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Gibberellin (GA) and paclobutrazol (PBZ) are both plant hormones for stimulating and 

retardant of plant growth and development, respectively. The role of both hormones in 

oil palm growth and development is not thoroughly investigated. Therefore, this study 

focused on the physiological effects of gibberellic acid (GA3) or PBZ application on 

young clonal oil palm and its associated molecular responses. It also involved 

optimization of a tissue preparation procedure for cryosectioning in future 

transcriptome profiling of inflorescences. Sucrose treatment with snap freezing of fresh 

oil palm inflorescences provided cryosections with good cellular morphology and 

higher RNA yields and quality. On phytohormone application, GA3 and PBZ 

treatments were separately conducted on young clonal palms for 56 weeks. The GA3-

treated palms were taller with longer fronds than the control but produced lower 

biomass. These physiological changes were associated with a higher expression of cell 

cycle-related genes such as MYB3R-1, E2FB, CK1d, CDK5RAP3 and SRO1 and 

cellulose synthase CSLC5 (five-fold) and CCR1 (three-fold) for lignin synthesis. In 

contrast, PBZ application likely blocked GA biosynthesis by suppressing expression of 

GA biosynthesis genes GA20ox and GA3ox. PBZ-treated palms were shorter in height 

and frond length with lower biomass. Higher expression of the growth suppressor RCC 

and two- to eight-fold lower expression of cytoskeletal motor genes actin 3 and kinesin 

3, cellulose synthase CESA2, pectin activator WAK3 and pectin lyase-like suggested 

that PBZ may suppressed cell expansion in leaves by enhancing secondary cell wall 

rigidity in oil palm. Besides that, lower SPAD values together with two- to five-fold 

lower expression of chlorophyll synthesis genes UROD, ChlD, LIL3, PORA and CAO 

suggested that GA3 suppressed chlorophyll synthesis in GA3-treated palms. 

Conversely, three fold higher GGR expression in leaflets of PBZ-treated palms 

associating with higher SPAD values suggested that accumulated geranylgeranyl 

pyrophosphate (GGPP) due to suppression of GA synthesis might be channeled 

towards chlorophyll synthesis. On reproductive development, late flowering in PBZ-

treated palms correlated with suppression of floral activator SOC1 while late flowering 

GA3-treated palms displayed elevated expression of flowering repressors LSD1 (three-
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fold) and GATA21 (two- to five-fold) and reduced expression of the flowering 

accelerator COL5 (three-fold). However, sex of inflorescences was not affected by 

these treatments. In conclusion, GA3 treatment of oil palm promoted height increment 

and frond elongation by promoting cell division and elongation but suppressed biomass 

production. On the contrary, growth retardation following PBZ treatment might be 

attributed to suppression of cell expansion. Both GA3 and PBZ treatments appeared to 

delay flowering but did not affect sex determination in young clonal oil palms. 
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Giberelin (GA) dan paclobutrazol (PBZ) adalah pengatur pertumbuhan tanaman yang 

masing-masing merangsang dan merencat pertumbuhan dan perkembangan tanaman. 

akan tetapi, peranan kedua-dua hormon dalam pertumbuhan dan perkembangan kelapa 

sawit tidak disiasat dengan menyeluruh. Oleh itu, kajian ini menumpu pada kesan 

fisiologi rawatan asid giberelik (GA3) dan PBZ pada klon kelapa sawit muda dan 

tindak balas molekul yang berkaitan. Ini juga melibatkan pengoptimuman prosedur 

penyediaan tisu untuk hirisan krio bagi profil transkripome perbungaan masa depan. 

Rawatan sukrosa dengan pembekuan bunga minyak sawit segar memberikan hirisan 

krio dengan morfologi selular yang baik serta hasil dan kualiti RNA yang lebih tinggi. 

Sementara itu, rawatan GA3 dan PBZ dijalankan secara berasingan pada klon kelapa 

sawit muda selama 56 minggu. Kelapa sawit yang dirawat dengan GA3 adalah lebih 

tinggi, mempunyai pelepah yang lebih panjang berbanding dengan kawalan tetapi 

menghasilkan biomas yang lebih rendah. Perubahan fisiologi ini dikaitkan dengan 

pengekspresan yang lebih tinggi gen berkaitan dengan kitaran sel, MYB3R-1, E2FB, 

CK1d, CDK5RAP3 dan SRO1 serta selulosa synthase CSLC5 (lima kali ganda) dan 

CCR1 (tiga kali ganda) untuk sintesis lignin. Sebaliknya, aplikasi PBZ 

berkemungkinan membantutkan biosintesis GA dengan menyekat ekspresi gen 

biosintesis GA GA20ox dan GA3ox. Kelapa sawit yang dirawat dengan PBZ adalah 

lebih rendah dengan pelepah pendek serta biomassa yang lebih rendah. Ekspresi 

penyekatan pertumbuhan RCC dua kali ganda lebih tinggi manakala dua hingga lapan 

kali lebih rendah ekspresi gen motor sitoskeletal actin 3 dan kinesin 3, selulosa 

synthase CESA2, pengaktif pektin WAK3 dan pektin lyase-like menunjukkan bahawa 

PBZ mungkin menyekat pengembangan sel dalam helaian daun dengan meningkatkan 

ketegaran dinding sel sekunder di kelapa sawit. Selain itu, nilai SPAD yang lebih 

rendah berserta dengan dua hingga lima kali ganda lebih rendah ekspresi gen klorofil 

sintesis UROD, ChlD, LIL3, PORA dan CAO mencadangkan bahawa GA3 menindas 

sintesis klorofil di kelapa sawit yang dirawat dengan GA3. Sebaliknya, tiga kali ganda 

lebih tinggi ekspresi GGR dalam helaian daun kelapa sawit yang dirawat dengan PBZ 

berkaitan dengan nilai SPAD yang lebih tinggi mencadangkan bahawa geranylgeranyl 
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pirofosfat (GGPP) yang terkumpul, berikutan penindasan sintesis GA, mungkin telah 

dialihkan untuk sintesis klorofil. Pada perkembangan pembiakan, proses pembungaan 

lewat di kelapa sawit yang dirawat dengan PBZ dikaitkan dengan penindasan pengaktif 

bunga SOC1 sementara pembungaan lewat di kelapa sawit yang dirawat dengan GA3 

memaparkan lebih tinggi ekspresi penindas pembungaan LSD1 (tiga kali ganda) dan 

GATA21 (dua hingga lima kali ganda) serta pengurangan ekspresi pemecut 

pembungaan COL5 (tiga kali ganda). Walau bagaimanapun, seks pembungaan tidak 

terjejas oleh kedua-dua rawatan ini. Kesimpulannya, rawatan GA3 atas kelapa sawit 

mendorong kenaikan ketinggian dan pemanjangan pelepah dengan menggalak 

pembahagian dan pemanjangan sel tetapi menindas pengeluaran biomassa. Sebaliknya, 

perencatan tumbersaran berikutan rawatan PBZ mungkin disebabkan oleh penindasan 

pengembangan sel. Kedua-dua rawatan GA3 dan PBZ kelihatan seperti melambatkan 

pembungaan tetapi tidak mempengaruhi penentuan seks klon kelapa sawit muda. 
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CHAPTER 1  

 

 

GENERAL INTRODUCTION 

 

 

As the world population continues to expand, vegetable oil consumption will increase 

tremendously. The edible vegetable oil demand has been predicted to triple from 2009 

to 2050 (Gottwald, 2018) whereby global consumption of palm oil will quadruple to 

240 million tonnes from 2015 to 2050 (Samat, 2018). Consequently, palm oil has 

emerged as the most consumed vegetable oil since 2010 with 75.45 million metric tons 

(MT) or 26.3% of global vegetable oil consumption in 2020/21, after soybean oil 

(28.6%) and rapeseed oil (13.3%) (www.statista.com/statistics). To fulfil and sustain 

the high demand of palm oil, tissue culture is a promising technique that is able to 

improve oil palm’s yield and quality. It involves the mass propagation of elite high 

yielding oil palms on culture media to produce more homogeneous clonal oil palms. 

However, formation of the abnormal mantled inflorescences and fruits in clonal oil 

palms is the main stumbling block to large scale clonal production. In normal 

inflorescence development, the male organ will degenerate at stage 4 of flowering 

development. On the contrary, mantled female inflorescences display feminization of 

the male organs as the rudimentary stamen primordia of mantled female inflorescences 

is converted into pseudocarpels and give rise to supernumerary carpel fruits, which 

results in oil yield losses (Adam et al., 2005). Felda Global Ventures (FGV), which 

produced 1 million clonal palms annually for sale at RM28 each (Roowi et al., 2018) 

suffered an estimated loss of RM0.84 million as the result of 3% tissue culture 

abnormalities in 2015. Unmethylated Karma retrotranpson in EgDEF1, an Apetala 3 

homolog, leading to truncated EgDEF1 in mantled inflorescence is the cause of 

mantling abnormality (Ong-Abdullah et al., 2015). However, the mantling mechanism 

of floral abnormality remains elusive. Comparative transcriptome analysis of 

staminodes isolated from normal and mantled inflorescences at stage 3 of flowering 

development using laser microdissection (LCM) will shed light on the mantling 

mechanism.  

 

Gibberellins (GAs) are plant growth regulators that stimulate cell elongation and cell 

division to promote stem elongation (Thomas et al., 2005). Besides that, GAs also 

promotes juvenile-adult phase transition, whereby low GA levels in shoot meristems 

prevent differentiation and maintain meristem activity (Hay et al., 2002). A few studies 

have shown that GAs produce maleness effect on flowering in watermelon (Zhang et 

al., 2017a), cucumber (Zhang et al., 2017b), spinach (West and Golenberg, 2018), 

asparagus (Lazarte and Garrison, 1980) and hemp (Ram and Jaiswal, 1972) but 

promote female flower in maize (Bommineni and Greyson, 1990). In short, GA has 

been shown to be involved in flower sex determination but the maleness or femaleness 

effect varies between plants. 

 

Studies of GA effect in oil palm were mainly focused on inflorescences and fruit 

development. For example, gibberellin-like activity was detected in phloem sap of 

emergent male inflorescences (Otusanya and Adebona, 1985) while non-bioactive 

GAs, GA19 and GA44 were in abundance in pre-anthesis inflorescences (Huntley et al., 

2002). Besides that, endogenous gibberellic acid (GA3) level was found peak in early 

http://www.statista.com/statistics
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phase of fruit ripening (10-14 week after pollination) but reduced as fruit matured and 

ripened (Yeap et al., 2017). Meanwhile exogenous GA3 treatment on oil palm showed 

that application conducted 15 days before harvest could increase fruit bunch weight 

(Kalidas and Rajasekhar, 2010), while no effect was observed in day 1 to 7 in post-

harvest treatment (Sudradjat et al., 2021). Besides that, GA3 application on 

inflorescences in anthesis induced parthenocarpic fruits without assisted pollination 

(Thomas et al., 1973). An earlier study conducted on oil palm seedlings for two years 

showed that GA3 treatment favoured the production of male inflorescences in young oil 

palms (Corley, 1976). The result was inconclusive because no further details were 

available on how GA3 exerts the sex determination effect on the seedling palms at the 

molecular, biochemical and physiological levels. Hence, an investigation into the 

physiological and molecular effects of exogenous GA3 and its antagonist, paclobutrazol 

(PBZ), on oil palm clonal materials may provide clues into the role of this hormone in 

vegetative and flower development, particularly in sex determination. The hypothesis 

of this study was that GA3 and PBZ affect the vegetative and reproductive development 

of the oil palm. The objectives of this study were: 

 

1.  to optimize oil palm inflorescence preparation procedures, i.e. formalin-fixed 

paraffin embedded and fresh frozen, and staining procedures, i.e. naphtol blue 

black and toluidine blue, for cryosection and LCM,  

2. to determine the physiological effects of GA3 and PBZ on vegetative growth 

and reproduction in young clonal oil palms,  

3. to profile the gene expression changes using transcriptome sequencing in 

young clonal oil palms due to the GA3 and PBZ application.  
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