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ABSTRACT

A pot experiment was conducted to evaluate the effect of potassium on growth, yield
and lodging of two selected Sabah traditional rice varieties (Padi Wangi and Serendah
Merah) and Sri Sabah paddy variety (TR9) as HYV. A 3 x 3 factorial completely
randomized design (CRD) with three replications for each treatment combination was
used. The treatments for N : P,Os: K,O used were 60:30:30 kg ha™, 60:30:60 kg ha™
and 60:30:90 kg ha® where three split applications of fertilizers were applied to the
rice plants, namely basal application before transplanting, topdressing applications at
maximum tillering and panicle initiation stages. The results showed that there is
significant interaction effect of potassium application rate and rice varieties on the
1000-grain weight, extrapolated yield per season and internode length of two lowest
nodes. The rate of 60 kg ha™ produced the lowest plant height (114.67 cm), highest
1,000-grain weight (26.23 g) and the highest extrapolated yield per season (5.25 t ha’
1), This application rate also resulted in the lowest culm height (80.11 cm) and highest
culm diameter (5.15 mm) that can reduce the lodging susceptibility of rice plants. For
the traditional rice varieties, Serendah Merah (V2) produced the highest 1,000-grain
weight (26.23 g) and the highest extrapolated yield per season (5.25 t ha™). This
variety also has shorter maturity period of 100-110 days which enables the farmers to
cultivate the rice plants for two cycles or even five cycles for every two years. For
lodging parameters, Padi Wangi (V1) resulted in the lowest culm height (77.86 cm)
and highest culm diameter (5.55 mm) and the lowest internode length between two
lowest nodes (3.50 cm). The Sabah local traditional rice varieties had a potential to be
cultivated as the potassium fertilizer application contributed to higher rice yields and
some of their lodging characteristics were minimized.

- B UMS

UNIVERSITI MALAYS

A SABAF




KESAN KALIUM TERHADAP TUMBESARAN, PENGHASILAN DAN KEREBAHAN TIGA
VARIETI PADI DITANAM PADA TANAH SAWAH

ABSTRACK

Satu kajian telah djjalankan untuk menilai kesan pemberian baja kalium terhadap
pertumbuhan, hasil dan kerebahan dua varieti padi tradisional tempatan Sabah (Padi Wangi
dan Serendah Merah) dengan satu varieti padi berhasil tinggi (Padi Varieti Sri Sabah, TR9).
Kesemua rawatan ini telah disusun dengan menggunakan Rekabentuk Rawak Penuh (CRD),
rekabentuk faktoran dua faktor dengan tiga replikasi bagi setiap rawatan. Rawatan-rawatan
untuk pengaplikasian N : P;Os : K;O adalah 60:30:30 kg ha”, 60:30:60 kg ha” dan 60:30:90
kg ha’. Pengaplikasian baja-baja ini telah dijalankan sebanyak tiga peringkat, iaitu pada
peringkat sebelum menanam anak benih padi (basal application), peringkat pembentukan
anakan pokok maksimum serta permulaan pembentukan tangkai berbuah. Hasil kajian
menunjukkan bahawa faktor pengaplikasian kalium dan varieti padi telah menunjukkan
perbezaan beerti terhadap 1,000 butiran pad, unjuran hasil berat bernas setiap tangkai dan
panjang ruas tangkai. Pengapkiikasian baja kalium pada kadar 60 kg ha” telah
menghasilkan ketinggian pokok yang terendah (114.67 sm), berat 1,000 butiran padi
tertinggi (26.23 g) dan unjuran hasil tertinggi (5.25 t ha”). Kadar pengaplikasian baja
kalium ini juga dapat mengurangkan kesan kerebahan pokok padi dengan menghasilkan
pokok padi yang mempunyai ketinggian batang padi terendah (80.11 sm) dan diameter
batang padi tertinggi (5.15 mm). Dalam aspek penghasilan padi, Serendah Merah telah
disyorkan kerana varieti padi ini telah mencatatkan 1,000 butiran padi tertinggi (26.23 g)
dan unjuran hasil tertinggi (5.25 t ha’). Varieti padi ini turut mempunyai tempoh
kematangan yang lebih pendek (100-110 HST) yang membolehkan penanaman padi
dilakukan dua kali setahun ataupun lima kali dalam tempoh dua tahun. Dalam aspek prestasi
kerebahan, Padi Wangi telah menghasilkan ketinggian batang padi terendah (77.86 sm),
diameter batang padi tertinggi (5.55 mm), panjang ruas tangkai padi terpendek (3.50 sm).
Kesimpulannya, varieti padi tradisional tempatan Sabah mempunyai potensi untuk
penanaman kerana pengapklisian baja kalium ini dapat meningkatkan penghasilan padi
serta mengurangkan kesan kerebahannya.
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CHAPTER 1

INTRODUCTION

1.1 Background

Rice, which is scientifically known as Oryza sativa L. is a staple food that is being
consumed by about half of the world population, including Malaysia (Buresh et a,
2008). In Sabah, traditional rice varieties have been cultivated by the farmers to
produce their own food source and generate income by supplying to the local market
(Souki, 2015). The adoption of each traditional rice variety is based on the texture,
eating quality and availability of seeds in each region (Souki, 2015). In Sabah, Kota
Belud is the largest region that is being utilized for rainfed lowland rice production with
a land area of approximately 8,502 hectares. The rice grown includes high yielding
varieties and traditional rice varieties. The state government of Sabah has set a priority
to increase the production of rice which acts as a strategy to enhance the food security
of the state (Souki, 2015).

In the rice production sector, poor nutrient and agronomic management leads
to the imbalanced use of fertilizers where the farmers give much attention only on
nitrogen fertilizer application and often carry out minimal level of phosphorus and
potassium fertilization (Manzoor et al., 2008). This causes the rice grain yield reduction
due to lodging as well as disease outbreaks that result from low efficiency of nitrogen
fertilizer application and use with minimal potassium fertilizer application (Hach and
Nam, 2006). Saito et a/. (2006) reported that some traditional rice varieties may not be
suitable to be cultivated under high-input management as the traditional rice plants
become more vuinerable to lodging. Amarasinghe et a/. (2014) also reported that some
traditional rice cultivars are not responsive to chemical fertilizer application.
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Excessive nitrogen application also potentially leads to increased input cost and
environmental pollution (Aishah et al, 2010). Potassium deficiency due to excessive
nitrogen application results in the weakening of stem strength due to heavy top on the
panicle. Due to this, the tendency of the rice plant to lodge is higher, especially at the
beginning of internode elongation and heading stages (Chang, 1964; Slaton et al,
2005). The problems caused by lodging in rice plants include the difficulty in
undertaking mechanical harvesting, reduced crop yield due to sprouting and possible
moulding, poor grain quality as well as decreased canopy photosynthesis of the plants
due to the effects of self-shading and uneven maturity (Umar et al, 2015). In severe
potassium deficiencies of rice plants, the visual symptoms include brown spot and
premature death of lower leaves. These symptoms typically appear at the booting
stage of rice plants, especially in silt and sandy loam soils with the pH’s value less than
7.0 (Slaton et a/,, 2005).

Poor nutrient management and natural disasters such as wind, rain and hail
increase susceptibility to lodging in rice crops due to larger bending moments caused
by the weakening stalk (Kono and Takahashi, 1964). The uneven land preparation for
rice cultivation also tends to affect the growth and yield of rice plants (Anbumozhi et
al, 1994). The inefficient water depth management due to uneven land preparation
leads to impaired tillering in partially submerged conditions, increased lodging
incidence due to increased plant height and inter-node length, poor crop growth and
yield due to inhibited tillering as well as reduced leaf area during rooting stage in deep
water (Yoshida, 1981; De Datta, 1981; Ohe and Mimoto, 1999). Balanced, integrated
and efficient use of fertilizers applied at the correct dose and timing tends to attain
sustainable rice production by enhancing the rice productivity, preserving soil health
and reduced lodging incidence (Ahmad et a/., 2014; Awan et a/, 2007).

1.2 Justification

Due to the presence of high yielding varieties (HYV), most of the farmers abandoned
the cultivation of traditional rice as the yield produced by the HYV is much higher than
that of traditional rice varieties. Souki (2015) reported that some traditional rice
varieties only produce average yields less than 2.0 t ha™ per season. However, HYV
such as TR9 has a potential yield of 7.0 t ha™ per season (Jabatan Pertanian, 1995).
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This leads to the extinction of the traditional rice varieties because HYV have been
repeatedly adopted by the local farmers for cultivation, resulting in the occurrence of

genetic erosion of rice.

Traditional rice possess tremendous numbers of benefits, but the yield of some
varieties is typically low (Ranawake et al, 2013). However, Muhammad et &/, (2015)
suggested that high grain yield of rice can be attained through sustainable rice
production practices such as appropriate fertilizer application, maximum desired
planting density per unit area for adequate sunlight to the rice plants for
photosynthesis. It is also reported that the appropriate use of fertilizers at optimum
rate will result in maximum yield of traditional rice with the lowest output cost
(Dobermann and Fairhurst, 2000).

Awan et al. (2007) reported that the appropriate use of fertilizers can produce
higher grain yield, maximum tiller numbers per hill, highest grain weight, and minimum
percentage of sterile grains. Potassium plays an important role in enhancing stalk
stability and minimizing lodging effect in rice plants (Fathi, 1998). Umar et a. (2015)
reported that potassium is an essential nutrient element that has a synergistic effect on
the uptake of nitrogen by plants to improve plant height by increasing its rate of
metabolism and strengthening the stem of plants.

By conducting this study, an evaluation of the response of traditional rice
towards different potassium fertilizer rates at a fixed amount of nitrogen fertilizer will
be achieved. The high application of nitrogen will increase the yield of the traditional
rice and the application of potassium fertilizer will control the lodging of the traditional
rice. By obtaining the right combination of potassium and nitrogen to be applied for
traditional rice, it is possible to enhance the yield components of the traditional rice
such as total number of panicles per plant, total number of grains per panicle,
percentage of filled grains per panicle and 1,000-grain weight. Since information on the
response of local traditional rice cultivars for fertilizer applications is very limited, hence
this study was conducted. The study also provides comparable information HYV and
some Sabah traditional rice varieties.
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Local farmers use traditional rice varieties for cultivation to produce their own
food source as these traditional rice varieties produce low but stable yields even when
cultivated under adverse environmental conditions (Saito et a/, 2006). The adoption of
traditional rice varieties by farmers varies according to their needs such as taste,
texture, aroma and availability of the seeds (Souki, 2015). In terms of health benefits,
traditional rice is said to be of high nutritional value and possesses medicinal properties
for various diseases (Ranawake ef al., 2013). In terms of agronomic characteristics,
Ranawake et al. (2013) reported that most of the traditional rice varieties are more
resistant to adverse environmental and soil conditions as well as pest and disease

attacks compared to the HYVs.

Due to the long maturity period, less yield and lodging of traditional rice
varieties, studies need to be carried out to overcome these problems and to ensure
that the farmers will apply the fertilizers at an optimum rate. By addressing the
response of traditional rice to potassium fertilizer, it is possible to determine the
traditional rice varieties that are responsive to the fertilizers to attain higher yield. This
will enable the farmers to commercialize and supply the extra rice produced for

generating income.

Moreover, traditional rice varieties also possess superior genetic qualities that
can be harnessed to improve the new rice varieties for better growth and yield under
limited resources. The genetic materials will be conserved for future breeding
programmes (Rabiei et al, 2004). These traditional rice varieties can be alternatives
for cultivation when new hybrid rice varieties fail to produce the desired grain yield due
to attack by different indigenous pests, infectious diseases and extreme climatic factors.
Therefore, it is important to collect and conserve of traditional rice varieties to develop
new suitable varieties for sustaining the rice agricultural sector (Mohanty et al., 2011).
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1.3 Objectives

The objectives of this study are:

i.  to evaluate the effect of potassium fertilizer on growth and yield of selected

Sabah traditional and TR9 (HYV) rice varieties.
ii.  to evaluate the effect of potassium fertilizer on lodging of selected Sabah

traditional and TR9 (HYV) rice varieties.

1.4 Hypothesis

Ho: There is no significance difference between the effect of potassium fertilizer on
growth, yield and lodging of selected Sabah traditional and TR9 (HYV) rice varieties.

H,: There is a significance difference between the effect of potassium fertilizer on
growth, yield and lodging of selected Sabah traditional and TR9 (HYV) rice varieties.

PERPUSTAKAAN
UNIVERSITI MALAYSIA SABAN

" @UMS

UNIVERSITI MALAYSIA SABAK




CHAPTER 2

LITERATURE REVIEW

2.1 Taxonomy of rice

Rice is being categorized under the family of Poaceae under the genus Oryza which
has approximately 24 species (Department of Biotechnology, Ministry of Science and
Technology, India, 2011). Out of these 24 species, Onyza sativa L. and Oryza
glabberima (steud) are the two major species that have been cultivated worldwide
(Morishima, 1984). According to Morishima (1984), Oryza sativa L. is the rice species
that is widely cultivated in Asian countries, including Malaysia; whereas Oryza
glabberima (steud) is the rice species which is widely adapted and suitable to be grown
under the environmental conditions in Africa. Table 2.1 below indicates the scientific

taxonomy of Oryza sativa L.

Table 2.1 The scientific taxonomy of Oryza sativa (L.)

Kingdom Plantae

Division Magnoliophyta

Class Liliopsida

Order Poales

Family Gramineae or Poaceae
Tribe Oryzeae

Genus Oryza

Species sativa

Source: Department of Biotechnology, Ministry of Science and Technology, India, 2011

Oryza sativa L. species can be further divided into three sub-species due to the
differences in morphological and physiological characteristics. These three sub- species
of Oryza sativa L. are named as indica, japonica and javanica (Panda, 2010). Panda
(2010) has conducted a study to distinguish these three sub-species of Oryza sativa L.
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where the different regions of cultivating these three different sub-species is one of the
major differences between indica, japonica and javanica, The sub-species of /ndica are
well adapted to be cultivated under the environmental conditions in the humid tropics
and subtropics regions in Asia. Unlike indica, the sub-species japonica is not widely
found in temperate zones and sub-tropics. The Javanica sub-species are popularly
planted in some regions of Indonesia (Panda, 2010).

These three sub-species of Oryza satival. are also being adopted by farmers
based on the different adaption to the niches in terms of climatic factor, soil factor as
well as the desired eating quality of people from different regions (Ministry of Science
and Technology, India, 2011). It is believed that the traditional rice varieties that are
being cultivated in Sabah have been classified under the sub-species of indica due to
their morphological characteristics such as high tillering numbers per hill, tall plant
height and high tendency of lodging occurrence (Souki, 2015). The rice varieties in
Malaysia require the optimum photoperiod in order to receive adequate amount of
sunlight for producing high grain yield (Muhammad et al., 2015). Moreover, the grain
characteristics of the indlica can be distinguished from the sub-species of japonica and
Javanica where the grains of indica sub-species can be easily shattered; the grain type
is long to medium in length and the grain texture is non-sticky (Panda, 2010).

2.2 Morphology of rice

The rice plant is a monocotyledon that has an annual life cycle. Usually, the rice plant
takes up three to six months’ time to reach maturity, depending on the rice variety,
environmental factors of a particular area and the cultural practices (Ranawake, 2013).
There are three main growth stages for rice to complete its life cycle, which include
vegetative growth phase, reproductive phase and ripening phase (Moldenhauer et al.,
2013). However, there are three factors that potentially influence the yield which
include the panicle number per unit land area, the average number of grains per
panicle and the average weight of individual grains (Moldenhauer et a/, 2013). All
these factors are generally affected throughout the season from panicle initiation
through head emergence by environmental, nutritional as well as the plant
physiological conditions. The vegetation phase, according to Moldenhauer et a/, (2013),
this phase consists of six vegetative stages, namely seed germination, seedling
emergence, pre-tillering, tillering, maximum tillering and vegetative lag phase. For the
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seed germination of rice, the length of time from seed germination to emergence
depends on the variety and it takes 7 to 28 days for the seedling to emerge depending
on soil temperature and soil-moisture (Moldenhauer et af, 2013).

When the seeds have imbibed water and germination begins, the radicle
emerges to anchor it in the soil which subsequently leads to plumule emergence in dry
land or soil under optimum temperature of 31°C and this may take between five and
28 days depending on the growing environmental factors (Moldenhauer et al, 2013).
The seminal roots or radicle are sparsely branched and persist only for a short time
after germination which is until the seventh-leaf stage (Yoshida, 1981). Later, leaf
development occurs at regular intervals once the plant emerges from the soil where
the development of the primary and secondary leaf up to the fourth leaf leading up to
tillering is called pre-tillering phase and this usually requires between 15 and 25 days
(Moldenhauer et al, 2013). At the same time, the secondary or lateral root
development begins from the emerged radical and seminal roots from soon after
germination and this process continues until the permanent flood period. Figure 2.1
illustrates the anatomy of a germinating rice seedling whereas Figure 2.2 displays the
growth stages of a rice seed from germination to emergence of prophyll. Figure 2.3

shows one tiller of rice seedling.

Second Leaf

Primary Leat

Radicle

Secondary Roots

Figure 2.1  The anatomy of a germinating rice seedling
Source: Moldenhauer et a/,, 2013
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Growth Stage §2 S3
Morphological - . . . Emergence of prophyll
Criteria Dry, unimbibed sced Emergence of coleoptile Emergence of radicle from coleoptile
Hllustration

Figure 2.2

Source:

Figure 2.3
Source:

The growth stages of a rice seed from germination to emergence of

prophyll

Moldenhauer et a/., 2013

One tiller of rice sellng

Dunand and Saichuk, 2014

Tillering occurs when a sprout or stalk is produced from the crown, which forms
below the soil surface or from the axils of the lower leaves, Tillering begins usually

three weeks after emergence and a rice plant may develop from two to five panicle-
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bearing productive tillers depending on the seeding method. During tillering, the crown
roots of each plant continue to develop growing downward and it is only upon flooding
that roots begin to develop laterally and vertically in response to the oxygen available
on the water surface. Once the tillering process ends, the reproductive phase of the
rice plant begins to be expressed by decreasing the number of tillers, while the plant
height and stem diameter increases slowly (Moldenhauer et al, 2013). Figure 2.4
illustrates the open floret with floral parts showing.

Figure 2.4  The open floret ith floral parts showing
Source: Dunand and Saichuk, 2014

The reproductive phase occurs from panicle initiation to anthesis and is
characterized by the panicle primordial beginning to differentiate when a bright green
band is being observed just above the top node, followed by the internode elongation
until the full plant height is achieved. After that, the panicle begins to expand causing
a swelling of the flag leaf sheath where it is completely extended and meiosis occurs in
the ovules. Kamalanathan and Arivazhagan (2003) reported that the two equal split of
potassium fertilization at the recommended rate tends to produce higher grain yield
and straw yield of rice. Heading occurs after the panicle begins to swell in the boot and
as the panicle emerges from the boot where it takes another 10 to 14 days depending
on the number of tillers on the plant. Once exertion begins, anthesis begins when the
floret opens allowing the stamens to extrude, and the pistil becomes visible between
the floret lemma and palea. Polien is then shed from the anthers first while the floret is
closed and then shed more once it opens (Moldenhauer et al, 2013).

Flowering proceeds from the tip of the panicle downward to the base of the
panicle as it emerges from the boot, which lasts about 6 to 14 days. Ravichandran and
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