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ABSTRACT 

Fertilizers are the costliest input in the oil palm plantation, losses of inorganic fertilizers 

are not only detrimental to the environment, but also a significant financial loss to the oil 

palm industry. Empty fruit bunch (EFB) and palm kernel shell (PKS) biochar are potential 

soil ameliorator to improve nutrient use efficiency in the oil palm plantation. Field studies 

were carried out to determine the effects of EFB and PKS biochar, respectively on plant 

growth, soil chemical properties and plant nutrient uptake of oil palm seedlings. Three 

rates of EFB and PKS biochar (0, 1.5 and 3%) were incorporated into the loamy sand soil 

for 9 months and 8 months experimental period, respectively under field condition. Oil 

palm seedlings at 7th month were planted in a polybag containing 15 kg dry soil and 

incorporated homogenously with 3 rates of EFB and PKS biochar (0, 0.225 and 0.450 kg) 

respectively. The experiments were arranged in a randomized complete block design 

(RCBD), with 3 replications. Results of the EFB biochar field study showed that the 3% 

biochar incorporation rate significantly (p < 0.05) improved the plant growth, biomass, soil 

chemical properties (CEC, available P, total P, exchangeable Ca and Mg) and plant 

nutrient uptake (P, Mg, Ca and B) whereas these positive effects were not observed in the 

PKS biochar field study. Isotope nitrogen (15N) tracing method was applied in PKS biochar 

field study to quantify the nitrogen up-take performance when the seedlings were 9 months 

old. Measurement of total plant biomass, total N and percentage N derived from fertilizer 

(%NdFF) were conducted during the study. The seedlings did not demonstrate any 

difference in nitrogen uptake with and without PKS biochar treatments. Thus, PKS biochar 

did not have any positive effect on nitrogen uptake. 

Keywords: Empty fruit bunch, palm kernel shell, soil chemical properties, nutrient 

uptake, isotope nitrogen (15N) 
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Potensi Bio-arang untuk Memperbaiki Sifat-sifat Tanah dan Prestasi Pertumbuhan 

Anak Pokok Kelapa Sawit 

ABSTRAK 

Baja merupakan kos yang tertinggi di ladang kelapa sawit, kehilangan baja bukan organik 

bukan sahaja mengancam alam sekitar, ia juga adalah satu kerugian yang besar dari segi 

ekonomi kepada industri kelapa sawit. Bio-arang tandan kosong dan bio-arang isirung 

kelapa sawit merupakan pindaan tanah yang berpotensi untuk meningkatkan kecekapan 

penggunaan nitrogen di ladang kelapa sawit. Kajian lapangan telah dijalankan untuk 

menentukan kesan-kesan bio-arang tandan kosong dan isirung kelapa sawit terhadap 

pertumbuhan, sifat-sifat kimia tanah dan pengambilan nutrien anak pokok kelapa sawit 

masing-masing. Tiga kadar bio-arang tandan kosong dan isirung kelapa sawit (0, 1.5 dan 

3 %) telah dicampur ke dalam tanah pasir berlumpur untuk 9 bulan dan 8 bulan tempoh 

eksperimen di bawah keadaan lapangan. Anak-anak pokok kelapa sawit yang berumur 7 

bulan telah ditanam di dalam beg poli yang mengandungi 15 kg tanah kering yang telah 

dicampur secara sekata dengan 3 kadar bio-arang tandan kosong dan isirung kelapa sawit 

(0, 0.225 dan 0.450 kg) masing-masing. Eksperimen ini disusun dalam reka bentuk 

“randomized complete block design” (RCBD) dengan 3 ulangan. Keputusan kajian 

lapangan bio-arang tandan kosong kelapa sawit menunjukkan bahawa percampuran bio-

arang yang berkadar 3% telah meningkatkan pertumbuhan, biomas, sifat-sifat kimia tanah 

(keupayaan pertukaran kation, P yang ada, jumlah P, kebolehtukaran Ca dan Mg) dan 

pengambilan nutrien tumbuhan (P, Mg, Ca dan B) dengan ketara (p < 0.05). Namun, 

kesan-kesan positif tersebut tidak diperhatikan dalam kajian lapangan bio-arang isirung 

kelapa sawit. Cara pengesanan isotop nitrogen (15N) telah dilaksanakan ke dalam kajian 

lapangan bio-arang isirung kelapa sawit untuk mengukur prestasi pengambilan nitrogen 
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ketika anak pokok kelapa sawit berumur 9 bulan. Pengukuran terhadap jumlah biomas 

tumbuhan, jumlah nitrogen dan peratus nitrogen berasal dari baja (%NdFF) telah 

dijalankan semasa kajian ini dilakukan. Anak-anak pokok kelapa sawit tersebut tidak 

menunjukkan sebarang perbezaan yang ketara terhadap pengambilan nitrogen. Oleh 

sebab itu, arang-bio isirung kelapa sawit tidak ada sebarang kesan positif terhadap 

pengambilan nitrogen. 

 

Kata kunci: Tandan kosong kelapa sawit, isirung kelapa sawit, sifat-sifat kimia tanah, 

pengambilan nutrien, isotop nitrogen (15N) 
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CHAPTER 1  

INTRODUCTION 

Malaysia is well-known as the world’s second largest oil palm grower and also one 

of the biggest international exporters of palm oil products (Alam et al., 2015). Most of the 

oil palms are planted at highly weathered tropical Ultisol and Oxisol soils, which are acidic 

and infertile naturally (Goh et al., 2003; Shamshuddin & Anda, 2012). Poor soil fertility is 

one of the most crucial constrains that can restrict the crop productivity (Ayoub, 1999). 

Hence, intensive inorganic fertilizers application in the oil palm plantation is indispensable 

for ensuring high crop yield. However, the fertilizer nutrients that are not taken up by the 

palms could be easily dissolved and lost through surface runoff, leaching, erosion, 

volatilization and denitrification (Goh et al., 2003), causing health problems and 

irrecoverable environmental pollution.  

Oil palm is a heavy feeder that demands large amount of nutrients for achieving 

good productivity (Comte et al., 2012). Foster and Goh (1977) estimated that the 

production of 25 tonnes of fresh fruit bunch per hectare per year will remove a total of 

approximately 192 kg N (Nitrogen), 11 kg P (Phosphorus), 209 kg K (Potassium), 36 kg 

Mg (Magnesium) and 71 kg Ca (Calcium) from the soil. Subsequently, growing oil palm at 

the low fertility soils could cause further soil degradation. Hence, intensive fertilizer 

applications are required to replenish and sustain the nutrients required by the crop.  

Losses of fertilizer nutrients from the haphazard application of inorganic fertilizers 

particularly nitrogen-based which are used in excess quantities, poses adverse impacts to 

the environment. It can cause water pollution and nitrogen emission. On the other hand, 

Goh (2005) reported that an additional cost of about RM117.25 million would be incurred 
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to the oil palm industry in Malaysia by over application of as much as 0.25 kg ammonium 

nitrate per palm per year. Conversely, insufficient fertilizer supply would lead to the loss of 

oil palm yields. Thus, it is essential to maximize nutrient use efficiency in the oil palm 

plantation, which will in turn, reduce fertilizer wastage.  

As reported by MPOB (2019), there are 452 palm oil mills in Malaysia producing 

large volume of agriculture wastes such as empty fruit bunch (EFB), palm kernel shell 

(PKS) and mesocarp fiber with about 15 million tonnes of EFB are created per annum 

(Abdul et al., 2016). Thus, these agricultural wastes could be transformed into biochar as 

they have the potential to be used for soil amendment in the oil palm plantation to increase 

nutrient use efficiency.  

Biochar is one of the alternatives that is gaining increasing popularity to enhance 

nutrient use efficiency and promote plant growth in the agricultural world (Bonanomi et 

al., 2017). Biochar is a charcoal-like substance which is used for soil amendment. It is 

produced from plant biomass through pyrolysis process at the temperature of below 700 °C 

(Lehmann et al., 2009). It is highly porous, exhibits large surface area (Lua et al., 2004; 

Brown et al., 2006) and usually alkaline (Gaskin et al., 2008; Spokas et al., 2012). Cheng 

et. al. (2008) revealed that oxidation of biochar in the soil facilitates the development of 

negatively charged functional groups on its surface. There are some evidences to suggest 

that the incorporation of biochar can reduce the leaching losses of soil nutrients such as 

nitrogen and phosphorous (Rondon et al., 2007). 

Moreover, the porous structure of biochar increases soil water-holding capacity, 

surface sorption capacity, base saturation and cation exchange capacity (CEC) when it is 

incorporated into the soil (Glaser et al., 2002; Belanger et al., 2004; Keech et al., 2005; 

Liang et al., 2006). The application of biochar into soils has great potential in reviving soil 
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fertility, repairing damaged soil caused by conventional inorganic fertilizer, as well as 

enhancing plant growth (Beesley et al., 2011). Furthermore, biochar can also alleviate 

climate change (Lehmann, 2007). Biochar is a source of renewable energy as biochar 

production generates heat, syngas and bio-oil apart from converting agricultural wastes 

into valuable soil amendment. 

 

1.1 Problem Statements  

Oil palms are usually planted at the soils that have low fertility, consequently 

inorganic fertilizers are essential to attain and sustain sufficient palm nutritional level and 

optimum yields (Goh et al., 1999). Excessive inorganic fertilizer application for the 

intentions of healthy vegetative growth and yield maximization in the oil palm plantation 

may facilitate the decrease in nutrient use efficiency as a result of nutrients loss.  

For instant, plants only utilize up to 50% of the nitrogen fertilizer applied while the 

rest is discharged to the environment with 2-20% volatilizes to the atmosphere, 15-25% 

reacts with organic compounds in the clay soil and the remaining 2-10% contaminates the 

surface and groundwater (Feigin & Halevy, 1989). This is corroborated by the findings of 

Sukreeyapongse et al. (2001) and Cassman et al. (2002) that half of the nitrogen applied 

could be lost and only half of the nitrogen fertilizer applied is taken up by the crop at the 

end of the growing season.  It can generate adverse consequences to the environment and 

human health as the latter is associated with pollution risks including nitrate leaching to the 

ground and surface water, and nitrous oxide emission to the atmosphere (Corley & Tinker, 

2003; Choo et al., 2011; Comte et al., 2012).  

 As reported by Sabri (2009) and Goh et al. (2003), fertilizers are the costliest input 

and the major variation expenses in oil palm plantation where they constitute about 25% of 
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the total production cost and 50–70% of the field operational cost (Goh & Hardter, 2003; 

Carcasses et al., 2007). Hence, losses of fertilizers are not only harmful to the environment, 

but they also contribute to significant financial loss in the oil palm industry. 

In addition, 452 palm oil mills in Malaysia produce vast amount of palm biomass 

annually (MPOB, 2019), It is vital to make use of this biomass by transforming it into 

valuable material such as biochar. 

 

1.2 Significance of the Study 

Biochar is a low-cost product recognized worldwide as an influential soil 

amendment for boosting soil fertility and improving soil quality, which will eventually 

initiate an increase in crop yields. The incorporation of biochar into the agricultural soil is 

a potential approach to maintain soil fertility by raising the soil pH, improving cation 

exchangeable capacity (CEC), retaining soil nutrients, increasing water holding capacity, 

boosting microbial diversity and altering soil taxonomy (Glaser et al., 2001; Lehmann et 

al., 2003, Lehmann et al., 2006; Gaskin et al., 2008; Laird et al., 2010; Lehmann et al., 

2011; Novak et al., 2012). These are associated with the high surface area and porous 

structure of biochar that facilitate nutrient retention and water absorption to furnish a 

suitable environment for beneficial microorganisms (Glaser et al., 2002; Lehmann et al., 

2006; Warnock et al., 2007). 

There are some evidences which suggested that the addition of biochar could 

enhance nutrient bioavailability (Shen et al., 2016), reduce nitrate leaching and increase 

nitrogen retention in soil (Major et al., 2012; Yao et al., 2013; Sun et al., 2017). Biochar 

incorporation has been observed to suppress soil nitrification and denitrification (reducing 

aqueous and gaseous N losses) (Taghizadeh-Toosi et al., 2012; Clough et al., 2013) and it 
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has also been shown to enhance plant nutrient uptake and nutrient-use efficiency, though 

the mechanism for this effect is still in question.  

Lehmann (2007) proposed that a significant amount of anthropogenic carbon 

dioxide (CO2) emission could be alleviated if biochar management were espoused globally. 

This is because biochar has the potential to absorb CO2 from the atmosphere through 

carbon sequestration that can help to reduce greenhouse gases (GHG). However, this 

approach is still under investigation (Geoffrey, 2008). Biochar can establish a carbon sink 

by slowing down the decaying and mineralization of the biological carbon cycle. As 

estimated by Woolf et al. (2010), about 12% of the GHG emissions caused by human 

activities could be reduced through the production of biochar. The utilization of surplus 

organic matter or biomass to create biochar has gained promising outcomes in the 

reduction of CO2 (Krishnakumar et al., 2013). 

Conversely, some researchers reported that biochar has insignificant effect on crop 

production (Jeffrey et al., 2011; Ruysschaert et al., 2016) and it may have undesirable 

effects on crop yield as nitrogen could be tied up by biochar (Kammann et al., 2015; 

Hairder et al., 2016), especially in clay-rich soils. Graber and Kookana (2015) suggested 

that the biochar may inactivate soil applied with pesticides. As biochar has a long half-life, 

it could not be taken away easily after it has been applied; as such, one should be careful 

and take small measured steps in the utilisation of biochar before its extensive use.  

The application of biochar in improving soil properties and plant growth has been 

extensively studied. However, the study on the growth of oil palm by the application of 

biochar made from oil palm biomass is limited (Radin et al., 2017). A total of 90% of oil 

palm biomass is waste (Awalludin et al., 2015); EFB and PKS are the two most commonly 
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known oil palm residues that are converted into biochar. Their effects in enhancing soil 

properties, facilitating nutrient uptake and oil palm growth have yet to be fully explored. 

 

1.3 Research Objectives 

The primary objective of this study is to determine the nutrient uptake when 

biochar is incorporated into mineral soil planted with oil palm seedlings. Biochar were 

produced from EFB and PKS. They were applied on oil palm seedlings where the soil 

properties, seedling growth and nutrient uptake were monitored. An isotope (15N) study 

was conducted to investigate the destination of 15N after its application. 

Specifically, the objectives of this study are as follows: 

1. to determine the characteristics of biochar produced from EFB and PKS; 

2. to evaluate the soil characteristics, growth performance and nutrient uptake     

 of oil palm seedlings treated with and without biochar; and 

3. to quantify nitrogen transfer in oil palm seedlings using the 15N isotope  

 Analysis. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1.1 Definition of Biochar 

The word “biochar” is a combination of “bio” as in biomass and “char” as in 

charcoal. Essentially, biochar is a charcoal-like substances made from biomass through 

pyrolysis process (Glaser et al., 2001). It is a stable, insoluble, carbon-rich and highly 

aromatic solid material (Sohi et al., 2010; Li et al., 2011; Xu et al., 2012) which is used for 

soil amendment and carbon sequester (Geoffrey, 2008). 

 

2.1.2 History of Biochar as an Ancient Soil Amendment 

Biochar exists naturally in soils as a consequence of forest and vegetation fires 

(Sombroek et al., 2003). Biochar originated in the Amazon Basin of South America 2500 

years ago through the burning and smoldering pits as a result of traditional agricultural 

practices. The most well-known charcoal-rich soil area is Terra Preta. It was discovered 

by a Dutch soil scientist, Wim Sombroek in the Amazon Rainforest in the 1950’s. This 

place is also called “the Black Earth” because of the black soil and it comprehends about 

50 Mg ha-1 carbon in the form of biochar of about 1-meter depth (Verheijen et al., 2009). 

The high concentrations of biochar in the soils of Terra Preta are highly likely initiated 

from low-heat smoldering fires of which native population used for cooking and heating 

(Glaser et al., 2001). The soils in this area are high in pH, water retention and nutrients 

content (Kim et al., 2007; Daniel, 2009). These have made Terra Preta one of the most 

fecund soils in the world which supports productive farming. 
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2.1.3 Biomass for Biochar Production 

Biochar is a carbon rich and soild substances produced from the agricultural 

biomass through pyrolysis (Lehmann, 2007). Biochar can be made from a variety of 

biomasses with different chemical and physical properties including agricultural wastes, 

bioenergy crops, forest residues, organic wastes and sewage wastes (Nartey & Zhao, 

2014). Large number of agricultural wastes has been created due to the high demand of 

food production as a result of the rapid growth of population (Abdelhafez et al., 2014). The 

agricultural biomass is one of the most copious renewable resources that can be used as a 

feedstock for biochar production.  

For instance, oil palm industry in Malaysia produces approximately 80 million 

tonnes of dry solid palm biomass annually and these agricultural wastes consist of oil palm 

frond, oil palm trunk, PKS, EFB and mesocarp fibre (National Innovation Agency of 

Malaysia, 2013). It is imperative to make use of these agricultural residues efficiently. 

Producing biochar from agricultural biomass offers an excellent alternative for converting 

and recycling such wastes into valuable materials.  

 

2.2.1 Pyrolysis 

Pyrolysis is a thermal decomposition process of substances in an inert atmosphere 

at elevated temperatures (Compendium of Chemical Terminology, 2009). It is irreversible 

as it implicates the alteration of chemical decomposition. Pyrolysis is coined from the 

Greek language where pyro means “fire” and lysis means “separating”. Pyrolysis can be 

categorized into three types including slow pyrolysis, fast pyrolysis and flash pyrolysis 

depending on the temperature, residence time and heat transfer rate in the process 

(Maschio et al., 1992; Bruun et al., 2012).  
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The main pyrolysis products are biochar, pyrolytic oil (bio-oil) and synthesis gas 

(syngas) with dissimilar energy values (Yaman, 2004; Gaunt & Lehmann, 2008). This is 

corroborated with the findings of several studies that besides generating volatile products, 

pyrolysis also produces carbon rich solid residue, condensable liquid (tar), and permanent 

gasses (Jones, 2011; Ramin et al., 2014; Zhou et al., 2014; Morgan et al., 2015). Volatile 

matters produced during the pyrolysis process can be trapped to supply energy, or 

upgraded to specific chemical products such as meat browning, food flavouring, wood 

preservative, adhesives and etc (Czernik & Bridgwater, 2004; Lehmann, 2007).  

 

Table 2.1: Classification of pyrolysis methods  

 

Method Temperature 

(°C) 

Residence 

Time 

Heating rate 

(°C/s) 

Major 

products 

Conventional/slow 

pyrolysis 

Medium - high 

400 - 500 

Long 

5 - 30 min 

Low 

10 

Gases, char 

bio-oil (tar) 

Fast pyrolysis Medium - high 

400 - 650 

Short 

0.5 - 2 s 

High 

100 

Bio-oil 

(thinner) 

gases, char 

Ultra-fast/flash 

pyrolysis 

High 

700 - 1000 

Very short 

< 0.5 s 

Very high 

>500 

Char, gases, 

bio-oil 

Source information: Boyt, R., (November 2003), Wood Pyrolysis. Retrieved from 

Bioenergylists.org 

 

2.2.2 Effects of Pyrolysis Temperature 

 There are three stages of biochar production including pre-pyrolysis, main-

pyrolysis and formation of carbonaceous products (Lee et al., 2017). The first stage is 

involved with the evaporation of moisture and light volatiles when the temperature rises 

from ambient temperature to 200 °C, resulting in the breakage of bonds and formation of    

-COOH and -CO groups (Ca´rdenas-Aguiar et al., 2017). The second stage occurs at the 

temperature from 200 °C to 500 °C where the hemicellulose and cellulose are devolatilized 

and decomposed (Ding et al., 2014). The last stage ensues at the temperature above 500 °C 
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where the lignin and other organic matter with stronger chemical bonds are degraded 

(Ca´rdenas-Aguiar et al., 2017). The changes in the physicochemical properties and 

structure of biochar are strongly correlated with the pyrolysis temperature (Asadullah et al., 

2007; Chen et al., 2008; Mukherjee et al., 2011; Jindo et al., 2014). 

 

2.2.3 Pyrolysis Temperature Affects the Yield and Quality of Biochar 

The amounts and properties of biochar, bio-oil and syngas depend on the pyrolysis 

temperature, pressure and residence time (Lewandowskiet et al., 2010; Brewer, 2012; 

Cheah et al., 2016). Low temperature, high heating rate, and short gas residence time 

produce maximum yields of liquid products; High temperature, low heating rate and long 

gas residence time produce high yields of fuel gas whereas low operational temperatures 

and low heating rates produce greatest yields of biochar (Demirbas, 2008). 

Typically, the higher the temperature, the lower the yield of biochar with more 

liquid and gas fractions being produced. High pyrolysis temperature produces a better-

quality biochar in terms of the nutrients content, porosity and surface area (Putun et al., 

2005; Lehmann et al., 2006; Tan et al., 2017; Xu et al., 2017). The yield of biochar and the 

content of organic compounds decrease when the pyrolysis temperature increases whilst 

the mineral materials and the syngas yield increase (Al-Wabel et al., 2013; Jin et al., 2016).  

High pyrolysis temperature stimulates the transformation of biomass organic 

constituents into volatiles and gases leaving behind mineral compounds such as P, Mg and 

Ca which have become concentrated in the biochar (Zhang & Wang, 2016). Meanwhile, 

the yield of biochar and acidic functional groups decrease when the pyrolysis temperature 

increases while the yield of ash content, carbon stability and pH increase (Zhang et al., 

2015). Organic functional groups such as －COOH and －OH can be destroyed by high 
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pyrolysis temperature and this could lead to an increase in the pH. Cracking of the organic 

functional groups usually occurs at a higher temperature (Al-Wabel et al., 2013). 

 

2.2.4 Differences between Biochar and Charcoal 

Biochar and charcoal production methods are similar where both materials are 

derived through pyrolysis process from the carbonaceous feedstock (Aller, 2016). Both 

biochar and charcoal are black in colour as they have high carbon (C) substances. However, 

they are technically two different products and they can be differentiated by their starting 

material and end application as illustrated in Table 2.2:  

 

Table 2.2: Comparisons between biochar and charcoal 

Description Biochar Charcoal 

Definition Carbonized biomassa.  Carbonized woodb. 

Feedstock Plant biomass and animal 

manures. 

Wood. 

Purposes Uses for agricultural purposes, 

e.g., soil amendment and carbon 

sequestrationc. 

Uses as a feed supplement to 

improve the health and 

productivity of ruminants or 

poultryd.  

Uses as a smokeless fuel for 

cooking, heating and steel 

productione. 

Production Pyrolyses at the temperature of 

below 700°C and the gases 

released from the biomass during 

heating are captured and 

combusted. It can used as a form 

of clean energyf. 

Produces at low temperature in a 

smoldering process that is highly 

pollutingg,h,i. 

Morphology 

  

Highly porous. Cooking charcoal is not very 

porous because its pores are 

clogged with condensed soot, tar 

and oil. 

Adsorption 

and surface 

area 

High. Lowj,k 
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Table 2.2: Comparisons between biochar and charcoal 

Description Biochar Charcoal 

Ash content Less ash content due to 

incomplete carbonization 

processb,l. 

0.5% to more than 5%n. 

a Glaser et al. (2002), b Lehmann et al. (2009), c Lehmann et al. (2015), d Gerlach & 

Schmidt (2012), e Brown et al. (2015), f Lehmann, 2007, g Mara et al. (2006), h Adam 

(2009), I Pennise et al. (2001), j McClellan et al. (2007), k Mclaughlin et al. (2009),              
l Abdelhafez et al. (2017), n Elías et al. (2019) 

 

 

As charcoal briquettes are typically produced from de-volatilized coal, it cannot be 

ultilized as biochar. Charcoal should not be used in the soil because it contains chemicals 

that can be toxic to plant growth (McLaughlin et al., 2009). Lumps of charcoal produced 

from oak or kiawe (mesquite) are specially designed for cooking fuel purpose. Charcoal 

contains unwanted resins, tars, polycyclic aromatic hydrocarbons (PAH) and charcoal 

generally has lower adsorption capacities, limiting their capability to enhance soil quality 

(McClellan et al., 2007; Mclaughlin et al., 2009). 

The organic part of biochar has a high C content which mostly appears in aromatic 

compounds characterized by rings of six carbon atoms connected together without 

hydrogen (H) or oxygen (O). It is different from graphite as the aromatic rings in graphite 

are arranged on perfectly stacked and aligned sheets. Graphite does not form under the 

temperatures that are applied for producing biochar because the structures of carbon atoms 

in the biochar are altered by H and O ions; thus, C atoms are linked and organized in 

irregular forms depending on the sort of biomass used for the biochar production and the 

pyrolysis temperature (Lehmann et al., 2009). 
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2.3.1 Biochar Physicochemical Characteristics 

The properties, composition and yield percentage of biochar are determined by 

various factors. Their physicochemical characteristics are governed by plant feedstock and 

pyrolysis conditions (Enders et. al., 2012). Biochar produced from relatively low pyrolysis 

temperature contains high volatile matter that holds easily decomposable substrates, which 

has the potential to enhance plant growth (Robertson et al., 2012; Mukherjee et al., 2013). 

Conversely, biochar derived from high pyrolysis temperature is predominated with 

aromatic carbon possessing large surface area, which may increase the adsorption capacity 

and recalcitrant characteristic (Lehmann, 2007). 

 

2.3.2 Ash, Mineral Elements and pH of Biochar 

During pyrolysis, the organic materials begin to decompose at above 120 °C; 

hemicellulose decomposes at 200 - 260 °C whilst lignin decomposes at 240 - 350 °C. 

(Sjostrom, 1993).  Heating has led to the volatilization of some nutrients, particularly those 

at the surface of the materials, whereas other nutrients become concentrated and thus, 

remain in the biochar (Abdelhafez & Li, 2016). The volatile components of biochar 

decrease along with the composition of H and O in pace with the increase of temperature; 

whilst carbon and ash contents gradually increase (Cao & Harris, 2010). Typically, biochar 

contains more than 60% carbon with other elements including H, O, N and S (Wang et al., 

2018).  For wood-rich materials, carbon starts to volatilize at 100 °C, N above 200 °C, 

sulfur (S) above 375 °C, K and P between 700 °C to 800 °C whilst Mg, Ca and manganese 

(Mn) decompose at a temperature of above 1000 °C (Neary et al., 1999; Knoepp et al., 

2005). Xu et al. (2012) and CaO and Harris (2010) verified that majority of biochar are 

alkaline and the alkalinity increases with the increasing pyrolysis temperature because it 



 

 

14 

 

contains a considerable amount of alkali salt, alkali metal ions (Na+, K+, Ca2+ and Mg2+) 

and CaCO3, offering liming effect. It can raise the pH of acidic soil, which promotes metal 

hydroxide precipitation and adsorption of heavy metals (Ahmed et al., 2014). 

 

2.3.3 Aromatic Properties of Biochar (H/C and O/C) 

Chun et al. (2004) and Chen et al. (2008) verified that H/C and O/C are the main 

factors that can affect the aromatization of biochar and their ratios are useful indicators for 

biochar characterization (Nguyen & Lehmann, 2009). In fact, the aromaticity of biochar 

depends on the pyrolysis temperature; the pore structure and crystalline structure change 

significantly with the rise of temperature. Lignin and cellulose in plant residue biochar 

break down into smaller molecules during the process of dewatering and polymerization, 

resulting in lower H/C and O/C. The increase of temperature would lead to a greater loss of 

H and O compared to C (Jindo et al., 2014). The dehydrogenation of CH3 caused by 

thermal induction signifies a change in the biochar recalcitrance (Harvey et al., 2012).  

Biomass substances generally comprise of labile and recalcitrance O fractions; the former 

vanishes promptly after preliminary heating while the latter is retained in the char of the 

final product (Rutherford et al., 2012). Chen et al. (2008) suggested the aromaticity 

structure of biochar can form π bond with pollutants as it can function as a π-electron 

donor or acceptor, further influencing the adsorption of pollutants on biochar. 

 

2.3.4 Surface Structure and Functional Groups 

The surface structure and morphology of biochar are affected by the raw materials 

and pyrolysis temperature. When the pyrolysis temperature increases to 600 °C, the H- and 

O- holding functional groups, including phenolic -OH, aromatic -CO, ester C=O and 
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aliphatic alkyl-CH2 groups will be obliterated and this will lead to the exposure of aromatic 

lignin nucleus improving the surface area (Chen et al., 2008). High pyrolysis temperature 

biochar has a strong aromaticity and its heavy metals adsorption is mostly related to the 

specific surface area and π–bond; conversely, low pyrolysis temperature biochar contains 

additional oxygenated functional groups, and its adsorption is associated with the 

complexation with functional groups (Wang et al., 2018). The presence of functional 

groups and macropores with an average size of 51-138 m2g-1 (Laine & Yunes, 1992) have 

been reported to have the ability to remove organic and inorganic pollutants from aqueous 

solutions (Abdelhafez & Li, 2016).   

 

2.4.1 Biochar Application as a Soil Enhancer 

Biochar is commonly used as a soil enhancer as it has marvelous potential in 

improving soil quality. When biochar is applied to the low fertility soil, it is beneficial to 

plant growth and biomass production (Lehmann et al., 2003; Zhang et al., 2010). The 

interactions of biochar with soil, plant roots and microbes facilitate the positive effects of 

biochar. Adsorption-desorption, acid-base, redox reactions and dissolution-precipitation 

are the reactions that may occur after the addition of biochar into the soil (Joseph et al., 

2010). 

Biochar addition can improve the soil water holding capacity as biochar can assist 

in water retention which is attributed to its high porous texture (Glaser et al., 2002; 

Belanger at al., 2004; Keech et al., 2005; Liang et al., 2006).  Furthermore, the addition of 

biochar to soil can increase the CEC, reducing the loss of nutrients through leaching 

(Lehmann 2007). This is corroborated with the findings that certain biochar has the ability 

to adsorb ammonium (Thomsen et al., 2011; Yao et al., 2012; Spokas et al., 2011) and 
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reduce leaching of NO3
- and PO4

3- (Beck et al., 2008; Laird et al., 2010; Yao et al., 2012; 

Mukherjee & Zimmerman, 2013; Zheng et al., 2013; Sika & Hardie, 2014). As biochar 

possesses negatively charged surface area, it has the ability to hold nutrients which are 

positively charged, increasing the nutrient use efficiency that could otherwise be washed 

away during precipitation.  

As most of the high pyrolysis biochar are alkaline (Jiang et al., 2012), Glaser et al. 

(2002) revealed that biochar has a liming effect on soil as the incorporation of biochar to 

acidic soil has indicated an increase in soil pH. The increase of soil pH can suppress the 

activity of enzymes that is involved in the conversions of nitrite to nitrous oxide, which 

will in turn increase nitrogen availability in soil (Zhang et al., 2009). Biochar has the 

capability to adsorb inorganic nutrients, soluble organic matter, gases and intricate internal 

structure which is attributed to its large surface area; it provides a suitable habitat for 

microorganisms. Consequently, the microorganism’s population rises in the biochar 

amended soil and the effect of biochar fades away over time (Lehmann, 2007; Anderson et 

al., 2011; Rutigliano et al., 2014). 

Scientific studies concluded that the porous structure associated with a large 

surface area of biochar (Thies & Rillig, 2009; Atkinson et al., 2010; Beck et al., 2011) can 

enhance plant growth by improving soil physical and chemical properties including pH 

(Dias et al., 2010; Yuan & Xu, 2011), water holding capacity (Beck et al., 2011; Karhu et 

al., 2011), CEC (Liang et al., 2006; Yuan & Xu, 2011) and nutrient retention (Dias et al., 

2010; Beck et al., 2011). However, soil fertility and fertilizer management are the main 

factors influencing the outcome of biochar as a soil ameliorator (Asai et al., 2009). 

Researches in both tropical and temperate regions verified that biochar has the 

potential to enhance plant growth, improve water retention, reduce nutrients leaching, and 



 

 

17 

 

boost microbial activity. Based on a study done on Columbian Oxisol, the incorporation of 

23.2 tons of biochar per hectare has increased the total above-ground biomass by 189 

percent (Major et al., 2005). Both biological nitrogen fixation and beneficial mycorhizal 

rapports in common beans (Phaseolus vulgaris) have been boosted by biochar application 

(Rondon et al., 2007; Warnock et al., 2007). The plant growth has improved evidently over 

time after biochar application (Cheng et al., 2006; Cheng et al., 2008; Major et al., 2010). 

Zheng et al. (2013) reported that N leaching has been reduced and N retention and 

bioavailbility have been increased in the agricultural soils after the addition of 5% slow 

pyrolysis giant reed grass biochar. 

 

2.4.2 Negative Effects of Biochar on Plant Growth 

Some studies indicated that biochar has adverse effects on plant growth. Although 

biochar possesses some ash such as Ca, K, and Mg that can supply nutrients to plants, 

these nutrients are usually limited in infertile soils. Provisional levels of pH, mobile matter 

(MM) and nutrients imbalances associated with fresh biochar could be the reasons of the 

decreased in plant growth after the incorporation of biochar in most cases (McClellan et al., 

2007).  

Biochar is usually alkaline and it is suitable to be applied in acidic degraded soils; 

nevertheless, if the soil pH is too alkaline, plants may suffer nutrient deficiencies. As 

reported by Sika and Hardy (2014), the application of 2.5 and 10% pine wood slow 

pyrolysis biochar (450 °C) to sandy soil has facilitated to over-liming causing some doubts 

regarding the practical use of biochar in improving N fertilizer-use efficiency of plants. 

Hence, biochar should be selected carefully prior to its application. For example, high 

temperature or aged biochar are recommended to be used at the sandy soils due to they 
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have a lower tendency to release sudden pulses of nutrients (Mukherjee & Zimmerman, 

2013). 

In addition, biochar contains mobile matter that can restrain plant growth. 

According to McChellan et al. (2007) and McLaughlin et al. (2009), mobile matter refers 

to resins, tars and other short-lived substances that attach on the surface of biochar after its 

production. The quantity of mobile matter can be decreased through good production 

practices. Carbon-rich mobile matter can be decomposed and transformed into nutrient for 

plants via microbial activities. The microorganisms would require nitrogen in this process. 

This will cause the nitrogen to be unavailable for plants uptake provisionally. Nevertheless, 

these transitional imbalances can be corrected after the pH is neutralized, the mobile matter 

is decomposed, and the unavailable nutrients are released (Hunt et al., 2010).  

 

2.4.3 Quality of Biochar 

The type of feedstock and the conditions of biochar production determine the 

quality of biochar for soil amendment (McClellan et al., 2007; McLaughlin et al., 2009). 

The physical formation of feedstock, particularly its pore size, highly influences water 

retention capacity, surface area and biological application of the biochar produced (Hunt et 

al., 2010). High cation exchange capacity and high adsorption capacity with low level of 

mobile matter (resins, tars and other short-lived compounds) are the most important 

measurements of biochar quality (Glaser et al., 2002; Liang et al., 2006; McClellan et al., 

2007; McLaughlin et al., 2009).  

Over time, the adsorption capacity of biochar decreases while its cation exchange 

capacity increases (Cheng et al., 2008; McLaughlin et al., 2009). The porosity of biochar 

can be blocked by mobile matter but it is prone to biological decay. Warnock et al. (2007) 
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suggested that larger proportion of micro-pores may produce a higher surface area which 

will increase nutrient retention capacity. However, only certain soil microorganisms can 

gain benefit from the micro-pores as most of them are too large to make use of such small 

spaces. Therefore, biochar with assorted pore sizes may be the best to improve the 

chemical, physical and biological characteristics of soil for the benefit of plant growth. 

 

2.4.4 Life Span of Biochar 

Cheng et al. (2008) and Liang et al. (2008) proposed that biochar has a mean 

residence time in soils on the order of 1300-4000 years in accordance with the prediction 

of laboratory experiment.  This is corroborated by the findings on Terre Preta soils in 

Amazon Basin; further, the naturally occurring biochar resulting from forest and vegetation 

fires has proven that biochar with very little decay can persist for millenia. 

 

2.4.5 Dosage of Biochar 

To date, the data available for the determination of the optimal biochar 

incorporation rates in dissimilar soils and cropping systems is scanty. Thus, there is no 

specific recommended rate for biochar application as it depends on the soil type and plants 

(Julie, 2010). Based on the informal observations, the ideal biochar application rate is 

between 5-20% by volume of soil (Hunt et al., 2010). Some studies revealed that minor 

application rates have shown affirmative outcomes (Glaser et al., 2002). The rates 

recommended by the literature are 5-50 tonnes per hectare (Julie, 2010) whilst the 

percentage reported may range from 2-15% (Dalila et al., 2016; Yang et al., 2016) for 

positive effects on plants. 
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2.5.1 Nitrogen Content in Biochar 

Nitrogen is the most susceptible macronutrient under temperature, thus biochar 

produced under high temperature is characterized by its low nitrogen content (Tyron, 

1948). During the pyrolysis process, N begins to volatilize at above 200 °C (Neary at al., 

2005) and this has led to the depletion of nitrogen relative to other thermally stable 

nutrients. Gundale and DeLuca (2006) suggested that the increase of pyrolysis temperature 

will facilitate the decrease in extractable NH4
+ and PO4

3- as a portion of NH4
+ will be 

oxidized to a small exchangeable NO3
- pool at a higher temperature. Hence, instead of 

being a primary source of nutrients, biochar is more likely to function as a soil conditioner 

and driver of nutrient transformation (Glaser et al., 2002; Lehmann et al., 2003). 

 

2.5.2 Influences of Biochar on Soil Nitrogen Transformations 

Vitousek and Howarth (1991) reported that nitrogen is the most limiting plant 

nutrient in the cold and temperate terrestrial ecosystem. Most of N exists in complex 

organic forms in soil. Before plants uptake, it is essential for the complex organic N to be 

ammonified to NH4
+ and subsequently nitrified to NO3

- (Stevenson & Cole, 1999). Hence, 

N transformations on ammonification, nitrification, denitrification and N2-fixation could be 

influenced by the incorporation of biochar to mineral soils (DeLuca et al., 2009). 

 

2.5.3 Ammonification and Nitrification 

The transformation of organic N into inorganic N through ammonification (where 

NH4
+ is formed) and nitrification (where NO3

- is formed) is termed as nitrogen 

mineralization. Heterotrophic bacteria and a range of fungi are the primary factors that 

determine the biotic process of ammonification (Stevenson & Cole, 1999). Meanwhile, 
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autotrophic organisms such as bacteria and archaea in agricultural, grassland and forest 

soils meditiate the biotic process of nitrification (Stevenson & Cole, 1999; Grenon et al., 

2004; Leininger et al., 2006; Islam et al., 2007).  

Net nitrification rates have been increased in temperate and boreal forest soils that 

otherwise show no net nitrification (Berglund et al., 2004; DeLuca et al., 2006). 

Nevertheless, there is no significant nitrification effect in the agricultural soils (Lehmann et 

al., 2003; Rondon et al., 2007) and this is corroborated by the findings of DeLuca et al. 

(2006) in the grassland. As reported by DeLuca at al. (2009), biochar additions to phenol-

rich soils has the ability to activate nitrification but this effect was not observed in the 

agricultural and grassland soils. As a result of NH4
+ adsorption or enhanced 

immobilization, it may show a minor decline in net ammonification. 

 

2.5.4 Mineralization 

Mineralization is the decomposition (i.e., oxidation) of chemical compounds in 

organic matter, whereby nutrients are released in soluble inorganic forms that may be 

available to plants (Beare et al., 1994; White, 2005). It is opposite from immobilization. 

The bioavailability of nutrients particularly nitrogen, phosphorous and sulfur can be raised 

by mineralization. The specific element will be mineralized if its concentration surpsses 

the demands of the decomposer for biosynthesis or storage. 

 

2.5.5 Immobilization 

The transformation of inorganic compounds to organic compounds by 

microorganisms or plants, by which it is prohibited from uptake by plants is termed as 

immobilization (White, 2005). All living creatures demand N. Hence, there is a 
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competition for N between the microorganisms in soil and plants. Immobilization refers to 

the process when inorganic nutrients (nitrate and ammonium) are utilized by soil 

microorganisms rendering them unavailable to plants. The addition of high carbon to 

nitrogen ratio materials particularly biochar will raise biological activity and facilitate a 

higher demand for N, resulting in N immobilization.  

Some studies suggested that NH4
+ and NH3

- can be absorbed by biochar from soil 

solution (Lehmann et al., 2006), dropping inorganic N solution provisionally, but possibly 

concentrating it for microbial use. Zackrisson et al. (1996) and Wardle et al. (1998) 

proposed that biochar in soil could be occluded with organic matter whereas Brodowaski et 

al. (2006) suggested that biochar could aggregate mineral and organic matter factions into 

physically protected pools. As a result, the N in those organic matter pools may persist 

inaccessible for plant uptake for a period of time. 

Biochar is a nitrogen depleted substance and it is exceptionally high in C/N ratio. 

Schneour (1996) and Liang et al. (2006) anticipated that some decomposition may happen 

after fresh biochar is incorporated into soil. As a result, net immobilization of inorganic N 

which has existed in the soil solution could be stimulated. The microbes degraded residue 

bio-oil (Streiner et al., 2007) and the surface functional groups (Liang et al., 2006) of low 

temperature biochar tends to induce net immobilization. Leaching of inorganic N in highly 

weathered soil could be reduced by a temporary organic N reservoir generated by the    

immobilization process (Streiner et al., 2007). 

 

2.5.6  Volatilization 

Ammonia volatilization is a process when ammonia gas is emitted from the soil to 

the atmosphere. Stevenson and Cole (1999) revealed that alkaline pH may induce ammonia 
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volatilization in agricultural soils. The pH of acidic soil can be raised by the addition of 

biochar (Glaser et al., 2002), but would not reach the rate that can increase ammonia 

volatilization (Stevenson & Cole, 1999).  A reduction in NH4
+ concentration has been 

found in the agricultural soils and acid forest soils after the incorporation of biochar. It 

could be either due to NH3 volatilization or the surface adsorption of biochar (Le Leuch & 

Bandosz, 2007), reducing soil NH4
+ concentrations and decreases the potential for NH3 

volatilization (DeLuca et al., 2009).  

 

2.5.7 Denitrification 

A biotic dissimilatory process whereby NO3
- is reduced to N2 (g) in the absence of 

oxygen is referred to denitrification. When the situations are not favorable for a complete 

reduction of NO3 during the reductive process, some intermediates (including NO and N2O) 

will be formed and they are potentially released into the soil atmosphere. Biochar could 

induce the reduction of N2O to N2, which indirectly alleviate climate change by reducing 

N2O emission (DeLuca et al., 2009). 

 

2.5.8 Carbon to Nitrogen Ratio 

Carbon and nitrogen in soils are the main components of organic content where the 

C:N ratio is an indicator of soil fertility (Kanokporn, 2015) because it could have a 

significant effect on crop residues decomposition. C:N ratio of the decomposing organic 

matter determines the mineralization and immbolization of nitrogen in soil (McLaren & 

Cameron, 1996). The soil organic matter mineralization would happen at the C:N ratio of 

below 25 (Qi et al., 2013) whereas N immbolization would accur at the C:N ratio of 25 and 

above.  
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As reported by United States Department of Agriculture (USDA, 2011), soil 

microbes have a C:N ratio of 8:1. They must integrate into their cells 8 parts of carbon for 

every 1 part of N. Soil microbes use carbon as a source of energy. During theirs 

respiration, certain amount of carbons is lost as carbon dioxide. Therefore, not all the 

carbons consumed by a a soil microbe remains in its body. To stay alive with attaining 

sufficient body maintenance and energy, a soil microbe requires about 1 part of N for every 

24 parts of C in its diet where 8 parts of C use for maintenance and 16 parts for energy. 

Thus, the soil is ruled by 24:1 (C:N) ratio (USDA, 2011).  

Caley and Jodi (2019) suggested that soil microorganisms will obtain a perfect 

balance of energy and nutrients from the residues with a C:N of about 25:1.  When the C/N 

ratio of organic matter is about 25:1, soil microbes will have to scavenge the soil solution 

to gain sufficient N. As a result, plants will undergo N deficiency by the decrease of soil 

natural N with the addition of high C/N residues. Conversely, when the C/N ratio is lesser 

than 20, organic matter aids in increase in N content of soil for plants and organisms. This 

is corroborated with the findings of Kanokporn (2015) that mineral N is released in the 

early stage of decomposition process if the C:N ratio is below 20.  

Eventually, soil organic matter is a mixture of different types of residues, each with 

different C:N and decomposition speed. The C:N levels of residues are different than those 

of a soil sample. Soil C:N ratios are typically low (around 12:1), and that reflects the C:N 

of the mineral, organic and living portions of the soil (Caley & Jodi, 2019). When the C:N 

ratio is lesser than 25:1, such as manure (20:1) or alfalfa (12:1), microbes can obtain plenty 

of nutrients from the residues, resulting the release of nitrogen (mineralized) into the soil. 

The decomposers remain active and decomposition happens rapidly when they are 
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provided with sufficient nutrients from the residues as per illustrated at Figure 2.1 (Caley 

& Jodi 2019),  

 

Figure 2.1: C:N ratio of N mineralization and immobilation 

 

2.5.9 15N-Pulse-Chase Experiment 

15N-pulse-chase analysis is a technique used to investigate cellular process for a 

period of time by consecutively disclosing the cells to a labeled compound (pulse) and then 

to the same compound in an unlabeled form (chase) (Takahashi, 2003). It is a practical 

method to determine the activity of certain cells over an extended period of time. As 

reported by Evans (2007) and Pardo et al. (2006), the deployment of nitrogen isotopes 

technique has increased over the past decade to evaluate N cycling and status, including 

responses to the disturbance in the plant ecosystem.  

Nevertheless, research in large-scale field experiments with 15N technique is 

restricted because of the high cost of the labeled product. Furthermore, specialized 

technical assistance in the elaboration of sampling procedure in mass spectrometry analysis 

is required. Researchers who use isotopic N typically apply 15N jointly with N fertilizer 

treatments at low enrichment rates of about 5% atom 15N or use 15N depleted fertilizers in 
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open or closed systems due to the pricey 15N products (Coelho et al., 1991; Boaretto et al., 

2004; Gallais et al., 2006).  

In the previous studies, 15N has been used in quantifying nitrogen recovery 

efficiency of coated urea in potato field (Zvomuya et al., 2003) and nitrogen uptake 

efficiency of Arabidopsis (Chardon et al., 2010). Other than that, 15N has also been utilized 

as tracers to estimate N2 fixation (Chalk, 1985; Danso, 1986; Hamilton et al., 1991; Chalk, 

1996; Alves et al., 2000), N deposition in field (Böhme & Russow, 2005) and to determine 

nitrogen leaching from fertilizer (Bergstrom & Kirchmann, 2004). 
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CHAPTER 3  

METHODOLOGY 

This study comprises of three parts: 1) Characterization of EFB and PKS biochar; 

2) Field study to evaluate the effects of EFB biochar and PKS biochar as a soil amendment 

on oil palm seedlings; 3) Determination on the transfer of N in oil palm seedlings with and 

without biochar. 

 

3.1.1 Production of Biochar 

The EFB and PKS biochar used in this study were provided by the Malaysian Palm 

Oil Board (MPOB). The pressed-sheredded EFB and raw PKS biochar were obtained from 

Ulu Kanchong Palm Oil Mill of Negeri Sembilan, Malaysia. The EFB and PKS were sun 

dried until their moisture content were below 10% prior to the pyrolysis process. After that, 

the EFB and PKS were heated respectively through a closed-system brick reactor which 

was built with double walls of clay bricks (1000 mm x 1000 mm external dimention, 220 

mm thick). The kiln has been modified with an air suction blower to fix the air flow rate at 

36m3/hour for ensuring a uniform circulation and distribution of hot air from top to bottom 

prior to discharge through a 3 meters chimney (Idris et al., 2015b).  

Approximately 30 kg of the EFB or PKS was fed into the reactor. Fire was ignited 

manually at the top of reactor using a portable propane gas burner. The reactor’s cover was 

closed tightly to avoid the entrance of oxygen and the carbonization temperature was self-

sustained by itself using feedstock biomass as a fuel. The feedstock was burnt at the 

temperature between 300 – 500 °C (Idris et al., 2015a). After that, it was left to cool and 

collected on the next day. 
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3.1.2 Characterization of Biochar 

The EFB and PKS biochar were subjected to analysis including the loss on 

evaporation, loss on ignition, pH, conductivity, cation exchangeable (K+, Mg2+, Ca2+), 

cation exchange capacity (CEC) (Malaysian Standard 678: Part VI-IX: 1980; Malaysian 

Standard, 679: Part I-V: 1980), nitrogen (N), phosphorous (P), potassium (K), magnesium 

(Mg), calcium (Ca), boron (B), zinc (Zn), copper (Cu) (Malaysian Standard: 677, Part I-

VIII, 1980). 

The morphological characteristics were evaluated using Scanning Electron 

Microscope (JOEL JSM-6390LA SEM, Japan) whilst Fourier Transform Infrared (Thermo 

Nicolet iS10 FTIR, USA) was used for functional group characterization. 

 

3.2.1 Field Study 

A total of 108 oil palm seedlings at seven months-old were supplied by the estate of 

Sarawak Oil Palm Plantation and their progeny are Applied Agricultural Hybrida. The 

seedlings were subjected to treatments with EFB and PKS biochar at 0% (T1), 1.5% (T2) 

and 3.0% (T3), each constituted 54 seedlings. They were transplanted into polybags 

containing 17.38 kg of mineral top soil with or without biochar accordingly. The pretreated 

soil properties were evaluated prior to the field study; these include pH, conductivity, 

moisture and ash content, total nitrogen, total phosphorous, available phosphorous, organic 

carbon, exchangeable cations, CEC and particle size analysis.  

Note that the amount of biochar added is calculated in relative to the dry weight of 

the soil where the average moisture content was determined at 13.61%. As the average 

moisture content of EFB biochar was determined at 50%, 1.5% refers to the addition of 

0.45 kg EFB biochar to each polybag containing soil with dry weight of 15 kg whilst 3.0% 
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represents 0.90 kg EFB biochar. On the other hand, the average moisture content of PKS 

biochar was determined at 3.91%. Hence, 1.5% refers to the addition of 0.234 kg PKS 

biochar to each polybag containing soil with dry weight of 15 kg whilst 3.0% represents 

0.468 kg PKS biochar. Biochar was mixed homogeneously with the soil prior to 

transplanting. After transplanting, every plant height of the seedlings was recorded and the 

seedlings were set aside for two weeks for acclimatization.  

Next, the seedlings were moved to the field and laid out in a randomized complete 

block design (RCBD). The polybags were placed above some bricks to avoid the root from 

penetrating the ground. The plant height was measured and recorded every two weeks. 

 

3.2.2 Fertilizer Application 

During the field study, urea and commercially available fertilizer were applied in 

accordance with the estate practice. Granular urea, rock phosphate (RP), Muriate of potash 

(MOP) and Kieserite were applied in accordance with the manuring programme tabulated 

in Table 3.1 and 3.2 according to palm age. The granular urea contains 46% of N, RP 

contains 27% of P2O5 whilst MOP and Kieserite both contain 60% of K2O and 27% of 

MgO, respectively. At 7th month old, 2.61 g urea N, 4.44 g rock phosphate, 2.83 g potash 

and 0.74 g of Kieserite were mixed together and applied to each seedling. Note that there 

was a modification on the fertilizer application from an interval of two months to a month.  

 

3.2.3 Vegetative Growth Measurement and Destructive Sampling 

Weeding and irrigation were done manually for all seedlings throughout the 

experimental study. The oil palm seedlings were left to grow for a period of nine months. 

The plant height was measured every two weeks to monitor the growth rate of the 
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seedlings. For the fertilizer application with a two months interval, destructive sampling 

was carried out after a month whereas with the schedule of a monthly interval, destructive 

sampling was conducted after a week. The modification was for the purpose of reducing 

the fertilizers loss over time. 

Three seedlings from each treatment were selected randomly for every batch of 

destructive sampling. Therefore, nine samples will be harvested per sampling. To destruct 

the sample, firstly, the seedlings was placed in a rectangular plastic tray and the polybag 

was torn off. The plant was chopped off from the roots and thereafter, the leaves were 

separated from the shoots and stems. The fresh weight of the leaves and stems were 

recorded. After that, the leaves and stems samples were placed in an oven at a temperature 

of 70 °C for three days to obtain a constant weight. Thereafter, the leaves and stems were 

weighed and recorded.  

On the other hand, the roots were removed from the soil. All roots were collected in 

a tray and they were washed with water to remove the soil; they were left to dry before 

their weight were recorded. After that, they were placed in an oven at a temperature of 

70 °C for three days to obtain a constant weight. The roots samples were weighed and 

recorded. Total plant biomass was the sum of the dried leaves weight, dried stems weight 

and dried root weight as per stated in the equation below: 

Plant biomass = (dried leaves weight + dried stems weight + dried roots weight) g  

                          Equation 3.1 

 

The soil sample was mixed homogeneously and a small portion of the soil was 

collected and dried in the laboratory fan oven (Carbolite, AX120, United Kingdom) at a 

temperature of 40 °C for three to five days to obtain a constant weight. 
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Then, the leaves, roots and stems were ground into powder form and analyzed for 

N, P, K, Mg, Ca, B, Zn and Cu. The soils were also analyzed for pH, EC, loss on 

evaporation and ignition, total N, organic carbon, total P, available P, exchangeable cations 

(K, Mg and Ca), CEC and particle size. Note that 15N pulse chase experiment was only 

conducted in the treatment with PKS biochar with seedlings at 9th month old.
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Table 3.1: Fertilizer programme for treatment with EFB biochar  

Treatment Seedling age 

(month) 

Amount 

of N (g) 

Amount of 

Urea 

(46%N) per 

seedling (g) 

Amount 

of P2O5 

(g) 

Amount of 

RP (27% 

P2O5) per 

seedling (g) 

Amount 

of K2O 

(g) 

Amount of 

MOP (60% 

K2O) per 

seedling (g) 

Amount 

of MgO 

(g) 

Amount of 

Kieserite 

(27% MgO) 

per seedling 

(g) 

T1 

(control) 

 

7th  1.20 2.61 1.20 4.44 1.70 2.83 0.20 0.74 

9th  2.40 5.22 2.40 8.89 3.40 5.67 0.40 1.48 

11th  3.60 7.83 3.60 13.33 5.10 8.50 0.60 2.22 

13th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

14th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

15th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

T2 

1.5% 

biochar 

7th  1.20 2.61 1.20 4.44 1.70 2.83 0.20 0.74 

9th  2.40 5.22 2.40 8.89 3.40 5.67 0.40 1.48 

11th  3.60 7.83 3.60 13.33 5.10 8.50 0.60 2.22 

13th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

14th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

15th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

T3 

3.0% 

biochar 

7th  1.20 2.61 1.20 4.44 1.70 2.83 0.20 0.74 

9th  2.40 5.22 2.40 8.89 3.40 5.67 0.40 1.48 

11th  3.60 7.83 3.60 13.33 5.10 8.50 0.60 2.22 

13th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

14th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

15th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 
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Table 3.2: Fertilizer programme of treatment with PKS biochar  

Treatment Seedling age 

(month) 

Amount 

of N (g) 

Amount of 

Urea 

(46%N) per 

seedling (g) 

Amount 

of P2O5 

(g) 

Amount of 

RP (27% 

P2O5) per 

seedling (g) 

Amount 

of K2O 

(g) 

Amount of 

MOP (60% 

K2O) per 

seedling (g) 

Amount 

of MgO 

(g) 

Amount of 

Kieserite 

(27% MgO) 

per seedling 

(g) 

T1 

(control) 

 

7th  1.20 2.61 1.20 4.44 1.70 2.83 0.20 0.74 

9th  2.40 5.22 2.40 8.89 3.40 5.67 0.40 1.48 

11th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

12th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

13th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

14th 1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

T2 

1.5% 

biochar 

7th 1.20 2.61 1.20 4.44 1.70 2.83 0.20 0.74 

9th  2.40 5.22 2.40 8.89 3.40 5.67 0.40 1.48 

11th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

12th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

13th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

14th 1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

T3 

3.0% 

biochar 

7th  1.20 2.61 1.20 4.44 1.70 2.83 0.20 0.74 

9th  2.40 5.22 2.40 8.89 3.40 5.67 0.40 1.48 

11th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

12th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

13th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 

14th  1.80 3.92 1.80 6.67 2.55 4.25 0.30 1.11 
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3.2.4 15N isotope Urea Analysis 

Ten grams of the 15N labeled urea (Sigma-Aldrich, ≥ 99.0% purity) was used for 

the 15N-pulse-chase experiment. A 3.72% of the unlabeled urea was substituted with 

labeled urea to achieve a 4 atomic % enrichment. With 45 oil palm seedlings receiving 

5.22 g of urea each, this gave a total application of 234.9 g of urea, 3.72 % of this was 8.74 

g of the labeled urea. The remainder was 226.16 g of the unlabelled urea. These two 

quantities were weighed and dissolved in distilled water to a concentration that allowed 

aliquots to be taken that contained the desired dosage, 5.22 g of urea. Therefore, 8.74 g of 

the labeled urea and 226.16 g of the unlabeled urea were dissolved in 1350 mL of distilled 

water to make up a concentration of 0.174 g/mL for 45 applications with a 30 mL solution 

per seedling. The vessel containing the dissolved urea was well shaken before each 

application to ensure that the desired dosage was evenly applied. Destructive sampling was 

conducted a week after the fertilizer application. The dry and ground plant and soil samples 

were analyzed using a Sercon 20-20 Isotope Ratio Mass Spectrophotometer (IRMS) 

coupled with an automated nitrogen carbon analyzer- gases, solids, liquids (ANCA GSL, 

United Kingdom) at the University of Aberdeen.  

 

3.2.5 Fertilizer N Yield Derived from 15N-Pulse-Chase Experiment 

The unit of the 15N in plant and soil samples analysis was reported in delta 15N 

(ẟ15N) and it was expressed in part per thousand (‰). ẟ15N can be converted to atomic% 

when the enrichment is high using the following equation (Rattan and Steward, 2018): 

Atom% 15N in a sample =

1
1

100


A

            Equation 3.2 
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Where, 

15N is the nitrogen-15 isotope  

A is the [(ẟ15N sample / 1000) + 1] times R standard     

R standard is the atom% 15N in a standard divided by atom% 14N in a standard (for 

atmospheric N2) 

R standard = 0.3663/(100 - 0.3663) 

                  = 0.0036765 

 

The percentage of N derived from fertilizer (%NdFF) was calculated based on the isotope 

dilution technique using the following equation (IAEA, 1983): 

 

  % 𝑁𝑑𝐹𝐹 =
% 15𝑁 𝑎𝑡𝑜𝑚𝑖𝑐 𝑒𝑥𝑐𝑒𝑠𝑠 𝑖𝑛 𝑝𝑙𝑎𝑛𝑡 𝑠𝑎𝑚𝑝𝑙𝑒

% 15𝑁 𝑎𝑡𝑜𝑚𝑖𝑐 𝑖𝑛 𝑓𝑒𝑟𝑡𝑖𝑙𝑖𝑧𝑒𝑟
 × 100                              Equation 3.3 

 

N yield = Dry matter (DM) yield of plant × 100                                           Equation 3.4 

              = Total N uptake in plant (g plant-1) 

 

𝐹𝑒𝑟𝑡𝑖𝑙𝑖𝑧𝑒𝑟 𝑁 𝑦𝑖𝑒𝑙𝑑 =
𝑁𝑦𝑖𝑒𝑙𝑑 ×% 𝑁𝑑𝑓𝑓

100
                                                                    Equation 3.5 

                                                                                                                                     

The ability of oil palm seedlings in taking up the N fertilizer was assessed by the total N 

uptake derived from the labelled fertilizer (Fertilizer N yield). 
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3.3.1 Preparation of Soil Samples 

The dry soil samples were crushed by a mortar and pestle into powder and sieved 

through a 2 mm sieve and a 150 µm sieve. The sample from the 2 mm sieve was analyzed 

for pH, conductivity, loss on evaporation, loss on ignition, total P, available P, soil 

exchangeable (K, Mg, Ca), CEC and soil particle size analysis whereas the sample from 

the 150 μm sieve was used for total N and soil organic carbon analysis. 

 

3.3.2 Determination of pH and electrical conductivity (EC) 

The soil pH was measured with a pH meter (TRANS BP3001, Singapore) in a 

suspension of soil in water at a ratio of 1:2.5. Ten grams of soil was weighed into a plastic 

bottle and added with 25 mL of distilled water. It was agitated for one hour and left 

overnight. The suspension was agitated and read with the calibrated pH meter (Malaysian 

Standard 678: Part 1: 1980). The soil conductivity was measured with a conductivity meter 

(Eutech Con 5, Singapore) in the suspension of soil in water at a ratio of 1:5 according to 

the Malaysian Standard 678: Part VI: 1980. 

 

3.3.3 Determination of Loss on Evaporation and Loss on Ignition  

Soil moisture was estimated by loss on evaporation while total soil organic matter 

was determined based on loss on ignition. Ten grams of air-dried 2 mm soil was weighed 

into a silica crucible and it was dried in a laboratory fan oven (Carbolite, AX120, United 

Kingdom) at 105 °C overnight. The crucible was left to cool in a desiccator and weighed. 

       

% Loss on evaporation = 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑖𝑟−𝑑𝑟𝑖𝑒𝑑 𝑠𝑜𝑖𝑙 ­ 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑜𝑣𝑒𝑛−𝑑𝑟𝑖𝑒𝑑 𝑠𝑜𝑖𝑙

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑖𝑟 ­ 𝑑𝑟𝑖𝑒𝑑 𝑠𝑜𝑖𝑙
 × 100% 

                Equation 3.6 
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The crucible of the oven-dried sample was transferred to a muffle furnace (Daihan 

Scientific, CLF-M25, Korea). The sample was combusted in a muffle furnace at 800 °C for 

one hour. The crucible was left to cool and transferred to a desiccator. After that, the 

crucibles were weighed to obtain a constant weight. 

 

% Loss on ignition= 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑖𝑟−𝑑𝑟𝑖𝑒𝑑 𝑠𝑜𝑖𝑙−𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑖𝑔𝑛𝑖𝑡𝑒𝑑 𝑠𝑜𝑖𝑙

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑖𝑟−𝑑𝑟𝑖𝑒𝑑 𝑠𝑜𝑖𝑙
 × 100%        Equation 3.7 

                                               

3.3.4 Determination of Soil Organic Carbon 

Walkley and Black rapid titration method was used to analyze the organic carbon 

present in soil. The organic carbon in soil was estimated by oxidizing the soil with 

potassium dichromate in concentrated sulphuric acid followed by back titration with un-

utilized dichromate and ferrous ammonium sulphate with diphenylamine as an indicator 

(Malaysian Standard 678: Part III: 1980). 

One gram of ground 100 mesh sieve (150 μm) was weighed into a conical flask. 

Ten mililitres of 1 normality of potassium dichromate was pipetted into the soil. The flask 

was swirled gently to disperse the soil in the solution. Twenty mililitres of concentrated 

H2SO4 (98%) was added and swirled gently until the soil and reagents were mixed evenly. 

The mixture was left for half an hour to allow for the reaction to take place. After that, 100 

mL of distilled water and 4 mL of concentrated phosphoric acid (85%) were added. Next, 

15-20 drops of 2% diphenylamine indicator were added until the solution turned purple. 

The sample solution was titrated with 1/3 normality of ferrous ammonium sulphate until 

the colour changed from purple to dark green. A blank was titrated similarly. 

The amount of organic carbon oxidized is expressed in percentage in accordance with the 

mass of soil as follows: 
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(𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐾₂𝐶𝑟₂𝑂₇ – 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐹𝑒2+𝑠𝑎𝑙𝑡)⨯0.003 ⨯100%

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑖𝑙 𝑡𝑎𝑘𝑒𝑛 (𝑔)
            Equation 3.8 

Where, 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐹𝑒2+ 𝑠𝑎𝑙𝑡 =  
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡𝑖𝑡𝑟𝑎𝑡𝑒 ×10

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘
           

                                                        

3.3.5 Determination of Soil Total N 

Total N in soil was determined according to Kjeldahl digestion method (Malaysian 

Standard 678: Part II: 1980). A 0.5 g of ground soil was weighed into a Kjedahl flask. One 

gram of catalyst mixture (selenium sodium sulphate) and 0.3 g of sodium thiosulphate 5 

hydrate were added into the soil. In the fume cupboard, 5 mL of sulphuric–salicylic acid 

was added into the flask and shaken well. The Kjedahl flask was heated gently on a 

digestion rack for about one and a half hours until the solution turned clear suggesting that 

the digestion was completed. 

The digested solution was transferred into a distillation flask. Twenty-five mililitres 

of the 30% w/v NaOH and 5 mL of distilled water were added. The sample solution was 

distilled by a distillation unit (BUCHI K-360, Switzerland). The distillate was collected in 

a conical flask containing 20 mL of 2% boric acid added with 2 drops of screen purple 

indicator (a mixture of methyl red and methylene blue in ethanol). The indicator would 

change to green if NH3 (aqueous) was present. The distillate was titrated against 0.02 N 

H2SO4. The reading was recorded to obtain %N. A blank was conducted through the same 

digestion procedure and the titration result was corrected accordingly. 

 

𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛, % =  
𝑉 ×0.014 ×𝑁 ×100

𝑊
                                                              Equation 3.9 

 



 

 

39 

 

Where,  

N is the normality of H2SO4 used in the titration 

V is the volume of H2SO4 used in the titration 

W is the weight in grams of sample taken for the determination 

 

3.3.6 Determination of Soil Available P (Bray 2 method) 

The available P was measured based on Bray’s procedure modified by Arnold 

(1947) using hydrochloric acid and ammonium fluoride. The method is recommended as 

the most suitable method for Malaysian soil (Owen, 1953).  

Two grams of soil (< 2 mm) was weighed into a conical flask. Twenty mililitres of 

extracting solution (mixture of 0.03 N NH4F and 0.1 N HCl) was added. The suspension 

was agitated using an orbit shaker for 1 minute at 200 rpm, left to settle and filtered 

through a Whatman No. 1 filter paper. Five mililitres of the sample solution was pipetted 

into a specimen tube followed by 1 mL of acidified ammonium molybdate and 1 mL of 1% 

ascorbic acid. Then, 5 mL of extracting solution was added into the specimen tube. It was 

left for 2 hours until the mixture turned blue.  

The above steps were repeated for blank and standards. The UV-Vis 

spectrophotometer (Shimadzu, UV1800, Japan) was corrected to zero with distilled water 

and the wavelength was set at 660 nm. Phosphorous in the extract, present as 

molybdenum-blue complex, was measured using colorimetric technique (Bray and Kurtz, 

1945). 

Readings for standards (0.2 ppm, 0.5 ppm, 1.0 ppm, 2.0 ppm and 4.0ppm) and 

unknown sample solutions were recorded and they were converted into ppm. If the reading 

fell outside the range of standards the sample was diluted with distilled water. Soil avaiable 
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P can be obtained by multiplying the reading of the sample solution with 10 times dilution 

rate. 

Available P = Reading (ppm) × 10           Equation 3.10 

 

3.3.7 Determination of Soil Total P 

The ground soil (100 mesh) was digested with sulphuric acid-perchloric acid (1:1). 

Total P in the digested solution was determined by the phosphovanadatemolydate complex 

method of Hanson (1950). One grams of soil was weighed into a Kjedahl flask. Ten 

mililitres of sulphuric-perchloric acid was added into the flask. The sample was left for 

digestion for 2 hours. After that, it was agitated and left to cool. The sample solution was 

filtered with a Whatman filter paper into a 50 mL volumetric flask and made up to volume. 

It was left for overnight.  

Two mililiters of sample solution was pipetted into a glass specimen tube and 4 mL 

of vanadate-molybdate was added into the specimen tube. The solutions were left for an 

hour for color development and analyzed using a UV-visible spectrophotometer (Shimadzu, 

UV1800, Japan) at 425 nm. The spectrophotometer was corrected to zero with distilled 

water. The reading was recorded and converted to ppm. The procedure was repeated for 

blank and standards (2 ppm, 4 ppm, 8 ppm, 10 ppm and 20 ppm). Soil total P can be 

obtained by multiplying the reading of the sample solution with 50 times dilution rate. 

Total P = Reading (ppm) × 50           Equation 3.11 

 

3.3.8 Determination of Soil cation Exchange Capacity (CEC) 

Leaching the soil continuously with neutral ammonium acetate solution is the 

technique employed to evaluate the soil CEC.  Ten grams of soil was weighed and leached 
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with 100 mL of 1 N ammonium. The mixture was filtered through a Whatman filter paper 

into a volumetric flask. The ammonium acetate filtrate was collected for the determination 

of exchangeable K+, Mg2+ and Ca2+ (Malaysian Standard 679: Part IV: 1980). 

After that, the soil was washed with 100 mL of denatured alcohol (95%) to remove 

any excess ammonium ion. The presence of NH4
+ was tested using Nessler’s reagent. The 

washing was repeated until no red or brown precipitate was observed. The soil was left to 

dry before leaching with KCl. A total of 100 mL KCl (0.1 N) was added slowly to the soil. 

The mixture was filtered and collected in a 100 mL volumetric flask.  

Twenty-five mililitres of filtrate was distilled with a distillation unit (BUCHI K-360, 

Switzerland) The distillate was collected in a conical flask containing 20 mL of 2% boric 

acid added with 2 drops of screen purple indicator (a mixture of methyl red and methylene 

blue in ethanol). The distillate was titrated against 0.02 N H2SO4. The reading was 

recorded to obtain CEC (cmol(+)/kg). A blank was conducted and the titration result was 

corrected accordingly (Malaysian Standard 679: Part V: 1980). 

𝐶𝐸𝐶 =  
𝑊 ×𝑉 ×100

25 ×𝑁
                                                                                               Equation 3.12 

Where, 

W is the weight in grams of sample taken for the determination 

V is the volume of H2SO4 used in the titration 

N is the normality of H2SO4 used in the titration 

 

3.3.9 Soil Particle Size Analysis (Pipette Method) 

Sand, silt and clay fractions were determined. The international scale defines the 

particle size of various fractions as follows: 
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 Particle size greater than 2.0 mm are stones or gravel and is not considered as soil 

material. 

 Coarse sand (0.2 - 2.0 mm) 

 Fine sand (0.02 - 0.2 mm) 

 Silt (0.002 – 0.02 mm) 

 Clays (< 0.002 mm) 

 

When a soil sample was stirred or shaken in a 500 mL cylinder, heavy and large 

particles such as coarse and fine sand (2.0 - 0.02 mm) would settle to at least 10 cm after 4 

minutes at 30 °C whereas the clay and silt particles stay in suspension. A sample that was 

withdrawn from a depth of 10 cm after 4 minutes contained only silt and clay. After 6 

hours 21 minutes at 30 °C, silt size particles would settle to at least 10 cm, and only the 

clay stays in suspension. A sample that was withdrawn from a depth of 10 cm after 6 hours 

21 minutes contained only clay. 

Ten grams of soil was weighed and combined with 30 mL of water, a few drops of 

ammonia and 10 mL of 20% v/v H2O2. The solution was allowed to react until the reaction 

was completed. The soil solution was then heated gently for 15 minutes. The soil solution 

was allowed to cool. Ten mililitres of sodium hexametaphosphate was added and stirred. It 

was left to stand overnight. After that the soil solution was stirred at 1000 rpm for 10 

minutes. The mixture was transferred into a 500 mL measuring cylinder and made it up to 

500 mL with tap water. After that, it was closed with a stopper. The solution in the cylinder 

was agitated and left to stand overnight. 

The soil solution was mixed vigorously by rotating the covered cylinder hand-over-

hand for at least 10 minutes. It was allowed to stand for 4 minutes. The petri dish was 
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weighed. After 4 minutes, the pipette was placed at 10 cm below the surface of the solution 

and 10 mL of solution was collected and transferred into a petri dish. Likewise, 10 mL of 

the sample was pipetted into a petri dish after 6 hours 21 minutes to obtain the clay fraction. 

The petri dishes containing the soil solutions were placed in an oven at 100 °C. They were 

left to dry overnight and weighed. The silt and clay fractions were calculated as follows, 

 

Weight of silt + clay in 500 mL soil solution = 50 ⨯[Weight of silt + clay in petri dish, (W)] 

             Equotion 3.13 

Weight of clay in 500 mL soil solution = 50 ⨯ Weight of clay in petri dish (Wclay)   

Equation 3.14 

 

Thus, weight of silt = W – Wclay = Wsilt         Equation 3.15 

 

The sand fraction would have settled down at the bottom of the cylinder. The 

suspension was poured away carefully, not to disturb the sand fraction. The sample was 

transferred into a beaker and water was added to 10 cm. At 30 °C, all sand would settle to 

the bottom of the beaker in 4 minutes after stirring. The supernatant suspension was 

decanted to remove silt and clay. The sand fraction was determined after drying in an oven. 

The sand fraction was categorized into coarse sand (CS) and fine sand (FS). The total 

weight was first measured; the fraction was then sieved through a 0.2 mm sieve to obtain 

coarse sand. The distribution of the respective fraction was calculated according to the 

following: 

 

% Clay = 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑙𝑎𝑦

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑖𝑙 𝑢𝑠𝑒𝑑
 ⨯ 100 %          Equation 3.16 
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% Silt = 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑖𝑙𝑡

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑖𝑙 𝑢𝑠𝑒𝑑
 ⨯ 100 %             Equation 3.17 

% Fine sand = 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐹𝑆

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑖𝑙 𝑢𝑠𝑒𝑑
 ⨯ 100 %                                                         Equation 3.18 

% Coarse sand = 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐶𝑆

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑖𝑙 𝑢𝑠𝑒𝑑
 ⨯ 100 %         Equation 3.19 

 

3.4.1 Preparation of Leaves, Stems and Roots Samples  

Dried leaves, stems and roots sample were ground with a Christy and Turner 

grinder (United Kingdom) into powder and sieved through a 1 mm sieve. The samples 

were placed in 25 mm ⨯ 75 mm specimen tubes and dried in the Carbolite laboratoty fan 

oven (AX120, made in England) at 80 °C overnight. After that, they were ready for N, P, K, 

Mg, Ca, B, Zn and Cu analyses. 

 

3.4.2 Ashing and Sample Solution Preparation 

The organic matter in plant sample was destroyed via a dry ashing procedure before 

the ash content was determined. One gram of ground sample was weighed into a silica 

crucible. The sample was charred in a muffle furnace (Daihan Scientific, CLF-M25, Korea) 

at 300 °C for 1 hour, followed by a temperature of 500 °C for 5 hours until the carbon free 

ash was obtained. The crucible was left to cool in a desiccator and weighed (Malaysian 

Standard 677: Part II: 1980). 

For the analyses of P, K, Mg and Ca, 10 mL of 20% HNO3 was pipetted into a 

crucible containing ash sample of plant and digested on a water bath for 1 hour. For the 

analysis of Zn and Cu, 1 mL of concentrated HCl was pipetted into the crucible containing 

ash sample and was left to evaporate until dry. After that, 5 mL of 6 N HCl was added to 

the sample and digested on a water bath for 1 hour. The digested sample was then filtered 
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into a 100 mL volumetric flask and made up to mark before analysis for P, K, Mg and Ca. 

For Zn and Cu analysis, the sample was filtered into a 25 mL volumetric flask for analysis. 

 

3.4.3 Determination of Nitrogen in Plant 

Nitrogen are present in plant material in protein form. Protein-N in leaf is 

determined by measuring its nitrogen content. Nitrogen in plant was determined according 

to the wet ashing procedure. Protein nitrogen was converted to ammonium by heating it 

with concentrated sulphuric acid in the presence of a catalytic mixture of sodium sulphate 

and selenium. The ammonium content was then determined based on the Kjedahl method 

(Malaysian Standard 67: Part III: 1980). 

A 0.1 g of the plant sample was weighed into a Kjedahl flask. A small spoon of 

catalyst mixture (~ 0.5 g) and 3 mL of concentrated sulphuric acid were added into the 

flask. The mixture was shaken well and heated gently until the mixture turned clear.  

The digested solution was transferred into a distillation flask. Fifteen mililitres of 

NaOH (30% w/v) and 5 mL of distilled water were added. The samples solution was 

distilled by a distillation unit (BUCHI K-360, Switzerland). The distillate was collected in 

a conical flask containing 10 mL of 2% boric acid added with 4 drops of screen purple 

indicator (a mixture of methyl red and methylene blue in ethanol). The distillation 

continued for an additional 5 minutes. The indicator would change to green if NH3 

(aqueous) was present. The distillate was titrated against 0.02 N H2SO4 until the colour 

changed from green to purple. A blank was conducted through the same digestion 

procedure and the titration result was corrected accordingly. The N content was calculated 

as follows: 
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1000 mL of 1 N H2SO4 is equivalent to 14 g Nitrogen 

1 mL of 1 N H2SO4 is equivalent to 14 mg Nitrogen 

Therefore, nitrogen in sample = 14 × V × N mg 

% Nitrogen = 
14 × 𝑉 × 𝑁 𝑚𝑔

𝑊 ×1000
          Equation 3.20 

                           

Where, 

N is the normality of H2SO4 used in the titration 

V is the volume of H2SO4 used in the titration 

W is the weight in grams of sample taken for the determination 

 

3.4.4 Determination of Phosphorous in Plant 

One mililiter of the digested sample solution was pipetted into a glass specimen 

tube containing 5 mL of ammonium vanadate/molybdate. (Malaysian Standard 677: Part 

IV: 1980).  The mixture was left for 1 hour for yellow colour development. The UV-vis 

spectrophotometer (Shimadzu, UV1800, Japan) was corrected to zero with a blank solution 

at 425nm. The absorbance of the sample and a series of standards at the concentrations of 

10 ppm, 15 ppm, 20 ppm and 25 ppm at 425 nm were measured with the 

spectrophotometer. The phosphorous content was calculated according to the following: 

If the sample solution concentration is C ppm, then it contains C mg/L. 

Therefore, % P in 1 g of plant sample is 0.1 C mg 

% P in 1g plant sample is 0.1 C mg ⨯100 / 1000 mg = 0.01C      Equation 3.21 
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3.4.5 Determination of Potassium in Plant 

A 0.5 mL of the digested sample solution was pipetted into a flat bottom glass 

specimen tube (25mm x 75mm) with 10 mL of distilled water added. The amount of K of 

the sample was measured with the flamephotometer (Sherwood, 410, United Kingdom) 

based on series of standards at concentrations of 50 ppm, 100 ppm and 150 ppm 

(Malaysian Standard: Part V: 1980). The K content was calculated according to the 

following: 

If the sample solution concentration is C ppm, then it contains C mg/L. 

In 100 mL, the amount of K is 0.1 C mg 

%K in 1 g plant sample is 0.1 C mg ⨯ 100 / 1000 mg = 0.01C       Equation 3.22 

 

3.4.6 Determination of Calcium, Magnesium, Zink and Copper in Plant 

A 0.5 mL of the digested sample solution was pipetted into a flat bottom glass 

specimen tube (25 mm x 75 mm). Then, 10 mL of 800 ppm strontium nitrate was added 

into the glass specimen tube and subjected to analysis with the atomic absorption 

spectrophotometer (Perkin Elmer, PinAAcle 500, Singapore). The amount of Ca of the 

sample was measured based on series of standards at concentrations of 20 ppm, 50 ppm, 70 

ppm and 100 ppm (Malaysian Standard 677: Part VI: 1980). 

If the sample solution concentration is C ppm, then it contains C mg/L. 

Therefore, %Ca in 1 g of plant sample is 0.1 C mg 

%Ca in 1 g plant sample is 0.1 C mg ⨯ 100 / 1000 mg = 0.01C                       Equation 3.23 

 

For Mg, 0.1 mL of the digested sample solution was pipetted into a flat bottom 

glass specimen tube (25 mm × 75 mm). Then, 10 mL of 800 ppm strontium nitrate was 



 

 

48 

 

added into the glass specimen tube and subjected to analysis with PinAAcle 500. The 

amount of Mg of the sample was measured based on series of standards at concentrations 

of 5 ppm, 10 ppm, 25 ppm and 50 ppm (Malaysian Standard 677: Part VII: 1980). 

If the sample solution concentration is C ppm, then it contains C mg/L. 

Therefore, %Mg in 1 g of plant sample is 0.1 C mg 

%Mg in 1 g plant sample is 0.1 C mg ⨯ 100 / 1000 mg = 0.01C                      Equation 3.24 

 

For Zn and Cu, the digested samples in the 25 mL volumetric flask were also 

determined using atomic absorption spectrophotometer. The amount of Zn and Cu of the 

sample were analyzed with PinAAcle 500 respectively based on series of standards at 

concentrations of 0.2 ppm, 0.5 ppm and 1.0 ppm. If the sample solution concentration is C 

ppm, the amount of Zn and Cu in the plant sample can be obtained by multiplying the 

reading of the sample solution with 25 times dilution rate. 

Zn or Cu = C ppm x 25              Equation 3.25 

 

3.4.7 Determination of Boron in Plant 

Boron is determined using the Azomethine-H method. The method employs 

azomethine-H reagent to form a yellow complex with B(OH)3 in aqueous media. The 

method is sensitive, simple, fast and is subjected to little interference (John et al., 1975). 

One gram of the plant sample was ashed and 10 mL of 0.7 N H2SO4 was added. 

The solution was stirred well with a plastic rod and left to stand for 10 minutes. Then, the 

ash solution was filtered through Whatman No 1 filter paper. 1 mL of standard or sample 

solution was pipetted into a flat bottom glass specimen tube (25 mm x 75 mm) followed by 

0.5 mL of 0.05 M EDTA and 1 mL of ammonium acetate. The solution was mixed well 
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and allowed to stand for 15 minutes. Thereafter, 1 mL of Azomethine solution was added, 

swirled and left for the colour to develop. 

 The absorbance of the standards (0.5 ppm, 1.0 ppm, 1.5 ppm, 2.0 ppm and 3.0 ppm) 

and the samples at 425 nm were measured with a UV-Vis spectrophotometer (Shimadzu, 

UV-1800, Japan). The blank solution was prepared and the results were corrected 

accordingly. The amount of boron was calculated by multiplying the reading of the sample 

solution with 10 times dilution rate. 

If the sample solution concentration is C ppm,  

B = 10 × C ppm                       Equation 3.26 

 

3.4.8 Statistical Analysis 

All the data have been transformed via square-rooting and their normality tests 

were assessed using SPSS Statistics Software version 25. Effects of biochar treatments on 

plant growth, soil properties and nutrient contents were evaluated using the Analysis of 

Variance (ANOVA). Least significant difference (LSD) test was applied to identify the 

treatment differences at p < 0.05. The ANOVA and LSD statistical analysis were done 

using SAS Statistical Software version 9.0.  
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1.1 Soil Properties 

The soil used for the field study belongs to Bekenu series which is equivalent to 

red-yellow Podzolic according to the USDA system of soil classification. The soil is 

developed over mixed sedimentary rock and is characterized by its deep and well drained 

profile with subsoil of brownish yellow to yellow colours. The soil texture is classified as 

fine sandy clay loam containing 15% clay, 7% silt, 72% find sand and 6% coarse sand. 

Table 4.1 summarizes the physical and chemical properties of the soil. 

Table 4.1: The physical and chemical properties of soil used for field study  

Soil Parameters Measurements Optimum range for agricultural soil* 

pH-H2O 3.93 ± 0.01 5.5 - 7.0a 

Conductivity, μS cm-1 33.00 ± 0.62 < 2000a 

Loss on evaporation (%) 0.11 ± 0.01 n.d. 

Loss on ignition (%) 0.97 ± 0.03 5 – 8a 

Total N (%) 0.03 ± 0.00 0.2 - 0.5a 

Organic carbon (%) 0.06 ± 0.00 4 – 10a 

C/N ratio 2.00 ± 0.00 <25d 

Total P (mg/kg) 54.68 ± 2.08 250 – 400c 

Available P (mg/kg) 5.69 ± 0.13 20 – 40a 

Calcium (cmol(+)kg-1soil) 0.44 ± 0.09 60 – 80% of soil CECa 

Magnesium (cmol(+)kg-1soil) 0.05 ± 0.03 10 - 20% of soil CECa 

Potassium (cmol(+)kg-1soil) 0.07 ± 0.03 2.8 – 4.0% of soil CECa 

CEC (cmol(+)kg-1soil) 0.80 ± 0.11 15 – 25a 

Clay (%) 15.00 ± 0.58 n.d. 

Silt (%) 7.00 ± 0.58 n.d. 

Fine sand (%) 72.00 ± 0.58 n.d. 

Coarse sand (%) 6.00 ± 0.58 n.d. 

a Dume et al. (2015) 

b Howell, 2005 

c Goh, 1997 

d USDA, 2011 

n.d Not determined 
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Typically, loamy sand soil is characterized with low pH, K, Mg, Ca, available P 

and CEC with high sand content. The low pH (3.93) signifies the presence of exchangeable 

aluminium that can restrain the root development and affect the accessibility of other 

nutrients and mineralization of organic matter. The value of K, Mg and Ca were very low, 

which is indicative of a highly weathered soil. The base saturation was also very low, 

suggesting that the cation exchange sites were possibly occupied by components of H+ and 

Al3+ (Havlin et al., 1999; Ebeling et al., 2011). 

 

4.1.2 Biochar Properties 

Table 4.2 summarizes the physico-chemical properties of EFB and PKS biochar. 

The pH of EFB and PKS biochar were 7.10 and 6.08, respectively. These biochar were 

anticipated to be produced under low pyrolysis temperature of below 350 °C as their pH 

were neutral and acidic. According to studies elsewhere, biochar produced under low 

pyrolysis temperature can be acidic (Novak et al., 2009; Hagner et al., 2016; Zhang et al., 

2017) whereas biochar produced at high temperature is usually alkaline (Jiang et al., 2012) 

as more acidic functional groups will be removed and destroyed at a higher temperature 

(Ippolito et al., 2016). Hence, the pH of biochar can range from acidic to alkaline (Chan & 

Xu, 2009) and it is governed by the pyrolysis temperature during its production.  

For example, Hagner et al. (2016) reported that birch (Betula spp.) biochar 

produced at 300 °C and 375 °C were acidic (pH 5.1 and 5.2) while Novak et al. (2009) 

verified that pekan shell biochar produced at 350 °C and switchgrass biochar produced at 

250 °C exhibited pH of 5.9 and 5.4 respectively. The acidic switchgrass biochar was found 

to lower the soil pH, increasing the nutrient availability at the onset of the application 

(Ippolito et al., 2012; Ippolito et al., 2016).  
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EFB consists of 16-28% hemicellulose, 37-59.7% cellulose and 10-32% lignin 

(Abdullah & Sulaiman, 2013; Baharuddin et al., 2013; Sudiyani et al., 2013) whilst PKS 

consists of 17.94% hemicellulose, 31.33% cellulose and 48.83% lignin (Yanti et al., 2018). 

Upon thermochemical degradation, hemicellulose decomposes at 150-350 °C whilst 

cellulose and lignin degrade at 275-350 °C and 250-500 °C, respectively (Demirbas, 2004).  

Hemicellulose degradation produces chemical products which are mostly “wood 

vinegar” that include a mixture of acetic, propionic, butyric acids along with other low 

molecular weight organic acids (Spokas et al., 2011; Gale et al., 2016), contributing to a 

decrease in the pH of biochar. Their nutrient and cation exchange properties vary among 

biochar. Compare to the biochar reported in the literature, the CEC and nutrient properties 

of EFB and PKS biochar were relatively lower; this is possibly attributable to the pyrolysis 

temperature and feedstock used.  
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Table 4.2: Physicochemical properties of EFB and PKS biochar  

Parameters EFB biochar PKS biochar Literature 

pH-H2O 7.10 ± 0.15 6.08 ± 0.06 9.1d 

Conductivity, μS cm-1  467.00 ± 18.72  557.00 ± 15.87 n.d 

Ash (%) 6.64 ± 1.10 11.30 ± 0.14 11.6d 

Total organic matter (%) 93.36 ± 1.10 88.70 ± 0.14 n.d 

Organic carbon (%) 4.13 ± 0.44 3.83 ± 0.25 n.d 

ExchangeableMg 

(cmol(+)/kg) 

4.32 ± 0.63 0.41 ± 0.07 n.d 

Exchangeable Ca 

(cmol(+)/kg) 

3.74 ± 0.75 2.28 ± 0.07 n.d 

Exchangeable K 

(cmol(+)/kg) 

4.94 ± 1.29 0.85 ± 0.29 n.d 

CEC (cmol(+)/kg) 12.16 ± 2.10 2.53 ± 0.21 63.2a 

63.93b 

N (%) 0.61 ± 0.04 0.62 ± 0.02 1.58a 

1.63b 

1.10c 

P (%) 0.089 ± 0.005 0.033 ± 0.000 0.22a 

0.21b 

0.026c 

K (%) 0.27 ± 0.05 0.19 ± 0.05 4.9a 

5.3b 

4.12c 

Mg (%) 0.24 ± 0.01 0.11 ± 0.02 0.14a 

0.13b 

0.186c 

Ca (%) 0.26 ± 0.02 0.54 ± 0.00 0.11a 

0.11b 

0.023c 

B (ppm) 13.00 ± 0.00 10.67 ± 0.00 n.d 

Zn (ppm) 30.02 ± 2.63 17.90 ± 5.40 n.d 

Cu (ppm) 19.23 ± 1.35 15.23 ± 0.12 n.d 

a Abdulrahman et al. (2016) 

b Noraliza et al. (2014) 

c Fahmi et al. (2018) 

d Kong et al. (2014) 

n.d = not determined 
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4.1.3 FTIR Analysis 

Fourier transform infrared (FTIR) is commonly used to characterize the functional 

group properties of biochar. Figure 4.1 shows the FTIR spectra of EFB and PKS biochar. 

 

Figure 4.1: FTIR spectra of EFB and PKS biochar  

 

The frequencies between 3600-3200 cm-1 are assigned to the stretching of -OH 

groups. It signifies H-bonded O-H stretching vibrations of hydroxyl groups from alcohols, 

phenol and organic acids. The peaks of O-H (3600 cm-1) and C-H (2850-2950 cm-1) 

stretching are ascribed to the dehydration reaction in biomass (Claoston et al., 2014) where 

Zhou et al. (2016) reported a decrease in the polar functional groups with an increase in 

pyrolysis temperature. It is attributed to the loss of moisture in the gasification process 

which indicates dehydration of cellulose and hemicellulose components (Kim et al., 2012). 

 A broad band of O-H can be seen in the spectra of EFB biochar and this could be 

ascribed to the O-H stretching of water molecules, suggesting high moisture content. The 

peaks between 2978-2898 cm-1 are related to the C-H stretching of hemicellulose and 
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cellulose (Sheng et al., 2014). The peaks at 1576-1547 cm-1 on the other hand, represent 

the presence of C=C ring stretching. According to Nastri et al. (2013), absorption bands 

around 850-890 cm-1 signify the deformation of C-H bending. The presence of aromatic C, 

typically the out of plane deformations of aromatic C-H, is indicated by the peaks between 

880-674 cm-1 (Keiluweit et al., 2010; Ozcimen & Ersoy, 2010).  

Other functional groups that exist in the spectra of biochar are COO- groups at 

1576-1548 cm-1, CH2- groups at 1390-1388 cm-1 (Chun et al., 2004), and C-O of alcohols, 

carboxylic acid and ester between 1300-1020 cm-1 (Stuart 1996; Abdel-Ghani et al., 2007). 

Most of the chemical interactions between biochar and the environment are directly related 

to its surface chemistry. The existence of the carboxyl and hydroxyl functional groups 

suggest that these biochar have the potential to be used as a soil amendment for improving 

soil cation exchange capacity and as a potential adsorbent (Oh et al., 2012). This can be 

ascribed to the negative charge on its surfaces that can function to retain nutrients in the 

soil. 

 

4.1.4 SEM Analysis 

Scanning electron microscopy (SEM) is a microscopic technique to determine the 

physical morphology and macro porosity image of solid substances (Angin, 2013). The 

macro porous structure of biochar produced from cellulose plant material depends on the 

intrinsic architecture of the feedstock. It is important for water holding and adsorptive 

capacity of pollutant in soil and solution system (Angin, 2013; Gao et al., 2013).   

Figure 4.2 (a and b) shows the surface morphology of EFB and PKS biochar. 

Spongy-like structure of EFB biochar is the effect of the torrefaction process and the 

formation of pores is observed. The water contained in the biomass along with the 
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superfluous volatiles are released, and the biopolymers such as hemicellulose, cellulose 

and lignin are partly decomposed, giving off various types of volatiles during the 

torrefaction process (Bates & Ghoniem, 2012). Torrefaction of biomass usually starts to 

occur from the temperature between 200 - 320°C, where the hemicellulose is degraded 

while cellulose and lignin are remained in the absence of oxygen under atmospheric 

pressure (Prins, 2005; Tumuluru et al., 2011; Nunes et al., 2018; Ribeiro et al., 2018). 

Hemicellulose, cellulose and lignin are depleted under certain temperatures of torrecfaction 

(Wen et al., 2014). Hemicellulose decomposes at 200 – 260 °C and will be totally 

destroyed when the temperature reaches 300 °C (Chen & Kuo, 2011). Cellulose 

degradation occurs at a temperature of above 250 °C whilst lignin depletes at 240 - 350 °C 

(Sjostrom, 1993). 

Ruptured surface structure can be seen in both EFB and PKS biochar. Breakage of 

fiber wall is due to the decomposition of hemicellulose and cellulose. Porosity is caused by 

the degradation of lignocellulose. High porosity signifies extensive degradation of 

lignocellulose. Lignin is hard to be degraded due to its complex structure which possesses 

phenolic polymer, making them strong and durable against an enzymatic attack (Gomez et 

al., 2008). Thus, decomposition of lignin requires a higher temperature and residence time. 

 
        (a) EFB biochar 

 
             (b) PKS biochar 

 

Figure 4.2: Scanning Electron Micrographs of EFB and PKS biochar at ×1000 

magnification. 
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4.2.1 Plant Growth Performance 

The plants treated with and without EFB biochar were monitored for a period of 9 

months. Figure 4.3 (a and b) shows the average height and the growth rate of oil palm 

seedlings treated with and without EFB biochar. The incorporation of 3% EFB biochar 

(T3) demonstrated the best growth followed by T1 (0% EFB biochar) and T2 (1.5% EFB 

biochar) during the 9 months observation period. According to Bonanomi et al. (2017), the 

incorporation of biochar could improve the soil quality and nutrient retention capacity, 

enhancing plant growth. Other studies likewise reported enhancement in plant growth 

upon treatment with biochar as a result of the increased nutrient availability and retention, 

improved cation exchange capacity (CEC), raised of soil pH and promoted positive 

interactions with soil microorganisms (Iswaran et al., 1980; Glaser et al., 2002; Lehmann 

& Rondon, 2006; Liang et al., 2006). Carter et al. (2013) reported that treatment with rice-

husk biochar produced by the gasification process had led to an increase in final biomass, 

root biomass, plant height and number of leaves. Furthermore, a combination of mineral 

fertilizer with biochar would be more effective in improving crop productivity (Chan et al., 

2007; Asai et al., 2009; Van et al., 2010; Schulz & Glaser, 2012; Alburquerque et al., 2013; 

Abbasi & Anwar, 2015; Li & Shangguan, 2018).  

 

 
           (a) Plant height 

 

 
         (b) Growth rate 

 

Figure 4.3: Plant height and growth rate of seedlings treated with EFB biochar 
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Figure 4.4 (a and b) shows the plant height and growth rate of seedlings treated 

with PKS biochar.  The seedlings planted in soil treated with 3% biochar (T3) have grown 

better than T2 and T1 from the 8th month to the 12th month but starting from the 12th month, 

the seedlings of T1 outperformed T2 and T3. Jeffrey et al. (2015) suggested that biochar 

application does not improve the soil hydrological function of sandy soil. It forms a layer 

that can reduce the infiltration capacity and hydraulic conductivity at the soil surface as a 

result of the hydrophobic properties of biochar. The reduction in infiltration capacity would 

increase surface runoff and reduce the plant’s available water. On the other hand, the 

coarse texture of PKS (≥ 2 mm) have increased the porosity of biochar-soil matrix, 

resulting in high nutrient leaching rate.  

 

 
             (a) Plant height 

 

 
               (b) Growth rate 

Figure 4.4: Plant height and growth rate of seedlings treated with PKS biochar 

 

Figure 4.5 (a and b) shows the plant biomass of EFB and PKS biochar treatments 

respectively. Biomass assessment in the EFB biochar field study indicated that the total 

biomass in oil palm seedlings grown in T1, T2 and T3 have no significant difference in the 

early stages from the 8th month to the 14th month. However, the biomass of the seedling 

grown in T3 was significantly higher than T2 and T1 for the 15th month whilst the biomass 

of T2 was also significantly higher than the untreated soil (T1). It was apparent that the 
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amount of biomass has increased in relation to the amount of EFB biochar added. The 

increase of plant biomass may be attributed to the high porosity, surface area, and ion 

exchange capacity of the biochar (Yooyen et al., 2005; Lehmann et al., 2009; Downie et 

al.,2009; Lehmann et al., 2011; Chen et al., 2012; Wijitkosum & Kallayasiri, 2015). 

Moreover, the typically high aromatic nature of biochar has led to a high occasion of 

oxidation reactions to form oxygenated functional groups. This can attract more anions on 

its surface area, resulting in high ion exchange capacity (Glaser et al., 2002; Yooyen et al., 

2005; Steiner, 2007; Lehmann et al., 2009; Atkinson et al., 2010; Zhang et al., 2015). 

Biochar is also rich in micropores that can absorb nutrients from the soil solution (Glaser et 

al., 2002; Downie & Crosky, 2009; Sohi et al., 2009; Atkinson et al., 2010; Chen et al., 

2012; Kim et al., 2012; Kloss et al., 2012; Schulz et al., 2013), reducing nutrient leaching 

whilst providing sustainable nutrient release to the plants. In addition, the presence of Al3+ 

in soil solution is essentially stressful to plant growth, which will eventually damage the 

root cells and affect nutrient uptake (Elisa et al., 2011). Application of biochar as a soil 

amendment will react with Al3+, providing a more favourable environment for root growth 

that will subsequently increase nutrient uptake, which will in turn increase plant biomass.  

Conversely, in the experimental study with PKS biochar, the total biomass of oil 

palm seedlings grown in T1, T2 and T3 was statistically insignificant. This could be due to 

the low surface area and low absorption capacity of PKS biochar. Mahmood et al. (2015) 

reported that the surface area, micropore area, micropore volume and adsorption capacity 

of PKS biochar were 23.73 m2/g, 23.38 m2/g, 0.01 m3/g and 10 m3/g, respectively. The 

findings verify that PKS biochar has a relatively low surface area compared to other 

biomass such as switch grass, hardwood and corn stover biochar as reported by Brewer et 

al. (2009). The authors revealed that the highest surface area was switch grass biochar 
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(50.2 m2/g) produced from the slow pyrolysis process. The low surface area of PKS 

biochar indicates that it has a somewhat marginal porous structure and tiny pores, hence a 

weaker adsorption capacity to attract organic and nutrients for plant use. 

 

 

 

 

  
            (a) EFB biochar 

 
              (b) PKS biochar 

* denotes significant different at p < 0.05. 

Figure 4.5: Plant biomass against palm age for seedlings of EFB and PKS biochar 

treatments  

 

4.2.2 Soil pH 

The pH of treated and untreated soil throughout the experimental study are 

summarized in Table 4.3 and Table 4.4 respectively. The pH of EFB biochar treated and 

untreated soil ranged from 4.43 to 5.46 whereas for PKS, the range was between 4.14 and 

5.33. There was no significant different in soil pH treated with and without PKS biochar 

over the 8 months observation period (p > 0.05). The initial pH of PKS biochar was 

slightly acidic, hence its influence in the alteration of soil pH was imperceptible. 

Nevertheless, there was a significant response to the EFB biochar treatments at the 8th 

month and 13th month where the pH of soil treated with biochar (4.98 - 5.10) were higher 

than the untreated soil (4.43 - 4.83).  
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In the experimental study with EFB and PKS biochar, a significant increase in pH 

was not observed. This is likely because the biochar applied to the planting medium were 

acidic and neutral. Hence, they did not have liming effect to increase the soil pH.  

 

Table 4.3: pH of untreated and treated soil with EFB  

Palm age (month) 
EFB biochar treatments (pH) 

T1 T2 T3 

8 4.43±0.06b 5.10±0.31a 4.83±0.22a 

10 4.87±0.10a 5.46±0.59a 5.25±0.19a 

11 4.85±0.21a 5.09±0.07a 4.94±0.28a 

13 4.83±0.15b 4.98±0.25a 5.01±0.21a 

14 4.87±0.13a 5.05±0.33a 4.73±0.09a 

15 4.72±0.33a 4.69±0.18a 4.69±0.20a 

The values represent the mean (± standard deviation) of data obtained in the experiment 

(n=3). The means in the same row followed by the same letters are not significantly 

different at p > 0.05 based on the LSD Test. (T1: 0% biochar; T2: 1.5% biochar and T3: 

3% biochar) 

 

 

Table 4.4: pH of untreated and treated soil with PKS biochar  

Palm age (month) 
PKS biochar treatments (pH) 

T1 T2 T3 

8 5.33±0.92a 4.33±0.06a 4.56±0.13a 

9 4.37±0.09a 4.36±0.16a 4.65±0.18a 

11 4.47±0.27a 4.27±0.13a 4.63±0.18a 

12 4.47±0.30a 4.29±0.09a 4.34±0.18a 

13 4.61±0.61a 4.14±0.25a 4.28±0.15a 

14 4.33±0.22a 4.30±0.36a 4.68±0.30a 

The values represent the mean (± standard deviation) of data obtained in the experiment 

(n=3). The means in the same row followed by the same letters are not significantly 

different at p > 0.05 based on the LSD Test. (T1: 0% biochar; T2: 1.5% biochar and T3: 

3% biochar) 
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4.2.3 Soil Conductivity (EC) 

Table 4.5 and Table 4.6 summarize the soil EC treated with and without EFB and 

PKS biochar over the experimental period respctively. The EFB biochar treated soils (T3 

and T2) have demonstrated significant difference compared to the untreated soil at the 8th 

month over the experimental period (Table 4.5) whilst the addition of PKS biochar did not 

show significant difference throughout the study (p ˃ 0.05) (Table 4.6). Similar to pH, the 

EC of the biochar samples is also dependent on the type of feedstock and the pyrolysis 

temperature. Biochar produced at higher temperatures normally have higher EC values 

(Cantrell et al., 2012; Claoston et al., 2014; Rehrah et al., 2014). This could be ascribed to 

the increasing concentration of ash and residue caused by the loss of volatile matter during 

pyrolysis (Cantrell et al., 2012). The effect of biochar on soil EC depends on the soil 

chemical properties (e.g. soil pH) and biochar properties (type of feedstock and pyrolysis 

temperature). 

Specifically, EC values represent the amount of total dissolved salts or total 

dissolved ions in the soil solutions (Ding et al., 2010). Chintala et al. (2013) observed an 

increase in soil EC after the application of biochar and it was attributed to the release of 

weakly bound nutrients (cations and anions) from biochar into the soil solution. This would 

take place when alkaline biochar produced at a high pyrolysis temperature is incorporated.  

Shen et al. (2015) reported an increase in pH when the particle size of biochar was reduced.  

A similar trend was observed by Fahmi et al. (2018) for the EC values as the authors 

reported that fine EFB biochar (<50 µm) showed the highest EC followed by medium FFB 

biochar (0.25-0.5 mm) and coarse EFB biochar (> 2 mm). This is corroborated by the 

findings of Yang et al. (2016) that the application of fine biochar of less than 0.25 mm was 

more effective in raising soil pH, EC and CEC than a coarser biochar of less than 1 mm. 
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Essentially, the presence of K and other elements are the main reason that contributed to 

the high EC value of EFB biochar (Fahmi et al., 2018).  

Disparities in the EC of biochar produced from different feedstocks have been 

attributed to the differences in their ash contents (Rehrah et al., 2014). The effect of 

biochar on soil EC are highly varied (Spokas, 2010). For example, under similar 

temperature, biochar produced from switchgrass and corn stover have a lower aromatic C 

and higher ash contents than those produced from woody materials such as red oak and 

wood wastes (Brewer et al., 2011). The biochar EC values range from 0.04 dS m-1 

(Rajkovich et al., 2012) to 54.2 dS m-1 (Smider & Singh, 2014). Singh et al. (2010) and 

Rajkovich et al. (2012) revealed that wood and paper waste biochar commonly have lower 

EC value than manure biochar. Variations in EC also exist within the same type of 

feedstock depending on the pyrolysis temperatures. 

 

Table 4.5: EC of untreated and treated soil with EFB biochar  

Palm age (month) 
EFB biochar treatments (μS cm-1) 

T1 T2 T3 

8 44.47±3.41b 54.03±8.79a 61.47±7.15a 

10 46.57±20.51a 51.00±20.67a 51.23±19.23a 

11 151.20±10.45a 190.30±72.08a 92.67±37.84a 

13 72.27±20.72a 92.20±41.83a 72.67±32.42a 

14 107.67±5.14a 78.37±29.34a 58.10±19.76a 

15 63.57±17.01a 54.50±10.35a 51.17±9.49a 

The values represent the mean (± standard deviation) of data obtained in the experiment 

(n=3). The means in the same row followed by the same letters are not significantly 

different at p > 0.05 based on the LSD Test. (T1: 0% biochar; T2: 1.5% biochar and T3: 

3% biochar 

 

 

 

 



 

 

64 

 

Table 4.6: EC of untreated and treated soil with PKS biochar   

Palm age (month) 
PKS biochar treatments (μS cm-1) 

T1 T2 T3 

8 85.50±34.18a 98.67±7.98a 119.50±38.38a 

9 150.17±24.11a 163.63±22.49a 161.70±36.54a 

11 118.30±28.37a 129.63±33.77a 129.30±24.22a 

12 119.47±31.57a 89.00±30.31a 108.27±38.31a 

13 210.27±242.26a 184.97±73.35a 199.93±106.82a 

14 132.60±16.00a 260.00±107.89a 303.43±165.26a 

The values represent the mean (± standard deviation) of data obtained in the experiment 

(n=3). The means in the same row followed by the same letters are not significantly 

different at p > 0.05 based on the LSD Test. (T1: 0% biochar; T2: 1.5% biochar and T3: 

3% biochar) 
 
 

4.2.4 Soil Nitrogen 

Figure 4.6 (a and b) shows the nitrogen in the treated and untreated soil of EFB and 

PKS biochar over the experimental period respectively. Nitrogen in the untreated soil of 

EFB biochar was significantly higher compared to those in the treated soil at the 14th 

month. An increase of soil N immobilization after biochar incorporation was observed by 

Lehmann et al. (2003), Bruun et al. (2012), Tammeorg et al. (2013) and Zheng et al. (2013). 

Table 4.7 and Table 4.8 summarize the C/N ratio of soil treated with and without EFB and 

PKS biochar respectively. It was observed that the C/N ratio has increased with EFB 

biochar treatment at the 13th month whilst this effect was not observed across the PKS 

biochar treatments. 
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(a) EFB biochar 

 
(b) PKS biochar 

 

*denotes significant different at p < 0.05 

Figure 4.6: Nitrogen in the treated and untreated soil of EFB and PKS biochar 

 

Table 4.7: C/N ratio of untreated and treated soil with EFB biochar 

Palm age (month) 
Soil C/N of EFB biochar treatments  

T1 T2 T3 

 8 6.25±0.65a 6.75±0.59a 6.61±0.59a 

 10 5.14±1.01a 5.50±0.33a 5.65±2.25a 

 11 5.90±1.82a 6.61±2.66a 7.18±1.96a 

 13 2.87±0.98b 2.67±0.88b 4.07±1.22a 

 14 4.79±0.80a 7.73±0.61a 8.22±3.34a 

 15 2.87±0.42a 2.24±1.80a 2.56±1.17a 
The values represent the mean (± standard deviation) of data obtained in the experiment (n=3). The 

means in the same row followed by the same letters are not significantly different at p > 0.05 based 

on the LSD Test. (T1: 0% biochar; T2: 1.5% biochar and T3: 3% biochar) 

 

Table 4.8: C/N ratio of untreated and treated soil with PKS biochar 

Palm age (month) 
Soil C/N of PKS biochar treatments  

T1 T2 T3 

 8 5.77±1.44a 6.49±0.94a 6.16±0.58a 

 9 8.00±1.00a 8.75±0.90a 7.83±0.58a 

 11 4.17±1.93a 3.26±1.26a 3.74±2.10a 

 12 6.47±2.09a 8.18±2.72a 9.25±2.64a 

 13 6.98±0.82a 9.18±4.40a 8.72±0.19a 

 14 6.10±0.34a 6.82±0.97a 7.24±1.35a 
The values represent the mean (± standard deviation) of data obtained in the experiment (n=3). The 

means in the same row followed by the same letters are not significantly different at p > 0.05 based 

on the LSD Test. (T1: 0% biochar; T2: 1.5% biochar and T3: 3% biochar) 
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4.2.5 Soil Available P and Total P 

Figure 4.7 (a and b) shows the available P in the treated and untreated soil of EFB 

and PKS biochar whilst figure 4.8 (a and b) demonstrates the total P in the treated and 

untreated soil of EFB and PKS biochar.  For the experimental study with EFB biochar, soil 

available P of seedlings in T3 and T2 were significantly higher than the seedlings in the 

untreated soil (T1) at the 13th month whereas there was insigficant result in the total P of 

the treated and untreated soil over the experimental period. Nevertheless, soil available P in 

T1 was detected significantly higher compared to those in T2 and T3 at the 14th month. 

This could be ascribed to the soil available P has been up taken by the seedlings in T2 and 

T3, and as a result, low available P was detected in the biochar treated soil. This can be 

supported by the evidence which shows that P up taken by the seedlings in T3 was 

significantly higher compared to those in T2 and T1 at the 13th month and 14th month 

(Figure 4.11a). 

For the experimental study with PKS biochar, there were insignificant results in the 

soil available P (Figure 4.7b), soil total P (Figure 4.8b) and P uptake by the plant (Figure 

4.11b) for the biochar treated and untreated soil over the experimental period. This could 

be attributed to the low adsorption capacity of the hard and coarse texture of PKS biochar. 

 
(a) EFB biochar 

 
(b) PKS biochar 

 

 

* denotes significant different at p < 0.05 

Figure 4.7: Available P in the treated and untreated soil of EFB and PKS biochar    



 

 

67 

 

 
EFB biochar 

 
PKS biochar 

 

 

* denotes significant different at p < 0.05 

Figure 4.8: Total P in the treated and untreated soil of EFB and PKS biochar   

 

4.2.6 Soil Cation Exchangeable Capacity (CEC) 

Table 4.9 and Table 4.10 show the CEC of EFB and PKS biochar treated and 

untreated soils. In the field study of EFB biochar, the CEC of T3 was significantly higher 

than T2 and T1 (p < 0.05). The CEC of T2 did not show any significant difference 

compared to the untreated soil (T1) for the period of 9 months except for the 10th month 

where the CEC of T2 was significantly higher than T1. Overall, the CEC of EFB biochar 

treated soil was higher than the untreated soil; this may be due to the presence of various 

chemical functional groups in the biochar that render it with active chemical exchange 

surface (Mukherjee et al., 2013; Zornoza et al., 2016). Generally, biochar burnt at a lower 

temperature is enriched with carboxylic group that acts to retain cations increasing CEC 

(Zornoza et al., 2016). Besides, the slow pyrolyzed biochar also tends to release charged 

humic-like-substances that increases CEC (Kasozi et al., 2010; Ameloot et al., 2015). 

Meszaros et al. (2007) suggested that K, Na, Mg and P in the biomass may facilitate the 

formation of oxygen groups on the surface of biochar at low pyrolysis temperatures. 

Oxygen groups such as carboxyls, lactones and phenols could contribute to the 

development of negative surface charges (Boehm, 1994). Oxidized functional group could 
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lead to high CEC and charge density to retain cations (Liang et al. 2006). Wu et al. (2012) 

suggested that low pyrolysis temperature (300˚C) increases the CEC and decreases pH in 

the biochar compared to high pyrolysis temperature (700˚C). There is evidence to suggest 

that on mass basis, the intrinsic CEC of biochar is consistently higher than that of whole 

soil, clays or soil organic matter (Sohi et al., 2009). Hence, it is logical that soil treated 

with biochar has high CEC. An increase in soil CEC has also been observed by Chan et al. 

(2008) and Agusalim et al. (2010). 

In the trial with PKS biochar, the CEC of biochar soils (treated and untreated) 

showed no significant difference (p ˃ 0.05) (Table 4.10). Normally, biochar possess 

oxygen-containing functional groups (Bruun et al., 2011; Manya, 2012) that can increase 

CEC and negative charge of soils (Lehmann, 2007; Maia et al., 2011; Mohamad et al., 

2015; Zhang et al., 2017). However, our results suggest that the increase of soil functional 

groups caused by PKS biochar is insignificant to cause changes to the soil surface charge. 

This could be attributed to its relatively low adsorption capacity of 10 m3/g (Mahmood et 

al., 2015), resulting in poor water absorption ability and weak nutrients retention capacity 

after its incorporation into the loamy sand soil. Moreover, its hard and coarse particle 

texture of greater than 2 mm has increased the total porosity of the soil. It would also 

reduce the homogeneity of pore distribution. Biochar particle size can affect the interaction 

with soil matrix. The greater and/or lesser interaction of biochar with soil matrix may have 

a direct effect on its chemical, physical and hydrological properties (Barnes et al., 2014). 

This interaction is dependent on the biochar particle size and can hence, influence the 

physical and hydraulic properties of soil (Blanco-Canqui, 2017). Glab et al. (2016) verified 

that the soil total porosity has increased with particle size of biochar from 0.5 mm to 2 mm. 

He et al. (2019) recorded an increase in the total porosity of soil with the addition of 4 mm 
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biochar. Consequently, soil nutrients could be easily leached away during heavy rain due to 

the high porosity and low nutrient holding ability. CEC is the indicator of nutrients 

retention capacity of soil; the results suggest that PKS biochar does not increase the soil 

nutrient holding ability. This finding is in corroboration with the study of Slavich et al., 

(2013) as the authors reported that the application of green waste biochar (10 t/ha) showed 

no effect on the exchangeable cations and CEC of Ferrosolin in a 36-month field 

experiment. Schulz and Glaser (2012) also observed that biochar (5%) failed to change the 

CEC of an infertile sandy soil in a greenhouse experiment. 

 

Table 4.9: CEC of the untreated and treated soil with EFB biochar  

Palm age (month) 
Soil CEC of EFB biochar treatments (cmol(+)/kg) 

T1 T2 T3 

 8 1.81±0.05b 2.05±0.23b 2.76±0.23a 

 10 1.71±0.18c 2.11±0.23b 2.72±0.17a 

 11 2.48±0.74b 3.17±0.79a 3.30±0.58a 

 13 1.95±0.13b 2.08±0.21b 2.75±0.22a 

 14 1.83±0.02b 2.08±0.04b 2.89±0.24a 

 15 1.69±0.41a 1.91±0.13a 2.23±0.98a 

The values represent the mean (± standard deviation) of data obtained in the experiment 

(n=3). The means in the same row followed by the same letters are not significantly 

different at p > 0.05 based on the LSD Test. (T1: 0% biochar; T2: 1.5% biochar and T3: 

3% biochar) 

 

 

Table 4.10: CEC of the untreated and treated soil with PKS biochar  

Palm age (month) 
Soil CEC of PKS biochar treatments (cmol(+)/kg) 

T1 T2 T3 

8 2.32±0.98a 3.01±0.28a 2.88±0.30a 

9 4.38±1.50a 5.52±2.22a 4.36±1.38a 

11 4.17±1.14a 4.17±1.52a 3.36±0.48a 

12 2.79±0.78a 3.23±0.44a 2.49±0.31a 

13 2.44±0.54a 2.93±0.24a 3.15±0.78a 

14 2.69±0.57a 2.86±0.10a 2.87±0.38a 

The values represent the mean (± standard deviation) of data obtained in the experiment 

(n=3). The means in the same row followed by the same letters are not significantly 

different at p > 0.05 based on the LSD Test. (T1: 0% biochar; T2: 1.5% biochar and T3: 

3% biochar) 
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4.2.7 Soil exchangeable (K, Mg and Ca) 

The incorporation of EFB biochar showed significant result on soil exchangeable K 

at the 8th month (Figure 4.9a), exchangeable Mg at the 10th (Figure 4.9c) month and 

exchangeable Ca at the 11th month (Figure 4.9e), respectively. However, its effect only 

appeared in the early stages of the experimental study and did not persist over the 

experimental period. This could be attributed to the biochar being characterized with less 

recalcitrant carbon. It may contain considerable amount of labile carbon that serves as a 

substrate for the soil microorganisms. According to Smith et al. (2010), biochar can be 

served as an energy source caused by providing massive labile C, which is easily available 

to soil microbes for use in a relatively short period of time. The labile carbon tends to 

reduce over time due to decomposition resulting in a decrease in the soil functional groups 

caused by biochar. Another reason of the insignificant result on the exchangeable cations 

in the treated and untreated soil at the 13th, 14th and 15th month could be attributed to the 

fact that the nutrients (Mg and Ca) up taken by seedlings in biochar treated soil were 

significantly higher compared to the seedlings in the untreated soil. This can be supported 

by the significantly higher biomass of seedlings with biochar treatment compared to the 

biomass of the seedlings in the untreated soil. 

For the experimental study with PKS biochar, there was insignificant result on the 

soil exchangeable cations (K, Mg and Ca) in the biochar treated and untreated soil over the 

experimental period as per shown in figure 4.9 (b, d and f) except for the 9th month where 

soil exchangeable Ca in the biochar treated soil (T3) was notably higher compared to those 

in T2 and T1 (Figure 4.9f). The insignificant effect of PKS biochar on soil exchangeable 

cations over the experimental period could be attributed to the low adsorption capacity of 

the biochar, resulting in poor nutrients retention.  
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Essentially, available K, Mg and Ca occur in the form of cations (K+, Mg2+ and 

Ca2+) in the soil solution. The increase of the cations can be explicated by the increase of 

CEC in the biochar treated soil. According to Liang et al. (2006), biochar has the ability to 

adsorb cations due to its high net negative surface charge and adsorption affinity of cations. 

This will enable cations flush on the surface of the biochar, thus increasing the cationic 

species in biochar treated soil.  According to Mukherjee et al. (2011) and Abdurahman et 

al. (2016), an increase in CEC and pH of the biochar treated soil may reduce the activity of 

Fe and Al and thus, enable nutrients retention in soil, resulting in an increase in their 

bioavailability. Tejada et al. (2006) suggested that biochar has a high surface area and 

porosity that enable the biochar to retain its nutrients, and also provide a suitable 

circumstance for beneficial microorganisms to flourish. A similar finding was observed by 

Abebe (2012) who reported an improvement in soil chemistry through the application of 

alkaline biochar. On the other hand, the noticeable highest values of exchangeable bases of 

the soil treated with biochar might also be ascribed to the presence of ash in the biochar. 

The ash content of biochar has contributed to the direct release of the occluded mineral 

nutrients such as Ca, K and N for crop uptake (Scheuner et. al., 2004, Niemeyer et. al., 

2005). This is corroborated by the studies of Lehmann et al. (2003), Rondon et al. (2007) 

and Chan et al. (2008) who reported the highest exchangeable bases in biochar treated 

soils.  
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             Treament with EFB biochar 

 

 
                  (a) Exchangeable K 

           Treatment with PKS biochar 

 

 
                  (b) Exchangeable K 

 

 

 

 
                  (c) Exchangeable Mg                    (d) Exchangeable Mg 

 

  

 

 
                  (e) Exchangeable Ca 

 

* denotes significant different at p < 0.05 

 

 

 

 

                   (f) Exchangeable Ca 

 

 

  
  

 Figure 4.9: Exchangeable cations in the treated and untreated soil of EFB and PKS biochar 
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4.3.1 Nutrient Contents in Seedlings 

The total N stored in the seedlings are obtained by summing the N in leaves, stems 

and roots and it is expressed as mg plant-1. Figure 4.10 (a and b) shows the average total N 

up taken by seedlings treated with EFB and PKS biochar. There was no significant 

difference in the total nitrogen up taken by plant for both biochar treatments over the 

experimental period.  

The non-stimultory effect of the PKS biochar could be ascribed to its low surface 

area and adsorption capacity (Mahmood et al., 2015) whereas the non-stimulatory effect of 

the EFB biochar could be attributed to the considerable amount of labile carbon as a result 

of low pyrolysis production temperatures (Nelissen et al., 2012). The labile carbon could 

serve as a microbial substrate, leading to an increase in microbial demand for inorganic N, 

which will in turn immobilize the nitrogen through abiotic process (Lehmann et al., 2003; 

Nelissen et al., 2012 and 2014; Zheng et al., 2013). Microbial immobilization and sorption 

effect as a result of high total organic carbon to nitrogen ratio in the biochar treated soil 

suggests the non-availability of nitrogen which could possibly induce N deficiency in 

plants (Ippolito et al., 2012). Likewise, Lehmann et al. (2003a) and Asai et al. (2009) 

revealed that high C/N ratio of biochar might cause negative effects on N immobilization. 

An increase of soil N immobilization after biochar incorporation was also observed by 

Bruun et al. (2012), Lehmann et al. (2013), Tammeorg et al. (2013), Zheng et al. (2013) 

and Lehmann et al. (2014). Correspondingly, Masto et al. (2013) and Dai et al. (2015) 

reported a decrease in N mineralization in their studies. The authors have suggested that 

the high C/N ratio of the biochar may hinder the potential of N mineralization, which is 

likely dependant on the biochar feedstock. Biochar derived from wood or N-limited 
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feedstock may be prone to the immobilization of nitrogen, converting inorganic nitrogen to 

organic (Lentz & Ippolito, 2012).  

Conversely, the recalcitrant carbon in biochar may also limit N immobilization 

(Chan & Xu, 2009). Bruun et al. (2012) recorded in their incubation study that there was a 

huge influence of biochar pyrolysis method on the immobilization of N. Kerer et al. (2013) 

suggested that biochar produced with fast pyrolysis and low temperature may possess bio-

available carbon for microbial activity but biochar produced with slow pyrolysis would 

hold less bio-available carbon. Similarly, Rajkovich et al. (2012) revealed that high 

pyrolysis temperature at 500 - 600 °C might minimize N-immobilisation.  

Another reason for the insignificant effect of biochar on N uptake could be due the 

high adsorption capacity of biochar, which restricts soil N availability for plant uptake. 

Alburquerque et al. (2013) reported a decrease in N plant uptake after the incorporation of 

biochar and the authors suggested that it could be related to the ability of biochar to adsorb 

N and limit its availability. The biochar surface area and microporosity increase with 

increasing pyrolysis temperature, resulting in higher physical sorption capacity (Kookana 

et al., 2011, Nguyen et al., 2017) that restricts plant N uptake. Nevertheless, Novak et al. 

(2010) revealed that there was a stimulation of N mineralization after biochar amendment 

to a forest soil in their laboratory incubation study. Majority of the studies are short-term 

and N immobilization could be associated with labile carbon in the biochar. Therefore, 

Clough et al. (2013) proposed long-term studies to provide better insights into the effect of 

biochar on N immobilization.  

The sandy loam soil used in this study is characteristically low in clay and organic 

matter, contributing to low water holding capacity and low fertility. Essentially, nitrogen 

leaching from sandy soils is more profound than other agricultural soils (Wang et al., 
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2015), leading to low nitrogen use efficiency. Some losses of N are inevitable as urea is 

susceptible to volatilization and evaporation. This is favourable in humid environment in 

oil palm nurseries (Bouwmeester et al., 1985; Foster et al., 1988). Liu et al. (2017) reported 

that NH3-N loss via volatilization from biochar-amended loamy soil and sandy soil was 

greater than the untreated soil and the amount of volatilized NH3-N was found to increase 

with the increasing rate of biochar. The incorporation of alkaline biochar may potentially 

promote NH3 volatilization as the increase in soil pH tends to volatilize NH3. Conversely, 

some studies reported that biochar could adsorb NH3 where the mechanism involves the 

acidic functional groups in biochar (Asada et al., 2002; Kastner et al., 2009; Taghizadeh-

Toosi et al., 2012) and these could be neutralized by bases such as OH
－ 

other than NH3. 

Besides, nitrogen deficiency in loamy sand soil could be due to leaching. The leaching of 

N or losses in the form of gaseous N in agriculture fields after fertilizer application has 

become a major challenge (Yanai et al., 2007; Ding et al., 2010).   

Note that the total N up taken by the seedlings in T3 of EFB biochar was apparently 

higher compared to those in T2 and T1 from the 13th month to the 15th month although it 

was statistically insignificant (Figure 4.10a). This could be ascribed to aged biochar in 

influencing N availability in a different manner than fresh biochar. Zheng et al. (2013) 

suggested that aged biochar contains oxygenated functional groups (e.g., carboxyl and 

hydroxyl) that have greater capacity to absorb NH4
+ than fresh biochar. Biochar could 

adsorb ammonia through its acidic functional groups (Asada et al., 2002) or through its 

high CEC (Taghizadehtoosi et al., 2012). Sohi et al. (2010) proposed that the increase in N 

uptake might be due to the high CEC of biochar and its potential to retain NH4
+ in the soil. 

An increase in N uptake by plants that were grown in biochar amended soils was also 

reported by Nigussie et al. (2012). Similarly, Lehmann et al. (2006) recorded an 
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improvement in the total N availability after the addition of biochar. Rubab et al. (2017) 

suggested that high CEC of biochar might be the reason for the increase in soil N retention 

capacity and the decrease in N losses via ammonia volatilization and denitrification from 

the calcareous soils.  

Although biochar is unable to supply N directly, it serves as a habitat for N fixing 

microbes, reducing N leaching and increasing nitrogen use efficiency (DeLuca et al., 2009; 

Clough et al., 2013). Several studies likewise reported that addition of biochar could 

increase nitrogen use efficiency (Chan et al., 2007; Steiner et al., 2008; Van Zwieten et al., 

2010; Huang et al., 2014). Biochar has a potential to act as a soil conditioner through its 

adsorption effect, increasing N retention in soil (Ven Zwieten et al., 2010). The decrease in 

N losses can also be explained as a result of electrostatic adsorption to exchange sites or 

their acidic functional groups in biochar facilitating retention of NH4
+ (Steiner et al., 2008; 

Clough et al., 2013). Apart from the potential to increase crop yield, the amount of nitrogen 

fertilizer applied to the soil could be reduced with an improved effectiveness of nitrogen 

uptake. However, in some cases, N availability may decrease (Lehmann et al., 2003). The 

above discussion demonstrates that the incorporation of biochar may result in varying 

effects on nitrogen use efficiency, possibly reducing or increasing plant nitrogen uptake or 

showing no noticeable effect. In this study, the effect of biochar on N uptake was not 

observed in both of the EFB and PKS biochar treatments. 
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                       (a)  EFB biochar 

 

 

* denotes significant different at p < 0.05 

 

(b) PKS biochar 

 

 

Figure 4.10: Total nitrogen up taken by plant of EFB and PKS biochar in field study 
 

 

 

Figure 4.11 (a to h) shows the total P, K, Mg and Ca up taken by plant in EFB and 

PKS biochar experimental study, respectively. Statistically, total P, K, Mg and Ca were 

insignificant from the 8th to 11th month in the EFB biochar treated and untreated seedlings 

Those nutrients may have been adsorbed on the macropores and micropores of EFB 

biochar and they have yet to be released for plant uptake. However, the effect of EFB 

biochar on nutrients uptake (P, Mg and Ca) was observed when the seedlings were at the 

13th, 14th and 15th month. 

The total P in the seedlings of T3 was significantly higher compared to those in T2 

and T1 at the 13th and 14th month (Figure 4.11a).  The biochar is enriched with P, which 

contributes to a higher concentration of extractable P (Kwabiah et al., 2003) that could 

serve as a short-term P supply for plants. According to studies, biochar is a potential source 

of P for crops, (Lehmann et al., 2003; Asai et al., 2009) promoting root growth. Nelson and 

Sommers (1982) reported that the increase application of biochar can increase the available 

P. Similarly, Cao and Harris (2010) verified that the addition of biochar can alter P 

availability in soil. The presence of charged functional groups on the surface of biochar 
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further enhance P retention, increase microbial activities and improve soil quality. The 

improvement of root growth in biochar treated plants are associated with increased P 

uptake (Spokas et al. 2010). Peng et al. (2012) and Yao et al. (2013) suggested that biochar 

is a potential P source and some biochar can retain P. Lehmann et al. (2003) also observed 

an increase in P concentration in plants with increasing biochar application. The 

mechanisms of P uptake upon biochar addition was reviewed by Atkinson et al. (2010). It 

acts as a source of soluble and exchangeable P, preventing P precipitation by modifying 

soil pH (bonding or sorbing elements that precipitate P). However, Chintala at al. (2014) 

and Zhang et al. (2016a) revealed that the ability of biochar to increase P retention in soils 

may vary depending on the concentration of P in soil solution. The effect of biochar on P 

retention in soil is scanty (Zhang et al. 2016b) and requires continuous investigation.  

Even though total K in the seedlings of T3 was apparently higher at the 13th, 14th 

and 15th month compared to those in T2 and T1, the K uptake in seedlings treated with and 

without EFB biochar was insignificant statistically (Figure 4.11c). According to the K 

availability to plants, soil potassium is ascribed to four different pools such as soil solution, 

exchangeable K, fixed K and lattice K (Syers, 1998). As plant can only adopt K+ from 

solution, its availability is dependent on the nutrient dynamics as well as on the total K 

content. The exchange of potassium in different pools in soil is strongly dependent on the 

concentration of other macronutrients in the soil solution such as nitrate (Yanai et al., 

1996). The release of exchangeable K is often slower than the rate of K+ acquisition by 

plants (Sparks & Huang, 1985), and as a result, the K+ content in some soils is very low 

(Pretty & Stangel, 1985; Johnston, 2005). Plant potassium status may further deteriorate in 

the presence of high levels of Na+ and NH4
+ that interfere with potassium uptake (Spalding 

et al., 1999; Qi & Spalding, 2004; Rus et al., 2004). K+ uptake can be suppressed or 
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influenced by the amount of NH4
+ available (Norman & William, 2008). The antagonism 

effect between Na+, NH4
+ and K+ may facilitate the competition between the nutrients for 

plant uptake, and as a result, the K uptake in the biochar treated and untreated seedlings has 

no significant effect. Furthermore, the antagonism effect between Mg and K could possibly 

happen in soils containing various concentrations of Mg and K. According to Mehmet et 

al. (2015), in the situation of a higher Mg concentration in soil solution, K uptake is not 

disturbed generally. Naturally, the amount of K in the soil solution is much lower than Mg 

concentration; therefore, plants have developed specific K-transport systems in the root 

cells to ensure sufficient K uptake when its concentration in the soil solution is critically 

low (Horie et al. 2011). These specific K transporters would not be blocked by other 

nutrients. Conversely, the Mg transporters are non-specific and can be passed by other 

cations such as K. Therefore, when K concentration in the soil–root interface is high, plant 

ability to take up sufficient Mg is limited. Seggewiss and Jungk (1988) and Wilkinson et 

al. (1990) revealed that Mg uptake at the root surface was inhibited by K concentrations > 

20 mmol L–1. Furthermore, ratios of Mg accumulated in shoots to the whole plant Mg 

content were reported to be negatively correlated with plant K concentrations in roots 

(Huang et al., 1990). This suggests that excessive K concentration in roots may depress the 

rate of net Mg translocation from roots to shoots. However, further studies are required to 

confirm this hypothesis.  

Simultaneously, Mg and Ca up taken by the seedlings of T3 were significantly 

higher compared to those in T2 and T1 at the 13th and 14th month (Figure 4.11e and g). 

This could be correlated with the increase of CEC in the soil of T3. This supports the 

findings that biochar has the potential to increase the soil CEC (Liang et al., 2006) and 

subsequently improve the plant nutrients uptake (Lehmann et al., 2003).  
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The application of EFB biochar may have contributed to the increase of microbial 

activity, leading to high nutrient uptake in biochar treated soils. Pietikainen et al. (2000) 

suggested that biochar could be a favourable habitat for soil microorganism involving N, P 

or S transformation. Moreover, biochar may have the capacity to support the presence of 

adsorbed bacteria, which will influence soil processes (Pietikainen et al., 2000). 
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Treatment with EFB biochar 

 

 
(g) Ca 

Treatment with PKS biochar 

 

 
(h) Ca 

 

 

* denotes significant different at p < 0.05 

Figure 4.11: Total phosphorous, potassium, magnesium and calcium up taken by plant in 

EFB and PKS biochar field study 

 

 

On the other hand, PKS biochar showed insignificant effect on the plant nutrients 

uptake for P, Mg and Ca (Figure 4.11b, d, f and h). This could be attributed to its coarse 

and hard texture which is low in adsorption capacity, resulting in poor soil nutrient 

retention. However, K uptake in the seedlings of PKS biochar treated soils (T3 and T2) 

have demonstrated significant effect at the 13th month (Figure 4.11d). The increase in K 

uptake of the biochar amended soil could be attributed to the charged functional groups of 

biochar may have been retaining some of the soil available K for plant uptake. This result 

corresponded with Lehmann et al. (2003), as the study reported an increase in K upon 

charcoal application. The increase of K availability was also observed by Kraska et al. 

(2016) after the incorporation of wheat straw derived biochar. Positive effect of biochar 

application on the accumulation of K and P was observed after longer exposure. Chan et al. 

(2007) also stated an increase uptake of P and K by plants in some of the studies, which 

signifies high concentration of these nutrients in biochar and their availability for plant 
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uptake.  In addition, Lehmann and Rondon (2006) and Uzoma et al. (2011) also reported 

an increase nutrient uptake in the tropical environment.  

 

4.3.2 Micronutrients Uptake 

Micronutrients such as boron (B), Zinc (Zn), Copper (Cu) can be essential for plant 

growth (Alloway, 2008). Biochar is a potential amendment for metal retention. The 

mechanism is ascribed to cation exchange capacity, acid neutralization and high specific 

surface area of biochar (Asai et al., 2009; Beesley et al. 2010). Over the experimental 

period, EFB and PKS biochar demonstrated insignificant effect (P > 0.05) on plant Zn and 

Cu uptake (Figure 4.12a, b, c and d). In the literatures, the addition of biochar was found to 

reduce the availability of Zn in mine-contaminated soil planted with Jack bean (Canavalia 

ensiformis) and Mucuna aterrima (Puga et al., 2015). Likewise, Jayawardhana et al. (2016) 

reported a marginal decrease of exchangeable Zn (from 13 to 10 mg/kg) with increasing 

biochar application, indicating high Zn sorption capacity. Meanwhile, a reduction of Cu 

uptake by corn silage after biochar application was observed by Lenzt and Ippolito (2012). 

Similarly, Park et al. (2011) reported a decrease of Cu availability after biosolid 

amendments, indicating the formation of inorganic metal complexation leading to the 

immobilization of available Cu. Some researchers reported that the concentration of Cu 

was not influenced significantly by the application of pecan shell biochar (Novak et al. 

2009).  

Conversely, treatment with EFB and PKS biochar showed significant effect on the 

uptake of B on 15th month (Figure 4.12e) and 11th month (Figure 4.12f), respectively. This 

suggests an increase in B availability upon biochar treatment that renders enhanced uptake 

of B. This result contradicts the findings of Kloss et al. (2012) where B and Zn contents in 
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wheat plant was found to decrease after the biochar addition; this is explained by the high 

adsorption capacity of biochar and enhanced soil pH that leads to precipitation of Zn, 

reducing availability of B. The low uptake of micronutrients after the incorporation of 

biochar suggests low risk of metal accumulation in plants (Gunarathne et al., 2017). 

             Treatment with EFB biochar 

 

 

         Treatment with PKS biochar 
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(c) Cu 

 

(d) Cu 
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* denotes significant different at p < 0.05 

 

Figure 4.12: Total Zn, Cu and B up taken by plant of the EFB and PKS biochar field study 

 



 

 

84 

 

4.3.3 Destination of 15N in Plant Partitions after the Application of Labelled Urea 

Figure 4.13 shows the 15N up taken by seedlings in the PKS biochar treated and 

untreated soil against different plant partitions. The unit of 15N is ẟ15N (delta 15N) and it is 

expressed in part per thousand (‰). The ẟ15N valued ranged between 1072.88 and 

2164.32 for different plant partitions. Statistically, there was insignificant result in the ẟ15N 

uptake among biochar treated and untreated seedlings. However, the amount of ẟ15N up 

taken by the seedlings in T3 was higher compared to those in T2 and T1 whereas the 

uptake of ẟ15N in T2 and T1 were similar. Meanwhile, the ẟ15N that remained in the soil of 

T3 was the least compared to T2 and T1, suggesting that more 15N have been taken up by 

T3 than T2 and T1. The distribution of ẟ15N in different parts of the oil palm seedlings a 

week after the application of labelled urea showed that the highest enrichment was found in 

the stem and root for the treated and untreated soil and that the enrichment was higher in 

T3 followed by T1 and T2. This could be attributed to the 3% of PKS biochar treatment, 

which may have been able to retain more 15N for plant uptake compared to those in T1 (0% 

PKS biochar) and T2 (1.5% PKS biochar). 

 

 

Figure 4.13: ẟ15N in the plant partitions against treatment in the PKS biochar treated 

seedlings 
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4.3.4 Nitrogen Derived from Fertilizer (NdFF) 

Table 4.11 summarizes the leaves, stems and roots dry matter production of oil 

palm seedlings grown in the PKS biochar treated and untreated soil. Their corresponding 

total N yield is tabulated in Table 4.12 where no significant difference was found in the 

seedlings of T1, T2 and T3. 

 

Table 4.11: Dry matter yield (% of total dry matter) and its distribution in plant parts of 

the 9th month old seedling 

Treatment 
Dry matter yield (g part-1) Total dry matter yield       

(g plant-1) Leaves Stems Roots 

T1 23.80±3.36a 19.74±1.58a 13.51±3.26a 57.05±6.52a 

T2 20.39±3.38a 14.08±3.66a 10.62±2.96a 45.09±9.67a 

T3 21.03±2.06a 16.71±2.87a 10.88±3.34a 48.63±4.43a 

The values represent the mean (± standard deviation) of data obtained in the experiment 

(n=3). The means in the same row followed by the same letters are not significantly 

different at p > 0.05 based on the LSD Test. (T1: 0% biochar; T2: 1.5% biochar and T3: 

3% biochar) 

 

 

Table 4.12: Total N yield (g plant-1) against PKS biochar treated and untreated of 9th 

month old seedling 

Treatment 
N (%) N yield (g part-1) Total N yield              

(g plant-1) Leaves Stems Roots Leaves Stems Roots 

T1 2.52 0.88 0.92 0.60±0.05a 0.17±0.02a 0.12±0.02a 0.8943±0.08a 

T2 2.81 1.23 1.15 0.57±0.09a 0.17±0.03a 0.12±0.02a 0.8628±0.14a 

T3 2.42 0.92 1.00 0.51±0.02a 0.15±0.01a 0.11±0.04a 0.7675±0.03a 

The values represent the mean (± standard deviation) of data obtained in the experiment 

(n=3). The means in the same row followed by the same letters are not significantly 

different at p > 0.05 based on the LSD Test. (T1: 0% biochar; T2: 1.5% biochar and T3: 

3% biochar) 
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Table 4.12 shows the N yield derived from labelled fertilizer of the 9th month old 

oil palm seedlings; no significantly difference (p > 0.05) was found across the treatments. 

The other parameters, namely total %Ndff and N yield derived from 15N fertilizer of the 

treated and untreated seedlings were also not significantly different (p > 0.05). Generally, 

there was no difference in the N uptake for the PKS biochar treated and untreated soil. 

Meanwhile, the 15N labelling technique has given an insight into the nitrogen use 

efficiency (NUE) of the seedlings, whereby T1, T2 and T3 achieved 8.53%, 7.95% and 

8.54% respectively. The seedlings of T3 contained 58.05% of 15N within the plants as 

compared to the total N of the plant, followed by T1 and T2 which contained 49.78% and 

48.12% of 15N in the total N of plants respectively, which suggests that the 3% PKS 

biochar treated seedlings (T3) has taken up the highest 15N labelled urea compared to those 

1.5% PKS biochar (T2) and untreated seedling (T1).  

This result is corroborated by the findings of Zaharah et al (2012), which stated that 

genotype A achieved the highest NUE at 6.12% and genotype F at 3.27%, while the others 

genotypes used less than 2% of the labelled fertilizer. The authors reported that genotype A 

contained 10.48% of 15N within the plants as compared to the total N of the plant, followed 

by genotype F which contained 7.62% of 15N in total N of the plants. 
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Table 4.13: The effect of PKS biochar on total %N derived from fertilizer (%Ndff) and N 

yield derived from 15N 

Treatment 
Total atom% 15N in 

plant 
Total %NdFF 

N yield derived from 15N fertilizer  

(g palnt-1) 

T1 2.7711±0.17a 49.5849±5.00a 0.4452±0.08a 

T2 2.7342±0.25a 48.4829±7.45a 0.4152±0.08a 

T3 3.0500±0.21a 57.9098±6.13a 0.4455 ±0.06a 

The values represent the mean (± standard deviation) of data obtained in the experiment 

(n=3). The means in the same row followed by the same letters are not significantly 

different at p > 0.05 based on the LSD Test. (T1: 0% biochar; T2: 1.5% biochar and T3: 

3% biochar) 

 

 

It can be summarized that EFB biochar have demonstrated positive effects on the 

plant growth, biomass, soil chemical properties (CEC, available P, total P, exchangeable 

Ca and Mg) and plant nutrient uptake (P, Mg, Ca and B) whereas these positive effects 

were not seen in the PKS biochar field study.  For the 15N tracing experiment, there was no 

significant difference in the total dry matter, total N and N yield derived from 15N fertilizer 

in the 9th month old PKS biochar treated and untreated seedlings. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 

5.1.1 Conclusion  

 The EFB and PKS biochar used in this study are anticipated to be produced under 

low pyrolysis temperature as both of them are neutral and acidic and there is not much 

difference in their conductivity value. Nevertheless, the EFB biochar is better in CEC, 

exchangeable cations, nutrient contents and morphology than the PKS biochar generally. 

In this study, a significant increase in pH and EC are not observed in the EFB and 

PKS biochar treated soil because of their neural and acidic natures do not have liming 

effect to increase the soil pH. However, the seedlings treated with the EFB biochar has 

evidently demonstrated improved plant growth, biomass, soil nutrients retention and plant 

nutrients uptake, corresponding to the dosage of biochar. The stimulatory effect of EFB 

biochar on plant is primarily determined by its high surface area, porous nature and cation 

exchange properties that have significantly increased the soil CEC and nutrient holding 

capacity. 

Conversely, these positive effects are not observed in the PKS biochar treated 

seedlings over the experimental period. There is also no significant difference in the 

nitrogen use efficiency in the 15N tracing experiment of the 9th month old seedlings treated 

with and without PKS biochar. Compared to EFB biochar, PKS biochar is coarser with a 

larger and harder texture. The incorporation of PKS biochar into the loamy sand soil has 

increased the porosity of soil. High soil porosity with high infiltration have increased the 

nutrient leaching rate, limiting available nutrients for plant use. Moreover, PKS biochar 

has a relatively low adsorption capacity, poor water retention ability and weak nutrient 
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retention capacity, thus it could not increase the soil CEC and retain the soil nutrient 

efficiently.  

In conclusion, EFB biochar is more suitable to be used for soil amendment 

compared to PKS biochar in oil palm plantations as it can retain more soil nutrients and 

hence increasing nutrients use efficiency.  

 

5.1.2  Recommendations 

PKS biochar does not demonstrate any significant positive effect on plant growth 

and nutrients use efficiency of the oil palm seedlings, likely associated with its coarse and 

less porous structure. Hence, its effectiveness as a soil amendment is negligible. On the 

other hand, high pyrolysis alkaline EFB biochar is recommended to be used in the 

experimental study to investigate its effects and the 15N-pulse-chase experiment is 

recommended to be performed in the EFB biochar. Meanwhile, a long-term field study on 

the effect of EFB biochar on plant nutrient uptake and acidic soil chemical properties are 

necessary to confirm the findings.  
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