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Abstract

Statice Limonium sinuatum) is a popular ornamental flower crop around theldvo
Currently in HilverdaKoolij, 4 different. sinuatum cultivars (22016 Azur Wings;
8008 Blue Wings; 4004 Cobalt Wings; C024 tested glaht) have a low rooting
percentage (60-70%) in the micropropagation. Thigept is conducted to get a
better understanding of the relationship among kamdl level of multiplication
media, pre-rooting media and rooting performance. d@ing this project,
HilverdaKooij wants to optimize rooting for theseddferentL. sinuatum cultivars.

In this research, tissue culture stock clumps aséhfour cultivars were first
multiplied on three different multiplication medi#&fter 7 weeks, plants were
cultured on three different pre-rooting media foweks, and then, plants were
transferred to rooting medium for 3 weeks. The ltssshowed medium 16-8 with
NAA (1-napthaleneacetic acid) gave the best rogbexgentage for the four cultivars.
For cultivar 8008, the low concentration of BA (érAzyladenine) used in
multiplication stage improved root formation. Faidtovar C024, NAA reduced the
percentage of belt plants. Pre-rooting stage ismesended for cultivar 22016 and
8008 during micropropagation. For the future tissuéiure ofL. sinuatum, high
concentration of NAA is recommended to use in taing stage, and cytokinins are
omitted from rooting media. The outcome of thisesrsh can help HilverdaKooij
solve the low rooting percentages problems of sbnsauatum cultivars.

Key words:Limonium sinuatum, plant tissue culture, plant growth regulator,
multiplication media, pre-rooting media, multipliin factors (MF), rooting
percentage

! Multiplication factors: the number of shoots that developed per shoot explant. Example, 5 shoot developed
10 shoots, the multiplication factors are 2.
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Chapter 1 Introduction

1.1 Background of HilverdaKooij

This research project is supported by HilverdaKauljich was created in 2008
following a merger between two renowned supplidérglant material for cultivation
of cut carnationThe cooperative drive behind HilverdaKooij has teca powerful
company supplying a unique assortment, with itsnrmairieties being carnations,
spray carnationsilstroemeria andLimonium. Its large scale and network of branch
offices in the Netherlands and abroad allow Hiladoij to provide its clients
worldwide with a complete selection (HilverdaKod@f)10a).

The laboratory in HilverdaKooij is focused on doitige tissue culture for all the
commercial varieties ofimonium and new selections. The plant tissues are taken
from the parents plants and initiated into cluniparts of the clumps are rooted at
the head company in Netherlands. After rooting, riieted shoots are delivered to
the greenhouse for testing. Other parts of clumpsdelivered to subsidiary (large
scale tissue culture production labs) in other toes for multiplication and rooting
(Fenyvesi, 2010). Current production labs are kdtan India (Pune) and China
(Shanghai, Kunming).

1.2 General project background

Statice Limonium sinuatum) has become a popular ornamental flower crop aoun
the world in recent years. Conventional propagabbrmany cultivars is by side
shoot or rooting cuttings, which take 6-8 monthslévelop with limited (20-30%)
success (Fujita, 1993). So micropropagation has losveloped to improve the
propagating efficiency. Currently in HilverdaKood,differentL. sinuatum cultivars
(22016 Azur Wings; 8008 Blue Wings; 4004 Cobalt §#nC024 Tested pot plant)
have a low rooting percentage (60-70%) in the npipagation. Also rooting
ability is known to change with prolonged multigiton.

In tissue culture, the phase of multiplication ah@ rooting phase are usually
opposite processes. In the first phase the plastthamake more plants, in the
second phase the plant has to stop dividing ancemadts. The transition between
these phases can be difficult. There are plentgséarches about hormones’ effect
in tissue culture of different plants. However, ma¥ them studied plant

multiplication and rooting as two steps separat&here are only limited articles

found that mention the phenomenon that multiplarathormones give an influence
on the rooting stage. This project is conducteddba better understanding of the

9



relationship between the multiplication media (MBRd rooting performance by
using different concentration of growth regulatordVM. In this research, we also
introduce a pre-rooting media (PM). PM is an intedmte between multiplication
and rooting. It aims to makes a better transitimmf multiplication stage to rooting
stage. In this research different combinations afltiplication and pre-rooting

hormones will be tested, and the impact from mldtgtion step to rooting process
will be analyzed.

1.3 Research Objectives

This project aims to optimize rooting for theseiffedent L. sinuatum cultivars by
using the different concentration of multiplicatioredia and pre-rooting media.

1.4 Research Questions

. What effects do the different multiplication medi@ve on each.. sinuatum
cultivar?

What are the multiplication factors of eath sinuatum cultivar on the different
multiplication media?

What is the morphology of eath sinuatum cultivar on the different multiplication
media?

. What effects do the 3 different pre-rooting medaaéron rooting of the 4 differeht
sinuatum cultivars?

What is the morphology of 4 differert. sinuatum cultivars on the 3 different
pre-rooting media?

What is the rooting rate of 4 differebt sinuatum cultivars after being placed on the
3 different pre-rooting media?

. Which are the most optimal combinations of multation, pre-rooting and rooting
media for the rooting of 4 differeqt sinuatum cultivars?

. Is there a relationship between multiplication paeters and rooting efficiency?

10



Chapter 2 Literature review

2.1 Background ofLimonium sinuatum

The genusLimonium, formerly called statice, is a member of the famil
Plumbaginaceae, which consists of 150 wild spedésd species of statice are
widely distributed in the coastal areas and pl#insughout the world in both tropical
and temperate zones such as Europe, the Middle [E#st America, Africa, China
and Japan (Bailey, 1978). The tiny flowers are oarand funnel shaped, consisting
of loose terminal panicles appearing in loose bollge leaves of thé&. sinuatum
plants form a rosette pattern at the base of thatpthe leaves grow close to the
ground. Prior to flowering the stem elongates amhinal leaves become upright.
Stems are winged and grow approximately-800 cm tall when flowering
(HilverdaKooij, 2010b). Table 2.1 shows the growihgbit of the four tested.
sinuatum cultivars in greenhouse. Every year on averageertl@kooij sells 1 million
L. sinuatum young plants to the growers worldwide. The mainrkegis in the
Netherlands, Japan, Colombia and Israel (Stro@@di0).

Table 2.1 Four testedL. sinuatum cultivars’ growing habits in greenhouse
(HilverdaKooij, 2010c)

22016 8008 4004 C024

Speed of growth Normal Normal Normal Normal
Height of crop Long Mediunt Long Short

Flower size Mediurh Medium Medium Medium
Productivity Very High |  Very High Highf High

Normal speed of growth: it takes 4 months fromngplants to the plants have flowers.
Long length crop: 75cm

Medium length crop: 70cm

Short length crop: 30cm

Medium flower size: 5¢cm

Very high production: per plant produces more tBarstems per year

8 High production: per plant produces 20-30 stenms/par

11
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2.2 Plant tissue culture technique and its applicain

2.2.1 Background of plant tissue culture

The definition of the plant tissue culture is: cudt of plant tissues excised from the
parent body on a nutrient medium under sterile tmms; the medium contains

usually inorganic and organic nutrients, plant glowegulators and vitamins (de
Klerk, 2009).

Generally a complete plant tissue culture procagsives the following 5 stages:

Mother plant selection and preparation

Initiation- establishing an aseptic culture
Multiplication- the production of suitable propagsi
Rooting- preparation for growth in the natural eamment
Transfer to the&x vitro environment (Georget al., 2008)

agprwnPE

2.2.2 Current application of tissue culture technige in horticulture production

In the past 50 years, tissue culture has becomajer tool in agriculture. Currently,
the major uses of commercial tissue culture are:

1) Mass propagation of specific clones, especiallys¢hdeveloped by breeders and
geneticists who want to rush new plants into theketplace.

2) Preparation of parent stock plants that produceetelybrid seeds.

3) Maintaining disease-free germ plasm.

4) Keeping plant in year round production by bypass$h@ar natural seasonal cycles
(Ingels, 2001).

By tissue and organ culturing, many ornamental tgldbvave found their way to the
marketplace. A survey of European plant tissueuceltaboratories in 1996 and 1997
already lists nearly two thousand plant generagcispeor cultivars grown in 312

official and 193 commercial laboratories (Laineeal., 2003).

2.3 Multiplication hormones and rooting hormones

2.3.1 Plant growth regulators

Some chemicals occurring naturally within planstiss have a regulatory, rather
than a nutritional role in growth and developmertese compounds, which are

12



generally active at very low concentrations, arevkm asplant hormones. They
control the shape of the plant and mediate groesipanse on external factors such
as light and temperature. Synthetic chemicals wiitfilar physiological activities to
plant growth substances, or compounds having dityaioi modify plant growth by
some other means are usually ternpbaht growth regulators. There are several
recognized classes of plant growth regulators. |Uetatively recently only five
groups were recognized namely auxins, cytokininbpeyellins, ethylene and
abscisic acid (Georgat al., 2008).

The growth, differentiation and organogenesis ainplissue become feasible only
on the addition of one or more of these classdwahones to a medium. The ratio
of hormones required for root or shoot inductionas considerably with the tissue
(Razdan, 2003). Auxins and cytokinins are by far tiost important for regulating

growth and morphogenesis in plant tissue and ocgéuares.

2.3.2 Auxin

Auxin is very widely used in plant tissue cultuteis required by most plant cells
for cell division, cell elongation and root initiah. At the cellular level, auxin
controls basic processes such as cell division @alidelongation. Since they are
capable of initiating cell division they are invel¥ in the formation of meristems
(Barzet al., 1977).

The most commonly used auxins are IAA (indole-3Haceacid), IBA
(indole-3-butyric acid), 2,4-D (2,4-dichlorophenacgtic acid) and NAA
(1-napthaleneacetic acid) (Georgal., 2008).

Though belonging to the same class, they are ysuabd for different purposes.
Together with cytokinins, 2,4-D is used primarilyr fcallus induction. 1AA, NAA
and IBA are usually used for root induction withoytokinin (Davies, 1995).

2.3.3 Cytokinins

Cytokinins cause cell division. Such cell divisican lead to shoot regeneration
vitro, by stimulating the formation of shoot apical mexsmes and shoot bud.
Cytokinins also play a role in prevention of seme®e and reversion of the
deteriorating effect of auxins on shoots. Generalllgigh concentration of cytokinin
will block root development (Blakesley al., 1987).

The commonly used cytokinins are BA (6-benzyladepinKinetin, 2-ip
(2-isopentyladenine), ZT (zeatin) and TDZ (thidiem) (Skooget al., 1980).
Although used in research, the natural cytokiniAg Zand ZT are not used by

13



commercial laboratories routinely, because of tleest. Accordingly, they are not
tested in this research.

2.3.4 Auxin-Cytokinin interaction

Many aspects of cellular differentiation and orggewesis in tissue and organ
cultures have been found to be controlled by aeraation between auxin and
cytokinin concentrations. The balance between W kinds of regulators is most
often required for the formation of adventitiou®ats and root meristems (Negrutiu
et al., 1978). This is illustrated in Fig. 2.1.

AUXIN CYTOKININ

Effect of auxin + cytokinin

High Lo

=0 Root formation on cuttings —mm———————
== Callus initiation in monocots ———-—

=———=First stage of embryogengsis =———

—_— Adventitious root formation —m———
From callus

——  Callus initiationin dicots., —m——————

—_— Adventitious shoot formation—-—————

———  Aillary shoot proliferation ———=
inshoot cultures

L High

Figure. 2.1 The relative concentrations of auxin amh cytokinin typically
required for growth and morphogenesis in plant tisse culture (Georgeet al.,
2008).

Concluded from the above literature, the requist@centration of each type of
regulant differs greatly according to the plantceg, the cultural conditions and the
compounds used; the interactions between the tasset of regulators are often
complex, and more than one combination of substacae produce optimum results
(Skooget al., 1957).

In a rooting medium, the kind and concentratiogmiwth regulators (mostly auxins)
are designed to make the balance suitable forngdarmation. But the hormones
which accumulated in the plant tissue during thevimus multiplication stage may
shift the growth regulator balance. This is a basmderstanding of how the
multiplication hormone used influences rooting.

14



Chapter 3 Materials and Methods

3.1 Plant Materials

Four L. sinuatum cultivars (22016 Azur Wings; 8008 Blue Wings; 40Cébalt
Wings; C024) were used in this research. They waiginally initiated from
inflorescence stems from the greenhouse, and thetinely culturedin vitro on
Murashige and Skoog (MS) medium for more than 6 thmririssue culture of these
cultivars is micro-propagated every year in theotabory. Part of these stocks
clumps will be provided for this experiment.

3.2 Media

Table 3.1 The different multiplication media, pre-rooting media and rooting
media used in this research.

Cultivar Multiplication Pre-rooting media Rooting media
media (2 weeks) (3 weeks)
(7 weeks)

22016 17-7,17-8, 1729 16-6, 16-7, 16-8 20-8
20-8 control medium

8008 17-7,17-8, 17-9 16-6, 16-7, 16-8 20-8
20-8 control medium

4004 17-7,17-8, 17-9 16-6, 16-7, 16-8 20-8

C024 18-0, 18-5, 19-4 16-6, 16-7, 16-8 20-8
20-8 control medium

% The media names lack specificity due to confiddintiaf the work. The numbers refer to

the medium preparation sheet.
b There were not enough clumps available so 4004owitbontrol treatment.
Multiplication media:
Multiplication media group for cultivar 22016, 8088d 4004
-17-7-: low BA medium
-17-8-: medium BA medium
-17-9-: high BA medium

15



Multiplication media group for cultivar C024

-18-0-: high BA medium (with iron source FeEDA
-18-5-: low BA medium (with iron source FEEDTA)
-19-4-: same as -18-0- (with iron source FeEDDHA)

3 different pre-rooting media:
-16-8-: NAA medium
-16-6-: low kinetin medium
-16-7-: high kinetin medium

1 control medium:
-20-8- NAA medium, same as rooting medium

1 rooting medium:
-20-8- NAA medium

3.3 Methods

3.3.1 Desk research

To conduct this project, | searched the data omdtidaKooij,L. sinuatum and tissue
culture from books, handouts and internet. | alsocuthented these references during
the desk research.

3.3.2 Research in Laboratory

1) Multiplication: Clumps were separated into single plants. Longelgeavere cut
short by using the knife (see Figure 3.1). Eachiucallvessel (& 12cm glass
bottles containing 70ml of medium) was considergdre replication, and seven
plants were cultured per vessel. There were 3 a&els per treatment. Each
cultivar was multiplied on a set of 3 different MMfter being cultured on same
media for 2 cycles (3.5 weeks per cycle), the glavgre put on PM. During the
multiplication stage, the morphology of each catiand abnormal phenomena
of plants, like belt plants and vitrification (leads to plant death) were obed.
The multiplication factor (MPY¥ was calculated.

9 C024 is a pot type plant, and therefore it haifardnt responsin vitro. This multiplication media group is especially
designed for pot typk. sinuatum. The concentrations of growth regulators in thisug of media are lower than media group
for cultivar 22016, 8008 and 4004.

% HilverdaKooij already wanted to know a lot of thiand where short of clumps. Therefore, testedB#EA only on the
fastest most sensible cultivar where its effect egmected most likely to be noticeable

1 Meristems grow in the straight line

2 Multiplication factors: the number of shoots thaveloped per shoot explant. Example, 5 shoot dpedl 10 shoots, the
multiplication factors are 2.

16



2) Pre-rooting: The multiplied stock was placed on the three diffié pm and
control medium. Clumps were separated into sintatp. The long leaves were
cut short. Single plants were placed in culturesegsand 7 single plants per
vessel. There were 10 replications per treatmefier Awo weeks the plants were
transferred to rooting media. During the pre-rogtphase, observation of the
morphology, the abnormal phenomena of each cultM& and the number of
explants forming roots was recorded.

3) Rooting: Single plants were placed in culture vessel witlehorting the leaves,
and 10 single plants per vessel. There were 3capk per treatment. The time
for rooting was 3 weeks. During rooting, the numioérrooted plants was
counted every 2 or 3 days.

Before cutting After cutting

Figure 3.1 The multiplication and pre-rooting stage showing the morphology of
L. sinuatum before and after cuttingin vitro (Zhao Hang, 2010)
(* The newly formed shoots at the end of cyclesamaller than the main shoots.)

3.3.3 Data analysis

Experiment was set up in a completely randomizegigde Data analysis was done
using Statistical Product and Service Solution® I7-Test, ANOVA Test, and Post
Hoc Test). The significant difference was at 5%elev

17



Chapter 4 Results

4.1 Cultivar 22016

4.1.1 Multiplication stage of cultivar 22016

The study on MF of cultivar 22016 on three diffar®tM is presented in Table 4.1.
It showed that plants on MM 17-8 and 17-9 had s$icgmtly higher MF than plants
on medium 17-7 (P=0.010). For the percentage offied plants there were no
significant differences between three MM (P=0.0&8jhough medium 17-9 had
4.15% vitrified plants. No belt plants occurredtha three MM.

Table 4.1 L. sinuatum cultivar 22016’s multiplication factors, percentage of
vitrified plants and belt plants on three different multiplication media during
multiplication stage*

17-7 146D 0.0% a 0.0%
17-8 1.99 a 0.0% a 0.0%
17-9 1.89 a 4.15% a 0.0%

* Data represent mean values of three replicationsreatment. Mean values followed by the
same subscript letters indicate treatments arsigofficant different at R 0.05.

4.1.2 Pre-rooting stage of cultivar 22016

The MF of plants on pm 16-7 and 16-8 were signifigahigher than medium 16-6
(P=0.048) (Table 4.2) (Figure 4.1).

Table 4.2 L. sinuatum cultivar 22016’s multiplication factors on three
pre-rooting media during pre-rooting stage*

16-6 1.26 b
16-7 1.69 a
16-8 1.55a

* Data represent mean values of three replicationsreatment. Mean values followed by the
same subscript letters indicate treatments areigoificant different at R 0.05.

18



PM 16-6 PM 16-7 PEL&

Figure 4.1 The morphology ofL. sinuatum cultivar 22016 on three different
pre-rooting medium in multiplication stage (Zhao Hang, 2010)

4.1.3 Rooting stage of cultivar 22016

During rooting stage, plants from MM 17-9 with PM-8 had a significantly higher
rooting percentage (77.7%) than plants directlymfranedium 17-9 (27.3%)
(P=0.003). Plants directly from MM 17-9 (controlls@ started rooting one week
later than plants with PM 16-8. The interactionwetn MM and PM was not
significant at 5% level on the basis of ANOVA (P263). The rooting percentage
was only affected by three different PM (P=0.00B)ants on PM 16-8 had the
highest rooting percentage of 68.4% (Table 4.3). F8W/ gave the lowest rooting
percentage (13.1%) among the three PM. For thigvaul plants started rooting
between 12 and 17 days after being transferredaing media (Figure 4.2).

Table 4.3 L. sinuatum cultivar 22016’s rooting percentage on the three
pre-rooting media during rooting stage*

Media Rooting percentage

17-8 (control treatment) 30.0% c
17-9 (control treatment) 27.3%c
16-6 43.0% b
16-7 13.1%d
16-8 68.4% a

* Data represent mean values of three replicationsreatment. Mean values followed by the
same subscript letters indicate treatments arsigofficant different at R 0.05.
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4.2 Cultivar 8008

4.2.1 Multiplication stage of cultivar 8008

As with previous cultivar 22016, MM 17-8 and 17-&dhno significant difference in
MF (P=0.422). They were significantly higher thatamis on medium 17-7
(P=0.010). There was no significant difference ercentage of vitrified plants
between three MM (P=0.063), although medium 17-® 24 % vitrified plants. No
belt plants occurred on the three MM (Table 4.4j\{Fe 4.3).

Table 4.4 L. sinuatum cultivar 8008's multiplication factors, percentage of
vitrified plants and belt plants on three different multiplication media during
multiplication stage*

Multiplication | Multiplication Percentage of | Percentage of bel
media factors vitrified plants plants

17-7 147D 0.0% a 0.0%
17-8 2.16a 0.0% a 0.0%
17-9 1.84a 2.1% a 0.0%

* Data represent mean values of three replicationsreatment. Mean values followed by the
same subscript letters indicate treatments arsigoificant different at R 0.05.

MM 17-7 MM 17-8 MM 19

Figure 4.3 The morphology ofL. sinuatum cultivar 8008 on three different
multiplication media in multiplication stage (Zhao Hang, 2010)
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4.2.2 Pre-rooting stage cultivar 8008

The three different PM did not give the significatifference in MF (P=0.138)
(Table 4.5).

Table 4.5L. sinuatum cultivar 8008’s multiplication factors on three pre-rooting
media during pre-rooting stage*

16-6 l41a
16-7 1.20 a
16-8 1.36 a

* Data represent mean values of three replicationsreatment. Mean values followed by the
same subscript letters indicate treatments arsigofficant different at R 0.05.

4.2.3 Rooting stage of cultivar 8008

There was an interaction between MM and PM (P=0.(®lants from medium 17-7

with PM 16-8 had the significantly highest rootipgrcentage (47.3%) compared to
all the treatments. After being transferred to irgptmedium, it had the fastest
response among all treatments. Rooting started aflays (Figure 4.4).
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4.3 Cultivar 4004

4.3.1 Multiplication stage of cultivar 4004

There was no significant difference in MF betweémeé¢ MM (P=0.943). No
vitrified plants and belt plants occurred on the¢hMM (Table 4.6) (Figure 4.5).

Table 4.6 L. sinuatum cultivar 4004's multiplication factors, percentage of
vitrified plants and belt plants on three different multiplication media during
multiplication stage*

Multiplication Multiplication Percentage of Percentage of belt
media factors vitrified plants
17-7 1.35a 0.0% 0.0%
17-8 148 a 0.0% 0.0%
17-9 153 a 0.0% 0.0%

* Data represent mean values of three replicationsreatment. Mean values followed by the
same subscript letters indicate treatments arsigoificant different at R 0.05.

MM 17-7 MM 17-8 MM 19-

Figure 4.5 The morphology ofL. sinuatum cultivar 4004 on three different
multiplication media in multiplication stage (Zhao Hang, 2010)
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4.3.2 Pre-rooting stage of cultivar 4004

There was no significant difference in MF betweeme¢ PM (P=0.158) (Table 4.7).

Table 4.7L. sinuatum cultivar 4004’s multiplication factors on three pre-rooting
media during pre-rooting stage*

16-6 1.08 a
16-7 1.08 a
16-8 1.05a

* Data represent mean values of three replicationsreatment. Mean values followed by the
same subscript letters indicate treatments arsigofficant different at R 0.05.

4.3.3 Rooting stage of cultivar 4004

The interaction between MM and PM was not signiftcat 5% level (P=0.159).

However, the rooting percentage was significanffigcied by the three different PM

(P=0.000). Medium 16-8 gave the highest rooting@eatage of 89.5% (Table 4.8).
Medium 16-7 had the lowest rooting percentage @&)7@mong three media. For
this cultivar, plants with PM 16-8 started rootihg days after being transferred to
rooting medium (Figure 4.6).

Table 4.8 L. sinuatum cultivar 4004’s rooting percentage on the three
pre-rooting media during rooting stage*

16-6 55.8% ¢
16-7 8.70% b
16-8 89.5% a

* Data represent mean values of three replicationsreatment. Mean values followed by the
same subscript letters indicate treatments arsigofficant different at R 0.05.
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4.4 Cultivar C024

4.4.1 Multiplication stage of cultivar C024

The MF of plants on medium 18-0 were significarttigher than plants on media
18-5 and 19-4 (P=0.040). There was no significafferénce in percentage of
vitrified plants and belt plants between the thid® (P=0.197 and P=0.685
respectively) (Table 4.9), but compared with presiocultivars, this cultivar
produced obviously more vitrified and belt plants.

Table 4.9 L. sinuatum cultivar C024’s multiplication factors, percentage of
vitrified plants and belt plants on three different multiplication media during
multiplication stage*

18-0 245 a 0.0% a 17.4% a
18-5 1.87b 5.5% a 13.8% a
19-4 2.04Db 3.7% a 10.3% a

* Data represent mean values of three replicationsreatment. Mean values followed by the
same subscript letters indicate treatments arsigofficant different at R 0.05.

4.4.2 Pre-rooting stage of cultivar C024

The three PM did not give the significant differeno MF (P=0.117). The three PM
had no influence on the percentage of vitrifiechdaP=0.197). For the belt plants,
they were affected by different PM (P=0.001). Sfigantly less belt plants occurred
on the PM 16-8 (Table 4.10) (Figure 4.7).

Table 4.10 Cultivar C024’s multiplication factors, percentage of vitrified plants
and belt plants on three different pre-rooting meda during pre-rooting stage*

16-6 2.33 a 3.3% a 11.3% a
16-7 2.04 a 57% a 17.3% a
16-8 1.81a 0.0% a 3.2%b

* Data represent mean values of three replicationsreatment. Mean values followed by the
same subscript letters indicate treatments arsigofficant different at R 0.05.
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PM 16-6 PM 16-7 PELa

Figure 4.7 The morphology in pre-rooting stage ok. sinuatum cultivar C024 on
three different pre-rooting media (Zhao Hang, 2010)

4.4.3 Rooting stage of cultivar C024

All the treatments started rooting between 7 andldys after being transferred to
rooting medium. There was no interaction between MM PM (P = 0.915).

Rooting percentage was significantly affected by @\ 0.006). Plants on PM 16-8
had the highest rooting percentage of 98.9% (T4klé). Medium 16-7 gave the
lowest rooting percentage (81.7%) among three RNU(E 4.8).

Table 4.11 Cultivar C024’s rooting percentage on th three pre-rooting media
during rooting stage*

Pre-rooting media Rooting percentage \
16-6 92.5% b
16-7 81.7%c
16-8 98.9% a

* Data represent mean values of three replicationsreatment. Mean values followed by the
same subscript letters indicate treatments arsigofficant different at R 0.05.
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Chapter 5 Discussion

5.1 Cultivar 22016

High levels of BA induce shoots (Slattral., 2003). Media 17-8 and 17-9 contained
higher concentration of BA, therefore, they hadhkigMF than plants on medium
17-7. Table 4.1 showed that vitrified plants wemat significantly affected by
different levels of BA. But vitrified plants bothcourred on high level of BA for
cultivar 22016 and 8008. Maybe high level of BA hefict on vitrification. George
(2008) had reviewed that cytokinin promote cellision. High concentrations of
cytokinin cause the level of some species to indiomts to become hyperhydric.

In the pre-rooting stage, low concentration of Kimeslows the rate of plants to
induce new shoots more than NAA does (Table 4.8)aNicle has mentioned this
phenomenon so far. Generally, the effect of cytioisiron tissue culture can vary
according to the level of cytokinins used (Raz@4193).

In the rooting stage, Figure 4.2 showed the mednith NAA induced roots and
speeded up root formation. The high level of Kindtiocked the roots induction. In
general, auxins induce roots, and cytokinins ah héyel inhibit root formation (de
Klerk, 2009).

5.2 Cultivar 8008

In the multiplication stage, cultivar 8008 had migar result as cultivar 22016 (Table
4.4).

In the pre-rooting stage, Kinetin was ineffective gromotion of shoot formation
(Tablele 4.5). Razdan, (2003) reported that cytokirare a complex class of plant
hormones. Kinetin has less effect on shoot indadti@n BA does.

In the rooting stage, low concentration of BA usedhe multiplication stage and
NAA used at pre-rooting stage is a considerable lkeoation for rooting. This
combination speeded up root formation (Figure 4Adixin promotes root induction
(Davies, 1995). A balance between auxin and cytokgmowth regulators is most
often required for the formation of root (Hanstml., 1985) (Figure 2.1).
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5.3 Cultivar 4004

Cytokinins did not have an obvious effect on the 8ffing multiplication stage and
pre-rooting stage (Table 4.6 and 4.7). The efféatytokinins on tissue culture can
vary according to the variety of plant (Georgel. 2008). The vitrification and belt
plants appeared to not be the problem for thiswvaul{Table 4.6).

In the rooting stage, high level of Kinetin usedpie-rooting media had a negative
effect on root formation. The medium supplementéatth WAA could improve root
formation (Figure 4.6). At high concentration oftakinin inhibits or delays root
formation (Blakesleyet al., 1987). Auxins at high levels induce roots (Slateal .,
2003). There were not enough plants tested forctiiisvar. In the future, the control
treatment will be introduced as a comparison. Témult of this research did not
prove whether it is necessary to introduce a po#g stage for the rooting of
cultivar 4004.

5.4 Cultivar C024

In the multiplication stage, at the same conceioinadf BA, media with FeENAEDTA
iron source had higher MF than media with FeEDDHPable 4.9). During
multiplication, FeEEDDHA could reduce chlorosis, i@ase content of chlorophyll and
iron but have no effect on the number of side sh@im et al., 2003). Cultivar C024
is a difficult pot type plant. It is not easy tot@lumps into single plant. The way of
cutting could also have an influence on the result.

Seen from Table 4.10 cultivar C024 was sensitivEitetin. High concentration of

Kinetin causes high percentage of belt plants,AA could reduce the percentage
of belt plants. Plants that multiplied too much eleped the belt plants. Cytokinins
promote cell division, and high concentrations ytokinin cause the level of some
species to have an unusual shape. Auxin reduced &lrmation and improves root
formation (de Klerk, 2009).

In the rooting stage, plants cultured on media W#HA or without NAA started
rooting at same time and gave the similar rootiag@ntage (Figure 4.8). Maybe the
reason was cultivar C024 became an easy rootirtgvaukfter the multiplication
media already had been adapted from the standattpication media. This
cultivar easily became vitrified and produced Ipddints. However, it started rooting
fastest and had the highest rooting percentage @uherfour cultivars.
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Chapter 6 Conclusion and Recommendations

For cultivar 22016, plant multiplication and rodirare two separate stages. For
multiplication stage, multiplication media 17-8 ahd-9 are the best. Pre-rooting
medium 16-8 is recommended as an intermediate letwsultiplication and
rooting.

For cultivar 8008 the optimized combination fortiag is multiplication media 17-7
used at multiplication stage and pre-rooting medi§¥8 used at pre-rooting stage is
recommended. For the future production, it wouldblegter to use multiplication
media 17-8 or 17-9 for multiplying, and use muitption medium 17-7 before
culturing plants on pre-rooting medium 16-8. Aftenducting this research cultivar
8008 still has the low rooting percentage probl@imerefore, more researches still
need to be conducted to improve rooting percentage.

For cultivar 4004, multiplication stage and rootisage seems to have no
relationship. For multiplication there are no bestltiplication media found to

produce high MF. But multiplication media 17-8 or-9 are recommended for
multiplying. For rooting the best pre-rooting mediis 16-8.

For cultivar C024, there is no relationship betweanitiplication phase and rooting
phase. Multiplication medium 18-0 is recommendedingu multiplication stage.

And it is unnecessary to introduce pre-rooting raetliring tissue culture. This will
also be an advantage to save production time.

For the future research, in order to make the resate reliable, it is better to have
more than 4 replicates per treatment. For the dutissue culture ok. sinuatum,
high concentration of NAA is recommended to usethe rooting stage, and
cytokinins are omitted from rooting media.

This research shows the phenomena that multighicdtormone gives the influence
on rooting stage. This can contribute to furthesue culture experiments abaut
sinuatum rooting and other tissue culture crops. The outahthis research can
help HilverdaKooij solve the low rooting percentaggoblems of somk. sinuatum
cultivars, and this can contribute to a more eéfiti production system for the
company.
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