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ABSTRACT

This study was conducted to evaluate the effect of oil palm mill by-products on growth
of oil palm seedlings in a sandy soil. There were 3 treatments including the control,
each replicated 6 times in randomized complete block design (RCBD). The treatments
were: (i) dried decanter cake (T1); (ii) empty fruit bunch with palm oil mill effluent
biochar (T2); and (iii) palm oil mill effluent (T3). T1 was the control as it is the
standard practice of IJM Plantations Berhad (IJMP) where this experiment was
conducted. Plant height, stem girth, dry weight of shoots and roots, total nitrogen of
leaves and roots, total leaf phosphorus, soil pH, soil organic matter content, soil total
nitrogen, soil available phosphorus and cation exchange capacity were recorded and all
data analyzed using one way analysis of variance (ANOVA) at 5% significance level. T2
resulted in significantly higher plant height (22.99 cm) compared to T1 (19.17 cm) and
T3 (21.95 cm) at 3 months after planting. There were no significant differences in
stem girth where the highest mean stem girth was for T2 (4.51 mm), followed by T3
(4.34 mm) and T1 resulted in the lowest stem girth (4.24 mm). There were no
significant effects on the dry weight of shoots and roots. The highest mean shoot dry
weight was for T2 (1.47 g), followed by T3 (0.98 g) and T1 resulted in the lowest dry
weight of shoots (0.93 g). The highest mean dry weight of roots was for T1 and T2
(0.42 g) and T3 resulted in the lowest dry weight of roots (0.34 g). T1 resulted in
higher leaf total nitrogen, which was 1.99% as compared to T2 (1.72%) and T3
(1.87%). Root total nitrogen was significantly higher in T1 (2.11%) compared to T2
(0.03%) and T3 (1.12%). T1 resulted in significantly higher total P of leaves (13.32 mg
kg!) compared to T2 (9.38 mg kg!) and T3 (10.38 mg kg*). Soil pH was significantly
higher in T2 (6.61) compared to T1 and T3 (5.35). There were significant differences
in effects between T1, T2 and T3 on soil organic matter and total organic carbon. T2
resulted in the highest soil organic matter (1.88%) compared to T1 (1.32%) and T3
(0.84%). T2 resulted in higher soil total nitrogen (0.13%) compared to T1 (0.12%)
and T3 (0.08%). Seil available phosphorus was significantly higher for T1 (373.64 mg
kg') compared to T2 (225.41 mg kg') and T3 (224.22 mg kg?). There was no
significant difference between T1, T2 and T3 for soil cation exchange capacity. T1
decreased the soil cation exchange capacity at 3 months after planting by 70.73%
whereas T2 and T3 increased the soil cation exchange capacity by 59.09% and 46.15%
respectively. The results indicate that the sandy soil treated with EFB-POME biochar

improved the growth rate of the pre-nursery oil palm seedlings. However, sandy soil
amended with POME enhanced the soil fertility.



KESAN BERBAGAI HASIL SAMPINGAN SISA KELAPA SAWIT TERHADAP
PERTUMBUHAN ANAK BENIH KELAPA SAWIT (Elaeis guineensis) DI TANAH
BERPASIR

ABSTRAK

Kajian ini telah djjalankan untuk menilai kesan berbagai hasil sampingan sisa kelapa
sawit terhadap pertumbuhan anak benih kelapa sawit di tanah berpasir. Tiga rawatan
hasil sampingan sisa kelapa sawit yang berbeza mempunyai enam replikasi dan
disusun menggunakan reka bentuk blok rawak lengkap (RCBD). Rawatan-rawatan
yang digunakan ialah (i) kek decanter kering (T1) (ii) buah tandan kosong dengan
Palm Oil Mill Effluent biochar (T2) dan (iii) Palm Oil Mill Effluent (T3). Rawatan T1
digunakan kawalan kerana ianya merupakan amalan biasa yang digunakan oleh UM
Plantations Berhad untuk penanaman anak benih kelapa sawit. Ketinggian pokok,
ukuran keliling batang, berat kering pucuk dan akar, jumlah nitrogen dalam daun dan
akar, jumlah fosforus dalam daun, pH tanah, bahan organik dalam tanah, jumiah
nitrogen dalam tanah, kandungan fosforus dalam tanah dan pertukaran kapasiti kation
dalam tanah telah direkodkan dan dianalisis dengan menggunakan ANOVA satu hala
pada aras signifikan sebanyak 5%. Pada bulan ketiga, hasil ketinggian pokok
menunjukkan kesan perbezaan seerti, Rawatan T2 mempunyai ketinggian pokok yang
paling tinggi (22.99 cm) berbanding dengan rawatan T1 (19.17 ¢cm) dan rawatan T3
(21.95 cm). Pada bulan ketiga. Tiada kesan perbezaan seerti ditunjukkan untuk ukuran
keliling batang. Hasil ukuran keliling batang yang tertinggi ialah T2 (4.51 mm), diikuti
oleh rawatan 13 (4.34 mm) dan rawatan T1 (4.24 mm). Tiada kesan perbezaan seerti
ditunjukkan untuk berat kering pucuk dan akar. Hasil tertinggl untuk berat kering
pucuk ialah rawatan T2 (1.47 g), ditkuti oleh rawatan T2 (0.98 g) dan rawatan T1
(0.93 g). Manakala untuk berat kering akar pula, rawatan T1 dan 12 dengan hasil 0.42
g lebih berat berbanding dengan rawatan 13 (0.34 g). Tiada kesan perbezaan seerti
ditunjukkan untuk jumlah nitrogen dalam daun. Rawatan T1 (1.99%) mempunyai
Jumiah nitrogen daun yang tertinggi berbanding dengan rawatan T2 (1.72%) dan
rawatan 13 (1.87%). Terdapat kesan perbezaan seerti ditunjukkan untuk jumlah
nitrogen akar. Jumiah nitrogen dalam akar yang tertinggi ialah rawatan T1 (2.11%)
diikuti dengan rawatan 12 (0.03%) dan rawatan T3 (1.12%). Rawatan T1 (13.32 mg
kg') mencatatkan jumiah fosforus dalam daun yang tertinggi berbanding dengan
rawatan T2 (9.38 mg kg') dan rawatan T3 (10.38 mg kg'). pH tanah yang paling
tinggi terdapat dalam rawatan T2 (6.61) diikuti dengan rawatan T1 dan rawatan T3
(5.35). Rawatan T2 menghasilkan bahan organik tanah yang paling tingg/ (1.88%),
berbanding dengan T1 (1.32%) dan rawatan T3 (0.84%). Rawatan T2 (0.13%)
menghasilkan jumiah nitrogen tanah yang tertinggi, berbanding dengan rawatan T1
(0.12%) dan rawatan T3 (0.08%). Kandungan fosforus yang dalam tanah yang
tertinggi ialah rawatan T1 (373.64 mg kg') diikuti dengan rawatan T2 (225.41 mg kg')
dan rawatan T3 (224.22 mg kg'). Tiada kesan perbezaan seerti menunjukkan di
antara rawatan T1, T2 dan T3 untuk pertukaran kapasiti kation dalam tanah. Rawatan
T1 menurun pertukaran kapasiti kation dalam tanah dengan 70.73% dalam masa 3
bulan, manakala rawatan T2 dan T3 menunjukkan peningkatan masing-masing
pertukaran kapasiti kation dalam tanah masing-masing sebanyak 59.09% dan 46.15%.
Kept{tusan menunjukkan tanah berpasir yang dirawat dengan EFB-POME biochar boleh
meningkatkan kadar pertumbuban terbaik untuk anak benib kelapa sawit pra-nurseri,

Walau bagaimanapun, tanah berpasir dengan rawatan POME boleh meningkatkan
kesuburan tanah.

vi
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Traditionally the oil palm (£laeis guineensis) was grown in semi-wild groves in tropical
Africa. It was first introduced to Malaysia for planting in the Botanical Gardens in
Singapore in 1870 (Abdullah and Sulaiman, 2013). Oil palm is a tropical crop, and it is
planted in 43 countries over a total land area of 16.4 million hectares (FAO, 2014).

The Malaysian oil palm industry is very important to the Malaysian economy. In
2014, the total exports of oil palm products, consisting of palm oil, palm kernel oil, palm

kernel cake, oleochemicals, biodiesel and others was 25,072,103 tonnes (RM 63,618.87
million) (MPOB, 2013). The main problem in the oil palm tree cultivation and its related
industries is the substantial amount of biomass wastes. The wastes such as empty fruit
bunches (EFB), palm kemnel shell (PKS), mesocarp fiber (MF), palm oil mill effluent
(POME), oil palm trunks (OPT), oil palm leaves (OPL) and oil palm fronds (OPF) are
generated after harvesting, palm oil processing or during replantation. The regular
practice to convert these wastes into useful products is through simple mechanical
processes like shredding, chipping and palletizing for size reduction. Approximately 75%
of the wastes in the form of OPT and OPF are left rotting in the plantation for mulching
and nutrient recycling purposes (Awalludin et al,, 2015). The availability of the oil palm

biomass is high and these can be utilized as recycled crop residue in the oil palm
plantation.

The one important factor in achieving success in the nursery is the availability of
sufficient nutrients in the growing medium. The polybag soil in the nursery must be
thoroughly moist with no dry patches at all times, to allow unimpeded growth and to
prevent any dehydration of the seedlings. The production of high quality oit-palm



seedlings is dependent on good nursery management and practices (Halimah et al.,
2012).

An oil palm nursery is raised either in single or double stages. The single stage
nursery system involves planting of germinated seeds directly into soil-filled large
polybags (46 cmx 41 cm layflat) and nurtured in the same large polybags until the plants
have grown sufficiently and are ready for transplanting to the field (usually around 10 to
12 months). The double stage nursery system however involves planting of germinated
seeds into soil-filled small polybags (23 cm x 15 cm layflat) for the first three to four
months (pre-nursery stage) and the small seedlings are then transplanted to large
polybags, where the seedlings are nurtured for another seven to nine months (main
nursery stage) before transplanting to the field (Mathews et al., 2010).

The amount of fertile soil in Malaysia is greatly reduced as time goes by. Most
people intend to buy land for planting purposes but unfortunately, the land is infertile.
Previous studies showed sandy soils are weakly structured, nutrient deficient, have low
water retention capacity, limited ability to support plant growth and a relatively high soil
temperature (Mohd et a/,, 2009). Thus, the idea of mixing soil amendment can be used
to overcome this issue. Sandy soils mixed with soil amendments may allow the planting
of oil palm seedlings. When used as a soil amendment, biochar has been reported to
boost soil fertility and improve soil quality by raising the soil pH, increasing moisture
holding capacity, attracting more beneficial fungi and microbes, improving cation
exchange capacity (CEC), and retaining nutrients in soil (Lehmann et al,, 2006). The

addition of biochar to soils has been shown to enhance soil fertility (Glaser et al., 2002;
Chan et al, 2007; Laird et a/, 2010).

Decanter cake amendments of up to 10% may be a probable substitute for
inorganic fertilizers with respect to lady's finger (Abelmoschus esculentus) plants due to
high nutrient content, yield and biomass, as well as morphological characteristics.

However, there were observable negative effects after 10% decanter cake amendment
ratios (Embrandiri et a/.,, 2013).

1.2 Justification
Sandy soils are the native soil in the 1M Plantation nursery at Sugut. The purpose of

this study is to improve the sail properties of sandy soils added with soil amendment
which may act as a planting medium for oil paim seedlings. It may act as an alternative



soil media for the oil palm plantation nursery. Further, the use of biochar in Malaysian
soils has not been studied extensively. There are knowledge gaps as no research has

been done before on sandy soils use as a planting medium in the oil palm plantation
nursery.

The palm oil industry generates an abundance of oil palm biomass such as
mesocarp fiber, shell, empty fruit bunch (EFB), frond, trunk and palm oil mill effluent
(POME) (Mohamad et a/.,, 2011). Therefore, sustainable biochar production and its use
as a soil amendment has been suggested as a way of reducing waste, improving soil
quality, and enhancing crop growth. In the oil palm plantation, recycling crop residues

such as empty fruit bunches (EFB) and palm oil mill effluent (POME) can increase soil
nutrients (Garuba et a/., 2012).

1.3 Objectives
This study were conducted:

a) To evaluate the effects of different oil palm mill by-products on growth responses
of oil palm seedlings in a sandy soil.

b) To evaluate the effects of different oil palm mill by-products on oil paim seedlings
and soil nutrient content.

1.4 Hypothesis

Ho: There is no significant effect of different oil palm mill by-products on the growth of
oil palm seedlings, soil and plant nutrient content.

Ha: There is a significant effect of different oil palm mill by-products on the growth of oil
palm seedlings, soil and plant nutrient content,



CHAPTER 2

LITERATURE REVIEW

2.1 Oil Palm Cultivation in Malaysia

Oil palm, Elaeis guineensis, which belongs to the Palmae family, is the most productive
oil producing plant in the world. Two types of oil are produced from oil palm, one is the
palm oil from the fibrous mesocarp and another is lauric oil produced from the palm
kernel (Rupani et al., 2010). In Malaysia, palm oil production has recorded a rocketing
growth over the years, from about 4 million tonnes in 1985 to about 6 million tonnes in
1990 and to 19.6 million tonnes in 2014 (MPOB, 2015). Oil palm (Elaeis guineensis)
supplies around 30% of the world’s vegetable oil (USDA-FAS, 2013). MPOB (2014)
reported that the land area committed to oil palm plantations in 2012 accounted for
around 5076929 hectares. The Federal Land Development Agency (FELDA), Rubber
Industry Smallholders Development Authority (RISDA), Federal Land Consolidation

Rehabilitation Agency (FELCRA), private estates, state agencies and independent small
holders are the main palm trees ownership forms in Malaysia.

Palm trees usually have a vertical trunk and feathery leaves and every year
around 2040 new leaves, known as palm frond, grown. Bunches of palm fruit develop
between the trunk and base of the new fronds. Generally, 5-6 years after planting the

first crop of fresh fruits can be harvested and each tree can provide palm fruits for 25—
30 years (Areerat, 2006).

2.2 Oil Palm Seeds

An oil palm breeding program was started by using selected genetic materials from MPOB
to produce DxP seeds in the future with mother palms and pollen. The first Genetic Block

(GB) was planted in 2001 at Sijas Plantation near Beluran with specially selected
advanced generation Deli-D and Av-P families from MPOB.



Seed production started in Sijas Estate, Sabah, in 2006 using elite Deli-D mother
palms from the Genetic Blocks. These elite Sijas Deli D mother palms were crossed with
the proven AVROS pisifera pollen from MPOB to produce IJM DxP Sijas Excellence. IJM
DxP Sijas Excellence emphasizes on excellent fruit characteristics and production
efficiency. Excellent fruit characteristics which is big fruits with thick mesocarp and high
oil content, ensures high oil yield (IJMP, 2005).

Oil palm dura x pisifera (DxP) hybrid seeds are largely based on Deli dura
selections at various research centres such as the Malaysian Palm Qil Board (MPOB),
Chemara, Banting, Dami, Socfindo and Dabou. The basic information for this hybrid seed
is shown in Table 2.1. The main sources of pisiferas are AVROS, NIFOR (Calabar), Ekona,
Yangambi and La Me. Qil palm DxP seed production in Malaysia increased marginally
from 50 million in 1995 to 65 million in 2007 and 88 million in 2008. The number of seed

producers in Malaysia has remained constant over the years (Kushairi et a/., 2010), as

shown in Table 2.2.

Table 2.1 Basic Information on Oil Paim Dura x Pisifera (DxP)

Origin

Origin West Africa

Average height increment (present
palms)

Trunk diameter

No. of fronds produced per year
Average length of frond

Leaf colour

Colour of ripe fruit .

Nursery period

1st harvesting
Harvesting cycle

No. of bunches produced per palm
Average weight of bunch
No. of fruits per bunch
Shape of bunch

Fruit size (1 x b)

Fruit weight

Kernel content

Oil extraction rate

Palm oil yield

Planting density
Economic lifespan

~ 60 cm/year

~ 60 cm

~ 24

3-4m

Green

Usually yellowish red (there are also
other colours)

12 - 18 months

~ 30 months after field planting
2 - 3 weeks

10 - 15 per year

10-20 kg

1000 - 3000

Round or oval

S5cmx2cm

~10g

3-8% per fruitiet

20%

~ 4 tonnes/ha/year

136 - 160 palms/ha

20 - 30 years

Source: MPOC, 1995



Table 2.2 Average oil paim DxP seed production capacity in Malaysia, 1995-2008

Company Million seeds/year
Federal Land Development Authority (Felda) 17
Sime Darby (including Guthrie, Golden 30
Hope)

United Plantations Berhad 10
Industrial Oxygen Incorporated (IOI) 6
Highlands Research Unit (HRU) 8
Borneo Samudera 5
Sasaran Ehsan Utama (SEU) 2
Rubber Industry Smallholders Development 1
Authority (RISDA)

DMP, Sabah 1
SPAD, Sarawak 1
Malaysian Palm Oil Board (MPOB) 0.5
Total 81.5

Source: Kushairi ef al., 2010

2.3 Oil Paim Pre-Nursery

The age of oil palm seedlings in pre-nursery stage is below 4 months (120 days).
Currently at pre-nursery stage the plastic pot tray system has replaced the conventional
small polybag system, as shown in Figure 2.1. Raising pre-nursery oil palm seedlings
using the pot tray system commercially was first reported by Chee et al (1997). The
advantages of introducing the pot tray system includes less land area needed, reduction
in soil quantity, reduction in water usage in irrigation and low labour requirements
(Mathews et a/., 2008). In a tray of 25 seedlings drawn out of a bed it is easier to observe

the abnormal seedlings and runts within the population (25 seedlings) (Mathews et al.,
2010).

Figure 2.1 Pre-nursery oil palm seedlings using pot trays




2.4 Palm Solid Residue Generation in Malaysia

Malaysia also produces large quantities of palm oil biomass such as empty fruit bunch
(EFB), palm oil mill effluent (POME), palm kemel cake (PKC), decanter cake and palm
shells. The waste products from oil palm processing consists of oil paim trunks (OPT),
oil palm fronds (OPF), EFB, palm pressed fibres (PPF) and palm kernel shells, less fibrous
material such as palm kernel cake and liquid discharge POME (Singh et a/., 2010).

According to Prasertsan and Prasertsan (1996), during processing in the palm oil
mill more than 70% (by weight) of the processed fresh fruit bunch (FFB) was left over
as oil palm waste. According to Pleanjai et a/. (2004), fiber, shell, decanter cake and EFB
accounts for 30, 6, 3 and 28.5% of the FFB respectively. The diverse applications of
palm biomass are being developed and investigated to convert the previous ‘waste’ into
‘value-added products’. For instance, EFB and POME have been successfully converted
into cattle feed, cow flooring and fertilizer in a pilot study carried out by the Malaysian
Agricultural Research and Development Institute (MARDI) (MARDI, 2011). Palm biomass

is usually left on plantation grounds for mulching as organic fertilizer or landfilled as
waste.

2.5 Characteristics of Palm Oil Mill Wastes and its Applications

2.5.1 Palm Oil Mill Effluent (POME)

POME is the effluent from the final stages of palm oil production in the mill. It is a
colloidal suspension containing 95-96% water, 0.6-0.7% oil and 45% total solids
induding 2-4% suspended solids (Yeong et al, 2008). POME contains high
concentrations of protein, nitrogenous compounds, carbohydrate, lipids and minerals
that could be converted into useful material using the microbial process (Habib et al,
1997; Agamuthu and Tan, 1985). The characteristics of POME is shown in Table 2.3. Wu
et al. (2009) reported that biologically treated POME can be employed as liquid fertilizer.
It is estimated that 1 t of FFB processed will generate 0.67 t of POME (Ng et a/, 2011).
On average about 4.9 - 12.1 percent of the total nitrogen content of the POME applied

was utilized by the oil palm seedlings over a period of 40 weeks (Hashim and Zaharah,
1994).



Table 2.3 Characteristic of POME

Characteristics of POME
Parameter * Mean Range
pH 4.2 3.4-5.2
Biological Oxygen Demand 25000 10250-43750
Chemical Oxygen Demand 51000 15000 - 100000
Total Solids 40000 11500 - 79000
Suspended Solids 18000 5000 - 54000
Total Volatile Solids 34000 9000 - 72000
Qil and Grease 4000 -
Ammoniacal nitrogen 35 4-80
Total Nitrogen 750 180 - 1400
Phosphorus 180 -
Potassium 2270 -
Magnesium 615 -
Calcium 439 -
Boron 7.6 -
Iron 46.5 -
Manganese 2.0 -
Copper 0.89 -
Zinc 2.3 -

*Units in mg/L except pH

Source: Lam and Lee, 2011

2.5.2 Empty Fruit Bunches (EFB)

The ash produced from EFB was used as fertilizer or soil conditioner (Yusoff, 2004). Most
of the EFB in Malaysia is used in soil mulching as an organic nutrient to reduce the input
of inorganic fertilizers. The ash is the solid residue of EFB that remains after combustion.
It consists mostly of metal oxides such as potassium oxide (2.4%), magnesium oxide
(0.23%), silica (0.19%), phosphorus pentoxide (0.18%) and calcium oxide (0.13%)
(Yahya et al, 2010). The EFB ash can enhance the release of nitrogen from soil organic
matter. EFB ash is very hygroscopic and can be used as source of P, K, Mg and Ca in oil
palm cultivation. The highest number of leaves, palm height and leaf area were obtained
in the application of EFB ash to oil palm seedlings (Garuba et al,, 2012). The analysis of

EFB generated from Malaysian palm oil mills is shown in Table 2.4.



Table 2.4 Analysis of EFB generated from Malaysian palm oil mills

Proximate analysis (wt %) EFB from Malaysian paim oil mills
Moisture 8.75
Volatile matter 79.65
Fix carbon 8.60
Ash 3.00
Ultimate analysis
C 48.79
H 7.33
0 40.18
N 0
S 0.68
Others 0.02
Ash 3.00
Lower heating value MJ/kg 18.96
Source: Hamzah, 2008

2.5.3 Oil palm Mesocarp Fiber (OPMF)

Oil palm mesocarp fiber (OPMF), also known as palm pressed fiber (PPF) is the biomass
residue obtained after pressing the palm fruits for palm oil extraction (Ariffin et a/,, 2013).
On average, for every tonne of FFB processed, 120 kg of fibre is produced (Astimar et
al, 2002). Pressed fibre is a good combustible material because of the oil content.
However, the shell material is no longer used as fuel to generate steam and the energy
required for the operation of the mill because of pollution concerns. They can also be
used to improve foliar nutrient levels and vegetative growth (Yusoff, 2004). This by-
product (the fibre) is acceptable for ruminants at low levels of addition to their diet. PPF
ash contains 1.7-6.6% P, 17-25% K, 7% Ca, which indicate that PPF is a good source

of minerals for plants. Oil palm fibre (OPF) is a non-hazardous biodegradable material
extracted from oil palm’s EFB (Embrandiri et a/., 2012).

2.5.4 Palm Kernel Shell (PKS)

Palm kernel shell (PKS) has been used as mulch because it is hard to decompose.
According to Ortiz et al (1992), approximately 5 tonnes of shell are obtained from 66
tonnes of FFB. PKS is used for activated carbon production. It has up to 20.3% fixed

carbon which is similar to the coconut shell. Activated carbon can be used for
decolourisation of the dark coloured effluent of the mills.



2.5.5 Decanter Cake (DC)

Decanter cake (DC) is a solid waste produced from the three phase separation step of
the crude palm oil process. The production rate of DC amounts to about 4 — 5 weight %
of the fresh fruit bunch processed. Fresh decanter cake contains about 70 weight %
moisture, while the dry matter contains oils, fiber and inorganic components. The most
common utilization of the decanter cake is as fertilizer and animal nutrition sources due
to the presence of C, N, P, K and Mg (Chavalparit et a/,, 2006). The chemical composition
of DC is as shown in Table 2.5. DC is another waste product used as either fertilizer or
animal food (Southworth, 1985). Haron and Mohammed (2008) reported that a mill with
90 t hr! FFB processing capacity will produce about 160—200 tonnes of DC, Application
of DC integrated with inorganic fertilizer can boost the efficiency of nutrient uptake by

crops and enhances the nutrient retention in the soil to improve soil quality (Haron and
Mohammed, 2008).

Table 2.5 Chemical composition (%) and pH value of decanter cake
Chemical composition (%) and pH value of decanter cake

N P20s K20 Ca0 MgO pH
2.42 0.51 1.24 1.68 0.54 4.8
Source: MPOB, 2008

2.6 Soils in Malaysia

The soils of Malaysia can be broadly divided into 2 groups: (a) the sedentary soils formed
in the interior on a wide range of rock types, and (b) the soils of the coastal alluvial
plains (Nieuwolt et al, 1982). The sedentary soils are developed on igneous,
sedimentary and metamorphic rocks, and are strongly weathered with mostly kaolinitic
clay minerals. The problematic soils in Malaysia, namely, peat, acid sulphate and sandy
soil (bris soils) fall under the coastal alluvial soils which is under the categories Gleysols,
Cambisols and Podzols (Entisols, Inceptisols, Spodosols). The sandy soils spread along
the East Coast of the Peninsula and the coastal area of Sabah, cover an area of just
under 200,000 ha with 155,400 ha in Peninsular Malaysia and 40,400 ha in Sabah. Bris

soils contain 82-99% sand particles, mainly quartz, and have a low CEC of 9.53 meq/100
g with pH 4.3-4.4 (Theeba, 2014).

2.6.1 Ultisol

Ultisols, a prominent soil order within the tropics are subject to low productivity and soil
degradation and exhibit characteristics that make its management important. These
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characteristics include low water holding capacity, poor surface soil stability and
relatively high bulk density (Babalola and Obi, 1981). They are also coarse-textured with
low organic matter content (Igwe et al., 1995; Mbagwu et a/, 1995). Prasetyo and
Suryadikarta (2006) reported that soil fertility of Ultisols is generally accumulated in the
thin upper layer or a layer containing low organic material. Essential macroelements such
as P and K which are often in deficit, low soil pH and high Al saturation are the
characteristics of Ultisol that limits plant growth (Budianta, 2001). Due to the low soil
fertility of the Ultisol, it requires an effort to improve the fertility of Ultisols through

increasing soil pH and nutrient supply, and decreasing Al toxicity by adding EFB (Dedik
et al, 2010).

2.6.2 Sandy soil

BRIS (Beach ridges interspersed with swales) soil is commonly known as problematic
soils in Malaysia. BRIS soils can be found between 0.2-8.0 km from the sea beach which
covers about 155 400 hectares in Peninsular Malaysia and about 40 000 hectares in the
state of Sabah (Toriman et a/,, 2009). The BRIS Soils in Malaysia are not well utilized for
crop production due to their inherent poor fertility. Sandy soils are lacking in organic and
inorganic colloids (Roslan et a/,, 2011). Previous studies showed it to be too sandy,
weakly structured, nutrient deficient, having low water retention capacity, limited ability
to support plant growth and having a relatively high soil temperature (Mohd et a/, 2009).
BRIS soil originates from sediment sand from the sea that accumulated from the erosion
of layers of steep cliffs by the sea during the monsoon seasons and has a coarse sand
component (Nossin, 1964). BRIS soils in the coastal region of Malay Peninsula are known
to be successful in growing tobacco, with the combination of waste products like chicken

manures and palm oil extracts can also improve on the development of the soil quality
(Usman et a/., 2013).

2,7 Biochar

Biochar is a product of thermal decomposition processes such as the slow pyrolysis
process for organic materials, e.g., biomass, in the total absence or limited supply of
oxygen (O;) and at a relatively low temperature (< 700°C) (Sohi et a/,, 2010; Lehmann
and Joseph, 2009). The application of biochar to soil improves soil productivity, reduces
the emission of N2 from soil, increases water holding capacity and has the potential to
become a long-term carbon sink due to its high chemical stability, high carbon content
and potential to reside in the soil for a long time (Lehmann and Joseph, 2009; CSIRO,
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2010; Koide et al,, 2011). The types and properties of biochar and soil determine the
effectiveness of the use of biochar for soil treatment. The properties, composition and
yield percentage of biochar depends on many factors. The initial state and type of
biomass feedstock used (chemical composition, ash composition and size), pre-
treatment process (drying, washing or crushing) and pyrolysis parameters (temperature,
heating rate and residence hour) are among the major factors that influence the
characteristics of the biochar produced (Pilon and Lavoie, 2011; Yang et a/, 2006).

2.7.1 Biochar derived Biomass in Malaysia

Pyrolysis of palm oil biomass converts it into a volatile fraction consisting of gases, vapors
and tar components and a carbon rich solid residue (char) fraction (Dewayanto, 2010).
The abundant agricultural residues can be pyrolyzed to produce biochar. Biochar can be
produced in a large reactor or by using a simple or small kiln (Rebitanim et a/., 2012).
In the Institute of Advanced Technology (ITMA) University Putra Malaysia, biochar from
various agricultural residues such as bamboo, wood and palm kerne! are produced daily.
Conversion of the biomass also depends on the biomass moisture content, for example

EFB which has 50% moisture content will result in 25% conversion by weight (Rebitanim
et al, 2012).

2.7.2 Biochar and Soil Fertility

Modern research has demonstrated that the porous structure coupled with a large
surface area of many biochars can promote plant growth by improving soil physical and
chemical characteristics, such as nutrient retention,' pH and cation exchange capacity
(CEC) (Kong et al, 2014). The effect of biochar as soil amendment is highly dependent
on soil fertility and fertilizer management (Galinato et a/, 2011). Mukherjee and
Zimmerman (2013) concluded that biochar should be chosen carefully for each given
amendment project and suggested the use of higher temperature or aged biochar in
sandy soils because they have a lower tendency to release sudden pulses of nutrients.
Sika and Hardie (2014) observed that application of 2.5 and 10% pine wood slow
pyrolysis biochar (450 °C) to sandy soil led to over liming raising some concerns
regarding the practical use of biochar in improving nitrogen fertilizer-use efficiency of
plants. Zheng et al. (2013), on the other hand, suggested that addition of up to 5% slow
pyrolysis giant reed grass biochar to soil (29% sand content) could reduce N leaching

and increase N retention and bioavailability in agricultural soils and thus potentially
decrease the N fertilizer demand for maize crop growth.
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