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Fourth International Conference of the IUFRO Working Party 2.09.02
“Somatic Embryogenesis and Other Vegetative Propadi@n Technologies”

La Plata (Argentina) September 2016

Development and application of vegetative propagain technologies in
plantation forestry to cope with a changing climateand environment

CONFERENCE PROGRAM
September 19 — MONDAY

14:00-16:00 — Workshop “innovations and challengesegetative propagation of trees”. Faculty of
Agricultural and Forest Sciences. Public access.

16:00-18:00 — Council of Economic Sciences: Regjisin & Poster Setup

18:00-20:00 — Council of Economic Sciences: Operegeption by Hosting Authorities & Welcome
Cocktail

*hkkkkkkkkkkkkkkkkkhkkkkkkkhkkkkkkhkkkhkkhkkhkkkhkkhkkkkkkkkkk *kkkkkkkkkkkkk
September 20 — TUESDAY
8:00-8:30 — Council of Economic Sciences: Regigma& Poster Setup

8:30-9:10 — Opening Messages of the Local Orgagi@iammittee, chaired b§andra Sharry, President
of the Local Organizing Committee of the Fourthehntational Conference of the IUFRO Unit 2.09.02.

9:10-9:50 —Jean-Francois Trontin, coordinator of the IUFRO 2.09.02 Unit and Presidef the
Organizing Committee

- Presentation of the Fourth International Confeeemf the Working Party on “Development and
application of vegetative propagation technologneplantation forestry to cope with a changing @tm
and environment”

- Presentation of IUFRO and IUFRO 2.09.02 Workiagt{?

- Presentation of the day's program & Introductm®essions 1 and 2

September 19-23, 2016. La Plata, Buenos Aire, Argentina.
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Session 1: Strategies for integration of vegetatiyeropagation into breeding programs in the context
of global warming and associated stresses

ChairmanM. Raj Ahuja

9:50-10:30 —Opening Lecture: Sebastian Galarco, Forestry Direction-Ministry of Agro-industry-Buenos
Aires Province

10:30-10:50 -Luciano Marcos Roussy “Habitat enhancement: the importance of vegetgtropagation,
especially for trees, in Landscape Engineering’Rowssy LM, Sceglio PO, Vera Bahima J

10:50-11:10 -Maria Elena Aguilar Vega: “Contributions of somatic embryogenesis and othevitro
propagation techniques to the genetic improvemkmopical woody species: Coffee, Teak and Gmelina”
by Aguilar Vega ME, Ortiz Vargas JL, Kim YW, MoonkH

11:10-11:40 — Coffee Break

11.40-12:00 -Stefaan Werbrouck “In vitro Biotechnology ofMelia volkensij a high potential forestry
tree from eastern Africa”, by Werbrouck S, Magomgr®©mondi S

12:00-12:20 —Fernando Niella® “Integrating low cost vegetative propagation tEgoes with a
domestication and conservation strategy for mutfipse native species of Misiones, Argentina”, bglli
F, Rocha SP

12:20-12:40 -Miguel Pedro Guerra: “Somatic embryogenesis model systems in seldgtazilian native
trees”, by Guerra MP

12:40-13:00 Juan Schapovaloff “Operational transfer of genetic improvementdhlblly pine at Arauco
Argentina S.A.”, by Schapovaloff J

13:00-13:40 — Keynvited SpeakerOlivier Monteuuis - “Vegetatively propagating forest trees”

Session 2: Towards multivarietal/clonal forestry: avironmental factors affecting vegetative
propagation of trees

ChairwomenMarie-Anne Lelu-Walter & Tuija Aronen

13:40-14:00 -Yong-Wook Kim: “Somatic embryogenesis and mass propagatioroofbtblants irLarix
kaempferi(Japanese larch)”, by Kim YW, Kim JA, Kim TD, L&\.

14:00-15:20 — Lunch

15:20-15:40 —Marguerite Quoirin : "Somatic embryogenesis in palm tree species.cefté growth
regulators and anatomical aspects”, by Quoirin lililha JHD, Bonetti KAP, Ribeiro AZ, Amano E,
Steinmacher DA

September 19-23, 2016. La Plata, Buenos Aire, Argentina.
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15:40-16:00 4sabel Arrillaga: “Increasing resilience in forest tree specigmssible additional advantage
for somatic embryogenesis technology”, by ArrilldgMorcillo M, Cano M, Sales E, Peris JB, Segura J
Orlando L, Alborch A, Cano V, Corredoira E, MartzndT, Cernadas MJ, Montenegro R, Vieitez FJ, Nisa
M, Ramirez N, Hernandez |, Ruiz-Galea M, Gonzalebt€ro N, Celestino C, Montalban I, Alegre J,
Ballester A, Moncalean P, San-José MC, Toribio M

16:00-16:20 Katerina EliaSova “The effect of UV-B radiation on the developmafitNorway spruce
somatic embryos”, by Vondrakova Z, *ElidSova K, Gmmova L, PeSek B, Trawiiova A, Malbeck J,
Fischerova L, Vagner M, Cvikrova M

16:20-18:20 — POSTER INTRODUCTION SESSION — Introehs: Jean-Francois Trontin & Sandra
Sharry

18:20-20:00 — City Tour

kkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk kkkkkkkkkkkhkkkk

September 21 — WEDNESDAY
8:00-8:25 — Council of Economic Sciences: Postemifig
8:25-8:30 <Jean-Francois Trontin - Presentation of the day's program & Introductmsession 3

8:30-9:10 —Key Invited SpeakerMarie-Anne Lelu-Walter — “Achievements in somatic embryo
development in some conifers: what did we learn2i&lare we going?”

Session 2: Towards multivarietal/clonal forestry: avironmental factors affecting vegetative
propagation of trees (continuation)

ChairwomenMarie-Anne Lelu-Walter & Tuija Aronen
9:10-9:30 -selen Truijillo : “Somatic Embryogenesis of vitro Musaclones”, by Trujillo |

9:30-9:50 —Kanagaraj Suganthi. “In vitro propagation of mangroves for greenbeééivelopment to
mitigate climate change”, by Suganthi K, Chinnapp&) Govindaraju M, Kandasamy K

9:50-10:10 —Gustavo J. Oberschelp “The design of a species-specific basal mediaEuacalyptus
considering the mineral nutrition status of youtenptissues”, by Oberschelp J, Goncalves AN

10:10-10:30 -Maria Angeles Basiglio Cordal “First advances in somatic embryogenesi®lytolacca
tetramera an endangered shrub endemic species of the BeogifrBuenos Aires, Argentina”, by Basiglio
Cordal MA, Panarisi M, Dobler N, Sharry S

September 19-23, 2016. La Plata, Buenos Aire, Argentina.
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10:30-10:50 ~valeria Rudoy: TECNOPLANT: “FromVacciniumspp plants to blueberry extract tablets”
by Rudoy V.

10:50-11:10 —Patricia Boeri: “Somatic embryogenesis ¢frosopis alpatach by Boeri P, Barrio D,
Sharry.

11:10-11:40 — Coffee Break

Session 3: (Epi)genomics of embryo or other vegebat propagule development
Chairman:Scott Merkle; Chairwomanisabel Arrillaga

11.40-12:00 Jorge Canhota “Genes are important to understand somatic engiatyesis but someone
has to work: the proteins”, by Correia S, Canhdkd,

12:00-12:20 -€elia Miguel: “Identification of regulatory miRNA-target nodasross embryo development
in Pinus pinastet, by Rodrigues AS, Chaves |, Costa B, Lin Y-C, eg[8, Correia S, Bohn A, Miguel CM

12:20-12:40 -Sandra Correia: “Strategies for the early detection of embryogecompetent cells in
tamarillo somatic embryogenesis”, by Correia S,i@a&, Alhinho A, Augusto D, Verissimo P, Canhoto
JM

12:40-13:00 -€Conchi Sanchez"Auxin-mediated expression of a GH3 gene duridgeatitious rooting in
chestnut in relation to ontogenic state in chestrayt Vielba JM, Varas E, Rico S, Covelo P, Vidal N
Sanchez C

13:00-13:20 Nuria Gonzéalez Cabrera “Effect of culture conditions on DNA methylatiom stone pine
embryogenic lines”, by Gonzalez-Cabrero N, Guew#g de Maria N, Vélez MD, Diaz L, Toribio M,
Cervera MT, Celestino C

13:20-13:40 Bruno Navarro: “Cell-to-cell trafficking patterns of Brazilianife (Araucaria angustifolia
Bertol. Kuntze) cell lines with contrasting embreodc potential”, by Navarro BV, Elbl PM, dos Santos
ALW, de Oliveira LF, Demarco D, Buckeridge MS, FIBIS

13:40-14:00 -Anna Maria Wojcik : “Auxin-related miRNA molecules involved in thedinction of somatic
embryogenesis”, by Wéjcik AM, Gaj MD

14:00-15:20 — Lunch

September 19-23, 2016. La Plata, Buenos Aire, Argentina.
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Session 3: (Epi)genomics of embryo or other vegetat propagule development (continuation)
Chairman:Scott Merkle; Chairwomanisabel Arrillaga

15:20-16:00 <Jean-Francois Trontin: “Somatic embryogenesis as an enabling technofogyeverse
genetics: achievements and prospects for breedargime pine Pinus pinastelAit.)”, by Trontin J-F,
Avila C, Debille S, Teyssier C, Canlet F, Rueda4pp, Canales J, De la Torre F, El-Azaz J, PasByal
Caias R, Boizot N, Le Metté C, Lesage-Descauses Mi@aréa D, Carneros E, Rupps A, Hassani SB,
Zoglauer K, Arrillaga |, Mendoza-Poudereux |, CahoSegura J, Miguel C, De Vega-Bartol J, Tonelli M,
Rodrigues A, Label P, Le Provost G, Plomion C, theaSPerez D, Harvengt L, Diaz-Sala C, Canovas FM,
Lelu-Walter M-A

16:00-19:00 — POSTER SESSION

17:00-19:00 — Satellite Meeting organized by CIEEARurrent status and prospects of vegetative
propagation technologies in Argentinean Patago@atncil of Economic Sciences.

19:00-20:00 — Free Time

20:00-22:30 — Gala Dinner — Central Hall, Buildingf Presidency, La Plata University.
Argentine Asado / Tango & Salsa

kkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk kkkkkkkkkkkik

September 22 - THURSDAY
8:00-8:25 — Council of Economic Sciences: POSTERSBN
8:25-8:30 <Jean-Francois Trontin - Presentation of the day's program & Introductmi$essions 4 & 5

8:30-9:10 —Key Invited Speaker:Scott Merkle — “Integration of selection, breeding, somatic
embryogenesis and cryostorage to conserve andedlteatened North American forest trees”, by Neerk
SA, Ahn C, Tull AR, Montello PM, Dassow JE., Glaliée HJ

Session 4: Preservation and adaptation of wild angelected genetic resources to environmental and
socio-economic changes

Chairman:Jorge Canhoto

9:10-9:30 dtziar Aurora Montalban : “Pinus radiataandPinus halepensisomatic embryogenesis: Can
we modulate the success of the process provokigi@lstress at the initial stages?”, by Montalban
Garcia-Mendiguren O, Pereira C, Correia S, Canhadiboncalean P

September 19-23, 2016. La Plata, Buenos Aire, Argentina.
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9:30-9:50 Vanesa Cano Lazaro “Transformation ofQuercus subeandQuercus ilexsomatic embryos
with a gene encoding a thaumatin-like protein”,@pno V, Corredoira, Martinez T, Ballester A, Tooibi
M, San José MC

9:50-10:10 —Jodo F. Da Silva Martins “Shoot proliferation of chestnuCéstanea sativill.) and in
vitro protective effect of endophytes against Ppktbora cinnamomi”, by Martins JF, Canhoto JM

10:10-10:30 -Nelly Aggangan “Mycorrhization improved growth and survival afraatic embryogenesis
derivedKalopanax septemlobuendLiliodendron tulipiferamicroplants”, by Aggangan NS, Moon H-K,
Kim YW, SH Han S-H

10:30-10:50 Hernan Mattes Fernandez “Induction of embryogenic cultures from matureds of a
fragile population ofNothofagus obliquéNothofagaceae)”, by Mattes Fernandez H, Galva@lerra M,
Ferrada M, Dezzotti A

10:50-11:10 Patricio Rojas Vergara: “Cloning drought tolerarEucalyptus globulus the region of Bio-
Bio, Chile”, by Rojas Vergara P, Gutierrez B, MaliBrand MP, Koch L, Reyes M A

11:10-11:40 — Coffee Break

Session 5: Lessons from in vivo growth of vegeta#gvpropagules, especially in various pedoclimatic
conditions

ChairmenOlivier Monteuuis & Tsuyoshi Maruyama

11.40-12:00 Tsuyoshi Maruyama “Somatic embryogenesis and plant regeneratidajianese pines and
cypresses”, by Maruyama TE, Hosoi Y

12:00-12:20 -Saila Varis: “Somatic embryogenesis Ricea abiesusing primordial shoot explants, and
the germination of somatic embryos under differeBD light systems”, by Varis S, Lappalainen F,
Tikkinen M, Aronen T

12:20-12:40 Karl-Anders Hogberg: “Selection effects of somatic embryogenesis imidy spruce”, by
Hogberg K-A

12:40-13:00 Jens I. Find: “Results from the first full rotation of growth tlonal field trials of nordmanns
fir (Abies nordmanniang, by Find Ji

13:00-13:20 Tuija Aronen: “Field evaluation of Scots pin@inus sylvestri&.) emblings”, by Aronen T,
Harju A, Piri T, Hantula J

13:20-13:40 —Mikko Tikkinen : “Registration process of Norway spruce embryogesell lines for
commercial forest regeneration in Finland”, by Tildn M, Varis S, Aronen T

September 19-23, 2016. La Plata, Buenos Aire, Argentina.
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13:40-14:00 -Corina Graciano: “Sprout vigor of poplar cuttings from stoolbedstilized with nitrogen
or phosphorus”, by Graciano C, Rodriguez ME, Faodtil

14:00-15:20 — Lunch

Session 5: Lessons from in vivo growth of vegeta#gvpropagules, especially in various pedoclimatic
conditions (continuation)

ChairmenOlivier Monteuuis & Tsuyoshi Maruyama

15:20-15:40 -David Breton: Industrial implementation of somatic embryogegader the production of
Coffea canephorglantlets”, by Breton D, Garcia Martinez C, Ducldy De Faria Maraschin S, Navarro
LC, Broun P

15:40-16:00 —Catherine Reeves “A hybrid tissue culture protocol that combinesnier somatic
embryogenesis with organogenesis as an alternatofgagation platform for specialist applicationisy,
Reeves C, Hargreaves C, Lelu-Walter M-A, Trontis, Moncalean P, Montalban |

16:00-17:00 — IUFRO 2.09.02 BUSINESS MEETING

17:00-22:30 — Visit to: ASTRONOMY OBSERVATORY “PLARTARIO” and Cocktalil

kkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkk *kkkkk

September 23 — FRIDAY
8:00-8:25 — Council of Economic Sciences: Postemifig
8:25-8:30 <Jean-Francois Trontin - Presentation of the day's program & Introductmi$ession 6

8:30-9:10 Key Invited SpeakelCathy Hargreaves— “The development and application of coniferugss
culture and somatic embryogenesis protocols in Mealand: ThePinus radiataD. Don story”, by
Hargreaves CH

Session 6: Reducing socio-economic and environmehtasts of plantation forestry
ChairwomanCathy Hargreaves

9:10-9:30 —Pramod Gupta: “Progress on scale-up somatic embryogenesis aadufacture seed
technology of conifer species at WeyerhaeuserGbgta P

September 19-23, 2016. La Plata, Buenos Aire, Argentina.
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9:30-9:50 —Ricardo Penchel “Challenges of bioreactor for large-scale eucattpnal propagation”, by
Penchel RM, Gatti KC, Xavier A, Otoni WC, Mingo$

9:50-10:10 —Guillermo Rafael Salvatierra: “Biofabrica Misiones S.A.: biotechnology accessitbo
producers”, by Salvatierra GR, Rodriguez VM KubilkSalvatierra D, Cabral JA

10:10-10:30 -Aurélien Masson “Mass production of self-rootddevea brasiliensisndustrial clones by
tissue culture and nursery methods”, by Masson énteluuis O

10:30-11:10 Closing LectureM. Raj Ahuja — “Current status of forest tree biotechnologg ichanging
climate”, by Ahuja MR

11:10-11:40 — Coffee Break

11.40-12:20 — GENERAL DISCUSSION AND CLOSING SESSIO
12:20-14:00 — Visit to: Nursery “Charles Darwin’toRince of Buenos Aires
14:00-15:20 — Lunch - Typical Argentinean Food ke dance - Beer Taste

15:20-18:00 — Visit to The Parque Pereyra Iraokh @hildren Republic (Republica de los Nifios)
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About the Unit 2.09.02

The main objective of the IUFRO Working Party nami&bmatic Embryogenesis and other
Vegetative Propagation Technologies"” is to foster development and application of somatic
embryogenesis (SE) and other vegetative propagéticdmologies in woody plants. Research
areas of this unit include: the development anideefient of propagation systems for commercially
and ecologically important tree species; the apfibn of vegetative propagation in tree breeding
and deployment in multi-varietal forestry balancgemetic gain and diversity; the use of vegetative
propagation in genetic resource conservation, tiwtelogy, genomics, molecular biology, and
insect and disease resistance; and the study affedeldisciplines such as cryopreservation,
molecular genetics, and epigenetic effects.

Objectives of this conference

Global warming and other climatic-related biotidabiotic changes (e.g., drought, frost, disease
and pest/insect conditions) are currently centrabpcupations in most research and breeding
programs. Vegetative propagation of selected vasewill be a critical tool to maintain the
productivity in plantation forestry, balancing génegain of genetically improved varieties with
environmental and other socio-economic considaratiolhere are also strong synergies of
vegetative propagation with enabling technologigengtics, epigenetics, reverse genetics,
cryopreservation, and genomics) to cope with clicnatd environmental changes.
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Conference Topics

Somatic embryogenesis (SE) and other vegetativpagation (VP) technologies offer new
opportunities for tree breeding, vegetative deplegtnand genetic resources conservation and
restoration. It also provides indispensable toas R&D in biotechnology, genomics and
molecular biology. Important advances have beerenra@E and other VP of tree species as well
as in tree breeding in recent years. The aim &f ¢bnference is to bring vegetative propagation
specialists, tree breeders, biotechnologists, aaliistrial practitioners together to exchange
advances in scientific knowledge and technologytaqmomote collaboration among the disciples
for the sustainable management of future forests @antations. International collaboration
appeared to be of prime importance in the contékbth already active and expected long-term
climate related changes. The conference topicsidec!

1. Strategies for integration of vegetative propagatio into breeding programs in the
context of global warming and associated stresses
Adaptation & resilience of plantation forests, irapaf marker-based (gene and genome)
selection and heritable epigenetic processes aulmg practices, impact of vegetative
propagation on variety deployment.

2. Towards multivarietal/clonal forestry: environmental factors affecting vegetative
propagation of trees
Development of somatic embryogenesis and otheitiio methods from juvenile explants
or mature woody plants, production of cuttings ftgraetc.

3. (Epi)genomics of embryo or other vegetative propada development
Omics, Functional studies of transcription factansl other candidate genes, systems
biology, epigenetics, impact on protocol refinement

4. Preservation and adaptation of wild and selected getic resources to environmental
and socio-economic changes
Cryopreservation, embryo rescue, rejuvenation teldgnes, manipulation of
biotic/abiotic resistance traits (including genetansformation or other genome editing
tools), maker-assisted management of clonal matdsr@eding” with endophytes and
mycorrhizas.

5. Lessons from in vivo growth of vegetative propaguke especially in various
pedoclimatic conditions
From lab to effective variety deployment, field exaion of clones/varieties.

6. Reducing socio-economic and environmental costs plantation forestry Automation,
simulation tools for optimization of labor and c®sartificial seeds, addressing public
concerns on forest biotechnologies.
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Description of La Plata, the City of Diagonals

La Plata was born in 1882 as the capital of thevipce of Buenos Aires,
Argentina. Governor Dardo Rocha officially founded it on 18Wémber of 1882. That day, the
foundation stone was placed at the geographicateeehLa Plata: the Moreno Square.

La Plata was planned from the political and avaatlg urban conception: the Hygienist
Movement. The city was a perfect exponent of tleasd La Plata is famous for its system of green
public spaces and its diagonal avenues. The sgaaeeglaced every six blocks and they were
connected along the pavements with tree linedhesaalker will always keep in touch with nature.

La Plata has many touristic attractions. The Ghtias situated in front of Moreno Square and it
has a New Gothic style with 37 French and Germareatix. The very well-known Natural
Sciences Museum is considered the fifth in impaam the whole world. The beautiful and
picturesque "Republica de los Nifios" (Children'gitic) which is the biggest place for children
in South America, and the amazing Astronomic Oletery. The Observatory was one of the first
inhabitants of the City Park and it was create@atober 1882.

Another important scientific institution is theréstry Station “Pereyra Iraola Park”. It belongs to
Ministry of Agriculture Affairs, being premise di¢ FDD (Forestry Development Directorate) and
is coordinated by the Department of Community FRoyeServices. In these place we can found
different working areas like production of propagat material (Eucalyptus, Salicaceae,
ornamentals and urban trees); applied experimentaévents, courses, commercialization and
donations.

In addition to tourist conditions, La Plata is ailgrsity city, which contains among other careers
The Agricultural and Forestry Engineering, whichivdmsity form part of the venue of the
IUFRO's meeting. The University of La Plata waskehin January of 2016 by the Cibermetry
Laboratory which belongs to the Higher Council 8mientific Research of Spain, it is located in
the position 489 of the world (over 25,000 registeinstitutions), 14 in Latin America (over 3,735
registered) and 2nd in Argentina (over 116 regester
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Welcome Message

Welcome to "La Plata 2016", the Fourth International Conference of the ITUFRO 2.09.02 Unit: Somatic
Embryogenesis (SE) and other Vegetative Propagation (VP) technologies!

The main goal of this IUFRO Working Party launched by Yill-Sung Park in 2008 is to foster the
development and applications of SE and other VP (bio)technologies in both coniferous and hardwood
tree species and more generally woody plants. Practical outcomes are highly expected for
conservation, breeding/selection and efficient, cost-effective deployment of resilient, productive
varieties in multi-varietal or even clonal plantation forestry. We strongly believe that our Working
Party offers excellent opportunities to share experience and network with colleagues around the
world. We have now over 700 members from 65 countries in our TUFRO 2.09.02 mailing list. One
striking illustration of the growing collaborative IUFRO 2.09.02 network was the publication this year
by the National Institute of Forest Science (NIFoS, Republic of Korea) of a reference book on
Vegetative Propagation of Trees edited by Yill-Sung Park & Jan Bonga (Canadian Forest Service) as
well as Heung-Kyu Moon (NIFoS). Thanks again to Yill-Sung, Jan and Heung-Kyu for such a productive
initiativel

After three successful conferences in Republic of Korea (Suwon 2010, inaugural meeting organized
by Heung-Kyu Moon), Czech Republic (Brno 2012 organized by Jana Krajidkova) and Spain (Vitoria-
Gasteiz 2014 organized by Paloma Moncaledn), we are particularly pleased that we have this TUFRO
2.09.02 conference for the first time in South America where there is so much interest, from
scientists to industrial practitioners, for tree multiplication and plantation forestry. With such a
diversity of tree species growing in this world part, the Latin America scientific community has much
to share in this IUFRO Unit as reflected by our scientific program!

This year's meeting is organized by Sandra Sharry in La Plata, the capital city of the Province of
Buenos Aires (Argentina). La Plata is a model example for modern urban planning during the XIX
century. Remarkably, La Plata is encouraging children to vigorously debate the inner workings of a
democratic society as illustrated by the Children's Republic, a proportionally-sized children's theme
park that represents the entire workings of a democratic city. The city is also close to Pereyra Iraola
Park, a remarkable site with the highest biodiversity in the Province of Buenos Aires and declared as
"Biosphere Reserve" in 2008 by UNESCO. Thank you very much Sandra, and enjoy your stay in La
Plata, Argentinal

The conference is co-hosted and funded by the Faculty of Agriculture and Forestry Sciences (FCAyF,
Facultad de Ciencias Agrarias y Forestales) of the National University of La Plata (UNLP, Universidad
Nacional de La Plata, Argentina), the Center for Forest Research and Extension Andean Patagonian
(CIEFAP, Centro de Investigacién y Extensién Forestal Andino Patagdnico, Argentina) and, for the
third time, by the NIFoS, Korea Forest Service (Republic of Korea). The Ministry of Science,
Technology and Productive Innovation (MINCyT, Ministerio de Ciencia, Tecnologia e Innovacién
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Productiva, Argentina) and UNLP provided funding support to this conference and we have also various
other sponsors providing helpful support. We are so fortunate that we have again such strong
supporters of our IUFRO 2.09.02 activities!

The selected theme for La Plata 2016 is "Development and application of vegetative propagation
technologies in plantation forestry to cope with a changing climate and environment”. Global warming
and other climatic-related biotic and abiotic changes are indeed central preoccupations in current
research and breeding programs. VP of selected varieties are expected o be a critical ool Yo maintain
the productivity in plantation forestry, balancing genetic gain of genetically improved varieties with
environmental and other socio-economic considerations. Also one significant conclusion from our last
meeting (Vitoria 2014) was that multivarietal/clonal forestry “revival” is highly expected in
conjunction with ongoing development of genome-wide approaches for selecting individual trees.
Similarly, there are strong synergies of VP, especially SE, with enabling technologies (e.g.
cryopreservation, reverse genetics, genome editing ...) for efficient preservation and adaptation of
wild and selected genetic resources. So an important aim of this conference is to discuss the latest
advances in scientific knowledge and technology from a growing number of species towards
implementation of VP into breeding/conservation programs for increased resilience of forests and
tree plantations. As usual, we have a collection of interconnected expertise in this conference from
lab developments (tissue culture, physiology, molecular aspects ...) to effective implementation in tree
breeding and variety deployment. We also believe that a good balance of scientific program and
attractive social activities was achieved. So we wish you a productive conference and happy
networking!

On behalf of the Organizing Committee, I would like to thank all the contributors to La Plata 2016.

My special thanks first go to Dr. Sandra Sharry, the Dean of FCAyF-UNLP, Lic. Rall Anibal Perdomo,
President of UNLP, Dr. José Daniel Lencinas, Director of the CIEFAP, and Dr. Nam Sung Hyun,
Director General of NIFoS for graciously agreeing to co-host and financially support this conference.
We are also particularly grateful to Minister Dr. Lino Barafiao and Dr. Alejandro Mentaberry from
MINCyT for providing direct funding support, and to Minister Ing. Leonardo Sarquis (Ministry of
Agroindustry, Province of Buenos Aires) for providing organizational support.

Many thanks also to all our sponsors and supporters for their help in organizing the conference and
to Dr. Michael Kleine in charge of the IUFRO-SPDC’s Scientist Assistance Program who provided full
support o one young scientist from an economically disadvantaged country o attend the conference.
Without this collective effort, having this conference at these particularly hard economic times would
simply not be possible.

Young scientists are a priority for our Unit and La Plata 2016 was the opportunity to organize our
Second Biennial Student’s Scientific Competition. On behalf of the Evaluation Committee chaired by
Dr. Mariano Toribio, T would like to thank again the winner, Jodo Filipe da Silva Martins (Portugal),
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and all 5 excellent runners-up, Giovanna Campos Mamede Weiss de Carvalho (Brazil), Evelyn Raquel
Duarte (Argentina), Taiane Pires de Freitas de Oliveira (Brazil), Kanagaraj Suganthi (India) and Anna

Maria Wdjcik (Poland) for contributing to the scientific program. All our encouragements and success
in your respective project!

Of course I would like to express my warm thanks to the Local Organizing Committee, particularly
Sandra who worked tirelessly for the conference (especially research of subsidies) despite her new
responsibilities (April 2016) as Dean of the FCAyF-UNLP and a particularly difficult economic context
in Argentina. I'm also most grateful to Ms. Maite Romero Alves and Ing. Claudia Kebat (FCAyF-UNLP),
Ing. Sebastidn Galarco (Ministerio de Agroindustria, Buenos Aires), and Ms. Elina Moreno (El Nuevo
Agro) who all looked conscientiously after the local arrangements. The organization of La Plata 2016
was a challenging project! Thanks Maite, Elina, Claudia and Sebastian!

Finally, as new Coordinator in charge of the Unit since 2015, T would like to take this opportunity to
warmly thank all my colleagues and friends of the Conference Organizing Committee (Sandra, Paloma,
Jana, Heung-Kyu, Mariano and Yill-Sung). They provided kind and essential collaborative support based
on their strong respective experience to meet this new challenge. In particular, the devotion of Drs.
Mariano Toribio (IMIDRA, Spain) and Heung-Kyu Moon (NIFoS, Republic of Korea) to this Working
Party as Deputy Coordinators since 2008 was again critical for the successful organization of La Plata.
Thank you so much Mariano and Heung-Kyul

This conference is also an important milestone for the coordination of this Unit with the retirement
period starting for Yill-Sung, Mariano and Heung-Kyu. They can look back on their endeavours with
pride! T have now the feeling to carry some kind of heritage and I'm most certainly committed to
ensure some continuity with all the goodwill of the members of our ITUFRO 2.09.02 Unit and also the
resources provided by FCBA.

Here we are in La Plata with 114 attendees and 99 communications in our program and everything in
good order to have a successful and productive conference! I'm however so sorry that Yill-Sung,
Mariano, Heung-Kyu, and Paloma could not attend the conference this time for some personal reasons.
You have all the kind consideration of our Unit and of course we would like very much to see you during
our next conference as special guests!

"iUna vez mds, bienvenidos todos, y disfruten de esta nueva conferencia de la unidad de TUFRO sobre
embriogénesis somdtica y otras tecnologias de propagacién vegetatival”

Jean-Fran¢ois Trontin

Coordinator, IUFRO 2.09.02 Unit
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KEY INVITED SPEAKER, OPENING LECTURE

Status of forest resources in Argentina

Galarco, Sebastian

Director of Development of the Delta Region, fesestd forestry
Ministry of Agroindustry- Province of Buenos Aires
Calle 51 esq. 12 — Torre | -5° piso (B1900AWQ) Plata (Argentinajsgalarco@maa.gba.gov.ar
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KEY INVITED SPEAKER

Vegetatively propagating forest trees

Monteuuis, Olivier

CIRAD, BIOS Department, UMR AGAP.
TA A-108/03, Avenue Agropolis, 34398 Montpellied€e5, Franceolivier.monteuuis@cirad.fr

By contrast with propagation by seeds in which eadividual is genetically different from the other
asexual or vegetative propagation consists in datifig, theoretically unlimitedly, genotypes while
preserving through mitotic divisions their origingénetic make-up, and consequently every of their
individual characteristics. This is essential tswe the transfer of traits which are under noritagd
control, especially those that have a great ecomémpact. Moreover, vegetative propagation can be
applied to any individual that does not producdiléeseeds, either because it has not entered &teren
stage yet, or due to unfavorable environmental itiomg. Its usefulness is obvious for research el as

for operational activities, depending on the ultienabjectives and on the most suitable strategieseet

the goals. Species characteristics and cost effigpieneed also to be taken into account.vitro
micropropagation in axenic culture conditions can distinguished from more conventional nursery
techniques for vegetatively propagating forest gpecies. The respective pros and cons of these two
options, which can synergically complement eaclemtare considered, producing with the shortestydel
and at the cheapest cost the needed quantity obuag quality planting stock remaining the priority

Keywords Forest Tree specieB) vitro methods, Mass production, Nursery techniques,tif@stock, Vegetative
propagation.
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Habitat enhancement: the importance of vegetativerppagation, especially for trees, in
Landscape Engineering

Roussy, Luciano Marcos; Sceglio, P.O.; Vera Bahiina,

Landscape Engineering Promotional Research and Dpugent Unit (UPID-IP), School of Agricultural and
Forestry Sciences, National University of La Pl&@st with 119st, La Plata, Argentind)cianoroussy@gmail.com

Landscape is a polysemous concept and thereforaditiple definitions. We adopt the definition posged

by the Landscape European Convention 2000: "lap#sés an area, as perceived by people, whose
character is the result of the action and inteoactif natural and/or human factors". There areettuare
concepts in this simple definition: territory, pdgtion and interaction. Landscape and landscapggrd
problems arising from urban sprawling, productioetinods, environmental degradation, climate change
and habitat loss as new challenges to be takelm tipis line, urban vegetation management -regasdea
green infrastructure- can offer solutions. Bené®815) recently stated that vegetation managenaaeisf
challenges such as the outfitting of obsolete udyaas, linear parks and greenways, the urbaniggeén
buildings, streets, squares), the restoration vifemmentally degraded areas through phytoremextiadr
bioremediation, the great urban forests as aregasafbon sequestration, the social landscapingcatiuwre

of integration, and indoor vegetation for polluticeduction and aesthetic enhancement of close space
Another emerging issue is the need to combine mtamtuand healthy environment in green industitaks

and intensive and extensive food and flower prddodh periurban and rural areas.

A green infrastructure project that is capablengflementing such proposals is calling for a broacept

of vegetation that includes the successful usdasftep on the basis of different plant functiongley for
individual situations. It bears no relation to thmamental function of plants in the urban spaoce. |
landscaping, from the first plant exchanges betwesanical gardens until today, vegetative progagat
of specific varieties or biotypes has been deteethiny an aesthetic approach. Consequently, species
varieties selected for their flowering (abundanue eolor), fruiting (absence or color), size ("nanawarf"
varieties), shape and foliage color could be inetudn -mainly residential- landscaping following
propagation at macro- or micro-scale. In landsag@pgiimate change and associated biotic or abiotic
stresses will imply to reconsider the purposesaditional propagation practices. In this regaaine of
the challenges for the propagation of tree spetidsselected varieties are resistance to tempfhoaging
and temporary drought, fast growing and easy imptaom, as well as successful propagation of [dogh
genotypes -which have not been explored yet- frdegaate species for stabilizing slopes and watdsshe
and restoring soils. Vegetation management progatsid include “social landscaping” based on papul
propagation methods.

Considering that multiplying proper habitats foropke in megacities is a key issue, especially thinou
vegetation management, vegetative propagationedteel species and varieties may play a signifioalat
in landscaping engineering.

Keywords Landscaping, Urban planning, Landscape architecturban vegetation, Green infrastructure.
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Contributions of somatic embryogenesis and othein vitro propagation techniques to the
genetic improvement of tropical woody species: Cafk, Teak and Gmelina

'Aguilar Vega, Maria ElendQrtiz Vargas, Juan LuidKim, YongWook;2Moon, HeungKyu

1Centro Agronémico Tropical de Investigacion y Ermsera (CATIE),
Cartago, Turrialba, 30501, (Costa Ricaguilarm@catie.ac.cr
°National Institute of Forest Science (NIF0S), 39eédng-ro, Gwonseon-gu,
Suwon 16631, Republic of Korea.

Somatic embryogenesis is a technique that hasussehin Central America for the multiplication@dffea
arabica F1 hybrids since its creation. The coffee breegiraggram for Central America - PROMECAFE
(1992- 2006) — was implemented with the particimatof CATIE, CIRAD and the coffee institutes in the
region. Of the 98 hybrids obtained, three were mauended that met the objectives of the selection
satisfactorily, i.e. new varieties are more vigar than the traditional ones with higher value iodurctivity,
precocity, tolerance to leaf rust and cup qualyhough somatic embryogenesis is the ideal teakanigr

the multiplication of these materials; the prodssatensive and of long duration, so the finaltques plant

is very high in comparison with the plants obtaifiein seeds. These factors and others have lintited
transfer of these hybrids to the producers who needénew their plantations. To facilitate this qess,
CATIE established a two-stage multiplication stggtel- The regeneration of juvenile mother plangs b
somatic embryogenesis; and 2- The establishmentoofal gardens in the greenhouse for horticultural
multiplication. This innovation allows the rapid hiplication of the hybrids and reduces the costglant
produced in the greenhouse. Starting in 2017, tienee with a horticultural company specializing i
commercial scale vegetative propagation, will eadle multiplication of hybrids and the transfeptzints

to producers at lower cost than if the plants cdimectly from the laboratory.

The silviculture of exotic, rapid growth specieslas teak and Gmelina has gained recognition tim La
America for good yields in commercial plantatiopgyducing high-value timber for international maske
Although these species are easily propagated wsioigd cuttings, it is increasingly more common for
forestry companies to request technical serviaaa faboratories for rapid multiplication, diseakmasing

or reinvigoration of their mother plants. CATIE, dollaboration with the National Institute of Fdres
Science (NIFoS) of the Republic of Korea, is wogkion improving the micro-propagation protocols for
these species and promoting the use of high-quellityal material in the region. The excellent itroi
response of teak has allowed some companies tomelye laboratory for production of mother plaintsn
superior clone and subsequent use in the estaldighof clonal gardens for shoot production. Tharsfo
these in vitro techniques constitute a supporttmalonal silviculture programs.

Keywords Somatic embryogenesis, Coffee hybrids, MicroprofiagaForest species.
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In vitro Biotechnology ofMelia volkensii, a high potential forestry tree from eastern Afria

"Werbrouck, StefaartMagomere, Titus3Omondi, Stephen

IUniversity Ghent, Belgium, Fac. Bioscience EngimegrDept. Applied Bioscience, Valentin Vaerwyckdeg000
Ghent, BelgiumStefaan.werbrouck@ugent.be
2University of Nairobi, Kenya, Fac.of Agriculturegpt. Plant Science and Crop Protection, Plant biegd
Biotechnology. P.O. Box 29053-00625, Nairobi, Kenya
3Kenya Forestry Research Institute, PO Box 20412002airobi, Kenya

Melia volkensiibelongs to the Meliaceae and is able to grow ini-sgid lands, yet producing high quality
mahogany-like timber within 15-20 years. It is &y kadigenous species for reforestation of Kenya, in
regions highly affected by climate change. Theisexdble to grow in homogeneous stands and is chioigpa
with agroforestry systems. It is highly valued bymhers and timber merchants for its ready salas\vad
high quality termite resistant timber. Notably fothis reason, natural populations of
M. volkensiihave been drastically reduced, and top qualitgispens are becoming exceedingly hard to
find. Seedling propagation is hampered as thel&agieds are difficult to extract from their extedyrhard
nut. In vitro cloning of a set of elite trees vdllow reforestation on a bigger scale than is nealized with
seedlings. An overview is giving of the in vitroobechnology of this tree, from micropropagationhwit
promising new cytokinins and somatic embryogenesgenetic transformation. Also the bottle-necles ar
treated, such as rooting and acclimatization.

Keywords Melia, Reforestation, Mahogany, Vitro
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Integrating low cost vegetative propagation techniges with a domestication and
conservation strategy for multipurpose native spees of Misiones, Argentina.

Niella, F.; Rocha, S.P.

Researcher and Professor, Facultad de Ciencias $tates (FCF) -Universidad Nacional de Misior{€NaM),
Bertoni 124, Eldorado-Misionedgernandoniella@gmail.com

The Atlantic Forest oBelva Paranaenseepresent the most biodiverse regions of Argentaurrently
covering an area of 1,183,791 hectares. HowevieGtsee logging of native timber species, the adeaof
the agricultural frontier and the overexploitatiohnatural resources have led to the degradatiatmeof
remaining forest, with the consequent loss of genatriability. A direct consequence is the conédu
underutilization of the genetic potential of plapecies and seeds are every day more scarce &odldif
to harvest. Representative of this situation aegde¢fume species treeRsltophorum dubiurfcafafistola),
Enterolobium contortosiliquurfiTimbé), and native fruit trees likeugenia involucratgCerella or native
cerezo)Acca sellowiandnative Guayabo) ariRheedia brasiliensi@Pacuri), all of them have been selected
for our studies. The aim of our research was tiite and increase the availability of plantingterial
and clonally multiply select genetic material, nmakiaccessible the genetic gain for local producard,
nurseries.

To achieve this goal, we have carried out a prdjeastablish a network of trees and seed aretigin
province of Misiones, and initiated the study af tpenetic structure of two native speciesl{ophorum
dubium (cafiafistola),Enterolobium contortosiliquunfTimbd)), as well as the development of clonal
propagation techniques. So far, we have obtainednficrosatellite markers fételtophorum dubiugrand
eight forEnterolobium contortosiliguupand started a short-term provenance and progasgsfor both
species, to assess the genetic diversity and toilote to its conservation and sustainable managém

We have also proposed to develop, a methodologinfeitro andex vitro propagation. For thi vitro
studies, different sources of explant, nutrient imeHormones, culture conditions and acclimatiomewe
studied. Forex vitro propagation, a mini-stumps/mini-cuttings methodglavas addressed. Different
container sizes, fertilization and the use of shyuiroponics systems, and growing environments, were
studied for ministumps management. For rooting dhicattings, different inductive treatments
(ministumps pre-treatments, application form angiraiwoncentrations) were considered. Through this
study, it was generated: 1) amvitro germination and establishment protocols for tleppsed species, 2)
an axillary multiplication methodology fd&eltophorum dubium, Enterolobium contortosiliquingenia
involucrataandAcca sellowianaand 3) induction of organogenic and embryogasgue from explants of
Peltophorum dubiunand Enterolobium contortosiliquumOn the other hand, a ministumps operational
management and rooting of minicuttings protocotdfeltophorum dubium, Eugenia involucratadAcca
sellowianawere developed.

Keywords Multipurpose species, Micropropagation, Macroaggtion.
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Somatic embryogenesis model systems in selected Blian native trees

Guerra, Miguel Pedro

Graduate Program in Plant Genetic Resources, Feldgnaversity of Santa Catarina, Floriandpolis, SBrazil.
Admar Gonzaga Road, 1346, ZC 88.034-00ihuel.guerra@ufsc.br

Brazil is the richest biodiversity country in thesld, and member of the group comprising 17 megadi/
countries. The megadiverse countries are a gronptadns that contains more than 70% of the eahio's
diversity, identified in 1998 by Conservation Imtational (Cl), to promote the awareness for biodiig
conservation among the world nations. Biotechn@sgiomprise several appropriate tools in order to
characterize, to manage and to use the plant geestiurces (PGR) components of the biodiversityoAg

the biotechnologies somatic embryogenesis (SB)eptocess by which somatic cells dedifferentiate t
form embryos by reorganizing their epigenetic aioghemical configuration, and re-entering the cetlle

to create specialized tissues in morphological ssteimilar to zygotic embryogenesis. This vitro
regenerative route arises from a single totipatentatic cell that has differentiated into an embiyatate.
Additionally, it comprises a high performanae vitro regenerative system for both the mass clonal
propagation of elite genotypes and/or the massagation of endangered plant germplasm. At the
Laboratory of Developmental Physiology and Genetfthe Graduate Program in Plant Genetic Resources
Federal University of Santa Catarina, South Brawd,have focused our efforts in the study of basid
applied aspects of somatic embryogenesis in natdaly species representing different taxonomic gsou
Araucaria angustifolia (Bert.) O. Ktze. (Araucariaceaeodocarpu slambertiiKlotzsch ex Endl
(Podocarpaceaelcca sellowiangdO. Berg) Burret (Myrtaceaegactris gasipae&unth (Arecaceae), and
Bambusoideae. Our approach to SE seeks to comiibtie better understanding of plant cell togpaoy,

as well as to address its application in captugegetic gains from elite genotypes, and consenvatio
programs of endangered species.

Keywords Brazilian trees, Somatic embryogenesis, Susténate, Conservation.
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Operational transfer of genetic improvement in lobblly pine at Arauco Argentina S.A.

'Schapovaloff, JuafRaute, German

YIng. Ftal.;?Ing. Agr. ARAUCO Argentina. Gdor. Valentin Verga@8, Piso 3 (B1638AEC) Vicente Lopez
Buenos Aires, Argentingschapovaloff@araucoargentina.com

Significant advances in genetic improvement prografpines have been made in recent decades. Some
key issues in loblolly pin€Rinus taedd..) are controlled pollination techniques and clonihgenotypes

from elite families through somatic embryogene®ise major current challenge at Arauco Argentina S.A
(in the province of Misiones) is the developmentirofovative technologies to make easier and more
efficient the transfer of genetic gains to commedrforest plantations. The management of motheasiom
plants in gardens hedges for production of rootetiings, turn out to be a key technology for thedurction

of improved varieties. In this presentation we véfbort on the efficiency at various steps durlg process

and discuss the actual operating profit in forebtrginess.

Keywords Pinus taedaCuttings, Improvement.
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KEY INVITED SPEAKER

Achievements in somatic embryo development in sonoenifers:
what did we learn? Where are we going?

! elu-Walter, Marie-AnnetMorel, Alexandre?von Aderkas, PatrickTrontin, Jean-Francois;
“EliasSova, Kat#ina; °Corbineau, FrancoiséAder, Kevin;'Boizot, Nathalie}Charpentier, Jean-Paul;
!Le Metté, Claire®vagner, MartinfLabel, Philippe}Teyssier, Caroline

INRA, UR 0588 Unité Amélioration, Génétique et Rilggie Forestiéres, 2163 Avenue de la Pomme de®h
4001, Ardon, F-45075 OrléansCedex 2, Framoarie-anne.lelu-walter@inra.fr
2Centre for Forest Biology, Dpt. Biology, UniversitfVictoria, 3800 Finnerty Rd., Victoria BC, V8W®S Canada
SFCBA, Pdle Biotechnologie et Sylviculture Avandegjipe Génétique et Biotechnologie, Campus Forés-8e
Pierroton, 71 route d’Arcachon, F-33610 Cestas, iaa
4Institute of Experimental Botany ASCR, Rozvojo\& P8aha 6-Lysolaje 165 02, Czech Republic
5Sorbonne Universités, Université Pierre et Marigri€Paris 6, UMR 7622 NRS-UPMC, Biologie des serasnc
Boite Courrier 24, Bat. C, 2eme étage, 4 placeidus$-75005, Paris, France
SINRA-Université Blaise Pascal, UMR_A 547 PIAF, C&zeaux, 24 Avenue des Landais,
63177 Aubiére cedex, France

Attempts to scale up somatic embryogenesis has temmonstrated in both broadleaved and conifers
species (Lelu-Walter et al. 2013, Klimaszewskal.e2@16). In recent years, many researches focased
somatic embryos development, namely maturatiomnaortant step for subsequently producing vigorous
somatic trees. Somatic embryo maturation is a cemplocess triggered by many parameters such as
environmental conditions that are also dependintherspecies. Optimized conditions resulted inveop

of cotyledonary somatic embryos that are morphotbi similar to the zygotic counterpart. The omim
duration of maturation has hitherto been determimaghly on the basis of these morphological feaure
and the ability of somatic embryos to germinate@mert into plantlets. However, this empiricabegach
does not provide any accurate information aboutintrinsic quality of harvested cotyledonary somati
embryos as demonstrated by physiological, biocha&lraitd molecular analyses (Morel et al. 2014a, B014
von Aderkas et al. 2015). Referring to differenhiéer model systems (larch, pine) we will presdré t
achievements and some lessons that could be fearfatther refinement of cotyledonary somatic epabr
development.

Keywords Somatic embryo, Maturation, Quality, Zygotic erytr
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Somatic embryogenesis and mass propagation of cldn@ants in Larix kaempferi
(Japanese larch)

Kim, Yong W.; Kim, Ji A.; Kim, Tae D.; Lee, Na N

National Institute of Forest Science, Biotechnol@jyision, 39 Onjeong Ro, 16631, Suwon, Republiarga.
bravekim@korea.kr

For successful embryogenic tissue initiation, immatzygotic embryos at different developmental esag
were compared with their collection dates of seklist of the embryogenic tissue induced from thgonig
embryos that were at the stages ranging from let@vage polyembryony to the early proembryo, not
globular or precotyledonary. As for the most oplis@matic embryo maturation, the advanced treatsnent
were invented that consisted of /@@ abscisic acid (ABA), 0.15 M maltose, 7.5% Polyé¢im glycol (PEG)
MW 8,000 and 0.8% gellan gum. The germination ratese high (68-71%) when germinated with the
concentrations of 0.2 or 0.3% gellan gum. The geamis were transplanted directly to Larch soils
(NongKyeong, Korea), however, they were survivethwinly 30% rate after 4 weeks. On the other hand,
the survival rate was sharply increased to 95% anerwhen using Peat-plug (ihort, USA).

Keywords Acclimatization, Conversion rate, Peat-plug, S&umation
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Somatic embryogenesis in palm tree species: effaftgrowth regulators and
anatomical aspects

Quoirin, M.; Padilha, J.H.D.; Bonetti, K.A.P.; Ribe, A.Z.;: Amano E.; Steinmacher, D.A.

Department of Botany, Sector of Biological ScienEesleral University of Parana,
C.P. 19051, CEP 81531-980 - Curitiba - PR (Brazitguoirin@ufpr.br

Somatic embryogenesis of three species of palns twees studied. Two of these speci@srocomia
aculeataand the hybricElaeis guineensis Elaeis oleifera(oil palm), have their fruits and seeds used in
Brazil for oil production. The last ond3actris gasipaeqpeach palm), is cultivated for heart palm
production. The different stages of somatic embeymgis from thin cell layers and/or zygotic embryos
were compared in the three plants and the effegrmfith regulators; putrescine and explant origasw
studied during these stages. The anatomy of leafviesvitro culturedB. gasipaegplants was compared
with that of plants obtained from zygotic embrya&l drom ex vitro plants, in order to understand some
abnormalities of plants derived from somatic embrgiad improve final stages of somatic embryogenesis
and acclimatization. The leaf cuticle, mesophytlil @ascular tissues were characterized and roobayat
studied in plantlets from various origins.

Keywords Acrocomia aculeataArecaceaeBactris gasipaes, Elaetsybrid, Histology
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P. radiata and P. halepensis somatic embryogenesis: can we modulate the succe$she
process provoking abiotic stress at the initial siges?

Montalban, I.A.,'Garcia-Mendiguren O'?Pereira C.?Correia S.?Canhoto J.**Moncalean P.

INEIKER-TECNALIA.Apdo.46. 01080 Vitoria-Gasteiz.iBptCorresponding authorpmoncalean@neiker.net
2Centre for Functional Ecology, University of CoirabB000-456 Coimbra, Portugal

Somatic embryogenesis brings great advantagespatidations to biotechnology, presenting a largalesc
propagation system for “elite” clones with highuttiplication potential. The development of somatidis

to somatic plantlets comprises three stages: ifmuctf embryonal masses, maturation of embryogenic
tissues and conversion into somatic plants. Dutiedast years we have focused on the study offfeet

of environmental conditions in the abovementionkdses in two different specidiinus radiata(Garcia-
Mendiguren et al. 2016) ainus halepensi@Pereira et al. 2016). Radiata pine has a comaigrotential
worldwide and it has become one of the most wiginted exotic pine species in rainfall environrsesft
the Southern hemisphere (Yan et al. 2006). On tther thand, Aleppo pine is of a great importancetdue
its adaptability to dry, calcareous and poor sdildight of predictions of global warming, ther® some
interest about the physiological ability Bf halepensito persevere in large afforestation in the future
(Oliveras et al. 2003; Maestre and Cortina 2004)this respect, in the future climate change séentre
survival is still considered as one of the maintlboeck processes for forest productivity. In orter
increase the productivity dfinus species and their quality, our main objective basn the study of the
effect of abiotic stress, changing temperaturevaatr availability, in the SE success as well asawy
out an approach about proteins and phytohormowedvied in this process. It was found that tempeeatu
and water availability applied during the initiatior maturation stage influence the rate of intiatand
the number of embryos produced in both speciesestuathough the effect is higher in radiata pifiee
global objective of our project is the developmehsomatic plants with different adaptability toiatic
stress situations taking into account the epigersdtanges suffered by tissues along the embryoigenes
process (Mahdavi-Darvari et al. 2014). To this eespwe have found different physiological paramsete
associated to the somatic plants characteristitteeatnd of embryogenic process.

Keywords Aleppo pine, Embryonal masses, Radiata pine, Sorambryos.
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The effect of UV-B radiation on the development oNorway spruce somatic embryos

Vondrakova, Z.; EliaSova, K.; Gemperlova, L.; Pe&&k Travnékova, A.; Malbeck, J.; Fischerova, L.;
Véagner, M.; Cvikrova, M.

Institute of Experimental Botany, Czech Acadenf§ocaénces, Rozvojova 263, Prague 6, 16502, CzealbRep
eliasova@ueb.cas.cz

Norway spruceFicea abieqL.) Karst.) - native European conifer is widehated both in the cool and
the temperate regions and represents one of theeically most important coniferous species within
Europe. Due to its adaptability it has been intasdlaround the world. Various environmental condii
bring about a wide range of abiotic stresses tfiattathe growth and the development of the plamis
create their morphology. We focused our investiyato the effect of various doses of the UV-B iratidn

on spruce somatic embryos (SE). The effects weakiated biochemically and morphologically.

We have used a model system of Norway spruce somabryogenesis to follow the stress effect on SE
in desiccation, when embryos mature biochemicalhe adequate stress induced by the cultivationoaith
any medium during desiccation is the prerequisiteafsubsequent successful germination of SE. Tdst m
general plant response to UV-B radiation is thevation of polyamine and flavonoid biosyntheticlpagays

as polyphenolic compounds and polyamines possessddical scavenging properties that can improge t
plant stress tolerance. We examined the kineticthefpolyamines and the enzymes involved in the
polyamine biosynthesis. Content of phenolic acidas wassessed; polyphenolics were localized
histochemically. The level of malondialdehyde (MDAglicated the extent of lipid peroxidation. We fiou
the changes in polyamine content and in ratio betwgutrescine, spermidine and spermine induced by
irradiation by high UV-B doses. The detected inseeaf MDA content points to an increase in oxidativ
stress.

HPLC - MS analyses revealed the presence of eighhgic acids in extracts of SE: two cinnamic acid
derivatives - p-coumaric and ferulic acids and six benzoic acidivdéves - p-hydroxybenzoic,
protocatechuic, vanillic, gallic, salicylic and siti acid. Total content of phenolic acids in iregdd
embryos increased by about 25% relative to confited effect of irradiation was most clearly martiéels

in the accumulation of glycosides of benzoic a@dwdtives. Polyphenolics accumulated in the epitter
and idioblasts of cotyledons and hypocotyls andeilts of the root cap of irradiated SE, contranthe
control SE, where polyphenolics occurred only ifiscef the root cap. These findings, together with
increased autofluorescence of flavonoids in thelepial layer of irradiated SE, detected under amaifo
microscope, represent avoidance mechanisms impdotaprotecting embryo tissue against UV-B.

Keywords Norway spruce, Somatic embryogenesis, Abiotiessty Phytohormones, Polyamines, Polyphenolic
compounds
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Somatic embryogenesis ah vitro Musa clones

Trujillo, Iselen
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Banana is a major crop in Venezuela as well asost tnopical countries, due to its high contentitdémins
and minerals. Due to the high demand for healtlantgl and for genetically improved materials with
resistance to diseases, biotechnology is a uskérhative to produce these plants. The objectivthe
present work is to induce somatic embryogenesigptart regeneration from apical shoot of fauwitro
clones ofMusa Titiaro (AA), Giant Pineo and Brasilero (AAA) aritetraploide (AAAA), economically
important cultivars in Venezuela. In order to indusomatic embryogenesis, MS culture medium was
supplemented with Morel vitamins (10 ml/l), sucr¢3@ g/l), cysteine (60 mg/l), 2,4-D (0.2 or 4 mgthd
Dicamba (0,2 or 4 mg/l) and gelrite (2 g/l) wasdises a solidifying agent. Somatic embryogenesis was
carried out with vitroplants originated from twoogps: a) vitroplants with 3 subcultures cultivateth 5
mg/l and b) vitroplants with 3 subcultures, two with B/mand one with 10 mg/l. The induction of
embryogenic callus was achieved in the four cldra®s both experimental groups when 4 mg/l of 2,4-D
was used. The multiplication of embryogenic callas obtained with the same concentration of 2,4¢&lu
during the induction phase. The induction and mlidtation of embryogenic callus were performed ankd
conditions. For differentiation of embryos, zeafttb mg/l) was added in the same basal medium.
Ultrastructural studies of somatic embryogenese \ary important to understand and improve this
morphogenetic process. Cultivated tissues wereeglaader light conditions (50 UE/m.seg) at 27 °@ an
histological evidences were checked after 6 moimhsulture. The embryogenic callus showed small
isodiametric cells, with small vacuoles and thiclla: The origin of somatic embryos obtained from
meristematic apices of selectigllisaclones was analyzed through histological and naggical studies
during the various development phases of the psottistological sections of globular embryos shoaed
radial disposition of cells and the existence ofegidermal layer that completely surrounds the gmbr
When cytokinin (Z or BA) was added, some embryanaieed in globular stage with mild signs of
enlargement but with no later development of inmagion. Other embryos reached the invaginationestag
and some reached the enlargement stage with gat®synthetic tissues. The adaptation of vitraglan
from somatic embryogenesis was successful in thiedelected clones for this research.

Keywords Somatic embryogenesiglusa Clone, Vitroplant

September 19-23, 2016. La Plata, Buenos Aire, Argentina.

4t International Conference of the IUFRO WORKING PARTY 2.09.02 ‘ ’

43



In vitro propagation of mangroves for greenbelt developmerib mitigate climate change
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Global warming contributes to sea level rise, clesni climate extremes, ocean acidification, specie
extinction and expansion of deserts in the subteopflangroves are salt tolerant trees found mamtiie
tropical and subtropical intertidal regions of therld. It protects coastal areas by maintainingineafood
chain, preserve water quality, providing habitatffeh and birds, prevent erosion and maintainhibalth

of coral reef. Currently it is under pressure doevarious reasons such as increasing temperaida¢, t
mixing, coastal current, human activities like cersion to aquaculture or agriculture, release fidiefits
and sewage. Therefore, conservation of mangrovesgent need to protect the world most productive
mangrove forest ecosystem. The aim of the predady $s to induce the callus development from root
explants using different growth regulators. The grames species selected for the study Asanthus
ilicifolius, Callophyllum inophyllumand Excoecaria agallochaThese 3 species has enormous bioactive
compounds with various medicinal properties. ThsHrmangrove root were collected from Pichavaram
mangrove forest, Tamil Nadu, India and scientificadentified. Underin vitro condition the root callus
was raised in MS medium supplemented with diffecemicentration and combination of growth hormones
auxin and cytokine such as BA, kinetin, NAA, IABA and 2,4-D.The presence of phytohormones at
different concentration and combination in MS medishowed better development of callus. While using
NAA and IAA alone with medium were found to be legfective for induction ofn vitro root callus. The
maximum growth was obtained in combination of phgtanones such as 2,4-D+KIN and 2,4-D+BAP
compare to all different combination for the indantof in vitro root callus in all the three diftant species
Acanthus ilicifolius Callophylumi nophylum Excoecaria agallochaThe developments afi vitro root
callus of 3 species were most effective at 2 diffierconcentrations 0.3+0.3 mg/L and 0.3+0.5 mghe T
roots and shoots were regenerated from the calltisei presence of auxin and cytokine. Afterwards th
plantlets were transferred to the greenhouse fdimaatization and survival then subjected to tieddfi The

in vitro grown plants were used for the development ofrgyelt model around the coastlines and riverbanks
for protection from typhoons, erosion, tidal surgaglones and geomorphic erosion. Mangrove grdenbe
development provides greater protection to the ystem by stabilizing sediments and trap heavy raetal
and nutrient rich run-off, filter freshwater discba from land for coral reef growth, enhance thantzss

of coral reef fish species, nursery habitats betmssagrass beds and patch reefs that increase fishng
survival. Also, the mangrove has the ability torstmore carbon faster, permanently and deep isdhe

by their entangled root system. It will be helgfuimitigate climate change and environment.

Keywords Mangroves, In vitro propagation, Greenbelt mo&abdiversity, Carbon sinks, Climate change.
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The design of a species-specific basal media f6ucalyptus considering the mineral
nutrition status of young plant tissues
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As sessile organisms, plants have evolved to cdtle spatial variations of resources by adapting to
variety of environmental niches. The struggle ft& in a limited-resources scenario drive theirtangy

and physiology to a high level of specializatiooméng these resources, mineral nutrients are dritica
safeguard plant growth and development. In highertp, minerals nutrients are first taken up inddarm

by roots through interception, diffusion and/or sxlsw, and then have to pass through the endodeomi

be loaded into the xylem and finally reach shoots lzaves. The relevance of these uptake mechanisms
differs in most of thén vitro propagation systems, where tissues are direcgsed to culture media and
diffusion is the main driving force, highlightindndé relevance of fine-tuned nutrient media. Clagsica
approaches to achieve this are one-factor-at-a-imenultifactorial designs, where high quantiti€s o
propagation material is needed, being a challengimglition to meet for recalcitrant species.

From intensive agriculture and silviculture we hdearn that different cultures, species, varietied
genotypes have different nutritional requirememtgese requirements are known for the major cukivat
species; however, the differences in sampling chariatics and environmental conditions hamperrthei
practical application unden vitro conditions. Plant tissue analysis is a valuableimiglant nutritional
management. This is especially important in salmdtures, where mineral nutrition relies on saktures
and this information is used to improve the nutrsiutions. Despite its usefulness, this toobisroutinely
used in tissue culture owing to sample size remeérgs, another main drawback when dealing with
recalcitrant species.

All these issues can be minimized by samplingivo young plant tissues from the aimed genotypes and
using this information as a basis for basal medlienfilation. Additionally, chemical speciation pragrs

to model nutrient solutions and new analytical tedbgies, which allow small samples analysis, sthoeal
considered to aid media development and optimizafitis and similar approaches, has been succhssful
applied forin vitro propagation of sever&ucalyptusspecies and can be useful when dealing with other
hard-to-propagate species.

Keywords Mineral nutrients, Tissue culture, Tissue analysiard-to-propagate species
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First advances in somatic embryogenesis &hytolacca tetramera, an endangered shrub
endemic species of the Province of Buenos Aires, dantina

'Basiglio Cordal, M.A.Panarisi, M.}!Dobler, N.;’Sharry, S.
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Ortega 4850, Villa Dominico (1874), Buenos Aireggéhtina.maribasiglio@hotmail.com
2Universidad Nacional de Rio Negro, Belgrano 52édviia, Rio Negro, C.P.: 8500, Argentina.

Phytolacca tetramerdédlauman, commonly known as "Ombusillo”, is a dioasishrub species (geophyte
bush up to 1.5 m in height) belonging to the farRihytollaccaceae. Ombusillo is endemic in the Praeyi
of Buenos Aires with distribution area starting méree city of La Plata and extending up to the oagif
Ensenada Samborombon. The species is forming aruedtal part of the flora characteristic of thegRar
Costero Del Sur, area classified in 1984 by UNESSOWNorld Biosphere Reserve". Ombusillo is a highly
endangered species (close to extinction) follovéinthropic actions because it produces fungiciddsgbf
medicinal interest. Fractionation of the butandla&ct of the berries, allowed the isolation of thextive
triterpenoid saponins monodesmosidics: phytoladessB [3-OB-d-xylopiranosyl-phytolaccagenin], E [3-
O-B-d-glucopyranosyl-(#4) - B -d-xylopiranosyl-phytolaccagenin] and F [3eE-rhamnopyranosyl-
(1—2) - pB-d-glucopyranosyl-(3>2) - acid B-d-xylopyranosyl-phytolaccagenic]. Moreover, thethasol
extract of Ombusillo berries was shown to havefamgal activity against opportunistic fungal patbog
(Escalante et al, 2002).

Extraction of these compounds from forest plantsd®ted in the natural distribution area becanteati
To solve this problem, one alternative for spettias are difficult to propagate through sexual ogjoiction
is asexual, vegetative propagation which would tgteea large number of individuals from selectéi el
genotypes.

Somatic embryogenesis relies on the developmeemtsiryos directly from a somatic cell (Tisseratlet a
1979). Somatic embryogenesis offers the technéplirements for automatization of the process tdsar
cost-effective production of plants and ultimatiéilg development of synthetic seed technologiesrder
to set up a protocol for somatic embryogenesigaiion in Phytolacca tetramerathin sections of young
leaves fromin vitro micropropagated plantlets were placed on a Mugashnd Skoog basal medium
supplemented with 2, 4-dichlorophenoxyacetic adidlitierent concentrations. Somatic embryos were
obtained directly from the cutting edges of thd ldade and embryogenic callus (indirect way) cdogd
initiated from the midrib. This is the first repaf somatic embryogenesis initiation in this endzed
medicinal plant and more importantly in tAbytolaccagenus. Our findings are of importance for ombasill
germplasm conservation and also for deploying niealigplant varieties as an alternative to tradaion
crops.

Keywords Somatic embryogenesis, Endemic species, OmbusBillkdtro culture, Germplasm.
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TECNOPLANT: From Vaccinium spp plants to blueberry extract tablets

Rudoy, Valeria
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It is important to enhance the wide experience earger of Tecnoplant as a laboratory specialized in
agrobiotechnology. For more than 20 years Tecnopgias rendered services to prestigious local and
international institutions, such as:

» Varietal identification of species through moleculabiology techniques
 Identification of absence-presence of viruses knowfior certain plant cultures.
» Molecular identification of Crown Gall bacterial di sease in cultures

» Extractions ofplant extract powder, through the Iyophilization process.

In 1994, Tecnoplant began to micropropagate andnwneialize blueberry plants, developing these
micropropagation operations in its own laboratdoy,perform then the rustication process in its own
nursery, located in Baradero, Province of Buenassi

Since 1996, blueberry culture has begun to incrdezgingly. The management of these culturest iiirs
charge of small producers who restructured a gatteir orchards to blueberry production, begabhém
part of more important producers, including investarho had never ventured into agriculture-related
business.

In the year 2000, Tecnoplant obtained the licermm the United States universities in order to esiclely
micropropagate and commercialize last generatioieties in Argentina and Uruguay.

Nowadays, Tecnoplant keeps micropropagating diftepéant species, committing to the development of
new phytomedicinal projects that may add valudéowhole industrial chain.

Keywords
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Somatic embryogenesis dProsopis alpataco.
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Somatic embryogenesis and whole plant regeneratias achieved in callus cultures derived from
cotyledons oProsopis alpatac®hil, a native shrubs of Patagonian Monte. An irtgrd part of its habitats
are degraded due to the expansion of agricultupatiErs and the cutting bushes for firewood.

The aim of this work was to establish the condgidar P. alpatacoplant regeneration via somatic
embryogenesis.

Embryogenic calli were induced for 2 months on Mtige and Skoog (MS) medium supplemented with
a mixture of organic components plus N-6 benzylage(BA) (1,5 mg/l) and 2,4-dichlorophenoxyacetic
acid (2,4-D) (2,0 mg/l). Embryogenic calli transfat onto half-strength MS medium without plant gttow
regulators were mainly and initially producing gltdr embryos. Then embryos of different developrlent
stages emerged simultaneously from calli. When goganic calli were maintained under these condition
secondary somatic embryos were generated and conidlete their development until the formation of a
pair of true leaves. The conversion rate to segdlias 10%. Somatic embryo development was examined
by light microscopy in relation to different callgsowth stages and cultural conditions.

Keywords Somatic embryogenesis, Native, Patagonia
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Genes are important to understand somatic embryogesis but someone has to work:
the proteins

Correia, S.>*Canhoto, J.M.

!Centre for Functional Ecology, University of CoirabB000-456 Coimbra, Portugahndraimc@ci.uc.pt
2Department of Life Sciences, University of CoimB@)0-456 Coimbra, Portugdbrgecan@ci.uc.pt

During the last decades several genes have beatifiet as playing key roles during somatic
embryogenesis induction or somatic embryo developniehe identification of these genes has given
important contributions to the understanding of abtmembryo formation and the acquisition of cell
totipotency. However, genes are only part of a ncoraplex picture in which proteins play a pivotaler
not only as regulators of gene expression but atse@ellular effectors controlling signal transdoicti
pathways as well as being directly involved onutal mechanisms and physiological responses.

Plant regeneration through somatic embryogeneaimiglti-step event starting with somatic embryasis
induction, followed by somatic embryo developmenaturation and germination. The culture conditions
to achieve each one of these steps are differefiffaent are the players controlling such phaBesteomic
analysis in different species, both gymnospermsaamyiosperms, has shown that strong differenceasrocc
in the protein profiles between embryogenic and-emtryogenic cell lines, as well as during somatic
embryo development and maturation. New challengescaunderstand to what extent these differences
could be only the expression of different metabstigtes not directly related to somatic embryogenes
induction or whether they rather reflect cell babawontrolling the commitment of a cell into an
embryogenic pathway.

Proteomic and physiological studies carried outaomarillo Solanum betacedmand inPinus radiatahave
shown differences in the protein profiles of emlggwic and non-embryogenic callus (in the case of
tamarillo) and between embryogenic explants indugader different conditions. As could be expected,
most of the differences detected were in protedteted with cell metabolism. However, differencasé
been also found in pathogenesis-related proteinglas in heat-shock proteins and stress-rejateigins.
The observation that proteins involved on the raspdo plant stresses, either biotic or abioticy hwve a
role on somatic embryogenesis induction is paudidylinteresting, suggesting that the acquisitidn o
totipotency by plant cells may be triggered by streonditions and could be part of a more general
mechanism, also occurring in organisms beyond plantassure the perpetuation of an individual cela
when subjected to adverse environmental conditions.

To be effective, proteomic analysis must be compleied with metabolomic and physiological studies to
understand the role of the proteins differentlyregged in embryogenic and non-embryogenic explants.
From this point of view, tamarillo is a nice mod#@ice embryogenic and non-embryogenic callus can be
obtained from a same explant and in the same euttanditions (2,4-D and high sucrose levels), thus
avoiding genomic and environmental interferenceshenacquisition of embryogenic competence. Based
on this system we have found that some RNA metimdfierases negatively affect somatic embryogenesis
induction. Recent studies proved that a RNA methgkferase isolated from tamarillo has rRNA
methyltransferase activity. The way rRNA methylatinay negatively affect somatic embryogenesis needs
further analysis.

Keywords Embryogenic callus, Proteomics, rRNA methyltrana$e Solanum betaceuyriamarillo
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Identification of regulatory miRNA-target nodes across embryo development
in Pinus pinaster
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Small non-coding RNAs (sRNA) play major roles imgeexpression regulation associated to plant growth
and development, and response to abiotic and lEtesses. However, still little is known about s$RNA
transcriptome of gymnosperms and its putativeirotee distinct characteristics exhibited by thegecies
when compared to the angiosperms. Microarray aisadf$. pinasterzygotic embryogenesis highlighted
several epigenetic regulation mechanisms and shawadunctions related to SRNA pathways appeared
differentially regulated across development witravalence of micro RNA (miRNA) functions in mid to
late embryogenesis (de Vega-Bartol et al. 2013).

A set of sRNA libraries spanning the maritime pingotic embryo development and including other
reproductive tissues were sequenced using lllurrénanology. Presently, there is no available genome
sequence of maritime pine but the recent releass ofference transcriptome and the first gymnospe
genome sequences provided valuable resources badihéormatics analysis. By using an in-house sRNA
pipeline (https://github.com/forestbiotech-lab/sRMArkflow) for the global analysis of the sequergin
data obtained so far, we have identified over 3filfas of conserved miRNA that correspond to a $mal
fraction of the total sequenced reads. Additionallser 10,000 putative novel miRNAs were identifiefl
which approximately 4,000 are in the range of 26t22

Different experimental methodologies have beenqgoeréd to validate the presence of specific mature
sequences of conserved and novel miRNAs in thatesoIsRNA transcriptome, their precursor sequences
and expression profiles along embryo developmeit.elver, miRNA target genes have been predicted
against the reference transcriptomé@opinaster(Canales et al. 2014) and are currently beinglatdid by
degradome sequencing.

Based on the analysis of the data, several miRN&# hemerged as potential regulators of pine
embryogenesis. Functional studies are being peddrim order to analyze their specific role in cenif
embryo development.

Keywords Conifer, Embryogenesis, Micro RNA, Micro RNA tatgNon-coding transcriptome, Degradome
Referencegle Vega-Bartokt al.(2013)BMC Plant Biol13: 123; Canalest al. (2014)Plant Biotech JL2: 286-299.
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Strategies for the early detection of embryogenicoempetent cells in tamarillo
somatic embryogenesis
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Plant somatic embryogenesis (SE) is a developmpatalvay in which a complex regulatory network is
involved in the acquisition of embryogenic compegehy somatic cells and the expression of thatiesdju
competence by the development of somatic embryiosilad to other plant cell cultures, SE implies a
heterogeneous mixture of cells that differ in s&teape, morphogenetic fate, and can also expriéesedi
markers and interactions with each other’s. Thetifleation of subpopulations of embryogenic celithin

a single culture and the study of their charadiesiscould provide new clues for better predictiorg
inducing the embryogenic pattern of development.

In the last years we have been using the SE irmtuctystem of tamarilloSolanum betaceumnto
characterize the very early stages of somatic eoflarynation. The rationale behind the use of tathoeais

a model is that it has some advantages over othiery@genic systems, particularly for molecular gsas

and experimental embryology approaches, since @wiryogenic and non- embryogenic tissues can be
induced from the same explant, on auxin-rich meatid, can be easily separated and grown as indeptende
cell lines in the same culture conditions.

Based on this system, we have been working in siwaéghtforward approaches, necessary to target the
specific cells that undergo the pathway of embryigeompetence acquisition and to detect gene
expression modifications occurring in them, nam#)yclose monitoring of embryogenic cell behavieaa
function of endogenous auxin levels and distributipatterns; 2) functional characterization and
localization of a putative SE’s inhibitory proteiNEP-TC, Non-Embryogenic Protein from Tamarillo
Callus, GenBank JQ766254); 3) fluorescence-activaill sorting (FACS) of embryogenic and non-
embryogenic protoplasts for transcriptome profiling

The results so far obtained show significantly eighndogenous IAA content in embryogenic samples,
with a tendency to increase as the dedifferentiatiof the original explant evolves. The
immunohistochemical analysis shows that the accatoul of IAA occurs in very localized niches ofleel

As for NEP-TC, the distribution pattern is specisichon-embryogenic cells, and the confirmed atstiof
rRNA methyltransferase of this protein further cates its regulatory role in the process of embepay
competence acquisition.

The FACS analysis of protoplasts derived from geliutamarillo embryogenic cell cultures allowed the
identification of cellular subpopulations of embggmic and non-embryogenic cells, based on the
distribution of light-scattering intensities atfdifent angles. After sorting, these subpopulatieere further
characterized in terms of their cytological featued gene expression to confirm their embryogenic
identity and proceed for transcriptome profiling BNAseq. These results will contribute for the
identification of differentially expressed genewary specific and localized cells during the eathges of
embryogenic competence acquisition.

Keywords Embryogenic cells, FACS, IAA, Immunolocalization
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Auxin-mediated expression of &H3 gene during adventitious rooting in chestnut in
relation to ontogenic state in chestnut

Vielba, JM.; Varas, E.; Rico, S.; Covelo, P.; Viddl; Sanchez, C.

Dpto. Fisiologia Vegetal. Instituto de Investigawes Agrobioldgicas de Galicia. IIAG (CSIC). Avdavdgo s/n
15705 Santiago de Compostela, Spaonchi@iiag.csic.es

In many forest species, the lack of rooting respomisen trees attain maturity hinders massive primhuc

of plants through asexual reproduction. It alsoitBnthe propagation of selected genotypes, as many
characteristics can only be observed once the traes matured. In this study, an experimental gyste
comprising juvenile-like (Basal Shoots, BS) and umat(Crown, C) chestnut microshoots established in
vitro from shoot emerging from the base of the krand from crown branches of the same 80-yearrekl t
was used. During tree development, juvenile charitics may be retained during in ontogeneticadiyng
tissues located at the base of the tree, whereagatian levels increases toward the top of the &g a
function of increased cell divisions. Therefore, B8d C chestnut microshoots displayed different
morphogenetic capacity. The different rooting @&pitif BS and C shoots in response to the same IBA
treatment is linked to their maturation stage hay share the same genetic background.

In this study a new auxin inducible gene isolatedifchestnut microshoots was found to encode &iprot
belonging to group Il of the Gretchen Hagen 3 (GFBhily. The gene was therefore nan@siGH3-1
Predicted protein sequence analysis revealed ésepce of conserved domains involved in the cotijuga
of amino acids to indole-acetic-acid (IAA). Modalij of the protein and molecular docking of 1AA, abe-
3-butyric-acid (IBA), 1-napthaleneacetic acid (NA#)d benzothiazole-2-oxyacetic (BTOA) into theati
site of CsGH3-1 indicated a high and similar bilgdaifinity for the four substrates.

Expression analysis by gPCR indicated tBaGH3-1is regulated by wounding, darkness and auxin in
chestnut microshoots, in an ontogenetic-dependanter. Under IBA treatment, upregulationG¥GH 3-

1 was higher in mature than in juvenile shoots aad megatively correlated with the ability of midnosts

to form roots. High levels of auxin-induced expressof CsGH3-1were detected in mature shoots 24 h
after the IBA treatment, whereas transcript lexddsreased in rooting competent shoots with cek-typ
specific expressionCsGH3-1transcripts were specifically localized in cellsalved in the initiation of
adventitious roots only in rooting competent shaitthe time when cells switch their fate to routial
cells. Thus, these data show a correlation betwberspecific localization of transcripts and rogtin
competence, and they also suggest a rol€$@H3-1in regulating auxin homeostasis during the onfet o
adventitious root formation.

Keywords Adventitious roots, Auxin, Chestnut, GH3, Molegutiocking, Ontogenic state.
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Effect of culture conditions on DNA methylation instone pine embryogenic lines

'Gonzélez-Cabrero, NNGuevara, M.A.2de Maria, N.2Vélez, M.D.;?Diaz, L.;'Toribio, M.;
2Cervera, M.T. Celestino, C.

IMIDRA, Instituto Madrilefio de Investigacion y Desalo Rural, Agrario y Alimentario.Finca “El Encth(Apdo.
postal 127. 28800 Alcala de Henares — Madrid, Spaimia.gonzalez.cabrero@madrid.org
’Departamento de Ecologia y Genética. Centro destiyacion Forestal (CIFOR), Instituto Nacional de
Investigacion y Tecnologia Agraria y Alimentaridl(;A), Madrid, Spain

Somatic embryogenesis is a way to regenerate cfpaats through the formation of somatic seedsaAs
cloning technique is a main tool in forest breedinat captures all the genetic potential of setbttees
and produces uniform offsprings. Otherwise seemh&tion has been identified in Norway spruce asya ke
point to establish environmentally induced epigeneiarks. These marks conform an epigenetic memory
in plants that at long-last affects adaptive traitiserefore somatic embryogenesis could be alsd tsse
produce primed plants conditioned to cope withedéht kind of stresses.

DNA cytosine methylation is one of the main proessgnderlying these epigenetic marks. The store pin
(Pinus pineal.) is a genetically uniform but highly phenotyally plastic species of ecological and
economic interest. Variability in cytosine methidatamong genotypes and populations of the spbeies
demonstrated. The aim of this study was to detegritie effect of culture environment, temperaturég an
water availability, on the whole genome cytosinghylation profile of stone pine embryogenic lines.

Two embryogenic lines at the proliferation stagerevenalyzed with the Methylation-Sensitive
Amplification Polymorphism (MSAP) technique. Embfguspensor masses were subcultured at 18, 23 or
28 °C on media with 4 or 10 g/l of Gelrite for sieeks. After that, samples were harvested for MSAP
analysis.

A total of 202 markers from which 83 were classifias Methylation Insensitive (Ml) and 119 as
Methylation Sensitive (MS) were scored. The whaodgrée of methylation, 58.91% of the cytosines at
CCGG matifs, is in line with the reported for thpesies. Significant differences for frequencies of
methylation were recorded between genotypes andg@mneatments within one of the genotypes.

Out of the 83 MI markers, 77 were found to be Moogphic Methylation Insensitive. The remaining 6
MSAPs (2.97% of the total number of MSAPSs) werentified as Polymorphic Methylation Insensitive
(PMI).

Within MS markers, 86 were identified as Monomogokfiethylation Sensitive and the remaining 33 were
identified as Polymorphic Methylation Sensitive (BML6.34% of the total number of MSAPS). Of these,
5 PMS showed a different pattern in relation tdwnal conditions during proliferation.

Preliminary studies with embryogenic masses undaturation conditions and cotyledonary embryos
showed an increase in intensity of fragments, sstggga higher degree of demethylation associafédd w
the differentiation processes.

Keywords Epigenetic memory, Forest biotechnology, MSARWBipinea, Somatic embryogenesis.
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Cell-to-cell trafficking patterns of Brazilian Pine (Araucaria angustifolia Bertol.Kuntze)
cell lines with contrasting embryogenic potential
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*Buckeridge, M.S.}Floh, E.I.S.

1Laboratory of Plant Cell Biologybruno_vnavarro@usp.br
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Besides the biotechnological application, somatibiyogenesis also constitutes an important tostudy
early stages of embryogenesis that are not poswible performedn vivo. At the cellular level, the
acquisition of embryogenic competence involves etspelated to cell communication and signalinghsu
as the correct environmental signal receiving asdubsequent cellular internalization, and theleggpn

of cytoplasmic trafficking. Transcriptomic and gotnic studies of Brazilian PinAraucaria angustifoli
embryogenesis, a native conifer currently class$ifees a critically endangered species, have been
demonstrated that there is a differential expressid genes and proteins related to cell-to-cell
communication, especially in the vesicular transpad regulation of plasmodesmata (Pds) regionthign
context, we carried out a transmission electrorresitopy (TEM) analyzes of embryogenic cell cultures
used for Brazilian Pine transcriptomic/proteomiedits (responsive [SE1] and blocked [SE6] to embryo
formation cell lines) in order to find new evidesabout the importance of cell-to-cell traffickitmthe
embryo formation. Eight cell-to-cell communicatiand transport-related proteins were identified with
significantly different abundance in SE1 and SHB&ta-adaptin-like protein c, Vesicle-associated
membrane protein 72and Ap-1 complex subunit gammadiroteins related to the endocyticclathrin-
mediated via, were more abundant in SE1, wBiig binding proteinrvas observed exclusively in this cell
line. Images obtained by TEM showed a large pmesesf Golgi bodies, vesicles, lipid bodies and
mitochondria in SE1 embryogenic cells, suggestimg irtense metabolic activity. Otherwise, Pds
regulation-related proteins were identified in S&#l line, such asGlucan endo-beta-glucosidase-like
(overexpressed protein) aBéta-glucan-binding proteifexclusively observed in SE6) that degrade callose
in the Pds edges, used to maintain the open asé clontrol in this area. The presence of callose wa
confirmed by TEM using PATAg (periodic acid-thiobahydrazide-Ag proteinate test) as contrast for
polysaccharides. Beside this, numerous amyloplaistsstarch grains and an increase in the Pds megio
were also observed in this cell line. In additi@ynamin-related protein 3nd Endomembrane family
protein 70were more abundant in SE6, indicating that for ¢eitline the vesicular transport was restricted
to intracellular organelles. These results imphtttine increase in SE1 cell-to-cell trafficking taed on
transport is important to obtain information forteyogenic differentiation, while SE6 displayed seilith
poor intercommunication selectivity and the accuatiah of substances (e.g. starch), might indicativadg
energy storage is more predominant in this cedl. litherefore, it is crucial to understand the meigmas
that regulate cell-to-cell information traffickingn order to apply this knowledge in the somatic
embryogenesis tool.

Keywords Vesicular transport, Plasmodesmata, Cellular camioation, Conifer
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Auxin-related miRNA molecules involved in the indution of somatic embryogenesis.

Wjcik, Anna M.; Gaj, Malgorzata D.
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Somatic embryogenesis (SE) involves developmetiteofomatic embryos from already differentiatechptzlls. SE

has been widely used in biotechnology as a powerdiyl of plant regeneration but the genetic mechatist governs

the induction of the embryogenic pathway in somadits remains unclear. Among genetic regulatorSBf beside
transcription factors (TFs), microRNAs (miRNAs) th@ntrol TF genes in developmental processes, are recently
considered.

The aim of my PhD project is to extend the knowkeda genetic control of SE in terms of identifioatiof the
miRNAs and their targets involved in SE inductidwuxin (mostly 2,4-D) is widely used to induce embggnic
response unden vitro culture in various plant species including a mqaeht, Arabidopsisand woody trees. The
study is focused on miRNAs (miR160, miR166 and mMi®3and their targets related to auxin signalinthyay.
BesideArabidopsis the analyzed miRNAs were found in genomes ofttees e.g. irMalus domesticgdMa et al.,
2014). Evidence of similar functions of miRNAs Amabidopsisand woody trees has been provided (Wang et al.,
2011).

miR160 molecules regulate expression of ARF (AUXIN RESPONSIVE FACTQRenes ARF10, ARF16and
ARF17 encoding TFs involved in the control of auxingessive genesARFstargeted by miR160 were found to
control SE inDimocarpus longarfLin et al.,2015),Gossypium hirsuturfiYanget al,, 2013),Citrus sinensigWu et
al., 2011) Liriodendron tulipifera(Li et al.,2012) and_arix leptoleptis(Zhanget al.,2010). Our recent results indicate
that drastically decreased level of the mature réRdbserved during SE Arabidopsisis associated to the increased
expression level of thARFs targeted by miR160. In line with this results;regulation ofARF10and ARF16was
observed in embryogenic culture derived from theeitional lines with decreased level of miR160 ther support
for the involvement of miR160 in SE provided thelgsis of the SE culture derived framARF16line resistant to
miR160. In this culture, a distinct up-regulatidi&C2 (LEAFY COTYLEDONZ2& key regulator of auxin-dependent
mechanism of SE induction, was found.

miR166 was found to indirectly contr€EC2 expressionn vivo by targeting the?HB (PHABULOSARNnd PHV
(PHAVOLUTA)encoding TFs that positively reguldteC2 (Mallory et al.2004). The role of miR166 afHB, PHV
was shown in SE of tree species includindeptoleptis(Zhanget al.,2010), L. tulipifera (Li et al.,2012) andD.
longan(Lin et al.,2015). Our analysis in SE Arabidopsisshow a drastic decrease of mature miR166 corthanig
coupled with the increased levelldEC2 transcripts. In further support for the miR166-maded regulation oEEC2,

a distinct up-regulation d®HB andPHV transcripts was indicated to accompany SE indocfitius, in embryogenic
transition, down-regulation of miR166 that resuttshe up-regulation oPHB andPHV seems to stimulateEC2
transcription. In line with this hypothesis, a dfist up regulation oPHB andPHV as well ad EC2was found in SE
culture of theSTTM165/166ine with the silenced expressionMfR166 and a closely relatddIR165

mMiR393 negatively regulates the expressiomARR (TIR1/AFB AUXIN RECEPTOR&3nes includingIR1 and
closely relatedd\FB genes AFB1, AFB2andAFB3)encoding auxin receptor§IR1was reported to regulate SE@
hirsutum(Yanget al, 2013). Our study showed distinct increase inateumulation of miR393 was coupled with a
notable down-regulation ofIR1 and AFB2 targets in SE oArabidopsis In conclusion, miR393 was postulated to
control SE induction via the modification of thedile sensitivity to auxin (Wéjcik and Gaj, 2016).

Collectively, the obtained results imply that miR16niR166 and miR393 involved in auxinsignallinghtribute to
the embryogenic switch induc@dvitro in somatic cells oArabidopsis Given that the genetic similarity between the
developmental programs in different plants mighekpected the knowledge on miRNA-mediated mechapis&E
induction inArabidopsismay be useful for the improvement of the vegegatikxopagation technologies in crop plants
including trees.

Keywords Auxin, miRNA, Receptors, ARFArabidopsis
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Somatic embryogenesis as an enabling technology f@verse genetics: achievements and
prospects for breeding maritime pine Pinus pinaster Ait.)
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As a major pine species with great ecological asaoseconomic interests in Southern Europe, various
approaches are concurrently developedPinus pinastertowards enhanced selection efficiency and
deployment of improved, better-adapted varietigsorf synergies are expected between traditional
breeding, DNA-based selection (especially genomgiection) and somatic embryogenesis (SE) as a
scalable vegetative propagation method of testeidties for implementing multivarietal forestry. $ias
been shown for more than 15 years to be an eftestiypport for stablAgrobacteriuramediated genetic
modification of selected genotypes (FCBA, INRA aBHT developments). Validating marker associations
with specific properties before transfer into biegdselection models is still challenging. We deypeld
reverse genetic studies (French and multinationabjgean initiatives) aiming at establishing direct
associations between gene expression (includintsdription factor genes) and adaptively significant
phenotypes through overexpression or loss-of-foncstrategies such as RNAi. Data accumulated for
various genes involved in wood formation, carbord amitrogen metabolisms, stress resistance,
embryogenesis and plant development. Based onctiisctive effort, we will highlight some major
achievements, discuss weaknesses of current taghynahd new opportunities.

Keywords Genetic modificationAgrobacterium Transgene, Transcriptomics, Proteomics, Off-taeffect
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Integration of selection, breeding, somatic embryagnesis and cryostorage to conserve and
restore threatened North American forest trees

Merkle, Scott A.; AhnChangho; Tull, A. Ryan; MortelPaul M.; Dassow, Jessica E.;
Gladfelter, Heather J.

Warnell School of Forestry and Natural Resourcesiyersity of Georgia, Athens, GA 30602 USA.
smerkle@uga.edu

The consequences of global climate change, asasgjlobalization of trade, include rapid incredeebe
number and scale of menaces to North Americantftneess from insect pests and pathogens, losshitbiha
and other stresses. These pressures make cthieafpplication of biotechnological approaches to
supplement conventional programs aimed at consgrgermplasm of threatened forest species and
restoring forests. Conservation of genetic matesiadl selection and breeding of resistant or toteran
genotypes could be greatly enhanced by employingtia propagation systems. Somatic embryogenesis
(SE), in particular, is well-suited for this purgosiue to the high multiplication rates and the raabdity

of embryogenic cultures to cryostorage. In coltaion with the American Chestnut Cooperators
Foundation (ACCF), we have used SE to conserve langviving American (LSA) chestnut trees and to
propagate germplasm derived from crosses betwaeh3#As, so that clones can be tested for chestnut
blight resistance. We have also collaborated with American Chestnut Foundation (TACF) to implement
clonal testing of conventionally bred material frémeir hybrid backcross breeding program for resis¢

to chestnut blight. Open-pollinated and controlipated BC3F3 seeds from BC3F2 seed orchard parents
were used to initiate embryogenic cultures. Thet #C3F3 somatic seedlings have already been degloy
in clonal field tests. We are working with breedatsNC State University and the Forest Restoration
Alliance to conserve and restore eastern and @ardlemlocks, which are under threat of extinctign b
hemlock woolly adelgid (HWA), by using SE to clolyapropagate putatively HWA-resistant eastern
hemlocks and hybrids between Carolina hemlock antAHesistant Asian hemlock species. As part of
the effort to conserve and restore ash populatimatsare being devastated by the emerald ash (otd),

we have developed embryogenic cultures of bothrgasé and white ash. In collaboration with scigéstis
at Ohio State University, we have initiated embemig cultures from seeds collected from multiple
“lingering” white ash trees in Michigan, which gretentially resistant to EAB, since they have stedli
infestations that have killed surrounding ash tré&kile Atlantic white cedar is not threated by pests

or pathogens, loss of habitat due to overcutting emnversion of AWC sites to other uses has made
restoration a priority. Recently, we produced tinst AWC embryogenic cultures and somatic seedlings
using a novel culture protocol. Chestnut, hemloakh and AWC embryogenic cultures have been
successfully cryostored and recovered using a atdnprotocol. Integration of selection and breeding
programs with in vitro culture tools like SE and/@storage create a powerful combination to aid in
conserving germplasm and restoring threatened toetbe forest.

Keywords Somatic embryogenesis, Chestnut, Ash, Hemlodartit white cedar, Cryopreservation.
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Increasing resilience in forest tree species: a paible additional advantage for somatic
embryogenesis technology
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We present an overview of our project, supportethbySpanish government (AGL2013-47400-C4- R),addtessed
to improve resilience in forest tree species usimgatic embryogenesis (SE) technology as a basicTbe project
is being developed by four teams with large expeeein developing SE regeneration protocols, bothardwoods
and softwoods. The species included in the studyaest species of economic and ecological inténeSurope.

Plants will have to cope with the predicted comudisi of climate change, suffering increased biotit @biotic stresses.
In this context, we have suggested that both it breeding and the stimulation induced defeadagstation
responses could be used to increase resiliencéioBthnology can shorten traditional breedinghads by cloning
elite and resistant individuals that may maintasthkattributes in the clonal offspring. In additigenes of resistance
can be introduced by direct genetic modificationsomatic embryos of selected genotypes producemstrenic
resistant plants. Changes in the plant genome widgc or abiotic stress conditions have been gl mainly of
epigenetic nature that can be transferred to tfepmfig at the time of embryo formation. Overalistis called
transgenerational epigenetic stress memory.

Quercus subefcork oak) andQuercus ilexholm oak) are threatened by the syndrome ség&a” caused, among
other factors, by oomycetes such B&ytophthora cinnamomi This biotic stress is being approached taking
advantage of the natural variability of both spe@ad using SE developed protocols to clone resigtnotypes.
Also we are obtaining oak plants by transformingvth genes encoding pathogenesis-related proisfeted from
chestnut. Finally, we are inducing epigenetic mgnipriming) by culturing developing somatic embsyaith several
elicitors to putatively induce a memory of resistaim the regenerated plants.

Previous work in Norway spruce demonstrated thaiperature during the process of somatic embryo dtion
determined the phenology of the regenerated pl&atsed on these results, temperature and watesssraluring
somatic embryo development Rinus pineaPinus pinasterPinus halepensiandPinus radiataare being checked
for induced changes at DNA methylation levels, mhegical and physiological parameters and/or fer ability to
produce temperature and drought tolerant plants.

Finally, several current limitations of the SE nageation and conservation protocols of these speuie also being
considered. Among them, low frequencies of indurctio stone pine, maturation in maritime and stoireeq

difficulties with the acclimatization of holm oakamts; and the development of an improved consienvamethod for
somatic embryos of radiata pine are under studyogtimize holm oak embryogenic system, inductiorSé& in

explants from axillary shoot proliferation culturesd the histological characterization of the grabenic process
are also being investigated.

Keywords Epigenetic breeding, Forest Biotechnology, GertesinsformationPhytophthoraspp,Pinusspp,Quercus
spp, Somatic embryogenesis.
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Transformation of Quercussuber and Quercusilex somatic embryos with a gene encoding a
thaumatin-like protein
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Cork oak Quercus subet..) and holm oakQuercus ilexL.) are widely distributed tree species in the
Mediterranean ecosystem, where they are economiagtiortant mainly due to the production of corklan
acorns, respectively. Over the last few decadek,aak and holm oak populations have been decintated
a syndrome denominated oak decline, mainly caugedhlgtophthora cinnamombDiplodia mutilaand
Biscogniauxia mediterranea.

Genetic transformation could enable productionlan{s tolerant to oak decline through overexpressio
pathogenesis-related proteins (PR). PR proteingpreea group of diverse proteins whose accumulatio
is triggered by pathogen attack, abiotic strespefsensitive response and systemic acquired nesestin
European chestnut, a thaumatin-like protein of Z3-termedCsTL1and purified from mature cotyledons,
displayedin vitro antifungal properties (Garcia-Casado et al. 200B¢ objectives of the present study
were to obtain cork oak and holm oak somatic entb($ics) that overexpress the chestnut thaumagn-lik
protein CsTLJ.

CsTL1 gene was cloned into the pK7WG2D plasmid. Thissipid also contains the neomycin
phosphotransferasardtll) as a selective gene and the green fluorescetipregfp as a reporter gene.

In cork oak, small clumps of 2-3 SEs at globulad/antorpedo stages that were obtained from thogle ¢
oak embryogenic lines (ALM6, ALM80 and TGR3) wersed as target explants. In holm oak
proembryogenic masses or globular somatic embsaated from one holm oak embryogenic line (Q8)
were used as target explants. In both species,wife co-cultured for 5 days witAgrobacterium
tumefacienstrain EHA105 harboring the pK7WG2D-CsTL1 binagctor. Then, somatic embryos were
cultured on selective medium containing kanamy&26(mg/l in cork oak or 100 mg/l in holm oak) and
carbenicillin (300 mg/l). After culture of the enybs for 14 weeks on selection medium, the transition
efficiency was determined on the basis of the fisoence of surviving explants.

In cork oak, the transformation efficiency was digayenotype dependent, as TGR3 yielded higher
transformation frequencies (12.66%) than ALM80 {W)5and ALM6 (1.5%). In holm oak the
transformation efficiency was 4%. Selected embwyitisbe multiplied and subjected to molecular arsidy

to determine the presence of genes involved ilinal$ established.

Keywords Cork oak, Holm oak, “La seca”, Pathogenesis-eelaproteins,Phytophthora cinnamomiSomatic
embryogenesis.

ReferencesGarcia-Casado et al. (2000) Physiol Plant 11@:180.
Acknowledgement3 his work was supported by MINECO (AGL2013-47408-3-R).

September 19-23, 2016. La Plata, Buenos Aire, Argentina.

4t International Conference of the IUFRO WORKING PARTY 2.09.02 ‘ ’

61



Shoot proliferation of chestnut Castanea sativa Mill.) and in vitro protective effect of
endophytes againsPhytophthora cinnamomi

Martins, J.F; Canhoto, J.M.

Associacdo UC InProPlant & Centre for Functionaldkmgy, Departamento de Ciéncias da Vida, Calcadativa
de Freitas, Universidade de Coimbra, 3000-456 CoanPortugal.joao.martins@uc.pt

Chestnut Castanea satiJais a widely cultivated forest deciduous tree tpabduces an edible nut,
especially appreciated in southern Europe. Plaawiyr and fruit production have been greatly affddig
several plagues and diseases, such as ink dismaseddy the fungughytophthora cinnamontihat grows

in the soil leading to crown and root rot. Becaokestnut is severely affected by this pathogengchvhi
usually leads to the dead of host plants, it iciafuo develop control strategies at differentelisy but
especially by improving host resistance, in orademitigate the disease and minimize economic losses
Thus, the main objective of this work is to acctss tolerance of selected clones of chestnut ® thi
pathogen, and the protective effect of symbiordkated from natural growing trees. For this purposets

and twigs of selected clones have been plated ¢k fBdium, and several symbionts were isolated and
identified. Fungal DNA was extracted with a MacheNagel kit and specific primers (ITS1 and ITS4)
were used to amplify the ITS region of rDNA throdgBR. The obtained amplicons were then searched on
GenBank, and most of the isolates were identifedscomycota. To predict the behavior of the issat
when exposed to the pathogen, amylase, cellulgsesel, pectinase and protease activities have been
assessed, with cellulase activity being the mosteew among the tested isolates. The antagonissotedf

the endophytes was tested when co-cultumedtro with two different strains oP. cinnamomisolated
from chestnut trees showing symptoms of the disé&age isolates have been identified based onlthigya

to reduce the growth of the pathogen, either bysicgua dead-lock or by substitution, and its pribtec
effect againsP. cinnamomivas tested. Thus, selected clones of chestnuthesre establishdd vitro and
multiplied through shoot proliferation on WPM meaiusupplemented with 0.2 mg/L zeatin and 3%
sucrose. Shoots were successfully rooted (98%)rapknedium with 2 mg/L IBA. Some plants were also
rooted by dippingn vitro on jiffy pots and acclimatized for further analydplants from the different clones
produced by this method have been cultureditro with the selected endophytes and a highly virulent
strain ofP. cinnamomiThe mycelium growth of both pathogen and endaphyd the appearance of visible
symptoms on the plant have been registered dunngrah, and compared to a non-infected control grou
Without endophytes, the pathogen severely affetiiedplants, causing death in less than two weeks.
Although some of the endophytes tested showednonizie the symptoms, they were unable to avoidtplan
death. Nevertheless, two of the symbiontsichoderma harzianunand Diaporthe sp.) successfully
protected the plants and no symptoms of the dissase observed. One of the isolates has already bee
identified to confer protection against pathogémdudingP. cinnamomiThe results obtained on this work
may open the way to develop a strategy that mirdmthe effects of ink disease, based on the piatect
effect of natural symbiont microorganisms.

Keywords Coculture, Endophytes, PCR, cinnamomiShoot proliferation, Symbiont.
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Mycorrhization improved growth and survival of somatic embryogenesis derived
Kalopanax septemlobus and Liliodendron tulipifera microplants

'Aggangan, Nelly Siabab&yloon, Heung-Kyu?Kim, Yong Wook;’SH Han, Sim-Hee

INational Institute of Molecular Biology and Biotewiogy,
University of the Philippines Los Banos Laguna 488dlippines.nelly_aggangan@yahoo.com
2National Institute of Forest Science, Suwon, 441-Rdrea

In order to establish some cultural practices¢hatimprove growth and survival of somatic embryegis-
derived microplants during acclimatization peritvdly) concurrent experiments were conduckalopanax
septemlobusand Liliodendron tulifiperamicroplants were uninoculated or inoculated withuscular
mycorrhizal fungi (AMF) during transfer from aseptulture to individual container filled with eithgterile

or non- sterile peat perlite vermiculite mediukalopanaxproduced from somatic embryogenesis were
inoculated with unidentified species Glomusand Acaulospora(AMMSG) collected in Bonghwa closed
mine tailings, Korea an@&Glomus etunicatunirom the Philippines. On the other hardliodendron
microplants were inoculated with. @tunicatum, G. macrocarpuand Gigaspora margarita After one
month incubation in acclimatization room, the segd were transferred in a glasshouse. At thisestag
inoculated plants were greener, with broader leaveswell developed root system and had higher (90-
95%) survival than the uninoculated ones. At haniesculatedKalopanaxandLiliodendronwere 50%
and 4x, respectively, heavier than the uninoculatathterpart. Plant growth was better in sterikntin
non-sterile medium throughout the five months obetion period.G. etunicatuntonsistently promoted
the highest plant height, diameter, leaf lengthf Veidth, and dry weight and nutrient uptake inhbsterile
and non-sterile medium. On the other hand, coplienits consistently had the lowest growth and entri
uptake. G. macrocarpunandG. margaritaproduced higher percent root colonization t&aretunicatum
but these were less effectiveness in promoting glanwth and nutrient uptake. In conclusion, begtemth
and survival was obtained in sterile medium thamam-sterile one. AMF inoculation is important in
improving growth, survival and nutrient status oE-8erived K. septemlobusand L. tulipifera. G.
etunicatumpromoted the highest leaf, stem, root and totaitpdsy weight in both sterile and non-sterile
medium. Further experimentations are needed tdyvérese initial findings under nursery and field
conditions.

Keywords Arbuscular mycorrhizal fungiGlomus, GigasporaSterile and non-sterile growing media

September 19-23, 2016. La Plata, Buenos Aire, Argentina.

4t International Conference of the IUFRO WORKING PARTY 2.09.02 ‘ ’

63



Induction of embryogenic cultures from mature seedsf a fragile population of
Nothofagus obliqua (Nothofagaceae)

Mattes Fernandez, HGalvan, D.?Guerra, M.:Ferrada, M. Dezzotti, A.

Asentamiento Universitario de San Martin de losésdUniversidad Nacional del Comahue,
Pasaje de la Paz 235, 8370 San Martin de los Andlgntina.hernanmattes@yahoo.com.ar

The degradation of natural forests is the maineafdiodiversity loss, emissions of greenhousegasd
deterioration of the global production capacitynfatic embryogenesis (SE) is currently consideretti@s
most appropriate biotechnology to propagate treebs @an therefore contribute to the conservation,
restoration and development of forest ecosystemshis work thein vitro induction of embryogenic
cultures from a fragile population Bbthofagus obliquérom the Lagunas EpuLauquen Reserve (Neuquén)
is described. Seeds were harvested and consertwgddre4 and 6 °C. Seeds without seed coat were used
as initial explants and disinfected with 40%0d for 30 min. Embryos with endosperm were then extic
and inoculated on culture media. For somatic ensbityduction a basal medium based on either Murashig
and Skoog (MS) formulation or broadleaved Tree mmed{BTM), with or without glutamine and casein
hydrolysate, and supplemented with 2-isopentyl ade(lA), 2,4-dichloro phenoxyacetic acid (2,4-0¥) o
6- benzyl amino purine (BAP) was used. Embryogeratiuses were identified after macro- and
microscopic observations (staining with Evans Blt2% and 1% acetic carmine). Cultures were in@that
in complete darkness, at 24 +/- 2 °C and 50% r&latumidity for 5 months. The proportion of viable
embryos varied between 75 and 80%. The BTM suppiéedewith 2,4-D (4.5 to 45.2 uM) and BAP (2.2
to 7.0 uM) always produced embryogenic culturess hpromising results towards the developmeirof
SE protocol for the propagation of a fraglethofagus obliquéree population.

Keywords Native tree conservation, Vegetative propagatBmadleaved tree medium

September 19-23, 2016. La Plata, Buenos Aire, Argentina.

4t International Conference of the IUFRO WORKING PARTY 2.09.02 ‘ ’

64



Cloning drought tolerant Eucalyptus globulus in the region of Bio-Bio, Chile

'Rojas Vergara, P*Gutierrez, B.Molina Brand, M.P.2Koch, L.;’Reyes, M.A.

1INFOR. Sucre 2397, Nufioa. Santiago de Cliggojas@infor.cl
2INIA. La Platina. Santa Rosa 11610 — La PintanantBao de Chile

Three breeding populations were included as patsfategy to improve drought tolerancé&ofjlobulus

(A) open pollinated progeny with genetic rankingumjume of a clonal seed orchard, (B) a populatibn
107 plus trees generated by mass selection in Otaanditions and (C) control pollinated progeny by
intraspecific crosses between the A X B populatiosgig the "one stop pollination” system. Micro
propagation and rooting were experienced by soreatliryogenesis and organogenesis to transfer drough
resistant for operational multiplication of genetiaterial in nurseriesin vitro” protocols were developed

to induce morphogenic responses and genetic tranafion in adventitious buds and seedg oflobulus
Traceability of superior genotypes were also madetl®e basis of molecular genetic markers and
physiologically evaluated in greenhouse under watkerss conditions to characterize their poteritial
drought resistance. It was established protocalsatiow an appropriate transformation figrobacterium
tumefaciengnd regeneration system from indirect somatic eodegesis in explants &. globulusseed.

It was possible to establish protocols through pathways which allow an appropriate transformatien
Agrobacterium tumefacierd regeneration system of two highly productivaek ofE. globulus These
morphogenic pathways were obtained indirectly froatlus, one of these was from indirect somatic
embryogenesis in explants seeds, and the othevggatiias by indirect organogenesis of adventitiaudsb

in explants One of the important objectives ofgihgect was to evaluate the ability of rhizogeranes of

E. globulusand identify drought tolerant genotypes with greadeting ability to propagate conventional
operationally by rooting cuttings, mini cuttingsdahydroponics system. The results confirm tkat
globulusis a species that has a low rate of adventitioasirg stem cuttings and are part of the traditional
values reported for this species. The limited nialtewailable for evaluation (18 clones) does wentify
individuals with a high average percentage of raptHowever, there are clones that in some padticul
assays exhibited high rhizogenic response (up %)9thdeed, even though the average rooting reached
13.4%, with average values ranging between 0 and@0where great variability was observed on trials
identifying specific experiments clones that rehifh percentages of rooting. Among them are cl@es
48, 62, 82 and 77 to obtain values ranging betvafeand 93%. Such percentages are compatible with
operational cloning of these individuals. Consistarihe rooting of clones in all trials evaluateehavior,

a situation that is also documented in the litesaind constitutes an additional obstacle to magsagate

the species by rooting cuttings is observed.

Keywords E. globulus Somatic embryogenesis, Organogenesis, Cuttingscidtings, Hydroponics
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Somatic embryogenesis and plant regeneration in Japese pines and cypresses

Maruyama, Tsuyoshi E.; Hosoi, Yoshihisa

Department of Forest Molecular Genetics and Biotetbgy, Forestry and Forest Products Research tinsti
(FFPRI), Matsunosato 1, Tsukuba, 305-8687, Japaumaruy@ffpri.affrc.go.jp

Japanese pineRifius thunbergii, P. densiflora, P. armandér.amamianqand cypresse€hamaecyparis
obtusa C. pisiferd are important in Japan for reforestation and $aagding. However, these species are
affected by various biological problems and needemt measures for their propagation. Somatic
embryogenesis is the most promising technique fssnpropagation of clones, and for plant regemerati

in genetic transformation protocols for basic stgdind tree improvement programs. In this predentat
the current status in protocol development for g@r@mbryogenesis in Japanese pines and cypresses i
described with special emphasis on germinatiorpéantt conversion rates after embryo maturationgssc

Somatic embryogenesis was initiated from excisedagametophytes containing immature zygotic
embryos. Embryogenic cultures were maintained aotifgrated in a medium supplemented with 2,4-
dichlorophenoxyacetic acid and 6-benzylaminopurisecrose, and glutamine. The somatic embryo
maturation experiments were performed in darknés25a8C. Embryogenic tissues were cultured on
maturation media containing maltose, activatedad®dr abscisic acid, and polyethylene glycol (PEGEe
addition of PEG to the medium dramatically stimeththe embryo maturation, with enhanced yield in
mature embryos as PEG concentration is increadétbugh the cotyledonary embryo production varied
according to the species, supplementation of meaitm100-150 g1 PEG was found to be suitable for
high-quality embryo production in Japanese pinescypresses.

Mature somatic embryos germinated and then cortverte plantlets after their transfer to the plgrdwth
regulator-free medium. However, for the pine spgalesiccation of somatic embryos after PEG-maturat
was found to be essential for achieving both highrgnation and high conversion rates. Although the
improved protocol represents a promising perspedtv an efficient mass propagation of these specie
more efforts are required to establish an optimaigeol for the commercial production of somatiargs
with high field performance.

Keywords Chamaecyparisspp., Germination,Pinus spp., Plant regeneration, Polyethylene glycol, &om
embryogenesis.
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Somatic embryogenesis ifPicea abies using primordial shoot explants, and the germinatin
of somatic embryos under different LED light systers

Varis, S.; Lappalainen, F.; Tikkinen, M.; Aronen, T

LUKE, Natural Resources Institute Finland, PunkgbhdResearch Unit, FI-58450 Punkaharju, Finland
saila.varis@metla.fi

In the case of Norway spruce, development of cfiigtient vegetative propagation techniques is intgoa;
since there is a lack of high-quality, bred foneggeneration materials due to irregular flowerifighe
species, as well as pest and pathogen problemeritigdseed production in seed orchards. The flowgeri
of ornamental forms of Norway spruce is especiahg, and the induction of embryogenic cell linesrf
adult trees with known characteristics would bedfieral for production of gardening and landscaping
material for northern conditions as well as forcgleforest regeneration material.

SE induction protocol successfully applied in pridial shoots of white spruce was applied for figtdwn
Norway spruces of SE origin. Shoots were colleaellay and April 2015 and April 2016 from trees 3-
and 4-year-old at the time. In 2015 shoots wertectd from 25 genotypes origin of Finnish Norway
spruce breeding program, and from one ornamenakiry. In 2016 12 new genotypes were introduced
and one genotype from previous year was restutliedgot positive response both year, totally 18peifrt
shoots initiated new embryogenic cell lines. Magoeatic embryos were produced from year 2015,lines
from year 2016 lines the embryogenicity was vedlifiéth acetocarmine staining; maturation experiraent
being performed

We tested adjustable LED light system which usdsePWidth Modulation (PWM) technique to control
the brightness of LEDs. PWM controlling is basedtos pulses of power which are sent to the LEI®s, i.
switching lights on and off in short intervals. Tleagth of the interval defines the brightness sectrum

of the lights. In most of the commercial LED lightstems the power is constantly on and intensity an
spectrum are fixed. We compared adjustable LEDsguBMWM controlling technique for four different
wavelength to fixed spectrum lights at the stagembryo germination and acclimatization.

Keywords Somatic embryogenesis, Primordial shoots, Norsgayce, LED lights, Pulse Width Modulation
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Selection effects of somatic embryogenesis in Norwapruce

Hogberg, Karl-Anders

Skogforsk, The Forestry Research Institute of Swede
Ekebo 2250, SE 26890 Svalov, Swe#lar-anders.hogberg@skogforsk.se

A substantial loss of genotypes is a typical resuften propagating Norway spruce via somatic
embryogenesis (SE). Does this selection for praj@gability affect important traits? To investigathis
guestion, a project has been launched where SEsfdad seedlings of the same families are compared.

Embryos from 50 half-sib families of Norway sprugere put on initiation medium in 2011, followed by
proliferation and maturation of somatic embryosimyr2012. Embryos germinated and plantlets were
acclimatized in 2013, and cultivated until autunri2 Seedlings from the same families were grown in
parallel and both plant types were planted in fielals in spring 2015. Prior to winter hardeniagttings
were excised from both SE plants and seedlingganth rooting environment in late summer 2014.

When SE reached the acclimation step, 26% of tHarys were successfully propagated and one family
was lost. As expected, the number of clones peilyararied considerably, as well as the numberlahts

per clone. Seedlings were taller than SE plantseaend of plant production. Furthermore, SE plaias
larger stem diameter in relation to plant heightvio families. The cutting propagation resultedaw
rooting percentages, lowest when SE plants wererdon

In spring 2016, time for flushing were assessashimfield trial and the behavior of SE plants ameltings
were compared.

Keywords Propagation losses, Plant production, Cuttingpagation, Field trials, Time for flushing
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Results from the first full rotation of growth in clonal field trials of nordmanns fir
(Abies nordmanniana)

Find, Jens |I.

University of Copenhagen, Department of GeoscieandsNatural Resource Management (IGN), Forestuiat
and Biomass, Rolighedsvej 23, DK-1958 Frederiksi@&renmarkJensf@ign.ku.dk

Nordmanns fir Abies nordmannianas grown in Danish forestry as an ornamentalttier production of
Christmas trees. The production only covers 10 %hef forest area, but economically it is the most
important tree species in Danish forestry, wheagribunts to approx. 90 % of the total income. Theibh
production is 12 million trees per year and thedpaean market is 70 million trees each year.

There is great economical interest from conventigravers in uniform plant material selected oniba$
form and growth. The presentation reports from ¢ésarger scale production. Larger scale productib
Christmas trees of nordmanns fir, based on orgamiciples, is at present not a realistic posgibilThe
area of organic production only amount for 1.5 %hef total production area in Denmark. The reason i
mainly due to two problems: 1) a general reducesvtir and faint coloration due to reduced applicatd
nitrogen in fertilizers accepted in organic farmizigsevere damage on needles and shoots by thé aphi
dreyfusia nordmanniandn conventional production, the aphid is mitigatgdapplication of pesticides,
which are not allowed in organic production. Iteigpected that plants selected for traits such sectn
resistance and improved nutrient uptake may allmvofganic production in larger scale.

The presentation will report on results from thetftlonal field trial that was established in 208d will
furthermore report on preliminary results from krdjeld trials with 500 clones established in 2@ in
2015. Field trials established at different locasioo test for genotype and environmental effegtspecific
traits, and on the possibility of clonal selectfoninsect- and fungi resistance and for improviitiency
in nitrogen uptake.

Keywords Somatic embryogenesis, Clonal field trials, Sedbe; Traits
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Field evaluation of Scots pineRinus sylvestris L.) emblings
Aronen, Tuija; Harju, Anni; Piri, Tuula; Hantulaarkko

Natural Resources Institute Finland (Luke); Finlégatie 18, FI-58450 Punkaharju, Finlantuija.aronen@Iluke.fi

Scots pineRinus sylvestrid..) is considered to be a difficult species fogettive propagation. Somatic
embryogenesis of the species has, however, beaoged to result in routine plant regeneration,neve
though initiation frequencies remain low when coregawith other conifers. There is not much publishe
information available on field performance of Scpise emblings, and the first results on a sever-ye
Finnish field experiment are presented, as weilhsights on on-going experiments.

The Finnish Forest Research Institute establishigelcaexperiment with Scots pine emblings in 2@Q9
Punkaharju (61°48’'N, 29°17'E, 90m a.s.l.), and theeriment has been followed yearly to observe
performance of the emblings. In this experimentefi®ryogenic lines (10 emblings per line) origingti

in four donor trees were included, together witkdtimg controls, as single-tree plots. Both the smgenic
lines and seedlings were of open-pollinated seggghomproduced as described by Aronen and co-wearker
(2009), and planted as 2-year-olds. In additioa,Ronkaharju experiment was planned to study fieetef
of somatic embryo quality on later field growthtbE emblings. Therefore, in five replications, kines
were represented as emblings derived from somatibryos of different quality; i.e. from embryos
classified either as “good”, “intermediate”, or f@mior” in the beginning of their germination petio
according to Aronen and co-workers (2009).

As presented by Aronen (2016), following six yeagodwth in the field, 95% of the Scots pine emkding
and 97% of the control seedlings were alive. Thblemms have a normal growth habit, and show genotyp
differences. When compared with seedlings of timesgenetic background, their height is — depending
the line - either comparable or inferior. At tivae of planting, the seedlings were bigger thantrabthe
emblings, and this difference remained. If the lyegrowth is examined, it is seen that for all fheilies
there are both years in which the growth of thelergb and the seedlings differ and years whenésdut.
The quality of the original somatic embryos, howewkd not affect the height or diameter growthtios
emblings, when examined following 6 years at field.

Observations on the above-described field expetim@hcontinue. Other on-going research with Scots
pine emblings is focused on testing resistancelefance of the selected lines to various strains of
Heterobasidion annosum sensu strjgaking place both under field and greenhouseitiond.

Keywords Pinus sylvestrisSomatic embryogenesis, Field performance of ergbli
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Registration process of Norway spruce embryogenicett lines for commercial forest
regeneration in Finland

Tikkinen, M.; Varis, S.; Aronen, T.

Natural Resources Institute Finland (Luke), Greechinology.
Finlandiantie 18, FI-58450 Punkaharju, Finlanehikko.tikkinen@Iuke.fi

Norway spruceFicea abie¥is the most cultivated species of coniferoussrigeFinland. The constant
demand of propagation material with high breedialy® has driven the Finnish tree propagators amedfo
tree nurseries to search stable source for hightgpaopagation material. Production of somaticbepo
(SE) plants of Norway spruce is one of the mosinising techniques to achieve this.

In order to market clonal material, such as sonmetibryo plants i.e. emblings, for forest regenerain
Finland, we have to go through a registration pssa@ecording to our national legislation that isdubon
EU legislation.

Luke has now started this process in cooperatidgh ®innish Food Safety Authority (Evira), aiming to
register the first set of embryogenic cell linedNafway spruce. When we don't yet have results ffietd
experiments with our SE cell lines we first regigelected cell lines from high value parent tfee8Bulk
propagation. After this we can produce at least gldmts / family for the market.

Simultaneously with the registration process plémtfield testing are produced from the selecttiimes.
The clonal field testing is carried out by usingted shoot cuttings from SE donors that are plaimed
several test sites, located mainly in the predictéization zone of the propagation material. Aftiee test
results it is possible to register combinationsclohes with proven breeding values. In this phade i
mandatory to identify the registered clones so they can be verified later on, e.g. using micrelie
markers.

A case study with the first two sets of Norway sigr&E lines to be registered as forest regenenaiiberial
in Finland will be presented, including also thagtical point of view — i.e. laboratory managematirca
500 lines belonging to 12 selected families.

Keywords Picea abies, Somatic embryogenesis, Registrdfiety testing.
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Sprout vigor of poplar cuttings from stoolbeds fertlized with nitrogen or phosphorus

Graciano, Corina; Rodriguez, Maria Emilia; Faustirewra 1.

INFIVE (CONICET- Facultad de Ciencias Agrarias yréstales, Universidad Nacional de La Plata)
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Salicaceae stoolbeds produce propagating materigidnal plantations. With the annual shoots hstrve
nutrients are exported from the system and in apresgce, in successive production cycles, soillitgrti
can be reduced. Fertilization enables to comperfeatextraction of nutrients. However, there tfidi
information if mineral fertilization affects thegar of the cutting in its early sprout. The aintlit study
was to evaluate if fertilization with N or P in stbeds of twoPopulus deltoidelones -"Australiano
129/60" and “150-82"- affects the early vigor oé thprout of cuttings. Commercial stoolbeds weréaldiy
in plots that received one of the following treattse fertilization with N, fertilization with P and
unfertilized. Root and sprout production during flist months after planting was measured in cgttin
produced in each treatment. Fertilization with Rreéased the number of roots in "Australiano 129666
increased shoot: root ratio. Early vigor of “150-8&s not affected by fertilization. If cutting frofertilized
stoolbeds were subject to soil water deficit opflimg, their growth was affected similar to thosening
from unfertilized stoolbeds. Hence, fertilizatiohstoolbeds has no negative effect in the earlpvaf the
sprout neither in their tolerance to water strégsoplar cuttings.

Keywords Populus deltoidesNutrient deficit, Nutrient concentration, Nutrtarptake, Nutrient use efficiency
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Industrial implementation of somatic embryogenesigor the production of
Coffea canephora plantlets

Breton, D.;’Garcia Martinez, C*Ducos, J.P.!De Faria Maraschin, $Navarro, L.C.Broun P.
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Frontera Hidalgo, Chiapas — Mexico.

Somatic embryogenesis has been investigatddaffeaspecies since late 70s with the aim to become an
alternative method to conventional vegetative pgagian of selected varieties such as rooted cutiing
grafting. During years 2000s, protocols were optadi and defined fo€offea canephorand a pilot
production unit was set up in R&D Tours facilitiesvalidate the technical feasibility on the lagymle
(10M somatic embryos. yedr The somatic embryos were then shipped to cqffeducing countries to

be sown, grown and acclimated before their distidiouto the farmers.

The following and logical step was to transfer teehnology and the somatic embryo production in the
coffee producing countries. AGROMOD SA de CV, aowned company specialized in vitroplant
production and commercialization in Mexico demoaigtd interest in acquiring the process developed in
Nestlé R&D center. A dedicated laboratory was eggipto host embryogenic callus cultured on seniésol
and liquid medium, to allow then torpedo embryoealepment and finally early germination stage (i.e.
green cotyledonary embryos displaying root develmpnusing temporal immersion system (box-in-bag
bioreactors). All protocols regarding laboratorpgess and acclimatioex vitro were gathered into one
single handbook and shared with the company. Embryduction started on March 2012 with the plan to
reach step by step 100% of production capacityyeats.

The embryo production in the laboratory was rapitlgstered and only some optimizations of protocols
were required to better fit the requirementsdarvitro acclimation. Callogenesis was observed on semi
solid medium for all of the selected clones choierthe project. In liquid medium, cell lines coube
established and used to produce torpedo embryothefulevelopment of torpedo embryos was obtained
in bioreactors fed by automated temporal immersafiguid medium. On the other hand, the plastlet
acclimationex vitrowas the most difficult part of the process to aghiand important losses were reported
at the beginning of the project. The technicalésswere finally solved and now the process all@rgach

an embryo-to-plantlet conversion rate of 50% angbhd, as initially expected. By end of 2016, Agramo
will have produced a total amount of 10M of coffdantlets. A great challenge was also to change the
somatic plantlets perception among the coffee mreducommunity, more familiar with seedlings and
rooted cuttings.

Keywords Plantlet production, Mass propagation, Somatibmym Technology transfer
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A hybrid tissue culture protocol that combines corfer somatic embryogenesis with
organogenesis as an alternative propagation platfam for specialist applications

'Reeves, C Hargreaves, C3 elu-Walter, M.-A.;*Trontin, J.-F.*Moncalean, P Montalban, |.

Scion, Private Bag 3020, Rotorua, New Zealaradherine.reeves@scionresearch.com
2INRA, UR 0588 Unité Amélioration, Génétique et Rilpgie Forestiéres, 2163 Avenue de la Pomme dg Pin
CS 4001, Ardon, F-45075 Orléans Cedex 2, France.
SFCBA, Pdle Biotechnologie et Sylviculture Avan&gjipe Génétique et Biotechnologie, Campus Foré-8e
Pierroton, 71 route d’Arcachon, F-33610 Cestas, iaa.
“Neiker-Tecnalia, Instituto Vasco de Investigaci@®egarrollo Agrario. Campus Agroalimentario de Artea Apdo
46, 01080 Vitoria-Gasteiz, Spain.

Current somatic embryogenesis (SE) protocols farynmene species remain suboptimal for the purpdse o
reforestation. Some of the bottlenecks includedssd lines through the SE process due to lackmticued
proliferation, poor embryo maturation or poor carsi@n of somatic embryos &x vitroconditions. There

is often significant variation among genotypes weéhpect to productivity and SE protocol improvetaen
do not always benefit all genotypes.

There is often the desire to propagate specificlioels, for example from top-ranked families. Stdel
lines may show desirable characteristics such ssade resistance or a high ability to be geneticall
engineered. There is also a need to propagaténealifrom species that are in general recalcitaabmatic
embryogenesis (e.®inus densiflorp Cell lines from hybrid crosses, where there lbarincompatibility
issues between parent species, also present seliali@ginges. In particular there are no protocedslable
for these new hybrid crosses which are often lesgansive to all steps in the SE process.

An example of this recalcitrance could be a cek livhich is highly transformable but only produees
limited number of good quality mature somatic enalsryT his makes direct planting of somatic embrgos t
ex vitroconditions an unviable option. If the desired tak will not respond positively to modificatiori o
the standard SE protocols or media for the spel@sthe options for bulking up this material angted.

A hybrid tissue culture system combining germinasethatic embryos with organogenesis allows the
flexibility to work with these desirable cell linesd allows the best aspects of the component gatioa
methods to be exploited.

In conclusion, we have a propagation protocol thkés advantage of the benefits of SE, which irelud
cryopreservation to ensure juvenility while fieddting takes place and the potential for genetinexering.
These features combined with organogenesis, whialviges the advantages of increased early
multiplication, uniformity of shoots and high roogi and conversion to planting stock/stoolbedsigaing
strategy for some conifer species.

This talk will highlight where Scion has used thydbrid system to circumvent issues around certaitopol
stages, cell lines and conifer species.

Keywords Somatic embryogenesis, Organogenesis, ConveRexglcitrance, Hybrid protocol
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KEY INVITED SPEAKER

The development and application of conifer tissueutture and somatic embryogenesis
protocols in New Zealand: thePinusradiata D. Don story

Hargreaves, Cathy H.

Scion, Private Bag 3020, Rotorua, New Zealaradhy.hargreaves@scionresearch.com

Pinus radiataD. Don. is the dominant forestry species in NewlZrad, where it occupies almost 90% of
the current area of planted forests. Breeding piograre advanced and seed production well orgamzed
2009 New Zealand nursery survey found that of thg 3nillion P. radiatatree stocks produced, 70%
originated from control-pollinated seed (cutting8& seedlings 45%). The remainder (30%) were prediuc
from open-pollinated seed. New Zealand also supfitie Australian radiata pine seed market.

Propagation protocols to increase the availabditglite-cross material have been developed asdidis
culture strategies have been tested and used camathesince the mid 1980's. The tissue culture kvor
initially focused on adventitious shoot productfoncotyledons of nhon-germinated control-pollinaseed.
The advent of somatic embryogenesis (SE) in contibimavith cryogenic storage quickly superseded the
earlier organogenic approaches. New and emergaimodogies in forest-tree breeding include genomic
selection. The potential to use this technologgambination with SE is attractive. Somatic embryoags

is the underpinning technology for genetically niiedi P. radiataand potentially the pathway to producing
rejuvenated planted stock directly from maturedree

More recently, research and application effortsehiaeen focused on integrating organogenic tissiereu
protocols with SE and on current nursery practi€es presentation will focus briefly on some o #arly
propagation research at Scion, how these techredagére developed and how they are employed today
not only in research initiatives but commerciatyNew Zealand.

Keywords Pinus radiata Somatic embryogenesis, Organogenesis, Comméocestry
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Progress on scale-up somatic embryogenesis and méature seed technology of
conifer species at Weyerhaeuser

Gupta, Pramod

Weyerhaeuser technology center -1B10, 32901 Wegesea Way S. Federal Way WA 98001.
pramod.gupta@weyerhaeuser.com

Mass clonal propagation via somatic embryogenesishieen used for large number of horticultural and
forestry species. Embryogenic cultures have aleo bised for mutation and genetic transformatiolarde
number of papers have been published on somaticyentdzvelopment, maturation, cryopreservation,
germination and automation for several conifer @seSeveral patents have been granted to companies
the forest industries and universities on conifanatic embryogenesis, automation and delivery Byste
Weyerhaeuser NR Company also has several patentki©nechnology. The implementation of this
technology has already begun at Weyerhaeuser aactasether forestry companies. Companies arentgsti
the clones in the field and have been storing spoeding embryonal suspensor mass (ESM) in
cryostorage. However, plantlets production via sisvembryogenesis is still expensive. At Weyerhaeus
somatic embryo productions in bioreactors and dejiwia manufactures seeds have been developed for
Douglas-fir and loblolly pine. However, full comneglization is still limited due to the challengts
produce somatic embryos with zygotic-like quality.this presentation we will discuss somatic embryo
quality improvement and manufactured seed delivsigg Weyerhaeuser patented technology.

Keywords Somatic embryogenesis, Patents, Cryostorage
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Challenges of bioreactor for large-scale eucalypt@nal propagation

Penchel, Ricardo M?Gatti, Kellen C.2Xavier Aloisio, *0Otoni Wagner, C*Mingossi, Fabiana B.

!Fibria Celulose, Centro de Tecnologia, 12340-0%atei/SP, Braziltp@fibria.com.br
2Universidade Federal de Vicosa, Departamento deehgria Florestal, 36571-000, Vicosa/MG, Brazil
3Universidade Federal de Vigosa, Departamento déoBia Vegetal, 36571-000, Vicosa/MG, Brazil

Bioreactor is a potential enabling tool for largaie production of clonal elite plants in forestPyogress

in liquid culture bioreactor technology for eucdhgpecies are ongoing in both private and universit
laboratories around the world. Despite the increpsiumber of studies, the development of improved
equipment, new directions and trends in acadenticpaivate sectors, all require further and contirsio
analysis. This work aims to review some challeriggbe biofactory field to investigate its potehtis a
full-scale industrial clonal propagation system.n@arently, traditional, large-scale clonal propama
methods have been continuously improved, resuitiageliable, efficient system for commercial rariss.

As such new technology is becoming a more efficidtarnative system for scale-up and automatioth wi
very high productivity in micro-cuttings, the suss&ul adoption of bioreactors for industrial and
commercial applications still relies on severalexsp. At the research level, mechanization, automand
robotics are industry megatrends being considerdusi scale-up liquid culture process. Automatibpast

of the process is key to overcome the hurdle imghbgethe existing conventional, labor-intensive moeis.
Harvest and quality assessment of micro-cuttingslyced in bioreactor are major aspects that need
advanced technologies related to robotics and attomby computerized image analysis. The efficient
and successful exploitation of commercial micropigation of clonal elite eucalypt species in bioteac
must be more competitive than the current operatiorini-cuttings technology in terms of quality pla
survival in the nursery. This could be achievedrbgroving the environmental conditions for rootiagd
acclimatization as well as by establishing micrttings in the nursery. A major limitation in the
development of this technology is the demand faistant evolution of nursery infrastructure, esgbcia
homogeneity of irrigation and humidity systems reanhouses that are key issues for the acclimiatizat
of micro-cuttings. Research priorities should bgegi towards the refinement of the physiological
parameters associated to aeration, gas exchaogegafle, carbon enrichment, and culture vesseldpzas
rather than to the overexploited media compositiod bioreactor designs. Understanding the effefcts o
consumption and depletion of the various comporténesighout culture would pave the way for optimggi
the biomass growth conditions and the eventualumioh of quality plants. This could be a signifita
shortcut to develop a robust protocol that fits nafghe clones rather than developing genotypeifipe
solutions. Another challenge faced by large-scégid cultures is microbial contamination. The
development of photoautotrophic protocols is aogglortunity to minimize this limitation. For thedustry,

the critical analyses of some aspects relatedrébegfic technology and business expectations arallgq
relevant. Corporate technology plans should congigetime and resources needed to develop thegsoc
by experienced professionals in order to redudallsit

In conclusion, the combination of a simple, funetibbioreactor and new technologies (such as automa
photoautotrophic cultures, improved nursery infiacttuire and delivery systems) stands out as otleeof
required solutions for the cost-effective and éfi¢ propagation for modern tree improvement progra
and commercial nursery.

Keywords Micropropagation; Micro-cuttings; Mini-cuttingstursery; Megatrends
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Biofabrica Misiones S.A.: biotechnology accessibte producers

Salvatierra, G.R.; Rodriguez, V.M.; Kubiak de Stibaa, D.; Cabral, J.A.

BIOFABRICA MISIONES S.A.
Ruta Nacional 12, Km 7 % Posadas, Misiones, Arganti
gerencia@biofabrica.com.arinvestigacion@biofabrica.com.ar

Biofactory Misiones is a corporation, where the ani#y shareholder is the provincial government of
Misiones. It has the vision to be a leader in tffieient application of technologies of massive gtdive
propagation, the mission to leave biotechnologyessible to the producer and aims to vegetatively
propagate plants of high genetic quality, increaskl per unit area and contribute to the sustaiityalof

the production process. The production qualiteisified since 2010 by the IRAM ISO 9001: 200#sign,
development, large scale propagation and commaézaitbn of in vitro plants, clonal plantlets andexsial
seeds ensuring and excellent genetic and phyt@sgmlant quality So all plant material is propagated
with sanitary and quality assurance from its mdiceertification by allowing regional agribusinesgster
increased yields and income.

It is located in the Mercosur, in the Argentine teast. The region is remarkable for the large wate
availability, large biodiversity and huge biomaseduction. Its economy is based on primary actsiti
such as forestry, floriculture, agriculture andtiotture with native and exotic species. Consiugiihe
production units, Misiones has the lowest average ger producer in Argentina. According to various
censuses, about 80% of agricultural plots have tleas 50 hectares and represent 40% of the rural
population. This implies that agricultural policierist be aimed at diversified activities in smadlas of
land and to the grouping into larger entities (Bipducer cooperatives).

It was designed by a team of biotechnologists ftdmiversity "Marta Abreu" from Las Villas, of Cuba;
who transferred micropropagation technology, whiets applied and adapted to local conditions, cimat
genetics, laboratory, greenhouse and field crofesys Temporary Immersion Systems were subsequently
incorporated, expanding the production scale toemiban 5 million plants. This alternative allowed t
increase the multiplication coefficients, improviébe outbreaks quality and production costs. It ban
defined as a laboratory specialized in the vegetairopagation of plants from vitro cultures, a nursery
with the mission to acclimate the plantlet®invitroconditions and give to generated material in latuy
greater multiplication coefficient. Has an areaTefchnology Transfer that provides technical support
validates products and guides the producer witlesiteblishment and management of biotech prodauts;

an area of Research, Development and Innovations@/bbjective is the generation, implementation and
adjustment of new products, technologies and ptimlu@rocesses. From here strategic linkages with
universities, companies and laboratories in Argentand abroad are made to strengthen networking,
generate products or optimize processes. A sectagk sallowed the production of agricultural and
industrial inputs, based on the use of microorgasjsow environmental impact bioinputs (bio-inseickes,
bio-fungicides and growth stimulators). So Biofagtproducts are generated, giving priority to spsaf
regional interest such as eucalyptus, cassavaapites banana, sugar cane, orchids, heliconiagaste
aromatic and medicinal plants, among others, dityiragg until 2015 more than 9,000,000 clonal plastle
which means more than 3.2 million U$D or more of$A83 million, transferred into small holders in the
form of forest, ornamental or agro-biotechnologydarcts.

So since 2006, BIOMISA could exert a social-produecfunction, driving small producers to assume a
productive role, as opposed to subsistence, thrdagblopment, technology management, human resource
gualification, operational flexibility, transferpmmunication and awareness to producers and safittg
benefits of biotechnology.

Keywords Biotechnology, Tissue culture, MicropropagatiBigfactory, Clonal plantlets, Bioinputs
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Mass production of self-rootedHevea brasiliensis industrial clones by tissue culture
and nursery methods

Masson Aurélien®Monteuuis, Olivier
1SoGB estate, SOCFIN group 01BP365 San Pedro, Roast.amasson@sogbci.com
2CIRAD-BIOS, UMR AGAP TA A-108/03 Avenue Agrope@lB98 Montpellier cedex 5, France

Industrial clonal plantations oHevea brasiliensishave been established for several decades with
grafted/budded plants as an alternative to the rlagsl propagation of mature selected industii@hes

on their own root system. Huge and long term invesits have been devoted to the development ogtissu
culture techniques to reach this goal including atienembryogenesis, micropropagation and to lesser
extent propagation by rooted cuttings in nursergditions. The recent mass production of self-rooted
Hevea brasiliensisndustrial clones prompted us to review these agagion methods, analyzing their
respective effectiveness and limitations to meagielacale requirements of planting stock.

Keywords Hevea brasiliensisMass production, Tissue culture, Rooted cuttilBys] grafting, Industrial clones
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KEY INVITED SPEAKER, CLOSING LECTURE

Current status of forest tree biotechnology in a cAnging climate

Ahuja, M. Raj

60 Shivertown Road, New Paltz, NY 12561, US&huja@hotmail.com

Woody plants have been culturedvitro since the 1930s. After that time much progressieas made in
the culture of tissues, organs, cells, and prostpla tree species. Tree biotechnology has bed&mnma
strides in clonal propagation by organogenesissantatic embryogenesis. These regeneration stuales h
paved the way for gene transfer in forest treean3genics from a number of forest tree specieyingra
variety of recombinant genes that code for herbididlerance, pest resistance, lignin modification,
increased woody biomass, and flowering control haeen produced bjgrobacteriumramediated and
biolistic methods, and some of them are undergoindined field trials. Although relatively stablnal
propagules have been produced by organogenesisandtic embryogenesis, as well as by genetic
transformation in trees, there were also unintendestable genetic events. Therefore, it is impartan
monitor phenotypic and genetic stability of clonaterial, not just under greenhouse conditions alsa
under natural field conditions. Genetically modifipoplars have been commercialized in China, and
eucalypts and loblolly pine are expected to beasad for commercial deployment in USA. Clonal fones
and transgenic forestry have to cope with rapidalalimate changes in the future. Climate charsge i
impacting species distributions and is a significareat to biodiversity. Therefore, it is importamdeploy
Strategies for the survival and evolution of fortesé species facing rapid climate change. Indhection,
assisted migration and biotechnological approaoffes prospects for adaptation of forest treeditoate.

Keywords Tree biotechnology, Clonal propagation, Gene dfem Transgenic trees, Climate change,
Conservation/adaptation strategies
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“DendroMax” — a cornerstone to integrate biotechnobgy into traditional German forestry

'Benneckenstein, T?Dacasa-Riidinger, M?Hiiller, W.;?>Kadolsky, M.;Kraft, A.; ‘Rimmler, M.;
Walther, M.;2Wolf, H.; 'Zoglauer, K.

Humboldt-Universitat zu Berlin, Department of Bigyo Botany & Arboretum, InvalidenstraRe 42,
10115 Berlin, Germanyuemmlem@biologie.hu-berlin.de
2Staatsbetrieb Sachsenforst, Bonnewitzer Str. 329®Pirna OT Graupa, Germany

International efforts have advanced protocolsHerdystem of somatic embryogenesis (SE) in wooalytgl
not only to be applied as a tool for clonal progagabut also to accelerate current breeding giiase
These are fundamental prerequisites for the préi@enhdroMax”, which aims at an operative integratio
of sk of coniferous timber species into establighegding programs. Specifically for hybrid latdmrix x
eurolepiswe are aspiring the proximate implementation withie public enterprise for forestry in the state
of Saxony (Staatsbetrieb Sachsenforst). This engaithain of operations: Controlled crossings betwe
selected parental trees for sE-initiation, mainteea storage and characterization of sE-mater@ahtipt
production, acclimatization and transfer to nuessend evaluation in field trials (for ecologicdaptation,
superior yield and wood characteristics). The emges hereby not only lie in the incorporatiorneféntire
process of sk into routine breeding procedures ruacienomically competitive conditions, but alache
fulfillment of national guidelines and prevailingws, e.g. regarding the marketability of newly deped
varieties, particularly with respect to breeding éomodern and flexible forestry. The collaboratien
supported by the Federal Ministry of Food and Agltice (BMEL) in Germany and will allow public
access to know-how arnd vitro breeding material likewise, addressing forestétsoth, the private and
the public operating sector. Currently, field tsialith clonal hybrid larch are being assessed xo®aand
represent first systematic plantations of sE-derjpplants ofLarix x eurolepisn Germany.

Keywords Hybrid larch,Larix x eurolepis Somatic embryogenesis, Clonal propagation, Fgresteding, Field trials
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Cloning cork oak trees selected as tolerant tBhytophthora cinnamomi

Nisa, M.; Gonzalez-Cabrero, N.; Toribio, M.; *AlegrJ.

IMIDRA, Instituto Madrilefio de Investigacion y Desdlo Rural, Agrario y Alimentario.
Finca “El Encin” (Apdo. postal 127. 28800 Alcala #gkenares — Madrid), Spain
*Corresponding authojesus.alegre@madrid.org

Vegetative propagation is a main tool in forestelding that captures all the genetic potential tdcted
trees and produces uniform offsprings. This wagropagation allow the simultaneous capture of dffie
traits and therefore the transfer to the improvedutations of not only better growth performance an
product quality, but also tolerance to pests asdaties.

The cork oakQuercus subet..) is a Mediterranean tree species of ecologioal economic interest. This
oak sustainably produces cork, a renewable pradigrt as stopper of high quality wine bottles, tad an
other industrial applications. Acorns to fed catited gastronomically appreciated mushrooms are othe
products of interest. This species is threatened fgcline syndrome called “la seca” that is capubigh
mortality among cork and holm oak trees in the ‘&gt and “montado”, agroforestry systems of Spath a
Portugal.

Among the causes of this syndrome one of the musbitant is the infection by the oomyceteytophthora
cinnamomiRands. The production of varieties tolerant to pEithogen could be one of the ways to address
this problem. Clonal heritability of toleranceRbytophthorasp. has been demonstrated in several species.
In the framework of a project in which one of tHgextives was to determine whether the toleraraié tr
can be transferred to cork oak clonal progeniadt &ges are being cloned by somatic embryogeli8&is

Ten trees were selected as tolerant on the bastishiby were standing in a low-lying zone in whtble
oomycete was detected, and that the mortality ofosading trees was high. Samples from five trees
growing in the same area but at higher altituddevit mortality in the mass were collected as cdsitro
Following procedures previously established byteam, SE induction was performed in leaves frorseho
trees. Embryogenic lines were obtained from 8 pugdblerant trees and from 4 control trees. Freqies

of induction varied with genotype, ranging from@® #4%. Proliferation was carried out by secondary
embryogenesis. A decline of single embryo productidth time in culture was observed, although a
significant interaction with genotype was also reea. Germination of somatic embryos was also
influenced by genotype with mean frequency of 4#¥ging from 16 to 65%. In order to increase the
production of plants from the selected trees, pligtition by organogenesis from shoots of germihate
somatic embryos as rejuvenated explants was actgdredl Rates of multiplication were dependent on
genotype. The mean number of buds per nodal expftert 6 week of culture ranged from 2.5 to 9.5 and
the mean number of shoots longer than 15 mm saifabkooting from 0.3 to 2.6. Microshoots rootdta

a 24 h treatment with IBA at frequencies betweerad@ 47% depending on genotype. An effect of the
length of the IBA treatment on rooting frequenaiess recorded, doubling when it was increased th. 48
Somatic embryogenesis has been a suitable totbie selected cork oak trees. Work is in progrededt

the tolerance of the regenerated plants.

Keywords Breeding, Forest biotechnology, Disease toleraQcercus suberSomatic embryogenesis.
Acknowledgement$panish National Project AGL2013-47400-C4-1-R.DRIA grant to M. Nisa.
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Integrating vegetative propagation into conifer impovement programs in Mesopotamia
Region, Argentina.

*Gauchat, M.E.Belaber, E.C.2Vera Bravo, C.D.’Gonzélez, P.A.

nstituto de Tecnologia Agropecuaria (INTA), INTAmMecarlo, (Av. Libertador 2472, CP 3384, Misiones)
Argentina. *Corresponding authogauchat.maria@inta.gob.ar
2Instituto de Tecnologia Agropecuaria (INTA), INTAIIB Vista, (CC N° 5, CP 3432 Bella Vista, Corriesit
Argentina

More than the 90% of planted areas in the Mesopataegion of Argentina are conifefBinus taedds
one of most important species. However, in theyaats, the areas planted wRRmus elliottii var. elliottii
(PEE) xPinus caribaeavar. hondurensigPCH) have increased often due to their bettefopmance.
Currently, INTA is carrying out tree improvemenbgrams for both taxa. Since late “90s the improveme
program ofP. taedawas intensified up to nowadays that it is in @sand cycle of breeding. While, for PEE
x PCH R hybrid, since 2001 economic restrictions for saeduisition led that the National Institute of
Agricultural Technology, through an agreement WRHNDO S.A., implemented a program for their
production and improvement.

In a general way, tree improvement involves thedated phases: conservation, selection and breestig
propagation. Breeding and selection are the ceattd@ities and involve formulation of mating dessy
evaluation of resultant progenies, estimation ofegie parameters, and selection of desirable gpastfor
propagation and further breeding for the next gatin@r. It is only after reaching the propagatioagdthat

we can realize potential gains from the previodiviéies. For the latter phase, time is the majongtraint.
Sexual maturity directly affects the rapidity in ialn generations can be created and therefore ateeat
each genetic material can be deployed in a fiedtl peogram. This is the reason because of vegetativ
Propagation is one of the most important tool aiely used in tree improvement to manage breeding
population more effectively. It has major advantager sexual reproduction as a means of mass produc
All the genetic components of “donor” plant candaptured and duplicated.

At the present, tree improvement programs of INalketadvantages from different techniques of veiyetat
propagation, from one side, to produce propagule mapidly and to transfer them to farmers. Babal
we applied clonal propagation because of it careame the total amount of genetic gains that catlebeed
from a tree improvement program at any generatjonsing non-additive genetic variation.

Keywords Loblolly pine, PEE x PCH #hybrid, Tree improvement program, Vegetative pgain
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Serial minicutting effect on productivity and morphological characteristics ofToona ciliata
ministumps

Campos Mamede Weiss de Carvalho, G.; Guerra Baribs@€hagas Barros, T.; Pires de Freitas de
Oliveira, T.; Monnerat Erthal, R.

UENF, Universidade Estadual do Norte FluminenseipRibeiro. Av. Alberto Lamego, 2000 - Parque Gatifa
CEP: 28013-602. Campos dos Goytacazes — RJ, Byamihnnacampos85@yahoo.com.br

The Red cedaiTona ciliatg stands out in the Brazilian forest sector duisteelatively short production
cycle, good timber productivity and high marketirajue. Studies show that the vegetative propagation
this species is feasible for commercial productisrwell as rescue and multiplication of adult ggpes
with interesting features. However, the physiolagige of the plant matrix may impact growth fastof
the vegetative propagules, as these may have uataleamorphological characteristics for the hargliim
minigardens. Studies suggests the use of seriatutiimg to promote the strengthening of these nelte
and the induction of juvenile characteristics. T8tigdy aims to evaluate the productivity of minisps and
morphology of shoots in Red cedar clones submittethe serial minicutting. In a clonal minigarden
implanted with stakes of adult matrices, rescuést &farvest, sprout of two clones were collectedqand
TC15). From the sprout, minicuttings with 5 cmeémdith, containing a leaf and a couple of leafletaiced
by 50%, were made. The minicuttings were placedbes of 280 ciywith commercial substrate based on
pine bark and slow release fertiliz&ooting was carried owtnder intermittent mist for 30 days. At the
end of this period, they were transferred to tleeeghouse and on the day 195 after staking thengsativere
transferred to suspend seedbed, where they hadptse pruned to 8 cm from the root collar, for the
formation of the first subculture (SUB1) ministumi@prouts of SUB1 were collected to form the second
subculture (SUB2) and these provided sprouts fdicsiure 3 (SUB3). Monthly evaluations on the
productivity were carried out as sprouts and miticgs number by ministump. To evaluate the
morphology, 4 ministumps of each clone were seteetied evaluated at 6, 7 and 8 months after the
implantation of each subculture. The number of ésaand leaflets leaf area and dry mass were gigahtif
in the harvested sprouts. Changes in the ministupnpductivity or the biometric characteristics bt
sprouts, due to three subcultures in a serial mitiigy, were not observed in any case. This worlk lve
continued to assess whether more subcultures eyt rim the reinvigoration of these clones and
reestablishment of juvenile characteristics.

Keywords Red Cedar, Vegetative propagation, Clonal mindga
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Seedlings production ofToona ciliata by serial minicutting

Campos Mamede Weiss de Carvalho, G.; Guerra Barlbs@€hagas Barros, T.; Pires de Freitas de
Oliveira, T.; Trindade, G.F.

UENF, Universidade Estadualdo Norte Fluminense DaRibeiroAv.Alberto Lamego, 2000- Parque Califérnia,
CEP: 28013-60Zampos dos Goytacazes—RJ, Bragdvannacampos85@yahoo.com.br

This study aimed to evaluate the rooting of mirtiogs and seedlings quality produced by serial cuitting
and field rescue cultivation from adult strainghie field of three clone§oona ciliata The minigarden was
established in suspended seedbed with clonal sgediiroduced from sprouts rescued got from sti@fins
three matrices that suffered shallow cut (fieldtues; with seedlings from clonal minigarden’s mirttangs
previous established, marking the subculturel(Styadd multiplied seedlings by serial minicuttinggrh
SUBL1 rooted minicuttings, marking the subcultu(§@B2). Successive sprouts collect were made aratlo
minigarden with 30 days interval. On 30 days after staking, the minicuttings were evaluated altioeit
rooting percentage, number of first and secondramigts and total root length. Base of fragmentsewe
collected from minicuttings of TC9 and TC15 clories anatomical characterization. On 105 days after
staking, the seedlings were evaluated about suagyiieight, diameter at lap height, leaf area, sdop
mass, humber and length of first roots, total teagth, roots dry mass and Dickson quality indexeré
were differences in the behavior of genetic matéyathe treatments. There was no positive efféthe
two series of crops in rooting cuttings and quadityseedlings of the evaluat@dona ciliataclones. There
were no anatomical barriers to rooting clones efdifferent types of farming evaluated.

Keywords Australian cedar, Vegetative propagation, Reiokagjon
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Factors influencing thein vitro acclimatization of plantlets of Pinusradiata D. Don
originated from somatic embryos germination

Avilés Maldonado, F.; Lineros Fuentealba, Y.; Véyarin, P.; Mufioz Riveros, X.

BIOFOREST, S. A. Ruta 160, KM 15, Coronel, Clileiola.aviles@arauco.cl

Ex vitro acclimatization is a critically phase ¢finus radiata plantlets produced through somatic
embryogenesis pathway. With the aim of optimize #tage, it was analyzed the effect of light intgns
sugar presence, ventilation and £@uring the last phase of plantlets growing in falary, after
germination of somatic embryos.

For this, it was evaluated the response of germéhatants, with respect to the intensity of ligh©®/00
umols’m@), sucrose (0/ 20 gt), CO, (with / without supplement) and container venidlat(with / without
adhesive membranes with micropores). Plant materéed placed in polypropylene boxes filled with
substrate bark/perlite/peat autoclaved and moidtesith WV5 medium without gelling in growth chamber
After 45 days, the plants were transferred to diease conditions, was evaluated the number of plant
with activation of growth after 120 days sincedéparture from the laboratory. For data analydiactorial
design was used with n = 16 plants per treatment.

Main results show that exist significant interant{a = 0.05) between CQIlight intensity and ventilation,
establishing that when there was not containerilaéioh and there was not GQupplementation, the
presence of plants with apical activation growtlgraenhouse was reduced from 62.5% (50 pufnof} to
37,5% (90 umoldm™?). Presence of sucrose showed a minor significi@ttela = 0.1) comparing plants
supplemented with 20 giLof sucrose (53% of plants with apical growth aatiion) and plants without
supplementation (42% of plants with apical growttivation).

As conclusion, apical growth activation at greerd®olt was determined by light intensity, £0
supplementation, and container ventilation at #e ktage of growth at laboratory. Sucrose presence
improves this parameter independent of light/vatith/CQ supplement condition.

Keywords Acclimatization, CQ, Light intensity, Ventilation, Sucrose
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Minicuttings production and nutritional requirement of three Toona ciliata var. australis
clones ministumps

*Qliveira, T. P. F.; 2Barroso, D.G.; 3LamdnicaR&. “Barros, T.C.>Carvalho, G.C.M.W.%Silva, B.G.
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*Corresponding authoribitaiane@hotmail.com
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Good nutritional status of the stock plant is egakfor the maintenance of vegetative vigor andttmous
minicuttings production. Therefore, the supply aftrients in optimal amounts during handling of
ministumps influences the success of propagatibe. dim of this study was to evaluate and compagre th
productivity of minigarden and nutrients used bpak of thre€lToona ciliatavar. australis clones, and
present the total nutrient consumption in the potida period. The minigarden with TC3, TC9 and BC1
clones was established in suspend seedbed cogtamimmercial substrate based on pine bark decomdpose
coconut fiber and filter cake (2: 1: 1 v/v), in egnhouse plastic cover (150 mM) and 30% shading. T
form the mini garden, the cutllings of each cload the apex pruned to 8 cm from the root collar@aded

in suspend seedbed (0.15 x 0.15 m) arranged imdmnaized block design (RBD) with six replicatioasd
seven plants for repeat (42 ministumps/clone).alchesprouts harvest survival, the number of spraits
cuttings produced by ministump, and monitoring ofrients content exported were quantified in 18
harvests. At the end of 18 samples was conductédtional analysis of ministumps. The consumption
curves for 432 days and the total amount of nutsiesed in the process are shown. The ministunrpgival
ranges from 96.9 to 100%, indicating that this &ecs tolerant to apex pruning and sprouts sub@ess
crops. The TC3 clone was more productive, with tgreafficiency in the conversion of nutrients attsat

to produce sprouts and minicuttings. From the Sthiquttings harvest is indicated the replacement of
nutrients aiming to maintain constant minigardeodpictivity. The nutrients most exported by sprafts
TC3 clones, TC9 and TC15 were, respectively, nérng1239, 1905.7 and 1410.7 mg/ministump),
potassium (1209, 1923.9 and 1314.3 mg/ministunm),calcium (612.9; 980.6 and 753.9 mg/ministump).

Keywords Clonal minigarden; Nutrients; Red cedar
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Ramin (Gonystylus bancanus Miq. Kurz) micro propagation: the endangered tropical trees

Putri, Asri Insiana

Center of Forest Biotechnology and Tree Improven@RBT]I), Forestry Research and Development Agency,
Ministry of Forestry, JI. Palagan Tentara PelajanK 15, Purwobinangun, Pakem, Sleman, Yogyakart8555
Indonesiaasriip@yahoo.co.id

Ramin Gonystylus bancanubliq. Kurtz) natural population has been decreashgrply due to over
exploitation, and nowadays has been leading toeitin. The lack of propagation technique informati
is among the reasons why there has not been einmitigtion to develop ramin plantation yet. Thisearch
was conducted to ramin micro propagation study &yté&r of Forest Biotechnology and Tree Improvement
(CFBTI), Forestry Research and Development Agentigistry of Forest in cooperation to Asia Pulp and
Paper (APP). The aim of this study was the effégrowth media on the shoot initiation and growth o
ramin in vitro. The ramin explants were from awali shoot seedling. Research design of this stualy w
used Complete Randomized Designed with 5 treatnaerd <50 replications. Five compositions of growth
media used Murashige-Skoog media with benzyl-arpimdre (BAP), 6-furfurylaminopurine (kinetin/K)
and napthalene-acetic-acid (NAA). BAP 3 thgK 0,15 mgt' : NAA 0,5 mgi* (H1); BAP 3 mgf: K 0,15
mgl* (H2); BAP 3 mgf' : NAA 0,5 mgi* (H3); K 0,15 mgt : NAA 0,5 mgi* (H4) and control (H5). The
result showed that medium H1 (1.79 + 0.0141) theg BAP, NAA and Kinetin combination was
significantly highest in proliferation coefficierluring 6 months’ time periods, the percentagexa&
cultures was not significantly different for all diem treatments and it was very low. H1 (47.4806683)
was also the highest in percentage initiated explant not significantly different with H2. H1 (B8 +
0.2830) were not significantly different with H37(67 + 0.1694) and H4 (14.27 + 0.2210) for peragmta
roots initiated, these all medium contain NAA.

Keywords micro propagation, ramin, auxiliary shoots, axenilture
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In vitro shoot induction and multiplication from nodal segnents of Austrochthamalia
teyucuarensisH. A. Keller
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Austrochthamalia teyucuarendit A. Keller is a species endemic to the proviat#lisiones, belonging

to the Apocinaceae family, which blooms from Seftenand lasts until February, and its fruit is lidt.
While the seeds show high germination rate (90%)has high potential as an ornamental speciesnlye
known population of the species has about 100 sy@ts, and is in an area of high anthropic incidence
being critically endangered. For this reason, tietbpment of suitable propagation techniques &blen
restoration and conservation ex situ is required.

The aim of this paper is to propose an alternag@renination under controlled conditions and muiktgtion
from nodal segments, using threvitro culture technigues. The seeds were harvesteceialyll Cuaré
Spot, San Ignacio, Misiones (27 ° 16 '43.9' 'S ¢ 83' 44.9 " W) in June. Disinfection of seedasisted

of two disinfections steps (all in laminar flow ¢chiaer): 1) Immerse them in a peroxide solution afrbgen
(H202) 10 volumes for 30 minutes then in 70% alcohobfioe minute and then transferred them to a solution
of sodium hypochlorite (NaClO) with 1.5% Tween 2@®o drops) for 20 minutes. 2) Soaking ip®4 10
volumes for 16 hours, then 70% alcohol for one td@rand then transferred them to a 1.5% NaClO with
two drops of Tween 20 for 20 minutes. The cultuediam used for germination were the MS (Murashige
and Skoog, 1962) and SH (Shenk and Hildebrand®)197 their original concentrations, added 6df
agar, free of sucrose and growth regulators. Tvemlsevere grown in 50 ml tubes, with 10 ml culture
medium, incubated for 30 days at laboratory lightditions (116:mol.m?. S*, PAR, photoperiod 14 hours)
and controlled temperature (27 £ 2°C). Nodal sedgmearbtained from thin vitro germinated seedlings,
cultured on MS medium supplemented with BA (0, 2.2, and 8.8 uM), and incubated under the same
conditions stated above for 45 days.

The results showed that the germination percentagel00% in both media and the morphogenic process
began two days after cultivation. Furthermore, dignfectants and the disinfection process used wer
effective in the elimination of pathogens (fungddracteria). As multiplication treatments with arid 8.8

UM showed the best results with 3 £ 0.10 and 3.00% shoots per explant, respectively.

In conclusion, we can state that the disinfectiamg culture media evaluated were appropriate teaeh
the establishment arid vitro germination of mature embryds teyucuarensislA Keller, and that BA
induces growth of multiple shoots, generating &erahtive reproduction method fex situconservation.

Keywords Endemic, Apocinaceae, Seed, Shoots
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The in vitro propagation of Luma apiculata (DC.) Burret, a tool to assist large plantations
programs for this species

Garcia-Gonzales, Rolando; Mancilla Barrientos, HéEmar; Pico Mendoza, José

Centro de Biotecnologia de los Recursos Naturddpso. de Ciencias Forestales, Universidad Catotied Maule.
Av. San Miguel 3605, Casilla 617, Talca, Chilgarciag@ucm.cl

Luma apiculatabelongs to the Myrtaceae family and it endemiaffi©hile. The species yields a fruit with
an attractive aroma and it has been used as malptant. Nowadays, the species remains underrdiliz
however, it has a large potential considering iitst fproperties and uses. Propagation methodd.for
apiculatahave not been studied in deep and still the p#astill propagated mainly by seeds, but if large
clonal plantations from selected individuals arejgxted in the future it will be necessary to depehot
only high efficient asexual propagation methodsdlsio non expensive. This work was aimed to develop
anin vitro propagation technology from nodal explantd oépiculata Vegetative buds grown during the
spring season were disinfected with different catragions of sodium chlorine during different tim&se
explants were cultivated on MS medium supplemenii¢d benzylaminopurine (1.0 mgl. Four weeks
after planting nodal segments were harvested fl@rdeveloped plants and multiplied on differennpla
growth regulators at different concentrations. Aftelecting the best propagation medium, rooting wa
evaluated by testing the effect of different coniaions of indolacetic acid and indolbutiric adfdthe
basal medium. Two rounds of disinfection with 2%lism chlorine for 20 minutes gave the highest was
the most efficient procedure for in vitro estabiient. Meanwhile, the addition of 0.5 mybf BAP into

the multiplication medium produced the highest pgation rates. Rooting was obtained in all tharaux
treatments but not significant differences wereawtatd when compared the basal with not plant growth
regulators.Ex vitrosurvival was highly improved when 100% peat wasiues substrate. Giving a treatment
with 3.0 mgL* of IAA gave the highest explants survival durihg £x vitro step. Also, the presence of the
in vitro arisen calli reduced plant survival and developmen

Keywords In vitro propagationl.uma apiculata Aseptic nodal segments, Myrtaceae, Sodium hypoical

September 19-23, 2016. La Plata, Buenos Aire, Argentina.

4t International Conference of the IUFRO WORKING PARTY 2.09.02 ‘ ’

94



Induction of embryogenic tissue from apical meristens of loblolly pine
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Family forestry is currently implemented on a comerad scale in the province of Misiones; howevaeg t
genetic gains are lower than those obtained framatlforestry. In this sense, the particularitysomatic
embryogenesis technique to generate rejuvenatagetisom adult trees meristems results in apprtgpria
technology to advance towaRinus sp.clonal forestry. Our research focused on the dgweént of
embryogenic lines from apical meristems of juvenitel adult tissues &inus taedaDifferent studies were
carried out, such as: 1) vitro establishment, which contemplate the pre-treatroérihe donor plant
sprouting and growing apical meristems from plaaised in pots, 2 and 4 years old, and grafts a8syef
age of loblolly pine. 2) Embryogenic induction framoss sections of 5mm thickness, obtained fromieste
shoot apices of seedlings of 2 and 4 years oldgaafi established in vitro. Basic medium WV5 (W)
described by Coke, et al. (1996) and the averagR () described by Gupta and Durzan (1985) were
used. The concentrations and combinations of grogghlators for both the pre-treatment, to theestaaf
initiation and maintenance, were the one descriipedlalabadi and van Staden (2006). The inductive
pretreatment studied were: a) with inductive peattment, the sterilized explants were culturedrat p
inductive medium, at 3°C, in darkness, for thregsdareviously to be sub-cultured in the inductivedim
and b) without inductive pre-treatment, explantsensterilized grown directly on inductive medium, a
room temperature in darkness. The completely ramimhdesign was used with a factorial arrangement o
treatments with five replications with 10 explaseh replicate in every tests conducted at eadge sth
study. The variables evaluated were number of gimgiexplants (vigorous and sterile)/treatment; bam

of induced explants/treatment; induction type dade as well as cytological and histological olatons.

The results, demonstrated, that the combinatidheo$tock plant isolation, for at least 15 daygth weekly
application of fungicide and bactericide, and theitro establishment provided immersing in a migtof
fungicidal and bactericidal solution, and subsegiremersion in an HCI solution (sodium hypochloyite
is suitable for a frequency above 80 + 12% of axislaurvival. Moreover, the pre-cultivation of expis,
at ° C, prior to culture them on inductive cultmmedium in the dark at 27°C, was a necessary stethdo
induction of embryogenic tissue, and ontogeny efdpical shoot used as explants, affects cytology a
histology of the generated embryogenic tissue.

Keywords Pinus taedaln vitro, Histology
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How to maintain embryogenic capacity of embryogenitines initiated from Douglas-fir
immature embryos
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Douglas-fir Pseudotsuga menziegMirb) Franco) is a native conifer from the Paciflorth-West of the US and
Canada, and is one of the most important timbeciepeused in the world with both high productivitya range of
climatic conditions and highly valuable wood prdjeer (quality) as well as strong tolerance to dissaand insects.
In Europe, Douglas-fir is a major species for reftation with increasing demand for its wood. Tfuese
adaptation of new varieties to climate change arsto@ated stresses is one challenging questioorfgoing
breeding programs. Efficient selection and vegetafiropagation of improved varieties appeared tkdye issues
to maintain productivity in plantation forestry (ueWalteret al. 2013). However, as in many other conifers, early
maturation is preventing clonal forestry througmwentional multiplication methods in Douglas-firg8ienet al.
2013). Somatic embryogenesis from immature seedlspled with cryopreservation, is a promising rettoe
clonal propagation system of selected trees, ctlyreleveloped for an increasing number of conifgreces
(Klimaszewskaet al. 2016). Excluding patents, there are only a few ighbd studies on Douglas-fir somatic
embryogenesis. One recurrent problem is the sadtlEnmultiplication of initiated embryogenic magdrii.e.
embryonal masses (EMs). Currently, EMs obtainedr afinitiation are subcultured every two weeks innghs on
proliferation medium. Yellowish, non- embryogeniallas (NEC), which is interspersed with EM, is fueqtly
observed during this process.

In this work we used high-resolution optical miaogy for cytological observation of three embrydgelines
initiated in 2012 (from different genotypes: D1, ,DR3) that were previously classified according tiheir
macro-morphology as either “pure”, white-transluc&M as typically described in conifer species (D2) or as
a mixture of EMs and NEC (D3). Using confocal m&mopy with FDA/PI staining it was shown that EMsnfr

a “pure” line (D2) are apparently interspersed witdble, persistent non-embryogenic cells of unkmasigin. In
addition, dead cells were observed in embryo suspenfrom embryogenic lines suggesting activelyuaticg
apoptotic and autophagic programmed cell death (jP@®Bt is required for normal embryo developmend. T
tentatively reduce the occurrence of non-embryageails, it is necessary to frequently subcultine tEMs (each
week), to vigorously dissociate them in liquid medibefore transferring onto filter paper as a tidhlayer (Reeves
et al. submitted).

Keywords Douglas-fir, Somatic embryogenesis, Multiplicati@mbryonal masses, Morphology, Cytology
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Induction of somatic embryogenesis in explants ohsot cultures established from adult
holm oak trees
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Holm oak Quercus ileX..) is one of the commonest tree species in theitdeanean basin. Acorns provide

a rich source of nutrients for foraging animals(lan pigs, sheep, goats, and horses). In addttierhlack
truffle (one of the most expensive edible fungitlie world) is generated from a symbiotic relatiapsh
between the holm oak roots and the funguber melanosporunHeavy mortality and decline @}. ilex

has occurred across the south east of the Ibegam$ula due to a syndrome denominated in Spasish a
“La seca”. Propagation of disease-tolerant holmtoeds is therefore very important. However, tiadél
propagation by seeds and vegetative cuttings sfgpécies is known to be recalcitrant. Microprogiaga
and somatic embryogenesis (SE) may be valuable tobkn conventional propagation is difficult to
achieve. The goal of the present study was to dpwah efficient protocol for induction of SE in éxpts
obtained from mature holm oak trees.

Axillary shoot proliferation cultures, previouslgtablished from two holm oak trees (both 100-yddr-o
elite trees), were used as sources of initial expléor induction of SE. Shoot apex explants (21215
long) and leaf explants (the most apical expantiiages) were cultured on Murashige and Skoog (1962)
medium without plant growth regulators or suppletaedmwith different concentrations of naphthalenéeace
acid (NAA; 1, 2, 4 mg/l), indole-acetic acid (1, £2,mg/l) and indole-3-butyric acid (1, 2, 4 mgh) i
combination with 6-benzylaminopurine (BA; 0.5 mg/l)

SE was induced in the shoot apex as well as indeplfants of the two genotypes evaluated, althdhgh
rate of embryogenesis was influenced by the geeotapxin and explant type. Shoot apex explants were
more responsive to embryogenesis than leaf expl@hesbest results were obtained with apex explaints
clone Q3 cultured on medium supplemented with NABlus BA 0.5 mg/l. The advantages of using shoot
proliferation cultures as sources of explants f&r i8duction include the lack of need to sterilibe t
explants, all year round production of materiathet same developmental stage and better contrbleof
growing conditions of the stock material.

For proliferation of somatic embryos, proembryogemasses were cultured on Schenk and Hildebrandt
(1972) medium, yielding new cycles of somatic erbrevery 5-6 weeks. Cotyledonary-stage embryos
were isolated, placed in empty Petri dishes angkdtat 4°C for two months. After cold storage, stiena
embryos were cultured on germination medium congjsbf Gresshoff and Doy medium (1972)
supplemented with 0.1 mg/L BA and 20 silver thiosulphate. Conversion of embryos intanplets was
observed under these conditions.

Keywords Quercus ilexLeaf explants, NAAPhytophthora cinnamom&hoot apex explants, Somatic embryo.
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Photoautotrophic micropropagation consists of theieation of exogenous sugar from nutritive meidia
order to promote photosynthetic activity in theterds. Shoots propagated under photoautotrophic
conditions are considered to be in a healthieriphggical state and better adapted to acclimatiamthose
cultured in the presence of sugar (Xiao et al. 2011

In this study we used chestnut clones selectethér resistance to ink disease and propagated timeler
photoautotrophic conditions during both prolifepatiand adventitious rooting stages.

Explants were cultured in liquid medium in a contins immersion system using bioreactors adapted in
our laboratories from polypropylene food storagetaimers (Lock&LocK). The bioreactors were equipped
with 0.2 um filters to receive forced ventilationthvCO,-enriched air and were placed under white light-
emitting diodes (LEDs), which provided a photoswtith photon flux density of
150 pmol n? st.

For multiplication, explants were cultured in 1Mioreactors with 1 L of Murashige and Skoog medium
with half-strength nitrates supplemented with (FL N°-benzyladenine (BA). Rockwool cubes of 1%cm
(Grodar?) were used as inert support material. Rooting egablished in 16 L bioreactors containing 2.5
L of media devoid of plant growth regulators, ahdats were dipped in 1 g/L indole-3-butyric-aciBAl)

for 2 min before being inserted in rock wool blodkglifferent shapes and sizes.

Four chestnut genotypes were successfully micrgmaied under photoautotrophic conditions. Basal and
apical explants (3 cm of height and at least twmaexled leaves) were aerated (1 min/hour) withraicked

with 2000 ppm of C@ In the first experiments, explants became nexrgtien cultured in media devoid
of sugar. This was subsequently prevented by partrent with decreasing concentrations of sucrase f
at least three subcultures.

For rooting and acclimation experiments, 15 clomese used. Vigorous shoots of 3-4 cm were treatéd w
IBA and inserted in Kiemplugs or Blocks AO de Gro8aln several experiments using more than 6000
shoots, mean values of rooting of 71 and 56 % wbtained respectively for Blocks and Kiemplugs. The
CO: levels of 1200-1500 ppm were suitable for rootafiegment and shoot growth, and high survival rates
were observed after transplanting. More than 70@®ts rooted under photoautotrophic conditions were
successfully acclimated.

Keywords Bioreactors, Chestnut, Continuous immersion, LADguid culture
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Preliminary study of in vitro propagation of Austrocedrus chilensis
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Austrocedrus chilensigPatagonian cypress) is an endemic tree belongintpd Cupressaceae family
found in Southern Argentina and Chile, across 1@0 Ba in a wide variety of ecological niches and
different soil types. In Argentina, it grows in & & 80 km wide strip along the Andean foothillscss a
broad moisture gradient. In the weAt, chilensiscan be found either in mixed stands wibthofagus
spp or in pure stands on dryer sites. In the nottltan be found mixed witAraucaria araucanalt
also grows in open, xeric forests or in isolatadmds at the limit of the Andean forest and the gatan
steppe, acting as a barrier against desert advAncailensis is valued not only because of its ecological
function, also is one of the few native tree speeigh high potential to be planted for timber protion.

It grows relatively fast and the wood has been Widesed since it is quite stable and appealing.
Phytophthora austrocedrés a recently discovered pathogen that causesesevertality ofA. chilensis.
Mortality was first registered in 1948 and the @usmained unknown until recently, which generated
deleterious effect on the native forests, which thd species to a serious threat of conservation.
Individuals with different degrees of susceptililto the pathogen are generally observed in affecte
areas. Since factors associated with the spreatheofdisease are difficult to control, detection and
reproduction of tolerant/resistant individuals seeim be the best solution to the problem. At prgsen
little work with almost no success regarding agamgproduction of the cypress was done. The aim
of this study was to contribute to the developradrda micropropagation protocol. Seeds were coltecte
from an open pollinated natural stands. Before ey were pre-chilled for 70 days. Seeds were
submerged in 70% ethanol for seconds, and theastiyasis was performed with 25% sodium hypochlorite.
After asepsis, seeds were stored in 1% wf@Ho stimulate germination during 30 days. Embryosewe
extracted from the germinated seeds and incubatadyrowth chamber at 24+2°C under a photoperiod of
16 h of cold light at a light intensity of 60umolés™. In the establishment stage the induction media
employed was QL medium supplemented with the falhgweombination of the growth regulators: Indole
3-butiric acid (IBA) (0.1 mg/l) and 6- Benzylaminmine (BA) (1.5 mg/l). For callus induction QL was
supplemented with 2,4-Dichlorophenoxyacetc acid-(2, 3.0 mg/l). In all cases sucrose (30 g/l) agdra

(8 g/l) were added, pH was adjusted to 5.70 + 0adfl, media were sterilized by autoclaving. After 30
days of culture, the aseptic procedure performed tive laboratory was effective, showing low
contamination (6.25%). Morphogenesis on explants wet induced in the media employed, with the
balance and combination of growth regulators u#teds known that different proportions of cytokisin
and auxins induce distinct responses according Heir tnatural control in each plant. This was a
preliminary study, new studies are necessary tcerohtie the best balance of growth regulators,
explant type, and culture conditions to induce poggenic or embryogenic tissue on explant$\of
chilensis.

Keywords:Cypress, MicropropagatioRhytophtora austrocedrei
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Ex vitro rooting in Acacia crassicarpa micropropagation
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TheAcacia crassicarpas the most planted species for pulpwood in Indanand active breeding programs
are ongoing to improve productivity. Elite geneti@terial is propagateith vitro by microcuttings and
protocol has been successfully achieved. Nevegbebrdjustment of the technique is important igdar
scale propagatiortx vitrorooting in the nursery of shoots produced in #imtatory is an alternative step
to simplify the procedure. A feasible methoddarvitrorooting was tested and results are hereby pratente

The two main factors analyzed wekecrassicarpdamily and the time between cutting preparatiothim
laboratory and transplanting in the nurseryeforitrorooting. Randomized complete design with 4 farsilie
of A. crassicarpaand 5 time intervals between cutting preparatiwhtsansplanting in the nursery (0 h, 24
h, 48 h, 72 h, 96 h) were contrasted with the cbrrtr vitro rooting. Parameters of plant survival in the
nursery, stem height, stem diameter and numbemaf noots were assessed. The results show thatithe
factors have significant effects in thg vitrorooting output. Family affects plant survival, reteliameter
and number of main roots, but not stem height. fabtor time interval also shows significant diffeces
between control and time intervals longer than 2dr& If the time of transition from the controlled
environmental conditions in the laboratory to tygasting does not exceed the 24 hoursesefitrorooting
shows that plants have no significant differencesamparison to the control for survival, stem dien
and height. These results indicate tinatitro rooting could be replaced lex vitrowithout disadvantages
in the plant propagation success. Furthermoresithplicity in the procedure fok. crassicarpdarge scale
propagation is associated with additional benediish as cost reduction.

Keywords Microcutting, Vegetative propagation, Rootingcottings
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Interaction effects of cytokinin type and 2,4-D leels on callus induction from inflorescences
of the giant bamboo Dendrocalamus asper (Schult. & Schult. F.) Backer ex K. Heyne

Ornellas, T.S.; Fritsche, Y.; Guerra, M.P.
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Woody bamboos are perennial plants of great impoet@as genetic resources for sustainable foresegy u
due to fast growing, annual culms harvesting, adsd #or environmental services and climate change
mitigation. Dendrocalamus aspeés a tropical sympodial bamboo with economic intaoce for its high
quality timber and edible sweet shoots. Furthermibqgresents potential as energetic biomass sptoce
fiber and pulp industry, civil construction, andlueaadded engineered products, such as laminated,
composites and fiberboards. However, large scatwerdional bamboo propagation is difficult due to
seasonal dependence, large propagule size, arrdfiesvof rooting and survival of cuttings. Moregwesed
propagation has low practical applicability becaugeshort-term seed viability and the long and
unpredictable vegetative cycle that can take dexcddssue culture techniques can be reliable altemes

as they allow the mass production of healthy cldr@® elite genotypes. An important bottleneck thoe
micropropagation of bamboos is the high level sbagted microorganisms which result in culture imed
contamination. Inflorescences are important forsuis culture research due to less endogenous
contamination and higher morphogenetic responss,raspecially for somatic embryogenesis. The &im o
the present work was to test different cytokiniambined with different levels of 2,4-D on calluslirction
from D. asperimmature inflorescence$he culture media were composed of MS basal satts30 g.L™*
sucrose, 250 mgtPVPP, Morel vitamins; the pH adjusted to 5.8. Thkure media were supplemented
with 9.3 uM of either 2iP or KIN, combined with ime@sing concentrations of 2,4-D (0, 9, 18, 27 afd 3
KM). The experiment was arranged in a completelgaoaized design, with ten treatments and 40 explant
per treatment. A three-step disinfestation procedvith 2% NaOCI and 70 °GL ethanol was carried out
beforein vitro inoculation. The cultures were incubated at 25r@ dark BOD chamber. Contamination,
oxidation and callus induction (CI) rates were aagd after ten weeks. Data were analyzed withrbialo
regression using R statistical environment. Comation rates were low (7%), and corresponded anly t
bacterial occurrence. Oxidation rates were depédratethe type of cytokinin used and on the coneiain

of 2,4-D. Combined with 2iP, increasing 2,4-D camtcations decreased oxidation rates from 90% on 2,4
D absence, to 16% on the highest concentratiorKi@rcontaining treatments oxidation rates were Istab
across 2,4-D concentrations, varying from 62% t&5CI| was dependent on the presence of auxin in
culture media, and increased proportionally to itteease on 2,4-D levels, and 2iP containing media
showed higher rates of Cl as compared to KIN. THiee medium with 9.3 uM 2iP and 36 uM 2,4-D was
the most suitable for Cl db. asperimmature inflorescences, showing the highest €¥{Band the lowest
oxidation (16%) rates.

Keywords Micropropagation, Sympodial bamboo, Immaturedrdscences, 2iP, Kinetin, 2,4-D
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Influence of season on minicutting rooting oProsopis alba
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During last years, the interest on foresting aritl ssemi-arid zones using species of the genus
Prosopishas increased. Several cloning techniques hasdssessed in order to enhance the productivity,
guality and uniformity of the material used in thdustry, through clonal silviculture as well adueing
cutting turn frequency.

White mesquite presents a high potential for thiedioy materials production, which are traditiopadind
intensively used. SincP. albais nowadays propagated by seeds, it exists a higiest on obtaining
new propagation technologies for this species. $bason in which woody species propagules are
collected exerts an influence on minicutting rogtim some cases. The aim of this work was to exalu
the effect of season on minicutting rootingRofalba For this purpose, different indol butyric aci@Ag)
concentrations were used: 0, 3.000, 4.500, 6.0607&800 mg [* dissolved in 1M potassium hydroxide.
The present work demonstrated that the season ichvith alba minicuttings are collected affects their
rooting. Minicuttings collected in spring reachestvileen 98 — 100% of rooting, after 40 days in ragpti
chamber, at the assessed concentrations, meanwinilieuttings collected in autumn did not root dgrin
the evaluation period.

Keywords Vegetative propagation, Mesquite, IBA, Speciedifffcult rooting, Cloning of native species

4t International Conference of the IUFRO WORKING PARTY 2.09.02 ‘ ’

September 19-23, 2016. La Plata, Buenos Aire, Argentina.

102



Adventitious bud regeneration and plantlets producion of
Balfourodendron riedelianum (Engl.) Engl.
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Balfourodendron riedelianurfRutaceae) is distributed between the latitudddfS and 30° S comprising
south of Brazil and northern of Argentina. Due he tigh quality, its wood is used in luxury furméy
construction and carpentry in general, triggeretidherexploitation of the natural resource. Actyds.
riedelianumis included in the category of "endangered spédiesn the Red Book of the International
Union for Conservation of Nature.

In order to develop a protocol for adventitious bisdmation and large-scale plant production of
Balfourodendron riedelianuphypocotyls and cotyledons obtained from itheitro germination of seeds
were cultured on Murashige and Skoog (MS) semisoidium (Phytag®| 3.5 g- %), plus sucrose 30 g-L

! and containing different combinations ofi-naphtalenacetic acid (NAA, 0.05 uM),
6-benzyladenine (BA, 0.44 uM), and thidiazuron (TZ04-0.4 uM). The cultures were incubated at
27 + 2°C and photoperiod 12 h (116 umof-gf PPFD) for 30 days. Therefore, the regenerativéaexp
were transferred to bioreactors containing 100 nf plus gibberellic acid (GAO0.5; 1 uM), BA (0.8, 1.5
puM) for elongation for 30 days. Consequently, tlmngated shoots were rooted in MS semisolid (agar
0.65%) medium with either indole-3- butyric aciBg, 2.5, 5, 7 uM) or NAA (0.5, 1.4, 2.7 uM) undéet
environmental conditions described above.

The regeneration frequency (40£10%) and the nunabeadventitious buds per responsive explants
(8 £ 6.15) was greater when the cotyledons explaats cultured in MS plus NAA 0.05 and TDZ 0.04 pM.
During the elongation phase, 48.79 + 4.01% of shgodwn in MS plus BA 0.8 uM provided shoot with
more than 5 mm in length. All plantlets raisiedvitro were phenotypically normal and successfully
hardened tex vitroconditions.

Keywords BalfourodendronCotyledon, Hypocotyl, Temporary Immersion
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Somatic embryogenesis dBeaucarnea inermis (Asparagaceae), threatened
northeastern Mexico

Martinez-Palacios, A.; Guillén Rodriguez, S.; Mae# Vazquez, H.; Martinez-Avalos, J.G.
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Beaucarnea inermi@Vatson) Rose, (Asparagaceae), monocot, dioetieasip to 13 m tall, the trunk base
widened shaped balloon, which stores water, tageinthe neck, curved leaves, is known locally as
"soyate". Register slow growth, reaching maturatiepresents several decades of life. It is endemic
northeastern Mexico and is distributed in the staeTamaulipas and San Luis Potosi, is threatdryed
illegal collection of seeds, juvenile and adultniéa recorded a high ornamental value inside ansid®u
the country, the price per plant potentially adwith sizes of 60 cm at the base and 2 to 3 m highging

at $ 500.00 us in the regional market, it is themefpart of private collections in residential hesisnd
luxury restaurant. The objective of this work whe establishment of micropropagationBdaucarnea
inermisthrough somatic embryogenesis. The initial exglavdre seeds from ripe fruit of six wild plai&s
inermis from the tropical dry forest in the municipality Ocampo, Tamaulipas, Mexico. The seeds were
disinfected in 70% ethyl alcohol for one min, tteesolution of 30% commercial bleach for 30 min.afin
seeds were rinsed three times with sterile didtileater. They were sown in basal culture medium
Murashige and Skoog (MS). Explants were used intplgerminated 90 days. To induce micropropagation
through somatic embryogenesis, five types of péxplants, apical, middle and basal blade sectimm s
apex and previously formed callus were used. Sareatbryogenesis was generated in the culture medium
B5 modified with 2,4-D and KIN, incubated at 24 fhdarkness. Five types of explants, apex, middte an
basal leaf segment and apex of stem and callusopidy generated in the presence of 2 were grovd, 4
Response was recorded only in the basal leaf egpilarapex of stem and callus. 2.2 and 3.6 respayti
somatic embryos, both in the presence of 2 Mm@ B-D + 0.5 mg I* were generated KIN. The apex of the
outbreak, recorded 6.8 somatic embryos with 4 Mm@ 4-D + 0.5 mg [ KIN; an average of 3.6 somatic
embryos was induced when the medium was added 2'n&y4-D + 0.5 mg I* KIN + 60 g L* sucrose.
The presence of light and 2,4-D in callus derivedhizogenesis in all treatments, inhibiting resgmn
somatic embryogenesis. Somatic embryos to be duledlin fresh medium MS basal, germinated and
plants developed normal. It was recorded up to 1G@#vival 90 days after transplantation under
greenhouse conditions. In system of thickeninghefdtem base it behaved normally, appearing fram th
early stages of development. The protocol setésented as an alternative propagation of plantsetet

the demand for ornamental use.

Keywords Endemic, Micropropagation, Seeds, Soyate
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Effect of folic acid and culture medium in somaticembryogenesis of
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Somatic embryogenesis is a tissue culture technidpieh consists of the embryo formation from somati
cells, in a similar process to that of zygotic eyolgenesis. The advantages of the technique are mass
propagation of elite clones, cryopreservation obgmgenic tissues, arek situconservation of germplasm

of endangered species. This study aimed to evatliateffect of folic acid on the embryogenic poiairaf
megagametophytes Binus caribaeavar.hondurensi®n different culture media. Explants were placed o
induction medium containing QL, DCR or WV5 saltslaitamins, sucrose, myo-inositol, glutamine, casei
hydrolysate, 2,4-dichlorophenoxyacetic acid (2,4-@®penzylaminopurine (BAP) and agar, with or witho
the addition of 100 mgtof folic acid (FA) in Petri dishes. The explantere incubated in the dark at 23
+ 2°C, being transferred to new fresh medium erydays. After 90 days the explants were evaluated
regarding the percent of embryogenic callus byngtgiwith acetic acid and Evans blue. After 120gjay
we evaluated the calli for the presence of songatibryos. The treatments were compared by Tukeygest
<0.05). The coloring test indicated the presencenabryogenic callus in all treatments, and the fdrom

of pro-embryos were observed under the microscbipe.percentage of embryogenic callus was higher in
all treatments containing FA (up to 48% on QL + FApwever, the percentage in the media DCR and
WV5 with AF were not statistically different fronhé QL without folic acid, with 26% of somatic
embryogenesis. After 120 days, Somatic Embryosdtkectures were observed on media with FA and on
QL medium without FA. The largest number of caliitmstructures (10%) was observed on QL medium +
AF. The largest average of structures per embryiogeailus was observed on both QL media with or
without FA (5). Histological analyzes are undent@prove if the structures are somatic embryoidigh
they do not present vascularization with the cabusacroscopic structure points to abnormal ensbryo

Keywords QL, WV5, DCR, Megagametophyte
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Propagation of ornamental forms of Norway spruceRicea abies L. Karst) using rooted
cuttings and chip-budding

Nikkanen, Teijo; Tikkinen, Mikko; Kyt6joki, KostiAronen, Tuija

Natural Resources Institute Finland (Luke); Finléerttie 18, FI-58450 Punkaharju, Finland.
teijo.nikkanen@Iluke.fi

Among the normal trees in our forests there areamswhims of nature, a variety of peculiar tremfs:
spruces with globular crown, golden and red neédles, and narrow-crowned, weeping spruces. The
phenomenon is caused by a mutation, i.e. a changenietic material. The change in genetic coddalam
place in gametes prior to fertilization, or in vegive buds.

Some of the genetically changed forms of treevang decorative and can be utilized as ornamergatt
The utilization of special ornamental tree formsally requires vegetative propagation. In this wing
traits of the parent tree are passed as suchthe toned offspring. Methods used include grafthogted
cuttings and tissue culture.

Grafting is the most commonly used method whersfiecial tree forms, found in the nature, have been
propagated to clone archives or arboretums. HoweNso in grafting there are different kind of neadh,

and chances for improvement. Scion grafting (eitmiside or slice grafts) is in most cases apgécab
method, but work and material consuming. For budtigng (i.e. grafting of adventitious buds with laic

of wood = chip budding) less material is needed,iarsome cases, when original material has vesllsm
scions, bud grafting could be suitable method.

Cutting propagation can also be applied in spreoeted cuttings have, however, not been used itipea
for propagation of ornamental forms, at least inNarthern conditions. For the present, there isutting
propagation method efficient enough for affordgiieduction of ornamental forms. The rooting sucégss
influenced by many factors: the taxa, donor ageinty of propagation, rooting substrates (Nikkantal.e
2013).

In this work both bud grafting and rooted cuttingthods are applied for various ornamental forms of
Norway spruce. Preliminary results showing diffexesnin propagation success between the methods, and
between forms and clones are shown.

Keywords Picea abiesQrnamental forms, Grafting, Rooted cuttings, Lamagdty
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Shoot proliferation and organogenesis on strawberryree (Arbutus unedo L.):
a physiological analysis under water stress
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Strawberry treeArbutus unedpis a small perennial tree that grows spontangdnsseveral countries of
the Mediterranean basin, from Spain to Turkey, el &s in North Africa, in Mediterranean islandsian
Atlantic coast, including Ireland and Portugalisla very important species in Mediterranean edesys,

as its regenerate after forest fires avoiding erosind helping recover marginal lands. Strawbeey is
also a very attractive ornamental and can be wumdibhey production. The fruit is a spherical eglibérry
that is commonly used in the manufacture of traddl products such as jam and jelly. However, inm
application is the production of an alcoholic diate. Once considered a “Neglected or Underutiligeop”
(www.cropsforthefuture.org/), the demanding forastberry tree by producers and stakeholders is
increasing, as an alternative to other forest gigecuch as pine and eucalyptus, that are sufféndng
several diseases. In order to make this specieg mtractive, an intensive propagation and breeding
program is being carried out.

Clones were establish@uvitro through epicormic shoots and micropropagated bd and liquid medium

on a modified De Fossard medium, supplemented2uitig/L BAP (benzylaminopurine) as well as through
organogenesis from aalli obtained from shoots or leaves on a medium supgleed with TDZ
(thidiazuron) or BAP. Shoots where rooted with IBAdole-3-butyric acid) and acclimatized (rateshiig
than 90%). Due to some phenotypic changes obsemgaants produced in liquid medium and through
organogenesis, as well as lower levels of chlorbbphtyis essential to assure plant quality andudat
tolerance of the micropropagated plants, espeadallg changing climate context. For this purpotntp
producedin vitro through different methods were submitted to drowugless and several physiological
parameters evaluated. Six month-old plants obtaigede three methods iof vitro cloning were submitted

to different water regimes: WW (10ml water/plany/dhuring 10 days, and 10ml water each 3 days for 10
days) or WS (5 ml water/plant/day for 10 days,daid by 10 days without water). After this periegeral
physiological and morphological parameters werduatad. No significant differences have been found
terms of plant biomass, plant size, leaf area,imgatystem development or chlorophyll a and b kvel
Moreover, most of the physiological parametersuatsld showed to be very similar both between WW and
WS regimes and in the different cloning methods. dtitistical differences were found in terms of
transpiration rates (E) and stress does not seerigrtificantly affect photosystem Il (Fv/Fm). Narked
differences were found on G@ssimilation rates (A), relative water content (R)Aand intercellular CO
concentration (ci). However, water potential wasdo on plants obtained on liquid medium and trough
organogenesis when submitted to water stress. &bownductance (gs) was also affected on WS plants
from the three propagation methods. Overall, thieaki®r of strawberry tree micropropagated plants
produced by different propagation methods was ganjlar and plants were not strongly affected under
drought stress.
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Vegetative propagation ofCordia trichotoma, Cabralea canjerana and Picrasma crenata
species with potential for productive diversificaton.

Gonzéalez, P.A.; Barth, S.

INTA, Instituto Nacional de Tecnologia Agropecuafta P.3384. (Av. El Libertador n® 2472. Montecaidisiones),
Argentinagonzalez.paola@inta.gob.ar
UNaM. Facultad de Ciencias Forestales.C. P.33881@Bi n°® 124. C. P. 3380. Eldorado, Misiones),eltina

Misiones has around 1.700.000 hectares of nativesfoit belongs to restricted areas of national,
provincial or private reserve. Due to the largeleixgtion of forests, it produces a steady declmeaaw
material supply, and timber products. There arev@apecies of great economic and social value hia t
Misiones rainforest such a€ordia trichotoma (black parrot), Cabralea canjerana (cancharana),
Picrasma crenata(Palo bitter), which they have been part of defatésn and, selective use of the
best individuals, resulting in a reduction in theesof populations in natural conditions, and adebr
affect the genetic makeup of the two first speoiehen.

Previous work carried out by INTAN@tional Agricultural Technology Institutadentified individuals
with desirable characteristics from the forestryinpof view, fruiting period, pre- germination seed
treatment and viverizacién of these species.

It is necessary to seek alternatives for propagaifothese species to increase the availabilitplahts.
An effective and potential tool to carry out muliation by asexual way is the macropropagation.
Favoring minimize the exploitation of native foiestjenerating a sustainable balance both in ecanomi
terms, ecological and social. This the objectives wtudied different technics of macropropagation.

For the vegetative propagation, were used selepbeihg trees got by seed germination, which were
decapitated, to allow lateral bud outbreak. The rmutings were used for the experiment rooting.
Proceeded to disinfect the cuttings with fungici@aptan 2 g/L). Treatments consisted of assessirg t
response to exposure to different concentratiodmohone IBA. The cuttings set in containers (trayd
tubes), with mixture of substrate (50% composted piark + 50% lateritic soil) and slow- releasdilieer
(NPK plus micronutrients). The experiment set unglerenhouse conditions with controlled irrigation.
These experiments were conducted in the laborasoy field Annex Laharrague EEA Montecarlo
(INTA). A randomized design with 3 replicationsd) was used each species. The results werernetedp
statistically by Analysis of Variance using MixechEls.

In cancharana it was observed that the higheseptges of rooting were obtained in apical cuttif§s8%
(IBA 0 ppm) and 91.6% (1000 ppm IBA) on subapicgiical cuttings 33.3% (IBA 0 ppm) and 29% (IBA
500 ppm). In black parrot, the best rooting perages were observed with doses of IBA from 0 of 1000
ppm. yielding 96% values for the case of apicatimgs$, not significant difference from subapicals,
since they were about 80% rooting for the same emnations of IBA. In the case of post bitter, Hest
results were obtained when cuttings were treatéd MBIA 2500 ppm powder formulation prepared with
inert powder (45%) when treated IBA in formulatisith inert gel at a concentration of 3000 ppm (40%)
Concluding that it is possible the clonal multiption of these species, it is important to knowalvédr of
cuttings trees against the use of growth regulasarsh as IBA and concentrations, as it could irsgdhe
number of rooted plants.

Keywords Macropropagation, Native forest, Conservation
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Direct shoot regeneration from hypocotyls and cot@ddon segments dEucalyptus nitens. Effect of
light irradiance during the in vitro germination of donor plants

Ayala, P.; Luna, C.; Gonzalez, A.; Sansberro, P.

Instituto de Botanica del Nordeste (IBONE-CONICEcultad de Ciencias Agrarias (UNNE). Sgto. Cal#taB1,
CC: 209. CP: W3402BKG, Corrientes. Argentisansber@agr.unne.edu.ar

Eucalyptus nitendMaiden (shining gum) is a frost-tolerant specieat than be used as an alternative
species oEucalyptusin some regions where winter temperatures aredao Unlike most eucalypts.
nitensis a shy seed bearer. This study was aimed at gatipgEucalyptus nitengsing organogenesis.

To developed an efficient protocol of shoots bugkreerationjn vitro germination of seeds was achieved
on Murashige and Skoog (1962) semisolid mediumr(sg;ma—AIdricI@ A-1296, 6.5 g- Ll) plus sucrose
30 g-I_'1 at 27+1/24+1°C (day/night) temperature and subgettedarkness or indirect white light (58

pmol-m‘z-s'l PPFD, 12 h photoperiod) for 6, 10 and 30 days. &ylently, hypocotyls and cotyledons
explants were collected and cultured on a freshiumeaf similar composition and supplemented with
indoleacetic acid (IBA, 1 uM) and 6-benzyladeniB&( 2.21 uM). The cultures were incubated under

controlled light (118 pumol- m-s1 PPFD) and temperature (27+1/24+1°C) conditions.

A completely randomized experimental design wasl dgethe experiment, with three repetitions and an
experimental unit of ten cultured explants. Thailteswere expressed as a percentage of newly formed
vegetative buds per explant. The results werestitgtily analyzed by analysis of variance (ANOVAida
Tukey test ¢=0.05) using statistical software Infostat.

After 30 days of incubation, 16.7 to 40% of the larjs subjected to a short period of darkness becom
browning and death. However, the oxidative prosess higher from the explants grown under indirect
light radiation ranging from 60 to 86.7%. A dirguttern formation of adventitious buds was observed
from both tested explants. The best results wetairdd using hypocotyls collected from seedlingsagr

in darkness for 10 days; in which, 40£10% of theplamts show multiples shoots without callus

proliferation.

Keywords

September 19-23, 2016. La Plata, Buenos Aire, Argentina.

4t International Conference of the IUFRO WORKING PARTY 2.09.02 ‘ ’

109



In vitro propagation of Pinus taeda via direct organogenesis from mature zygotic embry®
Barone,J.;*Oberschelp,).; 'SansberroP.;*Luna C.

linstituto de Botanica del Nordeste (IBONE-CONICERacultad de Ciencias Agrarias (UNNE). Sgto. Cal2aB1,
CC: 209. CP: W3402BKG, Corrientes, Argentina. *@gponding authocluna@agr.unne.edu.ar
2nstituto Nacional de Tecnologia Agropecuaria (INEEA Concordia). Estacion Yuqueri, Ruta Provincial Pvias
del Ferrocarril. CP: 3200, Concordia (Entre Rigsyentina

Plant regeneration fronim vitro culture of certain woody species requires lookdomplex techniques.
Organogenesis and somatic embryogenesis have besidered thén vitro system of choice for the
potential mass propagation of superior genotypdsrekt species. Therefore, the aim of this work
obtain an optimal combination of cytokinins on negeation and production of buds from mature zygotic
embryos ofPinus taeda

Mature zygotic seed embryos were cultured, aftergogcarified by agitation in 202 30 vol. for 12hours,
disinfected by immersion in a 70° ethanol solutfon 1 minute, then transferred to a 2.2% sodium
hypochlorite aqueous solution added with 0.1% TRIEaNnd finally rinsed three times with sterile disd

water. The experiment used Murashige and Skood beextium (1962), with 30 g.‘ﬂ sucrose and 6.5 g.L
1 Agar, in addition to 0.45, 5, 10, 13.6 uM of Thidion (TDZ) and 0.45, 4.44, 9 y 13.31 uM of 6-
benzylaminopurine (BA) alone or combined. The a@ltmedia were sterilized at 1.45 Kg.‘@nfor 20

minutes. The explants were cultured in laminar feovd incubated under light (116 pmo12m;'1, 14 h
photoperiod) and temperature (27 + 2°C). Measurésnerere performed at 30, 45 and 60 days. A
completely randomized experimental design was usét, five repetitions and an experimental unit of
ten explants. The results were expressed as regemerate, oxidation rate of and number of buds pe
explant. The results were statistically analyzedrglysis of variance (ANOVA) and Tukey test{0.05).

Even though bud regeneration was found associathde presence of BA in the basal medium, there
were no significant differences between concemnatiof 4.44 uM and 13.31 uM with 56 + 8.94%
and 44 £ 15.2% respectively, although a concepmatif 0.45 uM registered a lower regeneration of
buds (10£6%). As to the number of buds per expjéntss higher in concentrations of 4.44 uM (9.32b)

and 13.33 uM BA (10.88 £ 7.18). In the same wag,dRidation rate was not affected by the preseifice o
this cytokinin. The highest concentrations of TDadha negative effect in regeneration and number of
buds per explants; with 0.45 uM the regeneratita vaas 40.67+11.63% and the number of buds per
explants was 10.5 + 3, while with increased comegion both parameters decreased. The oxidatien rat
was affected too with the increase in the concéatraf TDZ, from 34.6 + 12.46% with 0.45 uM to &5
10.49% 9 uM, and not being significant compared3® UM (63.33 = 12.11%). As for the incubation
time, the number of buds per explant was signiflyasuperior at 45 days (10.11 + 2.8 buds/explant)
compared to 30 days, while there was no signifiadifference at 60 days (9.1 + 3.5 buds/explant).
Regarding the oxidation rate, it was significarstiyperior at 45 days (29.5 + 14.3 %), compared 066

of incubation (40.5 £ 17.3%).

In conclusion, 4.44 uM BA presented the highesenegation rate, while the highest number of buds pe
explant was registered at 45 days of incubation¢eing with a lower oxidation rate.

Keywords Pinus taedaRegeneration, Cytokinin

September 19-23, 2016. La Plata, Buenos Aire, Argentina.

4t International Conference of the IUFRO WORKING PARTY 2.09.02 ‘ ’

110



Possibilities of somatic embryogenesis for produan of hybrid pine and loblolly pine

Vera Bravo, Carlos D?Belaber, Ector’Gauchat, Maria E.

nstituto de Tecnologia Agropecuaria (INTA), INTAIIR Vista, (CC N° 5, CP 3432 Bella Vista, Corriesit,
Argentina.
2Instituto de Tecnologia Agropecuaria (INTA), INTAMecarlo, (Av. Libertador, CP Misiones), Argentina
vera.bravo@inta.gob.ar

Clonal propagation allows to increase productieiftyforest plantations by capturing non-additive efén
effects. In conifers, somatic embryogenesis isltnretive technique for cloning of genetically iraped
trees.

In this study, immature seeds from controlled aeedsom loblolly pine an®inus elliottii x caribaeavar.
hondurensisF1l hybrid were used to determine the most appatgrculture medium in the stages of
induction, multiplication and maturation of embrgmic masses. Since maturation state of zygotic ymbr
determines the success of induction process atritteshe harvest window, it was also necessafgltow

it before in vitro culture. Then, cones were harvesveekly between November and January and five
culture media were tested.

Among other results it was determined that thenaytn window for harvest immature embryos occurs in
the F1 hybrid two to three weeks earlier tharPintaeda However, the culture medium for induction,
multiplication and maturation phases were simitaridoth species.

Keywords Somatic embryogenesiBinus taedaHybrid, Megagametophyte
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Histological analysis of somatic embryogenesis bfelia azedarach and Prosopis al pataco.

'Boeri, P.;?Arambarri, A.;'Romero, M. Rangel Cano, R3Cabrera Ponce, J.!Barrio, D.;*Sharry, S.

tUniversidad Nacional de Rio Negro-Sede AtlanticataRProvincial N° 1 y Rotonda Cooperacion. ViediRig
Negro, Argentinapboeri@unrn.edu.ar
2Universidad Nacional de La Plata, Facultad de CiescAgrarias y Forestales. Calle 60 s/n. La Pld&agnos
Aires. Argentinassharry@agro.unlp.edu.aranaramba@yahoo.com.ar
SCINVESTAV, Unidad Irapuato. Libramiento Norte Caera Irapuato Ledn Kilémetro 9.6, Carretera Irapoat
Ledn, 36821 Irapuato, Gto., Méxiamangel@ira.cinvestav.mxjcabrera@ira.cinvestav.mx

Histological methods contribute significantly teethnderstanding of-vitro tissue culture systems, since
they provide information since they provide infotioa to be able to make the right decisions torojzie

in vitro propagation protocoldvielia azedarach(chinaberry) andProsopis alpatacqalpataco) are two
multipurpose woody species. They provide wood, faad varied use of active principles. Cotyledons
placed in the induction medium were used to indiaaatic embryogenesis (Shagtyal 2006 Boeriet

al. 2015). Both species are managed to differentiateeen morphogenic and not morphogenic callus. In
chinaberry there were no differences between thegrgenic calli to the organogenic, since both psses
took place in the same type of callus. This mixalius originated both organs and embryos. They were
analyzed microscopically showing the coexistencprotesses of differentiation as meristemoids, shoo
somatic embryos and vascular tissue, as well hslstifferentiated cells. Prosopis cotyledons et
only somatic embryos. In both, pro-embryogenic @& non-embryogenic (cne) cells were observed. A
re-differentiation process took place in differgypes of cells with intense cell divisions that eéscated

in regions distributed randomly. The cne were raghdr elongated, of thin walls, cytoplasm littlende.
The ce were also rounded, small, with relativeigkiwalled, dense cytoplasm and prominent nucleus,
which is colored in deep red; typical charactermefistematic and pro embryogenic cells. Embryogisne
was initiated in individual cells located in theripery of the callus and from superficial cellsrfr ce cells
existing. Divisions observed in these surface @aligpt the affirmation of the unicellular originerhbryos
obtained in alpataco and chinaberry. The diffemages of embryogenic development observed in both
species were similar to a process of embryogelisisro, suggesting the genetic potential of thanpl
being used. The formation of somatic embryos we@ntinuous process during the period of incubadion
the explants. Given that not all cells differerdiatto somatic embryos at the same time, it wasiblesto
observe all the stages of development of the emibrgassame callus. Finally, somatic embryos gerteitha
normally. Both processes of somatic embryogenesse wiighly similar despite the no systematic
relationship of the species studied, but the expland environmental conditions were similar.vitro
development of cells and tissues depends on diffdeetors such as: genotype, type of plant, agk an
developmental stage of an explant, physiologicatestof an explant-donor plant, and the external
environment which includes composition of media ahgsical culture conditions. The majority of the
mechanisms that regulate plant embryogenesisestilhin to be clarified. The availability of modgstems

of plant somatic embryogenesis in woody perentiatscreated effective tools for examining the tetdi
plant embryogenesis. However, studies that usadadel plants for somatic embryogenesis systems also
revealed the molecular mechanisms in charge ofaling the expression of some genes during somatic
embryogenesis, and with practical applications. Bldays SE can be achieved for any plant provided tha
the appropriate explant and adequate culture teggtm
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Identification of the hormones involved in the grovth and development of Comino Crespo
(Aniba perutilis) for its clonal multiplication in nursery

Reyes Torres, P.; Hoyos Sanchez, R.

Universidad Nacional De Colombia, Laboratorio decimiento y desarrollo de las plantas.
Calle 59 A N° 63-20 (Blogque 55, Medellin, Colompiareyes@unal.edu.cahoyos@unal.edu.co

The Comino crespoAfiba perutilig, a species of tree native to the Colombian Amai®risted as
endangered. Vegetative propagation has been rapogcalcitrant bot vitro andex vitra Therefore, a
protocol of asexual multiplication of said spediest allowed its propagation in nursery conditi¢ins/ivo)
was implemented. Growth and development of plaeixes in nursery seedlings were analysed, and in
turn, two clearly distinguishable states, a dornsiate and one with active growth, were found. s€he
states were taken into account in order to seeitifkience on the formation of adventitious roofs. the
same time, the correlation between the size oafheal leaves and the induction of adventitioussamas
evaluated. In this study the adventitious rootrfation percentages were determined: 66%, 33% ym0% i
active-younger, active- middle and grown-up dornaguital leaves respectively. It was further deteet
that these percentages are associated with thehgahtate concentration (which is lower in the aetitate)
and hormones present in each state. Given theeathovas decided to analyze the presence of tiradizes
Zeatin, Abscisic Acid (ABA) and Indole Acetic Ac{thA) in both states and determine their conceidrat

This study lets to know the Comino crespo hormargent and its adventitious root appropriate foromat
states, thus favoring their propagation in the enyrsonditions.

Knowledge of this hormonal behavior might be a kti@augh in the search for optimal protocols ifor
vitro propagation of Comino crespo.

Keywords Dormancy, Carbohydrates, Hormones, AdventitiouspBgation
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Generation of epicormic shoots foin vitro vegetative propagation ofPeumus boldus. Mol
'Koch L.;'Gonzéalez JMolina M.P.;'Benedetti S.

Micropropagation Laboratory, Forest Institute.
Region Biobio, Highway -160, San Pedro de la PéeQkoch@infor.cl

Forest Institute of Chile (INFOR), through theifféient investigation lines, has developed vastamof
native species research, promoting their assesamdrtonservatiorPeumus boldugoldo) is a native and
endemic species of Chile, characteristic of scleypus forests, widely distributed in central dwerm zone
of country. Previous antecedent of this specieg haen developed such as silviculture, forest memagt
and medicinal properties, which main value is &irthctive components contained in leaves, barknauatl,
including flavonoids, essential oils and alkaloibising the Boldina the compound most valued.

Our main aims is the development of regeneratioatopol through micropropagation by direct
organogenesis for adult trees of P. boldus, preWyoselected for their high levels of flavonoidssential
oils and alkaloids. Preliminary evidence sugg#wsinability of establish material directly fronelfl due

to high rates of contamination and oxidation presés alternate method, we were evaluated the apico
shoots induction in laboratory, to use this matersasource explant. Pieces of branches was catlexft3
individuals, of 3 cm diameter and 30 cm lengthséherere placed under controlled conditions to 2€+2°
80% RH y 16 h-photoperiod, shoot emergence waspted between 15-45 days. It was possible to
reproduce epicormic shoots in the 3 individualssthwas collected and established in vitro condifiin
Murashige-Skoog medium supplemented with 0,5 M@AP and 0,01 mgt ANA, also was added
800mgL* PVP. The rate of contamination and oxidation redch 6% and 3% respectively.

The results from this study are highly satisfactince was able to establish the material with fates of
contamination and oxidation, successfully respanpdia disinfection methods. This allowed obtain
rejuvenated, healthy and vigorous shoots, whictbeamsed in future programs of micropropagationetie
breeding, physiological studies and conservatiogeoimplasm of selected material.

Keywords P.boldus Micropropagacion, Epicormics shoots
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Somatic embryogenesis and plant regeneration fromO2year-old mature tree in
Prunus serrulata var. pubescens (Korean mountain cherry)

Kim, Ji A.; Kim, Yong W.; Kim, Tae D.; Lee, Na NMoon, Heung K.

National Institute of Forest Science, Biotechnol@gyision, Suwon, Republic of Korgahkim@korea.kr

Our study was to establish somatic embryogenesiteisy from plant materials (leaf, petiole and root
segments) which in vitro grown plantlets deriveahirmature cherry tree. In inducing embryogenicusall
from various types of explants, it was only produos the root segments (35% induction rates) which
cultured on Murashige and Skoog (MS) supplemenigdin0 mg/L 2,4-D and 3% sucrose under darkness
for 5 weeks. Embryogenic callus and early stagmofatic embryos showed pale yellow in color, reédyi
compact in texture. Somatic embryo germination @mversion to plantlets were significantly influedc

by the concentration of gibberellic acid, typesaifbon source and gelling agent. Finally, the axatized
plantlets in artificial soil mixtures showed suraivrate of 70%. Our results indicated that somatic
embryogenesis and plant regeneration can be stigibgascomplished with root explants of in vitroogvn
plantlets derived from a mature Korean mountairrrghe

Keywords Prunus serrulatavar pubescens, Root segment, Somatic embryogeMssigre tree
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Pinusradiata protein profile of somatic embryos: effect of theapplication of abiotic stress at
the initial stage of somatic embryogenesis process

'Garcia-Mendiguren, O**Montalban, I.A.;’Correia, S.?Canhoto, J.**Moncalean, P.

Neiker-Tecnalia. Centro de Arkaute. Ap. 46. 010B6r\a-Gasteiz. Spain.
8These authors contributed equally as thesis ceetlirs. *Corresponding authopmoncalean@neiker.eus
2Center of Functional Ecology, Department of LiféeBces, University of Coimbra, Ap. 3046,
3001-401 Coimbra, Portugal.

Proteome profiling has been successfully appligtesystematic analysis of protein expressiomduitie
different stages of the development of the somatitbryos. Furthermore, proteomics enables the
identification and quantification of proteins adsted to stress tolerance and comparative studieg u
proteomics to find a marker have been carriedauifferent aspects of the somatic embryogenesisgss
(Correia et al. 2012; Morel et al. 2014).

The general objective of this study was to identify differential proteins abundance of somatic b
from embryogenic cell lines (ECLSs) originated undéferent environmental conditions. To accomplish
this goal, embryonal masses frétimus radiatawere initiated following Montalban et al. (201D)fferent
concentrations of Gelrite® were added to the itidiamedium (2, 3 or 4 g/l) and the explants weréuced

at three different temperatures: 18, 23 or 28°aofding to initiation percentages, somatic embifyos
ECLs initiated at 18-23°C and 4 g/l gellan gum wdesssified as “high initiation” (HI), those froniE.s
initiated at 28°C and 2-3 g/l gellan gum as “lovtidtion” (LI) and those from ECLs initiated at Z3and

2 g/l gellan gum as Control. Total protein extrasti2-D Electrophoresis, Image Analysis and protein
identification was carried out following Correiaadt (2012).

The 2-DE images of LI and HI showed different sgiistribution. 139 spots were detected. 75 proteieie
common to HI, LI and Control. 25 proteins were wado LI, while only 2 spots to HI, and no spotgaeve
unique to Control. 11 differentially abundant piogefrom LI samples were precisely identified.

A prominent group of proteins involved in defensgponses, such as the osmotically inducible protein
OsmC, chaperon protein and vicilins, was identiffeteins related to response to ROS and carbateydr
metabolic process, or proteins related to geneesgmn were also found in lower proportions. Protei
patterns found in somatic embryos cultured undéavamable environmental conditions (LI) suggest the
influence of stress and metabolic response proteitiee maturation stage.

Future studies confirm the hypothesis that unfaveraonditions during initiation produce plantlbtster
adapted t@x vitroconditions, the proteins described in this workldde used as biomarkers.

Keywords 2-D analysis, Embryogenic potential, Radiata pihee proteomics
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Use ofin vitro chestnut clones to characterize candidate genes fesistance to
Phytophthora cinnamomi

Rico, S.;Vielba, J.M.:'Vidal, N.; 'Sanchez, C%Cuenca, B.

Dpto Fisiologia Vegetal. Instituto de InvestigaasnAgrobiolégicas de Galicia. IIAG. (CSIC). Av.\igo s/n
15705 Santiago de Compostela, Spaonchi@iiag.csic.es
2TRAGSA. Dpto de Mejora Agroforestal. Ctra Maced#dwesy Km 2. 32700 Maceda. Ourense, Spain

European chestnuiCastanea sativaMill.) is a broadleaved tree species native todparand of great
economic importance for the Mediterranean reditowever, among other threatsiestnut populatiorare
affected by "ink disease" caused Bfaytophthora cinnamoma fungus-like eukaryotic microorganism
belonging to the class oomycota. This disease tatsilbuted to the drastic decline of chestnut itigtion

in Europe, with the greatest reduction in the waouthwestern and southern regions of central Eutope
can also affect plantlets, thus causing severeauimniosses in nurseries. Hybrids between European
Asiatic chestnut species have long been used becétise high degree of natural resistance to dtleqgen
shown by the Chinese and Japanese species. Thsalisdated resistangenes play an important role in
plant defense mechanisms, including the plant respdo recognition of the pathogen and regulatfon o
plant immune responses to infection by the pathogen

In this study, we analyzed the expression pattefmsne chestnut genes afiervitro inoculation withP.
cinnamomiinto microshoots from 4 clones of chestnut showdfifferent levels of resistance to this
pathogen: CS12 (a pufz sativaclone highly sensitive to infection) and thi@astaneahybrids, PO43,
PO42 and PO11, with different percentage of allefe&siatic origin, in which PO11 is the most reéais
clone. The analyzed genes encode transcriptioorfa¢€sERF]1 CsSCL), members of the GH3 family
(CsGH3.1 CsGH3.2and CsGH3.5, a glycine-rich protein GsCPB, an actin-depolymerizing factor
(CsADB, a LRR-RLK receptor kinas€6RLK and a transcriptionally controlled tumor protédsTCTB.
Rooted plantlets were inoculated with a virulemaist of P. cinnamomiand leaf samples were collected
24, 48 and 72 hours after inoculation for gPCR ysisl

Two hormone-signaling genes responsive to al@8GH3.1andCsGH3.2 were strongly upregulated in
the most resistant clone 24h after infection. TRpression levels increased throughout the course of
infection, indicating that these genes are involivedefense mechanisms. Expression levelSsibH3.5,
CsTCTPand genes encoding the transcription facBsERF1andCsSCL lalsoincreased after infection in
the most resistant clone, although they exhibiiffdrént expression profiles. On the other handuition

of these genes was lowest in the most sensitiveec{except foilCsSCL1) Strong upregulation of the
CsCPEgene observed after 72 h of infection in the mesistant clone indicates a role for this gene én th
plant response to infection and may prevent thgness of pathogenesis through modifications inwell
synthesis. The slightly early upregulationGfLRKgene in the most resistant clones (PO11 and P2#2)
h after infection, together with the downregulatidithe gene in the most sensitive clones (Cs12P&miB),
also suggests involvement of the gene in pathogewgnition.

Our results suggest that inoculation triggers agarshift in the pattern of gene expression inglaatlets.
In general, greater transcriptional activationiiectly related to a higher degree of resistanagénclones.

Keywords Chestnut, Ink disease, Leaves, Resistance genes
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In vitro chestnut leaves as a model system for studying anxegulation and gene expression
during the regeneration of adventitious roots

Varas, E.; Covelo, P.; Vidal, N.; Sdnchez, C.

Dpto. Fisiologia Vegetal. Instituto de Investigawes Agrobioldgicas de Galicia. IIAG (CSIC). Avda\dgo s/n
15705 Santiago de Compostela, Spaonchi@iiag.csic.es

The clonal propagation of ornamental plants anddy@pecies is highly dependent on their abilitforon
roots, which is frequently lost during plant deyeteent. In chestnut, cuttings and shoot cultures/eer
from mature tissues are difficult to root using iauxeatments. Characterization of auxin-regulagedes
involved in the control of adventitious rootingrisquired in order to improve the rooting of redadoit
species. However, as these genes may also be @uvalv other developmental processes that occur
simultaneously in response to auxin, the expreskvels may not necessarily be correlated with root
organogenesis. To address this issue, we develpeaperimental system consisting of detached feave
from microshoots, to minimize the tissue complesity also to exclude other developmental proceds th
may be triggered by auxin in microshoots.

The aim of the study was to analyze the physiobdgémd molecular responses during the induction of
adventitious roots in the leaves excised from jileesnd mature microshoots. We compared the rooting
ability of juvenile and mature leaves in resporsauxin in order to test the suitability of the teys to
study the loss of rooting capacity associated tighmaturation process. The effect of the auxinspart
inhibitor NPA (N-1-naphthyl-phthalamic acid) on theoting response was also investigated in juvenile
leaves. To determine the period required for re@mmgning the fate of certain cells that can esthhlie
root differentiation pathway, NPA was applied dfatent times after the initiation of auxin treatmheWe
also identified three geng8sSHRZShort-root 2), which encodes a GRAS transcripfémtor; CSEND093
which encodes an early-noduline; a@dUGT which encodes an UDP-glycosyltransferase thatyzags

the transfer of sugar to specific acceptors. Exgioasof these genes was analysed by gPCR in legiflea
harvested at different times (6, 12, and 24 hy afeatments.

The results indicate that the leaf system is ablétmethod for studying the adventitious rootingcpss,
as the rooting response was similar to that of esiocoots, which is also ontogenetic-stage depeniibgt.
strongest inhibition of rooting rates by NPA wasedtly correlated with the earliest applicatioritaé auxin
polar transport inhibitor. Reprogramming of rootit@mpetent cells to root initials occurs during finst
48 h of auxin induction and requires polar auxansiport, as root initiation is strongly inhibited KPA
during this period. The early auxin-related indotof CsSHRZ2andCsENOD93observed only in rooting-
competent leaves, together with the inhibitory eftd NPA on gene expression and root inductioggssts
an important role for these genes in the initiapstof adventitious rooting.

Keywords Adventitious rooting, Auxin, Chestnut, Gene exgsion, NPA
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Polyamines biosynthesis in embryogenic cultures éraucaria angustifolia

de Oliveira, L.F.; Macedo, A.F.; Navarro, B.V.; EIB.M.; dos Santos, A.L.W.; Floh, E.|.S.

Laboratory of Plant Cell Biology, Department of Boy, Institute of Bioscience, University of SdolBaRua do
Matéo 277, sala 107, 05508-090, S&o Paulo, Bramyfloh@usp.br

Somatic embryogenesis (SE) is a biotechnological for mass clonal propagation arnd vitro
conservation of threatened plants, like Brazilianep a native conifer in the southern part of Brazi
Despite several efforts, plant regeneration thro8ghin Brazilian pine is still a challenge. Therefo
there is a need for molecular and physiologicatlistion the correct regulation of embryo develogmen
In Brazilian pine, our studies have shown that aolines (PAs) and their precursors are involvedhim t
regulatory mechanisms responsible for embryogemimpetence and structure of proembryogenic
masses, affording morphogenetic evolution of sama&mbryos. In order to understand the PAs
metabolism and its potential manipulation duringiSBrazilian pine, we carried out a study using th
incorporation of labelled precursors of putrescine  biosynthesis

(L-[U- 14C]Arginine or L—[U—14C]Ornithine) during embryogenic culture (ECs) piedlation. To this end,
ECs of Brazilian pine were grown on liquid MSG medi supplemented with 2.5 uCi of either L-
[U- 14C]Arg or L-[U-14C]Orn, along with cold arginine or ornithine. Aftér 24, 48, 72 and 168h of
ECs proliferation, aliquots were collected and Rvese extracted with 5% perchloric acid (PCA). Three
fractions were obtained: PCA extract, aqueous astbaitrile containing dansyl-PAs. Dansyls-PAs were

separated using Thin Layer Chromatography, and rémpective polyamine bands (putrescine,
spermidine and spermine) were scrapped for radidigotount. The maximum absorption of both L- [U-

14C]Arg and L-[U-14C]Orn into PAs was observed after 48h of ECs peddifion. The highest levels
of radioactivity from aqueous fraction (containiamino acids and other charged radioactive products)

was recorded at 48h with L-[ﬂf‘C]Arg and 72h with L-[U14C]Orn. However, the acetonitrile fraction
(containing dansyl-PAs) showed an increase on the ncorporation of

L—[U—14C]Arg from 6 until 168h of ECs proliferation, whila little effect was observed on the
incorporation of L-[U- 14C]Orn into PAs. The highest levels of radioactivily liqguid medium

supplemented with L—[U—14C]Arg were: 6h for putrescine, 48h for spermidimel &2h for spermine.
The results indicate that arginine is the preféatr@mino acid for PAs biosynthesis. However, it is
important to consider the involvement of ornithohéing putrescine biosynthesis by its conversida in
arginine. Expression of PAs metabolism-related geresulted from Araucaria transcriptome database,
will be integrated with labelled precursors resuiterder to understand PAs homeostasis during soma
embryo formation.

Keywords Somatic embryogenesis, Labelled precursors, Rohgs metabolism, Gymnosperms
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Same, same, but different - closely related conifepecies and even clones vary in their
optimal culture conditions

Raschke, J.; Kraft, A.; Walther, M.; Aurich, C.; &amler, M.; Benneckenstein, T.; Seifert, J.;
Zoglauer, K.; Rupps, A.

Humboldt-Universitat zu Berlin, Institut fir Biolieg AG Botanik & Arboretum, InvalidenstralRe 42, 18Berlin,
Germanyraschkej@cms.hu-berlin.de

Somatic embryogenesis (SE) in conifers is cons@lareery promising tool that offers a perspectioe f
modern breeding strategies in forestry. Nevertiseliggre is a constant need of adjusting the systetn
least because the mechanisms behind remain largkhown. For individual speciekdrix x eurolepis, L.
decidua, Pseudotsuga menzieaind Abies nordmannianaur group adapted protocols to generate sE
clones under standardized conditions. Afterwardsaaacterization and evaluation enables the creafio

a multi-trait repository of genotypes. At this stage are selecting clones based on their handling
characteristics (maintenance, proliferation raterdy quality and quantity of mature embryos aslasl
plantlets after conversion). In addition, we arattmiously analyzing parameters to improve upon the
results of induction, maturation and conversiog. eoncentration and ratio of plant growth regutato
(PGR); nutritional factors; duration of maturati@ubculture intervals; variations in temperatuigimes,

the influence of crossing partner combinations. Fomenziesiiand L. x eurolepiswe confirmed, that
induction is most efficient using globular and garbtyledonary stages of the zygotic starting nialter
whereas inA. nordmannianask is reliably induced from mature zygotic embryediich ensures a
seasonally independent induction period. Takenthegea shortened, calculable induction schedutk wi
yet a reasonable yield has been developed forsgsadies. Following a selection of mature embryits w
defined morphological qualities, we currently yield average of above 60 % plantlets with a vigorous
habitus in L. x eurolepisand A. nordmanniana The conversion efficiency is considerably lowear i
P. menziesiand still requires further adjusting. Howeverstisicompensated by the production of relatively
large numbers of embryos per gram fresh weightdaffprating embryogenic materials during maturatio

Despite advances in the field, the yield of somatnbryos varies strongly across clones, as manyategy
influences remain poorly understood. The formatidrproper somatic embryos during the maturation
remains to be of great interest as this requitenely and exact sequence of developmental stepsvibg

on the diverse characteristics of established gpest we intend to identify marker genes for propet
numerous  embryo  development, screening known ergbngsis related  factors
(e.g.LALEC1, LdWOX2, LdBBM, LASERK, ABp8tativeLdKN-sSTN), usingLarix as a model species for
(somatic) embryo development. Thereby, we aim tthér a basic understanding of key developmental
processes.

Along with applicable approaches, these resultstlamgossibility to actively control the efficacithe sE
process would be fundamental to generate plamtatdy to be acclimatized.

For the analysed conifer species, our data shoangarison of our advances of the involiadvitro
processes in its entirety.

Keywords Somatic embryogenesis, Induction, Maturation, ¥@osion to plantlets, Gene expression
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Conservation "in vitro" of Alcornoque (Bowchidia virgilioide), a native leguminous
savanna tree

Trujillo, I.; *Pérez, Q 'Brucato, G.}Silva, A.;?Sharry, S.
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Estudios Cientificos y Tecnolégicos (IDECYT). Ursidad Nacional Experimental “Simén Rodriguez”. Ajaalo
47925. Caracas 1010, Venezueiselen03@yahoo.com
2Facultad de Ciencias Agrarias y Forestales-UNLACEBA-UNRN. Calle 60 s/n. La Plata, Buenos Aires,
Argentina.ssharry@gmail.com

The world of legumes is almost as varied as therdity of genders of them, so they are often called
multipurpose plants. In Venezuela, the agricultyredduction of legumes is essential for food, and
constitutes an important component in the savaragetation of our country, for its ecological and
economic significance. The regeneration rate fguiee trees is very low, so it has been considered
necessary to implement methodologies for rapidvitro” propagation, and genetic improvement. The
process of “in vitro” propagation has been comgtaxforest species, with a tendency to presenigh hi
degree of oxidation, and formation of callus ondkplants. However, the most successful for thpseiss

in the initiation stage of the in vitro propagatioesults indicate that they were obtained froncaduds
resulted from seedlings generated from seeds gatadrin vitro. The main goal of this work was teelep

a successful protocol for in vitro propagation éé@noque, and then incorporate it into the gersmplaf

in vitro legumes. Explants (microcuttings) werecgld in a base medium MS (1962) and supplementéd wit
cytokinins in different concentrations (0.5; 1.5 &nd 2.0 mg / I)), and a control medium withaartrhones.
These hormone explants were placed in continughs lpresenting responses at the third week otiplgin
finding that the medium with 0.5 mg / | BA is thevgh suitable for the in vitro propagation of thiesies.
However, it is important to say, explants placedradium controls also showed an excellent respdnse.
the multiplication stage, BA concentrations to 1 migand 1.5 mg / | with best results obtained on a
concentration of 1 mg / | with approximately 14 steoper explant. Subsequently, the shoots stopped
growing, so it was necessary to decrease the ctratien of BA 0.1 mg/ |, which achieved the shoot
elongation. Specifically, it was observed that @niations above 1 and 1.5 mg /| BA are inhibitduying

the micro propagation process. The developmentirofvitro” propagation protocols of savanna native
legume tree species will allow the strengtheninguofin vitro” germplasm bank that will enable the
conservation of plant species used in Venezuelzanseas.

Keywords Leguminous, Savanna trda vitro, Conservation
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Evaluation of induced tolerance taPhytophthora cinnamomi in holm oak somatic embryos

Morcillo, M.; *Ponce, L.XCano, M.:'Orlando, L.;'Guillén, A.;*Alborch, A.;?Peris, J.B.;
2Segura, J.2Arrillaga, |.

USIC/ERI BIOTECMED and Dpto. Biologia Vegetal
’Dpto. Botanica, Facultad de Farmacia
Universidad dé/alencia, Avda Vicent Andrés Estellés S/N 46100eBsot- Valencia, Spain.
isabel.arrillaga@uv.es

Holm oak trees are challenged by some biotic ®eelslse fungal infections. The main disease#used
by the oomycet@hytophthoraspp., which is responsible of forest decline arabdck in evergreen oak
forest areas of the southwestern Iberian Peninsula.

Our study is based on the possibility of applyiglis or oomycete extracts to holm oak somatic gr

to induce epigenetic memory, priming, that may éase tolerance to the pathogen in future infections
To this end, 50uM of the elicitors methyl jasmondkéeJA), benzothiadiazole (BTH) and para-

aminobenzoic acid (PABA) or 10% and 30% oomycetgaets (OCF) were applied to proliferating

holm oak somatic embryos for 3-5 days in liquid,for 60 days on solid media. After treatments,
SE were transferred to proliferation medium. Thgererated plants will be tested for tolerance by
inoculating roots witlPhytophthora cinnamontycelium.

In previous experiments we assayed the effect efaihove-mentioned elicitors and oomycete extracts
on the proliferation of SE lines. Also, to quantidyidative stress produced by these treatments, MDA
(malonyldialdehyde) was determined two months affaritor assay. The application of the OCF did
not affect neither proliferation capability nor eakd MDA production. In contrast, MeJA, applied in
liquid medium, and BTH, applied on solid mediunthibited growth and increased MDA.

Three months after elicitation, we were able toeregate shoots from SE treated mainly with MeJA,
and to a less extend with PABA or OCF, whereasehomated with BTH produced necrotic tissue and
did not develop into plants. Despite this, thesmghfailed to root, so the acclimation and latderance
test is being delayed.

Currently and in order to test the "priming" capaaf the elicitors, dual cultures in which treatSé
are being cultured together wifdhytophthora cinnamominycelium are in courselTo this end, SE
were placed at 0.5 cm from the edge of a 90 mnilesteetri dish with culture medium, and a piece of
agar withPhytophthora cinnamommycelium was placed in the middle of the plate.tek are being
maintained in the dark, and checked daily for myeoel evolution. At the final of the process
mycelium growth inhibition and pD2 production will be determined. These preliminargules will be

presented and discussed.

Keywords Biotic stress, Dual cultures, Elicitor, Holm odkduced tolerancé&hytophthoraspp.
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Influence of environmental and endogenous factorsnosomatic embryogenesis of
Pinus pinaster Aiton

Cano, M.;*Zandn, |.;%Sales, E.!Morcillo, M.; *Alborch, A.;*Orlando, L.;*'Segura, J.*Arrillaga, |.
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Conifers are long-lived organisms with complex lifgcles for which epigenetic memory may play an
important role in adaptation to environmental stess Moreover, acquisition of this epigenetic mgmor
has been linked to zygotic embryo development anddctherefore be mimetised by means of somatic
embryogenesis (SE). SE is the most useful biotdoggdor conifer clonal propagation and a powerful
research tool but its practical application in &ri@dustry remains limited since the yield andligyaf
somatic embryos strongly depends on the line. Tieeeeneed to develop molecular markers (such as
endogenous hormone levels or gene expression) dbald be used to verify the quality of the
embryogenic masses (EMs) prior to their maturation.

Pinus pinasterAiton is one of the most commercial and economycatluable tree species in the
Mediterrean Basin. Due to its capacity to live invale range of ecological conditions it has been
traditionally used in breeding and reforestatioongoams and as a model organism for the study of
stress responses in conifers.

In this work, EMs were initiated fronPinus pinastermegagametophytes isolated from cones of 3
open pollinated mother trees collected at middly. Jihe effect of agar concentration (3 and 6 g/L
Gelrite®) and temperatures (18°C, 23°C and 28°GheISE process was tested. Both factors signtfican
affected induction and establishment of SE. Irrespe of the mother tree, no EMs were obtained
from megagametophytes cultured at 18°C and 6 gfkit&® increased induction of EMs. Preliminary
results also suggest an improvement on the mabaratipacity of the lines cultured with 6 g/L Gel@t
through the induction and proliferation phases.

Plants regenerated from all treatments will be lengked with high temperatures for short periods of
time and expression levels of water-deficit stnedated genes such as dehydrins will be determined.

In an attempt to select early markers for a sufgkesSE maturation, endogenous ABA and IAA

content in 6 SE lines with different morphology “épiky” vs. 3 “smooth”) is being measured. To this

end, samples were collected from calli on proltiera medium and then every 4 weeks after the
transfer to ABA-containing maturation medium. Fipathe expression level (fEC1 andWOX2genes

on SE lines during the maturation process has lemhyzed. Results from these analyses will be
presented and correlated with the maturation pedoce of the lines.

Keywords Abiotic stress, Epigenetic breeding, Forest Bitbteology, Maritime pine, SE maturation
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Cryopreservation of embryogenic cell lines oSolanum betaceum Cav.
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Germplasm preservation has a very important roleuiment breeding and conservation programs. Duo
to either the genetic alterations that plant bregdnay impose and to the extinction rate numertas®

are facing, it is crucial to store genetic resosrrze order to avoid the loss of biodiversity. vitro
conservation methods depend on the storage durétianis intended and for long-term storage
cryopreservation is the only current method avélal® vitrification procedure that allows the
cryopreservation of tamarillcSplanum betaceunembryogenic lines is here presented for the finsé.
Tamarillo is a solanaceous tree from the Andeamnegnd economically important due to its fruits
high nutrient content. One of the most importardtdghnological tools that can be applied to this
species is somatic embryogenesis (SE) which prbtaes elaborated at the Plant Biotechnology
Laboratory of the University of Coimbra. Inductiohsomatic embryos on this species can be achieved
through a two-step process. In this procedure $egiments are first exposed to MS media with an
auxin and high concentrations of sucrose formingprgogenic and non-embryogenic masses (that can
be subcultured). Embryogenic masses are then thesferred to auxin-free medium to allow somatic
embryos development. However, maintenance of therggenic masses requires frequent subcultures
making the process labor-intensive and space-cangunfrurthermore, in long-term cultures (more
than 2 years), karyotype aberrations and othertsweausing somaclonal variation occur resulting in
atypical embryos.

Three different lines of embryogenic masses (EM)evgibmitted to a 5-day cold hardening stage (4 °C
in the dark) and a 3-day preculture on a hormoee-WS (Murashige and Skoog) medium with an
increasing sucrose concentration of 0.25 M, 0.5rd & M, 24 h each (4 °C in the dark). For osmo-
protection, after this treatment, at room tempeea{RT), a loading solution was added (30 min). The
loading solution was further removed and changeglagt vitrification solution 2 (PVS2) for 60 mirt a

0 °C, time after which the PVS2 solution was reribwrd the embryogenic masses were immersed in
liquid nitrogen. Following rapid thawing in a watsath at 40 °C and before placing the tissuesdovery
conditions, the PVS2 solution was replaced with ashing solution (30 min at RT). The EM were
then transferred to a regeneration medium (MS supphted with 5 mg Y picloram,

90 g I' sucrose and 6 g'lphytagel). The quantification was carried out bynitaring the samples
weight during four months at regular intervals oheomonth. The quantification of the tissues was
performed during the exponential growth stage efuee, the calli's growth rate was calculated using
exponential regression of mass/time. The averagetrrate of cryopreserved EM reached about 0.5
g/month for all lines (50% less than control EM} fdar germinated plants, a 50% decrease was oloserve
for cryopreserved EM when compared to the contidle results so far obtained have shown that
cryopreservation by PVS2 vitrification is a viabdeethod to maintain embryogenic masses of tamarillo.

Keywords Cryopreservation, Embryogenic masses, Germplasrage, Vitrification, Woody species
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Elicitation of holm oak somatic embryos and dual-cliure with Phytophthora cinnamomi
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The holm oak Quercus ilexL.) is the main tree species of the “dehesa” andnitado”, typical
Mediterranean agroforestry systems of Spain anti§alt Acorns produced by this species are an itapbr
component of the diet of the Iberian pig, a loealrthat is the basis of a high quality gastrononalastry.
In the past decades there has been a high momatibng trees of this species, which is increasirihe
last years. This is the consequence of a declingreyne called “la seca” one of whose causativetagen
a root infection by the oomyceRhytophthora cinnamonftands.

Genetic improvement techniques such as the udeedaifdtural variability capturing tolerance traitstie
induction of new variability by the direct transfafr pathogenesis-related genes could be used thupeo
tolerant varieties. There is another possibilitptoduce tolerant plants: the induction of epigiengtanges

to elicit defense responses. Transgenerationalngefénduction is a well-known phenomenon. This
induction occurs in the parental generation artdaissferred to the offspring through maternal digiaé

the time of seed formation. The formation of somaimbryos in a controlled environment offers an
opportunity to give “somatic seeds” suitable cuesptime regenerated plants for tolerance. Recent
published studies suggest that transgeneratiodated resistance agaifdtytophthora cinnamonaiccurs

in holm oak. Therefore the elicitation of inducetketance could be possible in somatic embryos isf th
species. The objective of this study was to tesdthdr changes in somatic embryos could be induged b
elicitors of defense response, and to assess whise changes could be detected by a dual-culture
bioassay.

Embryo clumps from three holm oak embryogenic liwese treated with several compounds well known
as elicitors of induced resistance in plants, BABAH, Salicylic Acid and Methyl-Jasmonate. They wer
also treated with filtrates of a cinnamomin-indggitulture medium in which the oomycete was cultured
Treatments to somatic embryos consisted in thereutin semisolid SH medium supplemented with 50uM
of each of the compounds separately or filtrateldatr 30% for 60 days, or immersion in the sameidi
medium for 3 days followed by culture on mediumhwitt elicitor up to 60 days. Data on the number of
somatic embryos produced at the end of each treatanel their germination ability were recorded.gién
somatic embryos were challenged with the oomyaetedual culture. They were placed in the periphery
of a 90 mm diameter Petri dish filled with SH mediin whose center a piece of 1 sq cm PDA medium
with actively growing mycelium was laid. Data ofatve growth of mycelium (growth towards the plant
tissues minus growth to the opposite side) anaofosis of somatic embryos (using a predetermioaie)s
were daily collected from day 2 to day 10 from bleginning.

Treatments with different elicitors enhanced orrdased the production of single somatic embryos
depending on genotype and short or long term expodwt germination ability was not significantly
affected. In dual culture the presence of holm tisgues clearly enhanced in all cases the growth of
mycelium. Some significant differences were recdraimong treatments for necrosis but not for grasfth
mycelium.

Keywords Epigenetic changes, Forest biotechnology, Disd¢alance,Quercus ilex Somatic embryogenesis,
Transgenerational resistance
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Optimizing DNA delivery on somatic embryogenic tisge of stone pine
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Stone pineRinus pineais a native tree to the Mediterranean regionugaty in Southern Europe, Israel,
Lebanon and Syria. Stone pines have been useduitivéhied for their edible pine nuts since prehisto
times. They are widespread in horticultural culiima as ornamental trees, planted in gardens arid pa
around the world.

Genetic transformation is the best tool to alloway&unctional analysis and for rapidly increasirgd/and
wood quality. The objective of this work is to digea protocol to deliver DNA into somatic embryoge
Pinus pineatissue byAgrobacterium tumefaciensoculture. Embryogenic lines were initiated from
immature megagametophytes and maintained by 2-wsddcultures on Litvay medium (mLV).
Embryogenic callus was resuspended in liquid mLYd arixed with the same volume of the bacterial
suspension. After infection, cells were recoveradilbber paper and transferred to the same mediom f
coculture. Transient Gus Assay was performed fatigustandard protocols three days after coculture.
Several factors were tested in order to optimizeADMlivery; Agrobacteriumstrain (AGL1, GV3101,
EHAL105 y C58), plasmid constructions (pABC, pBINEBISINT, pBINUbIGUSINT y pTAB16), two
vegetal tissue concentrations (6 and 12 g of tipemes0 ml of Litvay modified liquid medium), diffent
infection periods (two treatment with 5 to 10 irtffen minutes after one minute vacuum), differerdtbgal
dilutions (0.3 to 0.8 OBRonn) and different acetosyringone concentrations @) and 200 uM) on
transformation efficiency. Furthermore, concentnadi of selective agents (0, 2, 4 and 6 mgl/l
phosphinothricin or 0, 5, 10, 20 and 30 mg/l kaneimythat inhibit growth in untransformed embryoigen
calli were also determined.

The proposed protocol for stone pine transformaianfection of 12 g of embryogenic tissue in 10D
AGL1 Agrobacterium tumefacienstrain harboring pTAB16 plasmid at an &gm and 200 ml
acetosyringone for 5 min, including 1 minute vacu@uancentrations of selective agents that havelgigl
better results in selection of transformed callagehbeen 1 mg PPT for pABC and pTAB16 plasmids, and
5 mg/l kanamycin for pBIN35SGUSINT and pBINUbiGUSIN

Keywords Transient expression, Gus asdaiyus pineaAgrobacterium tumefaciens
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Mass by direct organogenesis of Bucalyptus genotype resistant toeucalyptus weevil
Gonipterus scutellatus (Coleoptera, Curculionidae) spp.
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The Forest Institute (INFOR), from 60’ years hasied out a variety of breeding programs of several
species of forest interest, such Escalyptusgenus, in order to increase and diversify the fores
production in different parts of the country. Irchiprograms have been selected plus tree basésl on i
interest trait such as: volume, form, pulpwood djahinimal growth stresses, resistance to abiotic
stresses (cold and drought) and tolerance to pestgliseases. The water constraints present in the
interior dryland in Chile is one of the main fact@f predisposition of pests and diseases in forest
plantationsEucalyptus globulus, E. camaldulensis and E. globut nitensThe main pests and
diseases experienced by these plantations are adtesed bysonipterus platensiandPhoracantha
semipunctataExplorations performed in forest plantations efed globulusandE. camaldulensis
massively attacked by these insects in the ar€aofluenes, Chile (Latitude -35.888075, Longitude -
72.113724) allowed to the identification of 3 ptuse ofE.urophyllahybrid, which possess a great
tolerance to attack of Gonipterus and remarkabtevdr, for this reason were incorporated into
assessment programs to resistance Gonipterus ipaonCMPC. One of these was selected for
obtain micro cutting and subsequently grafted dhtglobulus these were obtained nodal segments
which were introduceth vitro conditions, using Murashige-Skoog medium supplegtmtith 2,2
mgL?* BAP and 0,2mgl* ANA and then maintained in the Germplasm Bank oF@R. Later
experimental work on this material allowed devehgpof anin vitro regeneration protocol which
allows obtaining of complete and healthy plantdbgct organogenesis through the use of different
concentrations of phytohormone (BAP and ANA), addal compounds (Casein hydrolysate and
Pantothenic acid) and environmental conditions {@beriod and etiolation). This represents an
excellent option to incorporate tolerance or resisé toGonipterusin the operational programs of
breeding oEucalyptusof INFOR and CMPC.

Keywords Eucalyptus urograndisvlicropropagationEucalyptusveevil

September 19-23, 2016. La Plata, Buenos Aire, Argentina.

4t International Conference of the IUFRO WORKING PARTY 2.09.02 ‘ ’

129






Vegetative propagation and trial planting of clonesf selected Philippine
commercial timbers

!De la Cruz, Virgilio;'Bruzon, Jeremias B'Gilbero, Dennis M.?Aggangan, Romulo T.

1Ecosystems Research and Development Services,tBeparnf Environment and Natural Resources Caraga
Region, Ampayao, Butuan City, Philippines
2Forest Products Research and Development Insti@tédege, Laguna, Philippines.
rtaggangan@gmail.com

Interest in the vegetative propagation of treesdias/n considerably throughout the world over thst |
three decades. This has resulted from scientiidiriigs that quick and large genetic gains can hizeed
by using vegetative propagated materials in theeldgwment of tree plantations. Vegetative propagatio
produces planting stock called clones, which agatidal in genetic makeup with the trees from whiwh
clones were obtained. Thus, producing clones fresstpossessing desirable traits such as good flasim,
rate of growth, superior wood quality, and highistsice to pests and diseases would, in theomylt i@s
improved plantations.

This study was conducted to generate technologhénimprovement of planting stock production for
selected native species of known commercial valug3araga Region in the Philippines. Three rooting
facilities namely; mist, non-mist and open mist] aix levels and kinds of rooting hormones weredttio
determine the rooting performance of 12 premiuradbtree species shoot cuttings. The results shthaed
different species responded differently to rootifagilities. Bagalunga Melia azedaracly binuang
(Octomeles sumatrahadita (Alstonia scholariy loktob (Ouabanga molluccana kalantas Toona
calantag and toog Petersianthus quadrialatisperformed significantly better in open mist fagil
Kaatoan bangkalAnthocephalus chinenyjsmalapapayaRolycias nodosg narra Pterocarpus indicus
performed in non-mist rooting facility and ddar@contomelon daoand natoRPalaquium luzoniengavere
better at mist rooting facility. Banlagylopia ferrugeni® however did not perform better in any facilities

No significant differences on the rooting performarmf the species on the application of differant&
and levels of rooting hormones compared to therobrithe results suggest that vegetative propagatio
these species can be done without rooting hormones.

Results on trial planting showed that growth ofhpdal rooted shoot cuttings were affected by sdiility
of sites. Species of binuan@d¢tomeles sumatrajadao Pracontomelon dap dita @Alstonia scholariy
kaatoan bangkalAnthocephalus chinenjisnd toog Petersianthus quadrialatushowed encouraging
result on fertile soils in Ampayon, Butuan City, #san del Norte, Philippines.

Keywords Rooting facilities (mist, non-mist, open mistx &vels and kinds of rooting hormones)
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Responses oEucalytpus grandis and interspecific hybrids clones to severe frosis the
Mesopotamian region of Argentina

Harrand, L.; Oberschelp, J.

Concordia Agricultural Research Station, Nationastitute for Agricultural Technology (INTA), Ruta 2 vias del
ferrocarril PO Box 34, E3200AQK, Concordia, Entrim® Argentinaoberschelp.javier@inta.gob.ar

E. grandisfaces several environmental limitations in the MeEgamian region of Argentina. Probably, one
of the main concerns is frost damage in young ptamts (one to three years-old). Some practicesda

it in prone-to-frost areas are the allocation okfrtolerant genotypes and the application of gmmte
silvicultural management to reach the first wintéth the maximal tree eight possible.

The main objective of thEucalyptusbreeding program of INTA is to select fast-growirignes for solid
wood uses. However, given the relevance of biatid abiotic stresses in a climate changing context,
selection traits related to these factors wereunfedl in the last decade. Among them, the identifinaof
frost-tolerant genotypes &. grandisand interspecific hybrids through the evaluatibifrast damage on
field trials was the first to be included. When sadvo temperatures are not strong enough to &aistrfrost
damage can be observed in leaves and shoots, theitatter more relevant Bucalyptusfor solid wood
porpoises, since lack of dominance and epicormigusing permanent affect stem form and bole quality

Between 2008 and 200%ucalyptus clonal trials were established in several tesessidlong the
Mesopotamia. One of them, placed in Ubajay, Eniies R31°46'03"S — 58°24'14"W) suffered severe
frost damage (-5.1°C) in 2012. In order to idenfifyst-tolerant clones, diameter at breast heiBigH),
total height (TH) and frost damage (FD) were evi&dan the following growth season. The trial h8£6
grandis (EG) clones, thre&. grandis x E. camaldulens{&C) clones, thre&. grandis x E. tereticornis
(GT) clones, on&. grandis x E. dunni{GD) cloneandE. grandisseedlings from a Seedling Seed Orchard
(SSO) as a control. Significant differences werstbfor all the assessed variables. Both GC andi@es
showed higher DBH and TH th&n grandisclones, being the GC clones which showed therbspbnses
for both variables. Among them, the best clonelredd3.4 cm DBH and 13.4 m TH and the worst 3.7 cm
DBH and 5.7 m TH at 3.5 years-old. It was obserbed frost damage responses were extremely variable
among clones, from dead to undamaged trees, amtasautermediate levels of epicormic sprouting.
Hybrid clones were also superior for FD; howevespall number oE. grandisclones showed also good
responses for this and the others variables. BograndisSSO and the GD clone were heavily affected by
frost, though SS@&. grandisshowed good resilience, since DBH and TH werelaintd GC and GT clones.
Additionally, it was found that phenotypic corrédet was positive and high for DBH with FD (0.71)dan
for TH with FD (0.76), therefore, it is possibleitder that most of the fast-growing clones wemahore
frost-tolerant.

In brief, field trials allows to identify better G&d GT clones thak. grandiswhen frosts jeopardize
successful plantations establishment. Moreover stheng positive correlation among growth traitsl an
frost damage stress the relevance of selectingyfasting Eucalyptusclones.

Keywords: Vegetative propagation, Adaptability, $trtolerance, Climate change, Abiotic stress
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Productivity in various pedo-climatic conditions ofcold-hardy Eucalyptus clones developed
by FCBA for plantation forestry in southern France

*Melun, F.; Nguyen The, N.; Alazard, P.; FraysseY.J de Boissesson, J.-M.; Fauconnier, T.;
Rousseau, J.-P.; Périnot, C.; Canlet, F.; Reymioridurandeau, K.; Debille, S.; Harvengt, L.; BgilA.;
Trontin, J.-F.

FCBA, Biotechnology and Advanced Forestry Departim&l Route d’Arcachon, Pierroton, 33610 CestasnEe
*Corresponding authofrancis.melun@fcba.fr

FCBA (formerly AFOCEL) is developing researches antbng-term breeding program Blicalyptus
species since the seventies. The program includéls taditional breeding and already operating
biotechnological inputs such as clonal microprogiaga cryopreservation and DNA fingerprinting.
Significant developments iEucalyptusgenomics are also ongoing in the frame of parhipssat the
national and international levels towards increaseowledge about genes involved in cold-hardiness,
growth, development and wood properties of intei@stustomers (pulp industries, biomass produgtion

The main objective is to select and deploy fastvyng varieties in clonal plantation forestry theg avell-
adapted to the various pedo-climatic conditionsnébun southern France from oceanic to more
Mediterranean and arid conditions. One criticaliés$or breeders in this program is to improve cold-
hardiness of new varieties developed for forestergope with erratic severe winter frost. Selected
Eucalyptus species for this program, mostl. gunnii and E. dalrympleana originated from the
mountainous regions of their natural distributioraain Australia, especially Tasmank. gunnii was
identified as one of the most appropriate testedisg for cold hardiness wherdaglalrympleandas less
tolerance but better growth behavior. Breedingf@assed ore. gunniiand theE. gunnii x E. dalrympleana
hybrid speciesE. gunda) using well-selected provenances.

The best selected hybrids clones for both good gjrawd significant cold-hardiness (up to -12°C 80%
cutoff threshold for damages) were successfullgothicedin vitro for conservation purposes (including
cryopreserved collections), reactivation or maiatexe of organogenic capacities (especially rooting
ability) and rapid initial vegetative propagatidmwdugh micropropagatiorin vitro rootstocks are then
implemented by commercial forest nurseries (e.gelie) to form large stool beds for the productafn
cuttings from selected varieties. Following thissgy, around 2000 ha of pilot clonal plantatibase
been established (100-150 ha/year), mainly foptirpose of short rotation coppices (3 rotation$@®.2
years). In this presentation we specifically repdron the productivity at ages 4 to 13 years obritrol
(FCBA-121) and 2 commercially available FCBA gundalclones (FCBA-208, FCBA-645). These
varieties have been tested at various field p¥sstands) in southern France divided into 3 lqedo-
climatic areas from east to west with correspondaigfalls in the range of 500-1500 mm/year. A ép
putative development zones for eucalypts has be@bleshed based on pedo-climatic data, especialy
frost constraint. Following the first rotation, theroductivity of the 3 clones at age 10-12 years is
15-25 ni/halyear. Subsequent rotations are even more pieduyby 20%), and up to 35%ha/year. We
concluded that soil water availability and rairdadire the main factors affecting the productivityhese
cold-hardy varieties.

Keywords Micropropagation, Frosk. gunda) Climatic zones, Growth, Volume
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From Petri dishes to bioreactors
First experiences on optimization of Norway spruc&E-process for bioreactors

*Lappalainen, Frida; Varis, Saila; Aronen, Tuija

Natural Resources Institute Finland (Luke)
Finlandiantie 18, FI-58450 Punkaharju, Finland.
*Corresponding authorfrida.lappalainen@Iuke.fi

The projectVegetative propagation of spruce — towards futuanipproduction,carried out at Natural
Resources Institute Finland (Luke), is focused awirmy way for practical applications of Norway speis
(Picea abiegL.) Karst.) somatic embryogenesis (SE). One i@t aspect related to this goal is improving
cost efficiency of the process.

Currently used SE-process at Luke is based on hatkdwhich is time consuming and expensive. Using
bioreactors for multiplication of embryogenic tissuand maturation of embryos could reduce the amoun
of handwork, and also as a result reduce the ¢a@ssiogle plant significantly. So, what has tadeen into
consideration when transferring SE-process basgutndish culturing into bioreactors?

Selecting the bioreactor type and then the modeldvoe the first step. Temporary immersion systeét8)

is one of the most commonly used bioreactor typetissue cultures. There are several commercially
available TIS models such as Rita, SETIS and FHarn. Since bioreactors are sterile systems,goal

to bear in mind the autoclaving treatment neededdecific bioreactor model, as well as easinesseptic
handling when considering between different bicteamodels.

Following the selection of bioreactor model, thare several factors such as support frame forejssu
growth conditions including gas exchange and grgwiredia that need to be optimized. In TIS bioreagto
frequency and duration of medium application wifeat nutrient and growth regulator availabilityyca
thus the development of cultures. It might alsméeessary to modify the growing media for bioreacto

Optimizing plant tissue culture method into bioteas is challenging and time consuming, with
requirement of all culture process steps to bemipéd separately. The first experiences obtaingt wi
embryogenic cultures of Norway spruce at Luke latmy will be presented.

Keywords Somatic embryogenesis, Norway spruce, Bioreadtmporary immersion system

September 19-23, 2016. La Plata, Buenos Aire, Argentina.

4t International Conference of the IUFRO WORKING PARTY 2.09.02 ‘ ’

135



Scaling-up of cherry rootstock production in tempowary immersion bioreactor
Seit, P.; Millar, P.; Godoy, S.; Espinoza, D.; RyjeH.; Tapia, E.

Instituto de Investigaciones Agropecuarias CRI latiRa, Santa Rosa 11610, La Pintana, SantiagoleChi

etapia@inia.cl

Chile is one of the main countries which exporte@ibs off-station to the north hemisphere withighh
potential of business growth mainly to the incredsmand of this fruit from North America, Asia and
Europe markets. To cover this need, thousandsatéies should be cultivate using rootstocks to aner
the agronomic features of the fruit and helpinghwiite yield of the crops for export. Although, the
conventional propagation am vitro propagation of diverse varieties of cherries dagtspnesent issues in
those procedures but the propagation of the ramitstis recalcitrant in both the conventional amditro
methodologies. Therefore, in this research, we ltxeloped Temporary Immersion Systems (TIS) to
scaling up the propagation rate of Cherry rootstddkxma 14, Colt and YQML1. These varieties aretkey
obtain grafted plants with commercial yields fopex. The best conditions for the TIS were acqusiag

an experimental design with factorial treatment2efwith 6 replicates and variables of number of
immersions, BAP concentration and air supply anth\ah answer of the number of earn plantlets. The
rooting of the plantlets with the best conditioms £ach variety was carried in am vitro media
supplemented with IBA and finally the acclimatizatiwas done in humid tunnels on soil at 25°C. The
results for the rootstocks Maxma 14, Colt and YQWjth an initial inoculum of 40 plantlets reached on
average 90, 80 and 60 plantlets in 21 days (dujgitaate 2) in comparison witin vitro cultures with a
duplication rate 2 of 30 to 45 days to obtain thee number of plants as a rootstock. The methogalbg
rooting and acclimatization reached 90% of suct@smotstocks of Maxma 14, Colt and YQML1. During
all the process, we use 56 bioreactors, letting evaluate the needs and capabilities of the Ta8uyction
yields and creating a platform for massive propagaif Cherry rootstocks.

Keywords Temporary Immersion Bioreactor, Cherry Rootstock
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