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Abstract Orchids are an important part of plant biodiversity on the planet due to their high
variability among species and their habitats. South America presents more than thirty percent
of all known orchid species, being Colombia, Ecuador, Brazil, Peru, and Bolivia between the
richest countries in the world in terms of orchid biodiversity. Nevertheless, concerning to the
orchid conservation status, in Colombia precisely orchids occupy the unlucky first place as
the plant family with the highest number of threatened species. Similar situation is happening
in the rest of the South American countries. The two main threats to orchid survival are both
anthropogenic: the first one is deforestation, and the second largest threat to orchids is
collection from the wild. One desirable action to safeguard these endangered species is to
develop procedures that make possible their massive propagation, which should provide
material for the eco-rehabilitation of specimens into their natural habitats, the exchange with
other entities, the supply to orchid merchants for avoid extractions of nature, and the
availability of material for future research. Likewise, the development of systems that allow
the ex situ conservation of orchid germplasm is imperative. This chapter reviews the
progresses of different in vitro approaches for orchid propagation and germplasm
conservation, safeguarding the genetic biodiversity of these species. Several study cases are
presented and described to exemplify the protocols developed in the Botanical Institute of
Northeast (UNNE-CONICET) for propagating and long-term storing the germplasm of wild
orchids from Argentina (Cattleya lundii, Cohniella cepula, Cohniella jonesiana, Gomesa
bifolia, Aa achalensis, Cyrtopodium brandonianum, Cyrtopodium hatschbachii, Habenaria
bractescens). Moreover, it has been attempted to put together most of the available literature
on in vitro propagation and germplasm conservation for South American orchids using
different explants and procedures. There are researches of good scientific quality that even
cover critical insights into the physiology and factors affecting growth and development as
well as storage of several orchid materials. Anyway, studies are still necessary to cover a
mayor number of South American species as well as the use of selected material (clonal) for
both propagation and conservation approaches.
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INTRODUCTION

South America is a megadiverse continent in terms of orchid species. Just between Colombia
and Ecuador, the two richest countries in the world in orchids, add 9,000 species (which
represent the thirty percent of all known orchid species). However, in both countries the
number of orchid species threatened with extinction may well add 3,000 species, a figure
quite worrying when we consider that the main cause of this extinction is deforestation of the
Andean forests. Precisely the forests of these mountains provide most of the water resources
for the large cities and their agriculture and industries (Orejuela Gartner 2010).

Orchids fascinate people more than any other plants do. They were and are the reason for
journeys to remote corners of the planet in order to discover new species (Vasquez et al.
2003). Even more, there is a rich history between orchids and people in many cultures across
the world. Orchids have had many practical uses, but they have also had a unique allure based
on their aesthetic appeal. The first known documentation of the appreciation and use of
orchids dates back to Confucius (551-479 B.C.). Since then, these plants have been used as a
source of food, medicines, ornamentals, flavoring (vanilla), teas, charms, aphrodisiacs,
ingredients in magic, to promote or retard fertility, for clothing, art, poisons, narcotics, and
religious ceremonies (Cuoco and Cronan 2009; Koopowitz 2001). Hence, the significance of
orchids in human life cannot be subestimated.

Due to the high specificity for insect pollinators, minute seeds without endosperm and a
unique life cycle requiring an association with specific mycorrhizal fungi during the early
stages of development, orchids are vulnerable to minor biotic and abiotic changes (Popova et
al. 2016). Thus, widespread degradation of ecosystems (for example as a result of an
increased use of weed killers and artificial fertilizers, deforestation, and land clearance), has
imperilled orchids in their natural habitats (Farrell and Fitzgerald 1989; Kandavel et al. 2004;
Swarts and Dixon 2009; Wood 1989). Moreover, global warming is predicted to produce
irreversible changes in orchid communities (Seaton et al. 2010).

Internationally, the importance of conserving orchids has been recognized since the 1970s
when orchids were listed in CITES (Convention on International Trade in Endangered
Species of Wild Fauna and Flora). While CITES originally focused on gathering data on the
international trade of animals, the design shifted to include the preservation of both flora and
fauna, partly in reaction to a perceived increase in the illicit trade of plants (Koopowitz 2001).
At present, orchids figure prominently in the Red Data Book prepared by International Union
of Conservation of Nature and Natural Resources (IUCN). In fact, the entire family is now
listed under Appendix I or II of the Convention on International Trade in Endangered Species
of Wild Fauna and Flora (CITES; http://www.cites.org). As palliative action, governments
from many countries have established Biosphere Reserves, National Parks and Sanctuaries in

the orchid rich regions besides banning the export of orchids collected in wild. Unfortunately,
in situ conservation is not always a viable option because of reasons like fragmented habitats,
absence of pollinators due to indiscriminate use of pesticides or other modifications of the
biome etc (Chugh et al. 2009).

Despite having a large number of orchid species and diversified agroclimatic conditions,
the orchid industry has not been developed in South America although it has great potential.
Hence, an efficient strategy needs to be designed not only to save these beautiful members of
the plant kingdom but also to harness the economic potential by scientific and judicious
management. This requires a complex integration of preserving natural habitats (in situ
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conservation), developing and applying ex situ conservation methodologies, being also
necessary to standardize commercial-scale micropropagation techniques for production of
quality planting material of important, rare, endangered, threatened as well as exotic hybrid
orchids. Moreover, deeper insights of orchid biology, evolution and ecology are needed, as
well as a better understanding of the orchid trade and horticultural practices (Popova et al.
2016).

The aim of this chapter is to review and provide information about the available methods
for the in vitro propagation and germplasm conservation of wild orchids from South America.
Several study cases are presenting to illustrate the development of these biotechnological
approaches in the Botanical Institute of Northeast (IBONE), UNNE-CONICET (Argentina).

Biodiversity of South American Orchids

Orchids are an important part of plant biodiversity on the planet due to their high variability
among species and their habitats. The highest diversity of orchid species has been found in the
Andes of Colombia and Ecuador, tropical rainforests of Borneo, Sumatra, New Guinea and
Madagascar (Cribb et al. 2003; Swarts and Dixon 2009). Every year botanists discover over
one hundred new orchid species (e.g. Carnevali et al. 2014; Kolanowska 2015; Noguera-
Savelli et al. 2008; Vale et al. 2014). Clearly, our knowledge of orchid genetic diversity is
fairly incomplete, and there is the prospect that many orchid species may be lost before their
discovery.

Concerning to South America, it presents more than thirty percent of all known orchid
species. Colombia and Ecuador are the richest countries in the world in terms of orchid
biodiversity. In Colombia have been cited between 3,500 and 4,270 species, of which 1,572
(37%) are endemic (Jorgensen et al. 2011; Ministerio de Ambiente y Desarrollo Sostenible y
Universidad Nacional de Colombia 2015), while in Ecuador have been identified 4,032 orchid
species, of which 1,714 (43%) are endemic (Cerna et al. 2016). Likewise, Brazil (with 2,548
recorded orchid species; Zappi et al. 2015) and Peru (with 2,020-3,500 orchid species; Pert
Ministerio del Ambiente 2015; Roque and Le6n 2006) are known among the countries with
more orchid megadiversity in the world. Concerning to Bolivia, until very recent times it was
rather underestimated and neglected with regard to orchid diversity; however, according to
current estimates (considering the currently known species number, the discovery rates and
the dimensions of the unsampled areas) there are about 2,000-3,000 orchid species in the
country (Vasquez et al. 2003). Thus, Bolivia’s orchid diversity could become comparable to
more northern Andean countries like Peru and Ecuador where much more effort has been
spent on orchid inventory. Similarly, in Venezuela the Orchidaceae is one of the best
represented plant families with 1,506 species. Detailed floristics and inventories, however, are
needed for different unexplored and underexplored areas of the national parks of Venezuela
(Noguera-Savelli et al. 2015). On the other hand, for countries of the Southern Cone of South
America (Argentina, Chile, Paraguay, Uruguay, and Southern Brazil) have been identified
1,042 orchid species, of which 294 are endemic (Zuloaga and Belgrano 2015); while 760
species have been cited for Guyana, Suriname, and French Guiana (Funk et al. 2007) and
approximately 200 species have been recorded for Trinidad and Tobago (Kenny 2008).

Regarding to the orchid conservation status, in Colombia orchids occupy the unlucky first
place as the plant family with the highest number of threatened species (Calderén-Saenz
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2007). Colombia contains two recognized biodiversity hotspots, The Northern Andes, and the
Tumbes-Choco-Magdalena (Myers et al. 2000), of which the Chocé region on the Pacific
coast harbors unparalleled plant biodiversity (Gentry 1986). All of these habitats are under
considerable threat of deforestation, due to the continued direct impact of habitat conversion
for agriculture and mining (both legal and illegal), as well as the increasingly common forest
fires (Gonzalez et al. 2011). In 2014, the Colombian national deforestation rate registered an
increase of 14% compared with the previous year, with a total of 140,356 Ha lost. Only 4% of
the original cover of tropical dry forest remains in Colombia, and most deforestation are
occurring in the Amazon and Andean regions (Cavelier and Etter 1995; Fandifio and
Wyngaarden 2005; Pizano and Garcia 2014). In the Choco biogeographic region along the
Pacific littoral, which still retains a high proportion of natural forest habitat, the annual
average of deforested area moved from 2,874 ha per year in 2012-2013 to 24,025 ha per year
in 2015-2016 (IDEAM 2015). In addition to habitat degradation, orchids, being of
commercial interest, are subject to the pressure of collection from wild populations
(Calderon-Saenz 2007). Something similar is happening in Ecuador, the second megadiverse
country in orchids, which has a great variety of climatic regions that potentiate biodiversity.
In Ecuador, the incredible orchid array is also being threatened by land-clearing practices and
illicit collection. This situation is the result of (a) insufficient resources to address
conservation needs, (b) weak funding and inter-agency coordination at the government level,
(c) poor historic coordination among the large regional network of conservation groups, and
(d) a disconnect between conservation agendas and local communities (Cuoco and Cronan
2009). Similarly, this situation is repeated in most of the South American countries.

Thus, the two main threats to orchid survival are both anthropogenic. The first threat is
deforestation. Many species of orchids in their natural state require large areas of undisturbed
forests to be reproductively successful (Dodson and Escobar 1993). Unfortunately, orchid
habitat in most of South America has been destroyed to clear lands for cattle ranching,
agriculture, and road building. Collection from the wild is the second largest threat to orchids
(Dodson and Escobar 1993). Given the lack of regulation of wild orchid collection and the
illicit nature of most collections, it is nearly impossible to determine the volume of orchids
that are removed from forests every year (Cuoco and Cronan 2009).

One desirable action to safeguard these endangered species is to develop procedures that
make possible their massive propagation, which should provide material for the reinsertion of
specimens into their natural habitats, the exchange with other entities, the supply to orchid
merchants for avoid extractions of nature, and the availability of material for future research.
Likewise, the development of systems that allow the ex situ conservation of orchid
germplasm is imperative. Ex situ conservation refers to the preservation of plant germplasm
outside its natural habitat (Heywood and Iriondo 2003). This involves different methods,
some of which are classified as dynamic, like botanic gardens and field genebanks, because
both provide the opportunity of monitoring the evolutionary trajectory of samples during the
storage. Other ex situ methods are classified as static, because they safeguard the genes
outside of the evolutionary context (Shands 1991). They are considered safest, uninfluenced
by the climate conditions, and more cost-effective than dynamic methods. Some alternatives
for ex situ conservation are the seed banks and the storage of different plant materials in
liquid nitrogen (LN, -196 °C).



In Vitro Propagation Approaches in Orchids

In vitro seed germination

One of the most significant applications of biotechnology to orchid diversity conservation and
sustainable use is in vitro germination (Popova et al. 2016). Orchid seeds (which are produced
in large numbers in each capsule) are very small and lack food reserves (Heywood et al. 2007;
Mitra 1971; Paudel et al. 2012). In nature, orchid seeds associate with specific mycorrhizal
fungi (symbiotic germination) that induce germination and promote embryo growth,
supplying the required nutrients to the embryo (Rasmussen et al. 2015; Valadares et al. 2012).
Thus, propagating orchids through seeds may require the presence of specific fungi or specific
culture media which can replace the nutrient supply given by such fungi (Otero Ospina and
Bayman 2009).

Development of asymbiotic germination methods (i.e. without fungal inoculation) of
orchid seeds took place following the formulation of Knudson B and C medium (Knudson
1922, 1946). Thereafter, other culture media with varied carbon sources have been tried for
orchid germination such as Vacin and Went medium (VW; Vacin and Went 1949), Murashige
and Skoog medium (MS; Murashige and Skoog 1962), Mitra medium (M; Mitra et al. 1976),
Malmgren Modified Terrestrial Orchid Medium (MM; Malmgren 1996), banana culture
medium (CMB; Barbery and Molares 2011), tomato culture medium (CMT; Barbery and
Molares 2011), PDA medium (Potato Dextrose Agar), among others (Hossain et al. 2010;
Paul et al. 2011; Pedroso-de-Moraes et al. 2012; Pedroza-Manrique and Mican-Gutiérrez
2006; Pereira et al. 2015; 2017; Piri et al. 2013; Roy et al. 2011; Wida Utami et al. 2017).
These media can have different results depending on the orchid species, suggesting intrinsic
differences in nutrient requirements for different species. It has also been suggested that
particular species may have different limiting factors for germination and seedling early
growth (Rasmussen et al. 2015). For example, mature seeds of some orchid species require
several months of cold stratification before germination (Nikishina et al. 2007), and the whole
process of embryo development to plantlet formation can take months to years, particularly
for temperate species (Nikishina et al. 2001; Olivia and Arditti 1984). Likewise, mature seeds
of Vanilla species require chemical scarification before culture for asymbiotic germination,
since they have hard coats (Pedroso-de-Moraes et al. 2012). For such species, immature seeds
that readily germinate after sowing are considered a primary material for the initiation of
tissue cultures (Hirano et al. 2005a,b; Nikishina et al. 2007; Palama et al. 2010; Ramirez-
Mosqueda and Iglesias-Andreu 2015). However, based on an understanding of dry seed
storage of other species, such immature seeds may not be optimal for long-term storage
(Popova et al. 2016).

Asymbiotic germination can be more effective than symbiotic germination for several
reasons: 1) it does not require the isolation and identification of the mycobiont of the target
orchid species; 2) it allows for more controlled, aseptic conditions, resulting in less overall
contamination (Abraham et al. 2012; Aggarwal and Zettler 2010; Johnson et al. 2007); 3) in
symbiotic germination, the seeds inoculated with the mycorrhizic fungi can be completely
covered with the fungal hyphae, making difficult the evaluation of germination and embryo
development, sometimes requiring a change in the culture media, increasing the risk of
contamination (Pereira et al. 2017). However, it is likely that further plant development and/or
re-introduction of plants in the field could require fungal association to enhance survival



(Otero Ospina and Bayman 2009; Pereira et al. 2015; Thakur and Dongarwar 2013). Anyway,
both symbiotic and asymbiotic seed germination can be very helpful for conservation of rare
or endangered species, since orchids produce large amount of seeds and high genetic variation
is preserved, compared to cloning techniques.

During the last twenty years tissue culture techniques have been extensively used for rapid
and large-scale propagation of several South American orchids by both asymbiotic and
symbiotic seed germination (see Table 1).

Clonal propagation using various explants

In vitro propagation using seedlings is less desirable especially for horticultural uses due to
the long juvenile period before flowering (Decruse et al. 2003). Moreover, as orchids are
outbreeders, their propagation using seeds leads to the production of heterozygous plants.
Hence, protocols providing regeneration from various vegetative parts of mature plants are
essential.

In 1949, Rotor at Cornell University demonstrated that plantlets could be induced by
aseptic culturing of the dormant buds on the basal nodes of Phalaenopsis inflorescence
(Arditti and Krikorian 1996). Thereafter, Morel (1960) cultured shoot tips for obtaining virus-
free Cymbidium clones in vitro. Many efforts have been made since then for rapid clonal
propagation using somatic explants from several orchid species, including shoot tips (Geetha
and Shetty 2000; Kalimuthu et al. 2006; Ket et al. 2004; Seeni and Latha 2000; Sharma and
Tandon 1992; Sheela et al. 2004), inflorescence explants -shoot apex, flower stalk nodes, and
floret tissues- (Chen and Chang 2000; Chen et al. 2002; Goh and Wong 1990; Intuwong and
Sagawa 1973; Mitsukuri et al. 2009; Shimasaki and Uemoto 1991; Vendrame et al. 2007a),
leaf explants (Goh and Tan 1979; Janarthanam and Seshadri 2008; Sharma and Vij 1997;
Teng et al. 1997; Vij and Kaur 1999), and rhizome segments (Shimasaki and Uemoto 1990).
The major advantage of clonal propagation is that the plantlets produced are usually identical
to their parents (clones). This is of great advantage to the cut-flower industry in production of
uniform blossoms during predictable periods to meet market demands (Chugh et al. 2009).

Concerning to South American orchids, protocols for clonal large-scale propagation have
been reported for Epidendrum ibaguense and Oncidesa 'Gower Ramsey' (the most cultivated
orchid hybrid for cut flower) through in vitro culture of nodal segments and inflorescence
explants of field-grown adult plants, respectively (Rodrigues et al. 2013; Santana and
Chaparro 1999; Table 1).

Table 1 Representative examples of in vitro propagation for South American orchids

Species Tissues Measured parameters  References

Aa achalensis® Seeds Symbiotic seed Fracchia et al.
germination. 2014a

Anathallis adenochila®  Seedlings® In vitro seedling Endres Junior et al.
survival and growth. 2014

Barbosella sp.” Seeds Asymbiotic seed Roberts et al. 2007

germination and in vitro
seedling development.

Bipinnula fimbriata® Seeds Symbiotic seed Steinfort et al. 2010
germination.
Seeds Seed viability and Pereira et al. 2015
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asymbiotic germination,
seedling development.

Brachionidium Seeds Asymbiotic seed Roberts et al. 2007
muscosum” germination and in vitro
seedling development.
Brasilidium forbesii . Thin cell lagfers of  PLBs regeneration. Pereira Gomes et al.
(=Oncidium forbesii) protocorms 2015
Brassavola perrinii’ Seedlings? Multiplication rate and ~ Pasqual et al. 2011
seedling growth.
Brassavola, Cattleya Seedlings? Seedling growth. Prizéo et al. 2012
and Laelia species
double hybrid ('BCL
Pastoral Innocence’)b’C
Brassia bidens® Seeds Asymbiotic seed Monteiro do Régo
germination and in vitro et al. 2009
seedling development.
Brassocattleya Seedlings* Multiplication rate, Cardoso and Ono
'Pastoral® height increase and 2011
sugar content reduction.
Cattleya bicolor™ Seedlings’ Seedling growth. Prizéo et al. 2012
Cattleya cinnabarina Seeds Asymbiotic seed Suzuki et al. 2012
(=Hoffmannseggella germination and in vitro
cinnabarina)® seedling development.
Cattleya flava (=Laelia  Seeds Seedling survival and Moraes et al. 2005
flava)® growth.
Cattleya intermedia’ Seedlings* Seedling growth during ~ Schnitzer et al. 2010
ex vitro acclimation.
Seedlingsdl Seedling survival and Dorneles and
growth during ex vitro  Trevelin 2011
acclimation.
Seeds In vitro seedling Sasamori et al. 2015
survival and growth.
Cattleya intermedia x Seedlings? Seedling growth during Lone et al. 2010
C. purpurata ex vitro acclimation.
(=Hadrolaelia
purpurata)’
Cattleya jenmanii® Seedlingsd Anatomical characters  Torres and Sanabria
in response to culture 2011
condition.
Cattleya loddigesii®* Seeds In vitro seedling Galdiano Janior et
growth, plant survival al. 2012a
and growth during ex
vitro acclimation.
Seedlingsdl Seedling growth. Gomes de Araujo et
al. 2009
Cattleya longipes Seedlings* Seedling growth. Stancato et al. 2008
(=Laelia longipes)’*
Cattleya Seedlings? Anatomical characters  Torres and Sanabria
lueddemanniana® in response to culture 2011
condition.
Cattleya lundii Seedlings® In vitro seedling growth  Favetta et al. 2017

(=Microlaelia lundii)>*

and chlorophyll content.




Seedling growth during
ex vitro acclimation.

Cattleya maxima”®

Seedlings”

Leaves of in vitro

Somatic embryogenesis
induction.
Somatic embryos

Cueva-Agila et al.
2013
Cueva-Agila et al.

seedlings* induction, genetic 2015
expression analysis.
Cattleya mendelii®* Seeds Asymbiotic seed Diaz-Alvarez et al.
germination and in vitro 2015
seedling development.
Cattleya purpurata Seeds Asymbiotic seed De Menezes
(=Hadrolaelia germination and in vitro Gongalves et al.
purpu rata)b seedling development. 2012
Cattleya purpurata Seedlings’ Anatomical analysis of  Da Silva Junior et
(=Laelia purpurata) leaves and roots. al. 2012
var. carnea
Seedlingsdl In vitro seedling Da Silva Janior et
growth, root anatomical al. 2013
changes and
chlorophyll content.
Cattleya quadricolor® Seeds Asymbiotic seed Diaz-Alvarez et al.

germination and in vitro
seedling development.

2015

Cattleya tigrina’ Leaves of in vitro DNA methylation and ~ Almeida et al. 2017
seedlings* endogenous polyamine
levels during PLBs
induction.
Cattleya trianae® Seedlings” Ex vitro seedling Franco et al. 2007
survival and growth.
Seedlings” Seedling growth. Galdiano Junior et
al. 2012b
Cattleya violacea® Seeds Asymbiotic seed Galdiano Junior et
germination and in vitro al. 2013
seedling development.
Cattleya walkeriana® Seedlings” Seedling growth. Dignart et al. 2009
Seedlingsdl Seedling survival and Galdiano Junior et
growth during ex vitro  al. 2011
acclimation.
Seeds Seed germination Galdiano Junior et
morphologic analysis al. 2014
and seedling growth.
Chloraea crispa® Seeds Asymbiotic seed Pereira et al. 2017
germination and in vitro
seedling development.
Seeds Asymbiotic seed Quiroz et al. 2017
germination and
embryogenic calli
formation.
Chloraea gavilu® Seeds Asymbiotic seed Pereira et al. 2017

Seeds, protocorms,

germination and in vitro
seedling development.
Asymbiotic seed

Romero et al. 2018
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thin cell layers from germination, in vitro

protocorms and
seedling leaves®

seedling development,
PLBs induction.

Chloraea riojana®

Seeds

Symbiotic seed
germination.

Fracchia et al. 2016

Chloraea virescens® Seeds Asymbiotic seed Pereira et al. 2017
germination and in vitro
seedling development.

Comparettia falcata”’ Seeds Asymbiotic seed Pedroza-Manrique
germination and in vitro et al. 2005
seedling development.

Seeds Symbiotic and Chavez et al. 2014
asymbiotic seed
germination.

Cyrtochilum aureum Seeds Asymbiotic seed Roberts et al. 2007

(=Odontoglossum germination and in vitro

aureum)b seedling development.

Cyrtochilum Seeds Asymbiotic seed Roberts et al. 2007

caespitosum germination and in vitro

(=Rusbyella seedling development.

caespitose)”

Cyrtochilum loxense® Seedlings? Somatic Embryogenesis Cueva-Agila et al.

Receptor-like Kinase

2012

(SERK) expression

analysis.
Cyrtopodium Root-tips from in Adventitious shoot Flachsland et al.
brandonianum® vitro seedlings* organogenesis. 2011

Cyrtopodium
glutiniferum™*

Seeds

Asymbiotic seed
germination and in vitro
seedling development.

Vogel et al. 2011

Seeds Symbiotic seed Rodrigues
germination and in vitro Guimaraes et al.
seedling development, 2013
ex vitro growth.
Seeds Symbiotic seed Corréa Pereira et al.
germination, in vitro 2015
seedling development,
fungal colonization.
Cyrtopodium Seeds Symbiotic and De Carvalho et al.
paludicolum® asymbiotic seed 2017
germination.
Cyrtopodium Seeds and Asymbiotic seed Rodrigues et al.
saintlegerianum® seedlings* germination and in vitro 2015
seedling development,
plant growth during ex
vitro acclimation.
Encyclia cordigera” Seedlings? In vitro seedling Mantovani et al.
growth. 2016
Encyclia microtos” Seedlings? In vitro seedling Condemarin-
development and Montealegre et al.
multiplication. 2007
Encyclia randii® Seeds Asymbiotic seed Gongalves et al.,
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germination and in vitro
seedling development.

2012

Epidendrum cardenasii’

Seeds

Asymbiotic seed
germination and in vitro
seedling development.

Roberts et al. 2007

Epidendrum ibaguense®

Nodal segments of
field-grown plants

Contamination control
and shoot growth.

Rodrigues et al.
2013

Epidendrum nocturnum®  Seeds and In vitro seedling growth Sousa Silva et al.
seedlingsd with and without 2016
michorrization.
Epidendrum secundum®  Seeds Symbiotic seed Corréa Pereira et al.
germination and in vitro 2011
seedling development.
Seeds Seedling growth. Massaro et al. 2012
Gavilea australis® Seeds Symbiotic seed Fracchia et al.
germination. 2014b
Gomesa flexuosa Seedlings? In vitro seedling Caovila et al. 2016
(=Oncidium flexuosum)” growth.
Gongora quinquenervis®  Seeds In vitro seedling Cavalcante Martini
development. et al. 2001
Habenaria bractescens® Multinodal segment  Upright leafy shoots, Medina et al. 2009

from in vitro

swollen buds, and root

seedlings’ tubers.
Laeliocattleya x Seedlings* Multiplication rate and ~ Pasqual et al. 2011
Brassolaeliocattleya seedling growth.
hibryd”
Laeliocattleya hybrid Seedlings’ In vitro seedling growth De Menezes
(Hadrolaelia purpurata Gongalves et al.
x Cattleya intermedia)® 2016
Masdevallia Seeds Asymbiotic seed Roberts et al. 2007
yungasensisb germination and in vitro
seedling development.
Miltonia clowesii® Seedlings’ Seedling growth during  Schnitzer et al. 2010
ex vitro acclimation.
Miltonia flavescens’ Seeds Seedling survival and Moraes et al. 2005
growth.
Miltonia spectabilis® Seedlings’ Seedling growth. Stancato et al. 2008
Odontoglossum Seeds Asymbiotic seed Pedroza-Manrique
gloriosum® germination. and Mican-
Gutiérrez 2006
Oncidesa (=Oncidium)  Floral buds of PLB formation, Santana and

b
'Gower Ramsey'

inflorescence from
ex vitro plant

multiplication and
plantlets regeneration.

Chaparro 1999

Oncidium baueri’ Seedlings’ Seedling growth. Sorace et al. 2008
Oncidium leucochilum®  Shoots* In vitro multiplication,  Da Silva et al. 2014
elongation and rooting;
ex vitro acclimation.
Oncidium trulliferum® Seeds Seedling survival and Moraes et al. 2005

growth.

Schomburgkia crispa”®

Nodal segments
from in vitro plants

In vitro multiplication
and rooting.

Pereira et al. 2018
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Schomburgkia gloriosa”  Seeds Seedling growth. Dezan et al. 2012

Sophronitis tenebrosa Seedlings? Seedling growth. Stancato et al. 2008
(=Laelia tenebrosa)”
Telipogon sp.” Seeds Asymbiotic seed Roberts et al. 2007

germination and in vitro
seedling development.

Vanilla planifolia*® Seeds Effect of scarification Pedroso-de-Moraes
on asymbiotic seed etal. 2012
germination and in vitro
seedling development.

*Terrestrial

*Epiphyte

‘Lithophyte
4Seed-derived material

In Vitro Conservation Approaches in Orchids

All types of in vitro-cultured materials that have been used for mass rapid propagation of
orchids may be also utilized for conservation purposes (Popova et al. 2016). For example,
over 90% of seed-derived in vitro seedlings of Dendrobium officinale tolerated 12 months of
storage at 4 °C in darkness without subculture (Shi et al. 2000). Likewise, in vitro plantlets of
Dendrobium draconis and Ipsea malabarica maintained high viability during storage at 25 °C
for 6 and 27 months respectively (Martin and Pradeep 2003; Rangsayatorn et al. 2009). More
recently, in vitro slow growth techniques and storage at low positive temperatures (from 0 to
16 °C) have proved to be effective for some Dendrobium species (Teixeira da Silva et al.
2014). However, short to medium-term in vitro conservation is relatively labour-intensive and
costly; moreover, phenotypical and genetic variations in the course of repeated subcultures
have been documented for orchid materials (Arditti 2008; Khoddamzadeh et al. 2010;
Teixeira da Silva et al. 2014; Tokuhara and Mii 1998). These limitations have promoted the
development of less expensive and more reliable conservation methods such as
cryopreservation, which allows safe and long-term storage of orchid germplasm once an
appropriate protocol is designed and validated for each genotype (Popova et al. 2016).
Cryopreservation, i.e., storage of samples at ultralow temperature of LN (=196 °C), has
become the most important tool to modern science for the long-term storage of plant materials
since it provides the possibility of significantly extending the storage period with the
maximum genetic stability. At this temperature, all cellular divisions and metabolic processes
are stopped. The plant material can thus be stored without alteration or modification for a
theoretically unlimited period of time (Ashmore 1997; Engelmann 2011). However,
cryopreservation presents a series of problems mainly associated to the initial moisture
content (MC) of sample and the alterations to which the material is subjected during the
process of cooling/rewarming. Both factors should be evaluated for each biological material
before using any cryopreservation method. The MC of tissues is the most critical factor for
successful cryopreservation (Vertucci and Roos 1993). Optimal survival is generally obtained
when samples are frozen with a MC comprised between 10% and 20% (fresh weight basis)
(Engelmann 2011). Likewise, the use of proper cryoprotectants [glycerol, ethylene glycol,
dimethylsulfoxide (DMSO), and plant vitrification solutions (PVS)] can increase the success
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of cryopreservation protocols by suppressing ice crystallization during cooling to and
warming from LN (Sakai et al. 1990).

Current work in cryopreservation has permitted the storage of virtually all explant types
for many plant species (Ashmore et al. 2011; Engelmann 2004; 2011; Gonzalez-Arnao and
Engelmann 2006; Gonzalez-Arnao et al. 2008; 2017; Panis and Lambardi 2006; Uragami
1993). In orchids, cryopreservation has been an efficient means of conserving seeds and
pollen (e.g., Dolce et al. 2016; Dolce and Gonzalez-Arnao 2018; Flachsland et al. 2006; Hay
et al. 2010; Koopowitz 1986; Koopowitz and Thornhill, 1994; Mweetwa et al. 2007; Popov et
al. 2004; Pritchard 1984; Vendrame et al. 2007b; 2008; Surenciski et al. 2012). By contrast,
attempts to cryopreserve somatic explants (i.e., clonal material) are scarce and have resulted
in variable regrowth (Dolce et al. 2018; Gonzalez-Arnao et al. 2009; Hernandez-Ramirez et
al. 2014; Kondo et al. 2001; Lurswijidjarus and Thammasiri 2004; Na and Kondo 1996;
Thinh and Takagi 2000; Tsukazaki et al. 2000).

Concerning to South American orchids, to date researches about ex situ germplasm
conservation is reported for 30 species (Table 2). This is quite worrying when we consider the
orchid megadiversity that occur in South America (more than 10,000 species) and the orchid
conservation status in the continent.

Table 2 Conservation methods for South American orchids

Species Tissues Conservation method References

Alvarez-Pardo and
Ferreira 2006

Acianthera glumacea Seeds
(=Pleurothallis
glumacea)”

Storage at 5 °C with 6% MC.

Alvarez-Pardo and
Ferreira 2006

Bifrenaria inodora”  Seeds Storage at 5 °C with 6% MC.

Catasetum atratum®  Seeds Cryostorage by vitrification Suzuki et al. 2018

technique with PVS2
solution.
Cattleya bicolor™* Seeds Storage at 5 °C with 6% MC.  Alvarez-Pardo and
Ferreira 2006
Seeds Storage at 10 and 25 °C over  Mora et al. 2008
silica gel.
Cattleya grandis Seeds Storage at -20 and -80 °C. Vudala and Ribas
(=Hadrolaelia 2017
grandis)

Cattleya granulosa®  Seeds

Storage at -18 °C.

Hosomi et al. 2012

Cattleya hegeriana®  Seeds

Storage at -18 °C.

Hosomi et al. 2012

Cattleya intermedia®  Seeds
Seeds

Seeds

Storage at -18, 5 and 25 °C,
seeds with 6% MC.

Storage at 5 °C with 6% MC.

Storage at -18 °C.

Alvarez-Pardo et al.
2006
Alvarez-Pardo and
Ferreira 2006
Hosomi et al. 2012

Cattleya intermedia  Seeds

Storage at 5 °C with 6% MC.

Alvarez-Pardo and

var. pallida” Ferreira 2006

Cattleya labiata’ Seeds Storage at 5 °C with 6% MC.  Alvarez-Pardo and
Ferreira 2006

Cattleya mossiae” Seeds Storage at -18 °C. Hosomii et al. 2012

Cattleya purpurata Seeds

Storage at -18 °C.

Hosomi et al. 2012
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(=Hadrolaelia Seeds Storage at 5 °C with 6% MC.  Alvarez-Pardo and
purpurata and Laelia Ferreira 2006
purpurata)’
Cattleya sanguiloba  Seeds Storage at -18 °C. Hosomi et al. 2012
(=Laelia
sanguiloba)*
Cattleya tenuis’ Seeds Storage at -18 °C. Hosomi et al. 2012
Cattleya tigrina’ Seeds Storage at -18 °C. Hosomi et al. 2012
Cattleya walkeriana”  Seeds Storage at -18 °C. Hosomi et al. 2012
Seeds Cryostorage by vitrification Galdiano Junior et al.
method with PVS2 solution. 2017
Cohniella cepula” Pollinia Storage at -70 and -196 °C Dolce et al. 2016
without pre-treatment.
Seeds Cryostorage without seed pre- Dolce and Gonzalez-
treatment. Arnao 2018
Cyrtopodium Immature Cryostorage by Surenciski et al. 2012
hatschbachii® seeds encapsulation-dehydration
technique.
Encyclia Seeds Storage at 5 °C with 6% MC.  Alvarez-Pardo and
odoratissima” Ferreira 2006
Encyclia pygmaea” Seeds Storage at 5 °C with 6% MC.  Alvarez-Pardo and
Ferreira 2006
Epidendrum Seeds Cryostorage by vitrification =~ Cerna et al. 2018
anderssonii® method.
Epidendrum Seeds Storage at 5 °C with 6% MC.  Alvarez-Pardo and
fulgens™® Ferreira 2006
Epidendrum Seeds Cryostorage by vitrification =~ Cerna et al. 2018
quitensium” method.
Gomesa bifolia Seeds and Cryostorage by Flachsland et al.
(=Oncidium protocorms encapsulation-dehydration 2006
bifolium)® technique.
Gomesa flexuosa Seeds Storage at 5 °C with 6% MC.  Alvarez-Pardo and
(=Oncidium Ferreira 2006
flexuosum)”
Grobya sp.” Seeds Storage at 5 °C with 6% MC.  Alvarez-Pardo and
Ferreira 2006
Laeliocattleya Seeds Storage at 5 °C with 6% MC.  Alvarez-Pardo and
natural hybrid" Ferreira 2006
Maxillaria picta® Seeds Storage at 5 °C with 6% MC.  Alvarez-Pardo and
Ferreira 2006
Oncidium Seeds Storage at 5 °C with 6% MC.  Alvarez-Pardo and
enderianum” Ferreira 2006
Sobralia rosea® Seeds Cryostorage by vitrification Cerna et al. 2018
method.
Trichocentrum Seeds Storage at 5 °C with 6% MC.  Alvarez-Pardo and

pumilum (=Oncidium
pumilum)®

Ferreira 2006

*Terrestrial
°Epiphyte
‘Lithophyte
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Modern propagation and production technology has made orchids accessible to a much
broader section of the society. Cost efficient protocols for mass propagation of rare,
threatened and endangered orchids, as well as new orchid hybrids, have to be developed
further in order to commercialize and conserve them. For this, critical insights into the
physiology and factors affecting growth and development of orchids are essential. The
floriculture industry as well as conservation efforts would get a huge boost if the protocols
developed in the laboratories can be further standardized and transferred to industries and
organizations involved with ex situ conservation of this alluring flower (Chugh et al. 2009).

Table 3 summarizes information about scientific works recorded so far for different South
American countries regarding in vitro propagation and germplasm conservation of native
orchids from this continent, according to the Scopus database (key words: “propagation AND
orchid”, “conservation AND orchid”, “cryopreservation AND orchid”). It could be noted that
Brazil has the highest number of published works both on propagation and germplasm
conservation, while for some countries only researches referring to propagation of native
orchid species are reported and for other countries (Guyana, Paraguay, Trinidad and Tobago,
Suriname, Uruguay) there were no registered works in any of the topics.

Table 3 Scientific articles published by South American countries (according to Scopus
database, at 11-01-2018).

Country Topic Number of References
scientific
articles
Argentina Propagation 5 Flachsland et al. 2011; Fracchia et al. 2014a,b;
2016; Medina et al. 2009
Conservation 5 Dolce et al. 2016; Duarte et al. 2017; Flachsland

et al. 2006; Surenciski et al. 2007; 2012

Bolivia Propagation 1 Roberts et al. 2007.
Conservation 0
Brazil Propagation 48 Almeida et al. 2017; Caovila et al. 2016;

Cardoso and Ono 2011; Cavalcante Martini et
al. 2001; Corréa Pereira et al. 2011; 2015; Da
Silva et al. 2014; Da Silva Junior et al. 2012;
2013; De Carvalho et al. 2018; De Conti et al.
2018; De Melo Ferreira et al. 2017; De
Menezes Gongalves et al. 2012; 2016; Dezan et
al. 2012; Dignart et al. 2009; Dorneles and
Trevelin 2011; Endres Janior et al. 2014;
Favetta et al. 2017; Galdiano Junior et al. 2011;
2012a,b; 2013; 2014; Gomes de Aratjo et al.
2009; Hosomi et al. 2017; Lando et al. 2016;
Lone et al. 2010; Mantovani et al. 2016;
Massaro et al. 2012; Monteiro do Régo et al.
2009; Moraes et al. 2005; Pasqual et al. 2011;
Pedroso-de-Moraes et al. 2012; Pereira et al.
2018; Pereira Gomes et al. 2015; Prizdo et al.
2012; Rodrigues et al. 2013; Rodrigues et al.
2015; Rodrigues Guimaraes et al. 2013;
Sasamori et al. 2015; Schnitzer et al. 2010;
Sorace et al. 2008; Sousa Silva et al. 2016;
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Stancato et al. 2008; Suzuki et al. 2012; Villa et
al. 2014; Vogel and Macedo 2011

Conservation 7 Alvarez-Pardo and Ferreira 2006; Galdiano
Junior et al. 2017; Hosomi et al. 2011; 2012;
Mora et al 2008; Suzuki et al. 2018; Vudala and
Ribas 2017
Chile Propagation 5 Pereira et al. 2015; 2017; Quiroz et al. 2017;
Romero et al. 2018; Steinfort et al. 2010
Conservation 0 -
Colombia Propagation 6 Chavez et al. 2014; Diaz-Alvarez et al. 2015;
Franco et al. 2007; Pedroza-Manrique and
Mican-Gutiérrez 2006; Pedroza-Manrique et al.
2005; Santana and Chaparro 1999
Conservation 1 Flanagan and Mosquera Espinosa 2016
Ecuador Propagation 3 Cueva-Agila et al. 2012; 2015a; 2015b
Conservation 1 Cerna et al. 2018
French Propagation 0 -
Guiana,
Guyana, and  Conservation 0 -
Suriname
Paraguay Propagation 0 -
Conservation 0 -
Peru Propagation 1 Condemarin-Montealegre et al. 2007
Conservation 0 -
Trinidad and  Propagation 0 -
Tobago Conservation 0 -
Uruguay Propagation 0 -
Conservation 0 -
Venezuela Propagation 1 Torres and Sanabria 2011
Conservation 0 -

In Vitro Propagation and Germplasm Conservation of Wild Orchids from Argentina.
Study Cases.

In Argentina have been identified 281 orchid species (18 of them are endemics), which are
mainly distributed in tropical and subtropical regions of northern of the country (Schinini
2008; Zuloaga and Belgrano 2015). The highest diversity of orchid species has been found in
Misiones (129 species) and Corrientes (76 species) (Zuloaga et al. 1999). To date, there are no
records of extinct orchid species for Argentina; however, 14 species are threatened or in
danger of extinction according to the database of plants from Argentina PlanEAr
(http://www.lista-planear.org). Likewise, many orchid species have ornamental value both for
their colourful flowers and their vegetative aspect. These species are subject to extractive
action by local people, reason why they should be also considered for their conservation.

In the last twenty years great progress has been made by the IBONE (Corrientes,
Argentina) staff towards the development of efficient in vitro propagation and germplasm
conservation systems for several wild orchids from Argentina. Some of these studies are
presenting below to illustrate the development of these biotechnological approaches in the
IBONE.
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Epiphytic orchids

Genus: Cattleya

The genus Cattleya Lindl. (Subfamily Epidendroideae, Tribe Epidendreae, Subtribe
Laeliinae) is one of the largest in the family Orchidaceae. It is a Neotropical genus which
comprises 114 species of outstanding horticultural importance (van den Berg 2005; 2008;
2014). Cattleya species occur mainly in two distinct regions, forests throughout the Brazilian
east coast and in the lower part of the humid declivities of the Andean Mountains in Peru,
Colombia, Ecuador, and Venezuela, reaching the south of Mexico. These species occupy
predominantly epiphytic habitats and most of them show crassulacean acid metabolism
(Andrade-Souza et al. 2009). They are of high ornamental value due to the size of their
flowers and many species are used for hybridization (van den Berg and Martins 1998; van den
Berg et al. 2000). Lately, new combinations and names were proposed in Cattleya to
accommodate species previously assigned to Laelia and Sophronitis. These were needed in
order to maintain the monophyly of the genus in light of recent phylogenetic hypotheses (van
den Berg et al. 2000; 2009). In Argentina occur C. cernua, C. coccinea, C. loddigesii, and C.
lundii.

Cattleya lundii (Rchb. F. & Warm.) Van den Berg is native from Brazil, Bolivia, and
Argentina, where it is at 740 to 1000 meters over the sea level between the undergrowth in the
coastal mountains or in the Yungas forests. In Argentina, it was found in the province of
Misiones, where it grows in flooded regions. It was also cited for the province of Salta
(Johnson 2001). C. lundii includes epiphytic and lithophytic plants of medium size, with small
pseudobulbs that bear two leaves (9-15 cm long). It blooms during the winter and has
individual flowers or 2-flowers inflorescences. Flowers (38 x 31 mm) are fragrant, erect,
resupinate, and pedicelled, with labellum trilobulate, stretched, fleshy, white with violet
nerves and yellowish base (Johnson 2001). Their flowers remain open for 10-15 days and
have good size as well as interesting colours from a commercial point of view, so they can
serve as a source for crosses with other species to obtain plants with better appearance and
more abundant flowering (Cardoso 2014; Cardoso and Israel 2005).

In the last years, staff of the IBONE has conducted studies aimed at developing efficient
plant propagation systems for C. lundii through in vitro seed germination (unpublished data).
Results from these researches are briefly presenting below.

1- Seed germination: Fruits (capsules) of 6 to 9 months after hand-pollination were used for
this study, which were surface sterilized and seeds were aseptically removed. A total of 24
culture media were assessed, which were constituted by full- or half-strength MS, EFp
(modified MS according to Eduardo Flachsland, with changes in the macronutrient
composition and supplemented with soy peptone), or Hyponex® 2 gL' (a commercial
fertilizer formulation 6.5-6—19), alone or supplemented with of 25 g.L"' green banana puree
and/or 250 mgL"' activated charcoal. All media were supplemented with 3% sucrose.
Cultures were incubated in a growth room at 2742 °C with 14-h light/10-h dark photoperiod
(116 pmol.m™.s™ PPED).

Asymbiotic seed germination was significantly affected by the different fruit
development stages assessed in this study. Seeds from 6- and 7-month-old capsules showed
fast oxidation and subsequent death, without allowing plant regeneration. Seeds from 8-
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month-old fruits displayed high oxidation rate and very low germination percentages (<10%),
regardless of the culture media. On the other hand, seeds from 9-month-old capsules showed
scarce oxidation and germinated in all the culture media evaluated with percentages varying
between 25 and 65% according to the media composition. The onset of germination was
observed 2 months after seeds sowing. Germinating seeds showed enlargement, change to
green color, and development into protocorms. Germination percentage (= seeds that
developed protocorms) was determined 5 months after seed sowing. Full-strength MS, EFp
and Hyponex" supplemented with both green banana puree and activated charcoal allowed
the significantly highest germination percentages (55 to 65%). These results demonstrate the
promotory effect of the natural additives added to culture media on seed germination of C.
lundii. A large number of complex additives like peptone, carrot juice, tomato juice, beef
extract, potato extract, and especially coconut water, banana extract, etc. are commonly added
to orchid media (Chen et al. 2015; Chugh et al. 2009; Vijayakumar et al. 2012). As early as
the 1950s, Steward and Simmonds (1954) reported that substances stimulating cell divisions
in carrot cells are present in the formative layers of banana fruit. Banana pulp is a rich source
of natural cytokinins as well as auxin and gibberellins (Arditti and Ernst 1993; Khalifah 1966;
Lahav and Gottreich 1984). On the other hand, addition of activated charcoal to the medium
can help overcome inhibitory effects of phenolics released into the medium and have often
been used in orchid media (Chugh et al. 2009). Activated charcoal seems to adsorb the toxic
substances that may form in the medium as a result of autoclaving or be released by the
explant. It may also stimulate rooting by absorbing the toxins and excluding light from the
medium (Paek and Murthy 1977; Yam et al. 1989). Eymar et al. (2000) observed that the
addition of activated charcoal increased and maintained pH levels during culture, increased
the nitrogen uptake and improved growth and visual aspects of the explants and reduced the
inhibitory effect of exogenous cytokinin on root growth. However, activated carbon is likely
to interfere with other additives as well. Therefore, its use should be evaluated for each case.

2- Seedling growth: Protocorms were subsequently transferred to fresh media of the same
composition to promote seedlings growth and well-developed plantlets formation, which is
desirable for ex vitro acclimation. After additional 14 months of culture, protocorms
developed into healthy plantlets with well-formed pseudobulbs, leaves, and roots in all the
culture media evaluated. However, the number of shoots, pseudobulbs, leaves, and roots as
well as the dry weight of shoots and roots were significantly affected by the media
composition. Full-strength MS supplemented with activated charcoal allowed the significantly
highest growth rate of seedling, displaying a mean number of 9 shoots, 5 pseudobulbs, 26
leaves, and 24 roots per plant, with a mean dry weight of 117 mg and 103 mg per plant for
shoots and roots, respectively. Results from this assay corroborates that activated charcoal is
useful for seedling growth of C. lundii. On the other hand, although promotory effect of
banana extract on increase the seedling growth and root number was previously reported in
other Cattleya species (Arditti 1968) as well as in other orchid genus (Lo et al. 2004; Vyas et
al. 2009); results from this study demonstrated an inhibitory effect of banana puree added to
the culture media on C. lundii seedling growth, contrarily what taken place during the
germination phase.

Finally, after 28 months from the experiment establishment (9 months from hand-
pollination to fruit maturation + 5 months for seed germination + 14 months for seedling
growth), well-developed plantlets were transplanted to moss and tree bark in plastic pots and
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successfully transferred to a greenhouse for hardening. This protocol of plant regeneration by
asymbiotic seed germination should permit massive propagation and conservation of this
species with ornamental value.

Genus: Cohniella

The genus Cohniella Pfitzer (Subfamily Epidendroideae, Tribe Cymbidieae, Subtribe

Oncidiinae) is a Neotropical genus of 13 species, which are known in horticulture as the “rat-

tail oncidiums”. The genus is distributed widely from northern Mexico into southern Brazil

and northern Argentina, mostly in the lowlands. It is characterized by medium to large plants
with inconspicuous to small pseudobulbs that bear a single, succulent, terete leaf (Carnevali et
al. 2010). Two species were cited for Argentina: C. cepula and C. jonesiana.

e Cohniella cepula (Hoffmanns.) Carnevali and G. Romero was found in Argentina,
Bolivia, Brazil, Paraguay, and Peru. In Argentina, it is known from the “Norte Grande”
region, where it grows in riparian forests at 0-900 meters over the sea level. This species
includes epiphytic erect herbs, shortly creeping to cespitose; with short, thin rhizome. It
blooms from January to May (summer in the southern hemisphere) and has the smallest
flowers of the genus (20-24 mm diameter), with yellow labellum, in racemose or
paniculate inflorescences (with 6-26 flowers) longer than the leaves (Carnevali et al.
2010; Cetzal-Ix et al. 2012; Insaurralde and Radins 2007).

e Cohniella jonesiana (Rchb. f.) Christenson is known from Argentina, Bolivia, Brazil, and
Paraguay. Most of the C. jonesiana collections are concentrated on the oriental portion of
Paraguay, growing epiphytically in gallery forest along the Paraguay River. Similarly, it
grows in the northeast portion of the province of Corrientes and Misiones in Argentina,
bordering Paraguay. This species includes epiphytic pendent herbs, shortly creeping to
cespitose; with short, thin rhizome. It is easily recognized from other Cohniella taxa by
the combination of a large flower (43—60 mm diameter) with a white central lobe of the
labellum that has red spots toward its base; in racemose inflorescences (with 2-10
flowers) which bloom during the summer, shorter than the leaves (Carnevali et al. 2010;
Cetzal-Ix et al. 2012; Insaurralde and Radins 2007).

Both species have ornamental value and their natural populations are on decline due to
their wild over-collection for marketing and widespread disturbance of their ecosystems.
Consequently, it is imperative to develop effective propagation and ex situ preservation
strategies for these orchids to safeguard the threatened diversity of the genus Cohniella,
mainly due to the anthropogenic impact. In recent years, staff of the IBONE has made
important advances on in vitro plant propagation and germplasm conservation of C. cepula
and C. jonesiana. Results from these researches are briefly presenting below.

1- Seed germination: Asymbiotic seed germination of C. cepula and C. jonesiana was
assessed with the aim of develop efficient propagation systems for these species (unpublished
data). The effects of fruit maturity (12 to 14 weeks after hand-pollination for C. cepula and 19
to 22 weeks after hand-pollination for C. jonesiana), the nutritive media composition (full-,
half- or quarter-strength MS medium with 3% sucrose, alone or supplemented with 500 mg.L"
! soy peptone, banana powder and/or activated charcoal; assessing a total of 24 culture media)
and light condition during culture incubation (14-h light/10-h dark photoperiod with 116
umol.m™.s”" PPFD or permanent darkness) on seed germination were evaluated. In all cases,
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fruits were surface sterilized and seeds aseptically removed previous to sowing on the
different culture media.

The onset of germination was observed 15-20 days after seeds sowing. Germinating
seeds showed enlargement, change to green/white color, and development into protocorms.
Germination percentage (= seeds that developed protocorms) was determined 8 weeks after
sowing. Seeds of both species germinated in all evaluated conditions; however, the
germination percentage was significantly affected by the nutritive media composition and
light condition during the incubation. The highest germination percentages were obtained on
full-strength MS alone or supplemented with activated charcoal (~80% seed germination for
C. cepula) and full-strength MS supplemented with soy peptone alone or combined with
activated charcoal and/or banana powder (60-65% seed germination for C. jonesiana), and
incubating the cultures under 14-h light/10-h dark photoperiod (Figure 1). These results
demonstrate again the promotory effect of the natural additives added to culture media (such
as activated charcoal and soy peptone) on seed germination of orchid species. The potential
effects of activated charcoal were discussed above. Regarding to peptone, its promotory effect
may be due to peptone contains amino acid, protein (Nhut et al. 2008) and vitamin: biotin,
pyridoxine, thiamin and nitrogen (Arditti 1992), and can increase the growth and the
development of explants (Dutra et al. 2008). Result from this study is in agreement with
Hossain and Dey (2013) who reported that MS, Phytamax, and P723 media containing
peptone supported the seed germination in Spathoglotis plicata better than devoid of peptone.
Likewise, the supplementation of peptone in Knudson C and VW basal media promoted seed
germination and seedling development in Vanda belvola (David et al. 2015) and D.
lasianthera (Wida Utami et al. 2017) respectively.

Figure 1 Cohniella jonesiana plant propagation through asymbiotic seed germination. (A)
Flower from the working collection maintained in the greenhouse. (B) Fruit at 22 weeks after
hand-pollination aseptically opened for removing seed samples. (C-E) Protocorms and
plantlets obtained by asymbiotic germination 75 days after seed sowing on MS supplemented
with activated charcoal (C, D) and soy peptone (E), and incubating the cultures in permanent
darkness (C) or under 14-h light/10-h dark photoperiod (D, E). (F) In vitro plants of C.
jonesiana in suitable conditions to be transferred to a greenhouse for hardening.
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It is worth mentioning that seed germination was not significantly affected by the
different fruit development stages assessed in this study, demonstrating that seeds from all
fruits of both species were properly developed at the moment of fruit collection. Seeds from
immature capsules are suitable for in vitro germination as embryos become viable and
develop normally prior to the capsule ripening; which makes possible their easy surface-
sterilization (Arditii 1967; Mitchell 1989; Yam and Weatherhead 1988). Also, stringent
surface-sterilization of seeds after fruit dehiscence may affect their viability and reduce the
germination percentage in orchids (Van Waes and Debergh 1986).

Protocorms developed leaf primordia and rhizoids, and successfully developed into
seedlings, which then showed well-formed leaves and roots. Seedlings transferred to the same
medium devoid of any plant growth regulator displayed continuous growth and after 22 to 26
weeks of the seed sowing whole plantlets (6-10 cm long) were developed, which were
successfully transferred to pots and acclimatized to greenhouse conditions. Plants attained
maturity and developed normal flowers and capsules after about two years of the culture
establishment. This protocol of successful plant regeneration by asymbiotic seed germination
should permit rapid propagation and conservation of these threatened Cohniella species with
ornamental value.

2- Direct embryogenesis from somatic explants: Somatic embryogenesis from vegetative
explants was assessed aimed to develop an effective tissue culture system for clonal
propagation of C. cepula and C. jonesiana (unpublished data). In vitro plants of both species
grown on MS devoid of plant growth regulator and incubated under a 14-h light/10-h dark
photoperiod (116 pmol.m™.s™ PPFD) were used in this experiment. The effects of six types of
explants (basal, middle, and apical segments of young leaves and roots), combinations and
concentrations of six plant growth regulators [cytokinins: N6-benzylaminopurine (BAP),
thidiazuron (TDZ), kinetin (KIN); auxins: naphthalene acetic acid (NAA), indole-3 butyric
acid (IBA), 2,4-dichlorophenoxyacetic acid (2,4-D)] and light condition during culture
incubation (14-h light/10-h dark photoperiod or permanent darkness) on direct embryogenesis
were studied.

After 60 days of culture, basal segment of young leaves were the only explants that
showed PLBs formation in all the conditions assayed. However, embryogenesis was
significantly affected by the culture media and light condition during incubation. KIN, BAP
or TDZ (3 mg.L™") alone or combined with either IBA or 2,4-D (0.1 mg.L™") and incubation on
permanent darkness provided the highest percentages of PLBs induction (80 to 95%). After
transference of PLBs to fresh MS devoid of any plant growth regulator, they developed leaf
primordia and rhizoids and successfully grown into plantlets with normal vegetative
morphology (Figure 2). The highest percentages of plant regeneration were obtained from leaf
explants induced with KIN or BAP (3 mg L) alone or combined with IBA (0.1 mg.L™). It
was previously reported that TDZ is more effective than other cytokinins (the adenine-type
cytokinins like BAP and KIN) in inducing shoot bud differentiation from various explants
(Ernst 1994; Nayak et al. 1997a,b). However, the drawback of using TDZ in regeneration
studies includes difficulty in elongation and rooting of regenerated shoots. This may be due to
the high cytokinin activity and persistence of TDZ in the tissue compared to adenine-type
cytokinins (Huetteman and Preece 1993). Nayak et al. (1997a,b) overcame the problem of
shoot elongation in Acampe praemorsa, Cymbidium aloifolium, Dendrobium aphyllum and
Dendrobium moschatum by incorporating an auxin (NAA) at lower concentrations along with
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TDZ or by transferring the shoot clumps to a medium containing different phytohormones
(BAP and NAA). Results from this research showed that incorporation of auxins (NAA, IBA
or 2,4-D) in combination with TDZ was not efficient for shoot elongation even after 60 days
of transference to MS devoid of plant growth regulator. Therefore, the adenine-type
cytokinins alone or combined with low concentration of IBA were more competent for plant
regeneration of C. cepula and C. jonesiana from pieces of young leaves. Regenerated
plantlets were successfully transferred to pots and acclimatized to a greenhouse conditions.
Thus, these results offer efficient means for mass clonal propagation of these and possibly
other related Cohniella species.

Figure 2 Cohniella cepula plant regeneration through somatic embryogenesis. (A) Flower
from the working collection maintained in the greenhouse. (B) In vitro plants of C. cepula
grown on MS devoid of plant growth regulator, used as a sourse of explants in somatic
embryogenesis experiment. (C, D) Development of PLBs from basal segments of young
leaves after 30 (C) and 60 (D) days induction on MS supplemented with 3 mg L™ KIN. (E)
Plantlets obtained 60 days after transference of PLBs to MS devoid of plant growth regulator.

3- Pollinia storage: The behaviour of C. cepula pollinia (without any preconditioning) stored
at different temperatures was examined, as a mean for preservation of haploid gene pool of its
genetic resources (Dolce et al. 2016). Pollinia were collected from 1-day opened flowers of C.
cepula and immediately transferred to cryovials and stored at four temperatures: +4 °C
(refrigerator), —20 °C (conventional freezer), —70 °C (ultra freezer), and —196 °C (by direct
immersion in LN). Pollen viability was evaluated through the fertilizing ability of fresh and
stored (30 to 360 days) pollinia, which was determined by the fruit formation for each
treatment as well as by the seed viability and in vitro seed germination. Results from this
study revealed to C. cepula pollinia have “partially dehydrated pollen” (~ 12% MC) at
anthesis, suggesting that this orchid pollen would be not recalcitrant. Regarding the storage
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assay, when pollinia were stored at +4 or —20 °C their longevity was reduced (60 to 120 days).
This indicates that deleterious physical and chemical changes proceed gradually in
refrigerator-stored pollen and they are not fully detained by the colder temperature attained in
a conventional freezer. On the other hand, pollinia stored at -70 and -196 °C showed high
fertilizing ability (94% to 100%) even 1 year after collection, revealing no significant
differences with fresh pollinia. Additionally, seeds showed high viability (91 to 94%) through
the 2,3,5-triphenyltetrazolium chloride (TTC) reduction assay and high germination
percentages (92 to 97%). No significant differences were found when seed viability and
germination from all treatments (flowers pollinated with fresh and stored pollinia) were
compared.

It is interesting to consider here that ultralow storage of pollinia was feasible without any
desiccation, cryoprotection, or precooling treatment before placing into an ultra freezer (-70
°C) or immersing in LN (-196 °C). This is probably due to the low initial MC shown in the
fresh pollinia for this species. Moreover, into the highly organized waxy pollinia the pollen is
tightly packed in the pollen sac and embedded in a highly viscous fluid, i.e., elastoviscin
(Pacini and Hesse 2002). The pollen cytoplasm and elastoviscin in pollinia are assumed to
contain sucrose or other chemicals enough to protect the pollen from freezing injury. Sucrose
allows pollen to be stored at low temperatures by protecting membrane integrity and through
intracellular glass formation, thus preventing the formation of ice crystals (Firon et al. 2012;
Speranza et al. 1997). It is assumed that the formation of highly viscous intracellular glasses
decreases molecular mobility and impedes diffusion within the cytoplasm, thus slowing the
deleterious reactions (Firon et al. 2012). Increased viscosity contributed by solutes
concentrated in cells inhibits the coming together of water molecules to form ice, and is
described as the mechanism of glass transition (Benson 2008).

Results from this study showed that successful ultracold storage of C. cepula pollinia is
feasible without any desiccation, cryoprotection, or precooling treatment before placing them
into an ultra freezer (-70 °C) or immersing in LN (-196 °C). Both fresh and stored pollinia of
C. cepula allowed successful crosses generating fruits and viable seeds which germinated and
developed into healthy and normal seedlings. Additional work in our laboratory proved the
possibility of extending this ultracold storage procedure to other wild relative species such as
C. jonesiana and Gomesa bifolia. Such information allows better planning of controlled
breeding programs and the potential production of more diverse crosses.

4- Seed storage: The behaviour of C. cepula and C. jonesiana seeds removed from fruits at
different ripening stage (next to date of their natural dehiscence) and maintained at different
temperatures was examined (Dolce and Gonzélez-Arnao 2018), since there was no antecedent
reporting about seed conservation of Cohniella species. Fruits were collected at 12 to 14
weeks after hand-pollination for C. cepula and 19 to 22 weeks after hand-pollination for C.
jonesiana. Immediately after collection, fruits were surface sterilized and seeds were
aseptically removed. Seed samples from fruits at each ripening stage were transferred to
cryovials and stored (up to 36 months) at four temperatures: +27 °C (growth room), +4 °C
(refrigerator), —20 °C (conventional freezer), and —196 °C (by direct immersion in LN).
Moisture content (MC) and in vitro germination were determined for fresh seeds from each
fruits.

The MC of seeds from fruits at the different ripening stage ranged between 5-12%. Seeds
from all fruits stored at -196 °C showed high germinability (~ 90 %) even 36 months after
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collection, revealing no significant differences with fresh seed germination. This result agrees
with those reported in the literature, since high post-cryopreservation germination has been
achieved in most studies suggesting that the majority of orchid seeds at less than ca. 13% MC
can be successfully cryopreserved by the simple method of direct cryopreservation (Popova et
al. 2016). On the other hand, seeds stored at -20°C remained high germinability (~ 60%) after
12 months, but germination markedly decreased to 10-20% after 18 months and fell to 0% on
24 months after storage. Likewise, seed germination of Coelogyne foerstermannii Rchb.f., C.
rumphii Lindl. and Dendrobium stratiotes Rchb.f. fell to 1-5% from initial values of 65-96%
after equilibrated to 15% RH and stored at —20°C for 9—12months. In contrast, Xylobium
undulatum (Ruiz & Pav.) Rolfe seeds lost only 13% germinability during the same interval
(Seaton et al. 2013). Based on these responses, we can conclude that orchid seeds
conservation is a relatively underdeveloped area that demands further research. For the time
being, seed storage at temperatures above freezing or under conventional banking conditions
(-18°C and 5% MC) does not get an acceptable result in keeping high viability of certain
orchids for long period (Chang et al. 2006; Hay et al. 2010; Hirano et al. 2009, Pritchard and
Dickie 2003). This fact has reinforced the need to investigate the cryostorage behaviour of
orchid seeds (Merritt et al. 2014; Pritchard et al. 1999) as well as the seeds of other species
(Li and Pritchard 2009). Finally, when seeds were stored at +27 and +4°C, germination
rapidly decreased to 0% within 1-6 months storage. These results agree with those reported by
other authors (Koopowitz and Thornhill 1994; Pritchard and Seaton 1993; Pritchard et al.
1999), who informed that orchid seeds stored under room temperature and warm conditions
(e.g. 20—40°C) may lose viability in weeks or days.

Results from this research shown that the key factor to extend the longevity of C. cepula
and C. jonesiana seeds is the storage temperature. Only those seeds maintained at -196 °C
retained germination percentages similar to fresh seeds, even after being stored for three
years. Thus, the establishment of cryobanks present great potential for long-term storage of
seeds from these species. Further work will determine the applicability of this procedure to a
wider range of Cohniella species, so that this approach could be used for the establishment of
cryogenic collection of germplasm for different orchid species.

Genus: Gomesa

The genus Gomesa R. Br. (Subfamily Epidendroideae, Tribe Cymbidieae, Subtribe
Oncidiinae) is a Neotropical genus with about 130 species (Govaerts 2018). The genus is
distributed in tropical and subtropical regions from South America, with southern limit in
northern Argentina and eastern Uruguay. It is characterized by small to large, generally
epiphytic plants, with racemose or paniculate multifloral inflorescences (Valebella 2017).
Gomesa bifolia (Sims) M.W. Chase & N.H. Williams, commonly called the duckling
orchid, was found in Bolivia, Brazil, Paraguay, Uruguay, and Argentina in the warm lowlands
in the shade along streams and in the coolest mountain forests from sea level to about 2000
m.a.s.l. Its southern limit of natural distribution is the riparian forests of the Rio de la Plata, in
the province of Buenos Aires (Argentina), which probably makes it the most austral epiphytic
orchid on the planet (Cellini et al. 2009). It is a perennial epiphytic orchid that presents ovoid
or ovoid-oblong pseudobulbs, deeply furrowed, with 1 or 2 apical oblong-linear and
acuminate leaves. It has showy yellow flowers (20-30 x 40-55 mm diameter) with brown
markings on sepals and petals, fragranceless and with oil as reward, in racemose or paniculate
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inflorescences (20-50 cm long, with 7-15 flowers). G. bifolia is a mainly self-incompatible,
non-autogamous and pollinator-dependent species (Torretta et al. 2011). Traditionally, G.
bifolia was considered within the genus Oncidium, one of the most conspicuous and
systematically controversial genera of Neotropical orchids. On the basis of molecular
phylogenetic studies, Chase et al. (2009) transferred O. bifolium Sims to the genus Gomesa R.
Br. with the purpose of redefining the taxonomic limits of Oncidium to a monophyletic group
of species (Torretta et al. 2011; Valebella 2017).

In the last years, staff of the IBONE has conducted researches aimed at in vitro plant
regeneration as well as at long-term preservation of G. bifolia germplasm. Results from these
studies are briefly presenting below.

1- Seed germination: Asymbiotic germination of G. bifolia seeds was assessed aiming at
developing an efficient propagation method for this species (unpublished data). The effect of
fruit maturity (18 to 20 weeks after hand-pollination), the nutritive media composition (full-,
half- or quarter-strength MS medium with 3% sucrose, alone or supplemented with 500 mg.L"
! soy peptone, banana powder and/or activated charcoal; assessing a total of 24 culture media)
and light condition during culture incubation (14-h light/10-h dark photoperiod with 116
umol.m™.s” PPFD or permanent darkness) on seed germination was evaluated.

Figure 3 Gomesa bifolia plant propagation through asymbiotic seed germination. (A) Fruit at
19 weeks after hand-pollination aseptically opened for removing seed samples using for
germination experiments. (B) Protocorms obtained by asymbiotic germination 60 days after
seed sowing on MS supplemented with soy peptone and activated charcoal. (C) Plantlets
obtained after 6-7 months from the seeds sowing, which have suitable conditions to be
transferred to a greenhouse for hardening.
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The onset of germination was observed 15-20 days after seeds sowing. Germinating
seeds showed enlargement, change to green/white color, and development into protocorms.
Germination percentage (= seeds that developed protocorms) was determined 8 weeks after
sowing. Seed germination taken place in all the conditions tested; however, the germination
percentage was significantly affected by the nutritive media composition and light condition
during the incubation. The highest germination percentage (82%) was obtained on half-
strength MS supplemented with soy peptone and incubating the cultures under 14-h light/10-h
dark photoperiod. Here again, as occurred with C. jonesiana, it was demonstrated the
promotory effect of soy peptone added to culture media on seed germination of orchid
species.

On the other hand, as was observed with C. cepula and C. jonesiana, seed germination
was not affected by the different fruit development stages assessed in this study, indicating
that seed were adequately developed at the moment of fruit collection. Protocorms developed
leaf primordia and rhizoids, and successfully developed into seedlings, which then showed
well-formed leaves and roots. Seedlings transferred to the same medium devoid of any plant
growth regulator showed continuous growth and after additional 14 to 18 weeks, whole
plantlets with conspicuous pseudobulbs and normal vegetative morphology were developed
(Figure 3), which were successfully transferred to pots and acclimatized to greenhouse
conditions. This successful plant regeneration protocol through asymbiotic seed germination
allows rapid propagation and conservation of this orchid species with ornamental value.

2- Seed and protocorm cryopreservation: The first report for germplasm preservation of G.
bifolia (Flachsland et al. 2006) was performed with seeds and protocorms following the
encapsulation-dehidration technique. Fresh seeds from green capsules (120 days after hand-
pollination) and protocorms (derived from seeds germinated on liquid half-strength MS with
3% sucrose after 60 days of culture) were used in this esperiment. Both seeds and protocorms
were encapsulated in 3% sodium alginate polymerized with calcium chloride (CaCl,) at 0.1
M. Encapsulated seeds were then pre-treated in liquid half-strength MS enriched with a
progressively increasing sucrose concentration, using the following sequence: 0.15 M (24 h);
0.25 M (48 h); 0.5 M (24 h) and 0.75 M (24 h). Pre-treatment was performed by placing
samples at 27 °C on an orbital shaker at 80 rpm. After pre-treatment, the beads were surface-
dried on filter paper and dehydrated using silica gel. Encapsulated seeds were dehydrated for
0 to 6 h while encapsulated protocorms were dehydrated for 0 to 10 h. Samples were then
placed into cryotubes and rapidly immersed in LN. After 1 h cryostorage, samples were
rewarmed by immersing the cryotubes in a water-bath at 30 °C for 2 min. Encapsulated seeds
and protocorms were then pos-treated in liquid half-strength MS enriched with a
progressively decreasing sucrose concentration: 0.75 M (24 h); 0.5 M (24 h); 0.25 M (48 h);
and 0.15 M (24 h). The beads were then transferred to liquid half-strength MS with 3%
sucrose for recovery. Survival was evaluated at various periods: after 30 days, by counting the
number of seeds that turned green; after 90 days, by counting the number of seeds which
formed protocorms; and after 180 days, by counting the number of protocorms that developed
into plantlets.

For encapsulated seeds, bead MC varied from an initial 72% to 13% (fresh weight basis)
after 6 h dehydration. Survival of control seeds (-LN) was not affected by dehydration and
remained above 88% in all cases. After cooling (+LN), seed survival was nil for up to 2 h
dehydration; it increased progressively to reach 89% after 5 h (19% bead MC) and decreased
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again to 67% after 6 h (13% bead MC). However, despite the high survival after 5 h
dehydration, the percentage of protocorm development was only 5%. For encapsulated
protocorms, bead MC varied from 83% to 6% after 10 h desiccation. Survival of dehydration
controls remained high (+80%) up to 7 h dehydration and then dropped rapidly to reach 20%
after 10 h dehydration. Survival of cryopreserved protocorms was nil for 0 to 3 h dehydration
and it increased progressively afterwards to reach 80% after 7 h dehydration (21% bead MC).
Thereafter, survival decreased progressively and reached 0% after 10 h dehydration.
Regarding to the plantlets formation, when encapsulated protocorms were pre-treated with
progressively increasing sucrose concentration and then dehydrated for 7 h, 11% of the
cryostored protocorms were able to continue growth and developed into whole plants with
normal vegetative morphology.

Although it is necessary to optimize the plant regeneration through cryopreserved seeds
and protocorms, this research describes for the first time the recovery of whole plants after
cryopreservation of G. bifolia seeds and protocorms following the encapsulation-dehydration
technique. This cryogenic procedure does not require any special equipment and is simpler
than other vitrification techniques with the material studied, i.e. minute explants. This report
also opens up the possibility of recovering plants from cryopreserved seeds and protocorms of
other Gomesa species.

More recently, the possibility of storing G. bifolia seeds (without any preconditioning)
was examined (unpublished data). Fruits were collected at 19 weeks after hand-pollination.
Immediately after collection, fruits were surface sterilized and seeds were aseptically
removed. Seed samples were transferred to cryovials and stored (up to 36 months) at four
temperatures: +27 °C (growth room), +4 °C (refrigerator), —20 °C (conventional freezer), and
—196 °C (by direct immersion in LN). Moisture content (MC) and in vitro germination were
determined for fresh seeds.

Fresh seeds showed ~ 5% MC and high germination percentages (~ 90%). Seeds stored at
-196 °C displayed high germinability (~ 90 %) even 36 months after collection, revealing no
significant differences with fresh seed germination. On the other hand, seeds stored at -20 °C
maintained high germinability (~ 65%) after 12 months, but germination fell to 0% after 24
months storage. Finally, when seeds were stored at +27 and +4°C, germination rapidly
decreased to 0% within 1-6 months storage. As was observed for C. cepula and C. jonesiana,
this research shown that G. bifolia seeds may be stored without any preconditioning if they
are removed from mature fruits with low MC. Moreover, the key factor to extend the
longevity of G. bifolia seeds is the storage temperature. Only those seeds maintained at -196
°C retained germination percentages similar to fresh seeds, even after being stored for three
years. Thus, the establishment of cryobanks presents great potential for long-term storage of
seeds from this species.

Terrestrial orchids

Genus: Aa

The genus Aa (Subfamily Orchidoideae, Tribe Cranichideae, Subtribe Prescottiinae) has 25
described species endemic from mountain environments of South America. Five species were
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cited for Argentina: A. achalensis, A. fiebrigii, A. hieronymi, A. paludosa, and A. weddelliana
(Schinini et al. 2008).

Aa achalensis Schltr. is 20-30 c¢cm high and its small white flowers bloom in raceme from
September to December (spring in the southern hemisphere). The habitats of this species
include the Chaco Serrano woodlands and the highland grasses up to 3,000 m with relative
low temperatures and rocky soils in West and Central Argentina (Bianco and Cantero 1985;
Sérsic et al. 2006; Sobral and Fracchia 2010). A. achalensis was previously categorized as
vulnerable and included in the red list of the International Union for Conservation of Nature
(Vischi et al. 2004). However, new populations of this species were recently found in the
slopes of the Velasco Mountains in the Province of La Rioja (Argentina), near 500 km from
the previously known populations (Sobral and Fracchia 2010). Although these new findings
require a modification in the conservation status of the species, the former and new
populations are not included in a national protected area and are thus subjected to grazing,
forest fires, illegal extractions, land conversions to agriculture, and the invasion of exotic
species among others (Cagnolo et al. 2006; Marco and Paez 2000).

Since scarce information about the orchid mycorrhizal status in Argentina is available
(Fracchia et al. 2008; Urcelay et al. 2005) and literature reporting successful symbiotic
germination was absent, researchers from several scientific institutions from Argentina
carried out a collaborative work with the aim of isolate root-associated fungi from the species
A. achalensis and to determine their role in seed germination and protocorm development
(Fracchia et al. 2014a). Results from this study are briefly presenting below.

1- Fungal isolation and culture: Healthy roots were detached from plants of A. achalensis at
various developmental stages, which were collected from natural habitat. After their surface-
sterilization, transversal root slices were transferred to potato dextrose agar (PDA) medium
supplemented with antibiotics and incubated at 22 °C in the dark. They were observed
periodically until fungal colonies were observed emerging from the root disks. Myceliums
from these colonies were subcultured onto fresh PDA for purification. Purified fungal strains
were stored at 5 °C and included with a strain number in the fungal collection at the Centro
Regional de Investigaciones Cientificas (La Rioja, Argentina).

2- Fungal morphological characterization: Fungal isolates were grown in PDA at 22 °C for 7—
21 days and colony colour and growth rate were measured. Replicates of each strain were left
for at least 7 weeks to allow development of sclerotia and monilioid cells (Rhizoctonia-like)
and sporulation (DSE, septate hyaline endophyte). The soil-agar method of Stretton et al.
(1964) was used to induce teleomorph formation of Rhizoctonia-like isolates.

Pelotons and hyphal coils of Rhizoctonia-like mycorrhizal fungi were observed in all A.
achalensis sampling individuals, with a mean percentage of 32%. Melanized hyphae were
also observed in root samples from all individuals (9%). These fungi colonized the first cells
layers of the root parenchyma without any necrotic tissue symptom. Globose to subglobose
microsclerotia were detected in 40% of the sampled individuals. Five endophytic fungal
isolates (two DSE, two Rhizoctonia-like, one septate hyaline endophyte) were recovered from
the roots: CCS8, CCI10, CC26, CC28, and CC29. However, the colonial appearances,
morphological features, and growth rates of isolates were ineffective at allowing us to
determine the taxonomic identity of any fungal strains. No sporulation or teleomorphic stages
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were observed. Sclerotial masses were developed in both Rhizoctonia-like fungi and septate
hyaline endophyte.

3- Fungal molecular characterization: Total genomic DNA was extracted and used as template
for the PCR amplification of the intergenic spacer region from the nuclear ribosomal DNA
(ITS hereafter). Amplification and sequencing were carried out using the primers ITS4 and
ITS5 (White et al. 1990). All sequences were submitted to a BLAST search
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). Alignments were performed using MAFFT program
version 6 (Katoh and Toh 2008) available on line (http://mafft.cbrc.jp/alignment/server/).
Phylogenetic analyses were performed to assign isolates to a specific fungal group using ITS
representative sequences available in GenBank. Sequences with at least 97 % similarity were
chosen. Isolates BLAST analyses revealed that the sequences from isolates CC8 and CC10
were similar (99%) to Gaeumannomyces cylindrica/Phialophora graminicola. Isolate CC26
resulted similar (98%) to uncultured Pezizaceae sequences. Isolates CC28 and CC29 were
similar (98 and 99%, respectively) to Thanatephorus cucumeris/Rhizoctonia solani.

4- Symbiotic seed germination: A. achalensis seeds were surface-sterilized and platted on oat
meal agar medium. The plates were inoculated with a plug of each fungal inoculum taken
from the hyphal edge after culturing on PDA. Uninoculated plates served as a control
treatment. Seed germination and protocorm development were monitored weekly and scored
on a scale of 0-5: 0) ungerminated seed, testa intact; 1) enlarged embryo, testa ruptured; 2)
appearance of rhizoids (=germination); 3) appearance of protomeristem; 4) emergence of first
leaf; 5) presence of second leaf (=seedling). Visualization of the mycobiont structures inside
protocroms was evaluated at week 4, after staining them with Trypan Blue overnight and
observed under the microscope. Moreover, seed viability was determined using the
tetrazolium reduction assay (Singh, 1999).

The tetrazolium test revealed a viability of 43% for the harvesting A. achalensis seeds.
Regarding to the seed germination, in all treatments the embryos swelled breaking the testa
within 25 days after sowing. At 5 weeks, careful examination of protocorms after Trypan
Blue staining revealed typical pelotons in the treatments inoculated with the Rhizoctonia-like
fungi (strains CC28, CC29) and the sterile hyaline strain (CC26). The DSE fungi colonized
the seeds with coiling hyphae inside the protocorm cells but no compact pelotons were
observed. Total seed germination was significantly higher in all inoculated treatments, being
both Rhizoctonia-like fungi (CC28, CC29) and the sterile hyaline strain (CC26) the most
effective. In the asymbiotic treatment (control), the seeds swelled but we did not observe
rhizoids along the assay.

Symbiotic orchid propagation had been previously achieved in some South American
native species (epiphytes and terrestrial) from Colombia (Otero Ospina and Bayman 2009),
Brazil (Pereira et al. 2005), and Chile (Steinfort et al. 2010). Nonetheless, there was no
literature reporting symbiotic propagation assays for any Argentine species. Thereby, this
wok was the first report of a successful in vitro symbiotic germination protocol for a native
orchid species from Argentina. Data obtained from this study will help not only to the
propagation and conservation of this species but also to collect information for future research
on eight other terrestrial orchid species sympatric with A. achalensis in Central and West
Argentina. Seedling acclimation, time required to further plant growth, and an evaluation of
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the survival rate in nature are the next steps towards a better knowledge of the species and to
improve success in future conservation programs of this and other native orchid species.

Genus: Cyrtopodium

The genus Cyrtopodium (Subfamily Epidendroideae, Tribu Cymbidieae, Subtribu

Cyrtopodiinae) is widely distributed in tropical and subtropical countries of Central and South

America, which comprises about 30 species. It is representative from the central-west region

of Brazil (Planalto Central) and extends throughout the South American continent reaching

the north of Argentina (Menezes 2000). In Argentina, 5 species of Cyrtopodium are known:

C. brandonianum, C. hatschbachii, C. palmifrons, C. pflanzii, and C. punctatum (Schinini et

al. 2008).

e Cyrtopodium brandonianum Barb. Rodr. is a terrestrial orchid that was cited for
Argentina, Bolivia, Brazil, and Uruguay. In Argentina, it grows spontaneously in sunny
grasslands of Corrientes and Misiones (Sanchez 1986; Schinini et al. 2008). It has semi-
buried pseudobulbs that bear lanceolate leaves of about 30cm. Flowers (3-3.5 cm in
diameter) pinkish-brown with spots and a purple labelum, in racemose inflorescences (up
to 15 flowers) which bloom in the new pseudobulbs in late spring or early summer. This
orchid is popular among collectors due to its high ornamental value because of the beauty
of its flowers (Menezes 2000), but its populations have decreased drastically over the last
years due to the depredation of many populations as well as the destruction of their
habitats.

e Cyrtopodium hatschbachii Pabst. is a terrestrial orchid which was discovered in Jatai,
State of Goias (Brazil) at 400 m over the sea level (Menezes 2000), reaching North-
eastern Argentina and Paraguay. In Argentina it was found in the south of the province of
Misiones (Sanchez and Varela 2012; Schinini et al. 2008). It grows spontaneously in
some bathed and flooded, totally exposed to the sun. It has prolonged and fusifoms
pseudobulbs (6-8 cm long). Their flowers (3—3.5 cm in diameter) are reddish, pink or
pinkish with a yellowish labelum, in racemose inflorescences (with 8-15 flowers) which
bloom in late winter. The callus labelum is used to identify the species of this genus
(Surenciski et al. 2012). Due to the restricted distribution of C. hatschbachii natural
populations, its conservation acquires ecological significance. Our previous studies have
demonstrated that immature seeds of this species exhibit a higher in vitro germination
than the mature ones (unpublished date). Since immature seeds are kept under sterile
conditions, they represent a suitable material for cryopreservation.

As mentioned above, it is imperative to develop effective propagation methods and ex
situ preservation strategies for these orchids to safeguard the threatened diversity of the genus
Cyrtopodium, mainly due to the anthropogenic impact. In recent years, staff of the IBONE
has made important advances on in vitro plant regeneration and germplasm conservation of C.
brandonianum and C. hatschbachii. Results from these researches are briefly presenting
below.

1- Seed germination: Asymbiotic seed germination of C. brandonianum and C. hatschbachii
was assessed with the aim of develop efficient propagation systems for these species
(unpublished data). Fruits of 17 weeks after hand-pollination were used for this study, which
were surface sterilized and seeds were aseptically removed (Figure 4). A total of 16 culture

29



media were assessed, which were constituted by full- or half-strength MS or EFp, alone or
supplemented with 25 g.L”! green banana puree and/or 2 gL' activated charcoal. All media
were supplemented with 3% sucrose. Cultures were incubated in a growth room at 27+2 °C
with 14-h light/10-h dark photoperiod (116 pmol.m™.s™ PPFD).

Figure 4 (A) Cyrtopodium brandonianum plants of the working collection maintained in the
greenhouse; a detail of a flower is shown in the upper left. (B, C) Fruit at 17 weeks after
hand-pollination aseptically opened for removing seed samples for asymbiotic germination
experiments.

The onset of germination was observed 15-20 days after seeds sowing. Moreover, in
some culture media, it was observed oxidation and subsequent death of C. brandonianum
seeds. This fact specially occurred in the media lacking banana puree and activated charcoal.
Germinating seeds showed enlargement, change to green color, and development into
protocorms. Germination percentage (= seeds that developed protocorms) was determined 8
weeks after seed sowing. Asymbiotic seed germination occurred in all the culture media
assessed in this study with percentages varying between 24 and 50% according to the media
composition. Half-strength MS or EFp as wel as full-strength EFp supplemented with green
banana puree and activated charcoal allowed the significantly highest germination
percentages (47 to 50%) for C. brandonianum, while half-strength MS supplemented with
only activated charcoal allowed the highest germination percentage (49%) for C.
hatschbachii. These results demonstrate once again the promotory effect of the natural
additives added to culture media (such as banana puree and activated charcoal) on seed
germination of orchid species.

Protocorms developed leaf primordia and rhizoids, and successfully developed into
seedlings. In the case of C. brandonianum, seedlings transferred to the same culture medium
devoid of any plant growth regulator showed continuous growth and developed into whole
plantlets with normal vegetative morphology. On the other hand, seedlings of C. hatschbachii
were transferred to half-strength MS + 2 gL activated charcoal (basal medium)
supplemented with 0.1 to 0.5 mg.L"' NAA, IBA, or indole-3-aceticacid (IAA) alone or
combined with 1 mg.L" BAP. Seedling developed into healthy plantlets with well-formed
pseudobulbs, leaves, and roots in all the culture media evaluated. However, the number and
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length of leaves and roots as well as the dry weight per plant were significantly affected by
the media composition. Basal medium supplemented with 0.5 mg.L' NAA allowed the
significantly highest growth rate of seedling.

In both species, 200 day-old in vitro regenerated plants were transplanted into a mixture
of Sphagnum moss, peat and perlite (1:1:1) in plastic containers for ex vitro acclimation.
Ninety days after plants transference to ex vitro growth conditions, 60% of plants survived
and showed normal vegetative morphology. This plant regeneration protocol by asymbiotic
seed germination should permit rapid propagation and conservation of these threatened
Cyrtopodium species with ornamental value.

2- Shoot regeneration from root explants: The use of root-tip culture for orchid propagation
has attracted the attention of several researchers because it is a non-destructive technique in
which the donor plants regenerate new roots in natural form. Also the availability of roots
during the whole year makes them suitable explants for the in vitro cultivation (Kerbauy
1991; Park et al. 2003). In this work, a protocol for in vitro plant multiplication of C.
brandonianum from root-tip culture was developed (Flachsland et al. 2011; Figure 5 and 6).

Root-tips isolated from in vitro plants of 150 days after germination and growth on half-
strength MS supplemented with green banana puree and activated charcoal were used as
explants. The effect of the type [BAP, TDZ, KIN, 6-(4-hydroxy-3-methylbut-2-
enylamino)purine (ZEA), and N6-(2-isopentenyl)adenine (2iP)] and concentration (0, 0.1, 0.5
and 1 mg.L") of cytokinins added to half-strength MS medium on adventitious bud and shoot
induction was evaluated. All cultures were incubated in a growth room at 27+2 °C with 14-h
light/10-h dark photoperiod (116 pmol.m™.s™ PPFD).

VL.
(|

Figure 5 Cyrtopodium brandonianum plant regeneration from root-tips. (A) In vitro plant
used as a sourse of explants. (B-F) Callus and adventitious bud and shoot differentiation from
root-tips after 0 (B), 30 (C), 90 (D, E), and 150 (F) days induction on half-strength MS
supplemented with 0.5 mg.L™' TDZ. (G) Plantlets obtained 60 days after shoot transference to
rooting medium.

After 30-45 of root-tips culture, the earliest visible signs of callus growth were
noticeable. In some treatments, root tips gradually enlarged and small, compact, white
yellowish or green calluses were observed. On longer incubation (60-70 days), adventitious
bud and shoot differentiation taken place in 10 out of 16 variants of the medium investigated.
Half-strength MS supplemented with 0.5 mg.L"' TDZ provided the highest percentages of
shoot induction (43%). On the contrary, there was no shoot regeneration when root-tips were
cultured on media without any cytokinin or those containing KIN (any of the concentrations
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evaluated) as well as the lowest concentration of ZEA or the highest level of 2iP used in this
study.

Figure 6 Photomicrographs of Cyrtopodium brandonianum plant regeneration from root-tips.
(A-D) Callus and adventitious bud and shoot differentiation from root-tips after 0 (A), 30 (B),
60 (C), and 90 (D) days induction on half-strength MS supplemented with 0.5 mg.L" TDZ.
(E) Detail of an adventitious bud. (F) Surface view of a leaf fragment with stomata.

The adventitious shoots were then transferred to half-strength MS with sucrose at 87.6,
175.2, and 262.8 mM alone or supplemented with IBA, NAA, or IAA at 1 or 3 mg.L™" for root
induction. The percentage of shoots that formed roots and the mean number of roots per shoot
varied significantly with the different concentrations of sucrose and auxins. The highest
percentage of rooting (~30%) and the highest root number (~4 roots per explants), with no
intervening callus, was observed in half-strength MS supplemented with 6% sucrose and 1
mg.L" NAA. Media without auxins did not promote root induction regardless of the sucrose
concentration.

Results from this study demonstrate the potential of in vitro shoots regeneration from root
tips of C. brandonianum. As was previously reported for species of Cattleya and Oncidium,
this process taken place through indirect organogenesis (Kerbauy 1991; 1993). The
requirements of exogenous plant growth regulators are similar to the ones of other orchid
species in which shoot regeneration from root-tips was obtained by the addition of one
cytokinin alone to the culture medium (Colli and Kerbauy 1993; Park et al. 2003; Peres et al.
1999). On the other hand, Sanchez (1988) increased the direct plant regeneration from
Cyrtpodium punctatum root-tips adding coconut milk, a substance rich in cytokinins, to the
basal medium. The beneficial effects of TDZ, a potent cytokinin for plant tissue culture
(Huetteman and Preece 1993), on in vitro plant propagation found in this work are in
agreement with the results obtained in other orchid genera such as Phalaenopsis (Chen and
Piluek 1995; Chen et al. 2000; Ernst 1994), Doritaenopsis (Ernst 1994), Cymbidium (Chang
and Chang 1998; Nayak et al. 1997b; 1998), Dendrobium (Nayak et al. 1997b), and Oncidium
(Chen and Chang 2000; Chen et al. 1999).

In spite of the recognized limited morphogenetic competence of root-tip of higher plants,
the utility of root explants for orchid micropropagation purposes is being increasingly realized
due to their year round availability, low oxidation rate, and the ease with which they can be
explanted (Chugh et al. 2009).
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3- Seed cryopreservation: The aim of this study was to adjust a cryopreservation protocol for
immature seeds of C. hatschbachii using the encapsulation-dehydration technique (Surenciski
et al. 2012). Sterile immature seeds were encapsulated in 3% sodium alginate polymerized
with calcium chloride (CaCly) at 0.1 M. Encapsulated seeds were then pre-treated in liquid
half-strength MS enriched with a progressively increasing sucrose concentration, using the
following sequence: 0.08 M (24 h); 0.15 M (24 h); 0.25 M (48 h); 0.5 M (24 h) and 0.75 M
(24 h). Pre-treatment was performed by placing samples at 27°C on an orbital shaker at 60
rpm. After pre-treatment, the beads were surface-dried on filter paper and dehydrated using
silica gel for 5 h (equivalent to capsule MC of 18%, fresh weight basis). Samples were then
placed into cryotubes and rapidly immersed in LN. After 12 h cryostorage, samples were
rewarmed by immersing the cryotubes in a water-bath at 30°C for 1 min. Encapsulated seeds
were then pos-treated in liquid half-strength MS enriched with a progressively decreasing
sucrose concentration: 0.75 M (24 h); 0.5 M (24 h); 0.25 M (48 h); 0.15 M (24 h) and 0.08 M
(24 h); on an orbital shaker at 60 rpm. The beads were then transferred to semisolid
germination medium (MS + 3% sucrose + 2 gL activated charcoal + 0.7% agar) for
recovery. Seed survival was registered 45 days after culture by counting the seeds with
hypertrophied embryos and those which developed protocorms.

Using the encapsulation-dehydration technique, cryopreservation of C. hatschbachii
immature seeds was achieved with high survival rates (64%). Following this protocol, the
seed germination percentage was significantly higher than means obtained in other treatments,
even compared with control treatments (-LN). This phenomenon could be attributed to seed
coat damage during cooling-rewarming cycles (Tikhonova et al. 1997) that enhances seed
permeability, allowing the uptake of nutrients from the culture medium. Results from this
study agree with those obtained by Popova et al. (2003) and Popov et al. (2004) who also
observed a rapid growth of cryopreserved seeds and the subsequent protocorm develop in the
orchid hybrid Bratonia.

A high percentage of protocorms from both cryopreserved and non-cryopreserved seeds
showed continuous growth (in the same medium devoid of any plant growth regulator) and
developed whole plantlets with normal vegetative morphology, which were successfully
transferred to pots and acclimatized to greenhouse conditions. There were no phenotypic
differences when compared plants derived from cryopreserved and non-cryopreserved seeds,
10 months after plants transference to ex vitro growth conditions. In addition, the cytogenetic
stability was confirmed for plants derived from cryopreserved seeds (Surenciski et al. 2007).

In this work, the encapsulation-dehydration technique was applied for the first time in the
Cyrtopodium genus in order to achieve the long term conservation of immature seeds of C.
hatschbachii. This technique does not require toxic cryoprotectors like dimetilsulfoxid
(DMSO) and ethilenglycol, used in other vitrification techniques. This work opens the
possibility of using the encapsulation-dehydration technique in other Cyrtopodium species
and Orchidaceae members.

Genus: Habenaria

The genus Habenaria (Subfamily Orchidoideae, Tribe Orchideae, Subtribe Habenariinae) has
a pantropical distribution, with about 600 species (Hoehne 1940), mainly from perennial,
terrestrial and wetland habits. In Argentina, 21 species of Habenaria are known; four of these
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inhabit the Ibera macrosystem. The Ibera macrosystem, a protected natural area, is the
second-largest wetland ecosystem in South America, and supports 57% of the 2,640 plant
species documented in the Province of Corrientes, Argentina (Tressens and Arbo 2002).

Habenaria bractescens Lindl. inhabits river bank and wetland environments in Brazil,
Uruguay, Paraguay and Argentina and is rare even in its natural habitat (Johnson 2001). It is
characterized by the production of resupinate white flowers with a fringed lip and long
slender spur, inserted in a terminal, pauciflorous inflorescence. H. bractescens has three types
of underground organs: absorbing roots, droppers and root tubers. Absorbing roots are those
that possess a typical structure consisting of a radical meristem tip with a root cap, followed
by cell division and elongation zones, a root hair zone, and a maturation zone where lateral
roots originate. Droppers are organs that grow downward, either vertically or obliquely, and
terminate in a root tuber. Root tubers are swollen storage roots that bear shoot buds (Bell
1991; Pridgeon and Chase 1995). The formation of this storage organ is related to a
phenomenon known as tuberization.

Many terrestrial and wetland orchids form storage organs, such as root tubers and
rhizomes, which are important in their propagation (Pridgeon et al. 1999; 2001; 2003). Root
tubers are typical vegetative plant propagules of Orchidoideae subfamily, which can survive
in dry or cold conditions as dormant organs. These storage organs are very common in
Orchidinae subtribe group 2 (Habenariinae sen. auct.) in the Orchideae tribe (Pridgeon et al.
2001).

Staff of the IBONE has made important advances on in vitro plant regeneration and root
tuber differentiation of H. bractescens (Medina et al. 2009). Results from this research are
briefly presenting below.

1- In vitro plant regeneration and ex vitro acclimation: In vitro plants of H. bractescens
derived by seed germination and grown on full-strength MS devoid of plant growth regulator
and incubated under a 14-h light/10-h dark photoperiod (116 umol.m™.s™ PPFD) were used as
a source of explants in this experiment (Figure 7). Multinodal stem segments (at least five
nodes and 2 cm long) were dissected from in vitro plants and used as explants for the
micropropagation assay. A total of 12 culture media were assessed, which were constituted by
full-strength MS supplemented with different concentrations and combinations of BAP (0,
4.4, 22.2, 444 uM) and sucrose (87.6, 146.7 and 292.1 mM). After 45 days of culture,
multinodal segments regenerated shoots (upright leafy shoots), swollen buds (similar to
pseudobulbs), and/or root tubers (Figure 8) depending on the culture media. Shoot
differentiation decreased with increasing BAP concentration regardless of the sucrose
concentration. BAP-free media did not promote the growth of swollen buds, regardless of
sucrose concentration. BAP supplementation stimulated the differentiation of swollen buds;
however, in media with high sucrose concentration (292.2 mM) this capacity decreased. High
sucrose concentration also had a depressive effect on the number of shoots and swollen buds
regenerated per explant.
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Figure 7 (A) Habenaria bractescens plants of the working collection maintained in the
greenhouse. (B) In vivo underground organs of H. bractescens. (C) In vitro plants used as
source of explants for the organogenesis and plant regeneration experiments.

Shoots, swollen buds, and root tubers developed on the different culture media were
transferred separately to MS basal medium (87.6 mM sucrose) to complete plant regeneration.
After 60 days of culture, upright leafy shoots produced on BAP-free media or media
supplemented with 4.4 or 22.2 pM BAP and sucrose at the three concentrations evaluated
were able to develop complete plants when transferred to MS basal medium; however, none
of the shoots obtained with 44.4 uM BAP regenerated plants regardless of the sucrose
concentration. On the other hand, swollen buds differentiated in all the media were able to
regenerate plants. Plant regeneration percentage from swollen buds developed on MS
supplemented with 146.7 mM sucrose and 4.4 uM BAP was statistically different to the plant
regeneration through swollen buds produced on MS with the same sucrose level but with 44.4
uM BAP as well as on MS with 292 mM sucrose regardless of the BAP concentration. Root
tubers differentiated in all the responsive media were able to regenerate plants in percentages
between 93 to 98%.

In vitro plants derived from upright leafy shoots, swollen buds, and root tubers were
removed from glass flasks, soaked in tap water to remove the remaining culture medium and
rinsed carefully. They were submerged in fungicide solution for 30 min and then transplanted
into a mixture of Sphagnum moss, humus and perlite in plastic containers for ex vitro
acclimation. Plants derived from in vitro upright leafy shoots and swollen buds were
incubated in a humidity chamber at 90% relative humidity (RH) for 7 days and an irradiance
of 160 pmol m™? s™'. The RH was then gradually decreased to 70%. After 30 days, the pre-
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acclimatized plants were transferred to a greenhouse under 80% sunlight. On the other hand,
plants derived from in vitro root tubers were directly transferred to greenhouse conditions
without previous acclimation. After 60 days of transplanted, plants derived from either
upright leafy shoots, swollen buds, or root tubers showed similar vegetative morphology to
the plants grown under wild conditions; however, the ex vitro survival ratio was significantly
dependent from the explant origin. Plant derived by root tubers had the highest survival rate
(95%) and in all cases they sprouted and rooted, allowing the regeneration of vigorous and
healthy plants regardless to origin media.

2- In vitro root tuber differentiation: On the other hand, 45 days after culture of multinodal
segments on MS with different concentrations and combinations of BAP and sucrose, typical
H. bractescens underground organs were regenerated in vitro (i.e. absorbing roots with
abundant root hairs, thin root-like structures called droppers, and root tubers in different
maturation stages) in a relative proportion per explant depending on culture media. It was
observed immature root tubers derived from the swollen apical portion of the dropper and
mature root tubers with an emerging bud. These root tubers originated from a slender dropper
or from a very short dropper that emerged from the stem. Two weeks after root tuber
formation, root tubers sprouted from the expanding bud. In all cases, 2-9 absorbing roots
were observed on each explant, and in some media, absorbing roots were the only type of
underground organ formed. The addition of BAP increased the number of droppers that
differentiated per explant and the number of droppers that developed root tubers, except at the
highest sucrose concentrations with 22.2 and 44.4 uM BAP. In BAP-free medium containing
146.7 or 292.1 mM sucrose, the number of droppers per explant was reduced to 50% of that in
media with 87.6 mM sucrose. In the culture media with 87.6 mM sucrose combined with the
different BAP concentrations, the number of droppers per explant remained constant (2 per
explant). However, the presence of BAP in combination with 146.7 mM sucrose increased the
number of droppers per explant to three per explant, regardless of the BAP concentration.
Media with 292.1 mM sucrose and 4.4 uM BAP produced the highest number of droppers per
explant; however, higher BAP concentrations inhibited dropper regeneration. Root tuber
formation was influenced by media composition. At 45 days, root tuber differentiation was
promoted in 8 of the 12 culture media assayed, earlier than for container-grown specimens
from the Ibera macrosystem (ca. 3—4 months after planting). The root tuber originated from
the distal end of a dropper between the bud and the root apical meristem. Tuberization took
place when the apical portion of the dropper underwent radial expansion, maintaining the
typical radical structure, and the cortical parenchyma had starch granules. One of the most
effective media for root tuber regeneration was the MS with 87.6 mM sucrose plus 4.4 pM
BAP. In all cases, each explant produced one root tuber.
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Figure 8 Habenaria bractescens morphogenesis from multinodal segments after 45 days of
culture on MS supplemented with different concentrations and combinations of BAP and
sucrose. (A-B) In vitro regenerated swollen buds (A) and root tubers (B). (C) Sprouted in
vitro root tuber. (D) In vitro regenerated plant showing different underground organs.

Terrestrial orchids can be propagated through several in vitro procedures to produce a
large number of healthy plants. However, plants derived from symbiotic or asymbiotic seed
germination or through vegetative explant multiplication are generally fragile and poorly
survive after transplanting in comparison to plants derived by the sprouting of robust or field-
hardy propagules such as root tubers. Thus, the production of storage organs would be the
ideal method for restoration or reintroduction programs of this orchid species. The protocol
for in vitro root tuber formation for H. bractescens established by Medina et al. (2009)
provides a novel system for the controlled and reliable development of root tubers. In
summary, MS medium supplemented with 87.6 mM sucrose plus 4.4 puM BAP was one of the
most effective for stimulating root tubers, the ideal explant for successfully ex vitro
transplantation without any acclimation process.

General Conclusion

Considering that South America is a megadiverse continent in orchid species as well as in
other plant families, there is no doubt that orchids are a key group for biodiversity
conservation. They are visible and fascinating examples of the natural world and they are
seriously threatened by human activities (deforestation, habitat fragmentation, illegal trade,
and possibly global warming). However, there is still time to conserve the high orchid
diversity that remains and efforts can be successful if we act immediately. Moreover, orchids
can play a key role on conservation efforts due to their importance as charismatic species and
as a "flag" group whose conservation will help protect many other species and habitats. The
task of orchid conservation is multi-faceted and must combine protection of habitats, increase
in knowledge about the species and their distribution, coordinated efforts on both in situ and
ex situ actions, disclosure of information, promotion of knowledge and awareness networks,
between others.

This chapter reviewed the progresses of different in vitro approaches for orchid
propagation and germplasm conservation, safeguarding the genetic biodiversity of these
species. Several study cases were presented and described to exemplify the protocols
developed in the IBONE for propagating and long-term storing the germplasm of Argentine
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orchids. Moreover, it has been attempted to put together most of the available literature on in
vitro propagation and germplasm conservation for South American orchids using different
explants and procedures (Tables 1-3). There are researches of good scientific quality that
even cover critical insights into the physiology and factors affecting growth and development
as well as storage of several orchid materials. Anyway, studies are still necessary to increase
the number of species evaluated as well as the use of selected material (clonal) for both
propagation and conservation approaches.
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