traits were esti-
mated using pairwise trait analyses.

The statistical models for BWT, WWT, PADG, PKR, PGE and PRGR

were:

Modell:y=Xb+Zia+e

Model 2 :y = Xb + Z1a + Zym + e(covy , = 0)
Model 3 :y = Xb + Z1a + Zym + e(cov, , # 0)
Model4 :y = Xb + Zya + Zym + Z3¢ + e(cov,, = 0)
Model 5 :y = Xb + Zya + Zym + Z3c + e(cov, y, # 0)

where y is the vector of records; b is the vector of fixed effects; X is an

incidence matrix of fixed effects; a is a vector of direct additive genetic

effect; m is a vector of maternal additive genetic effects; c is a vector
of permanent environmental effects; Z4 is an incidence matrix of direct
additive genetic effects; Z, is an incidence matrix of maternal additive
genetic effects; Z3 is an incidence matrix of permanent environmental
effects; e is a vector of residuals.

The heritabilities, genetic correlations and phenotypic corre-
lations were estimated as h?= 02,/0%,, rg= 04 /0?4024 and
rp= 0pj/\/0?pi02p, respectively, where h? is heritability, rg is
genetic correlations, rp is phenotypic correlations, o2, is the addi-
tive genetic variance, azp is the total phenotypic variance, o, is the
additive genetic covariance between traits i and j, o is the phenotypic
covariance between traits i and j, o2,; is the additive genetic variance
for trait i, azaj is the additive genetic variance for trait j, 02,,,» is the

phenotypic variance for trait i and azpj is the phenotypic variance for

trait j.
3 | RESULTS
3.1 | Growth performance

The overall mean BWT of Fogera calves at ALRC is presented in Table 3.
The mean BWT (21.3 + 0.05 kg) was significantly affected (p < 0.001)
by calf sex; male Fogera calves were heavier than their female counter-
parts. Similarly, calf birth season significantly affected (p < 0.001) the
BWT of Fogera calves; calves born during the wet season outweighed
those born in the dry season. Calf birth year also affected (p < 0.001)
the BWT of calves. The heaviest calves were born in 2006, whereas the
smallest BWT was recorded in the year 2008.

The overall mean WWT was 98.0 + 0.67 kg (Table 3). The mean
WWT of female Fogera calves was greater than the WWT of their male
counterparts (104 vs. 98.5 kg). The effect of calf birth season on the
WWT of Fogera calves in this study was significant (p < 0.001); calves
born in the wet season were heavier than those born in the dry season
(105 + 1.15 vs. 95.3 + 0.82). Calf’s birth year significantly (p < 0.001)
affected the WWT of Fogera calves; the smallest WWT was recorded
in 2016, and the largest was in 2011.

The overall mean PADG of Fogera calves in this study was 320 +
2.79 (Table 3). The study showed that sex significantly (p < 0.001)
affected the PADG of Fogera calves. The mean PADG of female calves
was greater than for male calves (334 vs. 317 g). The effect of calf
birth season on PADG of Fogera calves in this study was significant
(p < 0.001). Calves born in the wet season had larger PADG than those
born in the dry season (347 + 3.41 vs. 304 + 4.78). Similarly, calf birth
year showed a significant effect on the PADG of Fogera calves.

The overall mean PKR of Fogera calves in this study (10.1 + 0.04;
Table 3) was affected by the sex of calf (p < 0.001), calf birth season
(p < 0.001) and calf birth year (p < 0.001). Female calves and calves
born during the wet season had superior PKR.

The overall mean PGE was 3.51 + 0.35. Male calves and calves born
in the wet season had higher (p < 0.001) PGE than female and dry sea-

son born calves, respectively. Year of birth has also affected PGE; the
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highest and lowest PGEs were observed in 2011 and 2018 (4.99 +0.15
vs. 2.71 + 0.15), respectively.

The overall mean PRGR (1.95 + 0.00) is presented in Table 3. Sex of
calf and birth year had a significant effect on PRGR. Female calves had a
higher RGR than males and the highest and the lowest PRGR of Fogera
calves were recorded in 2011 and 2018 (2.05 + 0.01 vs. 21.9 + 0.012),
respectively.

3.2 | Genetic parameter estimates

Co(variance) components and heritabilities of Fogera cattle estimated
using five animal models for BWT, WWT, PADG, PKR, PGE and PRGR
are presented in Table 4. Based on the log-likelihood ratio tests
applied to choose the most appropriate model for each of the traits
(Meyer, 2012), Model 2 was appropriate for estimating the heritabil-
ity of BWT. In Model 2, the direct additive genetic and maternal
genetic effects had a significant impact on BWT. The direct heritabil-
ity of BWT for Fogera calves obtained in this study (0.21 + 0.07;
Table 4) was higher when the maternal effect was removed from the
model.

The model that included the direct additive and maternal genetic
effects with non-zero covariance between direct and maternal effects
(cov 4, m # 0), Model 3, was appropriate to explain the variation in
WWT. Accordingly, the direct additive heritability value of WWT for
Fogera cattle was 0.27 + 0.00 (Table 4). The direct genetic heritabil-
ity estimates obtained in this study were higher than the correspond-
ing maternal heritabilities. The inclusion of maternal and permanent
environmental effects in the model reduced the heritability of WWT
from 0.39 + 0.09 to 0.27 + 0.00. The direct maternal genetic correla-
tion (0.72 + 0.02) was high and positive.

Models 5 and 3 were appropriate to estimate the heritability of
PADG and PKR, respectively. Accordingly, the estimates of direct her-
itability (h?,) for ADG and PKR were 0.55 + 0.18 and 0.53 + 0.17,
respectively.

Model 2, which included random direct additive and maternal
genetic effects, had the highest log-likelihood value for PGE, whereas
Model 4, which included random direct additive, maternal additive
genetic and permanent environmental effects, was selected as the
most appropriate model for PRGR. The direct heritability estimates for
PGE and PRGR were 0.33 + 0.00 and 0.12 + 0.00, respectively.

3.3 | Phenotypic and genetic correlations

Phenotypic and genetic correlations estimated from a bivariate
animal model are presented in Table 5. Small and negative (—0.20 +
0.04: BWT-PKR) to large and positive (0.99 + 0.00: BWT-PGE,
BWT-PRGR, WWT-PGE, WWT-PRGR, PKR- PGE, PKR-PRGR and
PGE-PRGR) genetic correlations were found in this study. The genetic
correlations between BWT-ADG, WWT-PADG, PGE-PADG and PRGR-
PADG were moderate and positive. Similar to genetic correlations,
small and negative (—0.03 + 0.20: BWT-PKR) to large and positive

(0.99 + 0.00: BWT-PGE, BWT-PRGR, WWT-PGE, WWT-PRGR, PKR-
PGE, PKR-PRGR and PGE-PRGR) phenotypic correlations were
found. The phenotypic correlations between BWT-WWT, BWT-PADG,
WWT-PADG and PADG-PGE traits were moderate and positive.

4 | DISCUSSION

41 | Growth performance

The mean BWT found in this study (21.3 + 0.08) is similar to previous
reports for the same breed (Bekele et al., 2016; Bitew et al., 2010; Tesfa
and Garikipati 2014), and Ogaden cattle by Mekuriaw et al. (2009).
Nevertheless, it is smaller than the values reported for Ethiopian and
Kenyan Boran and Barka cattle breeds (Demeke et al., 2003; Haile,
Ayalew, et al., 2011a; Haile, Joshi, et al., 2011b), and greater than the
BWT of the same breed reported by Menale et al. (2011) and Horro
cattle (Abera et al., 2012; Demeke et al., 2003).

A similar effect of calf sex on BWT was previously reported
for Fogera and other Ethiopian cattle breeds (Bekele et al., 2016;
Mekuriaw et al., 2009; Menale et al., 2011). The male superiority
in BWT of calves may be attributed to hormonal differences. Male
fetuses have higher androgen concentration than females, which, in
turn, affects sex-based differences in skeletal muscles. Unlike the cur-
rent study, Gunawan and Jakaria (2011) reported a non-significant
effect of sex on the BWT of Bali Cattle.

Calf’s birth season had a significant effect on the BWT of Fogera
calves; calves born during the wet season outweighed those bornin the
dry season. Similar results were reported previously for the same breed
(Bekele et al., 2016; Menale et al., 2011), and Bali cattle in Indonesia
(Gunawan & Jakaria, 2011). This may be due to the reason that feed
availability is better in the wet season than in the dry season, which
helps cows to get better nutrition in the last trimester of their preg-
nancy. Better nutrition (protein) in the last trimester of pregnancy is
indicated to improve the BWT of animals (Miguel-Pacheco et al., 2017).
The significant effect of birth year on BWT of Fogera calves may be
due to the fluctuation in rainfall patterns across years, in the country in
general, which, in turn, affect feed availability. It may also indicate the
inconsistent and subsistent cattle management and husbandry prac-
tices in the centre. Previously, several scholars reported the effect of
birth year on calf BWT (Bekele et al., 2016; Bitew et al., 2010; Menale
etal.,,2011).

The mean WWT (98.0 + 0.67) was greater than other findings else-
where in Ethiopia and in the tropics (Bekele et al., 2016; Demeke et al.,
2003; Gunawan & Jakaria, 2011; Mekuriaw et al., 2009; Menale et al.,
2011; Praharani 2009; Sukmasari et al., 2002) (Table 6). The study con-
firmed that the mean WWT of female Fogera calves was greater than
the WWT of male Fogera calves (104 vs. 98.5 kg). A similar effect
of calf sex on the WWT of Fogera calves was reported by previous
scholars (Bekele et al., 2016). However, in contrast to the current
finding, Menale et al. (2011) reported a non-significant effect of calf
sex on WWT. The unusual superiority in the WWT of Fogera female

calves in this study may be due to the preferential treatment given to



393

WILEY

KASSAHUN ET AL.

'san|eA 807 U0 paseq Pajda[as S|9POW SOY) 9.4. 3d.) p|oq Ul S|9PO|A| "2I0N
‘o114 pooy|a31|-30] “7 807 $10944 [BIUSWUOIIAUS JuSUEBWISd [EUISIBW 0] SDUBLIEA [£10] JO UOIDRLS 3Y] ;2 ‘AYI[IGRIIISY D139UaS [eualeWw ‘W AYljiqeIlay
aARIppPE 19341P 7Y ‘9dueLieA didAjouayd “,0 ‘aduelieA [ENPISl 2,0 (DUELIBA [EJUSWILIOIIAUS [euJalew Juauewlad 9,0 ‘aouelieA 2139Ua8 aAllIppe [eulajew 4,0 ‘2ouelIeA D139UaS SAIIPPE 123UIP ‘°,0 :SUOIBIASIGAY

8€9'8S1 v — 000 + 20 000 + 850 000 * 0T0 000 ¥ 020 000 ¥ 100 000 ¥ €000 000 ¥ 2000 000 F TOOO 000 ¥ T000 00 + 2000 S

069°£20'9— 000 + G20 - 000 *S20 000 ¥ ZT°0 000 ¥ 8000 000 + 2000 000 F 2000 - 000 *2000 000 * T000 14

8CE'819— - 100+ TLO 000+F£4T0 000 * €€°0 000 * 900 000 * 200 - 000 *T00 000 * 100 000 * 200 €

961'G¥9'T— - - 000 * S00 000 + 050 000 + 200 000 + 100 - - 000+ TO000 000 *FT00 G

Y209 91— - - - 000 *+ G20 000 * O¥'0 000 F €0 - - - 000+ T0 T ¥9dd

8€9'8SY'v— 000 * 20 Y00 F LS50 T000 + STO 100 * 120 000 ¥ 100 G0'0 ¥ €000 000 ¥ 2000 000 *+ TO00 000 ¥ 2000  £00 F 2000 S

069°£20'9— 100 ¥ 820 - T00+820 1000 *8C0 00 ¥ LOO0O 000 ¥ 2000 T00 F 2000 - 000 +* 2000 000 F 2000 14

8CE'8Y9— - 800F</0 000 F9T°0 2000 F €£0 000 ¥ 900 000 ¥ 200 - 000 * 100 000 ¥ 100 000 * 200 €

€E8'6TV'ET— - - 000 Fc¢€go 000 * €€°0 000 ¥ €000 000 ¥ 1000 - - 000+ T000 000 T000 4

8Ly — - - - TO00F€E0 €000+ L0 G000 *+ 9%0 - - - L0000 F €20 T 39d

c6L— -  E€CT0F¥TO LO00 F ¥T°0 SO0 F¥20 9100 F Tv0 TO0 * GT°0 - T00* 200 €00 F 900 200 F 660 S

LCE6— 000 920 - €00 F 520 100 F G0C0 000 F €500 000 * #¥T0O0 000 * ¥T00 -  000FE€T0 000 ¥ 100 14

ovv— - ST0+0€0— CT0FO0E0 810 + €50 790 ¥+ 20T 110 + 2SO - PI'0FSE0- €10 F0£0 0Z0 + ¥S0 €

908'86— - - 100*¢€g0 TO0 F €0 ¥000 + S000 00 + T000 - - 000+ T000 000 *F 2000 G

9E¥'¥92'00C— - - - 000 *¢€e0 000 * 0£°0 000 * 020 - - - 000+ 010 T dAd

8¥61 TO0F LT'0 020 +F0L0— 1Z0FCEO 6T°0 ¥ 550 000 #9000 TO0+F9T0 T00FTO00 TOOFS8TO 010 ¥ 2000 100 F €000 S

9866G60T€E— 000 F €€0 - 000+ /920 000+ 020 000 ¥ £0 000 F020 CT0F 2000 - T000+*C0 000 ¥ ST°0 14

SvL'6vyLE— - T000 *TLO 000 * 970 000 * €€°0 000 ¥ 090 000 * 200 - T000 * 010 000 * 010 000 * 020 €

9vCl - - 9T0F¢€610 €ET0FPE0 €000 F 150 000 * €20 - - T00+F0T0 000 ¥ 000 4

Yyv'920'0C— - - - 000 * €€0 000 + 00 000 ¥ 020 - - - 000 * 0T'0 T 95avd

998¢C— TC0+F 100 €ET0F#60— 9T0F 820 120+ 810 1°0C * 29¢ 88 ¥ /.78 0V¥C * ¥0'S VA AAN SSY F 9L STLF2tC S

/8C— 0C0 F €TY - 600 F 0000 600 F 6£0 T€T F Zve T6T + LVT 1'T¢ 1000 - 60CF000 (A TANAT 14

998¢— 000 ¥ 68€ 200 F2LO - T00+920 100 + £Z0 €0 F86€C TOOFSOT 8T0 F L0 €00 ¥ ¥0'T LZ0 FOTT €

/8C— - - G00+* 000 600 F 6£°0 €T F¥eve T8I F L¥T - - YCT FSY6 [ATARR AT G

S/8C - - - 800 + 8€0 6CT + e 08T + 6¥T - - - 0€C F 1'e6 T 1IMM

1 2ZA4% €0+ £L00 190 F %00 900 ¥ ¥00°0 800 ¥ TC0 GCO0FTLS 9€0F ¢l 6C0 F 1000 €60 ¥ 920 0€0 * €00 050+ 811 S

l27A% 20 F L00 - G00+F9900 LOOFT1CO0 TAER WAL €EE0FTITY 620 F T000 - 0¢€0+*8E0 7’0 F 12T 14

474 €0F900 1S0F+00 GO0 ¥ €000 800 ¥ 120 GCTO0FTLS YE0 F 1Y Ze0+FLE0 €€°0 ¥ 9200 €€°0 F €00 0S50 +F81T €

474 - - ¥00 F 900 L00 ¥ 120 SCT0 F1L'S 1€0 F IT'v - - 120 7F6€0 €V'0 F 121 4

VLT~ - - - SC0FTEO 900 ¥ 150 210 F v€0 - - - ET0F9T0 T 1Mmd
1807 2 el o °y .0 2.0 o (“®) nod w0 °.0 S]PpoN  Medy

e1dojy3g 493ua)) Yd1easay }O03SaAIT eSSepuy e 3]33ed eda504 JO S}ed} YIMmodS Jo) A}ljiqeday pue syjusuodwod aduelteA Jo sajewysy 374VL



KASSAHUN ET AL.

* | WILEY

TABLE 5 Estimates of genetic (above diagonal) and phenotypic (below diagonal) correlations between the studied traits
BWT WWT PADG PKR GE PRGR
BWT o 0.22 + 0.05 0.41 + 0.01 —0.20 + 0.04 0.99 + 0.00 0.99 + 0.00
WWT 049 + 0.23 e 0.41 + 0.00 0.27 + 0.01 0.98 + 001 0.99 + 0.00
PADG 041 + 0.01 041 + 0.01 e 0.33 + 0.02 0.40 + 0.001 0.54 + 0.07
PKR —0.03 + 0.20 0.27 + 0.03 0.30 + 0.10 e 0.99 + 0.01 0.99 + 0.01
GE 0.99 + 0.00 0.99 + 0.01 0.41 + 0.005 0.99 + 0.02 e 0.99 + 0.01
PRGR 0.99 + 0.00 0.99 + 0.01 0.96 + 0.00 0.99 + 0.00 0.99 + 0.02 o

Abbreviations: BWT, birthweight; PADG, pre-weaning average daily weight gain; PGE, pre-weaning growth efficiency; PKR, pre-weaning Kleiber ratio; PRGR,

pre-weaning relative growth rate; WWT, weaning weight.

female calves in the centre considering them as future replacements
for the herd.

The significant (p < 0.001) effect of calf birth season on the WWT of
Fogera calves may be due to differences in feed availability. The better
WWT of calves born during the wet season may be related to better
grazing feed availability for cows that, in turn, affect milk availability
for the calves at an early age. This result is similar to previous reports
of Fogera cattle and elsewhere in Ethiopia as indicated in Table 6.
Calf’s birth year significantly (p < 0.001) affected the WWT of Fogera
calves; the smallest WWT was recorded in 2016, and the largest was
in 2011. This effect of birth year on calf WWT is in line with previous
findings (Bekele et al., 2016; Menale et al., 2011). Similar to the BWT,
the variation in WWT of calves across years may be related to the
variable rainfall distribution, which, in turn, affects feed availability,
and inconsistent cattle feeding management practices in the centre.

The mean PADG of Fogera cattle in this study (320 + 2.79) was
greater than the findings of the same breed in Ethiopia (Bekele et al.,
2016; Menale et al., 2011). Similarly, the current result was lower than
the results of Horro and Horro*Holstein Friesian crossbreeds (Abera
etal.,, 2012; Demeke et al., 2003), respectively.

The study showed that sex significantly affected the PADG of Fogera
cattle. The mean PADG of female Fogera calves was greater than for
male Fogera calves (334 vs. 317 g). The current result is similar to
the previous findings of (Abera et al., 2012). However, it differs from
other reports (Bekele et al., 2016; Demeke et al., 2003; Menale et al.,
2011; Wasike et al., 2006) (Table 6). Calf birth season affected PADG
of Fogera calves; calves born in the wet season had larger PADG than
those born in the dry season (347 + 3.41 vs. 304 + 4.78) which was in
line with previous results (Bekele et al., 2016; Menale et al., 2011). Sim-
ilarly, calf birth year showed a significant effect on the PADG of Fogera
calves. The effect of birth year on calf WWT is in line with previous find-
ings (Abera et al., 2012; Menale et al., 2011).

The mean PKR of Fogera cattle in this study (10.1 + 0.04; Table 3)
was affected by sex of calf, calf birth season and calf birth year. The
effect of birth season and year may be associated with changes in cli-
matic conditions, feeding and health management practices. Similar
to this study, scholars reported the effect of year, season and sex of
the animal on PKR in Herford cattle (Kdster et al., 1994) and in sheep
(Ghafouri-Kesbi & Gholizadeh, 2017).

The mean PGE (3.51 + 0.35) was affected by the sex of calf and
season of birth that female calves and calves born in the wet sea-
son had higher (p < 0.001) GE than male and dry season born calves,
respectively. Even though female calves were superior for WWT and
PADG, male superiority for PGE may be due to the fact that testos-
terone enhances better weight gain similar to growth hormone (Zung
etal,, 1999). Estrogen limits the growth of bones in female calves which
finally affects growth rate and GE. Similarly, calves born in the wet sea-
son had higher GE than those born in the dry season which may be
due to the effective utilisation of surplus feed available in the wet sea-
son. Year of birth also affected GE, and the highest and lowest PGEs
were observed in 2011 and 2018 (4.99 + 0.15 vs. 2.71 + 0.15), respec-
tively. Similar to the current study, the effect of sex of animals has been
reported somewhere in the literature (Ghafouri-Kesbi & Gholizadeh
2017).

The mean PRGR (1.95 + 0.00; Table 3) was significantly affected by
the sex of calf and birth year. Female calves had a higher PRGR than
males and the highest and the lowest PRGR of Fogera calves were
recorded in 2011 and 2018 (2.05 + 0.01 vs. 21.88 + 0.012), respec-
tively. Similar to this result, scholars (Ghafouri-Kesbi & Gholizadeh,
2017; Kesbi & Tari, 2015) reported the effect of sex and birth year of

animals on PRGR of sheep.

4.2 | Genetic parameter estimates

Co(variance) components and heritability of Fogera calves estimated
using five animal models for BWT, WWT, PADG, PKR, PGE and PRGR
are presented in Table 4. Based on the log-likelihood ratio tests
(Meyer, 1992), Model 2 was the best model selected to estimate
the heritability of BWT. The direct heritability of BWT for Fogera
cattle obtained in this study was 0.21 + 0.07. This result is in line
with other findings (Haile, Ayalew, et al., 2011a; Haile, Joshi, et al.,
2011b; Tesfa & Garikipati, 2014). However, the value is lower than the
report by Schoeman and Jordaan (1999) for multi-breed beef cattle
in South Africa, and larger than the value previously reported for the
same breed (Bekele et al., 2016; Zeleke et al., 2016) and Horro cattle
by Demeke et al. (2003). The heritability estimates for the BWT of
Fogera cattle recorded in this study confirmed some scope of selection
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TABLE 6

Heritability

BWT

Phenotypic performances

BWT (kg)

PKR PGE PRGR Source

PADG

WWT

PKR PGE PRGR

PADG (g)

WWT (kg)

Breed

320 +£ 279 10.1 £ 0.04 351 +035 1.95+0.00 0.21 +0.07 027 +0.01 055+ 0.19 0.53 +0.18 0.33 £ 0.00 0.50 + 0.00 Currentstudy

21.0 + 0.03 88.6 + 0.33

21.3 + 0.05 98.0 + 0.67

Fogera

(Bekele et al., 2016)

0.06 + 0.02 0.08 + 0.03 0.06 + 0.03

280 + 0.00

20.7 + 0.11 88.6 + 1.30

Fogera

(Menaleetal., 2011)
(Tesfa & Garikipati,

+ 297 + 3.63

Fogera

0.24 + 0.09 0.18 + 0.05

21.3 + 0.09 102 + 0.77

Fogera

2014)
(Demeke et al., 2003)

0.14 + 0.03 0.08 + 0.03 0.07 + 0.02

4014 + 7.1

952 + 1.3

229 + 03

Horro

(Demeke et al., 2003)

229 + 0.30 952 + 1.30
233 +0.36

Boran

(Haile, Ayalew, et al.,

0.25 + 0.05 0.43 + 0.04

Boran

2011a; Haile, Joshi,
etal.,2011b)
(Demeke et al., 2003)

+ 0.29 916 + 1.67

22.6 + 0.50 92.0 + 1.90

Barka

(Mekuriaw et al., 2009)

Ogaden 21.5

Abbreviations: BWT, birthweight; HF, Holstein Friesian; PADG, pre-weaning average daily weight gain; PGE, pre-weaning growth efficiency; PKR, pre-weaning Kleiber ratio; PRGR, pre-weaning relative growth

rate; WWT, weaning weight.

responses for BWT, and it also indicated the presence of modest
variation within the study population.

Model 3, whichincluded direct and maternal additive genetic effects
with non-zero covariance between direct and maternal effects, was
selected to estimate the heritability (0.27 + 0.01) of WWT. The
direct heritability estimates were higher than the corresponding direct
maternal heritabilities. The lower direct maternal heritability com-
pared to direct additive heritability for WWT could be explained by
high environmental pressures and low level of management existed at
WWT. The direct maternal genetic correlation was high (0.77 + 0.18)
which indicates the possibility of selection based on direct genetic
effect in addition to improving the management. Similar heritabil-
ity value of WWT was reported for Fogera*Holstein Friesian crosses
(0.24 + 0.07) by Zeleke et al. (2016). However, larger (Haile, Ayalew,
et al., 2011a; Haile, Joshi, et al., 2011b; Schoeman & Jordaan, 1999)
and smaller (Aberaetal.,2012; Bekele et al., 2016; Demeke et al., 2003)
direct heritability estimates of WWT were reported in the literature.

Models 5 and 3 were appropriate to estimate the heritability of
PADG (0.55 + 0.19) and PKR (0.53 + 0.18), respectively. Unlike the cur-
rent study, smaller heritability estimates of PADG (Bekele et al., 2016;
Demeke et al., 2003) and PKR (Koster et al., 1994; Steyn et al.,, 2014)
were reported. A similar larger PKR heritability value was reported
by Schoeman and Jordaan (1999) for a multi-breed beef cattle herd in
South Africa. The larger direct heritability estimates of PADG and PKR
indicate that these traits could be used as a guide during selection pro-
grammes for GE.

Model 3 also provided the best fit for the estimation of the heritabil-
ity (0.33 + 0.00) for PGE. In contrast to this study, smaller PGE heri-
tability values were reported (Ghafouri-Kesbi & Gholizadeh, 2017).

The direct heritability value of PRGR (0.50 + 0.00) as estimated by
Model 2 was larger than the corresponding maternal heritability esti-
mate. This could indicate that PRGR depends more on individual ani-
mal performance than on maternal ability of their dams. The model
included the direct additive and maternal genetic effect as a random
factor. Similar larger heritability values of PRGR have been reported in
the literature (Schoeman & Jordaan, 1999).

4.3 | Phenotypic and genetic correlations

Phenotypic and genetic correlations measure the strength of the rela-
tionship between two performance traits. Phenotypic correlations pro-
vide an observable measure of the relationship between two traits
(Bourdon, 2000; Schoeman & Jordaan, 1999; Singh et al., 2016).

The genotypic correlations estimated from a bivariate animal model
ranged from small and negative (—0.20 + 0.04) to large and positive
(0.99 + 0.00). The genetic correlations between BWT-ADG, WWT-
PADG, PGE-PADG and PRGR-PADG were moderate and positive, indi-
cating that selection for one trait would improve the other (Bourdon,
2000).

Similar to genetic correlations, small and negative (—0.03 + 0.20) to

a large and positive (0.99 + 0.00) phenotypic correlations were found
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in this study. The phenotypic correlations among BWT-WWT, BWT-
PADG, WWT-PADG and PADG-PGE traits were moderate and positive.

The negative and moderate phenotypic and genetic correlations
between BWT-PKRA imply that selection of Fogera cattle based on
BWT will not improve the PKR and vice versa. On the other hand,
larger phenotypic correlations between traits indicate the possibility
of correlated selection responses. The genetic correlation between
BWT and WWT was higher than the phenotypic correlation. This result
was higher than the previous findings (Haile, Ayalew, et al., 2011a;
Haile, Joshi, et al., 2011b; Zeleke et al., 2016). Previously, scholars
reported smaller (Haile, Ayalew, et al., 2011a; Haile, Joshi, et al., 2011b;
Tesfa & Garikipati, 2014), even negative (Singh et al., 2010) values of
genetic correlations between BWT-WWT. Similar (del Carmen Chin-
Colli et al., 2016; Pires et al., 2016) and higher (Schoeman & Jordaan
1999; Zeleke et al., 2016) genetic correlations have been previously
reported for Fogera cattle and elsewhere in the world. The result
implies that selection based on individual performance at BWT will be
effective to increase PGE and PRGR traits. In contrast to the current
study, Schoeman and Jordaan (1999) reported a smaller and negative
genetic correlation between BWT-PRGR and no association between
BWT-PKR. A higher correlation between PKR and feeding efficiency
has been reported on lambs (Eskandarinasab et al., 2010; Talebi 2012).

5 | CONCLUSIONS

The BWT and WWT performances of Fogera cattle in this study are
comparable with other indigenous cattle breeds in Ethiopia. The effects
of sex of calf, birth season and year of birth were significant for all the
traits studied except for PRGR that was not affected by season of birth.

The moderate additive genetic variation in growth traits and large
additive genetic variation in GE-related traits indicate an opportu-
nity for genetic improvement for these traits through selective breed-
ing. Moreover, significant maternal effects on pre-weaning growth and
efficiency-related traits indicated the importance of including maternal
effects in genetic evaluation of traits measured early in life.

The large phenotypic and genetic correlations between most of the
traits indicate the potential use of these traits to improve the growth
rate of Fogera cattle. The negative phenotypic and genetic correlation
between BWT-PKRA implies that the selection of Fogera calves based
on either of the traits could have an adverse effect on the other. There-
fore, caution should be taken when designing the selection criteria for

growth improvement.
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