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INFORME TÉCNICO Y DE DIFUSiÓN 

1. Antecedentes Generales de la Propuesta 

Nombre 
VIII Symposium Internacional sobre cultivo de Vaccinium 

Código 
FIA-FP-L-1-A-006 

Postulante 
Enrique Acevedo Herl 

Entidad Patrocinante 
Vial Berry Marketing SA 

Lugar de Formación 
Portugal (Oeiras)-España (Sevilla) 

Tipo o Modalidad de Formación 
Asistencia a Seminarios 

Fecha de realización (Inicio y término) 
3 al 8 de mayo 2004 

Justificación y Objetivos de la Propuesta 
Intercambio de información y discusión de temas relacionados con la producción y 
comercialización de especies del genero Vaccinium con' los demás asistentes al 
Symposium 

Resultados e Impactos Esperados 

1. Contacto con breeders de los principales centros de investigación del mundo 

2. Comprobar que la información con la que se trabaja en Chile es toda externa, lo que 
potencia el desarrollo de investigación propia. 

3. Intercambio de experiencias con respecto a los últimos avances en investigación en 
producción. 

marcelag
Rectángulo



-~ 

,lf~';: ... :..:··· GOBIERNO Dl CHILE 
,~ RJN{)¡\CJON rARA LA 

INNOVA.ClON AGRARiA 

2. Breve Resumen de los Resultados: 

Este tipo de Symposium es organizado por la Sociedad Internacional de Horticultura 
(ISHS) y se realiza cada 4 años en distintos países del mundo; el próximo se realizará en 
Oregon Estados Unidos el año 2008. 

El symposium concentra principalmente a científicos que se encuentran investigando en 
distintas áreas del genero Vaccinium, cuya principal especie son los Arándanos 
"blueberry" y en segundo lugar los arándanos o "Cranberry", los demás vaccinium, aún 
cuando algunos tienen valor comercial, tienen gran importancia ya que se puede usar 
como banco de germoplasma, para cruzamientos que permitan el mejoramiento de las 
especies con importancia comercial. 

Durante el symposium se dieron a conocer los temas científicos más relevantes que 
están siendo desarrollados en el mundo, los que fueron entregadas a los participantes a 
través de material escrito que contiene el resumen de las exposiciones y que en el mes 
de Dicíembre del 2004 será complementado con un libro con los temas ampliados que la 
organización hará llegar a cada participante. Por ahora se adjunta el documento con los 
resúmenes al presente informe. 

Hubo 48 presentaciones orales, 56 paneles Y 130 participantes de 28 países, dé los 
cuáles el 67% eran cientificos, se destaca que la delegación por pais más numerosa fue 
la de Estados Unidos, y la Chilena estuvo a nivel de las 3 o 4 más importantes 
superando, incluso a los "locales·. 

La masiva participación de Chile, está relacionada a la importancia económica que ha 
alcanzado el cultivo de arándanos en el país, y la necesidad de especialización y 
desarrollo de tecnología local que se requiere para continuar el desarrollo de este cultivo 
en un escenario competitivo. 

Las actividades realizadas fueron desarrolladas en España y Portugal bajo un programa 
que se detalla a continuación: 

PORTUGAL 

1. Mejoramiento, genética y desarrollo de la planta. 
2. Técnicas de producción, crecimiento de la planta y cosecha. 
3. Nutrición, micorrizas y propagación. 
4. Día de campo en que se visitaron huertos de producción más tardía 
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1. Plagas y enfermedades. 
2. Manejos de post-cosecha, calidad de fruta y nutricionales. 
3. Aspectos Económicos y de Marketing. 
4. Día de campo en el área de Huelva (España, suroeste de Sevilla) zona costera, 

existen 180 hectáreas de arándanos y se visitó 1 huerto del cual se adjuntan fotos 
en el CD anexo. 

Entre los temas tratados, se considera que los más interesantes desacuerdo a las 
expectativas y necesidades de Vital Berry Marketing S.A., fueron los presentados por los 
científicos de los Estados Unidos, Paul Lyrene de la Uníversidad de Florida y mejorado 
de Southern Higbush y James Hancock de la Universidad de Michigan con la 
descripción del mejoramíento de los Northern Hígbush en el mundo, del cual el forma 
parte. 

De las exposiciones de científicos chilenos, se destaca la del Dr. Jorge Retamales de la 
Universidad de Talca con el tema "Efecto Fisiológico con el uso de malla de 
sombreamiento en Arándano Alto en la variedad Berkley en la zona centro sur de Chile" 
y la Dra. Pilar Bañados de la Pontificia Universidad Católica con el tema "Producción de 
Arándanos en Sudamérica". 



3. Itinerario de Trabajo Realizado: presentación de acuerdo al siguiente cuadro: 

Fecha Actividad Objetivo Lugar 
3/5/04 VIII Symposium inicio Portugal (oeiras) 
8/5/04 VlIlsymposium termino España{Sevilla) 

4. Resultados Obtenidos: 

1. Se pudo observar el comportamiento del arándano bajo plástico. 
2. Se realizó Intercambio de opiniones con los principales genetistas del mundo, 

logrando concertar visitas a los centros de interés principalmente en Estados 
Unidos. 

3. Entender que el tema de la Nutrición (fertilización) en Arándanos es un aspecto 
que impacta fuerte y directamente en los resultados obtenidos (calidad y 
productividad). 

4. Compartir con otros expertos la visión de que el consumo de arándanos crece en 
el mundo, así como la plantación. 

En CD adjunto se incorporan un set de fotografías que respaldan los puntos expuestos 
anteriormente. 

5. Aplicabilidad: 

Se estima que actualmente en Chile existen 3.200 hectáreas de arándanos ,300 
hectáreas de arándanas y aproximadamente 30 há de otros Vaccinium. 

Respecto del cultivo de arándanos, estos se encuentran distribuidos entre la IV y X 
región, desatacándose que las principales regiones de mayor superficie son la VIII, IX Y 
X, tal como se observa en el gráfico adjunto. 
El Arándano se encuentra distribuido desde la IV a la X Región: 

CUADRO: DISTRIBUCiÓN SUPERFICIE PLANTADA DE ARÁNDANOS EN CHILE 

REGIONES 

IV-V 1 RM I VI VII I VIII IX X 
1 DISTRIBUCION 3%J 6%1 3% 11% 1 22% 19% 36% 



GRAFICO 1 

DISTRIBUCIÓN NACIONAL POR REGiÓN DE LA SUPERFICIE 
PLANTADA DE ARÁNDANOS 
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Del gráfico anterior se observa claramente el desarrollo que ha tenido el cultivo en el sur 
y centro sur de Chile, que se ha debido principalmente a los buenos resultados que se 
han obtenido hasta la fecha con las variedades que se han manejado, las que son 
básicamente, Oneal, Duke, Bluecrop, Brigitta y Ellio!. 

GRAFICO 2 

AUMENTO SUPERRClE PlANTADA DE ARÁNDANOS EN CHILE 
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Se observa también un gran crecimiento en la superficie de plantación, representada en 
el Gráfico 2 la que corresponde sólo a una estimación sin saber con exactitud la 
superficie real plantada, el incremento entre el año 2003 y 2004 es del orden del 39% , 
siendo una tasa de crecimiento que preocupa si se proyecta en el tiempo. 

GRAFIC03 

DISTRIBUCiÓN SUPEFICIE PLANTADA DE ARÁNDANOS EN 
EL MUNDO (hectáreas! 
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La superficie de arándanos en el mundo, Gráfico 3 es de aproximadamente 63.000 que 
se distribuyen principalmente en EEUU, Europa, América Latina, Nueva Zelanda y 
Australia. Se destaca dentro de este escenario la participación de América Latina con un 
8% de la superficie mundial y a un 63% de la superficie que entra en producción en la 
misma época que corresponde a Australia y Nueva Zelanda. 
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GRAFIC04: 

DISTRIBUCiÓN DE LA SUPERFICIE DE ARÁNDANOS EN 
AMÉRICA LATINA (hectáreas) 
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Tal como se observa en el Gráfico 4, actualmente Chile es el principal país de América 
Latina en cuánto a superficie plantada, por lo mismo es urgente el desarrollo de 
investigación nacional, para maximizar la eficiencia del cultivo deacuerdo a las 
condiciones específicas agroclimáticas de la región en que se desarrolla el cultivo, ya 
que hasta la fecha se ha importado conocimiento, experiencia y tecnología de otros 
países, principalmente de Estados Unidos para el manejo de variedades y del cultivo. 

GRAFIC05: 

N" CAJAS DE ARÁNDANOS EXPORTADAS POR CHILE 
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Se estima que Chile es el principal exportador de arándanos del mundo, y tal como se 
observa en el gráfico 5, se ha incrementado fuertemente la oferta exportable de 
arándanos, registrándose en la última temporada un aumento del 60% respecto de la 
temporada anterior. 

GRAFICO 6 

PARTICIPACIÓN DE LA INDUSTRIA CHILENA 
EXPORTACIONES DE ARÁNDANOS 2003-2004 
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Actualmente en Chile, la principal exportadora de arándanos es Vital Berry Marketing 
SA que tuvo una participación del 22% de la industria con 1.176.739 cajas. 

En resumen, de acuerdo al escenario competitivo de este producto, en que se prevé un 
aumento importante de la oferta tanto de chile como de otros países de Améríca Latina, 
principalmente Argentina y Urguay, se estima que se requieren unidades productivas que 
maximicen su eficiencia y que puedan realizar economías de escala que les permitan 
soportar la caída de los precios internacionales, con una buena rentabilidad. 

Por lo anterior es urgente trabajar en la creación de variedades de arándanos deacuerdo 
a la realidad agroclimática chilena, teniendo en cuenta las características de la demanda 
y aumentar el grado de especialización en el manejo agronómico del cultivo de acuerdo a 
las distintas zonas en que se encuentra ubicado el cultivo. 



6. Contactos Establecidos: presentación de los antecedentes de los contactos 
establecidos durante el desarrollo de la propuesta (profesionales, investigadores, 
empresas, etc.), de acuerdo al siguiente cuadro: 

Institución/Em Ru Persona de Rut Cargo Fono/Fax Dirección E-mail 
I presa t Contacto 

7. Detección de nuevas oportunidades y aspectos que quedan por abordar: 

Chile organizará en Diciembre 2005 (1 al 7) el 9° Symposium de Rubus y Ribes 
(frambuesas, moras y zarzaparrillas) se aprovechó el symposium al que se asistió para 
dejar invitados a todos los especialistas a enviar sus trabajos. 

Se realizaron contactos con científicos en áreas específicas para seguir en comunicación 
abierta y visitar sus centros de investigación a a 

VBM viene implementando hace varios años una fuerte internacionalización la que la 
obliga como empresa a estar presente en todos los eventos importantes en Chile y el 
mundo del rubro. 

Así es como estará en la 4a . Convención mundial de países productores de frambuesas 
que se realizará en Mount Evelyn, Victoria, Australia el18 y 19 de Noviembre 2004. 

Los aspectos que se deben abordar a partir de este momento son principalmente 
generar una base de investigación y datos nacionales que nos independice cada vez más 
de lo que sucede en Estados Unidos. 

8. Resultados adicionales: 

Se ratificaron convenios con: 

1. 
2. 



6.contactos Establecidos 
(tarjetas de presentación) 
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DR. WEIIlIANG YANG 
Beny Craps 
wei. yang@oregonstate.edu 

North Winametto Research 
and Extonsioo Conter 
osu Extension SeIVice 
15210 NE Milev Road 
Aurora. Oregon 97002-9543 
T 503-678-1264 fu 26 
F 503-678-5986 I e 503-704-4031 
http://bcrrygrape.oregoRState.edu 

Japan Blueberrv Association 
Vice-president 

TAKATO TAMADA 

1104 Itoopia-Hamarikyu. ¡-6-¡ Kaigan 
Minato-Ku. Tokyo 105-0022 

Tel 03-3436-6121. Fax 03-3436-5708 

.... 

Professcr Emeritus. Seoul National Universitv . 
Member. ~ational Academy of Sciences. Republic of Korea 
Fello.,. 7.le Korean Academv of Science and Tecbnology 
Head. Korea Um . En. Research Instituto 

I '< •• 

B Yil Lee. young Ph.D. 

LG "'Ialle 303-403. Getimgek-dcng. Kwonsun-gu. 
SLwon 441-704. Korea 
TEl:+82-31-291-1506 
MJblla: +82-17-209-2565 
E-mail: bylee@snu.ac.kr 

Annemiek C. Schilder. Ph.D. 
Assis1aIJt Protessor. Smatl Fruit Pathotogy 
0_ 01 Planl P31hology 
Mjchigan Slate Umverslty 
164 P!ant Biotogy Building 
EJSlLinsmg. MI 48824-1312 USA 
5171355-1:483' faJ(. 5171353-9704 
E-mall.sc:Wl1er@msu.eilu 
http://planlpalhologymsu edU/protilesJscnilder.t1tm 

PRESIDEN!. INTEilNATIONAl ASSOClATlON OF aOTANte GAROENS 
ILQI.,SSC MEMEEll. Q;JM;SE SFEClAUST 
MEMEER. 801 GON ADVISOIlY COMMITlEE. GAS 
HONORAIlY DIRECTOR. BOT. GON COMMIT1EE. OiINA BIO. CONS. FUND 
NANJING BOTANlCAl GAROEN. GAS 

Tel & Fax: 
66-25-84432966(0) 
66-25-!!4275564(R) 

'M'~~ 
HE, SHAN-AN 

Meed' 135051BC772 
P.O.8ox 1435 Nanjing 210014. Chma 
E-maIl: shananhe@publlc1.pltjs.cn . 

ING. AGR. 1M. Se.1 

. Vivero CORBIOTEC S.Jl_ 
Blueberry Nur~ery and Proyect:s 

Ph.+S4-2322-419202 - Cd.+S4-9-1l-S4Sa-2S1S 
corbictecOargentina.com 

Boca RaIón eL - Rula 25 km. 12 - (1629) P;ta, - a. "'­
ARGENTINA 

760 Ballin.1 Road 
Alphadale NSW 2480 
P.O. Box. 6001 
South Lismore NSW 2480 
Austr.:ilia 

Ridley Bell 
tvlanagrng Otrector 

Ph: +61 266248258 
Fax: +61 266246070 

Mobi.le: ...61 427 7B9 533 
Email: mtnbluCnor.com.au 
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GRAEME FRITH PhD 
Horticultural Consultant 

r 
i Telephonclfacsim~le ( ; 

Australia (03) 5968 1502 1 ' o 
poo So>< 53 International61 35968 150_ f o j 
Gembrook 3783 e-mail gjtfrith@hotmail.com ..:~;r 

__ A",!U~STRA_U.A __ -... .... ==========o==o_'='1&l '-
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"De komngl' aer bessen." ~; 

Een zeer ge;:OOO8 lekkemlJ :~ 
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Oouven Blauwe Bessen 

Herenbosweg 24 

5962 NX Horst 

Thao-Uouven-------

Tel. 047s.698144 

NORTH CAROLINA STATE UNIVERSITI 

• -
-~ -. ,. 

¡ ,. 
James R. Ballington 

SmaH Fruiu 
Brccding arad Gene<ic, 

Departmenc of Horticulture 
260 Kilgore Hall Box 7609 
Raleigh. NC 27695-7609 

Offiee: (919) 515-1214 
Home: (919) 467-7503 

Fax: (919) 515-7747 

Yadong Li 
Professor and Director 

Small Fruir Research lnsitirute 
DCPQrtmenr uf Horliculture 
J Hin Agricultural University 
Changchun. China. 130118 
Tel: (O~31) 4516078 
Fax: (O~31) 4510971 
E-mail: blueberryli@honnail. 

¡;-"7/:> L/k. 
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9. Material Recopilado: 

Tipo de Material N° Correlativo (si es Caracterización (título) 
necesario) 

Impreso Abstracts 1 Programme book of 
abstracts 

impreso 2 Blue Berry production in 
south ame rica 

impreso 3 Nitrogen in HighBush 
blueberries 

impreso 4 BB production y ph 
modification 

impreso 5 BB studies 
Impreso 6 Impact of Early cropping 
Impreso 7 Manipulation of annual 

growth cycle of BB using 
I photoperiod 

10. Aspectos Administrativos 

10.1. Organización previa al inicio de la actividad de formación 

a. Apoyo de la Entidad Patrocinante 

_x_bueno __ regular malo 

Existe una larga relación entre FIA y VBM 

b. Información recibida por parte de FIA para realizar la Postulación 

_x_ detallada __ aceptable deficiente 

Se entregaron detalladamente explicados desde la forma de postular hasta 105 
plazos involucrados 

c. Sistema de Postulación al Programa de Formación de FIA 

__ adecuado _x_ aceptable deficiente 



9.Material Recopilado 
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2000-01 
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64 



~:i!rJ·i 
';.;}~i,f~: 

:': ' 

~,: .... 

"~n:~"""''''t,,,,,H;}[ti S kj;:,:; 
',,\ >" ~'~··:"~'r'''··-;:· ,.:;\.~j~~<; 

'".-': 
~, ':' 

, .: 

tr¡. 

SOtlfh 
Pac}/¡'c 
Ocean 

San MiglJeI 
de rucuman 

Có"jc)~ 
~ 

OIlAZIL 

.. BUErflS 

1\. 
,,1 !":;U 

.SVU1J1 

A { I a tI t ; G 

0,:03n 

~Comod010 Rlvuoavoill 

Hom 

F.,r/AL.lf}(f Itit-lI1(fs 
f}¡j!.ll1 ~IJ'I\TI,b! 

J';?(,!:< 
\¡ M,'':l ~tt"t:dt.t ,1 r 

rí.'¡-.t'Ll~" :¡Ii.:¡n.!l',;. 

(lo :¡:r., -1,:,1 ~,~. 



The Uptake and Use of 15N-Nitrogen in Young and Mature Field-Grown 
Iligh bush Blueberries 

Pilar Bañados, Bernadine Strik, and Tim Righetti 
Department of Horticulture 
Oregoo State University 
4017 ALS 
Corvallis, OR 97331-7304 
USA 

Keywords: Vaccinium corymbosum, fertilization, growth, partitioning, yield, berry SlZe, 
planting 

Abstraet 
The erCeet oC nitrogen (N) fertilization rate on growth, yield an~ N partitioning in 

young and mature field-grown 'Blueerop' was studied. Depleted I'N-(N14hSO~ was 
applied in the first year (2002) and non-Iabeled fertilized in the seeond year (2003). 
Only first-year results are reported here. Three N fertilizer rates (O, 100 and 200 kg N 
ha -1) and two in-row spacing treatments (0.45m and l.2m) were studied in the mature 
planting. Four N fertilizer rates (O, 50, 100 and 150 kg N ha -1) were applied in the 
establishment year of a new planting, spaeed at 1.2m. In both studies, the N fertilizer 
was applied as a triple split (33%:33%:33%) Crom April through June. Plants were 
destructively harvested from the field and divided into parts on sO: dates Crom February 
to Oetober 2002. Plant parts were analyzed for dry weight, N and ISN eoneentration 
(%) and nitrogen derived from fertilizer (NDFF) ealeulated. In the mature planting, N 
fertilization rate had no effeet on plant dry weight, but plants at 1.2m were larger than 
those at 0.45m. Plants fertilized with 200 kg N ha -1 had a higher total N content in July 
and September than unfertilized plants. Pereent NOFF increased from 3% in April to 
23% in September, witb no treatment effeet. Fertilizer recovery was initiaUy slow (only 
1 to 2% reeovery two weeks afier the first split), but increased to 22% to 43% in 
September depending on in-row spaeing and N rate; plants spaced at 0.45m recovered a 
higher pereentage of the fertilizer. Yield was not affeded by N fertilization rate, but 
was 35% higher at 0.45m than at 1.2m. In the new planting, established using two­
year-old plants, N rate affected plant dry weight, total nitrogen content, pereent NOFF, 
and fertilizer recovery. By Oetober, plants fertiIized with 50 kg of N ha -1 had the 
largest dry weight and N aecumulation. Ammonium toxicity was observed in plants 
fertilized with 100 and 150 kg N ha -l. Pereent NOFF was 60% and 67% for the 50 and 
100 kg N ha -1, respeetively. Fertilizer reeovery reached its maximum in Oetober (17% 
and 10% for the 50 and 100 kg ofN ha -1). 

INTRODUCTION 
Blueberry production has been increasing steadily in Oregon and Waslúngton, USA 

with approximately 80 to 120 ha being planteJ annually, 00 average, over the last ten years. 
Growers have generally beeo applying recornrnended rates of nitro gen (N) fertilizer, 110 kg 



N ha -1 for mature plantings at 1.2m by 3m (Strik and Hart, 1991; Strik et al., 1993) or have 
been applying much higher rates, depending on their production practiees (Martin et al., 
2001). 

Various studies have been eompleted on the effeet of rate of nitro gen fertilization on 
the growth and yield of mature blueberry plants. [n a study on 'Bluecrop', comparing a 
nitrogen rate of 75 kg N ha -1 to an unfertilized control (no fertilizer for 5 years), plants 
fertilized with a split application of N had the highest yield (Hanson and Retamales, 1992). 
Clark et al. (1998) found tbat yield of 'Collins' was not affected bl fertilization rates of22 
and 112 kg N ha -1; however, applications of 67 and 134 kg N ha - reduced yield compared 
to the 22 kg N ha -1 treatment over two years. 

Throop and Hanson (1997) showed that mature blueberry plants absorbed fertilizer N 
most efficientIy during active growth between late bloom and fruit maturity; however, only 
8% ofthe fertilizer was reeovered two weeks afier application. Mature 'Bluecrop' fertilized 
with 40 kg N ha -1 of urea before bud break, recovered 32% of the fertilizer N by the 
fol!owing fal! (Retamales and Hanson, 1989). Previous researchers have suggested that 
multiple applications of fertilizer nitrogen would be necessary to maintain sufficient soil N 
levels throughout the period of high demando 

No work has been published to date on N fertilizer uptake and partitioning of young 
blueberry plants. 

The objectives of our study were to determine the impaet of rate of nitrogen fertilizer 
application on N uptake, partitioning, growth, and yield of mature blueberry plants at an in­
row spacing of 0.45m or 1.2m and of young blueberry plants. 

MATERlALS ANO METHODS 

Mature planting 
An existing 'Bluecrop' planting at the North WiHamette Research and Extension 

Center (NWREC), established in October, 1993, was used for this study. The planting site 
was furnigated with methyl bromide/chloropicrin, with sawdust and fertilizer (66 kgoha

ol 
of 

N) ineorporated prior to planting two-year-old container stock. Plants were spaced at Oo45m 
or I .2m in the row with 3m between rows. 

The N fertilizer rate treatments were: O, 100, or 200 kg N/ha applied as a triple split 
(33% April 9; 33% May 9; and 33% June 17,2002); the equivalent rates per plant were O, 14, 
and 28 g . plant -1 at 0.45m and O, 37, and 74 g . plant -1 at I.2mo I~-depleted ammonium 
sulfate [(NIi¡)2S04] fertilizer was used. A11 treatment plots were fertilized with 35 kgoha

ol 
of 

P and 66 kgoha -1 of K each spring. The treatrnents were arranged in a randornized complete 
block design with 3 replicateso 

One plant per plot was destructively harvested on each of 5 dates from spring to faH 
2002. Plants were dug to ensure recovery of as much of the root system as possible. Roots 
were washed. Plants were separated into their parts: current season growth, 1-year-old, 2-
year-old and older wood, crown, roots, leaves, floral buds, vegetative buds, flowers, fruit and 
senescing leaves depending on the stage of development. Each part was dried and dry weight 

1-
mea~ured and then sub-samples were ground and total N, and 'N concentratioll measured. 



Plots were harvested by an over-the-row rotary machine harvester (Littau Harvesters 
lnc., Stayton, Ore., USA) in 2002. Data collected included yield and average berry weight 
(25 berries per harvest). 

Young planting 
A planting of 'Bluecrop' was established at the NWREC on March 27, 2002. 

Sawdust and fertilizer (66 kg'ha- I of N) were incorporated prior to planting two-year-old 
container stock. No surface sawdust mulch was applied. Blossom buds were pruned off the 
plants at planting. Plants were spaced at 1.2m in the row with 3m between rows. 

The treatments were four different nitiogen (N) rates: O, 18.6,37.2, or 55.8 g' plant-I 

(equivalent to O, 50, lOO, or ISO kg N ha -1, respectively). The N fertilizer was applied as a 
triple split (33% April 11, 33% May 20, and 33% lune 27). 15N-depleted anunonium sulfate 
[(N~hS041 fertilizer was used. AlI treatment plots were fertilized with 35 kg'ha- I of P and 
66 kg'ha' l of K each spring. The treatments were arranged in a randomized complete block 
design with 3 replicates. 

Plant growth, dry weight, N, and I~ partitioning data were coIlected as mentioned 
for the mature planting. 

Soil samples were coUected on each plant sampling date and pH determÍned. 

RESUL TS AND DlSCUSSION 
Mature planting 

Total plant dry weight was significantly affected by in-row spacing, but not by N 
fertilization rateo Thus, the data in figure I are averaged over N fertilizer rateo Plants spaced 
at l.2m were larger than those spaced at 0.45m (Figure 1). Dry weight increased over time at 
both in-row spacing treatments; tbe dry weight data for October were taken before plants 
were pruned. The percentage of dry weight allocated to roots was 27% and 25% for plants 
spaced at 0.45m and I .2m, respectively in September. Proportion of dry mass partitioned to 
roots in September was not related to rate ofN fertilization (data not shown). The crown and 
roots accollOted for 43% to 52% of total plant biomass, similar to tbe amount reported by 
Retama1es and Hanson (\ 989). 

Plant nitrogen content increased throughout tbe season, with the largest accumulation 
at the end of tbe season in September. Plants spaced at 1.2m accumulated more N (27 g . 
plant -Ion Sept. 11) tban tbose at 0.45m (\5 g' plant -1), due to tbeir larger size. Nitrogen 
fertilization rate had a significant effect on total plant N content on luly and September (P < 
0.05; Figure 2). The concentration ofN (%N) was affected by N fertilization rate, especially 
in young tissues (shoots, fruit, and l-year-old wood), thus affecting the total N content in the 
plant (data not shown). 

Fertilizer N was not taken up very quickly at either spacing (Figure 3). Two weeks 
afier the first split of fertilizer N was applied, plants had recovered only I to 2% of the 
applied fertilizer; this recovery is similar to tbe 1 % fertilizer recovered two weeks afier an 
application before bud break reported by Throop and Hanson (1997). In our study, fertilizer 
recovery increased to 4 % in May (two of the three splits applied), 12 to 17% in luly (two 
weeks afier la~t split applied), and 22 to 43% in Septernher, at the end of the sea~on. The 
amollOt of fertilizer N in plants was at a maxirnum for the season in September (our last plant 



harvest date in the season of application); thus our results differ from those of Retamales and 
Hanson (1939) who found that fertilizer N content in plants peaked tbree weeks after a single 
application of labeled urea before bud break. Perhaps in our milder climate the period of 
most rapid growth is later than in Michigan or shoots grow for a longer period of time. 
Percent NDFF increased from 3% in April to 23% in September, with no trealment effect. 

Plants spaced at 0.45m and fertilized with 100 or 200 kg·ha- I of N took up 43% or 
31 % of the fertilizer including harvested fruit, respectively, by September. At the 1.2m in­
row spacing, plants recovered 23% ofthe fertilizer N at the 100 or 200 kg·ha- I ofN rateo Our 
recovery rates are similar to the 32% reported for mature blueberry (Retamales and Hanson, 
1989). In September, leaves accounted for 34 to 46% of the total fertilizer N in the plan!, 
similar to the 32% reported by Retamales and Hanson (1989). 

The higher fertilizer uptake at the 200 kg NIha rate may have been "hLXury" uptake. 
The N concentration of the leaves of unfertilized plants averaged 0.57 %N at senescence 
(Nov. 11) whereas the leaves of fertilized plants averaged 0.76 and 1.0 %N at 100 or 200 
kg·ha- I of N, respectively; the percent of total N in the leaves that carne from (he fertilizer 
averaged 41% and 49% at 100 or 200 kg·ha- I of N, respectively. Thus, a considerable 
amount of fertilizer N (from 3 to 10 kg·ha- I ofN) was "Iost" at leaf senescence - this would, 
however, be returned to the soil pool ofN. 

Total N harvested in the fruit averaged 12 and 9 kg·ha- I for the 0.45m and 1.2rn 
spacing, respectively. The percentage of N derived from the fertilizer (NDFF) in the 
harvested fruit was 28% for the lOO kg·ha- I of N trealment at either in-row spacing. 
However, plants fertilized with 200 kg·ha- I ofN had 42% NDFF in fruit at the 0.45m spacing 
and 35% NDFF at 1.2m. Thus, the arnount of fertilizer N harvested in the fruit ranged frorn 2 
to 6 kg· ha -1 (data not shown). 

In-row spacing had no significant effect on N concentration of fruil. However, N 
fertilization significantly increased N concentration of harvested fruit: Fruit from unfertilized 
plants averaged 0.63 %N whereas fruit from fertilized plants averaged 0.84 and 0.92 %N 
when fertilized wÍth 100 or 200 kg·ha- I of N, respectively. Thus higher rates of N 
fertilization can increase N content of fruit, despite relatively little fertilizer being taken up 
before the fruiting season; it is not known how this would impact fruit quality. 

Yield and berry weight in 2002, the fust year N fertilization treatments were imposed 
were not affccted by N fertilization rate, only by in-row spacing. Unfertilized mature 
'Bluecrop' plants in Michigan did not have reduced yield, compared to those fertilized with 
75 kg·ha- I of N until year three (Hanson and Retamales, 1992). The high-density planting 
(0.45m) had 35% more yield per hectare!han the 1.2m spacing, 14 t/ha compared to 10 tlha 
(averaged over fertilization rate). We have documented higher yields of mature, high density 
'Bluecrop' plantings in the past (Strik and Buller, 2002). 

Young planting 
The pH of the potting soil of the plants used in this study was 4.3. The initial pH of 

the field before planting and treatments were imposed was 4.9 (March 2002). Fertilization 
with arnmonium sulfate decreased the soil pH during this study to 4.0 in October compared lo 

5.1 for the un-fertilized treatmen!. 



Nitrogen fertilization rate affected plant growth (dry weight) over time (Figure 4). 
Differences among treatments were observed as early as June, when total plant dry weight 
was reduced in plants lhat received O or ISO kg'ha- I of N compared to lhose lhat received 50 
or 100 kg'ha- I of N. By lhe end of the first growing season, plants fertilized with 50 kg'ha' l 

of N had the largest accumulation of dry weight (Figure 4). Plants fertilized wilh 100 and· 
150 kg'ha' l ofN showed severe signs ofNH.¡ toxicity, wilh 17% and 55% oflhe plants dying 
by October, respectively. In luly, plants showing symptoms of toxicity had very high levels 
ofNH.¡ in lheir shoots compared to lhe olher treatrnents (data not shown). 

The top-to-root ratio was 1.2, 1.6, 2.1, and 1.5 for lhe O, 50, 100, and ISO kg'ha- I ofN 
treatments in October, respectively. Unfertilized plants had a lower dry weight of leaves and 
shoots !han lhose fertilized wilh 50 kg'ha- I ofN. Plants fertilized wilh ISO kg'ha- I ofN had a 
lower total plant dry weight as a result of less weight in aIl plant parts. 

At planting time, lhe initial total plant nitrogen content was 335 mg per plant Total 
N increased during lhe first growing season, and was affected by N fertilization rate (data not 
shown). Plants lhat received 50 or lOO kg'ha-I ofN accurnulated 4550 mg and 4025 mg ofN 
per plant, respectively. Plants lhat were not fertilized wilh N accurnulated onIy 1894 mg ofN 
per plant. Plants fertilized wilh 150 kg'ha- I ofN accurnulated 2318 rng ofN per plant. 

Leaf N concentrotion for lhe N fertilization treatments on luly 24 was 1.4%, 2.8%, 
2.8%, and 3.8% for lhe O, 50, 100, and 150 kg'ha- I of N treatrnents, respectively. Thus, 
plants lhat were not fertilized were deficient in N in late July; plants fertilized with 50 and 
100 kg'ha- I ofN had normal leaf N concentrations, and lhe leaves from plants fertilized wilh 
ISO kg'ha- I ofN had a high N concentration due to poor shoot growth (Strik and Hart, 1991). 

There was very little uptake of fertilizer N two weeks after lhe fust application 
(Figure 5). ·Less lhan 1% oflhe fertilizer applied was recovered by plants at lhe end of April. 
The content of N derived from lhe fertilizer increased in lhe plants through October (Figure 
5); this was also lhe time of greatest percent NDFF. The highest percentage of fertilizer 
recovery occurred in plants fertilized wilh 50 kg'ha- I ofN (17% in October). Plants fertilized 
wilh 100 kg'ha- I ofN recovered 10% oflhe fertilizer applied by October. Even lhough plants 
took up only 9 to lO kg'ha- I ofN, this fertilizer N accounted for 60% to 67% of!he total N in 
lhe plant (data not sho""n). Thus young blueberry plants do not require much fertilizer N in 
lhe planting year. 

There was a large treatment effect on N concentration in lhe leaves at senescence. In 
un-fertilized plants, leaves senesced wilh a low concentration of N (0.5 % N), compared to 
2.4 to 3.7 % N in !he fertilized treatments. TIlUS un-fertilized plants appear to have re­
mobilized N from leaves to storage tissues (- 6 kg'ha- I of N). In lhe fertilized treatments, 
46% to 51 % of lhe fertilizer N in !he plant in October was present in lhe leaves. Plants that 
\Vere fertilized wilh N also had a rugher concentration of P, K, Ca, Mg, Mn, and C in lea ves 
at senescence (data not shown). 

CONCLUSIONS 
There was no effect of N rote on yield or berry weight in lhe first season on this study; 

however an effect would be expected in subsequent years. Fertilizer recovery by plants was 
initially slowand did not peak during !he season - ralher, recovery was highest in the fall. 
This indicates lhat plants were able to take up lhe fertilizer N more !han three months after 



application. Thus, fertilizer N was still presenl in the soil (a clay loam) and had not tolally 
been leached out of the rooting zone (soil N data are not presented here). Our data support 
the advanlage of providing N fertilizer to plants in a split application to maintain N levels 
throughout the period of high demando 

When we calculated net fertilizer recovery eÓN recovered by plants minus the 15N 
fertilizer present in harvested fruit and leaves at senescence), plants spaced al 0.45m had a 
higher net recovery (24% 1033% when fertilized with 200 or lOO kg'ha-1 ofN, respectively) 
than Ihose spaced al 1.2m (17% regardless of N rale). Thus, plants al a higher density seem 
more efficienl al taking up fertilizer N than those at a wider spacing implying thal 
recornmended N ferti1izer applicalion rales should nol be proportiona! lo planting density as 
has been done in the past (Strik and Hart, 1991). 

Young plants were much more sensitive lo under- and over-fertilization in OUT study 
than Ihe mature plants because they did not have a 101 of slored N reserves 10 serve as a 
"buffer" and the young rOOI syslem was very sensitive to fertilizer "bum". In new plantings, 
N fertilizer should likely be applied in severa! splil applications, at a low rate, 10 meet N 
demand yet minimize risk ofharming young plants. 
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Figure 1. Plant dry weight of rnature 'Bluecrop' plants at an in-row spacing of 0.45m or 
1.2m in 2002, averaged over nitrogen fertilization rateo Mean ± SE. 
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Figure 2. The effect of nitrogen fertilization rate at two in-row spacings A. 0.45m and B. 
1.2m on total N content ofmature 'Bluecrop' in 2002. Mean ± SE 
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Blueberry production is possible in many soils if proper soil and water modifications are among 
. the high priority of factors to resolve from the onset. Blueberries are a unique crop in that the 
plants require acidic conditions. The blueberry is a member of the Heather family. It is closely 
related to azaleas, rhododendrons, and cranberries. Blueberries require a soil pH of 4.5 to 5.5 for 
good growth and optimum fruit production. Soils higher than pH 5.8 can cause iron chlorosis and 
reduced blueberry plant growth and yield. There are two components ofpH modification when 
evaluating blueberry production: soil and water pH 

Definition of pH 

Almost all agricultura! crops prefer a soiJ pH near neutral, generally in the range of 6 to 8. 
Blueberry production is an exception. 

The pH scale runs from O lo 14. O is acidic, and 14 is basic or alkaline. A pH of7 is neutral. 
The terms acid, neutral and alkaline or basic refer lo the relative concentration of hydrogen ioos 
(H') and hydroxyl ions (Off) in the soil or water solution. An acid soil or water has a higher 
concentration of hydrogen ioos than hydroxyl ions, while an alkaline soil or water has the 
opposite. A neutral pH means the hydrogen ions and the hydroxyl ioos are present in equal 
amounts and counteract the effect of one another. 

Since pH is a logarithmic function, each pH unít represents a tenfold increase or decrease in 
relative acidity or aJlcalinity. For example, a soil or water with a pH of6.0 is 10 times as acidic 
as one with a pH of7.0. A soil or water with a pH of8.0 is 10 times as alkaline as one with a pH 
of7.0 and 100 times as aJlcaline as one with a pH of6.0. 
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Table 2 Changing soil pH wilh sulfuric acid 

; .................... : ...................................•.......................................... - ...................... _----_ ..•.... -. __ ... _ ...... -....................................... -........................................... , ........ . 

Table 2 is a conversion oflhe dala in lable 1. Sulfuric acid lO sulfur is assumed lo be a 3:1 ratio. 
Both sulfuric acid and sulfur are assumed lo be 100%. However, products currently available for 
agricultural soil amendmenls are typically 95% sulfur and 93% sulfuric acid. 

An importanl variable nol taken into account in the tables is the free lime, or calcium carbonate 
content of the soils. The greater the free lime content of the soi~ the more soil amendment will 
be required to bring about a reduction in pH. Free lime is a buffer, which resists pH changes in 
the soil. 

Soil sulfur can be used to lower the pH of soils. Divide the values in lable 2 by three to obtain 
the equilivant value. The larger the sulfur particle, the less surface area is exposed lo the soil and 
il will lalee longer to bríng about a change in the soil. Sulfuríc acid will bríng about a change of 
pH quicker than soil sulfur. 

Gypsum (calcium sulfate) is a neutral salt. Except under specific extreme conditions, gypsum 
will not lower the soil pH or reduce the calcium carbonate content of the soil. 

A preplant soil test is also valuable in measuring the levels of other important nutrients such as 
phosphorus, potassium, calcium, and magnesium. Improving the levels of these nutríents in the 
soil is done most effectively if they are incorporated before plantíng. 

Acidification of Irrigation Wate..z 

If a grower is considering lowering the pH lo 5.0 or below, the grower should consult the 
irrigation manufacturer, lo be sure the materials of construction are suitable for the pH range 
being considered. The prímary malerial where damage will happen very quickly ifthe pH 
beco mes too low is nylon. 
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The on site acid storage tanks are extra heavy wall polyethylene. Normal tanks are manufactured 
to contain up to 12.5 pound per gallo n liquids. Since sulfuric acid weights 15.3 pounds per 
gallon, 16 pound per gallon rated storage tanks are required. The tanks may be set on leve! 
ground, on a decomposed granite base, or on a concrete slab. Preferably there will be a slight 
slope to the base, so the residual material in the tank will acClimulate at the oudet. 

The field storage tanks typically have a two inch fill fitting on the top ofthe tank. We have 
found that baving tbe fitting on top reduces tbe exposure by vandalism and lealcing gaskets. A 
3/4 inch fitting is installed at the bottom. This is for the supply line, which goes to the acid 

)njection pump. 

Growers need to evaluate the security of the site, since acids are bazardous materials. If there is 
a reasonable chance of vandalisrn, a chain link fence should be insta1led around the acid storage 
and possibly the filter station as well. Double wall containment is also an option . 

. The sulfuric acid injection systems are suitable for urea-sulfuric acid fertilizers and phosphoric 
acid. However, ir changing material is desired, the system needs to be c1eaned out by our service 
personnel first. The grower should not attempt to mix other products going through the acid 
injection pump. Either there is a heat reaction or the irrigation system downstrearn has plugged 
up. If other fertilizers are to be injected, a separate stand-alone system is required. It is ok to 
inject solution grade gypsum at the sarne time as sulfuric acid. 

Secondary backup safeguard systems should be installed in the acid injection system. It is 
critica! that water does not back up into the sulfuric acid storage tank. If this were to bappen, an 
exothermic heat reactÍon would occur and the plastic tank would melt down. It is important to 
remember - always add an acid to water, never add water to an acid. 

Growers should work with a reliable supplier to install and maintain the sulfuric acid injection 
equipment. Growers should ask if the supplier has the capability of vacuuming out the field 
storage tank in the event of a leak. Safety to the irrigation equipment and to individuals should 
also be considered, because sulfuric acid is a hazardous material. If growers are able to 
minimize tbe exposure, while improving the irrigation water quality at a price tbat is 
economically feasible, then they should consider amending the irrigation water. 

I Midwest SmaIl Fruit Pcst Management Handbook, BulJetin 680 
1 Gregory, James R., "Uses oI Sulfuric Acid as a Water Amendmenl in Agricu1ture, n Proccedings, JntemationaJ 
lnigation Show, The lnigation Association, San Antonio, Texas, November 4, 2001 
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Plant Size Trial 
For the plant size evaluation study we compared 2" cell, RP5, 3 ;;''' pot, I Liter, I gallon 
and bare root plants. The purpose of is to save the growers money by purchasing smaller 
plants. For example in an acre with 3 foot plant spacing (1300 plants) a ¡gallon planl 
would cosl $2.80 compared to a 2" cell al $1.80. On an acre plol this would save $1,300. 
The 2" cell, RP5, 3 ;;''' pOI and bare rool were planled in the field after a year in the green 
house and Ihe I liter and I gallon plants were planted in the field after two years in Ihe 
green house. AlI plants were planted in the field during October 2001. 

Table 1. Planl Size Evaluation- O'Neal Table 2. Planl Size Evaluation- O'Neal 
P d PI oun s oer 01 P ds oun ,per Acre 

10al. 7.69 a 1 cal. 1450 a 
1L 5.37 a 1 L 1013 a 
2" cen O b 2" cen O b 
3 1/2" 001 O b 3 1/2" 001 O b 
Sare rool O b Sare rool O b 
RP 5 O b RP 5 O b 
CV 98.18 CV 98.18 
LSD 3.22 LSD 607 

The 2" cell, 3 y," pot, bare rool and RP5 had no yield the first year because lhere was no 
bloom or they were too small for us lo allow them to produce a crop. One interesting 
thing that has surfaced from the study in the difference between the varieties O'Neal and 
Misty within the same trial. On O'Neal there was no significanl difference between the 
galloo aod liter plants whereas on Misty the gallo o plants produced about two times as 
much as the liter plan!. Also the 1 gallon Misty plants yielded about three times as much 
as the I gallon O'Neal plants did .. The varieties O'Neal and Misty were picked because 
theyare the ones most growers are planting. O'Neal is one ofthe earliest varieties and 
Misty one of the most common because il is easy to grow and very vigorous. 

Table 3. Plant Size Evaluation- Misty Table 4. Planl Size Evaluation- Misty 
Pounds per PIOI P d A oun s per ere 

1 cal. 25.65 a 10al. 4840 a 
1 L 11.70 b 1 L 2207 b 
2" cen O e 2" een O e 
3 1/2" 001 O e 3 1/2" 001 O c 
Sara rool O c Sare rool O e 
RP5 I O e RP5 O c 
CV 54.41 CV 54.41 
LSD 4.17 LSD 786 



Plant Spacinq Trial 
The plant spacing trial was designed to evaluate spacing from 18-48 inches at 6 inch 
increments. Plan! populations ranges from 990 at 48" to 2,640 at the 18" spacing. The 
purpose of the study is to increase yield per acre. One pro of increasing plant spacing is 
lhat fixed costs will remain the same regardless of lhe number of plants on an acre the 
amount of mulch and water will not change. Sorne cons are lhat the variable costs will 
increase. Pruning and harvest costs will go up with plant population. The cost of 
purchasing lhe extra plants will also increase expenditures. 

T bl - PI S a e :l. ant )pacmg- O'N I lb / I ea, S/plot Table 6 Plant Spacing- O'Neal lbs/acre , 
24" 13.60 a 24" 2567 a 
8" 12.76 ab 18" 2408 ab 
30" 10.43 ab 30" 1967 ab 
36" 8.44 ab 36"' 1592 ab 
42- 7.48 ab 42" 1411 ab 
48"' 5.98 b 48" 1127 b 
CV 46.85 CV 46.85 
LSD 6.91 LSD 1303 

The plant spacing study shows significant yield contrast between the Misty and O'Neal 
varieties. The highest yielding Misty (18") was tbree times higher lhan lhe highest 
yielding O'Neal (24"). Even lhe lowest yielding Misty (48'') was still higher lhan lhe 
highest yielding O'Neal. AIso the Misty plants were more consistent; there was a perfect 
linear increase in yield wilh increase in plant population. O'Neal has been very 
inconsistent and hasn't preformed as expected, wilh lhe 24" spacing actually yielding a 
little more lhan lhe 18" spacing. 

Table 7. Plant Spacing- Misty, LbsIPlo! Table 8. Plant Spacing- Misty, lbs! Acre 

18- 40.60 a 18" 7660 a 
24- 34.58 ab 24" 6524 ab 

30" 30.18 be 30" 5694 be 

36" 26.80 cd 36" 5056 cd 

42"' 21.29 de 42" 4016 de 

48" 17.35 e 48" 3274 e 

CV 16.10 CV 16.10 

LSD 6.91 LSD 1303 



Replicated Variety Trial 
Since 1997 we've planted 40 varieties ofblueberries. From lhe 40 varieties eight 
Southern High Bush varieties were selected for this tri al. Within the eight varieties four 
are early varieties, and the other four are mid season varieties. The early varieties include 
O'Neal, Sharp Blue, Misty and Star. The mid season varieties are Ozark Blue, Jubilee, 
Southmoon and Legacy. For this trial we are testing for yield and fresh market quality 
indices and plan to evaluate shelf Jife of each variety in 2004. 

T bl 9 R r a e <.epncate dV . anety T . al lbs! I n , Jplot Table 10 Replicated Variety Trial lbs/acre , 
Legacy 38.63 a Legaey 7289 a 
Jubilee 34.66 ab Jubilee 6540 ab 
Star 32.01 b Star 6039 b 
South Moon 24.92 e South Moon 4701 e 
Misty 23.60 e Misty 4453 e 
Sharp Blue 22.89 e Sharp Blue 4319 e 
Ozark Blue 12.43 d Ozark Blue 2346 d 
O'Neal 8.85 d O'Neal 1669 d 
CV 17.93 CV 17.93 
LSD 6.53 LSD 1232 

The highest yielding early variety was Star, and !he highest yielding mid season variety 
was Legaey. There is a wide range between the highest and lowest yielding varieties as 
seen in Tables 9 and 10. 

Mulch Study 
Blueberries are usually grown wilh wood mulch culture, but wood mulch is very 
expensive and may not always be available. We are evaluating two types ofwood 
alternatives which are available and cost less. We used lhe variety Star. Wood mulches 
included pine and alInond shells. The alternatives included black plastic, white plastic, a 
herbicide treatment and an untreated check. 

Table 11 Mulch Study ')001 lbs/plot - , Table 12. Mulch Study 2001 lbs/acre . 
White Plastie 38.30 a White Plastic 7226 a 
Blaek Plastie 35.06 ab Blaek Plastie 6616 ab 
Untreated Check 30.19 abe Untreated Check 5695 abe 
Pine Muleh 28.18 be Pine Mulch 5316 bc 
Almond Shells 26.90 be Almond Shells 5075 be 
Herbicide 24.29 e Herbicide 4583 e 
CV 18.44 CV 18.44 

LSD 8.48 LSD 1600 

The plastic and untreated check surprisingly had higher yields lhat the wood mulches. 
This may have occurred because lhe bacteria may have consumed !he Nitrogen to 
breakdown lhe wood whereas all !he nitrogen was entirely available to !he white and 
black p lastic treatments as well as lhe untreated check. 1! is anticipated !hat during !he 
next few years the wood mulch treatments will develop greater fertility, porosity for good 
water infiltration and develop greater plan! vigor. We expect the other plants to decline 
as lhey get older, which is what we have seen in previous mulch studies. 
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Blossom Removal Study 
In this study we are comparing the removal of the blossoms and ho\V it affeets plant vigor 
and yield over the life oí" lhe plant. For treatment one we re:noved the fruit al year one. 
and for the other treatment \Ve removed the blossoms at yea~ one and two. 

Tabl 13 BI e . ossom R emova I Stud lb / I T bl 14 BI ly. SlplOt a e . o,som R emova I S d lb / tu ¡y, s acre 
Removed aL. Removed al... 
Year 1 18.10 a Yearl 3414 a 
Year 1&2 O b Year 1&2 O b 
CV 20.74 CV 20.74 
LSD 5.97 LSD 1126 

Tables 15 and 16 show lhat there is no yield for the year one and two treatment beeause 
we took lhe blossoms off. We do expect a higher yield nexl year due lo greater plant 
vigor. 

Pruning Study 

Table 15 Prunina Study Ibs/plot . 
" 

, Table 16 Prurina Study lbs/acre 
" 

, 
July.2003 23.6 ns July.2003 4447 ns 
No Pruninq 23.2 ns No Pruninq 4380 ns 
Se pI. 2002, 2003 21.0 ns Sepl. 2002. 20J3 3967 ns 
CV 17.18 CV 17.18 
LSD 7.76 LSD 1464 

The pruning study is evaluating the effect of tipping, remov1ng lhe fruiting wood at 
different times of lhe year. We have found that there is no significance so far, but believe 
lhat tipping might help lhe plants develop stronger, thicker canes and make it easier to 
pick. 

Irrigation Study 

Table 17. Irrigation- O'Neal Rep. Trial 
Lbs/ 1 ;¡PIOt 

Single hose: 2L 
volume 11.57 ns 
Double hose: 2L 
volume 8.85 ns 
Single hose: 1 L 
volume 8.63 ns 
Double hose: 1 L 
volume 8.89 ns 
CV 32.41 
LSD 5.83 

Table 18. Irrigation- O'Neal Rep. Trial 
Lbs/acre 

Single hose: 2L 
volume 2182 ns 
Double hose: 2L 
volume 1669 ns 
Single hose: 1 L 
volume 1628 ns 
Double hose: I L 
volume 1677 ns 
CV 32.41 
LSD 1100 

There is little to no information on appropriate irrigation fo~ blueberries in California. 
Our study was designed to provide information that wil! eventually help growers with 
improved irrigation practices. The treatrnents include a single hose \v1th 2 liter volume, 
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double hose with 2 liter volume, single hose with 1 liter volume and double hose with 1 
liter volume. 

Table 19. Irrigation- W.Halfwith Misters Table 19 Irrioation- W Halfwith Misters . ·0· 

Single hose: 2L Single hose: 2L 
volume 8.69 ns volume 1639 ns 
Double hose: 2L Double hose: 2L 
volume 10.27 ns volume 1937 ns 
Single hose: 1 L Single hose: 1 L 
volume 8 ns volume 1509 ns 
Double hose: 1 L Double hose: 1 L 
volume 10.02 ns volume 1924 ns 
CV 30.15 CV 30.15 
LSD 5.25 'LSD 990 



The impact of early cropping on subsequent yield of 
highbush blueberry 

Dr. Bernadine Strik and Gil Buller, Professor and Research Assistanl 
Department of Horticulture and tbe NWREC, Oregon State University 

4017 ALS, Corvallis, OR 97331 
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Manipulation of the Annual Growth Cycle of Blueberry Using 
Photoperiod 
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Abstraet 
A eontroDed environment study was eondueted using container-growo 'Ouke', 

'Bluecrop' and 'Elliott' from July to Oecember 2002 in Corvallis, Oregon. Plants were 
placed io growth ehambers (GC) under either short-day (SO, 8h of light) or loog-day 
(LO, 16 h of light) photoperiod and constant tempera tu re (22°C) for up to eight weeks. 
Every two weeks, a group of plants was moved from the GC to a greeohouse (16 h light, 
22°C) to measure dormancy, growth, and perceotage of flower buds. Arter eight weeks 
of SO, a group of dormant plants were moved from the GC to a cold room (4°C) for 900 
hours, and then transferred baek to the GC (LO and 2S°C) to record days to bud break, 
bloom and fruit ripening. Plants under LD had three to su flushes of growth and did 
not initiate flower buds or enter endo-dormancy. Bud break occurred after 5 to 15 days 
io the greenhonse. Plants under SO had two flushes of growth and developed flower 
buds after two weeks of SD and dormancy after four weeks of SO. The number of 
flower buds and the degree of dormaney inereased with time of exposure to SO. After 
eold storage, bnd break and bloom oecurred after 6ao!f.2~ days, respectively, with little 
differeoces among cultivars. Fruit harvest started 65, 95, or 130 days after bud break io 
'Ouke', 'Bluecrop', or 'Elliott', respec!ively. Fruit set in the GC was reduced due to 
insufficient pollination. 

INTROOUCTION 
Photoperiod is an environmental factor tbat changes in a predictable manner year 

after year for a particular combination of latitude and day. Plants have evolved to sense 
these changes and adapt tbeir physiology and metabolism to the oncoming season. 
Shortened photoperiods in tbe fall precede cold winters. This is especially important in 
deciduous woody perennial plants native to high latitudes, which alternate tbeir annual 
growth cycle between a period of active growth in the spring and summer and one of 
dorrnancy in the fall and winter. Highbush blueberry (Vaccinium corymbosum L.) is 
native to latitudes 40 to 450N, where tbe natural photoperiod ranges from 16 lo 8 hr of 
light. The influence of short-day (SO) photoperiod on flower bud induction in blueberry 
is well documented (Damel~ 1991; Hall and Ludwig, 1961; Hall el a/., 1963; Spann el al. 
2003). Lowbush (Vaccinium angllstifoillm Ait.), highbush and rabbiteye (V, ashei Reade) 
blueberry develop flower buds under an 8 hr photoperiod but not under 16 hrs. However 
there is li!tle or no information on tbe effeet of photoperiod oOn tbe induction of 
dorrnancy and on tbe possibility to manipulating tbe annual growth cycle of highbush 
blueberry using a combination of SO and long-day (LO) photoperiod. 

The objective of tbis work was to quantiry tbe effect of SO and LO photoperiod 
on tbe growth, dormancy and flower bud development oftbree highbush blueberrr 
cultivars under controlled environmental conditions, as well as to artifieially manipulare 
the annual growth cycle oftbe plant in growth chambers (Ge). 



MATERIALS Al''ill METHODS 
Container grown blueberry (Vaccinil/m corymbosl/m L.) plants 'Ouke', 'Bluecrop' 

and 'Elliott' were grown in the greenhouse from the end of March until the end of June 
2002. Plants were then moved to controlled environment chambers (GC) (Conviron CIv!P 
3023) and grown under either short-day (SO, 8h oflight) or long-day (LO, 16 h oflight) 
photoperiod and constant temperature (22°C) for up to eight weeks. At "O" weeks 
(control plants), and every two weeks, three plants of each cultivar and treatrnent (SO or 
LO) were moved to a greenhouse (16 h Iight, 20°C) and completely defoliated by hand. 
Oegree of dormancy and number of flower buds (FB) were recorded. Dormancy was 
measured as the number of days to first bud break and FB as the total number on the plant 
and expressed as a percentage of the total buds. After week eight for the SO plants, a 
group of dormant plants was moved to a cold room (4°C) for 900 hours, and then 
transferred back to the GC but under LO and 25°C. Days to bud break, bloom and first 
ripe fruit were recorded for each cultivar and compared to plants grown under natural 
conditions (NC). 

Shoot length was measured weekly inside the chambers under SO or LO; three 
shoots on three plants per cultivar were randomly selected for measurements. At the end 
of the experiment plants from 8 weeks-SO and 8 weeks-LO treatment were destructively 
harvested to determine the final number of flushes of growth and the total biomass and 
partitioning in the plants. 

Mean values for each measurement were compared using analysis of variance in 
S-plus. 

RESULTS Al"ill DlSCUSSION 

Growth 
Shoot growth cessation and terminal bud set in SO treated plants occured after 2 

weeks in 'ElIiott' and 'Bluecrop' and after three weeks in 'Ouke'. Plants grown under 
LO photoperiod grew'until the end ofthe experiment (week 8; Fig 1). Plants under LO 
were taller than SO (Figure 1). Plants grown under LO photoperiod had 4.3 to 5 flushes 
of growth compared with 2 to 2.7 on plants grown under SO (Table 1). 'Ouke' was the 
cultivar that grew the most under LO conditions. Total plant dry weight was doubled in 
LO treated plants compared to SD plants (Tablc 1). Shoot growth cessation due to SO 
photoperiod has been shown in different plant species such as Vitis sp (Fennel and 
Hoover, 1991; Wacke and Fennell, 2000), poplar (Bañados, 1992; Zhu and Coleman, 
2001), birch (Welling el al., 1997), and willow (Barros and Neil, 1987). In this study, SO 
photoperiod was a very powerful environment c1ue that even under optimal temperature 
for growth plants under SO set buds after 2 or 3 weeks. 

Oormancy 
Non-dormant control plant (week O) took between 7 to 10 days after defoliation to 

break buds in a greenhouse. Plants exposed to SD photoperiod developed endo-dormancy 
after 4 weeks with an increasing number of days to first bud break. Plants were evaluated 
for up to 4 months after defolialion. Plants treated for 6 or 8 weeks of SO photoperiod 
did not break bud within that time (Figure 2). 

Long-day treated plants broke buds 7 to 25 days after defoliation for week 2 to 6. 
Plant treated for 8 week ofLO took longer to broke buds (40 to 60 days). In those plants 



the apical meristems of plants subjected to LO were actively growing when moved to the 
greenhouse. However the complete defoliation of the plant apparently stressed the pants, 
delaying the regrowth or budbreak. Oonnancy induction due to SO photoperiod has been 
reported in deciduous woody species. In poplar. 8hr- SO induced donnancy under natural 
and controlled environmental conditions (Bañados, 1992; Jecknic and Chen, 1999). In 
many studies, however the effect of photoperiod and temperature is not clearly separated. 
In this study blueberry plants entered donnancy after 4 weeks of 8hr-SO photoperiod and 
220C. 

Flower bud fonnation 
Bud set was observed after two weeks of SO in 'Bluecrop' and 'Elliott' and after 3 

weeks in 'Ouke' but never under LO. Flower buds were fonned only under SO 
photoperiod and progressed in a quantitative manner wilh time of exposure (Figure 3). 
Flower bud number per plant increased in 'Bluecrop' plants from 2 after 2 weeks in SO to 
28 after 8 weeks in SO conditions. 

The influence of SO in lhe flower bud fonnation of blueberries is well 
documented (Oarnell, 199\; Hall and Ludwig, 1961 ;Hall el al., 1963; Spann el al., 2003) 
but this is the first rcport !hat compare the effect of photoperiod in three different 
highbush blueberry cultivars, an early, mid season and late season. 

Phenological stages 
Plants treated for 8 weeks of SO plus 900 chilling hours broke buds 7 to 10 days 

after being placed in a GC under LO and 250C. Bloom occurred within one month and 
first mature fruit for 'Ouke' was observed on Oecember 20, 180 days before that it 
occurred under natural conditions. 'Bluecrop' and 'Elliott' did not differ from 'Ouke' in 
the time of budbrcak or bloom, but the first mature fruit on these cultivars was observed 
on January 22 and February 25 respectively. These results corresponded to 155 to 170 
days before plants grown under natural environment conditions (Table 3). 

CONCLUSIONS 
Short-day photoperiod stopped shoot growth of highbush blueberry after two or 

three weeks oftreatment. Tenninal bud fonnation was observed in the plants at the time 
of growth cessation and precedes flower bud fonnation. In contrast LO plants grew 
continuously in the growth chambers until the end of the experimento 

Plants treated with SO for 4 or more weeks developed endo-donnancy and did no! 
broke buds after four month (end ofthe experiment) under greenhouse conditions. Long­
day plants did not show endo-donnancy and broke buds 7 to 40 days after defoliation in 
lhe greenhouse. 

Flower bud fonnation occurred only under SD photoperiod. 
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Table 1: Flushes of growth and biomass partitioning in container grown blueberry plants 
'Bluecroe', 'Ouke' and 'Elliott under long-day (LO) or short-da~ {SO) (lhoto~eriod 

Flushes of Leaves shoots I-year-wood Crown Roots TotalOW 

lE°wth ~g) (g) (g) (g) (8) (2) 
Bluecrop LO 4.3 37.60 36.79 13.77 11.81 64.61 164.57 

SO 2.7 13.80 16.20 11.70 5.71 27.82 75.23 
• NS • NS • • • 

Ouke LO 5.0 24.79 39.87 16.27 24.32 60.99 166.24 
SO 2.3 12.07 7.70 10.24 9.24 28.56 67.80 

• • • • ns •• •• 
Elliott LO 4.3 38.55 40.38 17.20 17.19 81.89 195.20 

SO 2.0 15.87 18.07 14.93 11.40 44.83 105.10 
• •• •• NS NS • •• 

NS. " ", "': non-significan!, o, significan! al P < 0.05, p< 0.01 o, p< 0.001 respectively 

Table 2: Number offlower buds in container grown blueberry plants 'Bluecrop', 'Duke' 
and 'Elliott' grown under long-day (LO) or short-day (SO) photoperiod. 

Weeks under treatment 
O 2 4 6 8 

Bluecrop LO O O O O O 
SO O 2 18 25 28 

NS • ••• • •• ••• 
Ouke LO O O O O O 

SO O 2 12 12 14 
NS • ••• • •• ••• 

Elliott LO O O O O O 
SO O O 20 28 22 

NS NS ••• • •• ••• 



rabie 3. Dates to budbreak, bloom and first mature fruit in container grown blueberry 
plants 'Bluecrop', 'Ouke' and 'Elliott in growth chamber (GC) or natural conditions (NC) 
in Corvallis, Oregon, USA. 

First mature 
Budbreak First Bloom fruit 

November 16. (-130 (-175 
GC Novcmber 1,2002 (-125 days) 2002 days) December 23,2002 day,) 

NC Match 5, 2003 March 30, 2003 lune 20, 2003 

November l6, (-DI lanuary 22, 2003 (-160 
Blueaop GC November 1, 2002 -125 days) 2002 day') lune 20, 2003 days) 

NC Mareh 5, 2003 April 1, 2003 luly 7, 2004 

Novcmber 18, (-132 (-155 
Elliott GC November 5, 2002 -123 days) 2002 day.) February 25, 2003 day,) 

NC Marcb 8,2003 April 4, 2003 luir 30. 2003 
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Figure l. Shoot length of three blueberry cultivars grown in a growth chamber under 
long days (LO) or short-days (SO) photoperiod. Means ± SE (n=3). 
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LO pholoperiod. Means ± SE (n=3). 
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Figure 3: Percenr flower bud (%) in blueberry plants 'Bluecrop', 'Ouke' and 'Elliott 
under long-day (LO) or short-day (SO) photoperiod. Values are mean ofthree plants. 
Bars indicare SE. 
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11 .actividades de Difusión 
(listado de asistencia y referencias) 

Act 11.1 Y 11.2 las personas ubica bies todas a través de la casa Matriz de VBMSA 



Proyecto FIA -PL-L-2004-1-A-006 

Nombre propuesta: VIII Symposium Internacional sobre el cultivo de Vaccinium" 

Fecha tipo de actividad Objetivo Información a 
Entregar 

Martes 25 Entrega conclusiones Que estos conozcan Informe 
Mayo A los Agrónomos Lo sucedido en Final 

Zonales de VBM Symposium 

ASISTENTES 

Zona 1 Cristián Arancibia 

Zona 2 Jorge Moya 

Zona 3 Claudio Áuil 

Zona 4 Sergio Rebolledo 

Ginn'~Q Pifffilut 

Ramón Jorquera 

Zona 5 Alberto Erhardt 
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