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CONTENIDO DEL INFORME TECNICO

PROGRAMA DE FORMACION PARA LA INNOVACION AGRARIA

1. Antecedentes Generales de la Propuesta

Nombre :
Actualizacién en manejo de riego y relaciones hidricas en frutales

Caédigo

FP-V-2003-1-A-019

Entidad Responsable Postulante Individual
instituto de Investigaciones Agropecuarias

Coordinador
Gabriel Selles van Schouwen

Lugar de Formacion (Pais, Reqion, Ciudad, Localidad)

Davis, California U.S.AQ

Tipo 0 modalidad de Formacion

¢ Asistencia al 4th International Symposium on Irrigation of Horticulture Crops de la
ISHS.
¢ Visita Técnica al Kearney Agricultural Center en Parlier, California

Fecha de realizacion

30 Agosto al 9 de Septiembre 2003

Participantes: presentacion de acuerdo al siguiente cuadro:

Nombre Institucién/Empresa | Cargo/Actividad Tipo Productor (si
corresponde)

Gabriel Selles INIA investigador

Nelson Pereira CNR Jefe Dpto Estudios
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Problema a Resolver: detallar brevemente el problema que se pretendia resolver con la
participacién en la actividad de formacion, a nivel local, regional y/o nacional.

Esta actividad se plantea como una de formacion que permita actualizar y poner al dia en I_as
actuales tendencias del manejo del riego en cultivos hortofruticolas s e intercambiar
experiencia con investigadores y profesionales de otros paises.

Objetivos de la Propuesta

s Asistir a un Symposium Cientifico Interacional que permita actualizarse en las avances y
tendencias de la investigacién en el area del riego, y promover la interrelacion y/o
cooperacion con grupos de investigacion lideres en el mundo.

e Conocer en detalles los trabajos de investigacion en manejo del riego y relaciones hidricas
de la Universidad de California, Davis.

e 5. Fortalecer el conocimiento en manejo de riego en frutales de los agricultores a través de
las actividades de transferencia tecnolégica que se realicen

2. Antecedentes Generales: describir si se lograron adquirir los conocimientos y/o
experiencias en la actividad en la cual se particip6é (no mas de 2 paginas).

El Simposium al cual se asistidé fue organizado en conjunto por la Universidad de California,
Davis, y la Sociedad Internacional para la Ciencia Horticola (ISHS). La Sociedad Internacional
para la Ciencia Horticola (ISHS) fue oficialmente registrada como tal el 27 de abril de 1959,
formalizando una red global de cooperacién horticola internacional, aunque el primer
Congreso Horticola Internacional fue organizado en 1864 en Bruselas (Bélgica). Luego se
crean dentro de ISHS comisiones segun las tematica horticolas, que corresponden a
diferentes ramas de las ciencias y tecnologias horticola, lo que da garantia de alto nivel de los
talleres internacionales, simposios y congresos que son organizado cada ano por
Universidades yfo institutos con el auspicio de la ISHS. La ISHS publica una revistas
cientificas Acta Hortuculturae de gran impacto en el area.

Por otra parte el Departamento de Suelo, Aire y Recursos de Agua (LAWR) de la Universidad
de California, Davis, se cred en 1975 cuando el antiguo Departamento de Suelo & Nutricion
de la Planta y Ciencia de Agua & Ingenieria se unieron con el programa de la Ciencia
Atmosférico del Departamento de Ingenieria Agricola para promover coordinacion
interdisciplinaria y integracion en la ensefianza e investigacion. En 1990 la facultad de LAWR
voté subdividir en los departamentos de Ciencia Atmosférica, suelos y Bioquimica, y
Hidrologia. Los tres programas tienen una historia larga en el campus de Davis. El enfoque
multidiciplinario de los departamentos permiten dar soluciéon a complejos problemas agricolas y
medioambientales locales, nacionales, e intemnacionales. La Universidad de California tiene
varios centro de investigacion de los cuales uno de los mas importantes en riego es Kearmey
en Parlier, condado de Fresno. Este centro se ubica en una zona eminentemente fruticola
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En el seminario se realizaron mas de 140 ponencias, en los siguientes temas

Secado parcial de raices

Uso de riego deficitario controlado
Evapotranspiracion

Relaciones hidricasManejo de Riego
Economia del agua

Calidad de aguas

Adicionalmente el dia 6 de septiembre se participd en una visita a terreno que permitid
conocer la estacion lisimetrica de la Universidad de California, en Davis, una de las estaciones
de ia Califomia irrigation Management Information System ( CIMIS), y visitar huertos de
almendros bajo riego localizado en distintas modalidades : goteo superficial, goteo enterrado y
microaspersion

Un listado detallado de los trabajos presentados se adjunta en anexo, y en el cd adjunto los
resumenes de los mismos.

Por otra parte se realizd una visita técnica al Keamey Agricultural Center en Parlier, Fresno,
donde se tuvo la oportunidad de conocer los trabajos realizados en vides para mesa y para
vinos ( Dr. Larry Williams).

Se discutieron aspectos relacionados con estrategias de manejo y uso de la camara de
presion para el control del riego en ambos tipos de cultivo. Por otra parte se visito el lisimetro
de pesada, donde se realizan los estudios de evapotranspiracion para determinar los
coeficientes de cultivo (kc) para esta especie. En anexo se adjunta copia de los articulos
técnicos recopilados en esta visita recopilados en esta visita. Se adjunta ademas anexo con
fotografias digitales en CD

3. Itinerario Realizado: presentacion de acuerdo al siguiente cuadro:

Fecha Actividad Objetivo Lugar
30/8/03 | Salida desde Santiago
1-5/09 [ Asistencia a Symposium Puesta al dia en las actuales |Davis ,California

tendencias en manejo de riego
en cultivos hortofruticolas

8/09 Keamey Agricultural Center |Conocer los trabajos  de|Fresno, California
investigacion en riego de vides

Senalar las razones por las cuales algunas de las actividades programadas no se realizaron o
se modificaron.

4. Resultados Obtenidos: descripcion detallada de los conocimientos adquiridos. Explicar el
grado de cumplimiento de los objetivos propuestos, de acuerdo a los resultados obtenidos.
Incorporar en este punto fotografias relevantes que contribuyan a describir las actividades
realizadas.

(8]
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Los resultados de esta actividad de formacién son los siguientes:

a) Symposium
En el Symposium se presentaron trabajos principalmente en los siguientes temas:

Secado Parcial de las Raices

En este tema se presentaron trabajos en Vides para vino, Perales y Manzanos. Se concluyo
que esta técnica produce estrés en las plantas, por lo cual se cuestionaron la informacién
obtenida en Australia que indicaban que esta técnica podria reducir el agua aplicada en vides
en un 50% sin afectar los rendimientos. Los trabajos realizados en Australia indicaban que
sefnales quimicas producidas en el sector seco de las raices reducirian la apertura
estomatica, pero al mismo tiempo las raices que estan en condiciones adecuadas de
humedad, mantendrian un estado hidrico favorable en la parte aérea de la planta. Este
fenémeno permite mantener niveles adecuados de fotosintesis y por lo tanto el
crecimiento de la fruta, mientras se disminuye la transpiracion

Déficit hidrico controlado

En este tépico se presentaron trabajos en vides viniferas (Merlot, Sangivense, Chardonnay),
Duraznos y olivos.

Esta técnica consiste en regar en forma deficitaria ( cantidades de agua menores a la
evapotranspiracion del cultivo) durante periodos que no son considerados criticos para el
desarrollo de las plantas, por lo cual no se afectan los rendimientos, lograndose una economia
de agua.

Al mismo tiempo esta técnica se utiliza para inducir efectos de calidad, en particular en vides
viniferas. La aplicacién de déficit hidrico controlado en vides de variedades tintas permite un
claro incremento en la calidad organoléptica de los vinos, mejorando el contenido de fenoles y
antocianinas.

Programacion y controladores del riego

En este tema se presentaron trabajos relacionados con el uso de de indicadores fisiologicos
del estado hidrico de las plantas como herramientas para controlar el riego de los cultivos. Se
considera que los indicadores fisiolégicos integran el sistema suelo- planta —atmoésfera, siendo
mas dinamicos y representativos que las mediciones de humedad del suelo, en particular bajo
condiciones de riego localizado, donde solo una fracciéon de suelo es mojada por el riego y
existe una distribucion espacial de la humedad al interior de los bulbos de mojamiento.
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Dentro de estos indicadores se consideran los dendrometros (captores de desplazamiento
lineal) y Potencial hidrico xilematico medido a medio dia. Los dendrémetros permiten medir las
microvariaciones de diametro que presentan los oérganos de las plantas a escala diaria (
crecimiento y contraccién) y a nivel estacional ( crecimiento) . Las mediciones de potencial
xilematico consisten en la determinaciéon de la tensiéon del agua en el xilema de las plantas
utilizando la camara de presion. La informacion disponible hasta el momento permite concluir
que ambos indicadores son muy buenos controladores de riego en especies frutales, donde
existe mayor experiencia. Los dendrometros presentan una mayor sensibilidad en la
determinacion de deficits hidricos, incluso moderados, que el potencial hidrico xilematico, sin
emabargo su variabilidad pero mas variables. Se presentaron trabajos en vides, Almendros,
ciruelos y vides.

Evapotraspiracion y coeficientes de cultivo.

Se presentaron trabajos en varios cultivos, concluyendo que los coeficientes de cultivos
disponibles actualmente (Fao 56) tienen errores de 30 a 40% de sub o sobre estimacién,
principalmente debido a los cambios en las técnicas de cultivo (distancia de plantacién entre
otras). Por lo cual se cree que es necesario trabajar en este tema pero para hacerlos de una
aplicacibn mas amplia se deberian o sombreamiento del suelo o con el porcentaje de
cobertura. Esto es importante tanto para el manejo de riego, como para el dimensionamiento
de obras de riego (embalses, equipos de riego etc).

En hoja anexa se presenta [a nomina de los trabajos presentados al congreso

b) Visita a terreno dia Sabado 6 de Septiembre

En el ambito del Symposium en dia sabado 6 de septiembre se particip6é en una gira técnica,
donde se visitaron los siguientes lugares:

Lisimetro de pesada : E!l Departamento de el Departamento de Suelo, Aire y Recursos de
Agua (LAWR) de la Universidad de California, cuenta con un lisimetro de pesada que permite
realizar estudios de evapotranspiracién de cultivos. Este lisimetro es de forma circular ( 6 m de
diametro), sobre un sistema de balanzas que permite determinar la evapotranspiracion diaria
de los cultivos con una precision de 0,0025 mm/dia. Este lisimetro es utilizado
fundamentalmente en estudios de consumo de agua de cultivos anuales ( actualmente con
tomates) y permite hacer determinaciones empiricas de coeficientes de cultivo (kc).

CIMIS ( California Irrigation Management Information System). El CIMIS es una red de mas de
100 estaciones meteoroldgicas, ubicadas en lugares claves y representativos de los diferentes
sectores agricolas de California. Estas estaciones metereolégicas miden velocidad de viento,
humedad relativa, temperatura y radiacién solar, y calculan la evapotranspiracion potencial o
de referencia (Eto), utilizando la ecuacién de Penman-Monteih. Esta red entrega informacion a
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sus miembros a través de reportes diarios 0 semanales para que los agricultores puedan
realizar sus programas de riego. Por otra parte el CIMIS cuenta con laboratorios moviles para

realizar determinaciones de humedad de suelo y recomendaciones de riego directamente en
el campo. Se considera que el mejoramiento en las practicas de riego que se logran con el
apoyo del CIMIS permite aumentos de rendimientos y ahorro de energia en las estaciones de
bombeo. En anexo se adjunta brochure sobre CIMIS.

Ensayo de riego en almedros

Se visitd un sector, cercano a Davis, donde existen experimentos de diferentes métodos de
riego localizado sobre el desarrollo de almendros. Se prueba doble linea de goteo superficial,
lineas de goteo enterradas y microaspersion. El sistema de riego por goteo enterrado presenta
el inconveniente del taponamiento de emisores por las raicillas de los arboles y la dificultad de
detectar los lugares precisos , dentro de la lateral donde se produce la obturacion de los
emisores. Presenta la ventaja de dejar el suelo libre lo que facilita las labores mecanicas de
cosecha. La doble linea y la microaspersion presentan respuestas simnilares. Llama la atencion
que se utilice microaspersion con almendros , ya que el mojamiento de los troncos trae
asociados enfermedades al cuello, como phytoptora, sin embargo en las condiciones de
Califommia, de acuerdo a los expertos, no existe problemas.

c) Visita Kearney Agricultural Research Center

La estacion experimental Kearney, de la Universidad de Califormia, se encuentra ubicada en
Parlier, Fresno, en una zona eminentemente fruticola ( carozos, nogales, almendros y vides).
En esta estacion experimental se tuvo reunién con el Dr. Larry Williams, experto en fisiologia y
manejo del agua en vides, de mesa y viniferas

Se tuvo una discusién técnica en tomno a los siguientes temas, de interés para el trabajo que
desarrollan los investigadores de INIA:

Uva de mesa

0 Estimacién de los requenmientos de riego en uva de mesa, tanto en plantas jovenes como
plantas adultas

O Indicadores fisiolégicos del estado hidrico de las plantas como criterio de riego en uva de
mesa. Correlacién entre el potencial de base medido al amanecer y el potencial xilematico a
medio dia

U Relaciones hidricas en vides y el comportamiento de las diferentes variedades

0 Distribucién de fotoasimilados ,

Uva para vinos
J Comparacion de diferentes estrategias de manejo del riego en la produccion y la
composicion de las bayas
O Interacciéon entre el manejo del riego y el manejo del dosel de la vifia y la produccién y
calidad del vino
"1 Estrategias de nutricion mineral y fertilizacion en vifiedos
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Adicionalmente se realizé una visita a las instalaciones del centro experimental. Especial
dedicacioén tuvo la visita al lisimetro de pesada, que permite determinar la evapotranspiracion
de las vides con una precision de 0,025 mm/dia. El centro dispone de dos lisimetros de
pesada, una en vides de mesa y otro en durazneros. Estos lisimetros han permitido realizar
estudios de consumo de agua y determinacion de coeficientes de cultivos en estas dos
especies.

En anexo se adjunta copias de articulos recientes sobre las materias analizadas.

- R |

Foto1.- Armriba . Dendréometros en troncos de vid. Abajo, camara de presion
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Foto 3.- Almendros regados por microaspersion
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Foto 4.- Lisimetro de pesada en vides.- Kearney Agricultural Experimental Center, Fresno,
California.
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5. Aplicabilidad: explicar la situacion actual del rubro en Chile (region), compararia con la
tendencias y perspectivas en el pais (region) visitado y explicar la posible incorporacion de los
conocimientos adquiridos, en el corto, mediano o largo plazo, los procesos de adaptacion
necesarios, las zonas potenciales y los apoyos tanto técnicos como financieros necesarios
para hacer posible su incorporacién en nuestro pais (region).

La agricultura de riego genera cerca del 60% del PGB agricola. Dentro de este ocupa gran
importancia la fruticultura, con un total aproximado de 253.000 has, de las cuales unas 70.00

estan regadas por goteo.

El gran paso dado por la tecnificaciéon de riego no ha ido asociado, con la misma intensidad en
la programacion y control del riego, de tal forma de optimizar el uso del agua y obtener
productos de calidad.

La asistencia al seminario permitié la puesta al dia en las tendencias actuales en las materias
senaladas , a saber:

¢ Secado parcial de raices (PRD)

¢ Uso de riego deficitario controlado (RDI)

o Evapotranspiracién de cultivos y dterminacién de coeficientes Kc
¢ Relaciones hidricas y Manejo de Riego

La técnica de RDI esta siendo ampliamente utilizada en especies frutales en localidades de
recursos hidricos escasos, como una forma de economia de agua, sin afectar rendimientos.
Por otra parte esta practica se utiliza ampliamente en la produccion de vinos de calidad.
Durante el seminario se realizé también un analisis critico ala técnica de secado parcial de
raices (PRD), la cual consiste en regar altemadamente el sistema radicular del las plantas por
un lado y por otro. De esta forma se postula que el lado que no recibe riego permite que las
raices generen sefales bioquimicas que controlen las pérdidas por transpiracion al inducir cierr
de estomas, sin afectar los calibre y productividad del cultivos, utilizando menores voliimenes
de agua. Durante el congreso se demostré que este principio no presenta las virtudes
postuladas inicialmente. La técnica del RDI en Consecuencia tiene un gran potencial de
aplicacion en Chile, en particular en el riego de vides viniferas, ya que induce a aumentos en la
calidad de los mostos.

El uso de controladores de riego, basados en indicadores fisiologicos es perfectamente
aplicable en Chile. De hecho la camara de presién esta comenzando a ser utilizada por
productores de punta, en particular vides para vinos, luego de la introduccién realizada por
INIA y la difusion de los resultados de investigacion en este rubro. Lo mismo esta sucediendo
en uva de mesa donde la técnica estd siendo implementada por algunas empresas
exportadoras. Al mismo tiempo aparece como tecnologia incipientes en agricultores de punta
el uso de otras herramientas, como es el uso de dendrémetros, la cua es una muy buena
técnica, pero esta limitada por los costos de los equipos y por el nivel de conocimiento de
fisiologia de las plantas que permita una buena interpretacion de la informacion obtenida.

10
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Por otra parte, aparece también la necesidad de retomar estudios sobre evapotranspiraciéon y
determinacion de coeficientes de cultivo, lo que pasa a ser un aspecto de relevancia nacional,
como se discutié con el Jefe del Departamento de Estudios de la CNR, quien asisti6 a la gira.

Este punto es de particular relevancia, dado que el pais anualmente

realiza inversiones

significativas en obras de riego, donde la presencia de redes de estaciones meteorolbgicas y
coeficientes de cultivos, para estimar la evapotranspiracion real permitirad cuantificar mejor las
obras y tener una mejor aproximacion al dimensionamiento de ellas, a parte de las ventajas
asociadas al manejo posterior del riego.

6. Contactos Establecidos: presentacion de acuerdo al siguiente cuadro:

Institucién/Empresa

Persona de

Contacto

Cargo/Actividad

Fono/Fax

Direccién

E-mail

U.C. Davis , California

Richard Snyder

Bioclimatologo

(530) 752-
4628

University of
California, Davis ,
California 95616,
USA

Rsnyder@biomet.ucd
avis.edu

U.C. Davis, Kearney Agric. Expe.
Center

Larry Willams

Investigador en

viticultura

559-646-
6593

Kearney
Agricultural
Center
9240 South
Riverbend
Avenue
Parlier, CA
93648

Williams@uckac.edu

U.C. Davis, Kearney Agric. Expe.
Center

D. Goldhamer

Investigador en riego de
frutales

Kearney
Agricultural
Center

9240 South
Riverbend
Avenue
Parlier,
93648

CA

Dagoldhamer@ucdavi
s.edu

IRTA, Espafa

Joan Girona

inbestigador en riego de
frutales

Rovira Roure,
177.25198, Lieida,
Espana

Joan.girona@irta.es

IVIA — Espafna

Juan Ramon

Castel

Investigador en riego de
frutales

Apartado 46113,
Moncada,
Valencia, Espafia

Jrcastel@ivia.es

IAS-CSIC-
Cérdoba

Univerdidad  de

Elfas Fereres

Investigador
frutales

riego en

Apartado 4084,
14080, Céordoba,
Espafa

Golan Research Inst.

Amos Naor

Investigador en riego de
frutales

Rehovot POB 12
Israel

Bravdo@agri.huji.ac.il

11
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7. Detecciéon de nuevas oportunidades y aspectos que quedan por abordar: senalar
aquellas iniciativas detectadas en la actividad de formacién, que significan un aporte para el
rubro en el marco de los objetivos de la propuesta, como por ejemplo la posibilidad de realizar
nuevos cursos, participar en ferias y establecer posibles contactos o convenios. Indicar
ademas, en funcion de los resultados obtenidos, los aspectos y vacios tecnolégicos que aun
quedan por abordar para la modemizacion del rubro.

La ISHS organiza periodicamente semiarios cientificos sobre diferentes materias, el proximo
ano esta contemplado el desarrollo de un seminarios internacionai fisologia de vides ( “June
21-25, 2004, Davis, CA (USA): Vi International Symposium on Grapevine Physiology. Info:
Prof. Dr. Larry Williams, 9240 South Riverbend Ave., University of California - Davis, Keamey
Ag Center, Departement of Viticulture and Enology, Parlier, CA 93648, USA. Phone: (1)559-
646-6500, Fax: (1)559-646-6593, email: williams@uckac.edu )

Por otra parte con los contactos realizados ( ver cuadro anterior) quedaron abiertas las
posibilidades para elaborar proyectos de investigacion.

Por otra parte se ha senalado la necesidad de comenzar a trabajar en determinaciéon de
coeficientes de cultivos, para estimar la evapotranspiracién real de la plantas, puestos que los
que hoy existen y estan en uso ( Coleccion de Riego y Drenaje FAO N° 24 de 1974, y
Coleccion Riego y drenaje FAO N° 56), pueden presentar errores del orden del 302 40%,
prticularmente debido a los cambios que se han producido en las variedades, sistemas de
conduccion y densidades de plantas y condiciones agroclimaticas propias de las diferentes
localidades

8. Resultados adicionales: capacidades adquiridas por el grupo o entidad responsable, como
por ejemplo, formacién de una organizacién, incorporacion (compra) de alguna maquinaria,
desarrollo de un proyecto, firma de un convenio, etc.

No se contempla este tipo de resultados. Sin embargo la informacion adquirida sera difundida

a traves de las acciones de transferencia tecnolégica y diferentes cursos que se realizan en
riego de diferentes cultivos

12



. (%C.OB!ERNO DE CHILE
ey Y 43 FUNDACION PARA LA

‘“(( ‘( . INNOVACION AGRARIA

9. Material Recopilado: junto con el informe técnico se debe entregar un set de todo el
material recopilado durante la actividad de formacion (escrito y audiovisual) ordenado de
acuerdo al cuadro que se presenta a continuacién (deben senalarse aqui las fotografias

incorporadas en el punto 4):

Tipo de Material

Ne  Correlativo
necesario)

(si

es

Caracterizacion (titulo)

Abstract de articulos
presentados (escrito y CD
con formato PDF)

Fourth International
Symposium on lrrigation of
Horticultural Crops

Archivo de fotos en CD

Fotos en formato jpg

Articulo

Photoassimilate distribution
in plants and crops

Articulo

Correlation among redawn
leaf, midday leaf and stem
water potential

Articulo

Vine water relations, gas
exchange an vegetative
grwth of seventeen vitis
species

Articulo

Mineral nutrition of
grapevines and fertilization
guidelines for California

Articulo

Interacction of irrigation an
canopy mangement
practices on winw grape
yield and wine quality

Articulo

Comparation of irrigation
management strategies to
optimize wine grape
productivity

Articulo

Estimation of
requierements  for
grape vineyards

irrigation
table

Articulo

Water use of young
Thompson Seddless
grapevines in California

Articulo

Water use of mature
Thompson Seddless
rapevines in California

Boletin

10

CIMIS The California
Irrigation Management
System

13



>
ey & . GOBIERNO DE CHILE

10.

10.1.

FUNDACIKON PARA LA
INNOVACION AGRARIA

Aspectos Administrativos

Organizacion previa a la actividad de formacién

Conformacion del grupo
muy dificultosa sin problemas __x ___ algunas dificultades
(Indicar los motivos en caso de dificultades)

Cambio de la conformacion del grupo por parte del FIA. Problemas en la incorporacion
del profesional de INDAP sugerido por FIA, por no contar con visa para USA

Apoyo de la Entidad Responsable

____X_bueno ______regular _____ _malo
(Justificar)

informacién recibida durante la actividad de formacién

____x_amplia y detallada aceptable deficiente

Tramites de viaje (visa, pasajes, otros)

x bueno regular malo

Recomendaciones (senalar aquellas recomendaciones que puedan aportar a mejorar
los aspectos administrativos antes indicados)

10.2. Organizacion durante la actividad (indicar con cruces)

Item Bueno Regular |Malo
Recepcion en pais o regién de|x

destino

Transporte aeropuerto/hotel y|x

viceversa

Reserva en hoteles X

Cumplimiento del programa y|Xx

horarios
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En caso de existir un item Malo o Regular, sefalar los problemas enfrentados durante el
desarrolio de la actividad de formacion, la forma como fueron abordados y las sugerencias que
puedan aportar a mejorar los aspectos organizacionales de las actividades de formacion a

futuro.

11. Conclusiones Finales

El seminario, de cinco dias de duracion abarcé una amplia gama de temas, relevantes en el
riego de los cultivos: evapotranspiracion, control de riego ( uso de potencial hidrico xilematico,
de uso de dendrémetros) y estrategias de niego para economia de agua y calidad de
productos, como son las técnicas de RDI y PRD. Sobre estos aspectos se pudo lograr una
amplia informacién y visiones diferentes respecto de la pertinencia de cada técnica

El programa de formacién financiado por FIA cumplié con los objetivos planteados. Permitié a
los participantes realizar una puesta al dia en aspectos relevantes del manejo de riego en
cultivos hortofruticolas. Al mismo tiempo se establecieron contactos con investigadores de alto
nivel, con miras a establecer futuros proyectos

Por otra parte, las actividades realizadas permiten la generacién de nuevas ideas de
investigacion en manejo de riego en frutales y vides, en particular en determinacion de
requerimientos hidricos ( determinacion de coeficientes kc) controladores de riego, basados en
indicadores fisiolégicos.

1. Conclusiones Individuales: anexar las conclusiones individuales de cada uno de los
participantes de la actividad de formacién, incluyendo el nivel de satisfaccion de los
objetivos personales (no mas de 1 pagina y media por participante).

Se incorporan en anexo las conclusiones individuales de los asistentes

Fecha:
Nombre y Firma coordinador de la ejecucion:

Gabriel Selles van Schouwen
Dr. Ingeniero Agronomo
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Conclusiones Individuales de Gabriel Selles

La Asistencia al IV Symposium on lrrigation of Horticultural Crops, me ha pemitido
realizar una puesta al dia sobre los grandes temas que en el mundo se estan realizando
respecto al manejo del riego en frutales y cultivos horticolas.

Durante los dias que duro el Symposium se presentaron mas de 120 trabajos, de muy
buen nivel, en las tematicas de evapotranspiracion, riego deficitario, controladores de

riego y aspectos economicos de salinidad.

Ademas se realiz6 una visita de terreno donde se pudo conocer el sistema de
programacion de riego utilizado en California, y el lisimetro de pesada del Carnpus de
Davis de la Universidad de Califonia. Al mismo tiempo se pudo conocer algunas practicas
de manejo que realizan en algunas especies frutales, como es el riego localizado
subsuperficial

Finalmen_te, la visita al Keamey Agricultural Research Center, en Parlier, permitié conocer
los trabajos que el Dr. Larry Williams, fisiblogo de vides, esta realizando en variedades

vipiferas y de mesa, asi como también los trabajos que realiza en control de riego con
camara de presion.

Po‘r otra parte se pudp realizar una serie de contactos con investigadores de diferentes
paises en el tema de riego en frutales.

En resumen, la gira tecnoldgica de Formacion para la Innovacién en “Actualizaciéon en

manejo de riego y relaciones hidricas en fr Y 16
ane utales”, cumplié plenamente
objetivos propuestos Pro P con los

/ /

Gabriel Selles vgn Bchotiwen
Dr. Ingenierg/Agronomo
INIA — La Pfatina
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Comisién Nacional
de Riego

INFORME VISITA TECNICA — USA — DE NELSON PEREIRA MUNOZ

1.- Objetivos del viaje:

Participar en una gira técnica sobre “Actualizacion en manejo de riego y
relaciones hidricas en frutales”, financiado parcialmente por FIA, cddigo
FIA-FP-V-2003-1-A-019.

2.- Actividades realizadas:

2.1

Participacion en el "Cuarto Simposium Internacional sobre
Riego en Frutales”, organizado por la International Society for
Horticultural Science y efectuado en la Universidad de
California, Davis.

Se destaca el gran nivel de los trabajos presentados, que me
permitid actualizar mis conocimientos profesionales sobre el
manejo del riego, economia del agua y respuesta al stress
hidrico, fundamentalmente de los frutales. Permitioé tener una
vision global de estos temas a nivel mundial, dada la amplia
gama de paises expositores. Lo anterior sera de gran utilidad
para mi trabajo habitual en la Comision Nacional de Riego.
Sirvié para estrechar relaciones con otros paises en el ambito
del riego. En este sentido, se resalta el hecho que la
delegacion chilena, con el patrocinio de la Universidad de
Talca y la Comisidn Nacional de Riego, postulé a Chile como
sede de la realizacién del Quinto Simposium Iniernacional
sobre Riego en Frutales. Lamentablemente la postulacion
chilena se perdié solo por tres votos, resultando ganador
Australia. Chile recibio fuerte apoyo de varios paises, entre
los cuales cabe mencionar, por su efectiva participacion a
Espana y Portugal.

La sede de este simposium, la Universidad de California,
Davis, permitié conocer las instalaciones de esta Universidad,
los trabajos de investigacion que se realizan en el ambito del
riego y contactos con destacados profesores que estan entre
los mejores del mundo en el conocimiento y aplicacién de las
Gitimas técnicas del manejo del riego.

Valentin Letelier 1350

Teléfono: 425 79 00 - Fax: 425 79 05 - 425 79 04 - 425 79 01 - 425 79 03 - Casilla 424 - V, Correo 21, Santiago - Chile

www.chileriego.cl
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Comisién Nacional 2.2 Sistema de Informacion para el manejo del Riego en

de Riego California.

Se tomo conocimiento del Sistema de Informacion para el
Manejo del Riego en California (CIMIS, California Irrigation
Management Information System) que a través de mas de
150 estaciones agrometeoroldgicas a lo largo del Estado de
California, provee de informacién sobre la Evapotranspiracion
de Referencia para la programacion del riego y el manejo del
agua disponible para los agricultores a través de Internet. Los
conocimientos adquiridos, seran de gran utilidad en la
implementacion de un sistema de informacién similar que la
CNR ejecutara en el valle de Limari, IV Regiéon durante el ano
2004.

2.3 Visita Técnica Estacién Experimental de Kearny, Universidad
de California, en Fresno.
Se conocieron los ultimos adelantos en técnicas de manejo de
cultivo y de riego en vides. Fue anfitrion el Dr. Larry Williams,
experto de categoria mundial en el manejo de vides.

2.4  Visita Técnica Napa Valley.
Se efectud un recorrido técnico por el Napa Valley, reconocido
por el desarrollo de sus plantaciones de vides viniferas, donde
se obtuvo una vision general sobre el manejo de este tipo de
cultivo.

Nelson Pereira Munoz
Jefe Departamento de Estudios y Politicas de Riggo
Comisién Nacional de Riego

Valentin Letelier 1350
Teléfono: 425 79 00 - Fax: 425 79 05 - 425 79 04 - 425 79 01 - 425 79 03 - Casilla 424 - V, Correo 21, Santiago - Chile
www.chileriego.cl
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Grape

Larry E. Williams
University of California, Davis. and Kearney Agricultural Center. Parlier.
California

I. INTRODUCTION

Grape and wine production has plaved an important part in Western civilization. Today, grapevines are
the number one fruit crop planted worldwide (Mullins et al. 1992). The species Vitis vinifera L. accounts
for more than 90% of all cultivars planted. Grapes are used for wine. distilled liquors. juice, dried fruit
traisins), fresh consumption (table grapes), and concentrate. Climatic condiuons. the end use of grapes.
and the means used to harvest them dictate the production practices emploved by those who grow
grapevines. The ultimate goal of these practices is to produce grapes of high quality. although qualitv
factors can verv with type of grape being produced. For example. berrv size and sugar/acid ratio are the
primarv quality factors used to determine harvest date of table zrapes: flavor components and high
sugar concentrations are quality factors used to harvest wine grapes. In many instances high vields and
sugar concentrations are required when grapes are used for raisins or bulk wine production. The
production practices used to maximize these quality attributes or vield can have significant effects on
source—sink relationships of grapevines.

This chapter deals primarily with source—sink relationships of vines grown in the field, when
possible. In addition. specific points are illustrated with various sets of unpublished data collected by
the author. Much of what is presented provides quantitative data on vine growth. Thorough reviews of
the basic biological characteristics of grapevines (Mullins et al. 1992) and the effects of environmental
factors on vine phvsiological processes (Williams et al. 1994) have recently been published and can be

used for further reference.

Il. SOURCES OF CARBOHYDRATES
A. Photosynthesis
1. Contribution by Leaves

The C, pathway of photosynthesis occurs in gravevines. Therefore. the response of grapevine leaf
photosynthesis to various environmental factors is similar to that of other C, plant species (Williams et
al. 1994). Reported maximum individual leaf net CO, assimilation rates for V. vinifera and other Vius
species approach 20 wmol m =2 s~ ! (During 1991; Gamon and Pearcy 1990; Kriedemann et al. 1970; Liu
et al. 1978; Roper and Williams 1989). More commonly reported maximum rates fall in the range of 8
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to 13 pmol CO, m~2 s~! (Archer and Strauss 1990: Correia et al. 1990; Downton et al. 1987).
Photorespiratory loss of CO, in unstressed grapevines ranges from 13% to 20% of the net CO,
assimilation rate (During 1988, 1991). i

The primary environmental factor limiting maximum rates of individual leaf photosynthesis of
nonstressed vines on a diurnal basis is solar radiation (Kriedemann and Smart 1971). In addition to
position within the canopy of an individual leaf, age determines its maximum rate of CO, assimilation
(Kriedemann et al. 1970; Williams and Smith 1985). Schultz (1991) determined the influence of both
leaf age and position in the canopy with regard to their CO, balance. There was a positive daily carbon
balance of both immature and mature leaves irrespective of position in the canopy (Table 1). This study
provided important data regarding the contribution of young leaves and shaded leaves to the carbon
balance of the entire grapevine. [n addition, Buttrose (1966) demonstrated that photosynthesis of shoots
on grape cuttings was able to meet growth and respiration demands 17 days after bud break. At this time
total leaf area of the shoot was approximately 50 cm2.

Estimates of whole vine photosynthesis have been determined by modeling or measuring both light
interception at the canopy surface and its attenuation within the canopy, the amount of leaf area
=xposed to those light levels, and the relationship between light intensity and leaf CO, assimilation.
Smart (1974) concluded that a high proportion of whole vine CO, assimilation was due to the
interception of direct light. though according to his calculations only 19% of the canopy was illumi-
nated by direct solar radiation. Twelve estimates of canopy assimilation per projected ground area in
that study averaged 0.084 mol CO, m~2 h~! with a maximum value of 0.102 mol CO, m~2 h~L.
Assuming that the ground area subtended by foliage intercepting light in that study was approximately
+ m? the average and maximum values of whole vine photosynthesis would be 0.34 and 0.41 mol CO,
h~L respectively. The greatest midday value of whole vine photosynthesis estimated by Downton and
Grant (1992) for a spur-pruned cultivar was 0.41 mol CO, h~!. Maximum photosynthetic capability by
those vines was calculated to be 2.56 mol CO, vine~! day~! at fruit harvest. Modeled estimates of
maximum whole vine photosynthesis were approximately 1.7 mol CO, vine~! day~! for vines grown in
Switzerland (Wermelinger et al. 1991). The preceding results indicate the variability in whole vine
carbon assimilation due to vine size and location where the vines are grown.

The diurnal assimilation of CO, by a hypothetical grapevine grown in the San Joaquin Valley.
planted in east—west rows, is shown in Fig. 1. This estimate of CO, assimilation was based upon the
response of grape leaf photosynthesis to light intensity and the amount of solar radiation intercepted by
the top. north, and south curtains of the canopy in June (data taken from Figs. 4.2 and 6.2, respectively.
in Mullins et al. 1992). The canopy was divided into sunlit and shaded leaf area by using the technique
of Williams et al. (1993). Maximum CO, assimilation by the canopy at midday was approximately 0.5
mol vine~! h~1, a value comparable to estimates of Smart (1974) and Downton and Grant (1992). The

Table 1 Daily, Estimated Carbon Balance of White Riesling Leaves on a Cloud-Free Day During

Midseason¢

CO, Uptake, mmol day~! CO, Respired, mmol night™! CO, Balance, mmol 24 h~!
Leaf age Sun Shade Sun Shade Sun Shade
Immature 165 59 26 16 139 43
Mature 361 48 9 3 352 45

3Carbon balances were calculated for leaves exposed to direct solar radiation and those growing in the shade.
5Immature leaves represent leaves of leal plastochron indices from 0 to 4. Mature leaves represent leaves of LPIs 6 or
greater. Values are expressed on a per square meter leaf area basis. LPI. leaf plastochron index.

Source: Adapted from Schultz 1991.
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Figure 1 Estimated total vine CO, assimilation of a Thompson Seedless grapevine with a full canopy on a

cloudless dav in June. See text for further details.

daily. estimated amount of CO, assimilated by the vine (with 22.3 m> leaf area per vine) was 63%
greater than that estimated by Downton and Grant (with 23.8 m? leaf area per vine). It is interesting to
note that 22% of the daily assimilation of CO, was contnibuted by the interior leaves. Smart (1974)
calculated that approximately 30% of a canopy’s photosynthesis was contributed by leaf area intercept-
ing diffuse light.

2. Contribution by Other Organs

Other aerial organs of the grapevine contain chlorophyll, indicating the possibility of photosynthetic
activity. Photosynthesis was detected in both immature and mature stems (main axis of the shoot) of
grapevines (Kriedemann and Buttrose 1971). Immature stems were able to reduce respiratory CO,
efflux by 0% in diffuse light and 89% in diffuse + reflected solar radiation. Mature stems {1.e., with
periderm) refixed 13% of the respiratory CO, efflux. Kriedemann and Buttrose concluded that imma-
ture stems are able to refix the bulk of respired CO,. even if shaded by a leaf. They also hypothesized
that after leaf fall, photosynthesis within the stem could compensate for approximately 10% of
respiratory carbon loss at 25°C and even greater amounts at lower temperatures.

Organs of the grape cluster also contain chlorophyll and are covered with stomata (Blanke and
Leyhe 1987, 1989). In addition to the C, pathway of photosynthesis, fruit possess a system which refixes
respiratory CO, via phosphoenolpyruvate carboxylase (E.C. +.1.1.31) (Blanke and Lenz 1989). There is
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a net uptake of CO, in the light by grape flowers 2 weeks before to anthesis; however. subsequent
measurements before anthesis indicate that respiratory losses exceed uptake (Levhe and Blanke 1989).
Photosynthesis by grape berries after set is capable of refixing anywhere from 10% to 90% of the
respiratory CO, loss in the light; the percentage is dependent upon growth stage (Frieden et al. 1987a;
Geisler and Radler 1963: Koch and Alleweldt 1978; Kriedemann 1968). Reported rates of CO,
assimilation vary from 600 wg CO, g~! fresh weight (FW) h~!shortly after anthesis to less than 10 pé
CO, g ' FW h~1close to fruit maturity. Photosynthesis expressed on a per berry basis ranges from 10 to

120 pg CO, h=L

B. Reserves

The permanent structures of the grapevine are the primary sources of reserve carbohydrate for this
perennial crop in the absence of shoots. The relative and absolute amounts of nonstructural carbohy-
drates have been determined for grapevine. with the results demonstrating seasonal variations in both
(Mullins et al. 1992; Winkler and Williams 194.5). The absolute amount of nonstructural carbohydrates
in vines differs according to cultivar. vine size, age. crop load. environmental conditions. cultural
practices, and presence of viral diseases. For example, total nonstructural carbohydrate in the roots,
trunk, and cordons of 10-year-old Chenin blanc vines at budbreak was 798 g vine ~! compared to 1913 ¢
vine~! for 25-vear-old Chenin blanc vines grown at a different location (Mullins et al. 1992: see tables
4.2 and 6.6 in that reference). Thompson Seedless grapevines of different ages grown at the same
location using similar cultural practices had 173 and 447 g of nonstructural carbohydrates vine ~! in the
roots and trunk for vines aged 5 and 20 vears. respectivelv. when harvested on the same date
(unpublished data). Root + trunk dry biomass of the 20-vear-old vines (3706 g dry wt vine =) was 2.38
times greater than that of the 5-vear-old vines. A recent study investigated the influence of pruning
method and virus inoculation on the accumulation of carbohydrate reserves in the permanent struc-
tures of Cabernet franc grapevines (Ruhl and Clingeleffer 1993). They found that total nonstructural
carbohydrates in the permanent structures during dormancy varied from 1680 to 2216 g vine™,
depending upon the pruning method. Inoculation of vines in that study with virus reduced total vine
carbohydrate amounts in the permanent structures approximately 15% compared to those of the
control. The reduction in carbohydrate amount of virus-inoculated vines was due mainly to a reduction
in biomass production and not to differences in carbohydrate concentrations.

A data set collected on Thompson Seedless grapevines grown in the San Joaquin Valley of California
provides an estimate of the seasonal dynamics of reserve carbohydrates in the permanent structures of
the vine (Figs. 2 and 3). From the first of the calendar year until close to fruit harvest the concentration
of soluble sugars decreased in both the trunk and the root system (Fig. 2). The starch concentration
decreased in the trunk from budbreak until harvest and subsequently increased. The starch concentra-
tion in the root system generally increased from budbreak until harvest and then decreased. The
seasonal patterns of sugar and starch concentrations in the trunk found here resemble data collected by
Winkler and Williams (1945). However, the root data of these Thompson Seedless vines differ greatly
from their data. It should be pointed out that a second year’s data set collected on vines in the same
Thompson Seedless vineyard resembled data found during the first year (Fig. 2). Both the root system
and the trunk of these 5-vear-old vines contained similar amounts of nonstructural carbohvdrate
reserves in January (Fig. 3). They both lost approximatelv 175 g vine ™! between January and anthesis.
The amount of carbohydrates in the two organs differed considerably after anthesis. These data
tllustrated that carbohydrate reserves were lower at anthesis than at any other time of the season
followed by an increase. The Chenin blanc data (Mullins et al. 1992) also indicted that there was little
increase in carbohydrate reserves in the permanent structures until after anthesis.

The current season’s vegetative organs may also serve as a source of nonstructural carbohydrates in
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Figure 2 The seasonal change in starch and soluble sugar concentrations of the trunk and root system of
Thompson Seedless grapevines. Each data point is the mean of at least six individual vine replicates with bars
representing * one standard error. Glucose, fructose and sucrose compnse the soluble sugars. BB, A, and H
represent the dates of 50% budbreak, anthesis, and fruit matunty. respectively.
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Figure 3 The seasonal change in root and trunk dry weight and total nonstructural carbohvdrates of Thompson
Seedless grapevines. Other information as in Fig. 2
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the grapevine. The concentration of reducing and nonreducing sugars and starch in leaves vares
slightly during the day (Roper and Williams 1989) and throughout the season (Kliewer and Nassar
1966: Winkler and Williams 1945). The greatest amount of nonstructural carbohydrates in leaves
reported in the literature varied from 45 to 91 g vine~!. depending upon time of vear (Mullins et al.
1992: Roper and Williams 1989). While the amount of nonstructural carbohydrates found within
the current season’s growth of the stems will vary with canopy size and time of vear. reported values
range from 38 to 194 g vine~! (Ruhl and Clingeleffer 1993: Mullins et al. 1992: Roper and Williams
1989).

lIl. PARTITIONING OF CARBOHYDRATES WITHIN THE LEAF

The metabolism and transport of carbohvdrates within the grape leaf are probably similar to those
described for other C, plant species (Hawker et al. 1991). Leaf age and time during the growing season
influence the concentrations of reducing and nonreducing sugars and starch in grape leaves. Kliewer
11966) found that the concentration of glucose and fructose in the leaves of field-grown grapevines
increased from unfolding until the individual leaf had expanded to one third of its final leaf area. after
which their concentrations leveled off. The glucose/fructose ratio of leaves generally is greater than 1
and sometimes approaches values greater than 2. The concentration of sucrose usually is less than that
of either glucose or fructose. The concentration of sucrose in leaf tissue also increases as the leaf ages
iKliewer and Nassar 1966; Sepulveda and Kliewer 1986). [n the latter studyv the concentration of leaf
sucrose increased as growth temperature increased. However. it has been shown that increasing growth
temperatures decreases the concentration of starch in grape leaves (Buttrose and Hale 1971). The
decrease in starch concentration is offset to some extent by an increase in total lipid concentration.
Nonstructural carbohydrates in grape leaves increase as a result of CO, enrichment when compared to
those of vines grown under ambient CO, pressures (Johnson et al. 1982). The concentration of starch
found in the leaves of grapevines grown in warm environments ranges from 14 to 73 mg g ~! drv wt when
measured on individual leaves (Roper and Williams 1989: Fig. 1) and from O to 93 mg g~! dry weight
when all leaves on a vine are sampled (Mullins et al. 1992: Roper and Williams 1989). Values can be
considerably higher when vines are girdled to increase berrv size (Roper and Williams 1989).

The accumulation of starch in the chloroplasts during photosynthesis is assumed to be an important
reserve of carbohydrate for the plant. Starch accumulation in the leaf dunng the light and its
degradation the ensuing evening have been demonstrated by using annual plants grown in environmen-
tallv controlled growth chambers (Allen et al. 1988: Potter and Breen 1980) and outdoors (Millhollen
and Williams 1986). There appears to be only a slight increase during the dav in either sugar or starch
concentrations in sunlit leaves of girdled and nongirdled grapevines grown in the field (Fig. 4). The
amount of CO,, assimilated by the sunlit leaves of the control and girdled vines between 800 and 1600 h
that dav was 0.54 and 0.36 mol m~2, respectively (unpublished data: see also study bv Roper and
Williams 1989, demonstrating the diurnal pattern of grape leat photosvnthesis in response to girdling).
This is equivalent to 0.36 and 0.24 g carbohydrate produced g=! dry wt for the control and girdled
vines, respectively. The weight per unit leaf area used to calculate these relationships was assumed to
be 45 ¢ m~2 (Williams 1987a). The relative constancy of nonstructural carbohydrates during daylight
may be due to the fact that an individual leal. even on the exterior of the canopy, is exposed to direct
light only during a small portion of the day. This may be due to mutual shading, leaf angle. row
direction, and diurnal course of solar radiation. Another possible explanation is that in woody perennial
crops. with significant carbohydrate reserves in the permanent structures, the leaves are not important
in supplying carbohydrates to the plant duning the evening. The preceding data also indicate that the
photosynthate produced in the leaves of these vines was rapidly transported out of the leaf under the

conditions of the expenment.
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Figure 4 The diurnal change in leaf nonstructural carbohydrates of Thompson Seedless grapevines. Treatments
include a control. vines that were trunk-girdled. and vines in which one-half of the fruiting canes were girdled and
the other half were not girdled. The upper set of data points are the soluble sugars and the lower set starch. Each
value is the mean of six individual leaf replicates. Leaves were killed in liquid nitrogen and then lyophilized.
Carbohydrates were determined as described by Roper and Williams (1989).

IV. WHOLE VINE CARBON PARTITIONING
A. Cycle of Vine Growth

1. Seasonal Aerial Vegetative Growth

Shoot growth of grape is initiated in the spring from compound buds, which consist of one primary and
two secondary buds. The primary bud usually contains 10 to 12 leaf primordia along with 1 to 2 cluster
primordia, located opposite leaf primordia at node positions three to six from the base. Shoot growth
generally is initiated from the primary bud and occasionally one of the secondary buds also grows.
Secondary bud growth is initiated in the event that the primary bud dies or the primary shoot dies, as
occurs after a spring freeze. A low amount of chilling may be needed in breaking dormancy of V.
vintfera {Antcliff and May 1961). Budbreak generally occurs when the daily mean temperature exceeds
10°C. Subsequent growth of the shoot is dependent upon environmental factors, management practices,
and disease or pest problems. The base temperature for vegetative growth has been observed to range
from 3°C to 8°C (Moncur et al. 1989). Degree day summations (base temperature >10°C) have also
been used successfully to predict the time between various phenological events (Williams et al. 1985b;
Williams 1987b). The total number of shoots that develop on a vine is primarily determined by the

pruning pattern.
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The rate of shoot elongation is greatest early in the growing season and then steadily decreases
thereafter (van Zyl 1984). The increase in stem length is sigmoidal when expressed as a function of
either calendar days (De La Harpe and Visser 1985) or degree day summations (Williams 1987a). The
increase in dry mass of shoots is almost linear until fruit set occurs, with subsequent shoot growth
diminishing or leveling off (Gutierrez et al. 1985). Weight per unit stem length, however, continues to
increase (Williams 1987a). The amount of biomass partitioned to stems of the same cultivar differs
among vineyards (Williams et al. 1985a). In addition, pruning method determines the amount of
biomass found in the current growing season's stems. The amount of biomass partitioned to the stems
declines as the number of shoots per vine increases (Clingeleffer and Krake 1992). Shoot orientation
also influences the partitioning of biomass to the main stem (Kliewer et al. 1989). Shoots positioned
downward had less stem biomass than those positioned vertically or horizontally in that study. Finally,
the indeterminate growth habit of Vitis species, the use of different trellis systems, and the need to
drive equipment down the rows in the vineyard may necessitate summer pruning or hedging of the
canopy. The loss of shoot drv matter due to summer pruning in modeling grape growth is set at 10% to
25%: the percentage depends upon when hedging takes place (Wermelinger et al. 1991: Williams et al.
1985a).

A similar type of pattern to that described for shoot (stem) growth can also be observed for the
increase of leaf weight and area per vine for mature vines (Wermelinger and Koblet 1990; Williams
1987a). Weight per unit leaf area increased linearly as the season progressed in both of the studies
mentioned. The increase in weight per unit leaf area is not associated with an increase in nonstructural
carbohvdrate concentration (unpublished data). Seasonal increments in leaf biomass and leaf area per
vine are dependent upon vine age and pruning pattern. Araujo and Williams (1988) found that leaf
biomass and area increased throughout the growing season for 2-vear-old vines (as the vines were
trained up the stake). Leal biomass and area were shown to increase throughout the season for
nonirrigated Cabernet Sauvignon vines grown in the Napa Valley of California (Williams and Biscav
1991). Leaf area development increased more rapidly for minimallv pruned vines than for those that
were spur-pruned {Downton and Grant 1992). Leaf area per vine | month after budbreak was five times
greater for the minimally pruned than for the spur-pruned vines. Thus. the concept of a typical patten
of leaf area development of vines under all conditions and situations may not be valid.

The development of the canopy and its size is dependent upon the rate of leaf area expansion. shoot
growth. and cultural practices that influence the growth of lateral shoots. The production of leaves
appears to be a function of temperature. cultural practices, and shoot length. A leaf appearance model
of grape, which assumed that appearance rate was dependent upon temperature and that it declined for
each subsequent leaf formed. predicted leaf appearance of three of four cultivars grown in the Chianti
region of [taly (Miglietta et al. 1992). Leaf initiation rate differed on shoots of Cabernet Sauvignon
grapevines when the shoots were oriented in various directions (Kliewer et al. 1989). The growth rate of
expanding leaves (vounger than 250 degree days [dd]) was shown to be 4.3 mg dd ™! followed by a rate
of 0.6 mg dd ! (Wermelinger and Koblet 1990). Thompson Seedless leaves were shown to grow at a rate
of 2.74 mg dd~! until they were fully expanded (Williams et al. 1985a). Canopy leaf area development
was shown to be linearly related to degree days from budbreak until {ruit growth rapidly increases
(Williams 1987a).

At full canopy, 30% to 85% of the total leaf area can be found on the outside of the canopy
depending upon trellis configuration and row spacing (Downton and Grant 1992; Mullins et al. 1992;
Smart et al. 1985; Williams 1987a). The proportion of leal area from lateral shoots that comprise total
vine leaf area varies from a low of 6% to 9% to greater than 50% (Smart et al. 1985; Wermelinger and
Koblet 1990). The low amount of lateral shoot leaf area in the former study was probably due to the lack
of supplemental irrigations, whereas in the latter study primary shoots were summer-pruned several
times during the season, thus releasing apical dominance. Canopy development proceeded much more
rapidly for minimally pruned vines than for spur-pruned vines (Downton and Grant 1992). However.
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canopy leaf area at the end of the season was approximately 40% greater for the spur-pruned than for
the minimally pruned vines. Canopy surface area is greater for vines grown at closer row spacings even
though leaf area per vine is less at the closer row spacing (Mullins et al. 1992). Finally, various
measures of canopy size and density can vary considerablv from one site to another for the same

cultivar (Dokoozlian 1990).

2. Growth of the Permanent Aerial Structures

The permanent above-ground organs of grapevines consist of the trunk and cordons thorizontal
extension of the trunk). The rate of the trunk’s increase in diameter reaches a maximum at anthesis.
decreasing afterward with a smaller peak after veraison (van Zyl 1984). Total trunk biomass decreases
from tiie middle of dormancy until anthesis (Fig. 3). Subsequent to anthesis trunk biomass increases for
the rest of the growing season. This pattern was observed over two growing seasons (Williams 1991).
The initial decrease in trunk drv weight is associated with a decrease in nonstructural carbohydrate
carent (Fig. 3). Trunk biomass was shown 1o increase trom budbreak until fruit harvest for Chenin
crane grapevines Mulling etall 1992 A study on 2-veur-old vines showed that the trunk tripled in drv
werght trom budbreak until the first of September (Araujo and Williams 1988).

The seasonal increment in trunk biomass accumulation varies with growing conditions and ge-
notype. Approximately 527 g drv matter vine™! year™! was partitioned to the trunk of Thompson
Seedless grapevines from initial planting until the vines were 7 vears of age (Fig. 3). Closer examination
of the data points indicates large differences in the vearlv accumulation of dry matter in the trunk (i.e..
vearly accumulations were greater in 1986 and 1988 than in 1987). When averaged over the 18-vear life
of Uabernet Sauvignon grapevines grafted onto the rootstock 5C. approximately 240 g dry matter was
partitioned to the trunk vine™! year™! (Williams and Biscay 1991).

The amount of biomass partitioned to the cordon depends upon the training system used {i.e..
unilateral, bilateral, or quadrilateral cordon system). Most studies that have quantified the biomass of
cordons used vines trained to bilateral cordons. Approximately 300 g dry biomass vine ™! year~! was
partitioned to the trunk and cordons of Chenin blanc vines grafted onto 101-14 Mgt rootstock when
averaged over a 12-year period (Saayman and van Huyssteen 1980). Ten-year-old Chenin blanc
grapevines grown in the San Joaquin Valley partitioned an average of 638 g dry matter vine ™! year~! to
the trunk and cordons (Mullins et al. 1992). A similar value (612 g drv matter partitioned to trunk and
cordons vine~! vear~!, calculated from fresh weight data and a dry/fresh weight ratio of 0.43) was
obtained for 15-year-old spur-pruned Cabernet franc grapevines grown in the Murray River Valley of

Australia (Clingeleffer and Krake 1992).

3. Growth of the Root System

Studies examining the growth of grapevine roots have quantified the periodicity of new root initiation
and turnover (Freeman and Smart 1976; McKenry 1984: van Zyl 1984). Results from these studies
demonstrate that a flush of root growth occurs shortly after shoot growth begins in the spring, peaking at
anthesis. New root initiation decreases rapidly, with few new roots seen between fruit set and harvest. A
second. major flush may begin after fruit harvest. Root biomass of Thompson Seedless grapevines
decreases during the period from the middle of the dormant portion of the season until anthesis (Fig. 3).
As with the trunk, some of the decrease in weight is due to a decrease in nonstructural carbohydrates
(Fig. 3). The decrease may also be associated with root death and turnover. After anthesis there is a
significant increase in root biomass. The increase in root biomass through the season in this study
corresponds to some extent to the observed root flushes. It should be emphasized, however, that root
biomass increased throughout the season for young Thompson Seedless grapevines (Araujo and
Williams 1988), mature Cabernet Sauvignon grafted on 5C (Williams and Biscay 1991), and own-root
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Figure 5 The accumulation of root or trunk biomass of Thompson Seedless grapevines from the time the cuttings
were planted through seven growing seasons. Vine and row spacings were 2.4 and 3.66 m. respectivelv. Biomass
was determined each year approximately the first week in September or at fruit maturitv. Each value is the mean of

six individual vine replicates.

Chenin blanc grapevines (Mullins et al. 1992). These studies would indicate that the seasonal dynamics
of root biomass partitioning depend upon the age of the vine and perhaps the cultivar and may not
reflect observed root Hushes.

The partitioning of biomass to the roots of Thompson Seedless grapevines averaged approximately
350 g dry weight vine ! vear~! from the time of planting until the vines were 7 years old (Fig. 3). Up to
20% of this biomass may be nonstructural carbohydrates. Approximately 360 g dry wt vine™! year™!
(determined by dividing root biomass by vine age) is the average partitioned to the roots of the Chenin
blanc—101-14 Mgt. scion—rootstock combination (Saavman and van Huyssteen 1980). A value of 262
and 130 g dry wt vine~! year™! is the average vearly increment in biomass partitioned to the roots of
Chenin blanc—own roots and Cabernet Sauvignon—5C. respectivelv {Mullins et al 1992: Williams and
Biscav 1991). Whole vine harvests of Thompson Seedless grapevines of various ages (from initial
planting to vines more than 30 vears old) at the University of California Kearnev Agricultural Center
indicate that the partitioning of biomass to the root system is 60% of that partitioned to the trunk (Fig.
6). Biomass partitioning to the root system of another cane-pruned cultivar was approximately 50% of
that partitioned to the trunk when averaged across all harvest dates and rootstock combinations
(Williams and Biscay 1991; Williams and Smith 1991). The partitioning of biomass to the root system of
Chenin blanc was approximately 40% of that allocated to the trunk + cordons (Mullins et al. 1992); that
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fraction was 33% for spur-pruned Cabernet franc (Clingeleffer and Krake 1992). The biomass parti-
tioned to the root system in the Saayman and van Huyssteen study. however, was greater than that
partitioned to the trunk + cordons.

4.  Fruit Growth

Unlike many deciduous tree fruit crops. in which anthesis occurs at budbreak. anthesis in grape does
not occur until there is an appreciable vine canopy (Pratt and Coombe 1978: Wermelinger and Koblet
1990: Williams 1987a). The growth of a grape bery dues not proceed at a constant rate but rather with
periods of ascending and descending growth rates delineated into various phases. Many have charac-
terized berry growth as a double-sigmoid growth curv= Coombe 1976). This type of growth curve has
been divided into three. four. and five arbitrarily ussigned stages. When three stages are used to
describe berrv growth. the initial stage (I) consists of rapid growth due to both cell division and
expansion. Stage Il. a lag phase. is characterize:d by little berrv =nlargement; however. maturation of
the seed proceeds. The last phase of berry growth 'III' ix :lue soleiv to ceil »xpansion. This phase also is
characterized by a massive accumulation of h=xnse ~:igars and a decrease in titratable acidity. The
double-sigmoid growth curve is also observed for berries of seedless cultivars.

Thne growth of a berry also can be characterized as occurring in two phases (Staudt et al. 1986). A
study reevaluating the double-sigmoid growth curve has concluded that fruit growth of peach (Prunus
persica L. Batsch) can be divided into two growth stages. based upon relative growth rates (dry weight
increment g~ ! dry weight dd ! or day~!) (DeJong and Goudriaan 19891. Blanke (1992) also concluded
that berry growth, based on relative growth rate, can be divided into two growth stages. The lag phase is
characterized as a transition between two growth stages rather than a separate growth stage.

The final weight of the Hesh ot a ripe truit is determined by cell number. volume. and density. The
number and volume of cells at ripeness are influenced by the cell number and volume at anthesis and
the subsequent rate and duration of cell division and expansion (Coombe 1976). There are approx-
imately 0.2 million cells in the ovary at anthesis and 0.6 million 40 days later (Harris et al. 1968).
Coombe (1976) calculated that the number of cell doublings to achieve these numbers was 17 before
anthesis and 1.5 after anthesis. Cell division in the pericarp begins 5 to 10 days before anthesis
(Coombe 1960). Harris et al. (1968) concluded that berrv pericarp growth was a product of both cell
division and expansion up to 3 weeks after anthesis with subsequent growth due to cell expansion
alone. Tissue of the pericarp represented 64% of the final volume of the Sultana (syn. Thompson
Seedless) berry (Harris et al. 1968).

The majority of berry growth occurs at night. During the day there is no berry expansion; more likely
there is contraction (Greenspan 1994). In that study it also was demonstrated that diurnal berry
expansion and contraction differed before and after veraison; there was less contraction during the day
post veraison. The enlargement of the berry during stages I and II is not associated with dermal tissue
extensibility or turgor (Matthews et al. 1987). They also demonstrated that berry expansion subsequent
to stage Il was not due to changes in berry turgor; however, there was an increase in plastic extensibility
of the dermal tissue.

The accumulation of fresh or dry fruit biomass on a whole vine basis occurs rapidly subsequent to
berrv set. The accumulation of cluster dry biomass has been shown to be a linear function of degree
days (Gutierrez et al. 1985; Wermelinger et al. 1991; Williams et al. 1985a; Williams 1987a) and
calendar davs (Alexander 1958). The accumulation of cluster dry biomass followed a sigmoid curve for ™
Riesling grafted onto rootstock 26G (Lohnertz 1988); it followed an exponential curve for Cabernet
Sauvignon grafted onto rootstock 5C (Williams and Biscay 1991); both were based on calendar days.
The preceding results indicate that the biphasic growth curve of individual berries is indistinguishable
when the growth of all the fruit on a vine is quantified in the field. This may be due to asynchrony in the
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arowth of individual berries on a cluster and asynchrony in the growth of individual clusters on a vine or

to sampling frequency (Coombe, 1992).

5. Daily CO, Requirements for Biomass and Carbohydrates

requirements of these grapevines at three stages of vine growth (Table 2). It was assumed that the
carbon content of vine drv matter was close to 45% (Downton and Grant 1992). Approximately 98% of
the carbon is utilized for drv matter accumulation at anthesis, while during fruit maturation 83% of
the carbon is utilized for the accumulation of nonstructural carbohvdrates. This demonstrates a shift
over the growing season from a vine utilizing carbon for structural purposes to that of a vine

Utilizing the data found in tables 4.1 and 4.2 of Mullins et al. (1992), one can calculate carbon

accumulating sugars and starch.

B. Source-Sink Relationships in Grape

1. Fruit as a Sink

The fruit is the largest sink on the vine once fruit set has occurred 1 Mullins et al. 1992). The proportion
of biomass partitioned to the fruit from budbreak until fruit matunity ranged from 4% to 69% of the
total biomass accumulated during that period for Thompson Seedless grapevines {Table 3). This
proportion was independent of the cultural practices emploved to grow the vines and is probably more a
function of the fruitfulness of the canes retained at pruning. The proportion of biomass partitioned to
the fruit as a function of standing biomass at fruit harvest is dependent upon the age of the vines and the
wayv in which they were trained. For nonirmgated Cabernet Sauvignon approximately 20% of the
standing biomass at harvest was found in the fruit (Williams and Biscay 1991), while for Chenin blanc
approximately 30% of the standing biomass was allocated to the fruit (Table 4).

Growth of the fruit after veraison is associated with the uptake of both water and hexose sugars. The
uptake of water into the berry after veraison is probably from the phloem sap as there is an apparent loss
of xylem function at veraison (During et al. 1987; Findlay et al. 1987). A nearly exclusive role of the

Table 2 The Change in Total Dry Weight and
Nonstructural Carbohydrates of Chenin Blanc Grapevines
from Budbreak Until Harvest and Calculated Values of CO,
Uptake Required to Meet Those Demands (g vine ™! day™!)

CO, required

Day of yearr A drvwt A NSC  for drv wt®  for NSC*

88-147 64.7 1.5 106.8 e
148-206 31.0 19.0 51.3 27.9
207-253 10.0 55.3 +.5 81.3

4Budbreak. anthesis. and harvest correspond to day of vear 88, 141,
253, respectively. Changes in drv wt and NSCs were calculated from
tables 4.1 and 4.2 in Mullins et al. 1992. NSC, nonstructural carbohy-
drate.

*Carbon in dry matter was assumed to be +3%. CO, required for dry
matter was determined bv multiplving the drv wt column by 0.45 and
that value by 3.67 (molecular wt CO/molecular wt C}.

“CO, required for NSC was calculated by multiplying NSC column by
147 (molecular wt COy/molecular wt CH,0).
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Table 3 Current Year's Dry Biomass Production of

Thompson Seedless Grapevines Grown in the San
Joaquin Valley of California from Budbreak to Harvest.

g vine~la
1988 1989 1092
Organ Drywt % Drywt % Drvwt %
Roots 495 6 308 2 203 2
Trunk 501 5 328 7 623 3
Stems 2056 26 2227 18 1891 14
Leaves 1458 18 1554 13 1308 10
Clusters 3568 44 7302 60 9173 69
Total 8078 12209 13283

“Vines in 1988 and 1989 were harvested from a ‘urrow-i migated

vinevard planted in 1984, Vines in 1992 were narveste:: (rom a

drip-irrigated vineyard planted in 1987, Vine anii row :pacings
from the furrow- and drip-irrigated vinevards were 2.44 and 3.66
and 2.1 and 3.35 m, respectively. Each value is the mean of at

least five individual vine replicates. The percentage (%) column

represents individual values in the dry wt columns divided bv

total weight.

Williams

xvlem for water transport to the fruit is evident prior to veraison while the phloem is clearlv dominant
for the berrv’s postveraison water budget (Greenspan. 1994). It is unknown whether the uptake of water
required for the growth of the berrv after veraison is due to that accompanving sugars in the phloem. or
to the decrease in berry water potential due to increasing solutes with a subsequent water inflow via the

apoplast.

Sucrose 1s purported to be the primary sugar translocated from the leaves of V. vinifera to other
organs (During and Alleweldt 1980). The metabolism of sucrose within the cell and its loading into the
phloem and subsequent translocation within grapevines are probably similar to those described
elsewhere in this book. Individual fowers are served by five or six vascular bundles in the pedicel

Table 4 Standing Biomass at Fruit Harvest and Current
Year's Biomass and Nonstructural Carbohydrate Production of
Chenin Blanc Grapevines Grown in the San Joaquin Valley of
California, g vine™la

Standing biomass

Current vear's production

Organ Drv wt ) Drv wt % N=Cs %
Roots 2084 16 220 3 625 17
Trunk 3015 16 263 4 217 6
Cordons 3421 18 —41 0 143 4
Stems 2539 13 2383 33 136 4
Leaves 1732 9 1641 23 01 2
Clusters 5199 28 2696 37 2503 67
Total 18890 7162 3373

sData were generated from tables 4.1 and 4.2, Mullins et al. 1992. The
percentage (%) column represents individual values in the drv wt and

NSC columns divided by total of each column.
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which separate in the receptacle, giving rise to branches serving the Hower parts and the ovary (Mullins
et al. 1992). Once fruit set has occurred. the ovary bundles give nise to vascular traces within the
developing berry: two serve the seeds and placenta, while the third is the peripheral bundles located
between the dermal tissues and the pericarp (berry flesh). The peripheral bundles are joined to the
central bundles (Mullins et al. 1992). The vascular strands are composed of tracheids, sieve cells. and
elongated cells (Pratt 1971). The number of cells in the pericarp between the periphery and the central
vascular bundles after veraison ranges from 15 to 20 cells (Harris et al. 1968).

The concentration of sucrose in V. vinifera berries is verv low. comprising less than 4% of the total
sugars: Hawker et al. 1976). [t also was found that the sucrose concentration in easily expressed juice is
less than that oceurring in the rest of the berry. indicating that sucrose was compartmentalized in tissue
that would have included the vascular system. Before veraison the highest concentrations of glucose
and fructose are found in the skin and berry center, while after veraizon highest concentrations of these
two sugars are found in the berry core and below the peripheral vascular bundles (Possner and Kliewer
19835). These results indicate rapid hvdrolvsis of sucrose once it leaves the vascular tissue.

The majority of the increase in fruit biomass vccurs after the inception of veraison (Coombe 1992,
Veralson vceurs after the lag phase of berry growth and s associatedd with berry softening and change in
color ot red- and black-fruited cultivars. The accumulation of glucose and fructose begins suddenly. on
the same day that berrv softening begins (Coombe 1989). Once it has begun. the concentrations of these
two sugars increase linearlv. Sugar accumulation rates into berries of held-grown grapevines have been
caleulated to be L1 wmol h=! g 7! fresh weight (Hawker 1969). Similar rates have been reported in vitro
tBrown and Coombe 198+). Hypotheses about the accumulation of hexose sugars in the pericarp of the
berrv recentlv have been reviewed (Coombe 1992). Thev include 1a) active transport of sugars through
the tonoplast of pericarp cells, (b) sucrose unloading trom the phloem into the apoplast. and (¢} sugar
How caused bv leakiness of the plasma membrane in the pencarp cells.

Results derived from compartmental analysis in grape berries indicate that high concentrations of
sugars can be found in the apoplast (Coombe 1989). As the concentration of hexose sugars increases
during berry maturation. diffusible sugars in dermal segments increased (from 40% to 75%. beginning
of ripening to 16% soluble solids), while the compartmented space increased only slightly (Brown and
Coombe 1983). These results suggest that active uptake is not responsible for the dramatic sugar
increase in pericarp cells but do support phloem loading of the berry. In further support of phloem
unloading into the apoplast, Kriedemann (1969) demonstrated that labeled glucose moved from the
phloem to the apoplast before entering pericarp cells. Finallv. it has been shown that sugar import into
the berry can continue after growth ceases (Matthews and Anderson 1988, 1989), even when berrv
volume decreases (Coombe 1973).

The third hypothesis was proposed by Lang et al. (1986). The breakdown of the apoplast—symplast
compartmentation during berry ripening would establish a gradient of water potential between source
and sink that would favor the movement of phloem sap into the berry (Coombe 1992). There is some
evidence that cells in the pericarp develop some leakiness, such as a decrease in extractable gas.
increased proportion of diffusible sugars, and increased translucency of the pericarp after veraison
(Ccombe 1992). However, the increase in berry sugar late in the growing season without a concomitant
increase in volume would indicate that increasing concentrations of sugar in the apoplast of the berry
does not create an osmotic gradient which would promote water uptake as implied by this hypothesis.

At present it is unknown what triggers the massive accumulation of sugars in the berry after
veraison. Increased invertase activity has been shown to be associated with the increase in berry sugar
accumulation (During and Alleweldt 1984). This increase would establish a gradient of sucrose from
the phloem to the apoplastic space in the pericarp. Both soluble and cell-wall-associated forms of
invertase have been localized in leal and berry tissues of grape (Hawker 1969; Ruffner et al. 1990).
However, invertase activity has been shown to exist in the berry before veraison, arguing against the
activation of invertase as the triggering mechanism (Coombe 1989). Finally. phytohormones also have
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been implicated as possible triggering mechanisms in other fruit crops (predominantly ethylene in
climacteric fruit). The leading candidate for grape (a nonclimacteric fruit) appears to be abscisic acid

(ABA) (Coombe 1989).

2. Seasonal Source—Sink Relationships

The initial zrowth of the shoot is dependent upon carbohydrate reserves in the permanent structures ot
the vine. Between budbreak and anthesis. the decrease in nonstructural carbohvdrates amounted to
approximately 350 g vine ™! for Thompson Seedless grapevines (Fig. 3). [t is assumed that the decrease
in carbohvdrate content in the roots and trunk was utilized to support growth of the new shoots and to
meet the respiratory demands of the rest of the vine. This value is similar to the utilization of
carbohvdrates during this period when modeling the growth of grapevines (Gutierrez et al. 1985:
Wermelinger et al. 1991). As mentioned earlier. the shoot is able to meet growth and respiratorv
demands of a single node cutting once the leaf area excerds 50 cm? (Buttrose 1966). Therefore. when
ali individual shoots on the entire vine exceed this leat area. utilization of reserve carbohvdrate
diminishes and the vine becomes dependent upon recentiv assimilated photosynthate. This occurs
sometime before anthesis (Scholefield et al. 1978: Yang et al. 1980).

The redistribution pattern of recent photosynthate was initially studied with #CO, labeling and
autoradiography, providing qualitative results 1Hale and Weaver 1962: Koblet 1977). More recent
studies have provided more quantitative data (Hunter and Visser 1988a: Matsui et al. 1985: Yang and
Hort 1979, 1980). An interesting result obtained from these studies is the large proportion of “*C label
that remains in the source leaf up to 72 hours after exposure to #CO,, whether the vines were potted or
swere zrown in the field. The data indicate a slow turnover of recently assimilated photosynthate in the
leaves of grapevines. However, data obtained with both annual and perennial plants demonstrate that
carbon export rates range from 5 to 10 pmol C m~2s~lunder controlled environmental conditions (Li et
al. 1992: Moing et al. 1992; Servaites et al. 1989). An export rate of 5.1 pmol C m~2s~!, averaged over
an 8-hour period, can be calculated for field-grown Thompson Seedless grapevines by using the
carhohydrate data in Fig. 4 and the net photosynthesis rates given in the text.

Generalizations can be made about the distribution of *C-labeled photosvnthate. Young leaves. less
than 50% of their final size, retain most of the carbon they assimilate. Once leaves are larger than 50%
of their final size they begin to export carbohydrates (Hale and Weaver 1962; Koblet 1977), although
there may be cultivar differences (Yang and Hori 1980). Before anthesis. translocation of photosvn-
thates from grapevine leaves is toward the apical portion of the shoot. Just before and after anthesis
movement of photosynthates from the leaves on the basal two-thirds of the shoot is toward the clusters
and back into the permanent organs of the vines. After berry set, the fruit becomes a very large sink. Of
the #C-labeled photosynthate that moved from the source leaves. no less than 71% of that label was
recovered in the clusters, regardless of the position of the source leaf along the shoot, once berries were
8 to 10 mm in diameter (Hunter and Visser 1988a). The carbon isotope composition of immature berries
would indicate that most of the carbon found in the fruit is imported from the leaves (Di Marco et al.
1977); little is derived from berry photosynthesis. After harvest, most of the recently assimilated
photosvnthate is translocated back to the permanent structures of the vine.

The fush of roots during the growing season, one beginning before anthesis and the other after
harvest (McKenry 1984; van Zyl 1984), indicates little allocation of carbon to the root system during
initial shoot growth and again once the fruit becomes the major sink. Moreover. dry matter and
nonstructural carbohydrates in the root system did not increase until after anthesis, with a smaller
increase again after fruit harvest (Williams 1991; Fig. 3). For very young vines. the accumulation of dry
matter in the root system did not occur until the canopy was well developed, regardless of treatment
{Araujo and Williams 1988). However, once initiated, the growth of the root system for these young
vines was maintained throughout the remainder of the growing season. In addition, root dry matter



Grape 867
‘nereased from budbreak to fruit maturity for Chenin blanc vines i Mullins et al. 1992) and from anthesis
1o fruit maturity for Cabernet Sauvignon vines (Williams and Biscay 1991). [t also has been demon-
strated that 14C-labeled photosynthate is translocated to the root system during all stages of berry
growth (Matsui et al. 1985). In fact, the proportion of label found in the ethanol insoluble fraction in the
rool svstem was greater than that found in all other sinks on the vine. While root dry matter increased
throuéhout the season in these examples. it should be stressed that this increase is much less than the
drv matter partitioned to the fruit during that time.

There also appears to be an alteration in the partitioning of carbon to the other permanent structures
of the grapevine. The increase in trunk diameter during the season mimics root Hushes (van Zyl 198+4).
Trunk biomass does not increase until after anthesis: it levels off during stage [II of berrv growth and
then increases again after fruit harvest (Williams 1991: Fig. 3). Apparently trunk growth cdoes not begin
earlv in the season until there is excess, recent photosynthate. Diminished growth during phase [I1 of
berrv growth and increased growth after the fruit is removed indicate that the trunk does not compete
well for carbon once berries become a strong sink.

Growth of vegetative organs is greater when clusters are removed from the vine compared to those
with crop (Table 3). The increased biomass partitioned to leaves. stems. canes. and trunk ranged from
50%% to T3%. while the increase in root biomass was 350% greater when the two treatments were
compared. The data indicate that the root system is the organ most severelv affected because fruit is
such a large sink. The results also illustrate that vegetative organs do not have the same sink potential
that clusters have. at least under the conditions of this experiment. Total biomass accumulation on
vines without fruit. during the period from anthesis to 28 August. was only 53% that ol vines with fruit.
[t should be pointed out that midday. photosvnthesis measurements of leaves exposed to direct solar
radiation were not dirferent for the two treatments throughout the studv (unpublished data). Possible
explanations for this apparent anomalv are (1} time of day photosvnthesis measurements were made
1see Downton et al. 1987), 12 less photosvnthesis of leaves elsewhere in the canopy of vines without
fruitt than on vines with fruit such that whole vine photosynthesis was less, (3) changes in canopv
architecture which may reduce whole vine CO, assimilation. i4) more shoot biomass removed through
mechanical hedging to allow equipment down the row. or (3) higher maintenance respiration rates of
vegetative than reproductive organs (see next section).

3. Utilization of Carbon for Respiration

[t has been estimated 25% to 75% of the CO, assimilated by woodv plants and perennial crops is lost
via respiration (Amthor 1989; Kramer and Kozlowski 1979; Vogt 1991). This would include respiration
associated with growth of new tissue, maintenance respiration, and respiration needed for other
metabolic processes. Respiration needed for growth has been estimated to be approximatelv 30% of net

Table 5 The Effect of Crop Removal at Anthesis on Subsequent Growth
of 3-Year-Old Thompson Seedless Grapevines

Organ. A g dry wt vine™ 12

Treatment® Leaves Stems Canes Trunk Roots Fruit  Total

w/Fruit 759 707 237 357 252 6250 8852
wlo Fruit 1137 1358 388 962 872 — 1717

*Values represent the tncrease in biomass after anthesis. Data were generated from six
individual vine replicates harvested on 5 September.

*Clusters were removed at anthesis (14 May). Drv weights for leaves, stems. canes,
trunk, roots, and fruit at anthesis were 324, 474, 370, 361, 481 and 150 g vine °!,
respectively.
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CO, assi@ilation (Penning de Vries et al. 1983). and this value was recently used to model grapevine
,growth (Wermelinger et al. 1991). The actual respiratory demand would depend upon tissue_composi—
Lion (Amthor 1989). Maintenance respiration also is dependent upon tissue composition. most notably
N content (Ryan 1991). Measurements indicate that “normal values™ of maintenance respiration in
vegelative tissues range from 0.015 to 0.06 kg CO, kg=! dry matter d~! (Penning de Vries 1983) but
may be substantially lower in fruit and storage organs. Other factors which would influence respiration
rates include temperature and respiratory substrate levels. Schultz (1991) found that shade leaves have
a lower specific rate of respiration than leaves grown in full sunlight: the lower rate may have been due
to rerfuced carbohydrate levels in the shade leaves. '

Dark respiration rates of grapevine leaves decrease with age: this effect is no longer apparent after
vegetative growth ceases (Schultz 1991). This may be due to a decrease in the growth component once
the leaves are fully expanded. The @, of dark respiration is above 3 earlv in the season and at the
beginning of fruit ripening (Schultz 1991). At other times the (), ranged between 2.4 and 2.7 in that
stuty. Lsing fully expanded leaves. a (), of 2 was measured in the temperature range of 10°C to 42°C
Williams et al. 1994). Leaf respiration was neglizible at 10°C {oc Perlerte vines grown in the desert.
whersas it was measurable down to 5°C for Chardonnay vines zrown in a cool climate runpublished
data). Absolute rates of dark respiration in mature leaves at 20°C range from 0.15 to 0.5 wmol CO,
m~- s~ 1Schultz 1991: Williams et al. 1994). Specific respiration rates of other vegetative tissues of
grapevine are less well known.

Fruit respiration of grapevines has been studied much more thoroughly (Frieden et al. 1987a:
Geisler and Radler 1963: Koch and Alleweldt 1978: Levhe and Blanke 1989: Kriedemann 1968).
Before anthesis individual Hower respiration ranged from 1 to 5 wg CO, h~!: after set berry respiration
ranged {rom 5 to 60 wg CO, h~" (Levhe and Blanke 19891, Speciric berrv respiration can be as high as
000 g O, g~! fresh wt h~! early in berry development. decreasing to approximately 40 pg CO, g™
h~!at fruit maturation (Frieden et al. 1987a: Geisler and Radler 1963: Koch and Alleweldt 1978). An
increase in berry temperature increases berry respiration. with a (), of approximately 2.0 (Frieden et
al. 1987b).

The estimated daily CO, demand of Chenin blanc grapevines grown in the San Joaquin Valley of
(California is presented in Table 6. The daily requirement of CO, tor dry matter and nonstructural
carbohvdrates is taken from Table 2. Maintenance respiration of the trunk and root system was
determined by using the starvation method on mature grapevines iunpublished data), while that for

Table 6 Daily, Calculated CO, Requirements of Chenin Blanc
Grapevines at Three Different Phenological Stages of Vine Growth.
mol CO, vine~! day~!

Vegetative?  Fruit¢

Day of vear  Dry matter  NSCs R, R R Total
147 2.43 0.05 073 086 034 4.4l
206 1.17 0.63 035 098 0.66 3.79
253 0.38 1.85 0.11 132 038 424

“3ee Table 2 for further details.

*Growth respiration (R)) was assumed to be 30% of the cost of dry matter
production. Maintenance respiration (R ) costs were assumed to be 25.9.11.6,
100.8. and 154.4 ng CO, g™! dry wt s} for roots. trunk. stems. and leaves.
respectively. See text for further details.

Specifc fruit respiration was taken from Geisler and Radler 11963). Rates for
days 147, 206. and 253 were 240, 84, and 40 ug CO, g~! fresh weight h~!,

respectively.
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current season’s stems and leaves was taken from a studv on peach trees (Grossman 1993). [t was
assumed that fruit respiration, taken from Geisler and Radler (1963), encompassed both growth and
maintenance components, while the accumulation of reserves had no conversion costs (Wermelinger et
al. 1991). The costs of carbohydrate translocation were not taken into account. Approximately. 50% of
the total CO, required by Chenin blanc grapevines on these three dates was used for respiratory
purposes. This percentage is similar to the estimates of whole tree respiratory costs mentioned above.
The cost of growth respiration diminished as the season progressed; however, as standing biomas
increased. so did maintenance respiration. Between davs 147 and 253 the increase was 53%. [t shoul
be emphasized that the estimates of daily whole vine CO, requirements using this data set are similar to
the modeled estimates of whole vine photosynthesis presented in Fig. 1.

s
d

4. Root'Shoot Ratios

The root/shoot ratio i3 used to provide a quantitative relationship between below- and above-ground
growth of plants. However, the usefulness of such a relationship for woodv perennial crops under
intensive cultivation has vet to be determined. The root to shoot tor aerial) ratio in grapevine varies with
vine age. growth stage. environmental conditions. crop load. and management practices. For example.
the root/aerial ratio (aerial = trunk. cordons. and shoots) of Chenin blanc grapevines at fruit maturitv in
South Africa varied from 0.71 to 1.1. depending upon how the so0il was prepared before planting
(Saavman and van Huvssteen 1980). The calculated root/aerial ratio also varied when vines were
planted at different row spacings and trellis heights (Mullins et al. 1992: see table 6.1). The root/aerial
ratio (based on standing vegetative biomass) of Chenin blanc vines grown in the San Joaquin Vallev of
California varied from 0.36 at budbreak to 0.28 at fruit maturity i Mullins et al. 1992). When just the
current season’s accumulation of biomass 1s used for the calculation iTable 11, the ratio becomes 0.15 at
fruit harvest. The root/aerial, root/shoot (stems + leaves) or root/leaves ratio of the current season’s
accumulation of Thompson Seedless biomass varied considerably from vear to vear (data taken from
Table 3). The preceding data indicate that when modeling the growth of the grapevine root system. one
cannot assume that root growth is a particular fraction of the biomass allocated to the shoots (Gutierrez
et al. 1985; Wermelinger et al. 1991). However. as shown in Fig. 6. there appears to be a constant
relationship between allocation of biomass to the root system and allocation to the trunk of Thompson
Seedless grapevines.

The small amount of biomass allocated to the root system of grapevines (see previous discussion)
differs from estimates of C (or biomass) allocated to root systems of trees in a forest (Cannel 1985; Vogt
1991). From 24% to 66% of the assimilated carbon is allocated to the roots of trees, most of this for fine
root turmover. However, the amount of carbon allocated to the roots of Pinus sylvestris decreased from
59% to 31% with improved soil fertility (Linder and Axelsson 1982). Therefore, high soil fertility and
availability of water for irrigation purposes in vinevards (Tables 3 and 4) and orchards (Miller and
Walsh 1988), as would be the practice in a commercial situation, may decrease the carbon demand of
roots for intensively managed tree and vine crops, resulting in low root/aerial or root/shoot ratios.

V. EFFECTS OF MANAGEMENT PRACTICES ON SOURCE-SINK
RELATIONSHIPS

A. Canopy Management and Crop Load

Many different cultural practices are performed on grapevines in order to enhance fruit or wine quality
(Jackson and Lombard 1993). These include the use of different trellises, planting densities. pruning
practices, leaf and shoot removal, and adjustment of crop load. These management practices will alter
the source—sink ratio of the vines. Many of them are used presumably to favor carbon transport to the
fruit at the expense of that to the vegetative structures.
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Figure 6 The relationship between trunk and root drv biomass of Thompson Seedless grapevines. Each data
point is the mean of at least four individual vine replicates. See text for further details.

The presence or absence of sinks on a grapevine may or may not affect individual leaf net CO,
assimilation rate. The removal of sinks (etther the fruit or actively growing shoot apices) from potted
grapevines results in a significant decrease in the net CO, assimilation rate of individual leaves
(Candolfi-Vasconcelos and Koblet 1991; Hofacker 1978; Kriedemann and Lenz 1972). Net CO,
assimilation rate of leaves that remain on shoots on which defoliation has occurred is greater than that
of leaves on shoots on which no defoliation took place (Candolfi-Vasconcelos and Koblet 1991; Hunter
and Visser 1988b). [t should be emphasized that fruit removal may have no effect on individual leaf
(Williams 1986) or whole vine CO, assimilation (Edson et al. 1993). It appears that sink effects on
grapevine leaf photosynthesis are a function of the time of dav (Downton et al. 1987) and time during the
season when measurements were taken (Candolf-Vasconcelos and Koblet 1991). The presence of other
sinks. especially on large, field-grown vines, apparently mitigates any depressing effect fruit removal
may have on leaf CO, assimilation under those conditions (L. E. Williams and F. Araujo unpublished
data).

Crop level affects berry and cluster size, accumulation of sugar and other flavor components in the
fruit, and various aspects of vegetative growth (Weaver and McCune 1960; Weaver and Pool 1968;
Winkler 1954). As yield per vine increases, berry size and cluster weight decrease (Clingeleffer 1984
1989: Kliewer and Weaver 1971; Weaver and Pool 1968). It is thought that high yields on vines reduce
the quality of the fruit (Jackson and Lombard 1993). This effect is due in part to the fact that
“overcropping” delays the accumulation of sugar in the fruit when compared to that of vines with less
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crop. However, there are reports indicating that the amount of crop per vine does not affect sugar
accumnulation and fruit quality (Clingeleffer 1989) or that there is a specific amount of crop a vine will
mature before further yield increases delay maturation and affect quality (Bravdo et al. 1985; Kliewer
and Antcliff 1970). »

Differences in results among the studies mentioned indicate the importance of quantifying all
aspects of vine growth before concluding that high vine yields decrease fruit quality. As expected, leaf
area per vine would be a major determinant in explaining the differences with regard to crop level. This
has led many to conduct studies in which vines are defoliated to a certain level to determine the leaf
area required to mature a given amount of fruit. A ratio of 0.7 to 1.0 m? kg ™! fruit is usually reported to
be the value required so that sugar accumulation is not delayed (Jackson and Lombard 1993). Ratios as
low as 0.5 have been reported for field-grown Thompson Seedless grapevines in which sugar accumula-
tion is not affected (May et al. 1969; Williams et al. 1987). The usefulness of this ratio in a field situation
is probably minimal as trellis type, row direction, seasonal canopyv development, and diurnal path of
solar radiation alter the proportion of leaves contributing the major portion of a vine's daily production
ot photosynthate. Indices such as leaf area index (Grantz and Williams 1993), leaf area per meter
canopy length, or canopy leaf area to canopy surface area (Dokoozlian 1990) may be more appropriate
and useful especially with regard to modeling vine C gain.

It must be stressed that fruit maturation also is affected by the microclimate in the fruiting zone
(Williams et al. 1994). One means to increase vield per vine is to leave more buds per vine at pruning.
Increased bud numbers without expanding the vine's framework result in more shoots per vine.
creating a canopy microclimate that may decrease the accumulation of sugar in the fruit and other
aspects of fruit quality, such as color (Smart 1985). The removal of the basal leaves on shoots up to the
node positions of the clusters is increasingly being used in California to alter the microclimate in the
fruiting zone in the hope of affecting fruit composition. This practice enhances sugar accumulation in
the berries through an increase in berry temperature under those conditions (Bledsoe et al. 1988).

Retaining varying numbers of buds on a vine, through differential pruning, usually is the means to
assess the effects of crop load on reproductive and vegetative growth (Miller et al. 1993; Weaver and
Pool 1968). Current season aerial, vegetative growth and leaf area increase much more rapidly early in
the season for vines in which higher number of buds are retained (Downton and Grant 1992). However.
leaf area measured at fruit harvest (Downton and Grant 1992) or pruning weight taken during the
dormant portion of the season (Clingeleffer and Krake 1992; Miller et al. 1993) is equal to or greater
than on vines with low bud numbers retained at pruning than on those that initially have more count
buds. Increased vegetative growth and leaf area per vine may be due to increased growth of shoots
derived from noncount buds (Table 7). Note that for vines in which two canes were retained half of the
entire vine’s leaf area originated from the head of the vines and that those shoots also had greater leaf
area on lateral shoots. These results would indicate that increased accumulation of sugar in the fruit of
vines with lowered cluster numbers is the result of an alteration in the source/sink ratio; much greater
source for the vines pruned to two canes. Interestingly, the leaf area (derived only from shoots on the
fruiting canes) to fruit ratios for all three treatments were similar. ranging from 0.81 to 0.85 m? kg~

There have been a few field studies which examined the effects of pruning level on biomass
partitioned to the permanent structures of the vine. The root biomass of Cabernet franc vines was
significantly less for mechanically pruned compared to spur-pruned vines after the treatments had
been imposed for 5 years; however, there were no differences in biomass of the trunk among treatments
(Clingeleffer and Krake 1992), there were only slight differences in the concentration of nonstructural
carbohydrates in the trunk and roots of these vines (Ruhl and Clingeleffer 1993). Over a 3-year period
Thompson Seedless grapevines pruned to four canes produced almost 28 kg more fruit than those
pruned to two canes; however, there was almost no difference between the two with regard to the
partitioning of biomass to the trunk (Table 8). Biomass partitioning to the root system of vines with
yields greater than double those pruned to two canes was reduced by 21% over the 3-year period.
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Table 7 Effect of Pruning Level on Yield and Leaf Area of
Thompson Seedless Grapevines 3 Weeks Before Fruit
Maturity in 1987

Leaf area (m? vine™1)

b b
Pruning level, Yield. Canes Aead
(no. of canes)® kg vine™! 1 2 1 2°  Total
2 10.9 65 28 357 536 206
4 19.3 122 35 38 19 214
8 25.7 154 57 33 13 257

*Vines were planted in 1968 and were flood-irrigated each growing
season. Vine and row spacing were 2.44 and 3.66 m. respectively.
Treatments were imposed for a single season.

bleaf area was subdivided into that derived from the fruiting ~anes
(canes) and the head of the vine and from pamary (1°) and lateral (2°)
shoots.

As demonstrated by Clingeleffer and Krake (1992) there was little effect of pruning level on the
partitioning biomass to the trunk. The preceding results would indicate that the extreme, deleterious
etfect of overcropping reported previously in California may be cultivar-specific (Weaver and McCune
1960) or due to lack of regular irmigation and fertilization programs Winkler 1954, 1958).
[ncreasing vine density within the vineyard decreases vield and vegetative growth per vine but
increases vield per unit land area without an apparent effect on fruit quality (Archer and Strauss 1991;
Lavee and Haskel 1982; Mullins et al. 1992). Increasing vine density from 1120 to 1680 vines ha~!
decreased shoot biomass by 30%, but there was no effect on biomass partitioned to the root system
(Mullins et al. 1992). However, vine densities greater than 2000 vines ha~! reduced root growth (Archer
and Strauss 1985). It has been demonstrated that vines planted to higher densities reduce soil water

Table 8 The Effect of Pruning Level Imposed for
Three Growing Seasons on the Increase in Trunk and
Root Dry Weight of Thompson Seedless Grapevines
During That Period

Increase in
dry biomass,

g vi =]
Pruning level, D A
no. of canes Yield,” kg vine™! Trunk® Roots?
2 12.9 1921 2365
4 22.2 2105 2285
8 29.0 1949 1865

aValues in this column are the 3-year mean of each treatment.
bInitial biomass, measured at budbreak in 1988, of the trunk
and root system was 1981 and 1385 g vine~!, respectively.
Biomass at the conclusion of the study was determined after
leaf fall, 20 November 1990. Four single-vine replicates were
used in determining biomass at the end of the study. Other
information is in Table 7.
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content more rapidly than those at wider spacings. resulting in more negative leafl water potentials
(Archer and Strauss 1989) and reduced rates of photosvnthesis rArcher and Strauss 1990). Therefore.
the reduction in vine growth at closer spacings may be due to effects of a less favorable vine water status
if these density experiments are not irrigated or irrigated with the same amount of water regardless of
treatment. The ability to maintain fruit quality at higher densities may be due to a greater leaf area to
fruit weight ratio ( Archer and Strauss 1991) or to the positive effects of mild water stress (Williams et al.
1994).

B. Irrigation and Fertilization Management

Vinevard water management is probablyv the best tool with which to manipulate vine growth and frui
qualitv. Reproductive growth of grapevines appears to be less sensilive to water stress than is
vegetative growth (Williams and Matthews 1990: Williams et al. 1994). For example. as applied water
decreased from 100% to 80% to 60 of vinevard evapotranspivation (ET). pruning weights decrease!
153% and 39% for the latter two irmigation treatments. respectivelv. compared to the 100% treatment
(Fig. 7). However. the corresponding reduction in vine vield was onlv 19% and [0% for the 80% and
605 irrigation treatments. respectively. Another point tllustrated in this data i related to the purported
redluction in vegetative growth due to the increasing carbon demands of the fruit as the season
progresses {as discussed in previous sections). While there were no signtheant ditferences in vield (or
the 80%. 100% . and 120% 1mgation treatments. pruning weights continued to increase linearly. Thus
water management and not sink strength of the fruit determined continued growth of the shoots in this
studv. [t should also be pointed out that vines in this studyv are mechanically hedged in order to
facilitate the movement of equipment down the rows. Therefore. pruning weights reported here are less
than actual vegetative growth that occurred during the season. especially for vines irrigated at 100 of
ET or greater. Finally. the results also indicate that increased leat area does not always advance fruit
maturation as there were no significant differences in soluble solids at fruit harvest for irrigation
treatments between 80% and 140% (unpublished data). An alternate conclusion would be that the
increased vegetative growth occurring at the higher irrigation levels did not detract from sugar
accumulation in the fruit.

Vinevard water stress also will affect the amount of carbon partitioned to the permanent structures of
the vine. Root. trunk. and cordon biomass was reduced 31%. 17%. and 26%. respectively, for vines
irrigated at 52% of vineyard ET compared to those at 100% ET after 5 years (Mullins et al. 1992: see
table 6.6). The concentration of nonstructural carbohvdrates in those organs differed only slightly for
the two treatments. Water stress generallv increased the concentration of carbohydrates in the stems
and roots of cuttings of several wine grape varieties (Ruhl and Alleweldt 1990). While the data differ in
the preceding two studies with regard to carbohvdrate concentrations. it is agreed that total carbohyv-
drate content in those organs decreased on a per vine basis as a result of reduced growth brought about
bv water stress. -

The application of fertilizers in nutrient-deficient soils increases both vegetative and reproductive
growth. Continued application of excessive nitrogen fertilizer favors vegetative over reproductive
growth. Reduction in the accumulation of sugar in the fruit of vines growing on fertile soils or those
fertilized with high rates of N (Spavd et al. 1994) is probably associated with excessive vegetative
rowth affecting the microclimate in the vine's {ruiting zone (Smart 1991).

o
o

C. Plant Growth Regulators and Girdling

Plant growth regulators (PGRs) are frequently used in grape culture. especially for the production of
seeded and seedless table grapes. The two most commonly used PGRs are (2-chloroethyl) phosphonic
acid (Ethephon) and gibberellic acid (GA,). Ethephon is used to enhance berry color and maturation.
induce cluster abscision, and influence budbreak and vegetative growth (Szvjewicz et al. 1984). The
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Figure 7 The effect of various amounts of applied water on vine productivity and vegetative growth (pruning
weights) of 6-vear-old Thompson Seedless grapevines. Full vine ET (1.0 applied water treatment) was determined
with the use of a weighing lvsimeter (Phene et al. 1991). Vines were irrigaled dailv at various fractions of the amount

of water vines in the lvsimeter used.

movement of Ethephon within the vine and its exact mode of action are unclear. Application of
Ethephon increases maturity of the fruit in some instances and either has no effect or decreases it in
others (Szvjewicz et al. 1984). The contrasting results probablv are related to concentration used. time
of application. environment. and cultivar. [t inhibits the growth of primarv and lateral shoots: inhibition
wears off with time. [t is unknown whether the advancement of berry maturation is due to the inhibition
of shoot growth or the maintenance of a canopy microclimate favorable to fruit maturation due to less

shoot growth.
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The application of GA; has long been used in California to increase the size of seedless table grape
cultivars (Weaver and McCune 1959). Application at anthesis reduces the number of flowers that set.
reducing potential sinks; an additional application a few weeks later also increases berry size bv
enhancing cell division in the pericarp (Sachs and Weaver 1968). GA, also may affect the movement of
recent photosynthate (Weaver et al. 1969). For example. its effect on increasing berry size differs.
depending on the portion of the vine that is sprayed (Harrell and Williams 1987a; Weaver et al. 1969).
Berry size is greater when individual clusters as opposed to entire vines are sprayed with GA,. [t is
unknown whether this is due to better coverage of the material when just individual clusters are
spraved or to reduced competition for carbohydrates with shoots. which are covered on whole vine
applications. The latter would be the case if GA, were able to direct the movement of photosynthate to
newly formed vegetative sinks. The application of GA; to the vine results in lower concentrations of
nonstructural carbohydrates in leaf tissue shortly after treatments are imposed. compared to the control
(Roper and Williams 1989). However. no differences in nonstructural carbohydrates were observed in
other vegetative organs 2 months later (unpublished data). Therefore. GA, is able to increase berry size
by decreasing total sink size of the fruit cluster. increasing sink potential by increasing cell division.
and possibly manipulating the direction of recent photosynthate. It 1s interesting to note that berrv size
and yield of nonimgated Thompson Seedless grapevines sprayed with GA, were similar to those of
vines that were irrigated but not spraved with GA; (Williams et al. 1994). This was despite the fact that
the leal area of the nonirrigated vines was less than one third that of the irrigated vines.

Trunk girdling (the removal of a strip of phloem. 6 mm in width) has been used even longer than GA,
in California to increase the size of seedless table grape cultivars and to advance fruit maturation
1Jacob 1929). Girdling is performed at berry set Isame time as the second GA; application) to increase
size and also at veraison to advance fruit maturation. Trunk girdling etfectivelv disrupts the movement
of carbohydrates to the root system. resulting in an increase in total carbohydrates above the girdle and
a diminishing reserve in the root system (Roper and Williams 1989). Girdles heal under California
growing conditions in 4 to 5 weeks. The increased availability of carbohvdrates above the girdle is
hvpothesized to be the reason for the effect on increasing berry size and advancing maturity.

Girdling potted and field-grown grapevines results in decreased rates of photosynthesis as long as
the girdle remains open (During 1978: Harrell and Williams 1987b: Hofacker 1978; Kriedemann and
Lenz 1972). It is thought that the reduction in photosynthesis is due to the accumulation of carbohy-
drates in the leaves (Kriedemann and Lenz 1972), but recent work on field-grown vines indicates that
this is not the case (Roper and Williams 1989; Fig. 4). The reduction in photosynthesis in response to
girdling may be due to the accumulation of ABA in the leaves (During 1978), which decreases stomatal
conductance (Downton et al. 1988). When grapevines are both girdled and sprayed with GA,. the
reduction in photosynthesis due to girdling is not as great as with girdling alone (Harrell and Williams
1987b). The specific mode of action of GA, on grape leaf photosynthesis under these conditions is

unclear.

Vl. SUMMARY

There are more than 10,000 cultivars of V. vinifera grown commercially under a wide range of climatic
conditions. The differences among cultivars presented in this chapter with regard to source—sink
relationships would indicate that efforts to model the growth of a specific cultivar under a given set of
environmental conditions will require further, extensive studies. In addition, the use of different
cultural practices by grape growers indicates that potential sources and sinks of the same cultivar will
differ from vineyard to vineyard. Therefore, vine growth (including root growth) must be quantified as a
function of vine training, trellis system, and irrigation and fertilization management practices to gain a
better understanding of source—sink relationships in grape.

The data presented in this review demonstrate that even during the portion of the growing season
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when large amounts of carbohydrate reserves in the permanent structures of the vine continue. This
would be expected of this perennial crop as carbohydrates are needed for maintenance of the vine
during dormancy and for initial shoot growth in the spring. The ability of vines to partition carbohv-
drates to the permanent structures during fruit growth would be especially advantageous in cooler
regions. where the first freeze may occur shortly after harvest. It was also demonstrated that the amount
of carbohvdrates found in those structures is only a small portion of the total required to produce the
new vegetative and reproductive structures. Therefore. only under extreme pest or disease pressure
would one expect the vine not to have adequate carbohvdrate reserves. Finallv. the amount of reserve
carbonvirates found in the permanent structures of grapevines (presented in this chapter) would
provide only a small portion of the total C required to grow and mature a grape crop. Therefore. it is
doubtful that a vine would deplete these reserves to sustain continued fruit growth in instances in which
the vine's canopy could not supply adequate carbohydrates.

Further research is needed to elucidate the mechanism by which grapes accumulate massive
amounts of sugars and the stimulus that triggers that event in herries at veraison. The role of
onviohormones n regulating sink potential and their etfert on carbohvidrate translocaton need
adettional study. Grapevines. especially ot seedless grape cultivars. mav prove to be an excellent
svstem in which to conduct such experiments.

[t is hoped that the information presented in this chapter will dizpel some of the mvths associater
with the culture of grapevines. [t has been the author's experience that many individuals attribute

arious maladies of grape growth and delaved sugar accumulation to vegetative sinks™ diverting
arnohvdrates from the fruit. Many of the examples presented indicate tnat is not the case. More likelv.

ontinued vegetative growth alters the microclimate within the fruiting zone. which mav then alter
serny metabolism (Smart 1985: Williams et ai. 1994, Continued quantitative re<earch on vine growth

and modeling etforts by viticulturists will provide much needed intormation on what we do and do not

know about this perennial fruit crop.
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Correlations among Predawn Leaf, Midday Leaf,
and Midday Stem Water Potential and their
Correlations with other Measures of Soil and Plant

Water Status in Vitis vinifera

L.E. Williams' and F.J. Araujo*
Department of Viticulture and Enology, Universiry of California. | Shields Ave., Davis. CA 95616

ADDITIONAL INDEX WORDS. grapevines, photosynthesis, stomatal conductance. plant water stacus

ABSTRACT. A study was conducted to compare three measurements of determining water status of grapevines (Vius
vinifera L.) in the field. Predawn leaf water potential (\Wp), midday leaf water potential (*t)), and midday stem water
potential (¥,,.) were measured on ‘Chardonnay’ and ‘Cabernet Sauvignon’ grapevines grown in Napa Valley,
California late in the 1999 growing season. Both cultivars had been irrigated weekly at various fractions (0, 0.5, and 1.0
for "Chardonnay’ and 0, 0.5, 0.73, and 1.5 for ‘Cabernet’) of estimated vineyard evapotranspiration (ET,) from
approximately anthesis up to the dates of measurements. Predawn water potential measurements were taken beginning
at 0330 ur and completed before sunrise. Midday ‘¥ and ‘... measurements were taken only between 1230 and 1330 ur.
In addition, net CO, assimilation rates (A) and stomatal conductance to water vapor (g,) were also measured at midday.
Soil water content (SWC) was measured in the ‘Chardonnay’ vineyard using a neutron probe. Values obtained for ‘Vpy,
‘¥, and ‘¥, in this study ranged from about -0.05 to -0.8, -0.7 to -1.8, and -0.5 to -1.6 MPa, respectively. All three
measurements of vine water status were highly correlated with one another. Linear regression analysis of \¥, and ¥,
versus W), resuited in 7 values of 0.88 and 0.83, respectively. A similar analysis of ¥, as a function of ¥, resulted in an
r of 0.92. In the ‘Chardonnay’ vineyard, all three methods of estimating vine water status were significantly (P < 0.01)
correlated with SWC and applied amounts of water. Lastly, Wyp, V), and ‘¥, were all linearly correlated with
measurements of A and g, at midday. Under the conditions of this study, ¥sp, ‘¥, and ‘.. represent equally viable
methods of assessing the water status of these grapevines. They were all correlated similarly with the amount of water
in the soil profile and leaf gas exchange as well as with one another.

Since development of the pressure chamber (Scholander et al.,
1953), measurement of leaf water potential (V) has been used as a
tool to assess the water status of plants (Jones, 1990; Koide et al.,
1939). Accordingly, leaf ‘¥, has been used to monitor the water
relations of grapevines (Viris L. sp.) (Smart and Coombe, 1982;
Williams etal.. 1994). It has been correlated with various aspects of
grapevine physiology (Naor et al., 1994; Williams et al., 1994),
vegetative growth (Schulz and Matthews, 1988, 1993), and repro-
ductive growth and yield (Greenspan et al., 1996; Grimes and
Williams. 1990). Grapevine ‘P, has been shown to be fairly consis-
tent up and down the axis of the shoot of Vitis labruscana Bailey
when leaves are uniformly exposed to solar radiation (Liu et al.,
1978). Lastly, ‘¥, has also been used as a factor in a functional model
of stomatal conductance of grapevines (Winkel and Rambal, 1990).

There have been reports in which it was suggested that midday
or diumal measurements of ‘¥, did not provide areliable estimate of
plant water status. This was due to lack of correlation between ‘¥,
withother physiological parameters, measures of growth, oramounts
of applied water (Chone et al., 2001; Garnier and Berger, 1985;
Hizgs and Jones, 1990; Naor, 1998). Therefore, other methods of
measuring plant water status in the field, such as predawn leaf water
potential (Wpp) and stem water potential (‘\¥,,.,) are being used.
Measurements of Wpp have been used in grape studies since it is
assumed that before sunrise the vine is in equilibrium with the soil’s
water potential (Correta et al., 1995, Schultz, 1996; Winkel and
Rambal, 1993). Corretaetal. (1995) found significant differences in
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vine Ypp among three watering treatments but no differences in ‘¥,
were found when measured at 1000 and 1600 Hr. They concluded
that Wep better reflected soil water availability than ‘¥,. van Zvl
(1987) concluded that Y., detected the onset of water stress in
grapevines earlier and more accurately than ‘¥,

Stem water potential is determined by enclosing a leaf in a plastic
bag that is surrounded by aluminum foil, stopping franspiration.
enabling that leaf to come into equilibrium with the water potential
of the stern {Begg and Turner, 1970). The reported amount of time
between enclosing the leaf in plastic and foil, and measuring V..
for trees and grapevines, has been from 45 to 120 min (Garnier and
Berger, 1987; McCutchan and Shackel, 1992; Naor et al., 1997).
Some have bagged leaves from 14 to 24 h before measuring ‘¥, ., in
grape(Liuetal., 1978; Stevensetal., 1999). Stem water potential has
been shown to be less vaniable than ¥, and improved the ability to
detect small. but statistically significant differences among treat-
ments (McCutchan and Shackel, 1992). It was also found thataclear
difference in ¥ ., between two irrigation reatments occurred at an
earlier date (1 week) during the growing season than differences in
Wep and W, for the same treatments (Selles and Berger, 1990). In
addition, ¥, has been shown to be a linear function of applied
water (Lampinen etal., 1993) and soil water availability (Stevens et
al., 1995). Lastly, ¥,.n has been highly correlated with tree (Olien
and Lakso, 1986) and fruit (Naor et al., 1995) size in apple [Malus
sylvestris (IL.) Mill var. domestica (Borkh.) Mansf.].

It has been suggested that for a measure of plant water status
(such as ‘) to be a sensitive indicator of water stress, it must be
responsive to differences in soil moisture stats and/or resulting
growth differences due 1o water applications (Higgs and Jones,
1990). It should also be closely related to short- and medium-term
plant stress responses (Shackel et al., 1997) and less dependent
upon changes in environmental conditions (Jones, 1990;
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McCutchanand Shackel, 1992). The specific examples given above
for grape would indicate that Wep, V), or Weer may all be possible
candidates. Only a few studies have actually compared one of the
three methods of measuring ¥ with one another for determination
of plant water status. Stevens et al. (1995) found that diumal
measures of ‘¥ and ..., of grape were highly correlated (~ = 0.97)
with one another. Conversely, Naor et al. (1995) found that the
correlation between ‘P, and ‘., of apple resulted in a 7~ of 0.35.
Therefore. the purpose of this study was 10 measure Wap, ¥, and
W em OL two Vitis vinifera cultivars and compare the three with one
another and with measures of leaf gas 2xchange, soil water content,
and repreductive growth. Grapevines at two sites were chosen as
they had been irrigated at various fractions of estimated vineyard
evapomanspiration (ET.) from the initial irrigation of the season
onward, providing piant matenal expected to exhibit large differ-
ences insoll and vine water status.

Materials and Methods

TwoVitisviniferacultivars were used for the study, *Chardornay’
and *Cabermnet Sauvigron'. The 9-vear-old “Chardonnay’ virevard
was located in the southem poruon of Nuapa Valley (Carneros
District;, in Californta within 10 km of San Francisco Bay. The '0-
vear-old "Cabernet Sauvignon’ vinevard was also located in Napa
Valley, 3 km from Oakville (=25 km from the Cameros site). Two
rootstocks were used in the ‘Chardonnay’ vineyard, "5C Teleki’
{3C" and "{10 Richter’ (110R). One rootstock was used in the
‘Cabernet Sauvignon’ vinevard, 5C. Vine and row spacings for the
"Chardonnay” and *Cabemnet Sauvignon' vineyards were 1.32 and
215 mand 1.0 ard 1.83 m, respectively. The trellis system used in
both virevards was the vertical shoot positioned (VSP). Row
directivns inthe "Chardonnay’ and “Cabemet Sauvignon’ vineyards
were upproximately east—west and north—south, respectively. The
soil in the "Chardonnay’ vineyard was a Diablo fine, montmorillo-
nitic. thermic Chromic Pelloxerert and that in the *Cabernet’ vine-
vard was a Bale fine-loamy, mixed, thermic Cumulic Ultic
Haploxeroll. The soil pH of both vineyards was 3.5 and there were
no apparent restrictions to root exploration of the profile.

Both vinevards used for this research were also being used in an
irrigation study investigating relationships among applied quanti-
ties of water. rootstock, and preductivity. Three irrigation treat-
ments were used in the ‘Chardonnay’ vineyard. Vines received
apolied amounts of waterat 0, 0.5, and 1.0 times estimated ET.. The
plotsize of an individual irmgation—rootstock treatment consisted of
{8 vines down the row using a single border vine and a border row
receiving no applied water between plots. Vine water use was
calculated as the product of potential ET (ET,) and the crop
coefficient (k). Potential ET was obtained from a California Irriga-
tion Management [rrigation System (CIMILS) weather station lo-
cated 8 km from the vineyard site. The seasonal crop coefficients
(ks used were those developed by L.E. Williams in 1994 fora VSP
wellis planted on 2.13-m row spacings (unpublished data) and
expressed as a function of degree-days from budbreak using a base
of 10 °C. Four irrigation treatments were used in the ‘Cabernet
Sauvignon’ vineyard: 0.0, 0.5, 0.75, and 1.5 times estimated ET..
The plot size of an trrigation treatment at this location was the entire
row (78 vines). The k.s used to calculate ET, were similar to those
in the "Chardonnay’ vineyard but were adjusted for the narrower
row spacing (i.e., the k.s were =16% greater than forthe 2.13 mrow
spacing). Potential ET for the ‘Cabernet’ vineyard was obtained
from a CIMIS weather station located 3 km from the site. Differ-
ences in applied water amounts in both vineyards were obtained by
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gsing different numbers and/or sizes of in-row emitters using drip
urrigation.

Soil watercontent(SWC) was measured only in the ‘Chardonnay’
vineyard using a neutron probe (model 503 DR hydroprobe mois-
ture gauge; Boart Longvear Co., Martinez, Calif.). Six access tubes
were installed to adepth of 3 m in one quarter of an individual vine's
rooting volume. One tube was placed close to the trunk of the vine
and another midway between vines within the row. Two access
tubes were placed midway between rows, in line (perpendicular)
with the two in-row tubes. The last two access tubes were placed
midway between the four tubes, mentioned previously (i.e.. .4 the
distance between rows). There was one access tube site per irmiga-
tion freatment—rootstock combination. Measurements of SWC be-
ganatadepthof(. 13 m from the soil surface and ateach 0.3-mdepth.
therzarter. The neutron probe was calibrated with the vineyard’s soil
tvpe and expressed as percentage volumetric water content. Soil
water content used in the study was the mean of all access tubes at
an individual site and at all depths measured.

Vine water starus and leaf gas exchange were measured on two
dates (24 Aug. and 21 Sept. 1999) inthe ‘Chardonnay’ vinevard and
cre date 23 Aug. 1999 in the "Cabemet’ vinevard on randemly
selected vines oaly in block | of the larger irigation studv at both
locations. Soil water content was also measured only in block ! of
the "Chardonnay’ vineyard both days. All dates were cloud fres.
Water potential readings were conducted according to the proce-
dures of Padgeti-Johnson et al. (2000) and Koide et al. {1989
Specifically. predawn ‘P measurements began at=0330 #r and were
finished before sunrise using a pressure chamber (PMS Instruments
Co., Corvallis. Ore.). Midday measurements of ¥, and ‘¥ ., oc-
curred between 1230 and 1330 =R, Pacific Daylight Time. Lear
blades for W»p and W, determinations were covered with a plastic
bag. quickly sealed. and petioles then cut within 1 to 2 5. The tume
between leal excision and chamber pressurization was generally
<10 to 15 5. Leaves, chosen for midday ‘P, determinations, were
fully expanded, mature leaves exposed to direct solar radiation.
These leaves were located on the south side of east—west rows and
the west side of the north—south rows. About 90 to 120 min before
midday measurements, leaves for determination of V., were
enclosed in black plastic bags covered with aluminum foil. Leaves
chosen for ‘¥, measurements were of similar age and type as those
used for ‘P, but were located on the north side of the vines in east—
westrows and the east side of vines in north—south rows to minimize
any possible heating erfects. Leaves for midday determinations of
Y, and V.., were taken from the same vine and simultaneously
measured. One leaf from an individual vine was used for each
measurement.

In Aug. 2001, midday ¥, was measured on the cultivar Merlot
grown in the San Joaquin Valley, comparing leaves covered with a
plastic bag before excision, covered with a plastic bag just after
excision, and leaves not covered with plastic. All other procedures
were as described above for midday V.. A single leaf replication of
2ach method to measure ‘¥, was taken from the same vine using six
ditferent vines. Vines were irrigated at 40% and 120% of estimated
vineyard ET, weekly.

Measurements of net CO- assimilation rates (A) and stomatal
conductance (g,) were taken subsequent to the measurements of
midday leaf W and completed by 1400 Hr. Both measures of gas
exchange were made with a portable infrared gas analyzer, LCA2
(Analytical Development Co., Hoddeson, United Kingdom) using
the broad leaf chamber. Leaves chosen for gas exchange were
simuilar to those used for ‘P, Solar radiation, net radiation, photosyn-
thetic photon flux (PPF), ambient temperature and, relative humid-
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Table |. Effects of applied water amounts on predawn leaf (‘{‘PD-)..midc‘iay stem (\Ps(cm)’ :md_ midday I?:af (.\{Jl) water potentials for selgcted grape
cultivars, dates of measurement, and rootstock. Applied quantities of water were various fractions of estimated full ET_. Each value is the mean
of a single leaf replicate measured on six different vines for data collected on 24 Aug. and rive different vines for the other two measurement

dates.
Applied water Yep Wiem ks

Cultivar Date Rootstock (fraction of ET ) MPa
‘Chardonnay’ 24 Aug. 5C 0.0 043 ¢° -1.17c -1.30¢
0.5 -0.16b -092b -125b
1.0 -0.10a -0.74a —1.04 a
{IOR 0.0 ~0.60 ¢ —144b -1.64b
0.5 -0.24b 098 -1.28 a
1.0 —0.14a -0.56a ~1.13a
*Chardonnay’ 21 Sept. 5C 0.0 —0.46b -1.29b -1.34b
0.5 —0.05 4 -0.82a -1.06 1
1.0 -0.02a -0.72a -1.02 2
110R 0.0 -0.52b -1.64 ¢ -1.81¢
0.3 -0.06a -0.69b -0.98 b
1.0 -0.02a -0.60 a -0.86a
Cuapernet 25 Aug. 5C 0.0 -0.75¢ -1.39¢ -1.71¢
0.5 -0.37 -1.11b -1.37b
0.73 -031b -[.11b -1.39b
1.3 0261 -0.96a -1.292a

“Means within a column followed by a different letter for a specific cultivar, date and rootstock are signiticantly different at £ < 0.03.

ity were measured | m above the canopy and averaged hourly with
adatalogger. Canopy temperature (to calculate canopy to air vapor
pressure difference) was measured hourly with ahand-held infrared
thermometer {model 39650-04: Cole-Parmer Inst. Co., Chicago.
[y

Data were analyzed via regression analysis using linear. qua-
dratic. and cubic terms. Since there were no improvements using
either quadratic or cubic terms for analysis of any of the relation-
ships obtained herein only linear regressions are presented. The
relationships between midday measurements (W, and ‘¥, ..,) and Wyp
were analyzed using the means of an individual treatment (scion—
rootstock combination, irrigation treatment, and date, n = 16). This
was due to the fact that measurement of Wpp was not necessarily
determined on the same vines within the plotas done for ¥, and ‘¥ up,.
The relationship between ¥, and ‘P,., was of individual leaft
replicates (n = 6 for each scion—rootstock combination, irrigation
reatment in the 'Chardonnay’ vineyvard on 24 Aug. while n =35 for
cach treatment in the *Chardonnay’ vineyard measured on 21 Sept.
and for the "Cabemet Sauvignon’ vines measured on 25 Aug.; total
n = 36). The relationships between A and g, and water potentials
were also determined using treatment means as A and g, were not
necessarily determined on the same leaves and/or vines as ¥
measurements were within block 1 at each location. Differences in
water potential among irrigation treatments at either site were
analyzed viaanalysis of variance and means separated using Duncan’s
multiple range test. An analysis of covariance was used to test for
heterogeneity of slopes for the relationship between ¥, and ‘¥,
among the three different measurement dates.

Results

There had been no significant rainfall since anthesis ateither site
in 1999. Imgations commenced at both locations in the middle of
Jure and water was applied once per week. The *Chardonnay’ vines
had been umigated 5 d before measurements of vine water status in
August, while in September the vines were irigated the previous
day. Potential ET the weeks of 23 Aug. and 20 Sept. at the Cameros
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CIMIS station (used for calculating ET, for the ‘Chardonnay’
vineyard) was 30.7 and 21.9 mm, respectively. Applied amounts of
water at 100% of ET. in the *Chardonnay’ vinevard the wesk
measurements were taken were 63.8 L/vine (19.7 mm) in August
and 49.6 L/vine (15.3 mm) in September. Ambient temperatures
and canopy to air vapor pressure difference at the time of the midday
measurements in the "Chardonnay " vineyard were 26°C and 2.5 kPa
in Augustand 27 °C and 1.9 kPa, in September, respectively. PPF
measured in the "Chardonnay’ vineyard was in excess of [,700
mmol-m~s~ atsolarnoon. [tshould be pointed out that the irrigation
pump in the "Cabernet’ vinevard broke 2 weeks before 25 Aug.
1999, and it had not been fixed on the date measurements were
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Fig. 1. Relationship between midday stem water potential (*W,.n) and predawn lear
water potential (W,p) of ‘Chardonnay’ and ‘Cabemnet Sauvignon’ grapevines.
Anindividual data pointis the mean of either five or six individual leaf replicates
(See Materials and Methods). Bars larger than the symbols represent + | se.
“*Significant at £ < 0.001.

I AMer. Soc. HorT. Scr1. 127(3):448—454. 2002,



0.8
7&5 | y =-0.97 + 1.06x i
g_-]_o - f2=0.88'"ih ‘ ®
E
E L
8
O -1.2
jo8
,?_,) -
I
T4
>
@ -1.0 -
"O -
'O |
S e '
‘18 I 1 I | I L L
-0.8 -0.6 -0.4 -0.2 0

Predawn water potential (MPa)
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:zKen. Ambient temperature at midday on 23 Aug. was 36.7 °C
maximum lemperature that day was 41.3 °C) and midday canopy
to 2ir vapor pressure difference was almost 3.0 kPa (maximum that
day was 7.4+ kPaj. The PPF at 1300 HR was 1679 mmol-m==-5"' on 25
Aug.

Use of irngation treatments at both locations resulted in a wide
range of vine water statuses ( Table 1). The lowest values of Wan. ¥,
ard W ., recorded for an individual leaf were <0.85. —1.85. and
—..55 MPa. respectively. The highest values of Wep, W, and ¥ .,
recorded for an individual leaf were —0.02, -0.75, and -0.55 MPa,
respectively. In most cases, significant differences among irrigation
treatments for one measure of vine water starus were also similarly
ditferent for the other two (Table 1). The exceptions were for the
110R rootstock measured on both dates. On 24 Aug. Wpp was
significantly different between the 0.5 and 1.0 irrigation treatments
but ... and ‘¥, were not. On 21 Sept., W between the 0.5 and 1.0
urigation freatments was notsignificantly different, but W, and ‘¥,
were.

All three methods of estimating vine water status were highly
correlated with one another (Figs. 1-3). The best correlation was
between midday ‘¥, and \¥,.. (Fig. 3). All three methods of estimat-
ing vine water status were also significantly correlated with SWC
in the ‘Chardonnay’ vineyard (Table 2).

Maximum and minimum values of A in terms of CO. for an
individual leaf measured at either location were 13.5 and 1.7
mmol-m~-s7', respectively. Maximum and minimum values of g;

Table 2. Regression 2quations of the method of measuring vine water
status as a function of soil water content and the coefficient of
detarmination and its significance level of *Chardonnay ' grapevines.
Regressions are based on mean values of all measures of water
potential. Soil water content was expressed as % vol/vol and water
potental in MPa.

¥ measurement Regression i

Predawn leaf (*¥,,) y =-3.81 + 0.099x 0.69"
Midday leaf (‘F) y =-5.86 + 0.129x 0.68"
Midday stem (‘) y =-5.77 + 0.134x 0.63"

“*Significant at P < 0.01.
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regression of the dat using :reatment means (such as used in Figs. | and 2
equals 0.96. The slopes and inzercepts tor the three different measurement dates
were not significantly differsar. “"Significant at P < 0.001.

in terms of H-O for an individual leaf measured at either location
were 440 and 70 mmol-m= 57", respectivety. All three measure-
ments of vine water status were significantly correlated with A
and 2, (Tatle 3). Predawn leaf water potential was more highlv
correlated with A and ¢, than either midday measurements of vine
water status. Lastly, all three measures of vine Y determined on
24 Aug. were linearly corrzlated (7~ values inexcess 0f 0.93) with
berrv weight and vine vield at the Carmeros location when
measured on 4 and 6 Oct.. respectively (data not presented).
Mean (£se) midday ‘¥, of the ‘Merlot’ vines irrigated at 120%
ofestimated ET, were -0.93£0.01,-1.04%=0.03,and-1.21£0.01
MPa for leaves covered with a plastic bag before excision.
covered with a plastic bag just after excision, and leaves not
covered with plastic at anv time, respectively. Mean midday ‘¥, of
vines irrigated at 40% of estimated ET, were -1.33 =0.01, -1.45
+0.01,and-1.52 £0.02 MPa for the above mentioned treatments.
respectively. Differences in ‘P, between leaves covered with the
bag before excision and those not covered at all were greater for
the vines irrigated at 120% of ET. compared to those at 40%.

Table 3. Regression equarions of A and g, as a function of the method of
measuring vine water status and the coefficients of determinations
and therr significance level. Net CO, assimilation rate (A) was
expressed in terms of CO, as mmol-m™%s™!, stomatal conductance to
water vapor (g ) was expressed in terms of H,O as mmol-m™s~" and
water potential was expressed as MPa.

3 Gas

measurement exchange

(x) (v) Regression r

W A y=118+149x 0.67"
g, y =298 + 325x 0.69~

o' A y =243+ 13.4x 0.50°
g, y =600 + 314x 0.58"

YL A y =193+ 12.4x 0.46°

y =485 + 293«x 0.54"

P4

ba

““Significant at P < 0.05 or 0.01, respectively.



Discussion

The combination of irigation treatments and evaporative
demand resulted in large differences in various measures of leaf
water potential and gas exchange parameters in this study. Vines
that had been irrigated the previous day, depending upon the
amount of water applied, had high values of Wep, '), and ,er, and
high rates of A and g,. Conversely, nonirrigated vines or vines
which had not been irrigated due to an irrigation pump malfunc-
tion had low values. The mean Y,q values of vines irrigated at
100% of ET, (i.e., —0.02 to -0.1 MPa) the day before measure-
ments were taken was much higher than those ot Correia et al.,
1 1595) for well watered vines (\Wpp, = —0.38 MPa) but similar to
that reported by Rodrigues etal. (1993). In addition, Wsp of vines
in 1 “wet site’ vineyard had lower values (Winkel and Rambal,
1993) than Wy reported herein. However, the lowest Wy re-
corded in this study, ~0.8 MPa, was much higherthan the stressed
vine's Wap (~1.13 MPa) in the study by Rodrigues et al. (1993)
using potted vines.

Vines that received quantities of applied water at 100% of
estmated ET, in this study had midday ‘¥, values generally no
lower than —1.0 MPa. This value is similar to the minimum
midday ‘P, of "Thompson Seedless’ grapevines irrigated at full
ET.(Grimes and Williams, 1990; Williams, 2000; Williams etal.,
1994). Itis much higher than the midday ‘¥, reported for ' Sauvignon
blanc’ vines growing under nonlimiting soil water availability
corditions with daily irrigation (Naor et al., 1997) or for continu-
ously irrigated V. labruscana (Naor and Wample, 1994). [tis also
higher than the midday ¥, reported for a wet site in France
{Winkel and Rambal, 1993). The minimum ‘P, values reported
herein at midday are similar to minimum ‘¥, values measured on
field grown grapevines (Chaves and Rodriques, 1987; Schultz,
1996; Winkel and Rambal, 1993). Lastly, extremes of midday
Y .. measured in this study were similar in range to that reported
on V. labruscana (Naor and Wample, 1994; Liuetal., 1978) and
V. vinifera *Colombard’ (Stevens et al., 1995).

The present investigation is the first study the authors are
aware of in which the three ‘standard’ methods of estimating
grapevine water status in the field (i.e., Wpp, ‘¥, and W,.n) had
been measured and compared specifically with one another. The
highest correlation of the comparisons among ¥ep, ¥, and Wiem
was that between midday ‘¥, and W,.n. This was despite the fact
that the correlation was made on individual leaf replicates be-
tween these two as opposed to treatment means when \tand W,
were correlated with Wep. The high correlation between the
individual leaf, midday measurements of ‘¥’ may have been due to
the fact thar the measurements were made simultaneously from
leaves on the same vine. van Zyl (1987) found a r~ of 0.66 when
¥, was correlated with Wep. An analysis by the authors of this
paper of the Wpp and daily minimum ‘¥, reported by Winkel and
Rambal (1993) indicate that the two were linearly correlated (7*
=0.5). Stevens et al. (1995) found that diurnal measurements of
¥, and Yen, of *Colombard’ on ‘Ramsey’ rootstock were highly
correlated with one another. When the diurnal ¥, and W,., data
in Fig. 4 of Liu et al. (1978) are linearly correlated with each
another (performed by the authors of this paper), one obtains an
r~ > 0.95. The above would indicate that either measurement of
midday ¥ would give a good estimate of the water status of
grapevines. This may not hold true for other plant species as Naor
et al. (1995) found the correlation between ‘P, and ‘¥, of apple
to have a r~ of just 0.35. However, it would appear that the V.,
and ‘¥, of peach [Prunus persica (L.) Batsch (Peach group)] trees
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presented in Fig. 5 of Seles and Berger (1990), would be highly
correlated with one another.

Predawn leaf water potential has been used in many grape
studies as the standard to which other measures of the vine’s water
status are compared (Correia et al., 1993; Rodrigues et al.. 1993;
Schultz, 1996; van Zyl, 1987, Winkel and Rambal, 1993). It is
assumed that the vine is in equilibrium with water potential of the
soil at that time (Winke! and Rambal, 1993). The relationships
between Wsp of “Chardonnay’ and SWC found in this study and
a similar comparison by van Zyl (1987) (sp vs. SWC in that
study resulted in a 7~ of 0.39), indicates that measurement of Wap
on grapevines may provide a good estimate of the soil moisture
status within a vineyard. [t has also been demonstrated, though.
that season long measurements of midday . on *Chardonnay’
{same vines as used in this study) (Williams. 1996) and “Thomp-
son Seedless’ (Williams 2t al., 1994) are highly correlated (-~ =
0.82 and 0.67, respectively} with the seasonal change in SWC of
treatments irrigated with ditrfering applied amounts of water. That
data, along with the data in Table 2 would indicate midday ¥, also
is reflective of the amount of water in the soil profile under the
environmental and soil corditions of this study.

The suggestion that ¥ ., and ‘¥»p are better indicators than ‘¥
of grapevine water status is based on correlations of those ‘¥
measurements with leaf gas exchange (Chone et al.. 2001: Naor.
1998) or the convergence of Y, later in the day among treatments
that are assumed to have different water statuses (Correra et al..
1995; Naorand Wample. 1994). Naor (1998) found a better linear
relationship between Y., and g, than ‘¥, and g, for measurements
made between 0900 and 1400 H#r on “Sauvignon blanc’ grape-
vines. However, Naoretal. (1994) reported previously that g, was
highly correlated with W, of ‘Sauvignon blanc’ grapevines. In
addition, Naoretal. {19971 has also reported that the relationship
between g, and ¥ ., of "Sauvignon blanc’ was curvilinear, not
linear. The differences noted above for *Sauvignon blanc,” would
indicate that correlation of vine water status (either ¥ ., or \¥\)
with only a single criterion, such as g,, can differ from study to
study. In the present study. more than one parameter of vine water
status was measured, for two differentcultivars, on three different
dates, in addition to the measurement of soil water content and
applied water amounts.

Correia et al. (1995) found differences in Wpp between well
watered and stressed treatments but no differences in ¥, later in
the day, at 1000 and 1600 gr. However, it has been found that in
some cases Wy of different plant species will come into equilib-
rium with the wettest portion of the soil in the plant’s root zone
(Ameglioetal., 1999; Tardieu and Katerji, 1991). Therefore, the
soil moisture a plant responds to at midday may differ from that
at predawn due to the flux of water occurring while the plant is
actively transpiring (Jensen et al., 1989; Stevens et al., 1993).
Thus, differences observed at predawn may not necessanly
reflect the water status of the plant later in the day, such as
observed in the present study (Table 1, 1 IOR rootstock dataon 21
Sept.) and the data of Chone et al. (2001).

Other studies which have concluded that either Wpg or W,
were better measures of plant water status did not expressly state
in the materials and methods that leaves were covered with a
plastic bag before leaf excision for measurement of ‘¥, (Chone et
al, 2001; Garnier and Berger, 1985; van Zyl, 1987) or covered the
leafonly afterexcision (Naor, 1998). There is arapid loss of water
from actively transpiring leaves within a few seconds of excision
such thatthe W, of bagged leaves is higher than that of nonbagged
leaves (Turner and Long. 1980). This was demonstrated in the
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presentstudy using ‘Merlot’ grapevines grown in the SanJoaquin
Valley. It was also demonstrated that leaves bagged just subse-
quent to leaf excision also had more negative ‘¥, than those that
were bagged before excision. Therefore, the method used in
measuring midday ‘¥, could influence subsequent interpretation
ofthe dataregarding its correlation with other means of determin-
Ing plant water status.

One last factor that may have improved the reliability of using
‘| to estimate vine water status in this study was the limitation
placad upon time (1230 to 1330 #r Pacific Daylight Time) when
midday measurements were taken. It is during this time that
maximum diurnal water use (Williams, 2000) or canopy conduc-
tance { Williams, 1999) has been measured on nonwaler-stressed
“Thompson Seedless' grapevines irrigated at 100% of ET with the
use of a weighing lysimeter. Canopy conductance of *“Thompson
Sesdless’ grapevines that had not been irrigated for 15 d is
greatestzarly in the moming but maximum diumal water use also
occurs around solar noon (Williams, 1999). Time periods for
measurements of midday ‘¥ have been from 1100 to 1400 Hr for
grape (Choneetal., 2001) and 1200 to 1500 Hr for trees (McCutchan
and Shackel. 1992). Leaf water potential of “Thompson Seedless’
grapevines can vary considerably between 1100 and 1300 HRr
during the day. possibly due to changes in vapor pressure deficit
(VPD) and ambient temperature (Williams et al.. 1994) and
therefore it is expected that \P, of other V. vinifera cultivars and
species would be the same. Thus, midday ‘¥, values would have
a larger deviation around the mean, resulting in fewer significant
differences. as found by McCutchan and Shackel (1992) and
Chone 2tal. (2001), than perhaps measurements taken only 0.5 h
on either side of solar noon.

All three methods of estimating vine water status used in this
study were similarly correlated with SWC, applied amounts of
water and with one another, with only a few exceptions. In
addition. they were significantly correlated with midday mea-
surements of leaf gas exchange. Therefore, the criterion that
estimates of plant water status should reflect the availability of
soil moisture and/or applied water amounts or measures of short-
or medium-term plant stress responses (Higgs and Jones, 1990;
Shackeletal., 1997) and growth (Naor, et al. 1995), were met for
all measures of ‘¥ under the conditions of this study.

Currently in California, some of the larger wineries and crop
consultants are using measurement of vine water status as an aid
in vineyard irrigation management decisions. They are using leaf
water potential to determine when to start irrigating at the begin-
ning of the season and sometimes for the determination of the
interval between irrigation events. Based upon the data collected
in this study, critical values of Wpp, W, o W, em could be estab-
lished and utilized to assist in making such decisions. However,
from a practical standpoint, measurement of midday ‘¥, would be
most convenient. One would not have be in the vineyard before
sunrise to measure Wop nor arrive in the vineyard 90 min before
taking midday ‘¥, readings in order to bag the leaves in plastic
and cover with aluminum foil. However, the time frame used to
measure midday water potentials in this study was restricted to
0.5 hon either side of solar noon. Such a restriction would limit
the acreage or number of vineyards one could measure with
limited resources on a daily basis. The extension in the measure-
ment of ‘¥, before or after the 1230 to 1330 R time frame used
herein to a commercial situation could be accomplished with its
calibration to environmental variables such as ambient tempera-
ture and VPD as done for cotton (Gossypium hirsutum L.)
(Grimes et al., 1987) and VPD as done for deciduous fruit trees
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(Shackel et al.. 1997). Lastly, it has been demonstrated that the
individual making measurements of plant water status is a signifi-
cantsource of vaniation, even for stern water potential (Goldhamner
and Fereres, 2001). Therefore, it is imperative that technicians be
well trained in the use of the pressure chamber and the choice of
leaves to sample.
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Vine Water Relations, Gas Exchange, and Vegetative
Growth of Seventeen Vifis Species Grown under
Irrigated and Nonirrigated Conditions in California

V. Padgett-Johnson,! L.E. Williams,” and M.A. Walker
Department of Viticulture and Enology. University of California-Davis, | Shields Avenue, Davis. CA 93616
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ABSTRACT. A comparison was made among 16 native North American Vitis species and Vizis vinifera L. (*Carignane’) grown
in the San Joaquin Valley of California with or without irrigation over 2 vears. Predawn water potential (*¥;;). predawn leaf
osmotic potential (\¥,), midday leaf (\V)), and stem water potential (*V,,...), stomatal conductance (g,), net CO, assimilation rate
(A),and intrinsic water use efficiency (WUE) were measured on five dates during the growing season the first vear of the study
and pruning weights were evaluated both years. Net gas exchange and water potential components taken on the last
measurement date in 1992 and pruning weights of the nonirrigated species were less (or more negative for ‘¥ components)
than those of the irrigated vines. The 17 Vitis species were ranked according to their relative drought tolerance based upon
their performance withoutirrigation and when compared to their irrigated cohort. The Visis species considered most drought
tolerant were V. californica, V. chamnpinii, V. doaniana. V. longii, V. girdiana,. and V. arizonica. Those six species generally had
high values of A, g,, and pruning weights and more favorable vine water status at the end of the study than the other species
when grown without irrigation. The drought-induced reductions in the measured parameters also were less for those species
when compared to their irrigated cohorts. The least drought tolerant species were, V. berlandieri, V. cinerea, V. lincecumii,
V. riparia, and V. solonis. The drought-tolerant rankings were generally associated with the species’ native habitat and

probable soil water availability.

Plants subjected to severe water deficits show decreases in
stomatal conductance 1 g;). net CO» assimilation rates (A) and more
nezauve leaf water potential (W) (Jones. 1992). The drought re-
spoases of agronomic and perennial crops can include reduced A, g,
ranspiration rates and osmotic adjustment (Chartzoulakis et al.,
1993 Marun and Ruiz-Torres, 1992: McCree and Richardson.
1987 Stoneman et al., 1994; Wong et al,, 1983). As stem water
potenual values (V,.,) become more negative the more xeric
adapted Prunus species exhibited higher wateruse efficiency (WUE)
than those of mesic origin (Rieger and Duemmel, 1992). The
responses of grapevines ( Vitis spp.) to drought can include reduc-
tions of A, g,, reduced stomatal frequency, increased root density,
and reduction of leaf area and leaf number (Smart and Coombe,
1983).

Ditferences among V. vinifera cultivars in response to water
deficits have also been documented. Drought stressed “Trollinger’
grapevines responded to water deficits by reducing A (Diiring,
1988), while ‘Riesling’ vines osmotically adjusted resulting in a
higher turgor potential (*Wy) than ‘Sylvaner’ vines (Diiring and
Loveys, 1982). Additionally, ‘Riesling’ and ‘Sylvaner’ grapevines
had differing degrees of osmotic adjustment and changes in WUE
when subjected to water stress (Diring, 1984; 1987). Grimes and
Williams (1990) found that “Thompson Seedless’ vines osmotically
adjusted =0.4 MPawhendeficitirrigated while Diiring (1984) found
an osmotic adjustment of 0.7 MPa. In another drought response
study “Carignane’ had greater maximum g, and higher stomatal

Received for publication 30 Nov. 2001. Accepted for publicaton 12 Nov, 2002.
We thank N.K. Dokoozlian, M.A. Matthews, K.A. Shackel. and J. Syvertsen for
their helpful advice and review of this manuscript. We also thank M. Watnik for
stausucal advice.

‘Fermer graduate student. Current address: Viticulture and Enology Program,
Life. Physical and Health Sciences Department, Allan Hancock College, Santa
Maria. CA 93454,

“To whom comrespondence and reprint requests should be sent: University of
California, Kearney Agricultural Center, 9240 S. Riverbend Ave., Parlier, CA
93648: e-mail williams @uckac.edu.

J. Amer. Soc. Hort. Sci. 128(2):269-276. 2003.

sensitivity (0 changes in air humidity than did "Shiraz’ or “Merlot'
grapevines (Winkel and Rambal, 1990).

There has been relatively litde work done on the effects of soil
water deficits on other Virs species. The objective of this study was
to rank the relauve drought tolerance of 17 Vias species under
imgated and nonirrigated conditions in the San Joaquin Valleyv of
California. This was accomplished by measuring leaf water reia-
tions, gas exchange and vine growth and then comparing each
species within the nonirrigated portion of the vineyard with one
another and with their irrigated cohort. In addition to several North
American species, which are used either as commercial rootstocks
or parents of other grape rootstocks, this study included several Virs
species indigenous (o the arid southwestern United States. It was
expected that the diverse. native habitats of the 17 species would
have selected for a wide range drought tolerance characteristics that
may be of use in future rootstock breeding programs.

VMaterials and Methods

Dormant cuttings of the Viris species listed in Table | were taken
from vines growing in the United States Department of Agriculture
National Clonal Germplasm Repository, Davis. Calif. holdings, in
February 1990. Rooted cuttings were initially planted into 0.95 L
milk cartons using a | sand : | compost—vermiculite : 2 peatmoss soil
mix. The vines were transplanted into 3.8-L pots of coarse sand, and
moved to a lath house for the remainder of the 1990 growing season.
The dormant vines were transported to the University of California,
Keamey Agricultural Center, near Fresno, California, during the
1990-91 winter. Five individual vine replicates per species were
planted in March 1991 in a 0.4 ha vineyard using a completely
randomized block design. A buffer vine was planted on either side
of each data vine down the row. Vine and row spacings were 2.44
and 3.66 m, respectively. A single wire trellis (1.0 m above the soil
surface) was used. The soil was a Hanford fine sandy loam (coarse-
loamy, mixed, nonacid, thermic Typic Xerorthent) with a hardpan
at 1.2 m. Standard pest control measures were used throughout the
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Table 1. Vinis species used in the study, description of their native habitats and ranges in North America or elsewhere and references.

Vitis species Habitat Range Reference’
arizonica (Englemann)  Canyons, rocky canyon walls Anz., N.M., Trans-Pecos of Texas 1,3.6
berlandieri (Planchon) Limestone soils, moist sites Texas to Mexico 1,8
caltfornica (Bentham) Stream banks California’s coastal mountain range, central
valley, Sierra foothills, and southern Ore. 9

candicans (Englemann)  All situations, edge of woods, sandy East and south ceneral Texas

slopes, disturbed ground. coastal

oak woods 1,4, 11
champinii® (Planchon) Dry. chalky, limestone soils Throughout Texas 8
cinerea (Englemann) Low woodlands and alluvial soil along  Southeast U.S.: Texas to N.C and S.C., Ariz.,

streams Mo., Kans., I 3,12, 13
cordifolia (Michaux) Along streams and moist wooded areas Texas to Kans. and southeastern U.S. 2
doaniana® (Munson) Woods, stream bottoms, rocky slopes  Texas panhandle/east of Pecos River and N.M.

or alkaline soils 1,6, 8

Canyon bottoms and along streams
Woods and thickets, upland wooded

girdiana (Munson)
lincecumii (Buckley)

Coastal to inland Calif. (including Mojave Desert) 9
Texas to Kans.

soils, riverbeds L3 ol
longii (Prince) Sandy soils, dry hillsides, dunes, rocky Kans. and Texas panhandle

slopes 13
monticola (Buckley) Rocky hills, limestone hills, canyons,  N.M. and Texas

ridges 16
niparia (Michaux) Streambanks, low woodlands. alluvial — Eastern, central, and northern U.S.

soils , 10, 13

Sand and gravel bars

Open woods and rocky canyon slopes
Glabrous form of V. arizonica
Indigenous to Eurasia

rupestris (Scheele)
solonis (Hort. Berol.)
trefeaset (Munson)
vinifera L. *Carignane’

Once widely scattered from Tenn. to Texas
Texas
Occurs on northern extent of V. arizonica's range

~— e W

*] = Correll and Johnson, 1970, 2 = Galet, 1979, 3 = Gates, 1940, 4 = Jones, 1975, 5 = Kearnev and Peebles, 1951, 6 = Martin and Hutchins, 1980, 7
= Muilins =t al.. 1992, 8 = Munson, 1909, 9 = Munz and Keck, 1959, 10 = Ownbey and Morley, 1991, 11 = Reeves and Bain. 1947, 12 = Smith. 1978.

13 =Steyermark, 1978,

*Vitis champinii is & natural hybnd of V. candicans X V. rupestris (Galet, 1979).
“Viris doaniana is a natural hybrid of V. candicans x V. longii (M.A. Walker, unpublished data).

study. Vines were head-trained and dormant pruned to 8 to 12 buds.
Clusters present on the vines were removed at anthesis each year.

All vines were fumow irrigated each week during the 1991
growing season. Two irrigation treatments of either weekly furrow
irigadons (1) or a nonirrigated (NI) drought stress treatment were
imposed at the beginning of the 1992 growing season and continued
during 1993. Soil water content in the field was monitored with a
neutron probe (Troxler depth moisture gauge, model 3320) using 10
access tubes per treatment, and read at five successive 0.3 m
increments beginning 0.3 m below the soil surface. An individual
access tube site was located in both irrigation treatments near
individual vines of V. arizonica, V. champinii, V. riparia, V.
rupestris and V. vinifera ‘Carignane’. Each site consisted of two
access tubes, one within the row (0.5 m from the vine) and one
between rows (0.5 m from the vine). Environmental conditions at
this location were obtained from a weather station operated by the
California Irmigation Management Informadon System =0.5 km
from the vineyard.

Pruning weights were taken during the dormant period (from five
replicate vines) in 1992 and 1993. All reported measurements of gas
exchange, water potential and water potential components were
collected from three replicate grapevines, two leaves per vine,
during the 1992-growing season. At midday (one hour on eitherside
of solar noon), fully exposed leaves were selected for gas exchange
measurements between the 7% and 14® node counting from the base
of the shoot. Net CO, assimilation rate (A) and stomatal conduc-
tance to water vapor (g,) data were collected with a portable infrared
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gas analyzer, LCA-2, using the broad leaf cuvette (Analytical
Development Company, Lid., Hoddeson, England). Leaf intrinsic
water use efficiency (WUE) was calculated dividing A by g,.
Predawn leaf water potental (Wpp) and midday leaf (‘F)) and stem
(‘;em) water potentials were measured on the same day as photosyn-
thesis measurements with a pressure chamber (PMS Instrument
Company, Corvallis, Ore.), according to the procedures of
McCutchan and Shackel (1992). Measurements were made on
leaves similar to those used for gas exchange. Leaf samples for
osmotic potential (\F;) were taken at predawn and quick-frozen on
dry ice followed by storage at -80 °C. For analysis of ‘Y, the leaf
samples were thawed at37 °C and osmotic potentials read on a vapor
pressure osmometer (Wescor 5500; Wescor, Inc. Logan Utah).
Water relations and gas exchange measurements were taken on
several dates spanning the growing season, so data were analyzed as
a split plot (through time with day of year being the split). All
measurements for each of the 17 species were collected on five
paired days of year (DOY): 118 and 119, 140and 141, 182 and 183,
204 and 205, 232 and 233 as 2 d were necessary to measure all
replicates since we imposed a 2-h limit for readings at midday to
minimize diurnal effects. These paired dates were considered as a
single day for analysis. Least squares means for data analyzed on a
seasonal basis are combined values from the five measurement
dates using three replications. Means for gas exchange and ‘¥
parameters collected on the last measurement date are data from
three individual vine replicates (two measurements per vine). Data
were analyzed via analysis of variance (ANOV A) and mean sepa-
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rations were determined using Duncan’s multiple range test (DMRT).
Additionally, predawn ‘¥, of each species, within each irrigation
treatment, was analyzed as function of Wy throughout the growing
season and an ANCOV A was used to test for differences among the
slopes.

Drought performance indicators used to rank the species were
pruning weights of the nonirrigated vines (averaged across the two
vears) and their percent reduction compared to the irigated treat-
ment. Since day of year had a significanteffect on all water relations
anc gas exchange parameters measured, only measurements taken
on the last date were used to assess the relative drought tolerance of
the species in the nonirmigated treatment with the exception of ‘¥,
data. Gas exchange performance indicators were the nonirrigated
vines' A. g, and WUE. Vine water status parameters used were the
W difference in W, and V..., and the percent ¥pp — midday Ve,
gradient portion of the total Wpp — midday ‘P, gradient (Chone etal.,
2001). The predicted osmotic potental of each species in the NI
reatment. at a Wyp of =0.205 MPa (using the results from the
ANCOVA mentioned in the previous paragraph) was calculated
anc used as a relative indicator of the species’ ability to accumulate
solutes. The -0.205 MPa W,p value was chosen as it was the overall
seasonal mean of all species in both irmigation treatments. The gas
exchange and ‘¥ charactenstics of the species in the NI oeaunent
were also compared to those of the imgated treatment. Each species
was assigned a number (1 to 17) in each category. For example the
spectes with the highest A was assigned number 1, while the species
with the lowest. number 17. The species with the lowest reduction
in A compared to its irrigated counterpart was assigned number 1,
while the greatest reduction in A (NI vs. [) the highest number (17).
Values in the rankings table were tested for skewness and kurtosis
anc the results indicated that the data were normally distributed. In
additon, Bartiett’s test of the species’ rankings in each category
indicated that their variances were homogeneous. Subsequently, a
one-way, completely randomized ANOV A was conducted on the
15 drought pertormance values and species” means separated using
DMRT.

Results

Precipitation from 1 Apr. until the last measurementdate in 1992
totaled 3 mm, whereas the total for the same time period in 1993 was
[0 mm. Soil watercontent was significantly lowerin the nonirrigated
plets than in the irrigated plots both vears (data not given). Based
upon neutron probe readings, the amount of water depleted in the
soll profile of the NI treatment amounted to 0.74 and 0.94 m’ of
water in 1992 and 1993, respectively. Applied water and depletion
of “water in the soil profile of the irrigated treatment amounted to
greater than 1.8 m? per vine both years.

All days in which midday ¥ and gas exchange were measured
were cloud free. Ambient temperature during each two-hour mea-
surzment period ranged from 23 to 29 *C and vapor pressure deficit
(VPD) ranged trom 1.5 to 2.3 kPa on the first four dates. Solar
radiation, ambient temperature and VPD on the last measurement
datz(s) (19 and 20 Aug.) averaged 826 W-m, 34.5 °C and 3.2 kPa,
respectively, for the 2-h measurement period.

[rrigation treatment had a significant effect on most of the
measured parameters when averaged across dates (Table 2). There
was a significant irmgation treatment by species interaction on all
measures of vine water status taken predawn, stomatal conductance,
and pruning weights in 1993. As the season progressed, measure-
ment date had a significant effect on most of the measured param-
eters throughout the season.
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Averaged across all species and irrigation reatments, measure-
ments of vine water status (Wpp and midday ‘¥, and ¥,..) decreased
as the season progressed, with the exception of the irmgated vines’
WY.p (Fig. 1). Net CO, assimilation rate decreased almost linearly
from DOY 135 until the last measurement date for the nonirmigated
species while that for the irrigated reatment tended to level off from
DOY 141 to the last measurement date (Fig. 2). Similar results were
found for g, (data not given).

Under nonirrigated conditions, the species with the least nega-
tve Wep on the last measurement date were V. berlandieri, V.
doaniana, V. treleasei, and V. vinifera and they were significantly
higher than V. arizonica, V. champinii and V. riparia (Table 3).
Predawn ¥, generally decreased through the first half of the
growing season for the vines in the NI treatment but it tended to
increase throughout the remainder of the season for many of the
species in that reatment (see Padgett-Johnson et al., 2000, for an
example). An ANCOVA of the reladonship between predawn .
and Wpp Indicated that the slopes differed significantly among
species within each imgation treatment (data not given). The
predicted predawn ‘P, (based on the above retferenced ANCOVA)
ata Wpp of -0.205 MPa was greatest for V. ireleasei and lowest for
V. monticola and V. riparia. The predicted values of predawn ‘.
were similar to the seasonal least squares means of each species in
both irrigation treatments {data not given).

Midday W, of nonirmigated V. californica on the last measure-
ment date was significandy different from 15 of the other species
(Table 3). The lowest value for .., on that date was —1.46 MPa for
V. monticola and V. riparia. Vitis species with a midday ¥, more
negative than —1.65 MPa (V. cinerea, V. champinii. V. monticoia
and V. riparia) were significantly different from V. californica with
a midday ‘¥, of -1.33 MPa. Virs champinii had the lowest midday
W, (-1.75 MPa) on the last date.

The difference between midday W, and ..., on the last measure-
mentdate wassignificanty greater for V. champiniiand V. californica
than 11 other Vins species. i.e., those with ¥, = W, values <0.24
MPa (Table 3). There were no significant differences in this
parameter among species in the imgated portion of the study. The
Wop — W.um portion of the Wy — W, gradients of V. arizonica. V.
californica. V. champinii and V. doaniana (values <70) under

Table 2. Analysis of vanancs of imgation (I) treatment. species, irmga-
tion (1) X species (S) interaction, day of year (DOY)and [x S x DOY
interaction on different vine water status measurements, net CO,
assimilation rate (A), stomatal conductance (g ), ranspiration (E)‘.
intrinsic water use efficiency (WUE), and pruning weight (PWt) of 17
Vitis species. All data were collected during the 1992 growing season
except the pruning weights of 1993; predawn leaf water potential =
‘Y., predawn leaf osmotic potential =¥, midday leaf water poten-

tal = ¥,, and middav siem water potential =¥, .

Parameter

rmeasured [ Species [ x$§ DOY DOY x xS
Yoo -
Y, . NS
\y| ane ee NS voe NS
Yon NS -
g: NS
A » NS .
E . NS NS NS
WUE . NS NS
PWt 1992 NS NA NA
PWt 1993 NA NA

=% Nonsignificant or significant at P < 0.05, 0.01, or 0.001, respectively.
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treatments on {ive different dates during the 1992 growing season. Each
individual pointis the mean of all 17 Vitis species used in the study. Bars. larger
than the symbol. represent £ |se

nonirmgated conditions were significantly different from 9 other
species (values >83). There were also significant differences among
species in the urigated portion of the trial.

There were no significant differences in A on the last measure-
ment date among species in the nonirrigated treatment; however,
there were significant differences among the species in the imigated
treamment (Table 4). Stomatal conductance of nonirrigated V.
champinii was signiticantly greater than 11 other Vins species, i.e.,
those with H,O values less than 170 mmol-m=-s™". Vitis californica
had the highest g, among species in the urigated treatment. Lastly,
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Fig. 2. Net CO, assimilation rate Jor all species in the nonirrigated and irrigated
reatrnents on five different dates during e 1992 growing season. Other
information as found in Fig. .

there were significant ditferences in intrinsic WUE of species in the
nonirrigated treatment with V. rupesrris having the highest and V.
californica and V. candicans having the lowest (Table 4).

There were significant differences in pruning weights between
irrigation treatments species in 1992 and 1993 (Table 2) and among
species in the nonumigated treatment both years (Table S). Viris
champinii had the highest mean pruning weight for both irrigation
treatments, followed by V. girdiana, V. doaniana and V. longii
(Table 3). Vids cinerea and V. berlandieri had the lowest pruning
weights regardless of weatment. The species with the greatest
percent reduction in pruning weights, comparing irmgated to

Table 3. Predawn leaf (W), midday leaf (‘') and midday stem (*¥, ) water potentals of the nonirrigated (NI) species on the last measurement

date. The difference berween ¥ and ‘¥

stem

and the percent of the predawn to midday stem (W, - ¥, ) gradient of the total predawn to midday

leaf (¥, — ‘¥ gradient on the last measurement date for both the irrigated (I) and nonirrigated vines and the predicted predawn ¥ _ata ¥, of
—0.205 MPa are also given. Water potential values are expressed in MPa. Means followed by a different letter are significantly different at P <
0.05. Means were not significantly different in the irrigated (I), ¥, - ¥, column. The predicted predawn ‘¥ was not analyzed.

(Yo~ ¥, Predicted

Vitis Yoo Yo ¥ Y- (W — FPI % 100 predawn ¥_

species NI NI I N1 [ NI ' I

arizonica 04d5e -1.14b ~1.48 bed 0.34 abc 0.40 66.3 ef 65.0abed  -1.33 ~1.44
berlandieri -0.31 ab -1.36b -1.52 bed 0.16d 0.41 869 a 63.6 bed -1.27 -1.41
californica —0.33abc  -0.88a -1.25 ab 0.37 a 0.42 598 ¢t 56.0 de -1.45 —1.45
candicans -033abc  -1.19b -1.39 abc 0.20 ef 0.29 81.1 abc 73.6a -1.26 -1.16
champinii -0.44 de -1.34b -1.75d 0.41a 042 68.9 def 64.4 bed -1.33 -1.18
cinerea —D4dlcde -137b —-1.68 cd 0.31 abede 0.58 75.6 bede  535e -1.37 -1.32
cordifolia 034abc -1.12b -1.34 abc 0.22 cdef 0.43 78.0abed  59.5 cde -1.39 -1.50
doaniana -0.30 ab —1.00 ab -1.35 abc 0.35 ab 0.47 66.0 ef 535e -1.32 -1.32
girdiana O4lcde -1.22b —1.54 bed 0.32 abed 0.39 71.7 cde 60.1 cde -1.20 -1.45
lincecumii -036bed -127b —1.48 bed 0.21 def 0.36 80.5 abe 69.4 ab -1.08 -0.98
longii -036bcd -1.36b —1.60 bed 0.24 bedef  0.32 80.4 abe 71.5 ab —-1.14 -1.29
monticola ~0.40cde -146b -1.65 cd 0.19 ef 0.35 84.8 ab 69.5 ab -1.55 -1.28
riparia ~0.46 ¢ -1.46b -1.70 cd 0.24 cdef 0.51 80.8 abc 57.9 cde -1.55 -1.48
rupesiris -033abc  -133b -1.51 bed 0.18 f 0.47 84.7 ab 60.0 cde -1.41 -1.37
solonis —0.34abc  -~1.27b —1.47 cd 0.20 ef 0.37 82.4 abc 66.5 abc -1.22 -1.51
treleasei -0.27a -1.24b ~1.46 cd 0.22 def 0.31 81.8 abe 73.6a -0.96 -0.99
vinifera -0.30 ab -1.10b —1.33 abe 0.23 cdef 0.37 78.1 abed  65.5 abe -1.43 -1.33
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nonirnigated, were V. riparia, V. monticola and V. lincecumii, while
V. treleaser was reduced the least.

The drought performance indicator means of V. doaniana, V.
lorgii, V. girdiana, V. arizonica and V. californica were not signifi-
cantly different from V. champinii (species with the lowest overall
score) (Table 6). Vias berlandieni, V. lincecumii and V. cinerea had
lower scores than V. riparia, which was considered as the standard
nondrought tolerant spectes. Based upon total points and their mean
separations, species with a score of 100 points and below were
considered highly drought tolerant while those with a score of 138
and greater, least drought tolerant. The remaining six species were
classified as intermediate.

Tabdle 4. Net CO, assimilation rate (A), stomatal conductance (g) and intrinsic water use efficiency (WUE

Discussion

Modem viaculture is dependent on the use of rootstocks resistant
to Phylloxera (Daktulosphaira vitifolia FITCH) and other soilborne
pests (Mullinsetal., 1992). Mostcommerctally available rootstocks
today are etther natuve North American Viris species or the result of
crosses between them. Due to the diversity of these species’ native
habitats (Table 1), differences in the ability to tolerate soil warter
deficits were expected. Multiple criteria (measurements of water
status, gas exchange and growth characteristics) were used in this
study to assess the drought tolerance of 16 North American Virs
species and V. vinifera. Since the vines were grown in the field

L A/g X 107y (NI treatment only)of 17

Vitis species on the last measurement date.? Other mrormauon as tound in Table 3. There were no >1an1r1c:mt differences among means in the

A, Nl column.

Visis A g WEE
species NI [ NI [ NI
arizonica 3197 12.3 abc 172 abc 493 ab 19.8 bed
belandiert 1.90 298h 145 be 268 b 13.6cd
cadifornica 2.98 11.9 abc 193 ab 550 a 224
candicans 2.68 134 ab 190 ab 473 abe 12.1d
champinii 5.02 4.1a 263 a 438 abced 18.9 bed
cirerea [.2 +4.57 fgh 63 ¢ 348 bed 25.4 abed
cordifoiia 4353 7.63 def 140 be 330 bed 30.5 abed
doaniana 270 3.6 gh 195 ab 310 cd 3.2 cd
girdiana 3.00 5.53 efgh {43 be 360 bed 19.8 bed
tincecumii 1.90 7.27 defyg 92 be 448 abe 20.6 bed
fongit 4.62 693 defg 132 be 318 bed 33.1ab
monticolu 3.03 8.90 cde 182 ab 435 abe 17.7 bed
riparia 2.97 10.1 bed 138 be 450 abc 22.2 bed
rupesiris 4.13 11.0 abed 97 be 420 abed 24
solonis 2.70 7.83 def 103 be 298 cd 25.4 abed
ireleasei 3.30 8.55 cdef 110 be 387 abed 334ab
vinifera 4.17 3.77 cde 128 be 398 abed 31.6 abe

*A and g are expressed as mmol-m™

571 CO,and mmol-m~*s7" H,O, respectively.

Table 3. Pruning weights (Pwt) from the 1992 and 1993growing seasons for the NI treatment and mean Pwt for both years of the Nl and I treatments
for 17 Vitis species. Mean Pwrt of the NI treatment are also expressed as a percent of the irrigated treatment (% of [). Other information as found
in Table 3. There was no statistical analysis of the mean pruning weight values for the NT and [ treatments.

Pwr (kg/vine)

Viiis NI NI N1 [ NI
species 1992 1993 Mean Mean (% of )
arizonica 1.39 be 1.98 be 78 4.34 41
berlandieri 0.56¢ 0.69¢c 0.63 1.55 41
californica 1.02 be .09 ¢ 1.06 3.24 33
candicans 1.11 be 237 be 1.74 451 39
champinii 495a 6.08a 5.52 122 435
cinerea 0.36 ¢ 0.78 ¢ 0.57 1.50 38
cordifolia 0.71 be 1.36¢ 1.04 2.74 38
doaniana 251b 2.57be 2,354 5.74 44
girdicna 2.1 bc 345b 2.78 ST7 48
lircecumii 0.60 be 0.73 ¢ 0.66 2.38 28
longti 2.02 be 1.88 be 1.95 4.61 42
monticola 1.05 be 133c 1.19 4.42 27
riparia 0.65 be 1.30¢ 0.98 4.04 24
rupestris .43 be 2.37 be 1.90 4.42 43
solonis 1.72 be 1.97 be 1.84 3.78 49
treleasel 1.16 be 1.72 be .44 2.30 63
vinifera 0.77 be 092¢ 0.84 2001 40
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Table 6. Relative drought tolerance of 17 Viris species based upon their total score. See Materials and Methods section for explanation of how each species was rated
in each category. Mean score (not given) separation determined using Duncan’s multiple range test. Different letters in the mean score column indicates species

means are significantly different at £ < 0.05.%

Vitis NI NI NI NIT NI N1 NI/ NI NI NI NI NI NI Mean
Species A A ES g, Alg, WY, W, Grad  Grad AY AW PWt PWt  Totl  score
champinii 1 9 I 2 12 8 2 + 3 1 1 l 4 50 a
doaniana 12 1 2 1 15 10 10 2 i1 3 6 3 +4 30 ab
longii 2 2 1 5 3 15 15 9 7 7 5 4 7 92 abc
girdiuna 9 S 7 6 10 14 16 5 8 5 4 2 3 94 abc
arizonica 7 14 6 It 10 3 13 3 l 4 3 7 3 95 abc
caliiurnica 10 16 3 10 16 3 9 1 2 2 2 1 14 99 abe
vimgera 4 6 12 12 4 4 5 3 3 g 9 14 10 105 bed
curaifotia 3 4 9 4 5 4 12 7 13 10 i+ 12 2 iil bede
treledsel 6 7 13 14 2 17 i 13 3 10 7 9 l 013 bede
3 Il 5 3 13 l 1 16 10 I3 1 10 6 125 bede
5 8 13 15 [ 5 7 15 16 i6 17 5 5 131 bede
cendicans 14 17 4 7 17 (2 4 12 4 13 3 8 o 151 bede
solonis 12 10 4 9 6 13 17 14 11 13 11 6 2 138 cde
riperia Il 12 10 13 3 | 6 11 5 7 15 13 17 139 cde
beriundier: 13 3 7 3 14 Il 1+ i 4 T 16 16 3 133 de
linczewmil 135 13 16 16 9 16 3 i0 ] iz 0 135 2 133 de
cineria |7 13 17 17 5 7 3 16 6 H ) 7 2 in) 2

’NI=nourrngated. [ =imgated. A = net CO, assimilation rate. g, = stomatal conductance, A/g = inuinsic water use etficiency. Y= predicied precawn osmotic potenual

ata ¥, of =0.205 MPa. Grad = (Wpp - ¥,
without applied water, a gradual depletion of the soil water content
occurred as the season progressed and thus changes in vine physi-
ology and/or momphology in response to water stress would also
have taken place gradually. [t should be pointed out that, generali-
zations regarding results from this study are the result of an
individual species’ above and below ground response o water
deficits. Ina commercial vineyard situation, the grafted scion would
have its own response to water deficits. It has been demonstrated,
though, that the rootstock can affect the physiology of the scion
under soil water deficit conditions (Padgett-Iohnson et al., 2000).

A reduction in stomatal conductance to limit water vapor loss
viatranspiration is one drought avoidance mechanism (Kirkham,
1990; Passioura, 1994). Under nonirrigated conditions in this
study, all species exhibited this behavior. However, the two
species with the lowest g on the last date, V. cinerea, and V.
lincecumii, also had the greatest reductions in g, compared to their
irrigated counterparts and ranked as least drought tolerant. A
study on greenhouse-grown, one vear-old ‘Cabernet Sauvignon’
grafted onto different rootstocks to investigate drought tolerance
was conducted in France (Carbonneau, 1985). The ratio of leaf
area 1o the reciprocal of stomatal conductance (1/g;) was used as
the basis for classification. Such a basis would presumably be a
measure of growth and gas exchange. ‘Rupestris du Lot” (V.
rupestrisy and ‘Riparia Gloire’ (V. riparia) were classified as
susczptible to drought. The rootstock selections 7383 and 7405
(open pollinated V. berlandieri) were classified as resistant and
less resistant to drought, respectively. When the pruning weight
to seasonal mean 1/g, ratios were calculated for species in the
nonirrigated treatment of this study, V. riparia, V. lincecumii, V.
berlandieri and V. cinerea ranked 14®, 15%, 16™, and 17", respec-
tively (out of the 17 species), while V. rupestris ranked 8. The
four lowest ranked species based on this criterion were also rated
least drought tolerant in our study. Vitis rupestris would be
classified as intermediate for drought tolerance using this crite-
rion. Using the pruning weight to mean seasonal 1/gratio, the top
five species in this study were V. champinii, V. doaniana, V.
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W ,n =P x 100, A = -, PWt=pruning weight.

girdiana, V. longii and V. arizonica (highest to lowest, respec-
tvely), all of which we ranked as most drought tolerant. There-
fore. the means of classifying the drought tolerance ot vines used
by Carbonneau ( 1983) for the species in this study agreed favor-
ably (the exception being V. rupestris) with our multiple criteria
classitication. However. our drought tolerance classification of
one of the three species used in both studies (V. berlandieri) did
differ from Carbonneau’s ranking.

Another drought avoidance mechanism would be the develop-
ment of a very deep, extensive root system (Jones, 1992). However,
in our study a hardpan was present at a depth of 1.2 m, which
restricted the exploration of roots to greater depths (Padgett-Johnson.
1999). Therefore, the ability of a species to avoid drought using this
mechansm was not expressed in our study. Padgett-Johnson (1999)
also found that the distribution of roots within the soil profile did not
differsignificantly among sevenspecies (V. arizonica, V. berlandier,
V. candicans. V. champinii, V. riparia, V. rupestris and V. vinifera)
that were examined in the nonurigated portion of the vineyard. This
would indicate these species had equal access to available water in
the soil profile.

A plant’s ‘P will decrease as soil water deficits develop and ithas
been reported that under water stress, drought-tolerant plants will
maintain higher ‘¥'s than drought-sensitive ones (Kirkham, 1990).
However, in our study we used the differences in Wep, ¥}, and ‘¥ yem
to assess the water status of the vines for use in ranking a species’
drought tolerance. This was due in part to the fact that the species
having the lowest midday ‘¥ and one of the lowest values of 'Wpp and
W, O0 the last measurement date was V. champinii. Its values were
similar to V. riparia. However, V. champinii had the highest A, g;
and pruning weights, unlike V. riparia. It was recently reported that
the difference between V., and ‘¥, was linearly correlated with leaf
transpiration (Chone et al., 2001). Such a relationship was also
found in this study (7 = 0.64, data not given). Thus, V. champinii
with low values of Wpg, ‘¥, and W, had the highest A\, ., — ¥, and
that was reflective of its gas exchange measurements and its A% .m
— ¥, was similar to the irrigated cohort’s value. Thus, using only

J. Amer. Soc. Hort. Sci. 128(2):269-276. 2003.



absolute values of ' to rank a species may result in conclusions that
are not consistent with actual performance.

Another factor influencing water uptake by plants is hydraulic
conductance to water flow and differences among plant species
have been demonstrated (Turner, 1986). Chone et al. (2001) pro-
posed that the Wep — Wyem and Wpp — ¥, gradient proportions were
reflective of the hydraulic conductance of the soil-stem pathway in
grapevines. In our study, the proportion of the Wep — Wyem gradient
to the total Wpp — ¥, gradient was lowest for V. arizonica, V.
californica and V. champinii and their values were close to those of
their irrigated cohorts. The assumption would be that hydraulic
conductance of those nonirrigated species was high. The species
with the lowest purported hydraulic conductance were all rated least
drought tolerant. Viris rupestris, has been reported to have narrow
xylem vessels (Rives, 1925), which may possibly restrict the flow
of water. However, one may have expected the irrigated V. rupestris
also to have a low conductance, compared to the other species, but
itdidn't. It has been demonstrated that even moderate water stress
can reduce vessel size and xylem hydraulic conductance of grape
(Lovisolo and Schubert, 1998). The narrow vessels reported by
Rives (1925) for V. rupestris may have been due to the fact the vines
had been stressed when the measurements were taken.

Osmoregulation by plants is considered a drought tolerance
mechanism (Kirkham, 1990; Passioura, [994). Grapevines have
been shown to osmoregulate =0.3 to 0.5 MPa in response to soil
water deficits (Grimes and Williams, 1990; Schultz and Matthews.
1993: Rodrigues etal., 1993). Diiring and Scienza (1980) examined
droughttolerance in several Viris species by excising leaves and then
measuring ‘¥, for the next 30 min. It was assumed that leaves having
the more negative ¥, were not osmoregulating while the opposite
was true for leaves with less negative W, It was concluded that V.
ripariaand V. rupesrris were drought sensitive, as they had the most
negative W, values. whereas, V. monticola, V. berlandieri and V.
cinerea were drought tolerant because they had the leastnegative ‘¥,
values. We classified three of the tive species used in Diiring and
Scienza’s study (V. berlandieri, V. cinerea, and V. riparia) in our
leastdroughttolerantcategory while the remaining two, V. montiicola
and V. rupestris. were ranked intermediate. Theretore, our rankings
dif’ered from those species used in Diring and Scienza's study.
While we did not explicitly measure osmoregulation (such as done
in the studies on grapevines mentioned above) it would appear that
the accumulation of solutes (or more negative values of ¥, mea-
surzd in this study. Table 3) did not impart any significant ability of
V. mparia or V. monticola to tolerate drought.

A third category of drought tolerant adaptations/mechanisms,
are those associated with effictency (Kirkham, 1990; Passioura,
1994). A greater WUE under drought conditions may result in
continued productivity (Passioura, 1994). Viris rupestris had the
highest intrinsic WUE. whereas, V. doaniana, V. californica and V.
candicans had the lowest (Table 4). [f one were to calculate WUE
as the ratio of biomass produced to the amount of water used in this
study adifferent conclusion would be drawn. Vitis champinii and to
a lesser extent V. girdiania, V. doaniana and V. longii (i.e., those
species with the highest pruning weights under nonirrigated condi-
tiens, Table 5) would have had the greatest WUE. Soil water
depletion at the five access tube sites in the nonirrigated portion of
the vineyard were similar, indicatng that the five vines at each
location probably used the same amount of water as those with lower
pruning weights. Therefore, intrinsic WUE (a single measurement
of zas exchange on a particular day) did not provide an accurate
asszssment of the long-term production of biomass as a function of
warer used.
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All Vins species in this study exhibited some level of drought
tolerance, not just avoidance as suggested by Smart and Coombe
(1983). The interaction and coordination of these adaptations and
mechanisms may provide a better means of describing a given
species’ ability to tolerate drought, if ulumately used as a commer-
cial rootstock. Using muldple criteria to categorize drought toler-
ance in Viris may be beter than assessing the exient of drought
tolerance in whichonly asingle mechanism is measured (Carbonneau,
1985, Diiring and Scienza, 1980).

The species ranked as most drought tolerant, were V. arizonica.
V. californica, V. champinii, V. doaniana, V. girdianaand V. longil.
Since the natve habitats of V. arizonica and V. californica and V.
girdiana are associated with canyons in the arid southwestern
United States and stream banks in California, respectively (Table 1),
the availability of mid- to late-season rainfall would probably be
minimal. Viris champinii and V. longii are found on dry, chalky,
limestone soils or sandy soils and dry hillsides. The descriptions of
the above two species’ natve habitats indicate that drought toler-
ance is a necessary attribute in these and locauons. Vitis doaniana.
also ranked as highly drought tolerant, can be found in woods and
stream bottoms, areas in which water deficits may be uncommon.
Although this appears to contradict the idea of selection for drought
tolerance. one parent of V. doaniana is V. longii (Table 1) and V.
doaniana may have inherited some of V. longii’s drought tolerant
characteristics.

The species determined to be the least drought tolerant in this
study were V. berlandieri, V. cinerea, V. lincecumii, V. riparia and
V. solonis. These species generally had low rates of A, g,, and less
favorable vine water statuses, low pruning weights under nonirrigated
conditions and a greater reduction of those parameters when com-
pared to the irmigated controls. Virs riparia rootstock is usually not
considered drought tolerant based upon vine water relations
(Carbonneau, 1985: Diiring and Scienza, [980) and yield perfor-
mance under dry-land conditions (Galet, 1979: Southey, 1992). In
addition, its mesic habitat and range would also indicate that strong
drought avoidance or olerance mechanisms are not necessary. The
native habitats of the other four Vizs species, also ranked as least
drought tolerant are similar to that of V. riparia (Table 1).

All species ranked intermediate in terms of drought tolerance
generally had mean performance scores that were not signiticantly
different from five of the six species ranked as most drought tolerant.
One of the intermediate drought tolerant species, V. rreleasei, is a
glabrous form of V. arizonica. It is unknown why there were
differences among the two as their native habitats overlap.

Conclusions

The drought tolerance rankings of species in this study compared
favorably with several other studies in which Vifis species were
included. [t has been concluded by Carbonneau (1985), Delas.
(1992), Diiring and Scienza (1980), Galet (1979) and Pongracz
(1983) that "Riparia Gloire’ (V. riparia) is not drought tolerant, as
was shown here. We also concluded that V. berlandieri, V. cinerea.
V. lincecumii, and V. solonis, which responded similarly o V.
ripania in many respects. are not drought tolerant. In this study V.
rupestris was classified as intermediate to drought tolerant species,
which differs from its rankings by Carbonneau (1985) and Southey
(1992). '‘Dog Ridge" and ‘Ramsey’ are two commercial rootstock
culdvars derived from V. champinii; the species we concluded as
having the highest drought tolerance in our study. Both of these
rootstocks impart vigorous vegetative growth to their grafted scions
(Pongracz, 1983) as would be expected trom our results. However,
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‘Dog Ridge’ and ‘Ramsey’ have been classified as being moder-
ately susceptible and susceptible, respectively, 1 drought under
South African conditions (Southey, 1992). Winkler et al. (1974)
recommended ‘Dog Ridge’ foruse on light textured soils (i.e., those
with Jess waterholding capacity). Fregoni (1977) has concluded that
there is no definite relationship between excess vigor and drought
tolerance of rootstocks. The differences in the conclusions noted
above by Southey (1992) and Fregoni (1977) and our conclusions
regarding V. champinii warrant further studies on the drought
tolerance of this species when used as a grafted rootstock with an
accompanying fruit producing scion. In such a case, actual fruit
production in vineyards with iess available water would be the major
criterion with which to assess drought tolerance (Jones, 1992).

The classifications of drought tolerance for the 17 Viris species
used in this study may assistin breeding drought tolerant roctstocks.
[t is interesting to note that the commercial rootstocks :vpically
classified as being highly drought tolerant (i.e., ‘110 Richter’, ‘140
Ruggeri’ and *1103 Paulsen’) are V. berlandieri X V. rupestris
hybrids. In this study, V. berlandieri was classified as least drought
tolerant while V. rupestris was classified as intermediate. It would
appear thatthese two species’ hybrds eitherincrease or maintain the
scion’s tcommoaly a V. vinifera culdvar) fruit production in a
commercial situation, a factor not considered in this study. Vids
champinii, which we classified as the most drought tolerant, is a
natural hybrid of V. candicans and V. rupesrris, both of which were
not considered to be highly drought tolerant in this study. In
addition, the rootstocks derived from V. champinii are often discour-
aged for use in commercial vineyards due to their invigorating effect
on the scion's vegetative growth, especially in situations where soil
water is readily available, which may negatively impact fruit
quality. Lastly, a2 wide range of characteristics, including pest
resistance and ease of propagation, in addition to drought tolerance
are considered when selecting species for use in breeding.
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Background

Commonly observed grapevine deficiencies in California include those associated
with nitrogen, potassium, zinc and boron (Christensen et al., 1982). Less common
deficiencies include those of iron, magnesium and manganese. Lastly, toxic effects of
nitrogen, chlonde and boron have been observed in California vineyards. One of the
most important questions to answer in a vineyard tertilization management program is:
How does one determine the need to fertilize? Many locations in the San Joaquin Valley
and elsewhere 1n California have ground water pollution problems. The pollutants
include, among others, nitrates. Therefore, a fertilization program should try to minimize
the leaching of mineral nutrients below the root zone. Once the decision to fertilize has
been made then one must determine how much and when to apply the fertilizer.
Fertilizers can be costly and one can become more cost efficient if educated decisions
regarding vineyard fertilizations are made.

Assessing vineyard/vine mineral nutrient status

There are various means to determine the need to fertilize grapevines. The observation
of foliar and/or fruit mineral nutrient deficiencies on vines can be used. Unfortunately,
these symptoms could indicate that the deficiency may already have caused a reduction in
vield. Some grape producing countries use soil analysis to establish the need to fertilize
a vineyard. However, it has been concluded that soil analysis for the determination of N,
K (potassium), Mg (magnesium) and Zn (zinc) fertilization requirements in California is
of no value (Christensen and Peacock, 2000). Those authors do conclude that sotl and
water analysis can be used to determine B (boron) toxicity levels.

Vine tissue analysis has long been used in California to assess the nutrient status of
grapevines (Cook and Kishaba, 1956) and it is considered to be very reliable (Kliewer,
1991). The organ most often sampled on grapevines is the petiole; however, many
growers may also sample the leaf blade. Generally, the petiole and blade will be
analyzed separately and not as a single unit. In order to compare tissue analysis results
from one year to the next it is advantageous to collect the samples at the same



phenological growth stage. The sampling of petioles will occur most commonly at bloom.
A second sampling date chosen by some will be at veraison (berry softening). The
petioles (or blades) used for the sample at bloom will be taken opposite a cluster along
the shoot. The petioles sampled at verasion will be obtained from leaves that are
considered mature (fully expanded) and probably on the exterior of the canopy. Research
conducted in California has shown that the analysis of the fruit at harvest and canes at
pruning could also be used to assess the nutrient status of grapevines (Kliewer, 1991).
The most common form of nitrogen analyzed in petioles is both nitrate-N and total N
while that for leaf blades is total N. The N analysis of fruit at harvest would include total
N, the amino acid arginine or total amino acids. Lastly, the forms of N analvzed in canes
would be total N and arginine.

Critical values of bloom-time petiole nitrate-N values have been established for
Thompson Seedless grapevines in California (Christensen et al., 1978). It is assumed that
a nitrate-N value less than 350 ppm (dry weight basis) is deficient, 350 to 300 ppm are
questionable and 500 to 1200 ppm are adequate. Values over 2,000 are excessive.
Adequate values of total N for petioles at bloom range Tom 0.5 to 3.0%, depending upon
the country where those values were developed and cultivar (Kliewer, 1991). There is a
linear correlation between bloom-time petiole nitrate-N and total N (Figure 1 and
unpublished data of A.B. [andolino and L.E. Williams). The percent total N of leaf
blades will decrease as the season progresses and it 1s a function of degree-days
(Williams, 1987), therefore, the time of leaf blade sampling will dictate the value
obtained. Critical values of petiole analysis for K of Thompson Seedless in California
are as follows: less than 1.0% is deficient, 1.0 to 1.5 % is questionable and over 1.5% is
adequate. A bloom-time petiole K value of 0.8% or greater appeared to be adequate for
Chardonnay and Cabemet Sauvignon, on different rootstocks, in a trial conducted by the
author for the past three years (unpublished data). Values for other mineral nutrients have
been determined for Thompson Seedless and can be found in Christensen, et al., (1982).
These critical values also appear to be adequate for other cultivars and in different
vineyard situations.

It has been observed that bloom-time petiole nitrate values will differ from
year to year, cultivar to cultivar and whether the vines are on their own-roots or on
rootstocks. Therefore, many feel that the critical values established for Thompson
Seedless grapevines may not be appropriate in other vineyard situations. For example,
the table grape cultivars Perlette and Flame Seedless will generally have lower values of
petiole nitrate-N values at bloom than Thompson Seedless when grown at the same
location and soil type (Table 1). The values in Table 1 also demonstrate yearly variation
in petiole nitrate-N values. It should be pointed out that the cultivars used to obtain that
data never showed any N deficiency symptoms. I[rrigation type (drip vs. furrow
urigation) and whether the vines had been irrigated prior to the sample date also will
influence petiole nitrate-N values when sampled at bloom. It was demonstrated that drip
irmigated Thompson Seedless vines generally had lower petiole nitrate-N values (mean of
four years was 345 ppm) than furrow irrigated vines (mean was 1176 ppm) and that non-
irrigated vines also had lower petiole nitrate-N values than irrigated vines (L.E. Williams,

unpublished data).
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A study was conducted to determine if time of day or leaf location would
influence petiole nitrate values of Thompson Seedless at bloom (Table 2). The highest
nitrate-N values were for leaves collected at 4 pm and for leaves exposed to direct
sunlight. At veraison, only leaf location had a significant effect on petiole nitrate-N
(Table 3). Petioles from leaves in the shade had significantly greater nitrate-N than
leaves in direct sunlight at veraison. Nitrate-N of Chardonnay petioles collected at bloom
was not significantly affected by either time of day or leaf location (Table 4) while that of
Cabermnet Sauvignon was only affected by leaf location (Table 3).

Petioles were collected from Perlette and Flame Seedless grown in the Coachella
Valley at bloom, veraison and harvest in 2002. Petioles were sampled on a diurnal basis
for both cultivars at bloom. At bloom a composite of leaves exposed to direct sunlight
and growing in the shade were used, they were not separated into sun and shade petioles.
Petioles of both cultivars more than doubled their dry weight between bloom and
veraison and gained another 17% between veraison and harvest (Table 6). Time of day
significantly affected petiole nitrate-N of Perlette and nitrate-N and K of Flame Seedless
at bloom (Table 7). Petiole nitrate-N was greatest at the 4 pm sampling time for both
cultivars while K was greatest at midday for Flame Seedless.

During the Spring of 2002, clusters were counted on vines that were part of the
fertilizer treatments imposed in the Thompson Seedless, Chardonnay and Cabemnet
Sauvignon vineyards prior to bloom 1n 2001. Cluster numbers of Thompson Seedless
grapevines receiving etther 50 or 100 lbs N per acre were significantly greater than vines
receiving no applied N (Table 8). Petiole nitrate-N for the non-fertilized vines was less
than 65 ppm while those of the fertilized vines was greater than 2400 ppm. The fertilizer
treatments imposed in 2001 in the Cabemet vineyard had no effects on return fruitfulness
in 2002 (Table 9). The un-imgated vines in the Chardonnay vineyard had the lowest
number of clusters, probably due to a lack of adequate water during the 2001 growing
season.

Several generalizations can be drawn regarding what may influence the nutrient
values of petioles. 1.) The type of leaf chosen to sample, whether it 1s in the sun, shade
or opposite the cluster, will influence the values of nitrate-N and K. Sunlit leaves at
bloom generally had higher values of petiole nitrate-N than either shaded leaves or leaves
oppostte the cluster. At veraison and prior to harvest, shaded leaves had greater values of
petiole nitrate-N and K than sunlit leaves. 2.) Irrigation amount (when comparisons
between the [irigated and Non-imgated treatments were made) had an effect on petiole
mitrate-N and K late in the growing season. The irrigated treatment generally had lower
values of nitrate-N and K when compared to the non-irrigated treatment. [t is unknown at
this time whether the water status of the vine is responsible for this effect. 3.) The three
cultivars (Chardonnay, Cabernet Sauvignon and Thompson Seedless) used in this study
(starting 1n 2001) generally responded to the treatments and sampling differences
similarly. 4.) Values of bloom petiole nitrate-N below 100 ppm in 2001 were associated
with fewer cluster numbers in 2002. The number of clusters on vines with petiole nitrate-
N values above 100 ppm was not different from the fertilized vines.



A recent study was conducted in California by the author to determine if rootstock had
an effect on the fertilizer use efficiency of Chardonnay and Cabernet Sauvignon scions.
In that study, bloom-time petiole nitrate values were correlated with the N in the fruit at
harvest, leaves at the end of the season (as they fell from the vine) and canes when the
vines were pruned. The results indicated that the concentration of N generally increases
m the fruit, leaves and canes as petiole nitrate-N increased from a low of 50 ppm to
approximately 200 ppm. As the nitrate-N values at bloom in the petioles increased from
200 ppm to 10,000 ppm there was no further increase in the percent total N in the fruit,
leaves or canes. These results indicate that a critical value of approximately 200-ppm
(dry wt. basis) in the petioles at bloom may be sufficient under most vineyard conditions.
The 200-ppm nitrate-N value, found in this study, may explain why the low values of
nitrate-N in some cultivars and/or cultivar-rootstock combinations don’t express
deficiency symptoms at the “less than adequate” values originally established for
Thompson Seedless. Therefore, establishing new critical values of nitrate-N for each
cultivar and/or rootstock used may not be necessary. In support of these findings, a study
by Spavd et al. (1993) found that yield of White Riesling increased almost five-fold when
petiole nitrate-N values increased from 7 to approximately 200 ppm and then leveled off
after that.

Determination of N fertilizer amounts

Once the decision has been made to fertilize the vineyard, the appropriate amount of
fertilizer should be applied. Mineral nutrient budgets (i.e. the amount of nutrients the
vine needs for proper growth and development) have been established in various studies
around the world. It was determined that Thompson Seedless grapevines needed
approximately 39 kg N ha™ for the leaves, 11 kg N ha™ for the stems (main axis of the
shoot) and 34 kg N ha™ for the fruit (Williams, 1987). The vineyard density was 1120
vines per hectare and the trellis system was a 0.45 m crossarm. It was also determined
that the leaves contained greater than 22 kg N ha! after they fell from the vine and the
canes at pruning contained approximately 17 kg N ha™. These values are comparable to
other studies using Thompson Seedless. The total N (found in the fruit at harvest, leaves
as they fell from the vine and prunings) in wine grape vineyards using a VSP trellis
system varied from 24 to 65 kg N ha™ over a three year period (L.E. Williams,
unpublished data). The differences in N per hectare were primarily due to row spacing
and final yield. The greatest N amounts were associated with closer row spacings and
higher yields. The above results indicate that there is considerable N in both the leaves
and canes of a vine and that when they are incorporated into the soil would contribute to
the soil’s organic matter and the availability of N.

The amount of K needed for growth of grapevines also has been determined. In the
same vineyard used above to develop a N budget for Thompson Seedless grapevines, a K
budget was developed (Williams et al., 1987). Leaves, stems and fruit needed
approximately 13, 29 and 50 kg K ha™', respectively, during the growing season. The
amount of K in the leaves and canes at the end of the season were equivalent to 9 and 12
kg K ha"'. The amount of K found in the fruit at harvest, leaves as they fell from the vine
and canes at pruning for two wine grape cultivars, on different rootstocks and at different



locations ranged from 25 to 67 kg K ha™ over a three year period (L.E. Williams,
unpublished data). Differences among K per hectare were due to same factors as
discussed in the preceding paragraph for N in that study.

The above information in this section illustrates that there can be significant variation
in the requirements of N and K per vineyard. This is due to differences in row spacings,
trellis types, yield and overall growth of individual vines. Much of the N and K in the
leaves and canes are returned to the soil for possible future use. Therefore, a better way
in determining the fertilizer demands of a vineyard would be to calculate the amount of
that nutnent removed in the fruit at harvest. Based upon several different studies it was
determined that the average amount of N, P, K, Ca and Mg in one tonne of grapes at
harvest was approximately 1.5, 0.3, 2.5, 0.5 and 0.1 kg, respectively (Mullins et al.,
1992). In a recent study with Chardonnay and Cabemet Sauvignon on different
rootstocks in California the amount of N in one tonne of grapes ranged from 0.98 to 1.58
kg while that for K ranged from 1.8 to 2.9 kg (L.E. Williams, unpublished data). Thus, if
20 tonnes of grapes were harvested per hectare, the average amount of N and K removed
would be equivalent to 30 and 50 kg ha™', respectively. This would be the base amount of
these two nutrients that one would want to replace with fertilizers.

The next requirement for determining the amount of fertilizer one needs is to
estimate the efficiency with which the fertilizer is acquired by the vine. The author has
conducted several N fertilizer use efficiency (FUE) tmals in the San Joaquin Valley and in
the coastal areas of California. These studies utilized fertilizers labeled with a non-
radioactive isotope of N ('°N). As expected, FUE in a Thompson Seedless vinevard was
more efficient under drip irmigation than furrow (surtace) imgation. The FUE (defined as
the amount of '°N found in the vine divided by the '*N applied) was greater than 40% for
the drip treatment compared to approximately 12% for the furrow urigated treatment
(Williams, 1991). The FUE for the drip treatment was similar regardless whether the
vines were fertilized with a single application (28 kg N per ha) at berry set or whether the
vines were given 5.6 kg N per ha every two weeks for a 10 week period. The FUE
increased to greater than S0% when the treated vines were harvested the following year,
indicating that the N fertilizer was present in the soil profile the second year after
application. The above results could have been due to the fact that the vineyard had a
clay pan at a depth of 1.5 m below the surface of the soil. Therefore, the N fertilizer was
not leached below the root zone after the winter rainfall.

The second nitrogen FUE study was conducted to determine the effect of rootstock on
N uptake by Chardonnay and Cabernet Sauvignon grapevines grown in the Napa and
Salinas Valleys and at a vineyard in Paso Robles, along the central coast of California.
The vines were drip irigated at 100% of estimated vineyard ET (ET.) and the labeled
fertilizer was applied at berry set. Under the conditions of the study, rootstock had little
etfect on FUE at any of the four vineyard sites. As with my irmigation studies in these
vineyards, the use of a VSP trellis system could have minimized any effect rootstock had
on the vegetative growth of the vines. Therefore, the growth of all scions on the different
rootstocks was similar as the vines were hedged to maintain shape. FUE varied
considerably from one location to another. The greatest FUE (approximately 15%) was



obtained in the vineyard with the lowest bloom-time petiole nitrate-N values. The low
FUE in this study, compared with that of Thompson Seedless in the San Joaquin Valley,
may Indicate the inherent fertility of the soils at these vineyard sites. Other studies have
shown that soil type will affect the nitrogen FUE within a vineyard. It was found that the
FUE of a N fertilizer was greater on a sandy soil (Conradie, 1986). The study by
Conradie (1986), in addition to a study conducted by my graduate student at the
University of California-Davis (Alberto [andolino) in 1999 also proved that the timing of
application affects FUE. Lastly, it should be pointed out that the FUE of vines irmgated
at 50% of full ET was double that of vines irmigated at 100% of ET, (L.E. Williams,
unpublished data).

Using the information from the preceding paragraphs one would calculate the amount
of N removed from the vineyard in the harvested grapes and then divide that number by
the N FUE to obtain the amount of fertilizer to apply. Therefore, if one removed 30 kg of
N per ha 1n the fruit and the FUE was 50% (or 0.5) then one would need to apply 60 kg N
per ha. The same type of calcuiation would be used to detzrmine fertilizer amounts for
the other macronutrients such as potassium and magnesiur. From a practical standpoint.
the author is of the opinion that in a non-deficient vineyard (i.e. tissue analysis does not
indicate a deficiency) the actual amount of N or K applied should only be the amount of
that nutrient removed in the fruit without taking into consideration FUE. This is due to
the uncertainty in obtaining reliable estimates of FUE for different mineral nutrients. As
mentioned in my studies using °N, FUE can vary due to numerous factors including
several different vineyard management techniques and sotl tvpe.

Kinds of fertilizers

The choice of N fertilizers for raisin vineyards in California can be based mostly upon
cost (Christensen and Peacock, 2000). The same may apply for table grape and wine
grape growers. The nitrate form of N allows the fertilizer to be available to the vines
shortly after an application while the ammonium and urea forms require their
transformation to nitrate in the soil profile. The liquid forms of N fertilizers are gaining
in popularity due to their ease of handling and application via drip irmigation (fertigation).
Manv raisin and table grape growers will use farm manure as a source of N, with its
application occurring during the dormant portion of the growing season. Lastly, the
acidification potential of N fertilizers should be considered in a management program
particularly in acid soils. This characteristic of N fertilizers has been outlined recently
(Christensen and Peacock, 2000).

[t has been concluded that one form of K fertilizer offers no advantage over the other
forms (Christensen and Peacock, 2000). Thus cost may play a major role in determining
which kind to use in California and whether is to be used in a fertigation program. For
vineyards with Mg deficiencies the choice of a fertilizer would probably be magnesium
sulfate. The two micronutrients mostly commonly needed in California vineyards are
zinc and boron. Foliar and soil applications of the two fertilizers have been used in
California (Christensen et al., 1982). Soil applications of Zn are more effective under



drip than furrow irrigation. Research has shown that neutral- or basic-Zn products are the
most effective Zn fertilizers (Christensen and Peacock, 2000).

Timing of fertilization events

Nitrogen and potassium are required by the grapevine throughout its growth cycle.
The major sink (the organ that requires the most of a particular mineral nutrient) for N is
that of the leaves while the fruit is the major sink for K (Williams, 1987; Williams et al.,
1987; Williams and Biscay, 1991). Approximately, two-thirds of the vine’s annual
requirement for N occurs between budbreak and several weeks after berry set. This 1s the
period when the canopy is formed by the vine. The remaing third of the vine’s annual
requirement of N goes to the fruit after berry set. It should be pointed out that a portion
of the N requirements of a grapevine could be derived from N reserves in the roots and
other permanent structures of the vine. Anywhere from 15 to 25% of the N n the
currents season’s above ground growth may come from those reserves (Williams, 1991).
The timing of the application of a N fertilizer should correspond to the demands of the
vine. Using fertigation, one could apply the approximate amount of N needed by the vine
on a weekly or bi-weekly schedule. I am of the opinion 1f one does not have drip
irrigation, one-half the total N fertilizer, to be use for the season, could be applied four
weeks after budbreak and the other half applied shortly after berry set. It is not
recommended that an N fertilizer be applied at bloom since it may decrease the number
of flowers that set. A few table grape growers want high values of petiole nitrate-N at
bloom as they contend a high vine nitrogen status at that time assists in thinning the grape
clusters (i.e. decreases berry set). The author does not recommend a N fertilizer
application post-harvest, which is contrary to what others may recommend (Christensen
and Peacock, 2000). This is due to the fact that only a small amount of N is actually
taken up by the vine subsequent to harvest. Thus, the N that remains in the soil from
such an application could be leached during the dormant portion of the growing season.

The uptake of K by the vine 1s a linear function of vine water use throughout the
course of the growing season (L.E. Williams, unpublished data). This is due to the linear
relationship between vine water use and the production of vine biomass during that time
frame. It also indicates that the K within the vine is derived mostly from sources in the
soil and very little remobilization of K from the permanent structures of the vine. This is
unlike N where some of the current season’s demand for N may be obtained from N
reserves in the roots and trunk of the vine. These results would indicate that the timing of
an application of a K fertilizer could occur at anytime throughout the growing season,
especially if one used fertigation and applied a K fertilizer every vear. However, it is
recommended that vineyards deficient in K should receive a slug application of a K
fertilizer during fall or winter such that precipitation can move the fertilizer into the root
zone (Christensen and Peacock, 2000).

Both Zn and B deficiencies affect yields by reducing berry set and the formation of
berries that fail to develop. A foliar application of a Zn fertilizer before or at anthesis
(bloem) can be used. The application could coincide with a “stretch” or “bloom”
application of GAj; in seedless table grape vineyards where it may be used. A B fertilizer



can be applied via a soil broadcast, soil spray, or foliar application or in the drip system.
The B fertilizer can be applied at any time.

The use of phosphorus (P), iron (Fe), manganese (Mn) and calcium (Ca) fertilizers and
the appropriate time of their application have received little attention in California due to
the low acreage where such deficiencies may occur. In many instances, only a small
portion of the vineyard may express deficiency symptoms for such mineral nutrients as
Fe and Mn. In those cases, a spot application of the fertilizer is sufficient. The expansion
of new vineyards in the foothills of the Sierra Nevada Mountains and Pacific coast
mountain ranges has occurred in areas with low soil pH. This has required the
application of P fertilizers to those vineyards.

In addition of the application of the above-mentioned fertilizers, many table grape
growers in California apply various foliar applications in order to enhance berry quality.
Those foliar applications may contain urea, P, K, Ca, Fe, B. Mn and possibly organic
material. These toliar fertilizers will be applied in conjunction with fungicides andsor
GA; applications. There has been no research to date in California on the effectiveness
of these products.

Effects of vineyard fertilization on vegetative and reproductive growth

[t is desirable to apply fertilizers in order to correct mineral nutrient deficiencies in the
vineyard. The application of a N fertilizer in a defictent situation will increase vine
growth and productivity. For wine grape vineyards the addition of a N fertilizer may
minimize “stuck” or “sluggish” fermentations at the winery. However, many studies in
California have demonstrated that the application of a N fertilizer in a non-deficient
situation will have no effect on growth or productivity. In addition, the application of too
much N may stimulate vegetative growth resulting in the shading of buds, reducing
fruitfulness and lowering yields. For wine grapes, juice and/or wine pH may be a
function of the K concentration. The application of too much K fertilizer may therefore
decrease wine quality. The above comments would indicate the importance of being able
to assess vine nutrient status prior to the application of any vineyard fertilizer.
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Table 1. The effects of cultivar and year on petiole nitrate-N when sampled at bloom. The petioles were
sampled from opposite a cluster when the individual cultivar was at approximately 70% bloom. The values
are expressed on a dry weight basis. Data was not collected for Thompson Sesdless in 1993.

Year
Cultivar 1990 1991 1992 1993
(nitrate N; ppm)
Flame Seedless 74 274 187 926
Perlette 66 215 49 703
Ruby Seedless 132 949 1088 1029
Thompson Seedless 316 1244 787

Table 2. The effects of time of day and location of leaves on nitrate-N of Thompson Seedless petioles
sampled at bloom in 2001. Vines had been fertilized with 100 lbs of N per acre (112 kg N/ha) prior to
bloom. Nitrate-N is expressed in ppm (dry weight basis). There was no sigrnuicant interaction between
time of day and location. Leaf blades were exposed o direct sunligh: - sun), staded (shade) or located
opposite a cluster at the time of sample.

--------------- Location of Leaves ---==-==---=--- Ave. Effect of
Time of Day Sun Shade Oppostte Cluster Time of Day
0800 h 3746 3338 3313 3506
1200 h 4008 3103 3362 3301
1600 h 4341 3371 3816 3910
Ave. Eff. Loc. 4065 3344 3307
LSDypos Time of Day = 243 Location = 234

Table 3. The effects of time of day and petiole location of leaves on nitrate-N of Thompson Seedless
petioles sampled at veraison in 2001. Vines had been fertilized with 100 Ibs of N per acre (112 kg N/ha)
prior to bloom. Nitrate-N is expressed in ppm (dry weight basis). There was no significant interaction
between time of day and location. Leaf blades were exposed to direct sunlight (sun), shaded (shade) or
located opposite a cluster at the time of sample.

-------------- Location of Leaves -=--==--acassuu Ave. Effect of
Time of Day Sun Shade Time of Day
0800 h 638 1568 1103
1200 h 980 1206 1093
1600 h 865 1444 1154
Ave. Eff. Loc. 327 1406
LSDo.05 Time of Day =ns Location = 168
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Table 4. The effects of time of day and petiole location of leaves on nitrate-N of Chardonnay petioles
sampled at bloom in 2001. Vines had been fertilized with 80 Ibs of N per acre (90 kg N/ha) prior to bloom.
Nimate-N is expressed in ppm (dry weight basis). There was no significant interaction between time of day
and location. Leaf blades were exposed to direct sunlight (sun), shaded (shade) or located opposite a
cluster at the time of sample.

Location of Leaves Ave. Effect of
Time of Day Sun Shade Opposite Cluster Time of Day
0800 h 1847 2411 1933 2064
1200 h 2121 2395 1893 2136
1600 h 1970 2348 2135 2151
Ave. Eff. Loc. 1979 2384 1983
LSDy s Time of Day = ns Location = ns

Table 5. The etfects of time of day and petiole location of leaves on nirate-N of Cabermnet Sauvignon
petioles sampled at bloom 1n 2001. The vinevard was located near Oakville in Napa Valley. The vines had
not been fernlized but they had been umngated prior to bloom. Nitrate-N is expressed in ppm (dry weight
basis). There was no significant interaction between time of day and location. Leaf blades were exposed to
direct sunlight (sun), shaded (shade) or located opposite a cluster at the time of sample.

Location of Leaves Ave. Effect of
Time of Dav Sun Shade Opposite Cluster Time of Day
0800 h 371 429 184 328
1200 h 358 392 194 315
1600 h 312 435 235 327
Ave. Eff. Loc. 347 419 204

LSDg s Time of Day = ns Location =173




Table 6. Dry weight of petioles sampled at bloom, veraison and harvest of Perlette and Flame Seedless
grapevines grown in the Coachella Valley. Samples were collected during the 2002-growing season.
Samples collected at bloom were a composite (50/50) of leaves exposed to direct sunlight and leaves in the
shade. Petioles at bloom also were collected at three times during the day {0800, 1200 and 1600 hours).

------- Bloom (3/21) ------- Veraison (5/6) Harvest (6/16)
Cultivar ~ Replicate 0800 h 1200 h 1600 h Sun Shade Sun Shade
(g 757 petioles)

Perlette [ 9.0 3.1 7.7 16.5 18.0 19.5 19.1
I 8.3 3.9 7.2 19.8 18.3 20.5 22.6

[1I 8.0 7.7 7.7 18.6 16.8 232 223

v 7.7 7.7 6.9 19.5 17.0 241 20.6

Flame I 3.4 7.5 7.1 15.6 16.4 15.4 17.6
I 8.0 7.5 7.8 14.7 13.5 w7 18.2

11 8.0 75 7.2 15.0 14.7 17.7 17.0

v 8.0 7.7 7.8 15.5 13.0 17.6 17.3

Table 7. The effect of time of day on nmitrate-N of Perlette and nitrate-IN and K of Flame Szedless petioles
sampled at bloom, March 21 2002, in the Coachella Vallev. Values of nitrate-N are expressed in ppm (dry
weight basis) and K in percent (dry weight basis). Means in a column followed by a different letter are
significantly different at P < 0.05.

Perlette e Flame Seedless --=--==-----—-
Tiume of Day Nitrate-N Nimrate-N K
0800 h 890 b 825 b 251 b
1200 h 985 ab 968 ab 274 a
1600 h 1083 a 1025 a 2.65 ab
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Table 8. Bloom petiole nitrate-N and total N from 2001 and shoot and cluster number per four vines of
Thompson Seedless in 2002. Treatments included vines that in 2001 received no applied water before
bloom nor were fertilized, vines that had been irigated prior to bloom but were not fertilized and vines that
were irrigated prior to bloom and were fertilized with either 50 or 100 Ibs of N per acre (56 or 112 kg N/ha,
respectively) before bloom. Means within a column followed by a different letter are significantly different

at £ <0.05.

Treatment in Bloom 2001 Bloom 2001 Shoot # Cluster #
2001 Nitrate-N Total N 2002 2002
(ppm dry wt.) (% dry wt.) (# 47 vines) # 47 vines)
No Irr./No N 64 0.72 365 139 b
Irrigated/No N 42 0.70 333 137 b
[rrigated/50 lbs 24350 1.33 359 200 a
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[rrigated/100 lbs

Table 9. Bloom petiole nitrate-N and total N from 2001 and cluster number per six vines of Chardonnay
(grown in Cameros) and Cabermnet Sauvignon (grown near Oakville in Napa Valley). Treatments included
vines that were not irrigated prior to bloom, vines irrigated prior to bloom in 2001 and vines irrigated prior
to bloom and fertilized with either no or 80 lbs of N per acre (90 kg N/ha), prior to bloom. Petioles for the
40 |bs N per acre treatment at Oakville had not been analyzed as of the date this report was written.

Treatment in Bloom 2001 Bloom 2001 Cluster #
2001 Nitrate-N Total N 2002
(ppm dry wt.) (% dry wt.) (# 6 vines)
Chardonnav
No Ir./No N 262 0.94 123
Irrigated/No N 152 1.02 171
Irrigated/80 lbs 1979 1.32 151

Cabernet Sauvignon

No Irr./No N 145 0.73 144
Irrigated/No N 299 0.76 142
[rrigated/40 Ibs -- -- 148
[rrigated/80 lbs 3215 1.30 144
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Interaction of Irrigation Amounts and Canopy Management Practices on Wine Grape
Yield and Wine Quality in the San Joaquin Valley.

Dr. Larry E. Williams, Professor
Department of Viticulture and Enology, UC-Davis
Kearney Agricultural Center
9240 S. Riverbend Avenue
Parlier, CA 93648
Voice: 559-646-6558
FAX: 559-646-6393
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Summary:

A study is being conducted at three different sites (Napa Valley, Livermore Valley
and the San Joaquin Valley) to determine the interaction of irrigation amount and several
canopy management practices on leaf, stem and cluster water relations, berry
characteristics and productivity. The irrigation amounts are various fractions of
estimated vineyard evapotranspiration (ET.), the specific amounts were agreed upon by
each grower/cooperator. The canopy management practices included the use of different
trellis systems, vine and row spacings, row direction, cluster exposure and leaf removal.
This report will include only data collected in Madera County.

The study site in Madera was conducted in a bilateral cordon trained Merlot vineyard.
Water was applied at 0.4, 0.8 and 1.2 estimated vineyard water use. Canopy management
practices included leaf removal in the fruiting zone either at berryv set or veraison (leaves
in the control treatment were not removed). Vine water status, as measured by midday
leaf water potential, was significantly affected by irrigation amount but not canopy
management practice. The amount of light measured in the fruiting zone was affected by
both irrigation and canopy practices. Irrigation amount and leaf removal had a significant
etfect on berry weight, soluble solids, pH, titratable acidity and yield. Canopy
management only affected soluble solids and yield. Both irrigation and canopy
management had a significant effect on anthocyanin content in the skins. Wines were
made on five of the nine treatments and are being evaluated.

Objectives:

Determine the interaction of urigation amounts and several canopy management
practices on grapevine water relations, fruit and wine composition and vine productivity
of wine grapes grown in the North Coast, Central Coast and San Joaquin Valley of
California.

Materials and Methods:

The vineyard site was located in Madera County. The cultivar used was Merlot on
its own roots and the trellis was a cordon wire at a height of 42 inches and a foliage catch



wire 12 inches above that. Vine and row spacings were 7 and 12 feet, respectively. The
vineyard rows were east/west and the vines were drip irrigated. The irrigation treatments
were fractions (0.4, 0.8 and 1.2) of estimated full ET. The seasonal crop coefficients
used were those calculated using the percent shaded area technique. The canopy
management treatments included leaf removal in the fruiting zone either at berry set or
veraison. The control was no leaf removal. Photon flux density (PFD) was measured just
above the fruiting zone with a ceptometer.

Vine water status was determined by taking measurements of midday leaf water
potential and cluster water potential using a pressure chamber on severa) dates during the
growing season. In addition, diurnal measurements of leaf and cluster water potential
were made several times during the season. Canopies were characterized by measuring
shaded area beneath the vine at solar noon several times during the 2002-growing season.
Pruning weights were measured during dormancy. Cluster (or berry) and canopy
temperatures were measured with an infrared thermometer. Lastly, evaporative demand
within the fruiting zone was measured with a relative humidity and temperature probe
and read manually.

Berries were sampled at harvest and weighed. They were analyzed for soluble solids,
titratable acidity, pH. Anthocyanins and phenols were measured using the procedures of
Matthews and Anderson (1988). Berry characteristics were expressed on a skin surface
area, per berry and per gram fresh weight basis. Small wine lots were made of five
treatments (the 0.4 imigation treatment with no defoliation, the 0.4 irrigation treatment
defoliated at berry set and all defoliation treatments (control, defoliated at berry and
defoliated at veraison) for the 0.8 irrigation treatment. Wine analysis and sensory
evaluation were conducted on the wines.

The experimental design was a split plot factorial using completely randomized
blocks. The main plot was irrigation amounts and they were split for leaf removal either
at berry set or veraison or no leaf removal. The irmigation treatments were applied
randomly across rows with a border row between treatments. Each individual plot
consisted of 9 data vines (with one vine within the row serving as a border between
treatments). The main plot was replicated five times across rows. Data were analyzed
with SAS® Version 8 using ANOVA, ANCOVA and Duncan’s multiple range test for
comparisons of the means. Regression analyses were performed using CoHort Version 6

statistical software.

Results and Discussion:

The canopy management treatment imposed in the Merlot vineyard during the 2001-
growing season was to throw canes on the north side of the row over the top of the vine.
Since the shaded area (effective leaf area) of the canopy management treatments were
less than the controls, applied water was greater than actually needed. Midday leaf water
potential of vines with thrown canes was always less negative than the controls at a
particular irrigation amount in 2001. In 2002, vines in the research plot were not
irrigated until midday leaf water potential approached —1.0 MPa (-10 bars). By the time
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berry set occurred (time to impose the first canopy management treatment) theAshoots on
these data vines were still upright and could not be thrown. This is illustrated in Table 1
where the shaded area (which is reflective of canopy size) of vines in the rest of the
vineyard, which had been irrigated early on, was greater than the shgded area of the
experimental plot. Therefore, in 2002 the canopy management practice was to remove
leaves in the fruiting zone instead of throwing the canes. Leaf removal provided a better
means of maintaining canopy size (Table 1, as measured by shaded area) while not
affecting vine water status as a function of applied water amount (Table 2).

I eaf removal in the fruiting zone increased PFD in the fruiting zone for all imgation
treatments (Table 3). Measurements made on August 9 demonstrated that PFD in the
fruiting zone of the 0.4 irrigation treatment, without leaf removal was similar to the 0.8
and 1.2 irrigation treatments with leaf removal. There was an increase in PFD between
June 25 and August 9 for the three irrigation treatments without leaf removal. This was
probably due to the fact that most shoots were still upright in June, while they had fallen
by August 9. Photon flux density within the fruiting zone remained fairly constant
between 1100 and 1400 hours (Table 4). The temperature of exposed fruit was always
creater than clusters in the shade although irrigation amount did mitigate cluster
temperature somewhat (Table 5). As was demonstrated in 2001, cluster water potential
was more negative for vines receiving less water and when clusters were exposed to
direct sunlight versus those in the shade (Table 6).

Vines at the Madera site were only irrigated once a week at a time when the cost of
electricity was reduced. Therefore, the 1rrigation event took place on the weekend.
Biweekly measurements of leaf water potential generally took place on Thursday or
Friday. Midday leaf water potential for the three irrigation treatments generally declined
throughout the season (Figure 1). The increased values of leaf water potential, on day of
vear 190, were due to the fact that the measurements were made on the Monday
following an 1rrigation event. Leaf water potential of the 0.4 1rrigation treatment still was
significantly different from the other two on that date. The data in Figure 1 also shows
that leaf water potential of vines 1rrigated early in the growing season were higher than
those of vines in the experimental section of the vineyard that had not received water.

[rigation treatments in the Merlot vineyard significantly affected berry weight,
soluble solids, pH, titratable acidity and yield (Table 7). The canopy management
treatments only affected soluble solids and yield. Leafremoval in the fruiting zone
reduced yields an average of approximately 9% compared to the controls. Yield of the
0.4 and 0.8 irmgation treatments were 66 and 88% that of the 1.2 irrigation treatment.
Based upon a vine and row spacing of 7 and 12 feet, respectively, (519 vines per acre) the
mean yleld of the experimental plot was 10.8 tons per acre, compared to 8 tons per acre
m 2001. The highest and lowest yields of the treatments in 2002 were equivalent to 13.5
and 8.0 tons per acre, respectively.

Both irrigation amount and leaf removal had a significant effect on anthocyanins
measured in the berries’ skins (Table 8). This was regardless whether anthocyanins were
expressed on a per skin area basis, per berry basis or per mg fresh berry weight basis.



There was a significant interaction of irrigation amount and canopy management on the
phenolic content per berry (Table 9). Small lot wines were made from the fruit of all
canopy management treatments irrigated at 0.8 of estimated ET. and for the control and
berry set defoliation treatments of the 0.4 irrigation treatment. The soluble solids at
harvest of these five treatments averaged 25.3 °Brix (Table 10). Wines wzre bottled in
the Spring 0f 2003 and analyzed for phenols, tannins and anthocyanins (Table 11). In
general, values of the above three mentioned components were greater for the 0.4
irrigation treatment compared to those of the 0.8 irrigation treatment. Leaf removal,
whether at berry set or veraison increased the values of phenols, tannins and anthocyanins
when compared to the non-defoliated treatment.

There was a significant effect of irrigation treatment and canopy management
treatment on pruning weights (Table 12). There were no significant interactions.
[rrigating at 0.4 of estimated ET, significantly reduced vegetative growth compared to the
other two irrigation treatments. Leaf defoliation at berry set significantly reduced
pruning weights compared to no defoliation or defoliation at veraison.

Conclusions

Once this study is completed (it will be conducted for another two years) we should
have a better understanding of the effects of canopy management practices on cluster
water status and whether this might contribute to the perceived effects of light on fruit
quality in the field. Data collected in the Merlot vineyard in Madera County indicates
that leaf removal, with greater cluster exposure to sunlight, proved beneficial. This was
evident for both anthocyanin and phenolic analyses of the fruit and the wine and tannin

analysis of the wine.

The data also indicate that a higher priority should be given to irrigation management
for vineyards in both hot and cool climates of California. Proper irrigation scheduling
with the appropriate water amounts may result in a canopy where little or no canopy
management practices are necessary.
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Table 1. The percent shaded area per vine for the various urrigation and canopy
management treatments during the 2002-growing season for the Merlot vineyard in
Madera County. The values in the Simpson Vineyard column were measurements made
on vines irrigated prior to the vines in the experimental portion of the vineyard. Shaded
area was determined using a grid placed on the ground beneath the vine’s canopy and a
photograph was taken with a digital camera. The images were then digitized with a
software package. Vine and row spacings in the vineyard were 7 x 12 feet (2.13 x 3.66 m
= 7.8 m’ per vine), respectively.

————————————————————————————————— % shaded area -------~---=—m -

Calendar Simpson 1.2 0.8 0.8 0.4 0.4
Date Vineyard  Control Control  Defoliated'  Control  Defoliated'

May 3 11.8 10.9

May 9 11.8

May 17 19.2

May 24 25.7 21.9

June 6 47.8 38.0

June 21 38.0 413 37.2 30.0

June 25 39.4 355 33.6 30.1
August 22 42.8* 40.0 39.2 33.1 35.8

(38.5)° (36.0)

o)
" The values in these columns are for vines in the 0.8 and 0.4 irrigation treatments
defoliated at berry set.
* The percent shaded area for the 1.2 irrigation treatment, defoliated at berry set, was 40.2
on August 22.
* These values are for the 0.8 and 0.4 irrigation treatments defoliated at veraison and
measured on August 22.
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Table 2. Midday leaf water potential (1 MPa = 10 bars) of Merlot grapevines as a
function of date, irngation treatment and canopy management. Irrigation treatments were
applied water amounts at 0.4, 0.8 and 1.2 of estimated ET,. Canopy management
treatments consisted of leaf removal in the fruiting zone either at berry set (set) or
veraison (Vver).

-------- Irrigation Treatment -------- Ave. Effect
Date Canopy Man. 0.4 0.8 1.2 Can. Man.
—mmemmeee - MPa --mmmmmmm e e
July 5 Control -1.19 -1.03 -0.83 -1.02
Defoliated: set -1.18 -1.01 -0.84 -1.01
Ave. Effect Irr -1.18 -1.02 -0.83

LSDg 05 Irr. =0.02 CM =ns Interaction =ns

July 8 Control -1.03 -0.79 -0.72 -0.84
Defoliated: set -1.00 -0.83 -0.70 -0.84
Ave. Effect It -1.01 -0.81 -0.71

LSDgos Irr. = 0.04 CM =ns Interaction = ns

July 25 Control -1.38 -1.16 -0.89 -1.14
Defoliated: set -1.34 -1.16 -0.83 -1.11
Ave. Effect Irr -1.36 -1.16 -0.86

LSDgos Irr. = 0.04 CM =ns Interaction = ns

August 9 Control -1.41 -1.23 -0.98 -1.20
Defoliated: set -1.28 -1.16 -0.89 -1.11
Defoliated: ver -1.26 -1.16 -0.91 -1.11
Ave. Effect Iir -1.32 -1.17 -0.92

LSDo.0s Irr. = 0.03 CM =0.03 Interaction =ns

August 22 Control -1.34 -1.14 -0.84 -1.11
Defoliated: set -1.38 -1.09 -0.83 -1.10
Defoliated: ver -1.35 -1.12 -0.82 -1.10
Ave. Effect Irr -1.36 -1.12 -0.83

LSDg.0s Irr. =0.02 CM =ns Interaction = ns




Table 3. The effects of date, irrigation treatment and canopy management on photon flux

density (PFD) in the fruiting zone of Merlot grapevines grown in Madera County in
2002. Each value is the mean of 30 individual measurements. Ambient PFD was 1864

and 1768 pmol m™? s on June 25 and August 9, respectively. The control vines were not
defoliated. Vines were defoliated at berry set (set) or veraison (Ver).

----------- Irrigation Treatment ---------- Ave. Effect
Date Can. Man 0.4 0.8 1.2 Can. Man.
————————— Photon Flux Density (umol S [ —
June 25 Control 151 76 59 96
Defoliated:set 437 500 317 418
Ave. Effect It 294 280 196
LSDpes ILr.=' CM=' Interaction = 80
August 9 Control 375 192 99 222
Defoliated: set 509 460 348 439
Defoliated: ver 477 445 464 462
Ave. Effect Irr. 454 366 304
LSDgos Im.=' CM='Interaction =96

T . . ; - -
LSDs not listed due to significant interaction.

Table 4. The effect of time of day and 1rrigation treatment on photon flux density (PFD)
measured in the fruiting zone of Merlot grapevines grown in Madera County on July 8
2002. All irmigation treatments had been defoliated in the fruiting zone at berry set. No
statistical analysis was conducted on the data.

-------- - Imgation Treatment --------==-===--m--=-----

Time of Day (h) 0.4 0.8 1.2
————————————————————————— PFD (umol m™? ™) ~omemmmmeeemeee ---

1100 429 547 578

1200 505 345 520

1300 601 511 453

1400 456 374 403




Table 5. The effects of irrigation treatment and exposure (sunlit vs. shaded) on cluster
temperature measured on Merlot grown in Madera County. Measurements were taken on
July 8 2002. Irrigation treatments were 0.4, 0.8 and 1.2 of estimated vineyard ET..
Temperature was measured with a hand-held infrared thermometer. Ambient temperature
at the time of measurement was 34.5 °C (94.1 °F) (30,37 and 40 °C = 86, 98.6 and 104
°F, respectively). Each value is the mean of 14 individual repiicates.

Timeof e [rmgation Treatment ---------- Ave Effect
Day (h) Exposure 0.4 0.8 1.2 Exposure
o)
1500 Sunlit 39.7 8.8 38.1 38.8
Shaded 32.8 31.3 51.1 31.7
Ave. Effect Irrigation 36.3 35.1 34.6

LSDoys Irr.=0.71 Exposure =0.53 Interaction = ns!

" not significant

Table 6. The effect of irrigation amount and exposure (sunlit vs. shaded) on cluster water
potential of Merlot grapevines grown in the San Joaquin Valley measured on July 5 2002.
Each value is the mean of 5 individual cluster replicates.

Irrigation Treatment Sunlit Cluster Shaded Cluster Ave. Effect [rrigation
-—-- (MPa)----
1.2 -0.96 -0.79 -0.88
0.8 -1.06 -0.90 -0.98
0.4 -1.30 -1.19 -1.25
Ave. Effect Exposure -1.11 -0.96
LSDgos [rrigation = l Exposure = " Interaction = 0.033

' Not applicable as there was a significant interaction between irrigation treatment and
exposure level.



Table 7. Characteristics of berries sampled August 21, 2002, in a Merlot vineyard in
Madera County. Vines were irrigated at three fractions; 0.4, 0.8 and 1.2 of estimated
ET.. Canopy management practices included leaf removal in the fruiting zone either at
berry set or veraison. The control consisted of no leaf removal. Yield data collected on

September 10" is also included. ns = not significant.

Canopy Irrigation Amount Ave. Effect
Management 0.4 0.8 1.2 Can. Man.
Berry weight (g 1507 berries)

Control 182 224 229 212
Berry Set 177 217 227 207
Veraison 181 221 236 213

Ave. Effect Irr. 180 221 231
LSDoos Lr.=7.7 CM=ns Interaction= ns
Soluble Solids (°Brix)

Control 22.7 21.8 20.6 21.7
Berry Set 22.5 21.4 20.1 213
Veraison 229 21.7 20.9 21.8

Ave. Effect IrT. 22.7 21.7 20.5
LSDgos Lr.=0.38 CM=0.38 Interaction =ns
pH

Control 3.69 3.66 3.66
Berry Set 3.72 3.70 3.63 3.68
Veraison 3.74 3.62 3.64 3.67

Ave Effect [rT. 3.72 3.66 3.63
LSDpgs Ir.=0.04 CM=ns Interaction = ns
Titratable acidity (g L™

Control 4.97 6.02 6.35 5.78
Berry Set 4.60 5.50 6.48 5.39
Veraison 4.69 5.74 6.19 5.54

Ave. Effect Irr. 475 5.75 6.21
LSDgos Lr. =036 CM=ns Interaction = ns
Yield (kg 47 vines)

Control 65.0 81.7 94.6 80.5
Berry Set 55.9 76.3 84.7 72.3
Veraison 58.6 77.4 88.1 74.7

Ave. Effect IrT. 58.9 78.5 89.1
LSDgpgps Ir.=4.8 CM=4.8 Interaction = ns




Table 8. The effects of irrigation amounts and canopy management on anthocyanin
content measured on berries of Merlot grapevines grown in the San Joaquin Valley. Data
were generated from berries sampled at harvest in 2002.

Canopy =~ -mmmmmmmemmmeeees [rmigation Treatment -----~---------- Ave. Effect
Management 0.4 0.8 1.2 Canopy Man.

(mg cm’” skin)

Control 0.622 0.497 0.490 0.536
Berry Set 0.614 0.568 0.332 0.568
Veraison 0.634 0.626 0.530 0.596

Ave. Effect 0.623 0.564 0.517
[rrigation

LSDgns Ir=0.021 CM=0.020 Interactidon =ns

(mg berry™)

Control 3.01 2.87 2.85 2.90
Berry Set 3.07 3.21 3.16 3.15
Veraison 3.08 3.52 3.25 3.28

Ave. Effect 3.06 3.20 3.08
[rrigation
LSDoos r=ns CM=0.19 Interaction =ns
(mg g'1 fresh berry wt)

Control 2.48 1.92 1.85 2.08
Berry Set 2.60 222 2.09 2.30
Veraison 2.55 2.39 2.07 2.34

Ave. Effect 2.44 2.18 2.00

[rrigation

1SDgos Ir=' CM="'Interaction=0.25

! Not listed due to significant interaction.
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Table 9. The effects of irrigation amounts and canopy management on phenolic content
measured on berries of Merlot grapevines grown in the San Joaquin Valley. Data were
generated from berries sampled at harvest in 2002.

Canopy =~ —meemmmmmmemene- [rrigation Treatment -------=-----=-- Ave. Effect

Management 0.4 0.8 1.2 Canopy Man.

(mg cm™? skin)

Control 1.42 1.47 1.38 1.42
Berry Set 1.48 1.50 1.55 1.51
Veraison 1.33 1.51 1.45 1.43

Ave. Effect 1.41 1.49 1.46
[rmgation
LSDpgs mr=ns CM=ns Interaction =ns
(mg berry™)

Control 6.87 8.29 7.93 7.70
Berry Set 7.41 8.63 9.22 8.42
Veraison 6.48 8.30 3.90 7.96

Ave. Effect 6.92 8.47 8.69
[rmigation
[SDggs Ir=na CM =ns Interaction=1.51
(mg g’ fresh wt.)

Control 5.65 5.52 5.12 543
Berry Set 5.79 5.60 5.73 5.71
Veraison 5.25 5.71 5.32 543

Ave. Effect 5.56 5.61 5.40
Irrigation

LSDgos Ir=ns CM =ns Interaction = ns

na = statistical analysis was not conducted on this data set.
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Table 10. The effects of irrigation amount and canopy management (CM = defoliation at
be@ ;et (BS), veraison (V) or no defoliation (C)) on must composition of Merlot. The
unigation treatments (Irr) were 0.4 and 0.8 times estimated full ET,. The fruit was
harvested on September 10, 2002.

Treatment Soluble Solids Titratable Acidity
Irr/CM (°Brix) (gL pH
0.4/C 25.6 4.6 3.77
0.4/BS 25.8 4.1 3.75
0.8/C 252 4.1 3.68
0.8/BS 24.6 4.3 3.76
0.8/V 25.1 4.9 3.68

Table 11. The effects of irrigation amount and canopy management on the composition
of Merlot wine. Other information is as found in Table 11. Below, anthocyanins are
abbreviated Anthos. Wines were analyzed at Enologix®.

Treatment Total Free Total Complex

[r/CM Phenols Tannins  Monomers  Anthos. Anthos. Anthos.
------------------------------------ T T

0.4/C 1464 645 523 269 379 85
0.4/BS 1636 803 535 271 394 102
0.8/C 1425 585 566 249 346 70
0.8/BS 1620 739 612 244 353 80
0.8/V 1616 823 497 270 386 97

Table 12. The effects of irrigation amount (fraction of estimated ET.) and canopy
management (leaf defoliation in the fruiting zone) on pruning weights of Merlot
grapevines from the 2002-growing season. 1 kilogram (kg) =2.2 pounds.

Canopy Imgation Treatment Ave. Effect
Management 0.4 0.8 1.2 Can. Man.
e R (kg vine™") ---- -
Control 0.79 133 1.35 1.16
Berry Set 0.68 1.06 1.15 0.96
Veraison 0.77 1.21 1.33 1.10
Ave. Effect. Irr. (.75 1.20 1.28

LSDgos Ir=0.10 CM =0.11 Interaction =ns
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Figure 1. The seasonal course of midday leaf water potential of Merlot
grapevines grown in Madera County. [rmgation treatments were applied
water amounts at a fraction of estimated ET,. “Irrigated” refers to leaf water
potential measured on the grower/cooperator’s vines that had been 1rrigated
early in the season. Each value is the mean of at least 5 individual leaf
measurements.



Project Title: Comparison of lrrigation Management Strategies to Optimize Wine Grape
Productivity and Fruit Composition

Project Leader: Dr. Larry E. Williams, Professor .
Department of viticulture and Enology, LC-Davis
Kearney Agricultural Center
9240 S. Riverbend Ave.
Parlier, CA 93643
Voice: 359-646-6568
FAX: 359-646-6593
e-mail: williams(uckac.edu

Cooperator: Scott A. Williams
J. Lohr Wineryv
Paso Robles, CA

Summary:

A study was conducted in a Cabernet Sauvignon vinevard at J. Lohr Winery. in the
Paso Robles area. Treatments included four irmgation strategies: sustained deficit
imeation (SuDI - where vines are irrigated at some fraction of vinevard water use
throughout the season), partial rootzone drying (PRD — where vines are deficit urigated
on one side of the vine for two weeks and then switched to the other side for two weeks),
regulated deficit trrigation (RDI — where vines are deficit irrigated as some time during
the growing season) and depletion of soil moisture (water is depleted in the soil profile
until a critical value of vine water status is reached and an irrigation event then takes
place). Applied water amounts at various tractions (0.375, 0.36, 0.75 and 1.12) of
estimated ET, were included in each of the urmigation strategies, with the exception of the
sotl water depletion treatment.

Vine water status was monitored throughout the growing season. The results
indicated that the leaf water potential of vines irrigated a specific fraction of estimated
ET. were similar regardless of irrigation management technique. For example, 1f the
vines were Irrigated at 0.3735 times ET, midday leaf water potential was similar
regardless 1f sustained deficit irmgation (SuDI) or partial rootzone drving (PRD) was
being used. Stomatal conductance also was similar at a specific irrigation amount
between the two irrigation techniques. Based upon the original PRD work conducted in
Australia this should not have occurred. The lack of significant differences in berry size,
soluble solids and yield between vines trrigated with PRD and SuDI at the three irmgation
amounts would also indicate that PRD had no distinct advantage over deficit urigating
vines at some fraction of estimated ET, seasonally or at a specific phenological stage.

This study also included RDI as an irrigation management technique. The results
indicate that deficit irrigation between berry set and veraison and then irrigating at greater
applied water amounts thereafter, is a good as deficit irrigating throughout the growing
season with regard to berry size. Deficit umigation from veraison to harvest was only



minimally useful in reducing berry size under the conditions of this study. Berry size of
vines irrigated only once every two weeks was similar to that of the 0.357 ET. irrigation
amount using SuDI, PRD and RDI from set to veraison. This may indicate that this less
precise method would be useful in reducing berry size. Lastly, there were few effects of
the treatments on yield the first year of the study.

Berry anthocyanin and phenol compounds have not been measured as of the date this
report was written. It is unknown how the above-mentioned irrigation amounts and
management techniques will influence those two important characteristics of the fruit.
Wine was not made from fruit of any of the treatments in 2002. The cooperator has
indicated that small wine lots will be made from the fruit in 2003,

Objective of Proposed Research:

A comparison was made among four different irrigation management strategies in a
Czbemet Sauvignon vineyard located at Paso Robles, California. The irrigation
management methods included: 1.) Sustained deficit irrigation (SuDI) at various fractions
(0.375,0.56,0.75 and 1.12) of esumated ET,, 2.) Partial rootzone drying (PRD) at the
first three aforementioned fractions of ET,, 3.) Regulated deficit irmgation between berry
set and veratson or from veraison to harvest at the abovementioned fractions of ET.
(when deficit irngation was not applied, vines were irrigated at 1.12 times estimated ET,)
and 4.) Monitoring vine water status (measurement of middav leaf water potential) and
imgating at a pre-determined leaf water potential value. Vine water status and vegetative
and reproductive growth were monitored tor each method and irrigation level. Wines of
selected treatments were not made at harvest in 2002.

Experimental Procedures to Accomplish Objective:

The Cabernet Sauvignon vineyard used for this study was located near Paso Robles at
the J. Lohr Winery. Vine and row spacings in the vineyard were 6 and 10 feet,
respectively. The trellis was a VSP and row direction was north south. The rootstock

used in this vineyard 1s SC.
The 1mgation management strategies used in the study were as follows:

1.) The first treatment will be sustained deficit irmgation (SuDI) at various fractions
of estimated vinevard ET.. [rigation treatments did not commence in the
vineyard until close to berry after the irrigation system had been modified for the
imposition of the treatments. Once 1rrigations began. vines were irrigated at
0.375,0.56, 0.75 and 1.12 times estimated ET.. ET. at 100% was determined by
the following equation: ET. =K, x ET,, where K, equals the crop coefficient for
a VSP trellis with a 10 ft. row spacing and ET, is potential ET. Potential ET was
obtained from the PR1 weather station operated by the Paso Robles Vintners and
Growers Association. The applied water amounts in each treatment (fraction of
ET.) remained the same up until harvest. Irrigation frequency was twice weekly.
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Prior to that time vines had been irrigated at least once to rwice per week by the
grower-cooperator at 75% of ET.. The above listed treatments were such due to
the fact the remainder of the vineyard was irrigated by the grower cooperator at
75% of ET. (using two emitters per vine). The 0.375 treatment was established
by removing one emitter and the 0.56 treatment was established by having three
emitters per two vines down the row. The 1.12 treatment was established by

adding an additional emitter per vine.

2.) The second treatment was the irrigation of the vines using partial rootzone drving
(PRD). Irrigation amounts were the same fractions of those used for the first
three irrigation SuDI treatments (listed above). Two drip lines were placed on
either side of the vines’ trunk (east or west) prior to commencement of irrigation.
One line had an emitter on the north side of the vines’ trunks and the other line
had an emitter on the opposite (south) side of the vines’ trunks. This allowed us
to alternate sides when irrigating the vines (i.e. wet and drv sides). The sides
were alternated every two weeks during 2002.

The third irrigation management treatment was the application of diffenng
amounts of water at different phenological stages of vine growth. From the
initiation of seasonal irrigation until bloom all vines in 2002 were rrigated at 0.7
of ET.. Between berry set and veraison, three treatments were imposed with
vines irmigated at 0.375, 0.5, and 0.75 times estimated ET.. After veraison, these
treatments were irrigated at 1.12 of ET, until harvest. From the initiation of
irrigations until veraison another set of vines were imgated at 1.12 that of ET..
Then between veraison and harvest another set of three trrigation amount
treatments were imposed using amounts similar to those used between bloom and
veralson.

[OF]
N

4.) The fourth treatment was to schedule frequency of irrigation based upon the
depletion of the water in the soil profile. Once water has been depleted such that
midday leaf water potential was approximately —1.4 MPa, the vines were
irmigated. The urrigation event was approximately 8 hours in length. Total applied
water was approximately 24 gallons per event. This continued throughout the
remainder of the 2002-growing season.

Midday leaf water potential was measured to determine the water status of all
treatments. A minmimum of 5 individual leaf replicates were measured per treatment each
time they are taken. Water potential measurements were made several times during the
growing season and on occasion on a diurnal basis for selected treatments.

Berries were sampled prior to harvest and weighed. They were analyzed for soluble
solids, pH and titratable acidity. Berries of all treatments will be analyzed for
anthocyanins and phenolics sometime in February or March 2003. Fruit was harvested
when deemed appropriate by the cooperator. Vegetative growth wiil be estimated by
measuring pruning weights during the dormant portion of the growing season.
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. The experimental design was a completely randomized block. Each experimental
unit was replicated five times and consisted of ten vines down the row with yield data
collected from the middle four vines. Data was analyzed via Analysis of Variance and
Tukev’s test for multiple comparisons of the means. Regression analysis will be used
where appropriate.

An acdditional experimental plot was established during 2002 in the three rows just
west of the above, described study site. Three irrigation treatments were imposed: 1.)
Sustained deficit irrigation at 1.12 times estimated ET,, 2.) Sustained deficit irrigation at
0.2 07ET, and 3.) Partial rootzone drving at 0.56 of ET.. This was done to fully test the
concept of PRD without the conflicting analysis of the other irrigation management
techiniques used in the previously outlined study. Experimenrtal desizn and analysis of the
cata were similar to that described above.

Summary of Major Research Accomplishments and Results:

The imgation treatment amounts and strategies were imposed mid-June in 2002, two
weeks subsequent to budbreak. [rrigation amounts at 1009, of estimated ET. (for a VSP
trellis on 10 foot rows) was calculated weekly by the PI and given to the cooperator.
Applied water amounts for several of the treatments were measured with an in-line water
meter (attached to the drip tubing). In most instances. the applied water amounts,
measured with the water meter, were similar to the amount of water a specific treatment
should have received.

Lear water potential was measured throughout the growinz season tor selected
treatments and on several occasions, it was measured on vines in all treatments (a total of
14 treatments). The first measurement of the season occurred on June 5 at 1600 hours
just prior to when the treatments were imposed. Temperature at the time of measurement
was 42.2°C (108°F). Leaf water potential averaged —1.06 MPa. On July 9", leaf water
potential was measured on all (all applied water amounts at a fraction of ET.) of the SuDI
ard PRD treatments. There were significant differences among the irrigation amounts
but not between the SuDI and PRD techniques. August 21, 2002 was the last date in
which leaf water potential was measured on all of the irrigation treatments (Table 1). The
amount of applied water at the time the measurement was made, had the predominate
effect on leaf water potential. As might be expected, the RDI treatment {rom set to
veraison, being irrigated at 1.12 ET. on August 21, differed rrom all of the other
urigation management strategies examined.

[rrigation amount again had the greatest effect on berry weight (Table 2). Vines
umgated with less water from set to veraison had smaller berries regardless of irrigation
strategy. Berries ot the RDI set to veraison strategy had sizes similar to the SuDI and
PRD at similar irrigation amount despite the fact that they received applied water
amounts at 1.12 ET. from veraison to harvest. The imposition of water deficits from
veraison to harvest (RDI, veraison to harvest) had less effect on reducing berry size at
any of the irrigation amounts during that time frame.



There was a significant interaction between irrigation amount and strategy on soluble
solids (Table 2) and pH (Table 3), but in most cases the differences were minimal. .
Neither irrigation strategy nor amount had a significant etfect on tiratable acidity. It did
appear that the RDI set to veraison irrigation amount treatments were lower than those
from the other irrigation strategies. Lastly, there was a significant interaction berween
irrigation strategy and amount on yield (Table 4), however, only one treatment differed
significantly from two of the others. This may be expected as this was the first year of

the study.

The additional studv conducted west of the experimental site had results similar to
those reported for the main study (Table 5). Vines irrigated at 1.12 ET; had significantly
larger berries that the two 0.56 ET. treatments (using either SuDI or PRD). The
treatments had no significant effects on the other measured parameters.

Outside Presentations of Research:

Since this research was only initiated during the 2002-growing season, no
presentations have been given as of this date.

Research Success Statements:

This studv was to have been initially conducted 1n a vinevard at Meridian Winery in
Paso Robles. Unfortunately. the vineyard manager at Meridian changed his mind and
was unwilling to cooperate. The study was switched to a Cabernet Sauvignon vineyard at
J. Lohr Winery, also in the Paso Robles area. Personnel at this winery have been willing
cooperators. Due to the change in location, it took longer to establish the irrigation
treatments (modification and addition of drip lines and emitters) than originally planned.
The imposition of the irrigation treatments did not occur until two weeks after berry set,
later than we had anticipated.

Vine water status was monitored throughout the growing season by measuring leaf
water potential at midday or several times on a diurnal basis. On a few occasions,
stomatal conductance was measured with a porometer. The results indicated that the leaf
water potential of vines irrigated a specific fraction of estimated ET. were sumilar
regardless of irrigation management technique. For example, if the vines were irrigated
at 0.375 times ET,, midday leaf water potential was similar regardless i1f SuDI or PRD
was being used. Stomatal conductance also would be similar between the two urigation
techniques. Based upon the original PRD work conducted in Australia this should not
have occurred. In addition, the lack of significant differences in berry size, soluble solids
and yield between vines irrigated with PRD and SuDI at the three irrigation amounts
would also indicate that in fact PRD had no distinct advantage of just deficit irrigating
vines at some fraction of estimated ET..

This study also included RDI as an irrigation management technique. The results
indicate that deficit irrigation between berry set and veraison and then irrigating at greater
applied water amounts thereafter, is a good as deficit irrigating throughout the growing



season with regard to berry size. Deficit irrigation from veraison to harvest was only
minimally useful in reducing berry size under the conditions of this study. Berry size of
vines irrigated only once every two weeks was similar to that of the 0.357 ET, irrigation
amount using SuDI, PRD and RDI from set to veraison. This mayv indicate that this less
precise method would be useful in reducing berry size. Lastly, there were few effects of
the treatments on yield the first year of the study.

Berry anthocyanin and phenol compounds have not been measured as of the date this
report was written. [t is unknown how the above-mentioned irrigation amounts and
management techniques will influence those two important characteristics of the fruit.
Wine was not made from fruit of any of the treatments in 2002. The cooperator has
indicated that small wine lots will be made from the fruit in 2003.

Fuuds Status:

Monies obtained for this study have been spent or encumbered as of this date (January
22,2003,



Table 1. The effects of irrigation strategies and irrigation amounts on midday leaf water
potential of Cabernet Sauvignon grapevines measured on August 21, 2002. The vines
were grown in a vineyard near Paso Robles, California. The irigation amounts were
various fractions (0.375, 0.56, 0.75 and 1.12) of estimated full ET.. The imgation
strategies were sustained deficit irrigation (SuDI), partial rootzone drying (PRD), and
reculated deficit irrigation (RDI) from either berry set to veraison (set — ver.) or from
veralson to harvest (ver. — har.) at the indicated irrigation amount fractions. Vines in the
RDI treatments were irmigated at 1.12 times estimated ET, when not deficit irmgated. The
dry down treatment consisted of urigating vines every two weeks for approximately 8
hours. Measurements were taken between 1400 and 1530 hours. There was a significant
Interaction between irrigation strategy and irrigation amount.

Irmgation [rmgation Leaf Water Potential
Strategy Amount {MPa)
SuDI 0.375 -1.31 g
0.56 -1.253 e
0.75 -2 d
1.12 -0.65 a
PRD 0.375 -1.31 g
0.36 -1.20 e
0.75 -1.i3  d
RDI (set — ver.) 0.375 -1.04 ¢
0.56 -1.02 be
0.75 -0.96 ab
RDI (ver. — har.) 0.375 -1.29 £
0.356 -1.21 e
0.75 -3 d
Drv Down na -1.36 g
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Table 2. The effects of irrigation strategies and irrigation amount on berry weight and
soluble solids of Cabemet Sauvignon berries sampled on September 17, 2002. The vines
were grown in a vineyard near Paso Robles, California. There were significant
interactions between irrigation strategy and irrigation amount for both berry weight and
soluble solids. Other information is as found in Tabie 1.

irmgation [mgation Berry Weight Soluble Solids
Strategy Amount (g 1507 berries) (" Bnx)
SuDI 0.37>5 [18 et 2143 a
0.5 155 cde 240 ab
0.75 156 ab 23.1 ab
1.12 156 ab 23.5 ab
PRD 0.375 120 2f 23.8 ab
0.5 132 def 23.8 ab
0.75 150 abc 241 a
RDI (set — ver.) 0.375 123 def 23.2 ab
0.56 37 «cd 229 b
0.75 57 a 233 ab
DI (ver. — har.) 0.375 140 bed 214.0 ab
0.56 151 abe 241 ab
0.75 155 ab 23.5 ab
Dry Down na 116 f 23.4 ab




Table 3 The effects of irrigation strategies and irrigation amount on pH and titratable
acidity of Cabernet Sauvignon berries sampled on September 17, 2002. The vines were
grown in a vineyard near Paso Robles, California. There was a significant interaction
between irrigation strategy and irrigation amount for pH. There were no significant
effects of the treatments on titratable acidity. Other information is as found in Table 1.

Titratable Acidity

[mgation [rrigation

Strategy Amount pH (gL
SuDI 0.375 3.69 abc 545
0.56 3.74a 5.31

0.75 3.67 abe 5.25

1.12 3.69 abc 5.48

PRD 0.375 3.60 ¢ 5.49

0.56 3.63 be 5.40

0.75 3.69 abe 5.48

RDI (set — ver.) 0.373 360 ¢ 4.73
0.5 3.66 abc 4.86

0.75 3.72 ab 4.85

RDI (ver. - har.) 0.375 3.69 abc 5.28
0.56 3.63 bc 5.37

0.75 3.66 abc 5.00

Dry Down na 3.68 abc 5.22
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Flgur'e 4 The effects of irrigation strategies and irrigation amount on vield of Cabernet
Sauvignon berries sampled on September 17, 2002. The vines were grown in a vinevard
near Paso Robles, California. There was a significant interaction between irrigation
strategy and irrigation amount for yield. Other information is as found in Table 1.

[rmgation [rrigation Yield
Strategy Amount (kg 4 vines)

SuDI 0.375 33.4ab
0.56 333 ab

0.75 4492

1.12 iida
PRD 0.375 323 b
0.56 3T oab
0.75 > >ab
RDI (set — ver.) 0.375 375 ab
0.56 4l3ab
0.75 58.9 ab
RDI (ver. — har.) 0.375 370 ab
5 36.6 ab
0.75 39.2ab
Drv Down na 33.1ab

Table 5. The effects of sustained deficit irmigation at 1.12 of estimated ET, and SuDI and
PRD at 0.56 of ET. on berry characteristics and vield of Cabemet Sauvignon measured in
a vinevard near Paso Robles. The rows in which this study was conducted were just west
of the rows used to conduct the study in the above-mentioned tables. The treatments had
a significant effect on berry weight but none of the other measured parameters.

Berry Wit. TA Yield
Treatment (g 150" berries) “Brix pH (gLh (kg 47" vines)
SuDI1.12 173 a 234 5.66 +.99 42.4
SuDI0.56 143 b 23.2 5.67 +.88 36.9
PRD 0.56 143 b 235 3.63 4.94 39.2
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ESTIMATION OF IRRIGATION REQUIREMENTS FOR TABLE GRAPE VINEYARDS
IN THE SAN JOAQUIN VALLEY AND THE EFFECTS OF IRRIGATION AMOUNTS
ON BERRY CHARACTERISTICS AND PRODUCTIVITY

LARRY E. WILLIAMS
Department of Viticulture and Enology.
University of California-Davis
and
Keamney Agricultural Center
9240 S. Riverbend Avenue
Parlier, CA 93648
e-mail: willlams@ucka.edu

GRAPE PRODUCTION AREAS OF CALIFORNIA

The majority of raisins produced in California are grown within 125 km of the city of Fresno,
located in the San Joaquin Valley. Table grapes are produced in the Coachella Valley,
approximately 160 km east of Los Angeles and the southermn San Joaquin Valley. Table grape
production in the San Joaquin Valley extends from just north of Fresno to south of Bakerstield.
The largest wine grape production area in California is the San Joaquin Valley (which 1s usually
divided into the northern and southern portions). Other major wine grape production areas
include Napa and Sonoma Valleys in Northern California, and the Central Coast areas including
the Salinas Valley and areas in San Luis Obispo and Santa Barbara Counties further south.
Smaller wine grape production areas are located in the foothills of the Sierra Nevada mountains
and the Temecula Valley just north of the city of San Diego in southermn California.

The Coachella Valley has a desert climate characterized by extremely hot summers
(maximum temperatures of 50°C are not uncommon) and mild winters. Budbreak will occur in
mid-January when vines are sprayed with hydrogen cyanamide, and harvest concluded by late
May — early June. Fortunately, the extremely high summer temperatures occur in July and
August. Rainfall 1s usually less than 50 mm per year. The soils are sandy with low water and
nutrient holding capacities. Rooting depth 1n these soils is limited because they are highly
stratified. The evaporative demand (Reference ET [ET,]) in the Coachella Valley from mid-
January to the end of harvest can range from 650 to 800 mm. Yearlong ET, can be 2000 mm.
The maximum ET, value will approach 8.5 mm per day close to harvest.

The San Joaquin Valley is a semi-and region with hot summers (maximum temperatures
approximately 44°C) and cool winters. Grapevines and deciduous fruit trees will generally
accumulate enough chilling units each winter so as not to affect budbreak. Budbreak of
grapevines will occur early to mid-March and harvest (depending upon grape type) will occur
from the end of July to September. Rainfall is a function of location within the valley, more to
the north and less to the south. For example, rainfall in Stockton (at the northern end of the
valley) may approach 400 mm per year. Rainfall in the central San Joaquin Valley (Fresno)
averages 250 mm per year while that in Bakersfield (southern end of the valley) is approximately
180 mm. The major portion of the rainfall will occur during the winter months. The majority of
grapevines are grown in the eastem portion of the San Joaquin Vallev where the soils are mostly
sandy loams, although there are small areas that can be very sandy. Soils in the western portion
of the San Joaquin Valley are heavier, clay loam type soils. The rooting depth of the eastern San
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Joaquin Valley can be limited by clay-pans. The soil water and nutrient holding capacities of
these soils are moderate to good. There can water infiltration problems on some of the soils.
Reference ET from the time of budbreak to the end of October will range from 1000 to 1250 mm
in the San Joaquin Valley. Daily maximum ET, may approach 7 mm.

Th= coastal, wine grape production areas are characterized bv warm days and cool nights
although high temperatures (40 to 47°C) may occur for a few days each growing season
depending upon location. Some areas may have fog lasting late into the morning. Rainfall again
ts greater in the coastal valleys located further north and diminishes the further south one travels.
For example, rainfall in the Napa and Sonoma Valleys will range rom 300 to 1000 mm per year
while the Salinas Valley it averages only 250 mm per year. Most of the scils in the coastal
production areas are clay loam to clay type soils of good water anc nutrient holding capacities.
Reterence ET between budbreak and harvest will range from 900 to 1000 mm.

[RRIGATION MANAGEMENT
[rrigation types and availability of water

Due to the high evaporative demand and the amount of rainfall and its timing (during the
dormant portion of the growing season) irrigation of vinevards is required at most locations in
the State of California. The majority of the raisin grape vineyards are flood irrigated but many of
the newer plantings are utilizing drip irrigation. Water used for irrigation is primarily obtained
rom wells (ground water) but a small fraction of the raisin growers in specified irrigation
disiriets will use water stored in reservolirs with runoff from the Sierra Nevada Mountains.
Ground water may contain nitrates in sufficient amounts that meet vineyard nitrogen demands.
There are also locations where the well water contains excess nitrates that can be detrimental to

grapevines.

The majority of table grape vineyards will use drip irrigation. This provides access to the
grapevines at any time in order to control fungal pathogens. In the Coachella Valley water is
obtained from the All-American canal supplied with water from the Colorado River. Water
quality s generally very good. Table grape vineyards in the San Joaquin Valley are similar to
raisin vineyards in that most urigation water is obtained from wells. Water quality problems are
the same as mentioned previously for raisin vineyards.

Wine grape vineyards in the northem, coastal valleys of California are dependent upon both
ground water and the collection of winter rainfall in small reservoirs for irrigation purposes.
Along the central coast of California irrigation water is obtained from wells. There are a few
locations where the water from individual wells is somewhat saline and therefore leaching is

required in years where winter rainfall is insufficient.

Water use by non-water stressed grapevines

The main driving force of vineyard water use (or evapotranspiration; ET.) is energy derived
from the sun. This energy is required to covert water which is in a liquid state inside the leaf to
water vapor, which is lost through the stomata (microscopic pores located on the lower side of the
leaf's blade). This loss of water from the vine is called transpiration. As can be seen wn Figure 1,
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daily vine water use is more highly correlated with net radiation than with ambient temperature.
Other environmental factors that will atfect transpiration include wind and vapor pressure deficit
(as the relative humidity decreases vapor pressure deficit increases). Vine water use decreases (o
almost zero at sunset as stomata are closed due to darkness. Lastly, the vine also 1s able to control
its water use by regulating the opening and closing of the stomata.

Vine water use will vary throughout the growing season (Figure 2). Water use is low early
in the season, from budbreak to one month later, as there is little leaf area duning that time (Figure
3). Once there is appreciable leaf area and the evaporative demand increases, vine water use will
increase almost linearly until final canopy size is developed. Water use will decrease late in the
season due to leaf aging or other factors such as insect damage. When grapevines are girdled to
increase berry size of some table grape cultivars, stomatal conductance (which is a measure of the
pore size of the stomata) decreases. In the 1995 growing season, vine water use actually
decreased during the period the girdle remained open (for approximately a four week period).
Subsequent to this, vine water use will increase again until it levels off at full canopy, sometime in

July.

How berries grow

Numerous factors should be considered when devising an rmigation strategy for the
production of table grapes in the San Joaquin Valley. Most studies conducted on grapevines
have indicated that water deficits atfect vegetative growth to a greater degree than fruit
growth. Thus it is important not to stress grapevines during the period of canopy
development. An adequate canopy is a necessity to protect the berries from sunburn.
Subsequent to budbreak, shoot growth increases rapidly with the canopy reaching its
maximum size sometime towards the end ot June/first of July in the Fresno area. Studies
conducted at the Kearney Ag Center and elsewhere in the San Joaguin Valley have
demonstrated that soil moisture may be able to provide most of the vine's water requirements
from budbreak to the end ot April, especially if there are periods or rainfall during this time.
Exceptions to this would be vineyards situated on sandy soils and,or with shallow rooting
depths or vineyards with a cover crop. Another generalization derived from irrigation studies
on grapevines Is that vegetative growth is much more affected by water deficits than is
photosynthesis (the production of carbohydrates by leaves). Therefore, once the canopy has
developed sufficient leaf area moderate water deficits can be imposed such that the leaves
remain fully functional while the rate of shoot growth is much reduced.

The degree to which berry growth is affected by water deficits is dependent upon the
time when the water stress is imposed. Berry growth is most susceptible to water stress
during Stage I of berrv growth (between bloom and 4 to 5 weeks later). It is during this time
cell division is occurring in the berry and it is only during Stage [ when cell division occurs.
The ultimate size of a berry is determined in part by the number of cells, which is a function of
cell division. Therefore, if cell division is reduced by water stress during this stage then final
berry size is reduced. Extra water applied later on will not overcome a stress imposed during
this stage. Cells will initiate growth or elongate during Stages [ and III of berry growth. Stage
[T occurs subsequent to veraison (when berries begin to soften and colored varieties begin to
turn color). Growth during Stage III is less susceptible to water deficits than during Stage I.
From the above discussion it is apparent that about the only time one does not want to impose
a water stress is the period from bloom to 4 weeks later. A mild stress at Stage I will result in
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only a non-significant reduction in berry size. Lastly, it has been demonstrated that sugar
accumulation in the fruit, which begins subsequent to veraison, is less susceptible to water
deficits than is berry growth.

Vine water status in the current season can also affect potential crop the next growing
season. It has been demonstrated that deficit irrigated grapevines are more fruitful than vines
receiving tco much applied water. A mild water stress imposed during fruit bud differentiation
(which occurs from bloom to veraison in spur pruned varieties and from bloom to just prior to
narvest in cane pruned varieties) increased bud fruitfulness of Thompson Seedless grapevines
grown in the San Joaquin Valley and Perlette and Flame Seedless grapevines grown in the
Coachella Valley.

Effects of irrigation amounts on berry characteristics and yield of table grapes

The above examples of vine water use were determined with the use of a weighing
lysimeter « Figures 1 and 2). The vines in the lysimeter were never short of water as they were
imgated whenever they used 2 mm (8 liters) of water throughout the irmigation season. Therefore,
they may have been irrigated from 3 to 6 times a day during mid-summer. As pointed out in the
previous section, vine and berry growth is less susceptible to mild water stress at certain stages of
growth when compared to others. I was thus, interested in determining the effects of irrigating
vines either above or below that amount on vine productivity, berrv characteristics and final yield.
The below examples of the effects of applied water amounts were obtained by irrigating vines at
various fractions of water used by vines in the lvsimeter (full ET). When the vines in the lysimeter
were limigaiad daily throughout the season vines in the other treatments were also irrigated but at
the traction of full ET for that designated treatment. The irrigation season generally began the
rrst week in May and was terminated the last week in October.

The soil water content in the irrigation treatments that were deficit imgated (less than full
ET) decreased throughout the growing season while the soil water content in treatments irrigated
above full ET increased slightly as the season progressed (Figure 4). Pruning weights taken during
the dormant portion of the growing season increased almost linearly from zero applied water up to
140% of full ET. Pruning weights averaged 1.36 kg per vine (1.5 tonnes per ha) fresh weight at
the zero applied water treatment and 5.2 kg per vine (5.8 tonnes per ha) at 140% of full ET.

A study was conducted in 1994 to determine the effects of these irrigation amounts on
berrv size of vines that were trunk girdled only, sprayed with GAj at berry set only or both practices
combined. All vines were sprayed with GAj at bloom to flower thin the clusters. Berry weight was
maximized at irrigation amounts between 60 and 80% of full ET for vines that were either only
girdled or sprayed with GA; at berry set. Berry size for vines that were both girdled and sprayed
with GAj at set was maximized at water application amounts at 100% ot tull ET. These latter
results are similar to those obtained in the 1996 growing season (Table 1). Berry weight leveled
off at the 100% irrigation level, however, there were no significant differences in weight among
the 30 to the 140% level treatments. An interesting result obtained in 1994 was that berry
diameter was maximized at irmigation amounts at 40% of full ET for the girdled only treatment and
at 60% of full ET for the GA; at set only treatment. When vines were both girdled and sprayed
with GAj at set, diameter continued to increase, albeit only slightly, as applied water increased up
to the 140% treatment. It would appear that berry diameter may be less affected by severe soil

water deficits than is berry weight.



For several years irrigation studies were conducted in a Flame Seedless and Perlette
vineyard in the Coachella Valley and two Thompson Seedless vineyards in the San Joaquin
Valley. In those studies, irrigations treatments were not imposed until either berry set (when vines
were girdled) or veraison (in the Coachella Valley) or at berry set only (in the San Joaquin Valley).
Treatments included water application amounts between 50 and 150% of estimated full ET. At no
time was there a significant effect of applied water amounts on berry weight in the Coachella
Valley. Imigation amounts at 50% of ET. decreased berry weights at the Delano and Fowler
sites (in the San Joaquin Valley). The results from both valleys indicate that water deficits at 75%
of ET. imposed after berry set do not significantly affect berry size.

Vine water status will affect the concentration of sugars and acids in the fruit. Crop load
(yield) has also been demonstrated to affect the concentrations of sugar and acid in the berry. In a
studv conducted in the lysimeter vineyard at the Keamey Ag Center in 1995 we examined the
interaction of irrigation amounts and crop load on berry characteristics of Thompson Seedless
vines used to make table grapes (i.e. table grape production practices were used to increase
berry size). At harvest soluble solids decreased and titratable acidity (TA) increased in the
fruit as applied water amounts increased. There were slight ditferences in both sugar and acid
at each irrigation level as a function of cluster number per vine. Generally, vines with less fruit
had higher sugar and lower acid levels. There were no significant ditferences in yield as a
function of irrigation treatments from 40 to 140% of full ET within a crop load treatment.
Yields for the 15. 25, and 35 clusters per vine treatments averaged 10, 16 and 23 kg per vine,
respectively. Thus, the applied water treatments had the major erfect on berry soluble solids
and TA in this study while crop load had less of an effect. Results from the rrigation studies
conducted in the Coachella Valley on Flame Seedless and Perlette are similar to that just
mentioned, 1e. as applied water increased soluble solids decreased and titratable acidity
increased.

Soil water deficits generally have been shown to improve color of red and black
colored wine grape varieties. Both early and late season water deficits have proven
beneficial. However, no differences in color of Flame Seedless berries were observed in the
Coachella Valley when vines were irmigated at various fractions of full ET, including deficit
trigations. This may be due to the earlier harvest date of table grapes (i.e. at lower sugar
levels) compared to wine grapes. In addition, the use of Ethrel andsor girdling at veraison to
help color the fruit may mask any effect of deficit urrigating red or black table grapes.

Studies conducted at the Kearney Ag Center have demonstrated that yields of
Thompson Seedless grapevines used for raisin production are maximized at irrigation amounts
between 60 and 80% of full ET depending upon trellis tvpe. This is due to the fact that the
number of clusters per vine are greatest at the 60 and 80% applied water treatments. Over
irrigating Thompson Seedless grapevines reduces vields due to fewer clusters per vine while
under irmgating those vines reduces berry size. In 1996, yields of Thompson Seedless
grapevines used to produce table grapes was maximized at an irmgation amount equal to 80%
of full ET (Table 1). Yields of the irrigation treatments greater than this leveled off or
decreased slightly. There were no significant differences in vield of Thompson Seedless vines
irrigated at amounts from 50 to 150% of estimated full ET in two commercial vineyards
located in the San Joaquin Valley (Figure 5). These results indicate that: 1.) irrigation
amounts applied the previous year may affect fruit bud differentiation. which determines
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cluster number in the current season and ultimately final yield (data of Keamey study), and 2.)
deficit trrigation subsequent to berry set in the current season does not adversely affect final
yield at harvest.

Scheduling irrigations using current season's weather data

Scasonal evaporative demand remains fatrly consiant from vear to year in the San
Joaquin Valley, therefore, irigation schedules can be established using historical weather data.
However. there can be periods during the growing season whers evaporative demand departs
significant'y from historical values and the use of a standard irrization schedule for current
seascn Irmigation amounts may result in the application of too much or too little water. This
was demonstrated during the 1996 growing season where evaporative demand during the first
week of june was 30% greater than historical demand. During the last week of Jure in 1996,
zvaporati~s demand was 10 to 50% less than histerical values. Therefore, vines during this
oertod could have either been under irrigated. the first week of June and over irrigatad, the last
week of June in 1996 using historical data.

The information needed to schedule irrigations throughout the current growing season
ts daily reterence ET (ET,) values and reliable crop coefficients. Reference ET is the water
used psr unit time by a short green crop completely shading the ground and ideally is of
anitorm height and never short of water. Reference ET is a measure of the evaporative
Zemand of a particular region throughout the year. Current (or real-time) ET, data in the State
of Califormia are available from the California Irrigarion Managzment Information System
CCIMIS). The crop coefficient (K,) is the fraction of water used bv a specitic crop (in this
case zrapevines) compared to that of ET,. The K, depends upon the stage of vine
develcpment, degree of cover, height and canopy resistance (stomatal regulation by the vine).
The non-water stressed seasonal K, developed at the Kearmney Ag Center with the use of the
weighing lysimeter is found in Figure 6. These K s were determined by dividing the water use
of vines growing in the lysimeter daily (Figure 2) by ET, values obtained from a CIMIS
weather station at the Kearney Ag Center. The crop coefficient increases as the amount of
foliage on the vine increases and then levels off throughout the remainder of the season.

When grapevines are girdled water use will remain constant or actually decrease
slightly. The seasonal K¢s reflecting this are shown in Figure 7. When scheduling urigation for
table grape vineyards [ assume the K, will remain constant as long as the girdle 1s open. Once it
heals, the K¢ will increase until full canopy is reached. The data in Figure 7 also illustrates that
row spacing will affect water use of table grape vineyards using a traditional crossarm trellis.
As row spacing decreases, water use per land area will increase.

The seasonal K s shown in Figures 6 and 7 are only appropriate for vineyards using a
California standard crossarm trellis. [ have developed a technique in which a K, could be
developed for any trellis configuration and canopy size. I found that the K is a linear function
of the amount of shade cast on the ground at midday (Figure 8). Shaded area can be determined
by measuring the width (or amount) of shade on the ground with a tape measure, using a grid
placed on the ground and estimating shade within each square or by taking a digital photograph
and with the use of computer software, digitizing the amount ot shade.



The percent shaded area of three trellis systems were measured during the 2000-growing
season (Figure 9). It can be seen that the overhead trellis used to produce dried on the vine
raisins develops much more quickly than the canopy of the gable or standard trellises.

However, by the end of the year, shaded area of the gable and overhead trellises are similar.
The crop coefficient can be calculated by multiplying percent shaded area (a whole number) by
0.017 (the slope of the data in Figure 8). For example, a trellis with 40% shaded area (area of
shade divided by total area per vine) would have a K. of 0.68 (40 x 0.017 = 0.68). The seasonal
K.s for the three trellis systems of Figure 9 and the lysimeter (Figure 6) area shown in Figure
10. Degree days used in this figure start to accumulate March 15" which is the approximate

date of budbreak each year.

To schedule the current season's daily irrigation requirements (or vine ET) one can
use the following equation:

ET. =K. x ET,

where ET. 1s vine ET, K, 1s the daily crop coefficient and ET,, is the daily reference ET. Figure
7 contains the seasonal crop coefficients used to schedule irrigation amounts in trials
conducted in commercial Thompson Seedless vineyards west of Fowler and east of Delano
over a four year period. The K, levels off at a value of 0.7 beginning with girdling and remains
such for the next four weeks (until the girdle heals). The highest K. used in 1996 was 0.85. It
was felt that this value was sufficient to maintain the vine's canopyv and not adversely affect
berry size. This particular value (0.83) is only approprate for the vineyards used in the
Fowler and Delano irrigation experiment and may not be used in other cases. In my irrigation
studies [ have found that using last week’s ET, values and the current week’s K. 1s sufficient
for scheduling weekly irrigation amounts.

Conclusions

The crop coefficients presented in the above example would be utilized to irrigate vines
such that they were not stressed throughout the growing season. It should also be pointed
out that they are for vineyards that do not use cover crops. Research conducted at the Kearney
Ag Center has demonstrated that water use of vineyards using cover crops can be increased
anywhere from 20 to 40% compared to clean cultivated vineyards. The absolute amount is
dependent upon whether the cover crop is incorporated into the soil and at what time of the
season this 1s done.

Clearly, one could deficit irrigate subsequent to berry set and not affect berry size or yields
appreciably and that practice may ultimately increase yields in future years 1f bud fruitfulness is
enhanced. Deficit irmgations subsequent to berry set will probably enhance the accumulation of
sugar in the fruit and decrease TA more rapidly. While deficit irrigations have not improved the
color of Flame Seedless in the Coachella Valley, such a practice may improve color of later
maturing red or black table grapes in the San Joaquin Valley. Lastly, since many varneties are very
susceptible to sunbum it should be reiterated here that a full canopy should be developed prior to
1mposing a moderate water stress.

If one wants to minimize pumpting and/or water costs then deficit urigation can be used
with minimal effects on berry quality or yield. Deficit irrigation amounts should be calculated
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first by determining full ET for your particular vineyard (which would be dependent upon stage of
vine growth and trellis used). The equation given above: ET, = K, x ET, would be used. Thus
value would then be multiplied by some fraction, for example 0.8 (80%), to determine the actual

amount of water to apply per vine.



Table 1. The effect of applied water amounts on relative berry size and yield of
Thompson Secedless grapevines managed as table grapes. The applied water amount at 1.0 was
determined with a weighing lysimeter. The vines within the lvsimeter were 1irmgated whenever
2 mm of water was used. The other irrigation treatments were irrigated whenever the lysimeter
was watered but at the designated fraction. Vine density within the vineyard was 1317 vines
per ha. Maximum berry weight was 6 grams while maximum vield was 22 kg per vine.

Applied Water Berry Weight Packable Yield
(fractionof Wl ET) - (percent of greatest weight or vield) -----
0.0 44 10
0.2 67 36
0.4 75 68
0.6 84 94
0.8 95 100
1.0 100 90
1.2 95 g5
1.4 98 91




800 .
BN \R :
[ O— Temperature ] >
e g 135 3
o 600 \ 135 3
3 ] o
= I ] =
S jf \ 5o 804
2 400 /- 13
S dJ 1 k)
g \ o5 &
© : . - Jas @
s 1% g
D 200 / \ -
i | - " 1203
/ .
0 Ly | . ! oy "
[ A—A ET, \
A—/N ET, A.A\f&
0.8 - - |
- /A 20 A
E A
€ o5k /
g 0° / N ]
= 4 ~\\
W 04 f \‘ i
:° ' 7 2\
W 02 //A \\ _
obaaauadt 7 crri T WA
0 400 800 1200 1600 2000 2400

Time of Day (h)

Figure 1. The daily time course of water use by Thompson Seedless grapevines grown in
a weighing lysimter in the San Joaquin Valley of California and reference ET (ET,) . The arrows
at the bottom of the lower figure indicate when the vines were irrigated (with 8 liters of water per
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Figure 2. The seasonal progression of daily water use (ET,) measuring during the 1991,
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m crossarm as the trellis.
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Abstract Water use of Thompson Seedless grapevines
during the first 3 vears of vineyard establishment was
measured with a large weighing lysimeter near Fresno.
California. Two grapevines were planted in a 2x4x2 m
deep lysimeter in 1987. The row and vine spacings in the
| 4-ha vineyard surrounding the lysimeter were ap-
proximately 3.51 and 2.15 m, respectively. Vines in the
lysimeter were furrow-irrigated from plantng untl the
first week of September in 1987. They were subsequently
irrigated with subsurface drip-irrigation whenever they
had used 2 mm of water, based upon the area of the
lvsimeter (equivalent to 8 liters per vine). The trellis
system, installed the second year, consisted of a 2.13 m
long stake, driven 0.45 m nto the soil with a 0.6 m
cross-arm placed at the top of the stake. Crop coeffi-
clents (K.) were calculated using measured water losses
tfrom the lysimeter (ET.) and reference crop evapotran-
spiration (ET,) obtained from a CIMIS weather station
located 2 km from the vinevard. Water use of the vines
in 1987 from planting until September was approxi-
mately 300 mm, based on the area allotted per vine in
the vineyard surrounding the lysimeter. Daily water use
Just subsequent to a furrow-irrigation event exceeded
ET, (>6.8 mm day™"). Water use from budbreak until
the end of October in 1988 and 1989 was 406 and
584 mm, respectively. The initiation of subsurface
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drip-irrigation on 23 May 1983 and 29 Aprnl 1939
doubled ET. measurad prior to those dates. Estimates ot
a ‘basal’ K. increased from 0.1 to 0.4 in 1987. The sea-
sonal K. in 1988 increased throughout the season and
reached its peak (0.73) in October. The highest K. value
in 1989 occurred in July. [t is suggested that the seasonal
and vear-to-vear vanation in the K, was a result of the
growth habit of the vines due to training dunng vinevard
establishment. The results provide estimates of ET, and
K. tor use in scheduling irmgations during vinevard es-
tablishment in the San Joaquin Valley of California and
elsewhere with similar environmental conditons.

Introduction

There have been numerous estimates of crop water use
for mature grapevines. However, estimates of crop water
use for grapevines during the first 3 vears of vinevard
establishment are hmited (Mvyburgh et al. 1996: Peacock
et al. 1977). Evapotranspiration techniques that have
been used previously for grapevines required assess-
ments of various sotl and, or water parameters (Araujo
et al. 1993a: Ene et al. 1982; Grimes and Williams 1990:
Stevens and Harvey 1996; van Rooven et al. 1980) that
may limit their accuracy. Sap flow sensors have been
used on young and mature vines in conjunction with
models of soil water evaporation to estimate crop
evapotranspiration (ET,) (Lascano et al. 1992: Ginestar
et al. 1998 Yunusa et al. 1997a. [997b). The rehabilitv
of sap flow sensors. especially on large vines, has been
questioned (Tarara and Ferguson 2001). Micrometeo-
rological methods to esuimate sensible and latent heat
dux in vinevards also have been used (Oliver and Sene
1992: Spano et al. 2000: Yunusa et al. 2000). Such
techniques require large areas of uniform fetch and ex-
tensive instrumentation (Grimmond et al. 1992). Un-
fortunatelv, individual vineyvard blocks in many grape
production areas are quite small. limiting the use of
micrometeorological methods under those conditions.



Lysimeters are the standard for ET. measurements
(Prueger et al. 1997). Drainage lysimeters have been used
to measure the water use of grapevines (Evans et al.
1993: Rollin et al. 1981; van Rooyen et al. 1980). Such
lysimeters can provide accurate crop water-use values on
a weekly basis (Buwalda and Lenz 1995) and daily es-
timates when used in conjunction with extensive mea-
surements of the soil water content within the lysimeter
(Evans et al. 1993). However. greater accuracy and
sensitivity can be obtained with weighing lvsimeters.
which measure ET directly (Hatfield 1990). With the
appropriate instrumentation, weighing lysimeters can
accurately determine ET. on an hourly or shorter time
basis.

A large weighing lysimeter was constructed near
Fresno, California, to measure the ET of Thompson
Seedless grapevines (Phene et al. 1991). Water use during
the first season was recorded by manually reading ihe
scale on a near-daily basis. Continuous hourly mea-
surements of vine ET were determined during the second
and third vears of the study. Vine ET was then used 1o
develop crop coefficients for use in irrigation manage-
ment of vines used for raisin and table grape production
in the San Joaquin Valley of California. Results pre-
sented here describe the water use of grapevines during
the first 3 vears of vinevard establishment.

Materials and methods

A Ix4x2 m desp weighing lvsimeter was installed at the University
of Culifornia Kearney Agricultural Center located in the San
Joaquin Valley of California (36°48” N, 119°30" W) in 1986. Two
Vitis vinifera L. (cv. "Thompson Seedless’. clone 2A) grapevine
cuttings were planted in the lysimeter on 9 April 1987. The two
vines were 2.15 m apart and 0.925 m from either end of the 4 m
long lvsimeter. The vines were 1.0 m from the sides of the lysimeter.
Cuttings were also planted in the vineyard surrounding the lysi-
meter with vine and row spacings of 2.15 and 3.51 m. respectively
(7.33 m- per vine). Row direction was east—west. The vines planted
on cither side of the lysimeter down the row were 2.13 m from the
respective east or west vine inside the lysimeter. The vineyard was
approximately 1.4 ha (168x82 m) and was surrounded by a mixture
of annual and perennial crops.

Vines within the lysimeter were furrow-irrigated from planting
until the first week in September 1987, after which they were sub-
surface dnp-irrigated. Two furrows were dug manually. one on
either side of the cuttings, within the lysimeter. The edge of the
furrows was located 0.15 m from the cuttings. Furrows were ap-
proximately 0.4 m wide at the top, 0.2 m wide at the bottom, 0.3 m
in depth. and 3.8 m in length (almost the entire length of the lysi-
meter. .0 m). Vines in the surrounding vineyard were furrow-ir-
rigated all season long. Vine water use was determined by reading
the scale manually almost on a daily basis. Therefore. readings
were taken just prior and subsequent to a turrow-irrigation to de-
termine the amount of water to apply. The vines were allowed to
grow without any support the first year. During the winter. each
vine was pruned to one, two-bud, spur.

Drip-irrigation for the remainder of the vineyvard. and the trellis
system. were installed during vine dormancy of the first growing
season (January 1988). The trellis of the vines within the lysimeter
consisted of a 2.13 m long wooden stake driven 0.45 m into the soil
at each vine. A 0.6 m cross-arm was placed atop the stake and
wires attached at either 2nd of the cross-arm to support the vine's
frutting canes. Wooden end posts, 16 cm in diameter, with

cross-arms. were placed in the soil at both ends of the lysimeter for
addmonal_ support. The trellis for the vines in the lysimeter was
self—cpr_uamed and not atiached to the trellis system used down the
remaining sections of the row to ensure that it was part of the
lysimeter mass.

_ During the second growing season. a single shoot trom each
vine was trained up the stake in order to form the trunk. Anv
clusters that were preser: at this time were removed. Once the
shoot's apex was |3 cm ubove the cross-arm, it was topped to
sumulate [ateral shoot growth and to form the head of the vine.
Midway through :he growang season all remaining lateral shoots
that had formed along the future trunk were removed. Duniag vine
dormancy, the vines werz pruned 1o two, [2-node. fruiting canes
(these canes cortained the forthcoming growing season’s cluster
primordia). The third growing season (1989) was the first cropping
yeur. Standard horticultural practices to controi disease and insect
pests ol grapevines werz performed as necessary by feld station
personnel cach veur.

The soil container of :ne lysimeter was weighed with a balance
beam and load ceif condizuration, with most of the weight being
eliminated using counte s. The soil, a Hanford fine sandyv
loam (coarse-loamy. mix2d. nonacid, thermic Tvpic Xerorthent),
was excavated from the s simeter site in eight layers and stockpiled
for use in refilling the tanx. Soil bulk density was measured between
0.3 and 1.3 m . the soil profile during excavation. The
lysimeter tank was dllec manually in 0.13-m layers and compacted
to upproximately the original buik density (1.37 Mg;m?). Before
filling. stainless steel fritted tubing placed at a 0.6 m spacing was
installed in a 2.4 mm-thick layer of diatomaceous earth at the
bottom of the lysimeter to act as a drain. The calibrated accuracy
of the lysimeter was =0.025 mm of water and the overall resolu-
tion of the system was 400 g or 0.05 mm of water. The hourlv loss
of mass by the lvsimeter was assumed to be due to the water loss by
transpiration. sotl evaporation and drainage. A more detailed de-
scription of the lysimeter and its construction can be found in
Phene et al. (1991,

Vines in the ivsimeter atter 5 September 1987 and the rest of the
vinevard at the beginning the 1988 growing season were irrigated at
a rate of 4 1 h™" with in-line drip emitters, spaced every 0.30 m. The
drip tubing within the lvsimeter was buried approximately 0.4 m
below the surface of the soil. 0.3 m from the vines. Half of the vines
within the surrounding vineyard were irrigated with subsurface
drip-irrigation and the other half with the drip tubing attached to a
wire suspended in the row 0.4 m above the soil surface. Irrigation
water for the lysimeter was supplied from two 300-1 water tanks
suspended on the weighbridge supporting the lysimeter (to insure
that this water was a part ot the lysimeter’s mass). The lysimeter’s
mass was recorded hourly 1o determine ET, ol the two vines and
the lysimeter soil surface. und the change in mass was compared
with a 16-1 threshold value of water loss. equivalent to 2 mm ET,
over the 8§ m* lysimeter surface. When the threshold was exceeded.
the lysimeter was irrigated. At midnight the water tanks were re-
filled; the inflow was measured with a flow meter and recorded
electronically, and the new lvsimeter mass was used as a baseline
for the next day. No drainage was recorded during the 3-vear study
period. A datalogger (21X Micrologger, Campbell Scientific) was
used to monitor and conirol the system and to communicate with a
computer at the Wu Management Research Laboratory
(WMRL) in Fresno. Culifornia. Data were downloaded to the
WMRL computer for processing daily at midnight. The number of
irmgations per day, throughout the 1988 and 1989 growing seasons,
ranged from 0 to +.

Reference crop evapotranspiration (ET,) data were obtained
from a California irrigation management information system {CI-
MIS) weather station located 2 km from the vineyard site. Van-
ables measured and calculations used to determine hourly and daily
ET, from CIMIS can be found in Snyder and Pruitt (1992). The
summation of hourly ET, values was used with the summed hourly
values of measured vine evapotranspiration (ET,) to calculate the
daily crop coefficient. The crop coefficient ( K.) was calculated as the
ratio of ET., ET,. The ET. measured by the lysimeter was adjusted
to an area equivalent loss of an individual vine in the lysimeter
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4 m” of surface area) to that of an individual vine in the sur-
rounding vineyard (7 5 m" of surface area) by multiplying by 0.33.
[t was assumed that >011 water evaporation in the arex outside the
'vsimeter. not measured. especially after the inttiation of dnp-irn-
sation in 1988 and 1989. was minimal in the absence of ramfall.

Soil water content (SWC) within the lysimeter was monitored
using the neutron back-scattering technique with 1 neutron mois-
ture probe (Model 303 DR Hydroprobe moisiure gauge: Boart
Longvear. Martinez, Calif.). Two access tubes were placed ap-
:)ronmmeiv 0.5 m from 2ach vine within the row (approximaiely

i.0 m between the two tubes) and mse*ted to a depth of 1.3 m.
Readmos were taken at depths of 0.23. 0.45. 0.73, 1.05. 135, and
1.65 m from the soil surface. The neutron probe was calibrated
according to Dickey and Schwank! (1980) and water content values
zxpressed as percent by volume (0,). Field capacity ot this sotl tvpe
was approximately 22.0 ), while SWC at a soil moisture tension of
—~1.3 MPa was approximately 8.0 6, (Araujo et al. 19953a).

Learl area of vines within the lysimeter was estimated using non-
destructive methods. At various times during the growing season
(see Results section for specific dates) the number of shoots and
individual shoot lengths of each vine within the lysimeter were
measured. At the same time a minimum of 20 individual shoots of
varving lengths were collected from vines in the surrounding
vinevard. The length of zach shoot was measured and leaf area
determined with an area meter (model LI-3100; Li-Cor, Lincoln,
Neb.). The relationship between shoot length and leaf area was
determined via regression analysis on each date that data were
collected. [n most cases a linear or quadratic equation was used to
fit the data with R values in excess of 0.9. Total leaf area of vines in
the lvsimeler was then caiculated based upon the relationship be-
twezn shoot length and leaf area and the number of shoots per vine.
Oncs the measurement of shoots on the lysimeter-grown vines
became too demanding in 1989. the leat areas of vines (n=3)in the
vinevard surrounding the lysimeter were Jdestructively determined
and :he vajues assumed to be representative of the lvsimeter vines.
There were no obvious visual differences in canopy size betwezn the
two vines growing in the lvsimeter and vines growing 2lsewhere in
the vinevard. Esumated leaf area of vines in the lvsimeter compared
favorably with leaf area measured on vines growing in the sur-
rounding vinevard during 1989.

Degree-day data were obtained from the University of Cali-
fornia Statewide Integrated Pest Management Project’s website.
Temperature data used in calculating degree-days were obtained
from the CIMIS number 39 weather station at the Kearney Agn-
cultural Center. Degres-days were calculated using the sine method
with a lower threshold of 10°C.

Results

Amounts of rainfall occurring duning the three growing
seasons were [2 mm in 1987, 62 mm in 1988 and 46 mm
in 1989 (Table 1). Almost half of the rainfall in 1989
occurred on 20 September Reference crop evaporation
(ET,) from the planting date in 1987 to the beginning of
dnp irnigation was 887 mm, while that to 7 October was

1.052 mm. Reference crop ET for the 1988 and 1989
growing seasons, from budbreak until the last day in
October. was 1,147 and 1,182 mm, respectively. Over the
same tume period, accumulated degree-days (DDs) were
2,664 in 1988 and 2,537 in 1989.

Furrow irrigations in 1987 took place on six dates,
between the day after planting and the end of August
(Table 2). The amount of water used from one furrow-
irrigation event to another was generally less than that
applied. Daily ET, values were greatly affected by an
imgation event (Fig. 1). Although ET. was not

P

Table 1 Rainfail events recorded in 1987 between planting and 10
October and Jduring the 1988 and 1989 growing seasons between
budbreak and 31 Qctober. Date of budbreak in 1988 was || March
and in 1989 it was 20 March

Ramntall imm,

Year Culendar cate Day of vear

1987 [ May 120 30
13 May 135 3.9

1983 14 April 103 276
19 April 110 26.3
20 April Lli 0.3
21 Aprl 12 [
22 Apnl 13 4.3
23 Apnd 14 I

1939 22 March S 3.5
’9 March 38 3.9
3 May 123 [1.9
12 May |32 1.8
20 September 263 20.0

Tabie 2 Dates and amount of applied water for furrow-irrigation
in 1987 and measured water use (ET,) betwezn dates or upplication.
Values are based on an area of 7.55 m~ per vine. Values in pa-
rentheses in the Date of irrigation column represent day of vear
(DOYY

Date of [rrigation  Inclusive dates ET. (mm
rmgation amounts  of ET.
(mm}

[0 April (100} 3T [0 Apal to 4 May 323

S Muay 1120 IR 3 May to 27 May 20.1
28 May (14%) 632 28 Mayv to 23 June 60.3
24 June (175 61.2 24 June to 16 July 319
17 July 1 198) 325 17 July to 3 August 8.3

& August (213) N3 6 August to + September 16.3

determined on everv date subsequent to an irngation
event, the amount of water depleted from the lvsimeter
on those dates that were measured was considerable. For
example, when water was applied on 28 May (DOY
148), ET, for the next 3 days (28-31 May) was equiva-
lent to 6.8 mm per dav. However, by 2 June (DOY 153).
ET. had dropped to 3.8 mm per day. On 6 August, vines
were irrigated at 1100 hours and the mass of the lvsi-
meter recorded at 1200 hours. Between 1200 hours on 6
August and 1300 hours on 7 August the loss of water
was equivalent to 6.9 mm. Water loss between 7 August
and 10 August amounted to 3.7 mm per day. Thus.
furrow-irngation resulted in a wet soil surface that
caused a large soil surface evaporation component tol-
lowing an irrigation event.

Due to technical difficulties, reliable measurements of
vine water use once drip-irrigation commenced in 1987
occurred only on a few days. Each of the last two data
points in Fig. | represent water use measured on two
consecutive days.

High soil-water evaporation following a furrow-irr-
gation event greatly elevated K, values. The K. on davs
following an irngation event occasionally exceeded
unity, but then rapidly declined. With the development
of leaf area as the season progressed, the crop coefficient
on the days preceding irrigation gradually increased.
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Fig. | Thompson Seedless measured water use {£7.). reference
crop ET \£T,) and the calculated crop coefficient (K.) during the
destyear of vine yrowth. The vines were planted on 9 Apnl. Water
use wos measured with a weighing fvsimeter and 2xpressed on an
area per vine busis of 733 m”. The regression line using the lowest
K vuives i = 0,053 = 0.001304x — 0.00000744x") where v equals
DOY'. represents a “basal’ crop coefficient. The piled data points
wers 2sed 1o determine the “basal’ K,

indicating increasing vine transpiration. Estimated leaf
arsz per vine on 10 July (DOY 161) and 22 September
(DOY 263) were 0.75 and 1.4 m", respectively. A poly-
nomial regression line was calculated through the lowest
K. points and expressed on a DOY basis. The resulting
daily "basal’ K. was multiplied by daily ET, to esumate
vine transpiration from planting through 4 September
and 10 October (Table 3). The estimated vine transpi-
raton of 140 mm was approximately 350% of the
measured total vine water use between planung and
the beginning of drip-irrigation, mmplying that soil

Table 3 Amount of irrigation, measured wateruse (ET.) and ref-
erence crop svapotranspiration(ET,) and estimated vine transpi-
ration from date of planting (9 April) untl 4 September. 1987.
Esumated vine transpiration was calculated using the basal’” crop
ceetficients shown in Fig. 1. Daily values of ET, and "basal’ crop
coerficients were multiplied and then summed trom planting until
the specified date. Values are based upon the area per vine within
the vineyard surrounding the lysimeter (7.55 m~)

Dates Amount of  Measured ET, Esumated
irrigation ET. vine
transpiration
imm)
9 April to 331 289 387 140
4 September
9 April to - - 1,052 199
10 October

evaporation was approximately 50% of the first-vear
water use with furrow-irrigation. ’
The second growing season during vinevard estab-
lishment is when the irunk and head of a grapevine are
formed. Early on, onlv one shoot per vine is allowed to
grow and it is trained to grow up the stake to form the
trunk. [t is not until lateral shoot growth takes place
along the primary shoot (future trunk) that significant
leaf area 1s formed. The shoot forming the trunk reached
the cross-arm the last wesk in May and was topped
2 weeks later (leaf area was estimated to be approxi-
mately 1.5 m~ per vine). At this time lateral shoots grew
vigorously from the top eight nodes. Lazeral shoots from
below the top eight nodes had alreadv 2een removed.
The high ET. values carly in the 1948 season (DOY
110-140) (Fig. 2) was due to evaporation from the wet
soil surface following the large amount of rainfall that
occurred during the second and third weeks of April
(Table D). During the period from 12 April (DOY 103)
o 9 Mav (DOY 130) cumulauve ET. was 39.4 mm.
which wus equivalent to 63% of the rain that tell during
April. A large increase in ET. occurred when daily irmi-
gations commenced on DOY 144 (Fig. 3). ET, increased
from 0.5 mm on DOY 143 to 1.62 mm on DOY [44.
when 2.73 mm of water was applied and the X

ET, and ET, (mm day")

3.6

0.4

02 -

Crop Coefficient (k)

150 200 250 300 350
Day of Year - 1988

S

O il [
50 100

Fig. 2 Daily (weekly amounts/7) vine water use (ET,), reference
crop evapotranspiration (£7,) as a weekly average, and the
resulting K. measured durning the second vear of vine establishment.
Date of budbreak was || March. Vines were trained up the trellis
stake in order to form the trunk and ultimately the head of the vine
during the second vear. The K curve was the following: v = 0.08
= (0.64/(1 + 77 002Dy where x equals DOY. The filled data
points were used to generate the equation
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Fig. 3 Daily vine water use (£7.), reference crop evapotranspira-
tion (£7,) and crop coefficient (K.) measured from DOYs 130-190
of the 1988 growing season. Irrigation amounts (/rr. Am:.) are also
given and are expressed on an area per vine basis of 7.55 m~.
[rrigation began on DOY 144, There were several days in which the
vines were not irmngated

increased from 0.08 to 0.24 over the same time-frame.
Water use remained fairly constant for the next 27 days
despite varying amounts of applied water and no applied
water during the period DOY 159—-168. Applied water
amounts of greater than 4 mm per day on DOYs 171
and 179, did increase ET, and the K, on DOYs 172 and
180. respectively. After the end of June (DOY 183). tr-
rigations within the lysimeter replaced ET. whenever
16 1 of water was lost from the lysimeter. Water use
increased from that point on until DOY 210 (Fig. 2). On
that date. three or four lateral shoots were removed
from the upper portion of the newly formed trunk on
each vine within the lysimeter. The removal of these
shoots comprised approximately 50% (4 m” ?) of the total
estimated leaf area (8 m?) per vine at that time. Water
use and the K. increased rapidly thereafter due to vig-
orous growth of the remaining four lateral shoots (two
of which were retained as next year’s fruiting canes at
pruning) growing from the head of each vine. The K.
remained quite high right up until the end of October
(DOY 304). Unfortunately, no estimation of leaf area at
the end of the season was made that year. It should be
pointed out that lateral shoots ansing out of the four
lateral shoots left on the vine grew quite vigorously and
some extended nearly midway between the rows.

The first measurement of soil water content (SWQC)
took place just prior to the first irngation in 1988
(Fig. 4). On the second measurement date the use of
subsurface drip-irmgation is reflected by the increase in
SWC at the 0.45 and 0.75 m depths, but SWC at the
0.23 m depth declined. The decrease in SWC at the 0.45
and 0.75 m depths on the third date was due to a lack of
irngation between DOYs 159 and 168. The application
of more than 4 mm per day on DOYs [71 and {79
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Fig. 4 Soil water content (SWC: expressed as percent by volume =
t),) measured in the lvsimeter throughout the 1988 growing season.
Each data point 1s the mean of measurements taken in two access
tubes. The mean is of all depths in both access tubes. Sotl water
content at field capacity was approximately 22.0 8, while that at a
soil moisture tension ot —=1.5 MPa was approximately 8.0 8,

resulted in an increase in SWC at the 0.23 m depth and
the wetting of the soil surface. Soil water content at a
depth of | m or more was relatively constant throughout
the growing season.

The third growing season began with the vines having
two fruiting canes left after pruning. Leaf area per vine
estimated 5hortlv after irrigations commenced was ap-
proximately 5 m° (Table 4). Maximum leaf area was
approximately 13 rn2 per vine in September.

Drip-irnigation within the lysimeter commenced on 29
Aprl (DOY 119) in 1989. ET, increased from 1.31 mm
per day in the week prior to the first irrigation to 3.38 mm
per day in the first week of irrigation (Fig. 5). The crop
coeficient increased from 0.29 to 0.64 during the same
time-frame. The dip in ET. and ET, during the week of 9
May (DOY 129) was due to two rainfall events (Table 1).
Irrigation was resumed for the next 3 weeks at amounts
comparable to ET. except for the week of 29 May (DOYs
149-155) when the vines recetved no applied water. Sub-
sequent to that period ET, and the K, increased rapidly,
both reaching a peak in the week of 12 July (DOYs

Table 4 Estimated leaf area per vine during the 1989 growing
season. Date of budbreak was 20 March (DOY 79). Degree-day
data were obtained from the UC Statewide Integrated Pest Man-
agement Project using temperature data from the CIMIS number
39 weather station (at the Kearney Agricultural Center). A lower
threshold of 10°C was used

Calendar date Day of vear Degree-days Leaf area
from 350% (m~ vine™")
budbreak

25 Apnil L3 296 4.5

23 May 143 354 5.9

7 June 138 706 7.4

11 July 192 1176 9.4

9 Aungust 221 1627 1.9

[3 September 256 2093 12.9
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Fig. 5 Daily vine water use (£7,.). reference crop <vapotranspira-
ton  ET,). irrtgation ameunt {/rr. 4m.) and crop coetficient (K,
measured during the 1989 growing season. Date ol budbreak was
20 March. There are several intervals in which the vines received no
appited water. The crop ceetficient as a function of DOY was the
fodowing: v o= 008 = 03 (1 - o7 T YTy where v equals
DOY. Other information is as given in Fig. 2

[94-200). From DOY 206 onwards. the lvsimeter expe-
rienced both electrical and mechanical problems. During
the week of 19 July (DOY's 199-206) vines were only ir-
rigated with approximately 30% of the amount of water
that they used. The following week they were notirrigated
and ET, decreased from 5.2 mm per day to 2.6 mm per
day. At this time a marked decline in the K, occurred. By
DOY 220. however. ET, values declined in roughly the
same proportion as ET. and the K. was constant until
DOY 270.

The SWC started high in the 1989 growing season
{Fig. 6) and decreased at all depths even after irrigation
started and a 9 May (DOY 129) rainfall event. The re-
sumption of irngation the following week increased
SWC, with a drop during the week there were no irri-
gations (DOY 166). the exception being SWC at the
0.23 m depth. which increased. Soil water content de-
creased from DOY 189 until DOY 222 due to a com-
bination of deficit irrigation and no irrigation for
| week. Once irrigation resumed, at amounts less than
ET.. SWC leveled off and remained relatively constant
until the last measurement date.

Discussion

Vine water use (ET.) from planting in 1937 untl the
beginning of drip-irrigation on 3 September was equiv-
alent to 289 mm, while ET, from budbreak until the end

25
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Fig. 6 Soil water sontent measured in the lvsimeter throughout the
1989 growing sezson. Other information is as given in Fig. 4

of Qvtober a1 198% and 1989 was 4o and 384 mm.
respectively. These values wre similar to the highest ET,
vaiues reporizd by Mvburgh et al. (1996) but greater
than those reported by Peacock et al. (1977) for water
use during the first 3 veurs of vinevard development.
The differences between our results and those ot Peacock
2t al. (1977) may have been due to the tact that the vines
in this study were dood-irngated during the first vear.
and in vears 1 and 3 drip-irrigation was supplied
whenever 161 :f water was lost from the Ivsimeter. The
viaes in the Peucock et all (1977) study were zither drip-
or sprinkler-irrigated 1two  different treatments) all
3 vears and water application amounts were those re-
quired to maintain soil moisture tension at between
~0.005 and -0.015 MPa.

Araujo et al. (1993b) reported that water use of
3-vear old Thompson Seedless vines was 437 and
317 mm of water for drip- and furrow-irrigated vines
between budbreak and harvest at a maximum leaf area
per vine of 18.9 and 13.1 m”, respectively. Our measured
ET. amount during vear 3 for drip-irrigated vines be-
tween budbreak and harvest was approximately
500 mm. with a maximum leaf area of approximately
I3 m~ per vine. Therefore. ET, of the drip-irrgated vines
in the lysimeter was sull greater than estimated by
Araujo et al. (1993b) despite similar evaporative de-
mand. the malfunction of the lysimeter from July to the
end of the season (i.2. less water was applied than used)
and less leaf area per vine. Our maximum daily water
use (almost 6 mm per day) in vear 3 was three times
greater than that reported by Lascano et al. (1992) for
3-vear old Chardonnay vines grown in Texas. The
Chardonnay vines. however, only had a maximum leaf
area of less than 5 m-~ per vine.

The major portion of ET, during the first year was
due to evaporation of water from the soil surface after a
furrow-irrigation and the fact that the two vines' cano-
pies were quite small even 6 months after planting
(1.4 m~ leaf area per vine). The amount of water used as
ET. after an irrigation event was comparable to ET,, for



1-3 days following the application of water. Araujo et al.
(1993a) concluded that soil evaporation after a vineyard
furrow-irrigation event could be 7-8 mm per day. Soil
water evaporation estimated in this study on DOY 219
was 3.8 mm [ET. on DOY 219 (7.0 mm) ~ ET. on DOY
218 (1.2 mm) = 5.8 mm]. This value is somewhat less
than the soil water evaporation estimated by Araujo
et al. (1993a), perhaps due in part to the smaller furrow
size used in this study compared with Araujo et al. The
daily soil water evaporation values obtained in this
study are similar to those determined on bare soils or
soils with a sparse canopy by measuring soil moisture
depletion with a neutron probe (Lascano and van Bavel
1986: Lascano et al. 1987) or using microlysimeters
(Daamen et al. 1993). The patterns of evaporation were
consistent with the two distinct phases of the drying
process of the soil following an irrigation or significant
rainfall event proposed by Hillel (1971) and Ritchie
(1972).

The amounts of water lost via soil evaporation for
furrow-irrigated vines in a mature vinevard (maximum
leat area of approximately 10 m* vine™!) have been re-
ported (Yunusa et al. 1997b). Total irrigation amounts
during the first and second years of that study were 293
and 321 mm. respectively, while rainfall amounted to
[67 mm in the first vear and 172 mm in the second.
Their estimate of soil water evaporation was equivalent
to 274 and 329 mm each vear, respectively. Their values
of soil evaporation were similar to what we report here
as ET. with similar applied water amounts. Soil evapo-
ration accounted for approximately 50% of estimated
ET. in their study, while we concluded that a minimum
of 30% of the ET, measured in this study during the first
vear was due to evaporation of water from the soil, with
vines having a much smaller leaf area.

From the end of the 1987 growing season throughout
the 1988 and 1989 growing seasons, the vines were
subsurface drip-irrigated. There are several dates during
these two seasons when one could obtain an approxi-
mate value of soil surface evaporation. In 1988, ET,
increased from 0.55 to 1.62 mm per day with the first
irrigation (2.9 mm of water) of the season (Fig. 3, DOY
144) and the X, increased from 0.08 to 0.22. The lack of
an increase in either ET, or K, for the next 30 days and
small leaf area per vine (~1.0 mz) at that tume would
suggest that increased vine transpiration was not re-
sponsible for the initial increase in ET,. Increasing irri-
gation amounts from 1.77 mm on DOY 169 to 4.45 mm
on DOY 170 increased ET. from 1.3 to 2.3 mm and the
crop coefficient from 0.2 to 0.44. On DOY 170 the | mm
increase in ET, was probably due to surface evaporation
as the soil surface may have become wetted (See Fig. 4,
increased SWC at the 0.23 m depth). In both cases. the
soil surface would have been exposed to environmental
factors conducive to high evaporation rates (Matthias
et al. 1986) due to the low amount of grapevine foliage
at that time. The increase in ET. on both dates of ap-
proximately | mm was 16% of ET,. Phene et al. (1993)
have shown that bare soil evaporation using subsurface

drip-irrigation measured with a lysimeter in western
Fresno County. similar to the one used here, was 6% of
ETs.

Another example where soil evaporation from ap-
plied water could have been estimated occurred in 1939
for the days prior to DOY 124, 156 and 206. The week
that irrigations commenced (beginning with DOY 119)
ET. increased by 2 mm (38% of ET,) over the previous
week despite 2 minimal increase in evaporative demand
and no wetting of the soil surface (Fig. 6). ET, leveled
off thereafter at approximately 3 mm per day. No irri-
gation for 6 davs (between DOYs 150 and 135) reduced
ET. 0.4 mm (6% of ET,) compared with ET, the pre-
vious week. Reducing the irmgation amount from
5.4 mm per day (for DOYs 194-198) to 2.8 mm per day
in the week of DOY 205 (days 199 to 203) reduced ET,
0.7 mm per day (10% of ET,). Our estimates of dailv
soil evaporation using subsurface drip-irrigation were
similar to those reported in an Australian vinevard using
surface dnp-irmgation (Yunusa et al. 1997a). Their es-
tumates of soil evaporation also decreased as the season
progressed. as it would appear that ours did.

The pnmaryv purpose for the installaton of the
weighing lysimeter was to establish crop coefficients for
grapevines grown In the San Joaquin Vallev. Crop co-
efficients currentlv used ftor grapevines are primarlv
suited for mature vineyards (Doorenbos and Pruitt
1977. Snvder et al. 1987) where growth and canopv
characteristics are fairly constant from one vear to the
next. Seasonal leaf area development and maximum leaf
area per vine differs among vears during vinevard es-
tablishment (Araujo and Williams 1988; Araujo et al.
1993b). Results from those studies, together with leaf
area measured in this study, demonstrated that canopy
development varies markedly from the first through the
third vear of vine establishment, affecting vine water use
and crop coefficients.

The initial use of furrow-irrgation after planting
made it difficult to establish seasonal K, values for these
first-vear vines. A second-order polvnomial regression
using all the data points in Fig. | (data not shown) re-
sulted in a K, of 0.35 at planting and a K, of 0.4 at the
end of September. We feel that the regression run
through the lowest calculated K.s in Fig. 1 (*basal K.,
however, would be appropnate for drip-irrigated vines.
The fitted K. curve for the second growing season
(Fig. 2) reflected the lack of significant canopy early in
the growing season when a single shoot was trained up
the trellis stake to form the trunk and then growth (from
lateral shoots) as the head was established. The contin-
ued shoot growth late in the season, with little leaf se-
nescence, and the lack of a crop was probably
responsible for the K. not decreasing unul well into
November. Published crop coefficients for mature vines.
those producing a crop, decrease once harvesting has
taken place (Doorenbos and Pruitt [977; Snyder et al.
1987). A curve similar to that derived in the second vear
was used to describe the seasonal progression of the XK.
duning year 3. [t reflects the earlier development of the



vines' canopies in vear 3, compared with vear 2. and a
higher maximum K. [t is felt that the marked decline in
the K. during July in vear 3 would not have occurred if
the lvsimeter had tunctioned properly. Therefore. the
fitted curve (Fig. 3) reflects our assumption that vine
water use would have resulted in a constant value of the
K. until well into October, similar to that in vear 2.

Conclusions

Duta collected in this study demonstrated that surface
evaperation using furrow-irrigation was at least 30% of
ET.during the first vear of vinevard establishment. Much
or the rainiall early in the growing season, a time when the
vine canopies were small during vears 2 and 3. was also
lost to evaporation under the conditions of the study. The
“basal K. the fAirst vear of the study ranged from 0.1 early
on o 0.4 atthe end of the season. The seasonal K, during
the second zrowing season increased up untl late in the
grow:ng season. at which time it appeared to level off at a
value or0.7. The seasonal K, in 1989 increased from 0.1 to
greater than 0.3 (from budbreak until the lvsimeter mal-
function at mid-season). It is unknown whether the pre-
cipitous drop in vine water use mid-season that year and
the lack of increased water use after irrigations resumed
were due to severe vine stress or to the amount of water
subsequently appled by the lvsimeter.
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Abstract Water use of Thompson Seedless grapevines
was measured with a large weighing lvsimeter from 4 to
7 vears after planting (1990-1993). Above-ground drip-
irrgation was used to water the vines. Vines growing
within the lysimeter were pruned to four and six {ruiting
canes for the 1990 and 1991 growing seasons. respect-
ivelv, and eight fruiung canes in the last 2 vears. Maxi-
mum leat area per vine at mid-season ranged from 23 10
27 m- across all vears. Reference crop evapotranspira-
tion (ET,) averaged 1.173 mm between budbreak and
the end of October each vear. with a maximum daily
amount of approximately 7 mm each vear. Maximum
daily vine water use (ET,) was 6.1. 6.4, 6.0. and 6.7 mm
(based upon a land area per vine of 7.33 m~) for 1990,
[991. 1992, and 1993, respectively. Seusonal ET. was
713 mm in 1990 and ranged trom 8§11 to 365 mm tor the
remaining 3 vears of the studv. The differences in water
1se among years were probably due to the development
ot the vine’s canopy (leaf area). since they were pruned
to ditfering numbers of fruiting canes. These differences
were more pronounced early in the season. Soil water
content (SWC) within the lvsimeter decreased early in
the growing season, prior to the initiation of the first
irrigation. Once irrigations commenced, SWC increased
and then leveled off for the remainder of the season. The
maximum crop coetficient (K,) calculated during the first
vear (1990 was 0.87. The maximum K, 1in 1991, 1992
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and 1993 was 103, 098, and 1.08. respectively. The
maximum A, in 1991 and 1993 occurred during the
month ot September. while that in 1992 was recorded
during the month of Julv. The seasonal K, followed a
pattern similar to that of grapevine leaf area develop-
ment each vear. The K, was also a linear function of leat
area per vine using data from all four growing seasons.
The decrease in K. late in the 1991, 1992, and 1993
growing seasons. generally starting in September. varied
considerably among the vears. This mayv have been us-
sociated with the fact that leathoppers (Ervihronewru
elegantula Osborn and £. variabilis Beamer) were not
chemically controlled in the vinevard beginning in 1991.

Introduction

Seasonal water use of mature grapevines has been meus-
ured in several studies using various methods (Evans et al.
1993: Grimes and Williams 1990: Peacock et al.. 1987:
Prior and Grieve 1987; van Rooven et al. 1980 van Zvl
and van Huvssteen 1980, 1988: Wilhams and Matthews
[990: Yunusa et al. 19974, 1997b). Results from the
aforementioned studies indicate that vinevard water use
varies considerably. [tis unknown. however. how much of
the variability from vinevard to vinevard reported above
1s the result of differences 1n production practices or the
method of determining vine water use.

A werghing lysimeter was installed near Fresno in the
San Joaquin Vallev of Calitornia to directly measurz
evapotranspiration (ET.) of grapevines. Thompson
Seedless grapevines were planted in the lvsimeter in 1987
and results from the first 3 vears ol growth are presented
in a previous paper (Williams et al. 2003). This paper
will report on vine water use from year 4 to vear 7 after
planting (four cropping seasons). In addition. daily and
diurnal vine water use will be presented. Lastly. seasonal
crop coefficients (A, were developed in order to provide
the information necessary to schedule irrigations in
vinevards similar 1o the one used in the study.



Materials and methods

The weighing lvsimeter at the Unmwersity of Culifornia Kearney
Agricultural Center. containing two Vius vintfera L. (cv. Thompson
Seedless) grapevines. as described in the preceding paper | Williams
2t al. 2003). was used in this study. The data presented herein were
collected from 1990 to 1993. Technical aspects of measuring vine
water use (ET.) were similar to those previously given. as was the
source ol rererence crop evapotranspiration (ET,) data and cal-
cuiation of Jdegrez-davs (DDs).

Vines n the lvsimeter were irngated with 41 h™! in-line drip
emitiers. spaced every 0.30 m. The Jnp tubing was attached to a
wire susgended 0.4 m above the soil surfuace. This diders trom the
two pratious vears (1933 and 1989). as subsurface drip-irfgation
was used Williams et al. 2003). The number of irrigations
per day :nroughout the 990 1o 1993 zrowing seasons ranged
from 0 1> 7.

The summaton of hourly ET, values was used with the sum-
med hourly values of measured vine evepotranspiration (ET,) to
calculate the datly zrop coefficient. The crop coefficient (K,) was the
ratio of ET. ET.,. The ET, measured by the lysimeter was adjusted
1o uan arew equivalent loss of an individual vine in the lvsimeter
(4 m= of surface 1rzu) to that of vines 0 he surrounding “inevard
(T35 m™ i surites area. once irngitons had commencad. bHv
multiplving by .33, [t was assumed that soil water evaperation in
the area outside :ne lvsimeter was minimal. Estimates of soil water
evaporation (usiny the neutron probe’ midway between rows in
1992 runged from 0.26 mm day™' at the end of Mav to 0.09 mm
dav™ e the second week of September.

Lealarea of vines within the lvsimeter was estimated using non-
destructive methods (Williams et al. 2003). Once the measurements
of shoots on the !vsimeter-grown vines became too ditficult. the leal
area of vines in the vinevard surrounding the ivsimeter were de-
structivelv d2termined and the values were assumed o be rapre-
septative o the lvsimeter vines. Pruning weishss 121 measure of
vagetaltive zrowthy and vields measured on the swo vines within the
lyvsimeter curng 2ach vear of the study were similar to vines
growing in the surrounding vinevard.

Vines were pruned to tour fruiting canes for the 1990 growing
season. six canes for the 1991 growing season and eight canes for
the 1992 and 1993 growing seasons. Standard horticultural prac-
tices to control disease and insect pests of grapevines were per-
tormed as needed by fleld station personnel each vear. No
pesticides were used to control western grape (Ervihroneura ele-
gantula Osborn) or variegated (E. variabilis Beamer) leathoppers.
however. during the 1991 through 1993 growing seasons.

Resuits

Rainfall amounts varied considerably among water
vears (from | November the previous year to 31 October
in the present vear) and the amount that fell during each
growing season (from date of budbreak until the end of
October) (Table 1). In most vears. the majonty of in-
season rainftall occurred during March. the month n
which budbreak normally takes place for Thompson
Seedless grapevines at this location (Table 2).

The record amount of rainfall that fell dunng 1993
was reflected in the high soil water content measured
within the lvsimeter early in the season. compared with
the other years (Fig. 1). The 1993 season was the first
time that water drained from the lysimeter. Irrigations
generally commenced prior to anthesis. the last week in
Aprl to the first week in May each vear (Table 2). Prior
to that date. soil water content decreased. Once irriga-

Table 1 Total raintall from | November (the previous year) to
budbreak (BB) and rainf2il amounts and their date of occurrence
between budbreak and 31 October during the 1990, 1991, 1992 and
[993 growing seasons at the Kearney Agricultural Center, Cali-
tornta

Growing Calendar date Dav of Rarntall

seasoen vear (mm)
1990 | November (1589): BB 128
4 April 93 2

13 Aor 13 2

23 May 145 7

I8 May? 148 27

¥ Augus: 220 4

1991 © November (280 BB 162
!7 March ) 23

i3 March =7 31

I March 7 11

2t March 7 9

2+ March 33 9

23 March 34 6

26 March 33 7

56 z

. )| 2

2= Ddctoper 269 )

1992 ! Novemer 119911 BB 241
1+ March 74 S

M Marceh 20 3

12 Apnl 103 3

2 Mav 123 3

1993 | November 1 1992): BB 330
13 March 2 4

17 March 76 3

23 Moaren 34 32

2x March b 9

< Ao i 2

17 Aorl in7 2

23 May 143 3

3 June® 136 3

* The amounts for these two dates include rain that fell on the
previous day

Table 2 Dates of budbreak. initiation of irmgation, harvest and the
accumulation of degree-davs from budbreak to 31 October meas-
ured each vear of the study. Degree-davs were obtained from the
University of Calitornia Statewide I[ntegrated Pest Management
Project using a base temperature of 10°C

Year Date of  Date of ist Date of Degree-day
budbreak irrgation harvest accumulation
1990 18 March 27 April 1117)* 27 August (239)? 2.564
1991 |3 March 3 May (123) 22 September (265) 2.475
1992 14 March 3 May {(129) 4 September (248) 2,728
1993 10 March 3 May (123 21 September (263) 2,486

* Day of vear is in parenthesis

tions were initated. soil water content increased and
then leveled off and remained relatively constant until
the last measurement date of the season (Fig. 1). The
seasonal pattern and absolute amounts of soil water
content for vines in the vinevard surrounding the lysi-
meter receiving the same amounts of water were sunilar
to those within the lvsimeter (unpublished data). The
decrease in soil water content in 1990 between days of
vear (DOY3s) 123 and 160 was associated with a period
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Fig. 1 Soil water content (expressed as percent by volume: 1}
measured in the lysimeter during each growing season of the study.
An individual data point is the average of two access tubes
measured at six depths (from 0.23 to .63 m below the soi1l surfuce)
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Fig. 2 Leaf area development of Thompson Seedless grapevines as
a function of day of vear (DO Y) and degree-davs (DDs) measured
trom budbreak over the course of the study. The dependent
variable of the equations (x) represents DOY and DDs. respect-
ively. for the top and bottom portions of the figure. The equations
used to describe leaf area as a tuncuon of DOY and DDs were: y =
25501 + elTtx - B0y p2 = 086 and v = -16.1-42.0(1 -
Splle “’). R* =092 respecuvely

in which the vines within the lysimeter were not irmgated
(between DOYs 147 and 133) and due to rainfall on
DOYs 143 and 148.
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Table 3 Reference crop evapotranspiration (ET,) and water use
({ET.) measurad each vear of the study from budbreak unul the end
of October. Water use in liters per vine was that directly measured
by the lysimeter. while water use in millimeters was direct lvsimeter
water use divided bv area per vine in the vineyard. Reference crop
ET data were obtained from the CIMIS (number 39) weather
station at the Kearneyv Agrcultural Center. California

Year ET, ET. ET.
(mm) (I vine™ (mm)
1990 1.209 34138 713
1991 1188 6,332 363
1992 [.170 6125 311
1993 .12+ 6,472 857
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Fig. 3 The seasonal progression of daily water use ( £7,), measurad
with a werghing lvsimeter in 1990, reference crop evapotranspira-
tion (ET,) and crop coefficients (K,.) as a function ol Day of Yeur

(DOY). Each duata pomr is the average daily value tor a 7-day
pertod. The seasonal K. values were fitted to the following
equation: v = —1.16 —=0.0168x - 0.000036x7. R* = 0.92

The maximum estimated leaf area per vine at ftull
canopy ranged from 23 to 27 m~ vine™' across all seasons
(Fig. 2). This was despite the fact that vines had been
pruned to different numbers of fruiting canes in the first
3 vears. Leal area development (LAD) in [991 appeared
to lag behind LAD in 1992 and 1993 when plotted as a
function of DOY. but there was no such lag when leaf
area was plotied versus degree-days (DDs).

Reference crop ET (ET,) from budbreak unul the
end ol October ceach vear ranged from 1,124 to
[.209 mm (Table 3). There was generally a large vari-
ability in ET, early in the growing season. resulting from
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Fig. 4 The seasonal progression of dailv ET.. ET, and K.
measursd in 1990 as a function of degree-davs from date of
budbrzzx. Each dara puine is the average daily value for a “-dav
period. The seusonal K. values were ftted to the foliowing
cquation: © = 3.0129=0.000377x - 0.000000291x". R- = )93

cloud cover and, or rainfall events. Maximum daily ET,.
using a “-day running average. was approximately 7 mm
each vear (illustrated in Fig. 3).

Grapevine water use increased from less than 0.5 mm
per dav on DOY 100 in 1990 to more than 2 mm per day
by DOY 130 (Figs. 3 and 4). Step increases in ET, on
DOYs (13 and 150 were due to temporary increased soil
evaporation associated with rainfall events (Table 1).
The maximum ET, of the season occurred in mid-July
when leal area was 24.4 m” vine™' and evaporative de-
mand was highest. At this ume shoots of the vines were
hedged (to facilitate the movement of equipment down
the row) r2moving 4.1 m~ of leaf area per vine. The
decrease in ET, after this date was due to a reduction in
canopy and.or a reduction in ET, (Fig. 3). The crop
coefficient (K,) tor 1990 reached a maximum of 0.87,
coinciding with maximum leaf area. and then oscillating
between 0.74 and 0.84 until the end of September (DOY
273). The K, declined to 0.45 by the end of October. The
seasonal K values for 1990 expressed as a function of
both DOY (Fig. 3) and DDs (Fig. 4) were fitted to
quadratic equations with the fit being rather better when
using DDs.

The seasonal course of ET. from 1991 to 1993 was
similar. with the greatest values of ET, (almost 30 |
day™' or approximately 6.6 mm dav™') occurring dur-
ing the period between 23 June (DOY 174) and 20

gl ‘%
E 0 L L. 1 P L PRI SR w1
= 50 00 150 200 250 300 350
=, Day of Year
p_u A—aA 1561
- -—3 1392 |
. S < 1993
—~ fn A= B
AL TR
- a1 - - <ax
— A FREDN
4+ T~ - i
L L
L - K A i
3 :.: _‘:__
ZWE = - A B
= o T
O —— L | EEPEEEPEE R ol I 1.
o 500 1000 1500 2000 2500 3000

Degree Days

igreater than 10°C from 50% budbreak)

Fig. 5 The seasonal pr ssion of daily water use (£7.) measurad
Junng the 1991, 1992, cad 1993 growing seasons with a weighing
{vsimeter. Seasonal ET, 25 a function of day of vear (DOY) and
degree-days {DDs) were fitted to quadratic equations with: ET, =
—-11.03+-0.1663*DOY - 0.000417*DOY". R~ = 0.78: ET. =
0.182-0.0083*DD -0.000003302*DD-. R~ = 0.88. Other infor-
mation is as given in Fig. 3

July (DOY 201) in 1993 (Fig. 5). Maximum hourly
water use at midday during that tuime period ranged
from 0.82 to 0.95 mm h™' (6.2 to 7.1 | h™"). The daily
course of ET, measured with the lysimeter closely
followed that of ET, and net radiation (Fig. 6). There
appeared to be less variability in the seasonal pro-
gression of ET, among vears when it was expressed as
a function of DDs from budbreak rather than using
DOY in this studv. ET. decreased more rapidly in
1992 and 1993 than in 1991 when expressed as a
function of DOY but less so when expressed as a
function of DDs. The decrease in ET, did not appear
to be related to date of harvest (Table 2), as harvest
did not occur in 1992 until 2 weeks after the large
decline in ET. that vear.

Seasonal water use in 1990 was 718 mm (5.400 !
vine™!) from budbreak until the end of October
(Table 3). This was approximately 60% of ET, during
that time frame. Vine water use between budbreak to
end of October for the next 3 vears were similar and
averaged 844 mm per vear (6,375 | vine™"), that value
being approximately 73% of average ET,.
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Fig. 6 The dailv time course of Thompson Seedless water use on 7
July 1993 measured with o wetghing lvsimeter. Values of hourly net
radiation (.VR). ambient temperature (7) and reference crop
evapotranspiration { £T,) were obtained trom the CIMIS weather
station at the Kearney Agricultural Center. Net radiation values
less than zero were not included. Values of water use (£7,) were
expressed on an area basis of 7.55 m~. Arrows at the botiom
indicate an irrigation event

Once early-season rainfall had subsided. the seasonal
K. increased almost linearly when plotied either as a
function of DOY or DDs (Fig. 7). The maximum £, was
1.08 in 1991 and 1993 late in the growing season and
.98 in July (DOY 200) of 1992. A decline in the K, from
a value of 1.0 did not occur unul the third week of
October in 1991. In 1992 there was a more gradual de-
cline in the K, starting at the end of August (DOY 233).
There was a steep drop in the K. during the week of 16
September (DOY 238) in 1993, aftter reaching its highest
vilue of the season.

The K. values shown within Fig. 7 were fitted to a
sigmoid-type equation with three parameters when ex-
pressed as a function of DOY and DDs. High K, values
due to rainfall early 1n each growing season and the K
values late in the season. once they started to decline.
were not used to generate these equations. The pre-
diction of the seasonal K. using quadratic equations
for both DOY and DDs resulted in R values less
than tor the sigmoid-tvpe equations (K.
~1.184+0.01879*DOY - 0.00004623*DOY>, R
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Fig. 7 The scasonal progression of the crop coethicient lor
Thompson Seadless grapevines calculated for the 1991, 1992, and
1993 growing seasons. The K. as a function of day of vear (DO Y
and degree-days (DDs) were fit to the following equations: v =
0.98 (1 = &7 "B RS = 085 and v = 0.96.(] —e T T
9 R = 0.92. respectively. The first three data poinis of each vear
and those data points where the K, started to decline precipitousiv
later 1n the growing season were not used to generate the squation
for both DOY and DDs (total n=69: n=26. 20. and 23 in 1951,
1992, and 1993, respectivelv). Other information is as given in Fig. 2
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Fig. 8 The relationship between crop coefficient (K,) und leat area
of Thompson Seedless grapevines calculated over the course of four
growing seasons. Lear area was estimated several times ducng each
growing season. The crop coethcients used in this figure were those
calculated for the week that leaf area was determined. Data were ht
to the following equation: » = 0.088 ~0.034x. R* = 0.54



0.66: K. = 0.1394 ~0.001148*DD — 0.0000003939*DD?-.
R™ = 0.78, respectively). A cubic equation did not im-
prove the R~ values for the K. as a function of DOY or
DDs. Lastly, the K. was a linear function of leaf area per
ving using data from all 4 vears (Fig. 8).

Discussion

The ET. values measured in this lysimeter study are
greuter than those reported in several other studies con-
d 1n mature vineyards using different cultivars (Erie
et al. 1982 Evans et al. 1993: Oliver and Sene 1992: Sua-
vmuan and Lambrechts 1995: van Rooven et al. 1980: vun
Z.1 and van Huyssteen 1980). Thompson Seedless in
Califorma (Peacock et al. 1987) and Sultana (svn.
Thompson Seedless) in Australia (Yunusa et al. 1997a.
[99701. Our water-use values. however. are similar to
those of Grimes and Williams (1990) using Thomrpson
Seedless grown in Culifornia and Prior and Grieve ( {987)
using Sultana grown in Australia. The differences in water
use oetween our study and some of the others cited above
arz probably due to differences in production practices
such u pruning level. trellis size, canopy management
practicss involving leal removal, irrigation type and fre-
guency. and prevailing climatic conditions. On the other
hand. some of the studies used techniques that are based
upon assumptions that may detract from their accuracy.
whereas in this study the lysimeter directly measured ET..
[n addiuon. tire high frequency with which the vines in the
lvsimeter were irrigated (water applied whenever 16 | had
been used) resulted 1n vines that would not have been
stressed at any tme throughout the growing season. This
was confirmed by measurements of middayv leaf water
potential i Williams et al. 1994).

Maximum dailv ET, in this study was approximately
6.6 mm (30 | per vine) and this occurred when ET, was
7 mm du{v"'. 2af area per vine at this time was in excess
of 27 m~. There are only a few studies where daily
grapevine ET, has been measured or estimated. Stevens
and Harvey (1996) reported a maximum daily ET. of
136 mm (1191 vine™) at an ET, of Il.6 mm for
Colombard grapevines grown in Australia and irrigated
with full cover microjets. Those vines had a maximum
feat area of 24 m~ vine™'. Daily ET, of drip-irrigated
Sultana grown in Australia approached a maximum of
only 3 mm. or approximately 25 | per vine (Yunusa et
al. 1997a). Using data presented in the Yunusa et al.
i 1997a) paper. we calculated that the Sultana vines had a
maximum leaf area of 26.8 m~. Lastly. Heilman et al.
11996) reported 2 maximum daily ET, of 3.1 mm (26 |
vine™") for Chardonnay grapevines (7.1 m™ leat area)
grown n Texas and that vine transpiration accounted
tor 32°% ot ET,.. Even if the data in the above studies
were normalized to a per leaf area basis. there would still
be large differences among maximum rates ot daily vine
walter use.

The weighing lysimeter measured ET,. on an hourly
basis and there are just a few studies in which

comparisons can be made. The use of sap-flow sensors
has recently been used to measure transpiration of
grapevines and dailv and hourly transpiration values
have been published (Eastham and Gray 1998: Heilman
et al. 1994, 1996: Luscano et al. 1992). Maximum fux
density of latent heut 1n a Chardonnay vinevard in Texus
on a diurnal basis wzs approximately 300 W m™ while
that of the canopy (using a sap-flow seasor) was 100 W
m~ " (Heilman et al. 1994). The maximum Aux densitv on
a diurnal basis reperied here (Fig. 6) was upproximately
600 W m™. It is doubtful that our vuive of vinevard
latent heat was precdominated by soil evaporation. as
found in the study 5+ Heilman =t al. (1994} since. at the
time our measurements were made. the canopy shaded
all of the wetted arez of the soil beneath the drip line. [n
a subsequent study. Heilman et al. (19963 determined
that more than 0% of the total dailv latent heat flux of
a vinevard with an open hedgerow canopv (which in-
creased solar radiation interception when compared
with Hetlman =2 al. [994) was due to vine irunspiration.
This value s similar 1o esumates by Avars et al. (2003)
with peach
Maximum hourly transpiration of Mauroo Seedless
grapevines having 13.4 m” of leaf arza in Australia was
greater than 0.4 | h™' (Eastham and Gray 1998). While
the leaf area of the Thompson Seedless grapevines used
in this study were double that of the Maroo Sesdless.
maximum hourly ET. in Fig. 6 was 16 umes greater. It
was als0 six times greater when the two are expressed as a
funciion of water use per square meter of leaf area per
hour (0.03 | m™" k™' for Maroo Seedless and 0.19 | m™
h™' for Thompson Seedless). Even if soil evaporation
accounted tor 20% of ET, in this study our hourly values
would sull be considerably greater than that for Muaroo
Seedless. Recently 1t has been demonstrated that sap-
flow sensors may underestimate transpirallon on vines
with large trunks (Tarara and Ferguson 2001). which
may have been the case in the Maroo Sezdless study.
The K, relates ET ot a crop under optimum soil water
conditions to that of ET, (Doorenbos and Pruitt 1977).
[t has been demonstrated that grapevine ET ET, (Ste-
vens and Harvey 1996) or ET./Class A pan evaporation
(van Zyl and van Huyssteen 1980) decreases linearly
once soil water content decreases below field capacity.
The purpose of irrigating the vines within the lysimeter
whenever thev had used [6 | of water was to insure that
water was not limiung vine transpiration. [t is interesting
that mean soil water content within the lysimeter varied
among the 4 vears. the driest in 1990 and wettest in
1993, but that maximum water use and K. were similar
at comparable canopv size. The high frequency irriga-
ton used here. even in 1990, would have maintained at
least a portion of the soil profile close to field capacity.
Phene et al. (1989) have clearly demonstrated this prin-
ciple with field crops using similar weighing lysimeters.
The seasonal progression of ET, and K, reported here
retlects the increase in canopy size early in the season up
to @ maximum. at which ume the hedging of shoots
maintained the vines’ leaf area fairly constant from that

tress
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point on. The maximum leaf area estimated for the vines
in the lysimeter were similar to those determined in
previous_studies for this culivar (Williams 1987a, 1996:
Williams and Matthews 1990). We also found that the K.
was a linear function of the leaf area from shortly after
budbreak until August. Ayars et al. (2003) found that the
K. was a linear function of the amount of light inter-
cepted by peach (Prunus persica L.) trees. It could be
assumed that as leaf area increases so would the amount
of solar radiation intercepted by our grapevines and the
amount of ET.. The maximum shaded area beneath the
vine's canopy at midday in this study was estimated to be
approximately 60% of the total land area per vine at
which time a K. of 1.0 was measured. This K, 1s similar
to that reported by Avars et al. (2003) when solar radi-
ation interception of the peach trees was 60%.

The seasonal progression of the K. reported here is
similar to that used by others for grapevines grown ei-
ther in California or elsewhere (Doorenbos and Pruitt
1977: Grimes and Willlams 1990: Snvder et al. 1987).
This pattern differs from those developed for grapevines
grown in the state of Washington (Evans et al. 1993)
where the K, increases more slowly early on. reaches a
maximum for a short period and decreases dramatically
well before harvest. The maximum K, values we calcu-
lated here were verv close to or in excess of 1.0. The
maximum K, reported by Stevens and Harvey (1996)
was close to 1.2. Doorenbos and Pruitt (1977) suggested
a maximum K, of 0.75 for vines similar to those used in
this study while Grimes and Willhams (1990) and Snvder
et al. (1987) reported 0.8 as their maximum K. The
maximum K, for the lyvsimeter grown vines was more
than double that (0.41) used in a study by Peacock et al.
(1987) for Thompson Seedless grapevines grown 1n the
San Joaquin Valley. Peacock et al. (1987) though, cal-
culated the K. to be a fraction (0.73) of the percent
shaded area measured beneath the vine at middayv. The
maximum shaded area in that swtudy was 33%
{0.35%0.75=0.41). The crop coefficient i1s dependent
upon numerous factors. one of these being vanations in
soil evaporation depending upon irrigation tvpe and
frequency (Jagtap and Jones 1989). The differences in
the above maximum K, value at midseason reported in
this studv and those also used for Thompson Seedless
in the San Joaquin Valley (Grimes and Williams 1990:
Peacock et al. 1987) may be due to differences in irn-
gaton frequencyv and/or scheduling and possibly the
method with which ET, was determined.

The quadratic equation used to calculate seasonal K
values bv Gnmes and Wilhams (1990) would overesti-
mate vine ET in this study earlv in the growing season
for all vears studied (1990—-1993) and underestimate vine
ET late in the growing season. While a quadratic func-
tion would fit our seasonal K. values adequately, 1t s felt
that sigmoid type equations, similar to those used to
describe the development of leaf area would be more
appropriate to describe our seasonal K, values either as
a funcuon of DOY or DDs. In fact. the linear fit method
to calculate the K. used by Allen et al. (1998) and Snyder
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et al. (1987) could also be adapted to our seasonal K, at
least up until latz in the growing season. While there was
a decrease in the K. values toward the end of each
growing season here. it varied considerably from year to
year. As mentioned previously, leathoppers (Ervthron-
cura elegantula Osborn and E. variabilis Beamer) were
not chemically controlled. beginning with the 1991
growing season. due to a study being conducted in the
vineyard surrounding the lvsimeter. Just prior to and
subsequent 1o harvest, the third brood generally reaches
its peak population numbers. Feeding on grapevine
leaves bv leafhoppers can decrease stomatal conduct-
ance (L.E. Williams. unpublished data) and. at high
enough populations. vines can be defohated. It appeared
that, as the vears progressed. the populations within the
vinevard increased considerably so that by 1993 a pre-
cipitous drop in the K, was due to defoliation. In sub-
sequent vaars. when leathoppers were controlled. the K
remained constant from mid-season up until the end of
October (unpublished data).

The use of DDs to plot the seasonal K. mav be better
than using DOY. It was shown in this study and
elsewhere that leaf area development (Willlams 1987a)
and phenology (Williams 1987b) of Thompson Seedless
grapevines are highlv correlated with DDs. The use of
DDs would also ehminate early-season vanability in
vine growth due to weather condituons. Crop coeffictents
developed at the Kearnev Agricultural Center with the
weighing lvsimeter have been used successfully in the
Coachella Vallev of southern California to schedule
irrigations where budbreak occurs 2 months pnor to
that in the Fresno area (L.E. Williams. unpublished
data). This was accomplished by calculating the K, as a
function of DDs trom budbreak for three different
cultivars.

Conclusions

The daily water use of high {requency. above-ground.
drip-irrigated Thompson Seedless grapevines grown in
the San Joaquin Valley of California peaked at values
greater than 50 | vine™' (6.6 mm), while seasonal water
use was greater than 800 mm the last 3 vears of the
study. The seasonal water use was 60% of ET, in 1990
and was 73% of ET, tor the remainder of the study. The
maximum K, calculated in this study was greater than 1.
This occurred when leaf area per vine was generally
greater than 23 m~. The K. was also a linear function of
leaf area per vine. The use of degree-days (DDs) was
somewhat more useful in predicting the K, than day of

year (DOY).
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FOREWORD

ﬁfarmers to golf course irrigators, thousands of water users have found the Cali-

fornia Irrigation Management Information System to be an important source of irriga-
tion information. Through the accurate and timely weather data provided by its 94
weather stations, CIMIS estimates plant water usage in many parts of California and
makes that information accessible to all.

California's irrigated agriculture and its residential, industrial, and business landscapes
depend on water. Because plant growth and yield are directly related to the amount of
irrigation water available to satisfy plant evapotranspiration, CIMIS data enables all types
of irrigators to make efficient irrigation decisions.

This report summarizes the development and achievements of CIMIS from its incep-
tion in 1982 to the present. It describes the status and trend in the growth of the
program in terms of stations, number of users, types of users, extent of use, benefits,
and future advances.

I would like to thank water agencies, farmers, farm advisors, irrigation specialists, golf
course and park managers, and other CIMIS users who, by using and disseminating
CIMIS data, have enhanced the program’s success. Their efforts significantly help to
further advance efficient water use in California.

Information on how local agencies and others can use CIMIS is contained in two pub-
lications, CIMIS Agricultural Resource Book and CIMIS Urban Resource Book. To
obtain these or any other materials mentioned in this publication, contact Department
of Water Resources' Bulletins and Reports, 1416 Ninth Street, Sacramento, California
95814, or telephone (916) 653-1097.

For further information on the CIMIS Program, contact Barvohay Davidoff, Chief, Agri-
cultural Water Conservation Section, at telephone (916) 327-1788; e-mail
baryohay@water.ca.gov, or contact the CIMIS personnel listed on page.

Sincerely,

Ul ) e .

William J. Bennett, Chief
Division of Planning and Local Assistance
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CIMIS is a network of 9+ auto-
mated and computerized
weather stations located at key
agricultural and urban areas of
the State. The stations collect
climatological data and trans-
mit it o 4 main computer lo-
cated at 1416 Ninth Street in
Sacramento. After quality con-
trol of the data. irrigated gruss
waier requirements or i refer-
ence evapotranspiration is cal-
culated for each station. The
duta then is available to the ag-
riculturad and urban water us-
ers for irrigation of agronomic
crops. landscapes. golf courses.

and parks.

INTRODUCTION

‘ rops and landscaping use over 90

percent of California’s developed wa-
ter supplies for the production of food
and fiber and urban beautification. Ac-
curate information on the amount of
water lost from the soil surface
(evaporation) and the amount of wa-
ter used by plants (transpiration) is
necessary for efficient irrigation. The
combined value of these losses for
irrigated grass is called reference
evapotranspiration (ETo). By evaluat-
ing weather information at a site, the
CIMIS computer estimates reliable ref-
erence evapotranspiration data. This
data can then be used by farm and land-
scape irrigators for efficient irrigation,
and by agencies for development of

water management plans.

Since 1954, DWR has used evaporation
pans to collect ETo data. In 1982,
through a joint research and develop-
ment effort of UC Davis and DWR, the
computerized weather station system
was established as an additional
method to collect the data. In 1985, the
administration and implementation of
the program and its further develop-
ment was turned over to DWR. CIMIS

stations collect hourly weather data
such as solar radiation, wind speed and
direction, relative humidity, air and soil
temperature, and rainfall. All of this data
is transmitted to a central compuiter in
Sacramento where it is checked for
accuracy. Based on the weather data.
the CIMIS computer estimates refer-
ence evapotranspiration at each station
siteand stores it to provide on-demand

localized information.

CIMIS is the major source of ETo and
other weather data for many agricultural
and landscape water users, farm advi-
sors, and other irrigation specialists.
Given the interrelated nature of the sup-
ply and demand sides of water manage-
ment, CIMIS forms the backbone of
many management programs on the
demand side. It complements supply
side programs such as snow surveys,
reservoir capacity estimates, and rain-

fall measurements.



THE BENEFITS

n_ 1995, the University of
-— -

California, Berkeley, Cooperative Ex-
tension conducted a survey on the ben-
efits uccrued from using CIMIS. The
survey results showed vield increases
and applied water reductions from us-
ing CIMIS. For the 134.000 acres of ir-
rigated agricultural land that the sur-
vev represented, an average annual
vield increase of 8 percent was attrib-
uted to CIMIS. The survey results also
found an average applied water reduc-
tion of 13 percent. For the 55 growers
interviewed. reduction in applied wa-
ter and the increase in vield amounted
to an estimated annual benefit of $14.7

million.

Table 1 shows the amount of money
some of the 35 growers saved as a re-
sult of using CIMIS. Only a few crops
were selected from each of the fruit
and nut, vegetable, and field crop cat-
egories. The 8,778 acres of landscape
in the survey had an annual applied wa-
ter reduction of 5.793 acre-feet. or wa-

ter cost savings of $2.3 millivn.

Nonirrigation-
related Benefits

While Table 1 gives benefits from re-
duction in water use and increases in
vield, there are also benefits that are not

directly related to irrigation.

CIMIS is used extensively by pest con-
trol advisors (PCAs) for integrated pest
management. The University of
California's statewide Integrated Pest
Management (IPM) program obtains
data from CIMIS dailv. IPM uses CIMIS
data to calculate "degree days,” which
is used extensively by farm advisors and
PCAs to advise farmers on pest control.
Some growers also use CIMIS data
when making pest management deci-
sions. "Degree days" is also used ex-
tensively by the produce and canning
industries in the prediction of germina-
tion, maturity, and harvest dates of
many fresh market produce. Pest man-
agement benefits include reduced pes-
ticide application, improved crop qual-
ity, and reduced risk of crop damage.

A clear indication of the benefit of us-

Purpose

CIMIS development began in 1982 as
a joint research and development
project between the University of Cali-
Jornia Cooperative Extension, and
the Department of Water Resources’
Water Conservation Office. The goat
was to:
»  Designasystem which would use
computerized weather data fo
estimate crop water use.

*  Disseminate up-to-dafe quality
information to ihe public.

*  Provide irrigation scheduling
programs to water users.

»  Provide new methods for
educating agricultural and
landscape irrigators.

Backgrouna

The University of California completed
the research and development phase
of CLMIS in 1985 and accomplished the
Jollowing:
o Established a network of 43
computerized weather
stations.

o Developed a data dissemination
system accessible by phone and
computer.

o Delermined some crop
coefficients.

Lpon completion of this phase. the
program was implemented by DWR.



Fruit and Nut Sample

Crop Water § Yield £ Total Benefit/
$ $ $ Acre $
Almonds 246,000 2,426,500 2,672,500 165
Apples 900 13.900 14,800 148
Avocados -141,350* 738,000 596,500 308
Nectarines 225 3,475 3,700 148
Pistachios 370,150 6,755,000 7,125,000 255
Plums 556 12,445 13,000 163
Vegetable Sample
Artichokes 2,500 326,200 328,700 66
Broccoli 2,750 106,100 108,850 297
Cauliflower 5,750 334,100 339,850 352
Celery 3,350 345,750 349,100 717
Lettuce 26,000 1,361,000 1,387,000 375
Field Crop Sample
Alfalfa 47,790 325,700 373,500 40
Cotton 345,300 810,500 1,155,800 46

iMoney saved due to reduced water bill resulting from using CIMIS.
tIncreased income from increased yield resulting from using CIMIS,
*Negative number indicates increased water use with CIMIS

Table 1. Water, Yield, and Total Benefits to Growers from CIMIS

ing CIMIS data in various demand man- . uitable by IRWD’s customers when . wildlife management, and fire protec-
agement options is the example of- changes in water use due to weather tion. These benefits are more difficult
fered by Irvine Ranch Water District. | conditions are taken into account. - to quantify.

The District's allocation of water is

based on CIMIS ETo. Its tiered pric- Other benefits of CIMIS stem from use |

ing structure is considered more eq- - of CIMIS for air quality management,

(S H]



PROGRESS

ince 19853, the number of stations,
registered users, and calls to the CIMIS
central computer have more than
doubled. This progress is due in part
to upgrades in equipment, the addition
of new dissemination points, and the
outreach activities conducted by the

Department uf Water Resources.

CIMIS is the lurgest standardized au-
tomated agricultural weather station
network in the nation. The number of
weather stations in the CIMIS network
has grown from 42 in 1985 to 94 at
present. DWR owns 40 stations and the
remajning 54 stations are owned and
maintained by local agencies. DWR cali-

brates all stations annually.

Figure 1 shows the increase in the
number of both DWR and non-DWR
owned CIMIS stations. Additionally, to
meet the demands of evolving tech-
nologies, the weather station equip-
ment has been and will continue to be
upgraded. (Figure 2 shows a typical
CIMIS station.)

.

Number of Stations

B

Year

1985 1986

1987 1988 1989 1o 1991 o2

Figure 1. CIMIS Network Stations

Figure 2. Typical CIMIS Station

1993

il

1994 1995 199 1997
[ Non-DWR
@ DWR




STATION LOCATIONS

The locations of current weather stations are shown in Figure 3.

Cal Nore 3’

o Hoaae In addition o these stations, CIMIS dala is also available from 40
Northern w’ historical stations thal are not shown in Figure 3. Historical sta-
District Qs . ) .
- tions are stations that were relocated as a result of a change in
Ty 2 Lassen
romeat land use that did not meet the station site criteria.
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Figure 3. Current CIMIS Station Locations



USER INFORMATION

Regzsz‘ered
Users

The jact that thousands of people

are registered users of the CIMIS
system is evidence of its benefits.
As indicated by Figure 4, the num-
ber of users has grown. from 250
in 1986 to 2,500 in 1996; this. is

on average a 25 percent increase

Der year. It is likely that the actual
number of direct users is.much
higher. as some people: rely on
other's [Ds and passwords to-ac-
cess tne CIMIS computer. Since the
system is unable to discern when
several people use one ID,. the

number of direct users is probably_. '

um/erestzmaled

Consultants 19%

Public Agencies 8%

Water Agencies 7%

Landscape 7%

Growers 31%

Others 23%

University 5%

Figure 5. Registered Users Categories

User Categories

Figure 5 presents the CIMIS regis-
tered users categories. Although there
are several categories of registered us-
ers, approximately 50 percent of the

users consist of only two user catego-

Number of Registered Users

1086 1987
Years

1990 21993 1994 1995 1996

Figure 4. Number of Registered Users
Note: Research and development began in 1982; implementation did not begin until 1985.

ries--growers and consultants. The
growers category includes a wide range
of operations, from large agricultural
operations to specialty farmers who
grow small, intensive truck crops. The
consultants category includes both ir-
rigation consultants and nonwater con-
sultants. The nonwater consultants
include individuals who do not deal di-
rectly with irrigation scheduling. Pes-
ticide applicators, farm product suppli-

ers, farm commodity buvers, engi-



TV Stations 1%

Radio Stations 17%

World Wide Web 2%

Telephone Recordings 18%

Figure 6. Composition of CIMIS Dissemination Points

neers, weather forecasters, and en-
vironmental design firms fall under
nonwater consultants. Public agen-
cies, cemeteries, home owners, park
and golf course managers, city land-
scape managers, water agencies, and
universities make up most of the re-
maining 50 percent of users. There is
some CIMIS use by nonagricultural
groups including the Air Resources
Board, wastewater engineers, land-

scape architects, reservoir designers,

lawyers, and private investigators.

Information
Dissemination
Media

Dissemination of CIMIS data has ex-
panded beyond direct access to the
CIMIS computer by individuals. Vari-
ous groups and organizations now dis-
seminate the information they obtain

from the CIMIS computer.

Computer Databases 2%

Consultants 38%

Newspapers 22%

Figure 6 lists seven of these catego-
ries. The exact number of people who
receive information from some of
these sources is impossible to calcu-
late due to their modes of dissemina-
tion. Consultants are those who have
volunteered to have their names listed
on the CIMIS computer. This list does
not include all users in the consultants

category.



Information
Retrieval

Figure 7 shows a progressive increase
in the total number of calls to the
CIMIS computer from 1985 to 1996.
The figure also shows an increase in
the number of calls during periods
when most crops are not being irri-
gated. This is most likely because of
nonirrigation-related use, or general
water management planning in the off
season. The number of direct calls to
the central computer has averaged
about 22,000 each year over the last
3 years. This number represents only
direct calls by registered users. It does
not include potential dissemination of
CIMIS information by these users to
others.

The exact number of people who ei-
ther receive or use information from
some of these sources is not known.
For example, it is difficult to determine
the exact number of people who use
CIMIS information received through
other computer databases, newspa-
pers, public and private agency news-

letters, and radio stations.

||

Number of Calls per Month
é
I
]
|
|

TN |
I

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

Year
Figure 7. CIMIS Computer Calls

In 1994, 18 consultants were surveved .
. to find out the extent to which they
used CIMIS in their services. Results of - Weather Service (NWS). In addition to
. the survey showed that 10 used CIMIS
data to provide services to 411 urban/ .
. agricultural regular customers. The
. acreage irrigated ranged from small
landscapes of less than 1 acre to 40,000-
. acre farms. A survey of 17 agency tele-
phone recording systems was con-
- ducted in 1993 and 1995. The results -
indicated that the estimated number
. of calls per month to 4 of the telephone -

" recordings ranged from 20 to 240.

There was a high number of calls
(18,000 a month) to the National

CIMIS data, NWS recordings include

other data, such as weather forecasts.

Five of the agencies had records of the
actual number of calls to their systems.
Based on these numbers, the average
number of calls to the 5 telephone re-
cording systems was 680 calls per
month, or 8,160 a year. The potential
number of calls to all 17 telephone re-
cordings is 27,000 calls per vear.



OUTREACH ACTIVITIES

What CIMIS can
do for you...

Provides weather data
to estimate crop water
use

Disseminates up-to-
date quality informa-
tion

Determines crop coef-
ficients

During the past ten vears, DWR, in
cooperation with other agencies, has
developed information materials on
CIMIS and DWR, in cooperation with
farm advisors, State Universities, the
University of California, and other pub-
lic and private agencies. DWR also has
ongoing irrigation workshops and ex-
periments to determine crop coeffi-
cients. A package, CIMIS Alert, has
been developed to assist agencies in
setting up telephone recording svs-
tems. Additionally, CIMIS Agricultural
Resource Book and CIMIS Urban Re-
source Book have been developed.
These books provide comprehensive
information for the whole CIMIS pro-
gram and have examples of how pub-
lic and private agencies are using
CIMIS. They will reduce the research
time for other agencies who may want
to prepare a water management plan

or irrigation scheduling program.

DWR recognizes the important role
private consultants, farm advisors, and

other irrigation specialists play in bridg-

ing the gap between data provided by
CIMIS and irrigation scheduling. DWR
has encouraged them to play an active
role in assisting irrigators. DWR has
provided a free listing of consultants
and commercial irrigation scheduling
software on the CIMIS computer, and
also provides financial support to the
University of California, California State
University, and other public entities for
workshops and research on develop-
ment of crop coefficients, water man-
agement, and irrigation scheduling.
The increase in the number of irriga-
tion scheduling software programs that
use CIMIS data and CIMIS-related
workshops and classes is evidence that
these specialists are plaving an active
role in promoting the use of CIMIS
data.



FUTURE OF CIMIS

o continue the success of the pro-

gram, new developments and improve-

ments must be undertaken to meet -

new challenges and technological ad-
vances. CIMIS will continue to help

users deal with irrigation management

problems by providing accurate and -

timely information needed for efficient .

water management. As part of updat-

ing CIMIS technology, a new computer
came on line in August 1995. To take j

advantage of the recent public expo-

access to the new computer avail-
able viaTelnet (aviion.water.ca.gov), in
addition to accessibility by modem. A
CIMIS home page has been developed
and provides an additional avenue for
CIMIS information and data dissemi-
nation. The world wide web address
for the home page is http:/
wwwdpla.water.ca.gov/cgi-bin/cimis/
cimis/hg/main.pl. The items in the
sidebar below describe the major ar-

eas for CIMIS development as identi-

sure to the internet, DWR has made - fied by CIMIS staff,

Developmem‘

e Increasmg pubhc aupareness of CIMIS, data asa pnme water demzmd szde management tool and
- % promoting ifs use i water management decisions.
& - Increasing visihility of CIMIS and CIMIS data in hews and mformatzon medza sucb s telemszon gy
. newspapers, newsletters, radio, and the world wide webwill belp increase publw awareness, This will be :
. accomplished by developmgadmly, weekly, and monthly ETo index that is easzly understood by the public. - .
s Emphasizing the importance of CIMIS data in residential, industrial, and golf course irrigation. .
... e Adapting the latest information and computer technology to continue pramdmg user friend)y access and
.- dataretrievals. This will mclude use of pomt-and clickcomputer tecbnology 10 retneve mformutzon wu‘b 2
- .minimal or no text writing. i
. E.x:pandmg local dnsemmatzon of CIMIS data Local dzssemmatton of data may mvolye speczf c
.- agricultural commodity groups dealing wztb tomatoes, almonds, avocadoes cottzm vegelables, pears
" peaches, grapes, and landscape and golf course entities. -
-+ - Developing a state-of the-art metbodology for sbon‘ teﬂn ETo ﬁ)recastmcr for zmgatzon scbedulmg

o pmposes
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CIMIS PERSONNEL

Department of Water Resources

Northern Sacramento Valley and Northeastern California

Northern District

2440 Main Street

P.0. Box 607

Red Bluff, CA 96080

Gene Pixley (530) 529-7392, pixley@water.ca.gov

Southern Sacramento Valley, Northern San Joaquin Valley, and San Francisco Bay
Central District

3251 5" Street

Sacramento, CA 95816-7017

Mark Rivera (916) 227-7603, mrivera@water.ca.gov

Central and Southern San Joaquin Valley and Monterey Bay

San Joaquin District

3374 East Shields Avenue

Fresno, CA 93726

Kent Frame (209) 445-5428, kframe@water.ca.gov

Southern Coastal and Desert

Southern District

770 Fairmont Avenue

Glendale, CA91203-1035

Sergio Fierro (818) 543-4601 Ext.297, sergiof@water.ca.gov

Statewide

Water Conservation Office

1020 Ninth Street, 3rd Floor

Sacramento, CA 95814

Ed Craddock, Chief, Water Conservation Office, (916) 326-1655, craddock@water.ca.gov
Baryohay Davidoff, Chief Agricultural Water Conservation Section, (916) 327-1788, baryohay@water.ca.gov
Simon Eching (916) 327-1836, seching@water.ca.gov

David Moellenberndt (916) 327-1792, davidm@water.ca.gov

CIMIS Help Line (800) 922-464~

L3



ANEXO3
ARCHIVO MAGNETICO
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