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ABSTRACT

A field experiment was conducted at the School of Sustainable Agriculture Field
Laboratory in University Malaysia Sabah, Kota Kinabalu, Sabah to study the effect of
different photoperiod on Chrysanthemum sp. as cut flower under lowland area with
mean daily temperature at 31 °C and 75 % of relative humidity. Effectiveness of each
photoperiod given was measured through the rate of Chrysanthemum growth and the
flower size obtained. The experiment was conducted by using Complete Random
Design (CRD) by supplementing different photoperiod, which were 12 h, 14 h, 16 h,
and 18 h of light. Each photoperiod was evaluated using 10 pseudoreplicates.
Generally, the plant height was recorded from the first week after transplanting (WAT)
whereas the bud opening was recorded only after the seventh week. The result clearly
shown that there is significant different on different photoperiod on the plant heigh
growth (One-way ANOVA). The 14 h photoperiod resulted to highest plant height (85.4
cm) and also had the shortest photoperiod response (3.5 weeks). Besides, 50% of
flowers obtained were categorized as ‘Fancy’, 10% of ‘Standard’ and 40% of ‘Short’
grade. In conclusion, the 14 h of photoperiod is best suggested to obtained
Chrysanthemum cut flower under lowland area. In conclusion, 14 h was suggested the
best photoperiod treatment under lowland area which yields taller plant height, and
had the shortest photoperiodic response. However, a further study in temperature
effect to plant growth and flowering response of Chrysanthemum cultivated under
lowland area should be conducted. Hence, through this that we may obtained a more
promising protocol of Chrysanthemum cut flower production that is more flexible, easy

and cheaper and subsequently to create an alternative way upon the competition on
land use of highland area, especially in Sabah.
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KESAN FOTOKALA YANG BERBEZA TERHADAP PERTUMBUHAN
CHRYSANTHEMUM SP. DI KAWASAN TANAH RENDAH

ABSTRAK

Kajian ini telah dijjalankan di Makmal Ladang, Sekolah Pertanian Lestari, Universiti
Malaysia Sabah, Kota Kinabalu, Sabah untuk mengkaji kesan fotokala yang berbeza
terhadap pertumbuhan dan pembungaan Chrysanthemum sp. sebagai bunga keratan
di kawasan tanah rendah yang mempunyai purata suhu harian 31 °C dan kelembapan
relatif 75%. Keberkesanan setiap fotokala yang digunakan diukur melalui kadar
pertumbuhan Chrysanthemum dan saiz bunga yang diperolehi. Eksperimen dijalankan
menggunakan Rekabentuk Rawak Lengkap dengan membekalkan fotokala yang
berbeza iaitu, pada 12 j, 14 j, 16 j dan 18 j cahaya. Setiap fotokala dikaji
menggunakan 10 replikasi. Secara amnya, Ketinggian pokok dicatat bermula selepas
pemindahan ke ladang dan pembukaan kudup pula hanya direkodkan selepas minggu
ketujuh. Hasil yang diperolehi menunjukkan dengan jelas bahawa pemberian fotokala
berbeza mempengaruhi ketinggian pokok Chrysanthemum (ANOVA satu-hala).
Pendedahan kepada 14 j cahaya menghasilkan pokok yang paling tinggi (85.4 cm) dan
Jjuga memberikan respon pencahayahan yang paling singkat (3.5 minggu). Selain itu,
50% daripada bunga yang dihasilkan tergolong dalam kategori ‘Fancy, 10%
‘Standard, dan 40% dalam gred ‘Short’. Kesimpulannya, kesan pendedahan kepada
fotokala selama 14 j cahaya disarankan untuk menghasilkan bunga keratan
Chrysanthemum di kawasan tanah rendah. Ini kerana ia mampu menggalakkan
pertumbuhan sehingga mencapai ketinggian piawai yang diterima oleh pasaran dan
memberikan respon pembungaan yang paling singkat. Walau bagaimanapun, kajian
lebih lanjut terhadap kesan suhu ke atas pertumbuhan dan pembungaan
Chrysanthemum yang ditanam di kawasan tanah rendah perlu dijalankan agar dapat
menghasilkan protokol pengeluaran bunga keratan yang mudah dan murah di samping
menyediakan alternatif kepada persaingan guna tanah di kawasan tanah tinggi
khasnya di negeri Sabah.
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CHAPTER 1

INTRODUCTION

Plant in terms of light relation is mainly divided into two general terms which are short
day (SD) or long day (LD) plant. SD plants are those that only flower, or flower more
rapidly, when the daylength is shorter than a particular duration. In contrast, LD plants
are those that only flower, or flower more rapidly, when the photoperiod is longer than
a critical duration. However, in this context Chrysanthemum is scientifically classified as
SD plant as growth development is governed by length of day likewise to its flowering
development. This controlling of flowering by daylength is known as photoperiod.
Hence, basic knowledge of how daylength affects plant development in photoperiodic

plant plays a critical role in manipulating the natural photoperiod to promote vegetative
growth or flowering, whichever is desired.

Generally, Chrysanthemum as cut flower is necessary to achieve height at
approximately, 24 " (60 cm)-30 " (76 cm) of stem length. Therefore, manipulation of
photoperiod plays vital role to the development phase of plant growth. On the other
hand, the flower development in Chrysanthemum is affected by both photoperiod and
temperature conditions. Low light levels is said to delay bud development and high
light levels accelerate it (Cockshull and Hughes, 1971; Hidén and Larsen, 1994).
However, the fastest flower bud development after initiation is achieved best when
temperatures are held around 18-20 °C (Jong, 1978; Adams et al, 1998). The
relationship between daily light integral and mean day temperature, and its general
effect on the rate of flower development of different Chrysanthemum cultivars has

previously been described in a prediction model developed by Larsen and Persson




(1999) has been proven to be significant. However, only a few studies have been done
concerning the actual growth of the flower head. Cockshull and Hughes found in 1971
that the number of florets formed on the receptacle was modified by light level during
the initial period of floret formation. Another study showed that standard cultivars
produced heavier flower heads when grown during summer than
during winter (Ben-Jaacov and Langhans, 1971). Karlsson et al. (1989) pointed out
that flower area increases linearly as PPF increases and that it reaches its maximum
under the optimal temperature conditions of about 18-20 °C. It was also shown that in
some cut flower cultivars, low night temperatures resulted in a larger flower diameter,

a higher flower area per plant, and heavier flowers (Carvalho and Heuvelink, 2001).

Chrysanthemum is the second economically most important floricultural (cut-
flower) crop following the Rose (Teixeira Da Silva, 2004) in the floriculture industry. It
has become a source of economic growth which has been included in Malaysia plan
period. Just recently, claimed that the expanding of floriculture was included in the
ninth Malaysian plan and known as the new source of economic growth. The

performance of this floriculture industry improved the numbers of cut flower to 126
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million stalks in year 2005. Therefore, urged from the government seek in improvising
in the floriculture industry including cut flower production to take advantage of the
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increasing demand on nursery products (RMK 9, 2006). Chrysanthemum is categorized
as a temperate cut flower which is mostly found under highland cultivation.

V8YS VISt 1y

Chrysanthemum cut flower marketing demand has caught attention of highland
growers to venture in Chrysanthemum marketing industry. Although Chrysanthemum
may be planted as cut flower or potted plant but the demand as cut flower had
managed to overcome the interest of growing Chrysanthemum as just, potted plant.
Its commercial value is highly affected by its aesthetic value, including the shape, size
and colors, in addition to the various varieties of Chrysanthemum available in the
market.

The aim of study was to evaluate the different photoperiod treatments given on
the growth of the Chrysanthemum under lowland environment in regards to the
rapidity in developmental phase and flowering phase. Nevertheless, determination of
flower head size is most important parameter to compare its size in the unit of inches.
The flower size will be graded accordingly by referring to the standard measurement to
clarify its marketing opportunity. In addition, study was conducted as a preliminary
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study on growth of cut Chrysanthemum in Sabah lowland area. Thus, further research

on other responses as well made possible in research of the responses to various
growth factors such as temperature.

1.1 Problem Statement

The challenge in producing Chrysanthemum cut flower is on the possibility of growing
Chrysanthemum sp. in lowland area. This had been one of the major challenges for
Chrysanthemum growers due to difficulties of growing it under lowland environment
which may be affected by unsuitability of land type and other environmental factors
such as, light, temperature, and relative humidity. The reason to produce cut flower in
lowland is to create alternative for growth in concern to the arability of land on
highland which is limited and mostly reserved for crop production.

1.2 Objective

The objective of the study was to evaluate the effect of photoperiod on growth of
Chrysanthemum as cut flower and to compare Chrysanthemum sp. in lowland area. for

cut flower production by evaluating on the growth performance of relative flower in
lowland area.

1.3 Scope of Study

Scope of study focused on the growth of the single flower Chrysanthemum sp., a
specific local commercial cultivar which is the Chrysanthemum cineranaefolium sp.
(M97) which was conducted locally, in Sabah, to meet experimental goals. This study
focused mainly onto the plant height (cm), photoperiodic response (week), and the
final flower size (inches) of Chrysanthemum sp., which will be during Anthesis. Other
factors may be indirectly involved in this research but it has no regards to my scope of
study. However, it may be recorded as reference hence not particularly important. Also

to mention, that all evaluations were done by referring to each pseudoreplicates of the
sample.




CHAPTER 2

LITERATURE REVIEW

2.1 Sabah

Malaysia is a federation of 13 states with total land area of 328,657 km? and Sabah as
one of the country with total land area of (73,620 km?), situated in the East of
Malaysia, that occupy the northern third of Borneo Island. Generally, the climate in
Sabah is hot and humid except in the higher mountains. Rainfall in Sabah is generally
higher at approximately 5000 mm annually and distributed throughout the year long
(Anonymous, 2010). Furthermore, the relative humidity (RH) generally ranging from
80-90%, except in the highlands and the temperature averages from 20-30 °C
throughout the year (Anonymous, 2010). Lim et al. (1995) stated that the major
production areas for temperate cut flowers in Sabah is Kundasang (85.1 ha).

2.1.1 Lowland

As in overview, Sabah agricultural land use is mostly focused on major industrial
commodities instead of cut flower production due to the high cost for post harvest
handling for transporting fresh cut produced to market. To see the importance of cut
flower industry as the source of income and high demand for exportation especially in
Japan, a promising possibility of growing Chrysanthemum yet having almost similar
quality of those cut Chrysanthemum produced in highland is in demand.



2.2 Temperate Cut Flower

Cut flower refers to flower that are produced specially for the purpose of displaying, or
as decorative fresh cut ornamentals. A temperate cut flower is flowers that are grown
in commercially large scale under mostly highland cultivation. Temperate generally
means a colder climate. In Malaysia, colder temperature basically ranges between 19-
21 °C. Among all, Chrysanthemum is found to be the most popular temperate cut
flower in Malaysia and export potentials primarily by Japan as compared to other cut
flowers available (Auni et al, 2006). Lim et al (1997) stated that the cut flower
industry in Malaysia is a relatively recent development compared to other agricultural
enterprises. From its rather humble origins as a hobby industry, the cut flower industry
in Malaysia has developed into a very viable commercial enterprise with the most
marked growth in the mid 80s. In fact it has shown such tremendous growth in the
last decade that production has increased tenfold and export twelve-fold in response to
local and foreign demands. The trend is expected to continue in the future with

growing affluence of the local population and that of the developed countries as well
as improved market opportunities.

2.3 Chrysanthemum Cut Flower Industry

This culturally rich flower is also globally the second economically most important
floricultural crop following rose, and one of the most important ornamental species.
The production value of flowers in Japan has more than doubled in the last decade as
a result of the rapid improvement of living conditions and a greater enjoyment of life,
with Chrysanthemums occupying 35% of the total cut-flower production in terms of
Chrysanthemum stem production per year (Boase et al., 1998). According to recent
statement, Japan is the leading producing country (2 billion), followed by the
Netherlands (800 million), Colombia (600 million), Italy (500 million) and the USA (300
million), while Chrysanthemums are the second most important cut flower by sales
value (UK Market Flowers and Plants Association, 2001). This cut flower production has
the potential to increase income for both small and large farms production.

In Malaysia, we may see the importance of cut flower production. The prospect
for cut flowers is very bright taking into consideration the growing demand in the

domestic and export markets and the fact that flowers are relatively recession- proof.
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The Malaysian government has recognized this fact and had accorded priority to
floriculture in the National Agriculture Policy, providing various tax and financial
incentives to attract investments. Malaysia should make full use of its inherent
advantages and attempt to rise above current constraints and provide an adequate and
consistent supply of quality cut flowers during periods of maximum demand. Current
production and marketing activities including development of desired varieties, and the
search for new markets should be upgraded with the full cooperation of all parties
concerned. These efforts and other future development plans are expected to enable
Malaysia to make the quantum leap and become one of the leading producers of
tropical cut flowers in the world. In addition, we can see that the performance of this
floriculture industry improved the numbers of cut flower to 126 million stalks in year
2005 itself. Therefore, the government had urge development in the floriculture

industry including cut flower production to take advantage of the increasing demand
on nursery products (RMK 9, 2006).

However, the cut flower industry in Malaysia is a relatively recent development
compared to other agricultural enterprises. From its rather humble origins as a hobby
industry, the cut flower industry in Malaysia has developed into a very viable
commercial enterprise with the most marked growth in the mid 80s. In fact it has
shown such tremendous growth in the last decade that production has increased
tenfold and export twelve-fold in response to local and foreign demands. The trend is
expected to continue in the future with growing affluence of the local population and
that of the developed countries as well as improved market opportunities. The cut
flower market consists of 3 important components categories which are temperate
flowers, orchids and other lowland flowers. In general, the area of cultivation for cut
flowers in Malaysia is determined by the climate and topography of the land. For
instance, highlands such as the Cameron Highlands are the major growing areas of
temperate flowers. Other cut flowers adapt better to the hot humid conditions in the
lowlands with orchids constituting the major share of the production.

In the National Agriculture Policy (1992-2010) and the Seventh Malaysia Plan
(1996-2000), cut flowers have been identified as a priority group of crops with good
potential to meet the growing domestic and international demand and to generate
higher income for producers. Therefore, we can see the robust demand of cut flower in
the industry. As mentioned by (Lim et al.,2006) one of among the main thrust if the



policy is reflected in the substantial expansion of both highland and lowland varieties to
meet the demand of an expanding market, in particular world demand. As to see
Chrysanthemum as the second highest most demanded cut flower among other
temperate cut flowers, which accumulates 78% of the total Malaysian cut flower

production. Thus, this clearly implies to the importance of utilizing lowland for this
beneficial demand.

2.4 Chrysanthemum

Chrysanthemum (mum) or scientifically referred to as Dendranthema grandiflorum.
Dendranthema was derived from the Greek which means the "tree flower" (Anthemis
Tribe) whereas grandiflorum referring to large flowered. Other similar saying was
Chrysanthemum morifolium which was previously referring to Chrysanthemum as well.
Chrysanthemum from the Greek meaning "golden flower" and morifolium referring to
mulberry leaved. It is from Asteraceae family which is a dicotyledonous flowering plant

which all florets may form as seeds. Relative taxanomy of Chrysanthemum are shown
as Figure 2.1.

Kingdom \(r Plantaet
Division Magnoliophyta
—
e
[
[
|

S

Magnoliopsida

Class
Order Asterales

Family Asteraceae/ Compositaceae

< z

Genus Chrysanthemum

Species Chrysanthemum cineranaefolium

—

Figure 2.1 Taxanomy of Chrysanthemum sp.
Source: Wikipidea, 2011; and New World Encyclopedia, 2011

Chrysanthemum is one of the most important ornamental crops around the world, and
it is produced as both cut flower and pot plant (Van Der Ploeg and Heuvelink, 2006). It

has been in cultivation for over 2500 years (Cathey, 1969). All species of
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Chrysanthemum are herbaceous perennial plants which will grow up to 50-150 cm tall.
However, varying by country, generally 70-80 ¢cm long stems are preferred in the
market (Larson, 1992; Bailey and Whipker, 1998; Hayashi et al, 2001; Jaime and
Silva, 2003; Karlovic et al, 2004). Furthermore, a way of distinguishing the different
type of Chrysanthemum is by looking at its bloom formation. Chrysanthemum can be
divided into 13 different classes according to the bloom formation as shown in Figure
2.2. Hence, further categorization is done based on how the cultivars are handled in
production which are mainly standard, spray or pompoms. Standards are usually grown
single stem with all the lateral flower buds removed to develop one large, terminal
flower head. This is usually used for cut flower production. Sprays are usually grown
multi-stem with only the terminal flower bud removed to allow all lateral flower buds to
flower. This is usually use for pot crop production. Whereas pompoms are usually
grown multi-stem with the lateral flower buds removed to develop one large, terminal
flower head on each lateral. This is usually use for pot crop production. According to
Anonymous (2010), the growth production of Chrysanthemum greatly varies according
to cultivars and environmental conditions. However, it was stated that the growth of
Chrysanthemum in local highland production was ranged within three to four months
from planting to harvesting of cut flower. Thus, manipulation of photoperiod and

temperature seems to play vital role in achieving growth of Chrysanthemum all year
round.

2.4.1 Variety of Chrysanthemum Species

There are over 30 different types of species in the genus of Chrysanthemum which are

native to Asia and north-eastern Europe. Namely, Chrysanthemum Aphrodite,

Chrysanthemum  arcticum,  Chrysanthemum  argyrophyllum,  Chrysanthemum

arisanense, Chrysanthemum boreale, Chrysanthemum

chalchingolicum,
Chrysanthemum  chanetii,  Chrysanthemum

cinerariaefolium,  Chrysanthemum

Chrysanthemum glabriusculum,
Chrysanthemum hypargyrum, Chrysanthemum indicum, Chrysanthemum japonense,

coronarium, Chrysanthemum crassum,

Chrysanthemum japonicum, Chrysanthemum lavandulifolium, Chrysanthemum mawii,

Chrysanthemum  maximowiczii, ~ Chrysanthemum mongolicum, — Chrysanthemum

morifolium,  Chrysanthemum morii, Chrysanthemum okiense, Chrysanthemum

oreastrum, Chrysanthemum ornatum, Chrysanthemum pacificum, Chrysanthemum

potentilloides, Chrysanthemum segetum, Chrysanthemum shiwogiku, Chrysanthemum



sinuatum,  Chrysanthemum vestitum, Chrysanthemum weyrichii, Chrysanthemum
yoshinaganthum, Chrysanthemum zawadskii.

2.4.2 Disbudding

Each shoot on a mum usually produces several flowers of relatively small size which is
often closely pressed against each other distorting the flowers. In order to produce
large, exhibition size mums of perfect form, the plants should be disbudded. As the
flower buds appear on each shoot, all but the largest are removed (disbudded). The
remaining single bud on each shoot will develop into a large, perfectly formed flower.

Jinny Hilderbrand (2009) stated that there are several different styles of bud
removal in Chrysanthemums. For standard Chrysanthemum, the traditional style
disbudding refers to as DB which involves in removal of all lateral buds and leaving the
only terminal bud on each stem. Disbudding is usually done as soon as the lateral buds
are formed and as close to the main stem as possible. This technique will produce one
large showy blossom on each stem. On the other hand, for spray Chrysanthemum
which has grown in popularity for both daisy and decorative types rely on a form of
disbudding in which the large terminal bud is removed and the lateral buds are allowed
to develop as clusters of smaller blossoms at the top of each stem.

Center Bud Removal (CBR) should be done as soon as the terminal bud
separates from lateral buds and could be taken off without injuring the other lateral
buds. Late CBR could result in clubby flower clusters, delays in blooming and flower
size reduction. Whereas Multiple Bud Removal (MBR) is another way of bud removal
style which sometimes necessary to completely resolve the clubby problem in sprays.
MBR is actually a very soft second pinch of more than one bud in the terminal cluster
which longer axillary breaks are established thus the flowers will not appear as clubby.
MBR is performed much earlier than CBR with usually approximately at three weeks
after the original pinch when small flower buds are actually can be feel.




2.4.3 Pest and Disease Problems

The leaves and flower of Chrysanthemum are the most at risk as it is often serves as
food plants by pest such as Stalk Borer (Papaipema nebris), Leaf Miner (Phyllonorycter
blancardella) larvae (NAPIS, 2010), Aphid (Myzus persicae sulzer), and the some
Lepidoptera species, such as Diamond Black Moth (Plutella xylostela Linn) and
butterfly. Two most common problem in Chrysanthemum production is the
Chrysanthemum White Rust (Puccinia horiana) disease and Leaf Miner (Chromatomya
horticola), which is listed in the Quarantine Act for importation of Chrysanthemum cut
flower as a major problem to prevent spreading of disease (AQIS, 2004).

2.5 Economic Uses of Chrysanthemum

2.5.1 Cut Flower

Chrysanthemum is commonly grown as cut flower, potted flowering plant and even
garden ornamental plant. Chrysanthemum can be displayed into two gro‘ups which is
the Garden Hardy or Exhibition. Species like Garden Hardy mum is a new perennial
which are capable of withstanding the winter in the ground and mainly in northern
latitudes. Also, Garden hardy is referred to their ability to produce abundance of small
blooms with only little mechanical assistance, such as staking, as well as the ability to
remain in wind or rain. However, exhibition varieties on the other hand require staking,
over wintering and sometime addition of night lights. But this exhibition varieties can
be utilize in various plant forms such as large disbudded blooms, spray forms, and

even artistically trained forms such as topiary, cascade or bonsai (Dole, 2004).

2.5.2 Culinary Use

The yellow and white Chrysanthemum is usually produce in a dried flower form to be

boiled and serve as a herbal drink, generally called the Chrysanthemum Tea. 1t is
believed to have a cooling effect to the body by reducing the internal heat.
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2.5.3 Insecticidal Use

Pyrethrum (Chrysanthemum cinerariaefolium) is economically important as a natural
source of insecticide. The flowers are pulverized, and the active components called
pyrethrins, contained in the seed cases, are extracted and sold in the form of an
oleoresin. This is applied as a suspension in water or oil, or as a powder. Pyrethrins
attack the nervous systems of all insects, and inhibit female mosquitoes from biting.
When not present in amounts fatal to insects, they still appear to have an insect
repellent effect. They are harmful to fish, but are far less toxic to mammals and birds
than many synthetic insecticides, except in consumer airborne backyard applications.
They are non-persistent, being biodegradable and also breaking down easily on
exposure to light. They are considered to be amongst the safest insecticides for use
around food. Basically, pyrethroids are synthetic insecticides based on natural

pyrethrum, or permethrin.

2.6 Major Factors Affecting Growth of Chrysanthemum

VTV 11ISy3AINn

There are several growing conditions that are found to be affecting Chrysanthemum

growth performance, which generally can be categorized into two main different lists of

Abiotic factors and Biotic factors. However, commonly stated is the influence of various
Abiotic factors, such as photoperiod, light intensity, temperature, light quality, relative
humidity, CO2 concentration, and also plant density (Carvalho and Heuvelink, 2001).
Strictly mentioned once again that although there are various of factors affecting the
growth of Chrysanthemum, the efforts will only be concentrating on the light duration
manipulation to regulate the end flower produced, as well as other relative parameters.
By other means, the light duration or daylength referred in this scientific paper is
closely referred to the term photoperiod. From an application standpoint, plant
morphogenesis can be influenced by an appropriate choice of lighting, which may
affect photoreceptors of the plants (Anzelika Kurilcik et al., 2008).

HY8YS VisiyT
A 1. Y, Vo

Cultivars of Chrysanthemum X morifolium Ramat (Bailey, 1976) are some of the
world's most popular cut flowers and potted ornamental plants. This popularity is due
in part to the ability to control year-round commercial availability of the flowers by
manipulating photoperiod or daylength and by providing an optimal environment for
growth and floral development. Some of the major factors are temperature, irradiance,

1 1 -
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