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Factores que influyen en la preñez de vacas repetidoras tratadas con rbst 
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El objetivo de este estudio fue determinar, utilizando modelos logísticos 

múltiples, los factores que afectan la preñez por IA (P/IA) a tiempo fijo (IATF) en 

vacas repetidoras (VR) con intervalos de parto prolongados y tratadas con rbST 

durante la lactancia. 498 vacas de diferentes partos, que no habían quedado 

preñadas alrededor de los 200 días en leche (DEL), recibieron un dispositivo de 

CIDR y  100 mg de GnRH el día 0. La remoción del CIDR y el tratamiento de 

PGF2α (25 mg) se realizaron  simultáneamente el  día 7. El día 8 se inyectó 
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benzoato de estradiol (EB 1 mg) y GnRH el día 9, las vacas fueron inseminadas 

a las 16-20 horas después. Las vacas con un promedio de grasa en leche <3% 

tuvieron 43% más de probabilidades (P≤0.05), de quedar preñadas con la IATF 

que las vacas con un contenido de grasa en la leche >3%. Las vacas con <6 

servicios aumentaron significativamente las probabilidades de quedar preñadas 

que las vacas con >6 servicios a la IATF (P/IA 36 vs. 27%, p<0.05). Vacas con 

menos de 3 lactancias tratadas con CIDR tuvieron 1.7 veces más 

probabilidades (P/IA 35 comparado con 21%, p<0.05) para quedar preñadas 

que las vacas de más edad. Las vacas cuyo período seco fue >62 días tuvieron 

más probabilidades de quedar preñadas ((P/AI 35 vs. 30%; p<0.05) que las 

vacas sometidas a la IATF, con períodos secos <62 días. Las vacas cuyo pico 

de producción de leche fue inferior a 55 kg fueron 1.5 veces más propensas a 

quedar preñadas que las vacas cuyo pico de leche fue superior a 55 kg (P/IA 

37vs. 28%, p<0.05). Vacas sometidas a la IATF con un índice de temperatura-

humedad (THI) <76 tuvieron 45% más de probabilidades (p<0.05) para quedar 

preñadas que las vacas inseminadas con una THA >76. Las vacas tratadas con 

CIDR mostraron una depresión (p<0.05) en la fertilidad durante el verano en 

comparación con otras estaciones del año. Se concluyó que una proporción 

aceptable (32%) de las vacas repetidoras (VR) quedaron preñadas con el 

protocolo utilizado en el presente estudio. Así mismo, la IA alrededor de los 200 

DIM es económicamente justificable en establos lecheros con 3 ordeñas por día 

el uso de rbST a lo largo de la lactancia, porque la duración de las lactancias se 

puede extender más de 15 meses. Este estudio también demostró que la 

subfertilidad en vacas tratadas con CIDR se asocia con altos rendimientos al 

pico de la lactancia, el alto contenido de proteína de leche, un mayor número de 

servicios, edad avanzada, alta temperatura ambiente el día de la IA y a cortos 

períodos secos. 

 

Palabras clave: desempeño reproductivo, sincronización de celo, pico de 

lactancia, proteína en leche, período seco. 
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The aim of this study was to determine, using multiple logistic models, factors 

affecting pregnancy per AI (P/AI) following fixed-time artificial insemination 

(FTAI) in repeat breeders cows (RBC) with extended postpartum intervals and 

treated with rbST throughout lactation. 498 Holstein cows of all parities, unable 

to become pregnant around 200 days in milk (DIM) received a CIDR device and 

100 µg of GnRH on Day 0. CIDR removal and PGF2α (25 mg) treatment were 

done concurrently on day 7. Estradiol benzoate (EB, 1 mg) was injected on day 

8 and GnRH on day 9; cows were inseminated 16-20 h later. Cows with an 

average milk fat <3% were 43% more likely (P<0.05) to become pregnant at 

FTAI than cows with milk fat >3%. Cows with <6 services had significantly 

increased chances of becoming pregnant than cows with >6 services at FTAI 
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(P/AI 36 vs. 27%; P<0.05). CIDR-treated cows with less than three lactations 

older cows. Cows with dry period length >62 days were more likely to become 

pregnant (P/AI 35 vs. 30%; P<0.05) than cows subjected to FTAI with dry 

periods <62 days. Cows with peak milk yields lower than 55 kg were 1.5 times 

more likely to get pregnant than cows with peak milk yields greater than 55 kg 

(P/AI 37 vs. 28%; P<0.05). Cows subjected to FTAI with a temperature-humidity 

index (THI) <76 were 45% more likely (P<0.05) to become pregnant than cows 

inseminated with a THA>76. CIDR-treated were 1.7 times more likely (P/AI 35 

vs. 21%; P<0.05) to become pregnant than cows showed a depression (P<0.05) 

in fertility during summer compared to other seasons of the year. It was 

concluded that an acceptable proportion (32%) of RBC can become pregnant 

with the protocol used in the present study. Also, AI around 200 DIM is 

economically justifiable in dairy operations with 3x milking and the use of rbST 

throughout lactations, because lactation length can be extended beyond 15 

months. This study also demonstrated that subfertility in CIDR-treated cows is 

associated with high peak lactational yields, high milk protein content, increased 

service, increased age, high ambient temperature at AI and short dry periods. 

 

Keywords: reproductive performance; estrus synchronization; peak lactation, 

milk protein; dry period. 
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Introducción. 

 

 

En la industria lechera los retornos económicos se maximizan cuando las 

vacas conciben con menos de tres inseminaciones en la lactancia temprana. 

Este escenario está lejos de alcanzarse en los establos lecheros de la región 

lagunera, debido a estrés calórico crónico de esta zona y la intensificación 

extrema de la producción de leche en las explotaciones lecheras de esta región, 

consistente en tres ordeñas diarias, mas de dos comidas por día, y el uso 

rutinario de la hormona del crecimiento a través de lactancias que usualmente 

rebasan los 400 días de lactancia. Aunado a lo anterior, la producción de leche 

por lactancia en años recientes ha rebasado los 9,000 kg de leche en lactancias 

de 300 días, lo cual repercute negativamente en la eficiencia reproductiva de las 

vacas (Royal et al., 2000; Berry et al., 2008). 

 

Algunos factores que impiden que las vacas lecheras queden gestantes 

antes de los 100 días de lactancia son errores en la detección de estros 

(Heuwieser et al., 1997; Pursley et al., 1998), inflamaciones o impedimentos 

anatómicas del canal reproductivo de las vacas (Senosy et al., 2009; Rizos et 

al., 2010), imbalances hormonales (Waldmann et al., 2001; Bage et al., 2002), 

defectos en la ovulación (Bage et al., 2002), anormalidades en los gametos 

(Maurer and Echternkamp, 1985), deficiencias en el funcionamiento del cuerpo 

lúteo (Mann and Lamming, 2001), desórdenes nutricionales (Thatcher et al., 

2010) y la mortalidad embrionaria antes de los 40 días de gestación (Zavy et al., 

1994; Peters, 1996) y estrés calórico (Al-Katanani et al., 1999; Sartori et al, 

2002). 

 

En vacas con producciones de leche sobresaliente y que no quedan 

gestantes después de repetidos servicios, puede resultar rentable tratar de 
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fecundarlas alrededor de los 300 días de lactancia. Lo anterior se debe a que 

los altos niveles de producción de leche de estas vacas permiten que estas 

tengas lactancias prolongadas, y de esta forma estas vacas no experimentan 

periodos secos prolongados. 

 

Existen muchos protocolos para inducir la ovulación en vacas lecheras sin 

detección de celo (Lane et al., 2008). El uso de estos protocolos es una 

alternativa para fecundar vacas con un historial de fallas en su fecundación en 

su lactancia temprana. El objetivo de este estudio es determinar los factores 

involucrados en el éxito de la fecundación de vacas “repetidoras” con un alto 

nivel de producción de leche, inducidas a la ovulación con una combinación de 

progestágenos, PGF2α, GnRH y benzoato de estradiol e inseminadas sin 

detección de celo. Un objetivo adicional es comparar la producción de leche y 

duración de la lactancia en aquellas vacas que queden preñadas alrededor de 

los 300 días de lactancia y las no preñadas, para precisar si económicamente 

es conveniente fecundar las vacas de un alto potencial lechero en un estado 

avanzado de la lactancia.  
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Objetivo 

El objetivo de este estudio fue determinar los factores involucrados en el éxito 
de la fecundación de vacas “repetidoras” con un alto nivel de producción de 
leche, inducidas a la ovulación con una combinación de progestágenos, PGF2α, 
GnRH y benzoato de estradiol e inseminadas a tiempo fijo sin detección de 
celo. Un objetivo adicional fue comparar la producción de leche y duración de la 
lactancia en aquellas vacas que quedaron preñadas alrededor de los 300 días 
de lactancia y las no preñadas, para precisar si económicamente es 
conveniente fecundar las vacas de un alto potencial lechero en un estado 
avanzado de la lactancia.  
 

Hipótesis 

En vacas cuya producción de leche es sobresaliente y que no quedan 
gestantes después de repetidos servicios, puede resultar rentable tratar de 
fecundarlas alrededor de los 300 días de lactancia. Lo anterior se debe a que 
los altos niveles de producción de leche de estas vacas permiten que estas 
tengan lactancias prolongadas, y de esta forma éstas no experimentan periodos 
secos prolongados. 
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Revisión de literatura 

 

 

En un estudio de Kim et al. (2007) se compararon dos protocolos basados en 

el uso de CIDR (dispositivo vaginal de progesterona) e inseminación a tiempo 

fijo en vacas Holstein “repetidoras”, sin anormalidades aparentes en su aparato 

reproductivo. En un primer experimento, un grupo de 55 vacas se asignaron a 

dos tratamientos: (1) Aplicación intravaginal de CIDR; a las vacas se les 

administró una inyección de1 mg de benzoato de estradiol (BE) más 50 mg de 

progesterona (P4; Día 0). El día 7 recibieron una inyección de PGF2α y el CIDR 

fue removido. Las vacas recibieron una inyección de 1 mg EB el día 8 y fueron 

inseminadas 30 h después. El segundo grupo de vacas se les aplicó el CIDR y 

fueron inyectadas con 250 ug gonadorelina (GnRH; Día 0). El día 7 recibieron 

una inyección de PGF2α y el CIDR fue removido. Las vacas fueron inyectadas 

con 250 ug gonadorelina el día 9 y fueron inseminadas 17 horas después. 

 

En un segundo experimento, vacas repetidoras (no preñadas) del primer 

experimento fueron asignadas a los mismos tratamientos del primer 

experimento. Los ovarios de las vacas fueron examinados por ultrasonografía y 

se colectaron muestras de sangre para análisis de progesterona. 

 

Las tasas de preñez en el primer (18.5 vs. 32.1%) y segundo (40.0 vs. 

38.1%) experimento y los datos combinados (27.7 vs. 34.7%) no difirieron entre 

grupos. La proporción de vacas con emergencia de olas foliculares no difirieron 

entre vacas tratadas con benzoato de estradiol (12/15) y GnRH (13/15). Se 

concluyó que los tratamientos con benzoato de estradiol o GnRH en vacas 

tratadas con CIDR son igualmente efectivos para sincronizar olas foliculares, 

sincronizar la ovulación y tener aceptables tasas de preñez en vacas 

repetidoras. 
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En un estudio de Souza et al. (2008) se evaluó la aplicación del protocolo 

Ovsynch antes del Ovsynch con inseminación a tiempo fijo (Doble-Ovsynch) el 

cual se compare con el protocolo Presynch-Ovsynch. Para este estudio se 

usaron 337 vacas Holstein las cuales se dividieron en dos grupos: Presynch (n 

= 180), dos inyecciones de PGF2α a intervalos de 14 d, seguido por el Ovsynch 

con inseminación 12 d más tarde; (2) Doble-Ovsynch (n = 157), con aplicación 

de GnRH, PGF2α 7 d más tarde, y GnRH 3 d después, seguido de Ovsynch 

con inseminación a tiempo fijo, 7 d después. Los tratamientos se aplicaron 

alrededor de 70 días postparto. Doble-Ovsynch incrementó las gestaciones pos 

IA (G/IA) comparado con Presynch-Ovsynch (49.7% vs. 41.7%). Doble-Ovsynch 

incrementó G/IA solo en primíparas (65.2% vs. 45.2%) y no vacas multíparas 

(37.5% vs. 39.3%). En un subgrupo de 87 vacas se llevaron a cabo estudios de 

ultrasonografía y mediciones de los niveles de P4 al aplicar GnRH y 7 días 

después. Doble-Ovsynch disminuyó el porcentaje de vacas con baja P4 (<1 

ng/mL) al aplicar GnRH (9.4% vs 33.3%) e incrementó el porcentaje de vacas 

con altos niveles de P4 (≥3 ng/mL) al aplicar PGF2α (78.1% vs 52.3%). 

Entonces, la presincronización de las vacas con Doble-Ovsynch incrementa la 

fertilidad en vacas primíparas comparado con el procedimiento Presynch, 

posiblemente debido a la inducción de la ovulación en vacas no ciclando. 

 

Suh et al. (2007) levaron a cabo un estudio con vacas repetidoras, donde 

probaron el efecto de benzoato de estradiol (BE) o GnRH sobre las olas 

foliculares, desarrollo folicular y tasas de preñez de vacas tratadas con CIDR 

(dispositivo vaginal de progesterona) e inseminación a tiempo fijo. Las vacas 

recibieron CIDR con una inyección de1 mg BE mas 50 Ùg de progesterona o 

250 µg de Gonadorelin (GnRH) al inicio del experimento (día 0) En el día 7 el 

CIDR fue removido y todas las vacas recibieron PGF2α. Las vacas en el grupo 

BE + P4 recibieron una inyección de EB el día 8 y AI 30 horas después. Las 

vacas del grupo GnRH recibieron una inyección de 250 µg GnRH el día 9 y 

fueron inseminadas 19 horas más tarde. En un subgrupo de vacas los ovarios 

fueron estudiados con ultrasonografía cada 24 h. La emergencia de las olas 
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foliculares ocurrió dentro de 7 días en 12/15 de las vacas tratadas con EB + P4 

y 13/15 en las vacas tratadas con GnRH. La media del diámetro de los folículos 

preovulatorios fue más pequeña en el grupo EB + P4 (12.1 ± 0.1 mm) que las 

vacas tratadas con GnRH (13.8 ± 0.1 mm). Las vacas con ovulación 

sincronizada no difirió entre grupos de vacas: EB + P4 (11/15 y 19.4%, 

respectivamente) y para GnRH (13/15 y 34.3%, respectivamente). Se concluyó 

que con tratamientos con EB o GnRH en vacas tratadas con CIDR se logra una 

misma sincronización folicular, desarrollo folicular, ovulación y tasas de preñez. 

 

En un estudio de Dewey et al. (2010) se evaluaron tres protocolos de 

sincronización para vacas lecheras. A los 32 ± 3 d después de enrolarse en el 

programa de inseminación artificial (AI; d −7), una semana antes del diagnóstico 

de preñez, las vacas de dos explotaciones lecheras se distribuyeron en tres 

protocolos de sincronización de la ovulación. Las vacas fueron revisadas para 

detectar preñez a los 39 ± 3 d después de enrolarlas en los programas de IA. 

Las vacas Testigo que no fueron detectadas preñadas fueron resincronizadas 

(d 0-GnRH, d 7-PGF2α, y d 10-GnRH y AI) el mismo día. Las vacas en el 

tratamiento GGPG (GnRH-GnRH-PGF2α-GnRH) recibieron una inyección de 

GnRH al momento de enrolarse (d -7) y si se diagnosticaban no preñadas eran 

sometidas al tratamiento de resincronización de las vacas testigo en el día 0. 

Las vacas en el tratamiento CIDR que eran diagnosticadas no preñadas 

recibían el protocolo de resincronización del testigo más CIDR del día 0 al 7. 

Después de la IA resincronizada, la preñez de las vacas fue detectada a los 

39 ± 3 y 67 ± 3 d (hatos de California) o 120 ± 3 d (hatos de Arizona). Las vacas 

del grupo GGPG presentó más cuerpos lúteos que las del grupo CIDR y testigo 

el d 0 (1.30 ± 0.11, 1.05 ± 0.11, y 1.05 ± 0.11, respectivamente) y d 7 

(1.41 ± 0.14, 0.97 ± 0.13, y 1.03 ± 0.14, respectivamente). A los 39 ± 3 d 

después de la resincronización de la IA, la preñez por IA (P/IA) se incrementó 

en las vacas en los grupos GGPG (33.6%) y CIDR (31.3%) comparado con el 

testigo (24.6%). 
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Kim et al. (2006) evaluaron si el uso de CIDR (dispositivo vaginal de 

progesterona) e IA a tiempo fijo podría usarse como una herramienta para el 

tratamiento de quistes foliculares en vacas lecheras. En un primer experimento 

vacas lecheras lactantes diagnosticadas con quistes foliculares fueron 

asignadas a dos tratamientos: una inyección de GnRH al momento del 

diagnóstico (día 0) e IA al estro dentro de 21 d. A otro grupo se le insertó CIDRy 

una inyección de GnRH el día 0, PGF2α al momento de la inserción del CIDR el 

cual se removió el día 7, GnRH se inyectó el día 9, y TAI 16 h después de la 

injección de GnRH. La tasa de concepciones después de aplicar el tratamiento 

de CIDR e IA a tiempo fijo fue mayor (52.3%) que cuando sólo se aplicó GnRH 

(26.9%). En un segundo experimento vacas lecheras diagnosticadas con 

quistes foliculares y vacas con ciclos estruales normales recibieron los mismos 

tratamientos: CIDR y una inyección de GnRH el día 0, PGF2α al remover CIDR 

el día 7, y GnRH el día 9. La proporción de vacas con emergencia de olas 

foliculares y el intervalo entre el tratamiento y la ola folicular no difirió entre 

grupos. La media del diámetro del folículo dominante los días 4 t 7 así como el 

folículo preovulatorio el día 9, y la sincronización de la ovulación después de la 

segunda inyección de GnRH no difirió entre grupos. Estos autores concluyeron 

que el tratamiento con CIDR resulta en una aceptable tasa de concepciones en 

vacas lecheras con quistes foliculares. 

 

El objetivo de un estudio de Bartolomé et al. (2005b) fue comparar la tasa de 

preñez a la resincronización e IA a tiempo fijo en vacas lecheras que recibieron 

GnRH a los 23 d y fueron diagnosticadas no preñadas a los 30 d después de 

enrolarse en el programa de IA. Las vacas no preñadas al día 30 (día 0 del 

estudio) se clasificaron como diestro (74.8%), metestro (5.6%) y sin cuerpo 

lúteo (CL) (19.5%). Las vacas en diestro se distribuyeron al grupo GnRH 

(PGF2a el día 0, GnRH el día 2 e IA 16 h más tarde, o al grupo de cipionato de 

estradiol (CE) (PGF2a el día 0, ECP el día 1, e IA 36 h después. 
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Las vacas en metestro se asignaron al grupo de Heatsynch modificado 

(GnRH el día 0, PGF2a el día 7, CE el día 8 e IA el día 9) Las  vacas sin CL se 

clasificaron como proestro (10.6%), con quistes ováricos (7.5%) o en anestro 

(1.4%), y se asignaron a recibir los tratamientos GnRH versus CIDR ya sea en  

grupo GnRH (GnRH el día 0, PGF2a el día 7, GnRH el día 9 IA 16 h más 

tardar), el grupo CIDR (CIDR días 0 a 7, PGF2a el día 7, GnRH el día 9 e IA 16 

h después), el grupo GnRH + CIDR (GnRH el día 0, CIDR del día 0 al 7, PGF2a 

el día 7, GnRH el día 9 e IA 16 h después), y el grupo testigo (PGF2a el día 7, 

GnRH el día 9 e IA 16 h después). 

 

Para las vacas en diestro no existió diferencia en tasa de preñez los días 30, 

55 and 90 para las vacas en el grupo GnRH (27.5, 26.5 y 24.2%) o CE (29.1, 

25.5 y 24.1%). Para las vacas sin CL GnRH el día 0 incrementó la proporción 

de vacas con CL los días 7 y 17 y la concentración de P4 en plasma el día 17 

en vacas con quistes ováricos pero no en vacas en proestro. Este estudio 

mostró que el CIDR incrementó la tasa de preñez en vacas con quistes ováricos 

pero disminuyó la tasa de preñez en vacas en proestro. 

 

El objetivo de otro estudio de Bartolomé et al. (2005a) fue comparar la tasa 

de preñez y pérdida de preñez en vacas diagnosticadas no preñadas y 

reinseminadas después de aplicar los protocolos Ovsynch o Heatsynch. 

También se evaluaron los efectos los estados del ciclo estrual, quistes ováricos 

y anestro sobre la tasa de preñez para ambos protocolos. Vacas no preñadas 

se asignaron al grupo Ovsynch recibieron GnRH el día 0, PGF2α el día 7, GnRH 

el día 9, e IA 16 h después (día 10). Las vacas en el grupo Heatsynch recibieron 

GnRH el día 0, PGF2α el día 7, cipionato de estradiol (CE) el día 8, e IA 48 h 

después (día 10). Las tasas de preñez a los 27, 45 y 90 días después de la 

resincronización de la IA no difirieron para el grupo Ovsynch (25.2, 17.5, and 

13.9%) y Heatsynch (25.8, 19.9, and 16.1%). No hubo diferencia para pérdidas 

de preñez los días 27 a 45 y días 45 a 90 para vacas en el grupoOvsynch (25.0 

y 17.9%) y Heatsynch (14.7 y 10.3%). Sin embargo, las tasas de preñez se 
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incrementaron en las vacas en metaestro con el protocolo de Heatsynch y las 

vacas con quistes ováricos sometidas al protocolo de Ovsynch. 

 

Fricke et al. (2003) llevó a cabo un estudio en un establo comercial de 

Wisconsin donde las vacas recibieron un tratamiento hormonal para su primera 

IA. Este tratamiento consistió en dos inyecciones de 25 mg PGF2α a los 32 ± 3 d 

y 46 ± 3 d (Presynch); 100 µg GnRH a los 60 ± 3 d; 25 mg PGF2α a los 67 ± 3 d; 

y 100 µg GnRH + AI a los 69 ± 3 d (Ovsynch). Las vacas inseminadas se 

distribuyeron para recibir el protocolo de resincronización (Resynch; 100 µg 

GnRH, d 0, 25 mg PGF2α, d 7, 100 µg GnRH + AI, d 9) a los 19 (D19), 26 (D26), 

o 33 d (D33) después de la primera AI para proceder con una segunda AI que 

no concibieron con el Ovsynch. La tasa de preñez (TP) pos IA (TP/IA) para 

Ovsynch a los 68 d después de la IA fue 31% sin diferencias entre grupos. Para 

Resynch TP/IA se determinó 26 d después de AI para las vacas D19 y D26 y 33 

d después de AI para vacas D33. La TP/IA para Resynch fue 32%. Sin 

embargo, TP/IA para las vacas tratadas con Resynch  para D26 (34%) y D33 

(38%) fue mayor que para vacas D19 (23%) con un cuerpo lúteo al momento de 

la inyección de PGF2α o a la primera inyección de GnRH (vacas D26 + D33). 

Estos autores indican que aunque la administración de GnRH a vacas preñadas 

19 días después de primer servicio no parece inducir pérdida embrionaria, la 

iniciación de Resynch 19 d después de la inseminación resultó en una 

reducción de TP/IA con la iniciación de Resynch 26 o 33 d después de la 

primera inseminación. 

 

Brusveen et al. (2008) utilizaron vacas Holstein, las cuales recibieron GnRH 

seguido de 7 d después de PGF2α; y después recibieron alguno de los 

siguientes tratamientos: 1) GnRH + IA a tiempo fijo 48 h después de  PGF2α; 

(Cosynch-48); 2) GnRH 56 h después de PGF2α; +  IA a tiempo fijo 72 h 

después de PGF2α; (Ovsynch-56); o 3) GnRH +  IA a tiempo fijo 72 h después 

de PGF2α; (Cosynch-72). La preñez se diagnosticó por ultrasonido a los 31-33 y 

nuevamente a los 52-54 días posinseminación. La tasa de preñez para los 
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grupos Cosynch-48 (29.2%) y Cosynch-72 (25.4%). El grupo Ovsynch-56 

presentó una mayor tasa de preñez (38.6%) que Cosynch-48 o Cosynch-72. 

Las vacas presincronizadas en su primer servicio presentaron mayores tasas de 

preñez que las vacas con varios servicios en Cosynch-48 (36.2 vs. 23.0%) y 

Ovsynch-56 (44.8 vs. 32.7%) pero no en Cosynch-72 (24.6 vs. 26.2%. 

Igualmente, las vacas primerizas presentaron tasas de preñez más altas que las 

vacas multíparas en Cosynch-48 (34.1 vs. 22.9%) y Ovsynch-56 (41.3 vs. 

32.6%), pero no en Cosynch-72 (29.8 vs. 25.3%). Estos investigadores no 

encontraron ventajas del Cosynch a las72 h vs. 48 h. Por otra parte, se encontró 

una clara ventaja al utilizar GnRH a las 56 h, 16 h antes a 72 h de la 

inseminación artificial, probablemente debido a un mejor momento de la 

inseminación con relación a la ovulación. 

 

McDougall et al. (2010) llevó a cabo un estudio para inducir la ovulación en 

vacas lecheras en anestro. La presencia o ausencia de cuerpo lúteo se 

determinó con ultrasonido. Las vacas se distribuyeron en 4 tratamientos: 1) 100 

µg of gonadorelin, seguido de 500 µg de cloprostenol 7 d más tarde, seguido de 

54 a 56 h después de 100 µg of gonadorelin, seguido de Inseminación artificial 

a tiempo fijo a las13 - 18 h después de la última inyección de GnRH (Ovsynch). 

(2) Similar a (1) pero con la aplicación de P4 intravaginal entre GnRH inicial y 

PGF2α (Ovsynch-56+P4); (3) similar a (2) pero con la inyección de GnRH 

retrasada hasta 71 h después de PGF2α y retiro de P4 con Inseminación 

artificial a tiempo fijo 0 a 5 h después del tratamiento con GnRH y con 

inseminación de todas aquellas vacas detectadas en estro antes de la segunda 

inyección de GnRH (Cosynch-72+P4); y (4) testigo. Las vacas en todos los 

tratamientos presentaron intervalos más cortos entre el primer día de 

inseminaciones a la concepción comparadas con el testigo. El tratamiento 

Ovsynch-56+P4 presentó intervalos entre el primer día de inseminaciones a la 

concepción 3, 6, y 16 d más cortos que Cosynch-72+P4, Ovsynch, o testigo, 

respectivamente, y el efecto positivo de Ovsynch-56+P4 se presentó tanto en 

las vacas con o sin cuerpo lúteo. Las vacas tratadas con Ovsynch-56+P4 
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presentaron menos interestros cortos que Ovsynch (ejemplo, <18 d; 16 vs. 

31%) y mas vacas con elevados niveles de P4 en leche (>1 ng/mL) en el d 7 

(88 vs. 74%) y d 14 (80 vs. 60%). Estos investigadores concluyeron que el 

tratamiento de vacas en anestro resultó en preñeces más tempranas, pero no 

se mejoró la tasa de preñez. 
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Manuscrito en revisión en Animal Reproduction Science 

 

 

Factors influencing pregnancy per AI in repeat breeder cows treated with 

rbST and induced to ovulate with a CIDR-based protocol 

 

ABSTRACT 

 

The aim of this study was to determine, using multiple logistic models, factors 

affecting pregnancy per AI (P/AI) following fixed-time artificial insemination 

(FTAI) in repeat breeders cows (RBC) with extended postpartum intervals and 

treated with rbST throughout lactation. 498 Holstein cows of all parities, unable 

to become pregnant around 200 days in milk (DIM) received a CIDR device and 

100 µg of GnRH on Day 0. CIDR removal and PGF2α (25 mg) treatment were 

done concurrently on day 7. Estradiol benzoate (EB, 1 mg) was injected on day 

8 and GnRH on day 9; cows were inseminated 16-20 h later. Cows with an 

average milk fat <3% were 43% more likely (P<0.05) to become pregnant at 

FTAI than cows with milk fat >3%. Cows with <6 services had significantly 

increased chances of becoming pregnant than cows with >6 services at FTAI 

(P/AI 36 vs. 27%; P<0.05). CIDR-treated cows with less than three lactations 

were 1.7 times more likely (P/AI 35 vs. 21%; P<0.05) to become pregnant than 

older cows. Cows with dry period length >62 days were more likely to become 

pregnant (P/AI 35 vs. 30%; P<0.05) than cows subjected to FTAI with dry 

periods <62 days. Cows with peak milk yields lower than 55 kg were 1.5 times 

more likely to get pregnant than cows with peak milk yields greater than 55 kg 

(P/AI 37 vs. 28%; P<0.05). Cows subjected to FTAI with a temperature-humidity 

index (THI) <76 were 45% more likely (P<0.05) to become pregnant than cows 

inseminated with a THA>76. CIDR-treated cows showed a depression (P<0.05) 
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in fertility during summer compared to other seasons of the year. It was 

concluded that an acceptable proportion (32%) of RBC can become pregnant 

with the protocol used in the present study. Also, AI around 200 DIM is 

economically justifiable in dairy operations with 3x milking and the use of rbST 

throughout lactations, because lactation length can be extended beyond 15 

months. This study also demonstrated that subfertility in CIDR-treated cows is 

associated with high peak lactational yields, high milk protein content, increased 

service, increased age, high ambient temperature at AI and short dry periods. 

 

Keywords: reproductive performance; estrus synchronization; peak lactation, 

milk protein; dry period. 

 

1. Introduction 

 

In intensively managed dairy cows repeat breeding can be a major factor 

involved in infertility. This reproductive disorder leads to large economic losses 

for the dairy producer due to increased calving intervals, more inseminations 

(wasted semen and insemination costs), increased culling and replacement 

costs, and loss of genetic gain through the increased generation intervals 

(Bartlet et al., 1986; Lafi et al. 1992; Canu et al., 2010; Yusuf et al., 2010). In 

dairy herds of adequate fertility, where conception rates are commonly at 50-

55%, about 14-24% of the cows present the repeat breeding syndrome (Bartlet 

et al., 1986; Moss et al., 2002; Yusuf et al., 2010). These figures are much 

higher in dairy operations in zones of intense heat load due to the adverse effect 

of high ambient temperature on all aspect of the reproductive process (Mellado 

et al., 2012). In the particular case of dairy operation of northern Mexico, the 

chronic high ambient temperature coupled with the use of rbST throughout 

lactation results in a high number of cows unable to become pregnant around 

200 DIM (Mellado et al., 2012). 

Cows under these circumstances become candidates to be culled, but high 

culling rates are very costly to dairy producers. There is a tremendous 
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opportunity to improve profitability by decreasing the number of subfertil cows 

culled when lactations can be extended beyond 15 months. With prolonged 

lactations it could be economically advantageous to get cows pregnant even 

after >200 DIM. 

On possible alternative to avoid culling of subfertil cows unable to become 

pregnant after multiple services is to get them pregnant with fixed-time artificial 

insemination (TFAI) using a CIDR-based protocol. This technique allows for 

100% of the cows to be submitted to AI, without the need for estrous detection 

(Pursley et al., 1995; Kim et al., 2005). Moreover, an advantage in pregnancy 

rate of TFAI over insemination at detected estrus has been observed in some 

cases (Pursley et al., 1997a,b; Cartmill et al., 2001; Amiridis et al., 2009), but not 

in others (Lima et al., 2009). 

This reproductive tool applied to cows with advanced lactation can only be 

commercially viable if lactations can be substantially extended by increasing 

persistency and rebreeding cows to calve every 17 rather than 12 months. This 

can be achieved with simple management procedures such as chronic 

application of rbST (in countries where this hormone is legally permitted) 

throughout lactation and three milkings per day. Thus, the aim of this study was 

to establish the factors influencing P/AI of subfertil cows unable to become 

pregnant around 200 DIM, and treated with a CIDR-based protocol for fixed-time 

artificial insemination (FTAI) in a hot arid environment. An additional objective 

was to assess the suitability of extended lactations (around 450 days) for farms 

where cows are chronically treated with rbST, so that inseminations of low-

fertility cows around 200 d of lactation can be justified. 

 

2. Materials and methods 
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2.2. Study herd, housing and feeding 

 

The experimental procedures and animal care conditions were approved by the 

Ethics Committee of the Research Department of the Agrarian Autonomous 

University Antonio Narro. This study was conducted on a commercial dairy farm 

located in northern Mexico (latitude 26° 23’ N, longitude 104° 47’ W; mean 

annual temperature 27º C) during 2010 and 2011.  

The herd consisted of approximately 3,000 lactating Holstein cows housed in 

open-dirt pens with fans and sprinklers for forced evaporative cooling during the 

warm weather. A total of 498 Holstein cows of all parities that calved between 

January and December 2010, and that were unable to get pregnant with more 

than three services were included in the study 

Cows were fed diets formulated to provide recommended total daily nutrients for 

670-kg dairy cows producing >33 kg of milk/d (NRC, 2001). Cows were fed total 

mixed diets (49% forage and 51% concentrate; DM basis) that were formulated 

to provide at least 1.62 Mcal/kg NEl and contained 18% crude protein. Diets 

contained soybean meal and ground shelled corn as the base ingredients of the 

concentrate mix; the forage portion of the diet was 50% corn silage and 50% 

alfalfa hay (DM basis). Cows were fed ad libitum for a daily feed refusal of 

approximately 10% of that offered, 4 times daily at 0600, 1000, 1200, and 1600 

h. Only during summer, 80% of diet is offered in the evening and 20% in the 

morning. 

Lactating cows were allocated to 3 lactation stage groups (70 ± 13, 145 ± 12 

and ≥210 ± 9 d in milk; mean ± SD). Cows included in the study were in their 

first to eight lactation, with body condition score ranging from 2.75 to 3.5 (scale 1 

to 5). 

Cows were milked thrice daily (0400, 1200, and 2000 hours), and the annual 

rolling herd average was 13600 kg throughout the duration of the study. All cows 

were subjected to recombinant bovine somatotropin (rbST; Lactotropin, 500 mg 

of zinc bovine somatotropin, Elanco Animal Health, Mexico) administration 
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(subcutaneous) every 14 d beginning at 60 DIM and continuing until 2 weeks 

before drying off.  

 

2.3. Reproductive management  

 
All cows were routinely vaccinated against diseases that impair reproduction 

functions, such as bovine viral diarrhea, infectious bovine rhinotracheitis, bovine 

respiratory syncytial virus, para-influenza and leptospirosis (5-varieties). Herd 

personnel examined fresh cows weekly to identify and treat cows with 

postpartum reproductive disorders such as retained placenta, metritis, and 

pyometra. Cows became eligible for insemination after exceeding the voluntary 

waiting period of 50 DIM. 

Cows had an average of 239 days in milk (DIM; SD=42) when subjected to the 

FTAI treatment, and the range of unsuccessful inseminations was 3 to 12; 

mean=5.6). The average (± SD) duration of the dry period was 79 ± 33, 12–223) 

days. Detection of estrus was initiated at the end of the voluntary waiting period, 

with the aid of pedometers, and AI was conducted based on visual observation 

of estrous behavior, following the standard a.m./p.m. rule. Commercial frozen-

thawed semen from multiple sires was used across all months of the year. 

Cows not pregnant around 200 DIM and with more than 3 services without 

subsequent calving, with clear estrous signs and no clinically detectable 

reproductive disorders were considered repeat breeders and submitted for FTAI 

(CIDR-based protocol). Cows were induced to ovulate by inserting, at a random 

stage of the estrous cycle, an intravaginal device containing 1.9 g of 

progesterone (CIDR, Pfizer, Cambridge, USA) and 100 mg GnRH (Fertagyl, 

Intervet, Mexico, im, Day 0). Seven days later, the CIDR was removed and cows 

were treated with 25 mg PGF2α (5 ml of Lutalyse, Upjhon, Mexico, im., day 7). 

At 24 hours after PGF2α, cows received 1 mg of estradiol benzoate (day 8); one 

day later (day 9) a second dose of 100 mg GnRH was administered and FTAI 

was performed 16-20 hours later. The designated farm inseminator performed 

all AI, using commercial frozen-thawed bull semen of known acceptable fertility. 
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Pregnancy was detected by palpation of the uterus per rectum about 50 days 

post AI. All pregnancy examinations were performed by the same veterinarian 

throughout the study period. 

 

 

 

2.3. Data collection 

 

Data from reproductive examinations were collected by the herd veterinarian 

during daily herd health revision for cows included in this study. Milk yields were 

electronically recorded at every milking using the AfiFarm management 

program. Milk yield was expressed as total milk yield per lactation or adjusted to 

305 days in milk. 

Individual milk samples were also collected every 3 weeks from three 

consecutive milkings (then composited) during the milk recording day, and 

analyzed for somatic cell counts (SCC) using a Foss 303 Milk-O-Scan® 

analyzer (Foss Foods Inc., Eden Prairie, MN). Fat and protein concentrations 

were also recorded electronically at each milking.Persistency was calculated as 

the month's milk divided by last month's expressed as percentage. 

For each cow the following variables were recorded: occurrence of dystocia, 

ovarian cycsts, retention of fetal membranes, metritis, hypocalcemia, ketosis, 

static ovaries and abortion. It is worth mentioning that cows experiencing these 

calving-related disorders were appropriately treated so that they were healthy 

before the start of the service period. Additional variables were season of AI, 

number of services prior to FTAI, milk yield at FTAI, peak milk yield, days to 

peak, parity, lactation length, persistency, dry period length previous to the 

current lactation and temperature and humidity the day of  FTAI. 

Climatic data were obtained from a meteorological station located two km away 

from the barn for the duration of the study. Information consisted of daily 

maximum temperatures and relative humidity. Air temperature was recorded 

with a mercury thermometer under full shade and at 1.5 m above the ground.  
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This information was used to calculate the temperature-humidity index (THI) for 

each day, using the following equation (highest daily temperature in Celsius 

degrees; RH refers to maximum relative humidity): 

THI = (0.8 × temperature) + [(% RH/100) × (temperature − 14.4)] + 46.4. 

 

2.4. Statistical analyses 
 

To analyze factors contributing to the probability of pregnancy (binary outcome), 

a multivariable logistic regression model of SAS was used, applying a backward 

stepwise logistic model to eliminate all nonsignificant explanatory variables. 

Variables were continuously removed from the model by the Wald statistic 

criterion if the significance was greater than 0.20. To construct the final 

statistical model, a preliminary full model was conducted for the following 

potentially explanatory variables of interest: season of FTAI, THI at FTAI, 

number of services prior to FTAI, DIM at FTAI, lactation number, milk fat and 

protein content (full lactation composition results), milk persistency, somatic cell 

counts (logtransformed: ln(SCC + 1), occurrence of mastitis, retained placenta, 

hypocalcemia, metritis, abortion, static ovaries and ovarian cysts, dry period 

length before the current lactation, days at peak lactation, milk production at 

peak yield, 300-d milk yield, lactation length, total milk production during the 

current lactation and bulls. The Wald χ2 statistic was used to determine the 

significance of each variable that remained in the reduced model. The full 

statistical model included main effects and all interactions, except for the days 

open x times inseminated because of the close correlation between these terms. 

No significant interactions were found and the final model included only main 

effects. 

The GENMOD procedure of SAS was also used to assess the statistical 

significance of month of breeding on pregnancy rate. THI at FTAI was included 

in the model as a covariate. Treatment means were separated using the 

probability of a statistical difference (PDIFF option of SAS). Statistical 

differences were considered significant at P<0.05.  
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The SCC was classified as being ≤180000 or >180000 prior to FTAI. Total milk 

yield was categorized as lower or greater than 18000 kg. 305-d milk yield was 

defined as less or higher than 13000 kg. Milk yield at FTAI was classed as 

lesser or greater than 38 kg. Lactation number was organized into less than 

three lactations or third or greater lactation. DIM at FTAI was divided into two 

classes: lesser or greater than 220 days. Categories for number of times 

inseminated prior to the FTAI were less or more than 6. Classes for THI at FTAI 

were defined as less or greater than 76 units. The records for milk fat and 

protein were grouped into two classes: lesser or greater than 3%. Dry period 

was divided into two classes corresponding to < 62 and > 62 days. Persistency 

was grouped into two categories: < 77 and > 77%. Monthly values were grouped 

into seasons, winter months being December–February; spring, March–May; 

summer, June–August; and fall, September–November. 

 

 

3. Results 

 

The combined administration of CIDR, GnRH, EB, and PGF2α was effective in 

treating RBC, reaching a 32% P/AI. Overall P/AI (cows pregnant after FTAI and 

a subsequent AI) was 52%. Average (± SD) total milk production per lactation 

was 17882 ± 4975 kg with a lactation length of 478 ± 117days.  

The majority of variables included in the model were discarded because of their 

limited influence on P/AI. Listed in Table 1 are factors which significantly 

affected the likelihood of cows becoming pregnant with the FTAI protocol used 

in the present study. Cows experiencing a peak milk yield <55 kg were 1.5 times 

more likely to become pregnant than cows producing more than 55 kg at peak 

lactation.  

Compared to cows with >6 services, cows with <6 services were 1.5 times more 

likely to become pregnant (Table 1). Young cows were more likely (P<0.05) to 

become pregnant at FTAI as were multiparous cows.  
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All variables previously mention, except number of lactation, dry period length 

and milk protein content were also significantly influenced the likelihood of cows 

getting pregnant when considering the outcome of the FTAI plus an additional 

service immediately after the estrus brought about by the hormonal treatment 

(Table 1). 

 

 

 

Table 1. Odds ratios (OR) for the likelihood of pregnancy in repeat breeder cows 

as a function of milk-related traits, number of services previous to FTAI, number 

of lactations, length of dry period in previous lactation and THI the day of FTAI. 

 Outcome at FTAI Outcome with FTAI + an 

additional AI next natural estrus 

Variable Pregnancy 

rate (%) 

Odds 

ratioa 

95% CI Pregnancy 

rate (%) 

Odds 

ratioa 

95% CI 

       

Yield to peak       

>55 kg 28   46   

<55 kg 37 1.50* 1.02 - 2.20 58 1.57* 1.10 – 2.24 

Services       

  >6 27   46   

  <6 36 1.51* 1.03 - 2.21 57 1.57* 1.10 – 2.24 

Lactations       

  >3 21   46   

  <3 35 2.04* 1.16 - 3.59 53 1.33 0.83 – 2.15 
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ITH at FTAI       

  >76 25   45   

  <76 35 1.63* 1.09 - 2.46 58 1.66* 1.15 – 2.40 

Milk protein        

>3 % 26   50   

<3 % 36 1.37* 0.95 - 2.01 53 1.13 0.80 – 1.62 

Dry period       

>62 days 35   50   

<62 days 30 0.79* 0.54 – 1.16 53 1.12  0.78 – 1.60 

Bull (n=47) Range 0-55      

  aOdds ratios measure how much more or less likely the outcome is among 

variables with a given risk factor, compared with those without it, or reference 

category (odds ratio of 1.0). 

*P<0.05. 
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Another important factor affecting pregnancy rate with FTAI and FTAI plus an 

additional service was season of breeding (Table 2). Cows that were 

inseminated in summer were less likely (P<0.05) to become pregnant than were 

cows that were inseminated in all other seasons. Service sire influenced the 

proportion of CIDR-treated cows diagnosed as pregnant at 50 days post FTAI (P 

= 0.01). 

 

 

 

Table 2. The effect of season on pregnancy rate in repeat breeder Holstein cows 

subjected to a CIDR-estrus synchronization program and FTAI. 

Season  FTAI FTAI +  AI next natural estrus 

Spring  34 (40/116)a 52 (60/116)a 

Summer 19 (11/58)b 29 (17/58)b 

Fall 32 (47/145)a 45 (65/144)a 

Winter 34 (61/179)a 64 (115/180)c 

Values with different superscript differ (P<0.05). 
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4. Discussion 

 

The protocol used in the present study for ovulation induction was effective in 

treating the RBC, reaching a 32% P/AI. This figure was very close to that 

observed by Ui-Hyung et al. (2007) and Alnimer and Husein (2007) in RBC 

subjected to a similar estrus synchronization protocol. P/AI in herds in this hot-

arid zone is 33% (Mellado et al., 2012); thus, comparable P/AI were achieved 

than those observed with the conventional reproductive programs for dairy 

cows. The long lactation length observed in cows in the present study (478 ± 

117 days) support the practice of getting RBC pregnant around 200 days in milk, 

because these 3x milked cows treated with rbST throughout lactation 

experience extended lactation cycles, which makes this reproductive 

management economically feasible.  

Cows attaining a peak milk yield >55 kg d were less likely to become pregnant 

as cows achieving peak milk production less than this figure. This response is 

similar to that found by Lean et al. (1989) where cows with peak milk yields 

greater than the median of the herd were less likely to conceive than cows with 

lower peak milk yields.  

This response seems to be associated, with greater negative energy balances 

(NEB) during early lactation in those cows with high peak milk yield. Although 

most inseminations in cows in the present study were carried out after the 

altered metabolic state associated with poor fertility early in lactation (Fenwick et 

al., 2008; Wathes et al., 2011), NEB have carry-over effects on the success of 

subsequent inseminations (Wathes et al., 2007). NEB during early postpartum 

can affect fertility later in lactation by reducing the number of ovarian cycles, 

because ovulatory cycles preceding AI is essential for an adequate priming of 

the uterus (Butler, 2003). Further carry-over effects of NEB can result in 
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deficiencies in oocyte and embryo developmental competence as well as 

inadequate corpus luteum function (Leroy et al., 2008a). Additionally, cows in an 

extreme state of NEB during early lactation show higher incidences of diseases 

such as mastitis (Santos et al., 2004; Heringstad et al., 2006), locomotive 

problems (Collard et al., 2000) and metabolic disorders (Collard et al., 2000; 

Ingvartsen et al., 2003), and these diseases decrease reproductive performance 

of cows. 

Cows with low milk protein content had higher odds or becoming pregnant that 

cows with milk protein levels >3%. Milk protein content is linked to the energy 

status of the dairy cow, with a drop of this milk component with an energy deficit 

(Fulkerson et al., 2001; Kessel et al., 2008; Reksen et al., 2002). 

In fact, milk protein content (Tena-Martinez et al., 2009) or fat-protein ratio 

(Buttchereit et al., 2011) are better indicator of negative energy balance than 

milk fat content, DMI, BCS or other milk components. Most inseminations in 

these cows occurred when animals had regain a positive energy balance status 

(about 20 weeks postpartum; Taylor et al., 2003), but there are subsequent 

effects on fertility that lead to poor conception rates (Wathes et al., 2009). Other 

researchers have found that milk protein level have no negative influence on 

reproductive performance of Holstein cows (Demeter et al., 2010). 

A significant effect of age group on P/AI was detected. Young cows had higher 

P/AI than cows with >3 lactation. These finding are in agreement with related 

studies reported in the literature in countries with temperate climate (Balendran 

et al., 2008; Souza et al., 2008; Friedman et al., 2011) showing reduced 

pregnancy rates in mature cows compared with heifers. 

Correlations between fertility and production traits are generally negative 

(Neuenschwander et al., 2005; Tsuruta et al., 2009)  and these values become 

more negative with increasing number of lactation, as a consequence of the 

increased energy requirements with increased milk productions. Also, profiles of 

IGF-I, urea and body condition score usually are higher in first lactation cows 

than mature animals, and these variables are positively related to fertility 

(Wathes et al., 2007). An additional explanation for decreased fertility with 
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increasing age is that, compared to first-parity cows, cows in second, third, and 

fourth parities had significantly higher odds of being a repeat breeder 

(Bonneville-Hébert et al., 2011). 

A marked decline of pregnancy rate was observed with increasing service 

number (Table 1). A reduction in fertility with increasing number of services has 

been amply documented (Rajala-Schultz et al., 2001; Brusveen et al., 2008; 

Chebel et al., 2007). Lower fertility with advancing service number may be 

ascribed to increasing percentage of repeat breeders that accumulate as cows 

are presented for successive services.  

Cows with long dry periods had higher odds of getting pregnant with the FTAI 

protocol used in the present study than cows with <62 days dry. This is contrary 

to the notion that reducing the length of the dry period (<60 days) improves early 

lactation energy balance and consequently fertility indices (Opsomer et al., 

2000; Gümen et al., 2005; Watters et al., 2009). However, the improved 

reproductive efficiency after shorter dry periods has been observed early during 

the breeding period and only in older cows. In the present study all cows had 

repeatedly ovulated before the hormonal treatment, and the beneficial effect of 

short dry period on fertility diminishes as lactation lengthens (Watters et al., 

2009). Other researchers have not found a consistent improvement in 

reproductive variables (Pezeshki et al., 2007) or have observed lower fertility 

(Pinedo et al., 2011) with increased dry period length. One possible explanation 

for the beneficial effect of long dry period in the present study could be that cows 

with longer dry periods tend to have lower milk yields (Kuhn et al., 2007), and 

higher milk yield alone is associated with reduced health and fertility  (Leroy et 

al., 2008a,b). 

In the present study P/AI was sensitive to THI >76 at FTAI. Fertility in Holstein 

cows has been found to be responsive to heat stress exerted prior (AL-Katanani 

et al., 1999), the day of breeding (Cavestany et al., 1985), and shortly after 

breeding (Mellado et al., 2012). The detrimental effect of elevated heat load at 

AI is the consequence of a series of events, such as the delay in ovulation and 

follicular persistency, which leads to the ovulation of poor quality oocyte, which 
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in turn causes low fertilization rate and increased embryonic mortality (Sartori et 

al., 2002; Roth, 2008). High heat load also lowers diameter of dominant follicle 

and alters of the biochemical composition in the follicular fluid of this follicle 

(Shehab-El-Deen et al., 2010), which result in inferior oocyte and granulosa cell 

quality (Payton et al., 2011). Hyperthermia of oocytes also hampers embryonic 

development, which compromises fertility (Edwards et al., 2009).  

P/AI was greater in winter, spring and fall in CIDR-treated cows than in summer 

(by about 14 percentage points). Several environmental components affect 

female fertility; among these heat stress is particularly significant. Summer heat 

stress is a main factor related to low conception rate in high producing dairy 

herds in warm areas worldwide (García-Ispierto et al., 2007; Ben Salem and 

Bouraoui, 2009; Ferreira et al., 2011). In the present study P/AI was higher in 

CIDR-treated cows in the fall than in summer, which suggests that the effects of 

heat stress had no a carry-over effect into subsequent less warm months, as it 

has been observed in this zone (Mellado et al., 2012). Also, spring months in 

this zone are hot enough to cause a measurable stress response in cows (mean 

THI= 70, 76 and 84, for March, April and May, respectively), but this heat load 

during spring did not impair reproductive performance of CIDR-treated cows. 

The combination of hormones used in the ovulation induction protocol in the 

present study apparently somehow overrode the negative effect of hyperthermia 

on fertility of cows. This supposition is based on studies demonstrating that 

injection of GnRH at detection or shortly after estrus enhances secretion of 

luteal progesterone and embryo survival under intense summer heat in 

subtropical areas (Ullah et al., 1996; Cruz-Velázquez et al., 2009). Also under 

subtropical conditions, FTAI programs based on GnRH increased pregnancy 

rate during summer heat stress (De la Sota et al., 1998; Alnimer and Usein, 

2007).  

 

Conclusions 
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These results indicate that the FTAI program in RBC used in the present study 

was efficacious in attaining an acceptable P/AI. This data also indicate that 

breeding cows around 200 DIM is a feasible practice under the conditions of the 

present study, because with 3x milking and rbST treatment throughout lactation, 

extended lactation (15-month cycles) can be achieve, which makes this practice 

economically viable in intensive dairy operations. Additionally, these results 

show that milk protein, peak milk yield, parity, dry period length and high 

ambient temperatures at breeding are associated with the fertility response of 

CIDR-treated subfertil Holstein cows in a hot–arid environment.  
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