
 

 
 
 

UNIVERSITI PUTRA MALAYSIA 
 

IMPROVING RICE YIELD (Oryza sativa L.) AND SELECTED SOIL 
PHYSICOCHEMICAL PROPERTIES USING ORGANIC AMENDMENTS 

UNDER WATER-SAVING IRRIGATION 
 

 
 
 
 
 
 
 
 
 

AHMAD NUMERY ASHFAQUL HAQUE 
 
 
 
 
 
 
 
 
 
 
 

  FP 2022 32 



© C
OPYRIG

HT U
PM

i 

IMPROVING RICE YIELD (Oryza sativa L.) AND SELECTED SOIL 
PHYSICOCHEMICAL PROPERTIES USING ORGANIC AMENDMENTS 

UNDER WATER-SAVING IRRIGATION

By 

AHMAD NUMERY ASHFAQUL HAQUE 

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia, 
in Fulfilment of the Requirements for the Degree of Doctor of Philosophy  

April 2022 



© C
OPYRIG

HT U
PM

iii 

COPYRIGHT 

All material contained within the thesis, including without limitation text, logos, icons, 
photographs, and all other artwork, is copyright material of Universiti Putra 
Malaysia unless otherwise stated. Use may be made of any material contained within 
the thesis for non-commercial purposes from the copyright holder. Commercial use 
of material may only be made with the express, prior, written permission of 
Universiti Putra Malaysia. 

Copyright © Universiti Putra Malaysia 



© C
OPYRIG

HT U
PM

 
iv 

DEDICATION  
 
 

To my beloved mother and father for their inestimable sacrifices and support entirely 
my life 

 
and 

 
To my beloved wife for her love, encouragement and my son for his sacrifices 

 
and 

 
To my lovely sibling 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



© C
OPYRIG

HT U
PM

i

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 
the requirement for the degree of Doctor of Philosophy

IMPROVING RICE YIELD (Oryza sativa L.) AND SELECTED SOIL 
PHYSICOCHEMICAL PROPERTIES USING ORGANIC AMENDMENTS 

UNDER WATER-SAVING IRRIGATION

By

AHMAD NUMERY ASHFAQUL HAQUE

April 2022

Chairman
Faculty

: Associate Professor Md Kamal Uddin, PhD 
: Agriculture

Rice provides calories to more than half of the world's population, but consumes 
excessive water compared to other staple crops. To minimize this excess water usage 
alternate wetting and drying (AWD) irrigation practices are considered an efficient 
technique in which soil is intermittently irrigated. The addition of suitable organic 
amendments could help to retain soil moisture and improve physicochemical 
properties. In this context, four experiments were conducted to evaluate the effect of 
organic amendments on soil physicochemical properties for improved rice yield under 
water-saving irrigation. At first, an incubation study was conducted to evaluate the 
incorporation of five selected organic amendments—as follows: rice husk biochar 
(RHB), oil palm empty fruit bunch biochar (EFBB), compost, rice husk ash (RHA), 
and oil palm bunch ash (PBA), with a control (no amendment) on soil moisture storage 
and some chemical properties of soil. The soil was incubated with five amendments for 
60 days and sampled at 15-day intervals. After completion of the incubation, RHB 
(0.46 g g-1) and EFBB (0.45 g g-1) exhibited greater gravimetric water content 
compared to the control (0.16 g g-1). PBA treatment produced maximum soil pH (6.95) 
compared to its initial value (5.01). EFBB finally contributed to the highest total 
carbon (7.82%) and nitrogen (0.44%). PBA showed the highest available phosphorus 
(P) and exchangeable potassium (K). The second study investigated the effect of
water-saving irrigation with biochar and compost on the growth, yield, water
productivity of rice and physicochemical properties of soil. A glasshouse experiment
was executed with two irrigation regimes namely AWD and continuous flooding (CF)
and four treatments including three types of organic amendments namely RHB, EFBB,
and compost applied at 4% (weight/weight), and recommended fertilizer dose (RFD).
Under the AWD irrigation regimes, maximum grain was produced by RHB (241.12 g)
and the lowest in the RFD (210.15 g), whereas under the same organic amendments
both AWD and CF produced similar grain yields. RHB and EFBB with AWD
irrigation showed better water productivity (WP) (6.30 g L-1 and 5.80 g L-1,
respectively) over control treatment under CF (3.94 g L-1). Within the same irrigation
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soil pH, cation exchange capacity, total carbon (C), and nitrogen (N) are enhanced by 
biochar and compost incorporation. RHB and EFBB significantly reduced soil bulk 
density up to 0.88 g cm-3 from 1.12 g cm-3 and enhanced porosity up to 58.7% 
compared to RFD in CF irrigation. The next study was conducted to investigate the 
effect of biochars on rice yield, fertilizer N use efficiency, and recovery under water-
saving irrigation by a 15N isotopic tracer. Two types of irrigation AWD and CF, and 
four types of biochar treatments such as RHB with 15N urea, EFBB with 15N urea, 15N 
urea alone, and control, were applied. About 4% reduced grain yield (193.89 g pot-1) 
was achieved by the AWD regime over the CF (202.57 g pot-1, whereas RHB and 
EFBB with 15N urea significantly increased rice yield (up to 8.8%) compared to 15N 
urea alone. RHB and EFBB with 15N urea enhanced the fertilizer N recovery from 15N 
urea (0.59 g g-1 and 0.61 g g-1, respectively), over 15N urea alone (0.49 g g-1). 
Agronomic use efficiency and partial factor productivity of N were accelerated by 
RHB (32.77 g g−1 and 73.14 g g−1, respectively) and EFBB (33.77 g g−1 and 74.14 g 
g−1, respectively). The last experiment was conducted to assess the effect of biochar 
combined with fertilizer on physiological response, water productivity and nutrient use 
efficiency (NUE) of rice, and changes in biochemical properties of soil under AWD 
irrigation. Two types of irrigation practices such as AWD and CF and four types of 
fertilizer combinations namely T1: 25% RHB+75% of recommended fertilizer dose 
(RFD), T2: 25% EFBB+75% of RFD, T3: 100% RFD, and T0: 0% biochar and 
fertilizer were assigned. The AWD irrigation produced a sharply reduced grain yield 
(210.58 g pot−1) compared to CF irrigation (218.04 g pot−1), whereas the biochar 
combination treatments T1 and T2 produced greater yields (260.27 g pot−1 and 252.12 
g pot−1, respectively), which were up to 12.5% higher than RFD (231.27 g pot−1). 
Within AWD, irrigation water usage by T1 and T2 (98.50 Land 102.38 L, respectively) 
was profoundly reduced by up to 28.8% over CF with T3 (138.25 L), with improved 
WP. The main effect of biochar treatment T1 and T2 also increased photosynthesis rate 
(21.31 and 20.950 μmol m−2s−1, respectively) compared to RFD (17.63 μmol m−2s−1), 
in addition to boosted agronomic efficiency of N, P and K compared to RFD. 
Nevertheless, T1 and T2 significantly enhanced the total carbon and nitrogen; 
dehydrogenase and urease enzyme activities also increased in both irrigation regimes. 
The results reveal that the integrated application of RHB and EFBB with the AWD 
regime highly reduces irrigation water and improves NUE, WP, and soil quality with a 
minimum yield penalty. Overall, the biochars not only boosted the soil C content and 
nutrient availability but also increased moisture content with better soil porosity. The 
addition of biochar in AWD irrigation is could be an efficient management system for 
improved rice yield with improved WP. 
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Pengerusi 
Fakulti 

: Profesor Madya Md Kamal Uddin, PhD
: Pertanian

Beras telah membekalkan kalori kepada lebih daripada separuh penduduk dunia, tetapi 
ianya memerlukan air yang lebih banyak berbanding tanaman ruji yang lain. Untuk 
meminimumkan penggunaan air yang berlebihan ini, amalan pengairan bergantian iaitu 
pembasahan dan pengeringan (AWD) adalah dianggap sebagai teknik yang berkesan 
terutama apabila tanah itu diairi secara berselang-seli. Penambahan bahan 
pembaikpulih tanah organik yang sesuai adalah dijangkakan akan dapat membantu 
mengekalkan kelembapan tanah dan meningkatkan sifat fizik-kimia tanah yang 
terlibat. Oleh itu dalam kajian ini, empat eksperimen telah dijalankan untuk menilai 
kesan pembaikpulih tanah organik ke atas sifat fizik-kimia tanah di dalam 
meningkatkan hasil padi padakeadaan pengairan yang menjimatkan air.Mulanyasatu 
kajian inkubasi telah dijalankan untuk menilai penggabungan lima bahan pembaikpulih 
organik terpilih—seperti berikut: biochar sekam padi (RHB), biochar tandan kosong 
sawit (EFBB), kompos, abu sekam padi (RHA), dan abu tandan sawit (PBA), 
bersamarawatan kawalan (tiada pemberiaan bahan pembaikpulih tanah) terhadap 
kelembapan simpanan tanah dan beberapa sifat kimia tanah. Tanah ini telah diinkubasi 
dengan lima pemberian bahan pembaikpulih selama 60 hari di mana sampel telah 
diambil pada selang masa 15 hari. Selepas tempoh inkubasi selesai, RHB (0.46 g g-1)
dan EFBB (0.45 g g-1) telah menunjukkan kandungan air gravimetrik yang lebih tinggi 
berbanding dengan rawatan kawalan (0.16 g g-1). Rawatan PBA telah menghasilkan 
pH tanah yang maksimum (6.95) berbanding nilai awalnya (5.01). Rawatan EFBB 
pada akhirnya telah menyumbang kepada peningkatan jumlah karbon (7.82%) dan 
nitrogen (0.44%) tertinggi.Rawatan PBA pula menunjukkan kandungan fosforus (P) 
dan kalium yang boleh ditukarganti tertinggi (K). Kajian kedua telah dijalankan untuk 
meneliti kesan pengairan jimat air bersama biochar dan kompos ke atas pertumbuhan, 
hasil, produktiviti air padi dan sifat fizik-kimia tanah.Eksperimen di dalam rumah kaca 
telah dijalankan dengan melibatkan dua rejim pengairan iaitu AWD dan air yang 
ditakungkan secaraberterusan (CF) bersama empat jenis rawatan termasuk tiga 
pembaikpulih organik iaitu RHB, EFBB, kompos yang digunakan pada 4% 
(berat/berat), dan dos baja disyorkan (RFD). Di bawah rejim pengairan AWD, bijirin 
maksimum telah dihasilkan oleh RHB (241.12 g) dan yang terendah pula adalah dari 
rawatan RFD (210.15 g), manakala bagi rawatan pembaikpulih organik yang sama, 
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kedua-dua regim pengairan iaitu AWD dan CF telah memberikan hasil bijirin yang 
serupa. Rawatan RHB dan EFBB dengan pengairan AWD menunjukkan produktiviti 
air (WP) yang lebih baik (masing-masing 6.30 g L-1 dan 5.80 g L-1) berbanding 
rawatan kawalan iaitu CF (3.94 g L-1). Tanah yang diberikan 
pengairansamamenunjukkan nilai pH, keupayaan pertukaran kation, jumlah karbon 
(C), dan nitrogen (N) adalah lebih tinggi dengan penambahan biochar dan kompos di 
dalam rawatan kepada tanah berkenaan. Rawatan RHB dan EFBB telah berjaya 
mengurangkan ketumpatan pukal tanah dengan ketara sehingga 0.88 g cm-3 daripada 
1.12 g cm-3 dan telah meningkatkan keliangan sehingga 58.7% berbanding RFD dalam 
pengairan CF. Kajian seterusnya dijalankan untuk meneliti kesan biochar ke atas hasil 
padi, kecekapan penggunaan baja N, dan pemulihan di bawah pengairan jimat air 
melalui penggunaan bahan pengesan isotop 15N. Dua jenis pengairan AWD dan CF, 
dan empat jenis rawatan biochar seperti RHB dengan urea 15N, EFBB dengan urea 15N, 
urea yang diberikan 15N sahaja, dan rawatan kawalantelah digunakan dalam kajian ini. 
Kira-kira 4% pengurangan hasil bijirin (193.89 g pasu-1) telah dicapai oleh rejim AWD 
berbanding CF (202.57 g pasu-1), manakala bagi rawatan RHB dan EFBB dengan urea 
15N telah berjaya meningkatkan hasil padi dengan ketara (sehingga 8.8%) berbanding 
rawatan urea 15N sahaja. Rawatan RHB dan EFBB dengan urea 15N telah 
meningkatkan pemulihan baja N daripada urea 15N (masing-masing 0.59 gg-1 dan 0.61 
g g-1), melebihi 15N urea sahaja (0.49 g g-1). Kecekapan penggunaan agronomik dan 
produktiviti faktor separa N telah dipercepatkan dengan penambahan RHB (masing-
masing 32.77 g g−1 dan 73.14 gg−1) dan EFBB (33.77 g g−1 dan 74.14 g g−1). 
Eksperimen terakhir telah dijalankan untuk menilai kesan biochar yang diberikan 
secara bersama dengan baja ke atas tindak balas fisiologi, WP dan kecekapan 
penggunaan nutrien (NUE) padi, dan perubahan sifat biokimia tanah di bawah 
pengairan AWD. Dua jenis amalan pengairan seperti AWD dan CF dan empat jenis 
gabungan baja iaitu T1: 25% RHB+75% daripada dos baja yang disyorkan (RFD), T2: 
25% EFBB+75% daripada RFD, T3: 100% RFD, dan T0: 0% biochar dan 0% baja 
telah diberikan. Pengairan AWD menghasilkan hasil bijirin yang berkurangan secara 
mendadak (210.58 g pasu−1) berbanding dengan pengairan CF (218.04 g pasu−1), 
manakala bagi rawatan penggabungan biochar T1 dan T2 menghasilkan hasil yang 
lebih besar (260.27 g pasu−1 dan 252.12 g pasu−1, masing-masing), sehingga 12.5% 
lebih tinggi daripada RFD (231.27 g pasu−1). Dalam tanah yang diberikan rawatan 
AWD, penggunaan air pengairan bagi T1 dan T2 (masing-masing 98.50 L dan 102.38 
L) telah berjaya dikurangkan dengan ketara sehingga 28.8% berbanding CF dengan T3
(138.25 L), manakala WP pula telah dipertingkatkan. Kesan utama rawatan biochar T1
dan T2 juga berjaya meningkatkan kadar fotosintesis (masing-masing 21.31 dan
20.950 μmol m−2s−1) berbanding RFD (masing-masing 17.63 μmol m−2s−1), di samping
meningkatkan kecekapan agronomik N, P dan K berbanding RFD. T1 dan T2 juga
telah berjaya meningkatkan jumlah karbon dan nitrogen dengan ketara. Aktiviti enzim
dehydrogenase dan urease juga telah meningkat dalam kedua-dua rejim pengairan.
Hasil daripada kajian telahmenunjukkan bahawa pemberiansecara bersepadu RHB dan
EFBB dengan rejim AWD adalah sangat berkesan untuk mengurangkan air pengairan
dan meningkatkan NUE, WP, dan kualiti tanah dengan penalti hasil yang sangat
minimum. Secara keseluruhannya, biochar bukan sahaja meningkatkan kandungan C
tanah dan ketersediaan nutrien tetapi ianya juga mampu meningkatkan kandungan
kelembapan dengan keliangan tanah yang lebih baik. Penambahan biochar dalam
pengairan AWD boleh menjadi sistem pengurusan yang cekap untuk meningkatkan
hasil padi dengan peningkatan WP.
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background 

Rice (Oryza sativa L.) is the staple food for almost 50% of the world’s total 
population, the majority of them living in developing nations (Khan et al., 2016). Rice 
covers about 11% of the world's cropland (Tumrani et al., 2015). In 2017, rice covered 
over 160 million ha of land producing approximately 748 million tons of rice globally 
(FAO, 2018a). Generally, there are two types of rice produced in Malaysia, paddy rice 
and upland rice. Paddy rice is mostly planted in Peninsular Malaysia while upland rice 
is mostly planted in Sabah and Sarawak (Sohrabi et al., 2012).Malaysia expects to 
enhance its rice self-sufficiency more than 75% by 2025, thus it intends to improve 
rice-growing land, boost rice yield, or a blend of the two (Panhwar et al., 2016). 
However, Malaysia still relies on irrigated paddy rice with extensive use of water 
(Chan et al., 2012). To reduce the consumption of water in rice production, a potential 
irrigation technique termed the alternate wetting and drying (AWD) can reduce up to 
43% of irrigation water without significant yield loss (Lampayan et al., 2015; Yao et 
al., 2012). In the AWD irrigation system, after the flooding of the field, the water 
levels decrease gradually, and when this level drops beneath 15 cm from the soil 
surface, the field is re-flooded to a 5 cm ponding water depth (Lampayan et al., 2015). 
A perforated pipe is used to monitor the water level below the soil surface. Previous 
studies on the effect of AWD on yield compared to other rice cultivation practices have 
reported varying effects, from a reduction in yield to increases in yield (Carrijo et al., 
2017; Howell et al., 2015; Khairi et al., 2016; Xu et al., 2015). AWD can reduce 15% 
to 30% of irrigation water compared to conventional flooded rice systems (Belder et 
al., 2005), but during the drying cycles of AWD plant faces moisture stress to some 
extent and absorb less nutrients compared to conventional flooded rice, resulting in 
reduced water productivity (Belder et al., 2005; Gordon et al., 2008). These 
phenomena may overlook the water-saving effectiveness of AWD irrigation. To 
address these challenges of AWD, the application of organic amendments into the soil 
has the potential to substantially improve soil physicochemical properties and soil 
water retention. 

In the recent decade, the potentials of biochar as an organic amendment has become a 
research hotspot in the field of agriculture for sustainable soil management (Tan et al., 
2017). This material is produced from organic waste pyrolyzed at high temperatures 
(300-800°C) under a depleted oxygen atmosphere. Their main characteristics are black 
in colour, carbonaceous, highly porous, and contains stable organic compounds (Zhang 
et al., 2016). Morphological characters and chemical properties of biochar varies with 
the type of biomass used as feedstock, pyrolyzing temperature and oxygen limiting 
conditions during biochar production (Mukherjee et al., 2011).  
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Rice mills produces large quantities of rice husk as a by-product, which can be 
converted to rice husk ash and rice husk biochar to be used as an organic amendment to 
enhance the physicochemical properties of soil (Ghorbani et al., 2019), Apart from 
rice, in Malaysia, the waste biomass from oil palm has great potential for producing 
biochar especially empty fruit bunch for its readily availability (Sukiran et al., 2011) 
and derivative ash produced from oil palm bunch is an efficient liming material and it 
also provides nutrients when applied to soil (Awodun et al., 2007). 

Rice yield performance is to be considered as the key indicator to adopt a management 
practice; the positive effect of biochar on rice yield has been reported by several 
studies(Chen et al., 2021; Dong et al., 2015; Ullah et al., 2021). The previous studies 
by Chen et al. (2021) and Oladele et al. (2019) opined that incorporation of rice husk 
biochar potentially increased rice yield. Moreover, the application of empty fruit bunch 
biochar increased the rice yield by enhancing soil cation exchange capacity (CEC) and 
nutrient availability was also reported Bakar et al. (2015). Additionally, biochar 
profoundly increases leaf chlorophyll content and net photosynthesis rate (Huang et al., 
2021; Nguyen et al., 2017). Biochar inclusion boosts soil nutrients in two ways: firstly, 
by adding nutrients to the soil, and secondly, by adsorbing nutrients from other sources 
(Rawat et al., 2019). The addition of biochar has a favorable impact on the soil 
ecosystem through carbon sequestration and nutrient cycling, as well as increased soil 
microbial activity and moisture retention in water-scarce conditions (Blanco‐Canqui, 
2021). Concurrently, biochar is characterized by high porosity, and application of this 
material into soil explicitly adds new pores and promotes the soil’s physical properties 
including porosity, density, pore size distribution, water retention, and moisture content 
(Verheijen et al., 2010). Biochar can regulate soil water retention by modifying 
different physical properties of the soil such as by reducing bulk density enhancing soil 
aggregation, changing pore size distribution, and improving soil porosity (Novak et al., 
2012). Likewise, compost is a widely used soil additive and a good source of organic 
matter, and it contains a wide range of essential plant nutrients as well as humic 
compounds (Maheshwari, 2014). Compost contains various plant nutrients, and adding 
it to the soil improves CEC and minimizes nutrient loss into the subsoil (Agegnehu et 
al., 2014). The beneficial effect of compost on soil physical properties such as reducing 
bulk density, increasing porosity, enhancing hydraulic conductivity and plant available 
water were reported by Kranz et al. (2020).  

1.2 Problem statement 

In Malaysia, the agriculture sector uses approximately 68% of total water usage, 
whereas the irrigation efficiency varies from below 40 to 50% in the context of small 
to large irrigation schemes (Toriman & Mokhtar, 2012). Malaysia continues to rely on 
irrigated wetland paddy for rice production; while the yield of wetland rice is higher, 
though it takes a lot of water to keep the field inundated (Chan et al., 2012). So, it is 
crucial to establish the AWD irrigation to discard the excess water required to keep the 
field continuously flooded for lowland rice production and improve the water 
productivity of rice. But in AWD irrigation, the soil undergoes significant 
modifications when it switches from flooded to non-flooded regimes (Lampayan et al., 
2015); these alternate changes cause a rather substantial alteration in the soil physio-
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chemical environment (Alhaj Hamoud et al., 2018). Consecutively, AWD produces 
greater oxidizing conditions in the soil, which increases the microbial breakdown of 
plant waste and organic compounds in the soil (Oliver et al., 2019). Additionally, 
heterotrophic respiration of soil microbes takes place during the dry stage of AWD, 
causing enhanced mineralization of soil organic carbon (Moyano et al., 2013), and the 
enhanced activity of denitrifying bacteria accelerates the release of oxides of N by the 
denitrification process (Hoang et al., 2019). However, nutrient absorption of rice under 
AWD varies from that in continuous flooding (CF) due to the physiological response 
of rice to water stress and nutrition available in the AWD technique (Yang et al., 
2004).Furthermore, under the moisture stress situation of AWD, plant nutrients 
absorption is decreased compared to the CF irrigation system (Belder et al., 2005). 
While the CF irrigation modifies soil characteristics of paddy soil, allowing for better 
root penetration, it results in higher soluble nutrient concentration and lower nutrient 
losses compared to AWD irrigation (Gordon et al., 2008). The incorporation of organic 
amendments to overcome these limitations of AWD irrigation for sustainable rice 
production is the main challenge of this study. The management of organic 
amendments, such as biochar and compost in AWD water-saving irrigation practice to 
maintain soil physicochemical properties for improved rice yield with better 
environmental quality is the main significance of this study of this research. 
Considering the issues, this study implies “Does organic amendments enhances the rice 
yield and water productivity with improved soil properties under the AWD irrigation 
systems?” 

Therefore, it was hypothesized that the application of selected organic amendments 
i.e., rice husk biochar, rice husk ash, oil palm empty fruit bunch biochar, oil palm 
bunch ash and compost—may enhance the growth and yield performance of rice, 
consecutively enhancing the soil moisture and physicochemical properties of soil under 
AWD irrigation. To test the hypotheses, four experiments were conducted with the 
following objectives: 

1.3 Specific objectives of the study 

i. To determine the structural and chemical properties of compost and biochar, 
ash produced from rice husk, oil palm empty fruit bunch and to compare 
their potential to conserve moisture and changing soil chemical properties. 

ii. To determine the effects of selected organic amendment under AWD on rice 
yield; and changes in soil physicochemical properties. 

iii. To assess the effect of selected organic amendment on rice yield under 
AWD irrigation, their effect on nitrogen use efficiency and fertilizer N 
recovery using 15N tracer. 

iv. To observe the effects of integrated use of selected organic amendment and 
fertilizer on rice yield, physiological parameters and nutrient use efficiency 
under AWD irrigation, and their effect on and soil chemical properties and 
selected enzymatic activities. 
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1.4 Structure of Thesis 

The format of this thesis follows Universiti Putra Malaysia's alternative thesis format, 
which is based on journal publishing. Every research chapter (journal manuscript) is 
divided into four sections: introduction, materials and methods, results and discussion, 
and conclusions. The following are the details of the thesis structure: 

 
Chapter 1 

Background of the study, problem statement and specific objective of the study 
presented in this chapter. 

Chapter 2 

This chapter provides a detailed assessment of the literature review on the subject 
matter of this study. Furthermore, the research gaps identified throughout the review 
were emphasized inside the chapter. 

Chapter 3 

This chapter describes the methods applied in this research for material preparation, 
experimental procedures, and data collection. 

Chapter 4 

The first article is presented in this chapter ‘‘Assessing the increase in soil moisture 
storage capacity and nutrient enhancement of different organic amendments in 
paddy soil’’. In this article, moisture retention capacity and nutrient release of five 
selected organic amendments at different days of incubation in a paddy soil was 
determined. 

Chapter 5 

From chapter-4 three organic amendments (rice husk biochar, oil palm biochar and 
compost) was screened for second experiment (Chapter-5) on basis of water storage, 
carbon and nitrogen content. The second article is presented in this chapter ‘‘Impact of 
organic amendment with alternate wetting and drying (AWD) irrigation on rice 
yield, water productivity and physicochemical properties of soil’’. In this article, 
effect of biochar and compost with alternate wetting and drying irrigation on rice yield, 
water productivity and physicochemical properties of soil was evaluated. 
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Chapter 6 

On the basis of improved rice yield and soil physicochemical properties two biochars 
(RHB and EFBB) were selected from second study (Chapter 5) to combined them with 
15N urea to study the nitrogen use efficiency and recovery for third experiment 
(Chapter 6) entitled ‘‘Combined use of biochar with 15Nitrogen labelled urea 
increases rice yield, N use efficiency and fertilizer N recovery under water-saving 
irrigation’’. In this article, the influence of rice husk (RHB) and oil palm empty fruit 
bunch biochar (EFBB) on rice yield, fertilizer nitrogen (N) use efficiency and recovery 
under AWDusing15N isotopic tracer was examined. 

Chapter 7 

Studies on fertilizer nitrogen recovery and efficiency from third experiment (Chapter 
6); on the basis of nitrogen content, 25% of nutrient supplemented from RHB and 
EFBB with 75% of chemical fertilizer in the fourth experiment (Chapter 6) The fourth 
article is presented in this chapter ‘‘Rice growth performance, nutrient use 
efficiency of rice and changes in soil properties influenced by biochar under 
alternate wetting and drying irrigation’’. In this article, the effect of integrated 
application of RHB and EFBB with fertilizer on physiological response, water and 
nutrient efficiency of rice and changes in biochemical properties of soil under AWD 
was determined. 

Chapter 8 

This chapter summarizes the entire conclusion of the whole research as well as 
recommendation for future research. 
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