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ABSTRACT

One of the main problems of upland rice cultivation and production is drought stress. In
this study, the growth performance of upland rice variety Mutiara was compared in
different levels of drought stress under field condition. The experimental design used
was Completely Randomized Design (CRD) with 10 replicates for each treatment. The
treatments were 100% field capacity (control), 75% field capacity, 50% field capacity
and 25% field capacity. The data was analysed using one way ANOVA and LSD was
applied to compare means. No significant differences (p>0.05) were observed in plant
height, leaf length, leaf width, leaf number, root length, root dry weight, shoot dry
weight, root-shoot ratio, chlorophyll a, chlorophyll b, total chlorophyll, carotenoid,
relative water content and proline content. However, the tiller number of treatments of
FC 100%, FC 75% and FC 50% were significantly higher (p<0.05) than tiller number of
treatment of FC 25%. The LAI of treatment of FC 50% was significantly lower (p<0.05)
than treatment of FC 75%. It was concluded that FC 75% was sufficient for irrigation as
there were no significant differences observed for any components when compared to
the controlled treatment, FC 100%. Further research is needed to study the drought
stress effect on other upland rice varieties.
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KESAN KEMARAU PADA PERTUMBUHAN PADI HUMA

ABSTRAK

Salah satu masalah utama penanaman dan pengeluaran padi huma adalah masalah
kemarau. Dalam kajian ini, prestasi pertumbuhan beras Mutiara dibandingkan di bawah
lahap kemarau yang berbeza. Rekabentuk eksperimen yang telah diguna adalah CRD
dengan 10 replikasi untuk setiap rawatan. Rawatan yang telah diaplikasi adalah 100%
kapasiti padang (terkawal), kapasiti padang 75%, kapasiti padang 50% dan kapasiti
padang 25%. Rawatan telah diterapkan pada peringkat pembentukan tangkai untuk
selama 20 hari, Data telah dianalisis menggunakan ANOVA satu hala dan LSD telah
diguna untuk membandingkan min. Tiada perbezaan yang signifikan (p>0.05)
diperhatikan dalam ketinggian tumbuhan, panjang daun, lebar daun, bilangan aaun,
panjang akar, berat kering akar, berat kering pucuk, nisbah akar-pucuk, kiorofil a,
klorofil b, jumlah klorofil, karotenoid, kandungan air relatif dan kandungan proline.
Walau bagaimanapun, bilangan anakan padi untuk rawatan FC 100%, FC 75% dan FC
50% aaalah lebih tinggi (p <0.05) daripada bilangan anakan padi untuk rawatan FC
25%. LAI rawatan FC 50% adalah jauh lebih rendah (p <0.05) berbanding rawatan FC
75%. Kesimpulan telah dibuat bahawa FC 75% adalah mencukupi untuk pengairan
kerana tidak ada perbezaan yang ketara diperhatikan bagi mana-mana komponen
berbanding rawatan dikawal, FC 100%. Kajian lanjutan diperfukan untuk mengkaji
kesan kemarau pada varieti padi huma yang lain.
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CHAPTER 1

INTRODUCTION

1.1 Rice

Rice (Oryza sativa), is the second most widely grown cereal crop and is the staple food
for more than half the world’s population. Rice is depended for its food calories and
protein especially in developing countries. Based on the availability of land and water,
rice can be grown on lowland or upland. Unlike the lowland rice that is planted in flooded
soil, cultivation of upland rice is on the dryland which mostly relies on rain-fed irrigation.

In Malaysia, more than 100,000 farmers depend on rice production for their
livelihoods and many more are working in rice-related industry. In 2013, the total rice-
planted area in Malaysia for all seasons is 647,332 hectare (ha) producing 1,685,236
metric tonnes. Among the total rice production, the wetland rice production is 1,648,414
tonnes and the dryland rice production is 36,822 metric tonnes (DOA, 2014). As seen
from the data, the production of dryland rice (lowland and upland) is much lower.,

During the implementation of National Agricultural Policy 3 (NAP3), the self-
sufficiency level (SSL) of rice in Malaysia is 71% (Malaysia, 1998). The SSL is used as a
proxy to indicate the level of food security of rice. In 2013, the total import of rice in
Malaysia is 886,820 metric tonnes which is worth Ringgit Malaysia (RM) 1,583,778,000,
whereas the export of rice is only 10,776 metric tonnes with the worth of RM 20,975,000.

In National Agro-food Policy that is intending to replace NAP3, it did not aim for

full sufficiency of SSL as Malaysia is a high cost producer of rice. Indirectly, this data
shows that Malaysia is still facing many challenges in achieving; full__s__ufﬂ iency ice S
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production. Some of the challenges of rice production in Malaysia are increase of food

price, climate change, population growth and resources scarcity.
1.2 Upland Rice

The upland rice has traditionally suffered from drought and infertile soils, weeds and
plant diseases. They are adapted to the adverse environment and are able to produce
grains that meet local needs. Compared to wetland rice, upland rice has significantly low
yield and they are account for only 5% of world rice production. According to Department
of Agriculture (DOA) (2014), in 2013, the average yield for dryland paddy in Malaysia is
only 900 kilogram (kg) per hectare (ha™), which is much lower compared to the average
yield of wetland paddy which is 4,211 kg ha™.

Even though they have low yield, they are able to thrive in such poor condition.
This characteristic makes them the target of many researchers to study about their traits
hoping that this can increase their yield or to apply this trait on commercial rice.

1.3 Drought Stress

Drought is one of the most important limiting abiotic factors for crop production and is
becoming an increasingly severe problem in many global regions. It can occur at any
stage during the rice growing season due to inadequate irrigation, uneven distribution
of rainfall, variation in the rainfall patterns from one year to another or inadequate
rainfall in large areas (Zhang, 2007). It can influence the grain production and quality
and with global climate change and increasing population, the situation is made worse.
However, water is needed in every phase of plant growth. Rice as a paddy field crop is
particularly susceptible to drought stress which will affect the yield and quality produced.

For upland rice cultivation, drought is the common issue. Though they have been

widely recognized to be more drought resistant than wetland rice, it is important to study
how they react to drought stress and its effect on them.

. @ UM
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1.4 Justification

From all the data shown, the rice production in Malaysia is still unable to reach full
sufficiency level and is unable to ensure the national food security. The high amount of
rice imports only show the severity of the problem. Additionally, there are more
challenges such as the dimate change, population growth and resources scarcity which
makes the food production more challenging in this country.

Even though upland rice have low yield potential, they have shown greater
drought tolerance and yield stability. Upland rice has the potential of improving the
national food security. In Malaysia, the urbanization and intensification of land use for
cash crop has caused the issue of resources scarcity in terms of availability of fertile land.
The cultivation of upland rice is able to alleviate the land scarcity issues as it can be
planted on hilly or mountainous area. Additionally, cultivation of upland rice does not
require flooding of water or frequent irrigation which can ease the problem of water
resources problem due to climate change. It can also reduce the rice production cost as

less water is needed for irrigation.

By studying the effect of drought stress on upland rice, we are able to observe
how the plants react to drought and the mechanism involved in resisting drought. If a
rice variety manifests itself in satisfactory grain yield under drought stress, it is deemed
viable and economical for cultivation. This will also serve as the cue to further improve
the upland rice in particular for breeding drought-tolerant and high-yield-potential upland

rice variety.

Under treatment of different levels of drought stress, we will be able to determine
minimum water required to produce potential yield for upland rice variety. Then, farmer
can determine the best time to plant this variety according to the rainfall pattern of the

region.

As the upland rice has shown so much potential, it is important to study about it
to unleash the benefits it can bring to the rice production industry in Malaysia and
improve the national food security. Furthermore, the studies of upland rice is still at its
infancy and there are still a lot to be known about.

. & UM

ST UNIVERSITI MALAYSIA SABAH



1.5 Objective

The objective of this research was to assess the effect of different drought stress levels

on growth of upland rice.

1.6 Hypothesis

Ho: There is no significant difference between different levels of drought stress in the

growth of upland rice grown on Silabukan soil.

Ha: There is significant difference between different levels of drought stress in the growth

of upland rice grown on Silabukan soil.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction of Rice

Rice, also known as Oryza sativa L., is the primary source of food and calories for about
half of the world population (Khush, 2005). It is mostly grown and consumed in Asia,
where rice is grown in 135 million ha with an annual production of 516 million tonnes

(Roy and Misra, 2002).

In a study conducted by Oka and Morishima (1982), they suggested that Asian
rice, Oryza sativa, indica and japonica were domesticated from Oryza rufipogon, a wild
rice species. The domestication of the rice can be dated back to 8200 to 13500 years
ago. The origin of rice domestication is still being debated by archaeologist and botanist
which now limits to either the Yangtze River of China or India.

2.2 Taxonomy of Rice

In the publication by Ministry of Environment and Forests Government of India (MOEF)
(2011), the taxonomy and the botanical features of rice are described. The taxonomy
classifications of rice in botanical field in order of kingdom, division, class, order, family,
genus, and species are Plantae, Magnoliophyte, Liliopsida, Cyperales, Gramineae, Oryza
and sativa. It is commonly referred as rice in English. In Malaysia, the grain is called

5 UMS
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2.3 Botany of Rice

According to MOEF (2011), rice is an annual grass. It grows up to 1.8 metre (m), has
round, hallow and jointed culms, and produce flat leaves and a terminal inflorescence.
Each culm or tiller is also a shoot that includes root, stem and leaves. Rice is monocarpic

plant, that is, flowers once, set seeds and die.

The root system of rice is divided into two major types which are crown roots
and nodal roots. The crown roots are the ones that develop from nodes below the soil
surface whereas the nodal roots develop from nodes above the soil surface. Rice root
has the distinguished feature of dimorphism. Originally, they are thick and white with
numerous root hairs on the entire surface. Then they become thinner, branched and
brownish with hairs left only on the root apex. The root hairs are generally short lived
and function as tubular extensions of the outermost layer of root. Only at later stage of
plant growth, the main rooting system develops. At this time, the roots develop
horizontally from the nodes of stem below ground level.

Stem of the rice plant consists of two parts which are underground and aerial
parts. Aerial part of the stem is also called culm, which consists of several nodes spaced
apart by internodes. The aerial part also has well-defined solid nodes and hollow
internodes with thickness of about 6 to 8 millimetre (mm). Primary tillers usually emerge
alternatively from the main stem, projecting in upward direction. Then, secondary tillers
will emerge from the first node of the primary tiller. Ligules and a pair of auricles will
grow at the leaf junction of the furthermost node. Also at the furthermost node, the

panicle is formed and give rise to the spikelet.

The leaf arrangement of rice is alternate. The number of leaves borne on an axis
is same as the number of nodes. The leaf can also be differentiated into two parts which
are theleaf blade and leaf sheath. Leaf sheath is the elongated, cylindrical structure that
wraps the culms, which also endose the bud of potential tiller. The leaf blade is flat,
elongated and is usually longer than the sheath. It has the major function of performing
photosynthesis. Rice leaf may look like other grasses, but it can be distinguished by the

IR ae®  UNIVERSITI MALAYSIA SABAH
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The inflorescence of rice is the terminal panicle with single flowered spikelet. It
is grown at the last internode of the culm. The rice spikelet consists of two short sterile
lemma, a normal fertile lemma and palea. The floral organs are protected within the
lemma and palea. When the floral organs mature, the lodicules in the flower will swell

and spikelet will open to expose the mature floral parts.

The rice grain is a dry and one-seed fruit. Its pericarp is fused with the seed coat.
The hull is the outer protective covering of the grain that consists of a lemma, a palea,
an awn, a rachilla and two sterile lemmas. It accounts for 20% of the total seed weight.
Other parts of the grain include the pericarp, seed coat, nucellus, embryo and endosperm.
The endosperm consists of starch, protein and fat. The aleurone layer in the embryo
stores food needed for germination. Different cultivars have different grain length which
varies between 5 and 7 mm with round, bold or slender shape (MOEF, 2011). Figure 2.1
shows the morphology of a rice plant with four tillers.

Flag leaf

Panicle

Tiller

Roots

Figure 2.1 Morphology of a rice plant.

Source: Oikeh et al., 2008 G UM
7
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2.3.1 Flag Leaf

Flag leaf is the last mature leaf before flowering takes place in paddy. The length of flag
leaf ranges between 100 to 300 mm whereas the width ranges between 10 to 25 mm
(Torres and Pietragalla, 2012). According to Li ef al. (1998), it is the major carbohydrate
producer in paddy plant, whereby it provides more than 50% of the photosynthetic

products mainly to the panicle.

The size and shape of flag leaf influence the generation of photosynthetic
products and thus are directly responsible for the yield potential of paddy. It was found
that the flag leaf area was positively correlated with the potential yield and number of

spikelet per panicle of paddy (Yue et al., 2006).

2.4 Growth Stages of Rice

The growth stages of rice plant is usually divided into three distinct and sequential phases.
Yoshida (1981) stated the three phases are vegetative growth stage, reproductive
growth stage and ripening growth stage. Figure 2.2 shows the growth phases of the rice

plant.

According to MOEF (2011), the three phases are further subdivided into 10 stages.
The Stage 0 is from germination to emergence. Stage 1 is called seedling. Stage 2 is
tillering and Stage 3 is stem elongation. These first 4 stages make up the vegetative
phase, the first phase of rice plant growth. Stage 4 is panicle initiation to booting. Stage
5 is heading or panide exertion and stage 6 is flowering. Stages 4, 5, and 6 constitute
the reproductive phase, the second phase of rice growth. Stage 7 is the milk grain stage.
Stage 8 is the dough grain stage and stage 9 is the mature grain stage. Stages 7 through
9 correspond to the ripening phase, the last phase in the development of the rice plant.

Rice varieties can be categorized into short-duration varieties which mature in
105 to 120 days and the long duration varieties which mature in 150 days.

During the vegetative phase, the rice plants undergoes germination to
emergence, seedling stage, tillering stage and stem elongation. Durung germination, the

radicle and plumule will protrude through the hull. After two of threg. days‘tde f
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the first leaf breaks through the coleoptile. The seedling stage initiates soon after
emergence and lasts till the first tiller appears. In the tillering stage, seminal roots and
up to five leaves develop at the rate of one every three to four days. The tillering stage
extends from the appearance of the first tiller until the maximum tiller number is reached.
The stem elongation stage may begin before panicle initiation or occur during later part

of tillering stage.

For the early-maturing varieties, the fourth internode of the stem, also the point
below emergence of panicle, elongates only from 2 to 4 centimetre (cm) before panicle
initiation becomes visible. In long-duration varieties, there will be a lag vegetative period
when maximum tillering occurs before the panicle initiation.

As the panicle primordium initiates at the tip of the growing shoot, the
reproductive phase starts. The panicle primordium will become visible to naked eye
about 10 days after initiation. In short-duration varieties, the panicle becomes visible
when a white feathery cone measuring about 1.0 to 1.5 mm long emerges from the main
culm. This is also called the heading. Then it will appear in tillers in uneven pattern.
During the development of panicle, the spikelet becomes recognizable. When the young
panicle develops, booting occurs due to the bulging of the leaf sheath. Senescence of
leaves and non-bearing tillers become noticeable at the plant base. For the Stage 6, also
the flowering stage, the anthers protrude from the spikelet and fertilization starts taking
place. The florets will open and the pollen from the protruded anthers will be shed on
the pistil, thereby fertilizing the egg. Generally, the florets open in the morning. The
flowering will occur a day after heading and takes about seven days for all spikelet in a

panicle to open.

After the flowering stage, the ripening phase begins. Milky white liquid begins to
fill the grain. Panicle will start to look green and bent. The senescence of the tillers will
be progressing at the base. Moving to Stage 8, the milky liquid in the grain turns into
soft dough and later hard dough. The spikelet turns yellow and senescence of tillers and
leaves become obvious. In the last stage, each of the individual grain has matured, well
developed and turns yellow and hard. Most of the leaves are dried and accumulated at
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