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Chapter 1

General Introduction



General Introduction

Background of this 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 (Schiappacasse et
al., 2003; Bridgen et al., 2002; Bridgen, 2001; Kim and Ohkawa, 1997).

Chile 1s 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 “B] 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
“Desterto 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
Leén), 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 (Muifioz, 1985). Distribution
locations of Zephyra elegans are described in figure 1. In 2001, Ehrhart proposes Z.



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, Madagascaf and California (Simpson and Rudall, 19938).

In Chile generas Conanthera, Tecophilaea and Zephyra exist and are endemic
(Mufioz 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 (Compafiia Minera del Pacifico, 28°28°48”S, 71°14°50”W) and a
thermoelectrical power plant (Termoeléctrica Guacolda, 28°27°54”S, 71°15°23”W)
can be seen generating a cloud of contaminating particles originated from its
éhimneys (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 of genetic material should be done as soon as possible.



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 of Zephyra 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 al, 1999; Kim et al, 1997). In nature, if “El Nifio”
phenomenon does not occur, rain quantity will not be enough and plants will not
sprout even thermal requirements were previously fulfilled (Kim ez 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 cm deep will generate contractile roots,
which deepen the corm to around 10 cm (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.,



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 of the present study and outline of this 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 corm 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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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 al., 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 als‘o 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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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 of Huasco,
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 ef al., 1998; Kim and Ohkawa, 1997; Kim et al.,, 1997) served as 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 of Zephyra 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. Corms collected from nature were exposed to 25°C for 24 weeks
in order to break dormancy (Yanez, et al., 2005).

Corms were planted in the middle of September, November and January. Soil
selected for these experiments was Akadama commercial soil in individual pots 25
cm diameter by 30 cm deep. Corms were planted 5 cm deep.

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

rate and flowering rate were recorded.



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).

10
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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 cm 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 of the surface of the soil, constituting a physical obstacle

to sprouting (fig. 8). Plants that were able to sprout and flower were similar in

12



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 al., 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 pH 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.

13



Chapter 2

Preliminary experiments that justify in vitro propagation of Zephyra elegans

Experiment 3

Phenotype difference observed under same growing conditions

14



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 g were planted in individual pots 25 cm diameter
by 30 cm 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.

15



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.

16
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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 ef al., 1998; Yanez et
al., 2005) and corms of 0.8 g are required for commercial flowering capability
(Kim et al., 1998; Yanez et al., 2005). Though it has not been directly studied, by
cross reference of previous 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 “El 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 in early November of 2005 in seedling
containers with Akadama soil and watered as surface got dry. Seedlings were
transferred to individual pots 25 cm diameter by 30 cm deep with Akadama
commercial soil at the end of the 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 growir}g 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. All 23 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 of Zephyra elegans (Kim et al, 1998).

19
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Introduction

With the use of modern 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 (NaClO) 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,

21



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 al., 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”S,
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.

22
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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 shown to 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 of the 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

24



at 121°C for 15 minutes. In vitro growth chamber conditions were 25°C and 24
hour photoperiod under a light strength of 2000 lux.

Sodium hypochlorite (NaClO) 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 NaClO 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 120 minutes.

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 disin_fection 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

25



afterwards), 15 minutes was still considered as the best disinfection time when
NaClO 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 seen 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.

26
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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 al, 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 NaClO 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 was performed at 121°C for 15 minutes.

In vitro growth chamber conditions were 25°C 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.

28



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; NaClO
6% for 15 minutes; Soaking in sterile distilled water for 24 hours; NaClO 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 gerrnination (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; NaClO 6% for 15
minutes; Soaking in sterile distilled water for 24 hours; NaClO 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 gemljnaﬁon 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).

32



Chapter 3

Production of flowering corm via in vitro culture of seeds

Experiment 4

Effect of light intensity and pH on germination

33



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 al.,
1996). |

Yanez et al. (2005) mention pH of 6.5 to 6.7 in natural habitat for Zephyra
elegans. Analysis of soil sampled during collection of Zephyra 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 of near 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
of Zephyra 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; NaClO 6% for 15 minutes; Soaking in sterile
distilled water for 24 hours; NaClO 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

Highesf germination rate 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%.
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Introduction

Corm weight has been reported as influencing flowering capability. Corms
under 0.3 g will not flower (Kim et al., 1998; Yanez ef 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 genninatibn, 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 cm. Fighteen 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
gL 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.

38



Chapter 3

Production of flowering corm via in vitro culture of seeds

Experiment 6

Determination of exact sucrose concentration in MS medium for accelerated

corm growth

39



Introduction

Corm weight has been reported as influencing flowering capability, and this has
been the main objective of the experiments in this chapter. Corms under 0.3 g will
not flower (Kim et al., 1998; Yanez e al., 2005) and corms of 0.8 g are required
for commercial flowering capability (Kim et al., 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 of Z. 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

Fight week old seedlings were selected as plant material for this experiment.
Seeds were germinated in MS medium supplemented with 30 g-L™" sucrose and 8
weeks later, seedlings were transferred to MS medium supplemented with 45, 60,
75, 90 or 105 geL™ 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 cm diameter by 12 cm 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 of 0, 0.01, 0.1, 1 or 10 mg-L’l, to study its effect on corm
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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 geL' sucrose concentration pH 6.7 medium showed
highest corm weight gain (fig. 20). |

For 5.7 pH conditions, 60 and 75 gL sucrose concentrations had the highest
corm weight gains. For pH 6.7, cofm weight gain in medium with 75 geL™ sucrose
was significantly higher than in 60 geL' 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 geL™ 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 gL 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 al., 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 concentration increased,
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 mgeL-1 have to be studied in order to find 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 in a 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
formed 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 weré
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 geL'sucrose (fig. 22). Higher sprout
rates may be due to higher corm weights seen on corms grown under 60, 75 and 90
g-L'l 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 al., 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 ef 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 geL™
during their in vitro stage, with significant difference when compared to their pH
5.7 counterpart. For plants growing under 45 and 105 gL 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 conditibns.

All corms over 0.4 g after the in vitro stage, gave origin to flowering corms of over
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0.8g 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
mcreasing 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 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 (Bridgen et
al., 2002; Kim and Ohkawa, 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 al., 1998; Kim and
Ohkawa, 1997; Kim et al., 1997). |

Zhephyra elegans has shown incapability to satisfactory reproduce asexually.
Natural vegetative propagaﬁon 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 of Zephyra 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
may or 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 of plant development may show
better responsé 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
sucrose, as these concentrations were recommended for other geothtes (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 responsiveﬁess 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. In explants collected at late stage, tissue responsiveness was observed only
in lower internodes. «

In Lilium species, with 1 mgL® NAA and 0.1 mglL”' 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 cm 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'l, and BA 0, 0.1 or 1 mg-L" in MS basal medium
supplemented Wifh vitamins and 30 g-L™ 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’l‘and 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 of this 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 experimenf 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™! sucrose,
and hormone levels of NAA 0, 0.1 or 1 mg-L'l, and BA 0,0.1 or1 mg-L'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 slightIy 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 of NAA 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” BA will be tested in combinations of NAA 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 mgL" were tested in MS basal medium
supplemented with vitamins and 30 gL' 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"' and NAA 0.1 mg-L" 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™' BA and 1 mg-L™" 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 of plant 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 the 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 corm 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 corm, 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 méthods

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 gL’
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'll without hormones. After rooting occurred, roots were harvested when they
reached 2 cm. 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"' sucrose, supplemented with BA 1 mg-L” and NAA 0,

67



0.1 or 1 mg-L™" 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% of the
explants when upper halves were grown in MS basal medium with vitamins and 30
g-L" 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", 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 corm-like structure at the base
(fig. 39). Collected shoots were transferred to MS basal medium with vitamins and
30 g/L 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 aré 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.

68



Chapter 5

General Discussion

69



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 éeed 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 g/L sucrose, supplemented with BA 1 mg-L" and NAA 0.1 mg-L". The

70



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 of pH 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 of Zephyra elegans growing under greenhouse

conditions in Niigata University greenhouses.

Planting season Sprouting (%) Flowering (%)
September 91.7+ 8.3 a' 75.0£13.0 a
November 100.0+£0.0 a 917+ 83 a
January 66.7+14.2 b 41.7£149b

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

different at trust level of P<0.05. Values + S.E.
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Table 2. Sprouting and flowering of Zephyra elegans in different soils under

greenhouse conditions.

Type of soil Sprouting (%) Flowering (%)
Akadama 100.0+ 0.0 a' 100.0+ 0.0 a
Perlite 100.0+ 0.0 a 91.7+ 83 a
Sandy soil 58.3£149b 50.0+15.1b

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

different at trust level of p<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 of Zephyra 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

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

weeks after initiation.

Concentration Contaminate Germinated Non Germination
of NaOCl (%) dinthetotal® inthetotal’ contaminated in non
(%) (%) germinated contaminated
in the total* only’ (%)
(%)
1 43.0+3.0c' 18.0+20b 10.0+23b 174+42b
2 260+48b 140%+2.6b 11.0+£23b 17.7£5.2D
4 - 19.0+£34ab 280+22a 220+28a 279+42a
6 120£2.7a 30.0x34a 250+32a 289%+3.7a

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

different at trust level of p<0.05. Values + S.E.

?Values represent total contamination seen.

? Values represent germination, regardless of contamination.

* Germination accounted for, only if no contamination was seen (usable seedlings).

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

different disinfection time lengths, 3 weeks after initiation.

Time of  Contaminated Germinated Non Germination
NaOCl in the total”>  inthetotal’ contaminated in non
disinfection (%) (%) germinated in contaminated
(minutes) the total* (%)  only’ (%)
15 16.0+£2.8b" 320+£40a 28.0+37a 32.0+6.7a
30 120+30b 270+47a 240+43a 28.5+48a
60 1.0+1.0a 11.0+3.1b 11.0+£3.1b 11.0+22b
120 20+14a 40+1.8b 4.0+1.8b 40+15b

''Values associated to the same letter in a same column were not statistically
different at trust level of p<0.05. Values + S.E.

?Values represent total contamination seen.

> Values represent germination, regardless of contamination.

* Germination accounted for, only if no 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 NaOCI at 6% was used at

different disinfection time lengths, 3 weeks after initiation.

Non ~  Germination in
o _ Contaminated Germinated )
Disinfection _ , . , contaminated non
in the total in the total _ '
method germinated in  contaminated
(%) (%) ; s
the total” (%) only” (%)
NaOCl at 6% for .
853+21c¢c 347+60Db 53+3.1c 31.6+£162Db
15 minutes ,
Double
. 546+13b 720+58a 30.7+54b 66.7+92a
disinfection
Benzalkonium +
Double 413+50b 58.7+63a 373+54Db 68.3+94a
disinfection
Benomyl +
Benzalkonium + 1.3£57a 627+58a 600*+55a 62.0+£59a
Double disinf.
Benomyl +
Double 40+53a 64.0+56a 613*+60a 633+58a
disinfection

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

different at trust level of p<0.05. Values + S.E.

2 Values represent total contamination seen.

> Values represent germination, regardless of contamination.

* Germination accounted for, only if no contamination was seen (usable seedlings).

> 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™" BA. |

Organ response (%)

Organ Early stage Advanced stage
Flower bud 11.1 £ 7.6 bed' 0.0+£0.0d"
Upper leaf 0.0+£00d 0.0+0.0d
Lower leaf 16.7+9.0 be 0.0£0.0d
Upper Internode 56+56cd 0.0+£0.0d
Lower Internode | 389=+11.8a 11.1 £ 7.6 bed
Node 22.2+10.1b 0.0+£00d

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

different at trust level of p<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 Upper half of  Lower half of

corm corm

Contamination (%) 77.8+10.1b'  56+5.6a 83.3+9.0b

Sprout (%) 167+ 9.0b  833+90a 0.0£0.0¢

'Values associated to a same letter in a same row were not statistically different at
a trust level of p<0.05. Values + S.E.
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Figure 1. Locations of Zephyra elegans natural habitat. Playa Brava location is
shown in red arrow, as the place where it is most common and most variability is
present. Adapted from Munoz and Moreira, 2000.
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Figure 2. Colors of the flower of Zephyra elegans, from plane white to deep blue.

Colors associated to letters h, i, j were only found in the area near Playa Brava.



Figure 3. Variability in growth habit of plants of Zephyra elegans collected near

Playa Brava, Huasco, Chile.
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Figure 4. Formats of in vitro plants sold to end consumers in Japan.
a. Tokyo flower market, 2004.

b. Tokyo flower market, 2004.
¢. Department store in Kyoto, 2005.
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Figure 5. Steel refinery and thermoelectric plant in the zone near Playa Brava.
Contamination residues can be seen on the surface of the soil, threatening nearby
wildlife.
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Figure 6. Residues existing on the surface of plants and soil, which are originated
by industries nearby the collection area of Zephyra elegans, in the zone of Playa

Brava, south of Huasco.
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Figure 7. Corms of Zephyra elegans at collection from nature in Playa Brava,
Huasco (28°29°52'S, 71°15°18”S) in 2005.
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Figure 8. Surface soil hardening when Zephyra elegans was planted in sandy soil.
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Figure 9. Plants of Zephyra elegans falling probably due to lack of sustention

provided by the soil when grown in perlite.
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Figure 10. Correlation of 0.331 (extremely low) between corm weight at planting
with plant height at flowering.
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Figure 11. Seeds at the moment of collection in Playa Brava, Huasco (28°2952"S,
71°15°18”S) in 2005, laying over the soil. Identified seeds of Zephyra elegans are

circled in red.
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Figure 12. Irregular surface of the seeds of Zephyra elegans.

a. 8X (with Nikon® microscope, model SMZ-1B).

b. 40X (with Nikon® microscope, model SMZ-1B).
¢, d. 200X (with Nikon® microscope, model YS2-H).
e. 300X (with Nikon® microscope, model YS2-H).
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Figure 13. Germination in Zephyra elegans. Normal germination (a), compared to
abnormal germination (b, arrows show root curling and irregular geotropism in

roots), the later seen increasingly as disinfection times were 30 minutes or longer.
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Figure 14. Germination rate 8 weeks after in vitro sowing in agar-water medium

and MS medium. Bars represent S.E.
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Figure 15. Effect of disinfection on germination rate 8 weeks after sowing in soil

and kept for under greenhouse conditions. Bars represent S.E.
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Figure 16. In vitro germination rate in MS medium adjusted to pH 5.7 and 6.7, at
light intensities of 9500 lux, 2000 lux and dark conditions. Bars represent S.E.
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Figure 17. Effect of sucrose concentration in growth medium on corm final weight
at the end of one growing season, for 8 weeks seedlings, after growing for 16
weeks in this medium; compared to a soil control performed under greenhouse
conditions. Values associated to the same letter were not statistically different at

trust level of P<0.05. Values + S.E.
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Figure 18. Sprout rate in corms grown in MS mediums supplemented with
different concentrations of sucrose from the 8th week to the 24th week after
germination. Values associated to the same letter were not statistically different

with by means separation at 5% level (LSD). Bars represent S.E.
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Figure 19. Sprout rate in different weight range categories after in vitro cultivation
from the 8th week to the 24th week after germination. Values associated to the
same letter were not statistically different with by means separation at 5% level

(LSD). Bars represent S.E.
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Figure 20. Corm weight of plantlets grown from the 8" to the 24" week in MS

media supplemented with different concentrations of sucrose ranging from 45 to

105 g+L"' with pH adjusted to 5.7 or 6.7. Bars represent S.E.
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Figure 21. Effect of ABA concentration in culture medium on corm weight gain
when 8 week old plantlets are cultivated for 16 weeks in MS medium pH 6.7
supplemented with 75 g*L"' sucrose. Bars represent S.E.
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conditions after the in vitro stage. Bars represent S.E.
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Figure 23. Sprout rate of corms when transferred to greenhouse conditions,

grouped by corm weight after the in vitro stage. Bars represent S.E.
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Figure 24. Flowering rate of corms were grown from the 8" to the 24" week in MS

media supplemented with different concentrations of sucrose ranging from 45 to

105 gL' with pH adjusted to 5.7 or 6.7. Bars represent S.E.
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106



Figure 26. Flowering adult plant of Zephyra elegans, generated via enhanced in

vitro corm enlargement.
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Figure 27. Transparent jelly substance generated on wounded zones of corms of
Zephyra elegans. Corms are very delicate and easily wounded after the tunic is

removed.
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Figure 28. Plant at early stage for collection of explants to be tested for vegetative

propagation.
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Figure 29. Plant at advanced stage for collection of explants to be tested for

vegetative propagation.
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Figure 30. (a) Responsive tissue with detail of responsive lower leaf segment (red
arrow). (b) Non responsive tissue.
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Figure 31. Callus cluster after 16 weeks of in vitro culture.
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Figure 32. Sprout forming from callus after 16 weeks of in vitro culture.

113



Figure 33. Sprout separated from the callus and grown in hormone free medium for

4 weeks.
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Figure 34. Response of nodes to direct sprout formation treatment with BA 1 mg-L"

"and NAA 0.1 mg-L"', but no successful sprout formation.
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Figure 35. Tunic removal corm of Zephyra elegans after collection.

a. Corm before removal of tunic. b. Corm after removal of tunic.

116



Figure 36. Apical bud of corm of Zephyra elegans. a. General view of the corm
and its apical bud after tunic removal. b. Detail of apical bud under magnifying
glass (40X under SMZ-1B model Nikon® magnifying glass). ¢. Dissection of the
corm and its apical bud. d. Dissection of the corm and its apical bud under a

magnifying glass (40X under SMZ-1B model Nikon® magnifying glass).

117



Figure 37. Equatorial division of the corm of Z. elegans under aseptic conditions.
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Figure 38. Sprouts formed from upper half corm alter in vitro culture for 8 weeks

in hormone free medium.
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Figure 39. Number of sprouts formed per upper half corm after in vitro culture for

16 weeks in MS medium supplemented with hormones.
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Figure 40. Multiple shoot formation from in vitro cultured upper half of corm of
Zephyra elegans after 16 weeks of culture in MS basal medium with vitamins and

30 g-L"! sucrose, supplemented with BA 1 mg-L" and NAA 0.1 mg-L".
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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 of Zephyra 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 propagétion problems, in vitro protocols were created.
There are very few works regarding propagation of Zephyra 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
highesf in water-agar medium, due to plant necrosis occun"ing 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
increasing germination rate. With the objective of achieving the highest corm
weight gain, 8 weeks old seedlings were cultured for 16 weeks in MS mediums
with sucrose concentrations from 0 to 120 gL and pH 5.7 or 6.7. Maximum
weight gain was observed in MS medium with 75 gL' 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 0.3g sprouted.
All corms that were over 0.4 g at the end of the in vitro culture stage flowered in

the second year of greenhouse 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. Callus was 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 1 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 gL'
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 improvément 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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e 3=

Zephyra elegans X, TV ILHMEBER VOB EHIKICBEET S
Tecophilaceae BIERIBHEMDO—FETH Y, BEMEY L L TEHWEENR
FMAMEN D 5. Z elegans ZHEEEMY L L THAT 2 720DITI,
BhERE) 2 BHE & BISE OB B FRARTHSD. LA L, BEHMTORK
BIISBEMICRELERSN, BERBXICHFLCHIET S Z LR,
ANITHEBEEGTCOETHEENOBIEE CBE 5 FLULINDITD, &
OB BT B ENIEF DIV, ZTHET, Z elegans DIRKIR
DIRIEFTAR & BRTEIZ DWW T OBFERERDNETHRE SN TV 523, HIEIC
B9 BHFZIHIE L A P DR TWRY., 22T, RBIFIE Z elegans
R AR RN ORI EZ BN E LT, in vitro TOETE
FEES L OVRBREFEIZ OV TR 21T o T2,

In vitro TOMEFEFHICE L T, ORFEEHERFT LGSR, &
REHCORBTFRIERNBE N0, MS BEHICBHE L%, EE0ZH
BIXEIE L. —55, MS B TIX, RIFEN 5% Thofedd, FEEIIEK
WEEKR L. OBTREFICRITTHSEMSE (BFE, 2000 lux, 9500
lux) BEWpH (6.7, 6.7) DEELHETLIZ/HER, 9500 lux DIEHF
TIHHRETFREIEERDN 97% THROEI-. F7z, pH 6.7 TIXFEIFEIH 2
ERRERE SNz, OFRIBEORERBICKIET Y a BRE (0~120 g/L)
BXOpH (6.7, 6.7) OEEERFTUIMESR, 75 g/L VafEL pH6.7
DEMNEROFBZIZELE L TW\Wo., @QFIBOE I NIELE OTESR
EHBERIE L. 0.12 ¢ UFORIIHF LD o7, 0.3 g Bk
DEBITITTTNCTHFE Lz, ELHE 2 FHICREIERINZ. In
vitro TOIBOE S IIFATERICHEEL, 0.15 g LT OARIIFAEL
RixoTei’, 0.4 g LEOLDIXTRTCRELT-.
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HEREE I L A RBEFHICBVTIL, OFE, ¥R, S I U2
EHEE%E, 0.1 mg/L BA 3L 1 mg/L NAA &&¢e MS BEHHIZELR L
TEEE L. DVARTHOGEIMEGR» GFE I, BRI
JVA% 1 mg/L BABXTN0.1 mg/L NAA Z & MS BEHICBHE L= & Z 5,
DY a— MBI, L)L, ENLHDOY a— MITTFR{ER
BBLRY, ERIBIZEZLR o7z, QFLMITHKIBO LDO¥0%E 1
mg/L BA 3L TN 0.1 mg/L NAA Z&de MS B CHER L 725 R, SMERD
SEEOV 2 — FBFEINTZ. DT, IO a— Fb/ERIR
DR S, £ D ORI ZEMERERSWEERMNO S Bk
WL-eZ A, BOBRMBEEINT.

AHFRDOFRERLY, in vitro TOEFIEEICL D Z elegans DER
EENFRETHAZEVRRALNERoTe. Tz, BFRFNLOHIEET
CETAHIRAN 3 ERICER SN, —FF, FiRSCERBIMEEI DY 2
— FAFHESh, NERBREEBRLEZZ LS, HBRERICLD Z
elegans DRBEBEFHDRREMNREINTZ. T b ORERIE, Z elegans
DHFACET 25 LA R A RE L, 2R BRI ORMESTITR LD
LbOTHDEEZLND. |
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Abbreviations

ABA: Abscisic acid

NAA: 1-naphtaleneacetic acid

MS: Murashige and Skoog (1962) (growth medium)
BA: 6-benzylaminopurine

NaClO: Sodium hypochlorite
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