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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 

the requirements for the degree of Master of Science 

 

CO-APPLICATION OF BIOCHAR AND UREA TO IMPROVE NUTRIENTS 

USE EFFICIENCY AND DRY MATTER YIELD OF Oryza sativa L. IN 

TROPICAL ACID SOIL 

 

By 

 

ALI MARU  

 

June 2015 

 

Chairman : Assoc. Prof.  Ahmed Osumanu Haruna, PhD 

Faculty  : Agriculture and Food Sciences 

 

Excessive use of nitrogen (N) fertilizer in sustaining high rice yields due N dynamics in 

tropical acid soils has necessitated the exploitation of nutrients addition and retention 

properties of organic amendment such as chicken litter biochar to increase lowland rice 

yield and to also reduce N fertilization by improving soil nutrients availability and plant 

nutrients use efficiency. Biochar (5 t ha-1) and different rates of urea (100%, 75%, 50%, 

25% and 0%) only were evaluated in pot and field trials. Selected soil and rice plants 

physicochemical properties were analyzed using standard procedures. Dielectric 

response of the soil samples at 20, 40, 55, and 75 days after transplanting of rice plants 

were determined using an inductance-capacitance-resistance meter HIOKI 3522-50 LCR 

HiTESTER. 

 

Soil nutrients availability, plants nutrients uptake, nutrients use efficiency, crop recovery 

and agronomic efficiency of applied N, and dry matter yield in the pot and field trials 

were significantly increased due to co-application of urea with biochar. This was 

confirmed by the magnitude, shape, and pattern of spectral response of dielectric 

conductivity and permitivity. Biochar and N rates stimulated the availability of other 

nutrients especially available P and K. Grain yield of co-application of biochar with 75% 

urea of the first and second cycles (7.56 t ha-1 and 9.06 t ha-1) were 44.31% and 44.37%, 

respectively, higher than that of recommended fertilization (4.21 t ha-1 and 5.04 t ha-1). 

However, the grain yield of co-application of biochar with 100% urea and co-application 

of biochar with 75% urea in the field trials were not significantly different although co-

application of biochar with 100% urea had 25% more N fertilization than that of co-

application of biochar with 75% urea indicating that, biochar can be used to improve 

grain yield and as well as reducing N fertilization in rice cultivation on tropical acid soils. 

Yield of co-application of biochar with 75% urea was higher due to the differences in 

number of panicles as a result of the effect of biochar on nutrient availability and N use 

efficiency.  

 

Dielectric conductivity and permitivity of soil samples measured before transplanting 

rice plants were higher than that of soil samples measured during the cultivation of the 

rice plants due to low moisture content of the soil samples. Dielectric conductivity of the 

soil samples was dependent on frequency and nutrients concentration in soil solution. 

Permitivity of the soil samples was inversely proportional to frequency but directly 
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proportional to N concentration in soil solution. The conductivity measured at 1000 Hz 

to 100000 Hz correlated positively with rice grain yield suggesting that dielectric 

measurement can be used to estimate rice yield and soil nutrients concentration. This 

study may only be applicable to tropical acid soils and will contribute to improvement in 

nutrients use efficiency as well as reducing usage of chemical fertilizers. The use of 

dielectric technology to measure soil nutrients especially N in rice fields contributes to 

efficient application and utilization of chemical fertilizers, however, further studies are 

required to establish a stronger correlation between conductivity and N concentration in 

rice fields. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 

Sebagai memenuhi keperluan untuk ijazah Master Sains 

 

PENGGUNAAN BERSAMA BIOCHAR DAN UREA UNTUK 

MENINGKATKAN KECEKAPAN PENGGUNAAN NUTRIEN DAN HASIL 

BERAT KERING Oryza sativa L. DI TANAH ASID TROPIKA 

 

Oleh 

 

ALI MARU 

 

Jun 2015 

 

Pengerusi: Prof. Madya. Ahmed Osumanu Haruna, PhD 

Fakulti: Fakulti Sains Pertanian dan Makanan 

 

Penggunaan baja nitrogen (N) yang banyak dalam mengekalkan hasil padi yang tinggi 

disebabkan oleh dinamik N di dalam tanah berasid di kawasan tropika memerlukan 

eksploitasi penambahan dan ciri-ciri pengekalan nutrien penambahbaik organik seperti 

biochar tahi ayam untuk meningkatkan hasil padi tanah pamah dan juga mengurangkan 

pembajaan N dengan meningkatkan ketersediaan nutrien tanah dan kecekapan 

penggunaan nutrien tanaman. Biochar (5 t ha-1) dan kadar urea yang berbeza (100%, 

75%, 50%, 25% dan 0%) sahaja telah dinilai dalam kajian pasu dan lapangan. Sifat-sifat 

terpilih fizikokimia tanah dan tanaman padi telah dianalisis dengan menggunakan kaedah 

piawai. Tindakbalas dielektrik sampel tanah pada hari ke 20, 40 , 55, dan 75 selepas 

pengubahsuaian tanaman padi ditentukan dengan menggunakan meter aruhan - kapasitan 

- rintangan meter HIOKI 3522-50 LCR HiTESTER. 

 

Ketersediaan nutrien tanah, pengambilan nutrien tanaman, kecekapan penggunaan 

nutrien, pemulihan tanaman dan kecekapan agronomi N yang dibekalkan dan hasil berat 

kering dalam kajian pasu dan lapangan telah meningkat secara bererti kerana 

penggunaan bersama urea dengan biochar. Ini telah disahkan oleh magnitud, bentuk, dan 

pola tindakbalas spektra kekonduksian dan ketelusan dielektrik. Kadar Biochar dan N 

telah merangsang kedapatan nutrien lain terutamanya P dan K tersedia. Hasil bijian dari 

penggunaan bersama biochar dengan 75% urea pada kitaran pertama dan kedua (7.56 t 

ha-1 dan 9.06 t ha-1) adalah 44.31% dan 44.37%, masing-masing, lebih tinggi daripada 

pembajaan yang disyorkan (4.21 t ha-1 dan 5.04 t ha-1). Walau bagaimanapun, hasil bijian 

penggunaan bersama biochar dengan urea 100% dan penggunaan bersama biochar 

dengan 75% urea dalam kajian lapangan tidak berbeza secara bererti walaupun 

penggunaan bersama biochar dengan urea 100% mempunyai kelebihan 25% N 

berbanding penggunaan bersama biochar dengan urea 75%. Ini menunjukkan bahawa, 

biochar boleh digunakan untuk meningkatkan hasil padi dan juga mengurangkan 

pembajaan N bagi tanaman padi di kawasan tanah asid tropika. Hasil penggunaan 

bersama biochar dengan 75% urea adalah lebih tinggi disebabkan oleh perbezaan dalam 

jumlah tangkai kesan biochar ke atas ketersediaan nutrien dan kecekapan penggunaan N. 

 

Dielektrik kekonduksian dan ketelusan sampel tanah yang diukur sebelum 

pengubahsuaian tanaman padi adalah lebih tinggi berbanding dengan sampel tanah yang 

diukur semasa penanaman tanaman padi disebabkan oleh kandungan kelembapan yang 
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rendah di dalam sampel tanah. Dielektrik kekonduksian sampel tanah adalah bergantung 

kepada kekerapan dan kepekatan nutrien di dalam larutan tanah. Ketelusan sampel tanah 

adalah berkadar songsang terhadap kekerapan tetapi berkadar lansung dengan kepekatan 

N dalam larutan tanah. Kekonduksian yang diukur pada 1000 Hz hingga 100,000 Hz 

adalah berkorelasi secara positif dengan hasil bijian beras. Ini menunjukkan bahawa 

pengukuran dielektrik boleh digunakan untuk menganggarkan hasil padi dan kepekatan 

nutrien tanah. Kajian ini hanya boleh terpakai bagi tanah asid tropika dan lanya akan 

dapat menyumbang kepada peningkatan kecekapan penggunaan nutrien serta 

mengurangkan penggunaan baja kimia. Penggunaan teknologi dielektrik untuk 

mengukur nutrien tanah terutamanya N di sawah padi menyumbang kepada aplikasi dan 

penggunaan baja kimia yang berkesan walau bagaimanapun, kajian lanjut adalah 

diperlukan untuk mewujudkan hubungan yang lebih kukuh antara kekonduksian dan 

kepekatan N di kawasan sawah padi. 
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1 

 

CHAPTER 1 

 

GENERAL INTRODUCTION 

 

The global rice production is expected to increase in a stabilized manner up to 689.8 

million tonnes in 2015 and 805.4 million tonnes by 2030 (FAO, 2000). Nitrogen 

fertilizers use is expected to increase in a stabilized way up to 21.3 million tonnes in 

2015 and 23.6 million tonnes by 2030 (FAO, 2000), suggesting that N is an important 

nutrient in rice cultivation as it plays an essential role in sustaining high yield of crops 

(Peng et al., 2002; Yang et al., 2010).  Nitrogen is generally applied to soils in large 

quantity (Murshedul et al., 2006; Singh et al., 2007; Kong et al., 2008) due to several N 

dynamics such as high demand of N by high yielding rice cultivars to achieve a desirable 

yield in modern agriculture (Zhu and Chen, 2002), chemical, biochemical, and microbial 

transformations of N in soils (Zhu and Chen, 2002). Furthermore, there is no residual 

effect of N in rice fields (Moll et al., 1982) because some of the N is immobilized by 

microbes into soil organic fraction, some is fixed by clay minerals such as illite, 

vermiculite, and smectite whereas the rest are lost through denitrification, ammonia 

volatilization, and leaching. However, N use can be efficiently managed through the use 

of biochar to improve N and other important nutrients uptake in rice cultivation.   

 

Nutrient uptake by rice plants is not different from monocot crops such as wheat and 

maize but the amount of nutrients uptake varies with rice growth stage. The highest N 

uptake in rice cultivation is at tillering stage, followed by panicle initiation stage, P 

uptake is panicle initiation stage is the highest followed by the maturity stage (Guindo et 

al., 1994; Liu et al., 2007), and K uptake at tillering stage is highest and little is taken up 

at maturity stage (Wopereis-Pura et al., 2002; Zeng et al., 2007; Wang et al., 2011; Wu 

et al. 2011). Nutrients uptake of rice plant differs with the type of rice cultivar, fertilizer 

type, and soil type (Li et al., 2005; Liu et al., 2005; Zhang et al., 2006; Huang et al., 

2008). Highly weathered tropical soils are dominated with low activity of the clay 

minerals (Brady, 2002) which result in low soil fertility due high amount of Fe and Al 

(Brady, 2002). Tropical soils under intensive cultivation cannot maintain fertility due to 

increasing cost of mineral fertilizers, poor quality of soil organic amendments, and low 

availability organic amendments and mineral fertilizers (Shisanya et al., 2009). Biochar 

can be used to improve the physical and chemical properties of tropical soils to boost 

rice yield.  

 

Biochar is pyrolysis biomass under limited or no supply of oxygen (Joseph and Lehmann, 

2009). Biochar has an impact on nutrients addition and nutrients retention in soils. 

Biochar consists mainly of mineral elements such as Ca, Fe, Mg, Na, K, P, Si, and Al 

(Amonette and Joseph, 2009) with minimum amount of N. During pyrolysis, significant 

proportions of biomass N are lost by volatilization (Chan and Xu, 2009). The N 

remaining in the biochar and the fraction of N inside aromatic C structures of biochar 

tends to be poorly available to plants (Chan and Xu, 2009; Gaskin et al., 2010). Biochar 

has low density and high porosity that makes it possible for microorganisms to live in 

the soil. Biochar hold moisture up to three times its own weight (McLaughlin et al., 

2009), thereby preventing nutrient leaching and volatilization. Surface water infiltration 

in biochar-amended soil improved (Asai et al., 2009; Major, 2009; Husk and Major, 

2010). Biochar consists largely of amorphous graphene sheets, which gives rise to large 

amounts of reactive surfaces where a wide variety of organic (both polar and non-polar) 

molecules and inorganic ions are absorbed (Levine, 2009) and made available for plants 

uptake. High pH of biochar reduces soil acidity (Brady and Weil, 2008). An increase in 
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pH provides a wide range of benefits in terms of soil quality, notably by improving the 

chemical availability of plant nutrients, and in some cases it reduces the availability of 

detrimental elements such as Al and Fe (Brady and Weil, 2008). Hence, there is a need 

to improve soil nutrient availability, nutrient uptake and nutrient use efficiency of rice 

cultivation on tropical acid soils using biochar.  

 

However, if biochar can improve soil nutrients availability especially N in rice 

cultivation on tropical acid soils, then there is a need to measure and monitor N 

concentration in soil solution during rice growing period using dielectric measurement 

at low frequency. Fast, easy, and precise knowledge of nutrients concentration in the soil 

solution during rice cultivation especially N will improve N management and N use 

efficiency. The traditional sampling and analysis of N are destructive, time consuming, 

and expensive (Carter and Gregorich, 2007) than dielectric measurement. Recently, new 

technologies in precision agriculture enable application of fertilizers with high precision 

in space and time however, there is dearth of information on in situ measurement of 

nutrients concentrations in soils especially N in lowland rice cultivation. Dielectric 

measurement are mostly used in agriculture to estimate soil moisture content (Andrade-

Sanchez et al., 2004; Robinson et al., 2008) has been adopted by many agronomies to 

predict crop yield. Time domain reflectometry (TDR) techniques are used to estimate 

change in nitrate-nitrogen (NO3-N) concentration in pore water (Das et al., 1999; Payero 

at al., 2006; Krishnapillai and Sri Ranjan, 2009) however, this technique is unsuitable 

for field experiment due to its high cost and inaccurate measurement (Robinson et al., 

2003).  

 

Dielectric measurement are affected by measurement frequency, temperature, ion type, 

and concentrations of the soil solution. Capacitance type probes are used because they 

are sensitive to change in NO3
- concentration in soil solution at a lower frequency 

(Chighladze et al., 2010). Bardos et al. (2005) showed that, several electrolytes at a 

frequency range of 1 kHz to 10 MHz depend on frequency of conductance and response 

of the electrolyte to the concentration and composition of the ion in the soil solution. 

Additionally, the electrical conductivity of soil on permittivity measurement is negligible 

at high frequencies (above 50 MHz) but becomes stronger with decreasing frequency 

measurement (Campbell, 1990; Kizito et al., 2008), making capacitance-type sensors 

insensitive to soil salinity (Campbell, 1990; Kizito et al., 2008). This suggests that, there 

is a potential to measure ionic concentration of soil solution at lower frequency range by 

analyzing the patterns of the spectral data however, little work has been done in 

estimating ionic concentration of soil water and to date, no work has been done in 

estimating ionic concentration of soil water in rice field using a parallel plate capacitor 

at low frequency.  

 

This study was based on the assumptions that, the chicken litter biochar used in this 

present study will provide all essential nutrients recommended for rice production except 

N (due to the properties of biochar) and it will also release and enhance efficient use of 

N, P, and K in the soil for rice plants growth and developments. Therefore, the specific 

objectives of this study were as follows to:  

1. Increase rice yield by enhancing urea-N efficiency through the use of biochar. 

2. Reduce N fertilizer application rate by improving nutrients use efficiency of rice 

plants. 

3. Determine soil nutrients conductivity and permitivity at 20, 40, 55, and 75 days after 

transplanting using dielectric measurement at low frequency (0.01 Hz to 100 kHz) 

and correlate conductivity with grain yield at maturity.  
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