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RESUMEN

La particion de la energia entre la produccion total de calor (HP) y la energia retenida
(ER) en la eficiencia energética fue evaluada a lo largo del ciclo anual de produccion
(gestacidn-lactacion) en vacas multiparas (n = 46) pastoreando dos ofertas de forraje
(OF), alta (AOF; 7 kgMS/kgPV) y baja (BOF; 4 kgMS/kgPV) en campo natural;
ademas, fue evaluado el gasto energético de la actividad de pastoreo en invierno. La
ER fue mayor en vacas de AOF que en BOF, asociado a una mayor ER en leche
durante la lactacion temprana. La HP por vaca —estimada con la técnica de pulso de
O y frecuencia cardiaca— y la energia metabolizable (EM) consumida (CEM) no
vario entre tratamientos, pero, en términos de peso metabdlico, la HP fue mayor en
vacas de BOF que AOF. El CEM durante la lactacion temprana en primavera fue
mayor en AOF que BOF, mientras que en invierno tendi6 a ser menor en AOF que
BOF, en términos de peso metabdlico. La eficiencia energética de todo el ciclo no
fue afectada por el tratamiento (0,19 vs. 0,12 + 0,02 para AOF y BOF,
respectivamente), asi como tampoco hubo diferencias entre tratamientos en gramos
de ternero por MJ de EM consumida. La actividad de pastoreo fue monitoreada con
collares MOONITOR. El gasto energético (KJ/ kg PV®™ por h) de la caminata y
pastoreo se incrementd un 25 % y 15 %, respectivamente, sobre el descanso. Sin
embargo, el gasto energético diario de la caminata no fue significativo debido a que
esta actividad ocurrié durante menos de 1 h. A pesar de no haber diferencias en el
tiempo destinado a cada actividad entre tratamientos, el gasto energético diario fue
mayor en BOF para descanso/rumia y pastoreo. Diferencias en el manejo del
pastoreo a través de la OF generaron en otofio una mayor masa y altura del forraje,
por lo cual, durante el invierno, a igual OF entre tratamientos, pero con una mayor
masa y de forraje y carga animal para AOF, las vacas se encontraron en
mantenimiento con un menor consumo de EM comparado con las vacas de BOF, lo

cual esta probablemente asociado a las diferencias en la actividad de pastoreo.

Palabras clave: vacas de carne, eficiencia energética, campo natural
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ESTIMATION OF ENERGY EXPENDITURE OF BREEDING COWS
WITH DIFFERENT HERBAGE ALLOWANCE

SUMMARY

The energy partitioning between total heat production (HP) and retained energy (RE)
on the efficiency of energy use was evaluated throughout the annual production cycle
(gestation-lactation) of 46 multiparous beef cows grazing on two herbage allowances
(HA) of Campos grassland (4 vs. 7 kgDM/kgBW; LO vs. HI); energy expenditure of
grazing activity in winter was also evaluated. Total RE was greater for HI than LO
cows and presented minimum values during early gestation and maximum values
during early lactation, associated to the greater RE-milk in the former ones. Whole-
animal HP, estimated by the heart rate-O. pulse technique, and cow metabolized
energy (ME) intake did not differ between HA treatments, but HP relative to BW®"
was greater for LO than HI. Total HP and ME intake were minimum in gestation and
maximum in early lactation and ME intake was greater during early lactation for Hl
than LO, and per unit of BW®" tended to be less for HI than LO cows in winter.
Grazing activities were monitored using MOONITOR collar. The energy efficiency
of the annual cycle was not affected by treatments (0.19 vs. 0.12 + 0.02 for HI and
LO, respectively) and there were no differences in terms of grams of calf per MJ of
ME intake. Herbage allowance affected total HP along the day but did not affect time
spent in each activity. EE for grazing and walking represented a 15 and 25 %
increment above resting/ruminating, respectively. Daily HP (kJ/kg BW®® per day) in
resting/ruminating and grazing was greater for LO than HI cows as EE for each
activity per unit of time was greater. However, daily EE for walking was not
significant as cows spent less than 1 h walking without foraging during the day.
Differences in the management of HA between treatments improved in HI-HA
greater herbage mass and height in fall, therefore, with equal HA between treatments
in winter, but with higher forage mass and stocking rate for HI than LO, it allowed
cows to be at maintenance with a lower ME intake compared with LO cows, which

could be probably associated to differences in grazing activity.
Keywords: beef COWS, energy efficiency, native grassland
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1. INTRODUCCION

1.1. PLANTEAMIENTO DEL PROBLEMA

La cria de bovinos de carne en Uruguay involucra 7,6 millones de hectareas, que
significan el 51 % de las hectareas de pastoreo, principalmente de campo natural, y el
54 % de los productores, en su mayoria del tipo familiar (DIEA, 2015). La
produccion de carne llevada a cabo en un 89 % del area total con base en campo
natural es de gran importancia econémica nacional, representando el 19,1 % del
ingreso por exportaciones (DIEA, 2015). A pesar de la importancia nacional de la
ganaderia, hoy compite fuertemente con otros rubros, por lo que, para lograr
sustentabilidad de los productores y empresas dedicados a este sector, se debe
mejorar la productividad fisico-econdmica, sin incrementar los costos ni deteriorar el

medio ambiente.

La produccion estacional del campo natural, las variaciones climaticas intra- e
interanuales y las diferencias en la calidad y cantidad de la pastura (Berretta et al.,
2000) determinan que el consumo de nutrientes y energia resulte la principal
limitante del proceso. Esto establece que, durante gran parte del afio, las vacas de cria
presenten un balance energético negativo (BEN), determinando una baja condicion
corporal (CC) al parto e inicio del entore (Soca et al., 2013a, Do Carmo et al., 2016).
Como consecuencia, se produce un largo periodo de anestro posparto y baja
probabilidad de prefiez, reducido peso vivo (PV) de los terneros al destete y de la
vaca de refugo, lo que impacta negativamente en el sistema productivo y en el
ingreso de los productores (Short et al., 1990, Soca et al., 2013b, Do Carmo et al.,
2016). Resultados nacionales muestran que el control de la intensidad de pastoreo del
campo natural, a través de la oferta de forraje (OF), permitio mejorar la respuesta
productiva y reproductiva de las vacas de cria e incrementar la eficiencia global del
sistema criador, al comparar OF alta (AOF) y baja (BOF) (Do Carmo et al., 2018).
Esta mejora se asocid a un mejor balance energético a lo largo del ciclo de gestacion-

lactacion, que podria ser el resultado no solo de un mayor consumo, sino también de



una reduccién en los costos energéticos de mantenimiento (metabolismo basal y
actividad) (Do Carmo et al., 2018).

En el ciclo de cria vacuna, mas del 70 % de los costos energéticos son debidos al
mantenimiento de los vientres, determinando que esta Se caracterice como un
proceso largo e ineficiente (Ferrell y Jenkins, 1985). Sin embargo, la eficiencia de
produccion es uno de los componentes que mas define la competitividad y resiliencia
de los sistemas. La informacion sobre gasto energético en distintos sistemas de
produccién es escasa a nivel internacional e inexistente en nuestro pais. Generar
informacion que permita identificar estrategias de manejo que logren incrementar la
eficiencia energética de las vacas de cria es central en la competitividad de los

sistemas y del sector en su conjunto.

En este contexto, el objetivo de esta tesis es cuantificar el gasto energético de vacas
de cria pastoreando dos OF de campo natural (AOF vs. BOF) a lo largo del ciclo
anual de produccion (gestacidn-lactacion), investigando sobre la particion de la
energia entre produccion total de calor y energia retenida (ternero y reservas
corporales) de vacas de cria. Asimismo, se busca estimar el gasto energético para las

actividades de caminar y pastorear, y el efecto del manejo del pastoreo sobre estos.

1.2. METABOLISMO ENERGETICO

El metabolismo energético, es decir, todas las reacciones quimicas de un organismo,
son llevadas a cabo por la energia obtenida en el alimento y, en ocasiones, por el

tejido movilizado (Mendoza-Martinez et al., 2008).

La energia bruta es la energia liberada como calor cuando una sustancia organica es
oxidada completamente a didoxido de carbono y agua (Mendoza-Martinez et al.,
2008), es la energia que contiene un alimento. La energia digestible se define como
la energia bruta menos la energia que se pierde en las heces. Los factores que afecten
la digestibilidad del alimento consumido afectaran la energia digestible. La energia
metabolizable (EM) es la energia digestible menos la energia que se pierde en la



orina (producto de procesos metabdlicos y de origen enddgeno) y los gases
generados en la fermentacion microbiana, siendo el principal el metano (figura 1).

La energia neta (EN) es la retenida por el cuerpo del animal en sus tejidos o por
alguno de sus productos; se utiliza para cubrir las necesidades de mantenimiento y
para la produccion. Es la EM menos las pérdidas de calor del metabolismo de los
nutrientes y la fermentacion; a ese calor se le denomina incremento calérico (IC);
entonces, la energia neta es: EN = EM — IC (figura 1). En términos de eficiencia
energética, cuanta mas energia consumida se pierda en forma de calor, menor sera la
energia retenida (ER) por los tejidos; por lo tanto, la eficiencia para convertir el

alimento en producto serd menor.

Factores que afecten el consumo de EM, la produccion de calor o la particion de la
ER entre proteinas y grasas afectaran la eficiencia para convertir el alimento en
producto. Por ejemplo, el consumo de EM se puede ver afectado por aquellos
factores que incidan en el consumo de MS y/o la digestion; la produccion de calor,
por las variables que afectan el costo de mantenimiento, y la ER, por las variables del

animal que influyan en la composicion corporal (DiMarco, 2006).
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Figura 1. Esquema de particion de energia contenida en los alimentos (Brosh, 2015).

En la particion de la energia requerida para las diferentes funciones, el animal

prioriza el mantenimiento de la vida en detrimento de la propagacion de la especie.



El orden aproximado en la particion de nutrientes es el siguiente: metabolismo basal,
actividad, crecimiento, reservas energéticas basicas, gestacion, lactacion, reservas
energéticas adicionales, ciclos estrales e iniciacion de la prefiez y, por ultimo,
reservas en exceso, y este orden puede variar dependiendo de las funciones que estén

presentes y en qué nivel (Short et al., 1990).

La eficiencia de produccion en la cria vacuna estd fuertemente influenciada por la
particion de la energia entre las funciones de mantenimiento y produccion, asociada
al balance energético de los animales, que se determina por el consumo y los costos
energéticos de las funciones nombradas anteriormente (Dickerson, 1978). Hablamos
de mantenimiento cuando el balance energético es igual a cero (Baldwin, 1995); es la
energia neta consumida la que permite el equilibrio energético del animal, es decir,
en mantenimiento se mantienen los tejidos corporales y las actividades vitales
basicas, lo cual incluye la energia requerida para el mantenimiento basal, la
termorregulacion y la actividad (NASEM, 2016). A su vez, el costo de
mantenimiento es el principal componente del costo energético total del animal. El
porcentaje de la energia consumida destinada a mantenimiento se estima, por algunos
autores, entre un 70 y un 75% (Ferrell y Jenkins, 1985), lo que determina que la cria

vacuna sea un proceso largo e ineficiente.

Diversos factores inciden sobre el costo de mantenimiento, algunos son inherentes al
animal, como son las caracteristicas del biotipo, el estado fisiolégico y corporal, y
otros son externos, como el clima, la composicion del alimento y la actividad en
pastoreo (Aello, 2014). Existe una gran variabilidad en el costo de mantenimiento
entre razas (Baker et al., 1991) y entre animales de una misma raza (Solis et al.,
1988); si eliminamos las condiciones externas como variable, el mayor costo de
mantenimiento se debe a las diferencias de tamario en el tejido visceral y al mayor

contenido de proteinas tisulares (DiMarco, 2006).

Dentro de los factores externos, el costo de la actividad de pastoreo se debe al efecto
de la caminata y a la cosecha del forraje. Se ha reportado que los animales bajo

condiciones de pastoreo tienen mayor gasto de mantenimiento que los estabulados,



reportando necesidades de mantenimiento 50 % superiores (Osuji, 1974, CSIRO,
2007). Este gasto depende del tiempo de pastoreo, condicionado por la disponibilidad
de forraje, las distancias recorridas para la cosecha del forraje, el acceso al agua y la
topografia del terreno (Rovira, 1996). La caminata incide en menos de un 5 % por ser
una actividad de corta duracion que se realiza a baja velocidad, teniendo un costo
energético bajo a moderado. Sin embargo, el costo energético de mantenimiento
puede incrementarse entre un 10 y un 15 % por la actividad extra de pastoreo, y
cuando las condiciones de pastoreo son extremas y los animales deben pastorear
muchas horas al dia a alta tasa de bocado, este costo puede aumentar entre 25 y 30%
(DiMarco y Aello, 2001), siendo la tasa de bocado el componente de actividad de
mayor costo energético y el de mayor incidencia en el mantenimiento de novillos en
pastoreo (DiMarco et al.,, 1996, DiMarco y Aello, 2001). Diferencias en las
estimaciones realizadas sobre el gasto energético de la caminata y cosecha de forraje
podrian relacionarse con las distintas metodologias (técnicas utilizadas), asi como

con las condiciones ambientales donde estas se realizaron.

La informacidén sobre gasto energético en vacas de cria a lo largo del ciclo anual de
produccion y, como resultado, del manejo de pastoreo es escasa a nivel internacional

(Brosh, 2007) y nula en nuestro pais.

1.3. METABOLISMO ENERGETICO Y PARTICION DE NUTRIENTES DE
LA VACA DE CRIA

Si consideramos una vaca en gestacion avanzada, al alto costo energético de
mantenimiento bajo condiciones de pastoreo le sumamos el crecimiento fetal y de las
membranas fetales, el mantenimiento del Utero gravido y el desarrollo de la glandula
mamaria, puede llegar a ser 75 % mas alto el costo energético de mantenimiento que
el de un animal no gestante del mismo peso (Bauman y Currie, 1980, Meikle et al.,
2006).

Durante el invierno (gestacion avanzada), la restriccion en la OF no permite
satisfacer estos elevados requerimientos nutricionales, debido, principalmente, a la

insuficiente ingestion de energia (Orcasberro, 2000). La baja disponibilidad de



forraje produce un alto gasto energético por actividad de pastoreo (McClymont,
1967), por lo cual, cuando los requerimientos de nutrientes son mayores al consumo
neto, los animales usan sus reservas corporales para satisfacer este déficit y generan
un BEN (Robinson et al., 1999).

En los Gltimos dos meses de gestacion, se da el 60 % de la acumulacion de masa
fetal, periodo en el que la demanda de nutrientes especificos como glucosa y
aminoacidos aumenta significativamente (Bauman y Currie, 1980). Como parte del
control homeorético, los diferentes tejidos y drganos, a través de hormonas y
metabolitos, coordinan finamente el metabolismo para mantener la gestacion (Short,
1990). Estos cambios metabdlicos en la vaca permiten enfrentar condiciones de BEN
(Bauman y Currie, 1980, Robinson et al., 1999) para lograr obtener un ternero viable,
prioridad fisiologica (Short, 1990), en detrimento de la CC al parto, lo que genera
consecuencias negativas para el futuro desempefio reproductivo (Trujillo et al.,
1996).

1.4. CONTROL DE LA INTENSIDAD DE PASTOREO DEL CAMPO
NATURAL

Frente a todos estos cambios en los requerimientos nutricionales, a lo largo del ciclo
de la vaca de cria, el manejo del pastoreo es una herramienta fundamental para
regular la captacion y transformacion de energia solar en producto animal, incidiendo
en la productividad y resiliencia del recurso (Heitschmidt y Taylor, 1991). La carga
animal es la principal medida de manejo del pastoreo que afecta resultados
productivos y econémicos en los sistemas de produccion ganaderos. Los sistemas de
produccion en nuestro pais ocurren bajo condiciones ambientales muy variables,
siendo entonces, la produccion de forraje, poco estable; por lo que la carga animal
fija, definida como la cantidad de animales por unidad de superficie (Allen et al.,

2011), cambia la OF a lo largo del afio, lo que afecta el desempefio animal.

La principal ineficiencia de los sistemas criadores ocurre porque, durante el afio, la
OF, definida por una carga animal fija, no acompafia los distintos requerimientos

durante el ciclo de la vaca de cria, lo que genera un desbalance energético. Durante el



invierno, por ejemplo, no acompafia los altos requerimientos del ultimo tercio de
gestacion y de la lactogénesis y provoca una baja CC al parto, lo que explica el largo
anestro posparto y el porcentaje de destete de los rodeos de cria en Uruguay (Soca y
Orcasberro, 1992). Durante la primavera y el verano, la baja relacion masa de
forraje/carga animal genera un BEN por el insuficiente consumo de energia durante
la lactancia, el reinicio de la actividad sexual y el elevado costo energético por

actividad de pastoreo.

La OF, definida como los kg de MS por kg de PV animal (Sollenberger et al., 2005),
relaciona la cantidad de forraje y la carga animal, siendo la principal herramienta
para controlar la intensidad de pastoreo, lo que permite incrementar la productividad
de la pastura (Maraschin et al., 1997, Soares et al., 2003), los resultados productivos
del rodeo de cria —ganancia diaria, carga animal, produccién de carne— (Soares et
al., 2003, Stuedemann y Franzluebbers, 2007) y, como consecuencia, los resultados
econdmicos, promoviendo un ecosistema pastoril menos vulnerable a los cambios
climaticos dado por una masa y acumulacion de forraje superior (Do Carmo et al.,
2018).

Experimentos nacionales y extranjeros reportan modificaciones en el
comportamiento y el consumo animal en pastoreo frente a cambios en la cantidad de
forraje ofrecido (Piaggio, 1995, Kennedy et al., 2007, Thurow et al., 2009). Do
Carmo et al. (2018) mostraron la importancia de modificar la OF a lo largo del afio
por su efecto en la variacion en la ganancia diaria de PV, optimizando la ganancia
por unidad de superficie y por animal; lo que coincide con experimentos realizados

en pastizales nativos en el sur de Brasil durante 20 afios (Nabinger et al., 1999).

En este contexto, se llevd a cabo una serie de experimentos en las estaciones
experimentales de Bernardo Rosengurtt (EEBR) y de Facultad de Agronomia de
Salto (EEFAS) en pastoreo de campo natural, buscando evaluar, a distintos niveles
jerarquicos, el efecto del control de la intensidad de pastoreo sobre la respuesta
primaria (produccion y composicién quimica forraje), fisica (reproduccion y

produccion de carne), comportamental y fisiologica (consumo de energia, conducta



en pastoreo, selectividad, balance de nutrientes, concentraciones de metabolitos, y
hormonas metabolicas y expresion génica) y sus posibles interacciones con el

genotipo de la vaca (Carriquiry et al., 2013).

Se disefiaron dos experimentos llevados a cabo en la EEBR y en la EEFAS para
determinar los efectos de dos OF (AOF y BOF; variable a lo largo del afo). En la
EEBR se estudio, ademas, el efecto de dos genotipos (Hereford y Angus puros vs.
sus cruzas) en la productividad de vacas multiparas y primiparas (Do Carmo et al.,
2018), mientras que en la EEFAS se usaron vacas primiparas Hereford. Los
resultados mostraron que la AOF increment6 la acumulacién de masa forrajera sin
afectar la carga animal en la EEBR (Do Carmo et al., 2013), pero disminuyéndola en
la EEFAS. Sin embargo, la produccion por hectarea aument6 en AOF con respecto a

la BOF en ambos experimentos debido a que se mejoro la produccion por animal.

Segun las estimaciones de consumo de forraje y energia, con base en los sistemas de
alimentacion CSIRO (2007), que se fundamenta en la disponibilidad y digestibilidad
de la MS de la pastura y el PV de los animales, y NASEM (2016), basado en los
requerimientos de energia para mantenimiento, gestacion o lactacion, y cambios en
reservas corporales, se indica que los animales consumian por debajo de sus
requerimientos durante gran parte del ciclo productivo anual en ambas OF,
consumiendo las de AOF un promedio de entre un 65 y 84 % del consumo de MS
potencial o de energia requerida, y las vacas en BOF, entre un 57 y 74 %. A pesar de

estas condiciones, se vieron importantes diferencias entre los tratamientos.

Con respecto a la actividad de pastoreo, fue mayor el tiempo destinado en la BOF
que en la AOF durante la primavera y el otofio, con un menor consumo, debido a la
menor cantidad de masa forrajera y a la altura de la pastura (Wales et al., 1999,
Scarlato et al., 2012, Da Trindade et al., 2015). Ademas, el tiempo de rumia fue
mayor en AOF, donde se vio incrementada la energia consumida por las vacas,
mejorando su CC y PV, lo cual gener6 impactos positivos; se alcanz6 la CC objetivo
en otofio y primavera, mejorando la CC al parto y la probabilidad de prefiez por un

menor anestro posparto, viéndose maximizada la eficiencia reproductiva (Do Carmo



et al., 2018). La AOF incremento la energia consumida por las vacas, la tasa de
destete y PV de los terneros al destete, asociado a una mayor produccion de leche, en
ambas estaciones experimentales. A su vez, la BOF afectd su composicion corporal
al destete y a los 380 dias de edad (Gutiérrez et al., 2013). Es asi que la eficiencia de
conversion fue afectada por la OF debido al mayor consumo de las vacas en AOF,
siendo mayor el incremento en la productividad que en la energia consumida, lo que
determind una mejor eficiencia bioldgica del conjunto vaca-ternero en las cruzas. El
incremento en la eficiencia de produccion al aumentar el consumo se debio a que el
coeficiente de ER (0,62) fue mayor que el impacto en la produccién de calor (0,38;
Brosh et al., 2004).

Los resultados obtenidos en estos experimentos en EEBR muestran, durante la
gestacion en invierno, una pérdida en la CC, un aumento de los AGNE en sangre —
debido a la lipdlisis del tejido adiposo— y la disminucion de las concentraciones
circulantes de las hormonas anabdlicas indicadoras de la disponibilidad energética,
como son la insulina e IGF-I, evidenciando un BEN y la movilizacion de reservas
corporales. A su vez, en las condiciones de AOF, donde se dio una mejor CC,
produccion de leche, PV del ternero y menor largo de anestro posparto, se
correspondi6 con un mejor estado metabolico durante el ciclo de gestacién-lactacion
(mayor insulina e IGF-I). Ademas de verse reflejado el mejor estado nutricional de
las vacas de la AOF en los niveles de insulina e IGF-I, las vacas de este tratamiento
tuvieron menor deposicion de grasa visceral que las de BOF, a pesar de tener mayor
deposiciéon de grasa total. Esto se asocia con una baja resistencia a la insulina
(Sinclair, 2010). Estos resultados sugieren un mejor perfil anabdlico en las vacas de

AOF con respecto a las de BOF.

Es asi como el manejo de la OF, en conjunto con otras medidas y técnicas como
puede ser el cruzamiento, el manejo del destete y el flushing, modifican el consumo y
la particion de energia en favor de la produccion y/o reproduccion, lo que resulta en
una mayor eficiencia productiva de los sistemas de cria pastoriles (Do Carmo et al.,
2016, Soca et al., 2013a).



1.5. HIPOTESIS Y OBJETIVOS
1.5.1. Hipotesis

La mayor eficiencia productiva de las vacas de cria pastoreando AOF esta asociada
no solamente al incremento en el consumo de EM, sino también a una disminucion
en los requerimientos energéticos de mantenimiento, principalmente durante la

gestacion de invierno, cuando la masa y altura del forraje son limitantes.

1.5.2. Objetivo general

Evaluar el efecto de la intensidad de pastoreo en campo natural, a través del manejo
de la OF del campo natural, en la particion de la energia entre la HP y la energia
retenida (ER), y en la eficiencia del uso de la EM a lo largo del ciclo productivo

(gestacion-lactacion) de la vaca de cria.

1.5.3. Objetivos especificos

1) Cuantificar la HP, la ER vy la eficiencia energética de vacas de cria pastoreando
dos OF de campo natural, alta y baja (7 y 4 kg MS/kg PV), a lo largo del ciclo anual

de produccion (gestacion-lactacion).

2) Estimar el incremento del gasto energético de la actividad de pastoreo sobre la

actividad de descanso para vacas de cria pastoreando campo natural.

1.6. ESQUEMA GENERAL DE TESIS

Esta tesis incluye dos articulos cientificos. El primer articulo, titulado «Estimation of
Energy Expenditure in Breeding Cows Grazing Rangelands with Different Herbage
allowance», constituye el segundo capitulo de esta tesis. Presenta la evaluacién del
efecto de la OF del campo natural sobre la eficiencia del uso de la EM, a lo largo del
ciclo de gestacion-lactacion, a partir de la cuantificacion de la produccion de calor y
la energia retenida (objetivo especifico 1). Este articulo fue enviado a la revista
Tropical Animal Health and Production. El segundo articulo, titulado «Foraging

Energy Expenditure in Breeding Cows», constituye el tercer capitulo de esta tesis y

10



presenta la estimacion del incremento del gasto energético de la actividad de
pastoreo sobre la actividad de descanso (objetivo especifico 2). Este trabajo sera
enviado a Livestock Science como una comunicacion corta. El cuarto capitulo

presenta una discusion general y conclusiones del trabajo de tesis.

2. ESTIMATION OF ENERGY EXPENDITURE IN BREEDING COWS
GRAZING RANGELANDS WITH DIFFERENT HERBAGE
ALLOWANCE

11
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2.1. ABSTRACT

The energy partitioning between total heat production (HP) and retained energy (RE)
on the efficiency of energy use was evaluated throughout the annual production cycle
(gestation-lactation) of 46 multiparous beef cows grazing on two herbage allowances
(HA) of Campos grassland (4 vs. 7 kg dry matter/kg body weight; BW; LO vs. HI).
Total RE was greater (P < 0.01) for HI than LO cows and presented minimum values
during early gestation and maximum values during early lactation associated to the
greater (P = 0.02) RE-milk in the former ones. Whole-animal HP, estimated by the
heart rate-O> pulse technique, and cow metabolized energy (ME) intake, did not
differ between HA treatments, but relative to BW®", HP was greater (P = 0.04) for
LO than HI cows. Total HP and ME intake were minimum in gestation and
maximum in early lactation and ME intake was greater during early lactation for HI
than LO cows, and per unit of BW it tended (P < 0.10) to be less for HI than LO
cows in winter. The energy efficiency of the annual cycle was not affected by
treatments (0.19 vs. 0.12 + 0.02 for HI and LO, respectively; P > 0.10) and there
were no differences between treatments in terms of grams of calf per MJ of ME
intake (P > 0.10). Management of grazing intensity of Campos grasslands with high
herbage allowance improved energy balance of the beef cow-calf system through
partitioning of cow ME intake towards RE instead of maintenance.

Keywords energy efficiency, beef cows-calf systems, grazing
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2.2. INTRODUCTION

Campos region is the largest ecological unit of native grasslands in South America
(Pallarés, 2005), where grassland-based livestock production is one of the most
important agricultural activities of the region, having a significant contribution to the
world beef industry (FAOSTAT, 2017). Cow-calf operations are often conducted in
extensive grazing production systems in which nutrient availability -biomass
production and pasture chemical composition- fluctuates with seasonal changes in
rainfall and temperature (Berretta et al., 2000). This variation throughout the year
affects, among other factors, beef cow energy intake (Aharoni et al., 2013) and
maintenance requirements (Brosh, 2007). Particularly, in winter and early spring,
when forage availability and production are low and beef cow energy requirements
rise due to gestation and early lactation, a negative energy balance is established
(Laporta et al., 2014). This negative energy balance is reflected in low body
condition score (BCS) at calving and breeding season (Soca et al., 2013a; Do Carmo
et al., 2016), resulting in extended postpartum anestrus, early embryonic death and

reduced pregnancy and weaning rates (Hess et al., 2005; Soca et al., 2014).

Beef cow-calf systems are long-term energetically inefficient as they use 70-75 % of
the energy intake for animal maintenance (Ferrell and Jenkins, 1985; Montafio-
Bermudez et al.,1990). The partition of energy between maintenance and production
is associated with energy balance (Dickerson, 1978) and when it favors production
and reproduction, results in a greater productive efficiency of grazing cow-calf
systems (Soca et al., 2013b; Do Carmo et al., 2016). Several factors affect the cost of
maintenance, some inherent to animal characteristics such as genotype, physiological
stage, BCS and body composition, and others related to external conditions such as
climate, pastures chemical composition and grazing activity (NASEM, 2016). The
control of energy costs for maintenance has a direct impact on the improvement of

feed efficiency as well as environmental sustainability in beef cow-calf operations.

Reducing grazing intensity of native pastures through increased herbage allowance

(HA), increased forage mass, height and growth of native pastures in Campos
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enables maintenance of stocking rate and increased cow energy intake, body weight
(BW), BCS and kilograms of calf weaned when compared with low HA (Do Carmo
et al., 2018). Also, retained energy as a proportion of the total energy intake in cows
grazing high HA increased, thus, a dilution of the energy cost of maintenance was
expected, which improved biological efficiency (Do Carmo et al., 2018). An increase
in HA of native grasslands also affected organ mass, cellularity, or gene expression
of mitochondrial proteins of the gastrointestinal tract and liver, which could be
related with regulation of energy utilization and efficiency (Casal et al., 2014). In
addition, herbage mass and height affected animal behavior and, thus, reduced
energy cost in steers grazing cultivated pastures (DiMarco et al., 1996). Previous
work in beef cows reported that both average daily energy expenditure and
metabolized energy (ME) intake during the annual cycle of gestation-lactation was
greater for beef cows grazing at low vs. high stocking rate (Aharoni et al., 2004,
Brosh et al., 2006).

In order to correctly estimate energy requirements of grazing breeding cows, more
information regarding energy expenditure and efficiency throughout the annual
production cycle and the effect of grazing management is needed (Brosh, 2007;
NASEM, 2016). Our hypothesis was that the greater production efficiency of beef
cows grazing high-HA is associated not only with increased energy intake but also
decreased maintenance energy requirements, especially during winter gestation.
when forage mass and height decrease when compared with cows grazing low-HA.
Therefore, the objective of the present study was to evaluate the effect of grazing
intensity of Campos grassland, through management of HA, on energy partitioning
between total heat production (HP) and retained energy (RE) and on the efficiency of

energy use during the annual production cycle (gestation-lactation) of beef cows.

2.3. MATERIALS AND METHODS

2.3.1. Experimental Site

The experiment was conducted on 95 ha of Campos grassland located at the

Experimental Station Bernardo Rosengurtt (School of Agronomy, Universidad de la
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Republica, Uruguay, 32°S, 54°W) and lasted from March 2017 to May 2018.
Average annual rainfall is almost 1200 mm, and the climate type is classified as Cfa
(subtropical, humid, without dry season, where mean temperature in the coldest
month is between —3 and 18 °C and the warmest is above 22 °C) according to
Koppen (Panario and Bidegain, 1997). Native pastures were dominated by summer-
growing C4 grasses (Poaceae), with few C3 grasses associated with the winter cycle.
The main four families included Asteraceae, Fabaceae, Rubiaceae and Umbelliferae,

similar to Campos grassland botanical composition (Altesor et al., 1998).

2.3.2. Animals and Experimental Design

Forty-six 5 years old multiparous pregnant beef cows (Hereford, Angus and
crossbred; average calving date 11/02/17 + 13 days) were used in a randomized
block design with two blocks (block 1: sandy loam soil, 59 ha and block 2: clay loam
soil, 47 ha) and four plots in each block into which two treatments of HA (high and
low; HI and LO) were allocated (n = 23 per HA). The HA, defined as the ratio
between forage mass and stocking rate (kg of dry matter (DM) per kg of BW;
Sollenberger et al., 2005), represented 8 and 5 kg DM/kg BW on average (for HI and
LO, respectively) and varied with season of year (table 1). Chemical composition for
different herbage allowance treatments did not differ and averaged 89 %, 7.7 %, 60.6
% and 30.6 % for organic matter, crude protein (CP), neutral detergent fiber (NDF)
and acid detergent fiber (ADF), respectively (table 1). Herbage mass (kg DM/ha)
was estimated monthly by the comparative yield method (Haydock & Shaw, 1975).
A continuous stocking method was applied throughout the year and HA in each plot
was adjusted monthly by the ‘put-and-take method’ (Mott, 1960). Experimental cows
were maintained in the same plot throughout the experiment (n = 3 to 5 cows per plot
within block) and ‘put-and-take’ cows were added or removed based on herbage
mass available to adjust forage allowance and, thus, stocking rate. Cows did not
receive any additional feed throughout the experiment except during the first 20-d of
the breeding season during which cows were supplemented with 2 kg/cow on a fresh
basis of rice middling (Oryza sativa; 86.5 % DM, 13.5 % CP, 44 % NDF and 13.5 %
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ether extract) and were suckling restricted for 14 d (for details, see Do Carmo et al.,
2018). Cows grazed on the same HA (HI or LO) from May 2016 to May 2018.

2.3.3. Data and Sample Collection

Cows’ BW and BCS (scale 1 to 8; Vizcarra et al., 1986) were determined every
month by the same observer throughout the experiment. Calf weight was determined
at birth and monthly until weaning (05/02/2018; 181 + 13 days of age). Milk yield
and composition were individually measured at 50 and 180 + 13 days of lactation by
machine-milking (Quintans et al., 2010) and milk samples were collected and
subsequently analyzed for fat, protein and lactose by a milk analyzer mid-infrared
spectrophotometry (NIRS, Milko-Scan, Fross Electric, Hillerdd, Denmark).
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Table 1. Actual herbage allowance, forage mass, height and chemical composition, and cow physiological status throughout the year

for high and low herbage allowance management of Campos grasslands

Season P-values!
Fall Winter Spring  Summer > S HA SxHA
Herbage allowance (kg DM?/kg BW)
High 7.1 3.4 8.1 6.3
Low 3.2 3.4 4.9 3.1
Herbage mass (kg DM/ha) <0.01 <0.01 0.02
High 3808 a 2153 ¢ 1183d 2985b 325
Low 2350 bc  1395d 1071d  2346bc 325
Height (cm) <0.01 0.04 0.39
High 95a 4.5 bc 4.1 bc 8.0a 0.9
Low 6.1ab 31lc 35¢ 5.2 bc 0.9
CP (% of DM) <0.01 0.16 0.96
High 8.4ab 5.5¢ 8.2ab 7.0bc 0.5
Low 9.3a 6.2bc 9.1a 7.8ab 0.6
NDF (% of DM) <0.01 0.10 0.19
High 69.0a 51.9b 61.9ab 68.8a 5.0
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Low 79.0a 34.7c 58.9ab 69.8a 5.0

ADF (% of DM) <0.01 0.08 0.19
High 37.0a 25.2b 30.4ab 36.6a 2.2
Low 36.0a 15.0c 28.9b 36.4a 2.2

Cow physiological status Pregnant Pregnant Lactating Lactating
Days relative to calving -145 -75 50 175

1S = season, HA = herbage allowance
2DM = dry matter
#d Means with different literals differed with P <0.05
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2.3.4. Heat Production Measurements

At the end of the fall (second third of gestation; -145 + 4 days relative to calving),
end of the winter (last third of gestation; -75 + 4 days relative to calving), mid-spring
(start of breeding season and lactation; +50 + 4 days relative to calving) and end of
summer (breeding season and lactation; +175 + 4 days relative to calving), heat
production (HP; kJ/kg BW®"/d) was determined individually using the heart rate
(HR; beats/min) - oxygen (O2) pulse technique (O2P; mL Oq/beat per kg BW°™)
(Brosh et al., 1998). The HR-O.P technique was validated to estimate HP for
different ruminant species, diets and environmental conditions (Brosh, 2007) and
recently used for measuring HP in grazing dairy cows (Jasinsky et al., 2019: Talmon
et al., 2020). This technique is based on the indirect estimation of HP by O
consumption (VO2) measurement calculated as VO, (mL/min per kg BW?™) = HR x

O2P where O2P is the amount of Oz consumed per heartbeat.

Heart rate was measured continuously for 4 d per animal using HR monitors (Polar
RCX3, Electro Oy, Kempele, Finland) with a transmitter Polar WearLink® (Polar
Electro Oy) and a data logger programmed to record HR at 5 s intervals. The devices
were attached to the thorax behind the forelegs by means of a specifically designed
elastic belt. To calculate the O2P (mL Oq/beat per kg BW®™) in a short-term interval
(10 to 15 min), the HR and O, consumption (mL Oz/kg BW° " per h) were measured
simultaneously, at 1 s intervals, in each cow. Oxygen consumption was measured
using a facemask open-circuit respiratory system (Fedak et al., 1981) with a
paramagnetic oxygen analyzer (SERVOPRO 1440, Crowborough, East Sussex,
United Kingdom). The O2P was measured immediately after the HR measurement
period (2 days between 06:00 and 15:00 h; HI and LO cows belonging to block 1 and
2 were measured randomly during the first and second day of measurement,
respectively). The accuracy of the system was checked gravimetrically by nitrogen
injection (N2 recovery) into the facemask (McLean and Tobin, 1990); N2 recovery
testing was performed at least three times in each day of measurement to confirm the

entire system calibration and averaged 0.86+£0.02 along the experiment.
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Daily average HP and HP throughout the day were quantified from the individual
HR, O2P and 20.47 kJ/L constant of O» consumed (Nicol and Young, 1990)

according to the following equations (Brosh, 2007):

Daily HP (MJ / cow per day) = specific HP (kJ kgBW®"5/d) x BW®" (kg) / 1000;
where specific HP (kJ/kg BW? 7 per day) = HP (beats/min) x O2P (mL/beats per kg
BW? %) x (20.47 J/mL O consumed) x 60 x 24

During the second third of gestation (-145 + 4 days relative to calving; end of fall)
and the last third of gestation (-75 + 4 days relative to calving; end of winter), the
mean temperature and humidity index was 15.0 £ 2.2 °C, 83.4 + 6.5 % and 15.8 £ 2.8
°C, 78.6 = 10.9 %, respectively. At the start of breeding season and lactation (+50 + 4
days relative to calving; mid-spring) and breeding season and lactation (+175 + 4
days relative to calving; end of summer), the mean temperature and humidity index
was 25.7 £ 3.6 °C, 58.4 + 10.7 % and 19.2 + 2.3 °C, 76.31 + 10.2 %, respectively.
Thus, during spring and summer measurements (+50 and +175 days) if
corresponded, O2P was corrected for the effect of temperature humidity index (THI)
on OzP (Aharoni et al., 2003).

2.3.5. Calculations and Statistical Analyses

Data from -14 to 14 days around HP measurements were used for energy balance
calculation. Retained energy for gestation (fetus + gravid uterus; RE-gest) was
estimated from calf birth weight and days of gestation (NASEM, 2016) while RE for
lactation (RE-milk) was estimated from milk yield and composition using the
coefficients of 38.5, 23.8, and 17.5 MJ/kg of fat, protein, and lactose, respectively.
The RE in body reserves (RE-tissue) was estimated from the changes in BW and
BCS (NASEM, 2016). Total RE was calculated as the sum of RE-gest or RE-milk
and RE-tissue. Metabolizable energy (ME) intake was estimated as the sum of total
HP and total RE and individual gross energy efficiency was calculated as total RE
divided by ME intake (Brosh, 2007).
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Data were analyzed using the SAS Systems program (SAS® University Edition,
SAS Institute, Inc., Cary, NC, USA) using a mixed model with a repeated measure
analysis using the MIXED procedure. The model included HA (HI vs. LO),
measurement period (-145, -75, +50 vs. +175 days relative to calving) and their
interaction as fixed effects, block, plot within block and cow as random effects and
calving date as a covariate. Calf birth weight and cow average milk yield and
composition were analyzed with a model that included only HA as fixed effect. The
UNIVARIATE procedure was used to identify outliers and verify normality of
residuals. The relationships between the different variables were studied through
correlation and regression analysis. For all variables, mean separation was performed
using Tukey test (a. = 0.05). Pearson correlation coefficients to describe relationships
between variables were estimated using the CORR procedure. Results are presented

as least square means + pooled S.E.

2.4. RESULTS

2.4.1. Productive Responses and Energy Partitioning during the Gestation-

Lactation Cycle

During the annual cycle, forage mass and height differed between HA treatments
(2532 vs. 1790 + 237 kg DM/ha; P = 0.03 and 6.5 vs. 4.4 + 0.5 cm; P = 0.04 for HI
and LO, respectively) and between seasons (table 1) with lower values of forage
mass and height for winter and spring. Herbage CP, NDF and ADF showed a low
variation along the year with reduced CP, NDF and ADF contents during winter
compared with the other seasons, being NDF and ADF less (P < 0.05) for LO than
HI only during this season (table 1).

In accordance with herbage allowance, cow BW and BCS were low during winter
and increased during spring and summer (P < 0.01; figure 1A-B). Although BW
tended (P = 0.08) to be greater for HI than LO cows, BCS did not differ between HA
treatments (table 2). However, BW was greater (P < 0.05) for HI than LO cows
during summer. Herbage allowance treatments neither affected calf birth and

weaning weights nor cow milk production (P = 0.69; table 2). Milk production and
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milk fat and lactose contents decreased (P < 0.05) from 50 to 180 days (6.9 vs. 4.5
0.3kg; 3.3vs. 2.6 £0.2 and 5.0 vs. 4.4 + 0.2, respectively). In addition, milk protein
percentage tended (P = 0.09) to be less in HI than LO cows, while milk fat
percentage was greater (P = 0.03) for HI than for LO cows at early lactation (day 50

relative to calving, spring; 3.6 vs. 2.9 £ 0.2).

(a)
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-145 =75 30 175

Days relative to calving

Fig. 1. Least square means and s.e.m. for cow body condition score (BCS; 8-point scoring system, 1 =
thin to 8 = obese); (a) and body weight (BW; b) throughout the gestation—lactation cycle (—145 to 175
days relative to calving) in beef cows grazing high (solid symbols and lines) and low (open symbols
and dashed lines) herbage allowances (8 and 5 kg dry matter (DM)/kg BW of annual mean,
respectively) of native grasslands (n = 46). Asterisks denote days in which cow BCS differed (P <
0.05), and crosses denote days in which cow BW tended to differed (P < 0.1), between high and low

herbage allowances.
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Table 2. Productive performance and energy partitioning of beef cows grazing high

or low herbage allowance (HA) of native pastures

alowance P-value

Variable High Low SE HA Days HA x Days
Body weight (kg) 449 434 15 0.08 <0.01 0.22
Body condition score (units) 40 40 01 092 <0.01 0.13
Calf birth weight (kg) 30 31 2 0.75 _ _
Calf weaning weight (kg) 178 186 4 0.23 _ _
Milk yield (kg/d)* 58 56 04 0.69 <0.01 0.26
Milk composition (%)

Fat 31 27 02 019 <0.01 0.11

Protein 29 31 01 009 051 0.40

Lactose 46 48 01 037 0.05 0.44
Energy partitioning (MJ/d)'?

Metabolizable energy intake 68.3 657 64 051 <0.01 0.04

Retained energy in gravid uterus 3.4 3.3 0.2 0.63 <0.01 0.40

Retained energy in milk 199 143 16 034 <0.01 0.67

Retained energy in body tissue 1.2 11 13 099 0.08 0.32

Total retained energy 131 93 13 <0.01 <0.01 0.07

Measured heat production 554 582 5.0 047 <0.01 0.13

HA = herbage allowance; Days = days relative to calving.

IHA: herbage allowance treatments (HA, high and low: 8 and 5 kg DM/kg BW in average,

respectively; HI vs. LO).
2Data referred to days +50 and +180 postpartum.

3Metabolizable energy intake = Total RE + HP; Measured heat production= heart rate (beats/min) x

O pulse (L of Oz/beattkg BWO®™) x (20.47 kJ/1000) x 60 x 24 x BW°7® (kg) / 100 kJ/MJ.
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Total RE was greater (P < 0.01) for HI than LO cows and was affected by days
relative to calving (P < 0.01), with minimum values during early gestation in fall (-
145 £ 4 days relative to calving) and maximum values during early lactation in
spring (50 days relative to calving) (table 2; figure 2A). However, total RE tended (P
= 0.07) to be affected by the interaction between HA and days as there were no
differences between HA treatments during gestation (fall-winter), but it was greater
(P < 0.05) during lactation (spring-summer) for HI than LO cows, which is
associated to their greater (P = 0.02) RE-milk (table 2; figure 2A).

Whole-animal HP (MJ/d) and cow ME intake (MJ/d) did not differ between HA
treatments and were affected by days relative to calving as they were minimum in
gestation (fall-winter) and maximum in early lactation (spring) (table 2; figure 2B).
However, ME intake was affected by the interaction between HA and days relative to
calving (P = 0.04) as differences during early lactation (spring) were more evident
for HI than LO cows (figure 2C).
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Fig 2. Total retained energy (RE; a), total heat production (HP; b) and metabolized energy intake
(MEI = Total RE + HP, c) in beef cows grazing high (black bars) and low (white bars) herbage
allowances (8 and 5 kg dry matter (DM)/kg BW of annual mean, respectively) of native grasslands
throughout the gestation-lactation cycle. Letters denote least square means differences (P < 0.05) and
asterisks indicate a tendency (P < 0.1) for the interaction between treatments and days relative to
calving.
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2.4.2. Energy Partitioning during the Gestation-Lactation Cycle per Unit of
Metabolic Body Weight

Heart rate was not affected by HA and increased (P < 0.01) during late gestation in
winter (at -75 days) and early lactation in spring (at +50 days). Nevertheless, O2P
was lower (P < 0.01) for HI than LO cows (table 3) and decreased (P < 0.01) during
late gestation in winter (at -75 days) when compared with other periods evaluated.
When expressed in terms of metabolic BW (kJ/kg BWO7® per day), total RE tended to
be greater (P = 0.06) for HI than LO cows. In addition, total RE (kJ/kg BW?®’> per
day) tended (P = 0.06) to be affected by the interaction between HA and days
relative to calving as it did not differ between HA treatments during gestation (fall-
winter) but were greater (P < 0.05) during lactation (spring-summer) for HI than LO
cows (table 3; figure 3A). Heat production per unit of BW? " was greater (P = 0.04)
for LO than HI cows (table 3) and decreased (P < 0.05) in winter, especially for cows
grazing HI-HA (figure 3B). In addition, ME intake (kJ/kg BW®" per day) did not
differ between HA treatments and was affected by days relative to calving as the
differences were minimal during gestation (fall-winter) and maximum in early
lactation (spring) (table 3; figure 3C). However, ME intake tended (P < 0.10) to be

less in winter and greater in spring for HI than LO cows.

2.4.3. Enerqy Efficiency during the Gestation-Lactation Cycle

Energy efficiency for the gestation-lactation cycle evaluated (320 days), calculated as
the relation between the total RE and ME intake, tended to be greater (P < 0.10) for
HI than LO-HA (0.19 vs. 0.12 £ 0.02). However, biological efficiency did not differ
between HA when estimated as either grams of calf weaned, per MJ of ME intake
(6.8 vs. 7.6 £ 0.6 g/MJ for HI and LO, respectively) or grams of calf produced per
ME intake per unit of cow BW®"™ (0.67 vs. 0.73 + 0.07 grams of calf /kJ of ME
intake per kg BW?7® for HI and LO, respectively).
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Table 3. Energy partitioning per unit of metabolic weight of beef cows grazing high or low
herbage allowance (HA) of native pastures

Herbage
allowance Prvalue
Variable High Low SE HA Days HA x Days
Heart rate (beat/min) 68 69 2.4 0.75 <0.01 0.36
O pulse (mL/beat per kg BW?75) 0.277 0304 0.023 <001 <0.01 0.37
Energy partitioning (kJ/kg BW®" per day)
Metabolizable energy intake 685 702 70 061 <0.01 0.11
Retained energy in gravid uterus 36 39 3 051 <0.01 0.24
Retained energy in milk 193 153 16 0.08 0.02 0.94
Retained energy in body tissue 11 11 14 0.95 0.07 0.41
Total retained energy 129 95 12 0.06 <0.01 0.06
Measured heat production 557 616 56 0.04 0.04 0.28

HA = herbage allowance; Days = days relative to calving.

'HA: herbage allowance treatments (HA, high and low: 8 and 5 kg DM/kg BW in average, respectively; HI vs. LO).
2Metabolizable energy intake = Total RE + HP; Measured heat production = heart rate (beats/min) x O, pulse (L of Ox/beat*kg
BW?©7) x (20.47 kJ/1000) x 60 minutes x 24 hour/day.
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2.5. DISCUSSION

2.5.1. Enerqy Partitioning during the Fall and Winter Gestation

Although in winter and early spring, when requirements rise due to gestation and
early lactation (NASEM, 2016) and ME intake could be limited (Casal et al., 2014;
Laporta et al., 2014), the deferment of herbage from previous growing season to
winter through the HA management prevented, in this study, the negative energy
balance, as herbage intake increased with herbage mass (Do Carmo et al., 2021). In
the present study, losses of BW and BCS in winter were minimal (less than 0.25
units of BCS). Indeed, RE-tissue, either measured as MJ/d or kJ/BW®™ per day,
during fall and winter gestation was not different from zero for both, HI and LO

cows, indicating that, on average, cows were at maintenance.

When compared with this previous studies performed in the same experimental site
(Do Carmo et al., 2018; 2021), the HA level in which grazing intensity was
controlled in the present work was 1.6-fold greater (especially in spring), that
determined increased herbage mass and height for both HA treatments in fall (2-fold
greater) and winter (3-fold greater). Research on Campos grasslands has shown that
DM intake is a consequence of the greater canopy height and sites of canopy with
height > 3cm by probably increasing bite mass, as well as the greater sward
heterogeneity, through increased sites of canopy height > 3 cm (Gongalves et al.,
2009; Do Carmo et al., 2021). Therefore, the greater herbage allowance, mass and
height would explain the greater DM intake, thus, the minimal BCS loss of cows
during gestation (fall-winter). Indeed, ME intake 35 % greater than the reported
previously for pregnant beef cows grazing Campos grasslands during fall and winter
(Laporta et al., 2014) which allowed cows to reach energy maintenance
requirements. Although cow ME intake was minimum in mid-late gestation (fall and
winter), ME intake per unit of BW®" for maintenance observed in this study is in
agreement with previous research of maintenance requirements of the beef cows
during gestation (376 kJ/kg BW®" per day; Houghton et al., 1990; Freetly et al.,
2000). As expected, in agreement with the high correlation between HP and ME
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intake reported previously (Brosh, 2007), HP during fall and winter (gestation)
decreased when compared with spring and summer (lactation). Heat production
reported here during gestation (~550 kJ/kg BW°' per day) was in the range of

reported values of HP for beef cows at maintenance (Brosh et al., 2002, 2004).

Reduced HP per unit of BW®™ for HI than LO cows in winter was associated with a
reduced O2P as no differences between HA treatments in HR were observed during
this season. Similarly, Brosh (2007) determined increased HP due to greater O2P,
without changes in HR, for grazing vs. confined cows, probably due to short-term
effects of exercise. Thus, this could be related to greater animal activity (walking
grazing and bite rate) for LO than HI cows as reported by Machado et al. (2017).
Moreover, total HP is the sum of HP for maintenance (HPm) and HP for production
(HPp) (Miron et al., 2008). As total RE did not differ between HA treatments during
gestation in fall-winter but total HP was 25% greater for LO than HI cows, it could
be expected that HPp was maintained while HPm increased for LO vs. HI cows.
Thus, the trend for a greater ME intake for LO than HI cows during winter was used
for maintenance in detriment of greater production (calf birth weight or RE in body

tissue).

Previous research has indicated that the energy expenditure for walking and grazing
was greater than for ruminating and resting (Susenbeth et al., 1998, 2004). During
winter, HI cows walked less than LO cows (5 vs. 24 = 11 minutes per day, P < 0.05;
Machado et al., 2017) and although they did not present differences in the probability
of grazing or in grazing time, they had a reduced bite rate than LO cows (43 vs. 56 +
4 bite/min, P = 0.05; Machado et al., 2017). In fact, DiMarco and Aello (2001)
indicated bite rate is considered the most expensive component in grazing activity
(DiMarco and Aello, 2001; Brosh et al., 2006) showed in Aberdeen Angus steers
grazing cultivated pastures that HP can increase between 8 and 52 % above basal
metabolism depending on grazing conditions (herbage mass and height). On the
other hand, Piaggio et al. (1995) showed that greater HA increased selectivity that, in
turn, increased forage digestibility. Approximately 50 % of maintenance costs are
related to the mass and metabolic activity of the gastrointestinal viscera and liver due
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to the processes of feeding, chewing, fermentation and digestion, as well as the
absorption and metabolism of digested nutrients; therefore, as food digestibility
increases, maintenance costs decrease (Nkrumah et al., 2006; Reynolds et al., 2011).
Thus, it could be suggested that, in winter, the better management of grazing
intensity for HI than LO was reflected in a higher herbage mass and sward structure
with equal HA (Machado et al., 2017; Do Carmo et al., 2018) that allowed HI cows
to decrease grazing time selectivity for higher quality forage, decreasing energy

maintenance requirements to retained the same energy in than LO cows.

2.5.2. Enerqgy Partitioning during the Spring and Summer Lactation

Along with the increase in energy requirements for lactation, herbage production and
its energy concentration are maximum during spring and summer as Campos
grasslands are dominated by C4 species (Do Carmo et al., 2018). In the present
study, rainfall in early spring was below the historical average (22 vs. 102 mm in
November), thus, herbage mass accumulation was delayed, reaching maximum in
summer. However, HA (kg of BW/ kg of DM) for both HI and LO treatments were the
greatest in spring when compared with the other seasons, which probably allowed
cows to maximize herbage intake. Cow BCS and BW were greater in spring and
summer than in fall-winter in agreement with greatest HA (Do Carmo et al., 2018).
Moreover, RE-tissue, measured as both MJ/d or kJ/BW®' per day, indicated that
cows for both HI and LO were in positive energy balance. Total RE was greater in
spring-summer than in fall-winter due to RE-milk as milk peak yield occurred in
early lactation for beef cows grazing Campos (Espasandin et al., 2016). In agreement
with the increased total RE, cow ME intake was almost 42 % greater in spring and
summer than in fall and winter as both energy demands due to lactation and HA
increased during the former season. In contrast to winter, both, RE- milk and ME
intake were greater for HI than LO, especially during spring, and they were greater
than the reported previously for Laporta et al. (2014; 62 and 53 MJ/d of ME intake
and 4.9 and 4.0 + 0.3 kg/d of milk with milk production at day +60 for HI and LO

cows, respectively).
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Although total HP (kJ/kg BWO° " per day) increased as ME intake increased during
lactation in spring and summer, it was less than the reported previously for grazing
lactating beef cows (Brosh et al., 2004; 2006; Brosh, 2007), associated with a
reduced cow HR in the present study but similar values for O2P. In contrast with
Brosh et al. (2006) that determined that grazing at high stocking rate reduced cow
energy expenditure, greater intensity of pasture grazing (LO herbage allowance) did
not affect total HP in the present work. However, total RE was 1.5-fold greater for
HI than LO cows, thus, it could be expected that HPp was increased while HPm was
decreased for HI than LO cows during this period, and that greater proportion of the
increased ME intake was partitioned towards production —body and milk RE- instead
of maintenance. A reduction of energy cost for grazing and walking as HA increases
in spring with also an increase in herbage mass and height in summer would explain

the decrease in maintenance energy cost (Susenbeth et al., 1998, 2004).

2.5.3. Enerqy Efficiency during the Gestation-Lactation Cycle

Consistent with the greater total RE and decreased maintenance costs (Ferrell and
Jenkins, 1985), gross energy efficiency, calculated as the ratio of total RE to ME
intake, tended to be greater in HI than in LO cows, especially during lactation,
explained by the greater milk yield of the former ones (Gutierrez et al., 2013).
However, the biological production efficiency, calculated as the relationship between
the grams of calf with the ME consumption per unit of BW®', was not different

between the treatments.

This discrepancy was probably associated, among other factors, with calf milk
consumption vs. cow milk production, either due to calves not being dependent on
lactation (Wright and Russel, 1987) or to decreased growth potential (Greenwood
and Cafe, 2007). The young calves can start consuming forage at a very young age;
they learn foraging skills from their peers, and intake of forage increases with
reduced milk supply around weaning (Tedeschi and Fox, 2009). Besides, previous
reports indicated biological efficiency was 2.7 and 3.7 g/MJ for Hereford and

Aberdeen Angus, respectively, with an intake of 3000 kg DM/year, which represents
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77.4 MJ/day (Jenkins and Ferrell, 1994), and between 3.6 and 5.7 g/MJ with an ME
intake of 455 and 473 ki/kg BW? per day, respectively (Do Carmo et al., 2016). It
could be suggested that the ME intake reported in the present study (1.5 fold greater

than Do Carmo et al., 2016) allowed to reach greater efficiencies.

Brosh et al. (2004) related values of HP, ME intake (with values between 600 and
1900 kJ/kg BW?7 per day) and RE in a prediction equation, where HP = 0.375x +
328 (R?=0.792) and RE = 0.625x — 328 (R?>= 0.914). When HP and total RE values
obtained in this study were used, fasting HP during fall and winter, when cows were
on gestation, were 303 and 366 kJ/kg BW? ™ per day and km of 0.57 and 0.60 for HlI
and LO, respectively, while for spring and for summer, when cows were on lactation,
fasting HP were 312 and 339 kJ/kg BW?™ per day and km of 0.66 and 0.68 for Hl
and LO, respectively. The values reported in the present study are similar to those
reported by NASEM (321 kJ/kg BW® "™ per day and 0.60 for fasting HP and km,
respectively) and CSIRO (337 kJ/kg BW® " per day and 0.72 for fasting HP and Km,

respectively).

2.6. CONCLUSIONS

In the present study, HA did not improve ME intake in the annual production cycle;
however, total RE was higher for HI cows, likely explained by a reduction in
maintenance requirements. Differences in the management of herbage allowance
between treatments improved in HI-HA greater herbage mass and height in fall;
therefore, with equal HA between treatments in winter, but with higher forage mass
and stocking rate for HI than LO treatment, it allowed cows to be at maintenance
with a lower ME intake compared with LO cows, which could be probably
associated to differences in grazing activity. The greater gross energy efficiency for
HI than LO treatment was not reflected in an increased biological efficiency (g calf
per MJ of ME intake) for cows grazing increased herbage allowance. On the other
hand, our results would indicate that energy requirements and energy efficiency of
breeding beef cows grazing Campos grasslands are in agreement with international
feeding systems (NASEM and CSIRO).
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Highlights

e Increased herbage allowance reduced energy expenditure for grazing and
ruminating in beef cows

e Grazing and walking increase by 10 % and 25 % energy expenditure relative to
resting activity in beef cows

o A lower EE per activity with a greater herbage allowance suggests that differences
in bite rate and selectivity were involved

3.1. ABSTRACT

To estimate energy expenditure (EE) for grazing activity of breeding cows in
rangelands, 46 multiparous beef cows (Hereford, Angus and F1 crossbred; in average
422 + 16 kg and -75 £ 4 days relative to calving) grazing two herbage allowances
(HA) of Campos rangeland (represented 8 and 5 kg DM/kg BW of annual mean; HI
vs. LO, respectively) were evaluated during winter. Total heat production (HP) was
determined using the heart rate-O> pulse technique and animal activity was
monitored with a collar equipped with a three-axis accelerometer which registered
resting/ruminating, grazing and walking without foraging. Herbage allowance
affected total HP along the day, but did not affect time spent in each activity. Cows
spent almost 10 h grazing, 13 h resting/ruminating and less than 1 h walking without
foraging. However, daily HP (kJ/kg BW®™ per day) in resting/ruminating and during
grazing was greater for LO than for HI cows as EE for each activity per unit of time
was greater. The EE for grazing was 2.8 kJ/BW®" per h for HI cows while it was 4.2
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kJ/BW®™ per h for LO cows, which represented a 15 to 20 % increment above
resting/ruminating and an increase between 9 and 13 % above basal metabolism. The
EE for walking was about 25 % greater than EE for resting/ruminating, but daily EE
for this activity was not significant as cows spent less than 1 h walking without
foraging during the day. Grazing management through seasonally changes of HA
affected EE for physical activity of rangeland breeding cows. Reduced EE for cows
grazing high HA would decrease maintenance energy requirements and explain, at

least partially, the productive and reproductive responses of cows grazing HI-HA.
Key words: beef cattle, foraging, heat production

3.2. INTRODUCTION

In beef production systems, 70-75 % of the total dietary energy is used for
maintenance, which determines their reduced biological efficiency (Ferrell and
Jenkins, 1985). In addition, maintenance energy requirement of rangeland breeding
cows is increased due to the extra energy demand of the physical activities of grazing
and walking (CSIRO, 2007; NASEM, 2016), which could reduce their productivity

when compared with confined animals.

The energy cost of grazing and walking will depend on the energy expenditure (EE)
and the relative time spent for each activity, which could be affected by pasture
characteristics such as herbage mass, canopy structure and chemical composition, as
well as to other external conditions, such as grassland terrain, access to shade and
water, weather and day length (DiMarco and Aello, 2001; Brosh et al., 2006).
Indeed, previous research estimated that energy requirements of grazing animals on
pasture compared with confined animals may increase up to a 50 % (Osuji, 1974;
Havstad and Malechek, 1982). However, more recent research in beef cattle using
techniques based either on oxygen (Oz) consumption or carbon dioxide (COg)
production, that do not alter animal behavior on pasture, estimated a reduced
magnitude for forage intake and walking on maintenance energy requirements of
grazing animals. DiMarco and Aello (2001) indicated EE of grazing cattle may

increase by 8 to 30 % depending on grazing conditions, being bite rate the variable of

41



highest effect on maintenance energy cost, while Brosh et al. (2006; 2010) estimated
an increase of 5 to 15 % depending on herbage quality as well as walking time and

distance.

Low grazing intensity of Campos grasslands, through a higher herbage allowance
(HA), increased herbage accumulation, mass and canopy height and productive and
reproductive performance of cow-calf systems, associated to a greater cow energy
intake and a reduction in energy cost of maintenance (Casal et al., 2014; Laporta et
al., 2014; Do Carmo et al., 2021). Our hypothesis is that a reduction in energy cost of
maintenance in cows grazing high-HA may be associated with reduced EE for
grazing and walking when compared with cows grazing low-HA. Thus, the objective
of the present study was to estimate, in winter, the EE of grazing and walking
activities in breeding cows on Campos’ rangelands grazing two different herbage

allowances along the year.

3.3. MATERIALS AND METHODS

Animal procedures were performed according to protocol approved by the Animal
Experimentation Committee of Universidad de la Republica (CHEA, Udelar,
Uruguay; expe #021130-000818-14).

3.3.1. Experimental design, treatments and animals

The study was conducted on a long-term grazing experiment (Do Carmo et al., 2018;
2021) located on 95 ha of Campos grassland at the Experimental Station Bernardo
Rosengurtt (School of Agronomy, Universidad de la Republica, Uruguay, 32°S,
54°W). The experimental site presented native pastures dominated by summer-
growing C4 grasses (Poaceae), with few C3 grasses associated with the winter cycle.
The main for families included Asteraceae, Fabaceae, Rubiaceae and Umbelliferae,
similar to Campos grassland botanical composition (Altesor et al., 1998). Average
annual rainfall is almost 1200 mm and the climate type is classified as Cfa

(subtropical, humid, without dry season, where mean temperature in the coldest
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month is between —3 and 18 °C and the warmest is above 22 °C) according to

Koppen (Panario and Bidegain, 1997).

The experiment had a randomized block design with two blocks (block 1: sandy
loam soil, 59 ha and block 2: clay loam soil, 47 ha) and four plots in each block into
which two treatments of HA (high and low; HI and LO) were allocated. The HA,
defined as the ratio between forage mass and stocking rate (kg of dry matter (DM)
per kg of BW; Sollenberger et al., 2005), represented 8 and 5 kg DM/kg BW of
annual mean for HI and LO, respectively. Herbage mass (kg DM/ha) was estimated
monthly by the comparative yield method (Haydock & Shaw, 1975). Forty-six 5
years old multiparous beef cows (Hereford, Angus, and F1 crossbred) that grazed on
the same HA (HI or LO) since May 2016 were used (n = 23 for each HA).

During the measurement period (July-August 2017; winter; 350 mm rainfall and 14.3
+ 4 °C of temperature), HA was 3.4 kg DM/kg BW for both treatments, while
herbage mass and height were 2153 and 1395 kg of DM/ha and 4.5 and 3.1 cm for HI
and LO treatments, respectively; regarding chemical composition, CP and NDF were
8.4 and 9.3 % of DM and 25 and 15 % of DM for HI and LO treatments. During the
measurement period, cows were on the last third of gestation (-75 £ 4 days) and
maintained their body weight (BW) and body condition score (BCS; scale 1 to 8;
Vizcarra et al., 1986), which were, in average, 422 + 16 kg and 3.8 £ 0.1 units with

no differences between treatments.

3.3.2. Data and sample collection

Total heat production (HP) and cow activity were measured simultaneously for each
cow. Total HP was determined using the oxygen (O2) pulse technique (O2P; Brosh,
2007), based on measurement of heart rate (HR; beats/min) and O2 consumption
individually in each cow. Heart rate was measured continuously for 4 d per animal
using HR monitors (Polar RCX3, Electro Oy, Kempele, Finland) with a transmitter
Polar WearLink (Polar Electro Oy) and a data logger programmed to record HR at 5
s intervals. The devices were attached to the thorax behind the forelegs by means of a
specifically designed elastic belt. To calculate the O,P (mL Og/beat per kg BW7),
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in a short-term interval (10 to 15 min), the HR and O> consumption (mL O/kg
BW?O ' per h) were measured simultaneously, at 1 s intervals, in each cow. Oxygen
consumption was measured using a facemask open-circuit respiratory system (Fedak
et al., 1981) with a paramagnetic oxygen analyzer (SERVOPRO 1440,
Crowborough, East Sussex, United Kingdom). The O2P was measured immediately
after the HR measurement period (2 days between 06:00 and 15:00 h). The accuracy
of the system was checked gravimetrically by nitrogen injection (N2 recovery) into
the facemask (McLean and Tobin, 1990); N2 recovery testing was performed at least
three times in each day of measurement to confirm the entire system calibration and
averaged 0.86 = 0.02 along the experiment. Total HP throughout the day was
quantified from the individual HR, O2P and 20.47 kJ/L constant of O2 consumed
(Nicol and Young, 1990) according to the following equation (Brosh, 2007):

HP (kJ/kg BW®7™ per day) = HP (beats/min) x OzP (mL/beats per kg BW®™) x
(20.47 kJ/L O2 consumed/1000) x 60 x 24

Cow activity was monitored for 4 d, simultaneously with HR measurements, with a
collar (Moonitor®, Tel Aviv, lIsrael; Brosh and Goldberg, 2017) equipped with a
three-axis accelerometer programmed to store motion sensor counts at 5-min
intervals and powered by solar panels. The system has a software which translates
the quantitative algorithms emitted by into three physical activities of the cows:

resting/ruminating (resting), eating (grazing), walking without foraging (walking).

3.3.3. Calculations and statistical analyses

Heat production and animal activity data were integrated into a combined data set at
5 min intervals and the daily energy cost of the different activities was calculated as
the time spent in each activity (resting, grazing and walking) multiplied by the
energy cost per unit of time of that activity (Aharoni et al., 2014). Data were
analyzed using the SAS Systems program (SAS University Edition, SAS Institute,
Inc., Cary, NC, USA) using a mixed model. The UNIVARIATE procedure was used
to identify outliers and verify normality of residuals. Data of HP throughout the day

were analyzed as repeated measures using the MIXED procedure with the first-order
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autoregressive covariance structure (AR (1)) and the Kenward-Rogers procedure to
adjust the denominator's degrees of freedom. The model included HA treatment, time
of the day (hour) and their interaction as fixed effects, and block, plot within block
and cow as random effects and day of gestation as covariate (if P < 0.20). Resting,
foraging and walking times as well as EE for each activity (daily, per unit of activity
and incremental above resting) were analyzed using the MIXED procedure with a
model that included HA (HI vs. LO) as a fixed effect and block and plot within block
as random effects. The relationships between the different variables were studied
through correlation using the CORR procedure. Results are presented as least square
means = pooled S.E.

3.4. RESULTS AND DISCUSSION

Total HP along the day was greater for LO than HI cows (P < 0.001) and increased
(P < 0.001) during daylight hours and decreased at night for both HI and LO cows
(figure 1), in agreement with previous studies which reported that grazing activity is
largely diurnal with two main sessions, one in the morning after sunrise and other in
the afternoon before sunset (Stobbs, 1970; Stricklin et al., 1976; Brosh et al., 2006).
However, there was an interaction between HA treatments and the hour of the day (P
= 0.017) on HP as the increase in HP between daylight hours (6:00 to 18:00 h) was
more marked for LO than HI cows, probably indicating an increased requirement for

eating, searching and digesting the grazed forage.

Resting, foraging, and walking time during winter did not differ (P > 0.44) between
HA treatments (table 1). Cows spent almost 10 h foraging and 13 h
resting/ruminating while less time was dedicated to walking without foraging (less
than 1 h). These spent times were consistent with the light (10 h) and night (14 h)
hours of the day with foraging activity associated with light hours and
resting/ruminating with night hours, as reported in previous studies (Gibb et al.,
1998; Gregorini et al., 2006; Larson-Praplan et al., 2015). Indeed, grazing time was
high negatively correlated with resting/ruminating time (r = -0.90; P < 0.001), since

both activities are mutually exclusive (Hodgson, 1990). In agreement with the
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present study, previous research in breeding cows (Brosh et al., 2006; Aharoni et al.,
2014) reported foraging times between 7 and 12 hours per day depending on animal
frame and grazing conditions. Also, previous work reported that animals in grazing
conditions spent less than an hour per day walking without foraging (Brosh et al.,
2006; Aharoni et al., 2014).
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Fig 1. Least square means and s.e.m. for total heat production (HP) per unit metabolic BW in beef
cows along the day in winter grazing high (diamonds) and low (squares) herbage allowances (8 and 5

kg dry matter (DM)/kg BW of annual mean, respectively) of native grasslands.

Daily HP (kJ/kg BW®' per day) during resting/ruminating and during grazing was
greater (P < 0.02) for LO than for HI cows, while did not differ (P = 0.41) for
walking (table 1). The energy cost of grazing and walking will depend on the relative
time spent by the animal in each activity and the EE required by each activity per
unit of time. Indeed, as time dedicated to each activity was not different for HI vs.
LO cows, EE per unit of time for resting/ruminating, as well as for grazing, was also
greater (P < 0.01) for LO than HI cows (table 1). The greater EE could be explained
by differences in grazing conditions due to a lower herbage mass and canopy height,
determining differences in grazing strategy in LO cows to increment MEI, which
probably determined a lower bite mass and, as a result, a greater bite rate in LO cows
(56 vs. 43 * 4 bite/min, P = 0.05; Machado et al., 2017) in detriment of selecting a
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higher quality diet. Although, Brosh et al. (2006) related forage quality with an
increase in forage intake and EE, in the present study, estimated metabolizable
energy intake was not different between LO and HI (Gémez et al., not published). In
addition, Piaggio et al. (1995) showed that greater HA increased selectivity that, in
turn, improved forage digestibility. Approximately, 50 % of maintenance costs are
related to the mass and metabolic activity of the gastrointestinal viscera and liver due
to the processes of feeding, chewing, fermentation and digestion, as well as the
absorption and metabolism of digested nutrients; therefore, as food digestibility
increases, maintenance cost decreases (Nkrumah et al., 2006; Reynolds et al., 2011),
probably reflected in EE for ruminating, the latter being registered as
resting/ruminating in our data. Thus, it could be suggested that, in winter, the better
management of grazing intensity for HI than LO was reflected in a higher herbage
mass and canopy height with equal HA (Machado et al., 2017; Do Carmo et al.,
2018) that would allow cows to increased selectivity for higher-quality -more

digestible- forage, decreasing EE for grazing and, probably, for ruminating.

Consistent with previous studies, the EE for grazing and walking was greater than for
ruminating and resting (Osuji, 1974; Havstad and Malechek, 1982), being the
increment of EE due to grazing and walking directly related with the muscular
activity that requires high energy compounds (Osuji, 1974). The energy requirement
(above resting/ruminating) for grazing was 2.8 kJ/BW°" per h for HI cows, while it
was 4.2 kJ/BW®™ per h for LO cows, representing a 1.15-to-1.2-fold increase.
Similarly, Aharoni et al. (2009) and Brosh et al. (2010) reported values of 3.3 to 4.3
kJ/BW?7 per h for EE for grazing activity in rangeland beef cows and DiMarco and
Aello (2001) reported for steers grazing cultivated pastures between 2.3 to 7.7
kJ/BW®'™ per h for grazing. Considering that, on average, our experiment cows
grazed 10 h, the energy cost for grazing represented 6 to 8 % of daily HP and an
increase between 9 and 13 % of basal metabolism (322 kJ/BW°7%; NASEM 2016).

In contrast, daily EE for walking did not differ (P = 0.41) between HA-treatments
(table 1) and EE per unit of activity considered (kJ/kg BW®" per h) indicated that
walking without grazing was the most expensive activity in energy terms. The EE for

47



walking above resting/ruminating was about 25 % greater for both HA and
represented 5.5 and 4.9 kl/kg BW°™ per h. DiMarco and Aello (2001) reported
similar values between 2 and 6 kJ/kg BW®" per h in Aberdeen Angus steers walking
on flat and with 6 % grade terrain and different speeds from 1 to 4 km per hour.
However, as time dedicated to this activity was less than 1 h per day, in the
conditions of this experiment, the daily EE for this activity was not significant, as
reported by several authors with estimations obtained under grassland conditions
(DiMarco and Aello, 2001; Brosh et al., 2006; Martin et al, 2015). Indeed, several
authors reported that walking has no negative effect on animal production if we
consider time spent on this activity (Nicholson, 1987; Thomson and Barnes, 1993;
Pratumsuwan, 1994; Gemeda et al., 1995).

Table 1. Partition of time spent during the day and heat production (HP) for various
activities of beef cows grazing high (HI) or low (LO) herbage allowance of Campos
rangelands

Herbage allowance! P-value
Variable HI LO SE
Time (min per day)
Resting/ruminating 800 788 56 0.80
Grazing 604 630 50 0.65
Walking without foraging 48 28 24 0.44
Daily HP (kJ/kg BW°7® per day)
Resting/ruminating 206 271 18 0.01
Grazing 199 271 20 0.02
Walking without foraging 33 18 14 0.41
Daily HP per unit of activity (kJ/kg BW® per h)
Resting/ruminating 15.6 20.9 0.9 <0.01
Grazing 18.4 25.1 16 <0.01
Walking without foraging 21.1 25.8 1,1  0.01

'Herbage allowance treatments had an annual mean of 8 and 5 kg DM/kg BW for HI and LO,
respectively.
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3.5. CONCLUSIONS

Energy expenditure for physical activity (grazing and walking) of rangeland breeding
cows in winter was affected by grazing management through seasonally changes of
herbage allowance. Energy expenditure for grazing was greater for cows grazing LO
than for HI herbage allowance and represented, in average, about 7 % of daily HP
and a 10 % increase above basal metabolism. Reduced EE for cows grazing HI could
be explained by improved herbage mass and sward structure that although did not
affect time spent grazing, determined a decreased bite rate associated with reduced
EE for grazing and, probably, an increased forage digestibility, which could have
also reduced EE for ruminating. Lower EE for grazing and ruminating for HI when

compared to LO cows would decrease maintenance energy requirements.
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4. DISCUSION GENERAL Y CONCLUSIONES

4.1. DISCUSION

4.1.1. Particién de la energia durante el ciclo anual de la vaca de cria

En Uruguay, el proceso de cria es principalmente llevado a cabo bajo condiciones de
pastoreo en campo natural; esto determina que los resultados productivos y
econdmicos dependan del consumo de nutrientes y energia a lo largo del ciclo, el
cual presenta fuertes variaciones climaticas intra- e interanuales tanto en cantidad
como en calidad de la pastura (Berretta et al., 2000). En invierno, cuando la
gestacion es avanzada, la tasa de crecimiento del campo natural se vuelve minima,
por lo cual se produce una restriccion en la masa y altura del forraje que no permite
satisfacer los requerimientos nutricionales, debido, principalmente, a la insuficiente
ingestion de energia (Orcasberro, 2000). A su vez, la baja disponibilidad de forraje
produce un alto gasto energético por actividad de pastoreo (McClymont, 1967), por
lo cual, cuando los requerimientos de nutrientes son mayores al consumo neto y los
animales usan sus reservas corporales para satisfacer este déficit, se genera un

balance energético negativo (Robinson et al., 1999).

Sin embargo, durante este estudio, las pérdidas de PV y CC durante el invierno
fueron minimas (menos de 0,25 puntos de CC), lo que se reflejé en la ER en los
tejidos, con valores cercanos a cero para vacas de AOF y de BOF, indicando que las
vacas se encontraban —en promedio— en condiciones de mantenimiento durante
este periodo. Esto se explicaria, probablemente, por el diferimiento de forraje de
estaciones con mayores tasas de crecimiento —primavera a otofio— hacia el
invierno, que generd una acumulacion en la masa de forraje y altura de las pasturas
para ambas OF, siendo, en el presente trabajo, 1,6 veces mayor en la primavera, 2
veces mayor en el otofio y 3 veces mayor en el invierno con respecto a estudios
anteriores (Do Carmo et al, 2018). Estudios previos en la region demostraron que una
mayor masa Yy altura del forraje y una estructura heterogénea de la pastura generan
mayores frecuencias de altura de méas de 3 cm, lo cual posibilita una mayor masa de

bocado y provoca, como consecuencia, un mayor consumo de EM (Gongalves et al.,
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2009, Do Carmo et al., 2021). En acuerdo con estos resultados, la mayor
disponibilidad y altura de forraje determind que, durante la gestacion de otofio-
invierno, el consumo de EM estimado aumentara 35 %, con respecto a estudios
anteriores en vacas de carne prefiadas pastoreando campo natural en el mismo
periodo (Laporta et al., 2014), lo que permiti6 que las vacas alcanzaran los
requerimientos de mantenimiento. De hecho, los valores de consumo de EM por
unidad de PV®" estimados en el presente trabajo son similares a los reportados en
otros estudios para mantenimiento de vacas de cria de carne durante la gestacién
(Houghton et al., 1990, Freetly et al., 2000, Brosh et al., 2002, Brosh et al., 2004).

Como era esperado, en acuerdo con la alta correlacion entre la HP y el consumo de
EM (Brosh, 2007), la HP durante la gestacion de otofio-invierno fue menor que
durante la lactancia en primavera-verano. A su vez, las vacas de BOF incrementaron
la HP en un 25 % con respecto a las vacas de AOF durante el invierno, sin presentar
diferencias en la ER. Por lo tanto, el mayor consumo de EM de las vacas de BOF
durante el invierno fue utilizado para mantenimiento en detrimento de una mayor
produccién, lo cual podria ser explicado por las diferencias en los requerimientos
energéticos en la actividad de pastoreo, entre otros factores (Osuji, 1974, CSIRO,
2007, Machado et al., 2017). De hecho, las vacas de BOF presentaron mayor HP para
rumia/descanso y pastoreo que fueron 35 % mayores que las vacas en AOF. Esta
mayor HP de las vacas en BOF puede ser explicado por el mayor gasto energético de
cada actividad por unidad de tiempo y no por el tiempo dedicado a cada actividad, ya
que no se registraron diferencias en ese sentido. Esto podria ser explicado por las
condiciones de pastoreo a la que fueron expuestas las vacas en los diferentes
tratamientos, con una menor altura y masa de forraje para las vacas de BOF, lo cual,
probablemente, determind una menor masa de bocado, compensado con una mayor
tasa de bocado (56 vs. 43 56 vs. 43 + 4 bocados/min, P = 0,05; Machado et al.,
2017). Por otro lado, el contenido de FDN (% MS) en el tratamiento de AOF es
significativamente superior al de BOF (tabla 1), lo cual podria haber limitado el
consumo de energia en las vacas de AOF, este menor consumo estar asociado a la

menor HP (Brosh, 2007) y, de esta manera, el desempefio productivo, reflejado en la
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ER en tejidos. Sin embargo, los animales pueden haber consumido una dieta de
mejor valor nutricional que el promedio presentado (Dumont et al., 2002, Hodgson,
1990). Asimismo, Piaggio et al. (1995) demostrdé que una mayor OF incrementa la
selectividad en el pastoreo y, por lo tanto, el consumo de una dieta de mayor
digestibilidad. Si se tiene en cuenta que, aproximadamente, el 50 % de los costos de
mantenimiento estan relacionados a la masa y la actividad metabdlica de las visceras
gastrointestinales y el higado, y a los procesos de ingestion, masticacion,
fermentacion y digestion, asi como a la absorcion y el metabolismo de los nutrientes,
se puede inferir que una mayor digestibilidad de la dieta consumida disminuye los
costos de mantenimiento (Nkrumah et al., 2006, Reynolds et al., 2011). La mayor
digestibilidad de la dieta consumida probablemente esté relacionada con el menor
gasto energético de la rumia, observado en la produccion de calor en la actividad de

descanso detectado, en las vacas de AOF con respecto a las de BOF.

Estos resultados sugieren que, si bien en invierno la OF fue la misma para ambos
tratamientos, un mejor manejo de la intensidad de pastoreo a lo largo del afio en el
tratamiento de AOF en comparacién con la BOF, reflejado en la mayor masa y
estructura del forraje durante el invierno (Machado et al., 2017, Do Carmo et al.,
2018), permiti6 a las vacas de AOF, a pesar del mayor contenido de FDN en el
forraje, disminuir el gasto energético de la actividad de pastoreo asi como de

descanso y rumia, lo que redujo los requerimientos de energia para mantenimiento.

La mayor OF en primavera-verano en el presente trabajo determiné que el consumo
de EM, en promedio, fue, aproximadamente, un 1,4 veces superior que en otofio-
invierno, en concordancia con la mayor OF, la CC y el PV de las vacas (Do Carmo et
al., 2018). La ER en los tejidos indica que, durante este periodo, las vacas de ambos
tratamientos se encontraron en balance energético positivo. La ER total fue mayor en
primavera-verano que en otofio-invierno debido a la produccion de leche (ER-leche),
ocurriendo el pico de produccién en primavera durante la lactancia temprana
(Espasandin et al., 2016).
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A diferencia de Brosh et al. (2006), que reporta un menor gasto energético en
condiciones de pastoreo a mayor carga animal, en este estudio, la mayor intensidad
de pastoreo no afectd la HP al comparar vacas en BOF y AOF. Sin embargo, la ER
total fue 1,45 veces mayor en vacas de AOF que BOF, lo que puede sugerir que la
HP para produccién fue mayor, mientras la HP para mantenimiento fue menor en las
primeras, destinando el mayor consumo de EM a produccién (ER tejidos y leche). A
su vez, la mayor OF en primavera, que generdé una mayor masa y altura del forraje
en verano, podria explicar el menor gasto energético en las actividades de pastoreo

generando una disminucién en la HP de mantenimiento.

4.1.2. Eficiencia energética durante el ciclo de gestacidon-lactacion

En el presente trabajo, no se vieron diferencias entre los tratamientos en la eficiencia
bioldgica de produccion calculada como la relacién entre los gramos de ternero con
el consumo de EM por kg de PV%™. Sin embargo, la eficiencia energética bruta
calculada como la relacion entre la ER total y el consumo de EM tendi6 a ser mayor
en AOF que BOF, principalmente durante la lactacion, debido a la produccion de
leche (Gutierrez et al., 2013).

Las regresiones de los datos individuales de ER, HP y CEM obtenidos en este
estudio para las vacas en balance energético positivo y negativo fueron altas y
significativas (Carriquiry et al., 2019). La ecuacion de regresion generada para las
vacas en balance energético positivo fue igual a HP = 323 + 0,43 x CEM (r?=0,84) y
para las vacas en balance energético negativo fue igual a HP = 173 + 0,61 x CEM (r?
= 0,76) (figura 2). La HP estimada para metabolismo basal de las vacas en balance
energético positivo (323 ki/kg PVO75/d) es similar a la propuesta por los modelos de
NASEM (2016) y CSIRO (2007) para vacas de carne (321 y 337 kJ/kg PV°73/d,
respectivamente). Sin embargo, la EM para mantenimiento es entre 11 y 13 % mayor
(567 kd/kg PVO75/d) que el sugerido por estos modelos (502 y 510 kJ/kg PVo75/d
para NASEM y CSIRO, respectivamente) explicado por un menor kyn estimado en

este estudio con respecto a los anteriores mencionados (0,57 vs. 0,60 y 0,72 de km).
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Este menor valor del km podria estar asociado a la peor calidad de la dieta y a la
actividad de pastoreo.

De acuerdo con lo reportado por Houghton et al. (1990), la HP para metabolismo
basal se redujo en un 50 % cuando las vacas se encontraban en balance energético
negativo (173 kJ/kg PV°75/d) provocado por la restriccion alimenticia, que reduce los
requerimientos de mantenimiento a través de la reduccion de los requerimientos de

las visceras gastrointestinales e higado.
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Figura 2. Regresiones para HP sobre CEM (MEI) para vacas en balance energético
positivo (gris claro; circulos) y negativo (gris oscuro; cuadros) (Carriquiry et al.,
2019).

4.2. CONCLUSIONES

El presente estudio presenta, por primera vez para los sistemas extensivos en campo
natural, la estimacion de requerimientos energéticos en la vaca de cria a lo largo de
su ciclo, que concuerda con los sistemas de alimentacion y literatura internacional.
Con respecto a la eficiencia en uso de la energia metabolizable para mantenimiento,

es menor a la propuesta por los sistemas de alimentacion, probablemente debido a la
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actividad de pastoreo y la calidad de la dieta. El diferimiento de forraje desde las
estaciones con mayor tasa de crecimiento hacia el invierno, a través del manejo de
una mayor oferta de forraje, permitié una reduccion del costo energético del pastoreo
mediante una menor tasa de bocado y, probablemente, la selectividad de una dieta de
mayor digestibilidad que, ademas, redujo el gasto energético de la rumia. Generar
informacion con mayor numero de animales y en diferentes condiciones de
pastoreo y ambientales resulta de importancia para contribuir en esta linea de

investigacion.
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