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Lodging which is the displacement of plant from its vertical position is a factor
affecting rice yield. It could be minimized by increasing the strength of the culm.
Silicon (Si) is associated with sturdiness and rigidity whereas paclobutrazol (PBZ)
inhibits gibberellin synthesis thus halting internode elongation. To date, no
comprehensive research has been carried out in Malaysia particularly on the role of Si
in rice. Thus, Si and PBZ were utilized to reveal its effect on agronomic traits and
lodging resistance in MR219. Silicon was applied at 0, 2, 4 and 6 g per pot at 56 DAS
as topdressing on soil surface in the first screenhouse experiment. Number of tillers,
spikelets per panicle, percentages of filled spikelets and effective tillers, weight per
panicle, hardness, flag leaf area, chlorophyll content, Si and lignin content increased as
the rate of Si increased. Silicon application of 4 g/pot increased and improved yield
performance and lodging resistance. The next experiment resolved the best method and
stage of Si application whereby plants treated with 4 g/pot of Si as topdressing on soil
surface at reproductive stage improved yield and fiber contents. Number of tillers per
pot, spikelets per panicle, percentage of filled spikelets, weight per panicle and Si
content were highest in application at reproductive stage as topdressing followed by
soil incorporation. Meanwhile, chlorophyll a content of topdressed and soil
incorporated and flag leaf area of plants treated at reproductive stage as topdressing
was the highest. Fiber contents of plants treated at reproductive and maturity stages as
topdressing and soil incorporation were significantly higher. The third experiment
combined Si with PBZ and tested six treatments: untreated, Si applied at 4 g and 6 g,
PBZ applied at 400 mg/l, Si applied at 4 g and 6 g with PBZ 400mg/l. Silicon was
applied as topdressing whereas PBZ as foliar at 57 DAS. Application of PBZ reduced
plant height, culm length and flag leaf area but increased chlorophyll content.
Percentage of filled spikeletes and weight per panicle of plants treated with Si or PBZ
were significantly higher as compared to plants treated with combination of two
factors. Silicon treated plants had significantly higher lignin and Si content. Cinnamyl



alcohol dehydrogenase was up-regulated 3.4 fold in Si treated plants compared to
others. Acidified phloroglucinol staining of leaf sample proved the presence of lignin
with varying intensity. Hardness and brittleness was highest in plants treated with Si or
PBZ. Scanning electron micrographs showed prominent deposition of trichomes, silica
bodies, dumb-belled shaped or ladder like structures whereas X-ray spectra of leaf
surface attest silicification of silica cells was more intensive in Si treated plants. In
conclusion, Si enhanced yield components, reinforced cell structure and improved
overall growth of rice plant. Farmers could use crop residues, such as rice husk ash,
straw or rice hull as a cheaper alternative of Si source at the start of reproductive stage
to maximize output. Amino acids such as glutamine and histidine, and Si solubilizers
could be incorporated to increase Si uptake in rice plant.
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Rebah yang merupakan anjakan pokok daripada kedudukan menegak ialah satu faktor
yang mengehadkan hasil padi. Ini dapat dikurangkan dengan meningkatkan ketahanan
batang padi. Silikon (Si) dikaitkan dengan kekukuhan dan ketegaran manakala
paklobutrazol (PBZ) menghalang sintesis giberelin lalu menganggu pemanjangan ruas.
Sehingga ke hari ini, tidak ada sebarang penyelidikan komprehensif yang dijalankan di
Malaysia terutamanya peranan Si dalam padi. Maka, Si dan PBZ digunakan untuk
mendedahkan kesannya terhadap ciri-ciri agronomik dan ketahanan rebah MR 219.
Aplikasi Si dilakukan secara taburan pada permukaan dengan kadar 0, 2, 4 dan 6 g
setiap bekas pada 56 HLT dalam eksperimen pertama. Bilangan anak pokok, spikelet
setiap tangkai, peratus spikelet berisi dan anak tangkai efektif, berat setangkai,
kekerasan batang, luas daun pengasuh, kandungan klorofil, si dan lignin meningkat
seiring dengan kadar Si. Aplikasi Si pada kadar 4 g/bekas meningkatkan prestasi hasil
dan ketahanan rebah. Eksperimen seterusnya menentukan kaedah dan peringkat terbaik
bagi aplikasi Si di mana hasil aplikasi Si pada kadar 4 g di peringkat reproduktif secara
penaburan atas tanah meningkatkan hasil dan kandungan serat. Bilangan anak pokok
setiap bekas, spikelet setiap tangkai, peratus spikelet berisi, berat tangkai dan
kandungan Si adalah paling tinggi dalam aplikasi pada peringkat reproduktif secara
tabur atas tanah diikuti dengan campuran tanah. Sementara itu, kandungan klorofil a
dalam pokok yang ditabur Si atas tanah dan dicampur dalam tanah serta luas daun
pengasuh adalah tertinggi pada pokok yang diaplikasikan dengan Si pada peringkat
reproduktif secara tabur atas tanah. Kandungan serat dalam pokok yang diaplikasikan
Si pada peringkat reproduktif dan matang secara kaedah tabur atas tanah dan campur
dalam tanah adalah lebih tinggi. Eksperimen ketiga mengabungkan Si dengan PBZdan
menguji enam rawatan: tiada rawatan, aplikasi Si kadar 4 g dan 6 g, PBZ 400 mg/l,
aplikasi Si kadar 4 g dan 6 g dengan PBZ 400mg/l. Si diaplikasi secara tabur atas tanah
manakala PBZ secara semburan pada 57 HLT. Aplikasi PBZ mengurangkan tinggi
pokok, panjang batang padi dan luas daun pengasuh tetapi meningkatkan kandungan



klorofil. Peratus spikelet berisi dan berat setiap tangkai didapati lebih tinggi dan
signifikan pada pokok yang diaplikasikan Si atau PBZ berbanding dengan pokok yang
diberikan kombinasi kedua-dua rawatan. Pokok-pokok yang diaplikasikan dengan Si
mempunyai kandungan lignin dan Si yang lebih tinggi. Sinamyl-alkohol
dehidrogenase, mengalami peningkatan sebanyak 3.4 kali pada pokok yang diaplikasi
Si berbanding yang lain. Pewarnaan floroglusinol berasid pada sampel daun
menunjukkan kehadiran lignin dengan keamatan yang berbeza. Kekerasan dan
kerapuhan batang adalah lebih tinggi dalam pokok yang dirawat dengan Si atau PBZ.
Mikrograf imbasan elektron menunjukkan kehadiran trikom,“silika bodies”,“dumb-
belled shaped” atau struktur-struktur seperti tetingkat yang jelas manakala analisis
spektra sinar-X pada permukaan daun menampakkan silifikasi sel-sel silika yang lebih
tinggi dalam pokok yang diaplikasi Si. Kesimpulannya, Si menambahbaik komponen
hasil, menguatkan struktur sel dan meningkatkan penumbesaran pokok padi secara
keseluruhannya. Para petani boleh menggunakan hampas tanaman seperti abu sekam
padi, jerami atau sekam sebagai sumber alternatif Si yang lebih murah pada awal
peringkat reproduktif untuk memaksimumkan hasil. Amino asid seperti glutamin dan
histidin, serta pelarut Si boleh digunakan untuk meningkatkan pengangkutan Si dalam
pokok padi.
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CHAPTER |

INTRODUCTION

Oryza sativa, rice is a tropical grain that serves as the most important staple food for a
large part of the human population especially Asians. This major food crop is relatively
cheap as compared to other crops, nutritious and fulfils one’s calorie intake. According
to IRRI (1995), more than a billion people depend on rice cultivation for livelihoods. In
most of the developing countries such as Malaysia and Thailand, rice which is heavily
regulated and subsidized is equated to food security and political stability.

Rice production systems are distinctive as they are grown in a wide range of ecological
and climatic conditions, such as rainfed lowlands, uplands, mangroves and deepwater
areas. The lowland rice agriculture is now responsible for 86% of the total world rice
crop and the yields are typically in the range of 2.0 — 3.5 ton/ha (Ladha et al., 1997). In
Malaysia, rice is the third most important crop, after rubber and oil palm. Rice is
mainly grown in the eight granaries in Peninsular Malaysia namely, MADA, KADA,
KETARA, PBLS, Krian, Seberang Perak, Seberang Perai and Kemasin. The total area
dedicated to rice planting in Malaysia is 674 928 ha of which two third is in Peninsular
Malaysia whereas one third of the area is in Sabah and Sarawak (Ramli et al., 2012).
For a population of 30 million, rice production is only 70% sufficient and the demand
will continue to increase as the population increases. It is suffice to state that in
Malaysia, rice production is not parallel to population increment.

Reliance on neighbouring countries such as Thailand and Vietnam for 30% of rice
importation is not a wise solution. What would befall this nation if major rice exporters
refuse to sell this prized grain due to shortage, economical or political grounds? To
address the crisis, Malaysia needs to produce at least 2.5 million metric tonnes of
paddy annually or increase the yield to 10 ton/ha from the current average of 4.5 ton/ha
to meet the demand. The National Food Security Policy aims to increase its domestic
production to at least 85% by 2015 which will then reduce importation of rice by 15%
(Mohd Rashid and Mohd Dainuri, 2013). This remains a distant vision as of 2016,
since our production is yet to even hit 75%. Lack of arable land, improper nutrient
management practices, unchanged agronomic practices, failure of farmers to adopt and
adapt to new technological inputs, biotic and abiotic stresses had collectively led to the
failure to reach potential rice yield.

Lodging, a yield limiting factor that is caused by both biotic and abiotic factors, is
defined as the displacement of the stem from its upright position (Fageria et al., 2006).
Lodging can be bending of the stem, breaking of the stem and also the inability of the
root structure to support the plant. Lodging is a complex phenomenon that interferes
with water and nutrient uptake, reduces light interception, provides favourable
environment for leaf disease, increases harvesting cost and losses and decreases grain
yield (Kono, 1995; Tripathi et al., 2003). IRRI (1995) has reported a yield loss of 1
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ton/ha which accounts for 20% of the total rice production whereas in Southern India
there was a loss of 26 kg/ha due to lodging (Duwaryi et al., 2000). MADA granary
which covers an area of 98 860 ha is the largest granary in Malaysia producing 25% of
the total national rice production (MOA, 2008). A loss of 41% of yield due to lodging
has been reported in this granary. As direct seeding is the main mode of rice
establishment in Malaysia, the occurrence of lodging is more pronounced due to weed
infestation, weaker and shallow root system.

Several studies had shown that silicon (Si), a beneficial element, can prevent lodging,
increase photosynthesis, decrease susceptibility to disease and insect damage, prevent
lodging, and alleviate water and various mineral stresses (Korndorfer and Lepsch,
2001; Epstein, 1999; Ma, 2004; Wu et al., 2006). Silicon could increase thickness of
culm wall and increase size vascular bundles (Shimoyama, 1958; Wu et al., 2006).
Highly abundant it may be but Si rarely exists in pure form. It is usually found in
various forms of silicon dioxide (silica) or silicates. For instance, it exists as alumina
silicate in clay soils where rice is grown. This element is widely used in the field of
plant pathology as an alleviator of biotic stresses. Silicon applied as silicon dioxide,
SiO, in fields are absorbed and appears to accumulate in leaves and promote
mechanical strengthening. As rice is a Si accumulator, it is vastly utilized in China and
Japan to increase productivity. Despite its significance, there is a glaring void and lack
of researches on the effect of Si in growth, yield and lodging resistance in Malaysia
specifically.

Malaysia which has a hot and humid climate is predominantly covered by tropical soils
that undergo chemical weathering and leaching. As rice is grown continuously without
the need for rotation with at least two harvests a year on the same plot of land,
depletion of available silicon is very much higher due to the process of desilicification.
In a study carried out by Japanese researchers on paddy soils in tropical Asia, the
available silicon dioxide in Malaysian soil is 10.4 mg/100 g dry soil which according to
criterion adopted in Japan for silica fertilization is low (Kawaguchi and Kyuma, 1974).
Based on that standard, values less than 10.5 mg/100 g dry soil are considered low
whereas values in the region of 13 mg is considered positive. This remains the only
research which gave an indication of Si status in Malaysian soil. Though it has been
about four decades since then, to date no studies has been undertaken to reveal the
potential benefits in terms of agronomic traits and lodging resistance with the
application of Si.

Besides fertilizers, growth regulators are known to control many processes within
plants. There are various reports on the effect of exogenously applied plant growth
regulators on plant growth and development (Bevilaqua et al., 1993,1995; Pan and
Zhao, 1994; Ashorno et al., 1999). Paclobutrazol (PBZ) is a triazole fungicide that is
often termed as a plant growth retardant as it is a known opponent of the plant
hormone gibberellin. It acts by inhibiting  gibberellin  biosynthesis,
reducing internodial growth to give stouter stems, increasing root growth, causing early
fruitset and increasing seed set. Paclobutrazol is used to reduce shoot growth too and
has been utilized in rice by Bambang (2012) who found that an application of 400 mg/I
was optimum in reducing plant height and culm height, increased bending resistance
and yield.



Lodging could be reduced by lowering the centre of gravity that is to reduce the plant
height. Increasing the mechanical or physical strength of the rice culm is also another
mean of addressing lodging. Cell wall which is a highly complex structure and
primarily made up of cellulose, also contains hemicelluloses, lignin, polysaccharides
and protein. The structural carbohydrates such as lignin, cellulose and hemicelluloses
can be termed as the backbone for plants and play a more dominant role as it provides
mechanical support hence an increase in these contents would further improve culm
strength. In addition, the thickness of cell walls in the sclerenchyma and the number of
vascular bundles are important factors that affect the stem mechanical strength of rice
(Lietal., 2009).

Silicon, a non-essential nutrient as many biologists believe, is often excluded in
nutrient solution and fertilization as it is often thought that the soil itself can sustain its
supply. Unfortunately their conviction is wrong since the silica that occurs in soil is in
an unavailable polymerized form and for its absorption by plants it has to be
depolymerized and rendered soluble by means of biological or chemical reactions in
soil. Plants absorb Si exclusively as monosilicic acid, also called orthosilicic acid, by
diffusion and also by the influence of transpiration-induced root absorption known as
mass flow (Elawad and Green, 1979).

It is believed that lodging can be reduced by optimum use of nitrogen, right amount of
water, reducing the plant height, strengthening the culm and incorporation of plant
growth regulators. Breeding is by far the most effective method to combat lodging but
it takes about 12 to 15 years to develop a new variety. As such, farmers lose
opportunities to grow better varieties earlier. Thus, the best method to overcome the
problem is to manipulate physiological activities of plants by use of chemical for
convenience, in this case it would be a plant nutrient, Si and plant growth retardant,
PBZ.

Therefore, the overall strategy will be to incorporate Si which can enhance the
mechanical strength of the rice culm with PBZ which has proven to decrease the length
of internodes. The hypothesis is that a short plant with an increase in rigidity will help
our cause in overcoming the problem of lodging. However, Si will remain the main
focus of this study as its combination with PBZ is yet to be tested.

1.2 Objectives

The primary objective of this research is to look into the possible use of Si in
increasing yield and lodging resistance.

The specific objectives of this research were:

1. To determine the best rate of Si application on yield, growth and lodging resistance
of MR219.

2. To resolve the best method of Si application on yield, growth and lodging resistance
of MR219.



3. To study effect of timing of Si application on yield, growth and lodging resistance of
MR219.

4. To study the combined effect of Si and PBZ on yield, growth and lodging resistance
of MR2109.
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