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Resumen

El objetivo del presente trabajo fue evaluar el patrón de crecimiento durante la primera gestación de vaquillonas cruza
con padre Brahman y diferente genotipo materno, en la Amazonía Ecuatoriana. Se utilizaron datos retrospectivos de
2304 pesos individuales de 48 vacas cruzas lecheras. Con ello, se evaluó el comportamiento dinámico del peso corporal
de cuatro genotipos: Brahman x Gyr (Gyr) (n=12), Brahman x Brown Swiss (BS) (n=12), Brahman x Jersey (J) (n=12) y
Brahman x Sahiwal (S) (n=12), pertenecientes al rodeo lechero del Centro de Investigación, Posgrado y Conservación
de la Biodiversidad Amazónica (CIPCA) – Ecuador. Las diferencias entre genotipos en el peso corporal a la preñez
y al primer parto no fueron estadísticamente significativas. Se observaron diferencias en la edad a la primera preñez
correspondiendo la mayor precocidad a la cruza con madre Brown Swiss y la menor precocidad a las cruzas con Gyr
y Sahiwal. Las hembras producto del cruzamiento con Jersey presentaron un comportamiento intermedio. Se observó
que, durante su primera gestación, las vaquillonas F1 con padre Brahman y diferente genotipo materno, presentan
similar patrón de crecimiento en las condiciones limitantes de la Amazonía Ecuatoriana, respuesta interpretable en
términos de interacción genotipo-ambiente negativa.
Palabras clave: Biogás, metano, relleno sanitario, estimación teórica.
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The objective of the present work was to evaluate the growth pattern during the first gestation of heifers crossed with
Brahman father and different maternal genotype in the Ecuadorian Amazon. Retrospective data of 2304 individual
weights of 48 dairy cows were used. The dynamic behavior of the body weight of four genotypes was evaluated:
Brahman x Gyr (Gyr) (n=12), Brahman x Brown Swiss (BS) (n=12), Brahman x Jersey (J) (n=12) and Brahman x Sahiwal
(S) (n=12) belonging to the dairy herd of the Research Center, Postgraduate studies and Preservation of the Amazonia
Biodiversity (CIPCA) – Ecuador. The differences between genotypes in body weight at pregnancy and at first birth
were not statistically significant. Differences in age at the first pregnancy were observed, with the highest precocity at
crossing with Brown Swiss mother and the lower precocity at crosses with Gyr and Sahiwal. The females produced
by crossing with Jersey showed intermediate behavior. It was observed that, during their first gestation, F1 heifers
with Brahman father and different maternal genotype have a similar growth pattern under the conditions of the
Ecuadorian Amazon, response in terms of negative genotype-environment interaction.
Keywords: Landfill gas, methane, landfill, theoretical estimation.
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Growth pattern during the first gestation of heifers crosses with Brahman father and different
maternal genotype

1 Introduction
Calderón et al. (1993); Abeygunawardena and Demata-
wewa (2004), reported that females from crossbreeds bet-
ween zebu and European breeds begin puberty at a youn-
ger age compared to pure breeds in wet tropic conditions,
with values of 15 and 19 months, respectively. The genetic
variability existing within and between breeds results in
differences in age and body weight to the presentation of
the first estrus, affecting subsequent reproductive events
that end up being global productive (Navarrete, 1995;
Nogueira, 2004). For this reason, it is important to have
different breeds adapted to these particular conditions,
able to overcome the productive limits that Bos taurus
breeds present in these regions. In this sense, it has been
observed that cows from Brahman x Bos taurus crosses
have higher fertility, higher milk production and greater
longevity than those of pure Bos taurus genotype (Graja-
les et al., 2006; Zambrano-Sepúlveda et al., 2014).

However, by increasing the proportion of indica ge-
nes, females tend to delay age at puberty and this im-
pacts negatively their subsequent reproductive behavior.

In this sense, it has been found (Rocha and Lobato, 2002;
Zambrano and Contreras, 2014) the inability of cows to
cross Brahman x Bos taurus to produce a replacing cow
that maintains its same productivity characteristics, as a
result of the loss of heterosis with respect to that expres-
sed by F1. The live weight record of cattle is a strategy
that allows to monitor the behavior in their natural en-
vironment, and this information is specifically used for
a variety of purposes, including determining the appro-
priate feeding level and the nutritional status of animals,
monitoring the growth rate and responses to the genetic
selection (Marulanda, 1996; Lesosky et al., 2013; Lukuyu
et al., 2016).

The assessment of the live weight of animals in li-
vestock production systems is essential if wanting to im-
plement good grassland management practices aimed at
achieving sustainable production in the Amazon. In this
context, the aim of this research is to evaluate the growth
pattern during the first gestation of heifers crossed with
Brahman father and different maternal genotype in the
Ecuadorian Amazon.

Table 1. Age and body weight at the first pregnancy in four F1 heifer groups with Brahman father and different mother genotype.

Variable Mother genotype ContrastesGyr Brown Swiss Jersey Sahiwal
Age (days) 1148c ± 57,7 852a,b ± 38,3 994b,c ± 49,5 1135c ± 54,4 F = 7,619 p = 0,0003

Pregnancy weight (kg) 319 ± 17,3 350± 9,5 308± 13,6 324± 8,6 F = 1,239p = 0,307
Calving weight (kg) 392± 15,8 414± 18,8 399± 14,0 399± 11,0 F = 1,239p = 0,307
All values correspond to an arithmetic mean ± standard error.
Sample size: n = 12 individuals per group.
a, b, c Values with different letters differ in at least 0.05.

2 Materials and methods

Retrospective data were used from 2304 individual body
weight records of 48 dairy cross cows belonging to four
genotypes: Brahman x Gyr (Gyr) (n=12), Brahman x
Brown Swiss (BS) (n=12), Brahman x Jersey (J) (n=12)
and Brahman x Sahiwal (S) (n=12) belonging to the Re-
search Center, Postgraduate studies and Preservation of
the Amazonia Biodiversity (CIPCA). This center is lo-
cated in Carlos Julio Arosemena Tola, Napo province
(Ecuador), at kilometer 44 of Puyo-Tena (coordinates: S
01◦ 14.325; W077◦ 53.134) and has 42 ha of pasture for
breeding. Heifers came from the same establishment and
had been bred under the same environmental, nutritio-
nal and management conditions, and entered in CIPCA
at 15-17 months of age and with body weights (avera-
ge EE) of 204 x 7.7 kg (G); 276 x 11.0 kg (BS); 204 x 8.7

kg (J) and 186 x 6.0 kg (S). In order to assess the dy-
namic behavior of the body weight, all animals were
weighed individually between December 2012 and De-
cember 2016, every 30 days. The feeding of the bovine
herd under study was free grazing, with grasslands ba-
sed on Brachiaria decumbens (17 585 kg MS/ha/year,
Protein: 10.6% Phosphorus: 0.18%; DIV: 44.4%), Brachia-
ria brizantha (26 970 kg MS/ha/year; Protein: 10.1%;
Phosphorus: 0.18 %; DIV: 44.1%), Arachis pintoi (6 212
kg MS/ha/year; Protein: 19.4%; Phosphorus: 0.21%; DIV:
59.2%), Desmodium ovalifolium (5 890 kg MS/ha/year;
Protein: 16.3%; Phosphorus: 0.16%; DIV: 39.6%) and Sty-
losanthes guianensis (15 237 kg MS/ha/year; Protein:
21.4%; Phosphorus: 0.4%; DIV: 48.7%) (Leonard, 2015).

The health management applied was commonly used
for CIPCA, which includes deworming, claw stools and

LA GRANJA: Revista de Ciencias de la Vida 30(2) 2019:37-43.
c©2019, Universidad Politécnica Salesiana, Ecuador. 39



Scientific paper / Artículo científico
VETERINARY SCIENCES Quinteros-Pozo, O., Di Masso, R.J. and Marini, P.R.

flies, vaccinations for foot-and-mouth disease, bovine ra-
bies and vesicular stomatitis and the injectable appli-
cation of vitamins and minerals. The body weight (kg)
was recorded individually at the first pregnancy, the age
(days) to the first pregnancy and the body weight (kg)
at the first calve. The normal distribution of each of the-
se variables was evaluated with the D’Agostino Pear-
son test (D’Agostino and Pearson, 1973) and the homo-
geneity of its variances with Brown-Forsythe test (Brown
and Forsythe, 1974). For each genotype, the average
body weight during the first gestation was calculated at
monthly intervals. The average data calculated were or-
ganized according to the months of gestation, in all cases
identifying behavior similar to a linear model found with
a cycle test. The effect of the genetic group on the values
of the estimators of linear function parameters was asses-
sed with a covariance analysis.

3 Results
Table 1 shows the effect of the genetic group on the th-
ree response variables, all of them presenting normal

distribution and homogeneous variations. The obser-
ved differences between genotypes in body weight at
pregnancy and early calving were not statistically sig-
nificant. Differences in age to the first pregnancy were
observed, being the highest precocity the crosses with
Mother Brown Swiss and the lowest precocity the crosses
with Gyr and Sahiwal. Females with Jersey crossing pre-
sented intermediate behavior.

On adjusting the average body weight vs gestation
months, a non-significant deviation from linearity was
observed for the four genetic groups [Mother Gyr (p =
0.833), Mother Brown Swiss (p = 0.283), Mother Jersey (p
= 0.881) and Mother Sahiwal (p = 0.405)]. The values of
the linear determination coefficient (R2) and the residual
variances (Syx) showed an adequate goodness of the ad-
justments [mother Gyr (R2 = 0.773; Syx = 9.88), mother
Brown Swiss (R2 = 0.958; Syx = 6.00), Mother Jersey (R2

x 0.967; Syx = 5.54) and Sahiwal mother (R2 = 0.975; Syx
= 3.85)]. Regression equations corresponding to the diffe-
rent groups are listed in Table 2.

Table 2. Regression of the different groups of different mother genotype.

Mother Gyr Y= 5,676 * X + 321,2
Mother Pardo suizo Y= 8,884 * X + 342,5

Mother Jersey Y= 9,347 * X + 307,5
Mother Sahiwal Y= 7,488 * X + 321,7

Table 3. Ordinates of regressions of groups of different mother genotype.

Genotype Ordinate Registered weight
Mother Gyr a= 321,2 Kg 319Kg

Mother Pardo suizo a=342,5 Kg 350 Kg
Mother Jersey a=307,5 Kg 308 Kg

Mother Sahiwal a=321,7 Kg 324 Kg

Ordinate values at origin (body weight estimators
at the beginning of gestation) showed no differences (p

>0.05) with the observed values (Table 3). All the slopes
were statistically different to zero (Table 4).

The analysis of covariance revealed a statistically sig-
nificant difference in the value of the slopes (F = 5.018;
p = 0.0058) of the different genetic groups, which pre-
vented the comparison of the differences in height. Sin-
ce the slopes are estimators of the daily weight gain ra-
te throughout gestation, the observed difference between

them highlighted a particular behavior of females resul-
ting from Brahman x Gyr crossbreeding, showing lower
weight gain in the period. When excluding this group
from the analysis, the differences between the slopes
of the three remaining genotypes were statistically non-
significant (F = 2.845; p = 0.078), which allowed to calcu-
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Table 4. Slopes of regressions of groups of different mother genotype.

Genotype Regression Significance
Mother Gyr b ± Sb = 5,676 ± 1,088 kg/mes F = 27, 2 p = 0,0008

Mother Pardo suizo b ± Sb = 8,884 ± 0,661 kg/mes F = 181 p <0,0001
Mother Jersey b ± Sb = 9,347 ± 0,610 kg/mes F = 235 p <0,0001

Mother Sahiwal b ± Sb = 7,488 ± 0,423 kg/mes F = 313 p <0,0001

late a slope common to all of them (bc = 8.573 kg/month)
and compare the heights, which are statistically different
(F = 99.4; p <0.0001).

4 Discusion
In Ecuador, as in other countries of the tropics and subtro-
pics of Latin America, there has been a strong tendency
to replace local breeds with exotic breeds in order to in-
crease milk production levels. These breeds introduced in
the area for breeding purposes come from regions where
climatic and nutritional conditions are generally more fa-
vorable compared to those prevailing in the destination
area, so their productive performance is negatively affec-
ted. Because of this, a genetic management strategy that
local producers have resorted to is the use of crossbree-
ding between zebu breeds (Bos indicus) and European
breeds (Bos taurus) in an attempt to minimize the adapta-
tion problems (Tewolde, 1993; Madalena, 2012).

Despite their differences in the body size, all the ge-
notypes evaluated in this work showed similar behavior
in terms of growth pattern during their first gestation.
This result agrees with the fact that weight increases du-
ring the breeding to the first milking of the four cross
dairy genotypes analyzed were 0.201 kg/day, according
to the region under study. None of the dairy crossings
stood out above the other, all were similar (Quinteros
et al., 2015).

The fact that the heifers under study do not differ in
their weight gains during the first gestation regardless
their genetic formation can be interpreted in terms of a
negative genotype-environment correlation. According
to this, the best genotype in terms of potential growth
rate-crosses with Brown Swiss-receives the worst envi-
ronment. This claim is based on the fact that, if the weight
to pregnancy accounted for 65% of the adult weight of
each maternal genotype, the calve weight should be 90%

of the adult weight, with theoretical values for Brahman
x Gyr of 441 kg, for Brahman x Brown Swiss of 538 kg, for
Brahman x Jersey of 473 kg and for Brahman x Sahiwal of
498 kg.

This prediction differs from the results reported in
this work, with observed body weights lower than the
expected under this hypothesis (Table 1), and is in line
with the limited atmosphere of the area. The high relative
humidity and the high temperatures typical of the Ecua-
dorian Amazon are factors that negatively impact the
cows, and according to Sánchez (2010); Arias et al. (2008),
animals will produce to the extent that environmental
conditions allow them to show their productive poten-
tial. The low yield value reflects the values resulting from
the assessment of productive and reproductive variables
used as indicators of their rate or level of economic pro-
fit and adaptation of animals, expressed as averages of
age at first calve, interval between calves and postpartum
estrum and milk production (Morales, 2009; Motta et al.,
2012; Quinteros-Pozo and Marini, 2017).

The genotype with maternal Brown Swiss begins
pregnancy at an earlier age (higher precocity), and these
are maintained throughout pregnancy although the dif-
ferences did not reach statistical significance with higher
body weight. Most likely, an improvement in quality and
in the amount of diet offered could increase the average
daily weight gain. The reality indicates that this option
is not always possible, hence, alternatives of using the
elements available in the Amazon should be thought. In
this regard, there are findings that show that weight gain
values ranging from 600 to 750 grams per day would be
optimal for future dairy cows, while lower values could
cause a delay in puberty (Wathes et al., 2014; González-
Stagnaro et al., 2007). However, these are works that have
not been carried out in environments such as the Ama-
zon, so the transfer of the results derived from them is
not always possible.

LA GRANJA: Revista de Ciencias de la Vida 30(2) 2019:37-43.
c©2019, Universidad Politécnica Salesiana, Ecuador. 41



Scientific paper / Artículo científico
VETERINARY SCIENCES Quinteros-Pozo, O., Di Masso, R.J. and Marini, P.R.

Figure 1. Linear growth pattern during the first gestation of cows crossed with Brahman paternal genotype and different maternal
genotype in grazing conditions in the Ecuadorian Amazon.

5 Conclusion
The results confirm that the limiting environmental con-
ditions in the Ecuadorian Amazon prevent the expression
of the different genetic potentials of F1 heifers with Brah-
man father and different maternal genotype during their
first gestation, resulting in a similar growth pattern in all
of them. Considering that what is measured in animals is
a phenotype resulting from the action of its genetic com-
position in the environment in which it is to express itself,
the choice of a particular cross will be determined by the
feasibility of offering an ambition nutritional status more
in line with the requirements. The presence of a negative-
genotype environment interaction indicates that it makes
no sense to generate a population by crossbreeding who-
se growth potential and its correlation at the reproducti-
ve level cannot be expressed by limitations attributable to
the environment.

References
Abeygunawardena, H. and Dematawewa, C. (2004). Pre-

pubertal and postpartum anestrus in tropical zebu
cattle. Animal Reproduction Science, 82:373–387. Online:
https://bit.ly/2YJcZbE.

Arias, R., Mader, T., and Escobar, P. (2008). Factores climá-
ticos que afectan el desempeño productivo del ganado
bovino de carne y leche. Archivos de medicina veterinaria,
40(1):7–22. Online: https://bit.ly/2yBzbtB.

Brown, M. B. and Forsythe, A. B. (1974). The small sam-

ple behavior of some statistics which test the equality
of several means. Technometrics, 16(1):129–132. Online:
https://bit.ly/2Ko6ENK.

Calderón, R., Villa-Godoy, A., Zapata, S., and Lagunes,
L. (1993). Actividad ovárica en becerras suizo pardo
y cebú en clima tropical af (c). i. inicio de la pubertad
y su correlación con la primera ovulación. Memorias
Reunión Nacional de Investigación Pecuaria, INIFAP, Jalis-
co.

D’Agostino, R. and Pearson, E. S. (1973). Tests for depar-
ture from normality. empirical results for the distribu-
tions of b2 and

√
b1. Biometrika, 60(3):613–622. Online:

https://bit.ly/2YJcZbE.

González-Stagnaro, C., Madrid-Bury, N., Goicochea-
Llaque, J., González-Villalobos, D., and Rodríguez-
Urbina, M. A. (2007). Primer servicio en novillas de
doble propósito. Revista Científica, 17(1):39–46. Online:
https://bit.ly/2YGerzx.

Grajales, H., Hernández, A., and Prieto, E. (2006). Edad
y peso a la pubertad y su relación con la eficiencia
reproductiva de grupos raciales bovinos en el trópico
colombiano. Livestock Research for Rural Development,
18(10):1–25. Online:https://bit.ly/2U7wVmS.

Leonard, I. (2015). Recursos forrajeros autóctonos y promi-
sorios para la ganadería en la provincia de Pastaza. Retos y
posibilidades para una ganadería sostenible en la provincia
de Pastaza de la Amazonia Ecuatoriana., chapter IV, pages
46–69. Universidad Estatal Amazónica.

42
LA GRANJA: Revista de Ciencias de la Vida 30(2) 2019:37-43.

c©2019, Universidad Politécnica Salesiana, Ecuador.

https://bit.ly/2YJcZbE
https://bit.ly/2yBzbtB
https://bit.ly/2Ko6ENK
https://bit.ly/2YJcZbE
https://bit.ly/2YGerzx
https://bit.ly/2U7wVmS


Growth pattern during the first gestation of heifers crosses with Brahman father and different
maternal genotype

Lesosky, M., Dumas, S., Conradie, I., Handel, I. G., Jen-
nings, A., Thumbi, S., Toye, P., and de Clare Brons-
voort, B. M. (2013). A live weight–heart girth relations-
hip for accurate dosing of east african shorthorn zebu
cattle. Tropical Animal Health and Production, 45(1):311–
316. Online:https://bit.ly/2Kgv9O9.

Lukuyu, M. N., Gibson, J. P., Savage, D., Duncan, A. J.,
Mujibi, F., and Okeyo, A. (2016). Use of body li-
near measurements to estimate liveweight of crossbred
dairy cattle in smallholder farms in kenya. Springer-
Plus, 5(1):63. Online: https://bit.ly/2ZuwQwF.

Madalena, F. E. (2012). Animal breeding and
development–south american perspective. Journal
of Animal Breeding and Genetics, 129(3):171–172. Online:
https://bit.ly/2ODeFDP.

Marulanda, E. (1996). Evaluación de la edad al primer
servicio y su incidencia en la productividad y repro-
ducción de novillas cebú. Revista El Cebú, 287. Onli-
ne:https://bit.ly/2Kgvqk2.

Morales, D., P. B. B. R. (2009). Parámetros productivos y
reproductivos de importancia económica en ganadería
bovina tropical. En líneaÑ http://goo.gl/VEM5Gr.

Motta, D., Rivera, C., Mariño, A., Lizcano, P., et al. (2012).
Productive and reproductive performance of f1 gyr×
holstein cows in colombian warm climate. Veterinaria y
Zootecnia, 6(1):17–23.

Navarrete, M. (1995). Análisis de productividad de di-
ferentes cruzamientos en doble propósito. experiencias
en la costa norte colombiana. In Estrategias de mejora-
miento genético en la producción bovina tropical, Memo-
rias seminario internacional. Medellín. Colombia, pa-
ges 159–170.

Nogueira, G. P. (2004). Puberty in south american bos in-
dicus (zebu) cattle. Animal reproduction science, 82:361–
372. Online: https://bit.ly/2yG9vMF.

Quinteros, O. R., Vargas, J. C., Barbona, I., and Marini,
P. R. (2015). Live body weight evaluation of four ge-
notypes of dairy heifers under free grazing conditions
in ecuador. Asian Journal of Agriculture and Food Scien-
ces, 3(3):273 – 281.

Quinteros-Pozo, R. and Marini, P. (2017). Evaluación pro-
ductiva y reproductiva de cuatro genotipos lecheros en
pastoreo libre en la amazonía ecuatoriana. Revista vete-
rinaria, 28(1):9–13. Online: https://bit.ly/2yCt7ky.

Rocha, M. G. d. and Lobato, J. F. P. (2002). Avaliação do
desempenho reprodutivo de novilhas de corte primí-
paras aos dois anos de idade. Revista brasileira de zootec-
nia., 31(3):1388–1395. online: https://bit.ly/2Kgwnc6.

Sánchez, T. (2010). Análisis técnico económico del inter-
valo entre partos de bovinos. Technical report, AFA-
GRO LTDA. Online: https://bit.ly/2T5r0iX, Medellín,
Colombia.

Tewolde, A. (1993). El estado actual de los recursos gené-
ticos animales en américa latina. In Memoria Simposio
sobre los Recursos Genéticos animales en América Latina,
pages 11–18.

Wathes, D. C., Pollott, G. E., Johnson, K. F., Richardson,
H., and Cooke, J. S. (2014). Heifer fertility and carry
over consequences for life time production in dairy and
beef cattle. Animal, 8(1):91–104. Online: https://bit.ly/
2ZuCZJf.

Zambrano, R. and Contreras, R. (2014). Descarte, vida
productiva y selección en rebaños doble propósito. Lo-
gros Desafíos de la Ganadería Doble Propósito. C. González-
Stagnaro, N. Madrid-Bury, E. Soto-Belloso (Eds.). Funda-
ción GIRARZ. Ediciones Astro Data SA Maracaibo, Vene-
zuela., 16:157–164.

Zambrano-Sepúlveda, R. A., Chirinos, Z., Bracho, B., and
Yáñez-Cuellar, L. F. (2014). Evaluación de la vida pro-
ductiva de un rebaño bovino mestizo doble propósito,
utilizando análisis de supervivencia. Revista Científica,
24(6):535–542. Online: https://bit.ly/2yzS3cG.

LA GRANJA: Revista de Ciencias de la Vida 30(2) 2019:37-43.
c©2019, Universidad Politécnica Salesiana, Ecuador. 43

https://bit.ly/2Kgv9O9
https://bit.ly/2ZuwQwF
https://bit.ly/2ODeFDP
https://bit.ly/2Kgvqk2
http://goo.gl/VEM5Gr
https://bit.ly/2yG9vMF
https://bit.ly/2yCt7ky
https://bit.ly/2Kgwnc6
https://bit.ly/2T5r0iX
https://bit.ly/2ZuCZJf
https://bit.ly/2ZuCZJf
https://bit.ly/2yzS3cG

	Introduction
	Materials and methods
	Results
	Discusion
	Conclusion

