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Soluble inorganic Phosphorus (P) in soils readily reacts with Aluminium and Iron 

because P predominate in soil solution, depending on soil pH, and remains immobile 

due to its fixation with hydrous and oxides.  Biochar which bear functional groups 

with negative charges, have reported to improve acid soils with biochar or a mixture 

of biochar increased total P, available P, inorganic P fractions, to improve soil porosity 

and surface area. However, there is lack of information on the optimum use of biochar 

and P fertilizers to reduce P fixation especially for Egypt Rock Phosphate (ERP). The 

objectives of this study were to: (i) determine the optimum amount of P and biochar 

that could reduce phosphorus fixation and (ii) improve dry matter production of Zea 

mays L. by reduction of phosphorus fixation using biochar. Different rates of chicken 

litter biochar (75%, 50%, and 25%) and ERP (75%, 50%, and 25%) were evaluated in 

incubation study (for 30, 60, and 90 days) and pot studies. Soil samples were analysed 

on selected soil physico-chemical properties, nutrient uptake, and growth variable 

properties before and after leaching, incubation, and pot studies using standard 

procedures. Incubation study results showed that total P, pH, K, and Mg of leachates 

with 75% biochar were significantly higher due to the liming effect of the chicken 

litter biochar. The pH, total C and P, exchangeable P, water soluble P, after 30 days 

of leaching were significantly higher than that of the existing fertilization 

recommendation. The use of 75% biochar of 10 t ha-1 with 50% and 25% ERP showed 

significant retention and nutrients availability because of reduction of Al and Fe 

hydrolysis. Soil pH, total P, available P, and water soluble P increased in the 

treatments with 75% biochar for incubation study. Total acidity, exchangeable Al3+, 

and H+ were significantly reduced by the chicken litter biochar. The use of 75% of 10 

t ha-1 biochar with 25% ERP of the existing recommendation enhance phosphate 

release from ERP amended by minimizing soil Al and Fe hydrolysis. The results in 

the pot study suggest the use of 75% biochar of 10 t ha-1 with 25% ERP increased soil 

P availability, P uptake and dry matter yield of Zea mays L. Maize productivity can 
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be improved by using chicken litter biochar with 25% reduction of ERP. Generally, 

improving phosphorus use efficiency and yield of Zea mays L. cultivation on an acid 

soil using chicken litter biochar reduced chicken litter biochar and P fertilizer 

application rate, improved P availability, P uptake, and increase yield of Zea mays L. 

This study may only be applicable to tropical acid soils and it will as well contribute 

to the optimum utilization of P fertilizers and chicken litter biochar on tropical acid 

soil to improve Zea mays L. production. Further studies especially field trials are 

essential for consolidation of the research findings which reported in the thesis. 
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Fosforus (P) bukan organik dalam tanah mudah bereaksi dengan Al dan Fe kerana P 

bukan organik berlarut dan diikat oleh aluminium (Al) dan Ferum (Fe). Ini bergantung 

kepada kepada pH tanah, dan tetap tidak bergerak kerana diikat oleh hidrous dan 

oksida. Biochar yang mengandungi kumpulan berfungsi dengan cas negatif dilaporkan 

dapat meningkatkan tanah asid di mana biochar atau campuran biochar meningkat 

jumlah P, P tersedia, pecahan P organik dan untuk meningkatkan keliangan dan 

kawasan permukaan tanah. Walau bagaimanapun, terdapat maklumat yang terhad 

berkenaan penggunaan optimum biochar dan baja P untuk mengurangkan penetapan 

P terutama untuk baja Egypt Rock Phosphate (ERP). Objektif kajian ini adalah untuk: 

(i) menentukan jumlah optimum P dan biochar yang boleh mengurangkan penetapan 

fosforus dan (ii) meningkatkan pengeluaran bahan kering Zea mays L. melalui 

pengurangan penetapan fosforus menggunakan biochar. Kadar berbeza biochar tahi 

ayam (75%, 50%, dan 25%) dan ERP (75%, 50%, dan 25%) dinilai dalam kajian 

inkubasi (30, 60, dan 90 hari) dan kajian pasu. Sampel tanah dianalisis untuk sifat-

sifat kimia-fizikal tanah yang dipilih, pengambilan nutrien, dan sifat-sifat pemboleh 

ubah pertumbuhan sebelum dan selepas kajian larut lesap, kajian inkubasi, dan kajian 

pasu menggunakan prosedur piawai. Hasil kajian inkubasi menunjukkan bahawa 

jumlah keseluruhan P, pH, K, dan Mg yang larut dengan biochar 75% lebih tinggi 

disebabkan oleh kesan pengapuran biochar tahi ayam. Nilai pH, jumlah C dan P, 

kebolehtukaran P, kebolehlarutan P, selepas 30 hari larut lesap  lebih tinggi daripada 

pembajaan biasa. Penggunaan biochar 75% daripada 10 t ha-1 dengan 50% dan 25% 

ERP menunjukkan ketersediaan ketahanan dan nutrien yang signifikan kerana 

pengurangan hidrolisis Al dan Fe. Nilai pH tanah, jumlah P, ketersediaan P, dan 

kebolehlarutan P meningkat dalam bahan pindaan dengan biochar 75% dalam kajian 

inkubasi. Keasidan tanah, kebolehtukaran Al3+, dan H+ dikurangkan dengan ketara 

oleh biochar tahi ayam. Penggunaan 75% daripada 10 t ha-1 biochar dengan 25% ERP 
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dengan cadangan yang sedia ada merangsang pelepasan P dari ERP yang dipinda 

dengan meminimumkan hidrolisis Al dan Fe dalam tanah. Keputusan kajian pasu 

menunjukkan penggunaan biochar 75% daripada 10 t ha-1 dengan 25% ERP 

meningkat ketersediaan P tanah, pengambilan P dan hasil bahan kering Zea mays L. 

Produktiviti jagung dapat ditingkatkan dengan menggunakan biochar tahi ayam 

dengan 25 % pengurangan penggunaan baja ERP. Secara amnya, peningkatan fosforus 

menggunakan kecekapan dan hasil penanaman Zea mays L.  pada tanah asid 

menggunakan biochar tahi ayam telah mengurangkan biochar tahi ayam dan kadar 

penggunaan baja P, peningkatan ketersediaan P, peningkatan pengambilan P dan 

peningkatan hasil Zea mays L. Kajian ini boleh digunakan untuk tanah asid tropika 

dan ia juga akan menyumbang kepada pemanfaatan optimum baja P dan biochar tahi 

ayam pada tanah asid tropika untuk meningkatkan pengeluaran Zea mays L. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background and Problem Statement 

Phosphorus (P) is an essential macronutrient for plant growth. The optimum 

phosphorus available for uptake in crops occurs at soil pH range from 6 to 7. Although 

when P is supplied as soluble fertilizer, availability of P is low in a solution of most 

soils due to P fixation by positively charged minerals in soils (Ayaga et al., 2006). 

Phosphorus plays a vital role in plant nutrition (Stribley et al., 1980) but readily 

available P is limited in agriculture (Vassilev et al., 2006). Moreover, a soluble source 

of P following application of chemical and organic fertilizers to soils are fixed by Al 

and Fe ions to form highly insoluble compounds (Brady and Weil, 2008). Phosphorus 

fixation is the reduction of solubility in P uptake by crops. The soils in the tropics are 

mostly acidic, which due to excessive weathering and high precipitation, resulting in 

basic cations loses (Ch’ng et al., 2016). Soluble inorganic P in soils can readily react 

with Al and Fe because P predominate in soil solution, depending on soil pH, and 

remains immobile due to the fixation with hydrous and oxides of Fe and Al ions 

(Ch’ng et al., 2016; Ch’ng et al., 2015; Adnan et al., 2003). As an example, 

orthophosphates (H2PO4
2- and HPO4

2-) react with Al3+ and Fe2+ to form precipitate 

and this reaction reduces diffusion of P into roots (Adnan et al., 2003).  

Liming, as well as standard usage of P fertilizers, are the typical practices that had 

been utilized to alleviate P fixation in acid soils. To retain a sufficient plant-available 

P supply, liming is applied to decrease the solubility of Al and Fe ions. Likewise, 

unnecessary use of P fertilizers causes eutrophication (Brady and Weil, 2008). Some 

studies have shown that application of regular inorganic fertilizer, for example, 

phosphate and triple superphosphate, is not economical as well as environmentally 

friendly (Asap et al., 2018; Rahman et al., 2014). It is well-known that the 

uncontrolled application of P fertilizers can lead to water pollution, eutrophication 

(Ch’ng et al., 2016).  

The mitigation of P fixation in tropical acid soils involved the application of organic 

amendments which can decrease P sorption sites (Ch’ng et al., 2016; Ohno and 

Amirbahma, 2010; Ohno et al., 2007). Biochar is alkaline in nature thus, it could 

increase soil pH (Ch’ng et al., 2016) for optimum crop productivity. Biochar, a carbon 

material created as a soil improver for agricultural and environmental management 

(Ch’ng et al., 2014; Alvum-Toll et al., 2011). Addition of biochar improves soil 

surface area and porosity. Besides, these materials tolerate negatively charged groups 

that can absorb Al and Fe ions, thus decreasing the P fixation in soil (Qayyum et al., 

2015). According to Ch’ng et al. (2014), improving acid soils with biochar as well as 

mixtures of biochar able to increase total P, available P, inorganic P fractions, and 

organic P. This was because organic amendments have the tendency not only 

increasing soil pH, but also decreasing acidity by reducing exchangeable Al ion as 

well as exchangeable Fe ion (Ch’ng et al., 2014).  
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Application of combination biochar and Christmas Island Rock Phosphate (CIRP) 

successfully fixed Al and Fe ions. Therefore, available P will be more available for 

plants in extended period in comparison to applying CIRP without organic 

amendments (Ch’ng et al., 2016a). Organic amendments increased N, K, Ca and Mg 

availability in soils, and they as well enhanced nutrients uptake and production of dry 

matter of Zea mays (Ch’ng et al., 2016b). Usage of biochar, as well as compost, can 

minimize usage of phosphate fertilizers and lime (Ch’ng et al., 2016c). Biochar 

application can possibly tackle climate change through carbon sequestration (Liu et 

al., 2014; Lehmann, 2007), soil physicochemical and biological properties (Xu et al., 

2014; Sohi et al., 2010; Glaser et al., 2002). Previous studies had been done for P 

using organic matter for sorption and fixation (Ohno and Amirbahma, 2010; Ohno et 

al., 2007). However, information on the optimum usage of biochar and P fertilizer to 

reduce P fixation is lacking (Ch’ng et al., 2014). This is especially for Egypt Rock 

Phosphate (ERP) which currently one of the popular P fertilizers being used in 

agriculture (Ch’ng et al., 2016c). It was hypothesized that lower than recommended 

biochar rates and Egypt Rock Phosphate (ERP) on tropical acid soil will have a similar 

effect on improving P availability on crop productivity, compare to recommended 

rates. This study will try to explore the optimum amount of biochar that could reduce 

phosphorus fixation and improve crop yield be determined. 

1.2 Objectives 

Objectives of this study were to: 

1.  Determine optimum amount of biochar reduce phosphorus fixation. 

2.  Improve dry matter production of Zea mays L. by reduction phosphorus 

fixation using biochar. 
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