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Oil palm, the major crop planted in Malaysia, becomes one of the important
commodity crops with a total planted area of 5.4 million hectares in 2015. The
economic value of oil palm is determined by its height, since the height of a tree will
influence the cost of harvesting the fresh fruit bunch (FFB). The increase of oil palm
height will increase the difficulty and may cause damages to FFB during harvesting
process. Thus, this study was conducted in effort to manipulate the oil palm height
(stem elongation) through the manipulation of plant growth hormones by using GA
Inhibitor (paclobutrazol). The main objective of this research was to investigate the
effect of paclobutrazol (PBZ) on genes expression pattern, physiological and
anatomical characteristic of oil palm (Elaeis guineensis) in nursery condition. Oil palm
in each treatment were grown under nursery condition and were treated with different
concentration of PBZ ranging from 10 mgL™ to 100 mgL™ by using foliar spray . After
six weeks of PBZ treatment, material from leaves and stem were extracted for genes
expression analysis and histological observation using light microscope. Oil palm
treatment with PBZ resulted in short and dwarf plant with dark green leaves and
smaller stem diameter compared to control. Furthermore, leaves of treated oil palms
showed an increment in photosynthesis rate and chlorophyll index with larger and
shorter mesophyll palisade cell compared to control plant. PBZ treatment course
parenchyma cell in the stem to grow shorter and smaller compared to control. On the
other hand, basal cell showed increment in cell diameter in response to PBZ treatment,
while there was no difference in term of basal cell height can be observed between PBZ
treated and control plant. In addition, PBZ treated oil palm showed remarkable
increment on starch granule accumulation in parenchyma cell of oil palm stem. By
using in-silico analysis, we identified a two oil palm putative GA biosynthesis related
genes which were GA2 (EgGa2ox) and GA20-oxidase (EgGa20ox). The data revealed
that, PBZ treatment does not affect the expression profiles of EgGA20x and EgGA200ox
in leaf tissues as all two putative GA oxidase genes show a consistent value of relative
band intensity (RBI) compared to the controls. On the other hand, the expressions of
EgGA20x and EgGA200x slightly drop in PBZ treated oil palm stem. These results
suggest that PBZ may have various effects on the GA oxidase levels from different
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parts of oil palm tissues. In summary, PBZ treated oil palm had modified genes
expression pattern, physiological and anatomical characteristic of the plant depending
on PBZ concentration applied and plant parts. In addition, PBZ treatment also

facilitates the enhancement of net photosynthesis rate, chlorophyll content and starch
accumulation in oil palm tissues.
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MENGGUNAKAN PERENCAT GA (PACLOBUTRAZOL) DALAM
PERINGKAT SEMAIAN
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Mac 2016

Pengerusi : Edaroyati Megat Wahab, PhD
Fakult : Pertanian

Kelapa sawit merupakan tanaman utama di Malaysia dan menjadi salah satu tanaman
komoditi penting dengan keluasan tanaman meliputi kawasan 5.4 juta hektar pada
tahun 2015. Faktor ekonomi kelapa sawit ditentukan oleh ketinggian, kerana ketinggian
pokok akan mempengaruhi kos penuaian tandan buah kelapa sawit. Peningkatan
ketinggian kelapa sawit akan meningkatkan kesukaran dan boleh menyebabkan
kerosakan tandan buah sawit semasa proses penuaian. Oleh itu, kajian ini dijalankan
dalam usaha untuk memanipulasi pertumbuhan kelapa sawit (pemanjangan batang)
melalui manipulasi hormon pertumbuhan dengan menggunakan perencat GA
(paklobutrazol). Tujuan utama kajian ini adalah untuk mengkaji kesan paclobutrazol
(PBZ) terhadap profil ekspresi gen serta perubahan ciri-ciri fisiologikal dan anatomikal
kelapa sawit (Elaeis guineensis) pada peringkat semaian. Setiap pokok kelapa sawit
dibesarkan pada peringkat semaian dan telah dirawat dengan menggunakan PBZ
dengan kepekatan yang berbeza di antara 10 mgL™ hingga 100 mgL™' dengan
menggunakan semburan foliar. Selepas enam minggu tamat sesi semburan PBZ,
sampel dari daun, batang dan basal dikumpulkan untuk tujuan analisis ekspresi gen dan
permerhatian histologikal menggunakan mikroskop cahaya. Dari keputusan yang
diperolehi, semburan PBZ kepada kelapa sawit menyebabkan tumbuhan ini renek
disamping berdaun hijau gelap dan diameter batang yang lebih kecil berbanding kelapa
sawit kawalan. Tambahan pula, daun kelapa sawit dengan semburan PBZ menunjukkan
kenaikan kadar fotosintesis dan relatif indek klorofil, disamping mempunyai sel
mesophyll yang lebih besar dan pendek berbanding kelapa sawit kawalan. Selain itu,
semburan PBZ menyebabkan pertumbuhan sel parenkima pada batang kelapa sawit
menjadi renek dan kecil jika dibanding dengan kelapa sawit kawalan, Sebaliknya, sel
basal menunjukkan peningkatan diameter sebagai tindak balas kepada semburan PBZ,
manakala tiada sebarang perbezaan dari segi ketinggian sel boleh diperhatikan di antara
kelapa sawit semburan PBZ dan kawalan. Di samping itu, kelapa sawit semburan PBZ
menunjukkan peningkatan yang luar biasa pada kandungan kanji didalam sel
parenkima terutamanya pada batang kelapa sawit. Dengan menggunakan analisi in-
silico, dua gen kelapa sawit telah dikenal pasti dan dianggap berkaitan dengan GA
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Data menunjukkan semburan PBZ tidak memberi sebarang kesan pada terhadap profil
ekspresi bagi EgG420x dan EgGA20ox dalam tisu daun, ini dibuktikan dengan nilai
intensiti band relatif (RBI) yang konsisten berbanding kelapa sawit kawalan.
Sebaliknya, pada sel batang, ekspresi bagi EgGA420x dan EgGA200x mengalami sedikit
penurunan berbanding kelapa sawit kawalan. Keputusan ini menunjukkan bahawa PBZ
mempunyai pelbagai kesan ke atas paras kandungan GA oxidase dan ianya bergantung
kepada jenis tisu dan bahagian pokok kelapa sawit tersebut. Secara ringkasnya,
semburan PBZ telah mengubahsuai sebahagian corak ekspresi gen serta ciri-ciri
fisiologikal dan anatomikal kelapa sawit bergantung kepada kepekatan PBZ dan
bahagian tumbuhan terlibat. Di samping itu, rawatan PBZ juga membantu

meningkatkan kadar fotosintesis, kandungan klorofil dan pengumpulan kanji dalam tisu
kelapa sawit.
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CHAPTER 1
INTRODUCTION

1.1  Research background

Oil palm (Elaeis guineensis) was introduced as an ornamental plant in Malaysia. After
almost 40 years later, it was first cultivated commercially in Selangor, laying the
foundation of oil palm plantations and industries in Malaysia (Coley and Tinker, 2003).
Since then, oil palm becomes one of important commodity crops in Malaysia with a
total planted area of 5.4 million hectares in 2015 (Malaysian Palm Oil Board, MPOB).
Based on the 2015 report, Malaysia is one of the largest producers and exporters of
palm oil (Malaysia Palm Oil Council, MPOC), accounting about 39% of world palm oil
and fats production, and 44% of global exports.

To meet the healthy palm oil demand, Malaysian oil palm industry is facing the rising
production cost which is partly due to the reduction of fresh fruit bunches (FFB)
productivity. This is because the yield and productivity of oil palm are not constant as
they are influenced by several factors such as genetic, site characteristics, and plant’s
structure (Coley and Tinker, 2003).

One of the key factors that determine the economic life of an oil palm is the height of
the tree, since the height will influence the cost of harvesting FFB. A matured oil palm
tree can grow up to 20 m tall after 5 years (Coley and Tinker, 2003) which can
potentially damage the oil palm fruits during the harvesting process, thus decreasing
the quality of FFB. Overall, the production cost is dictated by the net profit from FFB
sells, which is based on the global prices, and also, the management and operational
Ccosts.

1.2 Problem Statement and Objectives:

Over the last decade, there have been concentrated researches to reduce the height of
commercial crops. Breeding programmes have been initiated in order to select dwarf
materials that can lead to the manipulation of plant growth, as well as progressively
increasing the yield and productivity of many crops. Thus, this study was conducted in
the effort to manipulate the oil palm growth, especially the stem elongation. As for the
oil palm, since its economic life is determined by the height of the tree, the increase of
height will affect the cost and the difficulty to harvest the FFB. The manipulation of the

plant growth can be achieved through the manipulation of plant growth hormones,
particularly gibberellins.

The comprehensive understanding of plant growth regulation system, especially the
physiological process of gibberellins (GAs) and its properties, are required before
manipulating GAs to regulate oil palm growth. This includes investigating the causes
of GAs hormone reduction in plant tissue, and finding the type of dwarf materials that
can be used to inhibit the synthesis of GAs.



Based on recent studies on plant growth regulation of several plant species, Solanum
tuberosum, Brunonia and Calandrinia sp.(Tekalign et at., 2005; Bidadi et al., 2009;
Wahyuni et al., 2011), paclobutrazol (PBZ) was proven to be the most effective plant
growth retardant that restricts the height of the aforementioned plants. However, there
are still lacks of comprehensive researches related to the application of PBZ on oil
palm. Hence, this study was conducted in an attempt to observe and evaluate the effects
of this dwarf material on morphological and anatomical characteristic, as well as
biosynthesis reactions, in oil palm tissues.

Therefore, the objectives of this study, includes:

1. To determine the optimum concentration of PBZ as stem growth inhibitor in
oil palm seedlings.

2. To elucidate the morphological, anatomical, and physiological changes in oil
palm seedling as affected by the PBZ application.

3. To determine the expression profile of putative GA biosynthesis related genes
on PBZ treated oil palm seedlings.



REFERENCES

Abdul Jaleel, C., Manivannan, P., Sankar, B., Kishorekumar, A., Sankari, S.,
Panneerselvam, R. (2007). Paclobutrazol enhances photosynthesis and
ajmalicine production in Catharanthus roseus. Journal of Process
Biochemistry, 42, 1566-1570.

Abdul Jaleel, C., Ragupathi, G., Rajaram, P. (2008). Growth and photosynthetic
pigments responses of two varieties of Catharanthus roseus to triadimefon
treatment. Journal of Comptes Rendus biology, 331, 272-277.

Adato, I. (1990). Effect of Paclobutrazol on Avocado (Persea amaricana Mill.) cv.
‘Fuerte’. Journal of Scientia horticulturae, 1 (45), 105-115,

Adil. O. S., Rahim. A, Elamin. O. M., Bangerth. F. K. (2011). Effects of growth
retardants, paclobutrazol (pbz) and prohexadione-ca on floral induction of
regular bearing mango (Mangifera indica L.) Cultivars during off-season
Agriculture and biological science, 6 (3), 18-26.

Appeldoorn, N.J.G., de Bruijn, S.M., Koot-Gronsveld, E.AM., Visser, R.GF,,
Vreungdenhil, D., Van der Plas (1997). Developmental changes of enzymes
involve in sucrose to hyxose-phospate conversion during early tuberization of
potato. Planta, 202, 220-226.

Arhard. P. and Genschik. P. (2009). Releasing the break of plant growth: how GAs
shutdown DELLA proteins. Experimental Botany, 6 (4), 1085-1092.

Bala. V., Karim. M. R,, Shill. A. K., Shahid. I. Z. (2011). Antinociceptive, antioxidant
and cytotoxic activity of Dalbergia spinosa Spike. Pharnacologuyonline, 560-
566.

Banon. S., Gonzalez. A., and Cano E. A, Franco. J.A., Fernandes J. A. (2002). Growth
development and colour response of potted Dianthus caryophyllus cv.
Mondriaan to paclobutrazol treatment. Scientia Horticulture, 94, 371-377.

Barbara, A.H., Paula, E. J., Peter, B. (1989). Growth promotion of ivy (Hedera helix
L.) by paclobutrazol. Journal of Plant Growth regulation, 8, 309-314,

Barbara. A. H., Jameson. P. E., Peter. (1989). Growth promotion of ivy (Hedera helix
L.) by paclobutrazol. Journal of Plant Growth Regulation, 309-314.

Basri. W. and Arif. S., (2009). Issues Related to Production Cost of Palm Oil in
Malaysia. Oil Palm Industry Economic Journal, 9, 1-12.

Bidadi. H., Yamaguchi. S., Asahina. M., Satoh. S., (2009). Effects of shoot-applied
gibberellin / gibberellin-biosynthesis inhibitors on root growth and expression
of gibberellin biosynthesis genes in Arabidopsis thaliana. Plant Root, 4-11.

Cheminant. S., Wild. M., Bouvier. F., Pelletier. S., Renou. J. P., Erhardt M., Hayes S.,
Terry M. J., Genschik P., Achard P. (2011). DELLAS regulate chlorophyll and

71



carotenoid biosynthesis to prevent photooxidative damage during seedling
deetiolation in Arabidopsis. Plant Cell, 23, 1849-1860.

Chen. F., Tholl. D., Bohlmann. J., Pichersky. E. (2010). The family of terpene
synthesis in plant: a mid-size family of genes for specialized metabolism that
is highly diversified throughtout the kingdom. The Plant Journal, 66, 212-
229.

Chris. A. H., Sheldon. C. C., Olive. M. R., Walker. A. R. Zeevaart. J. A. D., Peacock.
W. J., Dennes. E. S. (1998). Cloning of the Arabidopsis ent-kaurene oxidase
gene GA3. National Academy Science, 95, 9019-9024.

Chibuike C. U., Min. G., Sihong. W. (2013). In silico analysis of the large and small
subunits of cereal RuBisCO asprecursors of cryptic bioactive peptides.
Process Biochemistry, 48, 1794-1799.

Cohen. Y., Megyeri. M., Chen. O.C.W., Condomitti. G., Riezman. L., Loizides. M. U.
(2013). The Yeast P5 Type ATPase, Spfl, Regulates Manganese Transport
into the Endoplasmic Reticulum. Plos One, 8, 1-14.

Corley. RH.V. and Tinker. P. B. (2003) The Oil Palm, fourth Edition. Blackwell
Science Ltd, Oxford.

Davies, P.J., (Eds.). (1995). Plant Hormones: Physiology, Biochemistry and Molecular
Biology. Kluwer Academic Publishers, Dordrecht, Netherlands.

Douglas. S. M., Dietz. H, Liedl. T., Hogberg. B., Franziska. G., Shih. W.M. (2009).
Self- assembly of DNA into nanoscale three-dimensional shapes. Nature, 4
(56), 414-418.

Du. Z., Park. K. W., Yu. H,, Fan. Q. Li. L. (2008). Newly identified prion linked to the
chromatin-remodeling factor Swil in Saccharomyces cerevisia. Nature
Genetic, 40, 460-465.

Farrow. S. C. and Facchini. P. J. (2014). Functional diversity of 2-oxoglutarate/ Fe (II)-
dependent dioxygenases in plant metabolism. Frontier in Plant Science, 5, 1-
15.

Fengming. H., Zhu. B., (2011). Evolutionary analysis of three gibberellin oxidase
genesin rice, Arabidopsis, and soybean. Gene, 473 (1), 23-35.

Giacomelli. L., Omar. R. S., Masuero. D., Acheampong. A. K., Moretto. M., Caputi.
L., Vrhovsek. U., Moser. C. (2013). Gibberillin metabolism in Vitis vinifera
L. During evolution of grapevine gibberillin oxidases. Experimental Botany,

64 (14), 4403-4419.

Gnanasiri. S. P., Chaney. W. R., Holt. H. H. (1995). Gas exchange and water relations
of Fraxinus americana affected by flurprimidol. Tree Physiology, 17, 97-103.

Han. H. H., Park. J. Y., Yoo. K. S, Kang. H. W, Choi. W., Chung. B. W., Min. J.
(2011). Effect of glucose on xylose utilization in Saccharomyces

72



cerevisiae harbouring the xylose reductase gene. Archives of
Microbiology, 193 (5), 335-340.

Hartley. C. W. S. (1998). The Oil Palm, Third Edition. Longman, Hartlow.

Hartley. C.W.S. (1988). The Oil Palm. Third Edition. Longman Group. Essex
England. ’

Hedden. P. and Phillips A. L. (2000). Gibberellin metabolism : new insights revealed
by the genes. Plant Science, 5 (12), 523-530.

Hedden. P. (1997). Gibberellin Biosynthesis : Enzymes, Genes and Their Regulation,
Plant Physiology, 8, 431-460.

Hedden. P. and Croker. S. J. (1997). Regulation of Gibberellin biosynthésis in meize
seedling. In Karssen C. M., Van Loon. L. C., Vreugdenhil. D. Progress in
growth regulation. Kluwer, London, pp. 534-544.

Hedden. P. and Phillips. A. L. (2000). Gibberellin biosynthesis and its regulation
Biochemical Journal, 444, 11-25. )

Helliwell. C. A., Poole. A., Peacock. W. J., Dennis. E. S. (1999). Arabidopsis ent-
kaurene oxidase catalyze three steps of Gibberellin Biosynthesis. Plant

Physiology, 119(2), 507-510.

Henderson. J. and Osborne. D.,J. (2000). The oil palrh in all our lives: how came
about. Endeavour, 24 (2), 63-68.

Hirano. K, Kouketu. E, Katoh. H., Aya. K., Ueguchi.T. M., Matsuoka. M. (2012). The
suppressive function of the rice DELLA protein SLR1 is dependent on its
transcriptional activation activity. Plant Journal, 71, 443-453,

Hopkins. W. G., Huner. N. P. A. (2004). Introduction to plant physiology. Third
edition, pp. 256-260. Michigen, US: J. Wiley Ltd.

Hogeweg. P. (2011). The Roots of Bioinformatics in Theoretical Biology. PLoS

Comput Biol, 7(3), 1-3.
Huang. H., Cao. S. Y., Qiao. X. S., Lu. R. (1988). The effect of paclobutrazol on g
rowth of som e Asian Pears. Scientia Horticulturae, 38, 4347,

Huntley. R. P., Jones. L. H., Hanke. D. E. (2002). Cytokinins and gibberellins in sap
exudate of the oil palm. Phytochemistry, 60, 117-127.

Hwang, J.S., Lee, M.Y., Park, Y.H., Sivanesan, L., Jeong, R.B. (2008). Suppression of
Stem Growth in Pot Kalanchoe ‘Gold Strike’ by Recycled Subirrigational
Supply of Plant Growth Retardants. African Journal of Biotechnology, 7 (10),

1487-1493.

Hwang. C. S., Shemorry. A., Vershavsky. A. (2010). N-Terminal Acetylation of
Cellular Proteins Creates Specific Degradation Signals. Science, 327 (5968),

973-9717.

73



Imbeaud. S. and Auffray. C. (2005). Functional Annotation: Extracting functional and
regulatory order from microarrays. Molecular system biology, 2005.0009, 1-2.

Igtidar. A. K. and Hidayat. U. R. (1994). Effect of paclobutrazol on growth, chloroplast
pigments and sterol biosynthesis of maize. Plant Science, 105, 15-21.

Jean. M. D. and Patrick. A. (2013). Gibberillin signal in plant. Development, 140,
1147-1151.

Jones, L H (1974). Propagation of clonal oil palms by tissue culture. Oil Palm News,
17,1-8

Junaidah. J., Rafii. M. Y., Chin. C. W., Saleh. G. (2011). Performance of Tenera oil
palm population derive from crosses between Deli Dura and Pisifera from
- different sources on inland soil. Journal of Oil Palm Reseacrh, 1210-1221.

Kaushal. K., Reddy Y. T. N., Prasad. S. R. S., Bindu. G. V., Jayaram. H. L., Rajan. S.,
(2013). Hormonal changes in response to paclobutrazol induced early
flowering in Mango cv. Totupuri. Scientia Horticulturae, 150, 414-418.

Kulkarni. V., Hamilton D., Mcmahon. G., (2006). Agnote Flowering and Fruiting in
Mangoes in the Top End with Paclobutrazol. Deparment of Primary Fisheries
and Mines, Northern Territory of Goverment, Australia (http:// arpnjournals.
comv/ jab/ research_ paper/pdf) Accessed on 15 January 2014.

Kumar. S., Ghatty. S., Satyanarayana. J., Guha. A, Chaitanya. B.SK., Reddy. A. R,,
(2012). Paclobutrazol treatment as a potential strategy for higher seed and oil
yield in field-grown Camelina sativa L. Crantz. Biomedcentral, 137 (1), 1-13.

Kushairi A, Tarmizi A H, Zamzuri I, Ong-Abdullah M, Samsul Kamal R, Ooi S E and
Rajanaidu N (2010). Production, Performance and Advances in Oil Palm
Tissue Culture. Paper presented at the International Seminar on Advances in
Oil Palm Tissue Culture, held on 29 May 2010 in Yogyakarta, Indonesia.

Latif. A. (2000). The biology of the Genus Elaeis. In Advance in Oil Palm Reseacrh,
vol. 1, Ed. Y. Basiron, B. S. Jalani, and K. W. Chan, pp 19-38. Kuala Lumpur:
Malaysia Palm Oil Board.

Lechner. E., Achard. P., Vansiri. A, Potuschak. T., Genshik. P. (2006). F- Box proteins
everywhere. Current Opinion on Plant Biology, 9, 613-638.

Lee. I, Foster. K. R, Morgan. P. W, (1998). Effect of Gibberellin Biosynthesis
Inhibitors on Native Gibberellin Content, Growth and Floral Initiation in
- Sorghum bicolor. Plant Growth Regulator, 185-195.

Lee. S. K. (2006). Plant growth regulator and shattering control in coll- season
perennial grasses. Master of Sciences Thesis, Orego State University, USA.

Lee. Y., Soo. Y.K,Kim Y. C, Lee. L. J., Doil. C, Paek. C. K., Cho. H. S., Kweon. S.
Y., Park. J. M. (2012). A novel gibberellin 2-oxidase gene CaGA420x] in

74



pepper is specifically induced by incompatible plant pathogens. Plant
Biotechnol Rep, 6, 381-390.

Liao. W. B,, Ruan. M. B,, Chui. B. M,, Xu. N. F., Lu. J. J,, Peng. M. (2009). Isolation
and characterization of a GAI / RGA -like gene from Gossypium hirsutum.
Plant Growth Regulation, 35-45.

Ling. Q., Huang. W, Jarvis. P. (2011). Erratum to: Use of a SPAD-502 meter to
measure leaf chlorophyll concentration in Arabidopsis thaliana. Photosyntesis
Research, 108 (1), 89.

Liya, G., Clare, Y.C,, Jean, W.H., Swee, N.T., Hua, L., Ong, S. (2007). Analysis of
Gibberillins by Capillary Electrophoresis-Mass Spectrometry combined with
Solid-Phase Extracion. Journal of Chromatography, 5 (41), 242-249.

Luis. Z., Bezerra. K. M. G., Pereira. J. E. S. (2010). Adaptability and leaf anatomical
feature in oil palm seedling produced by embryo rescue per-germinated seeds.
Brazilian Journal of Plant Physiology, 22 (3), 209-215.

Malaysia Palm Oil Board. (2014). Economic and Industry Development (http://
http://bepi.mpob.gov.my/). Accessed on 20 January 2015.

Malaysia Palm Oil Council (2014).-Malaysia Palm Oil Industries (http://mpoc.org.my/
Malaysian_Palm_Oil Industry.aspx). Accessed on 16 May 2016.

Maria. S. R, Kwon. Y. H., Sung. P., Klein. H. L. (2013). Characterization of
interaction between the Saccharomyces cerevisiae Rad51 recombinant and
Dna translocase Rdh54. Biological Chemistry, 288 (30), 21999-22005.

Medina. R., Burgos. A., Difranco. V., Mroginski. L., Cenéz. P. (2012). Effects of
chlorocholine chloride and paclobutrazol on cassava (Manihot esculenta
Crantz cv. Rocha) plant growth and tuberous root quality. Agriscientia, 29,
51-58.

Mertz. D. and Lutz. J. (1975). Effect of gibberellins on growth pea seedling internode.
Phytochemistry, 14, 1-4.

Nazaruddin. R., Seng. L. K., Hassan. O., Said. M. (2006). Effect of pulp
preconditioning on the content of polyphenols in cocoa beans (Theobroma
cacao) during fermentation. Industrial Crops Products, 24, 87-94.

Nishii. K., Ho. J. M., Chou. Y. W., Gabotti. D., Wang. C. N,, Spada. A., Moller. M.
(2014). GA2 and GA20-oxidase expression are associated with the meristem
position in Streptocarpus rexii (Gesneriaceae). Plant Growth Regulator, 72,

123-140.
Niu. S., Yuan. L., Zhang. Y., Chen. X,, Li. W. (2014). Isolation and expression profiles

of gebberellin metabolism genes in developing male and female cones of
Pinus tabuliformis. Functional Integrative Genomics, 1-5.

75



Olsweski. N., Sun. T. P., Gubler. F. (2002). Gibberellin signaling: biosynthesis,
catabolism, and response pathways. Plant Cell, 14, 61-80.

Paul, C. Bethke, Russle, Jones, L. (1998). Gibberellins Signaling. Journal of Current
Opinion in Plant Biology, 1(5), 40-46.

Peleg. Z. and Blumwald. E. (2011). Hormone balance and abiotic stress tolerance in
crop plants. Plant Biology, 14, 290-293.

Poku. K. (2002). Small-scale palm oil processing in Africa, Agricultural services
bulletin, issue 148, (http:// fao.org/docrep) Access on 20 May 2014.

Pushkar. Y., Yano. J., Sauer. K., Boussac. A., Yanchandra. V. K. (2008). Structural
changes in the Mn, Ca cluster and the mechanism of photosynthetic water
splitting. National Academy of Science, 125, 1879-1884.

Qi. W, Sun. F., Wang. Q., Chen. M., Huang. Y., Feng. Y., Luo. X., Yang. J. (2011).
Rice ethylene- response AP2/ERF factor OsEATB restricts internode
elongation by down-regulating a gibberellin biosynthetic gene. Plant
Physiology, 157 (1), 216-228.

Rabechault, H. and Martin, J.P. (1976). Multiplication vegetative du palmier a huile
(Elaeis guineensis Jacq.) a laide de cultures de tissus foliaires. C.R. Acad. Sci.
Paris, 238, 1735-1737.

Rademacher. W. (2000). Growth retardants: Effect of Gibberellin Biosynthesis and
other metabolic pathways. Plant Physiology and Plant Moleculat Biology, 51,
501-531.

Rajinder. S., Meilina. O. A,, Leslie Low. E. T., Mohammad Arif. A.F., Rozana. R.,
Rajanaidu. N., Leslie C. 1. O., Ooi. S. E., Chan. K. L., Mohd Amin. H.,
Norazah. A., Nagappan. J., Bacher. B., Lakey. N., Smith. S. W., He. D,,
Hogan. M., Muhammad. A. B, Lee. E. K., DeSalle. R, Kudma. D.,
Goicoechea. J. L., Wing. R. A., Wilson. RK,, Fulton. R. S. (2013). Oil palm
genome seguence reveals divergence of infertile species in Old and New
worlds. Nature, 500 (7462), 335- 339.

Rhadha. B., Singariya. P., Mathur. N., Bohra. S. P., (2007). Triazoles : Their effects on
net photosynthetic rate, transpiration rate and stomatal resistance in Setaria
italica plants grown in vivo. Asian J. Exp. Sci, 21(2), 271-276.

Ryan, R., McKenzie, Michael, K., Deyholos (2011). Effects of plant growth regulator
treatments on stem vascular tissue development in linseed (Linum
~ usitatissimum L.). Journal of Industrial Crops and Products, 34, 1119-1127.

Sakamoto. A., Tsukamoto. S., Yamamoto. H., Hashimoto. M. U., Takahashi. M.,
Suzuki. H., Morikawa. H. (2003). Functional complementation in yeast
reveals a protective role of chloroplast 2-Cys peroxiredoxin against reactive
nitrogen species. The Plant Journal, 33, 841-851.

76



Sanchez. R. E., Wilhelmi. R. M, Cervilla L.M., Blasco. B., Rios. J. J., Rosales. M. A.
Romero L., Ruiz. J. M: (2010). Genotypic differences in some physiologicai
parameters symptomatic for oxidative stress under moderate drought in
tomato plants. Plant Science, 178, 30-40.

Santner. A., Cglderon. V. L. I, Estelle. M. (2009). Plant hormones are versatile
chemical regulators of plant growth. Nature Chemical Biology, 5, 301-307.

Schomburg. F. M., Bizzell. C. M,, Lee. D. J., Zeevaart. J. A., Amasino. R. M. (2003)
Overexpression of novel class of gibberellin 2- oxidase decrease gibberellil;
level and creat dwarf plant. Plant Cell, 15 (1), 151-163.

Sebastian, B., Alberto, G., Emilio, A.C., Jose, AF. &Juan, AF. (2002). Growth
development and color response of potted Dianthus caryophylluscv. MondriaI;
to paclobutrazol treatment. Scientia Horticulturae 1767, 1-7.

Sharma. M., Gupta. S. k., Mondal. A. K. (2012). Production and trade of major world
oil crop. Technological Innovations in Major World Oil Crop, 1, 1-15.

Sime Darby. (2014). Palm oil fact and figure (http:/simedarby.com/ 2Fupload /
2Fpalm _Oil Facts_and_Figures.pdf). Accessed on 20 January 2015.

Song. J., Guo. B,, Song. F., Peng. H,, Yao. Y., Zhang. Y., Sun. Q, Ni. Z. (2011)
Ganome-wide identification of gibberellins metabolic enzyme genes an&
expression profiling analysis during seed germination in maize. Gene, 482
33-42. ’ ’

Tekalign, T., Hammes, S., Robbertse, J. (2005). Paclobutrazol-induced Leaf, Stem, and
Root Anatomical Modifications in Potato. American Society for Horti I
Science, 40 (5), 1343-1346. for Horticultural

Teoh. C. H. (2002). The palm oil industry in Malaysia: From seed to frying pan
Plantation Agriculcure, WWF Malaysia. (http:// assets.panda.org/ download/
oilpalmchainpartaandb_esri.pdt) Accessed on 10 Mei 2014.

Wahyuni, S., Krisantini, S., Johnston, M.E. (2011). Plant growth regulators and
flowering of Brunonia and Calandrinia sp. Journal of Scientia Horticulturae

128, 141-145.

William, R., Chaney (2004). Paclobutrazol: More than Just a Growth Retardant, Pro-
Hort Conference. Peoria, lllinois.

Yuval. C., Aloni. D. D., Adur. U., (2013). Characterization of Growth-Retardant
Effects on Vegetative Growth of Date Palm Seedlings. Plant Growth

Regulator, 533-541.
Zahara. S. S., Razi. I. M. (2009). Growth stomata aperture, biochemical changes and

branch anatomy in mango (Mangifera indica) cv chokanan in response to root
restriction and water stress. Sciences Horticulture, 123, 684-687.

77



Zhu. L. H, Li. X. Y., Welander. M. (2008). Overexpression of the Arabidopsis gai
gene in apple significantly reduces plant size. Plant Cell Reports, 27, 289-296.

Zhu. Y., Nomura. T., Xu. Y., Zhang. Y., Peng. Y., Mao. B., Hanada. A., Zhou. H.,
Wang. R., Li. P., Zhu. X,, Mander L. N., Yamaguchi. S., He. Z. (2006).
Elongated uppermost internode encodes a Cytochrome P450 Monooxygenase
That Epoxidizes Gibberellins in a Novel Deactivation Reaction in Rice.
American Society of Plant Biologists, 18, 442—456.

78



BIODATA OF STUDENT

I was born on Septemberl6, 1988 in Arau, Perlis. Throughout my primary and
secondary school, I performed well in both academic and co-curricular. I finished my
secondary school at Sekolah Menengah Darul Ehsan, Selangor or so-called SMKDE.
Then, I continued my studied at Matriculation College in life science at Kolej
Matrikulasi Negeri Sembilan and pursuing my degree level at Universiti Putra
Malaysia. I graduated in the year 2010 in BSc (Hons.) Sciences- Biology. During my
degree, my academic advisor, Prof. Jambari Hj Ali has encouraged me to further my
study. My supervisor, Dr. Edaroyati Megat Wahab which I knew him for almost 4
years has guided me throughout my research in master program together with my co-
supervisor Dr Zubaidah Ramli, Dr Noor Azmi Shaharuddin and Associate Professor Dr
Nor Ashikin Psyquay. I advanced my laboratory experiences and skills under their
supervision. At present, I found myself to the enthusiastic obtain knowledge regarding
plant physiology, anatomy and molecular study either its basic info or in details. I
really hope to become one of knowledgeable biologist so that all the knowledge can be
shared and the journey of discovery in life will keep continue

92



" PUBLICATION

Publication in referred journal

Mohd Nasriq Hafizee Abdul Rahman, Noor Azmi Shaharuddin, Numniwalis Abdul
Wahab, Puteri Edaroyati Megat Wahab, Meilina Ong Abdullah, Nur Ashikin
Psyquay Abdullah, Jeremy. A. Roberts, Zubaidah Ramli (2016). Impact of
paclobutrazol on the growth and development of nursery grown oil palm
(Elaeis guineensis jacq.) seedlings. Journal of Oil Palm Research;

(Submitted).

93





