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FUNADACION PARA LA TNNOVACION AGRARIA 
SRA MARGARITA D'ETIGNY 
AV. SANTA MARÍA 2120 
SANTIAGO 

Vt ~ - F'P- V - -¿o o Y - -1- Jf - 03 <¡ 

De mj consideración, 

Me es grato enviar los informes Técnico y Financiero de la propuesta 
cod. FlA-fP-V-2004-1-A-03~ realizada en el mes de Febrero 2005 . 

Sin otm panicular saluda atemameme . 

/ ·¡ 

Osorno. 2~ de mayo 2005 

)7[) 

iacosta
Rectángulo
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CONTENIDO DEL INFORME TÉCNICO Y DE DIFUSIÓN 

1. ANTECEDENTES GENERALES DE LA PROPUESTA 

Entrenamiento Practico en Biotecnología 

FIA-FP-V-2004-1-A-034 

Anja George 

Entrenamiento 

04 de febrero 2005 al 06 de marzo 2005 
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El cultivo In vitro de plantas es una herramienta básica y necesaria en el desarrollo de 

estrategias comerciales y masivas. Dentro de este rubro se considera la micropropagación en 

diferentes tipos de medios de cultivo, como sólidos, líquidos y semi-sólidos, para diferentes 

especies . 

Las especies vegetales se comportan diferentes entre una y otra, ya que se puede trabajar con 

especies bulbosas, herbáceas, leñosas y otras, y por ello se requiere investigar el 

comportamiento para determinar el desarrollo in vitro de las especies de interés. c¡ue en 

nuestro caso son los helechos . 

Hoy hay entidades que trabajan con tecnologlas muy avanzadas, que Incluyen técnicas para 

acelerar el crecimiento y el desarrollo de las plantas, estableciendo de esta manera la forma 

optima de cultivo por cada especie . 

Es necesario acercarse a estas entidades en forma práctica para visualizar y practicar estos 

avances y luego adaptarlos a la realidad productiva en nuestro país, o en este caso a la 

realidad del vivero . 

En la actualidad, Israel es uno de los países más avanzados en cuanto al desarrollo de la 

Bioteenologia y su aplicaci6n en la agricultura. Generalmente los países son muy celosos con 

la transferencia tecnológica hacia otros paises. Es por ello que no se deber despreciar la 

oportunidad ofrecida por Investigadores de la Universidad Hebrea de Jerusalén para participar 

en un entrenamiento práctico y personalizado para transferir sus conocimientos en los avances 

de la Biotecnologia. Conocimientos que hasta la fecha no están publicados y por ende solo se 

pueden obtener durante un entrenamiento práctico como el de esta propuesta . 

El principal interés es obtener conocimientos en el desarrollo de medios líquidos; el trabajo con 

luz difusa; el uso de bioreactores; el establecimiento ex vitre de vegetales y otros temas que se 

puedan presentar con relación a la Biotecnología . 

En cuanto al postulante se puede afirmar que Anja George lleva 6 ai'\os trabajando en el 

Vívero Río Tijeral en la propagación de helechos nativos con fines comerciales. Esta iniciativa 

fue apoyada inicialmente por FIA con el proyecto denominado 'Tecnología y Desarrollo en la 

Producción Comercial de Helechos Nativos.n Como resultado importante de la investigación se 

determinó que la propagación de helechos requiere de una tecnología más avanzada que la 
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usada comúnmente en un vivero comercial. En consecuencia de esto, Anja George postuló y 

luego se adjudicó un proyecto Fontec llamado: "Desarrollo de una Tecnologfa para propagar y 

Cultivar Especies de Helechos Nativos in vitro Destinados a la Exportación". Este nuevo 

proyecto se encuentra en su fase inicial, con la construcción de un laboratorio para el cultivo 

de tejido, especializado para la propagación de helechos en medios líquidos . 

El entrenamiento en la Universidad Hebrea de Jerusalén es de suma importancia para permitir 

un avance significativo en el trabajo propuesto para el laboratorio, ya que promete capacitación 

en el uso de medios líQuidos. Que actualmente son usados para la propagación de helechos y 

muchas otras especies más . 

Después de una profunda revisión de bibliografía y de Internet se pudo constatar que la 

información publicada con respecto a ese tema no esta completa, y se maneja entre los 

investigadores en forma muy reservada . 

Además de lo anteriormente mencionado, permitirá establecer un contacto muy importante con 

este centro de investigación para futuras investlgaciones o intercambios. Este interés lo 

manifestó la Sra. Rina Kamenetsky que va a trabajar como tutora acompañando a la 
1 

postulante durante el entrenamiento. Cabe sef'lalar que ella fue quien ofreció este 

entrenamiento a la interesada y la contactó con la Prof. Meira Ziv, del RH Smith lnstitute of 

Plant Science . 

Laboratorios para el cultivo in vitre existen varios a nivel nacional, y por ello es importante 

contar con tecnología de punta para lograr un real avance tanto del punto de vista profesional 

como también desde el punto de vista comercial, ya que los conocimientos son un patrimonio 

muy difícil de adquirir y muy valioso dentro de una empresa, ya que permite marcar la 

diferencia entra una empresa y otra . 

Anja George previo a la planificación de este entrenamiento ha visitado varios laboratorios de 

la Región, tanto Universidades como laboratorios privados y ahi se pudo constatar que en 

ninguna parte se pueden obtener informaciones completas y seguras para mejorar las 

tecnologías en el laboratorio. Las empresas y Universidades chilenas son aún más celosos con 

sus conocimientos y no están dispuestos a compartirlos con empresarios locales, además que 

no cuentan con una tecnología de punta en muchos casos y que esté probada en el cultivo de 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

helechos. Actualmente las Universidades consultan en el vivero Río Tijeral las experiencias 

obtenidas durante el proyecto FIA, ya que es el único estudio mas completo que se ha 

realizado en la propagación de helechos nativos hasta la fecha. Es decir, no se puede esperar 

mucho aporte desde una Universidad en Chile en el tema de la propagación de helechos en 

medios líquidos ya que no se está realizando. Es por eso que se tomó la decisión de participar 

en un entrenamiento en el extranjero que ofrece ventajas desde el punto de la tecnología 

utilizada y de la disponibilidad de los entrenadores para capacitar en forma gratuita a la 

postulante . 

• • • .·• ' •• ,, ... @·<·'7'' ' • • • ... ....... ~ ~-~::.e¡-·"• ·•·''' 0~~·-·'fi;:;>:~!'""' 

ObJetivos alcanzados tras la re~l~~!~-d~. la propuesta· · ..¿;;(.~~~. . · .;·::;;~~ · 

Participar en un entrenamiento practico para conocer avances tecnológicos en cultivos líquidos 

Mejorar los conocimientos actuales 

Participar en una investigación usando tecnología de punta 

Transferir los conocimientos obtenidos durante el entrenamiento 

Establecer contactos importantes con investigadores israelitas 

1. aumentar productividad del vivero 

2. definir un protocolo para reproducir helechos nativos in vitro 

3. confee<;ionar bioreactores para la multiplicación masiva de helechos 

4. crear un contacto con Investigadores para apoyar el trabajo en el vivero desde afuera . 

,Resul~~~-~~nzados :-::: ... 
~ .. -" : . 

"'.; .. : "' :' .... -"··~ ~:- .. "...; · ··-:; -~ . 
Durante el entrenamiento se lograron obtener conocimientos que ayudaron en forma 
significativa en el avance del proyecto que se esta llevando a cabo en el vivero. El programa 
de entrenamiento fue elaborado para comenzar con conocimientos básicos y luego finalizar 
con la introducción a tecnologías mas avanzadas. Como una parte del entrenamiento fue 
realizado en un instituto de investigación dentro de un programa de investigación se pudo 
además tener acceso a información reciente en temas como bioreactores, producción de 
especies bulbosas, peonías y otras . 

En este momento se están aplicando las tecnologías conocidas en Israel. por lo tanto aún no 
se ven los resultados en el trabajo del laboratorio. Estos resultados son a mas larao plazo Y 
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podrán recién verse en al menos 6-12 meses . 

Durante la estadia en Israel tuve la posibilidad de acompar'\ar a la Sra. Rlna Kamenetzky en 
dos oportunidades a terreno para asesorar productores de peonías en el desierto de Ber' 
Sheva y en Los Golan Hights. Gracias a estas visitas pude apreciar en terreno la producción 
forzada de peonías y establecer contactos con productores israelitas . 

El entrenamiento realizado en Israel fue muy puntual para conocer las posibilidades de 
reproducir helechos nativos chilenos In vltro, pero actualmente no se esta realizando la 
reproducción In vitro en otros viveros del país, por lo cual no es posible comparar la situación . 
Inicialmente se seguirá trabajando en el vivero Rlo Tijeral para finalmente establecer un 
protocolo de reproducción para distintas especies de helechos nativos. Este ES un proceso 
que durará algún tiempo, por lo tanto no es posible concluir algo en forma definitiva en este 
momento . 

o 
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La actividad realizada deja muy en claro que se debe seguir trabajando cambiando algunos 
aspectos técnicos anteriormente implementados y sobre todo utilizar la ayuda ofrecida por 
Meira Ziv y Rina Kamenetzky para resolver los problemas que se presenten durante la 
realización de la investigación . 

3. ASPECTOS RELACIONADOS CON LA ORGANIZACIÓN y EJECUCIÓN DE LA 
PROPUESTA 

·~~~~;~~;~~~~d~~ij~~::~i~fJf~~)t~~§~f;~:~·~~7!~~l~;~:tr!~~~~ 
Fecha Actividad Objetivo Lugar 

07 al Entrenamiento en técnicas Conocer la tecnologla RH Smith lnstitute 
12 de básicas de uso de medios aplicada a través del trabajo of 
febrer líquidos en el laboratorio Plant 
o 2006 Scien 

ce 
1 4 al Introducción en el uso de Usar y adaptar Bioreactores RH Smith lnstitute 
24 de Bloreactores para la siembra de esporas de of 
febrer helechos nativos Plant 
o 2006 Scien 

ce 
25 de de 1e¡ido de plantas y sus Aprender la tecnologfa 
febrer aspectos fisiológicos aplicada para el cultivo RH Smith lnstitute 
o al 02 masivo de especies vegetales of 
de in vitro Plant 
marzo S cien 
de ce 
2006 

Al comparar las actividadeS Ptolitamadas:· en la propuesta aprobada con 1~-:~~i~~ 
qua_nta.!menta ae realizarOl!_/ ·c~40-!co!fssponda, seftalar laa razbfl!& ·P,oi?!.aj:t~al&s 
argu~as- de las activ{dades.;p~~ffi~a~s ·no. se realizaro~ co.~o estaba .. p~~1!~~~~~~ 
'"ódlfJC.ron. · · ·' · ·· ::: ::· · "•"f:'f:~;}·~~·;,·,,·;:·~-~~:-::: .. ·: ..... ... · .......... : . . , . :· ..... ,_:·_• .. .-.-.·~:;,~~~:;;~~~:~:~-·~;::! 
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Resumen Actividades realizadas: 

06102105 Uegada a Tel Aviv a las 21:30 hrs .. Rina Kamenetzky me recibe y me lleva a la Reisfeld 
Resldence donde esta arrendado un departamento por un mes . 
07102105 A las 1 O:OOhrs. Encuentro con Meira Ziv para mostrarme el Campus. ellaboratoño, personas 
con las cuales trabajaré y otros aspectos relevantes como la Biblioteca, Fotocopiadora etc. 
Este dfa me entrega blbllografla para revisar y nivelar mis conocimientos (ver lista adjunta) 
08/02/05 Se comienza con la preparación de medios para la propagación de helechos, tanto para 
medios llquldos como para sólidos . 
09/02/05 Transferencia de helechos comprados a tubos de ensayos y botellas con medio liquido. 
Especies: Nephrolepis exaltata Boston Fern. Todo el dla se trata de ensei'lar metodologla para trabajar 
en forma aséptica en las cámaras de flujo laminar y en especial con helechos . 
10/02/05 Salida a terreno con Rlna Kamenetzky para ver producción de Peonlas en el desierto de Be'er 
Sheva. Se visitaron en total tres productores en compai'lla de Investigadores, coordinadores del proyecto 
y productores de todo el pals . 
13/02/06 SE preparan nuevos medios y se comienza a trabajar la introducci6n de material vegetal. 
14102/05 Sigue el trabajo en la cámara de flujo laminar con la transferencia de helechos. Sigue una 
profunda revisión de bibliografía . 
15/02105 Se trabaja con distintos medios para Canna indica, lavado de rizomas y su desinfección. 
16/02/05 Este di a se trata de la aislamiento de meristemas bajo la tutoría de Vered. Se realizan cortes 
con el ejemplo de Can na indica y helechos como Nephrolepls. El trabajo contempla Identificación de 
merlstemas vegetativos y aquellos que dan origen a flores como su aislamiento y ubicación en los tubos 
de ensayo. SE concuerda que no es fácil ver un merlstema de helechos. 
17/02105 Se trabaja principalmente con la Introducción de material vegetal. 
20/02105 Se debe realizar una transferencia de plantas que se han dividido anteriormente. ya que el 
medio liquido presenta muchas impurezas. 
21/02/05 Salida a terreno en el sector de los Golan Hlghts. Se visitan dos productores y un centro de 
investigación en el pueblo de Nov. En este centro realizan importantes investigaciones en la producción 
de Proteas! 
22/02/05 Primer día de trabajo en el Volcán Centre. Comenzamos con la preparación de medios para 
transferir Narcissus. Se enseña la propagación in vitro de esta especie a través de escamas y vástagos 
florales. 
23/02105 Salda a terreno para visitar un productor de una nueva especie para flores de corte 
Omítogalum dubium. En este vivero están construyendo un laboratorio para reproducir distintas especies 
para la producción de flores de corte. 
En la tarde trabajo en el Volcán Centre en la cámara de flujo laminar . 
24102105 Sigue en trabajo en el Volcán Centre en la cámara de flujo laminar, además de ser introducida 
en el uso de dis1intos equipos de este laboratorio. 
2at02/05 Salida a terreno con Rina Kamenetzky para visitar al productor de O. Dubium mas grande del 
país. En la tarde Introducción en el uso de Bloreactores con Me ira Ziv . 
01/03/06 Visita la feria Agro Mashov en Tel Aviv . 
02/03/05 Viaje de regreso . 

16/04./06 Charla de difusión en la Reunión de Productores de Peonias 
00/04106 Charla de difusión en el liceo People Help People 

1 1 
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·Persona de ' 
l;mpres~Órgani- contacto Cargo .. Dirección 
·, .. ·. ,,.;zaclón .. 

Universidad 0528604 
Hebrea de Meira Ziv Profesora 
Jerusalem 

534 

Northem 
Menashe 

Research and 
Menashe Cohen Investigador Nov @miga!. o 

Development 
Station 

rg.il 

0544743 frankelik 
Vivero Bulbos Elik Frank dueño @~ahoo. 005 

com 

Volcán Centre Rina Jefe de p. 0396835 rkamente 
@uoguel 

Bet Dagan Kamenetzky Horticola 11 ph.ca 

Tipo de Material N° Correlativo (si 
es necesario 

1 In vltro accllmauzauon 

2 Ouality of microporopagated plants 

Artículo 3 Background Knowledge 

4 Control of Oxidative Browning 

5 Mass propagation of fems through tissue culture 

l'l 
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Foto -

Libro -
Diapositiva -

CD 1 Entrenamiento Israel (fotos, documentos, 
informe) 

4 . PROGRAMA DF DIFUSION FJFCUTADO 
~-.-.. ~ . . . . ,,. .... 

Se realizaron dos charlas de difusión: 

1) Reunión anual de productores de peonías: Fecha: 15 de abril de 2005. Se hizo una 
presentación con Data show a base de fotografías con especial hincapié en la 
producción forzada de peonías en Israel. Se tuvo que realizar este cambio de temática, 
ya que la producción in vitro de helechos no era de un interés para los asistentes. Se 
agrega archivo de Power Point en CD adjunta . 

Datashow Entrenamiento en Biotecnología Anja George 1 

Nombre 

'~ 
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Apellido Paterno 

Apellido Materno 

RUT Personal 

Dirección, Comuna y Región 

Fono y Fax 

E-mail 

Nombre de la organización, empresa o 
instituCión donde trabaja 1 Nombre del 
predio o de la sociedad en caso de ser 
productor 

RUT de la organización, empresa o 
institución donde trabaja 1 RUT de la 
sociedad agrícola o predio en caso de ser 
agricultor 

Cargo o actividad que desarrolla 

Las dos charlas que se realizaron tuvieron buena aceptación por parte de los asistentes, 
manifestándose esto en la gran cantidad de consultas que se hicieron. En cuanto a la 
publicación en el Diario Austral no se tuvo un buen resultado ya que hasta la fecha de entrega 
del informe no fue posible lograr que se publique un articulo. A pesar de reiteradas llamadas 
telefónicas la persona encargada no realizó la entrevista ya que no se pudo concretar una 
cita . 

1~ 
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5 . FVAL UACION OF lA PROPUESTA 

•· 

. .. :· .~ ·ítem Bueno Regular .. ·. · Malo ·" 
' 

Recepción en país o región de destino según lo 
programado 

Cumplimiento de reserva en hoteles 

Cumplimiento del programa y horarios según lo 
establecido por la entidad organizadora 

Facilidad en el acceso al transporte 

Estimación de los costos programados para toda la 
actividad 

a) Efectividad de la convocatoria 

NO HUBO 

X 

X 

X 

X 

X 

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

FUE UN ENTRENAMIENTO PERSONAL 

e) Nivel de conocimientos adquiridos en función de lo esperado (se debe indicar si la 
actividad contaba con algún mecanismo para medir este punto) 

NOSE REALIZÓ 

d) Calidad de material recibido durante la actividad de formación 

MUY BUENO, YA QUE SE REALIZARON EN FORMA PRACITA LAS INSTRUCCIONES . 

1 En caso de existir un ítem Malo o Regular. señalar los problemas enfrentados durante el 
desarrollo de la actividad de formación, la forma como fueron abordados y las sugerencias que 
puedan aportar a mejorar . 

IC: 
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e) Nivel de adecuación y faCilidad de acceso a infraestructura/equipamiento necesario para el 
logro de los objetivos de la actividad de formación . 

EXCELENTE 

f) Indique las materias que fueron más interesantes. más desarrolladas a lo largo de la 
actividad de fonnación y las que generan mayor interés desde el punto de vista de la 
realidad en la cual se desenvuelve el participante . 

LOS TRABAJOS PRACTICOS GUIADOS . 

g) Problemas presentados y sugerencias para mejorarlos en el futuro 

~~~;~;~~;~;~~~~~¡;~~~i~~i~ii~~~,?~~j~nf.~~~~~i~~~~ 
a) Apoyo de la Entidad Patrocinante (cuando corresponda) 

-- bueno __ regular -- malo 

Justificar: 

b) Información recibida por parte de FIA para realizar la postulación 

_X_ amplia y detallada __ aceptable -- deficiente 

Justificar: 

e) Sistema de postulación al Programa de Formación o Promoción (según corresponda) 

adecuado _X_ aceptable -- deficiente --

Justificar: 
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d) Apoyo de FIA en la realización de los trámites de viaje {pasajes. seguros, otros) (sólo 
cuando corresponda) 

_X_ bueno _regular malo 

Justificar: 

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

I'T 
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ANEXOS 

1. RENDTCIÓ DE GASTOS 
2. BfBLIOGRAFíARECOPILADA 
3. LISTAS ASISTENCIA ACTIVIDADES DE DIFUSIÓN 
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l. RENDICIÓN DE GASTOS 
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RENDICIÓN GASTOS PROYECTO FIA-FP-V-2004-1 -A-034 

: ITEM COSTO TOTAL. :::APOtmi PO$Y'UI.AN1E ·' 

Pasaje Aéreos internacionales $913.880 $O 
Pasaíes Aéreos nacionale $74.07.2 $o 
iasas embarc¡ue $76.756 $o $76.758 $76.756 $o 
seouro de viaje 
Pasaje terrestre intern. 

$78.740 $O 
$124.000 $o $78. $87.578 $36.422 $124.000 

740 $ 78.740 $o 

Pasaje terrestre nacional $32.000 $ 32 ·000 $ o S 28.300 $ 3. 700 
Alojamiento $595.200 $ 595.200 $ 351.000 $ 244.200 
Viatico alimentactón y mov. $297.600 $297.600 $ o $ 297.600 $ o 
Matricula $0 $0 $0 $0 
Materales de trabajo 

$00.000 $155.000 $0 $79.895 $10.105 
$ 155.000 $ 448.500 -$ 138.500 

Gastos emision garantfa $90.000 $o $10.500 $37.500 

$310.000 

$48.000 
Material de difusion 

~ALDO ··· ·· .. .. . . . 
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The Robert H. Smlth 
lns1Jtute for Ptant Sclences 
& Genetlcs In Agriculture . ,__, --
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• nlKt,¡:m;, 'li'"Tl:l' i'TU;l?0:1 

:'l:l';)tm m::PKl J'U.l:1 

7610o . n l:lln, 12 ., . n 

08-9 489 098 . C,u 
08-9489899 .o¡:¡n 

Faculty of Agricultura!, 
Food and Envlronmental 
Ouallty Sc l ences 
P.O.B. 12 Rehovot, 76100 
Israel 
Tel. 972 -8-9489098 
Fax. 972 · 6 -9 489899 

Mrs. Anja George 

Avenida Rene Soriano 2363 

O sorno 

Chile . 

February 10, 2005 

Re: Plant Tissue Culture Training- Tuition Receipt 

The sum ofUS $500.00 (five hundred) was paid by Mrs. Anja George for 

study - training in plant tissue culture from 06/02/05 to 02/03/05 at The 

Hebrew University of Jerusalem, in Prof. Ziv laboratory at the RH Smith 

Institute ofPlant Science and Genetics in Agriculturc, Rehovot Israel. 

Profcssor Meira C) 
A1"J2~~~ 
Plant tissue culture laboratory . 
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• NIRFA REGINA PUSCHEL PUSCHEL 
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REG 01 -02-2005 13:36 
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TOTAL 

·1.4Q(J 

· 1 . 400 
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20. In vitro acclimatization 
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2. Plant strueture and function in vitro 
J. EITe<:ts of the culture microeovironment 

on plant dcvclopment 
3.1. Mineral nutrient lcvels and 

compositioo 
3.2 Relauvc humidity (RHl in the 

culture hcadspace and mcdium water 
potcntial 

l .l Gascous components intbe culture 
vesscl 

3 4 ltght and tcmpcrature 
3.S Carbohydrates and gr01"1h 

rcgulators 

4. Photoheterotrophic and 
photoautotrophic plant growth in vitro 

S. Advanced te<:hnologies for 
ac:climatiution in vitr9 

S. l. Controlled environment ch1mbers 
5.2. Liquid medium as adjuvant or 

conuoual Oow systems 
5.3. Accltmauz.atioo and rhizogenelis 
.S.4. lnductioo or stonge orgaos 
S.S. Growtn retardA ni$ u aochm1tiution 
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5.6. Plant performance ~x vttro 

6. Col'l(lusion 

Key words: Automation. growth retardants. hardening, hyperhydricity, 
micropropagation, mixotrophic. nodular clusters. photosynthetic photon flux 
density, plugs, scale-up. transplanting 

Species: cauliflower. chestnut. Chrysanthemum. Delphinium. Dianthus car.vo­
plryllus (carnation). Geranium. Gladiolus. Jug/ans (walnut), Lilium. Lycopersicon 
(tomato). Malus (apple). nerine, peach. Philodendron. Picea abies (spruce) . 
Pinus radiata (pine). Prunus (plum: sour cherry). Ptifotus. Rosa multiflora (rose) . 
Rubus (raspberry). saffron crocus. Sofanum tuberosum (potato), Spathiphyflum . 

l . lntroduction 

Plant propagation in l'itro is currently an advanced b•otechnologJcal method to 
produce 1denucal pathogen-free plants for agnculture and forestry. The method 
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is still costly. and handicapped because intensive hand manipulation of the 
cultures is re<¡uired, plant establishment is slov.. and survival tx 1•iuo is often 
low. Efficient commercial micropropagation depends on hi~h proliferation 
rates during the muhiplication stage, successful preparation of the plantlets 
during the acdirnatization (hardening) stage and a h igh ratc of plant survival, 
which must be coupled, to sorne degree, with a utomation. 

The structure and function o f micropropagated plants, as affccted by various 
culture conditions uni<¡ue to thc: in l'Ílro environment. determines thcir ability to 
make thc transition to thc ex vitro environment. P lants grown io small culture: 
containers in vitro are exposed to high levels of inorganic and organic nutrients. 
high relative humidity, elevated carbohydratc and growth rcgulator levc:ls. low 
irradiancc:. limiting osmotic and water potentials in thc: mcdium. a nd limited 
CO~ and 0 2 gas exchange. These facto rs contribute to high proliferation ra tes. 
but a lso often induce physiological. anato mical and morphological 
a bnorrnalities which interfere with the acclimatization and transplanting stages. 
and cause low survival rates ex vitro (G aspar et al. 1987: Kevcrs et al. 1987: Ziv 
1991 a.d). The primary a noma! y of plant structurc and function that occurs in 

l'itro has been recently defined appropriately as "hyperhydricity" (or 
hyperhydration) by Debergh et al. (1992}. (Forrnerly, this phenomenon was 
called ~vitrification" see Paques and Boxus (1987).) Hyperhydricity, which is 
characterized by various degrees of morphological and physiological disorders 
including a glassy. waterlogged tissue appearan~ and distorted grov.rth. has 
mainly been reported in the shoot systcm. and more specifically in leaves (Ziv 
1991 a). H yperhydricity influences photosyn thesis. transpiration and CO: and 
0: gas exchange: dominant processes which could be detrimental to plant 
quality and survival (Kozai 1991d; Preece and Sutter 1991 : Z1v 1991a). Other 
structural and functional abnorrnalities that ha ve been cited for m vitro plantlets 
include sparse. underdeveloped leaf mesophyll. malfuncuoning guard cells. and 
inferior vascular connections (roots and shoots). 

The unfavorable consequences of the in 1•irro environment on plant 
development can be circumvented effectively by modifying the in 1•itro 
m icroenvironment to more closei}' parallel ex l'itro conditions. By eliminating 
the abnormalities cited above via microenvironmental modification. a 
micropropagated plant 's ability 10 survive aftcr ex ¡•itro transplant is improved. 
In ''itro plantlets are known to have limited photosynthetic capacity. require 
sugars asan energy so urce and specific levels of nutrients and growth regulators. 
During hardening. a defined physical environment with controlled irradiance. 
gas (CO: and 0 2) exchange and relative humidity are prerequisites for plant 
acclimatization (Kozai 1991d: Preece and Sutter 1991: Sutter er al. 1992). 
Curren! in rilro procedures for acclimatizatton are still unsatisfactory in 
providing quality micropropagated transplants for the greenhouse or the field. 
The alternative solution appears to be m providing culture conditions in ¡•irro. 
prior 10 transplanting. which resemble photoautotrophic conditions ex l'l(ro. 
and provide an optimal water balance for plant development (Kozai I99lb: 
Sutter er al. 1992). The procedures employed in conventional ex l'l'tro 
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acclimatization- a gradual decrease in the relative humidity, re m oval of sugao, 
elevated jrradiance and col- should be incorporated earlier in the production 
regime. during the preparation and hardening stagcs in culture. These 
modilications enhance the development of normal and adequate plant structure 
for efficient physiological functioning, improving shoot and root quality and 
increasing the surviva l rates of thc plants ex -vil ro. Accelerated acclimatization 
in virro can be achieved while the plants elongate and develop the shoot system, 
and the root system for some species. Modification of the in vitro production 
phases to more closcly resemble e.'<: vitro conditions will also contribute 
significantly to reduction in cost, resources, space and energy, and advancc tbe 
achievement of economical micropropagation schemes . 

This chapter describes thc effects of culture conditions on plant structure aod 
development. thc significance of acclimatization in vitro for quality plant 
production prior to ex vitro transplanting. and various novel updated 
technologies which provide an improved in virro environment that prometes 
superior plant development and performance e."< vitro . 

2. Plant stTucture and function in vitro 

Clona! micropropagation of plants requires the establishment of culture 
conditions that promote extensive shoot proliferation. Culture conditions 
sustaining high shoot multiplication rates have a paramount effcct on the 
anatomy. morphology and physiology of the developing shoots . 

Leaves are the major organs affected during shoot development in 1•itro . 
Although stem structure is also affected. it has (unless very malformed). a 
smaller immediate impact on plant water stress and e."< vitro survival. Roots. 
indispensable organs for a positive water balance. can be induced both in virro 
and tx 1•itro by auxin (Preece and Sutter 1991). but the ex 1•itro-produced root 
s:ystem ts fa r better adapted to survive acclimatization (Donnelly el al. 1985: 
Rogers and Smith 1992: Smith and McC1elland 1991). Speci(ic tnfluences ofthe 
in 1'1/ro microenvironment on each of these o rgans are detailcd below (Section 
3) . 

Leaves of micropropagated plants which are confined in small. nearly 
airtight containers under Jow irradiance and high relative humidity were 
smaller. thinner. often translucent. and had poorly developed epidermal and 
mesophyll tissue. The cuticular )ayer in many species was reported to be 
structurall>' and chemically different from lield gro wn plants (Cappelades 1'1 al . 
1990: Grout and Aston 1975. J977a: Sutter 1984. 1985: Sutter and Langhans 
1979. 1982: Ziv et al. 1983). The stomatal apparatus in the epiderrnal tissue of 
micropropagated plants differed markedly from greenhouse and lield grown 
p lants. In geranium. rose. apple. and camatio n. abnorrnally large stomata were 
observed ( Blanke and Belcher 1989: Reuther 1988: Ziv e1 al. 1981. 1983. 1987) . 
The guard cells were round instead of clliptic. raised above the epidermal 
surface and had thinner cell walls enclosing a large pore. which often remained 
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open (Donnelly and Vidaver 1984a.b: Lee tt al. 1985: Preece and Sutter 1991: 
Wetzstein and Sommer 1982. 1983: Ziv et al. 1987). S tomatal densityvaried from 
one species to another, usually less densely scattered than tn field grown plants 
(Preece and Sutter 1991: Smith and McCown 1983). Malfunctioning guard cells 
in severa! investigated plant species remained open even in darkness or under 
water stress conditions (Ziv 199la). High C02, presence of ABA and Ca••, as 
well as hypenonic solutions did not induce stomatal aperture closure in lea ves or 
in isolated epidennal strips from cultured apple, plum. cauliOower and camation 
plants (.Brainerd aod Fuchigami 1981. 1982: Brainerd et al. 1981: Fuchigami et 
al. 1981: Wardle et al. 1979; Ziv et al. 1987). Stomata from in vuro Delphinium 
leaves only partially reduced their aperture when exposed to closing signals 
(Santamaria et al. 1993). When CO~·free air was applied to chrysanthemum 
plants partial closure was observed, however, neither darkness nor ABA induced 
stomatal closure (Wardle and Short 1983). Structural changes in the guard cells 
were accompanied by changes in the cell wall composition as revealed by 
epidermal histochemical studies. Lower \evels of cellulose. pectins and cutin and 
elevated levels of callose were observed (Ariel 1987; Marin et al. 1988; Werker 
and Leshem 1987: Ziv and Ariel 1992. 1994). These were also accompanied by 
changes in the cellulose micro!ibri1 orientation revealed by the disoriented 
birefringence pattems (fig. la.b) in guard cell walls (Ziv and Ariel l992. 1994). 

Changes in leaf epidermal cell structure inevitably affected their physiological 
functio n. manifested in the failure to control transpiration and in water 
imbalance. Cuticular and stomatal transpiration were higher in 
micropropagated than in field·grown plants. leaves in transplanted apple 
plantlets lost v.ater from the undosed stomata ata significantly more rapid rate 
than the leaves of greenhouse grown plants. However. after about a week of 
acclimatization ex ,-ifro. transpiration reached similar rates in the two plant 
groups ( Brainerd and Fuchigami 1981 ). Potato planl transpiration in l'Ítro was 
lower than in ficld grown planls (Kozai et al. 1992a). but whcn cultured under 
lowcr relative humidity the plantlets were more resistant 10 water stress withoul 
a decrcase m dry weight (Tanaka eral. 1992). Shackel eral. ( 1990) calcula led thal 
thc amount of water lost o ver a period of24 hours. aflcr rcmoval of apple shoots 
from culture. was equivalent 10 2-~ times the initial weighl of the plants. 
although many of the stoma1a closcd. Precce and Suttcr (1991) statc that "one 
cannot generalize that stomata of all micropropagated plants are unable to 
el ose". Differences in stomatal response which exist between excised and intact 
!caves (Sutter 1988) and different experimental procedures may explain sorne of 
1he contradictory results. 

ln most species studied. the Jeaf mesophyll in wtro had a poorly developed 
palisade tissue. and was composed mainly of spongy parenchyma tissue wi1h 
large intercellu1ar air spaces (Brainerd and Fuchigami 198l: Grout and Aslon 
1978: Werker and Leshem 1987: We1zstein and Sommer 1982). The mesophyll 
cells also had poorly developed chloroplasts. were low in chlorophyll and 
protems and had disorganízed grana (Cappelades n al. 1990: Lee et a l. 1985: 
We1zs1ein and Sommer 1983: Z1v et al. 1983. 1985: Ziv and Ariel 1992). 
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f(e. / . Stomata from a normal carmtion Jeaf sho'' m¡: typical guard ccllwall microfohril orientation 
tal. and open ma) f{' rmcu stomata from ah~ perh~drou > kaflacking normal ccll wall struc turt lb iiZw 
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High relative humidity, low irradiance. the presence of high sucrose in the 
medium and inadequate CO: levels contribute to the heterotrophic growth of 
plaots in culture. This is also due to poor chloroplast organization and 
inadequate metabolic activity of the photosynlhelic enzymes (Desjardins el al. 
1994, this volume). The up1ake and fixation of CO~ by in vitro plan1s is 
considerably lower in convenlional agar cultures. in comparison to greenhouse 
or lield grown plants (Donnelly el al. 1984: Grou1 and As1on 1977a: Reuther 
1988; Tani et al. 1991: Watanabe eral. 1990). However, pholosynthetic response 
curves estimation in severa! ornamental species showed that an increase in co~ 
and irradiance levels can enhance photosynthesis (Kozai 1991a). 

Low ribulose biphosphatecarboxylase (Rubpcase) activity contributed 10 1he 
low rates of pholosynthesis in cultured planl leaves (Grout and Aslon 1977b: 
Grout and Donkin 1987: Grou1 and Millan 1985; Grout and Price 1987). 
Photosynthetic rates increased u pon the removal of sucrose (Cappelades et al. 
1990: Short er al. 1987) and the elevation of COl (Desjardins et al. 1987. 1990: 
Kozai 1991 b: Kozai and Iwanami 1988: Kozai eral. 1992a). 

Plant stems developing in vitro are hypolignified. cell walls are thin. and there 
are large intercellular air spaces with a limited development of vascular tissue. 
Donnelly et al. ( 1985) observed that stems of micropropagated red raspberry 
plants had considerably less sclerenchyma and collenchyma supportive tissue 
than ex l'itro plants. In chestnut. geranium and apple the s1ems lacked 
sclerenchyma 1issue and the cortical and pilh cells were hyperhydrated with large 
atr spaces. Carna1ion s1em vascular bundles lacked the normal organization 
(Werker and Leshem 1987). while in cauliOower. roots and stems. vascular 
connections were incomplele (Grout and Aston 1977a). ln sourcherry. the xylem 
''as func1ional and appeared to be con1inuous belween thc root and the shoo1 
(Mario et al. 1988). 

The usually agar-solidified root zone environment results in advenlitious 
roots v.rith poorly-developed vascular connections. little-1o-no secondary 
thickening (for woody plants). a loosecortical cell arrangement. pigmented ce lis. 
and severa! 01her anomalous fea1ures which interfere wi1h successful ex ,.;,o 
acclimalization (Donnelly e1 al. 1985: Rogers and Smith 19n: Smith and 
McCielland 1991 ). As a resul t. only a percentage of 1he in l'itro-initiated roots 
rnay survive e.-..; l'itroacclimalization. and depending on species. the original roots 
may be replaced wí1h new e:o: ''ítro roo1 ínítials (McCielland et al. 1990). 

Provisíon of slress-freeculture condi1ions. to overcome the complex nature of 
hypcrhydrauon. must be emphasized in relation 10 the vanous metabollc 
pathways in volved in plant morphogenesis and physiologícal function. 

3. Effects of the culture microenvironment on plant development 

The general iea1ures of lhe m ,·itro envtronment. ils measurements and 
mampulation wcre revie,,ed in severa! papers by Kozai ( 199la.b.c.d.e). Kozai et 
al. ( l99'2a) and Ziv ( 1991 a). The features entail a lO\\ now rate of matenal and 
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energy, small nuctuations in temperature, high relative humidity. low irradiance . 
diurna! changes in e o~. the presence of sugars. growth factors and regulators. 
In most cases, these unique. unnatural conditions eiJect the abnonnal growth 
observed in Yitro. However. the microenvironment can be manipulated and 
optimized substantially to sustain nonnal plant developmem in vitro and reduce 
the need for extended periods of usually stressful acclimatization e:c ~·ir ro (Preece 
and Sutter 1991) . 

3.1. M ineral nutrient /eve/s and composition 

The medium most commonly used in convemional rnicropropagation at full. one 
half st rength or any othercombination of minerals. was developed by M urashige 
and Skoog (MS) ( 1962) for tobacco callus. It is high in nitrogen, potassium, 
magnesium and calcium and was fouod suitable for heterotrophic cultures . 
Severa! reports have suggested that shoot growth was better organized on half 
strength MS mineral salts medium ( Kozai e1 al. 1988b. 1991 ). H igh le veis of 
nitrogen in thc: NH¡ form were reported to cause hyperhydration. and 
hypolignifica1ion in severa! species. Plant morphogenesis was shown to improve 
and malformation 1odisappear in plantscultured in reduced MS saltsor in media 
with lower le veis of nitrogen (Ziv 199 1 a: Ziv and Ariel 1992) . 

T he effects of Ca·· and Mg•• on plant developmenl in virro are contra­
dictory: in sorne species high levels improved growth while in others high le veis 
induced abnormal structure and function of the plants (Gaspar et al. 1987: 
Kreutmeier et al. 1984: Ziv et al. 1987). Supplementation of PO¡ during lhe 
latter stage of the culture period promoted the growth of strawberry plantlets 
(Koza1 199ld). 

lt seems that reducing the levels of sorne mineral nutrients. to levels similar to 
med1a used in hydroponics. especially in scaled-up liqUJd cul tures. can con tribute 
10 an 1mproved morphogenetic response which provides for more effic1ent 
acclimatization (Kozai et al. 1992a: Ziv 199la) . 

3.:!. Relati1·e luunidity f RH) in the culture lreadspace and medium water 
poten tia! 

Plant growth and development can be severely innuenced by high R H and media 
water potential. Temperature gradients inside the culture vessels and in the 
growth chamber may cause an increase of up 10 95% RH in liquid or semi-sol id 
agar media (Debergh 1987: Ziv 1986. 199la). Various methods have been 
suggested to obvia te detr1mental effects of RH . ln convemional 
micropropagation various gelling agems are used to suppon plants: their levels 
together with sugar and mineral conccntrations will determme the water 
potential of the medium. the gradient between the medium and the culture 
atmosphere and thus the RH. lncreased levcls of agar- l.o-'/u-1.5% - provided 
an env1ronment with lowered RH and supported normal growth (Debergh et al . 
1981 : Von Arnold and Erikson 1984: Ziv et al. 1983). The addition of desiccanls . 
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PEG. a lanolin layer over the agar. or saturated salt solutions in the immediate 
environment to reduce RH have been shown to improve plant growth. wax 
deposition in tbe cuticle and stomatal function (Sutter and Langhans 1979, 1982; 
Wardle et al. 1983; Whish et al. 1992; Ziv et al. 1983). 

The type of vessel closures used in cooventional micropropagation to control 
contamination and desiccatioo prevent proper exchange of water vapor and 
other gases (CO!, ~. C!H~). Loosely capped culture vesse1s were shown to 
prevent hyperhydration by providing a better gas exchange ( Blazkova et al. 1989; 
Dillen and Buysens 1989; Hakkaart and Vers1uijs 1983; Kozai and Sekimoto 
1988: Ziv 199 la). Recent1y, the use of gas penneable films as enclosures. as well 
as forced ventilation were reported to improve shoot growth (K u bota and Kozai 
1992: Tan a ka et al. 1992a,b: Tsuji et al. 1992). Fujiwara et al. ( 1993), Kozai et al. 
( 1992a) and Ibaraki et al. (1992) have demonstrated the dependence of the 
culture·s RH on the number of air changes. on the gradient between tne inside 
and outside environment of the vessels, and on 1eaf are a of the plan t. 

3.3. Gaseous componenrs in the culture vessel 

The type and tightness of culture vessel enclosures determines the concentration 
of CO!. O!. C2H. and water vapor in the culture gaseous atmosphere. In most 
cultures the co~ concemration. which was close to the compensation point. 
decreased during the light and increased during the dar k period (Desjardins et al. 
1987: Fujiwara et al. 1987: PospgiJova eral. 1992: Solárova 1989: Woltering 
1986). These nuctuations were shown to exist also in loosely capped vessels with 
gas permeable membranes(Kozai 1991 b). Under photOheterotrophic conditions 
oflow irradiance and sucrose supplied as the energy source. the low leve! ofCO~ 
was not a growth limiting factor ( Ko~ai et al. 19~8. 1990). The introduction of 
advanced methods for the sca1e-up and automation of micropropagation 
imposes a demand for autotrophic or mixotrophic culture condition for quality 
plants (Aitke n-Christje ~~ al. 1992). CO~ enrichmcnt was sho"" n to increase 
photosynthesis under clevated irradiancc in severa( specics. which was further 
improvcd by rcmoval of sucrose from thc mcdium ata rcduced RH (Kozai eral. 
1991: Nakayama eral. 1991 ). Various measurcs takcn 10 cnrich plant cultures 
with CO: suggcsted thc use of a CO~ control system in which CO: cnrichmcnt. 
along with gas exchange. cou1d provide an optimal acclimatization 
microenvironment (Kozai and lwanami 1988: Reuther 1988). 

The concentration of other gaseous componcnts. 0 : and C:H~. also depends 
on the type of vessel closures. Eleva ted levels of C:H, caused hyperhydration 
(Gaspar ct al. 1987: Hakkaart and Vers1uijs 1983: Ziv 1991a). Ventilation to 
prevent C:H, accumulation prevented conditions which might o therwise cause 
deve1opment of aerenchymatous hyperhydrated tissue (Jackson t>t al. 1991 ). 

Enhanced pho tosynthesis through the inhibition of photorespi ration 
occurring under elevated 0: 1evels. promoted nonnal shoot growth. Photo­
synthesis increased in both short- and 1ong·tenn exposures of plants to 1-10% 
0 : but not to 21 "/., O~ (Sh1mada et al. 1988)_ The levels ofO: can also affect the 
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root systcm if anaerobic or low O~ conditions prevail (Jackson et al. 1991 ). The 
control of the gascous environmcnt in virro through gas permeable membranes 
and forced ventilation are most suitable for largc-scale micropropagation . 

3.4. Liglrt and temperature 

Photosynthesis and photomorphogenesis are radiation dcpendcnt: photo­
synthesis requirements are between 400-700 nm at high irradiancc (PAR) while 
photomorphogenesis in the blue, red and far red regions' requirements are very 
low. Fluorescent Jamps, commonly used in most tissue culture chambers, emit 
suboptimal irradiance. which is low in far-red wavelengths. Higher levels of 
radiation require costly cooling facilities which are often inefficient. Under low 
irradiation the plant may have an etiolated appearance. This condition is often 
duc to the vertical radiation under which a radiation gradient forms. Severa! 
reccnt technologies aim at overcoming these problems (see Section S). ln most 
growth chambers the temperature fluctuates between the light and the dark 
periods around 22-26 °C providing a reasonable thermoperiod. however. the 
information on the efTect of the temperature in vitro is inconclusive . 

3.5. Carholrydrates and growth regulators 

Mass propagaúon of plantlets depends on the presence of carbohydrates as an 
energy source for explant establishment and shoot proliferation stages. During 
the hardening stage. photoautotrophic and mixotrophic conditions can support 
plant growth (see Section 4). Themost commonly u sed sugar issucrose. although 
somettmes glucose and other sugars are used. Sucrose levels decrease during the 
culture period . usually after 2- 3 weeks. Depending on the growth rate of the 
species it can reach very low levels. from an initial 3% to 0.2- 0.5% . 

Growth regulators. mainly auxins and/or cytokinins. are used for the 
establishment. proliferation and growth stages. During the acclimatízation 
stage. auxins are used in conventional micropropagation to induce rooting m 
l'itro prior to transplanting. In recent years. the trend is to avoid rooting in 
culture. 10 induce fonnation of root primordia only and to promote extensive 
rooting e.-.: 1·irro (Preece and Sutter 1991 ) . 

Growth retardants from the triazol group. inhibitors of GA biosynthesis . 
ha ve been implicated in acclimatization. promotiog normalleaf structure and 
S tomatal functíon ( Robem et al. 1992: Smith eral. 1990b: Ziv 1992: Ziv and Ariel 
1991 ), 

4. Photoheterotrophic and photoautotrophic plant growth in l'Ítro 

Micropropagated plants depend on the supply of carbohydrates asan energy 
source dunng multiplicatíon and. in severa! species. dunng acclimauzation. The 
developing plantlets are usually heterotrophic. ha ve hmited photosynthesis and 
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require gradua.ltransition during acclimatization and after transplanting. Plant 
micropropagation under photoautotrophic indoor conditions. to provide 
quality plants prior to transplanting and reduce plant losses. has been proposed 
in recent reviews by Kozai ( 1991 a.b) Koz:u et al. (1992a) and Pospi~i1ova et al. 
( 1992) as a va1uab1e strategy. A1tematively. the approach proposed by Debergh 
( 1991) and De R iek n al. ( 1991) suggests that ~photoautotrophy is nota must to 
acclimatize micropropagated plants. since heterotrophic plantlets can be 
acclimatized provided the right treatments are given .. (Debergh 1991 ). The extent 
to which the "right treatments" are practiced. at what stage. and in which species, 
are probably where the main differences between the two approaches exist. 
Severa! studies to improve photosynthetic performance and growth of plants in 
vitro vía control over the quality and quantity ofirrad1ance. enrichment ofCO: 
and increase in gas exchange were reported (Kozai et al. 1992a: Laforge et al. 
1990: Williams et al. 1992). Frequently. this was accompanied by the reduction 
o r remo val of sucrose and control of RH. Cauliflower and raspberry plantlets in 
1•itro showed low CO: fixation that probably improves in the newly developing 
leaves only after transplanting ex vitro toa sugar-free environment (Donnelly et 
al. 1984: Grout and Aston 1978: Grout and Donkin l987). Contrary to these 
results. Short et al. ( 1987) reported that cauliflower and chrysanthemum plants 
grown on sucrose-free or sucrose-containing medium showed a higher 
photosynthetic rate on a sucrose-containing medium . The abo ve inconsistencies 
could ha ve resulted from differences in the experimental conditions and the type 
ofleaves assayed. i.e .. whether in \'itro or ex l'itro. In camation. cymbidium and 
patato. removal or reduction of sucrose (to 1%) coupled with an enriched CO: 
a tmosphere and elevated irradiance. induced an increase in the plants· dry weight 
IKozaí and Iwanamí 1988: Kozai et al. 1988a.b). Photoautotrophíc growth m 
sugar-low or sugar-free medium was also reponed for Rosa. Spathiplryl/um. 
Pelargolflum (Reuther 1988) and Vitis (Reuther et al. 1992). Po tato plants under 
elevated irradiance and in a CO:-enriched environment were reported by 
Cournac et u/. ( 1991) to behave photoautotrophically. The response. however. 
was cultivar dependen! and they concluded that optimization must be adapted to 
the various cultivars and plan ts in culture . In freesia (Doí et al. 1992) and Pmus 
radiata (Aítken-Christie 1'1 al. 1992: Davies et al. 1992) growth was enhanced 
undcr clevated C0 1• and irradiance. On the other hand. Solárova ( 1989) 
presented evidence that under elevated CO: various measured growth 
parameters were higher in plantlets supplied with 1 or 2% sucrose . CO: 
enrichme nt to 350 ppm and elevated irradiance around 200 ¡¿moles • m - .: • s- 1 

were an amended environment which provided photoautotrophic conditions for 
plant improvement ( Kozai 1991 a.c). Working with rose plants. Cappelades et al. 
( 1990. 1991) found that the presence of 5%· sucrosc in the hardening stage 
medium improved leaf function. Carbon assímilated from the sucrose in the 
medium was stored in the !caves which later. during acclimatJZatíon. acted as 
storage organs. Furthennore. De Riek et al. ( 1991) showed that lov. net 
photos~ nthellc ratcs can be achieved during the muluphcallon stage under 
nonnal (non-CO: enriched. 3% sucrose. 35 J.lmoles • m -;s- 1 rad1auon) 

•• 
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conditions, and it "'as couplcd with a substantial increase in dry weight from 
CO! fixat ion. Obviously. the CO! released during respiration was sufficicnt to 
support photosynthesis . 

These. as well as Kozai et al. ( 1988a. 1991) results indicate that in l'itro 
plant1ets are capable of photosynthetic activity providing CO: JS supplied. 
However. the source of CO: varíes: while in one approach CO: enrichment in 
the headspace should be from CO: gas inflow (Desjardins ti al. 1990: Kozai ti 
o/. 1991 ). the other approach suggests the use of elevated sugars or repeated 
light/dark cycles in a 24 hr period to support high respiration rates and thus 
relea se CO: in to the headspace (Cappe1ades ti al. 1990; De Riek el al. 1991 ) . 
Measuremcnts of CO: in the headspace of severa! species cultured during the 
light period showed a sharp decrease from dark accumulated CO: within a few 
hours aftcr the onset ofthe photoperiod (K.ozai et al. 1992) as was also shown in 
tobacco in l'itro (Solárova 1989) . 

A tho ro ugh study. including cost benefit caJculation. should be conducted to 
detenninc which approach serves better the purpose of acclimatization in 1·irro . 
and whether the presence of sucrose inhibits or reduces photosynthetic activity 
in al! species and types oftissues. It is difficult to assume that a small bud. having 
Jeaf pnmordia and limited leaf area during the multiplication stage. can develop 
without a carbon so urce. There is al so the economic aspect of cost requirements 
to establish photoauwtrophic conditions under elevated irradiancc. fo r which 
cooling facilit•cs are required . 

S. Advanced technologies for acclimatization in vi1ro 

The need for efficiem and low production costs of quality micropropagated 
plams concomitant "ith robotlza tion and automation to cut down labor 
inrens•,·e procedures. ha ve motivated the a d vancement of novel b1otechnologtes 
for both the proliferation and acclimauzat iOn stages of micropropagation . 
Severa! m no' a ti' e approaches were presen ted in a recently held symposium on 
"Transplant production systems" (Kurat a and Kozai 1992). These systems 
includcd scaled· up cultures in bioreactors. con trolled environment chambers . 
continuo us 11ow of the medium using 11oat ing rafts. cultures with the double­
laycr liq u id phase. bottom cooling in growth chambers. plugsystems and the pre­
initiation of root primordia. gas exchange films under forced ventilation. use of 
growth rc tardants. production ofnodular c lusters as well as in 1•itro conn. tuber 
and bu lb fonnation in storage organ formi ng plants. Sorne ofthe methods will be 
discussed m relation to the acclimatizatton of plants in l'irro . 

5.1. Controllt·d (lllironmem cltambers 

Control of thc m•croenvirooment in the culture vessel can tmprove acclim­
at•zat•on proecdurc:s. enhance plant growth and mercase plant survtval ex ,·mo . 
A culture ,·csscl incorporating a permeable membrane which allows gas 
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exchange and reduced RH was described by Roberts et al. 1 1992). The 
membranes pennitted CO: exchange to support mixotrophic or autotrophic 
plant growth under high irradiance in the greenhouse. Such a system. using 
plugs. affords adjustments in plaot acclimatization and eliminates the need for 
gradual adaptation ex 1•itro. A simpler system was described by Tanaka et al. 
( 1992a.b) using a disposable film culture vessel which pennitted improved gas 
penneability and high irradiance transmittanc:t. Plants supponed on rockwool 
under elevated CO: and sugar-free medium were photoautotrophic and 
significantly larger then tbe controls. An automatic in vitro liquid culture system 
monitoring RH. temperature. irradiance and CO: was used for carnation plants 
supported by sorbarod plugs. Ventilation through special filters in the containers 
provided better quality plants although it decreased the rate of multiplication 
(Majada et al. 1992). Such a monitoring system can provide infonnatioo to help 
determine if growth. structure and function of persisting or newly forrned le aves 
is improved. A microcomputer controlled acclimatization chamber has been 
developed by Fujiwara et al. (1988) and Hayashi et al. ( 1988). The unit provides 
controlled CO: levels. irradiance, RH. air temperature and air llow 10 plants in 
the culture vessels. Iocreased growth was observed after 4 weeks in strawberry 
plants cultured in this acclimatization chamber. Under a CO: enriched 
atmosphere the increase in dry weight was faster than the increase in leaf area 
when compared with conventionally propagated plants (Fujiwara et al. 1987, 
1988). It is not clear whether the changes were monitored in newly-forrned lea ves. 
persisting older lea ves. or in both. A further growth response was observed when 
irradiance was also elevated. thus enhancing autotrophy. In order to reduce the 
effects ofirradiance heat. a novellighting system was developed. using diffusive 
transparent plastic optical fibers. placed at the sides of the culture vessels and 
givmg an even light distribution to the plant with minimal heat energy (Hayashi 
n al. 1992: Kozai et al. 1992b ). 

5.::!. Llquid medium as adju1·anr or contmualjlo11· systems 

Plant acchmauzation in liquid media. usually on sorne kind of a support systcm 
(ti lter paper. membranes. plugs) can pro vide a suitable microen vironment for the 
growth of root and shoot systems. eliminate the need for agar removal and 
decrease handling costs. Liquid medium can be supplemented as a second phase 
on the agar layer or introduced and removed automatically. Shoot elongation. 
rooting and overall enhanced growth were achieved efficiently by a double-layer 
technique introducing a liquid nutrient !ayer on top of the agar in herbaceous 
and woody plants (Aitken-Christie and Jones 1987: Maene and Debergh 1985). 
The system was funher improved by using a transportable injector to introduce 
the mcd1um through a septum in the lc:ad. to cultures in the growth chamber. 
without the need to remove them to a laminar hood (Vandcrschacghc and 
Debergh 1987). A liquid ovc:rlay to facilita te hardcning and rootmgcan improve 
acchmatization. Plants supported on glass beads. pcriodically Oooded and 
dramed m large culture vessels. responded w1th improved growth and 
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multiphcation (Tisserat and Vandercook 1985). This was also found when liquid 
feeding was done by an automated misting system (Weathers and Giles 1988). 
Enhanced growth in a continua! Oow liquid nutrient bioreactor was achieved in 
herbaceous species cultured on a memb.rane. However. in sorne species . 
hyperhydration was observed, probably due to the direct contact with liquid 
medium in the membrane raft support (Hale eral. 1992). 

There is no doubt that liquefied medium combined with a supportíve system 
and a controlled microenviJonment can produce normal. good qua lit y, easy 10 
handle plants. A microporous buoyant membrane raf1 developed 10 suppon 
plant growth in liquid medium io a membrane-vented culture boll. seems to 
provide such a microenvironment (Tanny et al. 1993). These techniques should 
be funher investigated . 

5.3. Acclimari:ation and rhi:ogenesis 

Micropropaga1ed plants can be acclimatized in ''itro simultancous with rooting 
in an aux.in-supplemented agar-solidified medium. Most shoots can be induced 
to initiate roots in culture, however the immediate contribution of fully 
developed roots to plant survival and low production costs are inco nclusive and 
depends on the technique used and the species (Preece and Sutter 1991 ). La e k of 
functional vascular tissue with poor connection between the shoot and the root 
systcms oftcn restricts water uptake (Grout and Aston 1977a). In general. roots 
developcd in agar are thin, and may thicken in high auxin media or in the 
presence of growth retardants (Roberts ~~ al. I992). In woody spccies. roots 
developed in agar are thick, ha ve larger hypcrtrophied cortical cells and lack 
secondary vascular systern (McClelland et al. 1990: Rogers and Srnith 1992). In 
l' ltro rhizogenesis in herbaceous and woody plants showed o favorable shoot 
response for herbaceous species. while woody species. although they produced 
more roots per shoot. produced underdeveloped roots. with limited sccondary 
vascular cambium activity. which was resumed only after ex 1•itro transplanting 
(Smith l!t al. 1991. 1992). Smith and McClelland ( 1991 ) showed that the choice of 
rhizogenesis method. in virro or ex l'itro. detennines the long tenn structure and 
function of the root system. 

Enhanced rooting and shoot growth were achievcd in roses by a double phase 
of liquid/agar system (Smith et al. 1 992)similar to the ene reported by Mae1ne and 
Debergh (1985) for severa! other species. Activated charcoal Clilien-Kipnis and 
Kochba 1987) and CO: enrichment (Desjardins er ni. 1987. 1990: Doi eral . 
1 992) also enhanced rooting. An auxin pre-initiatio n trcatment for rooting 
apples. peaches and walnut microcuttings (Welander 1983: Zimmennann and 
Fordham 1985) induced root primordia. The pre-initiated root primordia 
developed into normal roots after transplanting and improved acclimatizatton . 
An efficient method using liquid media and plug systems enhanced rooting in 
chrysanthemum. gladiolus and cucumber (Roberts and Smith 1990: Ziv 1990. 
1 992b ). In Ptilotus. reduced humidity and the presencc of roots prio r to 
transplanttng increased plant survival (Whish tl al. 1992) . 
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5.4. lnduClion of storage organs 

In severa) species belonging to the geophytes (storage organ producing plants) 
the need for acclimatization can be obviated by in ritro formation of tubers. 
corms or bu lbs. Storageorgans produced in culture survived transplanting better 
than plantlets: germinated in many cases without a cold treatment to break 
dormancy and deYeloped normal shoots and roots (Zi\' 1979. 1990: Zi\· and 
Lilien- Kipnis 1990 ). Patato tubers were induced in ri1ro in an automated 
bioreactor system(McCown and Joyce 1991 ). Under specified photoperiod. high 
sucrose and ancymidol. microtubers were produced from randomly-cut shoots 
which were classified by machine vision prior to transplanting in a tuber 
induction medium (Aichanatis e1 al. 1994 ). Tuberscan either be stored or planted 
directly and used as a so urce of pathogen-free propagation material. 

Propagation of lilium ·bu lbs initially de\·eloped in agar or liquid auxin 
containing mcdium were scaled-up in bioreactor cultures. These bulblcts can bl? 
either transplanted or stored providing an efficient micropropagation system 
(Takayama et al. 1990). Large-scale bioreactors u sed for lilium bu lb production 
yielded up to 800 bulblets per liter. These developed Jea ves u pon transplanting e.Y 

Fig 3. A bulokl den:lopin¡: dirc .. ·¡ J~ (r,ml a ~crin.: ~om<tl i<.: cmhrye> 011 1 ~ MS m.:dium wilh 20 ¡d\l 
lB .". l:llcotykd,,n(o)\k\Cioping 1.::1,,.,,¡¡, ('/al. 1 '1'1~ 1. 
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1•itro without a need for cold treatment (Takahashi et al. 1992). Bulblets 
developed in Nerine from soma tic embryos (fig. 3) which were initiated in liquid 
med1urn on nodular clusters in the presence of paclobutrazol (Lilien-Kipnis 
et al. 1992). Conn deve1opment was reponed in gladiolus on a high sucrose, 
auxin medium (Lilien-Kipnis and Kochba 1987; Ziv 1990) as well as in the 
presence of growth retardants (Steinitz and Lilien-Kipnis 1989: Ziv 1989. 1992a). 
Ziv (1990) found that in vítro-produced gladiolus corms germinated upon 
transplanting to the greenhouse without a need for cold treatment. Corros were 
produced in the saffron crocus (Piessner et al. 1990) on "Ethaphon •· and kinetin 
containing medium and in freesia on a high auxin medium at15 oc (Doi et al. 
1992). 

lo geophytes. storage organ formation in vitro can be a potential strategy to 
ove reo me transp1anting stress, in crease plant survival and reduce plant losses ex 
vitro. 

5.5. Growth retardants as acc/imati:ation bioregulators 

Growth retardants. inhibitors of gibberellin biosynthesis, are u sed extensively in 
agriculture and ornamental horticulture to control plant growth and structure. 
but until recently only to a limited extent in micropropagation. Growth 
retardants were reported to reduce shoot elongation and leaf area, to increase 
chloroplast content and irnprove stress resistance (Ziv 199lc. J 992a). 
Pac1obutrazol and ancymidol controlled shoot growth in 1itro. enhanced bud 
pro1iferation, and induced corm production in gladiolus (Steinitz and Li1ien­
Kipnis 1989: Ziv 1989, 1990). Paclobutrazol was found to mcrease desiccation 
resistance of micropropagated chrysanthemum, rose and grapevine (Roberts et 
al. 1992; Smnh et al. 1990a,b. 1992). The effect of paclobutrazo1 was further 
mcreased in p1ants cultured in cellulose plugs with sucrose-free hquid medium 
under 1ow RH. Desiccation resistance was associated with the increase of wax 
deposition. the improvement of stomatal response and the development of 
thickened roots (Novello et al. 1992; Roberts et al. 1992). In philodendron. 
pac1obutrazol or ancymidol given during the proliferation stage in liquid 
medium enhanced plant survival ex vitro (Ziv and Aric1 1991 ). Growth 
retardants given at a suitable developmenta1 stage and optimal leve! during 
acclimatization under photoautotrophic conditions may become promising 
bioregula10rs for in ritro plant quality. 

5.6. Plam performance ex vitro 

Reduccd deposits of epicuticular waxcs. the inabi1ity of the stomata of many 
micropropagated plants to close shortly aftcr rcmova1 from culture. and 
deficicnt root systems are the major causes for water loss. desiccation and poor 
survival (Fabbri et al. 1986; Sutter e t al. 1992). The photosynthctic capacity of 
transplanted plants. immediately after remo, al from culture. is probably notas 
cruc.:1l for survival as their ability to maintain a positive water balance. The 
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rcports on thc abili ty of lea ves produced in vitro to rever t toa fully functional 
state after transplanting are contradictory. Presurnably. this may be the result of 
differences in the acclimatization procedures. Marin ti al. ( 1988) and Sutter 
( 1988) no ticed d ifferences in response to stress conditions betwecn dctachcd and 
intnctleaves, a phenomenon that can explain the contradictory results. Shackel 
ti al. ( 1990) found that irrespective of stomatal closure, plants lost water heavi1y 
over a period of 24 hours after transplanting. These and other results (Preece and 
Sutter 1991) indica te that cultured plant perfo rmance ex vil ro varíes greatly and 
at lenst during the first 2-3 days the ability of the plants to maintain a positive 
water balance is more pivota! than the photosynthetic performance. lt should 
therefore be emphasized that in l'itro acclimatization should provide a 
microenvironment to develop leaf and root structure that can withstand 
transpiration and support photosyntheticactivity understressconditions during 
the early phases of acclimatization ex vitro . 

6. Conclusion 

Plants developing in 1·itro a re very often exposed to stress imposed by culture 
conditions such as limited space. low irradiance. high RH and improper gas 
exchange. This environment. chosen to enhance high multiplication. differs 
considerab1y from that provided to field or greenhouse-grown plants. Plants 
produced under such an in 1•itro microenvironment cannot survive transplanting 
and require gradual acclimatization to secure their survival. 

In conventional in I'Ítroacclimatization the need for a gradual decrease in RH . 
higher CO! and irradiance levels and depleted media is emphasized. Sorne ofthe 
methods employed to reduce humidity vary. from the use of desiccants and 
uncapp ing of the culture vessels for up to one week prior to transplanting (Ripley 
and Preece 1986: Wardle el al. 1979: Z iv 1986) to the method of bono m cooling 
to reduce the RH in the headspace of the container (Maene and Debergh 1987) 
or the u se of appropriate ventilation (K ubota and Kozai 1992) and culture lids 
with permeable membra.nes (T anaka et al. 1992a.b: Tanny eral. 1993). The 
introduction of advanced techniques for acclimatization in virro include severa! 
strategies confronting irradiance, RH. CO~ and other gases exchange. all aimed 
at producing phOtoautotrophic q uality plants. Obviously, a thorough study of 
representative herbaceousand woody species. that compares at the same time the 
biological and economical aspects of autotrophic to mixotrophic growth is 
required . 

Furthermore. as mentioned. plant photosynthetic performance is apparently 
second in importance to the water balance during the first 24-48 hours after 
transplanting. Therefore. the two physiological processes - transpiration and 
photosynthesis - should be investigated and monitored concomitantly. 1t is 
evident from the high survival rates reponed for plants developing under 
photoautotrophic or photomixotrophic conditions (Cappelades et al. 1990: 
Desjardins et al. 1990: Dubé and Vidaver 1992: Grout and Pnce 1987; Kozai 
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199 lc.e) that the environment which supported op tim al photosynthetic 
capacity. is a t the same time an en vironment that provides for developmental 
processes that a llow for a posit ive water balance supportin g no rmal plant 
s tructu re. U nder these condi tions the head space RH . a major facto r in the 
development o f the cuticu lar and stomatal st ructure. as well as the photo­
synthetic ap paratus a re co ntroUed. lt is app ropriate in the present context to 
consider introd ucing pho toauto tro phic conditions d uring the multiplicat ion 
stage. However. if large scale cultures are to be int roduced as part of an 
automated micro p ropagation system . then the requtrement fo r autotrophic 
condit ions when using nodular clus ters in liquid media is inconclusive (McCown 
a nd Joyce 1991; Z iv 199lb. 1992a). 

All of the foregoing evidence g ives fu rther suppo rt to thc innova tive new 
techno logies such a s forced ventilation , diffusive films. continua! or interminent 
n utrien t flow. CO: enrichment . growth retardants. and rhizogenesis in plug 
systems as contributing fac to rs to a controlled microenvironment which will 
sustain econom ical production of q uality micropropaga ted plants. 
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Abstrac t 
The present inv 'sti~ation deals with ra?id mass 

propagation of three different varieties of ferns namely: 
P t e r 1 s v 1 t t a t a , N e p h r o 1 e p i s 
e x a 1 t a t a and C y a t h e a g i g e n t i a , 
emnloying tissue culture technology. By adopting t his 
nrocedure large number of superior and uniform quality o[ 
thcse ferns were produced throughout the year . 

1 . Introduc tion 
Fer ns are cultivated in public parks , nurseries and as 

indoor plants because of their evergreen ornar.tental foliage 
Recently, their demand fr om nurseries , tissue culture 
laboratories as well as from private agencies far exceeds 
their supply. Besides , the conventional metho<is er..ployed 
for the propagation of ferns which included layering or 
cutting of stolon or rhizome segments from parent pl~~~s 
during the r ainy season . But tne ferns produced by this 
method developed single growth centre from •,.¡rere fe~,o; 
fronds eoerged out . l·íurashlge ( 1974) successf~..:lly propaga­
ted Qaoy varieties of ferns on mass scal~ , err.ployins tissue 
culture technology . Caponetti (1978) emphasized the ra~ic 
prepagation of saleable ferns was achieved by i n 
v 1 t r o culture of excised leaf orimordia . ilesio es, 
Boxus (1978) reported that many of ~he horticult~ral 
establishments have gr adually adopted i n v 1 t r o 
multiplicat ion techniques . 

The nresent investi·~ation deals wi th th~ star.dar d i sa­
tion of tlssue culture procedurcs for r apid mass propaga­
tion in P t e r i s v i t t a t a , N e p h r o 1 e p i s 
e x a 1 t a t a and C y a t h e a g i g e n t i a 
throughout the year . 

2 . Materials and mcthods 
In P t e r i s v 1 t t a t a , hcalthy rhizome 

segments with apex , stolon segment in N e p h r o 1 e p i s 
e x a 1 t a t a and leaflet rrimordia and aoical domes of 
e v a t h e a g 1 g e n t ( a were exci sed from garden 
.osrown }'lan ts . These explants were surface sterilized wí th 
m<?r ct:ric chloride (0 . 1 or 0 . 01 %) for few minutes tl1en 
washed .several times •,¡ith sterile distilled wat':!r . 2ach o: 
the F?xplant \.,ras cut into desi rable size and inoculated on 
t he CtJlture medíum . 1'he various culture r.teciia e'nployed 
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were White •s medium (1954) , B5 Gamborg's e t a l . mea1um ¡1968) and Knudson's medium modified by Steeves e t al . 
1g55) . Each of the medium '"as supplemented wi th sucrose 
2 to 4%) and various ~ro•o~th regulators sucn as napthelen­

ac~tic acid (NAA) , 2 ,4-dichlorophenoxyacetic acid (2 , LI - D) , 
Indolebutyric acid (IaA) , Kinetin {K) and 6 benzylamino­
purine (SAP) as per the requirement o: the experiments . In 
White• s medium for callus lnduction coconut milk (C:·:.) was 
arided . The p~ ot' the m~dium · .... as adjusted to 5. 7 . t.ll the 
cultures ··•ere incubated in continous .flourescent light 
(1000 Lux) at 25~2°C , 

3. Results 
I n ? t e r i s v i t t a t a , rhizome segments wi th 

anex , cultured only on 11/hi te ' :s medium contain1ng sueros e 
(4%) and K (O . 5 mg/1) sho· .... ed excellcmt proliferation éH'ld 
o:-oduced 10 - 12 n e1" shoots \vi thin tour weeks . These shoots, on senara ti on and transfer to fre sh rnedium of the same 
coml"'osit ion , each one , once again produced a fresh crop of 
n9w shoots . These shoots when wel l developed were transfe ­
rred to rooti ng med i um contoining sucrose (O. 5%) and NAA 
(0 . 2 mg/1) . Thus large number of plantlots were raised . 

I n second set of exoeriments , callus was raised from 
F t e r i s v i t t a t a rhi zomo segments by culturtng 
them on white•s medium containing sucrose (2%) , 2 , 4 -~ 
(2 . 0 ~g/1) a~d coconut milk {Figure 1) . To investi5ate the 
mor?hogenetic po~e~tiul of this callus , it was cultured on 
s~.:cros e (Lt - 5;~) containtng r:ledium. Large number o: s~oots 
r~~enerated ~rorn t~¿ callus ss (figure 2) . ~~ese s~oots 
\-1ere a.llowec to ~row f~.:rthar a!"ld transferred to the rooting 
~e~iu~ . 3¡ ~~is procedure also , number of plants were 
l"!'oCuced . Tr.ese re8¿n~?ré:ted ferns sho .... ect diploid c~..romosome 
number . !;ul: or. the \•tole , as the number of subcul tures o: 
callu~ on 2 , ~ -) contsin1n~ ~ed1um increased , the mor?to­
~~n@tic ~otqn~ial of the cellu5 decreased , 

In 1·: e r h r o 1 e o i s e x a 1 t a 1: a , stolon 
segrnents ( 1 t~ 2 cm) cultÜ .. ed on !35 medium con~aining 
s1;c rose (3Jo6) 2~ct IB.::. (1 . 0 r:1g/l) ¡:-rortuced greenish out ­
aro··:ths alon~? tt-eir nargin wl thin a w¿e;<: . racroscopic 
~xa"ination o: th~se str uctures revebled t net they were , 
tbe m~rist~11.:. ti:: gro\·Jth ce:1tres . .. t this developmen-';al 
s ta~e , t~ese c~ltures were transferred to 35 medium 
r. ontaining !-" (O . 5 mg/1) find 3.-~.? (0 . 5 mg/1) . í'!i thin four 
~eeks i n re s~onse to the c¡tokin1n t r eatment , the growth 
centres , furt~er developed into nunerous advent i tious buds . 
Th~se buds were dark green structures easily separable . 
Sac h bud on s~oaration and grown on the fresn medium of the 
s~~e cox~osition , pr oduced iarge number of buds . ~ach bud , 
on tronsfer to t~e basal medium produced a plantlet 
(Figure 3) . 7-y ti":is technir¡ue about 10 , 000 ;~ e p h r o 1 e­
P i s ~13~~s were ~esulted from a sin5le stolon segme~t 
within fou.- mo~tns . F'urther , exoerim~n:al \·;ork on the 
regeneration o: new offsprin;s from the original stolon 
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explants indicated that they shou1d not be cul tured 
indefinitely to raise these ferns . Every now and then 
fresh stock of plant should be used • 

Experiments wi th C y a t he a g i g en ti a were 
conducted on excised young leaflet primordia and apical 
meristem. They were grown on modified Knudson 's medi um 
supplemented with sucrose (3%), K (2.0 mg/1) and NAA (0 . 1 
or 0. 2 mg/1) . Each of the leaflet primordium gre•.v faster 
and developed into complete frond . These well developed 
f r oods were transferred to rooting medium . Moreover , t he 
apical dome grown on Knudson ' s medium containing sucrose 
(4%) and K (2 mg/1) and NAA (0. 2 mg/1) enlargcd and buds 
were induced in places of leaf prlmordia . In this fern the 
apical meristem was surrounded by six young lea! primordia , 
and hence , seven prepagules e ould be obtained from each 
apical dome . Each of this transformad bud was excised and 
cultured on the same medium when it developed into a 
plantlet (Figure 4). 

All these i n v i t r o produced ferns we~e 
hardened, within the culture flasks which facilitaLed t~eir 
transfer to soil . Further transfer of these plants ~~s done 
using mist chamber . 

4. Discussion 
The present experimental work indicated that ~he mass 

propagation of these ferns was possible , independent of 
the season . These r esults indicated that the physiological 
age of the expla'1t greatly influenc ed i t5 morphogenetic 
capacity (Padhya and Mehta , 1982) . The youngest , least 
differentiated leaf primordia exhibited highest aoility 
for morphogenesis . 

There are hardly any r eports about induction of 
adventitious buds by cytokinin treatment i n ferns hence 
this work in N e p h r o 1 e p 1 s serves impetus for 
conducting experimental work on other fern genera . ;<lore­
over , each fern species responded well to specific medium 
which showed that the nutriti onal requirements varias from 
plant to plant . In P t e r 1 s v i t t a t a , 
regeneration of plant was posslble from the rhizome callus 
but production of plants without intervening callus phase 
is much desirable to ma1nta1~ uniformity in the ferns 
produced. 
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from the rhizome callus when grown on basal me­
dium containing (4%) sucrose . 
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generated from ad­
ventitio.Js buds . 
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The circinate part of yo•Jng l eaves ,exc i sed befare the beginning of 
foliar expansion, was inoculat ed on Camborg s

5 
rnodium supplemented with 

auxins I~A(0 . 05 to 4 . 0mg . 1- l ) or NAA(0 .05 t~ 4.0mg . l- l) or 2,4- D(O . S to 
2. 0mg . l- )and cytokinin BA(0 .05 to S . Omg . l - ) . Combinations of different 
concentrations of IBA anb BA as we11 as of 2,4-D and BA were tested . 

The bes t rnor phogenic response wa s obtained with Gamborg s
5 

med i um su 
pplemented with IBA O. Smg . l-1 and BA O.Olmg.1-1,2%sucrose ,at pH S. S . A­
fter 8-10 weeks of culture , formed meri stems were transferred to fresh 
medium without growth r egulators(develo ping medium).Six veeks afte~plan 
tlets were transferred to the rooting medium(Camborg s

5 
plus ~AA 0 .05mg~ 

t-l).Well developing plantlets , suitable for potting,were obtained after, 
at 1eas t , l month on this medium . A condition for p1ant growth is the soil 
composition and g rela tive high atmospheric hurnidity(about 1007.) . 

l. Introduct ion 

1. 
2 . Mater ial and Me~hods 

The young leaves or Adiantum capL1lus-veneris, belonging to the fern 
collection of rhe Lisboa Botanical Garden , were washed in running water 
and surface desinfected in a 10% calcium hypoch1orite so lution fo r Smin . 
The circinate part of young l eaves was cut and inocul ated on so l i d 
(O . 7% Di f co Bac to agar)Camborg Bs roedium (1968)supplemented wi th auxins 
6- indo1butyric acid(l BA)or naphtalenacetic acid(~AA) at the concentrati 
ons 0 . 05,0 . 1 , 0 . 5 , 1 . 0 1 2.0,~.0mg.l - l or 2 ,4-dichlorophenoxiace t ic ac id -
(2 , 4-D) at the concentratitions 0 . 5 ,1 .0 and 2.0mg.t-l and benzy1adenine 
(BA)at 0 .05 ,0.1 ,0 . 5,1 .0,2.0 ,5 .0mg.l-l.othor media were prepared using 
the fol1owing combinations of IBA and BA(a-IBA 0 .05/BA l .O; b- IBA 0 . 1/BA 
l.O ¡c-IBA 0 . 5/BA 1.0¡d-IBA 1.0/BA 1.0;e-IBA 0 . 5/BA 0 . 5;f- IBA 1.0/BA 0 . 5 
¡g-IBA 0.5/BA O. l ¡h- IBA 1.0/BA O,l ;i -IBA 0 . 5/BA O.OS ; j-IBA 1.0 / BA 0 .05 ; 
k-IBA 0 . 5/BA 0 .01 and 1- IBA 1.0/BA 0.01mg . 1-l)or 2,4-D( l. O~g .l-1 ) and 
BA(0 . 5,1.0 ,2. 0mg . l - l) . Sucrose 2 and 3%)and g1ucose 2% were tested as 
carbon source; pH values between G.S 2nd 6 .0 wcrc ~ss~yed . 

A Gamborg 85 medium with sueros~ 2% , Wlth and ·..:1.t.hout yeast extract 
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-1 
0 .5g .l at pH 5.5 was use~ 1as a development medium. A r ooting medium_

1 (Gamborg s5 plus 0 . 05rng.1 NAA, with or without yeast extract 0.5g . 1 ) 
was used . for comparison, th~ 1 Hurashige and Skoog (1962) ~edium (MS) 
supplem¡nted2~1th !BA 1.0mg .l uas used . Gamborg s

5 
media including 

NO , NH~, Ca , Cl at the MS molar1t1es were also tested. 
3The 1ncuoation was carri~d out under 16h 11ght/8h dark photoperiod 

(1700 lux) at 24~2° . A soil with humus, f ert 111ser, turf and sand 
(4:2:2: 1) and a very high atmospheric humidtty (about 10~) was used 
for potting . 

3. Resul t s and Discussion 

The C.amborg B medium has been wide ly used for ~lant propagatton. In 
what concerns t~e propagation of A.Clpillus-veneris , the circinate pare 
of young leaves(fig.l )inoculated on this medium supplemented or notwich 
growth regulators(NAA , IR~ and/or BA)cou ld express morphogenic response. 
If 2 , 4-D is used alonc or combincd with BA,only call us could be obc ained 
The C.amborg 85 medium uspd without growth regulators promoted the form! 
tion of 15 to 20 rneriscems.However , c:hey are very easily damaged uhen 
trans ferred to t he rooting med i um. The efficiency of t his pr:ocedure was 
about 307. .Wetmore(l954)using apical mer i s t ens of A . pabt~~cu lti vated on 
Knop so l ution , has reported that auxins can be omit ted from the medium 
with no serious loss , but producing plants with less vigor . 

When the medium c.ontains IBA or NAA,at concentrations be tve en O.OS 
and l.Omg . L-l , mer is~ems deve loped after 10-12 weeks . Plantlecs are more 
vigorous t han chose produc.ed in thc absence of gro~th r egu lators(fig.3) . 
At this developmental scage , they can be transferred to che roo ~ing ree­
dium , tbe e:(icler:cy oí ~:."le procetl<J::e being about. <1o~.From the t•·•O auxins 
u sed , lB.\ has revca led bct ter than NAA because i t produces g:.-eater nuober 
of plantlets and roces are less vigorous.ln order to prevent formation 
of roots(fig. 4)that difíicult separatioo of plantlets, cornbinations of 
different concentrations oí IBA and BA,re~resenc:in0 BA/lBA racios bet~e 
en 20 and O.Ol(from medium a to medturn l )were tes ted. The best morphoge~ 
nic response was obtained with cedium k~Six weeks af~er inoculaci ~n ,the 
f irs t meristems appeare~(fig.2)and two-weeks later , so many 
rneristems was formed chat it was difficulc to count thern(fig .5) . The fo­
liar primordia appeared afcer c:wo more weeks , inspite oi the for~ation 
of oew merisc:ems(fig.6) . All che other media (~ to l> produced meris ­
teos but they fai led co form leaves.Hediu~ 1 only prometed che formaci-
on or a :small number or merhtems. -

The result s obta ined with thes~ mudia shows that thc number of meris 
tems inc rease with decrease of thc ratio BA/IBA. This morphogenic respon 
se and that obtained wl~the absence of growth regulators,seens co indi= 
cate that t he leaves of this fern possess an endogenous supply of auxins 
and cytokin ins ,p robably being higher the amount of cytokinins.Wecmo re 
et (J) . ( 1949)ha:s su~e:sted t.he :synthe:si:s of auxin:s b y A •• -,~dac.um leaves. 

The meriste~s formed 8-10 weeks after inocu lacion , ar~ transfer~ed to 
the develop~rert: medium in order to stop the forrnat ion of new meriste11s 
and to induce plantlet differentiacion(fig . 7) .Six weeks later each 
plantle~ was cransferred to che r ooc:ing mediurn were vigorous planclets, 
suilable for potting , develope~ after 1 month(fig.B) . The supplementa 
tion of thi s mcdium wich yeasc extracc i:s recommended because it prnmo~ 
tes the formation of greacer number and better developed leaves. Tn 
che rooting mPdiurn ,~AA rrust be kept at O.OSmg.t -lwhi ch is the appropria 
te concentracion for quick root development.Similar effect oE yeast ex= 
cract and NAA was reporced for development of A . pe<i;turl plaotlecs obtai -
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• • 
o. ng medium_ 1 
t~t. 0.5g.l 
) medium (MS) 
a. cl.uding 
d 

k4f¡,otoperiod 
· A<! sand 
Ofr was used • • 
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n~d or not 1.1i eh 
se ic response . 
:>\lJ..d be obtained 
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a~ed when -
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•
s t he appropri~ 

of yeast ex­
W t lees obtá'i-

• • • 

ned from rhi zhome aplices (Wetmore, 195~). 
Plantlets obtained were successfully transferred to the prepared 

soil in the presence or high atmospheric humidity for the first weeks 
( fig.9). 

I n what concerns the nitrogen source, our experiments revealed tha t 
it must not be used at mola~it ies hig~er than those of Gamborg s

5 
medl­

um . Higher molarities o f NH
4 

or of N0
3 

promot.ed the formation of abnor­
mal leaves . Accordi ng to Wetmore(195~7 , the development of A.pedatum is 
raster in the presence of nitrogen sources other than nitrates . These 
re~ult3 suggest the high molarities of nttrogen sources used in the HS 
medium can presumably be the reason for the effectiveness of this med i­
um fo r A. capillus-veneris propaga tion . 

~ . Conclusions 

from our re_sult3 we can conclude that: 1) t he circinate part. of 
A . capillus-veneris young leaves present high capacity to different iat e 
on the Gamborg B medium supplemented with NAA,IBA and or BA;2) the 
procedure more sáitable f or efficient propagation i s : (a) inoculation 
of the circinate part of young leaves on medium k, (b) trans f er of 
mer istems t o developing medium, l e) transfer of plantlets t o the r oo t­
ing medium, (d) potting of plantlets at the descr1bed conditions; 3) 
all the plant.:s propagat.ed according t.o lhi:s procedure exhibi t ed uni­
formity in the ir quality; 4) the efficiency of the above procedure 
(65%) to produce great number of pl antlet.s (about 130) and the short 
period of propgagation ( f ive months unt il potting), allied to the non 
damage of the mother plant ( as it arrives if rhizome apices are used 
as pr1mary explant) may contríbute to commercial feasloility or tn1 s 
procedure by fern growers. 
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L.egendes of f i gures 

fig . 1 - Circ inate part o f young leaf ~ith appropriate development to 
be inoculated, x 90 

fig. 2 - Merist~ forma~ton 6 weeks after in~lulation on Gamborg B5 
plus 0.5 mg . 1 IBA and 0 .01 mg . 1 BA, X 108 

fig . 3 - Oeve l opmental stage obtain~~ 10 weeks after 1noculation on 
Gamoorg 8 p lus 1.0 mg. 1. IBA, x 108 

fig . 4 - Plantlets5obtajned on the medium of fig. 3, 16 weeks after 
inoculation. Note the great number o f roots(a rrows) , x 1. 3 
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Fig . 5 - Meristems obtaineá 8 weeks after inoculation on medium from 
fig . 2, X 108 

fig . 6 - Increase of meristem number and formation of fir3t leaves 
(arrows) a fter 10 weeks on medium from f ig . 2, x 108 

fig . 7 - Developmental stage 2 weeks after transfer to developing 
medium. x 270 

Fig . 8 - Plantlet suitab l e to be potted , x 1.4 
Fig. 9 - Plant two months a f ter potting , x 0 . 4 
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O..OtW. MASS PBQP,t&.TION Of THE FEBN GYRTOMIUM fALCATUM 
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Collected spores of Cyrlom ivm falcelvm were slerillzed occordlng lo Knauss methocl and 
¡;ermlnated In en lnorganlc IIQUid medlum 8S formuloted by Dyer In 1969. The ~minalloo of 
the spores were observed withln 7 to 9 tbys, ond ofter 3 to 6 weeks both ~metophytic ond 
sporophyt le sl!Q!S were pr00Lca1 Severa! gemetophyte ~rmg sporophytlc llssue were selecled 
aoo OlvtQ!O In "\ to 6 secttons. Eocll or ttlese sa:ttons were cultured on Murasntge aro Skco;¡ 
medlum es r~Nised by leinsmeier ond Sl(oog In 1965, ond lhe effect of diHerent subslances on 
the ret;¡eneretloo of lile oornp tete p lent wes lhen onel ized. We tested s001um phosphote mooobasic 
( 255 mgl\), L -cystein ( 30 mg/ 1) end diHerenl coo:entretlons of euxlns: nephtelenea::etJc ~id 
( NAA), incble 3-butyric ecid (IBA) : end cytolcinins- kinelin (1() , 6-bentYlaminopurine (SAP). 
Sucrase ( 20oll) wrrs !DBl to all medie. The lnructlon of lhe forrnetlon or fast orowlno ttssue 
wlth hiQh r~erotive cherocterlstic wos ~h1evoo either with K ( 2 mg/1) ond ANA ( 0.1 mg/1) 
or wlth BAP ( 3 mg/1) 6nd ANA (O. 1 mg/1), but 6 better proliferatloo was observed in the 
medlum wlth K 600 ANA. Dlffer-entlotlon of shoots and complete plentlets were obtolned In e 
medlum with la.ver salt concentretlon (Gamborg medium) 8nd substltutmg IBA ror ANA For 
better eiOOQ6lioo or tre 188Ves Qlbbertllc oc10, aA (o 1 moll) wos ~ 6etween 30 to so 
plllltlets per mooth were obloined in ea:h Oosk ofter lhe rerplerCIJve tlssue was eslcblished. 
The flncl omount depends on the size of the conlciners 

l . lntrodl,!ctton 
For meny ye6rs ferns were propaJ&tro by tr~itione\ melhOOs usi ng spa-es, rhizome 

sa:t loos, runners end others. T he app llcallon of tlssue e u Hure melhC<ls to propa}'lte ferr.s wes 
ftrst reported by Wetmore and Moral ( 1949), who obteinoo roots, lesvas end rhizomes by 
culturlno eplcsl meristem of Adlanlum pedal u m. Presently, meny cnmmerciel laboratories 
~re uslng tissue culture tochnlques to prOOJa!lorge <PJontlt ies or rerns by clono! prop~tion . 

Knauss ( 1976} oascríbed 6 portie! tiSStJe culture meth<XI lo propag6te Crytomium 
fliiClltum Gnd other fern specles. He~~ ~etophytlc tlssue under oseptlc condlllons, whlch 
w~ ~tioned ond trcnsfered to solito produce new plenls. In th is investlgctfon e complete tis:sue 
culture melhOO hes been álveloped lo gel rapld ciOMl mult lplicatloo of Cyrtomíum la/calum 

2. Moterials, Methcds.Exoerlmeots 
2.1 Plont meteriel. media ond culture methOOs 
Spores were collected from sporoptrylls of cyrlom ium 16/catum. They were freeOOi of 

ony other vegete! material 8lld sterl llzed ocronllng to Kneuss metllOO ( 1976). After 
sterlllzollon,the spcx-es were cultured In l~lc ll(l.Jitl medtum os rormulatoo by Dyer 
( 1979), or oo so1id medium bcsed on Mur~hi~ ond Skoo;¡ ~lt mixture ( 1962) wilh 30gr/l 
SlX:I'OSe ond 0.81 Difco Bccto- Ager'. 

T o oet spor~hytes, once the gemetoptryt le st~ wos deve loped, severa! gemetoptryte be8r 1 ng 
sporophytic lissue wers divided in 4 to 6 sections, eech of them were cultured in 2SO mi nesk 
contamio snhd Muroshioe 8nd SkOOJ med1um os revised by Linsmeier ond Skoo;¡, ( 1965), wilh 
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3~ /1 suerosa and without growth substances. 
To establistl e rast QrOWlllQ tlssue < prolfreratino tfssue) . sorne of the youno sporophytes 

were token oot or the culture vessel, cut In 4 s.dloos ond trcnsfered to fresh nutrient medie 
cootoinig in<np~ic nutrients ra::ommerml by Mureshl~ 8nd Skoog ( 1962), miro- a-gentes 
such as 0.4 ml)/1 , m 1 OOmg/1 myo-tnosltol (RM mootum) , 80d supplementoo wlth 20 mQII 
sucrose, 255 mg/1 phosphote monoboslc, 30 mg/1 ~teln cnd dlffer-ent conceotrotions of ~owth 
subs~: c.ytoldnins O:inetin , K &nd 6- benzyl am lno purlne, 8AP) end naphtaleneecetic e::id, 
NM. (Taote 1 ). 

Shoot ma-p~s from th8t proliferotlno t lssue was ochteved by trensfering meny smell 
pioces or this tissue to the S8me beslc medJUm (RM). a- to h81f st~ RM medium. 
suplemented with 6AP, K 8tld NM in different cooc:entrctlons ( toble 2). Oevelop i~ shoots were 
isoleled aod cultura1 on Gembot'g et ol ( 1968) salt solutlon (O medium ), plus ~. gibberelic 
octd ( 6A) arx1 111001e 3-Dutyrlc ocld (IBA) ror root lnltlatlon aoo snoot enl~eot (too le 3). 

All medio were ~justed to pH 5-~ prior to solidlfylng with 0.8 ~ Di feo Bocto-Agor oro 
outoci8Vingot 121 OCand 15 lbs lnch- for IS minutes. 

T1ssues were lncubatoo In o growth chOmDer, In constont llgl'lt (whlte nuorescent lomps, 
daylight type, giving 2600 lux) 81 28 ce. 

2.2 Orowth estimetlon 
The percent~ of explents formlng prollferetino tissue was ootermlnOO erter one month of 

¡¡rowth. The r~ratlon freQUency (percenteoe or prollferetln¡¡llssue sectlons revelopln¡¡ 
shoots) as well as the number of shools sl'owlnq a rootinq response were olso ootermined one 
mootllafter the subculture in eoch treatment was establ lshed. 

Anotomlcal reatures were exomtnoo rrom ~ monto old plonts. Roots 611(] leaves semples or 
both types of plents (one obtained by t issue cvlture methOO, end the olller by C}lf'minat ion SIJ(W"es 
in soil) were preserved in 70~ alcohol to meke rree- hcnd sections. The 56;tioneO moteriol was 
stoined w1th 0.05% toluidme blue. Microgrophs were toicen from lhe prepcroo slió:::s. 

2.3 Transrer or plantlets to sotl 
Rootoo shoots were tronsfered lo smoll plasttc vessels cmtomuv;¡ sterilized prepored sotl 

800 plocel in o propa:J)tor with low light mtenslty end reletively high hum idity ettvir001ent. 
Atter two we6:s ll'let ore trensfered toe~ place ot atmospherlc coodlttoos. 

3.~ 

3.1 Formalion of sporophytes undar sterile cond1tions 
The ~mlnatlon or spores or Cyrlomlum falcatum m the lnltlatloo or ttle sporoptrytlc 

sta;Je were ~hieved on the Dyer medium. Ho SUQOr wcs needed to 91lf"m ínote the spores To 
complete the G?velopment of the sporophytes. s:ectlons or Q6111elophyte bear i ~ sporophyt ic tissue 
were subculture on RM moolum and orter severo! weeks meny sporophytes were prexluc:Ed. 

3.2 Establishment or the prollferotln¡¡ ttssue 
Sporophyte sectíons developed on lhe e0;es of l~es, e very fast growlng Ussue with tligh 

m()"'phogenlc cspscíty. This tlssue woo produced when sections were culturad on RM medio 
supplemented with 2 mo/1 K end 0.1 mo/1 lo 0.2 mo/1 ANA , or 3 mo/1 BAP ond 0.2 mofl ANA. 
The hi!)hest percent~ of explonts formlng prollfercting tlssue ( 70~) wes observed when they 
were treated wilh 0.1 mg/1 ANA ond 2 mg/1 K ( Toble 1 ). Shoot formotion was also observed in 
this treetment, but et very low freQUency After one month it lost tJ"Qenizelion and oo::ame 
proliferet ing tissue. 
~ions of sooroohYtees obtcined from vouno sooroohytes orown in so1l , were also used as 
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-• • • 3 ..,no sporophytes 
'rlll nutrlenl media 
;. minor Ot'QIIflics 
1e.Jll.OO wlth 20 ITIQ/1 
• ctionsof ,-owth 
·l~tlc ~ld, 

. ing meny small 
w RM mooium. 
~e~ing shxJU were 1. 1-W.. gibberelic 
~t(teble3). 
il'l!l! Be:to-Ag!r end • • 
r escent lamps. 

• 
te er one month of 
W lons ooveloplnQ 
~- delermlned one 

dif#'ies S8mples of 
~minetion spores 
t. material wes 
. ídes. 

• 1~ prepered soll • ty envlranent. 

• • • ere swootJyt te 
,. the spores. T o 
1 ,.,rophyt íc tlssue 
l. rooucea. 

• taissue with high 
u~ on RM media 
• 0.2 mo/IANA. 
w voo when they 
~lso observad In 
e 1on and beceme 

•• ere also used es • • • • • 

explonts lo lnltlate proliferotlng tlssue, but noiJ'OWth was observad. 

3.3 Shoot fr:rmatíon cnd multipll~tlon 
The prolifersting tissue h8d a very hil1! regonerative cherecteristlc end was eble to 

á!velope Shoots even on a medllln wlth 0.1 mQII ANA. but the reQeneratlon r~ wes 
lmproved when AAA wes elimincted from the medlum (T able 3). 

Thecompositioo of the medium where the orollferctlng tlssue wes lnltiated liad effect on the 
rageueratloo freqJeOCy of lhe Ussue. Prollferetlno ttssue lnltlated oo medlum wlth 0.1 mQII 
ANA end 2 mg/1 K, produced 1 00~ of shoot when they were subcultured to media contsining 2, 1 
cr 0.5 mQII K. T issue lnitletoo oo medlum wlth 0.2 mQII AWt ~ 3 mg/1 BAP prab::a:l20~ or 
stlOOls, only when Uley ere trerted wlth 1 mg/1 K. The Jatter regeues otion freq.¡eocy wes 
lmprwed when the tissue wer11 sutx:ulturoe two times on the serna medlum. 

The morpto;)eolc ~lty of the proiHer&tlrYJ Ussue wes not re;reasw t:Jy tte number or 
subculture provided the tissues were grown on the cpproplcte medium. In this Wf!'{ it was 
possible to get e large scale prtduo::ion of Cyrtomivm lt~lcelvm vio shoot formatíon from 
prollferattng tlssue . 

3. ~ Rootioo 60d enleroement of shoots 
Shoots were formoo es a cluster of rossettes wlthout roots. for rooting and enlar~ment of 

shoots it wes necessery to subcullure these rossettes on e mooium wíth lower salts concentration 
(Gilmborg), supplementoo wlth IBA or ANA. both wlth or wlthOut GA ( Teble 3). Rooting of the 
sflOOts wes ochieved in elt the tr~tments. Shoot elar~ment and leof expoosion were ímproved oo 
medie with GA. 

Plontlets were removed from ~. polted In sterlle sol! ono ptocoo unrer e lllgllllumiOity 
condltlon. After two weeks, thay were tronsfered lo a sheOOd place under rnrmol enviromeotal 
condlt lons. AJI p lentlets fTffN proper ly In soll 

Hlstol~ical Malysls showed that the ~mtomi~l feetures of the leof of both types of plent 
(<TOWn in 8S8Plic condition end orown In so11) are sim ilar. but the number of layers of 
mesopllyll ce lis loo ooses In plants praluced by llssue culture. The number of layer or cortex 
cells In rootsof in vitro plants Queoses. 

4. DISC!JSSIOO 

lt was possible to proouce lcroe numbers of Cyrlomivm felct~lvm piMts from sectioos or 
In vltro grown sporophytes, th8t dtM!Ioped o ropld prollferotlng tlssue wlth high morphoJeníc 
C8p8City. lhis tissue differentieted m81"t)' shoots when culturad on RM medium wllh Cytobníns 
800 wlthout !IUXIns. SporooflYtes sect tons exclsoo fran youno sporopllytes QrOI't'n In solt dld not 
proliferete on culture cordltlons. ll seems thct the nutrlents of the culture medium creoted 
erdxplous amition that prepared tissues to respo00 to grOI't'th lnructlon. 

Shoots were pro:lOced 8S clusters of rosettes m dld not form roots. lo Induce enlergment of 
shoots end root formatlon, rossetes were isoleted ond cultured on O medlum containing 1 mg/1 
IBA 60<! 0.1 mg/1 GA. Thts medtum h8S lower salts concentretton toon MS medium. 6lló promoted 
the ropld inltiction of root system. AcoJrdlfliJ to Muroshige ( 1979) hlgh solt levels suppress 
rootlng. A lowering of solt coocentrctlon mf!'{ b6 requlred when Murcshlge end Skoog medium is 
used. Shoots fTOWn on medie wlth GA. produced hiQtler plsntlets wlth wlder 8nd lar~ leaves. 
Ergelke lt el ( 1973) showed thllt the size end form of shoots depends on GA/ cytctynlns retio. 
hl~ rstios resulted in 1811 . spindly plents wlht ntrrcJN leeves whlle low retios resulted in short 
shoots with rourm! Jesves. lt is posslble th8t the new C. falcalvm plentlets h8ve eoough 
encb}lnous coocentreticn of cytokinins lo bai~W~Ce the emount of GA edi3d ex<X}!OOJSly . 

The methOO rescribed in this paper allows repid clona! prope~J~~tion of C. falca/vm by usino 
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tlssue culture technl~. The ~IIJQ9 of thls methoo ls the obtalnment of prollferatlno tlssue 
wlth hl(.tl morp~lc ceoocitv whlch preserves its rEOlflef&tion freQUeOCY i~peromlly of the 
number of subcultures. Orce this tlssue ls established lt 030 be trMSfered toa malntenaru 
medium to lower J'OWth rate or ctVl be ~non media for multiplícstloo end differentiatíoo to 
ootaln mM',' pl«ltlets thct can be Opted very E8SIIy to soll CUK!It lons. 
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Teble 1- Inductivo of prollferetlll9 tlssue formotfon. 
-------------------------------------------------------------------

Medlum SubsiMOOS ~ 
mg/1 

~ or sectlons wlth 
prollferotlll9 tlssue 

~of sectlons wlth 
shoots 

-------------------------------------------------------------------

-------------------------------------------------------------------
RM 1 0.1 2 

RMz 0.2 2 

RM3 0.2 3 255 

70 

40 

50 

33,3 

o 
o 

-------------------------------------------------------------------

T eb le 2- Shoot 00\Jelopment from prollferating tissue sectlons. 
-------------------------------------------------------------------

Medium Subtanres~ (mg/1) ~ of sections with shoots 
-~------- - ---------------------------------------------------------

lnltiatoo in mooium 
---------- -----1 

RM1 RM3 

-------------------------------------------------------------------
RM4 2 100 o 
RM5 1 100 20 
RM6 0.5 100 o 
RM 7 0. 1 2 255 12.5 o 
1¡2RM 0. 1 2 16 o 
RM1 0.1 2 so 
RM3 0.2 3 255 o 

--------- -------- -------------------------·------------------- -----

Tell1e 3- Rooting endenlar~ment of shoots. 

-------------------------------------------------------------------
Ma:llum Growtn sui>Stances( mg/1) Lear expanslon( cm) Root format Ion 
---- ------------------- ------------------------------------------- -

NAA IBA 
wldlh 
overcge 

1ength 
everege 

-------------------------------------------------------------------

0. 1 

0. 1 

091 
1.29 

093 
1 22 

0.91 
1.23 
0.91 

123 

p1enty 
plenty 

p1enty 

p1enty 
------------------------------------------------------------- ------
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AdditiOII(l/ mde.t words bird·of·paradbc. ussuc culture, oxi<!auvc brownin~ 

A bstract. The use of lissue culture lechniques for lhe propagalion of Strelit:ia rtginae 
Banks has im·ariabl) failed due lO o~idali\'t browning of lhe explants. The brown 
t"<ud:lle \\hich diffuses iniO lhe medium is dttrimental lO furl her deHIOpmenl of lhe 
in 1itro explant, which evenluall~ becon1es nccrotic and dies. S. reginat compelence lo 
respond to in ••itru culture i thus dependen! on minimizing and slon ing do" o the 
browning of thc cxplanl. Terminal ond axillary buds trcatcd with antioxidant solution 
b~· total suhmergcnce for 2-' hours, and eulturcd on an agar medium \\Íih chorcoal, or 
on papcr bridgcs in lir¡uirl mcdium with d i!hiothreitol, uen found lo be capablc of 
growlh :111d furlhcr shoot prolifcralion. 

S reginw.•. Ql1 importan! cut llo"w of South 
African ongin. is a percnnial monocOt)'lcdon 
with a shon. subtcrrancan 'tem. Thc terminal 
bud produces 10 10 14 lcavcs bcforc dicho­
tumou~ branchm~ occurs. Thc 2 shoot sys­
tcms continuc to dcvclop indcpcndcntl), cach 
capablc of producing lea ve~ :md ne" a~illary 
buds. formmg a large clump w11h nuny shoots 
(2). Ncw plants are propag:llcd from sccds 
or vcgetamely by the dtvísion of old plants. 
Both propagation metho<h are w;ry ~low. 
Sccdling plants are variable. :md Oowcrins 

Rc:ectveJ for publ..:o~lton No,cmt>cr 30 19~~ Tlu> 
"orl. "-~S p.¡rtt.l'l; funded b; the \\olhon EndD\1.· 
mcn1 for Sctcnufic Re..earch 3lld b' thc Pe;¡rl~lttn. 
D;¡moff. 3lld Holhngswocth fund Tic authur. lhlrU. 
rhc d.>nors for thetr suppon :~.nJ O Atnltn¡;~r f.:>r 
ncellcnt tcchnrcal assht.,.nce The co'l of pub· 
h;hing tht~ po~pcr was defra>ed tn pJrt by thc pay· 
mcnt of pagc char~es. Under po'tal rcgulauon;. 
rhis pap.!r chcrcforc must be hereby mar~cJ cul· 

•·ertisrml'lll solcly to indicat~ chis f3cl 
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occurs only aftcr 4 ro 7 yc~r~. For division . 
plants at least 1 O ycars old are U)ed. euch 
producing only a icw units. This explams 
why Strelít:ia is onc of thc 'ery fcw impor· 
tant cut Oowcr plants for which no untform 
cultivars are avarlable commcrcrally. Dcvel· 
opment of a re hable propagatton method can 
contnbute to lhc sclcction of improvcd clones 
~nd the propagauon oi clonal material for thb 
plam. 

Plant propagacion in 1itro has bcc:n C)tJb· 
hshcd successfully for n large number of 
monocotyledonou> ornamental plants (3). rn· 
cluding Mu.~a ca~·md1slui (7) In most pla.nts 
prop¡lgaled in1·uro. ~uccess dcpcnds on propcr 
c~plam sclection. mcdium composuion. a.nd 
suitablc proccdure fvr tr<~nsplantmg and es· 
tabhshrnent ur.dcr nonac;cptic condtuons 19 • 
10). The use of msue cultutc techníqucs for 
the propagation of S rrgmnt has mvariabl) 
failcd due lO o~idauve browmng of thc 
woundc:d explane. Thc brown exudmc th.u 
diffuses inco thc mcdium was fn•md to b;: 
dctrimcntal to iurthcr dcvclop¡r~ rt of the eX· 
plants. which cvcntu~lly bccomc nccrolic and 

dic. This paper describes in vitro mcthods 
for reducing oxidative browning and increas­
ing the propagntion potential of S. reginnt' 

Plan~ wcrc !rown in pots in a plastic scrccn 
shade (20%) scructurc under natural condi· 
tions. Prior to explanting in 1·iuo. thc oldcr 
lea ves and root system were removed and thc 
shoots were rinsed under running 1\ ater for 
24 hr. The lcaf blades and all but !he ba~l 
S cm of the pctioles wcrc removed. and thc 
remaining condenscd stem w:~s rinscd in 700 
alcohol for 5 min. The condcnscd stcm w,¡~ 
thcn disinfccted for 15 min in 9% (a(CIO)~ . 
or 111 O 3% HgCI2, followed by one rin~c 1n 
sccrile dr~tilled '' ater. Thc plant material thcn 
\\:lS tocally immcrsed rn a soluticn cont:linrng 
antioJttd~nts for 12. 24. 48. or 72 hr Thc 
autoclavcd soluuon consisted of ~iura~h12c 
and Skoog (:-.rs ) liquid mcdium (8). e'(cludiñg 
the vuamins. sucrosc, and gro\\ th sub· 
stances, to whrch wcre addcd (pcr lucr) 150 
m2 citric acid. 100 mg ~scorbic ac1d. S mg 
cach of filter-stcrilizcd chloramphcnicol :~nd 
oxytctracyclin, and 25 mg bcnomyl Thc pH 
was adJUSI~d 10 4.5 pnor tv autoclaving at 
12 1 •e nnd 1 1 kglcml ror 15 min. Following 
prctrc¡¡tmcnc. thc planc materi:1l wls rins~d 
once 111 sterilc distilled water and twice in 
1% ascorb1c ncid Explants were e~cis~d on 
a filler paper soakcd in either 1% ascorbcc 
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F1g The ctfoect 01 rmm.:rsion of 5 rrxowC' 
>hoot ttp e'pl.1nt' in .. •olunon u.i1h anttO\l· 
dJnts Raung sc~l.: 1 = browning on e'cb~d 
\\our.d us~ue. 2 = part1al bro"ning on ou1.:r 
ti1we of c.~plant. 3 = bro"ning. of thc cntirc 
e'plant ci,~uc. -l e browning and n~crnsb Dar~ 
poin11 ar< m~Jn' ot 1 ~ explJnts :: se. . 
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.lcid or 0.04% dithiothr.:itol (DTT) . Explants 
werc isolated from the terminal bud, from 
:he nodal ussue of thl! stem tncludtng 2 leaf 
:>ases O 4- to O 5-cm-long (similar to " twin 
;cales" m bulbs). and from the mflorescence 
;ralk. Both solid and liqutd modifiecl MS me· 
.:lia were wed with half·slrcnglh mncroelc­
ments. In hqu1d cultures, the expbnu were 
supponed on fiher-paper bndges. The liquid 
medium conuined 0.().;% fllter-sterilized 
OTT, while the agar-solidtfied medtum was 
supplemented wuh 1% acu,ated cbarcoal. 

D1ffcrent combmauons of growth sub­
stances were tried, of wh1ch the followmg 
levels (in mg!liler) were found to be besl for 
initial culture: indolebulyric actd (IBA) 2.5, 
naphthaleneacetic actd (NAA) 1.0. kincun 
5.0, and 2,4-dtchlorophcnoxyaceuc acid (2.4-
D) 0.5. Phloroglucinol (1.50 mgtliter) was 
addcd lo 1he agar-soliditicd mcdium in order 
10 enhance terrnin;d and a'<il lary bud growlh . 
All cultures wcrc incubatcd for 1 O days in 
the dark and then wcrc placcd undcr 14-hr 
dai ly illumination (1 .3 x ¡Q·Jwcm - 1) sup­
plicd by Grow!VHO Sylv~nia fluorcscent tu be:; 
in a culture room m.11ntuincd tll 24 =t 1 °C . 

The m:un problcm 10 thc in l'ttrCJ culture 
of S. rtginat was to reduce oxid.ui'e brown­
mg and to nct1vatc shoot growth b.:fore ne­
crosts extended from thc 3Ccom¡JJnymg 11~5ue 
lO the devclopmg bud:.. O~td:llí•e brO\\ ning 
of wound us:;uc ":1) le:~~ )C\·crc whcn O 3'}¡; 
HgCI~ 111:11. uStd JnSlCJd 01 C.1(CIO): Soak­
mg thc C'(p)JnlS m prctrc3tment solut•on con­
tainmg cune and a~corbt: J(Jd 31 pH 4.5 for 
12 hr dccn:.ncd bro,,r.ing oni~ shghtly. wh1le 
2-1 hr 1mrnerston rcduccd O'\tJ.Jttvc brO\\ nmg 
cons1dcrablv (Fu~ 1) Pr<>longcd rmml!rsJOn 
for 48 or 7·, hr ~ ... JS not cf!l!~l l\e. poss1bly 
b.:cau~c of submcr!!cn.:c undcr anacrobtc 
condutons. whu:h ma~ CJU\~ toc produt:lion 
of to'\JC substanccs Prolongcd munerston oi­
lcn rc~ultcd 111 comanunauon oi thc cxpl.lm~ . 
des pite th~: prcscncc ot ilnllblotic-s ;md u fun­
gicidc in lhc solutillll 1\ l.tmt:lllting lhc ex­
planb in d~rknc~~ rcduccd th~ diffusion of a 
brown cxud.1tc into thc cultu1~ mcdmrn . Sim­
ilar tindings wcrc abo obsctvcd in Eucalyp· 
tus ( 1 ). Although browning anJ ~onK' necrosis 
d,;vclopcd in thc ~urround11t¡; '"'u~. tlw bud> 
conrinucd 10 grow (F1g ~A . :!B). Stlaking in 
a lo.,., pH soluuon furthcr reduccd the o\i­
d:uion of polyphcnob rcJcJ,cd by thc wound 
ttssue. apparcntly by tnh•bnmg the actJVÍl~ 
of phcnoiJ>c) (6) E'\plantl nol prcm:ated 
w11h :lniiO>.JdJnls b.:cam~ brown dunng cx­
CJSJOn h \l.l~ necc~\31) lO C\C'Io;<: lht ~lriou~ 
e~plJnt~ on llltcr p:.p.:r \Oakcd "llh a!>COrbt.: 
acid or OTI; th.: laucr \\.lS found lo be mor.: 
effccuvc lor reducmg bro,,mng ol "ound!d 
liS!>Ut: 

VdrJOU) 4mount~ ol ~:allu' wcrc ub~cned 
10 de,.:lop on C'<planls irom 1he ~oung rn­
florcscence stal l.. Jnc..l rhc \lWl nodJI 1 1~suc 
(Table l . Ftg. 2A). Both lrqutd (A) and ag.tr· 
sohditicd charcoal mcd1um (B) sumul:ued 
callus producuon aftcr 4 wc:cl..s 1n respon~.: 
to kincun and rhl! 3 au:-.in) 1 r.1blc 1 ). '~hik 
mcdJUil1 e with phloroglucinol \•-"!S 1101 ef­
feCtÍVC. Th~ callu) continucd to grO\\ rather 
slowly for severa! wcc.:k~ w11hou1 organo· 
gcnesi~. which aho wa) not obscrv.:J upon 

Hcw.rSt'll!i'CI:.. Vo1 IS(J). AU.ol sr 19S3 
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Fig. 2. In vitro devetopmcnl of S. r~ghtat. A Callus production and bud gro"lh from oodal s1em 
ussu~ on charcoal m.:d1um (B sce T.tblc 1) ufrcr 45 d;~y> tn culiurc {X3.6J. B. A'ílllr:· bud 
gro"th oller subcuhurc from ~ ch.ttcoul mcdtutn (21 d¡¡>'' 10 a hquid m~dtum. :-o:ot~ bud f:TO"Ih 10 

;pire of ~tcm nooal U>~uc necro,,~ t '< 3). C \ 'e)lctatJ\e bud tlc,e.opm.:m on !:h:Jrcoal medtum alrer 
18 d.t!S ( >e 2 8) D. Clu>ler 01 1~ mcmth·uk! S rr;.:imzr ,ftoor~ •.1.hrch dc'clop<d irom an J:<JIIar) 
buc.l rntti.tt.:ll on .:h~r<:oJI m.:d:um J!ld tran,p.Jm<d Jll~r 7S dJ~I tu ht¡atd m.:dtum V. tth BA Jnc.l 
IBA . .md 6 rtlQr.lh> l.1tc:r to rh.: lln:~nh •u..- 1 l< O -1~¡ 

ubcultare h.> d•1h:rcnt mcdt.t \\llh \anuu) 
c:ombinJilO!b of gro"Ath ~cb~tan.:.:-. Cl:ar· 
toa! medi1-m "a) íound lll ,.uppc.H! tte l'C,.l 
inili.l.! gro'-'lh oi both 1.:nnm.1l anJ J'illar) 
buds (Tabl~ 1: F•g ~e In th.: ~,11 ot thc 
lcalba:;c~. 3 lo 4 \Cgcl.llt\C bud~ Ú.:\clo¡xd . 
As can b.: secn tn Fi~. 2C. lh~ bud\ oruan:ucd 
one nc~t to the Olh~r. th~) Jr.: nm th~ r.:,uh 
of ;¡ sirtglc: bud prohfcr.ltlll!_! Unlll..c Crn 
chmra explant> (4). S. rcgme~,• c.xpl.tnls on u 
mcdium to which only phlon,ghtclnol wa~ 
ac.ldcd did no1 ~hü11 enhanccd bu ti gm\1 t h and 
bccamc necrotic in thc ab.,~n..:c nf l'h:m.'o:tl 

or OTI StJmulat>on of axillary bud ~ro.,.,lh 
\101) ob,cncd \\hcn expl.mts. "'hich were 
~'Uilured tnlli.JII~ for 3 weeKs on charcoaf mc­
drum '0). wcre subcuht.rcd 10 a hqu:d mc­
dJum CA) m 11.hich KAA :md 2.-1-D werc 
C'(cludcd, l..rndn \\a~ substituted b' 1 O m!!l 
lltcr bc:nzyl:.tm:no purinc. and lB.~ "~ i~­
crCJ\Cd to 5 O m~!litcr. As can be Sl!!!n in 
r •g 26, thl! bu1! ~1 rhc axil of 1hc k Ji bases 
dcvclopcd J..:,p..: 1he browning an.J necrosis 
nf thc ;urrouml'¡,g t i.;su~. The bud reached 
a hdght ol : rm aftcr 40 days. Since only 
onl! root at mo~t dcvd up.:d in culture. the 
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'rabie 1. Mcdium effect on ox•dat1ve bto""ning, callus production, 2nd shoot dcvelopment from d1f 
ferent S . rtginat explanu . 

Ocg.c::c:: uf> No o( >ho«> 
Explant Medtum• browning Callus' :t SE 

Termin31 bud A 2 + .... 2 1 =o 1 
B 1 -..- 4 2 :::o 2 
e 3 1 o :::o 3 

Stem nod¡l A 2 3 o :::o 3 
ussue wuh B 1 -r+ 4 8 ::: 0.5 
leaf bases e 4 1 3 :::o 3 

lnfloresccnce A 2 .,..,.+ 
Stall< B 2 t+.,. 

e 4 + 

•Mcdium A • liquid mc:dium + OTT, ex plan~ supponed on ¡xtpcr bridge~. M=dium B • agar medium 
+ charcoal; Medrum C • ag:ar medJUm + phloroglucinol. All media contained (mg¡hter) 5O lonetrn. 
2.5 IBA; 1.0 NAA; O S 2,4·0 
YRating scale. 1 • brownin¡ on cxctsed wound tissue; 2 = pattial browning on outer cxplant llS)uc; 
3 • browning or the emire =xplamtissue: 4 = browning and necrosis . 
'Callus: - (none): + (low): + + (medium): + + + (high). 

shoots were trcatcd as cunings (S) and were 
soakcd in autoclaved 100 ppm IBA for 4 hr, 
prior to Lransplanting 10 nn nutoc:lavcd mix· 
Jure of 1 peat · 1 vermiculire Alrhough shoot 
proliferation wa) llmitcd 10 5 ncw shoots at 
most. the in vitro devclopmcnt of vegetativc 
buds 10 the axlls or thc Je~vcs could mcre:ue 
the propag~uon potential of this species. 
Multiplc bud development 10 thc lclf a.~il 
could have resuhed from thc eady isolauon 
of the nodal tissue explant before no,,cr dif­
ferenuauon. and tn response lO thc 3 auxins 
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in combinalion with kinetin. After transphtnl· 
ing a~d establishmcm under nonstcríle con· 
dilions, the cluster of shoots elongo.ted o.nd 
developed (Fig. 2D). 

Antioxidants used prior to in vitro culture 
of S. reginae and the addition of charcoal or 
DTT to the culture medium havc effecuvely 
controllcd oxidathe browning and stímulated 
S. reginae shoot growth. 
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SuMI\IARY 

Vitrification-Hyperhydrous shoot developrnenl, effects the survival nnd quality of severa! micropropagated plants 
ex-vitro. The leaves which are the immediate organ to be affected, eJ~hibit abnormal rnorphology and physiology. Leaf 
rnalfunction is apparently a stress response to very rich media and high relaúve humidity. The understanding of the 
underlying mechanism of vitrification and its control in vitro can contri bu teto a more efficient micropropagation. Vitrifica­
tion was found to be associated with elevatecl ethylene production which was related lo hypolignification and poor cell waU 
development. Liquid and low agar media induced caUose formation along with reduced and disoriented cellulose biosynthe­
sis. rnanifestcd also in non-functioning guard cells. Malfunctioning :;tomata, in addition to defecli,·e cuticle contributed to 
increased lranspiration and desiccation of in vitro forrned leaves. T he activity of various enzymcs, associatcd with ccll wall 
synlhesis, was low and total protcins it' normal leaves was highcr lhan in vitreous ones. Various rneasures were found to 
reduce vitrification; lowered matrix and water potential in the medium, reduction in RH. low NH. +. changes in Ca+ • lcvels 
and thc removal of cthylene. Thcse measures impro,•ed lea( morphogenesis, sun'ival and the quality of severa) micropro­

pagated plant species . 

Key ~t ·ords: acclimatization: a¡;ar: Cn H; cell wall: epicuticular waxes; ethylene; hyperhydration; lignification: micropropa­
gation: NH4 . ; pero~idases: relativc humidily; stomata; vitreous !caves . 

INTRODUCTION 

Understanding the l'arious factors involved in the control of plant 
growth in vitro can greatly improve thc quality of micropropagated 
plants and prevent undesircd shoot deYelopmcnt known to impcde 
plant survival ex \~lro . 

Structural disorders in micropropagated plants are runnifcsted by 
anatomical, morphologic, and physiologic anomalics observed in 
shoots cuhurcd undcr COflditions required for rapid bud prolifera­
tion and growth. The disordcrs are termed \itrification. translu­
cency, hyperhydration. succulcncy. and glassiness and refcr mainly 
to leaf appearance. Anomalous anatomy is manifcstcd to a lesscr 
ex tent siso in the stems and roots (10 ,16). Complex, rnultiple fac­
tors interrelated through various metabolic pathways in vitreous 
leaves affcct the '"'0 major proccsscs carned oul by !he leaves: 
photosynthesis and gas cxchange_ These disorders. rcsuhing from 

the special requirements for shoot proliferalion ín vitro. cause shoot 
malformation and as a con~ucnce impede microprop3gated plant 
establishment ex. vitro (53). 

Shoot Anatomy and Morphology In Vitro 

Although vitrification is usually described by the glassy water· 
soaked appcacancc ofthe !caves (Figs. 1 o and 2 a), various anatom­
ical and physiologic changes ... ·ere reported to precede or occut 

1 Pre.sented inthe Session·in·Depth Transition of Plants From Culture to 
.Eatablishmem In Viro.'' at thc 4lsa Annual Meeting of thc Tossuc Culture 
Association. Hooston. Tex&. Junc 10- 13. 1990 . 
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concomitantl) with malformed shoot devcloprncnt (22,36.53}. Thc 
hyperhydrous mcsophyll in the lca>-es of severa) specics consist5 of 
a poorlr dcveloped palisade tissuc and a spongy pnrenchyma with 
cxtensi,•e intcrccllular air spaces ( 1 5,18.25,29.3 7). 

Changes in the epidermis of ' 'itreous lea\'t'S wcrc obscn·cd both 

in the cuticulc and thc guard cclls. Rcduccd depositiou of et>icuticu­
lar waxcs. bot11 in quantity and quality. was reportcd in caulillowcr. 
cabbage, crysanthemurn, camation. raspberry, and apple and was 
found to relate to thc water status of the cultures (5,14,17.42-
45.53). In carnation. decreasing tl1e rclative humidily in the culture 
vessel induced normal leaf development (fig. 1 b) andan incrense 
in epicuticular WSJ~ formation (Table 1) (13.53). 

Abnormalleaves from various species cultured under higl1 rela­
tive humidity in vitro. had large malformed stomata (1,3,51) that 
did not close in response to darkncss, C0 2 , abscisic ncid (ABA), 
hrpertonic solution, or a water stress (55). In carnation lhe abnor­

mally largc guard ceUs wcre rounded instead of eliptical (Fig. l c.d) 
and had largc pores, thin cell walls. and fewer chloroplasts (59) . 

Histochemical studics of guard cclls from vi treous carnation 
1caves revealed lowcr lcvels of cutin, pcctins. and cellulosc 
( 1,26.51.5 7). Callose depcsits in guard cells from vi treous leaves 
were reported in cherry and camation. and the cell walls lacked thc 
normal oricntaúon of cellulose microfibrils typical of guard cell.s 
( 1,34,55,57 ,59). In vitreous carnation lea ves, Ziv ct al. (59) ha ve 
shown that t.he dcfccl in thc guard cells lay in thc ccll walls. Thc 
failure of the cell walls to conlract in hypertonic solution was sho"'11 
to co"elnte ..,.¡th the abnormal oricnta6on of cellulose microfibrils 

1 
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Ftc. l. Succulcnl carnalion plillll (a) tuhurcd on 0.8% asar rnedium anda normal planl (b) in an untnppecllubc lransferrcd nfter 14 
d:•) • lu u dc6icconl. Note uppcr nonn•l kan:~. An opcn slorna from a sut-culenl l,a[ (e) und • closcd stoma from a nQfln~llcar (d) aftcr 6 
h in llw dork (fi3.58.59) . 

and thc high dcposition of callosc in thc malformed guard ccUs of 
vitreous carnation !caves (1,55,57). 

Thin cell walls, large inlercellular air spaces. and reduced vascu­
lar ti:s<Sue were observed also in vitreous stems which wece smaller 
in diometcr, lockcd sdcrcnchymtltous tiMue, and lhc cortical and 
pith cells were hyperhydrated (4 7 ,48). In vitreous camation plants 
procambial strands were not obscrved. and the vascular bundles 
lackcd normal organization (29). 

Modifi~d Shoot Ph)"$io/ogy 

Metabolic and physiologic processes associated with photosynthe­
sis and transpiration are severely influenced by abnorrnalleaf mor­
phology. The culture enviromnent can efTect and lead 10 changes in 
enzymolic actÍ\.;Iy, rcsulting in ahcrcd plnnt metabolic proccsses . 
Some of lhe responses often resemble planls under s lress condi­
tions . 

Leaf hyperhydration has bcen att ributed to defective lignifica­
tion, reduced cellulose S)'nthesis. changes in ceU wall extensibility, 
and altered ceU water relations. These can lead to reduced ceU 
1urgor pres~ure, changes in 1he waler po1enlial. and increased waler 
uptake and as a rcsult. to tissuc hyperhydration (16). Cultured 
shoots or apices. once excised and plante<! in vitro, are exposed lo 

an aeralion s tress. either by being submerged in the liquid medíum. 
in the condensation water ot by being exposed to high relath·e hu· 
midity (90 to 100%) in the sealed cultures. These conditioM, which 
may be analogous to " ·atcrlogging. a stress known to cause exces­
sive ~ij4 evolution (52), may explain the high levels of ethylenc 
evolution by \itreous plants (13,20,22,24,57). Hypolignification 
was auribUied 10 lowcr leve t. of phcnols and the inadequate activil) 
of thc cn~ymc hydroxy cinnamic CoA-ligase (39). Hypolignification 
was also related lO a dccrease in phenylalanine ammonia lyase 
(PAL) activity. Various inhibitors of ethylene synlhesis did not pre-
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reported to be associated with abnormal morphogenesis in vitro 

(53). These factors control the physical and chemical state of the 
mediurn and the culture atmosphere. mainly H20 vapor, C02• and 
CtH4 levels . 

Media in general are either liquid or semisolid, the latter is 

achieved by the addition of various concentrations of gelling agents, 
the most common of which is agar (7 ,38). Agar contributes to the 
matrix potenúal, the relative humidity, and affects the availability of 
water and dissolved substances from the medium in the sealed con· 

tainers (7, 9). Vitrilication wllS observed in several species when the 
shoot system was eultured in liquid or low agar, semisolid medium 
(55). lncreasing the agar concentration reduced vitri6cation but 
very often also lowered the propagation ratio (9,20,49,58) because 
it affected the availability of various components in the medium, u1 
particular cytokinins (7) . 

Thc relative humidity (RH). resulting from temperature gradíents 
in the container a nd the medium's water s tatus, plays a majorrole in 
vitnfication (8). The differences appear early in ontogeny and are 
nonreversible once initiated (58). Reduction of the RH in the cul­
ture atmospherc through use of desicconts, increased wax dcposi­
tion in camation (53) and cabbagc plants (45). Application of a 

lanolin !ayer over the agar medium reduced thc RH in the cultures 
lo 35%, causing shoot desiccation in chrysanthemums and increas­
ing wax deposilion in cabbage (50). In applc, exposllre to low RH 
improved plant suníval ex vitro by irnproving norrnalleaf develop· 
ment (5). According to Macnc and Debergh (33) and Vanders­
chaeghe and Debergh (46). rcduction in RH can be achievcd by 
placing thc cultures on a cooled platc, which causes thc water vapor 
to condense on thc agar medium and thus reduce vitrification . 

Various con~titucnls in 1he medium in addition 10 gelling agents 
regulate the water potential and may afTcct planl morphogencsis 
(32.41.58). In African •'Íolets, incrcasing the agar concenlration to 
l .2o/c induccd normalleaf de,·eloprnent (Fig. 2 o. b}. 01·ercoming 
the effect ofhigh agar levels on prolifcrn1ion can be achic1·cd br thc 
s ubcuhure from a proliferating (liquid) 10 n hardcning (agar) me­
dium (Fig. 3) or by a two-phase cuhur(' to which a hardcning mc­
dium is addcd after thc proliferation s tagc (Ziv, unpublished). The 
main problem is lo control leaf de,·eloprncnt after lcaf primordia or 
ncw buds have formcd, becausc once thc !caves anain c1·cn a mini­
rnal si1e, the deformations are non-rc•·crsible (58). 

Of the various rninerals constituting the most comrnonly useJ 
Murashige & Skoog medium, NH/ and ca+• were thc IWO major 

elemcnts reported to be involl-ed in vitrification of scveral species. 
Using media 10ith lower len•ls of mincrals. or only half of thc MS 
salts. improved camation and cucumbcr plant de,·clopment 
(56.59). Rcducing the lel'el of NH4 ... in the mcdiurn increascd ligni­
fication and reduced vitrificalion in willow. plum. and in cacti Sp<'· 

cíes (2.6,28). In camation. lowcring the NH 4+ to N03 • ratio irn­
proved plam morphogenesis (57). In sour cherrr. no correlation 
" '8$ found betwccn Ca .... a~·cumulation and vitrcous leaves. whiclt 
showed highcr acid phosphalasc nctivity (4 ). El<'vated CaH wM 

found to reduce vilrification in woody spccics (27). There is how­
C\'Cr some ronfiicting e1·idence tltat cJe,·ated Ca •-+ rnay intetfere 
with lignification through activation of peroxidases and induction of 
callose formation (16.21.23.57). Rcducing Ca .. to 1 mM indured 
an inc rcase in chlorophyll and wax contcnt in carnation leaves (Ta­
ble 1). Vitrcous camation plants lost Ca..,. and Mg•+ to the me<iium 
while taking up K• from thc liquid medium (25). Vitrification was 
auributed by Kevers and Gaspar (25) to an o:;motic shock in thc 
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HAROENING (doys) 

frc. 4. Eff«t ofhardening carnation plants in vitro under 60'k RH and 
80 or 160 ~E · m- 2 • s-1 on leal " ax contcnt ond suf'i,al ex vi tro. U' a• "M 

not dl'tC'rrnincd in o:ksittated plants culture<! for 9 days under 160 ~E · 
m- 2 

• s- • (aftcr 13). Broktn /in~ 80: solitl lint 160 ~E · m -z · s - • . 

liquid mcdium. ihrough the effcct of n dircct contact bctwccn thc 
tissuc and thc compor1ents of cithcr liquid or scmisolid mcdium . 

11w rnost commonly used growth regulators are auxins and cyto· 
J..inins supplicd ci1hcr singly or in various combinations, depending 
on thc species and the typc of e>;plant. &>me of thc e''Ídcnce pre· 
scntcd on the effects of gro...,tJ• regul:uors on abnormal morphogcn­
esis is limitcd and con1radic1ory. Leshern (30) suggested thal an 

imbalance in auxin and cytokinin lcvels induced vitrification in car· 
nntion. '"·hcrcos lowcring the lcvcl of índole acet:ic acid (IA.A) in 
conifers reduccd ~~trification whcn coupled with reduced kine· 
tin (12) . 

Reports on the involvement of cytokinins in vitrification indicate 
that high levels of cytokinins in liquid, or semisolid media ,.;,h a 
high water potentjal. inducctl abnormal shoot morphogcnes is 
(7 .49). In severa! species. reducing the cytokinin levels decreascd 
the exlent of •~trification (12.16.3 1.61 ). 

Ethrlcne is a growth regulator found to be involved in •·itrification 
lx-cause it was dircctly related to thc physical and chemical condi· 
tiou in the culture. lncreased ethylene cvolulion under various cul­
ture conditions was reponed in severol species. In camation it 
was most pronounced in tightl) scaled liquid cultures (13.20,22. 
24,35) . 

Ethylcne accumulalion wa:; rela1ed to hypoligrúfication and lo 
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dtanges in ceU wall elastic properties. These changes induced hy­
perhydmtion due to reduction in turgor pressure andan incre.ase in 
water uptake by the tissue (25,39). 

Loosely capped cultures provide proper aeration and allow the 
removal of ~H. and excess water vapor, conditions that were found 
to decrease vitrification (13,35). ~can be seen in Table 1, various 
culture fac1ors imprO\'ed chlorophyll and wax content in carnation 
lea ves. Thc le~el of apr in thc medium, the RH, and the addition of 
w-$ M AOA induced thc hishest incresse in thc production of 
chlorophyU and cuticular wax. 

The carnation plan! has been used for over 1 O yr in our lahora­
tory as an experimental plant system for studies on in vitro plant 
development and hardening before transplanting and on the sur­
viva) of the plants ex 'itro. Carnation shoot apices cultured as 
previously described (13,58,59) were hardened in vitro for up to 9 
days under 60% RH and two photon Oux densities. As can be seen 
in f'ig. 4, hardcning for 6 days undcr 160 J'E · m-~ · s- 1 induced 
the highest leve! of waxcs in the leaves, and 92% oí the plants 
survived transplanting. llardening for 9 days caused severe plant 
desiccation. Hnrdening under 80 J.~E · m-2 • s-l induced a lower 
wax contera after 6 days under 60% RH, and plant sunival de­
creased to about 70%. A further decrease in wax content and sur­
\Íval was observed aftcr 9 days of hardening under these condi­
tions (13). 

In conclusion, it is now clear that abnormal morphogenesis in 
vitro is a consequence of physiologic disorders brought about 
through changes m vanous metabolic pathwn)s (16,55). Thcse 
physiologic disordcrs induce the dcvclopment of abnormal plants 
that cannot su.-.;, e transplanting and re1¡uire a gradual trarnit.ion 
stagc. lf acclimntitalion i.s carri«i out in vitro, bcfore transplantinr;. 
the existing lea.,.es thal de"eloped under sueh conditions will survi'c 
ex vil ro. Thc t.'Ontrol o( thc physical state or thc medium, the leve! or 
minerals, gro ... th regulators, and the composilion of the atmosphcre 
in the containcrs (55) can provide the nccessary conditions for nor­
mal leaf devclopment. An additional measure reponed rccently 
(40.54,55.60) "as the use of growth retardants. such as paclobu­
Lrazol and anc)·midol, 10 harden !caves before transplanting. Thtu, 
in vitro Acclimatimtion of plants in stagc 111 will improve plant sur­
viva! und reduce thc nccd for e¡o;tcmkd acclimatization in vivo. 
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f1C. 2. Vilrcous African violet plants cuhured in liquid medium (a) and on 1.2% agar medium (b). 
f1c. 3. Carualion plnn1 cuhured in liquid mcdium (succulcnl leavcs) nnd lransferred aftcr 18 dnys 10 1.2% agar medium (normal 

lea ves). 

• cnl ,;trification in camation (24), with the exception of one culti­
''ttr, "Ceris Royallete.'' Addition of lo-s M amino-ox,acctic-acid 
(AOA). an inhibitor of eth>·lene form:ttion lo the mediunl, decreascd 
leaf hydration and increascd chlorophyll and wax levels in liquid­
cultured plants (Table l) (l3). 

Tilc lower metabolic acti\'Íly associaled wilh pholosynthesis and 

TAOLE 1 

THE EFFECT OF CULTU !IE CONOITIOi'\ ON CHLOROPHYLL 
ANO WAX CONTENT IN CAHNATION LEAVES AFTER 4-6 

\HEKS IN CULTURE (:\FTER 13. 53. 58 Zl\', UNPUBLISHEO) 

Cult.urc a.loroph.l, ;,a,'-· 
Coro.tion ~y ... fll' m~/~ n.• 

ll.'\Sal mediumb 021 + 0.2 3.9 ± 0.6 
1/2 ~15 rniucrals 0.52 ± 0.3 8.9 ± 0.9 
J\H.' 10 mM 0.87 ± 0.9 12.·1 ± 1.1 
c.,•• 1.0 mM 0.64.!. 0.5 15.1 ± 1.2 
J\F(ar 1.2% 1.29 ± 1.4 28.6 ± 1.9 
AI3A lo- • M 0.46 ± 0.2 7. 1 ± 0.8 
AOA JO • M 1.13 ± 1.3 27.4 ± 3.) 
RH 60% 0.97±1.1 21.6 ± 1.9 

• FW = f resh weight. 
• Carna1íon apkes cuhured on MS 0.8'7c ag¡~r mcdium (NH• + 20 m~) 

('Jl .. 3 mM. RH 100tk) "ith 2.3 pM KIN llr-.d 2.7 pM :'<AA. All other 
trentmcnts are changes ntade in thc oosal medium. 

carbohydrate assimilation causes in vilro plants lo become hetero­
u-ophic. Grout a11d Donkin ( 19) studi¡_-d thc photosynthetic appara­
tus and acli,oity in cauli flower mcristem cultures. Althóugh adequatc 
as far as the electron transport systcm, the leaves had lower chloro­
ph)~l and reduced ribulose bisphO!<ph~te carboxylase acti,ily. re . 
sulting in poor carbon assimilation. 

Calcium is known to regula1c polymcrizalion of lubulin in the 
rnicrotubuli and is associaled with ,8-1 ,3-glucan synlhase aclivily 
and in promoting callosc formalion (11.21). lt is possible thal in 
addition 10 lhe effecl of Ca +T on lhc release from 1he cell walls of 
pcroxidases. enzymes lhal werc correlaled 1\ith hypotignification 
(22). ea++ availabilily caused rnicrofibril disorienlation and callose 
dcposition in the me~oph)'ll e.s wcll M in the epidcrmal and guard 
ccUs. In camation the faüure of thc gunrd cells to el ose in response 
10 ABA. was due lo a deforrned cell wall. Although lhe osmolic 
poltntial of 1he guard cells increased in response 10 ABA. indicaling 
thal lhe protoplast of 1he nonfunctional slomata responded lo lhe 
closing signal. the pore failed 10 closc (59). Thus, hypoligniJication. 
microfibril disorienlalion. and dcposition of callose inslead of ccllu· 
lose could have conuibuled 10 1issuc hyperhydration. slomalal fail­
urc, and the phenomeuon of vilrificalion. 

The Control of Shoot De1·dopment by 
Culture Condition Ma n.ipulalion 

Thc culture environm('nt. organic ;md inorganic componenls. 
growlh regulalors, and lighl and tcmperalure are the major faclors 
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3. LISTAS ASISTENClA ACTIVIDADES DE DIFUSION 



• 
• LICEO AGRICOLA "PEOPLE HELP PEOPLe·· LIST AOO MAESTRO 
• ALUMNOS 

• CURSO CUARTO AÑO MEDIO 

. R.U.T. 

~8255399 9 

. 6831 549 K 

. 6780621 K 

. 6603260 1 

. 6781277 5 

16482453 5 

. 16830594 K 

. 16344050 4 

. 6963521 8 

. 6831743 3 

. 16343780 5 

. 15496486 K 

15795445 8 

. 16344674 K 

. 16113731 e 

. 15795427 K 

. 16343024 K 

. 16614589 9 

16928439 3 

. 16671206 8 

. 16830240 1 

. 16482535 3 

. 16343319 2 

16343799 6 

. 16591265 9 

. 16344542 5 

. 15496497 5 

. 16482536 1 

. 17125240 7 

• • • • • • • • • • • • • • • • 

NI LISTA NOMBRE DEL ALUM NO 

29 PRISCÍLA.JOSEL YN AGUILA AGUILA- -

1 ADAN EUECER AGUILAR CHACON 

2 YONATHAN LUWIN AGUILAR VALOIVIA 

3 RONALD MAURICIO AL VAREZ AL VAREZ 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

28 

24 

25 

26 

27 

GUSTAVO ALEJANDRO AROS RIOS 

PAMELA DEL CARMEN BARRIA HUAIQUIN 

SUSANA NOEMI BARRIENTOS CANIU 

ROBINSON FERNANDO CARRILLO ALVAREZ 

GERALDINA ANDREA CONTRERAS MARTINEZ 

FELIPE ESTEBAN FILUN ARIAS 

XIMENA ISABEL FUENTEALBA CORONA 

MARCEL.A IVON GUTIERREZ GUTIERREZ 

JOSE MIGUEL JAUREGUI AGUILAR 

RAUL EDUARDO MALDONADO LLANCAR 

MARIA ANGELICA MARI PAN CARDE NAS 

PATRICIO HERIBERTO MARIPAN MARIPAN 

SAMUEL ENRIQUE MARTEL DELGADO 

LUIS MIGUEL MARTEL MARTINEZ 

ESTEBAN ROOOLFO MOLINA MOLINA 

OLGA MARGARITA MUÑOZ OVALLE 

CRISTOBAL ANGELLO OSANDO GUZMAN 

PAMELA EDITH OYARZO GARCIA 

ARMIN EDUARDO PROBOSTE KRAMM 

ROBERTO HERNAN REYES CALISTO 

HERTA PAMELA ROORIGUEZ VARGAS 

EVEL YN ANDREA SALDIVIA DIAZ 

MARCELA ANOREA SILVA CHAVEZ 

ROLANDO ANTONIO VILLARROEL ALMONACID 

FRANCO EL VIS ZANFARDINI SOLANO 

FECHA NCMTO. 

-· 
1811011987 

08.10211988 

16/1111987 

()4/0711985 

01/04/1988 

1210711987 

22/10/1987 

15110/1986 

3010311989 

01/0011988 

0110611988 

17/04/1986 

30104/1983 

2910611989 

20/0611986 

21/0111984 

05106/1986 

2310811986 

11/0511988 

30/1011987 

1V1011987 

1310111988 

1 1/0111986 

17109/1986 

10/07/1987 

30/03/1987 

26108/1986 

26/08/1986 

31/0711987 

PAGINA 

FECHA 

OBSERVACION 

1 
25/05/2005 

·----------
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Listado de Socio& A.G Peonlas de Chile 

Razon Social Represnante Legal Rut direccion E-Maíl telefono casi la Rutempresa 
Andres Valdivía 7.840.505-8 Longitucinal Sur Km 80 liY.i!!divla@l23mall.!:! 98858921 

Soe. Forestal Caipulh Lleta. Fernando Sommer 7.<U.25!>4 ¡;aiQ!.IIfi] C&~.~md!:! 97799447 434 79.949.800-6 

..lofge Gonzale:z 10.598.479-0 Ruta 215 Km 6 Vrvero Río T jQrge@bídT®eD!§L{11 242558.9884521 o 
~anica Sur ltda. Canos A. Guzman 7054897-6 Km 4.5 camino caipufti botao~!.!rCbOtmail c:om 20084919885711 g 760021JO..k 

Alejandro De Kartzow 7759654().1 Anabaena 235 Vina del mar a~kartzow@:dr !M1l 97996088 7759654(}.1 

Vaaldivieso y Mdlr Cristian Valdivieso 5.544.617·2 Frelre 389 oat¡¡gQQ!af@!els!.lr el 236497194007929 77.596.540-1 

Emque Middleton 5779625-1 pinto 757 -e Quillola eJJQgU!: middllliQilctll&!l!<l 32-274542198254185 

Flores de la Patagonia Pedro Ptmtic G. penciente lautaro Navarro 1 001 Pta. Ar l!!olr.e@eoleiQ]ilt llf:l 61-212981196940235 perdente 

Alicia Rosemberg 6112242-7 ~!Tll!lCibW ~ 3962100886S663 1319 81 12242-7 

Soc. Agri<:. Y Com. Centaura Ltada. Gladys Franco 4569044-k O' Higgins 555 gtrnoco@t¡:lsur.~<l 232680 77009571).2 

Carmen Fuehslocher 8475581 -8 Ruta S SurKm. 10 Wi[uh~hotmall.~ 243141.1921 00681 847558J-S 

Wi•em Bierma 10.936.241-7 Lord Cochrane 1365 ~rlsem@§uro!i!!.~l 23003009200921 r 10936241-7 

l<atia PinninghoH 12592399-2 (;;!rTQ ~ntlagudo SS;J !d!22b2!!@!els!t![,s;¡l 20949CW4435120 

Agrícola Val e Tr.~~ OcmJia H"ldalgo pendienie Camino panguipulli km 14 !:Jsorianolb~umet .s;l 98221064/ -43-e penclenle 

Soc. San Jose del carmen Uda. J ose Mar1inez 5.326.518-9 Fundo D~.nn Ruta U-22 ami1 ~· - '""""" !17007 47497W7 475 136 n .-456.840-9 

Alejandro Monteclnos 4824426-2 los Pozos 6767 Depto.71 La I!!I!ont~@vt[,net 97995207 4624426-2 

Nelson Cueto 5214761-1 Sector Flkx:o nelsoncueto@hotmai.oom 45-197 <4967194SG2621 

lvoone Erellla 8600921 -8 Bano Blanco ~DO~ ~r~illl!@bsl!lni!II.22Dl 243730 86.00921-S 

Benies Patagooía German Kompetzki 12.592.826-9 Fundo Linderos SIN berr~~92D!Al @xrlnom.!l! 264836f.2&4837 238 96.767.240-8 

Cfis.tina Kralwner 8941457-1 Isla T englo 2619 ckr.~hmstr@~umet .sol 99203850J243720 
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