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Abstract: Prepubertal growth rate (GR-1,2) of Bali cattle and its crosses with Simmental breed in the hot
environment of lowland (0-100 m) and the cool environment of highland (700-1100 m above sea level) of West Nusa
Tenggara province, Indonesia, were evaluated by measuring the birth weight (BW), 150 d weaning weight
(WW.150), preweaning growth rate (GR-1), yearling weight (YW), and post weaning growth rate (GR-2) of 187,
166, 216, and 156 calves for Bali breed (B), Bali x Simmental crossbred (SB), SB x Simmental back crossed (SBS),
and SB x Bali back crossed (SBB), respectively. The results showed, GR-1,2 of the calf were significantly different
between B calves and the crosses, and between the two altitudes of farms for the crosses calves. The B calves were
found to have an average 0.29 kg/day GR-1,2 which was not different between raised in the lowland and highland
environment. The crosses calves grew 75.02, 60.71, and 82.14% faster than those of B calf in the lowland for SB,
SBS, and SBB calves, respectively, and 83.55, 115.48, and 70.97% faster than those of B calf in the highland for SB,
SBS, and SBB calves, respectively.
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I.  Introduction

Currently, almost 75% of world cattle population resides in tropical zones, however, animal production in
these areas is often hampered by low genetic progress, lack of record keeping and reduced availability of scientific
literature [1]. Thereby, information on productive performance of cattles in the tropics is lacking.

One of the important cattle breed in the tropical countries is Bali cattle. This cattle are an indigenous cattle
in Indonesia, originated from Banteng (Bibos banteng) which is well known as Bos sondaicus. Bali cattle are one of
the important beef cattle breeds contributing to the development of livestock industries in Indonesia, and are the
most predominant genotype within the eastern island, e.g. in West Nusa Tenggara province. The majority of these
cattle are maintained traditionally, therefore, their growth performance is considered to be low. However, comparing
to other breeds, Bali cattle have better adaptation abilities especially in marginal environment [2], have high meat
quality and low fat percentage [3], have high fertility and give birth each year constantly over a long time [4], and
have high heterosis effect in crossbred [5].

The effort to increase productivity of Bali cattle in some areas made use of crossbreeding with exotic
breeds of Bos taurus such as Simmental, Limousine, Hereford, and Charolais, and Brahman cattle (Bos indicus), in
which Simmental was suggested the most one [6]. Crossbreeding systems are used in beef cattle production to take
advantage of heterosis (non-additive effects) and to exploit breed differences for specific characteristics (additive
effects) to improve performance and value of the progeny [7], under different environmental conditions [8].
However, this effort may have negative impacts as it was not followed by production environment improvements,
due to genotype-environment interactions. Replacing indigenous with exotic breed in South East Asia might in fact
create significant problem, e.g. distocia because of heterosis increasing calf birth weight, low tolerance on harsh
environment condition, and increase work to feed each animal because of higher growth and greater size at maturity
[9]. Therefore, it is important to evaluate factors influencing economically traits in a diversity of environment in
order to understand the production environment while making management decisions in a crossbreeding system,
since interactions may influence productive efficiency.

Thermal elements of the environment such as air temperature and humidity were the most importance
aspects of cattle production environment, because of their direct effects on productivities [10, 11]. In the tropical
countries, the thermal environment was varied by altitude [12, 13]. Indeed, low altitude (lowland) existing as hot
environment, while the high altitude (highland) as cold environment.
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Effect of that environmental factors on calf growth during prepubertal period such as preweaning and
postweaning growth have not been adequately examined. Growth traits such as weight at birth, weaning, and
yearling are of primary economical importance in cow-calf production system. The birth and weaning weight are
known to be influenced by the direct genetic effect of the calf and the maternal genetic effect [14].

The primary goal of animal breeders is to maximize the rate of genetic improvement. Weaned and yearling
calves are the major product of beef cows, their weight has a great influence on returns from sales and hereby on the
economy and profitability of beef cattle production. Moreover, the weaning and yearling weight of calf are
important performance and breeding criterion for beef cattle [15, 1].

Performances of a breed or crossbred cattles are not expected to be the same under all environments. The
breed and crossbred together should be evaluated under a variety of environmental conditions. Hence, the objective
of this study was to investigate prepubertal growth of Bali cattle and its crosses with Simmental breed under hot
environment of lowland and cold environment of highland areas in West Nusa Tenggara province, Eastern Part of
Indonesia.

Il.  Materials and Methods

This study was carried out in the small-holder farms of cattle production which spread at two different
altitude areas i.e. lowland (0-100 m) and highland (700-1000 m above sea level) areas of West Nusa Tenggara
province, eastern part of Indonesia. These two different altitude areas showed average daily temperature, relative
humidity, and temperature-humidity index (THI) of 31.66 °C, 65.89%, and 80.02 for lowland, and 24.52 °C,
87.55%, and 69.40 for highland areas, respectively.

There were 731 normally birth and healthy calves observed, consisting of Bali breed (B), Bali x Simmental
crossbred (SB), SB x Simmental back crossed (SBS), and SB x Bali back crossed (SBB). All of the calves were
taken purposively from those of birth within rainy season of January to May 2013 in those two different altitude of
farms . Detail number of calves observed considering genotype, sex, and location (altitude), are provided in Table 1.

Table 1. Number of observation by genotype, sex, and altitude for birth to yearling weight

Altitude
Genotype of calves Sex Lowland Highland Total
Bali (B) Male 52 44 96
Female 50 41 91
B x Simmental (SB) Male 40 51 91
Female 40 35 75
SB x Simmental (SBS) Male 54 45 99
Female 65 52 117
SB x Bali (SBB) Male 43 39 82
Female 33 41 74
Overall 382 349 731

Birth weight (BW), weaning weight in 150 days (WW.150), preweaning growth (GR-1), yearling weight
(YW), and post weaning growth rate (GR-2) of the calves were measured directly in order to evaluate the
prepubertal growth rate (GR-1,2). The birth weight of the calves was taken within 24 h after calving, while the
calves were allowed to suckle on their dams until weaning. The weaning weight was taken when the calves weaned
within age of 4-6 months or in average of five months old (150 days). In all cases the weaning weight was then
corrected to 150 days (WW.150) using a following equation:

Actual WW - BW
WW.150 = BW + x 150 x Cow Age Correction Factor
Age (days) at weaning

where, the correction factor referred to Indonesian local cows (Hardjosubroto, 1994) in which 1.15, 1.10, 1.05, and
1,00 for 2, 3, 4, and >5 years old cows, respectively. Yearling weight was taken in 365 days age of the calves. Then,
prepubertal growth rate of the calves were analyzed in accordance to average daily weight gains obtained.

Data were arranged by genotype of calf and location (altitude) of farms. Then, Analysis of Variance
(ANOVA) and mean comparisons with Least Significance Difference (LSD) test were performed using SPSS
program considering genotype, location, and genotype x location effects.
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I11.  Results
3.1. Preweaning growth

Preweaning growth rate is measured as daily weight gain recorded from birth to weaning. The values were,
however, determined by both birth weight and weaning weight of the calves. The mean weight of calf at birth (BW)
and weaning (WW.150), and preweaning growth rate (GR-1) of Bali cattle and its crosses with Simmental breed at
different altitude of farms are provided in Table 2. Then, growth response of genotypes on the altitudes of farms is
presented in Figure 1. The results indicated, that BW, WW.150, and GR-1 were affected (P<0.05) by genotype of
calves and altitude of farms.

Crosses calves (SB, SBS, and SBB) showed higher BW, WW.150, and GR-1 than those of Bali calves (B),
which increased as Simmental proportion of the genotype was increase. In contrast, Bali breed restricted the BW and
WW.150 of the crosses calves. The average BW, WW.150, and GR-1 of 28.64, 106.16, and 0.52 kg for the crosses
calves were 69.27, 71.34, and 73.33% higher than those of 16.92, 61.96, and 0.30 kg for B calves.

There were an increase in BW, WW.150, and GR-1 for the crossed calves from lowland to highland, in
which genotype with larger proportion of Simmental showed higher increasing index. While, that of B calves
showed that BW and GR-1 were not influenced by the altitude, but their WW.150 in highland was 12.63% higher
than that in lowland. The average BW, WW.150, and GR-1 of 27.61, 94.37, and 0.45 kg for the crossed calves in
lowland were 7.50, 24.98, and 33.30% lower than 29.68, 117.95, and 0.60 kg in highland.

Table 2. Preweaning performance of Bali (B) cattle and its crosses with Simmental (S) breed
at the different altitudes of farms

Altitude of Genotype Birth weight Weaning weight 150 days Preweaning growth rate
farms of calf (BW), kg (WW.150), kg (GR-1), kg/day
(above sea levels)

B 16.57+1.00° 68.2843.15° 0.34+0.05°
Lowland SB (¥%:B%:S) 27.89+1.98° 105.65+5.27° 0.53+0.08°
(0-100 m) SBS (¥iB%S) 31.78+1.77° 99.44+9.89° 0.46+0.08°
SBB (%:BY4S) 23.15+1.56° 90.0249.62° 0.44+0.06°
B 17.26+1.59% 73.64+4.52° 0.37+0.06°
Highland SB (¥:BY:S) 30.55+1.99° 121.67+16.18" 0.61+0.10¢
(700-1.000 m) SBS (V4B%S) 33.75+1.83° 139.92+17.27° 0.72+0.12¢
SBB (3%:BY4S) 24.73+1.55° 107.26+9.93" 0.560.08"

Note: Means in the same column with different superscripts is differ significantly (P<0.05)
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Fig. 1. Preweaning growth response of genotypes on the different altitude

3.2. Post weaning growth

Post weaning growth rate was measured as daily weight gain recorded from weaning to yearling. The
values were, however, determined by both weaning weight and yearling weight of the calves. Table 3 showed the
effects of genotype of calves and altitude of farms on yearling weight (YW) and post weaning growth (GR-2) of
Bali cattle and its crosses with Simmental breed at different altitudes of farms. Both YW and GR-2 were affected by
genotype of calves (P<0.01) and altitude of farms (P<0.05).

The average YW and GR-2 for B calves were obtained 125.85 kg and 0.29 kg/day, respectively. They
were, however, much lower than the average of 231.68 kg and 0.62 kg/day for the crosses calves. The mean post
weaning growth rate (GR-2) of 0.29 kg/day for B calf in the lowland was not different to that of 0.30 kg/day in
highland environment (Figure 2). However, the crosses calves in the lowland showed lower GR-2 than those in
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highland, in which SBS calf as a genotype with the largest proportion of Simmental grew slowest (0.41 kg/day) in
this environment but fastest (0.75 kg/day) in the highland environment.

Table 3. Post weaning performance of Bali cattle and its crosses with Simmental breed
at the different altitudes of farms

Altitude of farms Genotype Yearling weight Post weaning growth rate
(above sea levels) of calf (YW), kg (GR-2), kg/day

B 121.79+23.66° 0.27+0.03°
Lowland SB (%BY:S) 200.43+21.52" 0.44+0.05"
(0-100 m) SBS (%B¥%S) 203.89+24.71° 0.41+0.03™
SBB (%BY4S) 178.71+17.68° 0.38+0.04°
B 139.92+22.98° 0.300.09°
Highland SB (¥%:B%S) 230.98+30.23° 0.51+0.05"
(700-1.000 m) SBS (%B¥%S) 289.53+22.42" 0.65+0.10°
SBB (%:BY4S) 205.52+19.07" 0.47+0.08™

Note: Means in the same column with different superscripts is differ significantly (P<0.05)
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Fig. 2. Post weaning growth response of genotypes on the different altitude

3.3. Prepubertal growth
The prepubertal growth rate (GR-1,2) of B calf and crosses (SB, SBS, and SBB) in the lowland and

highland environment are provided in Table 4. The B calves had an average GR-1,2 of 0.29 kg/day which was not
influenced by the altitude of farms, however, it was significantly lower than the average of 0.55, 0.60, and 0.52
kg/day for SB, SBS, and SBB calves, respectively.

There were an increase in GR-1,2 of the crosses calves from lowland to highland, in which the average GR-
1,2 of 0.62 kg/day for the crosses calves in highland were significantly higher than that of 0.48 kg/day in the
lowland. The SBS calf as a genotype with largest proportion of Simmental tend to grow slowest (0.42 kg/day) in the
lowland but significantly fastest (0.73 kg/day) in the highland environment.

Table 4. Prepubertal growth rate (kg/day) of Bali (B) cattle and its crosses with Simmental (S)

breed at different altitude of farms
Prepubertal growth rate (GR-1,2), kg/day

Genotype Number of animal Lowland Highland
(0-100 m) (700-1.000 m)
B 187 0.28+0.04° 0.31+0.05°
SB (¥%:B%2S) 165 0.49+0.06" 0.57+0.11°
SBS (%B¥%S) 217 0.42+0.05" 0.68+0.09"
SBB (¥:BY%.S 156 0.450.04 0.53+0.06°

Note: Means in the same row and column with different superscripts is differ significantly (P<0.05)
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IV.  Discussion

The BW, WW.150, and YW were found higher for crosses calves than that of B calves, both in lowland
and highland environment. Likewise for GR-1 and GR-2. This indicated that crossing Bali cattle (Bos sondaicus)
with Simmental (Bos taurus) has produce offsprings with greater in weight, whether at birth, weaning, or yearling,
then, grew more rapidly within the period of prepubertal, compared to the purebred Bali calves. These results are in
agreement with previous study [15], and similar to many other studies involving crossbreeding between Bos indicus
and Bos taurus in the tropical countries [9, 16, 17, 18, 19, 20].

However, these preweaning and post weaning performances of the genotypes were different by the altitude
of farms, in which the genotypes raised in the highland were found to have higher BW, WW.150, and YW, and grew
faster than those of raised in the lowland environment. It suggests that the wide variation in thermal environment
between those two different altitudes have a strong effect on the calves and their dams during prenatal and
preweaning or on the calves within period from weaning to yearling. The recorded average daily temperature of 31.6
°C for lowland environment exeeded the comfort zone temperature range of 10-27 °C for tropical cattle breed [12,
21], while the 24.5 °C for highland is within that range. Likewise, the recorded average daily THI of 79.2 for
lowland indicated of thermal stress environment for beef cattle breeds, while the 69.4 for highland is consider to
safety zone [22]. Thermal environment can have a strong influence on performance of animals [23, 24, 25].
Similarly, altitude of farms has significant effects on the production performance in cattles [26, 27, 20, 28]. In
contrast, it has reported that there were no significant differences in milk yield across extreme altitude [29]; however
altitude in that study only ranged from 50 to 367 m.

The average BW of 16.91 kg for B calves in the present study were slightly exceeded the range of 12.30 to
16.80 kg BW reported for the breed in the country [30], this because of the calves used in this study derived from
selected dam and sire in term of artificial insemination program that has been developed to improve cattle
productivity in the country. It was, however, in agreement with 16.46 kg BW reported for the breed in the similar
farm management [31]. Other indigenous cattles in the tropical countries are reported to have BW 24.14 kg for
Sistani cattle [32], 26.80 kg for Nguni cattle [18], and 17.35 kg for Sanga cattle [33]. While the average BW of
28.40 kg for the crosses calves are within the range of 26.42 to 29.67 kg BW reported for the genotypes in West
Nusa Tenggara province, the eastern part of Indonesia [34], and was slightly higher than the average of 27.88 kg
BW reported for the genotypes in the similar farm management [31]. It was then, 67.95% heavier than that of B calf.
As a comparison, the Nguni x Simmental crossbred calf is reported to have only 16.80% higher BW than the
purebred Nguni calf [18].

Besides, the BW was significantly different among genotypes of the crosses calves, in which the genotype
with largest proportion of Simmental (SBS) showed the highest BW than those of other genotypes, both in lowland
and highland environments. Increasing percentage of BW doe to the crossing were averages 72.66, 93.65, and
41.49% for SB, SBS, and SBB calves, respectively. In relevance to this results, previous study [17] has reported that
crossbreeding between Indonesian local cattle (PO) and Simmental breed took place in Java island increase BW of
offsprings by 20.08, 37.26, and 58,40% for F-1 (50% Simmental), backcross-1 (75% Simmental), and backcross-2
(87,5% Simmental), repectively. This increase might be resulted from both complementary and heterosis advantage
of the crossing [35], which was in agreement with the some other findings [36, 37, 38, 39, 20].

Moreover, the crosses calves raised in the lowland were found to have lower BW of 6.20, 9.54 and 6.82%
for SB, SBS, and SBB calves respectively, compared to those raised in the highland environment. This lower BW of
lowland calves might be doe to thermal stress experienced by the dams during pregnancy, wherein birth weight is a
consequence of the net supply of nutrients reaching the foetus, which is influenced by factors including primarily
maternal thermal stress, foetal genotype, and maternal genotype [40, 41]. However, other study in PO x Limousine
crossbred conducted in East Java [20, 42] reported that no significant effects of altitude of farms on BW of both PO
and crossbred calves. Some other factors including the animal itself, farm management, nutritions, and other
climatologically aspects might be involved and reasonable on that different result.

The crossing was also increase WW.150 of offsprings by an average 58.97, 67.81, and 41.67% for SB,
SBS, and SBB calves, respectively, compared to the average of 70.96 kg WW.150 recorded for B calves. Genotype
with higher proportion of Simmental had higher increasing index. Therefore, the genotype with highest increasing
index was of SBS calf. This indicated that the increase in WW.150 obtained for the crosses calves are derived from
Simmental which known superior in this trait, and have high preweaning growth rate that reach an average of 1.8
kg/day [43]. Moreover, weaning weight is known to be an economical trait with high heritability; its heritability
reach 30% [44]. Increase in weaning weight of offsprings was also suggested to be an advantage of crossing
between breeds which much different in such trait [45, 35]. Other study reported, crossbreeding indigenous Nguni
cattle with Simmental breed increase weaning weight 205 of their offsprings by 17.50% [18]. This was, however,
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largely lower compared to the average increasing percentage of 56.15% WW.150 reached by Bali x Simmental
crossed calves in the present study. Contrary, crossbred of 50% Nallore x 50% Simmental in Brazil is reported to
have no significant different of 205 d weaning weight with the crossbred of 75% Nallore x 25% Simmental [46].
The differences may be genetic, since the present study is designed between breeds which have a largely different of
productive traits. The Simmental is a heavy beef breed with fast growth rate, compared with the Bali breed which is
a lighter breed and slow growth rate.

There were an increase of 7.85, 19.16, 40.70, and 16.15% WW.150 for B, SB, SBS, and SBB calves,
respectively, from lowland to highland environment. It showed that, genotype with higher proportion of Simmental
had higher increasing index. The result was in agreement with finding of Siregar et al [27] who reported, that the
205 d weaning weight of PO x Simmental (PS) crossbred and PS x Simmental (PSS) backrossed in West Sumatera,
Indonesia, were higher in highland (204,5 and 239,1 kg) than those in lowland environment (179,8 and 220,8 kg).
Similar result was also reported for 105 d weaning weight of PO x Limousine crossbred in East Java, Indonesia [20].
This lower WW.150 of the crosses calves in lowland environment might be due to thermal stress experienced by the
calves and their dam because of high daily temperature (31.27 °C) and THI (78.06) of the environment. High
environmental temperatures may suppress milk production resulting in period of suck which interfere with suckle
[47]. Heat stress reduced suckling frequency and shortens suckling period [48], also causes heat transfer from dam
to calf when suckling [44].

The crosses calves farmed in the highland were found to have 14.03, 56.52, and 25.33% higher GR-1 for
SB, SBS, and SBB calves respectively, compared to those of farmed in the lowland environment. Genotype with
highest proportion of Simmental (SBS calf) had highest increasing index than those of other genotypes. This result
was in agreement with findings for PO cattle and its crosses with Simmental [27], likewise for PO and its crosses
with Limousine [20]. Whereas, GR-1 of the B calves in the lowland was not significantly different with those in the
highland environment. This because of the B cattle is an indigenous cattle breed in the tropic and has been known as
a well adaptable breed on the various condition of thermal environment [4].

At yearling, the crosses calves were found in average 87.42 kg or 66.81% heavier than B calf. This may
due to the much heavier at birth of the crosses than the B calves, since the BW and YW are correlated positives.
Level of the correlation was obtained in average of 0.58, which is within the range of 0.40 to 0.70 recorded for
Angus breed based on data from the American Angus Association Sire Evaluation report [49]. Besides, it has
reported that sire breed has highly significant effects on yearling body weight of crossbred calves [50, 51, 33].

The average YW of the calves were 130.85, 215.98, 246.71, and 192.12 kg for B, SB, SBS, and SBB
calves, respectively, depend on the altitude of farms. The calves farmed in the highland were found to have 14.08,
16.24, 42.00, and 15.00% higher YW for B, SB, SBS, and SBB calves respectively, than those of farmed in the
lowland environment. This might be due to the more comfortable environment of the highland for the genotypes,
wherein the animals have higher feed intake [53, 54] and, offcourse higher inergy intake [55], and using less energy
for maintenance so then more energy may utilized for productive purposes. It so happen, the average YW of 130.85
kg for B calf is within the range of YW reported for the breed in the country [30], and slightly higher than 125.62 kg
YW reported for the breed in similar farm management [31]. While the average YW of 218.18 kg for the crosses
calves was lower than 231.27 kg YW reported for the genotypes in the same province [34].

Further, the averages GR-2 of the genotypes are 0.28, 0.47, 0.53, and 0.42 kg/day for B, SB, SBS, and SBB
calves, respectively. These data point out that, genotype with larger proportion of Simmental grew faster than those
of other genotypes. In contrast, genotype with higher proportion of Bali breed grew slower. This because the post
weaning growth is a high heritability trait, reached 60% [44, 56]. The average of 0.28 kg/day GR-2 for B calves was
slightly higher than 0.26 kg/day reported for the breed in the similar farms management [31]. It so happen, the
average of 0.47 kg/day GR-2 for the crosses calves was slightly lower than 0.51 kg post weaning daily weight gain
for the genotypes in the similar farms management [34], but it was closely lower than 1.55 kg post weaning daily
gain reported for Nguni x Simmental crossbred calf [18].

At post weaning, the crosses calves in this study grew in average 69.05% faster than B calves, depend on
the altitude of farms. As a comparison, post weaning growth rate of Nguni x Simmental crossbred calf was 39%
higher than the purebred Nguni calf [18]. The crosses calves farmed in the highland were found to have 15.24,
42.00, and 14.55% higher GR-1 for SB, SBS, and SBB calves respectively, compared to those of farmed in the
lowland environmrnt. Genotype with highest proportion of Simmental (SBS calf) had highest increasing index than
the others. This result was in agreement with findings for PO cattle and its crosses with Simmental [27], likewise for
PO and its crosses with Limousine [20]. Whereas, GR-2 of the B calves in the lowland was not significantly
different with those in the highland environment. This because of the B cattle is an indigenous cattle breed in the
tropic and has been known as a well adaptable breed on the varied condition of thermal environment [4].
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Prepubertal growth rates (GR-1,2) of the calf were then significantly different between B calves and the
crosses, and between the two altitudes of farms for the crosses calves (Table 4). The B calves were found to have an
average of 0.29 kg/day GR-1,2 which was not different between farmed in the lowland and highland environment.
This agrees with the results of previous study carried out at various location of cattle farms in Indonesia [27, 20, 31,
42]. While for the crosses were found to have in average 0.53, 0.56, and 0.52 kg/day GR-1,2 for SB, SBS, and SBB
calves, respectively, which have no significant different each other.

During prepubertal, thereby, the crosses calves grew in average 81.84% faster than B calf, which was
75.02, 60.71, and 82.14% faster than B calf in the lowland for SB, SBS, and SBB calves, respectively, and 83.55,
115.48, and 70.97% faster than B calf in the highland for SB, SBS, and SBB calves, respectively. These of growth
increasing index indicated that, SBS calf as a genotype with highest proportion of Simmental grew slowest in the
lowland but it was fastest in the highland environment, compared to those other genotypes of crosses (SB and SBB)
calves.

V.  Conclusion
Crossing of Bali cattle with Simmental indicated the higher proportion of Simmental in highland
environment (THI<70) was better on prepubertal growth rate of crosses calves than those of indicated higher
proportion of Bali breed. Whereas in the lowland (THI>70<80), crosses calves with higher proportion of Bali breed
was better on prepubertal growth rate to those of indicated higher proportion of Simmental.
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