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Abstract of the thesis presented to the senate of Universiti Putra Malaysia in fulfilment 

of the requirement for the degree of Master of Science 
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Weed growth is one of the main constrains of System of Rice Intensification (SRI) due 

to wide planting spacing (25 × 25 cm or more) and alternate wetting and drying 

(AWD), thereby reducing rice crop yields up to 70% if there is no weed control 

attempted. Also, evaporation from the available space due to wide planting pattern and 

transpiration by the weeds in the SRI field reduces the additional water saving which 

affect the potential of SRI water productivity. This research was designed to develop a 

bio-mulching material for weed control, soil moisture conservation with the ability to 

control insects in SRI farming. Two types of soil cover were made in the study namely; 

SRImat and UMAR-SRImat. SRImat was made using ground rice straw and plastic net, 

while UMAR-SRImat was made using flaked rice straw and biodegradable adhesive. 

The first experiment (field work I) was laid out using randomized complete design 

(RCD) with five treatments [No soil cover (T1), 0.19 mm thickness of commercialized 

black Plastic (CBP) (T2), 0.57 mm thickness of CBP (T3), 0.95 mm thickness of CBP 

(T4) and 2.00 mm thickness of SRImat (T5)] and three replications. The transplanting 

spacing pattern was 25 cm × 25 cm. While the second experiment (field work II) was 

laid out using randomized complete block design (RCBD) with four treatments 

[without soil cover (T1), SRImat (T2), UMAR-SRImat without lemon grass extract 

(LGE) (T3) and UMAR-SRImat with LGE (T4)] and three replications. The 

transplanting spacing pattern was 30 cm × 30 cm. The analysis was conducted using 

analysis of variance (ANOVA) and T-test. Volumetric moisture content (VMC) was 

determined at 24 days after transplanting (DAT) in the first experiment, but at 18 and 

25 DAT in the second experiment.  Weeds were observed and recorded from the 

treatment plots to determine the weed density (WD), weed density ratio (WDR), weed 

dry weight (DW), weed dry weight ratio (DWR) (weed control efficiency), and 

summed dominance ratio at 24 DAT in the first experiment, while in the second 

experiment at 20 and 40 DAT. Growth performance was determined by collecting the 

number of tillers at 24 DAT in the first experiment, but at 30 and 40 DAT in the second 

experiment with additional data of plant height per hill at 30 DAT. The insect 

population were observed and recorded at 10 DAT, 20 DAT, 30 DAT and 40 DAT. 
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The result of volumetric moisture content showed that both SRImat and UMAR-

SRImat significantly saved water (253.0447
a 

m
3
/ha and 3100.0

a 
m

3
/ha respectively) 

higher than the control treatment. The effectiveness of SRImat on weed control was 

98.5% (WCE) at 24 DAT, while the effectiveness of UMAR-SRImat mulched was 

100% at 20 DAT and 99.64% at 40 DAT. The least average number of insect at 20 

DAT (3.3 No./m
2
) appeared in the plots treated with Umar-SRImat comprised of LGE. 

This research revealed that UMAR-SRImat mulch could control weeds up to 40 DAT 

as recommended in SRI, retained soil moisture, and repelled insect population up to 20 

DAT. 
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Pertumbuhan rumpai adalah salahsatu kekangan utama Sistem Penanaman PadiIntensif 

(SRI) kerana jarak penanaman yang luas (25 × 25 cm atau lebih) dan kaedah 

pembasahan dan pengeringan alternatif (AWD), yang menyebabkan pengurangan hasil 

tanaman padi sehingga 70% jika tidak ada pengawalan rumpai. Juga, sejatan dari ruang 

yang ada kerana corak penanaman yang luas dan transpirasi oleh rumpai di ladang SRI 

mengurangkan penjimatan air yang ditambah akhirnya memberi kesan kepada potensi 

produktiviti air. Penyelidikan ini telah dirancang untuk membangunkan bahan bio-

sungkapan untuk kawalan rumpai dan pemuliharaan kelembapan tanah dengan 

keupayaan untuk mengawal serangga dalam perladangan SRI. Dua jenis perlindungan 

tanah telah dibuat dalam kajian ini iaitu; SRImat dan UMAR-SRImat. SRImat dibuat 

menggunakan jerami padi dan jaring plastik, manakala UMAR-SRImat telah dibuat 

menggunakan jerami padi yang telah diparut dan pelekat. Percubaanpertama 

(bidangkerja I) telah didirikan dengan menggunakan rekabentuk rawak lengkap (RCD) 

dengan lima rawatan [Tiada penutup tanah (T1), CBP berketebalan 0.19 mm (T2), CBP 

berketebalan 0.57 mm (T3), CBP berketebalan 0.95 mm (T4) dan SRImat berketebalan 

2.00 mm (T5)] dan tiga ulangan. Jarak tanaman adalah 25 cm × 25 cm. Manakala 

eksperimen kedua (kerjalapangan II) telah dijalankan menggunakan rekabentuk blok 

rawak lengkap (RCBD) dengan empat rawatan [tanpa penutup tanah (T1), SRImat 

(T2), UMAR-SRImat tanpa LGE (T3) dan UMAR-SRImat dengan LGE (T4)] dan tiga 

ulangan. Jarak tanaman adalah 30 cm × 30 cm. Analisis ini dijalankan dengan 

menggunakan analisis varians (ANOVA) dan ujian-T. Kandungan kelembapan isipadu 

(VMC) telah ditentukan pada 24 Hari Lepas Tanam (DAT) dalam eksperimen pertama 

namun, pada 18 dan 25 DAT bagi eksperimen kedua. Rumpai telah diperhatikan dan 

dirakamkan dari plot rawatan untuk penentuan kepadatan rumpai (WD), nisbah 

kepadatan rumpai (WDR), berat kering rumpai (DW), nisbah berat kering rumpai 

(DWR) (kecekapan kawalan rumpai) dan nisbah penguasaan terkumpul dalam 

eksperimen pertama, manakala dalam eksperimen kedua telah dirakamkan pada 20 dan 

40 DAT. Prestasi pertumbuhan telah ditentukan dengan pengumpulan bilangan anak 

padi pada 24 DAT dalam eksperimen pertama, tetapi tidak pada umur 30 dan 40 DAT 
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dalam eksperimen kedua bersama dengan data tambahan iaitu ketinggian pokok setiap 

rumpun pada 30 DAT. Bilangan serangga telah diperhatikan dan direkodkan pada 10, 

20, 30 dan 40 DAT. Hasil dari pada kandungan kelembapan isipadu menunjukkan 

SRImat dan UMAR-SRImat dapat menjimatkan air (253.0447
a
 m

3
/ha dan 3100.0

a
 

m
3
/ha) lebih tinggi dari pada rawatan kawalan dengan ketara. Keberkesanan SRImat 

pada kawalan rumpai adalah 98.5% (WCE) pada 24 DAT, manakala keberkesanan 

UMAR-SRImat sebagai sungkapan adalah 100% di 20 DAT dan 99.64% pada 40 

DAT. Bilangan purata serangga yang paling kurang adalah pada 20 DAT (3.3 No./m
2
) 

berlaku pada plot yang dirawat mengguna UMAR-SRImat yang mengandungi LGE. 

Kajian ini menunjukkan bahawa sungkapan UMAR-SRImat dapat mengawal rumpai 

sehingga 40 DAT seperti saranan oleh SRI, mengekalkan kelembapan tanah dan 

menghalaukan populasi serangga sehingga 20 DAT. 
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 JIS                 - Japanese Industrial Standard 

 K                   - Pottasium 

 kg                  - Kilogram 

 kg/ha             - Kilogram per hectare 

 kg/m
2         

- Kilogramme per metre square 

 L                   - Litre 

 L/kg              - Litre per kilogramme 

 LGE              - Lemon grass extract  

 LSD              - Least significance difference  

 m                   - Metre 

 m
2                          

- Metre square 

 m
3
/ha             - Metre cube per hectare 

 m
3
/ha/season - Metre cube per hectare per season 

 m
3
/m

3  
           - Metre cube per metre cube 

 MARDI         - Malaysia Agricultural and Rural Development Institute  

MC                - Moisture content 

 mL                - Millilitre 

 mm                - Millimetre 

 mm
3         

- millimetre cube 

 MOU             - Memorandum of understanding 

 MR                - Malaysian ringgit 

 MRRS           - Al-Mishkhab Rice Research Station  
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Ms                         - Mass of oven-dried soil in the soil sample 

 Mw      - Mass of water in the soil sample 

 N                   - Nitrogen 

 N/mm
2               

- Newton per millimetre square 

 NGO             - Non-governmental Organization  

 NOSC           - National Organic SRI Centre   

 O                   - Oxygen 

 
o
C                  - Degree Celcius 

 P                   - Phosphorus 

 RCD             - Randomized Complete Design 

 RCBD           - Randomized complete block design  

 RD                - Relative dry weight 

 RDW             - Relative dry weight 

 RPM             - Revolution per minutes 

 SDR              - Summed dominance ratio  

 SEACON      - 

 

Southeast Asian Council for Food Security and Fair Trade 

 

SMC             - Soil moisture content 

 SRI                - System of Rice Intensification 

 t/ha                - Tonnes per hectare 

 Tc                            - Weed number in unmulched plots 

 Tdc                         - Dry weight of weeds in unmulched plot 

 Tdt                         - Dry weight of weeds in a mulched plot 

 TS                 - Thickness swelling 

 Tt                           - Weed number in mulched plots 

 U.S.               - United States 
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UKM             - National University of Malaysia  

 UPM             -  Universiti Putra Malaysia 

 USAID          - United States Agency for International Development   

UTM             - Universal Testing Machine 

 V                   - Volume of dried soil sample 

 WCE             - weed control efficiency  

 WDR             - Weed density ration  

 WUE             - water use efficiency  

 X                   -  Mass of ring plus lid 

 Y                   - Mass of ring plus lid plus dried sample 

 β                    - Volumetric moisture content   

 ω                   - 

 

Soil moisture content 

 pp                              - 

 

Dry bulk density 

 

 pw                 - Density of water 

 xc                            - Percentage of single content 

 A                   - Total weight of mixed composites 

 wc                          -  Weight of single content 

 T1                            - Thickness (mm) before immersion in water 

 T2                           - Thickness (mm) after immersion in water 

 P                   - Maximum load 

 L                   - Span  

 b                   - Width of sample 

 t                    - Thickness of the sample 

 m1                          - Mass (g) before oven dried 

 m0                           - Mass (g) after oven dried 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of the Study 

Rice (Orizasativa L.) is one of the most crucial foods within Asia, especially, Malaysia. 

But, certain obstacles delayed Malaysia‘s food security to be accomplished due to 

several problems - the rice farm field remained unmodified to about 40 years back, 

rapid increased of population  caused large domestic need for rice (1.5 to 2.4 million 

tonnes), increased the importation of rice (167,000 to 1,070,000 tonnes), the declining 

of Malaysia‘s self-sufficiency in the previous time to 63% even with the higher yield 

produced by the conventional agricultural systems, in addition to  yearly reduction in 

number of farmers participating in paddy farming (CIIFAD, 2014b). The conventional 

system of rice farming in Malaysia harvested average of 4 t/ha while SRI rice farming 

yielded 7 t/ha using MR 219 in 2009, and 9 t/ha in Sabah (2010) (CIIFAD, 2014d).  To 

maintain and sustain the Malaysia‘s food security, rice yield has to be increased by 

using the available resources, particularly water. For rice crop to yield 1 kg of rice 

grain, it requires 3000-5000 litres of water depending on the cultivation practice of the 

rice crop (Geethalakshmi et al., 2011). However, Water evaporation from bare soil is 

up to 25 -50% of the whole amount of water applied to the farm (Hu et al., 1995). 

Therefore, one of the important issues in rice farming is water requirement.  The 

sustainability of irrigated rice farming system and food security is affected by water 

crisis, which influences different locations in the world (Satyanarayana et al., 2007). 

Hence, there is a huge challenge to increase paddy yield in order to attain food security, 

by using of new methodologies and cultural practices in paddy farming. 

System of rice intensification, known as SRI is an innovation in rice farming cultural 

practice for increasing the productivity of water, capital, labour and land. SRI is all 

about altering the management of soil, water, rice plants and nutrients. It is 

environmentally friendly and makes the yield of rice to significantly increase, in 

addition to water productivity by using of less external inputs, which in turn will have a 

positive effect to the farmers, as well as, the country at large. Also, SRI plays important 

roles in term of water, land, labour and capital productivity in irrigated rice production 

area (Kassam et al., 2011). 

SRI comprises of various components to be followed. The components are 

transplanting of young and single seedlings per hill at wider spacing, applying of 

organic inputs (e.g. pesticide, fertilizer, herbicide and insecticide) and less use of water 

through alternate wetting and drying (AWD) to provide moist environments (CIIFAD, 

2014a), but it can be modified if the key components are adopted. The constituents of 

SRI was stated by Satyanarayana et al., (2007), which involve  transplanting of young 

seedlings of less than 15 days, only one seedling per each hill, wide planting spacing of 

at least 25 × 25cm, and wet soil situation at the vegetative phase. SRI has many 

benefits more than the conventional method of paddy farming. It raises paddy grain 

yield by no less than 50% ((Lin et al., 2005), save seeds between the range of 80 - 90% 

(Miyazato et al., 2010a), save water by no less than 50% (Satyanarayana et al., 2007), 

in addition to reducing the expenditure of paddy production (Tech, 2004). 
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Therefore, SRI is divided in to three different approaches (CIIFAD, 2014a). Firstly, is 

the basic SRI, which was initiated by Fr. Henri de Laulanie i.e. transplanting of 

younger seedlings at disperse spacing, no frequent irrigation, applying of chemical 

fertilizer and occasional used of organic matter to develop the soil structure. Secondly, 

is the preferable and perfect SRI-: organic SRI which is similar to the basic SRI, But 

without applying chemical fertilizer, instead, organic fertilizer is being applied in order 

to increase the soil fertility at the same time enhancing the biological activities. 

Thirdly, is partial SRI due to the influence of farmers' choice (e.g. transplanting older 

seedlings instead of younger once) and Local climate condition (e.g. in rain fed SRI, 

moist environment is difficult to manage). 

 

1.2 Problem Statements 

One of the most important problems of SRI is weed infestation due to the AWD, wider 

planting spacing of one seedling (at least 25 × 25 cm) and aerobic or unsaturated 

environment. Competition of weeds in SRI practice has an important influence in 

affecting the final yield. Similar research revealed that SRI yield failure due to 

competition of weed is up to 69.15% and 10 to 88% in unweeded plots if there is no 

weed control attempted. Water productivity which is among the advantages of SRI was 

significantly decreased up to 38% compare to weed free treatment plot. This may 

possibly occur due to the effects of transpiration from the weeds in the unweeded 

treatment plots.  

Water, nutrients, sunlight and carbon dioxide are the main factors for which rice crops 

and weeds compete. For instance, if weeds were not control, it depletes 35 N, 45 K2O 

and 15 P2O5 kg/ha from the plots whereas 60 N, 26 K2O and 80 P2O5 kg/ha are being 

absorbed by rice plants under weed free condition at maturity stage (Singh et al., 1999). 

Generally, SRI farming uses different methods of weed management such as herbicide 

application, competitive rice cultivars, hand weeding, flooding, mechanical weeding, 

mulching and integrated weed management (IWM), with dissimilar degree of 

achievement. Currently, hand row weeder can be able to suppress the infested weeds up 

to 40 days after transplanting (DAT), although is labour intensive.  motorized weeding 

machine resolved the problem of the intensive labour, however it can be able to operate 

in SRI farm up to 30 DAT (10, 20 and 30 DAT) because of the height and horizontal 

vegetative part of the rice plants, which is being injured by the motorized weeding 

machine. Again, due to the design of the motorized weeder, it cannot be able to 

suppress all the weeds within the rows, leading to hurtful competition to the rice plants. 

After the weeding operations using manual weeder or motorized weeder some of the 

infested weeds can be able to grow again from the roots, mostly, rhizomatous weeds. 

 

1.3 Scope of the Study 

This research focused on developing a SRImat involved rice straw, plastic net, lemon 

grass extract (LGE) and binder, which can be used in the SRI farm for weed control 

and moisture conservation. The study is only to control the weeds and soil moisture up 
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to 40 DAT; because the SRI field is being flooded permanently from 40 DAT, until 

two weeks to harvesting, hence, the field is kept under drain (non-flooded) condition. 

Also, LGE served as natural insecticide which is environmentally friendly, less 

hazardous and sustaining of the natural enemies of the insects.   

The effect of permanent flooding and shading effect of the rice crops vegetative part 

will prevent sun light radiation to reach the soil surface. Thus, the weeds and moisture 

control will be overtaken by the permanent flooding and shading effect of the rice 

crops vegetative part. 

 

1.4 Objective of the Study 

The main objective of this research is to develop a bio-engineering material to serve as 

organic mulch which enables to suppress weeds in order to reduce the loss of water 

from the weeds through transpiration; conserve soil moisture in order to reduce the loss 

of water from the bare soil through evaporation; and repel insects in SRI farming 

practice. The objectives of the study are clearly stated as follows:  

1. To develop a bio-mulching material for weed control, soil moisture 

conservation and insect repellent in SRI farming. 

2. To determine the performance of SRImat on weed control and soil moisture 

content.  

3. To determine the performance of UMAR-SRImat on weed control, soil 

moisture conservation and insect repellent. 

 

 

1.5 Hypothesis of the study 

The hypothesis in the present study is that, rice straw when processed into mat will 

provide effective weed control and moisture conservation as well as insect repellent.  

 

1.6 Significance of the Study 

New method of organic weeds control in SRI farming which can prevent soil loss and 

degradation, recycling of rice straw nutrients and preventing environmental pollution 

due to burning of the rice straw is developed.  Most of the farmers in Malaysia, that are 

practicing SRI farming are eager to overcome the inability to control the weed 

infestation up to 40 days after transplanting (DAT) with motorized mechanical weeder 

(CIIFAD, 2014d; Yahaya, 2013) without destructing the sideways vegetative part of 

the rice plant (Haden et al., 2007).  

Furthermore, due to population growth and water crises, there is need for water 

conservation for the sustainability of irrigation water and food security, which 

influences various locations in the world (Satyanarayana et al., 2007). These will 

improve the potential of water and land productivity of SRI farming, which in turn, 
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contributed to food security. 

 

1.7 Thesis Layout 

Five chapters are reported in this thesis. Chapter one highlighted the background on 

food security in Malaysia, water crises, conventional modern agricultural practices, and 

SRI farming system; problem statements; scope of the study; objectives of the study; 

hypothesis as well as significance of the  study. In chapter two, literature review is 

explained on the SRI background, different between conventional and SRI system of 

farming, weeds found in SRI fields, weed and rice crop competition, various method of 

weed control, mulching effects, water saving and irrigation requirement for SRI, rice 

straw in SRI farm, and insects diversity in SRI farm. In chapter three, methodology of 

the research work is presented on SRImat fabrication, experimental field work I, 

Improved SRImat known as UMAR-SRImat and experimental field work II. In chapter 

four, the results obtained from the research work are presented and discussed 

accordingly. Finally, summary and conclusion derived from this study, as well as the 

recommendations for further studies are presented in chapter five. 
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