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High yield and increasing the production of oil palm in Malaysia depends much
on application of fertilizers due to oil palm high nutrient demand, uptake and
removal. Malaysian soils (mainly Ultisols and Oxisols), are known to be highly
weathered, acidic and inherently low in phosphate and have high P fixing
capacities, thus making it unavailable for plant use. Quantitative information on
P-use efficiency for crop is vital to ensure a better design of P-management,
economically and ecologically. As such, adopting plants with better nutrient
uptake efficiency nonetheless means a more environmentally friendly and
ecological feasible strategy to improve the growth of plant in low phosphorus
soil. A study was conducted to evaluate the variability of phosphate uptake
among oil palm genotypes at nursery stage. Nine months of observation revealed
that the percentages of the phosphate uptake by the oil palm genotypes could be
ranked as genotype D=B> C> F> E>1>G = A > H, which ranged from
15% to 45% of phosphate derived from fertilizer (PdfF). Cluster analysis
showed that two major clusters can be identified; Genotype B, D, C, E, F as
cluster which take up higher rate of P-fertilizer compared to cluster which
comprised Genotype A, G, I, H. Use of tracer (*?P) in the fertilizer application
provided a mean to understand the fate of fertilizer in the plant, i.e. the quantity
of fertilizer being taken up by the plants. Such information allows better
management of selecting better genotypes and monitoring the fertilizer use
efficiency thus reducing fertilizer wastage. Another experiment was conducted to
evaluate the variable activity of phosphate transporter among the genotypes
under phosphate starvation. In second study, a 27kD peptide in the root was
identified as the P transporter activity in the roots of these oil palm genotypes by



using probe during phosphate starvation. Phosphate transporters activity among
the genotypes can be ranked as genotype A D>B=E>I>H=C=G=F.
Cluster analysis grouped cluster genotype A, B, D, E, | with higher phosphate
transporters activity compared to cluster genotype C, G, F, H. The presence of
phosphate transporters which were detected only during phosphate starvation
may suggest the palm is enhancing the phosphate uptake in root to improve the
low phosphate level inside the plant. The result on phosphate transporters in this
experiment provides some clues that genetic variants may play a role in terms
phosphate uptake efficiency among oil palm genotypes.
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Hasil tinggi serta peningkatan pengeluaran kelapa sawit di Malaysia amat
bergantung kepada penggunaan baja. Tanah di Malaysia (ultisol dan oksisol),
amat terluluhawa, berasid, berkadar Fosfat (P) rendah serta mempunyai kadar
jerapan P yang tinggi, justeru menghadkan pengambilan P oleh
tumbuhan. Maklumat kuantitatif tentang kecekapan penggunaan tanaman
terhadap P adalah penting bagi memastikan strategi pengurusan P yang lebih
baik dari segi ekonomi dan ekologi. Justeru itu, pengambilan nutrient yang lebih
cekap oleh tumbuhan di tanah yang rendah P mengimplikasikan pengurusan
ladang yang mesra alam serta memanfaatkan ekologi persekitaran. Satu kajian
telah dilaksanakan untuk menilai perbezaan antara genotip kelapa sawit dalam
pengambilan fosfat pada peringkat awal pertumbuhan. Pemerhatian selama
sembilan bulan menunjukkan bahawa peratusan pengambilan fosfat antara
genotip kelapa sawit boleh disenaraikan sebagaiD=B> C> F> E>I>G=A
> H, sebanyak 15% kepada 45 % daripada fosfat yang diperolehi dari baja (PdfF)
direkodkan. Analisis kelompok menunjukkan bahawa genotip B, D, C, E, F
boleh dikelaskan kepada kelompok yang lebih cekap mengambil baja fosfat
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berbanding dengan kelompok yang merangkumi genotip A, G, I, H. Penggunaan
32p dalam aplikasi pembajaan dapat memberi pemahaman tentang kuantiti baja
yang diserap oleh tumbuh-tumbuhan. Maklumat tersebut membolehkan
pengurusan yang lebih baik dalam pemilihan genotip, penilaian kecekapan
penggunaan baja dan seterusnya mengurangkan pembaziran baja. Dalam
eksperimen kedua, peptida 27kD dalam akar telah dikenalpasti sebagai aktiviti
pengangkut P dalam keadaan kekurangan fosfat. Aktiviti pengangkut Fosfat
antara genotip boleh disenaraikan sebagai genotip A D>B=E>1>H=C=G
= F. Analisis kelompok membahagikan kelompok genotip A, B, D, E, | kepada
kumpulan yang mempunyai kecekapan pengangkut fosfat yang lebih tinggi
berbanding dengan kelompok genotip C, G, F, H. Kehadiran pengangkut fosfat
yang dikesan hanya semasa kekurangan fosfat mungkin mencadangkan pokok
sawit meningkatkan pengambilan fosfat dari akar untuk meningkatkan tahap
fosfat yang rendah dalam tumbuhan. Keputusan eksperimen ini memberikan
beberapa petunjuk bahawa kelainan genetik mungkin memainkan peranan dari
segi kecekapan pengambilan fosfat di kalangan genotip kelapa sawit.
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CHAPTER 1
INTRODUCTION

Over the years, oil palm has become the main perennial crop in Malaysia. The
total planted area of oil palm expands to 4.85 million hectares in 2009 (MPOB
2010) as compared to 1960s which accounted only 55,000 hectares (MPOB
2000). Oil palm is the most productive plant in terms of oil yield per hectare,
surpassing corn and soy beans (Corley and Tinker, 2003). In addition, oil palm is
also less prone to pest and diseases to other domestic crops such as rubber and
cocoa. However, 85 % of production cost of oil palm goes to the purchase of
fertilizers (Goh, 2005). The dependence on fertilizers in oil palm industry to
maintain high yield is indispensable. This is due to oil palm having a high
nutrient demand, uptake and removal (Von Uexkull and Fairhurst, 1991).

The application of P fertilizer is a common routine in oil palm plantation
fertilization regime to improve fresh fruit bunch yield. However, with the raising
price of fertilizers, quantitative information is needed for environment and crop
performance. Phosphorus use efficiency is vital to ensure a better design of
appropriate P-management, economically and ecologically (Tchienkoua et al,
2008). Under Malaysian conditions, the requirement of phosphate fertilizer per
mature oil palm tree ranges from 0.3 kg P to 0.7 kg P (Goh and H&dter, 2003)
with the planting density of oil palm between 110-160 palms per hectare of land
(Gillbanks, 2003). As the number of planted area increased substantially every
year, a substantial amount of P fertilizer is required for oil palm cultivation
industry. The use of huge amount of phosphate fertilizers not only represents a
significant financial burden to the planters but over dosage of phosphate inputs
present a threat to the environment. Phosphate fertilizers are susceptible to loss
by erosion and surface runoff (Goh and H&dter, 2003). Accumulation of
phosphate in soil could lead to eutrophication effect to ground water and other
water sources such as rivers and lake (Johnston and Dawson, 2005).
Furthermore, Runge Metzger (1995) claimed that the consumption of high-grade
phosphate rocks may be depleted within 60 to 90 years. Thus, the deposit of
phosphate resources left in the world needs to be used sustainably.

It is generally understood that phosphorous (P) deficiency is one of the major
nutrient that limits growth and overall ecosystem productivity in most humid
tropical agroecosystems (IMPHOS 1980; Raghothama and Karthikeyan, 2005).
Sharply (2000) reported that P in soil solution can be as low as 0.01mg PL™.
Malaysian soils (mainly Ultisols and Oxisols), like most other tropical soils are
known to be highly weathered, acidic and inherently low in P and have high P
fixing capacities. Fe (I11) and Al (hydro)oxides are the primary sorbents for
phosphate in soils and this could result in substantial P-fixation (Zaharah and
Sharifuddin, 1979; Goh and Chiew, 1995, Sallade and Sims, 1997, Wilson et al.,
2004). It is reported that phosphate has synergistic effects with other nutrients on
oil palm yield (Foster et al, 1988, Foster and Prabowo, 1996). P enhances many
aspects of plant physiology including photosynthesis, N-fixation, flowering,
maturation and root growth (Brady and Weil. 2004). Hence, direct application of
phosphate rocks in oil palm plantation has been a standard practice since the
1930s (Zaharah et al., 1997). Phosphate rocks have been preferred in acid soils to
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ameliorate its P fertility status as it is nearly as effective as water-soluble P
fertilizer and more cost effective (Chien and Menon, 1995).

However, the average fresh fruit bunch (ffb) yields had remained stagnant
between the range of 18-22 t ha™ yr* (MPOB, 2000) which is contrary to the
theoretical yield potential of 44 t ha™* yr* (Corley and Tinker, 2003). Goh et al.
(2000) suggested that the lack of understanding in oil palm agronomy is one of
the various factors in yield stagnation over the years. This may imply that there is
a lack of understanding of oil palm in their uptake of nutrients. For P, many
studies has shown that the efficiencies with which plants are able to extract and
utilize this element vary between cultivars of various crops (Narang et al., 2000,
Manske et al., 2000; Osborne and Rengel, 2002). In light of this, a concept of “to
tailor the plant to fit the soil” (Hell and Hillebrand.,2006) should be implemented
in plant and soil phosphorus research. Instead of altering the fertility state of the
soil to accommodate the plant nutrient demand, plant with better phosphate
uptake should be introduced to the field. Adopting plants with better nutrient
uptake efficiency nonetheless means a more environmentally friendly and
ecological feasible strategy to improve the growth of plant in low phosphorus
soil. Studies on better P uptake among oil palm genotypes could contribute to oil
palm breeding selection for nutrient (P) efficient oil palm material.

Therefore, the main objective of the study is to assess the variability of oil palm
genotypes in taking up phosphorus both in phosphate fertilized and phosphate
limited medium. The specific objectives are:

1) To evaluate the variability of phosphate uptake among oil palm genotypes
at nursery stage

2) To evaluate the variable activity of high affinity phosphate transporter
among oil palm genotypes under P-deprived condition at nursery stage.
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