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ABSTRACT

Water deficiency is one of the critical factors affecting rice productivity. The average
yields from the major crop plants may be reduced by more than 50 percent as a result
of water stress. FAO estimated that by 2025, 1.9 billion people will live in countries or
regions with absolute water scarcity, and two-third of world population could be under
water stress conditions. Therefore, cultivating crops that are tolerant to water
deficiency could be a way to ensure food security. Three cultivars of Sabah dryland
paddy namely Kambiring, Purak Bukit and Pulut Tadong was used to investigate the
effect of water deficiency to their yields. The objectives of the study were to compare
the yields between selected Sabah dryland paddy varieties under water deficient
condition and to determine the best Sabah dryland paddy variety in term of yield under
water deficiency. The days to fifty (50) percent heading, days to leaf curling, relative
water content (%), plant height (cm), culm height (cm), number of tillers per plant,
number of panicle per plant, percentage of productive tillers (%), panicle length (cm),
1000 grain weight (g) and extrapolated yield (tonnes ha™) in plants subjected to the
water deficit stressed and controlled-well-watered were recorded. The result was
analysed using two-way ANOVA and the mean comparison was compared using
Tukey's test. Based upon the results, there were no significant difference in the
interaction between varieties and the water stress treatment in all parameters.
However, there were significance difference in factors, in term of variety, number of
tillers/plant, number of panicle/plant, 1000 grain weight (g), extrapolated yields
(tonnes ha') and in term of water stress level in extrapolated yields (tonnes ha™). The
Purak Bukit rice cultivar was considered to be the highly drought-tolerant cultivar and

Pulut Tadong was considered the least tolerant to drought.
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ABSTRAK

KESAN KEKURANGAN AIR PADA HASIL TUAIAN BEBERAPA VARIETI PADI
HUMA SABAH

Kekurangan air adalah salah satu faktor penting yang mempengaruhi produktiviti
beras, hasil purata daripada tanaman utama boleh dikurangkan sebanyak lebih
daripada 50 peratus akibat daripada kekurangan air. FAO menganggarkan bahawa
pada tahun 2025, 1.9 bilion orang akan tinggal di negara-negara atau kawasan dengan
keaadan tiada keberlangsungan air, dan dua pertiga daripada penduduk dunia boleh
berada di bawah keadaan kekurangan air. Oleh itu, penanaman padi yang toleran
kepada kekurangan air boleh dijadikan sebagai salah satu alternatif untuk memastikan
keberlangsungan makanan. Dengan itu, tiga kultivar padi huma Sabah iaitu Kambiring,
Purak Bukit dan Pulut Tadong telah digunakan untuk mengkaji kesan kekurangan air
pada hasil tuaian setiap kultivar. Objektif kajian ini adalah untuk membandingkan kadar
hasil tuaian antara jenis padi huma Sabah di bawah keadaan kemarau dan untuk
menentukan padi huma Sabah yang terbaik dalam hasil tuaian di bawah keadaan
kemarau. Hari untuk lima puluh (50) peratus berbunga, hari untuk daun bergulung,
kandungan air relatif (%), ketinggian tumbuhan (cm), ketinggian jelaga (cm), bilangan
anak padi per pokok, bilangan malai per pokok, peratusan anak padi produktif (%),
panjang tangkai (cm), berat 1000 bijirin (g) dan hasil diekstrapolasi (tan ha) pada
padi dalam keadaan kemarau dan dikawal-diberi air telah direkodkan. Keputusan telah
dianalisa menggunakan ANOVA dua hala dan ujian-Tukey telah digunakan untuk
membandingkan hasil min eksperimen ini. Berdasarkan keputusan, tidak ada
perbezaan yang signifikan dalam interaksi antara kultivar dan rawatan kekurangan air
pada semua parameter. Walau bagaimanapun, terdapat perbezaan yang signifikan
dalam faktor-faktor eksperimen, dari segi factor varieti, bilangan anak padi per pokok,
beberapa malai per pokok, 1000 berat bijirin (g), hasil diekstrapolasi (tan ha') dan dari
segi tahap kekurangan air di hasil diekstrapolasi (tan ha™). Daripada eksperimen ini
didapati bahawa kultivar Purak Bukit dianggap sebagai kultivar yang paling toleran
kepada kekurangan air dan Pulut Tadong dianggap yang paling kurang toleran kepada

kemarau.
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CHAPTER 1

INTRODUCTION

1.1 Background of the Study

Water plays a very important function in agriculture. It is a critical necessity in
increasing agricultural production, ensuring predictability in the yields and is essential
to bring forth the optimum potential of the land and to enable full use of other yield
enhancing production factors. It main function is to irrigate agricultural crops which will
help optimized the plant metabolic activities that will lead to healthy and productive
plant. United Nations Environment Programme reported that agricultural activities
account for approximately 75 percent of the global water consumption and in
developing countries, 90 percent of water is used for irrigation (UNEP, 2009). Three
thousand liters of water is required to grow a daily food needs for a person per day
(FAO, 2003). However, competition for water is increasing due to increase pressure
from competition in farming, rearing of livestock, urbanization, industrialization, water

PERPUSTARAAN
TNIVERSITI MALAYSIA SABAD

pollution and climate change which have led to water scarcity.

Water scarcity is one of the biggest threats to the agricultural sector nowadays.
One of its biggest threats is water stress towards crop. It is estimated that average
yields from the major crop plants may be reduced by more than 50 per cent as a result
of water deficiency (Mofizur andHasegawa, 2009). Water stress has a tremendous
effect on agriculture that will negatively influencing human activities (NOAA, 2003) -
hunger, famine, sickness and war. By 2025, 1.9 billion people will be living in countries
or regions with absolute water scarcity, and two-thirds of the world populations could
be under water-stress conditions (FAO, 2015). Since about one-third of potential arable
land is facing water scarcity, the yield production in remainder may be adversely

affected by
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periodic drought, and more than half of the world population will be negatively
affected by 2025. One of the most affected crop will be the rice crop.

Rice (Oryza sativa L.) is the most important staple food in Asia. It is a semi-aquatic
species that is typically cultivated under partially flooded condition. It has poor water-
deficient tolerant especially the irrigated lowland rice cultures due to its low water
adaptability. Rice is a crucial part of everyday Malaysian diet. On average, Malaysian
citizen consumes 82.3 kilograms of rice per year. In Malaysia rice is grown either in
flooded rice paddies (wet land paddy) or grown in dry soil (dry land paddy). Wet land
paddy contributes to 503,184 hectare and dryland paddy contributes to 165,888
hectares (DOA, 2005). However, the production of Malaysia rice is only about 73.5
percent self-sufficient in rice (MARDI, 2015), the remainder is imported mainly from
other countries. Therefore, there is a need to increase the production of rice for future

needs. However, this is expected to be challenging due to climate change such as

drought.

Malaysia is a warm humid tropic country that rich in water resources due to
sufficient annual rainfall with an average of 2400 mm. However, Malaysia is often hit
by water-related disasters such as droughts and floods due to irregular - and
unpredictable rainfall in terms of both space and time (Chan, 2002). Recently, intense
E/ Nino have brought severe drought to Thailand, Malaysia and Singapore. In Malaysia,
the government’s meteorological department expects 20 to 60 % less rain due to the
E/ Nino phenomenon for 2016 compare to 2015. This phenomenon has led to tonnes of
losses to farmers due to deterioration of rice crops, some giving poor yield and some
give total loss of no yield. Five thousand one hundred rice farmers were affected hardly
by the £/ Nino which causes 8500 hectares of rice fields to dry up. These climatic
changes such as drought, heat waves and uneven precipitation pattern have limit

water availability for farming (Bates et a/.,, 2008).

Drought have a tremendous threat to rice production of Malaysia. It causes the
fields to dry and make it unable to transplant seedling to the fields and cause rice that
already transplanted crinkled and died as it was impossible to water them with the
water supply being dried up and when watered, the water evaporates so quickly. It
was reported that rice farmers in Kerian suffer RM56 million in losses due to the heat

wave- drought.
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During the intense £/ Nino in mid-2016, it was reported that 8097 hectares of 21108
rice fields in the distinct were affected by the £/ Nino involving 3175 farmers (NST,
2016). Starting from the mid-19th century, the temperature has showed gradual
increasement until now. With the temperature risen, more water are loses from lakes,
reservoir, ground water etc, which lead to higher water demand for agriculture
irrigation. The average global temperature in February 2016 was 2.73%, 1.35C above
1951 and 2.23 € above 1998(GISS, 2016). Both records were set during strong £/ Nino
events. This shown that the effect of drought are greater with times. Therefore, this
study is one of the efforts to prepare for the unpredictable future by examining
different capabilities/ traits of drought resistant in Sabah traditional dryland paddy

varieties.

1.2 Justification of the Study

This experiment was conducted to determine the best Sabah dryland paddy variety
grown on water deficit environment. Three (3) Sabah dryland paddy varieties - Pulut
Tadong, Purak Bukit and Kambiring were used. It is hoping that this study could assist
the farmers on choosing varieties that are better to be grown during water deficient
period. Furthermore, farmers may be able to improve the rice yields during water
deficient condition or during dry season. More-ever, the water consumption of growing
paddy might as well be reduced, as the paddy’s water requirement is low. Thus, this
will not only reduce the water use on the paddy but indirectly will heip to reduce the
costs- water bill, labor and also help in conserving water for other necessity which also
indirectly helps conserve the world. This will improve the quality of sustainability of the
rice production’s industry. This experiment also will help in identifying (screening) rice
varieties with high levels of water deficient tolerance that can be use as donors in
breeding and/or gene discovery. The greater and increasing demand of rice production
by the societies justifies the need for a more effective and life-changing planting

approaches.
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1.3 Objectives of the Study

The objectives of this study were:
1. To compare the yields between selected Sabah dryland paddy varieties

under water deficient condition.

2. To determine the best Sabah dryland paddy variety in term of yield

under water deficient condition.

1.4 Hypothesis

Hypothesis 1

Ho: There is no significance difference in the yields of the selected Sabah dryland

paddy under water deficient condition and normal condition.

H,: There is significance difference in the yields of the selected Sabah dryland paddy

under water deficient condition and normal condition.

Hypothesis 2

Ho: There is no significance difference between the yields of selected Sabah dryland

paddy varieties under water deficient condition.

H,: There is significance difference between the yields of selected Sabah dryland paddy

varieties under water deficient condition.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Nowadays, activities from economic development, urbanization and climate change
have caused water shortage issues resulting to limitation of available water for crop
irrigation. The limitation will cause a water stress to occur. Water stress is a major
limitation to the intensification of rice yields in many regions of the world (Passioura,
2007). Water stress, in its broadest sense, encompasses both drought and flooding
stresses and Malaysia is one of the country that is often hit by water-related disasters
such as droughts and floods (Chan, 2002). Rice (Oryza sativa L.) is one of the most
widely consumes cereal crops, providing a staple diet for almost half of the world’s
population (Song et al, 2003). Water deficiency is a great threat to rice production
especially irrigated rice which requires large water consumption. Factors controlling
stress conditions alter the normal equilibrium and lead to series of morphological,
physiological, biochemical, and molecular changes which adversely affect their growth
and productivity. The average yields from the major crop plants may be reduced by
more than 50 % as a result of water stress (Bray et al. 2000). Therefore, identifying
rice varieties with contrasting drought tolerance is a need to bring new insight for the
breeding of rice as it can be used as donors in breeding and gene discovery in
producing high yielding drought tolerance varieties, and this is one of the main

challenges for rice research according to Serraj and Atlin (2008).
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2.2 Rice (Oryza sativa L.)

Rice is the major staple food for a large proportion of the world’s population. It is one of the
most widely consumed cereal crops, providing a staple diet for almost half of the world’s
population (Song et al, 2003). Rice is an annual, monocot, and C; plant that belongs to the
Poaceae family. The growth duration of the rice plants is three to six months, depending on
the variety and the environment under which it grown. Rice plant can be divided into three
agronomic phases of development which are vegetative stage (germination to panicle
initiation), reproductive stage (panicle initiation to heading), and maturation or ripening
stage (grain filling, heading to maturity). Rice is extremely sensitive to water shortage.
When soil water content drops below saturation, growth and yield formation are affected,
mainly through reduced leaf surface area, photosynthesis rate, and sink size. Rice plants are
most sensitive to water stress at the flowering stage. It greatly affects spikelet sterility of the
rice plant which results in decreased percentage of filled spikelets. Therefore, grains per
panicle and grain weight will also decreased (IRRI, 2016). Water deficiency during this stage
has greater grain yield reduction than during other stages (Sarvestani et a/, 2008).

Flowering stage of rice plants is shown in Figure 2.1.

Figure 2.1 Flowering stage of rice
Source: Retrieved from Jerry Wilhm, July 2011

7
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2.3 Rice Production in Worldwide

Rice is grown worldwide on 150 million hectares with total production of about 563 million
tons of unmilled rough rice (FOA, 1999). Nearly half of the total population of the world use
rice as their staple food and it is the main source of calories for about 40 percent of the
world population (Hoffman, 1991). Rice is the second most important crop in the world after
wheat (Smith, 1995). It is grown over a considerable geographic range from 45°N to 40°S to
elevations of more than 2500 m, but with average temperatures in the range of 20-30°C
(Oldeman et al., 1987). The largest rice production is from Asia, which produces about 94
percent of the total world production. In this region, which also contains 59 percent of the
global population, rice is the main diet in the routine basis, providing an average of 35
percent of total caloric intake compared to only 2 percent in the USA (Matthews et a/,, 1995).
And, to meet the demands of the rapidly expanding population, an estimation of 70 percent
increase in rice production is required over the coming decades (IRRI, 1993). Figure 2.2
shows the world rice acreage from 2008/2009 to 2015/2016. The United States Department
of Agriculture (USDA) estimates that the World Rice Production 2016/2017 will be 483.8
million metric tons, rice production last year was 472.1 million tons. This estimation could
represent an increase of 11.69 million tons or a 2.48% in rice production around the globe.
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World rice acreage from 2008/2009 to 2015/2016
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Figure 2.2 World rice acreage from 2008/2009 to 2015/2016 (In million hectares)
Source: Statista, 2016

However, from an El Nino event it was reported that the world rice production is
expected to decline for the first time since 2010, as failing rains linked to an El Nino weather
pattern cut crop yields in Asia's rice bowl. A heat wave is sweeping top rice exporter India,
while the No 2 supplier Thailand is facing a second year of drought. While, Swathes of
farmland in Vietnam, the third-biggest supplier, are also parched as irrigation fed by the
Mekong river runs dry. The three account for more than 60 per cent of the global rice trade
of about 43 million tonnes threatens to cut output and boost prices of a staple for half the

world's population (Naveen Thukral, 2016).
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2.3.1 Rice Production in Malaysia

Malaysia in the Malay Archipelago is made up of the Malay Peninsula, Sabah, and Sarawak,
located between 1° and 7° N latitude and 100° and 120° E longitude. Malaysian population
is approximately 31.7 million (Department of statistics Malaysia, 2016), an increase of 0.5
million persons as compared to 31.2 million persons in 2015 with 1.5 per cent population
growth rate for the same period. Malaysia is characterized as the warm humid tropics. The
climate is govern by the north-east monsoon. In general, Sabah and Sarawak experience
greater rainfall than Peninsular Malaysia. Temperature averages a constant high of 26° C
with diurnal range of 7° C. Rice have great potential of growing here. Rice is the staple food
of Malaysia, with the population rate exceeds 2 percent annually, the national requirement
for rice has increase drastically. Malaysia is about 71.6 percent self-sufficient in rice (DOSM,
2015), the remainder is imported mainly from trading partners (Matthews et a/, 1995). In
Malaysia, rice is the third most important crops after oil palm and rubber in terms of
production. Rice is mainly grown under flood irrigation in Malaysia as irrigated lowland rice
has low pest and disease incidence as well as high and stable yield. Figure 2.3 shows the
total rice area and annual production of rice of Malaysia for the years 2006 until 2015 (FAO,

2015).
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