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Lo conocido es finito, lo desconocido infinito; desde el punto de vista intelectual estamos en

una pequefa isla en medio de un océano ilimitable de inexplicabilidad.

T. H. Huxley, 1887.
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RESUMEN

El estudio evaluo el desempefio animal, las variables agronémicas, quimicas y los costos de
alimentacion de vacas lecheras en pastoreo de Alta fescue (Festuca arundinacea cv. Cajun II)
y Ballico perenne (Lolium perenne cv. Tetragrain) asociadas con trébol blanco (Trifolium repens
L.). Todas las vacas ademas recibieron 5 kg MF/vaca/dia de un concentrado comercial. El
estudio se desarrollé durante 8 semanas con periodos experimentales de 14 dias bajo un enfoque
de investigacion participativa en sistemas de produccion de leche de pequefa escala en el centro
de México, se siguio6 un disefio experimental doble reversible con diez vacas lecheras agrupadas
en parejas por tercio de lactacion y rendimiento de leche, las cuales fueron asignadas al azar a
una de las secuencias de tratamiento. El rendimiento diario de leche, la composicién quimica de
la leche, indice de condicion corporal, peso vivo, consumo estimado de forraje, altura del pasto,
acumulacion neta de forraje y la composicion quimica de los alimentos; fueron registrados en

los Gltimos cuatro dias de cada periodo experimental.

No hubo diferencias significativas entre tratamientos (P>0.05) para rendimiento de leche,
composicion quimica de la leche, peso vivo, indice de condicién corporal y consumo estimado
de forraje. No obstante, el analisis econdmico mostré un mayor margen bruto del Lolium. La
acumulacion neta de forraje y la altura de las praderas no presentaron variaciones significativas
entre tratamientos (P>0.05), pero si en el contenido de MO, FDA, DIVMO y EM (P<0.05) del

forraje de las praderas.
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ABSTRACT
The study evaluated the animal performance, the agronomic and chemical variables and the
feeding costs of dairy cows in grazing pastures of tall fescue (Festuca arundinacea cv. Cajun
I1) and perennial Ballico (Lolium perenne cv. Tetragrain) associated with white clover
(Trifolium repens L.). Cows received 5 kg/day of concentrate. The study run for 8 weeks, with
experimental periods of 14 days under a participatory research approach in small-scale milk
production systems in central Mexico, a double cross-over experimental design was undertaken
with ten cows arranged in pairs per third of lactation and milk yield. Cows were assigned at
random to one of the two treatment. Daily milk yield, chemical composition of milk, body
condition score, herbage intake, sward height, net herbage accumulation and chemical

composition of food; were recorded in the last four days of each experimental period.

There were no differences between treatments (P>0.05) for milk yield and composition, live
weight, body condition score and herbage intake. However, the economic analysis showed a
higher gross margin of the Lolium. The net herbage accumulation and the sward height showed
no differences between treatments (P>0.05), but there were significant differences (P<0.05) for

OM, ADF and IVOMD between treatments.
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I. INTRODUCCION

La produccién de leche de pequefia escala, ha sido sefialada como una actividad clave en el

desarrollo y subsistencia del nucleo familiar (Espinoza-Ortega et al., 2005).

En México, la lecheria se ha desarrollado bajo tres sistemas, cada uno diferenciado entre si por
sus caracteristicas productivas reflejadas en el aspecto econémico, en el que los productores de
pequefia escala perciben los menores ingresos (Espinoza-Ortega et al., 2005; Espinoza-Ortega
et al., 2007), asociado sustancialmente, a los elevados costos de alimentacion por la compra y
uso inmoderado de insumos externos (concentrados), y al bajo precio pagado por litro de leche
producido, lo que robustece la vulnerabilidad econémica del sistema lechero (Prospero-Bernal

etal., 2017).

Ante esta tendencia de dificultades, es necesario considerar alternativas de produccion
sostenibles que permitan enfrentar exitosamente los escenarios competitivos actuales (Pulido et

al., 2011).

Bajo este contexto, el ballico perenne (Lolium perenne) representa la graminea forrajera de
clima templado de mayor valor nutritivo, aungue precisa de una gran cantidad de agua (Arriaga-
Jordan et al., 1999; Plata-Reyes et al., 2018), ademas, de que las variedades disponibles en
México tienen poca persistencia en los pequefios sistemas lecheros, por lo que, es necesario
evaluar nuevas variedades disponibles como, la variedad Tetragrain, seleccionada
especificamente para una mayor persistencia.

En cambio, la graminea alta fescue (Festuca arundinacea), si bien tiene un menor valor nutritivo

que el ballico perenne, pero tiene la ventaja de una mayor rusticidad, tolerancia a las altas
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temperaturas y al déficit hidrico (Pirnajmedin et al., 2016), no obstante, uno de los problemas
de la alta fescue es la intoxicacion conocida como festucosis que afecta el desempefio de los

bovinos; en cambio la variedad Cajun Il recientemente introducida en México tiene la ventaja

de ser libre de endofitos, constituye una opcién importante de ser evaluada.



Evaluacion de praderas de Alta fescue (Festuca arundinacea cv. Cajun Il) en comparacion con Ballico
perenne (Lolium perenne cv. Tetragrain) para vacas en pastoreo en sistemas de produccion de leche
en pequerfia escala durante la época seca.

I1. REVISION DE LITERATURA

2.1. Contexto de la lecheria de pequefia escala

La produccion de leche de pequefia escala, persiste como una actividad meramente rural, pero
clave en el desarrollo econémico, nutricional, social y territorial de las comunidades campesinas
(Hemme y Otte, 2010), contexto que acentla en un principio basico, asegurar la subsistencia del

nacleo familiar (Espinoza-Ortega et al., 2005).

En concreto, el pequefio sistema campesino productor de leche, asume una robusta connotacion
social, prueba del reconocimiento del valor que el sector lechero ostenta, se halla en el interés
por los programas de desarrollo de la lecheria de pequefia escala en paises con economia en vias
de desarrollo, donde la malnutricion y la pobreza representan el gran desafio a menguar (Bennett

et al., 2006; Hemme y Otte, 2010).

En México, la produccion de leche en los sistemas de pequefia escala, vislumbran una sucesion
de escenarios inseguros e inestables, donde los precios de venta y los costos de produccion de
la leche, anulan la viabilidad financiera de las pequefias unidades lecheras, particularmente, por
el inmoderado suministro de concentrados comerciales (Prospero-Bernal et al., 2017) los cuales
en la alimentacion del hato representan una gran proporcion (70%) de los costos totales de
produccion (Heredia-Nava et al., 2017; Pincay-Figueroa et al., 2016), generando incertidumbre

concerniente a la capacidad de sostenerse.

No obstante, ante un panorama donde la estructura agropecuaria es heterogénea y compleja, la
persistencia de los sistemas productores de leche de pequefia escala se debe al manejo eficiente

de ciertos factores, atributo que apela a su capacidad de adaptacion, al tomar ventaja de la mano
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de obra familiar en el proceso de produccién y al intensificar el manejo de los recursos existentes
en la granja, actividades que acentlan en una mejor eficiencia econdémica por su caracter

implicito de coste de oportunidad (Cortez-Arriola et al., 2016; Pincay-Figueroa et al., 2016;

Posadas-Dominguez et al., 2016; Balcao et al., 2017).

2.2. Vulnerabilidad de los sistemas de produccion de leche de pequefia escala

En México, la industria lechera se ha desarrollado bajo tres sistemas (los especializados, mixtos
y de pequefia escala), cada uno diferenciado entre si por sus caracteristicas productivas
reflejadas en el aspecto econémico, en el que los productores de pequefia escala perciben los
menores ingresos (Espinoza-Ortega et al., 2005; Espinoza-Ortega et al., 2007) como resultado
a una serie de imperativos entre los que destacan, la menor escala (tamafio del hato y superficie
agricola), la menor produccion de leche por vaca al afio, la baja adopcion de tecnologia, a la
degradacion de los recursos naturales (disponibilidad de agua), a la apertura comercial
(importacion masiva de grandes volimenes de leche descremada en polvo al mercado nacional),
a la nula asistencia técnica concerniente a la nutricion, al nulo acceso a subsidios, a los altos
costos de alimentacién por la compra y uso inmoderado de insumos externos (concentrados), a
la baja inversidn de recursos financieros para la produccion de alimentos para el ganado, y al
precio pagado por el producto; condiciones que en conjunto deducen un impuesto negativo por
litro de leche producido (Bennett et al., 2006; Espinoza-Ortega et al., 2007; Cortez-Arriola et

al., 2016; Posadas-Dominguez et al., 2016; Prospero-Bernal et al., 2017).

Por lo tanto, ante esta tendencia de desventajas productivas que resumen la creciente carencia
de activos monetarios, es necesario desarrollar estrategias de alimentacion estructuradas al

sistema de produccién (Heredia-Nava et al., 2007).
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2.3. Produccién de leche en pastoreo de praderas
En general, el uso de forraje en la alimentacion del hato, constituye un modelo productivo

altamente competitivo, debido a que esta estrategia de alimentacion demanda una inversion

tecnolodgica y financiera moderada (Cortez-Arriola et al., 2016; Godde et al., 2017).

Bajo este contexto, diversos resultados experimentales han probado que la respuesta econémico-
productiva de los sistemas lecheros, mejora al optimizar el manejo de las limitantes estructurales
del sistema de produccion (organizacion y uso de la reducida superficie territorial para el cultivo
y manejo de forrajes en pastoreo permanente), permitiendo reducir sustancialmente la necesidad
de cantidades excesivas de concentrado, y ofreciendo la ventaja clave de obtener un producto a
menor costo (Pulido et al., 2011; Cortez-Arriola et al., 2016; Pincay et al., 2016; Prospero-
Bernal et al., 2017; Dale et al., 2018). En este tenor, el efecto del pastoreo queda de manifiesto
en el rendimiento de leche con producciones medias de 17 kg/vaca/dia (5190 kg/vaca/afio)
(Posadas-Dominguez et al., 2016), con contenidos de grasa y proteina en leche homélogos a los
estandares establecidos en la norma oficial mexicana (NOM-155-SCFI-2012), y una mejor

relacion de ingresos sobre los costos de alimentacion (Pincay-Figueroa et al., 2016).

No obstante, las limitaciones que impone la pradera desde el punto de vista nutricional y
productivo a lo largo del afo, y a fin de asegurar e intensificar la sostenibilidad del sistema
lechero, es necesario considerar alternativas de produccion accesibles, que permitan enfrentar
los escenarios competitivos actuales (sociales, econémicos y ambientales) (Pulido et al., 2011;
Lopez-Gonzalez et al., 2017), de ahi la necesidad de promover la innovacion alimenticia que dé

respuesta a los principales retos que la produccion plantea; disponer de alimentos de calidad
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(Godde et al., 2017; Martinez-Garcia et al., 2015), mejor adaptados a los fendémenos

ambientales, y mas resistentes a enfermedades.

Con estos objetivos, el manejo de forrajes con nuevas variedades de gramineas ofrece grandes

oportunidades y nuevos objetivos.

2.4. Rye grass perene (Lolium perenne)

En este contexto, el pasto inglés, ryegrass o ballico perenne es considerado como la mejor
opcion para la produccion de forraje en zonas templadas por sus altos rendimientos, calidad
nutritiva y habilidad para crecer en gran diversidad de suelos, es una graminea ideal para
praderas de pastoreo. Posee buena digestibilidad y palatabilidad con una capacidad de rebrote
rapido y resistencia al pisoteo. Tolera periodos largos de humedad (15 a 20 dias), asi como
suelos acidos y alcalinos (pH 5.5 a 7.8). Su crecimiento es favorable a temperaturas de 18 °C,
pero reduce su crecimiento a temperaturas superiores a 25 °C y no tolera el déficit hidrico
(Arriaga-Jordan et al., 1999; Turner et al., 2012; Barnes et al., 2014). Sin embargo, en la region
de estudio bajo las condiciones agroecoldgicas de manejo impuestas por las altas tasas de
siembra, el riego limitado y la alta evapotranspiracion durante la estacién seca se ha observado
que las praderas de ballico perenne presentan baja persistencia y son invadidas por el pasto

Kikuyo (Pennisetum Cenchrus clandestinum).

2.5. Alta Fescue cv. Cajum Il (Fesctuca arundinacea)

Festuca spp., es una graminea perenne cultivada ampliamente en regiones templadas de todo el
mundo donde el estrés por calor es un factor que limita su crecimiento y produccion (Turner et
al., 2012) es uno de los principales forrajes frescos de temporada. La forma de aprovechamiento

de la festuca es en corte durante la estacion fria y en pastoreo, se establece bien en suelos
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ligeramente &cidos hasta medianamente alcalinos, su habito de crecimiento es erecto y tiene una
buena resistencia al pisoteo o pastoreo. Sin embargo, es una graminea capaz de formar
asociaciones simbioticas con endofitos que producen una gama de compuestos bioactivos entre
los que figuran los alcaloides que protegen a la graminea de los insectos y nematodos pero que
a la vez le confieren caracteristicas que perjudican el rendimiento animal. El éxito de los
enddfitos se debe que el hongo infecta sistematicamente las partes aéreas de la graminea sin
causar enfermedad obteniendo asi los nutrientes necesarios para su desarrollo. Entre los efectos
negativos de los alcaloides se han descrito el ergonismo y trastornos neuromusculares (Young
et al., 2015). La variedad Cajun Il es una variedad modificada genéticamente para tener una

mejor calidad nutritiva, tolerante al déficit hidrico y las altas temperaturas y esta libre de

endofitos, de ahi el interés por evaluarla en la region de estudio.



Evaluacion de praderas de Alta fescue (Festuca arundinacea cv. Cajun Il) en comparacion con Ballico
perenne (Lolium perenne cv. Tetragrain) para vacas en pastoreo en sistemas de produccion de leche
en pequerfia escala durante la época seca.
I11. JUSTIFICACION

En un contexto econémico y politico hostil en el cual se desarrolla el sector lechero nacional, el
sistema de produccion de leche de pequefia escala en particular, opera no sélo bajo una nula
intervencion gubernamental, sino que ademas las condiciones ambientales y relaciones
econdmicas han evitado el desarrollo de un sistema sostenible en términos econdmicos. Desde
este punto de vista exclusivo de la actividad lechera de pequefia escala, es necesaria la basqueda

de alternativas productivas que contribuyan a mejorar la eficiencia econdmica de las pequefias

unidades lecheras.

En tanto que la alimentacion del hato representa el mayor rubro de los costos de produccién, la
perspectiva de un sistema de baja inversion se orienta al uso de gramineas forrajeras alternativas
bajo pastoreo intensivo, en el sentido de que esta estrategia de alimentacion constituye la base
y la fuente de nutrientes de un sistema de produccion a bajo costo, que a diferencia del uso de
concentrado o sistemas de corte y acarreo representan elevados costos de produccion y una débil

rentabilidad econémica.

En este sentido, esta propuesta de investigacion incide en el aprovechamiento y promocién de
gramineas forrajeras alternativas como innovacion en las estrategias de alimentacién y como
elemento potenciador de la eficiencia econdémica, logrando con esto, aumentar el nivel de

sostenibilidad y competitividad de las pequefias granjas lecheras.
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IV. PREGUNTA DE INVESTIGACION
¢Cual es el efecto de la implementacion del pastoreo de praderas de Alta fescue cv. Cajun 11y
Ballico perenne cv. Tetragrain sobre el desempefio productivo y composicién quimica de la

leche de vacas en lactacion en sistemas de produccion de leche de pequefia escala?

¢Qué variedad de forraje expresard un mayor potencial de adaptabilidad al medio bajo una alta
presion del pastoreo y déficit hidrico, en términos de rendimiento y composicion quimica del

forraje?

¢ Qué efecto tiene la implementacion del pastoreo de praderas sobre la relacion costo/beneficio

de la produccién de leche en sistemas de produccion de pequefia escala?
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en pequerfia escala durante la época seca.
V. HIPOTESIS
No hay efecto significativo en el rendimiento de leche, composicion quimica de la leche,
indice de condicion corporal, peso vivo y consumo total de materia seca de vacas
lecheras en pastoreo de praderas de Alta fescue (Festuca arundinacea cv. Cajun Il) y
Ballico perenne (Lolium perenne cv. Tetragrain).
No hay diferencias significativas en la respuesta agronomica y composicion quimica del
forraje de praderas de Alta fescue (Festuca arundinacea cv. Cajun I1) y Ballico perenne

(Lolium perenne cv. Tetragrain).
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VI. OBJETIVOS

6.1. Objetivo general

Evaluar el efecto del pastoreo de praderas de Alta fescue (Festuca arundinacea cv. Cajun Il) y
Ballico perenne (Lolium perenne cv. Tetragrain) sobre el comportamiento productivo, en
términos de rendimiento de leche y composicién quimica de la leche, indice de condicion
corporal, peso vivo y consumo total de materia seca de vacas en lactacion de sistemas de

produccion de leche de pequefia escala del centro de México.

6.2. Objetivos especificos

e Evaluar el desempefio animal de las vacas lecheras (rendimiento de leche, composicion
quimica de la leche, condicion corporal y peso vivo) bajo pastoreo de praderas de Alta
fescue (Festuca arundinacea cv. Cajun II) y Ballico perenne (Lolium perenne cv.
Tetragrain).

e Evaluar las variables agronémicas (acumulacién neta de forraje (ANF) y altura) y
quimicas (Materia Seca, Materia Organica, Fibra Detergente Acido, Fibra Detergente
Neutro, Proteina Cruda, Digestibilidad Enzimatica), de praderas de Alta fescue (Festuca
arundinacea cv. Cajun Il) y Ballico perenne (Lolium perenne cv. Tetragrain).

e Estimar el consumo total de materia seca de las vacas lecheras bajo pastoreo de praderas
de Alta fescue (Festuca arundinacea cv. Cajun I1) y Ballico perenne (Lolium perenne

cv. Tetragrain).
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¢ Realizar un andlisis econdmico de los costos de alimentacion de las vacas lecheras bajo

pastoreo de praderas de Alta fescue (Festuca arundinacea cv. Cajun Il) y Ballico
perenne (Lolium perenne cv. Tetragrain)

e Desarrollar estrategias de alimentacion de bajo costo basadas en el uso de forrajes de

calidad.
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VII. MATERIALES Y METODOS

7.1. Area de estudio
El estudio fue emprendido en la época seca de primavera del 9 de abril al 3 de junio de 2018, en
el municipio de Aculco de Espinoza, en el altiplano central de México, a una altitud de 2450
metros sobre el nivel del mar, con un microclima predominante templado sub-himedo, con
lluvias en verano (precipitaciones de 800 mm entre mayo Yy octubre), una estacion invernal no

definida (heladas entre mediados de noviembre a finales de febrero), y una temperatura media

anual de 13.2°C (INEGI, 2017).

7.2. Animales

Diez vacas criollas encastadas con Holstein, con un promedio de 104 dias en lactacidn y un peso
vivo medio de 473 kg, fueron utilizadas en el experimento. Las vacas se agruparon en parejas
por tercio de lactacion y rendimiento de leche registrado en la semana previa a iniciar el
experimento, y cada vaca por pareja fue asignada al azar a una de las secuencias de tratamiento.
En el cuadro 1, se muestra una descripcion detallada de las vacas utilizadas.

Cuadro 1. Caracteristicas de los animales utilizados en el experimento.

Grupo ID animal* PL2 PV [ofon D.LACT.> PARTOS
6129 25.3 461 2.5 15 5
6125 18.3 540 2.5 180 1
A 6053 114 435 2.5 30 5
6056 10.4 435 3 180 2
3575 1.7 371 2 15 4
Media 14.6 448.4 2.5 84 3.4
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6045 21.1 548 2.8 90 6
3574 19.6 544 2.8 22 5
B 6054 114 468 2.8 240 4
8162 111 468 2.5 120 4
6051 1.2 460 2.5 150 4
Media 141 497.6 2.7 124.4 4.6

ID animal= identificacion animal, 2PL= produccion de leche, 3PV= peso vivo, ICC= indice de

condicion corporal, °D. LACT= dias en lactacion.

7.3. Praderas

El experimento tuvo lugar en 2 praderas ajustadas a 1.11 ha cada una, la pradera 1, establecida
con Alta fescue (Festuca arundinacea cv. Cajun Il); la pradera 2, establecida con ballico perenne
(Lolium perenne cv. Tetragrain). La dosis de siembra de las praderas fue de 22 kg/ha de semilla
de pasto, mas 3 kg/ha de semilla de trébol blanco (Trifolium repens cv. Fiona). Por fenbmenos
ambientales criticos, se utilizaron 17 kg més de semilla de pasto para resembrar la pradera 1. La
fertilizacion en la siembra fue de 80N, 80P y 60K kg/ha, y para mantenimiento 50 kg N/ha

mensualmente. La carga animal fue de 4.5 vacas/ha por tratamiento.

7.4. Tratamientos

Los tratamientos se describen a continuacion:
TxA= pastoreo continuo de Alta fescue por 10 h/dia (09.00 a 19.00).

TxB= pastoreo continuo de Ballico perenne por 10 h/dia (09.00 a 19.00).
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Todas las vacas ademas recibieron 5.0 kg MF/vaca/dia de un concentrado comercial con un

contenido de PC de 180 g/kg MS dividido en porciones iguales y, asignado en cada ordefio.

7.5. Variables evaluadas en la pradera
Las variables de las praderas fueron evaluadas cada 14 dias. La altura del pasto (cm) se estimé
tomando 40 registros por parcela, uno cada 20 pasos siguiendo un patron en W, con un medidor

de pasto de plato ascendente (Heredia-Nava et al., 2017).

La ANF (kg MS/ha) se estimé con 24 jaulas de exclusion del pastoreo de 0.25 m? (12 jaulas por
pradera), y un cuadrante de metal de 0.16 m2. Las jaulas fueron distribuidas al azar, al inicio y
al final de cada periodo experimental. Se cortaron muestras de forraje a nivel del suelo, fuera de
la jaula en el dia 0 y dentro de la jaula en el dia 14, utilizando el cuadrante de metal. La ANF se
estimé por diferencia entre el dia 14 y el dia 0. Las muestras recolectadas fueron enviadas al

laboratorio para la determinacion de materia seca y materia organica.

Las muestras de forraje (tomadas mediante el método de simulacion del pastoreo) y de
concentrado para el analisis quimico, fueron secadas en un horno de ventilacion forzada a 60 °C
a peso constante durante 48 horas para la determinacién de la materia seca (MS),
consecutivamente las muestras fueron molidas e incineradas a 600 °C en un horno mufla para
la determinacion de la materia organica (MO). El contenido de nitrégeno se obtuvo mediante el
método Kjeldahl (AOAC, 1990), el resultado se multiplic6 por el factor 6.25 para obtener el
contenido de proteina cruda (PC), el analisis de fibra detergente neutro (FDN) y fibra detergente
acido (FDA), se determinaron siguiendo los procedimientos Ankom Technology (2005), la
estimacion de la digestibilidad in vitro de la materia organica se obtuvo a partir de la

microtécnica de Pell y Shofield (1993) a partir de los residuos derivados de la técnica de
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produccién de gas (Theodorou et al., 1994). El contenido de energia metabolizable (EM) de los

alimentos se calculo con las ecuaciones propuestas por el AFRC (1993), donde ME (MJ/kg MS)

= (DIVMO) (0.0157).

7.6. Analisis de costos de produccién

Los costos de alimentacion de los tratamientos fueron calculados mediante un analisis
econdmico de presupuestos parciales (Dillon and Hardaker, 1980), tomando en consideracién
todos los costos de alimentacion: compra de concentrado comercial y establecimiento de
praderas (preparacion de la tierra, siembra, semillas, irrigacion y fertilizacién pre y post-

siembra).

El valor monetario fue obtenido en pesos y transformados a su equivalente en US$, en una tasa

de cambio de peso: dolar de 18.92:1 (datos del Banco de México, 12 octubre 2018)

7.7. Analisis estadistico para la evaluacion de los forrajes

Las variables de las praderas fueron analizadas de acuerdo a un disefio de parcelas divididas,
donde los tratamientos se consideraron efectos fijos (parcelas mayores), y los periodos de
medicién efectos aleatorios (parcelas menores) (Stroup et al., 1993).

Yijk =+ i+ Tj+ Ex + pi + Tpji + €ijk

Donde:

Donde p = media general; ri = efecto del bloque, i = 1, 2; T;j = efecto debido a los tratamientos
(parcela mayor), j = 1, 2; Ex = término del error para las parcelas mayores (r(T)ij); pi = efecto
debido a los periodos experimentales (parcela menor), k = 1, 2, 3, 4; Tpji = término de la

interaccidn entre tratamientos y periodos experimentales; y eijk = término del error para las
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parcelas menores. La prueba de Tukey fue aplicada cuando las diferencias en el anélisis de

varianza fueron significativas (P < 0.05).

7.8. Variables de respuesta animal

El rendimiento de leche (kg/vaca/dia) se registrd con una bascula de resorte, del 11 al dia 14 de
cada periodo experimental. Se tomaron muestras de leche por vaca por ordefio y se prepararon
alicuotas respetando la proporcién de cada ordefio. El contenido de proteina y grasa (g/kg) en
leche, se determinaron con un analizador automatico de ultrasonido (Lactoscan). El contenido
de nitrogeno ureico en leche (NUL) (mg/dL) se obtuvo mediante el método colorimétrico
enzimatico descrito por Chaney y Marbach (1962).

El peso vivo y el indice de condicion corporal de las vacas se determind cada 14 dias al inicio y
al final de cada periodo experimental, utilizando una bascula electrénica con capacidad de 1000

kg para el peso vivo, y una escala de 1 a 5 puntos para la condicion corporal (Rodenburg, 2000).

7.9. Estimacion de consumo
El consumo de materia seca de los forrajes se calculd segun el método de “Energia
Metabolizable Utilizada” (Baker, 1981), que parte de estimar los requerimientos nutricionales

de energia metabolizable de las vacas y resta el aporte de los suplementos.
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7.10. Andlisis estadistico para la evaluacién del desempefio animal

Las variables de respuesta animal se analizaron con un disefio doble reversible con 5 vacas en

lactacion, y 4 periodos experimentales de 14 dias (10 dias de adaptacion y 4 dias de muestreo y

registro de datos), segun el siguiente modelo estadistico:

Yijk = + Si + Cjj + Pk + T + €ijxi

Donde p = efecto debido a la media; Si = efecto debido a la secuencia, i = 1, 2; Cjj) = efecto

debido a la vaca dentro de secuencia; j = 1, 2, 3, 4, 5; Px = efecto debido a los periodos

experimentales, k = 1, 2, 3, 4; T, = efecto debido a los tratamientos, | = 1, 2; y ejji = término del

error residual.
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Endophyte-free tall fescue pastures for small-scale dairy systems in the highlands of
central Mexico

ABSTRACT

The objective was to assess dairy cows in small-scale dairy systems grazing pastures of
endophyte-free tall fescue (Lolium arundinaceum cv. Cajun 1), or perennial ryegrass (Lolium
perenne cv. Tetragrain), both associated with white clover (Trifolium repens). An on-farm
double cross-over experiment was undertaken with ten Holstein cows, continuously grazing 10
h/day of Cajun Il or Tetragrain pastures, plus 4.6 kg DM of a concentrate/cow/day. Animal
variables were milk yield, milk fat and protein content, live-weight, body condition score, and
milk urea nitrogen. Pasture variables were sward height, net herbage accumulation, and
chemical composition of herbage for CP, NDF, ADF, in vitro digestibility of organic matter,
and estimated herbage intake from utilised metabolizable energy. An economic analysis
compared incomes and feeding costs. There were no statistical differences (P>0.05) in animal
or pasture variables. Cajun Il endophyte-free tall fescue pasture performed similarly to
Tetragrain perennial ryegrass in animal, pasture, and economic variables.

Keywords: Small-scale dairy systems, intensive grazing, Lolium arundinaceum, Lolium
perenne, margin over feed costs.

Small-scale dairy systems (SSDS) are a key activity for the economic, nutritional, social and
territorial development of rural communities all over the world (Hemme and Otte, 2010), to
assure family livelihoods, and an option to overcome rural poverty (Espinoza-Ortega et al.
2007).

SSDS face difficult scenarios for their viabilities since milk prices have remained static but
production costs constantly increase, jeopardizing the financial viability of small dairy farms
(Prospero-Bernal et al. 2017). The economic scale is the weakest in the assessment of the
sustainability of these systems due to high feeding costs (Prospero-Bernal et al. 2017).
Concentrates represent up to 70% of total production costs (Heredia-Nava et al. 2017).

Therefore, there is a need for lower cost feeding strategies that increase the sustainability and
competitivity of small dairy farms. An alternative is grazing pasture that has proven lower
feeding costs, increased profitability, and enhanced sustainability (Prospero-Bernal et al. 2017).

However, limitations to grazing pastures in small-scale dairy farms are limited irrigation and
high evapotranspiration during the dry season, coupled with high stocking rates. These factors
reduce the persistency of pastures based on perennial ryegrass (Lolium perenne), the choice
species for temperate pastures given its high nutritive value; but not tolerant to water deficit.
Tall fescue (Lolium arundinaceum) is a hardy temperate perennial grass species, which although
of lower nutritive value, is more tolerant to water deficit, agroecological and management
stresses.

A problem with tall fescue is that old varieties are infected with the endo-phyte fungus
Neotyphodium coenophialum, which causes tall fescue toxicosis in cattle that affects production
and reproductive performance (Waller, 2009). Endophyte-free tall fescue varieties overcome
these problems.
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Therefore, the objective was to assess the performance of dairy cows in small-scale dairy
systems grazing an endophyte-free tall fescue (Lolium arudinaceum cv. Cajun I1) / white clover
(Trifolium repens cv. Fiona) pasture or a perennial ryegrass (Lolium perenne cv. Tetragrain) /
white clover (Trifolium repens cv. Fiona) pasture.

MATERIALS AND METHODS
Study area

The experiment took place in the municipality of Aculco, State of Mexico, in the central
highlands of the country, located between 20° 00” and 20° 17° N and 99° 40’ and 100° 00* W,
at a mean altitude of 2440 m. It has a sub-humid temperate climate with rains in summer (mid-
May to mid-October), and a dry season during winter and spring (mid-November to mid-May),
with frosts between November and February. Mean annual temperature is 13.2°C, and 800 to
1000 mm rainfall (Jaimez-Garcia et al. 2017).

Work followed a participatory livestock research approach (Conroy 2005), through an on-farm
experiment with a family of four participating small-scale dairy farmers who manage their land
as a single farm. The experiment took place in the spring (dry season) from 9 April to 3 June
2018.

Animal variables

The experiment was a double cross-over design with ten Holstein cows, selected from the
farmers’ herds. Cows were paired according to days in milk and milk yield on the week previous
to the experiment, and members of each pair randomly assigned to treatment sequence. Pre-
experimental variables were 14.3+6.2 milk/cow/day, 104+82 days in milk, and 473+56 kg live
weight, with no statistical differences (P>0.05) between treatment sequences for these variables.

Milk yield was recorded for four consecutive days with a clock spring balance at the end of each
experimental period and expressed as kg milk/cow/day. Individual milk samples per cow and
per milking were taken, and milk and protein fat determined with an ultrasound milk analyser.
Samples taken same wise were for milk urea nitrogen determination by the enzymatic
colorimetric method described by Chaney and Marbach (1962). Live weight (LW) and body
condition score on a 1 to 5 scale were recorded at the end of each experimental period.

Herbage intake was estimated indirectly from utilized metabolizable energy following Pulido
and Leaver (2001).

Pastures

The experiment took place on two pastures of 1.11 ha each. Pasture 1 was established with tall
fescue (Lolium arundinaceum cv. Cajun Il), and pasture 2 was established with perennial rye
grass (Lolium perenne cv. Tetragrain); associated with white clover (Trifolium repens cv.
Fiona).
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Seed rate for both pastures was 22 kg grass seed/ha plus 3 kg/ha of white clover. Due to a delay
in available irrigation in Pasture 1 that precluded germination and emergence, it was reseeded
with 17 kg/ha more of the Cajun 11 tall fescue seed.

Fertilization at sowing per hectare was 80 N — 80 P — 60 K, and 50 kg N/ha every 28 days.
Stocking rate was 4.5 cows/ha, with cows in each treatment sequence grazing each pasture
alternatively every 14 day experimental period.

Treatments

Treatments were TXTF = continuous grazing of tall fescue pasture for 10 h/d (9:00 to 19:00 h),
and TxPR = continuous grazing of perennial ryegrass pasture for 10 h/d (9:00 to 19:00 h). All
cows additionally received 4.6 kg/cow/day of a commercial concentrate with 180 g/kg CP,
divided in two equal meals provided at milkings.

Pasture variables

Recording periods at pastures were similar to experimental periods, with pastures nominally
divided in two plots as replicates for statistical analysis. Sward height was from 40
measurements per pasture (20 for each nominal plot) with a rising plate grass metre following a
‘W’ pattern (Heredia-Nava et al. 2017).

Net herbage accumulation was estimated from 12 grazing exclusion cages (0.50 x 0.50 m), six
for each nominal plot, randomly distributed on each experimental period. Herbage was cut to
ground level with handheld shears within a 0.16 m? quadrant outside the cage at the beginning
of each experimental period (Day 0) and within the cage (Day 14).

Herbage collected was dried to constant weight at 60 °C for 48 hours in a draught oven for dry
matter (DM) determination; and NHA estimated by difference and expressed as kg DM/ha for
each period.

Samples of hand-plucked herbage simulating grazing from each pasture were taken during the
last day of each period, and composite concentrate samples were dried as described above, and
ashed at 600°C in a muffle furnace to determine organic matter (OM).

Methods for the determination of chemical composition of feeds were those reported by Jaimez-
Garcia et al. (2017): the Kjeldahl method for crude protein (CP); neutral detergent fibre (NDF),
acid detergent fibre (ADF), and in vitro digestibility of organic matter (IVDOM) by the micro-
bag technique. Estimated Metabolizable (eME) of feeds was calculated from I'VDOM with the
AFRC (1993) equation.

Economic analysis

Partial budget analysis was performed (Dillon and Hardaker, 1980), taking into account only
for feeding costs represented by supplemented concentrate and pasture costs (amortization of
establishment costs, irrigation, and fertilization), and incomes from the sale of milk; expressed
in US dollars.
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Statistical analyses

Pasture variables were analysed with a split plot design by ANOVA where treatments (grass
species in pastures) were main plots as fixed effects, and experimental periods as split-plots
(random effects) (Kaps and Lamberson, 2004), with the following model:

Yijm=p+ri+Tj +Ex +pi+Tpj +eijk

Where:

u = General mean

r = Effect of replicates i = 1,2

T = Effect of pasture treatment (Main Plot) j =1, 2

E = Error term for Main Plots [r(T)ij]

p = Effect of experimental periods (split - plot) k=1, ..., 4

Tp = Interaction term between treatments and measurement periods

e = Error term for split plots

The Tukey test was applied when significant differences were detected (P < 0.05).

Animal variables were analysed with a double cross-over design with 5 cows per treatment and
4 experimental periods following the treatment sequences TXTF — TXPR — TXTF — TxPR and
TXPR — TXTF — TXPR — TxXTF. Experimental periods were 14 days long, 10 days for adaptation
and 4 days for recording. Fourteen days experimental periods (and shorter periods) are accepted
when changes in feeding of dairy cows are not drastic, as has been well established by the INRA-
Rennes group in France (Pérez-Prieto et al. 2011).

The model for analyses of animal variables was:
Yijk = |+ Si+ Cji) + Pk + Ti + €ijji

Where p = General mean, S = Treatment sequence (i= 1,2), C = Cows within sequence (j= 1,
..., 5), P =Experimental periods (k=1, ...4), T = Pasture treatments (1,2), and e = Residual error
term.

RESULTS AND DISCUSSION

Table 1 shows results for animal variables where there were no significant differences (P>0.05)
between pasture treatments. There were also no significant differences among periods (P>0.05),
except for estimated herbage DM intake (HDMI) which was significantly higher (P<0.05) in
Periods 1 and 2 compared with Periods 3 and 4.
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Milk yield showed a pattern that followed changes in live-weight, body condition score, and
estimated herbage intake; similar to observations by Hernandez-Mendo and Leaver (2006), who
mentioned the close relationship linked to DM and energy intake. In the current experiment,
estimated herbage intake reflected variations in milk yields.

Table 1. Animal variables.

Treatment Experimental Periods
Variables TXTE_TxPR °EM "1 P2 P3 P4 SEM
MY (kg/cow/d) 133 135 055 158 140 124 116 0.55"
Milk fat (g/kg) 36.3 361 1.30NS 347 379 388 333 1.30M
Protein (g/kg) 3.1 302 058" 304 318 313 291 058\
MUN (mg/dl) 8.0 84 090" 61 65 90 11.0 0.90M
LW (kg) 466 471  A75NS 483 470 459 463  4.75MS
BCS (1-5) 2.4 24 005N 26 24 22 24 0.05"
HDMI (kg DM/cow/d 6.3 6.7 030N 7.8 71* 56° 55° 0.30*

TXTF= Continuous grazing of Lolium arundinaceaum, TxPR= Continuous grazing of Lolium
perenne, MY= Milk Yield, MUN= Milk Urea Nitrogen, LW= Live weight, BCS= Body
condition score, HDMI= Estimated herbage DM intake, SEM= Standard error of the mean, NS
(P>0.05), * (P<0.05).

Results are lower than reports by Macoon et al. (2011), who reported daily milk yields of 16.5
kg/cow under grazing with supplements. Results, however, are similar to previous reports in the
study area (Martinez-Garcia et al. 2015).

Table 2 shows results for pasture variables.

25



Evaluacion de praderas de Alta fescue (Festuca arundinacea cv. Cajun Il) en comparacion con Ballico
perenne (Lolium perenne cv. Tetragrain) para vacas en pastoreo en sistemas de produccion de leche
en pequerfia escala durante la época seca.

Table 2. Sward height and net herbage accumulation (NHA).

) Treatments Experimental Periods
Variables SEMTX SEMex
TXTF  TxPR P1 P2 P3 P4
Sward 5.6 5.6 0.18Ns 7.3 4.1° 5.5° 5.58 1.42*

height (cm)

NHA (kg 510 500 7.17N 624.0 3999 4855 511.0 92.46NS
DM/ha)

NHA (kg 36.3 35.7 0.40NS 44.5 28.6 34.7 36.4 6.55NS
DM/ha/d)

TXTF= Continuous grazing of Lolium arundinaceaum, TxPR= Continuous grazing of Lolium
perenne, SEMTX= Standard error of the mean for treatments (main plots), SEMex= Standard
error of the mean for experimental periods (split-plots 4, NHA= Net herbage accumulation,
NS= (P>0.05), *(P<0.05)

There were no differences (P>0.05) for sward height between pasture treatments, although there
was a significant difference among periods (P<0.05) with a sharp decline from P1 to P2, to
recover slightly in the last two periods. Mean grass metre sward height was above the 5 cm
threshold under which difficult grazing conditions may limit herbage intake.

Mean NHA was 505 kg DM/ha/period, representing a daily growth of 36 kg DM/ha/d, with a
mean herbage availability of 7.2 kg DM/cow/d. Period 2 showed a decline in NHA,
accompanied with the corresponding decrease in sward height that recuperated for Periods 3
and 4.

Although grass metre sward heights may have been above the 5 cm threshold under which
grazing conditions limit intake, herbage growth was only 7.2 kg DM/cow/d, limiting herbage
intake to just a mean of 6.5 kg DM/cow/d representing a 90% grazing efficiency.

Low NHA was due to the lack of rain and limited irrigation available during the experiment.

As live weight figures show, cows were small and live weight as is usual in these small-scale
dairy systems, with low body condition score as is characteristic of Holstein cows, which tends
to be lower in small-scale dairy systems given usual underfeeding conditions. Body condition
scores were similar to reports of 2.3 by Celis-Alvarez et al. (2016).

Milk fat contents the requirement of 30 g/L established by Mexican standards. The forage to
concentrate ratio of 60: 40 enabled the observed milk fat contents. Bargo et al. (2002) reported
a 13% milk fat content decrease in grazing cows when concentrate supplementation was above
5 kg DM concentrate/cow/d.

Observed milk fat content in the work herein reported are similar to reports from other countries
like Roche et al. (2006) in New Zealand (35.9 g/kg) or Pérez-Prieto et al. (2011) in France (36.6

a/kg).
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Herbage intake under grazing is determined by factors as herbage availability, sward height,
herbage quality, the type and amount of supplements, and grazing pressure (Oliveira et al. 2007).
Ample herbage allowance, above 20 kg DM/cow/d enables high herbage intakes (Bargo et al.
2002). Herbage allowance was low with just over 7.2 kg/cow/d.

The low NHA hampered herbage intake in spite of adequate grass metre sward height, not
following statements by Pulido and Leaver (2001) who reported increased herbage intake, and
increased milk yields, with increasing sward heights.

Table 3 shows the chemical composition of the simulated grazing samples of herbage. There
were significant differences (P<0.05) between treatments for OM, ADF, IVDOM, and eME,
with tall fescue showing higher IVDOM which resulted in a slightly higher eME value. There
were significant differences (P<0.05) among periods for all variables except OM.

Herbage quality in both pastures was high, with over 180 g CP/kg DM, and between 400 and
500 g NDF/kg DM, with high eME; both sustaining moderate milk yields in spite of restrictions
to herbage intake due to low NH

Table 3. Chemical compositon of herbage (g/kg DM) and estimated metabolizable energy
(eME) (MJ/kg DM).

Treatments Experimental Periods
Variables SEMTX : SEMTX
TXTF  TxPR P1 P2 P3 P4
DM 252.2 205.9 32.78NS  214.1° 263.6° 218.1*° 220.4*® 23.19*
oM 869.5 834.2 24.92* 8634 8400 8555 8485 9.95MS
CP 175.3 215.2 28.24NS  169.5> 174.0° 227.7% 209.8% 28.18*
NDF 471.8 452.0 13.99NS 45528 481.9° 467.3° 443.1° 16.62*
ADF 230.3 215.2 6.73*  2255% 241.9° 2153% 208.4° 1454*
IVDOM 639.7 617.6 10.56* 640.3%° 594.3° 655.0° 624.9% 25.98*
eME 10.0 9.7 0.25* 10.0? 9.3 10.3? 9.8? 0.41*

TXTF= Continuous grazing of Lolium arundinaceaum, TxPR= Continuous grazing of Lolium
perenne, SEMTx= Standard error of the mean for treatments (main plots), SEMex= Standard
error of the mean for experimental periods (split-plots 4, , DM= Dry matter, OM= Organic
matter, CP= Crude proetin, NDF= Neutral detergent fibre, ADF= Acid detergent fibre,
IVDOM-= In vitro digestibility of organic matter, eME= Estimated metabolizable energy, NS=
(P>0.05), *(P<0.05)

Table 4 shows the partial budget analysis for feeding costs and returns from milk sales expressed
in US dollars.
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Table 4. Economic analyses.

TXTF TxPR
Feeding costs
Concentrate (USD$) 425.04 425.04
Pasture (USD$) 74.08 71.28
Total (USD$) 499.12 496.32
Feeding cost per cow (USD$/cow) 99.82 99.26
Daily feeding cost per cow (USD$/cow/d) 1.78 1.77
Feeding cost per kg (USD$/kg milk) 0.134 0.131
Incomes
Milk sales (USD$) 1,005.48 1,020.60
Margins over feeding costs
Total margins (USD$) 506.36 524.28
Margin per cow (USD$/cow) 101.27 104.85
Margin per day (USD$/d) 9.04 9.36
Margin per kg milk (USD$/kg milk) 0.135 0.138
Income over feeding costs ratio (USD$) 2.01 2.05

Given the slightly higher cost of tall fescue seed, there is a minor non-significant advantage for
the perennial ryegrass pasture.

The economic analysis showed a marginal advantage of the Tetragrain perennial ryegrass
pasture compared to the endophyte-free Cajun |1 tall fescue, given the higher price of seed, and
therefore higher amortization of establishment costs, and the numerically lower milk yield.

Both pasture treatments showed similar profit margins expressed as the margin over feeding
cost ratio, that for both pastures was above USD$2.00.

An important aspect to note is the cost of concentrate per kg DM that was 8.5 times more
expensive than the cost per kg DM of pasture, representing 85% of feeding costs.

Prospero-Bernal et al. (2017) identified the economic scale as the weak point in the
sustainability of these small-scale dairy systems, where feeding costs were identified as areas of
opportunity given that concentrates comprise a large percentage of those costs.

Results showed that Cajun Il endophyte-free tall fescue pasture under grazing performed
similarly to the Tetragrain perennial ryegrass pasture in terms of animal performance, herbage
growth and chemical composition, and in the economic analyses. However, being tall fescue

28



Evaluacion de praderas de Alta fescue (Festuca arundinacea cv. Cajun Il) en comparacion con Ballico
perenne (Lolium perenne cv. Tetragrain) para vacas en pastoreo en sistemas de produccion de leche
en pequerfia escala durante la época seca.

more tolerant to water deficit conditions, results encourage further research on the role that tall
fescue may play under grazing in the feeding strategies of small-scale dairy systems.
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IX. CONCLUSIONES GENERALES

e La respuesta animal en términos de rendimiento de leche, composicion quimica de la
leche, peso vivo, indice de condicion corporal y consumo estimado de forraje no
presentaron variaciones estadisticas significativas entre los tratamientos.

e Larespuesta agronomica de las praderas en términos de altura del pasto y acumulacion
neta de forraje no presentaron variaciones significativas entre los tratamientos.

e La respuesta quimica de las praderas presentd diferencias estadisticas significativas en
términos de MO, DIVMO y EM a favor de la Festuca arundinacea cv Cajun II.

e El contenido nutricional de las praderas es capaz de cubrir los requerimientos minimos
de energia y proteina de las vacas, lo cual podria reducir el uso de suplementos
alimenticios y por lo tanto de los costos de alimentacion.

e Laincorporacion del pastoreo como estrategia de alimentacion en los sistemas lecheros
de pequefia escala, impacta directamente sobre la rentabilidad del hato y la disminucion
de la pobreza.

e Laproduccion de leche de pequefia escala es una actividad que ofrece grandes beneficios
a las familias campesinas a través de la generacion de ingresos diarios.

e El pastoreo directo permite sostener rendimientos moderados de leche por vaca ademas
de reducir la carga de trabajo fisico para del productor.

e La presidn actual sobre los costos de produccion y los precios de venta de la leche que
enfrentan los productores sugiere seguir buscando alternativas de alimentacién a base de
forrajes alternativos que permitan reducir los costos de alimentacion y mejorar la

rentabilidad.
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6  cenmal region with respect to the northern region, bat the density of plants in the northern
77 region with respect to the center was higher (P <30.0001). Begarding the vanety, the forags
#8  yield per ha (ton DM  ba) was hipher for the hybmids (P <0.0018), whereas for milk
#¢  production (kg milk' ba) the native silages produced more (P <20.05) than the Bybrids. A
30  posiive comrelation was observed (P <0.01) for DM produocton (ton / ba)) and kg milk /
=1 ha and negative comelation (P <005 was observed for DM vield and cnade protein
22 cootent and DM digestbility. Likewize, a posiive commelation was observed (P <001 for
23  NDF digestbility with respect to TIHLD, and for the content of WEL (WT kg D) and kg
24 milk /ten DM, The pative maize of Mexico thus has the potential to provide sreater
25  production of milk / ha and per tom DM with respect to bybrid maize.

27 Keywords: com: forage; milk production; silage; hizgh vallevs of Mexico.

2% 1. Introdoction

43 The colttvation of com and the production of dary milk represent two of the main
41  ecoDomic activities in Mexco (Reta et al., 2015, Espmoza et al, 2007). According o
4z  SAGARPA (2014), there is a population of 1.3 million dawry cows, of which 85% are
43  located on small-scale farms, contributing approximately 70%: of the mational milk supply
44  per year, with a reported annual production per cow of 3190 L (Pozadas et al, 2016). In
45  the same comeext, the natiomal prodocton of dairy milk for the second quanter of 2017
af  reached 5670 million liers (STAP, 201 7). In 201§, Mexico impoerted 209,203 tons of milk
47 powdsr to cover matoral supply needs, a mumber which is expected fo increass
48  (Partalechero, 2017).

4%  Im 2013, Mexico was identified as one of the countries most affected by climate change.
s0  Fuorthermore, maize production is the main peasant farming activity in Mexico. MNearly 2
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51 million peasant prodocers participate in this activity, and 85 percent bave less than 5 ha
52 ofland. In Mexico. corn represents the main use crop for the preduction of damy milk
53  and humran consumpiion (Timenez-Leyva et al., 2016), and an undetermined amount is
s4  allocated as straw, green fodder, and to a lesser extent for the preparation of silages for
55  cafile fead {E&lii-.julmraz et al, 2014; Jmmenez-Leyva et al., 2016). According to the
36  3IAP(2016) reports, in Mexico in 2013, an area of 443,773 ha was planted in the raimy
s7  season and 161.623 ha m imgation for fodder maize. with yields of 1920 and 4755 ton
58 [/ ha of dry matter (DM) and zreen maiter (GM), respectively. Given the great
=% heterogeneity of apgroclimatic conditions has a negative impacts agricultural-animal
&0  productson, resultimg in a disparity of yields per hectare and per animal, which is why
61  there is a need to optmize the use of forage.

t2  The StAnD} (sustamable animal diets) method (Makkar and Ankers, 2014) is a tool that
63  integrates several dimenszions of susminability, incloding the three P (people. planst and
64  profitabiliy’) dimensions, and prves an overall pictare of the Cumrent state of a production

5

system. The indicators comresponding to each dimension allow for the detectson of
&4  specific problems or particular Imitations that may be addressed m erder to Improve the
67 sustaimability of the system (Makar and Ankers, 2014; FADQ, 3014} One indicater of the

64  StAnD method & “do not use cersals in amimal diets and improve the use of native

2

resources” (Planet dimensiom). This stody used the StAnD method to evaluate the
70 sustaimability of native and hybnid silapes in Mexico, and can belp o guide apricultoral
71 practices and paolicies in accordance with the economic and environmental performance
72 of different maize prodoction systems. The objective of the present shady was i
73  determine the quality and forage yield (ton / ba) of some of the com silages produced in
74  Mexico and to estimate the potential production of milk with the Milk 2008 program.

I3
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74 ¥ Adaterials and methods
77 21 Dirsa collection

74  Apioformation search was carmed out fecused on collecting stodies oo com forage yield

2

and quality produced in the different geographic repions of Mexico, which were prouped
Bo  ioto thres general ones, aking as a criterion of classification thedr climatic characteristics
g1 (Amendola et al , 2005): 1. northemn rone or arid and semi-and resson, composed of the
Bz  states of Baja California, Baja Califormia Suar, Coahuila, Chibuabua, Durango, Muevo
B3 Leon Sao Luis Podosi, Sonora, Tamaulipas and Zacatecas; 1. ceniral zope or integrated

Ba temperate regwn consisting of the stvies of Apmscalientes, Mexico City, Stae of

i

Mexico. Guamajuato, Hidalpe, Jalisco, Michoacan Morelos. Pusbla, Queretaro and
B4 Tlaxcaly, 3 sputhemn zope or tropical dry and bomid region, coofining the states of
Br Campeche, Colima Chiapas, Guemero, MNayant, Oaxaca, Cuntana Foo, Smaloa,

B8 Tabasco, Veracuz and Yocatan

2

The poblicaton: were obtained from searches in databases much as Elsevier, Google,
so  SO0PUS, Web of Science and Redalyr. The search strings consistad of terms found in
1 the fitle, abstract and keywords. The terms used were: “com™, “silage”; “forage yield";
2  “chemical compositton”; “outritional wahee”; “high valleys of Mexico™, "Mexico™, amy
3  ploak of these terms, and combinations of these terms, and thirteen arricles were selecied
94  (MNumezetal, 2001, Nufiez et al, 2003, Pefia et al , 2004; Ruiz ot al., 20:06; Antolin et al .
w5 2009; Anaya et al , 2009; Nunez et al , 2010; Albarmam et al, 2012; Tadeo et al, 2012;
w6  Jurado etal , 2014; Momales et al. 2014; Franco et al , 2014; Jimenez et al | 2014§).

77

w8 1.2 Criserion of mciusion

% The selection process limited the results to stodies publibed from 2001 to 2006, For
1o inchesion m the final database. the stodies should have been done in one of the diffsrent

4
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101 peopraphical repsons of the Mexican Fepublic and also inchade apronomic and chemical
102 variables such as: dry matier yield (ton / ha), plant density (mumber of plants / ha), dry
103 maiter content (DM, crode protein (CF), neutral deterpent fiber (WDF), ash or orgamic
104 mafter (OM), dipestibility of dry marter (DMLY). newiral defergent fiber dizestibility
s (WDFD), starch and fat content, as well as region of origin and genetic line (pative ws.
id  hyhnd).

107  The final database incloded a total of 144 records, of which 137 were from bybrid maize
108 and seven from native mairze Data were collected from stodies in the north and cemter

1oy regsons of Mexico without finding information from the seuthern zone.

111 2.3 Cairuiations

112  The missing vakhes for NOFD were calonlated using a regression eguation with the data
113 obifamed fom all the registersd works that did nof contain this mfcrmaton:

114  NDFD (35 =T77.94 (= 1.83) + [(NDF %) * (- 0.36 (=0.95))]

115  The missing data for starch and faf in those works that did not contam this information
136 were adjusted according to the WEC (2001). The net energy of lactation (NEL. MT / kg
117 DM), total dipestible murients (THDY), kilograms of milk per ton of dry matter (kg milk /
128  ton DM) and kilograms of milk per bectare were determined (kg milk / ha) using the
11%  MILE2006 spreadshest (Shawer, 2004).

1720 14 Starmsncal analysi

121 In order to identify differences between maize production systems and thedr distinet
172 dmensions, Kelmogorow-Smimoy tests were applied to determine if the resulting scores
123 vamed significantly with respect to a pormal dismibution. Afier the data was determined

124 to have a nommal distribution, the datasets were analyzed by a model with a conapletahy
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175  randomized desizn and Tukey's average comparison test (P<00.05). These analyses were
174  camied out with the SAS statistical soffware (Statistical Analyziz System 300

127 Dam oo dry matter production, chemical compasition and milk production of silage were
178 amalyzed using a completely randomired desizn The information was computed through
17z%  an amalysis of variance with the SAS program (2002), accordmgz to the following
120 s@nstcal model:

131 Y~u+ reglon, + genetic line | + Oy

132 where: Y, = dry matter, chemical composition and milk production, u = geperal mean,
123 region = effect of the vamety (o = 1), genetic line = effect of the method (o= 1) and 2=
124  random ermor.

135 The effects were considered sipmificant of they were lower than P <005, To determine if
124 there were differences between the effects, the Tukey test was used for multiple
137 companison of means (Stee] and Terrie, 1907).

128 Subsequently. a Pearson camelation anabysis was camied out to estimate the relationship
12%  between the vamables of dry mafter production, chemistry composition and milk
140  production per hectare, using the statistcal packagze Statistical Packape for Socal Soence
141 [SPSS] 2012)

142 Finally, a multiple Linear regression analysis was performed to penerate prediction
143  equatons for the net ensrpy of lactation (NEL, MT / kg DM, Klograms: of milk per ton
144  of dry maiter (kg milk /too D& and kiloerams of milk per hectars (kg milk / ha), using
145  the comelations with the highest degree of association between the aforementioned
145 vamables. In camying out all the anabyses, spacialized software was used (Statistical
147  Package for Secial Soence [SPSS5]. 20120

148  The statistical mode] used was the followns:

147 y=({B+d.n+bh.n+&)+0;

>[w 1<
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130 whers:

131 y=HNEL MT/kz DM milk kg / ton DM and kg mdlk / ba by, = intersect of ¥, b, = slope
132  of the siraight lme adyosted o the data, x, = dependent variables that are included in the
133 model O, = model emor.

134

135 3. Resnlis

136 The DM wield per ha (Table 1) was higher (B <0.0001) for the central regiom (24 8%)
137  thanin the northemn repion, whereas the density of plants m the northern region was higher
138 (P <0.0001) compared to the center The DMD was four points smaller (P <20.0001) for
13%  the cenfer region than the northem regiomn, the CP content was higher (P <2000 1) for the
160  northem region than the center regron, and m terms of WEL (M) / kg DM) and kg of milk
161 perion DM there were no differences between regions (P 0.05). Milk producton / ha,
162  however, was higher (P <0001} n the central repion comparad to the northern regon.
163  Reparding the variety (Table 1), the forage yield per ha was higher for the bybmds (P =
164 0.0018) with respect to the maive silages, baf similar (P~ 0.03) m terms of plant density
165  and CP content, NOF, DM and NDFD:. The percentage of DM was higher (P <0001}
164  for the hybnids with respect to the natives. A tendency (P = 0.07) was observed for the
167  conotent of NEL and kg milk / ton DM to be higher in the natve silages with respect fo
168  the bybmids, and also for milk yield, (kg milk’ ha) to be higher m the mative silages (P =
16%  0.03) compared to hybrids.

170 In Table 3 a positive comrelation was observed (P <0.01) for DM production and kg milk
171 [/ ha, and negative relationship (P <0.05) was observed for DM wield, CP confent and
172 DMD. Likewise, a positive comelation was observed (P <20.01) for the WDFD and T,

173 and for the content of WEL (M / kg DM) and kg milk / ton DM.
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174 The resulting prediction equatsons for caloulating the WEL (MT / kg DM), kg milk / ton
175 DM and kg milk / ha are presented in Table 4. The use of two variables explained the
176  greater variation for WEL (MT / kg DM) and kg milk / ton DM, while for kg milk / ha
177 ooly one vanable was used.

174

173 4. Discossion

180 The differemces in DM production, mumber of plants, CP content and milk production (kg
181  milk / ha) in the two regions stadied can be atmiuted to the degres of matunity reached
182 by the plant at the tme of cutting, as well as for the vamety of the plant, both of which
183 determine forage vield and milk production per too of dry matter (Ansolin-Domunguez et
182 al, 2009

185  In the porthemn region. fodder maize of tropical or temperate origin is wsed, which has a
186  smaller barvest cvele, as well as smaller stems and fewer leaves, which decreases DM
187  production, in addition to requining a greater mumber of plants to reach an optionm forage
188 yeld; however, this mcrease does pot mean a higher production of biomass per umst arsa
187  (Mimdez et al, 2001; Elizondo and Boschini, 2002) as found in the present study. as the
150  Dafve maize is the one that presenfed a greater amount of DM

191 Gonzaler et al. (2008) and Aragon et al. (3005), mention that in the center of Mexico
192  from 87 to 80% of maize that is sown bas a larper stem size, which encouages higher
1593  production (ton DM 7 ka). The altrods of the plant, as well, can mfloence the merease of
174 milk production / ha (Wu and Roth, 20035), although this tvpe of com because of its
195  mahmation stage at the time of cutting, has a lower amount of CP (Pena et al, 2002)
196  compared with the mafre sown in other bvivhades (Al et al, 2012; Ehan ef al., 2015).

197  which contains a higher content of CP and WEL at the time of silage.
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178  The forage yield (fon DM / ba) and the DM content were higher in the brybrid com than
177  the patives silages presented in this shady, which may be due to the age of the plant at the
o0 e of cutting. Elizondo and Boschind (2002) mention that when companng hybnd maize
201 agamst natives with the same age at the time of cutting. the bybrid maize surpasses the

2oz dry matter content 4007 with respect to the native opes, which coincides with the present

203 stody.

204

205 Forage yields (ton DM / ha) were hizher than those found by Muszadiq et al. (2013) and
zofi  Cusicangui and Laver (1999, who reported 11.7 and 17 tons of DM  ha of bybrid maize

207 respectively, hut similar to these of Cox and Chemmey (2001), who reparted 195 ton DM
208 / ha m hybnd maize Robles et al. (2017) found 14.10 ton DM / ha wich is m the
207 minimumy value in the present stady. Hermrero et al. (2010) and MecDermaodtt et al. (2010)
210  mentioned that the integration of amimal mamare plays an important role in impreving the
211 equilibrium of mitrients n the seil and during crop producton Although 877 of farmers
712  apply mame fertilizer, only 12%: adequately perform this practice by first composting
713 the marmre while another 50% apply mamure after two weeks of dryinz. The remaining
714  percentage of farmers apply fresh marure (Pankine Flores ef al, 2017).

215 Lasmar de Olveira et al. (2017) in iropical climates (1085 kg milk / ton DM) and
216  Mussadiq et al. (2013), with 1207 kg of milk / ton DM are higher than the present study
217 (490 18 kz milk' ton DM). Cox and Chemey (2001) found a milk yield that vanes from
218 1131w 18.5 tonofmilk / ha, lower vields than the present stady (22 2340 1 ton of milk ha).
1% It is also evident that despate thiz lower yield of DM in native maize compared to hybrid
270 maize a greater quaniity of milk (kg milk / ha) is produced, which is still conserved by
271 small producers and is easily commmercialized (Boschin and Elizondo, 2004) in the

222 repion This increase in milk production that ocours in native marze can be explainsd
]
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273 becamse the hybrd maize while presenfing a preater amount of forage, decreases the
774  production of sars (Nupez et al, 2003; Pena et al , 2003), which can decrease the amount
275 of starch in the plant causing lJower milk yields per ton DM and kg milk / ha (Ferraretio
276 and Shaver, 2013, Lascano et al., 2016). In this system, the standard native production
27y yvield of maize is 18 fons / ha This relatively low vield renders these enterprises less
278  ecopomically wiable compared with other counmiries. especially considenins the low
27y  markef prices for maize and hiph dependency of these farmmers on govemment subsidies.
230 The comelations obtainsd in this stody apree with Shaver and Lauer (2006) and the
zz1  Mik3M0§ medel Schwab et al (2003) mention that the Milk300d model bas the basic
222  concept of a summative energy eguation, which is fulfilled in this stody, ebtaining a
223 sigpmificant cormrelation regarding the concentration of WEL and the estmated production
24 ofkp milk /too DM (=099,

235 The resling equations (Table 4) to predict the NEL and kg milk / fon DM were
=6  accep@able using only two varables, which may be due to the fact that the two vanables
237 used in the MILEI00S made] were used, which are calculated acconding to the vanables
228 wusad in this mode] (Schavab et al., 3003, Muszadiq et al . 2013). The equation to calculate
237 the milk yvield (kg milk’ ha) resulting in this stody is similar to that of Mussadig et al
240 (2013), who mention that this means of calculating kz milk / ha is a combination of
241  quality and quantity parameters of com silage according to what is established by the
247  MILE200G model

243

744 5 Conclusion

245  The use of native maize in Mexico is a viable alterrative for use as a silage in feed for
246  daimy cows, with higher milk production per hectare and per ton of dry matter compared
247  to bybrd maize Likewise. there &5 presier milk producton / ba in the ceniral region of

10
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za8  ibe couniry. This circumstance can reinforce the use of kocal native varetiss for their
4%  productive characteristics, thus preserving the ndipenous biodiversity of com seeds, the
250  naden’s culbaral heritage, which would suppoert povemment myvolvement in their care.
231 More shadies are required to evahsate the chemical composition of com silage, especially
232  the inclosion of starch, fat and its digesthbility for a better approximation

253

724 Acknowledpements

255 The M in C. Liz Fobles was benefited by a prant of the Conacyt during #s studies of
236  Dodorate, in ibe programa de Maesima v Doeciorado en Ciencias Agropecuamias §
237  Reoursos Wahmales, Universidad Autonoma del Estado de Mexsco. This project was
38  supparied by TAEM 433572017.

239

260 Heferences

261  Albaman B. Garcia, A, Espinoza, A | Espinosa E. y Amriaga, C M., 2012. Maize silage
262 in the dry season for prammng dairy cows m small-scale production systems in
263 Mexico highlands. Indian J. Amim Bes 46(4), 317-324.

s AL M. Weishjerg. M.E.. Cone, I'W_ van Duinkerken, &, Blok, M.C., Broinenberz, M.,

265 Hendnks, W H 2012, Postruminal depradation of crode protein, neutral detergant
el fikre and starch of maize and prass slages in dairy cows Amirmn Feed Sci
267 Techmal 177:172 - 179,

268  Amendola, B, Castillo, E. v Martinez. P, 2005 Perfiles por pas del recurso

267 pashuraforraje. Foma, Ialia: ed. FAO.

zro  Amayva-Ortega, ] P., Gardubo-Castre, ., Espinoza-Ortega, A., Fojo-Fubio, . and
271 Amaga-Terdan, . M., 2009, Silage from maize (Zea mays), anmal ryegrass
272 (Lolim pmliiflorun) of their mixiore in the dry season feeding of srazing dairy

11

> w 1<



Evaluacion de praderas de Alta fescue (Festuca arundinacea cv. Cajun Il) en comparacion con Ballico
perenne (Lolium perenne cv. Tetragrain) para vacas en pastoreo en sistemas de produccion de leche
en pequefia escala durante la época seca.

273 cows in small-scale dairy production systerns in the hizghlands of Mexico. Trop.
274 Anim Health Proda. 41, 607-614.
zrs  Antolm-Deminguer. M, Gonzalez-Fonquille, M., Goti-Cedefia, 5., Dominguez-Vara, 1

276 A . Arriapa-Gonzalez, T, 2000 Rendimiento v produccion de gas in vitro de
277 maices hibridos conservados por ensilaje o henificado. Tec. Peco Mex. 47(4).
=78 213423,

zry Amgon, CF. Taba, 5.; Castro, G. HF., Hernandez, C. IJM.. Cabrera, T. J.M., Osario,

280 AL Dillanes, B.N. 2005. In situ conservation and use of local maize races in
zB1 Oaxaca, Mexico: A panticipatory and decentralized approach In Taba, 5. ed. Latin
el e American maize permplasm conservation: regeneration, in st conservation, cors
B3 subsets, and prebreeding. In Proceedings of a workshop held at CIMMMYT.
2Ba CIMDMYT, Mewico, D. F. 25-38.

7&%  Boschmi C, Elizondo I A 2004 Rendimviento de forraje de dos materiales peneticos de
el 11 malz (Zea mays L) sembrados a diferentes distancias de siembra. Azron Trop.
2B7 34:87-02

288  Celis-Alvarez, M. D, Lapez- Gonzalez, F., Martinez-Garcia, C. G.. Estrada-Flores. . G-

287 and Amiapa-Jordan, C. M., 2014, Oar and ryegrass silage for small-scale dairy
290 sysiems in the highlands of central Mexice. Trop. Anim Health Prod. 48: 1126-
271 1134

ez Cox W, I and Chemey, D. I. .. 20{01. Row spacing, plant density and nitropen effects
253 oo com silage. Apron J. 93: 3087-602.

ze4  Cosicanqui I A and Lager, I, G, 1990, Plant density and bybrid influence on com forags
295 vield and quality. Agron J 91: 911-815.

794 Elizomdo, J.. C. Boschini 2002. Produccion de formaje con maiz native v maiz hibride.

297 Agzron. Meseam 13:13-17.

1z



Evaluacion de praderas de Alta fescue (Festuca arundinacea cv. Cajun Il) en comparacion con Ballico
perenne (Lolium perenne cv. Tetragrain) para vacas en pastoreo en sistemas de produccion de leche
en pequefia escala durante la época seca.

798  Espmoza-Ortepa. A  Espinosa-Avala, E  Bastida-Lopez, I, Castaneda-Martinez, T. and

277 Amiaga-Tordan, C M., 2007. Small-scale dairy farming i the hizhlands of central
clia) Mewxicoc techniral and social aspects and their mpact on peverty. Exp. Apmic. 43,
301 241-134.

3oz FAQ. Towards a concept of Sustainable Animal Dhets ; 2014 By Makkar HPS, Ankers
303 P. FAOQ Anim Prod. Health Rep. No. 7.

ang  Femaretto, L. F., and Shawer, B [, 2013, Meta-analysis: Effects of com silage hybrid
305 tvpe on infake, digestion, and milk production by dairy cows. J. Dadry 5o 95214

ané  Franco-Martnez, J B P, 2016. Identificacion de maices sobresalientes por su potencial

307 v calidad fommajera en el valle de Toluwca-Atlacomulco, Estado de Memco. Tesis
30 de doctorado. Programa de Clencias Apropecuarias vy Fecursos natorales,
£l PCARN. Campus Universitario el Cerrilla, Tolhaca, Esado de Mexico.

310 Gonzaler, HA ; Vazquez, G, LM, Sahagun, C.J.; Rodnpuez, PJE., 2008. Diversidad
311 fenotipica en varniedades e ibridos de maiz en el Valle de Toluca-Adacommuico,
312 Mexico. Fev. Fitotec. Mex 31(1), §7-76.

313 Hemero, M, Thomion, P.E, Notenbaert, A M, Madera, 5, Msangl 5 Freeman HA

314 Bessie, D)., Dixon, ., Peters, M. van de Steeg, I, Lynam J Panthazarathy, Fao
315 P Macmillan 5., Gerard. B., McDermodt, T, Sere, C_Fosegrant, M, 2010, Smart
314 Investment m the sustainable production of food: review of mixed agricultaral
317 and livestock sysiems. Science. 327(3967), 822-825.

318 Jmmenez-Leyva, D., Romo-Ruobio, T, Flores-Agumre, L., Oniiz-Lopez. B. ¥ Barajas-Cruz.
31% E., 2014. Edad de corte en la composicion qumica del ensilado de maiz blanco

270 asgrow-7573. Abanico Vet 6(3), 13-23.

1=



Evaluacion de praderas de Alta fescue (Festuca arundinacea cv. Cajun Il) en comparacion con Ballico
perenne (Lolium perenne cv. Tetragrain) para vacas en pastoreo en sistemas de produccion de leche
en pequefia escala durante la época seca.

3z1  Juado-Guera, P, Lara-Macms, . B, v Saucedo-Teran, B A, 2014, Paguste

373 tecoologico para la produccion de manz forrajero en Chibmabma Covoacan
373 Mexico D. F. gd Imifap.
374 http:biblioteca. mifap sob mx:S0E0 ] spui hitsreamn handle1 234 56 704 31 1401
cll 0208104500056448 CTRMOC pdfMsequence=]

azé Fhan N A P Q. YoM Al I W. Cone, and W. H. Hendriks. 2015. Nutritive value of
by maize silapge in relation to dairy cow performance and milk quality. J. S Food
378 Agmic. 95:2138-252.

azy  Lasmar de Qliveima, I, Miranda-Lima, L, Fume-Cazagrande, D, Stefanelli-Lara, M. A
330 and Fermandes Bernardes, T., 2017. Mumitve vahe of com silage from infensive
331 dairy farms in Brazil B Bras Zootec. 46{8), 294-301.

3z2 Lascane, G .. Alends M. Koch L E. and Jenkims, T. C_, 2016, Changes in fenmentation

333 and biohydrogeration intermediates in contooous cultores fad low and high
334 levels of fat with increasing rates of starch degradability. J. Dradry Sci. 99, §334-
335 6341

azf  Makkar HPS, Ankers P, 2014, Towards sustainable anmmal dists:a survey-based stody.

ek Anim Feed Sci Technol 198, 308-22. £

3z  McDemmott, TJ, Staal 57, Freeman H A, Hemero, M., Van de Stesg JA. 2010

357 Mainfaining the intensification of small-scals lhvestock systems in the Tropics (EL
340y mantenimiento de la intensificacion de Jos sistemas panaderos en pequenta escala
341 en los fropicos). Gamad Cienc. 130 95109 hbipo/dy dol.org10.10146/
343 jHvscd 2010.02.014.

14



Evaluacion de praderas de Alta fescue (Festuca arundinacea cv. Cajun Il) en comparacion con Ballico
perenne (Lolium perenne cv. Tetragrain) para vacas en pastoreo en sistemas de produccion de leche
en pequefia escala durante la época seca.

343 Momles B A Morales B E. I Franco, M. O, Marezoumena B. D Estrada, C. G ¥
344 Morman, MT. H, 2014. Densidad de poblacion en marz, coeficiente de
345 ateruacion de luz ¥ rendimiento. Bev. Mex. Clenc. Apnc. §, 1425-1431.

346  Mussadig, Z., Gustavsson, A, Geladi P, Swensson, C. and Hetta, M., 2013, Effects of

347 morphological fractions on estimated milk yields in forage maize depending on
344 erowing sie and plant mabonty. Acta Agmc Scapd Sect A-Animal science
34% 63(3). 131-142.

3so  Numez-Hermandez, G., Pavan-Garcia, J. A, Pera-Ramos, A.. Gonzalez-Castaneda, F..

351 Ruiz-Barrera, 0. ¥ Arzola-Alvarez, ¢ 2010. Caracterizacién agronémica ¥
353 nutricional del fomje de varedades de especies amuales en la region morte de
353 Mexzoo Fev Mex, Clenc Pecua 102, 23-98

3s4 Nuez-Hemmamdez, ., Conotreras-G, E. F. v Faz-Coofreras, B, 2003, Caracteristicas
355 AFTONODNCAS v UERicAs Mmportantes en hibridos de maiz formajero con alto waler
355 enerzetico. Tec Pecu Mex 41(1). 3748

3sy  Nimez-Hermandez ., Faz-Conmreras, B, Tovas-Gomez, M. F. v Zavala-Gomez, A
354 2001. Hhbrides de maiz para la produccion de formaje con alta dipestibilidad en el
15 norte ds México. Tec. Dacu. Méx 30(2) 77-82.

360 Paulino-Flores, M., Martinez-Campos, A B, Martmez-Castantieda, F.A., Lopez-Orona.
361 C A Vizcarra-Bordi, 1., Munzma, M., 3017 Evahation of the sostainability of
362 hybnd and native maize production systems. J. Clea Prod. 150, 287-293.

363 Pema-Ramos, A Gonzalez-Castaneda, F., Munez-Hemandez, ., Tovar-Gomez, Ma. Del

1%} B, Preciade-Oriz. B E., Torreon-Thamma, A, Gomez-Maonriel, N, Ortera-Carono,
1L A 2006. Estabilidad del rendimisnio v calidad forrajera de nbridos de mar. Rey.
364 Fitotec. Mex. 202, 102-114.

13

> [ s | <



Evaluacion de praderas de Alta fescue (Festuca arundinacea cv. Cajun Il) en comparacion con Ballico
perenne (Lolium perenne cv. Tetragrain) para vacas en pastoreo en sistemas de produccion de leche
en pequefia escala durante la época seca.

367 Pema, B A Mumer HG. Gonzalez, C. F_, 2003. Importancia de la planta ¥ el elote en
364 poblaciones de maiz para 2] mejoramiento genetico de la calidad fomajera. Tec
363 Decu Mex 41(1), 63-74.

aro Pema, B A, Mmez. HG., Gonzalez, C.F. 2002. Potencial forrajero de poblaciones de
ari maiz ¥ relacion epire atribabos agroncmices con 1a calidad Tec. Pecn Mex 20(3),
a7 215-X38.

373 Poralecherocom . 2017. Mexico: es el segundo importader de mumdial de leche en

37a polvo.

ars hiitps/‘www. portalechers .com'moovapartal v/l 3204'] ‘innova. front‘mexico:es-
aré el-semundo-impartador-mundial-da-leche-en-polvo bim] (7 de diciembre de
arz 2017).

378  Posadas-Depunpuesz, B B, Callsjas-Tuarez, N, Amiaga-Jordan, C. M. and Martmez-

3T Castaneda, FE.. 2015. Economic and financial viability of small scale dairy
380 systems in central Mexico: economic scenanio 2010-2018. Trop. Anim. Health
3l Prod. 48(8), 1657-1671.

3gr Reta-Sanchez, D. G., Fipueroa-Viamontes, U, Sermano-Coroma, 1.5, Cuimoga-Garza,

383 HM., Gavan-Mascomo, A. v Cusio-Wong, J A, 2015, Potencial formajere ¥
R4 productividad del agua en patrones de coltives alternos. Rev. Mex Cien. Pecu
385 &(2), 153-170.

a4 Robles-Timenez, L E_, Fuir-Prez. J A Monles-Osario, A . Gutiermez-Marinez, MG,

3g7 Gonzalez-Ronguillo, M. 2017, Produrcion de forraje, composicion gummica ¥
384 produccion de gas in viro de maices hibridos amarilles cultivades en Mexico.
= Trop. Subtrop. Apreecosyst 20, 373 - 370,

16



Evaluacion de praderas de Alta fescue (Festuca arundinacea cv. Cajun Il) en comparacion con Ballico
perenne (Lolium perenne cv. Tetragrain) para vacas en pastoreo en sistemas de produccion de leche
en pequefia escala durante la época seca.

aso  Ruiz, 0., Beltran, B, Salvader, F., Rubio, H, Grado, A. v Castillo, Y., 2005. Valor
3wt muairitive v rendimiento forrajero de Wbrides de maaz para ensilaje Rev. Cub
392 Cienc. Apmc. 20(1), 91-96.

asz  SAGARPA- Seoetaria de Apmiculbara, Ganadera, Desamolle Fural, Pesca v

394 Alimentacion. 201§ Esceramo base 00-13 Proyeccione: para el secior
395 APTOPECIATio da Mexico.
awd

agy  SAS. Stanstical Anabysziz System Instinote (2003). Stanstcal Analysis System Instiboe
3wl Inc. SAS/STAT User's Guide, Cary, North Carolima, US A

awy  Shaver, B, 2006. Com silage evaluation: MITE 3000 challenges and opportunities with
201 doomments/milk 3062 pdf. (12-08-2017).

2n2  Shaver, B D, & Laner, J. & (2006). Review of Wisconsin com silage milk per ton

203 models (Abstr). T. Dairy Sci 89, 282283,
204 STAP- Servick de Informacion Agrealimentaria v Pesquera. 2006 Anuaro estadistico de
208 la produccion agricola. hitp:'/mube siap. gob mx/cieme_azricola’ (12-09-2017).
204 SIAP- Servicie de Informacion Azroalimentaria ¥ Pesquera , 2017, Panorama de la lsche
407 &0 Mexico. Fanie 2017.
208 http:/infosiap siap pob.mx/'optboletlech B leche %ol (Hjunio2017pdf  (12-09-
209 2017).

230 Schwab, E.C, Shaver, B D Lauper, I. G. & Coors, . G., 2003. Estimating silage energy
411 value and milk yield to ok coro hybrids. Anim Feed S Technel 109, 1-18.

217 Stagstical Package for Socdal Scence (SPSS)., 2012 SPSS Base 210 user's guide.

413 Chicago (IL).

1r



Evaluacion de praderas de Alta fescue (Festuca arundinacea cv. Cajun Il) en comparacion con Ballico
perenne (Lolium perenne cv. Tetragrain) para vacas en pastoreo en sistemas de produccion de leche
en pequefia escala durante la época seca.

214 Steel BG., Tomie, JH, 1997, Prnciples and procedures of statistics a biomedical
415 approach (2™ ed). WNew Yaork, WY Mc Graw Hill Book Co. New York, pp 178-180.
216 Tadeo-Robledo, M., Espinosa-Calderon, A., Zaragoza-Esparza, T, Turent-Femandez,
417 A Sierra Macias, M. v Gomez-Montiel, M., 2012, Fomaje v zrano de bridos de
218 maiz amarillos pam valles altes de Mexice. Apgron Mesoam. 23(3), 281-288.

21 Wi Z, Both & 205 Consideration: i managing cuming height of com silage.
A7) Extenzion publication DAS 03-72. The Pennsylvania Stae University, University
4z Partk. p 7.

18



Evaluacion de praderas de Alta fescue (Festuca arundinacea cv. Cajun Il) en comparacion con Ballico
perenne (Lolium perenne cv. Tetragrain) para vacas en pastoreo en sistemas de produccion de leche
en pequefia escala durante la época seca.

Tahle 1. Forage producton (fon / ha) density of plants, chemical composition of sfaze and its potental milk prodocton (kg milk / ton

DM and kg milk [ ha) of com zilage sown in the ceniral and northern region of Mexico.

Center region M40 Worth regon N.120
Variable Mawimom Mmipmm  Awerage Maximum Minimom Avengze SEM P
Walue
Forage vwield (ton 3420 .30 073 I 240 1558 DR31 00001
Dhha)
Plant Density, ha 25000 62300 7062 100000 2300 24745 1834 00001
DM 4340 1110 o0 HED 18.40 o2l 120 D60oE
DMD%: T30 4770 6320 7610 60400 G781 089 00000
CFe 1000 440 654 10.30 fi.40 2.04 023 ool
NLOF% ] 3380 5639  GR.O0 3100 698 1467 DES4T
NLFD % 68 40 4300 5768 668D 50.30 3746 DTE DO9A2
TOR-ME 7173 a4 53 77 4714 63if4 D67 DMET

NE, MIEsDM! 6.53 513 5.61 644 460 565 ool 03614
Ee milk tonTH! 615.54 42077 4024 G020 I2TM 40515 015 Da0M
Kegmilk'ha jaR1e 13288 2344 IRO0E3 0153 11131 97329 00001

1 Tahble 2. Forage production (ton / ha) density of plamts, chemical composition of silages and their potental milk production (kg milk /

7z ton M5 and kg milk / ba) of hybrid and native com silazes sown in Mexico

Marive slage N.7 Hybnd =ilage N.133
Varable Maommmm Mimimm — Average Mamimmm  Mmmom  Awerage SEM F
Value
Formaze yield (oo 2230 1410 1834 3410 o4n 1823 141 00018
LM 'ha)
Plant Diensity ha 13,500 1,500 65,714 100,000 2,500 20402 3112 062245
DM 1310 17.10 005 4450 1110 3034 205 00001
DD % 9.50 53.30 65.546 TB.30 4770 G656 1.58 01144
TP 050 470 a4a7 10.30 440 .75 0435 0726
NDF% 61.10 36.30 5154 9.00 31.00 5702 184 0.1261
NDFD % 67.70 5140 5872 (8. 40 43.00 5746 1.33 03715
TON-DM %! 021 0.6 6333 7273 4714 G352 136 0.1058
NEL BMIEsDM' 611 544 582 6.53 460 5.65 0,025 00704
Ezmilk tonTH' 55810 45428 51584 61554 E 40314 1552 00733
Flz moilk bt 17441 15498 147 38,820 815373 113 155497 00307

2 DM = dry matter content, DMD = digestibility of dry matter, CP = cude profein, WDF = neuiral detergent fiber, WDFD = neuiral

4 detergent Ober digestibility, TWD = total dizestible murents WEL = net ensrgy for lactaton (M) (kg D). kg milk ' Ton DM = kilograms

of milk per ton of dry marter, Kz Milk / ha = kilograms of milk per hectare.
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DM = dry matter comtent. DMD = digestibility of dry matter. CP = crude protein. NDF = neutral deterpent fiber, WOFLD = neuiral
deterpent fiber digestibility, TID = toml digestuble marients WEL = pet enerpy for lacaten (Mj (kg D). kg milk / Ton DM = kiloerams
of milk per ton of dry marter, Ez Milk / ha = kiloprams of milk per hectare.

& Table 3. Comelation matrix between forage producton and plant densify by ha compared to its chemdcal composition of silaze and its

7 potential milk producton (kz) per ton DM and kg milk ‘ha,

Varianles T OM= DMD% (P NDF% NOFD% IDN % NEMJ [ Rz milk Kpmk
demsity, ha IM K:DM tooDM  ha

Fomzr vield (on 0308 045°° 0380°* (0350 00&° 193 0I5 0160 015 o8
DMha)

Plant densiry b 0140  0ST0** 0336 0045 0005 0112 0131 D119 D347
DM% 0155 0114 D14 0084 DIST D250 DM 0355
DMD% 0116 DIM* 0200* 0SBt (280 Q2D 0281
P 0373%* 0301% 0203 Q2S1** 0264%0 02764
NDF% 0750% 0605 0538 DSTE 0001
NDFD% 0508+ [460** QSIS 04
TON-DMS 0S67**  00SE* 0210
NELMI/ Kz DM DoGEss 0176
Kz milk/ ton DM 0.181¢

g *P=005, ** P00l 4 P00

% DM = dry matter confent, DMD = Digestibdity of dry marter, P = cmade Protein, NOF = Neutral Detergent Fiber, NDFD = nsuiral
10 defergent fiber digestibility, TWD = Total digestible momients, WEL = Net Energy for Lactation (M / kg DM), kg milk / Ton DM =
11 kilograms of milk per ton of dry matter, Eg Milk | ba = kilograms of milk per hectare.

1z Table 4. Equations 1 estimate (v =a+bx 1 + b 2) the NEL (Mj/ kg DM), Ke milk / ton DM and ke milk /ba, using maize silpe

12 sown in Mexico.

14
Y Equation r FValue
NE, (Ml DM) Y=0.097 (=0.005) +0.023 (=0.001) * (TOW) -0.004 {=0.0001) *(NDFD %) 086 0.001

Kemillon DM Y=-306.06 (5.75) =550.31 (435) * (NE,, MIkeMS)+ 101 (=0.08) * (NDFD' %) 089 0.001
Kemilha  V=2007.40 (+638.07) + 1062.67 (£3248) * (Forage vield (ton DM ba)) 038 0001

15 DIN[= ary matter content, NDFD) = netral deterzent Aber digestioiity, TN = Total dipesble murients, NEL = Net Energy for Lactation

16 (kg DM), kz milk/ Ton DM = kilograms of milk per fon of dry maiter, Kz Milk | ha =lilograms of milk per hectare,
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Introduction Com forage and milk yield production represent fwo of the main economic aciviles In
Mexico (Reta et al. 2015). In e case of Me cutivation of hybrd maize, greater amphasis Nas baen
ghven o the yield of forage per unit area, than 1o e meritonal qualty, whike native maize has greater
arhvaniages Tan hyord malze as | Is 3 nusic crop that requines low level of Inpuis such as fertiizers
and pestcioes The objective of the presert study was to determine the qualty and forage yiel
(ian ! ha) of com Slages protuced In Medco, 3s well 3 1o estimate the potential production of milk
with e Milk 2006 program.

Materials and Methods A search was made of sludiss Tocusing on the forage yiaid (ton § ha), density
(rumber of piams / ha) and chemical composition, Dry matter (DM, Organkc mamer (OM), Crude
protein (CPY, Meutral detergent fiber (MDF), stamn, fat, DM dgestibiity and NDF cigestinlity of oom
5lage procuced In Mexico, according o RS genstc e (native vs. hybrkd). The net encrgy of lactation
(HEL., M4%g Db, Kiogrames of milk per ton of dry matber (kg milk [ ton D) and KEegrams of milk per
hectare (kg milk / N3) were cemmined using the MILK2D06 spreadsheet (Shaver 20061 The
pubilcations wene obiained from searches: In dEEhasss U &35 Sseviar, Google, SCOPUS and Wisks
of Soienca. LIsng the tams “com sllage”, “production”, Texdco™ and “milk", 3 tolal of 14 articies and
144 shudles fTrom 2001 o 2046 wene obiained A compietely randomized design was used to considar
the genctic Ine varables [native vs. hytrid), and 3 cOmaaton analyss was pemamed. The effacs
Were consigersd signifcant (P <0.05), using the Tukay test Sor COmMpanson of Means.

Resufts Forage yiekd per ha was higher for the hybrids (P <0.001) companed to the native sliages, and
the two wese similar {P= [.05) In ferms of density of plants and their content of CP, NDF and DM and

NDF digestiility. A trend {P=0.07) was observed of MEL and kg milk / ton DM being higher In nathe's
skages than In hybrid sllages; native sEages were higher (P = 0L03) with respect 1o e hyond sllages
In mik yiekd kg / ha A postive comelaton was cbserved (P<D.01) for forage production and
kg milk / ha, and Total Digestbie Nulrients (TDM / kg DM P <0.01) with respect to the: content of
MEL (MU / g DM and kg milk / ton DL

Discussion The forage yield (ion DM / ha) and the % DM werz higher in the hytnd maize with respect
10 the native silages presented In this study. This may be due b0 Me plant density ks 22% higher In
hybrid maize at the tme of cutting. Also, Ellzonde and Boschinl {2002) menton that when companing
hybrid maize against nabive Wil equal age a tme of cutting, the hybid malze sWpasses the ary
matier content by A00% with respect to the native sllages, profiably because some hytrids are early
mature vareties. In addtion, the Increase In mik production that occurs with native maize can be
explained because hybrid malze with 3 greater amount of Torage yield evidences decreased ear
production (Mufies et al 2003), which can decrease Te amount of starch In the plant, having lower
NS causing iower mik yiekis per ton DM and kg milk § ha (Famanetio and Shaver 2013; Lascano et al.
2015). The comeiations obiained In Mis study agree with those of Shaver and Lawer (2006). Schwab et
al. (2003) mentions that the MIK2006 spreadsheet model has the basic concept of 3 sumMmative
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erergy equaton, which coincides In this work, obiaining a significant comeiation I ferns of MEL
concentration and the estimated production of kg milk / ton DM | T =[0.99).

Conclusions The wse of naive com slage has 3 greater potential for milk producTon / ha and milk
yiedd! fon Dk compared o hybnid slage produced In Mexdco probabily oy thelr [3ie maiunity stage. The
conservaton of nathve genelic resources sUCh a5 com Is thus Impoitam In omser o malntan
sUsiainable forage resiUrTes.

Table 1. Forage prduction (lon 7 ha), plam denslly, chemical composition of the slage and he
pobential milk production (g milk 7 %on O and kg milk / ha) of hybrid and natlve com sllages sown In
Mi=elco,

Bdattee clage Hybrid sz

e M=an SEM Eovm e
Forage Ti=id (000 ha) 1532 IEFER 121 00018
Dieresiy {pimnt=rha) EETi428 EOMED D Iz 05326
O 5% Ioes 34 205 00001
DikAd % E5.55 55 EE 152 RE T
CP £.a7 7.7E mazs 07266
HDF % £2E5 57Oz 284 01251
HDFd % oE T2 5T.4E 1.33 032715
TOM-TH = £5.33 §252 1.25 1.10s8
MEL FAIEgOSA s @2 5iEs oS 00700
¥ BTN DR S16.84 FE e 1552 alarick]
Mig MK ha zzq71" rramg’ 1554 5T alura )

O = dry mater oombent, Dl = dry matier dipesiblily, TF = oude prokin, NDF = neural detenpent Sher, MDA
= rieuiral derpent fher dipesibilty, TOMN = fobal digestibs mutrients, NEL = net energy for sciSom (L) ¢ kg D),
kg milk J iom DA = Kiograms of millk per bon of dry raier, Bg millk { ha = Elograms of milk | per fecian.
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Imroguction In 2013, Mexco was demiBed as one of he counties most aMeced by climate
vanabiliy. Such vanabiity can Nave a negative Impact on malzs production, which |5 e main peasant
farming acavity In Mexico, practced by nearty 2 millon famers, 5% of whom hawve less fan 5 ha of
land. To optimize land use In Tis precarious siuation, cholce of approprabe com sllage s vital — but s
complcaiad by The lack of Information on com slage and parameters of milk procuction. The oojecive
of the present Sty was 10 characienze com silage produced In Mexico accorming to chemical
compositon, forage yield (fon / ha), a5 well a5 potensal milk producton.

Materials and Methoda A seanch was made %or sbudies related to com forage yiedd (ton ! ha), density
{rumbes of plants ! ha)) and cheamical composition {dry matter (D), onganic matter (M), crude protein
[P, neubral setargent fiber (MDF), NOMIDIOGS carmohyorates (MFC), starch, Tat, DM dgesIbilly, NDF
gigestinilty) of com sllage produced In Mexico. The iotal digestible nuinienss (TDN), net anengy of
lactation {NEL Mcal / kg DM, klograms of milk per fon of sliage 35 dry matter (kg milk | ton D) and
klograms of milk per hectare of Torage slage (kg milk / ha) were detarmined using the spreadshest
MILE2006 (Shawver 2006). The publications wee oblalned from searches In dalabasss 5uch a8
Elsewier, Googe, SCOPUS and Web of Sgience, Using e tenms “com siage”, “procucton”, “Mesco™
and “milk”, s=2fedding 3 tofal of 12 arfcles and 144 shedles from e yeas 201 o 20146, A clusier
arciyss (CL) was camed out using the Proc Cluster procedure to sort the com silage according 1o its
chemical and productive characienstics.

Resuits and Discusaion Six groups (CL) of com sliage were obtained. The first group [CL1) was
made up of those with greater DMRe, CP%, NDFo%, MFC%, TOM, NEL and kg mik/ ton DM, the
second (CL2) of those with the highest CP content, the thind [CL3) of those with the highest plant
density (number plantsia), NDF% and e iowest NFCS, THD, NEL, kg milicion DM and kg milkiha,
the fourth [CL4) was mage up of highest NDF%% and OM% content, the fith {CLS) had higher Torage
yieid (ton DM 7 ha), D6 content and kg mik ! ha, and the sixth {CLS) had highar DM digestbily and
the iowest OMS: content The group thal procuced the highest milk procuction (kg mik | ton D) was
the one with !e highest NDF digestiility and NFCS. This may be because one of the pimary tacios
that detesmine e nubitional quality of skage ks the digestbillly of MOF (Khan e al. 2015}, Dairy cows
also require forage fiber In thelr diet fo maintain rumen funcson and madmize mik proguction;
however, the excess NDF limits the gry matier intake (CL3 and CL4) due %o s contribution to rumen
filing (Kramer-Schmid et al. 2015) and forage degradation. In the same way, several works have
shown that when the pemcentage of dry matier of slage maize Increases from 25 in 30%, the Inoease
I Intake and mik production s higher (Khan et al. 2015} This Increase ks not only reiated to he
percentage of DM and Inake, DUt 3is0 bo the Increase In nustional value due % the higher grin
content. The high concensation of NEL and CP content stimuiates the procuction of microblal protein
In Me rumen, noreasing the production and concentration of mik protsin (Femanstio e al. 2013
Lascano ef . 2016) and milk yakd (kig milkion DA this eMact can be sean In CL1. The highest mik
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Evaluacion de praderas de Alta fescue (Festuca arundinacea cv. Cajun Il) en comparacion con Ballico
perenne (Lolium perenne cv. Tetragrain) para vacas en pastoreo en sistemas de produccion de leche
en pequefia escala durante la época seca.

Siage Feating and Utizston

yieid (kg miliha) comesponds %0 the highast forage DM yield and DM content which, In spite of the
low TDM and NEL, produce more milihia derved Srom this higher DM yesd.

Tabie 1. Com forage producsion (DA yiak, ton / ha), plant density (plantsa), chamical compaosition
{3) of e silage and ks potential milk producson (kg milk § fon DM and kg milk / ha) of com sliages
5O I vexico.

Varlsbles cL1 cL2 CLE ClL4 CLS CLE
O yieddl 156 187 T4 2.4 27T 201
Plant density S2500 S0 22400 S2500 TO0oo Eee500
Db, %% 20E 298 0.2 25.4 400 221
Cibdd, %% TS &v.0 BE.S B2 T 589 £2.3
P, % B.G a2 7.5 =2 7.9 5.4
HDF, % 402 6.5 B2.5 1.1 6.9 =
MO, = o649 376 S54 350 57.5 SFS
MFC, % 40 249 192 24.2 24.8 257
O, 93.c B35 B3.5 &8 3.5 a1.7
Fat, %% 4.2 42 4.2 4.2 4.2 42
Standh, % 228 230 230 230 231 231
T, % a8.1 ES1 B0 g29 51.8 635
ML ML TeTisA 1.43 1.58 1.27 .34 129 1.34
K il tonid 546 514 451 489 485 4493

fiber, MOFd = s :I!{aga'lnl:-a'ugaﬂl:l NFC = mmm@m oM - ongaric
miafar, THD = total digestiols nutrients, MEL = net energy for |actation (MU / kg CM), kg milk / fon OM
= klograms of milk per fon of dry mater, Kg mik / ha - Kiograms of milk per hectars

Conclusiona The CL1 com sllage In Maxico presents the highest D digastibiity and NEL, producing
more milk (kg milk J ion DM); however, the bast opiion s e sllage that has a highar forage yiakl [ion
DM § ha) and more than 35% DM {CLS), since this produces mare kg milk / Fa.
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