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ABSTRACT

Objective: To evaluate the reproductive and productive behavior of four hair sheep breeds in an intensive
production system.

Design/Methodology/Approach: Data recorded over 4 years (2016-2019) from a production unit that
works with Blackbelly, Pelibuey, Dorper, and Katahdin breeds were analyzed. The following variables were
evaluated: fertility, prolificacy, birth weight (BW), weaning weight (WW), weaned lamb yield (WLY), daily
weight gain during lactation (DWGL), offspring born alive (OBA), male offspring (MO), and female offspring
(FO). All information was analyzed using Chi-square tests and analysis of variance.

Results: The fertility, BW, WW, and WYL variables recorded different values between breeds (P<0.05).
The greatest fertility and prolificacy were recorded by Blackbelly, while Dorper recorded the lowest values
(P<0.05). BW and WW were highest in Dorper and lowest in Blackbelly (P<0.05). Finally, the sheep that
recorded the highest WYL were the Blackbelly, while the Dorper registered the lowest values (P<0.05). BW
and DWGL values reached maximum values (P<0.05) in Dorper rams, followed by Katahdin. The greatest
number of OBA was observed in Blackbelly and Pelibuey (P<0.05).

Study Limitations/Implications: Further studies should be carried out to validate this research.
Findings/Conclusions: Blackbelly ewes produced more kilograms of weaned lambs per lambing ewe. The
Dorper and Katahdin rams in the pre-weaning period recorded higher weight at weaning.

Keywords: reproductive efficiency, productivity, fertility, weight gain.

INTRODUCTION

As a result of the high demand for sheep (Ovis aries) meat products in Mexico,
special attention should be given to lamb production systems focused on supply, since
the increase in demand for sheep products has forced Mexico to import live cattle for




AGRO PRODUCTIVIDAD 2023. https://doi.org/10.32854/agrop.v16i12.2768 56

slaughter (Bobadilla ez al., 2021). Since the annual production of sheep meat in Mexico
amounts to 39,852 t and the per capita consumption per year is 0.6 kg, approximately
63,000 t year_1 must be imported, mainly from New Zealand, Australia, the United
States of America, Chile, and Canada (SIAP, 2019). Consequently, sheep production
should be redirected towards the production of lambs for supply (Calderén-Cabrera et
al., 2022).

Sheep farming in Mexico has incorporated hair breeds, as a result of their ability to adapt
to hot, temperate, and dry climates (Gonzélez-Gardufio et al., 2010). Additionally, Vicente
et al. (2020) have reported that they do not have reproductive seasonality, a characteristic
that allows the sheep industry to maintain a constant meat production throughout the year.
Additionally, studies carried out in the arid and dry region of northwestern Mexico during
the summer season have documented that high temperatures do not drastically reduce
the productive capacity of the Pelibuey, Katahdin, and Dorper hair breed sheep, as well
as their crosses (Macias et al., 2013; Macias et al., 2016). For their part, Chay et al. (2019)
reported that the combination of prolificacy with the low mortality rate of lambs in the
pre-weaning period is an essential factor that favors productivity in Pelibuey and Katahdin
sheep breeds. Consequently, these animals have high productive and reproductive potential
in any region of the country.

Two hair sheep breeds (Pelibuey and Blackbelly) are frequently used in production
systems, due to their high reproductive efficiency and their level of biological adaptation
to heat and high humidity conditions (Vicente et al., 2020). Likewise, breed groups such
as Katahdin and Dorper are used as parental breeds in some commercial herds (Oliva
et al., 2002; Nava et al., 2006). However, Chay e al. (2019) mentioned that the birth
weight and pre-weaning development of lambs of the Pelibuey breed are lower than in
other breeds, such as Katahdin and Dorper (Macias et al., 2012; Hinojosa ¢t al., 2015).
Even though the Blackbelly and Pelibuey breeds have lower productive performance, it
1s necessary to evaluate their behavior in sheep production systems located in different
regions of the country, both as a pure breed and in different crossbreeding systems
with Dorper and Katahdin (Bores et al., 2002). The birth weight and pre-weaning
development of the lambs of hair breeds are low and inferior to wool or meat breeds
—a situation that has led to the incorporation of rams from breeds specialized in meat
production, such as Dorper and Katahdin (Macias et al., 2010), into crossbreeding
systems.

For their part, Dorper breed sheep have demonstrated a great growth rate: when
they are crossed with Pelibuey females, lambs can gain up to 25% more weight per day
than Pelibuey breed lambs (Cloete et al., 2000; Hinojosa et al., 2013; Mayren-Mendoza et
al., 2018). There is scarce information about the development of offspring of hair sheep
breeds from birth to weaning, which makes it difficult to characterize the pre-weaning
performance of each of these breeds. Therefore, generating this information would increase
the efficiency of the sheep production systems of the country. Consequently, the objective
of this research was to evaluate the reproductive and productive behavior of four hair sheep

breeds in an intensive production system.
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MATERIALS AND METHODS
Location of the study area

The study was carried out at the Rancho Universitario of the Universidad Auténoma de
Ciudad Judrez, located 63 km northwest of the city, at 1,100 m.a.s.l. and with an average

annual rainfall of 244 mm. According to the Képpen classification, modified by Garcia
(2004), the climate of the region is hot (BWh) and cold (BWK) desert.

Database

A database was generated from the reproductive and productive records of lambing ewes,
mated with rams of the same breed, and their offspring. This information was collected
over a 4-year period (2016-2019) and was the result of the implementation of synchronized
mating programs, in which male and female hair sheep (Blackbelly, Pelibuey, Katahdin,
and Dorper) were used. The records of 400 females and eight males were used to generate
information about both the breeders and the offspring born in the study period. Exogenous
hormones were used with females with synchronized estrus, which were subjected to
controlled natural mating with rams of the same breed. The fertility (%), prolificacy, and
weaned lamb yield (WLY; kg female ™) of the ewes were recorded. In the case of the lambs,
the following variables were recorded: birth weight (BW; kg), daily weight gain during
lactation (DWGL; g), weaning weight (WW; kg), offspring born alive (OBA; n), male offspring
(MO; %), and female offspring (FO; %). The information obtained from the offspring was

used to evaluate the reproductive and productive performance of both ewes and rams.

Animals and management

The females and males were kept in an intensive production system (stabling and one
birth every eight months). They were housed in pens equipped with feeders, waterers, and
shades, and fed ad libitum with a maintenance diet [9% crude protein (CP) and 3.2 Mcal
of metabolizable energy (ME kg™ )], made up of commonly used ingredients in the study
region: Sudan grass (Sorghum drumondii) hay and alfalfa (Medicago sativa).

Regarding reproductive management, the females were integrated into groups of 25
individuals and were programmed to give birth every eight months (three births in two
years). Each group of females was subjected to a synchronized mating program, which
consisted of the use of a progestin for 12 days (intravaginal sponge; 20 mg of Cronolone;
Chronogest CR®, MSD, Animal Health) and the intramuscularly injection of 250 TU of
eCG (equine chorionic gonadotropin; GonActive® ¢CG, Virbac), 24 hours before the
sponges were removed. Once the females showed estrus, a controlled mating program was
used with two matings per female: one at the beginning of estrus and the second, 12 h later.
Finally, the number of mated, pregnant, and lambing females was recorded to determine
fertility and prolificacy. Likewise, during the lambing, lactation, and weaning season, all

information regarding the lambs was recorded.

Study variables
The variables evaluated were: fertility, prolificacy, BW, WW, WYL, DWGL, OBA,
MO, and FO.
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Statistical analysis

All information was analyzed under a completely randomized design, using breed
as treatment (Blackbelly, Pelibuey, Katahdin, and Dorper). The prolificacy, BW, WW,
DWGL, OBA, and WYL variables were analyzed with the PROC GLM procedure.
Fertility, I'O, and MO were analyzed using a Chi-square test with the PROC FREQ
procedure. Mean comparisons were performed with the t-student test at P<0.05. All

statistical procedures were developed with the SAS statistical package version 9.12 for

Windows (SAS, 2004).

RESULTS AND DISCUSSION

The results of the reproductive and productive evaluation of the hair sheep breed are
presented in Table 1. The Blackbelly breed sheep had higher fertility (94%; P<0.05) than
all the other breeds. Prolificacy was higher (P<0.05) in sheep of the Blackbelly, Pelibuey,
and Katahdin breeds than in the Dorper breed, which recorded a 1.3 prolificacy (Table 1).
Birth weights (BW) were higher (P<0.05) in lambs of the Dorper and Katahdin breeds, a
behavior that was reflected in the weight at weaning (P<0.05; Table 1). Blackbelly showed
the highest performance of weaned lamb (P<0.05) and surpassed the other breeds in the
study by 17% (30.6 vs. 26.1 kg female™'; Table 1).

In this study, fertility ranges from 89.6% to 94.1% and the maximum value was obtained
by the Blackbelly breed. In this regard, Macias et al. (2009) report similar results in Pelibuey
sheep for this variable, with a range of 81 to 93%. On the contrary, Gémez et al. (2006)
reported lower fertility (78%).

The Blackbelly and Pelibuey breeds stand out in the prolificacy variable with respect
to the other two breeds evaluated; this increased prolificacy results in a greater number
of lambs born and therefore greater productivity. Regarding the offspring born alive
variable, the Blackbelly and Pelibuey breeds stand out. In this sense, Rastogi (2001) and
Knights et al. (2012) reported that the Blackbelly breed shows high prolificacy (1.77 and
2.0, respectively). Regarding the Pelibuey breed, Martinez et al. (2011) and Magana et al.
(2013) report prolificacies of 1.41 and 1.53, respectively. Similarly, Herndndez-Montiel ez
al. (2020) stated that the prolificacy value in Pelibuey is ~ 1.5 lambs per birth; this value may
be associated with the genetic makeup of the breed, since 57 SNPs associated with litter

size have been reported. Some of the genes associated with litter size in Pelibuey include:

CLSTN2, MTMR2, CCDC174, NOMI, ANKRDI1, DLG1, ALPK3, ROBO2, CGA,

Table 1. Reproductive and productive evaluation of four hair sheep breeders.

Breed cwe Fertility Prolificacy* Birth weight (kg) | Weaning weight (kg) wea?lf;:jv’;‘f’l)yield
(%) Mean+SEM Mean+SEM Media+SEM Mean+SEM
Blackbelly 94.1a 1.9%0.20a 2.90.20b 16.11.12b 30.62.3a
Pelibuey Canelo 89.6b 1.6x0.10a 3.1x0.14b 16.4x1.50b 26.2x1.7b
Katahdin 91.9b 1.5+0.13a 3.6+0.08a 17.5%0.08a 26.3+2.6b
Dorper 90.8b 1.3%0.18b 4.3%0.17a 19.8%0.86a 95.7+1.7b

a,b Values with different literal within columns, are different (p>0.05). * Lambs per ewe calved. =SEM=Standar Error Means.
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and KDM4A. Additionally, four SNPs (s37914.1 (Chr 4: 117, 719, 020 bp), s02969.1 (Chr
5: 184, 537 bp), OAR15_13905772.1 (Chr 15: 13, 872, 637 bp), and s15631.1 (Chr 19:
57.489.437 pb)) confirm that different underlying genetic mechanisms are involved in the
prolificacy of Pelibuey sheep, such as candidate genes related to reproduction, seasonality,
milk production, and weight. In the case of the Dorper breed, Gavojdian et al. (2013)
reported low prolificacy (1.2); this value is similar to the result obtained in this study (1.3),
which causes a lower number of lambs at birth.

Regarding the birth weight (BW) variable, similar results were obtained in the Blackbelly
(2.9 kg) and the Pelibuey (3.2 kg) breeds; these results match the findings of Macias ez
al. (2009) who indicated a BW of 3.3, 2.9, and 3.1 kg for the Pelibuey, Katahdin, and
Dorper breeds, respectively. However, in the present study, the Katahdin and Dorper
breeds obtained similar birth weights (3.6 and 4.3 kg, respectively), which were higher than
the Blackbelly and Pelibuey breeds. These results are similar to those reported in other
studies, in which of 4.0 kg (Gavojdian et al., 2013) and 3.8 kg (Mellado et al., 2016) were
obtained for the Dorper breed: the BW detected for Katahdin lambs in this study matches
the results of Burque (2005) and Castillo et al. (2021), who reported a BW of 3.5 and 4.0 kg,
respectively.

In the weaning weight (WW) variable, Macias et al. (2009) reported weights of 18.5 kg
for Dorper and 14.5 kg for Pelibuey —values lower than those found in the present study
(19.8 kg for Dorper). In a study carried out in the Mexican humid tropics, Chay et al.
(2019) found weaning weights of 15.3 kg for Pelibuey and 16.0 kg for Katahdin —lower
than the values obtained in this study.

There is a relationship between the number of lambs born and weaned per ewe, reflect
in the efficiency with which Blackbelly sheep wean a greater number of kilograms per ewe,
followed by Pelibuey and Katahdin. This has a favorable effect on the weaning productivity
of hair ewes: ewes with two lambs (mainly Blackbelly and Pelibuey) record better results.
The ability of an ewe to wean a greater number of lamb kilograms is conditioned by
the size of the litter at birth, growth rate, and pre-weaning mortality (Macias-Cruz et al.,
2009, Macias-Cruz et al., 2012). Ewes with two lambs were more productive at weaning,
indicating that the combination of prolificacy with low lamb mortality rate in the pre-
weaning period is an essential factor for the improvement of the productivity of hair ewes
(Chay et al., 2019). A better economic remuneration for sheep farmers would be achieved
by combining the reproductive efficiency of Blackbelly with the productive efficiency of
Dorper; therefore, greater WYL would be achieved with the direct crossing of the two
aforementioned breeds.

Table 2 shows the results for the productive parameters of hair breed rams on their
offspring. Birth weights (BW) are higher (P<0.05) in Dorper, followed by Katahdin, with
a similar behavior (P<0.05) in the daily weight gain for the lactation (DWGL) variable.
For the offspring born alive variable, a greater number of offspring was observed in
the Blackbelly and Pelibuey breeds (P<0.05). Finally, for the female offspring and male
offspring variables, no significant effect was observed between ram breeds and their
offspring (P>0.05).
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Table 2. Productivity of the offspring of the rams of four hair breeds.

Birth weight (kg) DWG flurmg Live born pups (n) % Female % Male
R Mean+SEM lactation (g) Mean+SEM fisprin; fisprin,
ean* Mean-+SEM ean* offspring offspring
Blackbelly 2.5+0.20a 142+0.20a 54%1.7a 60 40
Pelibuey Canelo 3.1x0.14a 125%+0.10a 48x1.1a 45 35
Katahdin 3.7+0.08b 209%0.13b 45%+2.0a 54 46
Dorper 4.2+0.17b 259+0.18b 39+1.3b 50 50

a,b Values with different literal within columns, are different (@=0.05). £ SEM=Standar Error Means.

DWG: daily weight gain.

The birth weight (BW) values for Dorper breed lambs in this work were similar to those
reported in other studies: 3.8 kg (Czismar et al., 2013) and 4.4 kg (Castillo e al., 2021). The
BW obtained in Katahdin lambs matches the figures reported by Ehrhardt ¢z al. (2018) and
Vicente-Pérez et al. (2021): 3.7 and 3.9 kg, respectively. Although the BW values reported
in this study were obtained using pure breeds, these results match the findings of Lopez et
al. (2021), who found a similar BW (3.8 kg), when Dorper or Katahdin parental breeds are
used. Likewise, Macfas et al. (2010) have reported that crosses of these paternal breeds with
the maternal Pelibuey breed have the advantage of producing offspring for supply with
acceptable growth rates.

The pre-weaning behavior of hair sheep breeds must be studied to determine their
productive and economic efficiency, before deciding whether or not they should be
incorporated into commercial farms. In this regard, Hinojosa et al. (2009) highlighted
the pre-weaning productive efficiency of Dorper and Katahdin. These authors evaluated
lambs on daily pre-weaning weight gain and established a better performance by these two
breeds. These results match the findings of this work, where the same two breeds were
superior to Blackbelly and Katahdin. This has a favorable impact on weaning weights,
which is important in production systems where more kilograms of lamb can be weaned.
Furthermore, crossing Blackbelly and Pelibuey breeds (as maternal base) and Dorper and
Katahdin (as paternal base) would have a greater impact on the weight of the lambs at

weaning and on the kilograms of lamb weaned per female.

CONCLUSIONS

The Katahdin and Dorper breeds are an alternative for the improvement of the weaning
weight compared to the Blackbelly and Pelibuey breeds. However, the Blackbelly breed
favors higher weaned lamb performance than the Pelibuey, Katahdin and Dorper breeds.
The Blackbelly breed should be included in intensive production systems, as pure breeds
or crossbred with other breeds, to increase the number of lambs born.
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