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ABSTRACT

Sheep production in the high Andean regions of Peru faces several challenges, including low productive performance,
particularly during the pre-weaning stage. Therefore, the appropriate selection of breeds adapted to these conditions
could significantly improve growth indicators and increase the profitability of the production system. The study aimed
to compare the behavior of preweaning growth criteria in male and female lambs of six sheep breeds (Dohne Merino,
Corriedale, Texel, Poll Dorset, Finnish Landrace, and East Friesian) raised in the high Andean conditions of Peru. A
total of 199 live weight records of lambs were evaluated at birth, 25, 60, 90 days, and weaning. The analysis of variance
revealed significant differences between breeds, separated by sex, and the Principal Component Analysis examined
patterns of variation among variables and breeds. The results showed that males of the Texel breed had a higher average
weight at 60 days, while the Dohne Merino breed stood out in terms of birth weight. In females, Texel and Dohne
Merino were the breeds with the highest weights at 90 days and weaning. PCA analysis revealed a positive correlation
between 60-day, 90-day, and weaning weights, although no clear grouping by breed or sex was evident. However,
Texel and Dohne Merino showed better performance compared to the other breeds, suggesting their potential for
inclusion in genetic improvement programs under high-altitude conditions, which could contribute to strengthening
livestock systems in the high Andean regions of Peru.
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INTRODUCTION

Sheep or also called domestic sheep (Ovis aries) are
cosmopolitan animals that produce wool, meat, milk, skin,
leather and manure. These animals are used by producers
because of their fecundity and adaptability to new
environments (Torrel-Pajares et al. 2022), due to their
versatility to survive in different climates, from the coldest
to the warmest. Their optimal production depends on
environmental conditions and their genetic potential.
Because of these characteristics, sheep breeding is
widespread in the coast, highlands and jungle of Peru, due
to its economic, social and ecological importance in the
regions of Peru (Salamanca et al. 2018; van Wettere et al.
2021). There are approximately 1,173 million head of

sheep in the world and of this 7.1 % are in the Americas
(FAOSTAT 2018), in Peru it is about 10 million sheep
between ewes, rams and lambs (INEI 2013), of which
80.5% are Criollos, 11.3% Corriedale, 2.3% Hampshire
Down, 0.9% Blackbelly and 4.1% of other breeds (INEI
2013), these animals represent an important subsistence
resource in the high Andean regions of the country (Rivera
et al. 2015), as they are raised extensively, on natural
pastures and with little management technology and
genetic improvement (MINAGRI 2024). However, the
sheep population in the 1960s was 23 million head and
currently stands at 9.5 million (Jurado et al. 2020), this
population decrease is due to various technical factors,
such as the decrease in the price of wool, presence of
diseases and others (Jurado et al. 2020; MINAGRI 2024).
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Producers in general have criollo animals that show low
productivity yields (Montesinos et al. 2015; Poma et al.
2021), with live weights of 26 to 27kg and fleece weights
below 2kg (Bustinza et al. 2024). There are genetic
improvement works with the objective of improving
productive yields in meat, milk and wool, with the
introduction of specialized breeds of sheep through
embryo transfer (Cardona et al. 2020; Pantoja et al. 2022),
which exist in different production systems and
environmental conditions. Then, the purpose of this work
is to evaluate the liveweight performance in the
preweaning growth of six sheep breeds in high Andean
highland conditions of Peru.

MATERIALS AND METHODS

Location of the Study

This work was carried out in the sheep genetic nucleus,
situated in the experimental centers of Casaracra and
Alpaicayan at the Universidad Nacional Daniel Alcides
Carrion (UNDAC) (Fig. 1). The sites present a temperature
range from -5 to 10°C in the dry season and reaching 15°C
in the wet season, with an annual precipitation of 850mm,
located in a life zone Tropical Montane Humid Forest for
Casaracra and for Alpaicayan Very Humid Tropical
Subalpine Paramo (Aybar & Lavado-Casimiro 2017
Pantoja et al. 2022).

Animals

Lambs born from embryos imported from Australia
were used, which were obtained by embryo transfer in
Creole ewe lambs by Corriedale, six breeds were used:
Corriedale-C (Male=1, Female=6), Dohne Merino-DM
(Male=20, Female=26), East Friesian-EF (Male=24,
Female=30), Finnish Landrace-FL (Male=16,
Female=14), Poll Dorset-PDt (Male=15, Female=17) and
Texel-TX (Male=14, Female=16). Where C and DM are
dual purpose meat and wool (medium and fine), EF is
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milk and meat, FL is characterized by prolificacy and
fertility, PD and TX are fast growing, muscle developing
and lean carcasses, besides being hardy and strong (Liu et
al. 2015; Canaza-Cayo et al. 2017; Hernandez et al. 2018;
Dlamini et al. 2019; Pantoja et al. 2022; Li et al. 2022;
Canaza-Cayo et al. 2024; Theron et al. 2024; Gudra et al.
2024; You et al. 2024).

Data Collection

Liveweight data of lambs, in study, were taken; at birth
(PN), 25-days after birth (P25), 60-days after birth (P60),
90-days after birth (P90) and at weaning (PD) 110-days
past birth.

Statistical Analysis

Statistical analysis was performed using R version 3.8
(R Core Team 2020). The variables PN, P25, P60, P90 and
PD of the six breeds of lambs under study were tested with
ANOVA, followed by the Limit difference test (LSD) with
a significance level of 0.05. In addition, a principal
component analysis (PCA) was applied to examine the
adequacy of the data, which was used to identify possible
matching of the sheep breeds and the variables evaluated.

RESULTS

Table 1 and 2 show the mean and standard deviation
(SD) of the preweaning growth criteria, studied in male and
female lambs for live body weights at birth, 25, 60 and 90
days after birth, as well as weaning weights for 199 records
of lambs from six breeds. In Table 1, the DM mean birth
weight is higher than the PDt mean showing significance
(P<0.05) between them, however, no significance with the
C, EF, FL and TX breeds for both means. Also, there is
significance in the P60, where the mean of TX is
statistically superior (P<0.05) to DM, but equal to the other
breeds (Table 1).

Fig. 1: A) and B)
Geographical position
of the sheep lambs; C)
Location of the
experimental centers in
the Puna region; and D)
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Table 1: Liveweight performance of six male sheep breeds from birth to weaning
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Breed Birth weight Birth weight at 25 days Birth weight at 60 days  Birth weight at 90 days ~ Weight at weaning
C 3.94+0.00ab 5.50+0.00a 13.6+0.00ab 14.20+0.00a 16.30+0.00a
DM 4.01£0.70a 7.41+2.39a 10.6+3.00b 14.44+3.47a 16.28+3.60a
EF 3.87+0.95ab 6.99+1.82a 11.87+3.81ab 14.18+3.29a 15.94+£3.91a
FL 3.67+0.41ab 6.24+1.25a 12.39+2.93ab 13.37£2.70a 14.57+£2.96a
PDt 3.45+0.53b 6.38+1.27a 12.09+3.31ab 12.97+3.13a 14.69+3.34a
TX 3.79+0.68ab 6.78+1.42a 14.08+3.71a 14.89+4.09a 16.68+4.44a

Values (MeanSD) in the same column with different alphabets differ significantly (P<0.05).

Table 2: Liveweight performance of six female sheep breeds from birth to weaning

Breed Birth weight Birth weight at 25 days Birth weight at 60 days  Birth weight at 90 days  Weight at weaning
Cc 4.22+0.35a 6.60+1.69abc 10.68+3.30bc 11.30+3.05¢ 12.03+3.09¢

DM 3.85+0.59ab 7.93+2.00a 11.35+2.45bc 15.37+2.94ab 17.12+3.15ab

EF 3.76+0.61abc 6.42+1.71c 9.95+2.66¢ 13.28+2.38c 14.88+2.80c

FL 3.50+0.61bc 6.15+1.16¢ 11.38+3.16bc 12.75+ 2.93c 14.08+3.55¢

PDt 3.42+0.83c 6.49+1.44bc 12.61+2.34ab 13.91+1.92bc 15.37+2.30bc

X 4.13+0.64a 7.63+2.08ab 14.37+4.28a 16.41+4.04a 18.22+4.36a

Values (Mean£SD) in the same column with different alphabets differ significantly (P<0.05).

Table 2 shows the results of the mean and SD of female
lambs, where the mean PN of TX and C are statistically
superior (P<0.05) to FL and PDt, but equal to the DM and
EF breeds. At P25 the DM, TX and C breeds showed the
highest means (P<0.05), at P60 the TX and PDt showed
high means (P<0.05) compared to the other breeds and,
finally, at P90 and PD the TX and DM breeds showed
significantly higher means (P<0.05) than the other breeds

As for the females in the same graph (Fig. 2), it can be
seen that the TX, DM and EF breeds have an almost
constant live weight gain during the research period. As for
the females in the same graph (Fig. 2), it can be seen that
the TX, DM and EF breeds have an almost constant live
weight gain during the research period. As for the females
in the same graph (Fig. 2), it can be seen that the TX, DM
and EF breeds have an almost constant live weight gain
during the research period.
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Fig. 2: Live weight behavior in male and female sheep; PN) mean
birth weight, P25) mean weight at 25 days after birth, P60) mean
weight at 60 days after birth, P90) mean weight at 90 days after
birth and PD) mean weight at weaning.

Fig. 3 depicts a Biplot plot of principal component
analysis (PCA), which reduces the dimensionality of the
data to show the relationships between variables and
observations in two dimensions (Dim1 and Dim2), where
Dim1 explains 69.9% of the total variability of the data and

Dim2 shows 17.9% of the variability. Together, these two
principal components explain 87.8% of the data variability,
also in the graph we observe the arrows representing the
quantitative variables, where each one points the direction
and magnitude of variables correlation with the
dimensions, indicating that the arrows closer to each other
mean that these variables are positively correlated. Another
feature as the colored dots represent the different sheep
breeds and the observations dispersion for each sheep breed
in the two dimensions, where it is observed that there is no
clustering of the evaluated data together with the breeds
and sex, but with respect to the variables that are closer to
each other, the P60, P90 and PD are positively correlated.
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Fig. 3: Biplot graph of a principal component analysis (PCA) of
weight behavior between sheep breeds and sex, from birth to
weaning.

DISCUSSION

An important issue in the economic success of
commercial sheep breeding is the growth potential of
lambs, which depends on the genotype of the animal, the
progeny and the environment in which they develop
(Momoh et al. 2013; Valerio et al. 2015).

In Peru, more than 94% of sheep grow in the highlands
and of this, 80.6% belong to the Criollo type (INEI 2013;
Bustinza et al. 2024). In criollos, lambs born weigh less
than 3kg at altitudes higher than 3885masl (Espinoza-
Montes et al. 2022), due to low technology and even
traditional management in breeding. In contrast, improved
sheep breeds such as the Corriedale dual-purpose animal
raised at over 4000masl reported birth weights of 4.28kg



(Trillo et al. 2019), which is due to the quality of the
pastures they consume and the technical management. In
addition, the experience and adaptation of this breed, which
was introduced in Peru by the 1930s (Snyder 1959;
Carhuaricra et al. 2022), imply a better adaptability to the
area. Other research, such as that of Cutipa Sacaca (2022)
in the southern Peruvian altiplano at an elevation of 3824
to 4000masl, with artificial insemination techniques,
reported birth weights of 3.50 to 3.89kg in Corriedale
lambs. On the other hand, in Uruguay at 78masl, it was
found birth weights of 4.20kg for Corriedale, 3.60kg
Finnish Landrace x Corriedale, 4.35kg East Frisiean X
Finnish Landrace, 4.74kg East Frisiean x Corriedale and
4.93Kg in East Friesian (Banchero et al. 2016), values that
are within the range of the study. In Brazil, live birth
weights of Texel lambs were evaluated with means of
4.74kg for males and 4.5 kg in females (Canaza-Cayo et al.
2024). Regarding the Corriedale in temperate conditions as
in India, weights of 3.69kg of lambs born are reported
(Baba et al. 2020). In contrast, in South Africa Dohne
Merino had weights of 5.24 to 5.74kg (Sedupane et al.
2023), similar weights for the Poll Dorset between 4 and
7kg in Australia (Sawyer et al. 2022). In another study for
the same breed, Mota et al. (2017) reported birth weight
averages of 4.6kg in Brazil. As for Balami and Uda breed
sheep raised for their meat, in Nigeria at 517masl, in a
semi-intensive production system, they report values in
birth weight of male lambs of 3.52kg and in females’
weights of 3.11kg (Momoh et al. 2013). These differences
found in birth weights of sheep lambs from different breeds
and locations can be attributed to different aspects. Sawyer
et al. (2022) mentions that in sheared ewes’ lambs are
heavier and have larger litters, also says that lambs born by
natural mating are heavier, but with smaller litter sizes
compared to lambs born by artificial insemination. The
season also has effects on the birth weights of lambs, in
spring they are heavier compared to autumn when they are
lighter (Menant et al. 2022) and birth weight was related to
different biological and management factors, measurable in
the breeding centers (Sveinbjérnsson et al. 2021).
Furthermore, birth weight was significantly related to lamb
survival, and finally, changes in birth weight could be
predicted from the live weight of the mother ewe (Behrendt
et al. 2019).

Another point of importance is quantitative traits, such
as pre-weaning growth, which are expressed as a result of
genetic and environmental effects (Behrem 2021).

Body weight is one of the most important traits to
evaluate productive efficiency in livestock species,
especially in meat production (Canaza-Cayo 2024). The
study found that there was no effect of breed on weights at
P25, P90 and PD for males, but P60 showed Texel with
higher value; in females. However, there was a greater
variability of the effect of breeds on the weights taken (PN,
P25, P60, P90 and PD), where the Texel has shown its
superiority in weight on the dates sampled, which is
influenced by its genetic aspect, growth traits and muscle
development (Canaza-Cayo et al. 2024). There are few
studies on weight control; at P25, P60 and P90, but the
weaning weight (DW) is evaluated in different cases, with
time adjustments (days) according to the breeding system,
technical aspect and environmental conditions. For
example, in Peru, in the breeding of Creole sheep, PD is not
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evaluated (Poma et al. 2021), but in sheep such as the
Corriedale, weights between 33.6 and 35.44kg at 142 *
23days (PD) are found (Trillo et al. 2019). On the other
hand, in India Corriedale sheep have a weaning weight of
12.16kg (Baba et al. 2020), in South Africa the Dohne
Merino has PD between 28.1 to 29.5kg at 115 days (PD)
(Sedupane et al. 2023), sheep considered dual purpose
(wool and meat). For fast growth sheep and muscle
development, such as the Texel reported PD of 34.72kg for
males and for females the weight is 31.59kg (Canaza-Cayo
et al. 2024) in Brazil, and in Poll Dorset the PD (90 days)
is 23.35kg in Mexico (Horacio et al. 2011), in sheep
crossed with East Frisiean X Romanov weaning weights of
18.7kg were achieved in twin births in Mexico (Juarez et
al., 2023). On the other hand, in sheep such as Blackbelly,
Pelibuey and Katahdin, weaning weights are 8.83, 9.64 and
10.18kg (GOmez-Hernandez et al. 2022). The different
weaning weights (DW) found in the studies are influenced
by the genetic potential of each sheep breed, environment
and conditions in the production system, as mentioned by
Kramarenko et al. (2021) who concludes that the
environmental effects, interaction of the year at lambing x
sex and genotype of the ram x type of lambing influences
the weaning weight of the lamb. In turn, weaning weights
of lambs are affected by the body weight of dams, then
better reproductive performance and better growth rate of
lambs can be achieved by heavier dams. (Aktas et al. 2015),
growth rate is an economic trait of interest in domestic
animals, as the growth of lambs reflects the adaptability
and economic viability of the animal. A rapid growth rate
determines its meat production capacity until the age of
commercialization (Lalit et al. 2016), then the body weight
allows evaluating the general condition of the animal,
which serves as a selection criterion in breeding programs
(Canaza-Cayo et al. 2024). In summary, the phenotypic
expression of traits in the offspring is affected by the direct
genetic effect and optimal breeding conditions (Behrem
2021).

Then, the results found in the study encourage to keep
on genetic improvement programs, because the results of
PN, P25, P60, P90 and the PD are in the ranges provided
by different studies worldwide. The study also shows that
the lambs born have not shown a negative effect due to the
environmental conditions in which they have been
growing, and therefore, being a viable option for small
producers to breed and multiply them for commercial
purposes, which will improve the economic income of
producers in the high Andean highlands of Peru.

Conclusion

This study provides a valuable contribution to the
understanding of the behavior of preweaning growth
criteria in six sheep breeds in high Andean conditions,
which is crucial for improving productivity in rural regions
of Peru. The findings reveal that the Texel and Dohne
Merino breeds have superior performance in terms of
growth during the early stages of life, especially in the
parameters of birth, 60-day and weaning weights, which
highlights their potential in genetic improvement programs
and production systems aimed at increasing productive
efficiency in high altitude areas.

In general terms, the choice of breeds with greater
preweaning growth capacity is essential to optimize the



profitability of the sheep production system in the high
Andean highlands. The study shows that the Texel and
Dohne Merino breeds could be especially useful in these
systems due to their superiority in key growth parameters
compared to the Corriedale, Poll Dorset, Finnish Landrace
and East Friesian breeds. This is due to their better
adaptation and ability to generate higher weight gains in
high altitude conditions, where environmental factors can
be limiting for animal development.

The practical implications of these findings are
considerable for producers in the high Andean region of
Peru. The raise of breeds such as Texel and Dohne Merino
can significantly improve vyields in the early life stages of
lambs, which, in turn, can translate into higher profitability
for sheep producers. In addition, the results of principal
component analysis (PCA) allow inferring that these
breeds have a relatively uniform growth behavior, which
could facilitate their integration into breeding systems
where uniformity in animal growth is a key factor for
system efficiency.

Finally, this study underscores the importance of
genetic sorting to optimize sheep meat production in the
high Andean zones, contributing to the sustainability and
strengthening of local livestock systems. It is suggested that
further research should continue with the analysis of other
variables, such as genetic adaptation and disease resistance,
which also influence the profitability and sustainability of
sheep production in these ecosystems.
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