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In this study, the effect of different levels of irrigation water, light intensities and
durations of shading on growth and development of young Tongkat Ali (TA,
Eurycoma longifolia Jack) was considered. Large cultivation of TA is still very
lacking due to insufficient and inconclusive information of its agronomic cultivation
requirements; thus, over collecting from the tropical rain forests for commercial
production of traditional medicines will ultimately endanger and lead to the species
extinction. In order to sustain the continuous supply of plants raw material for
industrial production, there is an urgent need to determine the essential growing
requirements of this plant for the establishment of plantations of TA, particularly, in
the nursery. Hence, three experiments were conducted to examine the agronomic
requirements: Water levels, light intensity and shading duration of young TA. The
first experiment was laid down out a Randomized Complete Block Design (RCBD)
with five watering regimes imposed onto 6-month old TA seedlings from Hulu
Langat, Selangor, Malaysia, namely at 125%, 100%, 75%, 50% and 25% of field
capacity (FC), placed in six blocks. The main objective of the study was to evaluate
the effect of different levels of irrigation water on growth and development of TA,
especially the root growth and its relationship with the shoot growth. There were
obvious differences among young TA seedlings for sensitivity to water stress due to
the different levels imposed. Growth parameters also decreased with increasing
severity of water scarcity, although by the end of the experiment, they were not
significantly different under treatment 75% FC compared to non-water stress,
especially in total biomass and total leaf area. Root parameters, especially root
length, root diameter, root volume and specific root length (SRL) by end of the
experiment demonstrated noticeable differences among young TA seedlings treated
with different water levels. In the second experiment with the main objective to
determine plant responses to the interaction between water availability and various
light intensities on growth and development of TA, especially the root growth, the
combined treatments were arranged using RCBD with a split plot layout consisting
of 2 factors of three different light intensities (no cover, 50% shading, 70% shading)



and three different water treatments (100% FC, 75% FC, 25% FC) blocked three
times. Results showed that plant growth parameters including plant height, stem
diameter and total biomass were reduced only by light scarcity condition and root/
shoot ratio; meanwhile, height ratio was higher in 70% shading compared to 50%
shading and the control conditions. After 4.5 months of combined light and water
treatments, seedlings exposed to 50% shading combined with 75% FC (moderate
water stress) recorded the highest values for total plant leaf area (TLA; 331cm?),
specific leaf area (SLA; 134 cm?/g), chlorophyll concentration (CHL; 42.6 pmol/m?)
and nitrogen balance index (NBI; 22.1) compared to 70% shading imposed with
water stress at 25%FC showing lower values for TLA (16.7 cm?), SLA (31.7 cm?/g),
CHL (17.3 umol/m?) and NBI (5.1), respectively. Likewise, there were parallel
decreasing trend in root parameters (root length, root diameter, root volume and
SRL) with non-shaded plants resulting in fine root with decreased root density,
which severity escalated (decreased by 46%) with decreasing light intensity at 70%
shading compared to non-shaded condition. The second experiment clearly
demonstrated the effect of light sensitivity of young TA seedlings, especially on root
density, and this sensitivity became severe when plants were further imposed with
water deficit. The third experiment investigated plant light requirement based on the
duration of 50% shading imposed for 45, 30 and 15 days after start of treatment and
combined with three different water treatments (100% FC, 75% FC, 25% FC).
Treatments were laid out in a split plot arrangement based on RCBD with three
blocks with the objective to investigate the effect of different duration of 50%
shading on root system, and the morphological and physiological traits of TA.
Results from the experiment showed that there were recognizable differences among
young TA seedlings exposed to shading duration and water treatments. The decrease
in shading duration from 45 to 15 days seemed to have increased both the peroxidase
(POX) and malondialdehyde (MDA) in both root and shoot parts compared with 30
days shade duration treatment. Similarly, plants imposed with 45 and 15 days
shading also recorded decrease in plant height (4%~8%), shoot diameter (2%~8%),
root length (2%~8%) and root diameter (15%~20%) compared with 30 days of
shading duration. The root also seemed to be more sensitive than the shoot to both
POX and MDA under either too short (15 d) or too long shading duration (45 d). In
the present study, the role of peroxidase in the growth of TA seedlings was examined
by relating plant height, stem diameter and root parameters, in particular root length
and root diameter, with peroxidase activity, which indicated that reduction in
peroxidase activity was associated with the tallness and thickness of the plant, which
correlated with root length and root diameter with significant correlation, such that,
30 days shading duration exhibited highest value in shoot and root parameters
compared with other shade durations. Conversely, plants exposed to short duration of
shading treatment (15 d = longer exposure to sunlight) exhibited greater values of
MDA and POX than those exposed to 45 d shading duration with 1.2% increase in
MDA in both root and shoot, and in case of POX with 33% increase in root and 20%
increase in shoot, respectively. In a nutshell, even though long time shading has
negative effects on growth and development, short time shading duration led to
excess light intensity and has more detrimental effects. In conclusion, by evaluating
the effects of different levels of irrigation water, various light intensities and different
durations of shading on root and shoot traits, morphologically, physiologically and
biochemically, the 50% shading at 30 d duration combined with water at 75% FC
seemed to give the optimum growth and development condition for establishment of
TA seedlings.
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Dalam kajian ini, kesan paras air pengairan yang berlainan, terang cahaya dan jangka
masa teduhan ke atas pertumbuhan dan perkembangan Tongkat Ali muda (TA;
Eurycoma longifolia Jack) dikaji. Penanaman TA secara besar-besaran masih sangat
kurang kerana maklumat yang tidak mencukupi dan tidak meyakinkan mengenai
keperluan agronomik penanamannya; Oleh itu, pengusahaan yang lebih banyak dari
hutan hujan tropika untuk pengeluaran komersil ubat-ubatan tradisional akhirnya
akan membahayakannya dan membawa kepada kepupusan spesis. Untuk
mengekalkan bekalan bahan mentah yang berterusan untuk pengeluaran
perindustrian, terdapat keperluan mendesak untuk menentukan keperluan
pertumbuhan pokok yang diperlukan untuk penubuhan ladang TA, terutamanya di
tapak semaian. Oleh itu, tiga eksperimen telah dijalankan untuk mengkaji keperluan
agronomi: iaitu melalui paras air, terang cahaya dan jangka masa teduhan TA muda.
Percubaan pertama dibina dalam Reka Bentuk Blok Lengkap Rawak (RCBD)
dengan lima rejim penyiraman yang dikenakan ke atas benih berusia 6 bulan yang
berasal dari Hulu Langat, Selangor, Malaysia, iaitu 125%, 100%, 75%, 50% dan
25% daripada kapasiti lapangan (FC), ditempatkan dalam enam blok. Objektif utama
kajian ini adalah untuk menilai kesan pelbagai peringkat pengairan air pada
pertumbuhan dan pembangunan TA, terutamanya pertumbuhan akar dan
hubungannya dengan pertumbuhan yang cepat. Terdapat perbezaan sensitiviti yang
ketara dalam kalangan TA muda terhadap tekanan air kerana tahap yang berbeza
dikenakan. Parameter pertumbuhan juga berkurangan dengan peningkatan keseriusan
kekurangan air. Walaupun pada akhir eksperimen, mereka tidak jauh berbeza di
bawah rawatan 75% FC berbanding tekanan selain dari air, terutamanya dalam
jumlah biojisim dan jumlah keseluruhan daun. Parameter akar, terutamanya panjang



akar, diameter akar, jumlah akar dan panjang akar spesifik (SRL) pada akhir kajian
menunjukkan perbezaan ketara antara anak benih TA muda yang dirawat dengan
paras air yang berbeza. Dalam eksperimen kedua, dengan objektif utama untuk
menentukan tindak balas tumbuhan kepada interaksi antara ketersediaan air dan
pelbagai terang cahaya pada pertumbuhan dan perkembangan TA, terutama
pertumbuhan akar, rawatan gabungan disusun menggunakan RCBh dengan susunan
plot yang terdiri dari 2 faktor daripada tiga, terang cahaya yang berbeza (tiada
perlindungan, teduhan 50%, teduhan 70%) dan tiga rawatan air yang berlainan
(100% FC, 75% FC, 25% FC) disekat tiga kali. Keputusan menunjukkan bahawa
parameter pertumbuhan tumbuhan termasuk ketinggian tumbuhan, diameter batang
dan jumlah biojisim dikurangkan hanya dengan keadaan kekurangan cahaya. Pada
masa yang sama, nilai yang lebih rendah dicatatkan untuk nisbah jisim akar dan
nisbah akar / pucuk; Sementara itu, nisbah ketinggian adalah lebih tinggi dalam
teduhan 70% berbanding dengan teduhan 50% dan keadaan kawalan. Selepas 4.5
bulan gabungan rawatan cahaya dan air, benih yang terdedah kepada teduhan 50%
digabungkan dengan 75% FC (tekanan air sederhana) mencatatkan nilai tertinggi
bagi kawasan daun tumbuhan (TLA, 331cm?), kawasan daun spesifik
(SLA; 134 cm? / g), kepekatan klorofil (CHL; 42.6 umol / m?) dan indeks
keseimbangan nitrogen (NBI; 22.1) berbanding dengan teduhan 70% yang dikenakan
dengan tekanan air pada 25% FC menunjukkan nilai yang lebih rendah untuk TLA
(16.7 cm?), SLA (31.7 cm? / g), CHL (17.3 umol / m?) dan NBI (5.1). Begitu juga,
kecenderungan penurunan paralel pada parameter akar (panjang akar, diameter akar,
jumlah akar dan SRL) dengan tumbuhan tidak berteduh menghasilkan akar halus
dengan ketumpatan akar berkurang, yang mana keterukan meningkat (menurun
sebanyak 46%) dengan mengurangkan terang cahaya 70% teduhan berbanding
dengan keadaan tidak berbayang. Eksperimen kedua dengan jelas menunjukkan
kesan sensitiviti cahaya anak benih TA muda, terutamanya pada ketumpatan akar,
dan kepekaan ini menjadi serius apabila tumbuhan terus dikenakan dengan defisit air.
Eksperimen ketiga menyiasat keperluan cahaya tumbuhan berdasarkan jangka masa
teduhan 50% yang dikenakan selama 45, 30 dan 15 hari selepas permulaan rawatan
dan digabungkan dengan tiga rawatan air yang berbeza (100% FC, 75% FC, 25%
FC). Rawatan dibentangkan dalam susunan plot berpecah berdasarkan RCBh dengan
tiga blok dengan tujuan untuk menyiasat kesan jangka masa yang berlainan 50%
teduhan pada sistem akar, dan sifat morfologi dan fisiologi TA. Hasil daripada
eksperimen menunjukkan bahawa terdapat perbezaan yang dapat diiktiraf antara
anak benih TA muda yang terdedah kepada sesuatu jangka masa teduhan dan
rawatan air. Penurunan dalam jangka masa teduhan daripada 45 hari hingga 15 hari
seolah-olah telah meningkatkan kedua-dua peroksidase (POX) dan malondialdehih
(MDA) di kedua-dua bahagian akar dan pucuk berbanding dengan jangka masa
rawatan selama 30 hari. Begitu juga tumbuhan yang dikenakan dengan teduhan 45
dan 15 hari yang mencatatkan penurunan ketinggian tumbuhan (4% ~ 8%), diameter
pucuk tumbuhan (2% ~ 8%), panjang akar (2% ~ 8%) dan diameter akar (15% 20%)
berbanding dengan 30 hari jangka masa teduhan. Akar juga nampaknya lebih sensitif
daripada pucuk untuk kedua-dua POX dan MDA di bawah jangka masa teduhan,
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sama ada terlalu pendek (15 h) atau yang terlalu lama, (45 h). Dalam kajian ini,
peroksidase dalam pertumbuhan anak benih TA diperiksa dengan mengenal pasti
ketinggian tumbuhan, diameter batang dan parameter akar, khususnya panjang akar
dan diameter akar, dengan aktiviti peroksidase, yang menunjukkan bahawa
pengurangan aktiviti peroksidase dikaitkan dengan ketinggian dan ketebalan
tumbuhan, yang berkorelasi dengan panjang akar dan diameter akar dengan korelasi
yang ketara, sedemikian rupa, jangka masa 30 hari teduhan menunjukkan nilai
tertinggi dalam parameter untuk pertumbuhan pucuk dan pertumbuhan akar
berbanding dengan jangka masa teduh yang lain. Sebaliknya, tumbuhan yang
terdedah kepada jangka pendek rawatan teduhan (pendedahan 15 hari yang lebih
lama dengan cahaya matahari) memperlihatkan nilai MDA dan POX yang lebih
besar daripada yang terdedah kepada 45 h jangka masa teduhan dengan kenaikan
MDA 1.2% pada kedua-dua pertumbuhan akar dan pucuk, dan dalam kes POX
dengan kenaikan 33% dalam akar dan peningkatan 20% dalam pucuk. Ringkasnya,
walaupun teduhan lama mempunyai kesan negatif ke atas pertumbuhan dan
perkembangan, jangka masa teduhan yang singkat membawa kepada keamatan
cahaya yang berlebihan dan mempunyai kesan yang lebih memudaratkan. Sebagai
kesimpulan, dengan menilai kesan-kesan paras. Air pengairan yang berlainan,
pelbagai terang cahaya dan jangka masa teduhan berlainan pada sifat akar dan pucuk,
morfologi, fisiologi dan biokimia, teduhan 50% pada jangka masa 30 h digabungkan
dengan air pada 75% FC nampaknya memberikan pertumbuhan dan perkembangan
yang optimum bagi pertumbuhan anak benih TA.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Plants are integral parts of our biosphere and essential components for the existence
of mankind (Tripathy, 2015). The use of plants or plant parts as medicines to treat
various diseases or other health conditions has been recorded since prehistoric times
(Rahman & Hossain, 2002; Wiart et al., 2000). Globally, herbal medications are used
partly because the worth of the traditional medical system has been recognized and
plants with medicinal value have been identified from indigenous pharmacopoeia
that have been proven to possess to have significant natural healing capabilities or in
the form of new pharmaceuticals (Lewis, 2001). The herbal and medicinal plants
industry of Malaysia is considered as one of the most dynamic and progressive with
annual growth estimated at 20% (Fadzil, 2000). While the total significant value of
the medicinal and aromatic plants increased from RM 141 million in 1986 to RM
431 million in 1996 (Ghani et al., 2002). The current market value of traditional
medicine in Malaysia is estimated to be between RM 1.0 and RM 2 billion (Ali et al.,
2002). In terms of current priorities the species that have been identified as medicinal
indigenous South East Asia herbs are: Eurycoma longifolia (Tongkat Ali), Labisia
pumila (Kacip Fatima), Andrographis paniculata (Hempedu Bumi), Morinda
citrofolia (Mengkudu), Centella asiatica (Pegaga), Orthosphon aristatus (Misai
Kucing) and Punica granatum (Buah Delima) (Ghani et al., 2002; 1lham et al., 1999).

1.2 Eurycoma Species

Nowadays, there are three Eurycoma species that have been identified; Eurycoma
longifolia (E. longifolia; EL) discovered in Malaysia, Eurycoma apiculata, and
Eurycoma haramandiana, which were discovered recently in Thailand by
Kanchanapoom and co-workers (2001).

1.2.1 Eurycoma longifolia (Tongkat Ali)

Eurycoma longifolia or better known in Malaysia as Tongkat Ali or Malaysian
home-grown aphrodisiac (Wan, 2006) has been found to have the greatest local
demand as a health tonic and superior herbal plant. The plant owes its popularity to
its aphrodisiac claim and has been sought after as an essential component in libido
(Chauhan et al, 2014). Moreover, plant extracts especially from the roots, are
exclusively used for reinforcing the male hormone (testosterone) levels. In this case
some have referred to Tongkat Ali as the Malaysian ginseng (Jaganath & Ng, 2000).
Plant parts, which refer to the stem and leaves also have become some of the items in
medicinal stalls and have been traditionally used for their unique anti-malaria, anti-
microbial and anti-fever activities. These herbs are suitable and useful for the
reduction of sugar levels in diabetics, asthmatics, stomach disorders, low blood
pressure and intestinal worms. It should be noted though that the main usage of this
plants is as an aphrodisiac and curing post-partum. As a tree that cures hundreds of
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diseases as claimed by Vietnamese (Bhat and Karim, 2010). Eurycoma longifolia
products from Malaysia are exported and marketed in the United States of America,
Europe and Korea.

Probabiity
[]o.0010-0.0510
[] 0.0510-0.1500
[] 0.1509 - 0.2508
[[2] 02508 - 0.3507
[ 0.3507 - 0.4506
0.4506 - 0.8004
[ 06004 - 0.7002
[ 0.7002 - 0.8002
I 0.8002 - 0.9001
I > 00001

Figure 1.1: The probability distribution of Eurycoma longifolia in Peninsular
Malaysia based on herbarium records.

In Figure 1.1 the probability distribution of Eurycoma longifolia in peninsular
Malaysia based on herbarium records shows that in south and west of Peninsular
Malaysia the probability distribution of this herb is much more compared to other
areas. The plant is uprooted in the process of separating the root, which has led to a
serious shortage of this plant (Sobri & Maziah, 2002). In other words, measurements
for collecting Tongkat Ali from the depths of wild tropical forests for the commercial
production of traditional medicines will endanger and lead to the extinction of this
herbal variety in the future (Norkapsi et al., 2009).

From what has been stated above about the importance of TA, there is an urgent need
to determine the essential requirements of this plant for the establishment of
plantations and nursing the seedlings of this superior herb to sustain the plants raw
material supply for industrial production. On the other hand, the most common
method to propagate E.longifolia is through seeds Sown in a nursery under shade
with high humidity (Jaganath & Ng, 2000; Wan, 2006). Domestication of
E.longifolia is very crucial and although it should be noted that this indigenous South
East Asia herbal plant has never been comprehensively domesticated before.

Abiotic stress or water stress is among the most serious concerns in agriculture; and
therefore, water tolerance by any plant is massively important (Shao et al., 2008).
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This type of tolerance involves the changes and differences in morphological traits
such as differences in height and diameter of stem and also differences in leaf area by
becoming thick in terms of drought stress to preserve the internal water status of the
plant. Physiological responses include leaf gas exchange of plant and plant water
relation and even in terms of root characteristics in this kind of herb such as root
volume and specific root length in water scarcity (Ryser, 2006). Sufficient amount of
water should be supplied for plants to maintain their cells in good condition,
especially at the early stage of development and in terms of E. longifolia, at the
seedling stage and before transferring the plant to the field, in order to produce new
tissue and cell progressively and improving the medicinal properties in older stage of
growth consequently. Drought conditions can be classified as either terminal or
intermittent. Based on terminal drought definitions, the availability of soil water
declines progressively and premature plants will perish. Intermittent drought is due
to finite and continuous periods of insufficient irrigation occurring at one time or at
intervals during the growth and is not necessarily lethal (Neumaan, 2008). Another’s
main and critical aspects of photosynthesis besides the water are intensity and
duration of light. Light has three principal characteristics that affect plant growth:
quantity, quality, and duration. Light quantity refers to the intensity or concentration
of sunlight and varies with the season of the year. As the sunlight quantity decreases
the photosynthetic process decreases. Light quantity can be decreased in a garden or
greenhouse by using shade-cloth or shading paint above the plants. It can be
increased by surrounding plants with white or reflective material or supplemental
lights. Light quality refers to the color or wavelength reaching the plant surface.
Light duration or photoperiod refers to the amount of time that a plant is exposed to
sunlight. Due to the increase of light intensity and duration of it, it is expected that
the maximum, minimum and optimum global temperatures will also increase by 3 -
4°C (Heinem et al., 2005).

1.2.2 Cultivation of E.longifolia

In the case of E.longifolia, one of the means to increase its production is to speed up
the growth process. This can be possible by using proper irrigation and suitable
intensity of light with the optimum duration of light on the seedling. Increase in these
three fundamental plant requirements gains is justified to augment total plant’s dry
biomass to enhance photosynthesis with extra supplies of carbon dioxide (Foyer et
al., 2017). Light intensity can affect plant form, flowering, leaf size, and color in
both herbaceous (Jeong et al., 2009; Vendrame et al., 2004) and woody species
(Hampson et al., 1996). Shade tolerant plants have both morphological and
physiological adaptations that allow them to adapt to low-light conditions (Liu & Su,
2016).

1.3 Hypothesis

As little study has been done in the demonstration of Tongkat Ali, the understanding
on the impact of water stress, light intensity and light duration on growth and
development of young Tongkat Ali may establish the agronomic requirement of T.A
cultivation. There are possibilities that different levels of water treatment and light
could probably have impact on the root system enhancement, and therefore affect the



growth pattern and domestication of E.longifolia. Reducing of oxidative damage
cause by the reactive oxygen species (ROS) generated during drought (Xie et al.,
2019) would be elaborated. Moreover, different light duration could also possibly
trigger root system growth. Therefore, there would be more root enhancement and
higher amount of its photochemical products. Hence, slow growing plants like
Tongkat Ali, should enhance growth of the root, especially the tap root, at the initial
seedling stage, which is very crucial to ensure good therapeutic properties and
harvest index in the later productive stage (Jaafar, 2009).

1.4 Research Problem Statement

Water stress tolerance involves the changes in biochemistry and physiological
responses of plant and water relation (Guerfel et al., 2009). Drought stress possibly
regulates and diminishes plant growth and development; limit plant products (Farooq
et al., 2009). Although water deficit is known to retard every aspect of growth
including morphological and physiological traits, water stress is not always injurious,
because it has been reported to improve the secondary metabolite activities of plant
products. Irradiance also plays major role in influencing growth development of
plants especially in young seedling. Effect of irradiance levels on the growth
performance of Tongkat Ali seedling, need to be examined in order to determine its
growth performance which is very crucial at nursery stage. Different time duration
of shading has also been known to enhance growth and development of plant. It is
important to know the exact amount and duration of light which are needed to
improve growth rate of plant such as T.A.

1.5 Objectives of Study
This study was conducted with the following objectives:
a) To evaluate the effect of different levels of irrigation on growth and
development of E.longifolia specially the root growth and its relationship

with the shoot growth.

b) To determine the interaction between water availability and various
irradiance proportion in root growth performance of Tongkat Ali.

c) To investigate the effect of different duration of shading on root system and
the morphological and physiological traits of E.longifolia.

d) To establish the relationship of root growth performance with those of
morphological and biochemical traits.



1.6 Organization of the Thesis

In summary, this chapter reported background of study, hypothesis, problem
statement and objectives of the study. The next chapter will discuss about the
literature review related to the objectives of the study and criticizes about those
researches, effect and dimension of stress on growth and development of plant and
related to the above and underground organs of plants.
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