
Propagation ofZephyra elegans D. Don by the Use of In

Vitro Techniques

Alexis Kooichi Vidal Takasaki

Graduate School of Science and Technology

Niigata University

February, 2011



Contents

Page

1) Chapter 1. General introduction ································1

2) Chapter 2. Preliminary experiments that justify in vitro propagation ofZephyra

elegans

2.1) hltroduction·························..·················· ·······················6

2.2) Experiments

2.2.1) Planting season ·······································..········..···8

2.2.2) Soil for growing under greenhouse conditions..························..··············..···11

2.2.3) Phenotype difference observed under same growing conditions············14

2.2.4) Time needed from seed to flowering corm under greenhouse

conditions············································ ···········!·······17

3) Chapter 3. Production of flowering corm via in vitro culture of seeds

3.1) Introduction··············· ····································..··················20

3.2) Experiments

3.2.1) Seed disinfection with sodium hypochlorite..·······························..················23

3.2.2) Seed disinfection with methods complementary to sodium

hypochlorite················~··························· ··················27

3.2.3) Determination ofpreferred germination medium and effect of

disinfection on germination capability········..·········..··..········································30

3.2.4) Effect of light intensity and pH on germination·······..············....···......·····..···33

3.2.5) Determination of sucrose range adequate for enhanced corm growth"36

3.2.6) Determination of exact sucrose concentration in MS medium for

accelerated corm growth··········..·..··..··············..···················..·..·································39

3.2.7) Acclimatization and transplanting of corms generated via in vitro

culture···················..···················..········· ······················42



3.2.8) Flowering capability of corms generatedvia in vitro culture···················45

3.3) Conclusion····································..······· ······················48

4) Chapter 4. In vitro vegetative propagation of Zephyra elegans

4.1) Introduction··········································· ························50

4.2) Experiments

4.2.1) Determinationofplant material for in vitro propagation with

conservation ofmother plant-···················································..······························52

4.2.2) Sprout induction from callus formed from lower internodes

collected at early stage································································································55

4.2.3) Sprout rooting, corm formation and survival··············..·········..·····..··············..58

4.2.4) Direct sprout inductionfrom lower nodes and internodes collected at

early stage················································· ·················60

4.2.5) Corm disinfection for in vitro culture..·····································..···············..······63

4.2.6) Corms and root tips as explant forvegetative propagation via direct

shoot induction·············································· ··········66

5) Chapter 5. General discussion···············..···•···············································....····..··..········69

Tables················································ ····················..··················72

Figures············..··································· ·····································81

References ,122

Acknowledgements··························..················· ,126

Summary······ ····127

~~ (Summary in Japanese)..································ ·········..·· ···································· ·129

Abbreviations·········································· ····················· 131



Chapter 1

General Introduction
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General Introduction

Background ofthis study

International flower market is in constant demand for new crops in order to

stimulate economic growth and establish new fashions and tendencies. Chile is

recognized for having native species with ornamental potential (Schiappac~sse et

al., 2003; Bridgen et al., 2002; Bridgen, 2001; Kim and Ohkawa, 1997).

Chile is can be considered an ecological island because sea, mountains and

desert act as geographic barriers that isolate its biological communities from the

rest of the continent. Because of this, endemism rate goes to 52%. For geophytes

this percentage is even higher, and rises to 90% (Hoffmann et. al, 1998).

In.years in which "El Nifio' phenomenon is present it is very probable that in

the 'coastal areas of northern Chile (Atacama Desert) rain reaches 50 mm during

the months from May to September. This makes possible the sprouting and

flowering of various species (including Zephyra elegans) in an event called

"Desierto Florido' or "Flowering Desert" (Vidiella et al., 1999).

In 1989, Hoffmann stands out the ornamental potential of several desert

flowering geophytes, including Zephyra elegans, Leontochir ovallei (Garra de

Leon), Pasithea coerulea (Azulillo), Conanthera, Herbertia, Calydorea xyphioides

y Tigridia philippiana (Flor de un Dia), Kim et. al, in 2001 and 1997, specially

points out the potential as a cut flower for Zephyra elegans because of its

prolonged vase life, "fresh" colors, tidy architecture, beautiful flower and adequate

stem length.

Zephyra elegans D. Don (Edinburgh New Philos. J. 13 (oct): 236, 1832)

belongs to Liliopsida class (Monocotyledons), Tecophilaceae family, and the

endemic genera Zephyra, with only one specie. It is native to the coastal sandy and

rocky areas of the Atacama Desert, in northern Chile (Munoz, 1985). Distribution

locations of Zephyra elegans are described in figure 1. In 2001, Ehrhart proposes Z.

2



compacta as a new species belonging to the Zephyra genera. But this study was

based only on morphological characteristics and has not been corroborated by any

other authors.

At first, this species was classified as belonging to the Liliaceae family, but

further studies, made it be classified into the Tecophilaceae family, due to its

cormous structure and partially inferior ovary (Simpson and Rudall, 1998).

Tecophilaceae family has 8 genera, and near 23 species in Chile, South Africa,

Tropical Africa, Madagascar and California (Simpson and Rudall, 1998).

In Chile generas Conanthera, Tecophilaea and Zephyra exist and are endemic

(Munoz and Moreira, 2000; Hoffman, 1989).

The zone of most abundance of Z. elegans corresponds to a limited zone in the

route leading towards Playa Brava (fig. 1), south of Huasco (28°29' 12"S,

71°14'25"W). Here is also located the most abundance in color variation. Colors

observed here go from whole plane white flower petal flowers to a white center

and deep blue en the distal area of the petal flower (fig. 2). Light blue and white

colors are easy to observe in other zones, but deep blue tones are only seen in the

area near Playa Brava (fig. 1). Morphological variability is also more abundant in

this area (fig. 3). These phenotypes are 'interesting material for the generation of

new products for international flower market. It has potential as cut flower, flower

pot and direct in vitro sell. The size of an adult flowering corm allows having a

flowering in vitro plant, which may be attractive to sophisticated consumers (fig. 4).

In the zone of most variability, on the way to Playa Brava, south of Huasco, a

steel refinery (Compatiia Minera del Pacifico, 28°28'48"S, 71°14'50"W) and a

thermoelectrical power plant (Termoelectrica Guacolda, 28°27'54"S, 71°15'23"W)

can be seen generating a cloud of contaminating particles originated from its

chimneys (fig. 5). During collection of plant material of this zone it was very clear

the accumulation of this contaminating material on the surface of soil and plants

(fig. 6). This may affect wild life in this area, so some kind of protection and

conservation ofgenetic material should be done as soon as possible.
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In order to be able to use this vegetal material it is necessary to know more

about its agronomic features. Among these, one of the most important ones is

multiplication. (Kim et al, 1997).

Domestication, propagation and growing ofZephyra elegans

Mother corm degrades throughout growing season, while a new daughter corm

is being formed. This corm grows and transforms into the mother corm for next

season. In this process a secondary corm is rarely formed. This structure has to

fulfill certain thermal requirements in order to sprout and flower when

environmental conditions are adequate.

Thermal requirements in nature are complied after a dry warm period of 7 to 10

months. Growing season corresponds to a soft, short and rainy winter, as it occurs

during "El Nifio" phenomenon and subsequent "Desierto Florido" (Flowering

Desert) (Vidiella et a!., 1999; Kim et al., 1997). In nature, if "El Nino"

phenomenon does not occur, rain quantity will not be enough and plants will not

sprout even thermal requirements were previously fulfilled (Kim et al., 1997).

Artificially, dormancy can be broken by placing the corms at constant 25°C for

22 weeks in a dry environment. This way, a sprout and flowering rate of up to

100% can be achieved. Temperatures inferior or equal to 20°C do not break

dormancy, and above 30°C make the flowering rate drop down to 62,5% (Kim et

al., 1997).

In the prefecture of Shizuoka, Japan, Z. elegans is a geophyte planted in autumn,

with requirements similar to Fresia. Corms go into deep dormancy after completing

their cycle. Corms planted around 3 to 5 em deep will generate contractile roots,

which deepen the corm to around 10 em (Kim et al., 1996).

Time needed for obtaining a flowering corm has not been directly determined.

From several several studies it can be extrapolated that it takes at least 4 growing

seasons to obtain a flowering corm when starting from seeds (Yanez et al., 2005;

Kim and Ohkawa, 2001; Kim et al., 1998; Kim and Ohkawa, 1997; Kim et al.,
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1997; Kim et al., 1996). Natural vegetative reproduction of Zephyra elegans is by

generation of corms, reproduction rate by this method is not viable due to its low

rate (Kim et al., 1997).

Aim ofthe present study and outline ofthis thesis

The general objective of this study is to create protocols that allow the in vitro

propagation by seeds and reduce time needed from seed to flowering corm; and

achieve vegetative propagation of Zephyra elegans. These in vitro cultivated

plantlets have to be able to later grow and flower under greenhouse conditions.

Specific objectives for seeds include achieving adequate levels of disinfection,

achieve in vitro germination, induction of enhanced conn weight gain and obtain

flowering corms in a reduced amount of time when compared to green house

conditions. Plants have to later be acclimatized to greenhouse growing conditions

and flower.

Specific objectives vegetative propagation include determination of disinfection

method, determination of most suitable plant material for vegetative initiation,

determination of adequate mediums for vegetative initiation and later propagation.

When data analysis was performed, data was subjected to analysis of variance

using one way ANOVA at p<0.05. Graphpad Prism 5 software (Graphpad

Software Inc., La Jolla, CA 92037 USA) was used for the analysis.
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Chapter 2

Preliminary experiments that justify in vitro propagation ofZephyra elegans

Introduction
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Introduction

Most of previous recorded work with Zephyra elegans has been performed in

greenhouses in Shizuoka University (Yanez et al., 2005; Kim and Ohkawa, 2001;

Kim et al., 1998; Kim and Ohkawa, 1997; Kim et al., 1997; Kim et aI., 1996). Not

much detail is given in these about specific growing conditions in these studies, so

it was important to study if this specie adapted to grow in coastal desert climate

(Hoffman, 1989) would also be able top adapt to Niigata greenhouse growing

conditions. Ability to germinate was studied and also sprouting and flowering was

tested under different soils.

Greenhouse experiments were performed in Niigata University campus non

heated greenhouse facilities (37°52'12"N, 138°56'38"E).
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Chapter 2

Preliminary experiments that justify in vitro propagation ofZephyra elegans

Experiment 1

Planting season
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Introduction

Corms that were collected from nature (in the zone of most abundance of

Zephyra elegans, in the route leading towards Playa Brava (fig. 1), south ofHuasco,

28°29' 12"S, 71°14'25"W), had to be tested under Niigata greenhouse growing

conditions. Previous experiments performed in Shizuoka prefecture (Yanez et al.,

2005; Kim et al., 1998; Kim and Ohkawa, 1997; Kim et al., 1997) served ~s basis

for these experiments.

Temperature regime has been demonstrated as being crucial for greenhouse

growing of Zephyra elegans (Yanez et al, 2005), and under Shizuoka conditions,

mid-November to mid-December is the recommended planting season in these

previously performed experiments.

Results from this experiment will be used as a standard in future experiments

involving greenhouse acclimatization and growing ofZephyra elegans.

Materials and methods

Plant material for this experiment was corms collected from nature in Playa

Brava, Huasco (fig. 7). Corms weighing between 1.0 and 1.5 g were selected for

this experiment. Conus collected from nature were exposed to 25°C for 24 weeks

in order to break dormancy (Yanez, et al., 2005).

Conus were planted in the middle of September, November and January. Soil

selected for these experiments was Akadama commercial soil in individual pots 25

em diameter by 30 em deep. Conus were planted 5 em deep.

Twelve corms per treatment were planted and 3 repetitions were made. Sprout

rate and flowering rate were recorded.
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Results and discussion

Highest results in sprout rate and flowering rate were seen on plants planted in

November, followed by September, but with no statistical difference between them

(table 1). When corm planting was done in January, sprouting and flowering

decreased significantly. It seems increasing temperatures at the beginning of spring

(March-April) affect flowering negatively. Similar results were seen in previous

studies (Kim and Ohkawa, 1997).
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Chapter 2

Preliminary experiments that justify in vitro propagation ofZephyra elegans

Experiment 2

Soil for growing under greenhouse conditions

11



Introduction

In nature, Z. elegans usually grows in sandy soils in coastal areas (Yanez et al.,

2005; Hoffman, 1989). Many Chilean geophytes have shown selectiveness towards

growing substrate (Schiappacasse et al., 2003) so this experiment was performed in

order to determine the best growing soil for greenhouse conditions. Results from

this experiment will be used as a standard in future experiments involving

greenhouse growing Zephyra elegans.

Materials and methods

Corms collected from nature weighing from 1 to 1.5 g were planted in mid

November. Corms were planted 5 em deep.

As soil in Niigata University fields fit visually with the soil seen during

collection of samples of Zephyra elegans in its natural habitat, it was selected as a

soil to be tested. Akadama commercial or perlite were also selected to be tested as

growing substrate.

Twelve corms per treatment were planted and 3 repetitions were made. Sprout

rate and flowering rate were recorded.

Results and discussion

Highest sprout rate and flowering rate were seen in plants growing on Akadama

or perlite soils (table 2). Sandy soil had lower sprout rate and flowering rate. This

could be due to hardening ofthe surface of the soil, constituting a physical obstacle

to sprouting (fig. 8). Plants that were able to sprout and flower were similar in
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height to plants growing on other soils. Also it was noted that perlite offered little

support for the plant, which tended to fall when flowering occurred (fig. 9).

According to commercial source, Akadama soil pH varies from 6.6 to 7.0,

which is considered suitable for Z. elegans growth (Yanez et a!., 2005). Though it

is not part of this experiment, it is important to mention that Yanez et al. (2005)

mention pH of 6.5 to 6.7 in natural habitat. Analysis of soil sampled during

collection of Zephyra elegans in the same region (Huasco), showed p~ of 8.86

(table 3). Future studies on methods of the determination of pH are necessary in

order to explain the over two whole points difference in pH measurements, and this

way determine best growing conditions.
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Chapter 2

Preliminary experiments that justify in vitro propagation of Zephyra elegans

Experiment 3

Phenotype difference observed under same growing conditions
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Introduction

Vegetative propagation would be justified if phenotypes are determined to some

extent to the genotype of the plant and not only due to environmental conditions.

Plants with different genotypes, collected from nature were grown under standard

greenhouse conditions, avoiding the effect of different growing conditions having

different effects on plant growth.

Materials and methods

Fifty corms between 0.3 and 1.8 gwere planted in individual pots 25 em diameter

by 30 em deep with Akadama soil. Planting was done in mid-November. Corm

weight at planting and plant height at full blossom was recorded. Flower colors

were also compared to check for flower color variance under the same

environmental conditions.

Results and discussion.

Plant height was not correlated to corm weight at planting (fig. 10). As

environmental conditions were the same for all individuals, this evidence suggests

that the difference in plant height is not only related to corm weight as suggested

by Kim and Ohkawa in 1997, but could be also caused by different genotypes of

these individuals. A variety of flower colors similar to the ones observed in nature

were also observed. As growing conditions were the same for all plants, the

evidence would suggest that plant height (growth habit) and flower color

variability is determined by also by genotype.
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Results of this experiment would suggest that vegetative propagation would be a

useful tool in order to multiply individuals with desirable treats. As traditional

vegetative propagation methods have been unsuccessful, in vitro techniques are

tested with the objective of achieving vegetative propagation.
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Chapter 2

Preliminary experiments that justify in vitro propagation ofZephyra elegans

Experiment 4

Time needed from seed to flowering corm under greenhouse conditions
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Introduction

When seeds germinate they produce a small cormlet, which starts to gain in

weight in every growing season. Corm weight has been reported as influencing

flowering capability, Corms under 0.3 g will not flower (Kim et al., 1998; Yanez et

al., 2005) and corms of 0.8 g are required for commercial flowering capability

(Kim et al., 1998; Yanezet al., 2005). Though it has not been directly studied, by

cross reference ofprevious studies it can be estimated that at least growing seasons

are needed in order to achieve mature flowering corms. In nature corms only grow

during rainy years, so this time could extend to over 20 years depending on the

occurrence of the "EI Nino" phenomenon '(Munoz and Moreira, 2000; Hoffman,

1989). In this study the time needed to obtain a mature flowering corm from seed

will be determined.

Materials and methods

Plant material for this experiment Zephyra elegans collected from nature in

Playa Brava, Huasco (fig. 11).

Three hundred seeds were sown ill early November of 2005 in seedling

containers with Akadama soil and watered as surface got dry. Seedlings were

transferred to individual pots 25 em diameter by 30 em deep with Akadama

commercial soil at the end ofthe first growing season.

Corms were lifted in late May, when corms became dormant. Dormancy break

treatment of 25°C for 24 weeks was applied and corms were again planted in mid

November. This process was repeated every year.

Growth seasons needed for the generation of flowering corms were recorded.

18



Results and discussion

After 4 growing seasons no flowering corms were observed. As of January

2011, during the fifth growing season it is yet to be seen if flowering corms will be

obtained. A1123 corms planted during mid-November 2010 were over 0.3 g and 12

of them are over 0.8 g so according to previous literature, flowering should occur

in late February. It should be noted that from the initial 300 seeds, which generated

218 seedlings, only 23 are left. Main losses were seen during the second and third

growing seasons due to corm rotting. Corm death has been mentioned as common

within small cormlets and corms ofZephyra elegans (Kim et al, 1998).
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Chapter 3
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Introduction

With the use of modem techniques, a larger number of genetic improvement

programs include in vitro steps. These techniques make possible embryo rescue in

traditional genetic improvement programs and genetic engineering. These

techniques are also used to multiply vegetal material (Bridgen, 2001).

In vitro techniques are based in aseptic conditions of the plant material? growth

medium and aseptic controlled working conditions so disinfection process is an

important initial step to start an in vitro protocol. A balance between successful

disinfection and explant survival must be achieved.

One of the most used techniques for disinfection of vegetal material is the use

of sodium hypochlorite (NaCIO) in different concentrations and time of exposure.

Combination with other techniques have also been reported (Padilla and Encina,

2003; Hodson de Jaramillo et al., 2008).

It has been described as having high potential as an ornamental crop due to its

blue flowers (figure 5) and growth habit (Kim and Ohkawa, 2001; Bridegen et al.,

2002). Yanez et al., 2004 reported that Z. elegans produces only one daughter

corm after the growing season (Kim and Ohkawa, 1997), making natural

vegetative propagation difficult to achieve. Although seed propagation may cause

variability, at the present, it is the only method to obtain large number of plants.

There is no information regarding its massive vegetative propagation. Seed

propagation produces seedlings that may take four years or more in order to

produce a flowering plant (Yanez et al., 2005; Kim and Ohkawa, 2001; Kim et al.,

1998; Kim and Ohkawa, 1997; Kim et al., 1997; Kim et al., 1996; and experiments

performed in Niigata University greenhouses, described in chapter 2). Not many

experiments have been done with respect to complete the life cycle of Zephyra

elegans. According to Yanez et al. (2005), in nature, Zephyra elegans usually

grows in sandy soil with pH 6.7 but analysis performed with soil sampled during

collection of plant material showed pH of 8.86. Seedlings produce small cormlets,
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which have difficulty in surviving to the next growing season (Kim et al., 1998).

Decreasing time from seed to flower may also be a very interesting aid to genetic

improvement programs. Corm weight at planting is not only related to sprout rate

(plant survival) but also to flowering rate. Corms under 0.3 g will not flower

(Yanez et al., 2005; Kim et al., 1998) and corms of 0.8 g are required for

commercial flowering capability (Yanez et aI.,2005; Kim et al., 1998).

The main objective of experiments performed in this chapter is to. achieve

flowering corms in a reduced period of time as compared to nature, field or

greenhouse conditions.

The initial seed material for these experiments was collected from nature.

Collection was performed in Playa Brava, South of Huasco, Chile (28°29'12"8,

71°14'25"W). Near here is placed industrial port Huasco, and thermo electrical

plant Guacolda, who could post a thread to the presence to wildlife in this area,

including Zephyra elegans.
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Introduction

As disinfection method becomes more aggressive it can decrease survival and a

balance has to be achieved between them. In this experiment, plant survival will be

measured as seed germination, Seed germination can be influenced by the medium

in which the seeds are germinated, so in this experiment, growth medium for

germination will also be analyzed. In preliminary works, seeds have shownto be

difficult to disinfect so several studies were performed in order to achieve

satisfactory levels of decontamination for in vitro sowing. Difficulty for

disinfection may be due to irregular surface ofthe testa (fig. 12).

Materials and methods

Seeds were collected from its natural habitat in Playa Brava, Huasco. Seeds had

been exposed to natural conditions in situ for about half a year before its collection.

Germination tests done previous to this experiment showed they had germination

capability. After seeds germinate, in disinfection and medium selection

experiments, these same plantlets will be used as the plant material for following

experiments on corm growth and later acclimatization to greenhouse conditions.

Best seed disinfection protocol was aimed. For all experiments, seeds were pre

disinfected by dipping in ethanol 70%. Whenever sodium hypochlorite was used,

Tween 20 at 0.5% was also added. Seeds were rinsed 3 times with sterile distilled

water after each .disinfection. Best result of previous experiment was used as

standard for the following experiment. Seeds were initiated in individual test tubes

with 10 mL of full strength MS basal medium supplemented with vitamins and 3%

sucrose. Solidifying agent used was agar at concentration of 0.7%. Medium pH

was adjusted to 5.8 prior to addition of gelling agent. Autoclaving was performed
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at 121°C for 15 minutes. In vitro growth chamber conditions were 25°C and 24

hour photoperiodunder a light strength of 2000 lux.

Sodium hypochlorite (NaCIO) concentrations of 1, 2, 4 and 6% w/v of active

ingredient were tested for 15 minutes. Disinfectant solution was obtained by

diluting sodium hypochlorite at 6% commercial solution in distilled water. Once

the most adequate concentration of NaCIO was determined, different disinfection

times were tested in order to lower contamination levels. The best result. obtained

was again tested for 15, 30, 60 and 120minutes.

For each treatment, 25 seeds were used and 4 repetitions were made. Seeds

were initiated in individual test tube containers with 10 mL of medium each.

Contamination and germination was measured 3 weeks after initiation. Seeds that

gave origin to abnormal plantlets were not considered as germinated.

Results and discussion

Contamination level was lowest when sodium hypochlorite concentrations of 4

and 6% were used (table 4). These higher concentrations promoted germination

instead of reducing germination percentage, probably due to testa softening, effect

also seen in other Chilean geophyte species (Schiappacasse et al., 2003). Though

there was no statistical difference between 4 and 6% concentration, due to slightly

better results, 6% sodium hypochlorite concentration was assumed as the best

result at this stage.

When length of disinfection time was increased in order to achieve lower

contamination rates, abnormal plantlets could be seen when time was extended to

30 minutes or more (fig 13). Lower germination rate could be attributed to this

cause, especially as disinfection time got longer (table 5). Although with

disinfection times of 60 minutes and 120 minutes contamination was low, due to

abnormal plant appearance (not considered as germinated due to its lack of survival
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afterwards), 15 minutes was still considered as the best disinfection time when

NaCIO at 6% is used. Extending disinfection time was not a viable option for

lowering contamination rate.

Later it was noted when 6% sodium hypochlorite was used for 15 minutes,

initially contamination was reduced to levels near 12% but when seeds were

cultured beyond the observation period of 3 weeks, later appearing contamination

was present in around 90% of the cases. This contamination could be seep after on

month from germination or when plantlets were transferred to fresh medium.

Rough seed surface or the pathogen inocule being present on parts other than the

surface of the seed could be the cause for this. Further experiments extending this

observation period were done in order to achieve a protocol to lower this later

appearing contamination.
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Introduction

Though initially, disinfection with sodium hypochlorite at 6% for 15 minutes

may seem successful, around one month after germination or after transfer to fresh

medium, a later appearing contamination could be seen in around 90% of the cases.

This was not initially considered and became a mayor issue in in vitro growing of

seeds. Complementary disinfection methods had to be tested in order to overcome

this later contamination.

Materials and methods

The effect of Benzalkonium at 1% w/v of active ingredient for 15 minutes and

the effect of Benomyl at 0.5% w/v of active ingredient for 20 minutes (modified

from Hodson de Jaramillo et aI., 2008), performed prior to the disinfection with

sodium hypochlorite were studied.

Also, the effect of double disinfection was tested by disinfecting with sodium

hypochlorite at 6% w/v of active ingredient for 15 minutes, soaking in sterile

distilled water for 24 hours, followed by a second disinfection with NaCIO at 3%

for 15 minutes (modified from Padilla and Encina, 2003).

For each treatment, 25 seeds were used and 3 repetitions were made. Seeds

were initiated in test tubes with 10 mL of full strength MS basal medium

supplemented with vitamins and 3% sucrose. Solidifying agent used was agar at

concentration of 0.7%. Medium pH was adjusted to 5.8 prior to addition of gelling

agent. Autoclaving wasperformed at 121DC for 15 minutes.

In vitro growth chamber conditions were 25DC and 24 hour photoperiod under a

light strength of 2000 lux.

Contamination and germination was measured 6 weeks after initiation. Seeds

that gave origin to abnormal plantlets were not considered as germinated.
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Results and discussion

Contamination levels were lowest when Benomyl was used (modified protocol

from Hodson de Jaramillo et al., 2008). Although Benzalkonium reduced

contamination, this reduction was not statistically significant. Also no significant

effect on germination levels was observed.

Double disinfection also had a significant effect in reducing contamination.

Double disinfection not only reduced contamination, but also increased

germination rate (Table 6).

Best disinfection protocol is as follows:

Dipping in Ethanol (70%) for 5 seconds; Benomyl 0.5% for 20 minutes; NaCIO

6% for 15 minutes; Soaking in sterile distilled water for 24 hours; NaCIO 3% for

15 minutes, with rinses with sterile distilled water after every disinfection.
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Introduction

Germination rate is usually diminished when disinfection protocols are applied

because plant material is also affected by this disinfection treatment. The effect of

disinfection will be tested by comparing germination of disinfected and non

disinfected seeds, and this cannot be done under in vitro conditions. Germination in

a medium providing less osmotic stress may increase germination (Song et al.,

2008), so it was also tested in with the aim to increase the near 60% germination

obtained in the previous experiment.

Materials and methods

Seeds were germinated in Agar water medium or MS medium supplemented

with vitamins and 3% sucrose. Parallel to this, seeds were initiated in soil under

greenhouse conditions. Seeds sown in soil were divided into two groups,

disinfected or non-disinfected in order to see the direct effect of disinfection

protocol on germination capability. Seed disinfection was performed by dipping in

Ethanol (70%) for 5 seconds; Benomyl 0.5% for 20 minutes; NaCIO 6% for 15

minutes; Soaking in sterile distilled water for 24 hours; NaCIO 3% for 15 minutes,

with rinses with sterile distilled water after every disinfection. For each treatment,

25 seeds were used and 3 repetitions were made. Seeds were initiated in individual

containers with 10 mL of medium for in vitro experiments, and 5 seeds per 100mL

pots with Akadama soil for greenhouse germination. Germination was measured 6

weeks after initiation. Contaminated seedlings or seeds that gave origin to

abnormal plantlets were not considered as germinated.
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Result and discussion

Seeds germinated in agar water medium had the highest germination rate (fig.

14), but plantlets germinated in this medium, when transferred,were incapable of

adapting to MS medium with sucrose concentration levels of 3% or more.

Moreover, contamination on agar water medium could only be determined once

transfer was done, making the process inefficient, so MS medium with 3% sucrose

was selected as germination medium.

MS medium with 3% sucrose could also be acting as a selection method (Song

et al., 2008), allowing only vigorous seeds to germinate, so plain medium would be

recommended only if seed quantity is limiting.

Seeds germinated on soil represent germination where the effect of in vitro

conditions is avoided.. Here it is also possible to see that disinfection itself had no

adverse effect on germination (fig. 15). Though the difference is not significant,

slightly higher germination could be seen after seed disinfection was done,

probably due to testa chemical scarification during this process (Msanga and

Maghembe, 1998).
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Introduction

Some species are sensitive to light when it comes to germination. Depending on

the specie, seed may be promoted or reduced (Huanga et al., 2003; Jager et a!.,

1996).

Yanez et al. (2005) mention pH of 6.5 to 6.7 in natural habitat for Zephyra

elegans. Analysis of soilsampled during collection ofZephyra elegans in the same

region (Huasco), showed pH of 8.86 (table 3). Although it is not part of this study

to compare such differences and discuss the different results, higher germination

medium pH seems an interesting factor to be tested in order to increase

germination ofnear 60% obtained in previous experiments.

Materials and methods

In the present research, a medium pH similar to this specie's natural growing

conditions and pH 6.7 (Yanez et al., 2005) was chosen in order to be tested for in

vitro germination. Effect of light intensity was also tested on in vitro germination

ofZephyra elegans.

Seed germination was performed in MS medium with pH adjusted to 5.7 or 6.7

before agar addition; and light conditions were adjusted to dark, 2000 lux or 9500

lux.

Seed disinfection was performed by dipping in Ethanol (70%) for 5 seconds;

Benomyl 0.5% for 20 minutes; NaCIO 6% for 15 minutes; Soaking in sterile

distilled water for 24 hours; NaCIO 3% for 15 minutes, with rinses with sterile

distilled water after every disinfection. In each of the treatments, 25 seeds were

sown and 5 repetitions were made. Germination was recorded every 2 weeks for 10

weeks. Contaminated seedlings or seeds that gave origin to non viable seedlings

were not considered as germinated.
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Results and discussion

Highest germinationrate was observed with conditions of 9500 lux and medium

pH adjusted to 6.7 (figure 16). Light intensity had a significant effect on

germination, with 9500 lux condition having over 90% germination for both pH

conditions, 2000 lux slightly over 50% and dark conditions under 40% germination

at the end of the 10 week evaluation period. Light intensity also had a.significant

effect on faster and more uniform germination. Maximum germination is reached

between 4 to 6 weeks for 9500 lux, between 6 to 10 weeks for 2000 lux and

maximum germination was not reached for seeds germinating under dark condition

during the 10 week study. As light intensity gets stronger, pH has less effect on

germination, with significant effect of pH on final germination rates only for dark

conditions. At 9500 lux, higher pH has a significant effect on germination only

during the second week after sowing (Figure 16).

By increasing light intensity and adjusting to higher pH, germination in MS

medium can be increased from around 55% to nearly 95%.

35



Chapter 3

Production of flowering conn via in vitro culture of seeds

Experiment 5

Determination of sucrose range adequate for enhanced conn growth

36



Introduction

Corm weight has been reported as influencing flowering capability. Corms

under 0.3 g will not flower (Kim et al., 1998; Yanez et al., 2005) and corms of 0.8

g or more are required for commercial flowering capability in corms (Kim et al.,

1998; Yanez et al., 2005).

Enhanced corm weight gain of plantlets is the main objective of this chapter.

This experiment aims to determine adequate range of sucrose concentration in MS

medium in order to promote faster corm weight gain when compared to greenhouse

conditions. Future experiments will be performed in order to determine specific

concentration.

Materials and methods

After seed germination, uniform 8 week old. seedlings obtained in the previous

experiment were selected as plant material for this experiment. Seeds were initiated

in MS medium supplemented with 3% sucrose and 8 weeks later transferred to MS

basal medium with vitamins, supplemented with 0, 3, 6, 9 and 12% sucrose.

Seedlings were cultivated for 16 weeks in individual containers with 20 mL of this

medium. One transfer to fresh medium with the same corresponding sucrose

concentration was made after 8 weeks. In vitro growing conditions were 25°C with

a 24 hour photoperiod at 2000 lux.

Seeds were also sown in akadama commercial soil under greenhouse conditions.

Greenhouse experiments were performed in Niigata University campus non heated

greenhouse facilities (37°52'12"N, 138°56'38"E). Size of used pots was 25 x 25 x

30 em. Eighteen seedlings (or seeds for the greenhouse experiments) per treatment

were used and 3 repetitions were made. Corm weight was measured 24 weeks after

seeds were sown.
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Results and discussion

Seedlings cultivated in MS medium with sucrose concentrations of 60 and 90

g·L-1 sucrose concentration medium showed highest corm weight gain after the 16

weeks (figure 17). Corm weight gain was significantly higher than under

greenhouse conditions. Seedlings growing in medium with no sucrose

experimented lowest growth probably from lack of nutrients. Early entrance into

dormancy could be observed in those growing in 12% sucrose concentration

medium. Shortening of the growing period is probably affecting corm growth

negatively. Optimal sucrose concentration for stimulating corm growth was 6%,

though there was no statistical difference with 9% concentration (fig. 17). At the

end of this period no growth could be observed in corms, so it was assumed that

corms became dormant.

When corms were transferred to greenhouse conditions, corm sprout rate

(survival) was higher for corms that were cultured in these same mediums (fig. 18).

From figure 19, it can be deduced that the higher sprout rate is may be due to

higher corm weight achieved in these mediums.

Concentrations around the range of 6 and 9 % sucrose are to be tested in a more

detailed experiment in order to determine the best sucrose concentration that must

be supplied with MS medium in order to have the highest corm weight gain.
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Introduction

Conn weight has been reported as influencing flowering capability, and this has

been the main objective of the experiments in this chapter. Conus under 0.3 g will

not flower (Kim et al., 1998; Yanez et al., 2005) and corms of 0.8 g are required

for commercial flowering capability(Kim et a!., 1998; Yanez et al., 2005).

In the previous experiment it was determined that concentrations. around of

sucrose around 6 and 9% supplemented to MS medium are adequate for corm

weight gain ofZ. elegans. In this experiment the aim is to attain a more

precise sucrose concentration, optimal for in vitro accelerated corm weight gain.

As pH more similar to natural growing conditions had a significant effect on

germination on the previous experiment, the effect of pH also was tested on in

vitro corm growth.

Materials and methods

Eight week old seedlings were selected as plant material for this experiment.

Seeds were germinated in MS medium supplemented with 30 g·L-1 sucrose and 8

weeks later, seedlings were transferred to MS medium supplemented with 45, 60,

75, 90 or 105 geL-1 sucrose in two groups of pH 5.7 or 6.7. Then seeds were

cultured in this medium for 16 weeks, with one transfer to fresh medium at the 8th

week. Individual test tubes (2.5 em diameter by 12 em height) with 20 mL were

used. Parallel to the in vitro experiments, seeds were also sown under greenhouse

conditions.

Fifteen seedlings per treatment were used and 5 repetitions were made. Corm

weight was recorded 24 weeks after seeds were initially sown.

The medium showing highest corm weight gain was selected and supplemented

with ABA concentrations ofO, 0.01, 0.1, 1 or 10 mg-L", to study its effect on conn
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growth. The rest of culture conditions and data recording was with the same

method as in the previous experiment.

Results and discussion

Seedlings cultivated in 75 g_L-1 sucrose concentration pH 6.7 medium showed

highest corm weight gain (fig. 20).

For 5.7 pH conditions, 60 and 75 g_L-1 sucrose concentrations had the highest

conn weight gains. For pH 6.7, corm weight gain in medium with 75 geL-1 sucrose

was significantly higher than in 60 g_L-1 sucrose. For all sucrose concentrations,

except in 105 g. L-1 sucrose concentration, pH increase form 5.7 to 6.7 had a

significant effect on increasing corm weight gain (fig. 20). Early entrance into

dormancy was observed in plants growing in 105 g_L-1 sucrose medium. High

sucrose concentration could be affecting corm weight by shortening the growth

period by promoting ABA senescence pathways (Finkelstein and Gibson, 2001).

MS medium with 75 g_L-1 sucrose and pH 6.7 was selected for ABA

concentration testing. ABA has been described as stimulate reserve structure

growth by promoting reserve polysaccharide pathways (Sharma et aI., 2004;

Finkelstein and Gibson, 2001), but no boost effect of ABA on corm weight gain

could be observed (fig. 21). It was noticed that as ABA concentrationincreased,

plantlets entered into earlier dormancy and corm growth was decreased. Instead of

the desired effect of promoting reserve structure growth, ABA acted as dormancy

inducing agent (Finkelstein and Gibson, 2001). Medium concentrations of ABA

between 0 and 0.01 mg-I>l have to be studied in order to fmd an adequate dose

that stimulates reserve organ growth but does not accelerate senescence and early

entrance into dormancy. At the end of the observation period no growth could be

observed, so it was assumed that plants became dormant.
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Introduction

The main objective of the experiments in this chapter was to obtain a flowering

corm ina reduced amount of time when compared to time needed under

greenhouse conditions. Part of this objective consists on achieving corms that have

the highest weight possible, as corms with higher weight have higher flowering

capability (Yanez et al., 2005; Kim et al., 1998). As already corms that have higher

weight gains than their greenhouse counterparts has been achieved, now these in

vitro grown corms have to be tested under greenhouse conditions for their

flowering capability. A first step to this is to acclimate and be able to transfer these

corms from in vitro conditions to greenhouse conditions.

Materials and methods

After the corm weight gain trial, plantlets became dormant corms. Dormancy

period has been recommended as the appropriate moment for bringing out

geophytes from their in vitro conditions (Dantu and Bhojwani, 1995). Newly

fanned corms were taken out from the culture medium during their dormant stage.

Corms were washed with tap water until medium remains were removed. A

dormancy break treatment was done at 25°C for 22 weeks (Yanez et al. 2005; Kim

et al., 1998; Kim et al., 1996). After breaking dormancy, corms were planted in

individual pots and grown under greenhouse conditions. Watering was done when

soil surface got dry. Fifteen corms per treatment were used and 5 repetitions were

made. Survival rate was recorded 2 months after planting by counting corms that

sprouted.
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Results and discussion

Corms sprouted within 2 months after planting. Corms that did not sprout after

this period, decayed or desiccated in soil towards the end of the growing season.

Sprout rate was significantly higher in corms generated in pH 6.7 MS basal

medium, supplemented with 60, 75 and 90 g-L'isucrose (fig. 22). Higher sprout

rates may be due to higher corm weights seen on corms grown under 60,. 75 and 90

goL-1 medium sucrose concentrations, and not solely to the composition of the

growing medium. In order to isolate the effect of medium source, corms were

grouped according to weight at planting, independent of their in vitro origin in

figure 23.

Corms under 0.12g did not survive acclimatization and did not sprout, while all

corms over 0.3g had sprouting capability (fig. 23). Sprout rate increased as corm

weight at planting increased. No flowering could be seen in these 1 year old plants,

even though according to corm weight at planting, corms over 0.3 g would

potentially have flowering capability (Yanez et al., 2005; Kim et al., 1998).

The fact that no flowering was observed in 1 year old plants with corms over

0.3g, potentially having flowering capability (Yanez et a!., 2005; Kim et al., 1998),

could mean that corm weight is not the only cause influencing flowering.

Development of the plant could also be involved (Ishimori et al., 2007). Further

studies are necessary to clarify this aspect.
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Introduction

The fact that no flowering was seen in the first season on greenhouse cultivation,

even though corms would have flowering potential according to their weight over

0.3 g (Yanez et al., 2005; Kim et al., 1998) may indicate that there are other factors

influencing flowering as well. Factors like plant maturity and phase transition

could be the cause (Ishimori et al., 2005).

Materials and methods

After the first growing season, corms that survived were collected and

submitted to 25°C for 22 weeks to break dormancy. Subsequently corms were

planted again in individual pots and grown under greenhouse conditions to test

flowering capability on the following growing season. Number of flowering plants

was recorded three months after sprouting.

Results and discussion

In the second growing season, highest flowering frequency was observed in

plants that had been grown in pH 6.7 MS medium supplemented with 75 goL-1

during their in vitro stage, with significant difference when compared to their pH

5.7 counterpart. For plants growing under 45 and 105 g-L" sucrose, no flowering

could be observed when pH 5.7 medium was used, but plants growing under 6.7

pH, flowering could be observed in some cases (fig. 24). No flowering was

observed in plants germinated and grown only in soil under greenhouse conditions.

All corms over 0.4 g after the in vitro stage, gave origin to flowering corms of over
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O.8g after the first year of culture under greenhouse conditions and flowered in the

second season (fig 25).

'Flowering plants had seeding capability. No difference could be observed

between flowers generated from corms obtained during this experiment and

flowers from corms obtained from natural environment collection, indicating that

in vitro culture itself had no effect on plant morphology (fig. 26). Decreasing time

from seed to flowering plant is an interesting aid to genetic improvement programs

as well as massive propagation method for producers.
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Conclusion

Germination in MS medium at full strength decreases germination rate as

compared to germination in agar-water medium, but this can be overcome by

increasing light intensity and pH of the medium.

Even flowering could not be achieved in the first year, time from seed to

flowering plant was reduced when compared to greenhouse cultivation only. In

vitro enhanced conn weight gain is an interesting process for achieving

commercially flowering corms of over 0.8 g from seeds in 2 growing seasons.

By using this technique, desired phenotypes like deep blue flowers (Bridgen et

al., 2002; Kim andOhkawa, 2001), could be selected in a reduced period of time.

When seeds are germinated and grown only under greenhouse conditions,

flowering corms are still not obtained even after 4 years of cultivation in Niigata

University greenhouses.
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Introduction

Vegetative propagation or asexual propagation results in progeny that are

identical to their single parent. The main difference with sexual propagation, where

the genetic qualities of the plant originated from seed are visually unknown until

maturity and flowering is reached (Raven et al., 2003). Vegetative reproduction

allows the exact replication of individuals with desirable characteristics, in

Zephyra elegans being blue flowers and plant height (Kim et a!., 1998; Kim and

Ohkawa, 1997; Kim et al., 1997).

Zhephyra elegans has shown incapability to satisfactory reproduce asexually.

Natural vegetative propagation is low and only 1 corm divided into 2 during the

first year where in a preliminary study involving 148 plants grown in pots. Induced

artificial vegetative propagation under greenhouse conditions, like corm division,

has shown that the corm produces a gel substance (fig. 27) and decays, not

allowing traditional multiplication by reserve organ division.

In vitro techniques are tested in the search of a protocol that allows vegetative

propagation ofZephyra elegans.
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Introduction

Different plant organs have different responses to in vitro hormone

concentrations with the objective of vegetative propagation. Different responses

mayor may not allow vegetative propagation. Development stage also may

influence this response (Niimi and Onozawa, 1979).

Responsiveness of different organs at different development stages will be

tested, but corms will not be used in order to conserve the mother plant. This

would be interesting in order to not affect natural populations during collection of

individuals from nature. If corm is not collected it would not affect natural

population.

Materials and Methods

Flower bud, upper leaf, lower leaf, upper internode, lower internode and node

were collected from adult plants grown under greenhouse conditions were used as

explants. Time of collection was as soon as stem emerged from the leaves and was

visible for early stage (fig. 28), or as soon as flower color could be determined by

sight for late stage (fig. 29). Advantage of late stage would be to be able to know

flower color at time of collection, but early stages ofplant development may show

better response to vegetative propagation (Niimi and Onozawa, 1979).

Explants were initiated in MS medium complemented with 1 mg-L" NAA and

0.1 mg-L" BA in MS basal medium supplemented with vitamins and 30 g·L-1

sucrose, as these concentrations were recommended for other geophytes (Niimi,

1986; Niimi and Onozawa, 1979). Growing conditions were 25°C under dark

conditions. For each repetition, 6 plants were divided into flower, upper leaf, lower

leaf, upper internode, lower internode and node, in both early and advanced stage,

and 3 repetitions were made. Data of responsive tissue was collected at 8th week
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after initiation. Tissue responsiveness was considered when tissue swelling (fig.

30) occurred.

Results and discussion

Significantly higher tissue responsiveness in the form of tissue swelling (fig.

30) or callus formation (fig. 31). was observed in lower internodes obtained from

plants at early stage (table 7). Though significantly lower, some response was also

present in flower buds, lower leafs, upper internodes and nodes collected at early

stage. ill explants collected at late stage, tissue responsiveness was observed only

in lower internodes.

In Lilium species, with 1 mg-L" NAA and 0.1 mg-L" BA vegetative

multiplication is possible (Niimi, 1986; Niimi and Onozawa, 1979), but in Z.

elegans vegetative multiplication could not be achieved under such conditions.

Lower internode collected at early stage was the most responsive explant, and will

be used in future experiments with different hormone concentrations in order. to

achieve vegetative propagation. When reactive lower internodes were transferred

to fresh medium with the same hormone concentration, after 16 weeks, callus

formation occurred on 17% of the cases.
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Introduction

As lower internodes collected at early stage showed highest responsiveness, it

was selected as plant material and tested under different hormone concentrations in

order to observe responses that would facilitate vegetative propagation. From

cultivating in the same culture medium it was noticed that callus formation

occurred.

Materials and methods

Callus formed from lower internodes collected at early stage from adult plants

grown under greenhouse conditions were used as plant material for this experiment

(fig. 31). Six callus clusters from 0.5 to 0.8 em diameter were used for every

hormone concentration treatment and 3 repetitions were made. A transfer to fresh

medium was done every 8 weeks.

Hormone concentrations tested for sprout induction in callus were combinations

of NAA 0, 0.1 or 1 mg-L", and BA 0, 0.1 or 1 mg-L" in MS basal medium

supplemented with vitamins and 30 g·L-1 sucrose. Growing conditions were 25°C

with 24h photoperiod at 2000 lux. Sprout induction was measured after 16 weeks.

Results and discussion

Sprout induction was only observed in callus grown in medium supplemented

with BA 1 mg-L'iand NAA 0.1 mg-L", and sprout induction rate was significantly

higher at 11%. Once sprouts were induced in a callus, 2 to 5 sprouts can be

collected during the 12 weeks period ofthis study (fig. 32).
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After this period the callus starts to grow but does not produce sprouts. Sprouts

that do not produce sprouts grow at twice to three times the rate of non sprout

producing callus clusters. After a period varying from 12 to 36 weeks the callus

turns brown and necrotic.
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Introduction

Sprouts that were formed in the previous experiment need to be rooted in order

to be able to later transfer to greenhouse conditions. Satisfactory rooting IS

necessary in order to successfully achieve vegetative propagation.

Materials and methods

Sprouts formed with the protocol determined in previous experiments were

transferred to MS basal medium supplemented with vitamins and 30 g·L-1 sucrose,

and hormone levels ofNAA 0,0.1 or 1 mg·L-t, and BA 0, 0.1 or 1 mg-L". Two to

3 sprouts were tested in each hormone concentration. Lack of number of sprouts

available did not allow statistical analysis with repetitions. Culture of sprouts was

done for 16 weeks.

Results and discussion

No rooting was observed in sprouts. In medium with no hormone, 2 of the

sprouts became slightly swollen at base after 4 weeks of culture (fig. 33). The

shape was similar corm formation, but later became necrotic anyway.

In future experiments, different sucrose concentrations and medium

concentrations could be tested. Though rooting or corm formation was

unsuccessful, MS medium with no hormone would seem the way to test future

protocols. Changing sucrose concentration or medium nutrient concentration

should be tested in further experiments for rooting of sprouts.
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Introduction

In previous experiments, BA concentrations of up to 0.1 mg-L" were tested and

callus formation was obtained when combined with NAA. Though higher

concentrations ofNAA are suggested in comparison to BA for multiplication and

.shoot induction (Niimi, 1986; Niimi and Onozawa, 1979), other authors suggest

higher BA concentration in comparison to NAA (Ulrich et al., 1999). In this

experiment concentration of 1 mg·L-1 BA will be tested in combinations ofN~ in

order to produce direct sprout induction.

Materials and methods

As lower internodes collected at early stage and internodes collected at early

stage showed the highest responsiveness in previous experiments, they were

selected as plant material to be tested under different hormone concentrations in

order to induce shoot formation. Hormone concentrations of 1 mg-L" BA with

NAA concentrations of 0, 0.1 or 1 mg-L" were tested in MS basal medium

supplemented with vitamins and 30 g·L-1 sucrose concentration. Growing

conditions were 25°C with 24h photoperiod at 2000 lux. Sprouting was measured

24 weeks after initiation.

Results and discussion

No sprouting could be observed after the 24 week growing period, after this

period, explants became necrotic. Some response was seen on medium

supplemented with BA 1 mg·L-1 and NAA 0.1 mg·L-1 on both lower internodes

collected at early stage and nodes collected at early stage (fig. 34) but explants
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finally became necrotic without producing any sprout. When the medium was

supplemented with 1 mg·L-1 BA and 1 mg'L-1 NAA callus formation was observed

in one observation, but no sprouting occurred.

Plant material tested was not satisfactory for vegetative multiplication, so corms

or roots (Zhou et al., 2010; Ebrahim, 2004; Kantharajah et al., 1992; Sim et al.,

1989) would be a source ofplant material for vegetative propagation.
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Introduction

Aerial explants had been tested but propagation had been unsuccessful. In order

to achieve vegetative propagation, corm and root tips were used as explants. The

inconvenience for this is that the mother plant is not conserved. The first step for in

vitro culture is to achieve satisfactory disinfection. without damaging the plant

material.

Materials and methods

Dormancy break has shown to be necessary for corms to sprout under

greenhouse conditions (Yanez et al., 2005), so in order to avoid the effect of

dormancy, corms used for this experiment would be subject to dormancy break

treatment (25°C for 24 weeks) before initiation.

Corms of Zephyra elegans between 0.8 and 1.2 g were selected for this

experiment. Corm tunic was carefully removed (fig. 35) with extreme care in order

not to damage the apical bud (fig. 36). For disinfection, corms were immersed in

sodium hypochlorite at 0.5 or 1% w/v of active ingredient for 15 minutes. After the

disinfection treatment, corms were used as a whole or divided in 2 at the equator,

leaving an upper half and a lower half (fig.37), which were initiated in individual

containers. Each corm or corm section was initiated in MS basal medium with

vitamins and 30 g/L sucrose. For each treatment, 6 corms or corm halves were used

and 3 repetitions were made. Contamination and sprout rate were recorded 8 weeks

after initiation.
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Results and discussion

With sodium hypochlorite at 0.5% it· was unable to achieve satisfactory

disinfection. All plant material disinfected with 0.5% sodium hypochlorite was

contaminated after 8 weeks if incubation so it was not considered as part of the

statistical analysis. Contamination was lowest when sodium hypochlorite was used

at 1% concentration and only upper half of the corm was used. When ~he whole

corm was used, contamination was as high as when lower half was used (table 8).

Highest sprout rate was also observed when upper half only was used. When the

whole conn was used, contamination seemed to decrease sprout capability.
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Intorduction

Mother plant is not conserved when corms are used as explants, so it was

avoided until now. But as in previous experiments it was not possible to achieve

vegetative propagation using other type of explants, corms and root tips will be

used as plant material for vegetative propagation. As in corms, buds are located in

the conn, it is recommended as plant material for species that have this kind of

organ, like gladiolus (Shina and Roy, 2002; Bajaj et al., 1983). Root tip has also

been suggested as plant material for vegetative propagation (Ebrahim, 2004;

Kantharajah et al., 1992) so they will be used as plant material for this experiment.

Materials and methods

As with the previous experiment, in order to avoid the effect of dormancy,

corms were subject to dormancy break treatment (25°C for 24 weeks) before

initiation.

Corms of Zephyra elegans between 0.8 and 1.2 g were selected for this

experiment. For disinfection, corms were immersed in sodium hypochlorite at 1%

w/v of active ingredient for 15 minutes. Corms were divided at the equator, leaving

an upper half and a lower half (fig.37), that were initiated in different containers.

Upper corms were initiated in MS basal medium with vitamins and 30 g'L-1

sucrose, supplemented with BA 1 mg·L-1 and NAA 0, 0.1 or 1 mg-L" and cultured

for 16 weeks. Lower halves were initiated in MS basal medium with vitamins and

30 g'L-1 without hormones. After rooting occurred, roots were harvested when they

reached 2 em. Roots were collected till no more roots were generated or

contamination appeared. Collected roots were transferred to MS basal medium

with vitamins and 30 g'L-1 sucrose, supplemented with BA 1 mg'L- 1 and NAA 0,
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0.1 or 1 mg·L-1 and cultured for 16 weeks. For every treatment, 6 corm halves or

root tips were used and 3 repetitions were made.

Results and discussion

Multiple shoot induction (over 3 shoots per explant) was achieved in 22% ofthe

explants when upper halves were grown in MS basal medium with vitamins and 30

g·L-1 sucrose, supplemented with BA 1 mg-L" and NAA 0.1 mg-L" (fig. 39). At

later stages of culture period, callus formation was observed. NAA was necessary

in order to induce multiple shoots. Without NAA, a maximum of 3 shoots were

produced by any individual explant, corresponding to what seemed previously

existing buds (fig. 38). With NAA at 1 mg·L-1
, callus formation was observed and

could be the cause to low multiple shoot formation. Root tips were not responsive

so only observations including upper halves of corms were considered in the

statistical analysis.

Shoots were collected when they formed a small conn-like structure at the base

(fig. 39). Collected shoots were transferred to MS basal medium with vitamins and

30 giL sucrose, without hormones. Shoots rooted, developed a corm and became

dormant 10 to 16 weeks after the transfer to hormone free medium. Currently,

these corms are under dormancy break treatment.

Experiments combining in vitro enhanced corm weight used for seeds at the

beginning of this thesis may be interesting way to achieve necessary weight for

corms to be able to flower (Yanez et al, 2005). Acclimatization to greenhouse

conditions and flowering experiments are also needed in the future.
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General Discussion
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General discussion

In this work, in vitro techniques were a major tool in the aid of successfully

propagating Zephyra elegans. For seed propagation, germination in MS medium at

full strength decreases germination rate as compared to germination in agar-water

medium, but this can be overcome by increasing light intensity and pH of the

medium. If in vitro growing conditions are adjusted to be more similar to the ones

found in its natural habitat, germination and growth was higher, probably because

it caused less stress to the plant.

Even flowering could not be achieved in the first year, time from seed to

flowering plant was reduced when compared to greenhouse cultivation only. In

vitro enhanced corm weight gain is an interesting process for achieving

commercially flowering corms of over 0.8 g from seeds in 2 growing seasons.

By using this technique, desired phenotypes like deep blue flowers, could be

selected in a reduced period of time of 3 years. When seeds are germinated and

grown only under greenhouse conditions, flowering corms are still not obtained

even after 5 years of cultivation in Niigata University greenhouses.

Even though vegetative propagation using aerial explants (which would allow

conserving the mother corm) was not successful, it gave the guidelines for

achieving vegetative propagation using the corm as explant for vegetative

propagation. Only callus and sprouting stage was achieved, but vitrification

occurred. Here testing pH variations and light intensity could also be helpful in

order to solve these problems, as with seed experiments.

Using the only the upper half of the corm, contamination was reduced

significantly to levels that allowed initiation of this explant. Multiple shoot

induction was achieved when they were grown in MS basal medium with vitamins

and 30 giL sucrose, supplemented with BA 1 mg-L" andNAA 0.1 mg-L". The
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number of reactive corms was limited to around 30%, so further studies would

have to be made in this area in the future.

Combining enhanced corm weight gain results would also be interesting for fast

production of clonal specimens. Other area that would be interesting to research in

the future would be the effect ofpH in facilitating vegetative propagation protocols,

because of its significant effect on seed germination and enhanced corm weight

gain. Higher pH could mean increasing propagation rates and reactiveness to

propagation treatments. This could mean in achieving large number of flowering

clonal plants in a reduced period of time. Research is needed in order to determine

whether vegetative propagation originated corms weighing over 0.3 g would have

flowering capability and corms over 0.8 g would have commercial flowering

capability. If this is reached in the second year it would mean that inability to

flower in the first year of greenhouse cultivation after the in vitro cultivation of

seeds could be due to young phase to adult phase transition.
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Table 1. Sprouting and flowering ofZephyra elegans growing under greenhouse

conditions in Niigata University greenhouses.

Planting season Sprouting (%) Flowering (%)

September 91.7± 8.3 a1 75.0±I3.0 a

November 100.0± 0.0 a 9I.7± 8.3 a

January 66.7±I4.2 b 4I.7±14.9 b

1 Values associated to the same letter in a same column were not statistically

different at trust level ofP<0.05. Values ± S.E.
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Table 2. Sprouting and flowering ofZephyra elegans in different soils under

greenhouse conditions.

Type of soil Sprouting (%) Flowering (%)

Akadama 100.O± 0.0 a l 100.0± 0.0 a

Perlite 100.0± 0.0 a 91.7± 8.3a

Sandy soil 58.3±14.9 b 50.0±15.1 b

1 Values associated to the same letter in a same column were not statistically

different at trust level ofp<0.05. Values ± S.E.
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Table 3. Soil analysis results of soil sampled in Playa Brava, Huasco, Chile, in

growth habitat ofZephyra ekegans.

pH in water 8,86

Organic mater (%) 0,50

Suspension salinity (mmhos/cm) 0,36

Extract salinity (mmhos/cm) 2,36

Available N (ppm) 3,00

Available P (ppm) 20,00

Available K (ppm) 66,00

Available Cu (ppm) 1,22

Available Fe (ppm) 3,75

Available Mn (ppm) 1,89

Available Zn (ppm) 0,08

Available B (ppm) 0,71

Available S (ppm) 25,0
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Table 4. Germination and contamination levels when different concentrations of

NaGCI were used for disinfection for 15 minutes, measurements performed 3

weeks after initiation.

Concentration Contaminate Germinated Non Germination

ofNaOCI (%) d in the total' in the total" contaminated In non

(%) (%) germinated contaminated

in the total" only" (%)

(%)

1 43.0 ± 3.0 c l 18.0 ± 2.0 b 10.0 ± 2.3 b 17.4 ± 4.2 b

2 26.0±4.8 b 14.0 ± 2.6 b 11.0 ± 2.3 b 17.7 ± 5.2 b

4 19.0 ± 3.4 ab 28.0 ± 2.2 a 22.0 ± 2.8 a 27.9 ± 4.2 a

6 12.0 ± 2.7 a 30.0 ± 3.4 a 25.0 ± 3.2 a 28.9 ± 3.7 a

1 Values associated to the same letter in a same column were not statistically

different at trust level ofp<O.05. Values ± S.B.

2 Values represent total contamination seen.

3 Values represent germination, regardless of contamination.

4 Germination accounted for, only ifno contamination was seen (usable seedlings).

5 Values represent germination only in the non contaminated universe.
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Table 5. Contamination and germination levels when NaGCI at 6% was used at

different disinfection time lengths, 3 weeks after initiation.

Time of Contaminated Germinated Non Germination

NaGCI in the total' in the total" contaminated In non

disinfection (%) (%) germinated in contaminated

(minutes) the total" (%) only' (%)

15 16.0 ± 2.8 b i 32.0 ± 4.0 a 28.0 ± 3.7 a 32.0 ± 6.7 a

30 12.0 ± 3.0 b 27.0 ± 4.7 a 24.0 ± 4.3 a 28.5 ± 4.8 a

60 1.0±1.0a 11.0 ± 3.1 b 11.0 ± 3.1 b 11.0 ± 2.2 b

120 2.0 ± 1.4 a 4.0 ± 1.8 b 4.0± 1.8 b 4.0 ± 1.5 b

1 Values associated to the same letter in a same column were not statistically

different at trust level ofp<0.05. Values ± S.E.

2 Values represent total contamination seen.

3 Values represent germination, regardless of contamination.

4 Germination accounted for, only ifno contamination was seen (usable seedlings).

5 Values represent germination only in the non contaminated universe.
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Table 6. Contamination and germination levels when NaDCI at 6% was used at

different disinfection time lengths, 3 weeks after initiation.

Non Germination in
Contaminated Germinated

Disinfection
in the total' in the total'

contaminated non

method germinated in contaminated
(%) (%)

the total' (%) only" (%)

NaDCI at 6% for
85.3 ± 2.1 c1 34.7 ± 6.0 b 5.3 ± 3.1 c 31.6 ± 16.2 b

15 minutes

Double
54.6 ± 1.3 b 72.0 ± 5.8 a 30.7 ± 5.4 b 66.7 ± 9.2 a

disinfection

Benzalkonium +

Double 41.3 ± 5.0 b 58.7 ± 6.3 a 37.3 ± 5.4 b 68.3 ± 9.4 a

disinfection

Benomyl +

Benzalkonium + 1.3±5.7a 62.7 ± 5.8 a 60.0 ± 5.5 a 62.0 ± 5.9 a

Double disinf.

Benomyl +

Double 4.0 ± 5.3 a 64.0 ± 5.6 a 61.3 ± 6.0 a 63.3 ± 5.8 a

disinfection

1Values associated to the same letter in a same column were not statistically

different at trust level ofp<0.05. Values ± S.B.

2 Values represent total contamination seen.

3 Values represent germination, regardless of contamination.

4 Germination accounted for, only ifno contamination was seen (usable seedlings).

5 Values represent germination only in the non contaminated universe.
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Table 7. Response of 6 different organs collected at 2 different development

stages, after 8 weeks of culture in MS medium supplemented with 1 mg-L" NAA

and 0.1 mg·L- 1 BA.

Organ response (%)

Organ

Flower bud

Upper leaf

Lower leaf

Upper Internode

Lower Internode

Node

Early stage

11.1 ± 7.6 bed'

0.0 ± 0.0 d

16.7 ± 9.0 be

5.6 ± 5.6 cd

38.9 ±11.8 a

22.2±10.1 b

Advanced stage

0.0 ± 0.0 d .

0.0 ± 0.0 d

0.0 ± 0.0 d

0.0 ± 0.0 d

11.1 ± 7.6 bed

0.0 ± 0.0 d

1 Values associated to the same letter in a same column were not statistically

different at trust level ofp<0.05. Values ± S.E.
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Table 8. Contamination and sprout rate when corms were used as plant material

for in vitro initiation in hormone free medium.

Whole corm

Contamination (%) 77.8 ± 10.1 b 1

Upper half of

corm

5.6 ± 5.6 a

Lower half of

corm

83.3 ± 9.0 b

Sprout (%) 16.7 ± 9.0 b 83.3 ± 9.0 a 0.0 ± 0.0 c

IValues associated to a same letter in a same row were not statistically different at
a trust level ofp<0.05. Values ± S.E.
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Summary

Zephyra elegans is endemic specie belonging to the Tecophilaceae family,

from the coastal desert in northern Chile. It has been described as a specie with

high potential as an ornamental crop. One of the steps in order to have this new

crop is the ability to commercially propagate this specie. This work focuses on

solving this problem by the propagation ofZephyra elegans via in vitro culture of

seeds and vegetal material. Greenhouse experiments suggest that Zephyra elegans

should be treated as a winter flowering specie under greenhouse conditions.

Under greenhouse conditions, commercial vegetative propagation of Zephyra

elegans is not possible due to low propagation rate. Propagation by seeds takes

time, and seeds will take more than 5 years in order to produce flowering comrs.

As a solution for these propagation problems, in vitro protocols were created.

There are very few works regarding propagation ofZephyra elegans.

Experiments were performed in order to establish a method to reduce time

from seed to flowering in Zephyra elegans. Nonetheless germination of seeds was

highest in water-agar medium, due to plant necrosis occurring when plants were

later transferred, MS medium, with a germination rate of 59%, was selected as the

medium for germination. Increasing light intensity from dark conditions to 2000

lux to 9500 lux had a significant effect on increasing germination. Only under

dark conditions increasing pH from 5.7 to 6.7 had a significant effect on

increasinggennination rate. With the objective of achieving the highest conn

weight gain, 8 weeks old seedlings were cultured for 16 weeks in MS mediums

with sucrose concentrations from 0 to 120 g_L-1 and pH 5.7 or 6.7. Maximum

weight gain was observed in MS medium with 75 g_L-1 sucrose and pH 6.7.

Corms were later transferred to pots and grown under greenhouse conditions.

Corms weighing under 0.12 g did not sprout, while all corms over O..3g sprouted.

All corms that were over 0.4 g at the end of the in vitro culture stage flowered in

the second year ofgreenhouse cultivation but those under 0.15 g did not flower.
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Vegetative propagation was initially tested on flower buds, leaves, internodes

and nodes. Ca1luswas achieved with lower internodes in MS medium with. 0.1

mg-L" BA and 1 mg-L" NAA. Sprouts were achieved when callus clusters were

later transferred to MS medium with I mg-L" BA and 0.1 mg-L" NAA, but no

survival was achieved, mainly due to vitrification. Vegetative propagation was

possible via multiple shoot formation only when upper halves of corms were

cultured for 16 weeks in MS basal semisolid medium with vitamins and 30 'g-L-1

sucrose, supplemented with 1 mg-L" BA and 0.1 mg-L". Rooting was achieved

when sprouts were transferred to hormone free MS medium.

Time required from seeds to corms with flowering capability was reduced to 3

years by the use of the in vitro protocol described in this work. This may be helpful

in genetic improvement programs as well as large scale propagation of

homogenetic lines. Though in vitro vegetative propagation protocol achieved in

this work does not allow for conservation of the mother plant, it may be useful in

commercial production and conservation of genetic material. Future experiments

are needed in order to perform acclimation and greenhouse flowering stages for

vegetative propagation generated plantlets, as with plantlets from seed experiments.

Mass vegetative propagation was achieved for the first time in Zephyra elegans.
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Zephyrs e1egans ~j:, T!J ~t tm~ J¥ if} 11 \ 0) ~ t-i :L1B~ ~~ § 1::: T {)

Tecophilaceae fff;J(1!;ft[tjW(J)-f!-e (b ~, __;ft[!tflJ ~ 1-,-C~1I \M1£a~f~

fljm{fffifOO: 7J~ (b {). z. e1egans ~1E~ 1iI ~;ft[!tflJ ~ 1-, -CfrjmT Q tc6l) ~;: ~d: ,

5ro$J¥J t~~~ ~ *JttttttVlfO)1t{[ft IO~ /f=l=iJJ( -c' (b {) . L 7J~ L, § 1:.i11!-c'q) fiX:

*t'i~~~{*~;:*~ <t£ti ~ n., ~&p;f3~ h~ JtJI~ 1-, -CF7¥.J1ET Q ~ ~~,

AI*X:f:#~{tf:T-c' t fj-=f~~iJ:\ b F7¥.J1t~ --c'im1it 5 &P~J:iJ:\iJ:\{) t: 6l), ~

~~*X:f:.g.~;: MT Q 1iJf~ 7J~# 1it ~;:P ft V-. ~n~ --c' , Z. e1egans 0) f;J<tB:

O)f*fiJXtr1iBl ~ F7¥.J1E~;:":) v\-CO)1iJF~*lf*7J~~T~i!r ~n -Cv \ {) 7J~, 1Im~;:

MJT{)1iJF~~'i~l ~ Jv ~1Tbt1-Cv \ftv \ . .rc ~ --c', *1iJF~td: Z. e1egans

~;:iO~t Q~j]$a<jtt:fi9ittt1;Jq:0)1t{[ft~f§ a"J ~ 1-, -C, in vitro -c'O)m-=f~

Jt~ J:: tJ*l€~M~;: ":) 11 \ -C1i3f~~1T0 tr...

In vitro --c'O)ft-=f~M~;:MJ1-,-Ct'i, CDJ6~:f:.g.i11!~~M1-,tc*E*,*
Ji(:hifftf!-c' 0)fj-=f~~¥IO~~ iJ:\0 t: 7J~ , MS :f:#:l1B~;:~~ L tr..1~ , ~1:::0)56

1f~j:f~lf: ~tr... -jj, MS :f:.g.:L1B-e~d:, ~W¥iJ~ 59%-c'l!b0 tr..IJ~, ~~Jd:f;J(

fl~~JJX~tr... ®f!-=fJ6~~~&~tT1t§?k{* (Pt~, 2000 lux, 9500

lux) jOJ:V pH (5.7,6. 7) O)~~~~M1-,tr..*ti*, 9500 lux 0)7t~{*

--c'f'ifl-=f56~¥tJ~ 97% --c'Jlkt ~iJ:\0 tz. ~ tc, pH 6. 7 --c'~j:;e~7J~~ 2

~FL~m~{JE:jjg ~ntr... @f;J<f!O)~i¥~;:hzJtTV 9 _tl~ (0---120 g/L)

jQ J:tJ pH (5. 7, 6. 7) (7)~~~~M ~tr..~*, 75 giL V 9 _ ~ pH 6. 7

(J)~{*7J~ftfHO)~i¥~;:Jllt _1-, -Cv\tr... q)f;J(flO):m ~ tJ~JI1fi1~~O)m.w~

~;:~e~lkt~f~tr... 0.12 g YTo)fj(1!~j:JtJIW~t~7J~"0tr..IO~, 0.3 g fAJ:

(J)fjt1H~d:~I~~'T~-cJtJIW 1-, te. JI~1~~ 2 ip f§ ~;:OO1E7J~1t{[~ ~ ntr... In

vitro '"t:O)fj(flO):m ~ ~d:001t$~;: t~~ 1-" O. 15 g ~TO)~ttt~d:001E 1-,

ft7J~"0 tr..7J~, 0.4 g ~J:O) t O)~d:T~-COO1E 1-,tr...
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*Jl_tffj€ ~~ J: .:0*~~7IR ~~:to v'\ -c fj:, CD1t1f, _ J1, 1m rFf' :toJ: tJ1m tj:.

l:'~~1*{?, 0.1 mg/L BA :to J: tJ 1 mg/L NAA {?~tp MS :f;g.:i1E~~tii* L

-c:f:-&~ Ltc. j} IV A 7r~Tms(J)1mrFf'~~1*7J~ G~~~ ntc. %px: ~ntetJ

IvA {? 1 mg/L BA:to J: tJ o. 1 mg/L NAA ~~tp MS :f:-&:f.1B~~f$~ L t: ~ ~ 0,

j/~(J)V::L--~7J~~pjG~ntc. Lzi-L, -tnG(J)V::L'- ~fj:jJ7A{r:~

m~ tt. ~, Pt:l1th:5E~ Ltt.7J~0 r: ®3¥{?{t~ttept:~O)J:(1)~~~1

mg/L BA :to J: tJ o. 1 mg/L NAA ~~tp MS :f:-&:1.1fre:f:-&~ Lte~*, ~1W:{*7J~

Gfi~o)V::L-- ~iJ~~~~ntc. ~ G~~, ~nGO)V;:1..'- ~7J~G/J"ft:tH:

iJ~~pjG ~n., -tn G(J) IJ"**{?1W:tt?<JpjG*~Jij1m ~j{~~tJo (J) MS :f:-&:l1H~~~

1W:Ltc~ ~6, fH(J)~PX:iJ~_~~ntc.

*{iJf~(J)*5*J: V, in vitro -e(J)1I-=f:l::g.~~t.J: 0 Z. elegans 0):fJ1<tH:

1::~iJ~PJ'ID3-e&JQ ~ ~ iJ~~ G7J~c!::: tj:'0tc. ~tc, lI-=f~~7J~GOO1E~-e

~~~TQAArFf'iJ~ 3 ~rFf,~~mm~tLtc. -jj, 1mrFf'~ft:;fj~1W:{*7J~GV;:1..

-- r-7J~~~ ~ rt., IJ"ft:~~%pjG L t: ~ ~ 7J~ G, *J3.)fi&:f:-&~ ~~ J: Q Z.

elegans (J)*~~M(1)PJmgJt1:iJ~~~nte. ~nGO)~*~j:, z elegans

(J)!W7IR~~~TQ~Lv '\%J~~tf{;f~L, ~j]¥a~tj:.~MttU-J(1)fijL)lJ~~ft0

bO)-elb:S c!:::~;tGnQ.
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Abbreviations

ABA: Abscisic acid

NAA: 1-naphtaleneacetic acid

MS: Murashige and Skoog (1962) (growth medium)

BA: 6-benzylaminopurine

NaCIO: Sodium hypochlorite

131


