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ABSTRACT 

This study was carried out at the Faculty of Sustainable Agriculture, Universiti Malaysia 
Sabah, Sandakan Campus from April 2015 to October 2015 to evaluate the effect of 
different type of soil amendments incorporated with different application rates of 
chicken manure on the growth and yield of TR-9 paddy variety planted on Beach 
Ridges Interspersed with Swales (BRIS) soil and to evaluate the effect of different 
types of soil amendments and different application rates of chicken manure on nutrient 
content of the BRIS soil at the end of the experiment. Treatment were three soil 
amendments (nil (control), biochar and verrnicompost) and four chicken manure rates 
(0, 15, 30 and 45 t ha-1) that were arranged in complete randomized design with three 
replications. Data collected was analyzed with two- ways Analysis of Variance (ANOVA) 
at 5 % significance level. These results revealed that there was no significance effects 
of soil amendments and chicken manure rates on vegetative growth, yield components 
and BRIS soil chemical properties. There was a significant effect of soil amendments or 
significant effect of chicken manure rates on mean plant height (91.04 - 115.37 cm), 
mean number of tillers (26.22 - 38.11), mean culm height (63.45 - 75.69 cm), mean 
number of panicles (26.11 - 37.00), mean length of panicles (22.15 - 24.95 cm), mean 
percentage of filled grains (83.59 - 87.71 %), mean percentage of empty grains (12.31 
- 16.40 %), mean weight of 1000 grains (25.28 - 26.22 g) and mean extrapolated yield 
(5.25 - 11.79 tons ha-1). There was no significant effect (percentage of productive 
tillers) on soil amendments and effect on chicken manure (66.59 - 77.60 %). There 
was also no significant effect (mean percentage of dry matter) on soil amendments 
and effect on chicken manure (61.79 % - 66.11 %). After application of different soil 
amendments incorporated with different chicken manure rates to BRIS soil, value for 
pH change from 4.46 to 4.30 - 5.49, soil organic matter change from 5.49 % to 5.20 -
5.67 %, soil total nitrogen increase from 0.167 % to 0.219 - 0.231 %, soil available 
phosphorus change from 1.27 ppm to 0.29 - 3.94 ppm, soil cation exchange capacity 
increase from 7.77 cmol(+) kg-t to 17.78 - 23.37 cmol(+) kg-t. Recommendations that 
can be suggested to farmers are biochar incorporated with 45 t ha-1 chicken manure 
(E2C4) and vermicompost incorporated with 45 t ha-t chicken manure (E3C4). This is 
because E2C4 gave highest mean extrapolated yield (E2 =9.91 tons ha-1, C4 = 11.79 
tons ha-1), highest mean percentage of filled grains (E2 = 86.78%, C4 = 87.71%) and 
highest mean soil organiC matter (E2 = 5.62 %, C4 = 5.67 %). 

v 



KESAN BERLAINAN JENIS PEMBAIK TANAN DAN BERLAINAN KANDUNGAN 
NAJIS A YAM TERNADAP PERTUMBUHAN DAN NASIL PADI VARIETI TR-9 

YANG DITANAM PADA TANAH BRIS 

ABSTRAK . 

Kajian ini dijalankan di Fakulti Pertanian Lestar~ Universiti Malaysia Sabah Kampus 
Sandakan (UMSKS) dari April 2015 hingga Oktober 2015 untuk menilai tentang kesan 
berlainan jenis pembaik tanah disebatikan dengan baja organik najis ayam terhadap 
pertumbuhan dan hasil padi varieti TR-9 yang ditanam pada tanah BRIS dan menilai 
tentang kesan berlainan jenis pembaik tanah disebatikan dengan baja organik najis 
ayam terhadap kandungan nutrisi tanah BRIS selepas kajian. Rawatan tersebut adalah 
tiga jenis pembaik tanah (nil, sekam pad~ vermikompos) dan empat kadar baja organik 
najis ayam (0, 15, 30 dan 45 t ha-1 najis ayam) diatur menggunakan reka bentuk 
rawak secara keseluruhan (CRD) dengan tiga replikasi. Data yang dikumpul akan 
dianalisis dengan menggunakan ana/isis vadans dua hala atas keertian 5%. Keputusan 
bagi kesan pembaik tanah disebatikan dengan najis ayam tidak menunjukkan 
perbezaan min yang signifikan terhadap pertumbuhan vegetatif, komponen hasil pokok 
padi dan sifat kimia tanah BRIS. Keputusan bagi kesan pembaik tanah atau kesan baja 
organik najis ayam menunjukkan perbezaaan min yang signifikan terhadap purata 
ketinggian pokok padi (91.04 - 115.37 sm), purata bi/angan anakan padi (26.22 -
38.11), purata ketinggian batang padi (63.45 - 75.69 sm), purata bilangan tangkai 
(26.11 - 37.00), purata panjang tangkai (22.15 - 24.95 sm), purata peratusan bilangan 
butiran padi penuh (83.59 - 87.71 %), purata bi/angan butiran padi kosong (12.31 -
16.40 %), purata berat 1000 butiran padi (25.28 - 26.22 g) dan purata unjuran hasil 
(5.25 - 11.79 tan ha-1). Keputusan bagi purata peratusan anakan padi yang produktif 
(66.59 - 77.60 %) tidak menunjukkan perbezaaan min yang signifikan dalam kesan 
pembaik tanah dan baja organik najis ayam. Keputusan bagi purata peratusan berat 
kering (61.79 % - 66.11 %) tidak menunjukkan perbezaan min yang signifikan dalam 
kesan pembaik tanah dan baja organik najis ayam. Selepas rawatan, pH tanah BRIS 
berubah dad 4.46 ke 4.30-5.49, kandungan bahan organik tanah berubah dari 5.49 % 
ke 5.20 - 5.67 %, jumlah nitrogen kandungan tanah meningkat dad 0.167 % ke 0.219 
- 0.231 %, kandungan fosforus tanah berubah dari 1.27 ppm ke 0.29 - 3.94 ppm dan 
bilangan kapasiti pertukaran kation meningkat dad 7.77 smol kgl ke 17.78 - 23.37 
smol kgl. Rawatan yang dapat dicadangkan kepada petani ialah sekam padi 
disebatikan dengan 45 t ha-1 najis ayam (E2C4) dan vermikompos disebatikan dengan 
45 t ha-1 najis ayam (E3C4). Ini disebabkan £2C4 memberikan purata unjuran hasil 
yang tertinggi (£2 =9.91 tan ha-1, C4 = 11.79 tan ha-1), purata peratusan butiran padi 
penuh yang tertinggi (E2 = 86.78%, C4 = 87.71%) dan purata kandungan bahan 
organik tanah yang tertinggi (E2 = 5.62 %, C4 = 5.67 %). 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

Rice is the staple food in Asia and nearly 90 - 91% of the world's rice is produced and 

consumed in this region (Maclean et al., 2002). It provides an average of 32% of total 

calories uptake (Maclean et al., 2002). In Asia, irrigated lands cover approximately 271 

million hectares of crops with rice cultivation accounting up to 46% of the total land 

area (Dawe, 2005). 75% of the global rice produced in the irrigated lowlands and 50% 

of that irrigated rice are produced in Asia (Maclean et al., 2002). Total rice production 

in Malaysia on 2011 was estimated at 2.58 million tonnes with total rice consumption 

at 2710 tonnes and produced about 3530 tonnes of rice waste after production 

(FAOSTAT, 2014). Currently, Malaysia has achieved 72 % of rice self-sufficiency (Rusli 

et aI., 2013). However, Existing areas of rice cultivation have been redeveloped for 

plantation purpose as well as for housing and industrial real estate. Moreover, the 

Malaysian government acknowledge the need to increase self-sufficiency level (SSL) in 

rice production from 73% to 86% (Elisa et al., 2014). Therefore, in order to increase 

SSL, there are two possible solutions in increasing SSL through expansion of rice 

cultivation area and increasing yield per unit area. At present condition, with scarcity of 

good and fertile lands, minimal expansion in rice area can be expected, coupled with 

slow increase in rice yield. In reality, growth in rice production is in contrast to demand. 

In such Situation, farmers need to increase their rice production on land that is 

previously idle and less fertile such as Beach Ridges Interspersed with Swales (BRIS) 

soil land which is being abandoned will be look forward again for rice cultivation. 

Additional components added through soil amendments such as rice husk 

biochar helps to improve BRIS soil fertility. It can acts as a better soil amendment in 



order to increase soil fertility, carbon sequestration potential and to reduce the 

negative effects of rice-based wetland systems on global climate. Biochar is a carbon

rich product obtained when biomass is heated in a closed container with little or no 

available air. Besides that, biochar can act as a soil conditioner, enhancing plant 

growth by retaining nutrients in order to provide various services such as improving 

the physical and biological properties of soils (Glaser et aI., 2005). Addition of biochar 

into soil improves soil fertility (Rodriguez et al., 2009), reduces green house gas 

emission and increases carbon sequestration (Lehmann et aI., 2007). Besides that, 

biochar as one of the soil amendment are able to increase seedling from wilting 

(Mulcahy et al., 2013). It can increase water holding capacity with additions of only 

5% biochar in mass of top soil (Case et al., 2012). Asai et al. (2009) also directly 

measured the influence of biochar on the water holding capacity in two separate 

locations in Laos and the saturated hydraulic conductivity of the surface soil and the 

xylem sap flow of rice plants. 

In addition, vermicomposting is a simple bio-technological process of 

composting where only selected species of earthworms are used that will undergo the 

process of waste conversion and produce a best quality end product. Vermicomposting 

differs from composting in several ways (Gandhi et al., 1997). It is a mesophilic 

process, utilizing microorganisms and earthworms that are active at 10 - 32°C (not 

ambient temperature but temperature within the pile of moist organic material). This 

process is faster than composting because the material passes through the earthworm 

gut. Furthermore, earthworm castings (worm manure) are rich in microbial activity and 

plant growth regulators, and able to fortify with pest repellence attributes. Besides that, 

earthworms through a type of biological alchemy are capable of transforming plant or 

animal residue into 'gold' (Tara, 2003). It can improved seed germination, enhanced 

seedling growth and development and increased overall rice plant productivity. 

Vermicompost can help to increase rice plant height, leaf area index, panicle length 

and grain yield. 

Chicken manure can also be used to improve soil quality as it helps to speed up 

the release of nutrients. This enriches the soil and helps for the growth of plants. The 

most vital benefit of using chicken manure is the ability to condition the soil. On the 

other hands, mixing chicken manure with sandy soils helps to retain moisture levels 

and help to loosen the soil. Chicken manure helps to increase soil carbon that is a high 

2 



source of energy used by plants in absorption of nutrients. The use of manure also 

reduces runoffs and nitrate leaching (Nikki, 2014). The narrower carbon-nitrogen chain 

ratio (C:N) in chicken manure enable faster mineralisation allowing quicker availability 

of nutrients for plants. 

1.2 Justification 

BRIS soil is a problematic soil which is highly sandy and low water holding capacity and 

low fertility. Thus, soil amendments like biochar and vermicompost which proves that, 

it can help to improve the problematic soil with the incorporation of chicken manure. 

Wastes can be converted into nutrient rich bio-fertilizer (vermicompost) for 

sustainable land restoration practices. At the same time, vermicompost can improve 

soil structure, improve nutrient exchange and maintain soil health. Vermicompost 

contains nitrogen, phosphorous, potassium and micro nutrients. Microbial and enzyme 

activities and growth regulators as continuous and adequate use with proper 

management can increase soil organic carbon, soil water retention and transmission 

and improvement in other physical properties of soil like bulk density, penetration 

resistance and aggregation as well as beneficial effect on the growth of a variety of 

plants. 

Biochar has beneficial effects on the chemical, physical and biological soil 

properties, besides contributing to enhance . crop biomass and yield. Biochar 

incorporation can alter soil physical properties such as structure, pore size distribution 

and density, with implications for soil aeration, water holding capacity, plant growth, 

and soil workability. Evidence suggests that biochar application into soil may increase 

the overall net soil surface area and consequently, may improve soil water and nutrient 

retention and soil aeration, particularly in fine-texture soils. Thus it can help to improve 

water holding capacity on BRIS soil. 

At the same time, the addition of chicken manure in BRIS soil will be able to 

increase water holding capacity and reduce nitrate leaching. It also provides essential 

nutrients for the growth of rice plants. 
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1.3 Significance of the Study 

This study seeks to improve the quality of sandy soil to enable agriculture cultivation in 

areas with poor sandy soil content. BRIS soil can be exposing to the agriculturists and 

farmer for rice cultivation. As fertile soils are cultivated for other industrial crops such 

as oil palm and rubber trees, and etc. which left only poor land for rice cultivation. 

Throughout exposing with organic fertilizers and chemical fertilizers, BRIS soil fertility 

can be improved and suitable to be a rice field. Successful growth of rice plant in BRIS 

soil which can lead to a bright future for rice cultivation and food security problem can 

be solved. 

Besides that, Tuaran, Sabah was the district that have large areas of rice field 

especially there are several locations in Kampung Serusup such as Padawan, Lok 

Bagiang and Taun Pinang by coastal fisherman come from rice farmer since its initial 

cultivation in 1990's but left abandoned in early 1970's due to no replacement of old 

generation. As same goes to those BRIS wet rice field once found at Kampung 

Shahbandar situated surrounds the area of Tuaran River. Besides that, a younger 

generation had earned a stable income which are affordable to buy the goods like rice 

to sustain in daily living thereby planting of rice for self-sufficient was relinquish. 

Abandon field can be re activate in order to solve the crisis of rice production and 

compete with other crops planted on fertile land. 

Nevertheless, despite the high sandy content in BRIS soil, it is still able to 

cultivate crops such as watermelon, banana and chilli. This proves that, rice cultivation 

also can be culture in this soil. Succeed growth of rice plant in BRIS soil are able to 

overcoming the scarcity of rice production. 
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1.4 Objectives 

The main objectives for this study are: 

1) To evaluate the effect of different types of soil amendments and application 

rates of chicken manure on the growth and yield of TR-9 paddy variety planted 

on BRIS soil. 

2) To evaluate the effect of different types of soil amendments and application 

rates of chicken manure on the nutrient content of the BRIS soil at the end of 

the experiment. 

1.5 Hypotheses 

HOl: Different types of soil amendments and application rates of chicken manure do 

not affect on the growth and yield of TR-9 paddy variety planted on BRIS soil. 

Hal: Different types of soil amendments and application rates of chicken manure do 

affect on the growth and yield of TR-9 paddy variety planted on BRIS soil. 

H02: Different types of soil amendments and application rates of chicken manure do 

not affect on the nutrient content of the BRIS soil at the end of the experiment. 

Ha2: Different types of soil amendments and application rates of chicken manure do 

affect on the nutrient content of the BRIS soil at the end of the experiment. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Paddy (Oryza sativa) Morphology 

Rice plant is a semi aquatic annual grass that survives as a perennial in the tropiCS by 

producing new tiller from nodes after harvest (ratooning). At maturity stage, rice plant 

will produce a main stem and a number of tillers. Each productive tiller bears a terminal 

flowering head or panicle. Sessile leaf blades joined to the leaf sheaths with collars, well 

defined, sickle shaped and hairy auricles (Appendix A, 1) (IRRI, 1965). Plant height 

varies by variety and environmental conditions, ranging from approximately 0.4 m to 

over 5.0 m in some floating rice. 

The rice grain (seed) consists of true fruit (caryopsis) and hull, which encloses 

the rice. Rice seeds consist of embryo and endosperm. Furthermore, the surface of rice 

seeds contain thin layers of differentiated tissues that enclose the embryo and 

endosperm. The hull of indica rice constitute the palea, lemmas and rachilla while in 

japonica rice, the hull includes rudimentary glumes and pedicel. A single grain weights 

about 10-45 mg in dry weight. Grain length, Width, and thickness vary widely among 

varieties. Hull weight averages about 20% of the total grain weight. 

Germination and seeding development begin when seeds absorbs adequate 

water and are exposed to temperature ranging from 10 to 40°C. Germination begins 

physiologically when the radical or coleoptiles (embryonic shoot) emerges from the 

ruptured seed coat. Oryza sativa has three varietal types. Three types of varieties such 

as indica, japonica and javanica. Oryza sativa indica is suitable in tropical climate. It is 

sensitive to photoperiod and the grain shape are long and narrow. Plant colour are light 



green and tall. There have moderate number of tillers and susceptible to shedding of 

grain. Furthermore, it has medium to high yield potential and variable to seed dormancy. 

Additionally, it is susceptible to lodging. 

2.2 Plant Growth and Development 

The growth of rice plants undergoes three different phases: vegetative phase, 

reproductive phase and ripening phase (Appendix A, 2). Each phase is further divided 

into different stages as discussed below (IRRI, 1965). 

The vegetative phase consists of four stages which are seedling, transplanting, 

tillering and vegetative lag phase. Seedling stage the rice seed are started to sprout into 

young seedling. Transplanting stage where it covers the time of uprooting and 

transplanting up to complete seedling. The tillering stage starts with the appearance of 

the first tiller from the axillary bud in one of the lowermost nodes. The increase in tiller 

number continues as a Sigmoid curve until the maximum tiller number is reached, some 

tillers will death and the tiller number declines followed with levels off. The visible 

elongation of lower internodes may begin considerably earlier than the reproductive 

phase or at about the same time. Vegetative lag stage also known as photoperiod 

sensitive phase end with panicle initiation. 

The second phase which is the reproductive phase consists of four stages: panicle 

initiation stage, booting stage, heading stage and flowering stage. Panicle initiation stage 

is the beginning of reproductive phase for maximum tillering stage. The internodes 

elongates during the booting stage due to the increase in auxin activity. Heading stage 

is the emergence of panicle tip or heading takes place after booting stage. Flowering 

stage is occur about 20-25 days after booting and followed by pollination and 

fertilization. 

Third phase known as ripening phase. It consists of milk, dough and maturity 

stage. Milk stage occur after anthesis the watery content of the grain begins to tum 

thick milky between 7-12 days. Dough stage is milky grain turns into soft dough and 

then into hard dough stage in 14-21 days. Finally, maturity stage, grains turns into hard, 

clear, translucent colour. 
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2.3 Wetland Rice (Lowland Rice) 

Rice can be grown under irrigated (lowland) or rain-fed (upland or lowland) 

conditions. Most classifications of rice environments are based on altitude (upland versus 

lowland) and water source (irrigated or rainfed). Rainfed lowland rice is grown in river 

deltas and coastal areas, using dike fields that are flooded with rainwater for at least 

part of the cropping season (Table 2.1). Rainfed upland rice is grown in mixed farming 

systems without irrigation and puddle. Upland environments are highly heterogeneous, 

with climates ranging from humid to sub-humid, soils from relatively fertile to highly 

infertile, and topography from flat to steeply sloping. 

Table 2.1 Comparison between lowland and upland rice varieties 

Lowland rice 

Cultivated on level, dike, undrained soils 

Water supply through rainfall or irrigation 

Direct seeding or transplanting 

Thin and shallow root system 

Stable and high yield 

Source: Reddy, 2006 

Upland rice 

Cultivated on undulating or levelled 

Water supply through rainfall only 

Direct seeding 

Vigorous root system 

Unstable and low yield 

2.4 Characteristics of TR-9 Paddy Varieties 

TR-9 paddy varieties also known as Seri Sabah and it was produced by International 

Rice Research Institute (IRRI), Los Banos, Philippines. The pedigree lines (IR 32809-26-

3-3) of the variety are derived from a cross between BG90-21, IR 19661-131-1-12 and 

IR 4215-301-2-2-6. It takes about 123 to 133 days to mature. The number of grain per 

panicle is about 114-139. Additionally, the length of Rice is 9.9 mm with 2.9 mm width 

while rice is 7.3 mm long and 2.1 mm width. The grain quality is oval long while 1000 -

grains weight is 23.5-25.5 g. Furthermore, shattering is moderate and percentage of 

milled rice is about 67-70%. Average extrapolated yield is 5.0-7.2 tons ha-1 (Appendix 0, 

1). 
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2.5 Soil Distribution in Malaysia 

Malaysia covers an area of about 329,758 km2 occupying the Malay Peninsula, which lies 

on the southern shores of the Asian land mass, and the States of Sabah and Sarawak in 

the northwestern coastal of Borneo Island (Nopparat, 2009). 

Peninsular Malaysia consists of steep hills and mountain ranges, rolling to 

undulating land the coastal and riverine flood plains (Tej, 2004). The hill and mountain 

ranges cover about one-third of the plain surface of the Peninsula and run more or less 

parallel to the long axis of the country. The rolling to undulating land is found generally 

a seaward flanks and the intervening areas between the mountain ranges. The riverine 

flood plains are found as narrow belts of alluvium gently sloping away from the major 

rivers. Towards the coast they merge with the marine alluvium of the coastal plains. 

Sabah is surrounded on three sides by seas. The physical pattern consists of 

narrow alluvial coastal plains backed by hilly, forested areas (Nieuwolt, 1982). The 

mountain of the interior have acted as barriers to inland penetration. The coastal plains 

and river valleys consist of marine and fluvial alluvium. Although the coastal plains form 

a small proportion of the total area they are the most important parts of the State in 

terms of settlement and agricultural and economic development. 

Sarawak consists of a flat and swampy coastal area and steeply undulating hills 

in the interior (Nieuwolt, 1982). The coastal plains comprise deep peat and muck soils, 

and at various points along the coast raised beaches occur some distance inland from 

the coastline. 

The major soils of Malaysia include acrisols, ferralsols, f1uvisols, gleysols, luvisols, 

nitosols, Iithosols, regosols, combisols and histosols. These include the shallow soils of 

the highlands, most of which are not utilized for agriculture, and the regosols of the 

alluvial plains. The acrisols and the ferralsols make up the major agricultural soils of the 

country. The f1uvisols and gleysols are important in that they are being extensively 

cultivated with rice. Most of the sedentary soils with topography up to 200 slopes are 

cultivated with perennial crops such as rubber, oil palm, cocoa, spices and fruit tree (Tej, 

2004). A clearly understanding on soil types in Malaysia which will help to reduce cost 

loss due to cash crop planted in unsuitable soil. 
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2.6 BRIS (Beach Ridges Interspersed with Swales) Soil 

BRIS soil is a problematic soil and should be handle in terms of the physical capability 

classification and constraints like, limited ability to support crop growth, poorly structured, 

low water retention due to excessive accumulation of sediments and sand from 

undulating sea during the monsoon seasons that carries along coarse sand particles. 

BRIS (Beach Ridges Interspersed with Swales) soils in Peninsular Malaysia are mostly 

found near the coastal area in Terengganu with area of 67,582.61 ha, in Pahang around 

36,017.17 ha, and Kelantan about 17,806.20 ha (Usman et al., 2014). The total area of 

BRIS soils spread along the east coast of the Peninsular and the coastal area of Sabah 

is about 200,000 ha in total with 155,400 ha in Peninsular Malaysia and 40,400 ha in 

Sabah respectively (Appendix B, 2, 3 and 4). BRIS soil can be dividing into two orders, 

namely Entisol and Spodosol. Entisol is a young soil without a podogenetic horizon. It is 

found nearby sea area and has a high sand content. Spodosol is acidic soil with a sandy 

texture but unconstructed with a humus (acidic humus) content. The Department of 

Agriculture of Malaysia has identified and recommends seven types of BRIS soil based 

on depth, drainage and serial profile such as Rusila, Rhu Tapai, Rompin, Rudua, Baging, 

Jambu and Merchang (Shamsuddin, 1990). The BRIS soil series of Rompin, Rusila, 

Baging and Jambu are classified as sandy Entisol with a quartz composition, whereas 

only Rudua is included in the Spodosol order. Part of the country is covered by bris soils 

and these soils are derived from marine sands and have extremely low inherent soil 

fertility. Coconut, cashew and fruits are grown on the soils, and with some 

supplementary irrigation tobacco, groundnut, vegetables and watermelon are also 

cultivated. When economical methods to ameliorate the soils are available they could 

become potential areas for future agricultural development. BRIS soil is highly sandy, 

poor water holding capacity, low pH and low cation exchange capacity as compared to 

. paddy soil (Table 2.2). 

Table 2.2 Physical and chemical properties of paddy soil and bris soil 

Properties 

Sand texture (%) 

Water holding capacity 

pH 

Cation Exchange Capacity (CEC) 

Source: Jabatan Pertanian Perak, 2010 

Paddy soil 

Low 

High 

5.5-6.5 

>20 cmol(+)/kg soil 

10 

BRIS soil 

82-99 

Low 

4.3-4.4 

< 5 cmol( + )/kg soil 



REFERENCES 

Acharya, M. S. 1997. Integrated Vermiculture for Rural Development. International 
Journal of Rural Studies 4(1): 8-10 

Agusalim, M. and Syechfani, M. S. 2010. Rice Husk Biochar for Rice Based Cropping 
System in Acid Soil. The Characteristics of Rice Husk Biochar and Its Influence 
on the Properties of Acid Sulfate Soils and Rice Growth in West Kalimantan, 
Indonesia. Journal of Agricultural Science 2(1): 39-47 

Aira, M., Monroy, F., Dominguez, J. and Mato, S. 2002. How Earthworm Density Affects 
Microbial Biomass and Activity in Pig Manure. European Journal of Soil Biology 
38: 7-10 

Alam, M. M., Hassanuzzaman, M. and Nahar, K. 2009. Tiller Dynamics of Three Irrigated 
Rice Varieties under varying Phosphorus Levels. American -Eurasian Journal of 
Agronomy 2(2): 89-94 

Asai, H., Samson, B. K., Haefele, S. M., Songyikhangs, K., Homma, K., Kiyono, Y., Inoue, 
Y., Shiraiwa, T. and HOrie, T. 2009. Biochar Amendment Techniques for Upland 
Rice Production in Northern Laos. 1. Soil physical properties, leaf SPAD and grain 
yield. ReId Crops Research 111: 81-84 

Atiyeh, R. M., Dominguez, J., Sobler, S. and Edwards, C. A. 2000. Changes in Biochemical 
Properties of Cow Manure during Processing by Earthworms (Eisenia andreI) and 
The Effects on Seedling Growth. Pedobiologia44: 709-724 

Baharak, H., Majid, A., Hasan, S. V. and Parisa, S. R. 2013. Effects of Irrigation and 
Various Rates of Nitrogen and Potassium on Yield and Yield Components of Rice 
Plant (Ol}Za sativa L.). Persian Gulf Crop Protection 2(2): 19-25 

Biodiversity International, IRRI and WARDA. 2007. Descriptions for Wild and Cultivated 
Rice (Ol}Za spp.) Rome, Italy: Biodiversity International; Philippines:. 
International Rice Research Institute; Africa Rice Center, Contonou, Benin: 
WARDA 

Brady, N. C. and Weil, R. R. 2008. The Nature and Properties of Soils. 14th edition. 
Pearson Prentice Hall . 

Bremner, J. M. 1996. Nitrogen total. In: Methods of Soil Analysis, Part 3: Chemical 
Methods Sparks, D.L. (Eds). Madison, Wisconsin: Soil Science Society of America, 
Inc 

case, S. J., McNamara, N. P., Reay, D. S. and Whitaker, J. 2012. The Effect of Biochar 
Addition on N20 and C02 Emissions from a Sandy Loam Soil-The Role of Soil 
Aeration. Soil Biology Biochemistry 51: 125-134 

OIauhan, S. K., Sharma, R., Sharma, S. C., Gupta, N. and Ritu. 2012. Evaluation of 
Poplar (Populus deltoides Bartr. Ex Marsh.) Boundary Plantation Based Agri
silvicultural System for Wheat-Paddy Yield and carbon Storage. International 
Journal of Agriculture and Forestry 2(5): 239-246 

Chescheir, P. W., Westserman, L. M. and Safley, J, L. 1986. Laboratory Methods for 
Estimating Available Nitrogen in Manures and Sludges. Agricultural Wastes 18: 
175-195 

David, D. J. 1960. The Deterination of Exchangeable Sodium, Potassium, Calcium and 
Magnesium in Soils by Atomic Absorption Spectrophotometry. Analyst 85: 495-
503 

Dawe, D. 2005. Increasing Water Productivity in Rice-based Systems in Asia-Past Trends, 
Current Problems, and Future Prospects. Plant Production Scknce 8(3): 221-230 

Dhanasekaran, K. and Govindasamy, R. 2002. Effect of Urea Coated with Ugnite derived 
Humic Substances on the Performance of Rice in A Typic Chromustert Soil. 
Advances in Plant Science 15(2): 505-509 

79 



Dobermann, A. and Fairhurst, T. 2000. Rice: Nutrient Disorders & Nutrient Management. 
International Rice Research Institute 

Duncan, J. 2005. Composting chicken manure. WSU Cooperative Extension, King County 
Master Gardener and Cooperative Extension Uvestock Advisor 

Ebaid, R. A. and Elrefaee, I. S. 2007. Utilization of Rice Husk as an Organic Fertilizer to 
Improve Productivity and Water use Efficiency in Rice Fields. African Crop Science 
Conference Proceedings 8: 1923-1928 

Edwards, C. A. and Burrows, I. 1988. The Potential of Earthworm Composts and Plant 
Growth Media. In: Edwards, C.A., Neuhauser, I.P. (Eds.). Earthworms in waste 
and Environmental Management .. Hague, Netherlands: SPB Academic 

Ehsanullah, M., Attaullah, M., Cheema, M. S. and Usman, M. 2001. Rice BASMATI-385 
Response to Single and Split Application of Nitrogen at Different Growth Stages. 
Pakistan Joumal of Agriculture Science 38(1-2): 84-86 

Elisa, A. A., Shamshuddin, J., Che, F. I. and Roslan, I. 2014. Increasing Rice Production 
Using Different Ume Sources on an Acid Sulphate Soil in Merbok, Malaysia. 
PettDnika Joumal of Tropical Agricultural Science 37(2): 223-247 

Elkotb, H. M. A. 2013. Combination Effects of Tillage Systems and OrganiC Manures on 
Some Physio-chemical Properties of Calcareous Soil and Faba bean Productivity. 
New York Science Jouma/6(12): 193-202 

EMROSA. 2004. EM User's Manual, EMROSA (Pty) Ltd. Centurion, South Africa 
Fabio, A. and Reinaldo, L .2012. Evaluation of Cation Exchange Capacity (CEC) in Tropical 

Soils Using Four Different Analytical Methods. Joumal of Agricultural Science 
4(6): 278-289 

Fageria, N. K., Baligar, V. C. and Jones, C. A. 2011. Growth of Mineral Nutrition of Field 
Cops, yd edition. Boca Raton, FL: CRC Press 

Fathi, K. H. 1998. Growth and Nutrition of Crops. Jahad Daneshgahi Mashhad P. In 
Persian: Nitrogen availability and water stress interaction on ice growth and 
yield. ReId Crops Research, 52: 249-260 

Food and Agriculture Organization of the United Nations Statistics Division (FAOSTAT). 
2014. Rice crop production. http://faostatJao.org/site/567 /default.aspx#ancor. 
Accesed on 10 March 2015. Verified on 30 November 2015 

Gandhi, M., Sangwan, V., Kapoor, K. K. and Dilbaghi, N. 1997. Composting of Household 
Wastes with and Without Earthworms. Environment and Ecology 15(2): 432-434 

Ghanbarian, D., Youneji, S., Fallah, S. and Farhadi, A. 2008. Effect of Broiler Utter on 
Physical Properties, Growth and Yield of Two Cultivars of Cantaloupe (Cucumis 
melo). Intemational Joumal of Agricultural Biology 10: 697-700 

Glaser, B., Lehmann, J. and Zech, W. 2005. Ameliorating Physical and Chemical 
Properties of Highly Weathered Soils in the Tropics with Charcoal-A reView, 
Biology and Fertility of Soils 35: 219-230 

Haque, M. A., Khaliq, Q. A., Karim, A., Ahmed, J. U. and Rahman, M. H. 2004. Nitrogen 
Fertilizer Effect on Dry Matter Production and Grain Growth and Aromatic Rice. 
Joumal of Subtropical Agriculture Research and Development 2(2): 15-19 

Harris, G. D., Platt, W. L. and Price, B. C. 1990. Vermicomposting in a Rural Community. 
Biocycle 10(2): 48-51 

Hasanuzzaman, M., Ahamed, K. U., Nahar, K. and Akhter, N. 2010. Plant growth pattern, 
tiller dynamics and dry matter accumulation of wetland rice (Oryza sativa L.) as 
Influenced by Application of Different Manures. Natural and Science 8(4): 1-10 

Hasanuzzaman, M., Ahamed, K. U., Rahmatullah, N. M., Akhter, N., Nahar, K. and 
Rahman, M: L. 2010. Plant Growth Characters and Productivity of Wetland Rice 
(Oryza Sativa L.) as affected by Application of Different Manures. Emirates 
Joumal of Food and Agriculture 22(1): 46-58 

80 



International Rice Research Institute (IRRI). 1965. The Morphology and Varietal 
Characteristics of the Rice Plant Technical Bulletin 4 

Jabatan Pertanian Perak. 2010. Pengurusan Pertanian Tanah Bris untuk Pertanian. 
Malaysia. 

Jayabal, A. and Kuppuswamy, G. 2001. Recycling of Organic Waste for the Production 
of Vermicompost and its Response in Rice Legumes Cropping System and Soil 
Fertility. European Journal of Agronomy 15: 153-170 

Karunasagar, G., Ramasubba and Reddy, G. 1992. Effect of Different forms of Urea 
Levels and limes of Application of Nitrogen on Growth and Yield of Rice. Oryza 
29: 376-378 

Kaushal, A. K., Rana, N. S., Singh, A., Neeray, S. and Strivastav, A. 2010. Response of 
Levels and Split Application of Nitrogen is Germ Manured Wetland Rice (Oryza 
Sativa L). Asian Journal of Agricultural Sciences 2(2): 42-46 

Krull, E., Skjemstad, J., and Baldock, J. 2004. Functions of Soil Organic Matter and the 
Effect on Soil Properties: A Literature Review. Report for GRDC and CRC for 
Greenhouse Accounting. CSIRO Land and Water Client Report. Adelaide: CSIRO 
Land and Water 

Laird, D., Fleming, P., Wang, B., Horton, R. and Karlen, D. 2010. Biochar Impact on 
. Nutrient Leaching from a Mid-Western Agricultural Soil. Geoderma 158(3): 436-

442 
Lehmann, J., Cheng, C. H., Nguyen, B., Liang, B., Major, J. and Smernik, R. 2007. 

Permanency and Longterm Changes of Biochar in Soil. In Proceedings of 
International Agriculture Initiative (/AI) Conference. 27 April-2 May 2007. Terrigal, 
Australia 

Levine, J. E. 2009. Assessment of Biochar's Benefit for the United States of America, 
USBI-US Biochar Initiative, Boulder, Colo, USA. In: US-Focused Biochar Report 

Maclean, J. L., Dawe, D. C., Hardy, B., Hettel, G. P. 2002. Rice Almanac, 3rd ed. Los 
Banos: International Rice Institute 

Mahbub, M. A. A., Khanam, M., Rahman, M. S., Hossain, M. A. and Gomosta, A. R. 2006. 
Determination of Lodging Characters of some Brri Recommended Rice Varieties 
at Three Nitrogen Levels during Wet Season in Bangladesh. Bangladesh Journal 
of Botany 35(2): 117-124 

Michael, L M. 1980. Rice Production. United State of America: Peace Corps 
Miller, H. B. 2007. Poultry Litter Induces lillering in Rice. Journal of Sustainable 

Agriculture 31: 1-12 
Mirza, H., Ahamed, K. U., Rahmatullah, N. M., Akhter, N., Nahar, K. and Rahman, M. L. 

2010. Plant Growth Characters and Productivity of Wetland Rice (Oryza sativa L.) 
as Affected by Application of Different Manures. Emirates Journal of Food and 
Agriculture 22 (1): 46-58 

Mohd, H. A. B., Arifin, A., Shamshuddin, J., Osumanu, H. A., Hazandy, A. H., Mohd, A. 
K., Baharom, Z., Abdul, L. S. and Nasima, J. 2013. Effects of Mixed Organic and 
Inorganic Fertilizers Application on Soil Properties and the Growth of Kenaf 
(Hibiscus CiJnnabinus L) Cultivated on Bris Soils. American Journal of Applied 
Sciences 10(12): 1586-1597 . 

Morteza, S., Alireza, N. and Shankar, L. L. 2011. Effect of Organic Fertilizer on Growth 
and Yield Components In Rice (Oryza sativa L.). Journal of Agriculture Science 
3(3): 217-224 

Mulcahy, D. N., Mulcahy, D. L. and Dietz, D. 2013. Biochar Soil Amendment Increases 
Tomato Seedling Resistance to Drought in Sandy Soils. Journal of Arid 
Environment81: 222-225 

Murphy, J. and Riley, J. P. 1962. A Modified Single Solution Method for Determination of 
Phosphates in Natural Waters. Analytica Chimica Acta 27:31-36 

81 



Nieuwolt, S. 1982. Climate and Agricultural Planning in Peninsular Malaysia. MARDI 
Nikki, P. 2014. The Benefits of Manure Compost in Your Garden. 

http://www.gardeningknowhow.com/composting/manures/the-benefits-of 
manure-in-your-garden.htm. Accessed on 3 March 2015. Verified on 30 
November 2015 

Nopparat, N. 2009. Coastal Management and Community Management in Malaysia, 
Vietnam, Cambodia and Thailand, With a Case Study of Thai Fisheries 
Management. United Nations-Nippon Foundation Fellow 

Oagile, D. and Namasiku, M. 2010. Chicken Manure-Enhanced Soil Fertility and 
Productivity: Effects of Application Rates. Joumal of Soil Science and 
Environmental Management 1(3): 46-54 

Organisation for Economic Co-operation and Development. 1999. Consensus Document 
on the Biology of Oryza sativa (Rice). ENV/JM/MONO (99)26: 33-36 

Ponti lias, L., Lugo, E., Malate, R. and Lanioso, A. 2009. Efficacy Evaluation of 
Vermicompost and Inorganic Fertilizer applied in Lowland Rice. The Threshold 
Volume IV 

Prakash, Y. S. and Bhadoria, P. B. S. 2003. Relative Influence of Organic Manures in 
Combination with Chemical Fertilizers in Improving Rice Productivity of Lateritic 
Soil. Joumal of Sustainable Agriculture 23(1): 77-87 

Prasad, P. and Power, J. F. 1997. Soil Fertility Management for Sustainable Agriculture. 
Lewis Publishers, Boca Ratoni 

Rakesh, )., Adarsh, P. V. and Jaswinder, S. 2013. Vermicompost as Soil Supplement to 
enhance Growth, Yield and Quality of Triticum aestivum L: a Field Study. 
Intemational Joumal of Recycling of Organic Waste in Agriculture 2: 16 

Raymond, S. and Joanne, S. 2013. Using Chicken Manure Safely in Home Gardens and 
Landscapes. University of Nevada Cooperative Extension. Fact Sheet 13-23 

Reddy, M. V.1988. The Effects of Casts of PheretimaAlexandri(Beddard) on the Growth 
of Vinca Rosea, and Oryza Sativa L. In: Edwards, C.A. and Neuhauser, E.F. 
"Earthworms in waste and environmental management". The Hague, 
Netherlands: SPB Academic 

Reddy, S. R. 2006. Agronomy of Field Crops. New Delhi: Kalyani 
Rodriguez, L., Salazar, P. and Preston, T. R. 2009. Effect of Biochar and Biodigester 

Effluent on Growth of Maize in Acid Soils. Livestock Research for Rural 
Development 21: 110 

Rosenani, A. B., Deniel, S., Ahmad, S. H. and Khairuddin, A. R. 2014. Effect of Rice Husk 
Biochar Soil Amendment on Rice Crop Growth Performance and Soil Properties. 
University Putra Malaysia, Serdang, Malaysia, Malaysian Nuclear Agency 

Ross, D. S. and Ketterings, Q. 2009. Soil Cation Exchange Capacity. In: Recommended 
Soil Testing Procedures for the Northeastem United States. Jrd (eds). United 
States: Northeastern Regional 

Roy, S. and Abul, K. M. A. 2014. Effects of OrganiC Manures in Changes of Some Soil 
Properties at Different Incubation Periods. Journal of Soil Science 4: 81-86 

Rusli, I., Abdul, R. H., Sobri, H., Abdullah, M. Z., Sariam, 0., Marziah, M., Mohd, R. Y., 
Siti, H. M. N., Zarifth, K. and Ana, P. K. 2013. Application of Mutation Techniques 
and Biotechnology for Minimal Water Requirement and Improvement of Amylose 
Content in Rice. In Symposium on Radiation and Nuclear Technologies for Crop 
Improvement and Productivity in Sustainable Agriculture, Kajang, Malaysia 
February 26th-27th. 46-59 

Salahuddin, K. M., Chowhdury, S. H., Munira, S., Islam, M. M. and Parvin, S. 2009. 
Response of Nitrogen and Plant Spacing of Transplanted Aman Rice. Bangladesh 
Joumalof Agriculture 34(2): 279-285 

82 



Saranraj, P. and Stella, D. 2012. Vermicomposting and its Importance in Improvement 
of Soil Nutrients and Agricultural Crops. Novus Natural Science Research 1(1): 
14-23 

Shackley, S., Sohi, S., Ibarrola, R., Hammond, J., Masek, 0., Brownsort, P. and 
Haszeldine, S. 2012. Biochar as a Tool for Climate Change Mitigation and Soil 
Management. In Encyclopedia of Sustainability Science and Technology; Meyers, 
R., Ed.; Springer: New York, NY, USA: 183-205 

Shakouri, M. J., Vajargah, A. V., Gavabar, M. G., Mafakheri, S. and Zargar, M. 2012. Rice 
Vegetative Response to Different Biological and Chemical Fertilizer. Advances in 
Environmental Biology 6( 2) :859-863 

Shamsuddin, J. 1990. Sifat Pengurusan Tanah di Malaysia. Kuala Lumpur: Dewan 
Bahasa dan Pustaka 

Sokchea, H., Khieu, B. and Preston, T. R. 2013. Effect of Biochar from Rice Husks 
(Com busted in A Downdraft Gasifier or a Paddy Rice Dryer) on Production of Rice 
Fertilized with Biodigester Effluent or Urea. Livestock Research for Rural 
Development 25(1) 

Suthar, S. 2007. Nutrient Changes and Biodynamics of Epigeic Earthworm Perionyx 
Excavatus (Perrier) During Recycling of some Agricultural Wastes. Bioresource 
Technology 98: 1608-1614 

Suthar, S. 2008. Bioconversion of Post-Harvest Crop Residues and Cattle Shed Manure 
into Value-Added Products Using Earthworms Eudrilus Eugeniae Kinberg. 
Ecological Engineering 32: 206-214 

Tara, C. 2003. Vermicomposting Development Alternatives (DA) Sustainable Uvelihoods. 
http://www.dainet.org/livelihoods/default.htm. Accessed on 10 March 2015. 
Verified on 30 November 2015 

Tej, P. 2004. Evolving Sustainable Production Systems in Sloping Upland Areas - Land 
Oassification Issues and Options. India: Asian Productivity Organization 

Theeba, M. 2014. Biochar on Acidic Agricultural Lands in South-East Asia: 
Sequestering Carbon and Improving Crop Yield. MARDI Research Report. 

Tim, J. C., Leo, M. c., Claudia, K. and Christoph, M. 2013. A Review of Biochar and Soil 
Nitrogen Dynamics. Journal of Agronomy 3 (2): 275-293 

Usman, M. I., Babagana, U., Armanto. H. M. E. and Adzemi, M. A. 2014. Bris Soil 
Suitability on Sweet Potato in Mersing-Terengganu Region of Malaysia. Journal 
of Biology, Agriculture and Healthcare 4(7): 11-19 

Wade, W. M. 1914. Chicken Manure. College of Tropical Agriculture and 
HumanResources. General Hime Garden Series No.2 

Wei, F., Tao, H., Un, S. H., Bouman, B. A. M. and Dittert, K. 2011. Rate and their 
Influence on Grain Yield under Different Grow in Conditions. Science Asia 37: 
98-104 

Wong, M. T. F., Nortcliff, S., and Swift, R. S. 1998. Method for Determining the Acid 
Ameliorating Capacity of Plant Residues Compost, Urban Waste Compost, Farm 
Yard Manure and Peat Applied to Tropical Soils. Communications in Soil Science 
& Plant Analysis 19-20: 2927-2937 

Yogendra, N. D., Kumara, B. H., Chandrashekar, N., Prakash, N. B., Anantha, M. S. and 
Jeyadeva, H. M. 2014. Effect of silicon on real time nitrogen management in a 
rice ecosystem. Journal of Academic 9(9): 831-840 

Yosef, T. S. 2012. Effect of Nitrogen and Phosphorus Fertilizer on Growth and Yield Rice 
(Oryza Sativa L). International Journal of Agronomy and Plant Production 3(12): 
579-584 

Yosef, T. S. 2013. Role of Biological Nitrogen Fixation in Rice. International Journal of 
Geology and Environment Sciences 1(1): 9-12 

83 



Yoshida, S. 1981. Fundamentals of Rice Crop Production. Los Banos Manila, Philippines: 
International of Rice Research Institute 

Yoshida,S., Cock, J. H. and Parao, F. T. 1972. Physiological Aspects of High Yield. 
International Rice Research Institute:Rice breeding. 455-469 

84 


