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ABSTRACT

Seed priming and breeding for drought tolerant rice could be promoted as a potentially
sustainable alternative in alleviating drought stress challenges in rice cultivation. The
present study was aimed to: 1) investigate the physiological mechanism and durability
of drought stress memory in primed seeds of rice, 2) propose a new term called
anthesis quality traits for all interrelated traits involved in the flowering process of
rice, 3) determine the effects of re-watering on the dynamics of anthesis quality traits
in drought stress rice, 4) study the genetics and physiological basis of resilient anthesis
quality traits in drought stress rice, 5) screen for potentially tolerant genotype having
resilient anthesis quality traits under severe drought at the heading stage, and 6)
ascertain the presence of gDTY2.2 and gqDTY12.1 in the identified drought tolerant
genotype with resilient anthesis quality traits. To date, scientific information on the
physiological mechanism and durability of drought stress memory in primed seeds are
scarcely available. Laboratory and pot-trial experiment for two seasons were
conducted to fulfil those gaps. Results of the present study indicated the involvement
of proline in the recruitment of drought stress memory in primed seeds. The acquired
stress memory however was temporary and only effective during germination and
early seedling growth stages. Therefore, study towards breeding drought tolerant rice
was then conducted. The present study hypothesizes that anthesis quality traits is
strongly associated with harvestable grain yield under drought and could be
potentially used as a selection criterion in breeding drought tolerant rice. Pot-trial
experiments using randomized complete block design (RCBD) were conducted to
verify this hypothesis. Briefly, spikelet moisture content at above 80% was required to
maintain optimum anthesis process in rice for higher spikelet fertility and grain yield
under drought. Two novel genotypes of local landraces namely Jarom Mas and Merah
Wangi (1) have been identified having resilient anthesis quality traits under severe
drought stress at the heading stage. Those two genotypes can retain their spikelet
moisture content at above 80% under severe stress condition. The rate of lipid
peroxidation level in those genotypes was significantly lower as compared to
susceptible control, IR64 suggesting that they were not under stress condition. The
genetics and traits association analysis indicated that anthesis quality traits were
highly associated with harvestable grain yield under drought and could be used as a
selection criterion due to high inheritance values and potential genetic advance.
However, assessing anthesis quality traits during the selection process under field
condition could be extremely difficult. Therefore, novel phenotyping assessment
based on spikelet moisture content and drying score index has been proposed as a
more sensible selection criterion. Moreover, the drought grain yield quantitative trait
loci (QTLs) of qDTY12.1 was more superior with significantly lower grain yield
reduction under severe stress as compared to gDTY2.2. However, those two qDTYs
were not detected in the novel genotypes Jarom Mas and Merah Wangi (1) suggesting
that other gDTYs/QTLs might be associated with resilient anthesis quality traits under
drought in rice. Further study on the association mapping of gDTYs/QTLs with
spikelet moisture content may be conducted to identify closely linked major-effect
QTLs for future use in marker-assisted breeding of drought tolerant rice.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND

Globally, all of the United Nations (UN) Member States have adopted the agenda for
sustainable development in 2030 as a commonly shared blueprint for peace and
prosperity for people and the planet. The main pillar of this global aspiration is the
‘Sustainable Development Goals (SDGs)’ (UNDP, 2019). Among the seventeen listed
SDGs, two of the most significant goals related to agricultural productivity are the
‘No. 2: Zero hunger’ and ‘No. 13: Climate action’. Great impediment in the risk of
climate change and disaster may become a hindrance in achieving the zero hunger
goal. Increasing global temperature, seawater level and areas of arid land along with
unpredictable weather and climate disaster may restrain food and agricultural
production. The sustainable approach in mitigating climate change impacts thus being
highlighted and promoted globally.

Among various climatic change challenges, drought has been perceived as one
of the most severe climate-related risks for rice production especially in the lowland
rainfed areas (Shamsudin et al., 2016a). This could be due to the high susceptibility of
modern high yielding semi-dwarf rice cultivars to drought stress (Vikram et al., 2011).
Liu et al. (2006) reported that reproductive stage drought stress at heading
significantly reduced pollen quality, anther dehiscence, spikelet fertility and
harvestable grain yield of modern high-yielding rice cultivar IR64. Besides, Puteh et
al. (2013) also reported that pre-anthesis drought stress significantly reduced
harvestable grain yield of our local rice cultivar MR219 due to lower rate of pollen

viability and spikelet fertility.



Various approaches could be used in mitigating drought stress challenges in
rice cultivation. According to Gana et al. (2020), the approaches could be genetic in
nature such as breeding for drought tolerant cultivar or physiological strategies such as
seed priming. Breeding for drought tolerant rice is however more complex, time-
consuming and expensive as compared to seed priming approach which is a simple,
practical and cost-effective alternative (Gana et al., 2020).

Seed priming could be described as a pre-sowing seed treatment through
control or restricted imbibition in various types of solution to initiate important
germination processes without the protrusion of radicle, then re-dried to close to initial
weight before sowing (Chen and Arora, 2013; Farooq et al., 2019; Gana et al., 2020).
Previous studies had reported positive effects of seed priming on enhancing seed
germination and seedling growth performance of various crops under drought stress
condition (Chen and Arora, 2011; Chen et al., 2012; Mouradi et al., 2016). Kalhori et
al. (2018) reported that primed seeds recorded higher germination percentage and
germination index than non-primed seeds under drought. Farooq et al. (2019) stated
that seed priming could improve germination performance, stand establishment, crop
growth and yield under optimal and sub-optimal conditions. Advance metabolic
processes in primed seeds promote rapid germination, vigorous seedlings with
uniform crop stands and later translated into higher harvestable yield due to efficient
remobilisation of nutrients from the source to the sink (Farooq et al., 2019; Gana et
al., 2020). However, some previous studies reported contradictory findings that seed
priming did not significantly improve grain yield both under the glasshouse and field
conditions (Giri and Schillinger, 2003; Subedi and Ma, 2005). Lutts et al. (2016) also
stated that improvement in primed seeds normally obvious during germination and

early seedling growth but progressively disappears at the adult stage.



From the Malaysian perspective, seed priming strategy is currently not being
practice by our local rice farmers. Instead, our rice farmers practice direct sowing of
the pre-germinated rice seeds (pre-soaked seeds in clean water for overnight, rinse for
about 48 to 72 hours under the shade, then finally broadcasted onto puddled soil).
However, the pre-germinated seeds with protruded radicle and plumule are susceptible
to damage during sowing (Harris et al., 2002). Primed seeds, in contrast, behave as
dry seeds and will not germinate unless sown under moist-soil environment. This
mainly because primed seeds were surface dried after pre-soaked at a definite time
depending on types of crop and cultivar before sowing (Harris et al., 2002).

However, due to surface drying procedure, which is more labour intensive as
compared to the pre-germination procedure, the seed priming practice is not yet
adopted by our local rice farmer. Nonetheless, if seed priming could be proven to
significantly improve harvestable grain yield under reproductive stage drought, it
could be potentially promoted to our local rice farmers for adoption. However, if it is
found to be not effective, another approach which is genetic in nature such as breeding
for drought tolerant rice should be emphasized. The present study hence was
conducted as an attempt to verify the potential of seed priming in improving

harvestable grain yield under reproductive stage drought in rice.



1.2 PROBLEM STATEMENT

Chen and Arora (2013) suggest that seed priming might induce the recruitment of
drought stress memory in the primed seeds. However, physiological mechanisms in
the induction and recruitment of drought stress memory in the primed seeds of rice are
still unclear. Besides, Lutts et al. (2016) raised an argument that although seed
priming may undoubtedly improve germination performance and crop establishment
under adverse condition, its impact on crop production and harvestable yield is still
uncertain. Therefore, it was strongly urged that more studies need to be conducted
focusing on adult plants issued from primed seeds, especially at the reproductive
stage, to assess the long-term impact of priming on cultivated plants throughout the
plant life cycle (Lutts et al., 2016).

Theoretically, seed priming treatment will induce and promote the recruitment
of drought stress memory which will lead to the improvement in harvestable grain
yield under reproductive stage drought stress. Nevertheless, this postulation needs to
be proven by a reliable scientific experiment.

In light of this argument, if the drought stress memory of primed seeds could
be prolonged until reproductive growth stages and significantly reduce grain yield
loses under reproductive stage drought stress, it would be an economical approach for
farmer’s adoption especially during the prolonged drought season. However, if it is
proven otherwise, another sustainable approach mainly breeding drought tolerant rice

need to be taken into action.



Breeding drought tolerant rice however is regarded as a challenging task due to

involvement of complex quantitative traits along with various tolerance mechanisms

to match drought stress patterns in nature. Initiation of trait development program

prior to official breeding program establishment may aid in simplifying such

complexness. The trait development program would provide; 1) basic information

about the genetics and physiological basis of the most significant trait to be improved,

2) potentially tolerant donor having the targeted traits, and 3) recommendation on the

appropriate breeding method and selection criterion.

1.3 RESEARCH HYPOTHESIS

1

Proline is involves in the induction and recruitment of drought stress
memory in primed seeds.

Drought stress memory in primed seeds is durable, starting from the
germination stage until the reproductive growth stages.

All interrelated traits involved in the flowering process of rice could be
collectively termed as the anthesis quality traits.

The re-watering activity affects the dynamics of anthesis quality traits in
drought stress rice.

Anthesis quality traits are strongly associated with the harvestable grain
yield under drought and potentially be used as selection criterion in
breeding for drought tolerant rice.

Drought tolerant genotype possess resilient anthesis quality traits.

The qDTY2.2 and gDTY12.1 are present in the potentially drought tolerant

genotype with resilient anthesis quality traits.



1.4 RESEARCH OBJECTIVES

1-

To investigate the physiological mechanism and durability of drought
stress memory in primed seeds of rice.

To propose a new term called anthesis quality traits for all interrelated
traits involved in the flowering process of rice.

To determine the effects of re-watering on the dynamics of anthesis
quality traits in drought stress rice.

To study the genetics and physiological basis of resilient anthesis
quality traits in drought stress rice.

To screen for potentially tolerant genotype having resilient anthesis
quality traits under severe drought at the heading stage.

To ascertain the presence of qDTY2.2 and qDTY12.1 in the identified

drought tolerant genotype with resilient anthesis quality traits.

1.5 SIGNIFICANCE OF STUDY

The present study demonstrate the involvement of proline in the induction and

recruitment of drought stress memory in primed seeds and verify potential

performance of primed seeds in improving the agronomic performance of rice under

reproductive stage drought. The original contribution of the present study towards

breeding drought tolerant rice would be the identification of potentially tolerant donor

having resilient anthesis quality traits and the development of novel phenotyping

selection criterion based on the spikelet moisture content and drying score index.



CHAPTER TWO
LITERATURE REVIEW

2.1 THE BIOLOGY OF RICE

2.1.1 Taxonomic Classification

Rice is classified under family Gramineae or Poaceae and the genus Oryza L. as
shown in Figure 2.1. Although there are more than 23 species of Oryza that have been
identified, only two species are currently domesticated mainly Oryza sativa in Asia
and Oryza glaberrima in Africa (Elzebroek, 2008). The Oryza sativa L. has two major
subspecies known as the indica (widely grown in tropics) and the japonica (usually
grown in temperate). Commercially, there are two types of rice grain available in the

market mainly the white rice and glutinous rice, respectively.

KINGDOM Plantae
DIVISION Magnoliophyta
CLASS Liliopsida
ORDER Cyperales
FAMILY Poaceae

GENUS Oryza L.

Figure 2.1 Taxonomic Classification of Rice (Source: USDA, 2020)



2.1.2 Growth Stages and Development

The growth and development of rice could be divided into three phases mainly the
vegetative, reproductive and ripening or maturation stages as illustrated in Figure 2.2
and described in Table 2.1. According to Dunand and Saichuck (2014), the growth
stages are a series of continuous process rather than a distinct event. The duration of
each stage, however, varies according to variety and ecosystem or environment. The
vegetative stage includes seed germination, seedling, tillering, and internode
elongation. The reproductive stage begins with panicle initiation and ended with the
anthesis. The focus of the present study was on the flowering process which consists
of the booting stage (upward extension of panicle causes flag leaf sheath to protrude),
the heading stage (emergence of panicle tip from the flag leaf), and the anthesis stage

(pollination and fertilization). The ripening phase includes grain filling and maturity.
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Figure 2.2 Growth and Development Stages of Rice



