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ABSTRACT

Bromeliads are epiphytes which are distributed ubtsopical and tropical latitudes of South Ameri¢a.Ecuador

there are about 455 species with inflorescenceth wiunique beauty of intense colors and long tagtreason has
been of great interest in many countries. But huraativities such as the introduction of new spectmger

exploitation and habitat loss have resulted in tlegative impact on bromeliads and leads to thenetitin of

species. Hence, the objective of this researchesrplementation of a pilot germplasm bank by asigl process
of adaptation and development of biotechnologioald such as in vitro culture of cryopreservatiamdaminimal

growth for the conservation of the four bromeliag®cies. Thus the species that have shown posisudts with

minimal growth of cryopreservation obtained viabled hydrated plants.
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INTRODUCTION

Bromeliaceae is one of the most distinctive familief epiphyts with approximately 2885species found
subtropical and tropical region of South Americh [lhey are monocots, epiphyts or terrestrial @aherbaceous
or perennial, having leaves in rosettes, trimeyevdrs, colorful bracts and seeds with pappus. Mosneliads live

as epiphytes associated with certain trees, whielused for support. They can grow one or moréénsgme tree
and manufacture their food with the help of surtlighd damp air. Others feed on organic matter aateéndound in

the leaves, in rain or absorb water from the emvirent [2].

Currently bromeliads are used for various applicetj namely edible use @manas comosu@he pineapple or
pineapple), manufacture of fabrics like Chevallisragdalenae possessing high quality fiber, manufacif births
as Till and so usneoides known as old man's bead@a making flower arrangements and decoratiogastiens
thanks to the beauty they possess in florescentadng exotic colors and long lasting nature. Herte

bromeliads are in great demand in the internatioraket.

At present in many countries bromeliads are afteafele to various anthropogenic activities such ths;
introduction of new species, Environmental pollati@lemographic, overfishing or habitat loss ard negative
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consequences, leads to the extinction of spedigs4]. Because of these problems, there is anntingeed to
develop biotechnological methods for mass repradnodf bromeliads, with sustainable farming to acki the
effective conservation.

Germination Bromeliadsin vitro

In vitro germination is a technique carried out in fulleptic conditions, from a small segment of tisseeds,
embryos, organs or protoplasts may be obtained fptemts genetically identical to the mother plahhis
methodology is a tool that allows propagation ingéa numbers of plants in less time. The main elénten
implement in this methodology is the nutrient agantaining all the minerals and sugars needed émds
germination, growth and development. The averageemt agar best known is the MS medium [5].

Similarly, in vitro germination allows easy handling in small spaced abtaining pathogen free plants. It is
important to know that the conditions in which geration is performedn vitro are aseptic, free of any
contaminant, and the plant nutrient should be tiisted before planting. Tha vitro germination is a resource for
the preservation and conservation of species tegbart of the floristic diversity of ecosystems [6

Cryopreservation

One of the fundamental and essential tools to cautytheex situ cryopreservation is tha vitro culture that
preserves large portions of biodiversity areas smdll volumes [7]. It is important to note that #heccess of this
process will depend on the treatments used witht ptaaterial before and after being preserved. Thathy it is
essential to make a selection of the material &ftdcomes from a culturén vitro, the medium being held should
have a good composition of macronutrients and migirients [8].

Minimum growth

One of the methods used to establish a germplasiibahe minimum growth, in which the maintenaoéglant
material throughn vitro culture methods is obtained by performing optiote@nges in environmental conditions for
cultivation. That is why it is necessary to lowke temperature, reduce the lighting conditionsngbahe culture
medium by adding osmotic inhibitors or growth rdtmts, dehydrating tissue or modify the gas ph&#eecculture
vessel [9]. As mentioned above, the aim of thishmeétis to reduce cell division and plant metabolighus
achieving the increased longevityvitro plant material without causing any genetic chafidges means there is no
cellular processes, on the contrary, the speed wiitith they occur and the period of transfer taesli culture
medium decreases [10]. In this process antigibmrélagents like CCC Cycocel which reduces metahalisthe
plant and the plants provides resistance agairestssf11].

This study will be a great contribution to the kiedge of strategies and potential adaptatioexisituconservation
of plant material of native bromeliads which arel@mgered. To avoid losing this important geneti¢emal it is
necessary to establish germplasm banks using pegmiofin vitro culture, cryopreservation and minimal growth.
This will enable us to conserve important plantenat and subsequently it could help us in the nmegation of
whole plants [8].

Furthermore, this research will benefit researchstitglents and entrepreneurs who are interestidx ioonservation
of biodiversity and pave way for the possibilityraftional and international commercial exploitatirbromeliads.

EXPERIMENTAL SECTION
The research was carried out in two phases:

Phase 1-Field study

The four species of bromeliads were collected ftbree nearby localities to the El Prado’s farm;liBaoto river,
Pita river and San Nicolas river located in the $@mrnando—Sangolqui parish—Rumifiahui canton-Pibhinc
Province, Quito, Ecuador. For the collection ofrhetiads machete, ropes, plastic bags were used.

An adaptation of bromeliads collected

The adaptation is performed in the secondary fd&SA. For this purpose a wire mesh was used andsmas

collected from the trees, and a kind of masetaldpee around the plant. Thus, they were placederbtanches of
trees. Adaptation was also carried out in the latmoy by using plastic bottles with coal, blond masd limestone.
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Collection of capsules

The collected capsules were identified based onakenomic characters and confirmed the naturd@fcapsules
young, mature or are in the process of putrefaciitne transports of the capsules were made wittspemt, since
the plastic bags caused them sweat, in turn atffiecjerminationn vitro.

Phase 2- Laboratory study

Disinfection

The capsules were disinfected by putting them Bmall vial containing distilled water and proceededinse
capsule for disinfection. Then the capsules weaeqd them on a paper towel to remove the remaimioigture.
Finally the bottles with capsules were taken to ldminar flow chamber for the next procedure nanfelged
maturation of capsules.

Forced maturation of capsules

It is important to sterilize the work area, for whiwe were cleaned using the laminar flow cham&gssequently
proceeded to force maturation of capsules withtadtand fire and then they were placed in sterletainers and
sealed them eventually. Finally the containers wmeoged to maturation chamber.

Preparation of culture medium
For culturing the capsules, medium of Murashige &ktog was prepared with the following concentratio
(Tablel). The medium was dispensed into transpgtastic recipients, planting and easy handling.

Solution of macroelements 2 ml
Fe EDTA 25ml
Organic substances 4 ml
Sucrose 309
Myo-inositol 0.1g
Agar 49

Seeding seed in vitro

The vials containing capsule were opened by keeffiegn in the laminar airflow chamber and the sesdse
sowed in the culture medium with the help of s&efdrceps, scissors. Finally the seeds containiadium were
kept in the germination chamber under controlledditions of light and temperature.

Cryopreservation

Preconditioning plant material

After seven months the germinated bromeliads, wenasferred into a solid culture medium supplermgmith
0.3M sucrose for 24 hours [12].

Loading treatment

According to Hirai and Sakai [13], the main objeetbf the loading solution is dehydrated, thus greg the tissue
for the next stages of freezing. The plant mateviad placed in the loading solution (0.4 M sucresgM glycerol)
and kept in the room temperature for 20 to 30 ne@suT his was carried out inside the laminar flowrober [12].

Treatment with cryoprotectants

Once the plant material complied with the time isethe loading solution, with the help of the clanghe plant
material placed one by one in each cryovial comgifirom 1-2 ml of Vitrificadora PSV2 solution (15®MSO,

30% glycerol, 15% ethylene glycol and 0.04 M suejodhis procedure was performed at room temperatuthe
laminar flow chamber [12].

Cryofreezing
Cryovials with plant material were taken to cryeizer at -80°C. Cryovials remained there for a peadbl15 days
and 30 days.

Heating step
Once cryovials with plant samples complied with tinge set in the freeze dryer were extracted akent@o a water
bath at 40°C for 2-3 minutes.

Washing of cryoprotectants

The Cryoprotectants washing was carried out inldh@nar flow chamber. Once cryovials were remowvexinf the
water bath, they were moved to the laminar flownchar where the washing of cryoprotectants was pedd. For
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this, a Pasteur pipette was used to remove theumtectant solution from each of cryovials and pkamples was
placed in the wash solution (liquid culture medismpplemented with 1.2 M sucrose) for 20 minute$.[12

Re-cultivation

Once the plant samples were in the wash soluthen tiried plant samples, the surplus of this smhutwith filter

paper in a Petri dish. Finally the plant sampleglass tubes (10 x 2 cm) containing 2 inches of 8dkid culture
medium of multiplication. It is important to knowdt the samples during the first week remained ghdse and
then transferred them to photoperiod conditionatdisthed [12].

Viability test

The viability test involved the observation of planaterial by stereomicroscopy which evaluated \tiaility,
texture and color consistency of the plant. Furttere, the longitudinal growth of the samples wa® avaluated
by a digital gauge (NONIO). This procedure was @enied after 15 days being sown in the solid cultaezlium
and then 30 days.

Minimum growth

For this phase, plant samples that were alreadpigated inin vitro was chosen, then the solid MS culture medium
was prepared with concentrations of 0 ppm and 1@ phloride (2-chloroethyl) trimethyl ammonium chitie
(CCCQ). Following this, in laminar flow chamber growlant material test tubes containing culture mediOnce
the plant samples were cultured, they were evaluate15, 30 and 60 days of planting and feasibiéityd
longitudinal growth was measured by a digital caliiNONIO).

Statistical analysis

An exploratory data analysis was performed whichewepresented as descriptive graphs developeddrosbft
Office Excel 2007 and then a statistical analysis werformed using the statistical software Infat&td the
Kruskal-Wallis test was performed with speciesmiheliads and treatment of PVS2 and CCC.

RESULTS AND DISCUSSION

Cryopreservation

The specieRacinaea pectinata Andi(&p) with a cryoprotectant solution (PVS2) presdrthe highest longitudinal
variation followed by the specidsllandsia lajensis Andr€TI) (Figure 1). In these species, plant age, mmmnental
conditions and the effect of PVS2 were favorabtedes that helped to maintain adequate hydraticiissties [14].
According to Westendorp and Encina [14] one factoffuencing the resistance to low temperaturesgs.
Although all species are aged seven moriRasinaea pectinata Andi@®p) andTillandsia lajensis Andr€Tl)) are
those that showed higher resistance to cryofreeZiings occurs because a cryoprotectant appliesrdbgs of
dependent "capacity extracellular spaces to conb®lvolume of the crystal and the ability to regisotoplast
dehydration” [14].Tillandsia pastensi¢Tp) andTillandsia incarnate Kuntk{Ti) with PVS2, showed growth equal
to 30 days of cryofreezing, whilandre Racinaea pectinatdRp) andTillandsia lajensis Andr€Tl) had a high
longitudinal variability. The fastest growirigacinaea pectinata Andi@&p) andTillandsia lajensis Andr€TIl) was
due to previously described byestendorp and Encina [14].

It should be shown to the planiis vitro cultive supplemented with sucrose in order to pméviermation of
intracellular ice upon freezing should be shownhi® plants in a medium ridh vitro sucrose, in order to prevent
formation of intracellular ice upon freezing cututhereby allowing the plant physiology remairasfble. Thus, as
stated above with the speciBsicinaea pectinata AndrgRp) andTillandsia lajensis Andr€TI) rather pastens is
Tillandsias pecie$Tp) [14].

Bromeliad species not being exposed to PVS2 shavémver longitudinal variation than the speciest tvas
protected. This is because the control plants,bsitg subjected to treatments such as dehydratidnnat be
contacting plants with cryoprotectants, which arestances that covers the plant material proteetimbfacilitating
the passage of water through the cell makes icstadsyare formed intracellular causing tissue deatell lysis and
decreased oxygen requirements (Figure 1) [14,15].

The four species of bromeliads not treated with PVSamelyRacinaea pectinata AndréRp) andTillandsia
incarnate Kunth(Ti), achieved minimal longitudinal growth when cpaned with cryoprotected species, because
their leaves have a thick cuticle that providesstaace to cold, but not plants with thin leavéke [Tillandsia
pastensi¢Tp) andTillandsia lajensisAndre (TI) that are more susceptible to cell damemesed by cold (Figure 1)
as mentioned by Westendorp and Encina [14]. Theisp®acinaea pectinata AndréRp) after 15 days of
evaluation had longitudinal growth almost equal whieed 0 ppm CCC, however, after 60 days of evaluéund
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that using 10 ppm CCC, its longitudinal variatioas®.53mm while with 0 ppm CCC was 0.96mm. Thuseaahg

the effect of CCC in this species have positivailltsgFigure 2). According to Weaver [16], Cycocelse of the
most active growth retardants group of quaternammanium compounds which are used in plants as an
antigiberélicoagent not only can reduce plant naisim but also provides the plant resistance &sstr
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Figure 2. Longitudinal variation versus time.

The speciefRRacinaea pectinata Andr@p) despite having thick and elongated leaveswsld signs of stress and
yellowing of leaves, because the Cycocel haveaminwith young leaves produce a slight yellowindhet edges
and the tip of the leaves. This coloration is edato the amount of CCC used in the culture. Tloeegfalthough
this reagenthasa wetting agent and is used inw&iGoops, it is important to calculate the optimammount of CCC
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to be used and the frequency with which it is aggbknd such observations were made in herbaceoesrigs or
as bromeliads [17]. Furthermore, the high concéiotrtaof CCC applied to plants can cause brown spotgecrotic
effect on the leaves preventing the plant to rective green color as observediacinaea pectinata And{&p).

The speciedillandsia incarnata Kunti{Ti) showed positive results from the beginning.tide time of evaluation
(0, 15, 30 and 60 days) it was evident the effédtOppm CCC, which enabled to decrease the spebdwkiich the

plant grows. Thus, at 60 days with the concentnatib10 ppm has a longitudinal variation of 0.95mwhmile with a

concentration of 0 ppm CCC longitudinal variatioas&.97mm (Figure 3).
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Figure 3. Ti longitudinal variation versus time.

According to [17], plants with mature leaves ar¢ affected by the CCC reagent, as in Tillandsiainate Kunth
(Ti) after seven months old and has long and tléakes. Therefore the optimal concentration fos Hgecies CCC
was 10 ppmTillandsia lajensis AndrgTIl) at 30 days showed the effect of the concéioimaof 10 ppm CCC
presenting a variation of longitudinal growth o28mm while the concentration of Oppm longitudinafiable was
0.4mm indicating positive results. However, aft@déys of evaluation longitudinal variation was sa@nificant

(Figure 4). By using high concentrations of CC@hhibits the photosynthesis in the leaf of plafeading to cell

lysis [17]. At 60 daysTillandsia lajensis AndrgTI) showed de pigmentation in their leaves whiekduced the
viability of the plant and thus its longitudinalnation was not significant.
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Figure 4. Longitudinal variation of the four species of bromeliads at 60
days.
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Tillandsia pastensi§Tp) at 60 days of evaluation showed at O ppm eotration of CCC, the longitudinal variation
was 0.49 mm while the at 10 ppm concentration ofCQ@e longitudinal variation was 0.46 mm which lzas
significant decrease (Figure 4). Figure 4 showstti@specieJillandsia pastensi§Tp) has a homogeneous growth
of the two treatments with 0 and 10 ppm. Accordind17], CCC phytotoxicity reagent affects the pléy not
using the optimum concentration of CCC, which cdusell death preventing normal physiological growtithe
species. This phenomenon was observed in mostenfi,tithus causing, decrease in the viability and amyg
survived (Figure 4).

CONCLUSION

The process oéx situadaptation and development iof vitro cryopreservation techniques and minimal growth
allowed the implementation of a pilot germplasm k& four species of bromeliadR#&cinaea pectinata Andre,
Tillandsia incarnate Kunth, Tillandsia lajensis Ardand Tillandsia pastens)s With forced ripening capsule
technique into sterile containers obtaining conteation free seeds and 100% viable and ensuredhinatsowed in
MS nutrient medium enabled multiplication in vitatl the four species of bromeliads germinated veigixual
characters with seeds. The cryopreservation proteeeloped in the laboratory could establish brigads cryo-
storage pilot bank and avoided the toxicity of P\f#&nts (15% DMSO, 30% glycerol, 15% ethylene glyaad
0.04M sucrose). The minimum growth technique usethé laboratory (10 ppm Cycocel) allowed succdlgsta
obtain collections of bromeliads in test tubes beeaefficiently decreases the speed of plant growththe
technique of cryopreservation, the species thatiobtl the best results, when exposed to cryopeotesblution
PVS2 30 days waRacinaea pectinata AndréRp) andTillandsia lajensis AndrgTl) (p-value=0.0001), as its
variation longitudinal and viability was greateaththe other species.

In the technique of minimal growtfillandsia incarnate Kunti{Ti) obtained the best results when exposed to a
concentration of 10 ppm Cycocel (CCC) for 60 daysvélue=0.0001), as it managed to decrease thal spfee
longitudinal growth and remain a viable and hydigiant. The four species of bromeliads are nopsathto the
conditions of cryopreservation werdlandsia pastensi (Tp) andTillandsia incarnate KuntffTi) (p-value=0.8613),
whereas in the technique of minimal growth wB&cinaea pectinata Andr@gRp) (p-value = 0.0008)Tillandsia
pastensis(Tp)) (p value = 0.9999) andillandsia lajensis AndrgTl)) (p value = 0.8887). The best method for
implementing the pilot germplasm bank was the tepleof minimal growth.
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