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RESUMEN DE LA PROPUESTA

Como investigador de INIA Carillanca me he especializado en Fitomejoramiento
de Forrajeras, linea sobre la cual he desarrollado proyectos de Mejoramiento
Convencional y de Aplicaciones Biotecnologicas en distintas especies. La
propuesta realizada obedece a la necesidad e interés de actualizar y fortalecer mis
conocimientos en las tematicas que se plantearon en el Simposio, a objeto de
reforzar el desarrollo cientifico y tecnolégico de esta area que ha sido poco
desarmrollada en Chile.

De acuerdo a lo planificado, la actividad permiti6 conocer los avances en
mejoramiento genético molecular de especies forrajeras (MMSPF). En el
simposio se comenz6 con presentaciones que abordaron los objetivos actuales y
beneficios del MMSPF para posteriormente en las otras sesiones conocer el
avance en el desarmollo de herramientas para alcanzar tales objetivos.

En cuanto a los objetivos, estos son cada vez mas especificos en relacion a los
caracteres a mejorar pero a su vez, mas integrales en cuanto a su relacion con el
animal, ambiente y salud humana. El mapeo, la seleccién asistida por marcadores
y la transgenia permiten abordar objetivos cada vez méas especificos y piramidar
genes de interés. Por otro lado, el mejoramiento genético ya no termina con la
evaluacion de la produccion de forraje, semilla o calidad del cultivar, sino que tiene
un enfoque integral ya que apunta a crear cultivares y evaluar sus atributos
especificos que afectan el consumo, la productividad animal y la calidad
composicional de los productos animales, la forma como estos productos animales
satisfacen la demanda humana y afectan su salud, velando a su vez por la
disminucién de los impactos negativos de la producciéon ganadera en el ambiente.

Una vez finalizado el simposio se visit6 el centro de investigacion de IGER,
oportunidad en que se atendid un taller de trabajo que dio lugar a una red
internacional de trabajo en tréboles (Intemational Trifolium Network, ITN). Por otro
lado, se sostuvo reuniones con investigadores del departamento de Produccién
Animal y microbiologia para conocer el grado de avance en lineas de trabajo de
interés comun.

La participacion en el simposio permitio fortalecer contactos ya existentes y
establecer nuevos contactos con los grandes centros de investigacion que lideran
la tematica. El grado en que en Chile podamos incorporamos a estas lineas de
trabajo dependera de la postulacion y aprobacion de proyectos.

Al regreso a Chile, los nuevos conocimientos captados fueron difundidos en tres
charlas a un total de 75 productores y profesionales. También se difundieron por
medio de articulos en revista Campo Surerio del diario Austral y se despaché para

___________ [ ——
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2. ALCANCES Y LOGROS DE LA PROPUESTA GLOBAL

Problema a resolver, justificacion y objetivos pianteado iniciaimeante en la
propuesta

Objetivo General

Conocer las nuevas tendencias de los principales grupos de investigacion mundial
en el desarrollo y uso de herramientas biotecnolégicas en el mejoramiento
genético de especies forrajeras y contribuir con informacion actualizada al pais
respecto a estas materias.

Objetivos Especificos

= Conocer los nuevos enfoques y objetivos en mejoramiento genético de
especies forrajeras y ver la forma como se estan incorporando las aplicaciones
biotecnolégicas en estos nuevos lineamientos.

» Actualizar conocimientos respecto a los avances en especies forrajeras en
desarrollos biotecnoldgicos tales como mapeo, analisis QTL, analisis funcional
de genes, seleccién asistida por marcadores, y transformacion genética.

= Intercambiar experiencias respecto a los puntos anteriores, estudiar factibilidad
de aplicacion en Chile y establecer contactos con posibles contrapartes de
grupos de investigacion intemacionales para la presentacion y formulacion de
proyectos de |&D.

» Difundir la informaciéon entre los investigadores, productores y la industria
productora y distribuidora de semilla forrajera y de prados nacional.

-thetivos alcaniadas tras la realizacién de ia propuesta

Se alcanz6 el objetivo general y los objetivos especificos originalmente planteados.
Adicionalmente nos incorporamos a una red internacional de trabajo en tréboles
(International Trifolium Network, ITN).

Resultados e impactos esperados iniciaimente en la propuesta

Resultados:

= Corto Plazo: Haber transferido los conocimientos adquiridos en forma directa a
investigadores, productores y la industria nacional productora y distribuidora de
semilla forrajera y de prados.

* Mediano Plazo: Haber consolidado contactos para el establecimiento de
alianzas y redes de apoyo en las lineas de investigacidon de biotecnologia,
recursos genéticos y fitomejoramiento de especies forrajeras.
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'= Largo Plazo: Haber concretado la ejecucion de proyectos I&D en conjunto con
las alianzas establecidas.
Impactos;

= Incorporacion de nuevas hemramientas y fortalecimiento del Programa de
Mejoramiento Genético de Forrajeras que se desarrolla en INIA Carillanca.

* Fortalecimiento de redes de apoyo internas y externas.

Resultados obteni&os'

De acuerdo a lo planificado, la actividad permiti6 conocer los avances en
mejoramiento genético molecular de especies forrajeras (MMSPF). En el
simposio se comenzd con presentaciones que abordaron los objetivos actuales y
beneficios del MMSPF para posteriormente en las otras sesiones conocer el
avance en el desamollo de hemramientas para alcanzar tales objetivos. A
continuacion se destacaran los nuevos objetivos mas sobresalientes y dentro de
ellos las principales herramientas desarrolladas y en desarrollo.

En cuanto a los objetivos, estos son cada vez mas especificos en relacién a las
caracteristicas que se busca mejorar pero, a su vez, mas integrales en cuanto a su
relacion con el animal, ambiente y salud humana. El mapeo, la seleccion asistida
por marcadores y la transgenia permmiten abordar objetivos cada vez mas
especificos y piramidar genes de interés. Por otro lado, el mejoramiento genético
ya no termina con la evaluacién de la produccion de forraje, semilla o calidad del
cultivar medido en términos convencionales (Digestibilidad, Energia, Proteina,
etc.), sino que tiene un enfoque integral ya que apunta a crear cultivares y evaluar
sus atributos especificos que afectan la productividad animal y la calidad
composicional de los productos animales, la forma como estos productos animales
satisfacen la demanda humana y afectan su salud, velando a su vez por la
disminucién de los impactos negativos de |la produccion ganadera en el ambiente.

Un ejemplo de lo anterior son los esfuerzos desplegados por grandes centros de
investigacion en los ultimos 20 afos que han pemitido seleccionar variedades de
ballica con mayor contenido de carbohidratos solubles. Esta tecnologia determina
una mejor utilizacion del nitrdgeno de la proteina vegetal, lo que conlleva una
mayor eficiencia de utilizacién del forraje, logrando incrementar la productividad
animal y, asociado a ello, disminuyendo la fraccion de nitrégeno vegetal eliminado
por el animal, produciendo asi una menor contaminaciéon del medio. En cuanto a
|salud humana, cada vez se pone mayor énfasis en especies y variedades
| forrajeras que permitan producir came y leche de mejor composicién de acidos
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grasos para asi lograr productos animales (came y leche) de mejor calidad para el
ser humano. El mapeo y la reciente incorporaciéon de la seleccién asistida por
marcadores para estas caracteristicas permmitira acelerar considerablemente las
ganancias genéticas que se obtendran.

Otro ejemplo en cuanto a componentes especificos de calidad de especies
forrajeras, es la actividad de la polifenol oxidasa (PPO) en trébol rosado y en
algunas variedades de ballicas y el contenido de taninos de leguminosas como
loteras. Tanto PPO como los taninos mejoran la digestibilidad de las proteinas ya
que al formar compuestos estables con ellas, las protegen y disminuyen su
degradacion a nivel de rumen. Por otro lado, la PPO también forma compuestos
estables con parte de los acidos grasos insaturados del forraje, lo que determina
que una menor proporcién de ellos se saturen a nivel de rumen, dando lugar asi a
came o leche con mayor contenido de acidos grasos poliinsaturados que son mas
beneficiosos para la salud humana. En el simposio se presentaron diversos
trabajos de metabdlica para compuestos como los indicados, asi como también
para lignina y carbohidratos solubles en ballica perenne, buscando seguir la ruta
metabdlica de ellos, y mediante genémica buscar los genes relacionados a estas
rutas y marcadores moleculares ligados.

Por otro lado, un aspecto importante es mejorar la adaptacion a condiciones de
estrés ambiental abidtico y biético, como acidez de suelo, adaptacion a frio y
resistencia a patégenos por ejemplo. En cuanto a acidez de suelo, el
mejoramiento de la adaptacion se aborda buscando genes dentro de la especie y
rutas metabdlicas relacionadas a la expresién de dichos genes; ejemplo de ello
son los genes relacionados con la secrecion de acidos organicos a nivel radical
que confieren tolerancia a acidez. Otro enfoque plantea buscar genes en otras
especies adaptadas a tales condiciones y trasferirlos posteriormente a la especie
de intereés (xenogendmica); tal es el caso del trabajo liderado por el DR. German
Spangenberg del DPI, Victoria, Australia que estd buscando las bases
metabdlicas, fisiologicas y genéticas de tolerancia a aluminio en Microlaena
stipoides (graminea nativa australiana) para posteriormente transferifa a
gramineas de interés forrajero. En cuanto a adaptacién a frio, el mismo grupo esta
trabajando hace varios afos en las bases metabdlicas, fisioldgicas y genéticas de
adaptacion a frio y congelamiento en Deschampsia antarctica Desv. Por otro lado,
la resistencia a enfermedades y virus se esta abordando por seleccion asistida por
marcadores moleculares y por transformacion genética. La ultima técnica ya ha
permitido obtener lineas experimentales de trébol blanco con resistencia muitiple a
virus (AMV y BYMV).

Los marcadores moleculares y el mapeo se estan desarrollando ampliamente para
seleccionar , entre otros, por época de floracion en ballica perenne, para aumentar
el contenido de carbohidratos solubles en ballica perenne, para un mayor
contenido de minerales como magnesio, potasio y calcio en gramineas, resistencia
a roya de la corona en ballica y caracteristicas morfologicas. Ademas, los
marcadores moleculares se han utilizado para estudios de diversidad genética,
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para optimizar colecciones de germoplasma y para seleccionar plantas madres de
sintéticos. En este Ultimo aspecto se present6é un trabajo interesante en que por
medio de marcadores moleculares fueron seleccionadas entre plantas destacadas
de alfalfa, aquellas con mayor divergencia geneética, obteniendo asi cultivares
sintéticos de mejor comportamiento agronémico.

Las nuevas técnicas también se estan utilizando para estudiar y optimizar las
relaciones huésped y simbionte o patégeno. Tal es el caso de las relaciones entre
gramineas y hongo endodfito, ballica y roya de la corona y leguminosas vy
simbiontes fijadores de nitrégeno.

En cuanto a la transgenia, existen avances importantes en el equipo de trabajo
liderado por el DR. German Spangenberg del DPI, Victoria, Australia. La
transgenia no sélo esta siendo investigada para obtener resistencia multiple,
mejorar la adaptacion y calidad de las forrajeras, sino que también para mejorar el
bienestar humano. Un ejemplo claro de ello es la creacion de variedades de ballica
cuyo polen no produce alergia en el hombre, disminuyendo asi los grandes
malestares que genera y los altos costos sociales del tratamiento de las alergias.

Un enfoque novedoso para mejorar la calidad de leguminosas forrajeras como
trébol blanco es retardar la senescencia (envejecimiento) de sus hojas, lo que se
| ha logrado por transgenia. Se debatié sobre la factibilidad de liberar al mercado
cultivares forrajeros transgéticos; en términos generales se considera que en
especies de polinizaciéon cruzada y con presencia en la flora natural como lo son
buena parte de las forrajeras, la aceptacion de los transgénicos sera mas compleja
que en especies de autopilizaciéon. Hay distintos enfoques de acuerdo a la
percepcion social de cada pais o bloque econémico. Los més escépticos a la
posibilidad son los europeos, mientras que los mas abiertos y avanzados en la
materia son los australianos.

En términos generales y como conclusion del simposio queda claro que gracias a
los esfuerzos que hoy hacen grandes centros de investigacion tendremos a futuro
SUPER variedades forrajeras que destacaran cada vez mas por caracteristicas
especificas, considerando en forma integral al ambiente, al animal y a la especie
humana, sin dejar de lado los requisitos fundamentales y clasicos que son
rendimiento de forraje y semilla, persistencia y calidad de forraje.

El jueves 7 de julio, después del simposio, se visité IGER. Durante la visita,
participé de dos actividades muy relevantes. La primera consistié en reunirme con
el Director del Depto. de producciéon Animal y microniologia, Dr. Mike Theodorus y
con algunos investigadores del departamento. En la oportunidad me interioricé y
discuti de lo que estan haciendo en cuanto a calidad composicional de forrajeras y
su efecto sobre ambiente , animal y salud humana. Con el Dr. Theodorus se vieron
dos posibilidades de interaccién futura mediante proyectos a elaborar.

La segunda actividad consistid en participar de un taller para formar una red
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'internacional en Trifolium (ITN), la cual busca aprovechar en forma conjunta las
capacidades y herramientas desamolladas y , a futuro, abordar proyectos
conjuntos. La red ITN quedd conformada y se tienen los contactos para integrarse
a ella en caso de desarrollar proyectos en el area.

Resultados adicicnates

Durante el simposio se aproveché también de ver con el Dr. German Spangenberg
los ultimos detalles del documento de acuerdo entre INIA y el Department of
Primary Industries Research del estado de Victoria (DPI| Victona), Australia. Dicho
acuerdo fue firmado posteriomente por el Sr. Ministro de Agricultura de Chile
durante la visita a Australia del Presidente de la Republica, Sr. Ricardo Lagos
Escobar. El acuerdo establece un marco general de cooperacion en areas de
genética y genémica vegetal y animal, ciencias de suelo, agua, acuicultura y
alimentos. El area de contacto mas avanzada entre DPI Victoria e INIA en este
contexto es el mejoramiento de forrajeras con aplicaciones biotecnolégicas,
materia en la que se esta en la fase de definiciéon de prioridades y busqueda de
fuentes de financiamiento.

Adicionalmente, como resultado de las actividades posteriores al simposio, INIA
Carillanca quedé incorporado a la red de trabajo en tréboles (International
Trfolium Network, ITN).

Aplicabilidad

La aplicabilidad de los conocimientos puede abordarse desde el punto de vista de
los nuevos objetivos del mejoramiento genético y de las nuevas herramientas. En
cuanto a los nuevos objetivos, el enfoque mas integral del mejoramiento genético
desarmollado en otros paises que ha dado lugar a nuevos cultivares de forrajeras
que han llegado o pueden llegar a Chile, esta siendo incorporado en las
propuestas recientes de proyectos en la materia. Por ejemplo, las propuestas que
se estan elaborando para el Consorcio de la Came contemplan la evaluacion de
nuevos cultivares forrajeros en tematicas como carbohidratos solubles en ballicas
y la relacion entre la forrajera y la calidad de la came desde el punto de vista de
acidos grasos.

En cuanto a nuevas herramientas biotecnolégicas, en afios recientes se desarrolld
en INIA Carillanca el proyecto FONDECYT “Desamolio de aplicaciones
biotecnolégicas al fitomejoramiento de trébol rosado (Trifolium pratense L.), el cual
permitid dar los primeros pasos en estas materias. Ademas, en INIA Carillanca
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hay una buena “masa critica” de especialistas en biotecnologia que actualmente
estan enfocados hacia cereales y granos pero que podrian destinar parte de su
tiempo o apoyar trabajos en forrajeras. Para ello, en el mediano plazo se piensa
elaborar propuestas de proyectos con el apoyo del DPI Victoria, priorizando en
cuanto a mejoramiento genético en Chile el mejoramiento molecular y la
transformacion genética en trébol rosado. En cuanto a la evaluacion de materiales
mejorados por DPI Victoria, se plantea la posibilidad de evaluar eventos
transgénicos para resistencia a virus y senescencia retardada en trébol blanco.

Deteccion de nuevas oportunid#d% y aspactos que gquedan por abordar

En Chile existe una clara falencia en mejoramiento genético de especies
forrajeras. Prueba de ello es que la unica especie en que utilizamos cultivares
chilenos es trébol rosado, especie en la cual ademéas de abastecer con semilla
nacional al mercado intemo, se destina un volumen considerable a los mercados
de exportacion. En todas las otras especies los cultivares utilizados son foraneos y
la semilla es importada o producida en Chile pero siempre a partir de cultivares
externos. Por otro lado, la reglamentacion oficial que regula las evaluaciones de
cultivares foraneos es poco exigente. Los dos aspectos mencionados
anteriormente determinan que tanto en el mejoramiento genético de forrajeras en
Chile como en la evaluacién e introducciéon de especies y cultivares forrajeros
exista una brecha tecnolédgica importante, lo que es especialmente relevante si se
considera la incorporacion al modelo agroexportador de los rubros ganaderos.
Necesariamente el desarrollo de este modelo agroexportador en came bovina y
ovina y en leche bovina pasara por un mejoramiento tecnolégico considerable en
la produccién, persistencia y atributos generales y especificos de calidad de las
especies y cultivares forrajeros. Para abordar estos desafios es fundamental la
interaccién con centros extranjeros que estdn mas avanzados en las tematicas
que abordo el simposio.
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3. ASPECTOS

5 RELACION/

ADOS CON LA EJECUCION DE

Programa Actividades Realizadas

LA PROPUESTA

N Fecha Actividad Objetivo
1 1-07- 2005 al | Viaje Temuco-Aberystwyth Llegar a localidad donde se
3 -07- 2005 | realizara el Simposio

2 3-07-2005 Inscripcién y Recepcion. Registrarse en Simposio y

hospedaije.

3 Sesion |: Objetivos y beneficios del
mejoramiento molecular de especies Conocer las nuevas
forajeras. tendencias en mejoramiento

molecular de especies
4-07-2005 Sesion l: Ligamiento, mapeo fisico y clonal. | fomrajeras y desarrolio de las
herramientas mencionadas.
Sesion NI: Analisis QTL y diseccién de
caracteres, Intercambiar opiniones con
equipos de trabajo y ver
posibilidades de trabajos
conjuntos.

4 Sesion IV: Gendmica, especies modelo,

descubrimiento de genes y analisis funcional. | Conocer los avances en
gendmica y uso de
Sesion V: Uso de marcadores moleculares y | marcadores moleculares en
5-07-2005 bicinformatica en mejoramiento. | mejoramiento de forrajeras.
Sesidn VI: Genética molecular y
mejoramiento de “endosimbiontes” y Aprender del uso de estas
asociaciones gramineas/leguminosas. herramientas biotecnoldgicas
para el mejoramiento del
sistema endéfito y simbiontes
en asociaciéon a mezclas
gramineas/fleguminosas.

S Conocer los avances en
Sesion VIl Transformacion genética para transformacion genética,
investigacion y mejoramiento. beneficios y evaluaciéon de

riesgos.
6-07-2005 Sesidn VIIi: Diversidad genética, y sistemas |
de mejoramiento. i Actualizar el conocimiento
sobre la aplicacion de las
herramientas biotecnolégicas
en sistemas de
mejoramiento.
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6 Participar en taller para
formar red de trabajo en
Trifolium (International
Trifolium Network, ITN)

7-07- 2005 Visita técnica al Instituto de Investigacion en | Visitar los trabajos que estan
Praderas y ambiente (IGER). haciendo en IGER en |la
tematica calidad
composicional de especies
forrajeras y su efecto sobre
la calidad de carne bovina.

Ver posibilidades de trabajos
conjuntos con los grupos de
investigacion de IGER.

! 8 al 9 -07- Viaje de regreso Aberystwyth, Londres, Santiago, | Regreso a actividades |&D
2005 Temuco
8 Difundir la informacién entre
Realizacién de las actividades de difusién los investigadores,
(Seccion N°S) | productores y la industria
| productora y distribuidora de
semilla forrajera y de prados
nacional.
9

29-09-2005 Entrega de informe de viaje y actividades de | Informar a fuentes de
difusién realizada financiamiento (FIA-INIA

DOCUMENTOS

En anexos se entregan los principales documentos recopilados durante el evento, la
presentacion realizada en las charas de difusion, articulo editado en la Revista del Campo

Surerio, y articulo despachado para edicién en revista Nuestra Tierra y Chile Agricola.

Contacfos Eslablecidos

Empresa mc n:t? Cargo . FonoiFax Direccién E-mail
Organizacién | ~ e racRNIR) ]
1 044-1970- |Plas | s
Dr Michael Lider 823000/ Gogeddan, | michael.g
IGER, UK Abbe en leguminosas Aberystwyth, Mﬂ@ bt
‘ forrajeras 044-1970- |Ceredigion K
828357 |SY233EB |2GUK
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Material elaborado ylo recopilado

Elaborado

Director i 333;310%710- 2‘25 edaan: | Mervin.h
IGER UK Dr. Mervin | Depto. Abegrystwyt'h ‘umphrey
; Humphreys. | Mejoramiento |, 1970. Ceredigion ' s@bbsre.
genético,  gog3s7  |Sy233eR | Acuk
Director
Dr. Michael Depto. ggga'o%zo' g’ggse ddan Mike.the
IGER. UK Theodorus. P.Animal, Abe th - odorou@
' lantas 'Yt"“_W ' bbsre.ac.
g Y 044-1970- |Ceredigion
ciencias 828357 SY23 3EB uk
microbianas.
PBC,
Agriculture
Lider '03-9479- | Victoria, La German.
DPI Victoria. | DT German biotecnologia | 3851/ Trobe 'Spangen
Australia '| Spangenberg. |forrajeras, University, |bera@dp
'DPI, Victoria, 03-8479- |Bundoora, i.vic.gov.
=| | Australia 13618 Victoria au
| 3083, |
Australia

Tipo de material Nombre o identificacién Preparado por
e Anexo 1. International
Difusion en charlas Symposium on the Femando Ortega K. | 80
Molecular Breeding
of Forage and Turf
Articulos divulgativos Anexo 2. -Eventos Femando Ortega K. | 1
despachado a revista |Intemacionales sobre y Oriella Romero Y.
Campo Surefio del forrajeras: participacion
diario Austral (incluye |investigadores de INIA
version editada), Carillanca
revista Nuestra Tiemra :
: -La Importancia de la
y Chile Agricola. Piadera.
Némina asistentes Anexo 3. Némina asistentes | Femando Ortegadé.-1 3 nébminas
a actividades de difusion del |y Oriella RomesoeY"
\ evento.




Tipo de Material | N° Correlativo (si Caracterizacion (titulo)

Programa de difusion de la actividad

es necesario)
CD Anexo 4. Fotografias digitales de los principales posters.
High sugar grass. New varieties developed by
Folieto AnENa S IGER for more efficient meat and milk production
; Plant-mediated lipolysis and proteolysis in red
Ao Anexo 6 clover with different polyphenol oxidase activities
Folleto Anexo 7 Aber Grass & Clover varieties

En esia seccion se deben describir las actividiades de difusion de 1a actividad, adiuniando @l
fraterial preparado vio distnbuide para tal sfecio.

En Ia realizacion de estas actividades, se deberdn seguir Ios imeamientos qus establece el
de Diision v Publcaciones de FlA, que e sord entregado junio con ¢l
mnstruchiva v formato para ia elaboracion del informa enica.

“instruchy

Se realiazé tres charlas de difusion de la actividad, segun fechas y detalles siguientes:

19-07-2005: charla en Pitrufquen. Asistieron profesionales y agricultores de los GTT Surlat y
Mune Alto. Total 27 asistentes. '

20-07-2005: charla en Temuco. En el contexto de la semana del agro en la Aragucania se
efectud charla en salon de INDAP. Asisten 21 profesionales, técnicos y agricultores.

31-08-2005: Charla en Carillanca. Se realizé a 27 profesionales investigadores de INIA del
area producciéon Animal.
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4. PARTICIPANTES DE LA PROPUESTA
GIRAS, BECAS: Ficha de Participantes

CONSULTORES: fFicha de{l) Consuitor(es)

EVENTOS: Ficha de Expositores y Organizadores

Nombre Femando
Apellido Paterno Ortega
Apellido Matemo Klose

RUT Personal

Direccion, Comuna y Region

Casilla 58-D, Temuco

Fono y Fax

0056-45-215706

E-mail

fortega@inia.cl

Nombre de la organizacidon, empresa o
institucion donde trabaja / Nombre del
predio o de la sociedad en caso de ser

productor

Instituto de Investigaciones Agropecuarias,
INIA carillanca

la organizacion,
trabaja / RUT de
sociedad agricola o predio en caso de ser

RUT de
institucion donde

empresa o

la

agricultor

Cargo o actividad que desarrolia

Director Centro Regional e investigador en
mejoramiento genético de forrajeras

Rubro, area o sector a la cual se vincula o

en la que trabaja

Forrajeras, mejoramiento genético.
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Participantes en actividades de difusion

BES necesano registrar ios antecedentes de fodos los asisientss gque participaron en las
actividades da gifusion Bl iistadoe de asistentas a cualguier acthvidad debera al menos
cantener ia siguents nformacidn

Se adjunta listado detallado de participantes en las actividades de difusion (Anexo
3).

AON DE LA PROPUESTA

Evaluacion de la actividad para cada INICIATIVA

En esta saccion se debe evaluar la aclividad en cuanto a jos siguienias tems

a) Efectividad de la convocatoria (cuando comresponda)

El nimero de asistentes a las actividades de difusion estuvo dentro de lo esperado.

b) Grado de participacion de los asistentes (interés, nivel de consultas, dudas, etc)

Los asistentes a las actividades de difusion mostraron alto interés por las materias
abordadas. Especialmente por las caracteristicas especificas de las nuevas variedades
forrajeras que se estan desarrollando en otros paises.

c) Nivel de conocimientos adquindos por los participantes, en funcién de lo esperado (se
debe indicar si la actividad contaba con algun mecanismo para medir este punto y
entregar una copia de los instrumentos de evaluacion aplicados)

El simposio no contemplaba un mecanismo para medir el nivel de conocimiento adquirido.
La participacion permitié actualizar los conocimientos en herramientas biotecnolégicas
aplicadas al fitomejoramiento de forrajeras.

d) Problemas presentados y sugerencias para mejorarios en el futuro (incumplimiento de
horarios, desercion de participantes, incumplimiento del programa, otros)

No hubo problemas.
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-Aspéﬁtos relacionados con la postuiacit}n al programa dé Captura y Difusidn

a) Informacion recibida por parte de FIA para realizar la postulacion

_x__ amplia y detallada ____aceptable deficiente

Justificar: Se dispuso oportunamente de las bases y formularios necesarios para postular.

b) Sistema de postulacién al Programa de Formaciéon o Promocion (segun corresponda)

_x___ adecuado aceptable deficiente

Justificar: Hubo buena disposiciéon para atender esta postulacién que se realizé con los |
plazos bastante ajustados.

c) Apoyo de FIA en la realizacién de los tramites de viaje intemacionales (pasajes,
seguros, otros) (solo cuando corresponda)

_X___ bueno regular malo

Justificar:

Existié un buen apoyo, coordinaciéon con el postulante y preocupacion durante la
ejecucion (En las fechas en que se realizé el evento, ocurrieron los atentados con bomba
en Londres; existié especial preocupacién de la Sra. Veronica Gonzalez del FIA por
conocer de mi situacién)

!d) Recomendaciones (sefialar aquellas recomendaciones que puedan aportar a mejorar
| los aspectos administrativos antes indicados)

No se recibié oportunamente el documento “Instructivo de difusion y publicaciones FIA”.
A futuro se sugiere entregar junto con los otros documentos e instructivos al inicio de la
| actividad.

6. Conclusiones Finales de la Propuesta Completa

La participacion en el simposio permitié captar las nuevas tendencias en '
| mejoramiento molecular de especies forrajeras y difundirias a productores y
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profesionales. La actualizacién de estos conocimientos potenciara el desarrollo e
introduccién de especies y cultivares forrajeros mejorados a los sistemas de
produccién animal de Chile.

Deseo agradecer muy sinceramente el apoyo de la Fundacién para la Innovacién
Agraria y del Instituto de Investigaciones Agropecuarias que permitieron mi
participacion en el simposio.




s

International Symposium on the
Molecular Breeding
of Forage and Turf

s

POST-CONGRESS SATELLITE WORKSHOP

Averystwytn, 3rd - Tth July 2005

' Fernando Ortega K. Ing. Agr. PhD.

o . Agreadin
iy FLA

ENFOQUE CLASICO DEL MEJORAMIENTO
GENETICO DE FORRAJERAS

PRINCIPALES I\]@
OBRJETIVOS
*Rendimiento de forraje
sPrecocidad v distribiacidn
*Rendimiento de semilla
*Persistencia
*Resmntencia a enfermedades (numple}
*Adaptabilidad geacral
Calidad {(PC, DIVMS, F)

NUEVOS ENFOQUES EN MEJORAMIENTO
GENETICO DE FORRAJERAS

=B

NUEVOS OBJIETIVOS
Companentes especificos

“\‘%ﬁww:um‘u B

Alimentss foncronales

MARCADORES
MOLECULARES

* Marcadores morfofisiologicos como
marcas en las hojas (estudios flujo de
genes).

* lsoenzimas detectan variaciones en
formas de una misma enzimas.

* Marcadores moleculares detectan
variaciones en la secuencia de bases de
ADN (de RFL.P a SNPs).




Genobpe 1 Genotipa 2

&

ADN genémico ADN gendmics ADN gendmice

v v L
PCR PCR PCR
T

Bandis polundricas

Bandas
menomortcas
Electraiomsm sn
gel ds agarosa

MARCADORES
MOLECULARES

1) Mapeo & Seleccion asistida por marcadores,

2) Variacién genética dentro y entre
poblaciones, cultivares y plantas madres de
sintéticos.

1) Mapeo & Seleccion asistida
por marcadores
= Epoca loracion en B, perenne (algunas
poblaciones de mapeo. APM)

« Aumento del contenido de carbohidratos solubles
en ballica perenne, fructan metabolism (APM)

= Contenido de minerales, magnecio (grass tetany).
potasio-calcio, (APM)

» Resistencia a enfermedades, roya de la corona
{Puccimia coronata) en BP (APM)

= Caricteristicas morfologicas

2) Variacion genética dentro y
entre poblaciones, cultivares y
plantas madres de sintéticos

* Diversidad genética.

+ lIdentificacion de variedades.

* Seleccion de plantas madres de sintéticos.
« Estudios taxonomicos.

* Colecciones CORE de germoplasma.




Dendograma (Nei & Li) T. rosado aplicando
RAPDs, INIA Carillanca

 Eb i s iy i s i, e e |

Relaciones genéticas en germoplasma de T. rosado
utilizando RAPDs, INIA Carillanca

il did

R

Wb Wh hti“; 1“ 0y us :::m | m;;m ) T
XENO-GENOMICA RELACION HUESPED-

= Estudio de genes en otras especies para
posterior incorporacion en la especie
deseada.

- Bases metabélicas, fisiologicas y genéticas de
adaptacién a frio y congelamiento en
Deschampsia antarctica Desv.

Bases metabolicas, fisiologicas v genéticas de

tolerancia a aluminio en Microlaena
stipoides.

SIMBIONTE O PATOGENO

» Estudios de la relacién graminea-
endﬁi‘to. graminea

* Interaccion ballica perenne y roya de la
corona.

‘ad



TRANSFORMACION
GENETICA

s Resistencia a virus

T blance Incorporacion de resistencia a AMY
compiementando resistencia natural a BY MV

* Adaplacion a stress abiofco
T blanco Sobreexpresion de biosintesis de acidos
organicos para adaptacion a Al alio y baje P

* Retardo senescencia en T hlanco

EJEMPLOS DE AVANCES
EN CALIDAD ESPECIFICA
DE FORRAJERAS Y SU
EFECTO EN PRODUCCION
ANIMAL

*Carbohidratos solubles de gramineas.

*Acidos grasos poli-insaturados (PUFA) y
polifenoloxidasa (PPO)




Performance of Charolais cross
steers in grazing trials at
Aberystwyth, Summer 2000

Type of Grass Sward

= -=

. Sugar Grass Variety

Lamb production on High i
:

Acidos grasos poli-insaturados
& relacion con alimento

+ Alimentacion en base a praderas determina
mavor contenido de PUFA en leche.

» Se acentia en el caso de tréboles blanco y
rosado, especialmente en T. rosado (PPO).
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Acidos grasos poli-insaturados
& relacion con alimento

* Sin embargo, mayor contenido de PUFA puede
determinar reduccion de estabilidad de la leche.

Entonces es necesario suplementar con vitamina E.
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NUEVOS ENFOQUES EN MEJORAMIENTO
GENETIC O DE FORRAJERAS

NUEVOS OBIETIVOS
Coampanentes especificns g

B g S

Alimentos funcionales




ANEXO 2. Articulo divulgativo despachado a Campo Surefio
(incluye ademas el editado por la revista), revista Nuestra Tierra
y Chile Agricola



Eventos internacionales sobre forrajeras

Dos importantes eventos internacionales sobre forrajeras se efectuaron recientemente en Europa,
donde participaron los especialistas de INIA Carillanca, Oriella Romero y Fernando Ortega. Se trata
del Congreso Intermacional de Forrajeras y el Simposio Internacional sobre Mejoramiento
Molecular de especies Forrajeras. efectuados en Dublin (Irlanda) y Aberystwyth ( Gales, Remno
Unido) respectivamente. Cabe sefialar que ¢l viaje de los investigadores fue cofinanciado por la
Fundacion para la Innovacion Agraria (FIA).

“La pradera es la base de los sistemas de produccion animal y en los congresos se revisaron los
ultimos avances que buscan optimizar su produccion, poniendo cada vez mayor ¢énfasis en el
cuidado del medio ambiente v la salud humana. En cuanto a la optimizacion productiva v el cuidado
del medio ambiente, un ejemplo son los esfuerzos desplegados por grandes centros de investigacion
en los ultimos 20 afios que han permitido seleccionar variedades de ballica con mayor contenido de
carbohidratos solubles. Esta tecnologia permitec una mejor utilizacion del nitrégeno de la proteina
vegetal, lo que determina una mayor eficiencia de utilizaciéon del forraje. logrando incrementar la
productividad animal y, asociado a ello. disminuyendo la fraccion de nitrogeno vegetal eliminado
por ¢l animal, produciendo asi una menor contaminacion del medio. En cuanto a salud humana,
cada vez se pone mayor énfasis en especics v variedades forrajeras que permitan producir came v
leche de mejor composicion de acidos grasos para asi lograr productos animales (came y leche) de
mejor calidad para el ser humano. Los ¢jemplos mencionados anteriormente muestran claramente
que la investigacion en praderas tiene hoy un enfoque mas integral, buscando no solo mejorar la
productividad animal, sino disminuir los impactos negativos ¢n ¢l ambiente, y por otro lado,
mejorando la calidad del producto para el consumidor”, sefialé Fernando Ortega.

Por otro lado, los sistemas de produccion en base a praderas tienen un potencial para reforzar los
beneficios de los acidos grasos en la carne y leche, mejorando la estabilidad y alterando los
atributos sensoriales, cuestion que ayuda a diferenciar el producto en los mercados. Hoy mas que
nunca, los consumidores estdn conscientes de las relaciones entre dieta y salud, aspecto que ha
aumentado el interés por identificar los componentes de las comidas.

“En térmunos generales los consumidores tienen una percepcion negativa de los productos de
origen animal en relacion a los vegetales. En este sentido la industria debe compatibilizar los
requisitos cambiantes de quienes requieren productos de origen ammal de calidad, que sean
seguros, saludables, trazables, diversos v convenientes. Mas todavia, cuando hay evidencia
creciente que ¢l consumo de leche y came y productos asociados puede conferir beneficios
adicionales a la salud, incluso de proteccion contra el cancer. La investigacion en los proximos afios
s¢ enfocara en manipular la composicion de acidos grasos de la leche y came, principalmente
carne, v su efecto en las caracteristicas de calidad: como jugocidad, temeza y estabilidad. En este
sentido, las plantas verdes son fuente primaria de omega 3 en la cadena alimenticia y es por esto
que los sistemas de produccion en base a praderas presentan un potencial para reforzar el volumen
de acidos grasos beneficiosos, mejorando la estabilidad de las grasas por su alto contenido de
vitamina E. La came v la leche son ricos en acidos grasos, omega 3 v conjugados que ofrece
beneficios a la salud™ aclard la Ingeniero Agronomo, Oriella Romero.

En cuanto a las especies forrajeras existen algunas caracteristicas como la actividad de la polifenol
oxidasa (PPO) en trébol rosado y en algunas varicdades de ballicas que pueden reducir las
pérdidas del lipido en el rumen. Asi, la pradera como base de la alimentacion animal, ayudaria a
producir productos diferenciados para los mercados competitivos.

Otro de los temas analizados en el Congreso fueron los problemas de produccion animal,
relacionados con la contaminacion generada a través de emusion de gases como metano,



contaminacion por purines y efluentes de ensilaje. Ademas, aspectos de globalizacion, orientados al
bienestar animal y los problemas medioambicntales, traducido en nuevas reglamentaciones en el
uso de purnes y de carga animal. Esto ha reducido los margenes de ganancia, particularmente para
el productor primario.

Mejoramiento Molecular

En el Simposio fueron analizados los nuevos enfoques de mejoramiento genético en forrajeras,
incorporando fuertemente nuevas herramientas biotecnologicas, que son cada vez mas especificos.
Cabe mencionar la modificacion de componentes de las forrajeras para obtener productos animales
diferenciados, los que determinan un mejor cuidado del ambiente v la salud humana. Esto podra
facilitarse aplicando técnicas moleculares para la seleccion y cruzamiento. Por ello se esta
trabajando fuertemente en mapeo de ballica, trébol blanco vy otras forrajeras. a objeto de realizar
selecci6n asistida por marcadores.

Otro aspecto importante es mejorar la adaptacion a condiciones de estrés ambiental, como acidez de
suclo por ejemplo. Esto sc aborda buscando genes dentro de la especic y rutas metabolicas
relacionadas a la expresion de dichos genes a objeto de manejarla. Otro enfoque plantea buscar
genes en otras especies adaptadas a tales condiciones y trasferirlos posteriormente a la especic de
mterés. La resistencia a enfermedades v virus se esta abordando por seleccion asistida por
marcadores moleculares y por transformacion genética. La ultima téenica ya ha permitido obtener
lincas experimentales de trébol blanco con resistencia multiple a virus (AMV y BYMV).

“Un enfoque novedoso para mejorar la calidad de leguminosas forrajeras como trébol blanco es
retardar la senescencia (envejecimiento) de sus hojas, que s¢ ha logrado por transgenia. La
transgenia no solo esta siendo investigada para obtener resistencia multiple, mejorar la adaptacion y
calidad de las forrajeras, sino que también para mejorar el bienestar humano. Un ejemplo claro de
ello es la creacion de variedades de ballica cuyo polen no produce alergia en ¢l hombre.
disminuyendo asi los grandes malestares que genera v los altos costos sociales del tratamiento de
las alergias. No cabe duda entonces que gracias a los esfuerzos que hoy hacen grandes centros de
mnvestigacion tendremos a futuro SUPER variedades forrajeras que destacaran cada vez mas por
caracteristicas especificas. acompafiadas de los requisitos fundamentales que son rendimiento de
forraje y semilla, persistencia y calidad de forraje™, dijo finalmente Fernando Ortega.

Lectura de mono:

1) Especialistas de mas de 60 paises participaron en elos eventos internacionales obre
forrajeras.

2) La mvestigacion en los proximos afios s¢ enfocara en manmipular la composicion de acidos
grasos de la leche y came
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Anexo 4. Fotografias digitales de los principales posters (en CD

adjunto)  Sh

# Titulo poster

fotografia _—

01 Gene associated single nucleotide polymorfism (SNP) discovery in
perennial ryegrass (Lolium perenne L.)

02 Gene associated single nucleotide polymorfism (SNP) discovery in
white clover (Trifolium repens L.)

03 QTL analysis of mineral content in perennial ryegrass (Lolium
perenne L.)

04 Discovery, isolation and characterisation of promoters in white
clover (Trfolium repens L.)

05 Gene discovery and molecular disection of fructan metabolism in

_______|perennial ryegrass (Lolium perennelL.)

06 Bioprospectin for genetic determinants of cold anf freezing stress
tolerance in the cryophilic antartic hair grass (Deschampsia
antarctica Desv.)

07 isolation and characterisation of genes encoding malate synthesis
and transport determinants in th@ aluminium tolerant australian
weeping-grass (Microlaena stipgides)

08 Production and analysis of transgenic white clover plants
overexpressing organic and acid biosynthetic genes

09 Gene discovery and molecular disection of lignin biosynthesis in
perennial ryegrass (Lolium perenne L.)

10 Microarrey-based transcriptome of the interaction between
perennial ryegrass (Lolium perenne L.) and the fungal endophyte
Neotyphodium lolii

11 Genetic analysis of the interaction between perennial ryegrass and
the crown rust pathogen (Puccinia coronata f.sp Lolii)

12 Metabolome analysis of the interaction between perennial ryegrass
(Lolium perenne L.) and the fungal endophyte Neotyphodium lolii

13 A high-throughput gene silencing approach for studying the
interaction between perennial ryegrass (Lolium perenne L.) and
the fungal endophyte Neotyphodium lolii

14 Marker-assisted selection for fibre concentration in Smooth
bromegrass

15 Structuration of genetic diversity among and between lucerne
varieties using microsatellite markers

16 A glucanase gene cosegragates with a QTL for crown rust
resistance in L. perenne

17 Analysis of Bromus inermis populations using amplified fragment
lenght polymorphism markers to identify duplicate accesions

18 Monitoring of gene expression profiles and identification of

candidate genes involved in drought tolerance in Festuca mairei
with cDNA-AFLP
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British dairy, beef and
lamb production, viewed
by farmers and
consumers alike as the
most natural feed for
ruminants.

However, agriculture has
entered a new era in
which efficient,
home-grown
forage production must
go hand-in-hand with
environmental
considerations.

High Sugar Grass
varieties, bred by the
Institute of Grassland

and Environmental
Research, are a new
generation of grasses
designed to meet these
needs in the 21st
century.

TIIYILl Yuanty
Forage For A New
Era Of Livestock
Production

Having spent several decades
enhancing the agroncmic characteristics
of grass - such as yield, persistency
and disease resistance - plant breeders
are now looking at new ways to
improve herbage varieties.

At the Institute of Grassiand and
Environmental Research, the potential
benefits of higher quality fcrage for
sustainable livestock production were
foreseen more than 20 years ago.
IGER's scientists discovered that
grasses with high levels of water
solubie carbohydrates (sugar) could be

through Brifish Seed Houses and David
Bell Seeds (see back cover).

Extensive research over 20 years has
now been completed to show how new
HSG varieties improve performance and
profitability of milk, beef and lamb
production.

Early research with existing varieties
includes:

@ Grazing triais in the 1980s on six
commercial dairy farms and six
-commercial beef farms, over two
Sedsons;

@ Sheep studies at two IGER research
stations over three grazing seasons,

Recent research with improved
varieties, combining good disease

@ Zero grazing trials to verify the
benefits of feeding high sugar grass
to dairy and beef cattie;

@ Nutrition studies to identify the
digestive mechanism that allows
ruminants to utilise HSG varieties
more efficiently than recommended
control grass varieties,

@ Field-scale grazing trials to monitor
animal performance on HSG swards;

This leaflet summarises the results of
this work including initial findings from
the on-going LINK sustainable livestock
production project at IGER, sponsored
by DEFRA, the Meat and Livestock
Commission, the Milk Development
Council and Germinal Holdings.




\“C'attle and sheep are actually poor
converters of grass protein into milk and
meat. When grazing ordinary grass,
livestock use only about 20% of protein
from the herbage for production - most
of the rest is wasted in faeces and
urine. This is not only financially costly,

hmajor reason for these losses is the

iefacks readily avaitable energy,
the rumen microbes can use less of the

much of it is absorbed as ammonia and
eventually excreted. "——

Grass cell walls oons%of the complex

) : Gs‘l}l;&*@g ‘hemicellulose
and I:gmn Aﬂhough these components
can be broken down, this takes time
and the carbohydrates are not,
therefore, available early on, when
grass protein is broken down in the
rumen.

-
Water soluble carbohydrates in grass
are the sugars found inside the plant &

% " S

but also detrimental to the environment. ©

nitrogen released from the feed, so ™

celisyrather than in the Cell JNalis
themselves. They become a S0
readily avaiiable energy soon aﬂar TN
forage enters the rumen, allowing
rumen microbes to process more grass
protein. Ihis protein can then be used in
the production of meat and milk.

wgh this mechanism, HSG varieties,
high levels of water soluble
iCarbohydrates, can significantly improve
he utilisation of protein in grass.

Research at IGER has shown that HSG
varieties have consistently higher levels
of sugars than standard varieties
throughout the grazing season. Water
soluble carbohydrate levels up to 50%
higher have been recorded in some
HSGs. However, studies have shown

.even a small difference in the level of

water soluble carbohydrates can have a

. big effeci\on ruminant performance.

Several trials |fwolvmg dairy and

beef cattle, as well as sheep, have
demonstrated significant perfoermance
benefits from feeding HSG varieties.

Results from these tnials are
summarised in the foliowing sections

How High Sugar Grass improves the efficiency
of nitrogen utilisation

Control Varicty  High Sugar Grass

— T ————————
b i e =
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varieties were found to be: consistently higher than the
i il |Ik recommended control variety
= r @ Milk yield increased substantially throughout spring, summer and
UCtlon autumn

In an early study that looked at

Italian Ryegrass across six @ The amount of feed nitrogen lost
commercial dairy farms, animals l in urine is significantly less
averaged 6% more milk per cow ;
over the grazing season.

Its of several studies conducted on
commercial dairy farms and by IGER at
its dairy unit near Aberystwyth, show

~that grass protein is used more

efﬂcwnﬂy for milk production when

yield of animals fed HSG increased

by z way in earl)ﬂé%m

\‘Anima? we!ced either an experimental

»}I his has, smpon?nt Impiﬁ‘b

mmended comro > g/day in iate lactation, the enwronrreni in terms of nitmgen Dry matter Intakes Ilp by
Bothgr 4 * a detrimental effect on milk poliution, o S __2ka/head.t
R, "o }graz: hn;ques were‘usedm © . quality, Y - -

«2Yuv A
@ Dry matter intakes improved ¥ . . 3% Improvement iI'I I"Bt
significantly T L R __digestibili

1

Zero grazing trials at IGER completed
in 2000 found that dry matter 24% less feed llltl'ogen
1.9 1

intakes rose by around 2kg/head per Bl T R ez P _A0SLIN
day. This is particularly important in : : 5 2
low input farming systems where
producers want animals to obtain as
much of their nutrients as possible
from grazed grass.

® Diet digestibility increased

In the same trial, a 3% improvement
in diet digestibility was recorded with
HSG. The dry matter digestibility of
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through the rumen;

For Beef
. @ Animals grazing HSG recorded
PrOd llCtIOﬂ average daily live-weight gains of
0.997kg/head per day, which was ] .
Grazing trials and a companion 20% higher than the gain of cattie (
zero-grazing study run by IGER at fed the recommended contro! variety:
Aberystwyth have shown that when -

exira energy is provided to beef catile
by feeding HSG varieties, grass protein Performance of Charolais cross

steers in grazing trials at
Aberystwyth, Summer 2000

is used more efficiently and animal
performance is enhanced.

Research invoived beef steers offered Type of Grass Sward
either an HSG variety or a f ; 0997
recommended control ryegrass variety. | e 1007837

No extra additional feed was gh.«en and, 2 ‘

= T 1 -
e, ,#
fi”?é”"“
2 3'*wm“ ' %1 i ; N BT co e AQHIGE 101aYG,
o . reafe m.ake [ad T&hnvs from HSG was 13528t > -
i ' A . a3 y
was achieved i of hagher forage intakes and greater
: because the HSG " efficiency of grass utisation. 20% higher . ily .-
Iwas - iiVe=-Welanr. agams
highly palatabie ® The gm:;h rates ofﬁ:ISG-fec! animals o i
** Additionalty, HSG were enhanced, so they reached
. . Slaugllter welghts

bz f;" "‘F i

efficiently by rumen those fed the controi variety.

‘1 ’ was utilised more slaughter weights more quickly than
\\ ' ;
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.High ougar arass

Lamb production on High
Sugar Grass Variety

350 L

300 L

250 L

200 |

oht gain (g/day)

150

= -ve

Grazing Period

Lamb production comparing -
High Sugar Grass with an : 8.same Study. &m:a...-, e
ordinary ryegrass City {sto _ ing ratg) of the HSG
950 ¥ s K hrghermarw . 4
standard rye svmf'

® Ad Jib forage intake of grazing
lambs was higher on the HSG sward.

Un-uoing Aot
Research Projects

Silage Production

Preliminary lab based trials at IGER indi-
cate that significantly higher levels of
sugar are retained inanocutated HSG
silage compared with conventional

vareties

Under a new LINK sustainabie livestock
production project, spensored by
DEFRA, the Meat and Livestock
Commussion, the Milk Development
Council and Germinal Holdings, IGER's
scientists will evaluate the performance
of dairy cattle fed stiage conserved from
a recommended HSG variety.

An EU funded {Sweet Grass} project
involving IGER, as wel as universities
and research organisations in lreland,
Germany, Norway and Sweden, will
also establish techrigues for the
coenservation of HSG varieties to
maximise the quantity of sugar in the

ETGlied CIop. 1he ehietl U LU-ENoliayc
of HSGs with legumes will also be
investigated.

Grazing Trials
An on-going LINK project at IGER is
looking at the performance of HSG
varieties throughout the grazing season
The objective of this research is to
provide more evidence of the
advantages of using HSG ryegrass in
low-cost dairy, beef and sheep
production systems. The EU funded
project outlined above will also develop
grazing strategies for using HSG
varieties and locally adapted grasses in
a range of northemn European
management situations.




Jowrnal of the Science of Food and Agriculture J Sci Feed Agnic 84:1639- 1645 (online: 2004)

DOI: 10.1002/jsfa. 1854

Plant-mediated lipolysis and proteolysis in
red clover with different polyphenol oxidase
activities

Michael RF Lee,* Ana L. Winters, Nigel D Scollan, Richard J Dewhurst,

Michael K Theodorou and Frank R Minchin

institute of Grassiand and Environmental Research, Plas Gogerddan, Aberystwyth SY23 3EB, UK

Abstract: Polyphenol oxidase (PPPO) is an enzyme involved in the browning reaction of red clover leaves,
when cut or crushed and exposed to air. PPO starts the browning process by oxidizing endogenous phenols
to quinones, which contain electrophilic sites. These sites react with nucleophilic sites of other compounds
such as proteins. The leaf tissue of two lines of red clover (cv. Milvus, a genotypic mutant with reduced
PPO activity (LowPPO) and the wild-type, NormalPPO) were extracted in phosphate~citrate buffer, and
a third treatment was prepared by extracting the LowPPO leaves in phosphate-citrate buffer plus 50 mm
ascorbate to inhibit PPO activity (AscPPO). These extracts were compared over a 12h time course in
terms of proteolytic and lipolytic activity. Characterization of the tissues showed PPO activities of 9.11,
1.85 and 0 A optical density g~' fresh weight min™', which were reflected in the extent of phenol (derived
from quinones) binding to protein after 12 h incubation 102.3, 83.2 and 45.8 mg bound phenol g~' protein
(p < 0.001) for NormalPPO, LowPPQ and AscPPQO, respectively. Proteolysis measured as free amino
acids released into the incubation was significantly reduced (p < 0.001) with increasing PPO activity, with
values after the 12 h incubation of 0.03, 0.08 and 0.14 gg~! protein for NormalPPO, LowPPO and AscPPO,
respectively. Lipolysis, measured as the proportional decline in the membrane lipid polar fraction, was
likewise reduced (p < 0.001) with increasing PPO activity, with values after the 12h incubation of 0.12,
0.20 and 0.22 for NormalPPO, LowPPO and AscPPO, respectively, Changes that occurred in the lipid
fractions (polar fraction, diacylglycerol, triacylglycerol and free fatty acids) during the incubations are
also reported and discussed. These results support the selection of forages high in PPO activity to reduce
protein and lipid loses in silo and potentially in the rumen.
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INTRODUCTION

improved N-use efficiency and final product quality.’

The enzyme polyphenol oxidase (PPO) is a copper
metalloprotein involved in a number of browning
reactions in plants, including that of red clover leaves
when cut or crushed and exposed to the air. PPO
catalyses the oxidation of endogenous phenols to
quinones in the presence of oxygen.! The PPO-
generated quinenes are highly reactive, electrophilic
molecules which covalently modify and crosslink a
variety of nucleophilic cellular constituents, such as
proteins, amines and amides, leading to the formation
of melanin pigments.® It has been shown that this
browning reaction is associated with a reduction in the
extent of red clover proteolysis both i silo® and in the
rumen.* This could be due to the complexing of leaf
proteins® and/or the denaturing of plant proteases.®
The reduction in protein breakdown through this
mechanism results in over 80% of red clover silage
protein being retained as true protein, resulting in

If ipolytic acuvity 1s also reduced by this PPO-1induced
chemical cascade then it may result in a significant
reduction in lipolysis both m silo and in zive. Lipolysis
{the splitting of the ester bond in glycerol based
lipids) 15 a prerequisite for the microbial hydrogenartion
(biohydrogenation) of unsaturated fatty acids. This
addition of hydrogen 10 unsaturated fatry acids in the
rumen is thought to increase the sarurated fat content
of ruminant products and 18 considered to reduce
the healthiness of ruminant fat.® Such a reduction
in ruminal hydrogenation was observed in steers on
red clover silage diets” and this has been followed
through into the enhanced polyunsaturated narure of
the product, in milk and beef muscle.!® This effect
may be due to the action of PPO reducing plant
lipolysis as well as proteolysis, If this is confirmed then
supplementing ruminant diets with red clover may
improve the healthiness of the ruminant products, This

* Comrespondence to: Michael RF Lee, Institute of Grassland and Environmental Research, Plas Gogerddan, Aberystwyth SY23 2EB, UK

E-mail: michael lee@bbsrc.ac.uk

(Received 24 July 2003, revised version received 1 March 2004, accepted 25 March 2004)

Published online 3 August 2004

@ 2004 Society of Chemical Industry. J Sci Food Agric 0022-5142/2004/830.00 1639




MREF Lee et al

experiment aims to compare the extent of proteolysis
and lipolysis in extracts of red clover with: (a) a normal
acuvity of PPO (NormalPPQ), (b) a mutant red clover
line with a low activity of PPO (LowPPO) and (¢) this
mutant line treated with ascorbate to inhibit PPO
activity (AscPPO),

MATERIALS AND METHODS

Leaf extraction and incubation

The red clover { Trifolium prarense L) plants used were
clonal lines of two plants of cv. Milvus which were
selected on the basis of high or low PPO activity. These
were grown under conrtrolled conditions (20-15°C;
day and night temperatures with 16 h supplemental
light, starting at dawn). They were cut back at
regular intervals and were approximately 8 weeks
mto a regrowth period prior to the start of the
experiment. Ninety grams (fresh weight) of eaf ussue
were harvested from both normal PPO red clover
and the low PPO red clover plants, frozen in liquid
nitrogen and each batch extracted by blending in
360 ml of phosphate/citrate buffer (Mcllvaine) pH 7
over a 10min period. A further 90 g sample of leaf
tissue from the low PPO red clover was extracred with
50 mM ascorbate in the buffer, giving three red clover
extracts: NormalPPO, LowPPO and AscPPO. Each
extract was then sub-sampled into ughtly stoppered
incubation bortles, in 20 ml aliquots. Three replicate
botties were allocated to one of six sampling points
of a 12h time scale {0, 1, 2, 4, 6 and 12h), giving
I8 bottles per treatment. The mital (0h) replicate
ume points were then destructively sampled and the
remaiing extracts were left at room temperature (ca
20°C). The ume taken from tissue collectien to the
initial time point being taken was ca 20 min.

Harvesting, enzyme deactivation and lipid
extraction

At each time point the appropriate incubation bottles
were removed and a 1 ml sample of the incubation
medium taken and frozen (—20°C) for later analysis
of free amino aaids and protein-bound phenol to deter-
mine the extent of proteolysis and the degree of PPO
activity, respectively. The remaining bottle contents
were treated with 25ml of 1sopropanol-chloroform
(1:1 vv) plus Iml of internal standard {2.5mg
C19:0 ml ' chloroform). Isopropanol was used as
a lipid extraction solvent as it has been shown to
be extremely rapid in deactivating lipases.'! This
mixture was blended and left overmight to extract
at 4°C during which ume a gelatinous precipitate
formed. The precipitate was dissolved in 50 ml of iso-
propanol-chloroform to form an approximate ratio
of (4:1; (isopropanol-chloroform):(aqueous buffer +
endogenous water)). The extraction was then filtered
through a sintered glass Buchner funnel (medium
porosity) fitted with a ball joint for use with pres-
sure. The residue was washed with 5ml of iso-
propanol-chloroform, allowing to soak for 2min
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before reapplying pressure. The filtrate was cen-
trifuged at 900 x g and the aqueous top layer removed.
Twenty millilitres of saline (0.02% CaCl,, 0.017%
MgCl,, 0.29% NaCl, 0.37% KCI) were added, again
to produce the 4:1 ratio of (isopropanol-chloroform):
saline, and centrifuged as before. The aqueous layer
was again discarded and the remaining bottom layer
rotary evaporated to dryness at 50°C with 5ml of
1isopropanol (to form an azeotrope with any remaining
water), The dry residue was then resuspended in 10 ml
of chloroform-methanol (2:1 viv).

PPO activity assay, free amino acid and bound
phenols determination

For the PPO acuvity assay plants were extracted
according to the method of Winters efal.'® and
assayed according to the method of Robert erall?
Samples taken for analysis of protein fractions were
centrifuged at 15000 x g for 10min at 4°C and the
supernatant retained. Soluble protein was precipi-
tated by addition of 1 ml 20% trichloroacetic acid,
0.4% phosphotungstic acid. Following incubation for
30min at 0°C, precipitated protein was centrifuged
at 15000 x g for 10min at 4°C and the supernatant
retained for analysis of free amino acid content accord-
ing to the method of Winters ez al.'* The protein pellet,
which included bound phenol, was dissolved in 6 ml
0.1M NaOH and analysed for protein and phenol
content according to the method of Potty.'* Protein
concentranon was based on the difference in response
using Folin's reagent with and without copper. The
assay response without copper is mainly due to bound
phenol content, whilst the response with copper is
due to a combination of protein and bound phenol
content. By estimating the protein component of this
response it was possible to calculate the concentration
of bound phenol.

Lipid fractionation and analysis

A 5ml aliquot of the chloroform—methanol hLpid
extract was taken for lipid fracuonation by thin
layer chromatography as described by Nichols.!®
The lpid fracnons (polar fraction, diacyiglycerol,
iacylglycerol and free fatty acids) and remaining total
lipid samples were converted to methyl esters using the
bimethylation procedure of Kramer and Zhou!” and
analysed by gas liquid chromatography on a CP Sil 88
FAME column (100m x 0.25mm 1.D., Chrompack
UK Ltd, London, UK) with split injection. Peaks were
identified from standards and quantified using the
internal standard (C19:0). Lipolysis was calculated by
expressing the decrease in fatty acid content of the
polar fraction between the initial time point Ty and
incubation time point T,, as a proportion of total
fatty acid content (polar fraction + triacylglycerol +
free fatty acids + diacylglycerol) at Ty, Lipolysis was
analysed using a repeated measures analysis of variance
using Genstat 5: Lawes Agricultural Trust (1997).
Changes in the free fatty acid fraction and the release of
free amino acids were determined to be linear and were
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described by linear equations using Genstat 5: Lawes
Agricultural Trust (1997). The changes in the polar
and diacylglycerol lipid fractions were calculated using
a nonlinear regression analysis in Genstat 5: Lawes
Agricultural Trust (1997) where lipid fractions were
the response variate and time the explanatory, with the
rate of decline as the parameter in the exponent.

RESULTS AND DISCUSSION
Polyphenol oxidase activity and proteolysis
The activity of polyphenol oxidase in the red
clover extracts was characterised to be 9.11, 1.85
and 0A optical density g~' fresh weight min™!
for NormalPPO, LowPPO and AscPPO, which is
reflected in the concentraton of bound phenols
(derived from quinones) in the extract medium
(Fig 1). The final concentration (12h) of bound
phenols was significantly different between the three
treatments at 102.3, 83.2 and 45.8mgg™' protein
for NormalPPO, LowPPO and AscPPO, respectively.
This indicates that the actvity of PPO was, as
expected, highest for the NormalPPO and lowest for
the LowPPO line treated with ascorbate to inhibit
PPO activity, ie AscPPO. The iniual high level of
bound phenols in the NormalPPO treatment indicates
that the reaction was extremely rapid and mainly took
place prior to the initial sample being taken, with
consequent exhaustion of the phenol substrate. In
addition, PPO acuvity can be inhibited by the quinone
products or limited by a low O supply.” It must
also be noted that bound phenols are expressed on
a protein basis. Protein breakdown occurred during
the incubation period and more probably in phenol-
free protein fractions. This implies that some increases
in protein-bound phenol content are possibly due to
protein breakdown, particularly with the LowPPO
and AscPPO treatments, therefore the level of bound
phenol in these incubations would be overestimated.
The increase in free amino acids in the incuba-
tion medium as a measure of plant-mediated pro-
teolysis is shown in Fig 2. Zhu ezal'® provided
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Figure 1. Concentration of bound phenols (derived from quingnes) in
the incubation medium,
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Figure 2. The release of free amino acids into the incubation medium
as a measure of piant-mediated proteolysis

evidence for the role of plant proteases in the
degradation of herbage proteins, in rumen-like con-
ditions. In the present experiment there was a lin-
ear increase in the concentration of free amino
acids in the AscPPO treatment, with the line of
best fit described by: FAA =0.053(+1.2 x 10 % +
0.007(+1.0 x 107%)r {(* =097; p < 0.001, where
FAA = free amino acid in g g protein™' and 7 = time
in hours); however there was no significant rise in the
other two treatments. These results agree with the
findings of Jones ez a/,® who showed a 40% reduction
in proteolysis with red clover silage compared with
alfalfa silage, 7 days after ensiling. They related this
reduction in proteolytic acuvity to the polyphenol oxi-
dase content of the red clover. In this experiment
there was a high negative correlaton (r = —0.79;
p < 0.05) between polyphenol oxidase acuvity and
proteolysis (estimated by free amino acid concen-
wration). This suggests that increasing the extent of
PPO activity decreases proteolytic acuvity. This was
clearly demonstrated with the AscPPO treatment and,
although there was no significant linear increase in
free amino acid concentration for the LowPPO and
NormalPPO treatments, the LowPPO treatment had
a significantly higher concentration of bound phenols
(0.08vs 0.03gg™! protein; p < 0.001) and a larger
increase of free amino acids during the 12h incu-
bation period (2.6 x 107* vs 1.7 x 10" *gg! protein
h™'; p < 0.05) than the NormalPPO treatment, sug-
gesting an increase in proteolysis with reduced PPO
activity. The level of free amino acids for the Nor-
malPPO at the inital time point (Oh) (ca 1.9mgg '
fresh weight; FW) is probably a reflection of normal
free amino acid levels in red clover, calculated to be
ca 22mgg~' FW.!” The differences between Nor-
malPPO and LowPPO and AscPPO in free amino
acid concentration at time 0 h probably reflects rapid
proteolysis during the preparation period.

Lipolysis and changes in the lipid fractions
The extent of lipolytic activity at time T, is shown in
Table 1 and the changes that occurred in the different
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Table 1. Extent of lipolytic activity in the three red clover treatment
incubations [AscPPO, LowPPO and NormaiPPQ) at time T,

Incubation time (i (hi

with the nucleophilic sites of the polar lipids.2! This
may offer some level of protection from lipase activity
and so reduce lipolysis.

Four groups of lipid-degrading enzymes, phospho-

Lipolysis (%) ! 2 4 6 12 lipases, phosphatases, lipolytic acyl hydrolase and
AScPPO 400 B899° 120b 1530  o18Y lipoxygenases are associated with microsomal, mito-
LowPPO g7 5400 as8" 141" 200" chondrial, chloroplastic and cell membrane tumn
NormalPPG 1872 5413 859" 1168 119° over.”? They are activated at the onset of tissue senes-
SED 0551 0BT 0.295 105 1.76 cence, which may be induced in many natural plant
S!gﬂlf!ca.r\f‘.(-: % LE T L - an

Numbers followed by the same ietter are not signficantly different
within each coiumn. SED, standard error of the differance; * g < 0 05,
o< 0.01;"p <« D:001

lipid fractions are shown in Fig 3(a-d). The degree
of lipolysis, measured as the percentage decline in
the fatty acid content of the membrane phospholipids
and galactolipids (polar fraction), was significantly
lower in the NormalPPO extraction compared with the
AscPPO extraction across all time points (p < 0.05)
with the LowPPO extracuon being intermediary
between the two. Lee er a/*” noted that red clover had
a significantly lower lipolytic activity than perennial
ryegrass. They suggested that this reduction may be
due to the PPO activity of the red clover denaturing
lipases in a similar way to its postulated denaturation
of proteases.” The results of this experiment agree with
their findings. However we postulate that the decline
in lipolytic actuivity may also be due to the quinones,
produced from the PPO chemical cascade, binding

B

—

o

processes, such as fruit, flower and leaf abscission.
It may also be induced by mechanical or heat dam-
age, where these enzymes, which would otherwise be
physically separated from the substrates, will be in
direct contact with various cytoplasmic organelles and
the cell lipid bilayer.®* Lee er al®* demonstrated
vitro that plant-mediated lipelysis was induced in an
environment, which simulated the mechanical break-
down of plant cells by chewing and ruminating and
the temperature stress of the rumen (39°C). The
loss of membrane phospholipid (the polar fraction)
is one of the best documented indices of membrane
lipid metabolism?® and this is clearly seen in Fig 3(a),
The curves for the three treatments are exponential
and are described by the equatons in Table 2. The
rates of decline in the polar fraction of the LowPPO
and AscPPO treatments were similar and both were
significantly higher (» < 0.001)} than that of the Nor-
malPPO treatment. This highlights the relationship
berween reduced lipolytic membrane breakdown and
PPO activity.
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Figure 3. Changes in the lipid fractions; {a} Polar fraction; {bj diacylglycerois; (c) free fatty acids; and {d) tnacylglycerol.
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Table 2. Linear and ronlinear regression equations to describe the changes in lipid fractions duning the 12 h incubation penod

. Sgnificance
Lipidd Regression equation for ine of best fit e
fraction Treatment {(£SE Lingar Exponential
PF NormalPPO PF = 0.80{+0.01) + 0.12(+0.01) g~" 74(10.086x NS
LowPPO PF = 0.65(+0.05) 4+ 0.23(:£0.04) g~ 820037y NS
AscPPO PF = 0.68(£0.02) + 0.21(+0.02) g~ 0 Bx0037 NS vy
DG NormalPPO DG = 0.13(+0.01) - 0.07(+0.01) a0 84x0. 1151 NS o
LowPPO DG = 0.21(£0.08) ~ 0.12(40.02) g~ 8620.061) > gen
AscRRO DG = 0.16(£0.01) — 0.08(10.01) o1 88201011 NS (e
FFA NormaiPPO FFA = 0.01(+0.001) + 0.003(+0.0001)t(° = 0.92) NS
LowPPO FFA = 0.02(20.001) + 0.006(£0.000)t(r* =0 97) NS
AsCPPO FFA = 0.02(+0.002) + 0.009(=0.0004)tr° =0.91) NS

PF, polar fraction; DG, dhacylglycerol, FFA, free fatty acid, TAG, triacylglycercl; ¢, time (h); ¢, critical exponential. " < 005, **p « 001, " p - 0.001.

The breakdown of the polar fraction occurs
through two main mechanisms: (a) phospholipases
cleave phospholipids at the terminal phosphodiesteric
bond which is then acted upon by the appropnate
phosphatase, depending on the nature of the polar
head group {(eg phosphatidic acid phosphatase),
resulting in the formation of a diacylglycerol. This is
then further degraded into free fatty acids and glycerol
by lipelytic acyl hydrolase.*® (b) The specificity of
the enzyme lipolytic acyl hydrolase is low and as
such it will lypolyse phospholipids directly without
the formation of the diacylglycerol intermediate.?’
The first mechanism of polar frachon degradation
would explain the rise in the diacylglycerol fractions
of all three treatments shown in Fig 3(b). The three
treatments behaved similarly with a critical exponenual
increase in the diacylglycerol fractions over nme; these
increases are described by the equations given in
Table 2. Although there are no significant differences
between the rates of diacylglycerol formation, from
these equations, there was a significantly lower
concentrarion of diacylglvcerol after 12h with the
NormalPPO treatment, again suggesting a lower
lipolytic acuviry than with the other two treatments
(0.12,0.19 and 0.16 g diacylglycerol g ! total lipid for
NormalPPO, LowPPO and AscPPO, respectively).

Both described mechanisms for the breakdown of
the polar fraction would explain the nse in free
fatry acids shown in Fig 3(c). This 1s the clearest
evidence for a difference in lipolytic acuvity between
the three treatments as there is an inverse relationship
between levels of free fatty acids and PPO acuvity.
The linear increases in free fatty acid concentration are
described by the linear regression equations given in
Table 2. This is in agreement with the findings of Lee
et al*® who observed a significant critical exponential
increase in diacylglycerol and a linear increase in free
fatty acids for both red clover and ryegrass, which
coincided with a decline in the polar fraction during
plant-rmediated lipolysis. However, they also showed a
critical exponential increase in triacylglycerol (TAG)
concentration during lipolysis. In the present study
there was a trend (p < 0.1) for increased TAG up to
6 h with the NormalPPO treatment and throughout
the 12 h incubation period on the LowPPO treatment
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but these were not significant (Fig 3(d}), possibly
as the result of the low levels of TAG found in
the samples (0.008-0.02g TAG g™ total lipid}.
Browse etal®™® and Sakaki eral”® highlighted a
mechanism for an increase in TAG in leaf tissue
during periods of stress (such as being eaten). TAG in
leaves 1s usually found in very small amounts, bur an
enzyme acylCoA:sn-1,2-diacylglycerol acyltransferase
(DAGAT), which is found mainly in the envelope
membrane of chloroplasts, up-regulates during periods
of stress and converts diacylglycerols released by
degradartion of the membrane lipid bilayer into TAG.

Fobel eraf®' suggested that there was a selective
depletion of polyunsaturated fawy acids from mem-
branes during senescence and an ensuing decrease
in the polvunsaturated (PUFA) to saturated {SFA)
fatty acid ratio of the polar fraction. However in this
study the PUFA:SFA ratic of the polar fraction did
not change significantly with time or across treat-
ments with a mean value of 6.10. This suggests that
induced lipolysis through an imposed stress may result
in a different pattern of membrane lipid degradation
than natural senescence. In additon dunng natural
senescence, released free polyunsaturated fatty acids,
such as linoleic and linolenic acids, would be con-
verted into hydroperoxy derivatives by lipoxygenases.
These in turn would be converted into one of 3 prod-
ucts; aldehydes by hydroperoxide lyase, jasmonic acid
and methyl jasmonante by allene oxide synthase, or
epoxides by peroxygenase, all of which can be recy-
cled by the plant.*?** All of these reactions would
be prevented by the absence of oxygen, such as in
anaerobic i virro incubations and the rumen of graz-
ing ruminants. This is borne out by the results in
Table 3, which show no change in the concentration
of linoleic and linolenic acids between the initial nme
point (0 h) and the end of the incubations (12 h) across
all three rreatments. This is in contrast to the results
of Dewhurst and King,** which showed a significant
decline in the concentration of these major fatty acids
during an aerobic wilt prior to silage making.

The net result of the depletion in membrane
phospholipid, whether through natural or induced
lipalysis, is a decrease in bulk membrane lipid fluidity
which may alter the conformation of membrane
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Table 3. Changes in the concentration {gg ' total fatty acids) of the three major fatty acids between the initial time point (G hj and end point {12 hj of

the three red clover treatments
NormaiPPO LowPPC AscPPO Significance
..................... o= e SN =y Treatment
Oh 12h Oh 12h Oh 12h SED Time Treatment
C16:.0 0127 0.123 0133 0137 0.120 0.130 0.0039 NS b
Cc18:2 (. 140 0.140 0.141 0.142 0.130 0.133 0.0015 NS NS
C18:3 0640 0.643 0613 0.603 0.633 06823 0.0054 NS i

C18:0, palmitic acid, C18:2, inoleic acid; C18:3, inolenic acid. **p < 0.01; *"*p < 0.0M

proteins, rendering them prone to proteolysis,”®
cither plant-mediated or microbial when ingested by
ruminants. Therefore high PPO acuvity may infer a
further protective method for reduced proteolysis by
reducing the destruction of the lipid bilayer.

CONCLUSIONS AND FUTURE STUDIES

The results of this experiment have highlighted a
link berween reduced proteolysis and lipolysis in
red clover extracts with increasing PPO activity.
This may have consequences in sifo as protein and
polvunsaturated fatty acid losses could be further
reduced by selecting forages with high PPO activities.
Furure studies will investigate whether lipid protection
is due to the denaturation of plant lipases or through
quinone binding to polar lipids. The role of red
clover PPO in lipid protection during grazing and
ingestion into the anaerobic rumen also needs to be
determined, A reduction in lipolysis in the rumen
would resulr in lower levels of polyunsaturated fatty
acid biohydrogenation and therefore increase the
PUFA:SFA ratio of ruminant products.
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the 1980s with the realisation that the nutritional guality offered

by Dr PE.’._ WIIk”lS by new varieties would become as important as dry matter yield,
-‘g\&DeVE[Opﬂglg of Aber ngh Sugar Grass (AberHSG) as Britain's livestock farmers looked to continue improving the
: ; sfficiency of production from homegrown forage. Environmental
| € ; v
il equrate P ar .mal RYEB[&SS V‘?rIEtles - | issues have also become more important and now have a far
I'aSS'VaI’[EIIES ;, ; ‘ ; grea.er bearing on the direction of grassbreedmg at !C.E;R

As a result F*aracten%trcs such as sugar content and dlgesillhlsty :
became primary objectives, alongside other important targets
such as extending the grazing season and |mpr0vmg dry rnatte .

. 9 __I\Qammlsmg the Aber Advantage
p A

9 , A_;hlewng Modern Clover Breeding Objectwes

¥ :?r M:chael ﬂbbg-[ton e . y
: 'I (‘{Fo i 'm Eﬂ&ctl C=C0mb|nat|on Twenty years later the emergence of the first AberHSG varieties -
<5 B @ pg f Y offering significantly higher water soiuble carbohydrate.content

£5% . ' :
;1 ‘““6_._ . h e ,C!P\v’efsjsmau_ Le:aved Val'letles "1d and increases in milk and meat production potential as-a F

production per unit of nitrogen, By e
o gy

e ——

! hlt& CI@ er%ﬂegum Leaved Va”e“ec, b e - : consequence, is evidence that the change of emphasis was bu.h
e, 2 _ | e KA . . ! correct and effective. These varieties also make more effective ‘use of 4 R Y
"_ | e d P Py bR i nitrogen, addressing a key environmental objective. The fact thaty *# S 0N

. e \ o f s B i N qh' -&J #—-‘. i
c n C[Si“/ - .’*3.\ QY NS 1‘ these varieties have also kept pace with more tradil,lonal b:t:edmg 'Y '(} 2 &E«
o "\‘J‘."w-i ~ ’:’f'\ Y .5 P o (YO objectives including dry matiér yield, per%nstency, ccﬂd tolerangé and dlsease resmtagce i =
!' Ay e "'" = testament to the memil success of the breed; ng pmgramme'and underlln relev arce_p .
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Most encour aging of all is ﬂn;- kmmled ze that II]e |mpr0\emPnts in nutflllopal c::.ﬁ;?fgee
far are just the beginning. Whilst.the mterrnedlatf-,dlp}md AbL'rDift HSG, forfexample, has*

%’ been recognised as the outstanding nerbaﬁw variety of its generation, it is rertaf;!lg, nut awan
y { off. There are now re(t:mmt*nd“d AberHSG varietiés in IatP diploid and hybr:d‘ryegrassa
R categories, and thc next an(‘rateOI“ offerlng, even prcater potential is now emgr ingit
. ) - ’ —
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TGN I nutritional v ﬁm- has buomv an objective. This mlegra!ed. approach will remaru wtalig :
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e pevelopment of Aper High dugar Grass

The Established Facts

There is now a bank of research evidence showing the significant animal
performance benefits that High Sugar Grasses offer livestock farmers. Milk yield and meat
production responses are a function of improved intakes and digestibility, plus the superior
utilisation of grass protein that results from the higher readily available energy content of

AberHSG grasses.

HIGH SUGAR GRASS FOR MILK PRODUCTION

o 3
* 6% more milk per cow over grazing season #

*  Dry matter intakes up by Zkg/head per day

* 3% improvement in diet digestibility

»  24% less feed nitrogen lost in urine

' AL
HIGH SUGAR GRASS FOR BEEF PRODUCTION __,,\@
B A

*  Dry matter intakes increased by around 25%
» Higher forage intakes

*  20% higher daily liveweight gains

* Environmental benefit from reduced nitrogen

pollution

HIGH SUGAR GRASS FOR LAMB PRODUCTION

Higher forage intakes
* 20% higher liveweight gains

*  20% higher carrying capacity of HSG sward

f T
E Further details on these tnals are confanes |
1 in the booklet “High Sugar Crass

il

Reference: SLP LK 0615

Ihe Development of Aber Hign sSugar Lrass

Strengthening the Case - Grazing |
Data that strengthens the arguments in favour of the AberHSG phenomenon continues to

emerge. The latest and arguably most comprehensive report vet comes from the jointly

sponsored Sustainable Livestock Production, LINK programme which features season long |
grazing trials conducted at IGER research farms using beef steers, iambs and dairy cattle

Liveweight Gain (kg/d) in Beef Steers Liveweight Gain (kg) in Lambs

similar milk yield (31 .6 kg/day). The control

Liveweight gain Control | mm AberDart (rotational)
I_I_'_“E_'z_ua_r """ g [‘ a5 ' 32 Centrol (rotational)
{ 15 ¥eie e H
. ; i
| Second Year 1.13 .84
L . = P — 30

o > =
In dairy grazing trials the AberHSG vanely o
AberDart produced very high mean milk :_:‘_ 28
vields, (31.7 kg/day of miik) from limited |
. paayo o
concentrate use (3 kg/dayl. The control I o i3
variety in this trial showed simiiar o5 &0
levels of WSC and therefore produced a !

24 =

variety was the same in all three trials, but I |
only showed this similar level ot WSC in the i |
i o | R | | 1 1
aany trial 2 1493 38 35 42 49 %6
-' DAYS !

Strengthening the Case - Silage
whilst the LINK study concentrates on the
nertormance of AberHSG in a grazing conlext,

other studies address the impact of High Sugar | HSG Control
Grasses when f.'fh!i'(?'d Recent research at m—" i ==
IGER with beef cattle shows improvements in

intakes and increases in the efficiency of Dry Matter tkg/d) 4.29 3.60
rumen micrebial protein synthesis when High Organic Matter (kg/di  3.95 ¥:33
Sugar Grass silage is fed Total Nitrogen (g/d) 93.1 91.3 |

Residual WSC in the H5G silage was 9.0%
while that of the control variety was 5.5%. The
higher WSC levels in the HSG silage led to the | Dry Matter (kg/d) 2.14 1.82

Duodenal Flow

improved efficiency of feed N incorporation Organic Matter ikgfd: 1,67 1.34
P P | o ; =5 =
into microb:al r_m,l'r?..n giving the potential to Total Nitrogen (g/d) 96.2 74 9
mprove animal pertormance and reduce . " "y -
Microbial Nitrogen (gid}  63.2 41.7

nitrogen excretion into the environment

Sourie Moy, WOER 2007

Reierence SUP Ik 0618




AberHSG: Intermediate Perennial Ryegrass

Varieties

AberDart H5G

Aber[art HSG was the first AberHSG vanety
to appear on the NIAB, DARD and SAC
recommended lists, In 2003 it became the first
grass variety to win the prestigious NIAB
Variety Cup for its outstanding improvement in
quality. AberDart HSG is the highest yielding
diploid ryegrass (NIAB 2003/4} with very good
early spring growth, exceptional aftermath
digestibility and Grazing D-Value, good
ground cover and sound disease resistance

Average sugar content of perennial
ryegrass varieties under simulated grazing

300+ AberDart |
/ Abet Torch {7
Calibra (T}
i o e
i "i 2804 ‘iﬂr_-—— Navan (T ’
| u ‘I,:'-———— Missouri (T
—
n : T Foxtrot
Z 260~
- - Millenaium T
l Telramax = |
T4 Metbo |
‘ Choloe :
‘:1____“‘:"“" Fran es
220 T Sambin

Sourge Galfuiand o a), L

| —

o

A comprehensive review of trials conducted at
IGER, DARD, DSV, Hunsballe and Peter Cates
involvieg diploid ard tetraploid perennial
ryegrass varieties shows the superiority of
AberDart HSG in terms of WSC content.

The signiticant improvement in AberHS(
Grazing D-Vaiues shows some correlation
to the higher levels of WSC in these
varieties under grazing management

Agri  AbwerDart HS0G AbwedAvnn HSG |
1
!

THE NEXT GENERATION

AberStar HSG

AberStar HSG will be the next intermediate
diploid to emerge from IGER's HSC
breeding programme. A step forward on
AberDart HSG for all the traditional
characteristics, AberStar HSG offers another
significant improvemnent in W5C content
Currently out-performing all other varieties in
national list trials. AberStar w:li be considered
for acceptance on o the recommended lists in
2005. In these trials it shows an increase in
grazing dry matter of over 12% on existing
varieties. Subject to national listing AberStas
will be available in British Seed Houses
mixtures from harvest 2004 onwards.

o AberStar H50

{ 35 |
30 = i |
ye AberDlant HSG |
20 -+ o= i fennema |

{ 16 = i
10 I

| 28 Mar 7 Apr 5 May 2 un 19 jun 143 st 4 Aug i

. Date of Cut i

Sounce MGER PrasNa i ir 300

| : -

AberAvon HSG

AberAvon HSG is a high yielding late

ciploid offering a similar WSC content to
AberDant HSG. 1t has the highest Grazing
D-Value of all (72.23) perennial ryegrass
varieties on the NIAB Recommended List
2003/4

AberAvon HSG also exceis in terms of
dry matler yvield. In the second harvest vear
in NIAB's simulated grazing trials, AberAvon
HSG recorded a yield 7% higher than the
control variety Fennema and 1s above ail
other late perennial ryegrass vaneties on the
recommended list.

AberAvon has shown an increased WSC
content al every cut over a NIAB

recommended tetraploid contiol variety.

i Cut1 Cut2 Cut3 Cut4 Cut5 Cuté6 Cut?7  Mean |

|

| Variety 23 Mar 27 May 28 Jun 19 Jul 18 Aug 22 5ep 29 Ot '

i Aberavon HSG 112 242 299 315 236 210 234 236 i
Control {Tet 11 235 275 287 214 188 220 219 |
Soie Wi Lo Term | MK Harved Year |

AberZest HSG

AberZest HSG is the latest late diploid to emerge from the IGER breeding programme. It is
comparable to AberAvon HSG in terms of WSC content and offers superior ground cover to this
variely. Both AberAvon and AberZest are currently available.

WSC (%)

- R = e ; Cut 1: 28 May

Cut 26 june
-l__L
Choice

Aberfesl HSC Par¢ our

e 1GER 1997 Sowiny | W

e e B = e s




AberHSG: AberHybrid Ryegrass Varieties Maximising the Aber Advantage

AberStorm HSG THI NINT GENERATLICIN Cireat progress s being made by IGER's grass breeding programme in terms of the autritional

AberStorm HSG was the first AberHybrid AberEcho HSG is the latest AberHybrid quality of new ryegrass varielies. The breakthrough has come with the emergence of

HSG variety. Earlier heading than the HSG vatiely from the IGER breeding perennial ryegrasses such as AberDart HSG, AberAvon HSG, and AberStorm HSG. Already

successful intermediate Hybrids Aberiinnet programme. It is the highes! yielding Hybrid the next generation is showing a further significant step on, with varieties like AberStar HSG

and AberExcel, AberStorm HSG is high Ryegrass variety available, out-yielding all and AberEcho HSG Hybrid Ryegrass coming to the fore. These varieties show a significant

yielding for grazing and conservation and the Hybrids and even the ltalian ryegrasses ‘ increase over AberDart. The improvements are set to continue, as over twenty years of

provides outstanding early spring growth at listed by NIAB (2003/4) in the first harvest focused breeding comes to fruition

148% of the control, vear lthasall the advantages of the l The potential benefits for livestock farmers irom these improved grass varieties are real and
!

highly signiticant. Tangible performance increases in terms of milk yield and liveweight gain

AberHybrids and will persist in rolational
have been demonstrated in tnals, and forward-looking tarmers are already seeing positive

grazed and cut leys for up 1o five years

j ; . i
(twice as long as talian ryegrassi. Aberfcho results for themselves
HSG also shows excellent disease resistance

WSC (g/kg) of AberStorm and Molisto

W Amerstorm HSE rolats
Aolista fratalional

and mid season quality M o

In order for the farmer to gan full advantage it is important not o dilute the potential, This

o means using mixtures that are made up entirely of the appropriate AbertHSG varieties and are

Mean DM Yield% not compromised in any way with fesser conventional inclusions. This is now possible, due

to the range of superior variehes coming through the IGER breeding programme.

Dilution of mixtures with non AberHSG varieties will certainiy reduce the benefits. Animal
studies on AberHSG vaneties at IGER have in general shown that in order to generate a
signiticant anima! performance benefit, a grazing sward must provide a minimum increase in
the level of water soluble carbohydrate of four percentage points. However, for silage
production bigger differences may be required in the standing crop.

. Hence, a farmer growing Mixture B instead of Mixlure A may not reap any tangible animal
Aberlehe HSC Atalia (GRG Solid Mebisto Polly pertormance benehits, despite using a mixture with an AberHSG component.

Mean WSC Content (%)

Wl

1

M | HSG Mixture {1 4kg! WSC () AberDart + Non HSG (14kgl WSC (%)
! 1 S— S S—
1 3¢ . w— Aboilcho HSC | | | i1 R

3 i J | 1kg AberAvon (Late PRG Dip)  24.90 ikgg Control tint PRG Dip) 21.24

0 — AR | . ki Aberlbcho (Hybrid Tet) 2790 ik Control iLate PRG Tet) 21.87
f MG { ik AberStar (nt PRG Dipb 2490 5k AberLinnet (Hybrid Tet! 20.71
| | H ~ i - . o .
| 25 | ‘ ixg AberDart (Int PRG Dip) 23.28 tkg AberDart ilnl PRG Dipi 23.28
' Average WSC (%) 25.63 Average WSC (%) 21.62
| 20 | j I Wost alalo Bl ey WGER Lope ferent Tragl, JIEST semnarsg IR Drinasd

:. Rl i e e S T

,I | This extrapolation of data from variely trials shows the importance of maintaiming a full

2 = | complerment of AberHSC varicties in a mixture
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Achieving Modern Clover Breeding Objectives

The emergence of new varieties offering higher yieids,
greater versatility of use and - perhaps most impartantly -
increased reliability is changing traditional perceptions and
underpinning a significant new role for white clover in
sustainable livestock production.

[t
-

.+ No longer is white clover associated solely with low input /
* low output and/ororganic systems, but is increasingly

& o iy (‘en!'ai I(l the most progressive forage based enterprises. As
an’ "wJd companipn to:modern grasses in swards for either grazing
. -,

L] .o conserv uog&lds a species that addresses many of the
\g 'fmodern farmer’s priorities = from the cost effective

’ prﬁ'!a:on of homegrown protein to reduced reliance on
o fepmwr nitrogen,

L4

L)

e, T Ny

Eighty, years-cf Iuver b;eedlr)g aUGgR have helped drive this revolution, and - as new
objectives ensuré rmnnumg pfdﬁr;,‘s:. ~ Uw programme is set to maintain an essential role in
I’Jzure develpgsmnt dain LR et Y '

e DL “ -3 D 5 F

.
e - ™

i Rehablhty has be(.n ani A{.:huiioa feel, fc(\twn ur)ver in decamu_. p.m but gptimum targets of
- 30‘3‘}qu09(‘1me!’1 !dbiat Qra'ﬁj'ﬂry atter are now being achieved under a variety of

" ; manaf,emerﬂ’sy;tems- and Mviths unp*‘et‘edenle'i mis of copslstenry This is due jnpart to? *
" TIGER bei ing: fncuse&l Qp](ey breédmﬁ‘bb}ecllu's such"aq wrmer hard nesa tucwdit{‘aqe }
..‘*. eqtarte and nnlrggcn‘tok*ranu\; o ‘-‘b 4 NS AR

i~a ~ » a.,.. .
AT e A S Sy (2T

% ﬂ\,’iorkm cloy ﬁqderh g?fs?breednm is w@I for"lhe dm«'el br&eder 1o 'ensure;a Ir=w~|
ofcumpaubrmmalw.ﬂluw Oq:;mum gward composition, This i .3 major strength of the !

MIGER pionmmmaa @ }.u‘{os ] th(?-?rru”i.ence c{Lwhne c&m ef err) |I\rest{2{.£
el fenston st

nl'ed Rt I .
""". _‘_&J.ﬁ.: H& o :

k=Y, .'S-J

..' pA'tlosehﬂ;mt\a ﬂ‘l agﬂmlluw E-nans stf agﬁawﬁg

'J ¥ ~ahdftesting tajes xn!n,._gﬁt!.mt a,nc in the }a -and- m(harumem.};weii as-inthe 7

-T‘hidn.:?lm,smma!d'i o ""'“ ~Jh{} is oniyepossible because @hei}tronh finks: yith s~ -2
s giition willibecome? al[pw'f;;rq.dﬂ;p fantash L m = ¢

> Un"‘,mprp\hpgfeed{:qa;;uf’ﬁndg uein f':.zﬂ ‘*‘f
’ v P ‘,‘ ] '. ” 4:

L

o 2 SO "'
-.??’l ; 1 ,ﬁ‘.‘c._, “' & ,;‘1\_._ ”‘P% e
.lGEER'&. wprk Seettl()m -~

-
\."

L

¥ = L A L
y .l’_-.-('l'la!_

- " 4 3
N A S -~.-__~-“ -.‘;.:.. A
T " Yw 3 s
> "
6 v N . ,
eai & i ‘:‘
L~ @ ph
- 4 5
» AT
M TN T el L ol
A ¢ !
i i ¥

Forging an Effective Combination

The benetits o
clover in swards for both
censervation are long established and well

f combining grass and
zing and

proven. The most important benefits can be

SLUIMIMarniss
e improved forage quality and feed
value due to a boost in digestibility,
intake potential, and protein and

mineral conten! of the sward

* reduced reliance on fertiliser due to
nitrogen fixation

s “soil structuring” by while clover root
systems that can heip to overcome
problems of soil compaction

Liveweight Gains on Clover
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Accumulated experience and scientific
evidence indicale that the optimum balance is
achieved with a clover content of 30-35% of
the total annual dry matter yield of the sward.

in reality, the clover content of a mixed
sward will vary from a low level in the spring
{as low as 5% of total dry matter) to as high as
60% in July/August. This level of variability in
the clover content is not ideal from the
perspective of managing the feeding value for
livestock and can also cause detericration in
sward qual:ty over time. Hence, greater
compatibility between grass and white clover
varieties is vital in arder for livestock farmers
to gain maximum benefit,

Breeding for compatibility

A compatible grass/clover mixture is one with a
clover content that is sufficiently large to
optimize the nutritional and nitrogen fixing
atiributes of the clover when grawing with a
high yielding companion grass.

Grass and clover varieties differ in theyr
aggressiveness towards each other due to thew
abilities to compete for nutrients, water and
fight. At IGER, breeding for general
compatibiiity 1s high on the agenda and
varieties are routinely tested for this attribute.

Evidence of the progress that takes clover

into a new era of utilisation is surmmarised by
three key areas:

e Annua!l clover contributions of 30% o1
greater from IGER bred varieties have
been proven experimentally and are
now being seen on the farm

* Compalibility with modemn ltalian,
AberHybrid and high yielding perennial
ryegrass varieties

* bvidence from iong-term experiments
showing effective levels of clover
being maintained in swards for many

years under high and low N regimes
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AberAce

This new variety has the smallest leaf size of any on the recommended lists and was bred
specifically for continuous sheep grazing in lowland and upland conditions. It has an
exceptionally dense network of stolons and will persist well under the most rigorous of
sheep grazing systems.

AberCrest

Productive under sheep grazing as well as under rotational grazing by dairy cows.

Bred from wild populations collected in Switzerland, AberCrest’s major attribute is its
good cold hardiness and stolon survival. It possesses a thick stolon compared with other
small leaved varieties and shows more rapid regrowth following cutting or grazing in
spring.

AberPearl

High yielding small leaved variety. Bred from a gene pool of 8 small and medium leaf size
varieties showing early recovery after winter (greenness of stolon and leaf). Extremely
persistent under rotational or continuous sheep grazing. Excellent ground cover

AberAce Kent 5184 Gwenda Actian G Demand Crusader
Sourre NIAS R 200304
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AberHerald

With a relatively small leaf size, this variety is high yielding and has excellent winter survival
combined with the ability to regrow rapidly in spring. AberHerald is also tolerant of nitrogen,
and has been maintained in swards at 25% with inputs of 380kgN/ha. This variety is suitable
for rotational sheep and caltle grazing systems, and can also be cut for silage.

AberDai

This variety was bred from winter hardy material to provide flexibility in response to various
management regimes. It offers high yields and survives well in systems ranging from
continuous sheep grazing to rotational grazing by cattle or sheep.

AberConcord

A new medium leaved variety producing yields as great as some large leaved clovers and
gives good performance over a wide range of N inputs (0-450kg/ha). This trait contributes to
a stable clover yield over several years by allowing clover to tolerate the build-up of nitrogen
in the soil. AberConcord also provides good winter survival and spring growth, regrowing
rapidly following cutting and grazing, and is suitable for a range of management systems,
from rotational grazing by sheep and cattle to conservation.

Relative DM Yield (3rd Harvest Year)
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Yield Boost For High Performing Holsteins

im Reid was one of the first

producers in Scotland to sow a
significant acreage of AberHSG and
now has around 120 acres of leys that
contain AberDart and AberAven a
Bengal Farm near Lockerbie

J-acre

Girass reseeds on the 7

mixed farm are u.\pm-r‘_l"r‘i to last 5 years
and must be capable of top
performance under cutling and grazing
to match the demands of the high

and followers. A

yielding dairy her

flock of 500 ewes and their lambs also
graze the farm’s pasture

The first AberHSG leys were sown
under barley in 2000, but it was in the
attermath of foot and mouth i 2001

that a major reseeding programme

took place creating the opportunily for

Widl:',pmad improvermnent of pastures
The sowing of AberHSG leys coincided with the arnval of a new herd of dairy cows
0 direct comparisons are difficult - but cows have cenainly performed very well,

1019,

sustaining a current average yiel i) Litresdcow. Jim Reid reckons that an

an be attributed 1o the better quality ot

syovement of around ) litres per animal «

v and is

the new leys over the past two seasons, which represents a yield boost of 5.7
very close to the 6% figure recorded by IGER in dairy trials
“The sheep also find the new pastures very palatable” he says. “Fwes and lambs

graze more vigorously. There is lower wastage and the high sugar grass ieys require less

s diticult to

topping. Mast of the horrebred iambs finished off grass last season, but

compare the old and new leys precisely because lambing was around two months Later

than normal in 2002, due to readjustments following resteck

matter yields have been

P ~ [ "
“Silage quality from the new leys is well above average

B

a part in producing silage of consistently better quality to complement the high starch,

termented whole-crop cereals that we also conserve for winter rations.”

wd and we i'n,-_[_:{‘ that the higher supar levels cf the new varieties w il continue 1o [}r._}-,'

AberHSG Gives Ram Rearer Added Muscle
v Sugar Grass 1s boosting

I I performance on a sheep farm in

Worcestershire, while redu

reliance on bought-in feed
Since planting his first 62 acres of
AberHSG va

ties Ceoll Probert has
cul back concentrate feedin

pedipree rams sizmibics

turns out Charollais and Tex

top conditicn to average w

excess of £425 this year
Farming 480 acres at Nc

Farm, Holt Heath near Worcester

Geolf Probert runs 300 pedigree Texel

us '2

hingtown

and Charcilais ewes

yeial ewes and aimy’

cross fexel com
10 maximise !rsrin.iu: tion from home-
grown grass and fodder crops.

We are producing breeding rams
to sell 1o the best commercial sheep
oroducers and we want to have

customers returning to us year after year for more,” said Geofl.

'‘Commerciai sheep farmers need their tups 1o last so it's no good feedin

t them to ge

on to a customer’s farm and just melt.”

tup with expensive coarse mix

The hirst 62 acres of AberHSG mixtures were planted 1n September 2002 and Ceotl
thesr vig
continued throughout the summer, recovering

d an early SPring fiush ¢

ol t
Ws 5.|.,"--r_"~-i_‘f_! 0y

weil alter the

s droupeht on b

fand at Holt Heath. A contented flock at grass was one of the first signs that convinced
Ceoff of the value of his AberHSG investment
he AberHSG vanieties AberDart

P i - - T P -
AberStorm, wilh ciover being oversown al a later st

The mixture g ludes AberEcho, AberAvon and

The spring Nush of guality grass helps to finish 1000 o1 so spor
january lambing commercial flock and then. to boost the grass [ull in a dry july and

15, k

come into

Augt provides a quality fresh bite tor the stock. Alter that turnips and swedes

ir own, and then it's back round 1o spring grass again

“You have to be prepared to take on new ideas,

L g

followed the

conciudes Geoff

igh Sugar Grass at IGER and realised it was a way of producing quality

TESArCn on I’E
rams without the costs getting out of hand.”

g a pedigree

and the

amaos from the mic
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