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High economic value of palm oil had gathered much interest for rapid expansion
of oil palm plantation in Malaysia. However, most of the soils in Malaysia were
generally low in fertility status, hence planting oil palm in these soils could cause
further soil degradation and require high Nitrogen (N) fertilizer input in order to
maintain high yield output. While fertilizers being the most expensive inputs,
increase of application rate would result in increase in production cost as well as
introducing negative impact to the environment. To maintain high yield oil palm
output with limited soil fertility, effort had been focused on improving oil paim N
use efficiencies (NUE). This 3-parts research explore the potential genotypic
different of 9 oil palm genotypes which originated from the same high yielding
siblings. In part-1, the N uptake performance among selected high yielding oil
palm genotypes were quantified. Six-months old and nine-months old oil palm
seedlings consist of nine different high yielding genotypes from Sime Darby were
cultivated in the glasshouse in a randomized complete block design in split-plots
arrangement with four replicates. These oil palms were supplied with ammonium
sulphate with 5% atom excess (a.e.) N-15. Destructive sampling was then
carried out after 3 months of planting and plant samples were analyzed for total
N and N-15 enrichment. Results demonstrated that oil palm at 6 months old did
not show any significant difference in N uptake between genotypes either with
or without P fertilizer application. However, oil palm at 9 months old
demonstrated significant differences between genotypes in total dry matter
production and total N uptake. Hence, there was a significant difference in N
derived from fertilizer among genotypes. Additionally, oil palms at 9 months old
also showed a significant increase in N uptake with P fertilizer application.
Genotype A (14/34 x 2367/17) demonstrated significantly higher N uptake
compared to the other genotypes, except for genotype F (9/103 x 2318/17). Part-
2 of this study was aimed to determine the respond of the oil palm during
recovery from N stress condition. Another set of same oil palm genotypes were
cultivated and modified Cooper solution (without N) was applied to the oil palm
genotypes for 6 months until oil palm leaves turned yellow. After that, standard



Cooper solution was applied to the oil palm genotypes. The SPAD reading were
taken daily from frond number three and leave samples were harvested from
frond number three, with interval of 7 days until SPAD reading is stabilized, for
total N analysis. All genotypes, with the exception of Genotype |, demonstrated
a 9-day lag period before the SPAD reading and the N concentration in the
leaves begin to increase. The SPAD reading for Genotype | remained stagnant
throughout the whole experimental period. Genotype A showed the fastest
recovery ability as compared to the other genotypes. The SPAD readings of the
oil palm showed a significant positive association (r = 0.7337) with leaf N
concentration with leaf N concentration. Part-3 of this study was to determine the
gene expression of superior oil palm prior to N stress condition. Genotype A that
exhibits favorable positive response to N was subjected to gene expression
analysis study. RNA were extracted from root samples collected during the
palms were subjected to N-stress and non N-stress conditions. The root RNA
samples were then analyzed using microarray analysis. A total of 105,072 gene
probes were used in the microarray and 3 genes that related to oil palm N stress
respond were identified to be significantly regulated (p < 0.05; Fold Changes >
1.5 folds): (1) 9-cis-epoxycarotenoid dioxygenase 1, (2) Early nodulin-93, and (3)
Cryptochrome-1. Overall, this research demonstrated that genotypic different
among oil palms would affect the plant growth and performance. In particular,
Genotype A (14/34 x 2367/17) used in this study carries had exhibited superiority
in N-up taking capability and N-stress tolerance capability. Stagnant period of
plant N status prior to N recovery shall also be given attention, as it could greatly
alter the management of fertilizer application in oil palm plantations. Genotype A
carries the potential gene that could unlock the barrier to breed oil palm genotype
which likely to be both high yielding and high NUE. Therefore, further study need
to be carried out in order to annotate all possible genes responsible for high NUE,
consecutively crossing this gene to the other high yielding oil palm genotypes.
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Kelapa sawit yang mempunyai nilai ekonomi yang tinggi telah menyebabkan
peningkatan keluasan ladang kelapa sawit yang berleluasa di Malaysia. Akan
tetapi, kebanyakan tanah di Malaysia adalah kurang memuaskan dari segi
kesuburan tanah, maka untuk menanam kelapa sawit di atas tanah sedemikian
boleh merangsang degradasi tanah, dan kemudian menyebabkan input baja
Nitrogen (N) yang banyak diperlukan untuk memastikan keluaran kelapa sawit
terjamin. Baja merupakan input yang paling mahal di ladang kelapa sawit,
penambahan kadar pembajaan akan meningkatkan kos pengeluaran dan pada
masa yang sama membawa impak negatif kepada alam sekitar. Jadi, bagi
memastikan pengeluaran minyak kelapa sawit boleh dioptimumkan pada tanah
yang kurang subur, kajian-kajian telah dijalankan bagi meningkatkan kadar
kecekapan penggunaan N oleh kelapa sawit. Kajian ini merangkumi tiga
bahagian untuk menerokai potensi genotip kelapa sawit yang berlainan yang
telah dihasilkan daripada hasil kacukan kelapa sawit yang berhasil tinggi. Dalam
bahagian pertama kajian ini, prestasi kadar pengambilan N pokok kelapa sawit
antara beberapa genotip yang berhasil tinggi telah ditentukan. Sebanyak 9
genotip benih kelapa sawit yang berhasil tinggi telah didapati daripada syarikat
Sime Darby. Anak benih tersebut yang berusia 6 dan 9 bulan telah ditanam di
dalam rumah kaca dengan rekabentuk blok rawak lengkap dalam plot berpisah
dengan empat replikasi. Benih kelapa sawit kemudiannya diberikan ammonium
sulfat dengan ekses atom 5% N-15. Ujian musnah dijalankan kepada kelapa
sawit selepas 3 bulan, dan sampel kelapa sawit itu akan dianalisaskan untuk
jumlah N serta kandungan N-15 dalam tisu tumbuhan. Dalam kajian ini, benih
kelapa sawit pada usia 6 bulan tidak menunjukkan sebarang perbezaan yang
nyata bagi pengambilan N di antara genotip sama ada dengan aplikasi baja P
atau tanpa baja P. Tetapi, benih yang berusia 9 bulan telah menunjukkan
perbezaan yang nyata antara genotip dalam jumlah berat kering dan
pengambilan N. Oleh sebab itu, ia juga menyebabkan perbezaan yang nyata
antara genotip bagi N yang berasal dari baja. Genotip A (14/34 x 2367/17) telah
menunjukan pengambilan N yang jauh lebih tinggi berbanding dengan genotip



yang lain kecuali Genotip F (9/103 x 2318/17). Dalam bahagian kedua kajian ini,
reaksi kelapa sawit semasa mengalami pemulihan daripada situasi kekurangan
N yang serius akan ditelitikan. Set kelapa sawit yang kedua disediakan di dalam
rumah kaca. Cecair Cooper yang telah diubah-suai supaya tidak mengandungi
sebarang N telah diberikan kepada benih-benih kelapa sawit selama 6 bulan
sehingga daun benih menjadi kuning. Kemudian, cecair Cooper yang biasa
diberikan kepada semua genotip kelapa sawit. Maka bacaan SPAD diambil
setiap hari daripada pelepah daun ketiga. Sampel daun juga diambil di pelepah
ketiga setiap 7 hari bagi menentukan kandungan jumlah N. Proses ini berulang
sehingga bacaan SPAD menjadi stabil. Semua genotip kecuali genotip |, telah
pun menunjukkan bacaan SPAD dan jumlah N dalam tisu yang pegun pada 9
hari yang bermula sebelum meningkat. Bacaan SPAD bagi genotip | adalah
pegun sepanjang masa kajian ini dijalankan walaupun telah diberikan cecair
Cooper yang mempunyai N. Dalam kajian ini, genotip A menunjukkan kadar
pemulihan yang paling laju berbanding dengan genotip yang lain. Bacaan SPAD
bagi semua kelapa sawit mempunyai korelasi yang positive (r = 0.7337) dengan
kandungan jumlah N dalam tisu daun. Dalam kajian ketiga, ekspresi gen bagi
genotip yang unggul dalam keadaan kekurangan N telah ditentukan. Genotip A
yang telah menunjukkan sifat-sifat yang memuaskan dalam dua kajian yang
sebelum ini telah dipilih untuk menjalankan analisis ekspresi gen. RNA daripada
akar benih sawit yang diambil semasa kelapa sawit ini mengalami keadaan
kekurangan N dan keadaan normal telah diekstrak. Kemudian RNA akar ini telah
dianalisis dengan “Microarray”. Sebanyak 105,072 gen siasatan telah digunakan
dalam array ini. Sebanyak 3 gen yang berkaitan dengan pengambilan N kelapa
sawit telah dikenalpastikan nyata dengan kebarangkalian p < 0.05 dan
perubahan ekspresi melebihi 1.5 kali ganda, iaitu gen : (1) 9-cis-epoxycarotenoid
dioxygenase 1, (2) Early nodulin-93, and (3) Cryptochrome-1. Secara
keseluruhannya, kajian ini telah menunjukkan bahawa genotip kelapa sawit yang
berlainan boleh membawa impak kepada prestasi pertumbuhan dan sifat kelapa
sawit yang berlainan. Dalam kajian ini, Genotip A (14/34 x 2367/17) telah
menunjukkan sifat yang unggul dalam pengambilan N dan kebolehan yang baik
untuk menghadapi keadaan kurang N. Peringkat pegun bagi jumlah N dalam tisu
tumbuhan sempena baja N diberikan selepas kekurangan N patut diberi prihatin
kerana ia boleh merangsang aktiviti-aktiviti penaburan baja di ladang kelapa
sawit. Genotip A mengandungi gen yang berpotensi untuk menghasilkan
kacukan genotip yang mengeluarkan hasil tinggi dan pada masa yang sama
boleh menggunakan N dengan lebih cekap. Kajian lanjutan seharusnya
dijalankan bagi mengenal pastikan semua gen-gen yang bertanggungjawab bagi
meningkatkan kecekapan penggunaan N dan seterusnya menghasilkan kelapa
sawit yang berhasil tinggi dan cekap menggunakan N.
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CHAPTER 1
INTRODUCTION
1.1 Background

Elaeis guineensis Jacq., which is the name given to oil palm by Nicholas Joseph
Jacquin in 1763, originated from the tropical rainforest region of West Africa. The
oil palm is grown on the same land continuously for 25 to 30 years per cropping
cycle and therefore, per ha cropland, oil palm plantations give more oil than any
other temperate or tropical oil crop (Corley and Tinker, 2003). The oil palm by far
is the most efficient oil crop and alone is capable to fulfill the large and growing
world demand for vegetable oils that is estimated to reach 240 million t by year
2050 (Corley, 2009). It produces an average oil yield of 3.68 t ha™ yr”" which is
ten times higher than that of soybean, almost nine times that of sunflower seed,
and six times that of rapeseed (Basiron, 2007). There are two types of vegetable
oil extracted from the palm fruit on commercial scale, i.e. crude palm oil and
kernel palm oil. These palm oils have different fatty acid profiles and thus
increase the versatility of oil palm in industrial applications. In addition, many
researches had been conducted in order to develop numerous ways for the palm
oils and the oil palm tree itself to be utilized to form varieties of end products.
With reference to its so many positive attributes together with the increasing of
global demand for oils and fats, the oil palm industries contribute significantly to
Malaysia’s National Gross Export (Azman et al., 2004). Thereby, the oil palm
had become the most important industrial cash crop in Malaysia.

More and more lands are currently being planted with oil palm in order to
increase the oil palm production. The total oil palm area in 2014 was 5.39 million
ha, an increase of 3.1% as compared to the previous year. The total export of oil
palm products, consisting of palm oil, palm kernel oil, palm kernel cake,
oleochemicals, biodiesel and finished products declined by 2.5% to 25.07 million
t in 2014 from 25.70 million t recorded in 2013. However, total export revenue
increased by 3.7% to RM63.62 billion compared to the RM61.36 billion achieved
in 2013 due to higher export prices (Choo, 2015). This further provokes the
expansion of oil palm plantations in Malaysia. Rapid increases of oil palm
plantation had caused more land were developed as oil palm plantation.
However, most of the soils in Malaysia planted to oil palm are from the order
Ultisols and Oxisols, which are low in fertility status (Goh et al.,, 2003), and
planting of oil palm in these soils could cause further soil degradation (Tessens
and Shamshuddin, 1983). Applying additional fertilizers to compensate nutrient
removal from soils by plant seems to be a direct answer to this situation.
Therefore, oil palm becomes the largest fertilizer consuming crop in Malaysia.

Oil palm cultivation requires a significant amount of fertilizer for optimum
production. Malaysian Palm Oil Board (MPOB) (2009) reported that the total
import value of fertilizers for Malaysia from 2004 to 2006 averaged about RM



2.50 billion yearly. A fraction of total fertilizer imports, urea recorded
improvement from RM 282 millions at 2004 to RM 525 million at 2008. Total
Nitrogen (N) fertilizer consumed in Malaysia industrial plantation recorded 1.29
million t in 2008 (Sabri, 2009). Due to the high fertilizer prices and large planting
hectarage of oil palm plantation, fertilizer inevitably becomes most expensive
inputs in oil palm production. It accounts for 50-70% of field operational cost and
approximately 25% of the total cost of production (Goh and Hardter, 2003).
However, the nutrient requirements of oil palm vary widely, depending on the
target yield, genetic potential of the planting material used, and numerous
environmental factors, such as palm spacing, palm age, soil fertility, ground
cover conditions, and climate (Tarmizi and Mohd Tayeb, 2006; Goh and Hardter,
2003). The total annual nutrient uptake of mature oil palms was about 192, 11,
209, 71 and 36 ha™ yr'1 for N, phosphorus (P), potassium (K), calcium (Ca) and
magnesium (Mg), respectively. The estimate nutrients removed by oil palm in
producing 25 t ha™ of fresh fruit bunches (FFB) were 73, 5.1, 78, 14 and 12 kg
ha” yr' for N, P, K, Ca, Mg, respectively (Goh and Hardter, 2003). Nevertheless,
due to highly weathered soil characteristic in Malaysia, i.e. mostly Ultisols and
Oxisols, most of these fertilizers often suffer from leaching losses and does not
become available to oil palms after application especially during high
precipitation season. Therefore, more fertilizers inputs were required to
compensate nutrient lost and maintain high yield output.

The perception of an increase in fertilization, especially N, always results in
increased yield, has led to excessive application of N fertilizers. This practice
causes harmful consequences to the environments. Nitrogen applied as
inorganic chemical fertilizer, especially nitrates, could easily experience leaching
by rainfall due to its negative charge, and as much as half of the N fertilizers
applied could be loss at the end of the planting season (Sukreeyapongse et al.,
2001). Therefore, increasing fertilizer rates without proper precaution often leads
to intense environmental pollution as well as significant economical loss. A study
by Goh (2005) also indicated that over-application of as much as 0.25 kg
ammonium nitrate palm'1 yr'1 will result in an extra cost of RM 117.25 million per
year to the oil palm industry in Malaysia. Hence, overcoming nutrient loss from
soils through increasing fertilizer application was apparently economically
unfavorable. From the other point of view, reducing fertilizer rate as an initiative
to prevent environment pollution does not solve the problem effectively.
Insufficient nutrient supply to meet the requirement of oil palm could result in
significant drop in productivity of oil palm for the subsequent years (Mohd Tayeb
and Tarmizi, 2001). Mohd Noor et al. (2005) reported that oil palm demonstrated
a slow recovery of productivity following a decrease in fertilizer application, and
the slow recovery of oil palm productivity would affect the profitability in the
subsequent years. Additionally, Goh (2005) reported that under-application of
fertilizers might result in loss of oil palm yield. Hence, increasing oil palm N use
efficiency becomes crucial in optimizing N use, maintaining high yield rates,
reducing fertilizer cost, and avoid N fertilizer pollutions in order to ensure an
environmentally friendly and sustainable oil palm management.

There are several literatures regarding genetic materials of oil palm, as well as
N fertilizer uptake on oil palm. However, quantification of oil palm N uptake



performance through genetic selection is still at the infancy stage. Nitrogen
transporter gene expression of superior oil palm prior to N stress condition also
inadequately studied. Information regarding physiological and molecular
respond of oil palm in N stress condition as compared to oil palm in non-stressed
condition is still lacking.

1.2 Research Objectives

The objectives of the study were:

(i) to quantify oil palm N uptake performance among selected high yielding
genotype;
(i) to determine the response of oil palm during recovery from N stress; and

(iii) to determine the gene expression of oil palm grown with and without N
stress conditions.
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